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Chinese single herbs and active ingredients for postmenopausal 
osteoporosis: From preclinical evidence to action mechanism

Jing Lin1,2,3,§, Jun Zhu4,§, Yan Wang1,2,3, Na Zhang1,2,3, Hans-Jürgen Gober5, Xuemin Qiu1,2,3, 
Dajin Li1,2,3, Ling Wang1,2,3,*

1 Laboratory for Reproductive Immunology, Hospital & Institute of Obstetrics and Gynecology, Shanghai Medical College, Fudan 
University, Shanghai, China;

2 The Academy of Integrative Medicine of Fudan University, Shanghai, China;
3 Shanghai Key Laboratory of Female Reproductive Endocrine-related Diseases, Shanghai, China;
4 Department of Obstetrics and Gynecology, Wenling People’s Hospital, Wenzhou Medical University, Zhejiang, China;
5 Department of Pharmacy, Kepler University Clinic, Neuromed Campus, Linz, Austria.

1. Introduction

Postmenopausal osteoporosis is a systemic metabolic 
skeletal disease characterized by structural deterioration 
and high fragility of bone tissue, generally ascribable to 
a dearth of estrogen. Osteoporosis affects 200 million 
women worldwide, and the probability of women over 50 
affected by an osteoporotic fracture has been estimated 
to approach one third (1). With an aging population, the 

economic burden of osteoporosis increases exponentially. 
It is often associated with pain and fractures leading to 
reduced quality of life such as depression, morbidity, 
and increased mortality, which is considered to be an 
important public health issue. 
	 Therapeutic agents currently used for osteoporosis 
include menopausal hormone therapy (MHT), 
bisphosphonates, calcitonin, selective estrogen 
receptor modulators (SERMs), parathyroid hormone 
(PTH) analogs, and so on. However, there have 
been long-term safety concerns about these drugs. 
Adverse events in clinical use include increased risk 
of cardiovascular disease, venous thromboembolism, 
breast and endometrial cancer, and stroke with hormone 
therapy; gastrointestinal intolerance, jaw osteonecrosis, 
atypical femoral fractures, and atrial fibrillation with 
bisphosphonates; a possible oncogenic association with 

Summary Postmenopausal osteoporosis is a systemic metabolic skeletal disease generally ascribable 
to a dearth of estrogen. Whether traditional Chinese medicine is effective in management 
of postmenopausal osteoporosis remains unclear. This article reviews the experimental 
evidence of both in vitro and in vivo preclinical studies with the theme of the application 
of Chinese single herbs and active ingredients in postmenopausal osteoporosis. It includes 
three single herbs (Herba Epimedium, Rhizoma Drynariae, and Salvia miltiorrhiza) and 
eight active ingredients (saikosaponins, linarin, echinacoside, sweroside, psoralen, poncirin, 
vanillic acid, and osthole). The experimental studies indicated their potential use as treatment 
for postmenopausal osteoporosis and investigated the underlying mechanisms including 
osteoprotegerin/receptor activator of nuclear factor κB ligand (OPG/RANKL), extracellular-
signal-regulated kinase/c-Jun N terminal kinase/mitogen-activated protein kinase (ERK/JNK/
MAPK), estrogen receptor (ER), bone morphogenetic protein (BMP), transforming growth 
factor (TGF)-β, Wnt/β-catenin, and Notch signaling pathways. This review contributes to a 
better understanding of traditional Chinese medicine and provides useful information for the 
development of more effective anti-osteoporosis drugs.

Keywords: Traditional Chinese medicine (TCM), single herbs, active ingredients, postmenopausal 
osteoporosis, bone morphogenetic protein (BMP), estrogen receptor (ER)
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salmon calcitonin; lower efficacy on fracture prevention 
and increased risk of venous thrombotic events with 
SERMs; nausea, headache, dizziness, hypercalcemia, 
hypercalciuria with PTH analogs (2). Therefore, safer 
and more effective alternatives for the management of 
osteoporosis are being explored.
	 In recent years, a growing interest has risen in 
the treatment of postmenopausal osteoporosis with 
traditional Chinese medicine (TCM). Compared with 
Western medicine, TCM has fewer adverse events with 
long-term use, for which extensive experience has been 
accumulated over thousands of years. Chinese medicinal 
herbs usually exert their therapeutic effects through 
a "multi-components, multi-pathways, and multi-
targets" mode, which is in accordance with the multi-
factorial and complicated nature of postmenopausal 
osteoporosis (3). TCM will be continuously adopted as 
a cost-effective alternative to chemically synthesized 
medicines as well as excellent and reliable sources for 
derivation of natural products for the development of 
new drugs. A meta-analysis in 2009, which included 
14 randomized controlled trials involving 780 patients 
with postmenopausal osteoporosis, suggested that 
phytotherapy might possess a similar effect as hormone 
therapy on bone mineral density (BMD) values with a 
lower incidence of breast pain and uterine bleeding (4). 
It was later contradicted by new evidence in 2017 which 
included 10 randomized controlled trials involving 957 
patients and concluded that Chinese herbal medicine 
alone did not significantly improve lumbar spine BMD 
(5). Further high-quality clinical trials are required in this 
field. 
	 In TCM, there is no well-defined disease known 
as postmenopausal osteoporosis. However, symptom 
profiles in classical records such as low back pain, 
fracture, spine deformities, and limb atrophy could 
be the manifestations of osteoporosis. According to 
the TCM theoretical extraction of pathogenesis and 
symptoms, postmenopausal osteoporosis belongs to 
the TCM syndromes of "Gubi", "Gushi (bone loss)", 
"Guwei (bone atrophy)", "Guku (lack of bone marrow)", 
and "Guji (bone polarization)" (6). The role of "kidney" 
in governing the bone and generating marrow was the 
starting point to understand TCM, proposed in Su Wen 
(Plain Questions) as early as the Spring and Autumn 
period and the Warring States (more than 2000 years 
ago) (7). Therefore, "kidney deficiency" is regarded 
as the underlying cause of all skeletal pathologies, 
and Chinese herbal medicine accordingly follows the 
principle of "tonifying the kidney" to treat both the 
surface symptoms and internal balance in management 
of postmenopausal osteoporosis (8). The kidney's role 
in bone metabolism was later recognized by Western 
medicine, as it discovered the importance of the 
kidney in regulating calcium-phosphorus homeostasis, 
generating active metabolites of Vitamin D, and so on 
(9). It is noteworthy that the "kidney's role" in Chinese 

medicine cannot be equated directly with renal function 
in Western medicine and the kidney in TCM theory 
involves the neuro-endocrine and reproductive systems.

2. Single herbs commonly used in postmenopausal 
osteoporosis

2.1. Herba Epimedium

Epimedium brevicornum Maxim is a centuries-
old traditional herb. Derived from the dried leaf of 
Epimedium brevicornum Maxim, Herba Epimedium 
(known as YinYangHuo in Chinese) is a popular 
Chinese traditional herb with a broad range of 
indications, especially for fatigue, sexual dysfunction, 
rheumatic diseases, and osteoporosis. To date, over 260 
individual constituents have been derived from plants 
of the Epimedium genus, including icariin, icaritin, 
anhydroicaritin, epimedin, and so on (10). According to 
TCM theory, Herba Epimedium could tonify the kidney 
and expel dampness, which contributes to strengthening 
tendons and bones.

2.1.1. Clinical trials

To determine the therapeutic effect of Herba Epimedium 
and to provide clear evidence for clinical practice, 
Wang et al. identified 37 clinical trials using Herba 
Epimedium in co-prescription with other TCM herbs 
as anti-osteoporotic drugs to address postmenopausal 
and senile osteoporosis whose overall efficacy (with 
markedly and moderately symptom improvement) was 
between 73% and 100% (11). And Herba Epimedium 
contributed 4.1% to 21.7% of relative weight in these 
therapeutic formulas. However, these studies could be 
further criticized because few of them met the standards 
of randomized, double-blind, placebo-controlled or 
involved adequate sample size and treatment duration.

2.1.2. In vivo findings

In v ivo  s tudies  found that  Herba Epimedium 
extract and its bioactive components could prevent 
ovariectomized (OVX) induced bone loss in rats, as 
evidenced by the suppression of BMD descent and the 
improvement of biomechanical properties and trabecular 
microarchitecture. 
	 In evaluation of bone turnover biomarkers, 
Herba Epimedium was found to decrease serum 
alkaline phosphatase (ALP) activity and urinary 
deoxypyridinoline levels compared to the OVX group 
(12). Total flavones of Epimedium (TFE) inhibited 
reduction of procollagen type I N-terminal propeptide 
(PINP), and increased serum osteocalcin and type I 
collagen in OVX rats (13,14). Icariin, one of the major 
components of Herba Epimedium, decreased activities 
of serum tartrate-resistant acid phosphatase (TRAP) and 
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bioactive components could stimulate the proliferation, 
differentiation and mineralization of osteoblasts (12,28-
40), suppress the adipogenesis of bone marrow-derived 
mesenchymal stem cells (BMSCs) (41-44), inhibit the 
proliferation and differentiation of osteoclasts (45-47), 
and induce apoptosis and cell cycle arrest and suppress 
bone resorption of osteoclasts (48). In addition, icariin 
was found to significantly attenuate oxidative stress 
and apoptosis and preserve viability and osteogenic 
potential of osteoblasts exposed to hypoxia, which 
indicated that its anti-osteoporotic effect might be 
attributed to its anti-hypoxic activity (49). 
	 Taken together, the following pathways were 
involved in the osteogenesis effect of Herba Epimedium 
and its constituents: i) activate extracellular-signal-
regulated kinase (ERK), p38, c-Jun N terminal kinase 
(JNK)/MAPK pathways in rat BMSCs (50), ii) through 
ER-mediated ERK and JNK signal activation in 
MC3T3-E1 osteoblastic cell line (51), iii) via activating 
phosphatidylinositol-3-kinase (PI3K)-protein kinase 
B (AKT)-endothelial nitric oxide synthase (eNOS)-
nitric oxide (NO)-cyclic guanosine monophosphate 
(cGMP)-protein kinase G (PKG) signal pathway in rat 
BMSCs (36), iv) via BMP or Wnt/β-catenin signaling 
pathway in human BMSCs (28), rat BMSCs (26), 
UMR-106 osteoblastic cells, and osteoblasts in neonatal 
rat calvaria cultures (52), v) via BMP2/SMAD4 signal 
pathway in hFOB 1.19 human osteoblastic cell line 
(34), vi) involve the ERα-Wnt/β-catenin signaling 
pathway in rat BMSCs (38), vii) through up-regulation 
of transforming growth factor (TGF)-β1, BMP2 
expression in rabbit BMSCs (30), through up-regulation 
of BMP2 and Runx2 mRNA expression in calvarial 
osteoblasts from pups (13), viii) via Notch signaling 
pathway in rat BMSCs (53), ix) increase OPG and the 
OPG/RANKL ratio in UMR-106 osteoblastic cells (12), 
and x) stimulate ER-dependent osteoblastic functions 
and activate ER in a ligand-independent manner in 
UMR-106 osteoblastic cells (24,39). 
	 At least three pathways were involved in the 
inhibition of adipogenesis in rat BMSCs: i) reduce 
peroxisome proliferator-activated receptor γ (PPARγ) 
mRNA expression (41), ii) down-regulate expression 
of DKK1 protein (42), and iii) activate Wnt/β-catenin 
signaling pathway (43). 
	 The following pathways were involved in the 
anti-resorptive effect of Herba Epimedium and its 
constituents in co-culture of BMSCs and osteoblasts: 
i) suppress MAPKs/nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB) regulated 
hypoxia inducible factor (HIF)-1ɑ and prostaglandin 
E2 (PGE2) synthesis (45), ii) inhibit p38 and JNK 
activation, iii) up-regulate expression of OPG while 
down-regulating RANKL, iv) repress the synthesis of 
cyclooxygenase-2 and PGE2, v) inhibit IL-6 and tumor 
necrosis factor (TNF)-ɑ expression, and vi) interact 
with nuclear ERs via the mitochondrial pathway (48).

bone alkaline phosphatase (BALP), decreased serum 
osteocalcin and ALP activity, decreased C-terminal 
telopeptide of type I collagen (CTX) levels compared 
with the OVX group (15-17). Flavonoid fraction of 
Epimedium (FE), ipriflavone, and anhydroicaritin 
inhibited serum ALP and TRAP in OVX rats (18). 
	 For calcium and phosphate homeostasis, Herba 
Epimedium decreased urinary calcium excretion and 
corrected serum calcium (12,19). TFE decreased 
urinary calcium excretion, lowered the urinary 
calcium/creatinine and phosphate/creatinine ratio, 
suppressed PTH elevation, increased bone calcium 
and phosphorus content and serum calcium compared 
to OVX group (14). Icariin corrected the decreased 
serum calcium and phosphate (15). Anhydroicaritin 
decreased urinary calcium and D-pyruvate/creatinine 
ratio while increasing bone calcium and phosphate (20). 
FE prevented osteoporosis independent of intestinal 
calcium absorption (21,22). 
	 For neuro-endocrine regulation, Herba Epimedium 
and icariin corrected estrogen decrease in OVX rats 
(15). TFE improved serum estrogen and increased 
estrogen receptor α (ERα) and ERβ mRNA expression of 
hypothalamus and hippocampus (23). Herba Epimedium 
and TFE inhibited the mRNA expression of interleukin 
(IL)-6 induced by OVX (14).
	 In gene profile, TFE enhanced osteoprotegerin (OPG) 
mRNA expression, increased OPG/receptor activator of 
nuclear factor κB ligand (RANKL) ratio, and recovered 
expression of runt-related transcription factor 2 (Runx2) 
compared to the OVX group (13,14). FE increased OPG 
protein expression and reduced the RANKL protein 
expression in OVX rats (18). Icariin increased the 
mRNA expression ratio of OPG/RANKL, up-regulated 
mRNA expression of low-density lipoprotein receptor-
related protein 6 (Lrp6) receptor, while it down-
regulated glycogen synthase kinase-3β and Runx2, 
following OVX (24,25). Icariin was also found to up-
regulate expression of bone morphogenetic protein 2 
(BMP2), BMP4, Runx2, osteocalcin, Wnt1, and Wnt3a 
in OPG knockout mice, and increase the expression 
of the direct target genes of β-catenin signaling such 
as AXIN2, dickkopf-related protein 1 (DKK1), T cell 
factor 1 (TCF1), and lymphoid enhancer-binding factor 
1 (LEF1) (26). Icariin administration altered 23 proteins 
in bone and 8 metabolites in serum, involving bone 
remodeling, energy metabolism, cytoskeleton, lipid 
metabolism, mitogen-activated protein kinase (MAPK) 
signaling, and calcium signaling (17). Icaritin increased 
levels of osteoblast-related gene expression compared to 
pretreatment OVX levels and decreased adipocyte and 
osteoclast-related gene expression towards pretreatment 
sham levels (27).

2.1.3. In vitro findings

In vitro studies showed that Herba Epimedium and its 
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2.2. Rhizoma Drynariae

The traditional Chinese herb Rhizoma Drynariae (Gu-
Sui-Bu) is commonly used to manage musculoskeletal 
traumatic disorders of orthopedics with satisfactory 
results, as it tonifies the kidney, activates blood 
circulation, and promotes tissue regeneration. Modern 
pharmacological studies have revealed more than 300 
different constituents in this herb, including favonoids, 
triterpenoids, phenylpropanoids, lignans, phenolic 
acids, and so on (54).

2.2.1. Clinical findings

A meta-analysis performed in 2017, which included 
6 randomized controlled trials involving 846 patients, 
showed that both the flavonoids from Rhizoma Drynariae 
and the combined therapy alone were better than 
conventional treatments in improving BMD value with 
no severe adverse drug reactions (55). This conclusion 
needs future research to confirm.

2.2.2. In vivo preclinical data

Rhizoma Drynariae had a similar effect compared to 
estrogen in maintaining normal trabecular structure and 
connections by inhibiting the increased bone turnover 
of postmenopausal osteoporosis (56). Drynariae total 
flavonoids could decrease cathepsin K mRNA and 
increase bending load compared to OVX group (57). 
Drynariae flavonoid fraction exerted dose-dependent 
effects in improving BMD, bone strength at the femur, 
tibia and lumbar spine in OVX mice (58). Naringin 
reversed OVX-induced bone loss via increasing BMD, 
bone volume, trabecular thickness, and mechanical 
strength (59,60). Naringin up-regulated vascular 
endothelial growth factor (VEGF) mRNA expression and 
vascular endothelial growth factor receptor (VEGFR)-2 
mRNA and protein expression, which increased the 
number of vessels, vessel volume, and vessel thickness 
around the osteoporotic fracture sites (61).

2.2.3. In vitro preclinical data

Rhizoma Drynariae and its bioactive constituents 
were able to promote the osteoblastic proliferation, 
differentiation, and maturation (56,58,59,62-70), inhibit 
osteoblastic apoptosis (71), suppress osteoclastogenesis 
(72-74), promote the apoptosis of osteoclasts (60), 
stimulate both cellular and humoral immunity (75), and 
inhibit cathepsins K processing (76,77). 
	 Mechanisms involved in the osteogenesis and 
osteolysis effect of Rhizoma Drynariae and its 
components included: i) promote proliferation, 
differentiation, and maturation of rat calvarial osteoblasts 
(64) and UMR-106 osteoblastic cells (58,68) via ER 
pathway, ii) promote osteoblastogenesis from rat 

BMSCs via the Notch signaling pathway (70), iii) inhibit 
osteoclastogenesis of human amniotic fluid-derived 
stem cells (hAFSCs) via elevating OPG/RANKL ratio 
and induce the osteogenesis of hAFSCs via the BMP 
and Wnt/β-catenin pathways (72), and iv) promote the 
apoptosis of osteoclasts by regulating the mitochondrial 
apoptosis pathway using RAW 264.7 cells (60).

2.3. Salvia miltiorrhiza

Salvia miltiorrhiza, known as Danshen in Chinese, 
is one of the best-known Chinese traditional herbs 
whose root has been clinically exploited in treating 
postmenopausal syndrome. There are more than 100 
compounds isolated from Salvia miltiorrhiza, such as 
tanshinone, salvianic acid, and flavonoids (78). As is 
recorded in Qian Jin Fang, the application of Salvia 
miltiorrhiza for treating blood stasis and injuries 
dated back over hundreds of years. In TCM, Salvia 
miltiorrhiza has been described to remove blood stasis, 
promote menstrual blood flow, and reduce pain. It is 
commonly used in patients with menstrual disorders, 
blood stasis, and rheumatism.

2.3.1. Clinical data

Guo et al. reported in 2014 that 25 clinical trials were 
conducted in which primary osteoporosis was treated 
with Salvia miltiorrhiza plus other herbs with an overall 
efficacy of 85% to 96% in markedly and moderately 
symptom improvement (78). Due to the huge variation 
in trial protocols, the exact therapeutic effects of Salvia 
miltiorrhiza could not be assessed from the available 
data.

2.3.2. In vivo preclinical data

Chae et al. demonstrated that the aqueous extracts of 
Salvia miltiorrhiza could enhance bone mechanical 
strength and prevent trabecular bone resorption in OVX 
Sprague-Dawley rats (79). Cui et al. found that Salvia 
miltiorrhiza prevented OVX-induced bone loss probably 
due to its anti-oxidative stress and partly via modulation 
of osteoclast maturation and number, because it 
decreased the osteoclast activation marker TRAP-5b and 
oxidative stress parameters malondialdehyde (MDA) 
and NO induced by OVX (80). Individual compound 
tanshinone also prevented a decrease in trabecular 
bone volume and trabecular number and an increase in 
osteoclast surface in vertebra, and partially prevented 
a decrease in trabecular bone volume and trabecular 
number in the tibia (81).

2.3.3. In vitro findings

Salvia miltiorrhiza increased osteoblast number and 
inhibited osteoclastogenesis (82). Isolated from Salvia 
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miltiorrhiza Bunge, tanshinone IIA, tanshinone I, 
cryptotanshinone, 15,16-dihydrotanshinone I, and 
ferruginol were found to reduce the formation of TRAP 
positive multinuclear osteoclasts (83). Tanshinol was 
able to ameliorate the accumulation of reactive oxygen 
species, decrease in cell viability, cell cycle arrest and 
apoptosis, and inhibition of osteoblastic differentiation 
induced by hydrogen peroxide (84). Salvianic acid A 
increased ALP activity, type I collagen mRNA and OPG 
mRNA expression, and stimulated nodule mineralization 
of rat osteoblasts. It stimulated osteogenesis and 
repressed adipogenesis from BMSCs (85). 
	 Mechanisms involved in the osteogenesis and 
osteolysis effect of Salvia miltiorrhiza and its 
constituents included: i) first down-regulate and then 
up-regulate OPG/RANKL in MC3T3-E1 osteoblastic 
cell line (86), ii) promote osteogenesis through the 
ERK signaling pathway in human mesenchymal stem 
cells (87), iii) attenuate oxidative stress via down-
regulation of forkhead box O3 (FoxO3a) signaling, 
and rescue the decrease of osteoblastic differentiation 
through up-regulation of Wnt signal under oxidative 
stress in pluripotent mesenchymal precursor C2C12 
cells and preosteoblastic MC3T3-E1 cells (84), 
iv) inhibit osteoclast formation by inhibiting the 
expression of c-Fos and nuclear factor of activated 
T-cells, cytoplasmic 1 (NFATc1) induced by RANKL 
in a rat BMSCs/calvarial osteoblast co-culture system 
(88), v) prevent osteoclast differentiation by inhibiting 
RANKL expression and NF-κB induction in co-culture 
of monocyte-macrophage cell line RAW 264.7 and 
osteoblast cell line type CRL 12257 (89), and vi) reduce 
the number and activity of osteoclasts via suppression 
of RANK activated AKT, NF-κB, and MAPKs signal 
transduction in rat BMSCs/calvarial osteoblasts co-
culture system (90).

3. Active ingredients commonly used in postmenopausal 
osteoporosis

As forms of Chinese herbal medicine, active ingredients 
of Chinese medicine are isolated from single herbs or 
traditional herbal formulas and prepared using modern 
advanced pharmaceutical technology, such as icariin 
from Herba Epimedium, naringin from Rhizoma 
Drynariae, and tanshinone from Salvia miltiorrhiza. 
Compared to traditional decoctions, active ingredients 
have various dosage forms including injections, tablets, 
pills, capsules, and liquids. They are safer, more 
effective, and easier to use. Thus, active ingredients 
of Chinese medicine become increasingly popular in 
China and attract worldwide attention.

3.1. Saikosaponins

Radix Bupleuri, made from dried roots of Bupleurum 
scorzonerifolium Willd, is commonly used in the 

prescriptions of traditional Chinese medicine. It has 
been utilized to treat various discomforts, including 
influenza, malaria, chronic hepatitis, and menstrual 
disorders. Saikosaponins, major bioactive compounds 
isolated from Radix Bupleuri, have exhibited anti-
inflammatory, antimycotic, and immuno-regulatory 
pharmacological properties. 
	 Saikosaponin A and saikosaponin D significantly 
repressed inducible nitric oxide synthase (iNOS) 
and cyclooxygenase (COX)-2 expression, reduced 
TNF-ɑ and IL-6 production, and inhibited NF-κB 
translocation in lipopolysaccharide (LPS)-induced 
murine macrophage cell line RAW264.7 cells (91). In 
vitro study revealed that saikosaponin A suppressed 
osteoclastogenesis in C57/BL6 mice bone marrow 
monocytes and mediated osteoclast differentiation 
through inhibiting RANKL-induced p38, ERK, JNK, 
and NF-κB activation in murine RAW264.7 cell line 
(92). Saikosaponins showed a potent anti-inflammatory 
and anti-osteoporotic effect as safe and effective agents 
for management of postmenopausal osteoporosis.

3.2. Linarin

Flos Chrysanthemi Indici, one of the most important 
drugs in traditional Chinese medicine, possesses 
biological properties such as antioxidative, antibacterial, 
antiviral, and antimycotic effects. Linarin, a natural 
flavonoid compound in Flos Chrysanthemi Indici, 
has been shown to preserve the trabecular bone 
microarchitecture of OVX C57/BL6 mice. Linarin 
enhanced osteoblast differentiation and mineralization 
in MC3T3 E1 cells, mediated by activating the BMP2/
Runx2 pathway via protein kinase A (PKA) signaling 
pathway (93).

3.3. Echinacoside

Echinacoside is one of the major constituents of Herba 
Cistanches, a famous traditional Chinese medicine. 
As a natural polyphenolic compound, echinacoside 
possesses effective antiinflammatory, antioxidative, 
neuroprotective, hepatoprotective, and vasodilative 
properties. Administration of echinacoside could 
effectively and safely prevent bone loss in OVX-induced 
Sprague-Dawley rats through increasing OPG/RANKL 
ratio, which revealed its potential of developing into a 
novel agent for treatment in postmenopausal osteoporotic 
women (94).

3.4. Sweroside

Fructus Corni has wide application in the clinic with 
a long history, of which Sweroside is an important 
constituent. Modern pharmacology shows that sweroside 
has a variety of pharmacological functions including 
vasorelaxation, antihepatitis, antiinflammatory, and 
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antiallergic effects. Sweroside was found to effectively 
induce proliferation and inhibit apoptosis in human 
osteosarcoma cell line MG-63 and Wistar rat osteoblastic 
cells (95), which displayed bright prospects as a 
therapeutic natural product for osteoporosis.

3.5. Psoralen

Psoralen is extracted from Psoralea corylifolia, which 
is one of the most commonly prescribed herbs for the 
treatment of bone and joint diseases. Psoralen was 
found to promote in vitro osteoblast differentiation dose-
dependently, evidenced by increased ALP activity and 
enhanced expression of osteoblast-specific marker genes 
such as type I collagen and osteocalcin. Psoralen might 
act through the BMP signaling pathway as it could 
increase the gene expression of BMP2 and BMP4 as well 
as the protein level of phospho-SMAD1/5/8 (96).

3.6. Poncirin

Poncirin is isolated from Poncirus trifoliata and 
possesses anti-bacterial and anti-inflammatory activities. 
Studies have showed that poncirin could inhibit 
adipogenesis and enhance osteoblast differentiation 
in BMSCs. In C3H10T1/2 mesenchymal stem 

cells, poncirin prevented adipocyte differentiation, 
demonstrated by decreased accumulation of cytoplasm 
lipid droplets and down-regulated mRNA expression 
of PPAR-γ and CCAAT-enhancer-binding protein-β 
(C/EBP-β). In murine BMSCs, poncirin enhanced 
expression of Runx2, ALP, and osteocalcin, and 
increased mineral nodule formation (97).

3.7. Vanillic acid

Vanillic acid is a phenolic acid isolated from the bioactive 
fraction of Sambucus williamsii Hance. It stimulated the 
proliferation and ALP activity in rat osteoblast-like UMR 
106 cells, and also increased mRNA expression of genes 
involved in osteoblast functions and osteoclastogenesis 
such as Runx2, osteocalcin, and the OPG/RANKL ratio. 
Its bone protective effects might be mediated through ER 
and MAPK pathways (98).

3.8. Osthole

Osthole ,  ext rac ted  f rom Fructus  Cnidi i ,  was 
found to notably improve bone microarchitecture, 
histomorphometric parameters, and biomechanical 
properties of OVX rats. It could activate Wnt/β-catenin 
pathways, up-regulate BMP2 expression, and stimulate 

Figure 1. The mechanism of action of Chinese single herbs on pre-osteoblasts. Chinese single herbs interact with at least 
eight pathways for the treatment of osteoporosis in pre-osteoblasts: i) via BMP signaling pathway, ii) via Wnt/β-catenin pathway, 
iii) activate ERK, p38, JNK, MAPK pathways, iv) via up-regulation of TGF-β1 expression, v) through ER signal activation, vi) 
activate PI3K-AKT-eNOS-NO-cGMP-PKG signal pathway, vii) via Notch signaling pathway, and viii) reduce PPARγ mRNA and 
DKK1 protein to inhibit adipogenesis. (Abbreviations: HEP, Herba Epimedium; SM, Salvia miltiorrhiza; RD, Rhizoma Drynariae; 
DKK1, dickkopf-related protein 1; LRPs, lipoprotein receptor-related proteins; BMP, bone morphogenetic protein; BMPR, BMP 
receptor; JNK, c-Jun N terminal kinase; MAPK, mitogen-activated protein kinase; ERK, extracellular-signal-regulated kinase; 
TGFβ, transforming growth factor β; TGFβR, TGFβ receptor; ER, estrogen receptor; ERE, estrogen-response element; PI3K, 
phosphatidylinositol-3-kinase; AKT, protein kinase B; eNOS, endothelial nitric oxide synthase; NO, nitric oxide; cGMP, cyclic 
guanosine monophosphate; PKG, protein kinase G; NICD, Notch intracellular domain; PPARγ, peroxisome proliferator-activated 
receptor γ.)
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osteoblast differentiation in vitro (99).

4. Conclusion

In conclusion, Chinese herbal medicine substantially 
influences postmenopausal osteoporosis as a safer and 
more effective alternative. However, current clinical 
studies are not well funded to prove their therapeutic 
efficacy because most of the studies contain a small 
sample size and short treatment duration, and their 
clinical parameters and biomarkers for analysis differ 
from each other. Both in vivo and in vitro studies reveal 
the anti-osteoporotic effect of single herbs targeting 
different pathways in bone metabolism (Figure 1 and 
Figure 2). Apart from restoring the balance between 
osteoblasts and osteoclasts, Chinese single herbs have 
also been shown to inhibit adipocyte differentiation 
and exert anti-inflammatory, immuno-regulatory, anti-
oxidative, and estrogen-like functions. This review 
should contribute to a better understanding of Chinese 
single herbs and active ingredients as treatment for 
postmenopausal osteoporosis and provide useful 
information for the development of more effective anti-
osteoporosis drugs.
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1. Introduction

China is witnessing the aging of its population. The 
country now has the largest population age 60 or over 
of any country worldwide. In 2015, its population 
age 60 or over was 211.9 million, accounting for 
approximately 15% of the total population (1). 

Meanwhile, aging in China has occurred faster than 
in any other country. The population age 60 or over is 
expected to account for 35% of the total population by 
2050 (1).
	 Functional ability or disability has been identified as 
an indicator of overall health status among older adults. 
The disabled elderly need to receive support and care 
from family members, relatives, and society for the rest 
of their lives. According to survey data from the China 
National Committee on Aging, there were approximately 
33.5 million partially or fully disabled elderly living 
in urban or rural areas of China by the end of 2010; 
these individuals accounted for 19% of the total elderly 

Summary In order to describe and examine differences in social support and care needs among 
disabled Chinese elderly, the current study used stratified sampling to survey local residents 
of Beijing age 60 or over in the districts of Xicheng, Chaoyang, and Tongzhou in 2016. 
Structured in-person interviews were conducted with a 7-domain questionnaire. Multiple 
logistic regressions were used to compare social support and care needs among functioning, 
partially disabled, and completely disabled elderly. All statistical analyses were performed 
using SPSS 19.0 with a significance level of 0.05 (two-sided). One thousand and eighty-
three residents completed the survey. Based on Activities of Daily Living (ADL) scores, 
736 (68.0%) respondents were functioning (ADL score = 14), 167 (15.4%) were partially 
disabled (14 < ADL score < 22), and 180 (16.6%) were fully disabled (ADL score ≥ 22). Most 
of the disabled had formal financial support, they received daily care at home, and they 
received modest emotional support. After controlling for confounding factors, fully disabled 
respondents were 2.35 times (p = 0.018) more likely to receive financial support and 3.65 
times (p = 0.003) more likely to receive emotional support than functioning respondents. 
However, the fully functioning and partially disabled did not differ significantly in terms 
of financial or emotional support. Compared to fully functioning respondents, partially 
disabled respondents were 0.49 (p < 0.001) times less likely to be fully satisfied with their 
daily care while fully disabled respondents were 0.37 (p < 0.001) times less likely to be fully 
satisfied with that care. The current study provided a thorough depiction of the current 
status of social support and care needs of disabled Chinese elderly. More attention should be 
paid to social support for the partially disabled and daily care for both the partially and fully 
disabled.
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population and included 10.8 million elderly who were 
fully disabled and who represented 6.25% of all elderly 
(2). The Report on China's Efforts to Address Aging 
(2013) indicated that the number of disabled elderly in 
China has been increasing and reached 37.5 million in 
2013 (3). 
	 The association between social support and 
functional ability has garnered increased attention due 
to rapid population aging around the world. Except 
for a few studies (4), most studies have found high 
levels of social support and connections help sustain 
good health and functional ability, along with other 
physiological and behavioral factors (5-11). Numerous 
studies have identified several components of social 
support that are associated with future functional status, 
including financial support, instrumental support such 
as house-cleaning, preparing meals, and provision of 
transportation (12,13), as well as emotional support (14).
	 Most previous studies have focused on finding social 
support factors that predict future functional ability 
among elderly, whereas few have focused on the status of 
social support of disabled older adults. The current study 
therefore aims to describe and examine differences in the 
extent of social support among disabled elderly in the 
Beijing area to help create a better social support system 
for the disabled older population in China.

2. Materials and Methods

2.1. Data collection

This study was conducted from February 2016 until 
the end of April 2016. Individuals age 60 or over who 
lived in the districts of Xicheng (including the former 
Xuanwu district), Chaoyang, and Tongzhou of Beijing 
were surveyed. Beijing was chosen as the survey site 
because of the prominent aging of its population. A 
variety of neighborhoods were sampled, including 
recently constructed neighborhoods, old neighborhoods, 
suburban neighborhoods, mixed neighborhoods, and 
villages. The current study used two-stage sampling. 
First, two urban districts (Xicheng and Chaoyang) and 
one suburban district (Tongzhou) were chosen in light 
of Beijing's functional districts. Neighborhoods from 
the districts were then chosen and equidistant sampling 
was used to select families from these neighborhoods to 
serve as the final sample. Data were obtained through 
structured face-to-face interviews with a 7-domain 
questionnaire. The research team provided quality 
control and 20 investigators visited homes to conduct 
interviews. Of 1,185 potential participants, 1,085 
individuals agreed to participate in this study (response 
rate: 91.6%).

2.2. Measures

2.2.1. Activities of Daily Living (ADL) Scale score

The definition of disability is inconsistent across the 
domestic and international literature. In aging studies 
and practical applications, disability usually refers to 
an inability of elderly individuals to continue living 
independently. ADL scales have been widely used 
around the world as an effective measurement tool 
to assess the extent of disability among the elderly, 
which contain two parts, the Physical Self-Maintenance 
Scale (PSMS) and the Instrumental Activities of Daily 
Living (IADL) Scale, originally developed by Lawton 
and Brody in 1969 (15). Accordingly, the current 
survey consisted of 14 items to assess disability and 
was divided into two parts: one was the PSMS, which 
includes six domains – toilet use, eating, dressing, 
grooming, walking, and bathing, and the other was 
the IADL Scale, which includes eight dimensions – 
ability to use a telephone, shopping, food preparation, 
housework,  laundry,  mode of  t ranspor ta t ion, 
responsibility for taking one's own medications, and 
the ability to handle one's finances. Each question 
on the scale was scored from 1 (indicating complete 
functioning) to 4 (indicating complete disability). The 
total score ranged from 14 to 56. A total score of 14 
points indicates complete functioning, a score between 
15 and 21 indicates disability to some extent, and a 
score ≥ 3 on two or more questions or total score > 22 
indicates complete disability.

2.2.2. Social support

The definition and measures of social support are 
similarly inconsistent across the literature (16). In the 
current study, social support was defined as "elderly 
receiving support from other people, organizations, or 
society, including financial support, routine support, and 
emotional support, as part of their daily lives or when 
they face a crisis". Variables for social support were 
thus divided into three categories: financial support, 
routine support, and emotional support. Based on the 
extent to which support was official, social support 
was also classified as formal or informal support (this 
mainly applied to financial support). Formal financial 
support (e.g. a salary, pension, or earnings) is the main 
source of funds for the elderly while informal financial 
support, usually from a spouse, son(s)/daughter(s), 
grandchildren, or other relatives, is an important source 
of funds for the elderly. Table 1 shows the categories of 
social support and variables for needs.

2.3. Data processing and analysis

EpiData 3.1 was used to create a database. Data entry 
was completed by two independent research assistants 
and a logical review was conducted by a third member 
of the research team. Descriptive statistical analysis, 
chi-square tests, and logistic regression analysis were 
performed using SPSS 19.0 with a significance level 
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A point worth mentioning is that the self-rated ability 
to live independently was greater than the score on 
the ADL scale. Only 1.4% respondents described 
themselves as fully disabled. However, 16.5% of 
respondents were fully disabled according to the ADL 
scale.

3.2. Current status of social support among disabled 
Chinese elderly

3.2.1. Financial support 

Table 4 shows the current status of financial, routine, 
and emotional support by the extent of disability. Most 
of the disabled elderly (92.2% of the fully disabled, 
90.4% of the partially disabled) responded that they had 
a middle or low level of monthly disposable income 
(in US dollars). Prior group interviews indicated that 
some elderly individuals had financial problems if 
they did not have a pension and they relied solely 
on government subsidies. When asked to rate their 
financial status, 46.7% of the partially disabled elderly 
and 45% of the fully disabled elderly responded they 
could basically balance their income and expenditures. 
Seventeen percent of the partially disabled elderly and 
24.6% of the fully disabled elderly responded that they 
were currently struggling financially and could not 
balance their income and expenditures. This apparent 
difference between partially and fully disabled elderly 
in terms of self-perceived financial difficulty might be 

of 0.05 (two-sided). Relevant variables were converted 
when necessary.

3. Results

3.1. Descriptive statistics

Of 1,085 elderly who initially agreed to participate 
in this study, 1,083 completed the survey (n = 350 in 
Xicheng and Xuanwu, n = 506 in Chaoyang, and n = 
227 in Tongzhou). Of the respondents, 736 (68.0%) 
were fully functioning (ADL score of 14 points; 388 
males, 348 females), 167 (15.4%) were partially 
disabled (14 points < ADL score < 22 points; 70 males, 
97 females), and 180 (16.6%) were fully disabled (ADL 
score ≥ 22 points; 82 males, 98 females) (Table 2). 
Results indicated that female respondents had a greater 
level of disability than male respondents. 
	 Table 3 shows descriptive statistics regarding the 
disabled elderly. Disabled adults over the age of 70 
accounted for 89% of the sample. Elderly respondents 
were less able to live alone and were more likely 
to be disabled with increasing age. Eight percent 
of respondents ages 60-69 were disabled, 38.7% of 
respondents ages 70-79 were disabled, and 80.3% of 
respondents age 80 or over were disabled. Eleven-
point-five percent of the disabled elderly had no chronic 
diseases. A higher percentage of the fully disabled 
elderly had more than three chronic diseases (52.8%) 
in comparison to the partially disabled elderly (38.9%). 

Table 1. Categories of social support and variables for care needs

Type

Financial support

Routine support

Emotional support

Variable

Variables for financial support

Formal financial support 

Informal financial support 

Routine support 

Emotional support

Applicable questions

Disposable income
Financial status
Satisfaction with medical insurance coverage
Salary, pension, etc. 
Having medical insurance 
Source of funds

Living arrangements 
Receiving help from son(s)/daughter(s)
Main caregiver when sick
Satisfaction with the quality of care provided by a caregiver

Number of close friends
Willingness to ask for help from son(s)/daughter(s) 
Relationship with neighbors

Table 2. ADL scale score for respondents as a whole and by gender (n = 1,083)

ADL category*

ADL score = 14
14 < ADL score < 22
ADL score ≥ 22
Total

Total

   736
   167
   180
1,083

Male

388
  70
  82
540

*ADL scale score = 14: fully functioning; 14 < ADL score < 22: partially disabled; ADL score ≥ 22: fully disabled. ADL, Activities of Daily 
Living.

Female

  348
    97
    98
  543

Percentage (%)

      68.0
      15.4
      16.6
    100
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due to the fact that the fully disabled elderly had higher 
medical expenses as part of their daily lives than the 
partially disabled elderly had. Respondents described 
their out-of-pocket medical expenditures as 4,053 yuan 
on average, accounting for 31% of the total treatment 
costs. One hundred and sixty-five fully disabled elderly 
and 177 partially disabled elderly answered the question 
"how satisfied are you with your medical insurance 
coverage?" Fifty-one-point-five percent of the fully 
disabled and 54.8% of the partially disabled responded 
that they were "somewhat satisfied" or "dissatisfied".
	 As shown in Table 4, 69.7% of the disabled elderly 
had formal financial support such as a salary or pension 
(71.9% of the partially disabled elderly, 67.8% of 
the fully disabled elderly). Ninety-eight-point-six 
percent of the disabled elderly participated in medical 
insurance (98.8% of the partially disabled elderly, 
98.3% of the fully disabled elderly). The top two types 
of insurance that most respondents had were Urban 
Employee Medical Insurance (57% of all respondents, 
60.6% of the partially disabled elderly, 53.7% of the 
fully disabled elderly) and New Rural Cooperative 
Medical Insurance (22.5% of all respondents, 23% of 
the partially disabled elderly, 22% of the fully disabled 
elderly). Other types of insurance included Serious 
Illness Insurance for the Elderly and Elderly-Children 
Insurance. 
	 In terms of informal financial support, 61.1% of 
the disabled elderly received financial help from the 
local government or community (61.7% of the partially 
disabled elderly, 60.3% of the fully disabled elderly). 
Thirty-point-five percent of the disabled elderly 

received financial help from their son(s)/daughter(s) 
(27.7% of the partially disabled elderly, 32.8% of the 
fully disabled elderly), and 8.4% received financial 
help from their spouses (10.2% of the partially disabled 
elderly, 6.9% of the fully disabled elderly). None 
(0%) of the partially or fully disabled elderly received 
financial help from their grandchildren or other 
relatives.

3.2.2. Routine support

Overall, most elderly individuals lived with family. 
Although 10.1% of the elderly lived alone, most lived 
with immediate family, relatives, or a care worker 
(92.2% of the partially disabled elderly, 87.8% of the 
fully disabled elderly). Eighty-four-point-one percent 
of the disabled elderly (two partially disabled elderly 
individuals with no son(s)/daughter(s)) responded 
that they could often receive help from their son(s)/
daughter(s) (81.8% of the partially disabled elderly, 
86.1% of the fully disabled elderly), 14.8% responded 
that they could occasionally receive help from their 
son(s)/daughter(s) (16.4% of the partially disabled 
elderly, 13.3% of the fully disabled elderly), and 1.1% 
responded that they could not receive help from their 
son(s)/daughter(s) (1.8% of the partially disabled 
elderly, 0.6% of the fully disabled elderly). Most elderly 
chose their son(s)/daughter(s) (58.7% of the partially 
disabled elderly, 75.6% of the fully disabled elderly) 
as their main caregiver when sick, followed by their 
spouse (38.3% of the partially disabled elderly, 20.6% 
of the fully disabled elderly). One-point-eight percent 

Table 3. Baseline characteristics of the disabled elderly in Beijing (n = 347)

Item

Gender
    Female
Age
    60-69
    70-79
    ≥ 80
Marital status
    Spouse
    No spouse
Level of education
    Less than primary school
    Middle school
    College or higher
Income (per month, in USD)
    < 300
    301-500
    501-600
    ≥ 601
Number of diseases
    None
    1 
    2 
    ≥ 3

  n

195

  38
166
143

177
170

254
  80
  13

158
119
  40
  30

  40
  64
  83
160

  %

56.2 

11.0 
47.8 
41.2 

51.0 
49.0 

73.2 
23.1 
  3.7 

45.5 
34.3 
11.5 
  8.6 

11.5 
18.4 
23.9 
46.1

  n

  97

  29
  97
  41

105
  62

110
  48
    9

  69
  64
  18
  16

  22
  31
  49
  65

  %

58.1

17.4
58.1
24.5

62.9
37.1

65.9
28.7
  5.4

41.3
38.3
10.8
  9.6

13.2
18.6
29.3
38.9

  n

  98

    9
  69
102

  72
108

144
  32
    4

  89
  55
  22
  14

  18
  33
  34
  95

  %

54.4

  5
38.3
56.7

40.0
60.0

80.0
17.8
  2.2

49.4
30.6
12.2
  7.8

10.0
18.3
18.9
52.8

  Total (n = 347)              Partially disabled elderly (n = 167)          Fully disabled elderly (n = 180)
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of the partially disabled elderly had no caregiver or 
received care from a nurse/social services while 2.6% of 
the fully disabled elderly had no caregiver or received 
care from a nurse/social services. One could argue 
that the main caregiver for the disabled elderly was a 
family member and that the community and other social 
factors had a limited influence. Most of the disabled 
elderly were fully satisfied or somewhat satisfied with 
the help that they received for the 14 daily tasks listed 
in the ADL scale (94.4% of the partially disabled 

elderly, 95.6% of the fully disabled elderly).

3.2.3. Emotional support

Few disabled elderly respondents had a large number 
of friends. Seven-point-two percent of the partially 
disabled and 29.4% of the fully disabled had no close 
friends. Twenty-eight-point-one percent of the partially 
disabled elderly and 27.2% of the fully disabled elderly 
said they had only 1-2 close friends. Only a few 

Table 4. Descriptive statistics regarding social support for the disabled elderly in Beijing (n = 347)

Item

Financial support
Disposable monthly income
    Low (< 300 USD)
    Middle (301-600 USD)
    High (> 601 USD)
Financial status
    Well-off
    Modest 
    Struggling 
Satisfaction with medical insurance coverage*
    Fully satisfied
    Somewhat satisfied
    Dissatisfied
Formal financial support
Have a salary, pension, etc. (yes)
Have medical insurance (yes)
Informal financial support
Source of funds
    Local government or community
    Son(s)/daughter(s) 
    Spouse
    Grandchildren or other relatives
Routine support
Living arrangements
    Living alone
    Residing with relatives 
Receiving help from son(s)/daughter(s)
    Often 
    Occasionally 
    Never 
Main caregiver when sick
    Spouse 
    Son(s)/daughter(s) 
    Someone else 
    None
Satisfaction with the quality of care
    Fully satisfied
    Somewhat satisfied
    Dissatisfied 
Emotional support
Number of close friends
    0
    1-2
    3-5
    ≥ 6
Willingness to ask for son(s)/daughter(s)' help (yes)
Relationship with neighbors
    Amicable
    Passing acquittance only
    Poor

  n

158
159
  30

127
159
  61

160
109
  73

242
342

212
106
  29
    0

  35
312

290
  51
    4

101
234
    9
    3

136
189
  17

  65
  96
160
  26
318

196
  93
  58

  %

45.5 
45.8 
  8.6 

36.6 
45.8 
17.6 

46.1 
31.4 
21.0 

69.7 
98.6 

61.1
30.5
  8.4
  0

10.1 
89.9 

83.6 
14.7 
  1.2 

29.1 
67.4 
  2.6 
  0.9 

39.2 
54.5 
  4.9 

18.7 
27.7 
46.1 
  7.5 
91.6

56.5 
26.8 
16.7 

  n

  69
  82
  16

  72
  78
  17

  80
  55
  30

120
165

103
  47
  17
    0

  13
154

135
  27
    3

  64
  98
    2
    3

  70
  83
    9

  12
  47
  96
  12
146

104
  47
  16

  %

41.3
49.1
  9.6

43.1
46.7
10.2

48.5
33.3
18.2

71.9
98.8

61.7
27.7
10.2
  0

  7.8
92.2

81.8
16.4
  1.8

38.3
58.7
  1.2
  1.8

43.2
51.2
  5.6

  7.2
28.1
57.5
  7.2
88.5

62.3
28.1
  9.6

  n

  89
  77
  14

  55
  81
  44

  80
  54
  43

122
177

109
  59
  12
    0

  22
158

155
  24
    1

  37
136
    7
    0

  66
106
    8

  53
  49
  64
  14
172

  92
  46
  42

  %

49.4
42.8
  7.8

30.6
45.0
24.4

45.2
30.5
24.3

67.8
98.3

60.3
32.8
  6.9
  0

12.2
87.8

86.1
13.3
  0.6

20.6
75.6
  3.9
  0

36.7
58.9
  4.4

29.4
27.2
35.6
  7.8
95.6

51.1
25.6
23.3

    Total (n = 347)                Partially disabled (n = 167)        Fully disabled (n = 180)

*Refers to the elderly who choose to purchase medical insurance.
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disabled elderly respondents responded that they had 
more than six friends (7.5% of all respondents, 7.2% of 
the partially disabled elderly, 7.8% of the fully disabled 
elderly). When they faced difficulties, 92.2% of the 
disabled elderly were willing to ask a son(s)/daughter(s) 
for help (88.5% of the partially disabled elderly, 95.6% 
of the fully disabled elderly). Most of the disabled 
elderly responded that they were on friendly terms with 
their neighbors (62.3% of the partially disabled elderly, 
51.1% of the fully disabled elderly). 
	 In this study, social support networks were 
measured using the technique devised by Poel, which 
involves identification of the people in one's personal 
network (17). A typical question about one's emotional 
support network asked elderly respondents "when you 
are not in a good mood, who would you like to talk 
to?" Respondents were allowed multiple answers from 
among 12 possible answers: spouse, son(s)/daughter(s), 
parents, siblings, other relatives, colleagues, superiors, 
subordinates, classmates, friends, neighbors, and other 
non-relatives. As shown in Table 5, relatives were 
chosen most often (98.5%); a son was chosen most 
often (38%), followed by a daughter (31.7%), and 
a spouse (11.6%). Relationships with non-relatives 
played a relatively minor role in the support network; 

neighbors accounted for the highest proportion (57.9%) 
of non-relatives.

3.3. Bivariate analysis of the association between social 
support and disability

Table 6 shows the results of bivariate analysis of the 
association between social support factors and the 
ADL score for the elderly. The ADL score for elderly 
respondents with personal income (including a salary, 
pension, or earnings) was lower than that of elderly 
respondents who received financial support from their 
spouse, son(s)/daughter(s), or the government (p < 
0.001). Disabled elderly respondents who were mainly 
cared for by their spouse had a significantly higher 
ADL score than disabled elderly who were cared for by 
someone else (p < 0.001). Disabled elderly who were 
willing to talk to someone else when upset had a lower 
ADL score than disabled elderly who were reluctant to 
talk when upset (p = 0.006).

3.4. Multivariate analysis of the association between 
social support and disability

Table 7 shows the results of multivariate logistic 

Table 5. Relationships constituting the emotional support network of disabled elderly (n = 347)

Relationships

Immediate family
    Spouse
    Son
    Daughter
    Daughter-in-law 
    Son-in-law
    Grandchildren 
    Other relatives
Non-relatives
    Neighbors 
    Colleagues 
    Friends 
    Nurse 
    Someone else 
Total

   n

1,209
   140
   459
   383
   119
     45
     46
     17
     19
     11
       3
       2
       2
       1
1,228

% of total

98.5
11.4
37.4
31.2
  9.7
  3.7
  3.7
  1.4
  1.5
  0.9
  0.2
  0.2
  0.2
  0.1

% of relatives

100
  11.6
  38.0
  31.7
    9.8
    3.7
    3.8
    1.4

% of non-relatives

100
  57.9
  15.8
  10.5
  10.5
    5.3

Table 6. Bivariate analyses of social support factors in relation to ADL scale score for the elderly

Social support factors

Financial support
Source of income
    Pension or other remuneration 
    Other sources
Routine support
Main caregiver when sick
    Spouse 
    Someone else 
Emotional support
Willingness to talk to someone else when upset
    Yes 
    No 

Normal

769 (71.0%)
626 (57.8%)

865 (79.8%)
632 (58.4%)

754 (69.6%)
631 (58.3%)

Partially disabled

156 (14.4%)
205 (18.9%)

136 (12.6%)
192 (17.7%)

164 (15.1%)
179 (16.6%)

Fully disabled

158 (14.6%)
252 (23.3%)

  82 (7.6%)
259 (23.9%)

165 (15.3%)
273 (25.2%)

χ2

16.046

64.828

10.293

     p

< 0.001

< 0.001

  0.006

ADL, Activities of Daily Living.
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regression analysis of the effect of receiving social 
support on the ALD score for the disabled elderly. 
After adjusting for gender, age, level of education, 
marital status, and monthly income, fully disabled 
respondents were 2.346 times more likely to receive 
financial support than fully functioning respondents (p 
= 0.018, 95% CI: 1.160-4.743). However, the partially 
disabled elderly and the fully disabled elderly did not 
differ significantly in terms of financial support (p = 
0.165 > 0.05). Partially disabled respondents were 0.485 
(p < 0.001) times and fully disabled respondents were 
0.369 (p < 0.001) times less likely to be fully satisfied 
with daily care than fully functioning respondents. In 
addition, fully disabled respondents were 3.648 times 
more likely to receive emotional support than fully 
functioning respondents (p = 0.003, 95% CI: 1.560-
8.532). However, the partially disabled elderly and 
the fully disabled elderly did not differ significantly in 
terms of emotional support (p = 0.444 > 0.05).

4. Discussion

Most of the respondents had formal financial support 
such as a salary and pension, they had medical 
insurance, and they received financial support from the 
local government or community, but respondents also 
had a middle or low level of income and their insurance 
was insufficient. Multivariate analysis revealed 
significant differences between fully functioning 
and disabled individuals, but the financial support 
received by the partially disabled elderly did not differ 
significantly from that received by respondents who 
were able to live independently. Thus, under current 
conditions in China where "aging of the population 
is proceeding faster than the pace of development," 
there is an imminent need for a better financial support 
system for the disabled elderly, and especially those 
who are partially disabled or in financial distress. 
	 Moreover, the current long-term care service for 
disabled elderly is not reimbursed by medical insurance. 
Disabled elderly had to cover medical expenses 
resulting from hospitalization due to an illness through 
out-of-pocket payments or payments by their families. 
Although such solutions are feasible at present, the 
increase in the disabled elderly population and the 
decrease in the number of son(s)/daughter(s) will result 

in a greater financial burden posed by the long-term 
care needs of the disabled elderly as well as increasing 
reliance on nursing homes. Thus, a helpful approach 
would be for medical insurance to cover long-term 
care in the future. Other potential solutions could be 
the establishment of an independent insurance system 
for long-term care or a combination of long-term care 
insurance and social care insurance for the disabled 
elderly. 
	 The extent of routine support was somewhat 
greater than the extent of financial support. Most 
elderly respondents lived with their family/children, 
they responded that they could often receive help 
from their son(s)/daughter(s), they were cared by 
their son(s)/daughter(s) or spouse when sick, and they 
were fully satisfied or somewhat satisfied with the 
help they received. A point worth mentioning is that 
care by one's family or son(s)/daughter(s) was the 
main form of routine support received by the disabled 
elderly. Previous studies have found older Chinese 
with the ability to live independently also tend to 
reside with family rather than live in a nursing home 
(18). This phenomenon can be explained by the fact 
that residing with and caring for elderly parents is still 
the predominant way that adult son(s)/daughter(s) 
in modern China express filial piety - a key virtue in 
Chinese culture (19). 
	 However, the current analysis indicated that partially 
or fully disabled respondents were much less likely to 
be fully satisfied with daily care, which was mainly 
care provided by their family, compared to functioning 
respondents. Previous studies have suggested that the 
disabled elderly who need long-term care and who 
heavily depend on daily care probably need institutional 
care. As an example, a study in Taiwan found that 
caring for stroke patients in their own homes was both 
more expensive and also less effective in improving 
ADL scores than caring for patients in nursing homes 
or in chronic care units of hospitals (20). In the current 
study, nearly 30% of the respondents who would 
have preferred to live in a nursing home (results not 
published). Asked further about their reasons for not 
living in a nursing home, nearly half of the disabled 
elderly responded they could not afford that care (results 
not published). Thus, improving the affordability of 
institutional care is likewise essential for improvement 

Table 7. Multivariate logistic regressions of the effect of receiving social support on ALD scale score for the disabled 
elderly

ADL category*

ADL score = 14
14 < ADL score < 22
ADL score ≥ 22

Financial support

Referent
0.706 (0.432, 1.154)
2.346 (1.160, 4.743)

OR (95% CI)

Routine support

Referent
0.485 (0.325, 0.724)
0.369 (0.236, 0.578)

Emotional support

Referent
0.808 (0.469, 1.394)
3.648 (1.560, 8.532)

*ADL scale score = 14: fully functioning; 14 < ADL score < 22: partially disabled; ADL score ≥ 22: fully disabled. ADL, Activities of Daily 
Living.
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of the recovery, quality of life, and survival of disabled 
older adults.
	 Almost one third of the fully disabled had no close 
friends and nearly half were not on good terms with 
their neighbors. A study on non-institutionalized, fully 
functioning Japanese elderly found that among all 
social support and network characteristics, adequacy 
of emotional support contributed the most to the 
prevention of depression and suicide among older 
adults (21). The current bivariate analysis likewise 
found that disabled elderly who were willing to talk to 
someone else when they were not in a good mood had 
a lower ADL score than that of disabled elderly who 
were reluctant to talk. This finding is consistent with a 
previous study suggesting that emotional support was 
not associated with disability but did it did prevent a 
decrease in ADL (14). Since the physical activity and 
social interaction of disabled elderly are limited, the 
lack of emotional support for the disabled is a pressing 
issue. Moreover, multivariate analysis suggested that 
partially disabled respondents needed more emotional 
support than fully functioning respondents but that the 
two groups did not differ in terms of the emotional 
support they actually received. All of these findings 
emphasize the need to provide sufficient emotional 
support to the fully disabled elderly as well as to the 
partially disabled elderly.
	 In addition, the emotional support network of 
the disabled elderly mainly consisted of immediate 
family and relatives, suggesting a lack of diversity in 
their social network. Though evidence is inconsistent 
across the literature (22), most studies have pointed out 
the importance of diversity in the social networks of 
the elderly (23,24). Increasing the diversity of social 
networks may prevent disability among older people.
	 There are several limitations inherent in the current 
study. First, data were collected using a cross-sectional 
survey. With such data, only associations, as opposed 
to causality, could be inferred. Second, the nature of 
the questionnaire inevitably led to certain drawbacks, 
including recall bias and social desirability bias. Third 
and last, China is a large country with significant 
differences among its regions and areas. Although 
Beijing is a cosmopolitan city, caution should be taken 
in generalizing findings from the Beijing area to other 
areas of China.
	 In summary, the current study provided a thorough 
look at the current status of social support among 
disabled Chinese elderly. The results highlight the need 
to pay greater attention to social support for partially 
disabled individuals and daily care for both partially 
and fully disabled individuals.
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1. Introduction

Regarded as a key dimension of quality of life, 
subjective well-being (SWB) has been defined as 
"good mental states, including all of the various 
evaluations, positive and negative, that people make 
of their lives and the affective reactions of people to 
their experiences" (1). Based on a substantial body 
of research that has found strong associations of this 
characteristic with longer survival and several other 
health indicators (2,3), SWB has been designated as 

an important indicator of societal progress and a target 
for improvement by health care systems (2,4). As the 
prevalence of chronic illness increases with advancing 
age and treatments for life-threatening disease become 
more effective, the issue of maintaining well-being at 
advanced ages is growing in importance (2). This has 
led to increased efforts to develop appropriate measures 
of SWB and gain an increased understanding of 
determinants of well-being worldwide.
	 SWB is thought to be determined by a multitude 
of individual factors as well as social and physical 
environmental factors (5,6). Several studies have 
focused on demographic factors that may affect SWB 
‒ such as gender, age, income, and marital status ‒ but 
they have found that these factors generally explain less 
than 20% of the variance in SWB (7). Furthermore, the 
relationships found between demographic factors and 
SWB were not consistent. For example, the quadratic 

Summary It has been hypothesized that subjective well-being (SWB) is determined by a combination 
of individual characteristics, social environment, and physical environment. However, few 
studies have simultaneously examined the relationships of the social and physical attributes 
of a neighborhood with SWB. Accordingly, the present study aimed to examine these 
relationships among Chinese elders. A total of 2,719 elders aged 60 years or older were 
recruited from 47 neighborhoods in the Xinhua subdistrict of Shanghai by two-stage stratified 
random sampling and interviewed between July and September 2014. The social and physical 
attributes of each neighborhood were assessed using validated and psychometrically tested 
measures. The Chinese version of the international Personal Wellbeing Index was used to 
assess SWB. Control variables included sex, age, marital status, education level, years living 
in the neighborhood, self-rated health, chronic conditions, and leisure-time physical activity. 
Multilevel linear regression analysis was conducted to explore whether social and physical 
attributes were associated with SWB. The average level of SWB was 74.2 ± 15.7% of the 
scale maximum. After controlling for individual covariates, individual-level social cohesion 
and social interaction were positively correlated with SWB, and both individual-level and 
neighborhood-level aesthetic quality was positively correlated with SWB. In conclusion, both 
social and physical attributes of neighborhoods were associated with SWB among Chinese 
elderly. These findings suggest that creating aesthetic and cohesive neighborhoods may 
encourage Chinese elders to participate in social activities and promote their SWB.
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relationship between SWB and age in high-income 
English-speaking countries was not replicated in other 
regions (2). Studies of SWB have also examined 
its association with environmental factors, with an 
emphasis on the importance of the geographically 
proximal environment for older adults, particularly 
those who are retired or becoming frail and therefore 
likely to be spending more time in their immediate 
neighborhood (8). Several studies showed that certain 
physical attributes of the neighborhood, such as 
quality public transportation (9) and access to green/
recreational areas (10,11), were positively associated 
with higher levels of SWB.
	 There is limited evidence on the relationship 
between perceived aspects of the neighborhood and 
mental health in older people, but findings from a 
few studies have linked self-reported neighborhood 
problems (12 ) ,  poor  socia l  environment  in  a 
neighborhood (13), and low sense of belonging to 
a neighborhood (14) with psychological distress in 
older people. This suggests that how individuals feel 
about the physical and social environment in which 
they live may be associated with their mental health 
just as strongly as objective, area-level measures of 
neighborhood deprivation (15). These associations with 
mental health could be expected to extend to SWB. This 
has been supported by cross-sectional studies, which 
have found that perceived neighborhood cohesion was 
positively associated with SWB among elders (8,15,16), 
and a longitudinal study in England (17), which found 
that negative neighborhood perceptions were associated 
with poorer SWB. Another longitudinal study in the 
Netherlands (18) found that social cohesion and social 
belonging were positively associated with SWB.
	 Physical and social environments are thought not 
only to influence health outcomes and health behaviors, 
but also to be interrelated and influence each other 
(19,20). One study (21) found that adults living in 
high-walkable neighborhoods reported higher levels of 
knowing their neighbors, political participation, trust 
in other people, and social participation compared to 
participants living in low-walkable neighborhoods. 
Other studies have also supported the hypothesis 
that pedestrian-friendly environments are related to 
increased social capital (22,23). However, few studies 
have simultaneously examined the unique effects 
of individual, physical, and social neighborhood 
characteristics on SWB among elders.
	 While some studies have found individual 
characteristics (such as gender, age, and education) 
(24-26), social support (26,27), social belonging 
(28), economic openness (29), and atmospheric 
pollution (30) to be associated with SWB among 
urban Chinese people, research focusing specifically 
on the neighborhood environment and SWB among 
elders in China has been limited. In fact, we could 
only find one such study (27), and this study did not 

examine individual, physical, and social environmental 
characteristics simultaneously. The objective of the 
present study is to address a gap in the SWB literature 
with a cross-sectional study examining the effects 
of neighborhood social cohesion, social interaction, 
aesthetic quality (AQ), and walkability on SWB in a 
sample of elders from Shanghai, China.

2. Methods

2.1. Participants and study design

The present study was conducted in the Xinhua 
subdistrict of Shanghai from July to September 2014. 
The Xinhua subdistrict with mature physical structure 
is aging subdistrict of approximately 2.2 km2 located in 
southwest Shanghai. It consists of 198 neighborhoods 
with approximately 78,000 residents, of whom 16% are 
over 65 years old (http://www.xhjd.org/). The subdistrict 
has a stable population structure and built environment, 
which make it a suitable place to examine the effects 
of the perceived social and physical attributes of 
a neighborhood on health. The study design and 
sampling approach has been described previously (31). 
Briefly, the first stage consisted of the selection of 47 
neighborhoods by purposive sampling that took into 
account environmental factors such as accessibility 
to services, aesthetics, and street connectivity. In the 
second stage, we randomly sampled 120 elders aged 60 
years or older from each neighborhood that had more 
than 120 elders; in neighborhoods with fewer than 
120 elders, all elders living in the neighborhood were 
selected. In total, 2,839 elders were sampled from 47 
neighborhoods; however, 120 elders were excluded 
from analysis because of incomplete data, resulting in a 
final analytic sample consisting of 2,719 elders for the 
current study.
	 Informed consent was obtained from all participants, 
and face-to-face interviews were used to collect data. The 
study was approved by the Institutional Review Board of 
the School of Public Health at Fudan University.

2.2. Measurements

2.2.1. Subjective well-being

The Chinese version of the Personal Wellbeing Index 
(CPWI) (32) was used to measure subjective well-
being. The CPWI used in the current study consisted 
of seven core domains (standard of living, health, life 
achievement, personal relationships, personal safety, 
feeling part of the community, and future security), 
measured on an 11-point Likert-type scale, with 
numerical ratings ranging from 0 (extremely dissatisfied) 
to 10 (extremely satisfied). A previous study found the 
CPWI to have acceptable reliability, Cronbach's α = 0.81 
(24). In the present study, Crobnach's α = 0.92 for our 

517



www.biosciencetrends.com

BioScience Trends. 2017; 11(5):516-523. 518

vs. other), education level (elementary school, junior 
high school, senior high school, and university or 
higher), and years living in the neighborhood (categorized 
in 10-year intervals). Additionally, a previous study 
indicated that both comorbidity and self-rated health 
were associated with SWB (36); therefore, we also 
controlled for the number of self-reported chronic 
diseases (0, 1, 2 or more) and self-rated health. Self-rated 
health was assessed by the single item, "Would you say 
that in general your health is excellent, very good, good, 
fair, or poor?" From this item, we created a dichotomous 
measure (0 = fair or poor; 1 = excellent, very good, or 
good). Finally, we controlled for leisure-time physical 
activity (LTPA), which was assessed by the Chinese long 
form of the International Physical Activity Questionnaire 
(37). Consistent with previous research (38), self-
reported minutes of recreational walking and moderate- 
and vigorous-intensity physical activity in the past 
week were used to estimate a LTPA score, which was 
dichotomized into high or low. High LTPA was defined 
as at least 150 minutes of leisure-time physical activity 
per week. This criterion is in accordance with the current 
recommendations for physical activity (39).

2.2.4. Statistical analyses

Our data had a multilevel structure comprising elders 
(the first level) nested within neighborhoods (the 
second level). We fitted the data using multilevel 
linear regression models, adjusting for both individual- 
and neighborhood-level variables as fixed effects and 
allowing for a random intercept for SWB. The analyses 
of the relationships between attributes of a neighborhood 
and SWB involved estimating multiple sequential models 
(40). After examining the neighborhood-level variance 
in SWB without including any explanatory variables 
(empty model), we examined the relationship between 
individual- and neighborhood-level attributes of the 
neighborhood with SWB (Models 1 and 2, respectively) 
after controlling for individual covariates. Finally, we 
modeled all individual- and neighborhood-level variables 
simultaneously (Model 3). We used −2 log likelihood 
(−2LL) and Akaike information criterion (AIC) to 
compare the goodness of fit of each model (40). STATA 
version 13.1 was used for all analyses (StataCorp, Texas, 
USA). For all models, the unstandardized coefficient 
(B) and corresponding 95% confidence interval were 
reported. Results were considered statistically significant 
if the two-sided p values were < 0.05.

3. Results

3.1. Demographic characteristics and subjective well-
being of the sample

The demographic characteristics of the sample 
and univariate relationships between demographic 

sample. The Likert scale data were standardized into 
units of percentage of scale maximum (% SM) on a 0-100 
distribution using the equation

                                                                       (32),

where X is the score to be converted, Kmin = 0 (the 
minimum score possible on the scale), and Kmax = 10 ( the 
maximum score possible on the scale).

2.2.2. Attributes of neighborhood

In the present study, we mainly focused on two physical 
dimensions of neighborhoods (aesthetic quality and 
walkability) and two social dimensions (social interaction 
with neighbors and social cohesion). The scales used to 
measure these dimensions were developed by Mujahid 
and colleagues (33). As described in detail previously 
(31), the original scale was initially translated into 
Chinese, and the Chinese version was then translated 
back into English to verify that the content of the original 
scale was maintained. The aesthetic quality (AQ) 
subscale consisted of 5 items, the walkability subscale 
consisted of 7 items, the social interaction with neighbors 
subscale consisted of 5 items, and the social cohesion 
subscale consisted of 4 items. The Cronbach's αs for 
these subscales in our sample were 0.74, 0.81, 0.87, and 
0.88, respectively.
	 Due to the relationship between neighborhood 
characteristics and individual-level characteristics 
(33,34), with varying perceptions of the same reality 
by different individuals, the averaging of responses 
across multiple persons within a neighborhood reduces 
measurement error due to individual subjectivity (33). In 
the present study, all attributes of the neighborhood were 
assessed in two alternative ways: (a) individual-level 
attributes were assessed by calculating the mean score of 
each individual's own assessments on the corresponding 
scale's items; (b) neighborhood-level attributes for 
participant i were measured as the mean perceived 
individual-level attributes for all participants from the 
same neighborhood as participant i, excluding participant 
i. Previous studies indicated that objective neighborhood 
measures were significantly correlated with subjective 
perceptions of neighborhood quality (35) ‒ for example, 
a participant with higher neighborhood-level AQ would 
generally indicate that she/he lived in a more aesthetic 
neighborhood. For analysis, both individual and 
neighborhood-level attribute scores were converted into 
quartiles, with the highest quartile indicating the highest 
level of neighborhood attributes.

2.2.3. Covariates

We selected the following variables as potential 
confounders for statistical control: sex, age (categorized 
in 5-year intervals), marital status (married or cohabiting 
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characteristics and SWB are shown in Table 1. Overall, 
58.7% of the subjects were women, and more than half 
(51.8%) were 70 years old or older. Only 16.2% had 
graduated from university. More than 70% reported 
having at least one chronic disease, and 65.7% reported 
poor self-rated health. More than half of subjects had 
lived in the neighborhood for 20 years or longer. The 
average level of SWB was 74.2 ± 15.7% SM. SWB was 
significantly higher among those who were married/
cohabiting (74.9 ± 14.7% SM) than among their 
unmarried counterparts (71.4 ± 15.8% SM); it was also 
significantly higher among those with higher education 
levels (p < 0.001). Subjects with good self-rated health 
also reported significantly higher levels of SWB than 
subjects with poor self-rated health. Additionally, 
SWB was significantly higher among people with high 
LTPA (76.7 ± 14.4% SM) than among their low-LTPA 
counterparts (72.0 ± 15.2% SM). SWB was negatively 
correlated with age group and number of chronic 
diseases (both p < 0.05), and positively correlated with 
years living in the neighborhood (p < 0.05).

3.2. Univariate analysis of neighborhood attributes and 
SWB

Univariate analyses showed that SWB increased 

significantly with higher individual perceptions of AQ, 
walkability, social cohesion, and social interaction 
(Table 2). For example, the SWB levels among 
participants in the first (lowest), second, third, and 
fourth (highest) quartiles of perceived neighborhood 
AQ were 70.6 ± 15.0% SM, 71.2 ± 15.7% SM, 74.0 ± 
12.6% SM, and 79.6 ± 14.8% SM, respectively.

3.3. Multilevel linear regressions of the relationship 
between neighborhood attributes and SWB

The results of the multilevel linear regression models 
are shown in Table 3. The empty model (not shown in 
Table 3) indicated that there was significant variation 
in SWB across neighborhoods (χ2 = 149.78, p < 0.001); 
the interclass correlation coefficient (ICC) was 0.084, 
indicating that 8.4% of the variance in SWB was 
explained by a random effect for neighborhoods.
	 Model 1 indicated that individual-level social 
cohesion, social interaction, and AQ were positively 
associated with SWB, but individual-level walkability 
was not associated with SWB after controlling for 
individual covariates. For example, compared with 
participants in the lowest quartile of social cohesion, 
the regression coefficients of participants in the second, 
third, and fourth quartiles were 2.34 (95% CI: 0.71-3.98), 
3.03 (95% CI: 1.32-4.73), and 6.90 (95% CI: 5.38-8.42), 
respectively. However, Model 2, which included the 
neighborhood-level attributes and individual covariates, 
found that only neighborhood-level AQ was significantly 
and positively correlated with SWB after controlling for 
individual covariates.

Table 1. Demographic differences in subjective well-being

Items

Overall
Sex 
    Men
    Women 
Age (years)
    60-64
    65-69
    ≥ 70
Education level
    Elementary school
    Junior high school
    Senior high school
    University
Marital status 
    Married or cohabiting
    Other
Self-rated health
    Poor
    Good
Number of chronic diseases
    None
    One
    Two or more
Years living in the neighborhood
    < 10
    10-19
    20-29
    30-39
    ≥ 40
Leisure-time physical activity
    Low
    High

     N, %

2,719

1,124 (41.3)
1,595 (58.7)

   722 (26.6)
   590 (21.7)
1,407 (51.8)

   844 (31.0)
   963 (35.4)
   473 (17.4)
   439 (16.2)

2,183 (80.3)
   536 (19.7)

1,785 (65.7)
   934 (34.4)

   640 (23.5)
1,093 (40.2)
   986 (36.5)

   305 (11.2)
1,141 (42.0)
   582 (21.4)
   342 (12.6)
   349 (12.8)

1,281 (47.1)
1,438 (52.9)

Subjective
well-being

(mean and SD) 

74.2 (15.7)

74.8 (14.8)
73.8 (15.2)

75.2 (14.5)
74.8 (14.0)
73.5 (15.7)

71.2 (16.4)
74.3 (14.1)
76.5 (13.1)
77.4 (15.2)

74.9 (14.7)
71.4 (15.8)

73.2 (15.1)
76.3 (14.7)

77.8 (13.2)
74.7 (14.8)
71.3 (15.7)

68.5 (15.7)
73.3 (14.7)
76.0 (14.3)
76.7 (15.4)
77.0 (14.9)

71.7 (15.4)
76.4 (14.3)

p value

0.082

0.023

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

Table 2. Univariate relationships between perceived 
neighborhood attributes and subjective well-being

Items

Physical characteristics 
Aesthetic quality
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Walking environment
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile

Social characteristics
Social cohesion
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Social interaction
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile

     N, %

641 (23.6)
612 (22.5)
649 (23.9)
817 (30.1)

666 (24.5)
661 (24.3)
693 (25.5)
699 (25.7)

670 (24.6)
480 (17.7)
481 (17.7)
1088 (40.0)

646 (23.8)
544 (20.0)
677 (24.9)
852 (31.3)

Subjective
well-being

(mean and SD) 

70.6 (15.0)
71.2 (15.7)
74.0 (12.6)
79.6 (14.8)

72.7 (15.2)
72.0 (15.0)
73.8 (13.8)
78.2 (15.4)

68.6 (16.4)
71.9 (13.6)
73.9 (14.7)
78.9 (13.4)

71.0 (15.7)
72.9 (15.0)
74.5 (13.8)
77.4 (14.8)

p value

< 0.001

< 0.001

< 0.001

< 0.001
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	 In Model 3, the individual- and neighborhood-
level attributes of each neighborhood were entered 
simultaneously. After controlling for individual-level 
covariates, individual-level social cohesion, social 
interaction, and AQ were still positively correlated with 
SWB. However, the regression coefficients of individual-
level social cohesion and social interaction in Model 
3 were slightly lower than those in Model 2, and the 
regression coefficient of individual-level AQ was slightly 
higher than that in Model 2. For example, compared with 

participants in the lowest quartile of social cohesion, 
the regression coefficients of participants in the second, 
third, and fourth quartiles were 2.31 (95% CI: 0.68-
3.95), 2.87 (95% CI: 1.15-4.59), and 6.79 (95% CI: 5.24-
8.33), respectively. Meanwhile, neighborhood-level AQ 
was also positively correlated with SWB; compared 
with participants in the lowest quartile, the regression 
coefficients of participants in the second, third, and fourth 
quartiles were 1.03 (95% CI: 0.64-1.16), 1.17 (95% CI: 
1.08-1.47), and 2.38 (95% CI: 1.38-3.58), respectively.

Table 3. Multilevel regression models of relationships between neighborhood attributes and subjective well-being*

Items

Fixed effects 
Individual-level variables 
Social cohesion
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Social interaction
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Aesthetic quality
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Walkability
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Neighborhood level variables
Social cohesion
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Social interaction
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Aesthetic quality
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Walkability
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Random effects
    Neighborhood-level variance (SE)
ICC (SE)
Model fit
−2LL
AIC

Model 1: B, 95%CI

Reference
2.34 (0.71-3.98)
3.03 (1.32-4.73)
6.90 (5.38-8.42)

Reference
1.20 (0.76-1.36)
1.90 (0.98-2.46)
2.76 (1.16-4.36)

Reference
0.43 (0.09-1.95)
1.63 (0.07-3.18)
4.50 (2.86-6.14)

Reference
− 0.10 (− 1.61-1.41)
− 0.90 (− 2.44-0.63)
1.44 (− 0.18-3.07)

11.11 (3.11)
0.06 (0.02)

21841.61
21887.61

Model 2: B, 95%CI

Reference
0.55 (− 2.44-3.54)
2.81 (− 0.17-5.78)
2.95 (− 0.43-6.33)

Reference
− 1.34 (− 4.21-1.53)
− 1.49 (− 4.27-1.30)
− 2.07 (− 5.05-0.91)

Reference
1.06 (0.64-1.21)
1.24 (1.15-1.67)
2.76 (1.46-3.98)

Reference
− 2.24 (− 5.26-0.78)
− 2.22 (− 5.29-0.84)
− 1.30 (− 4.18-1.58)

6.55 (2.23)
0.03 (0.01)

22060.48
22106.48

-2LL: -2 Log Likelihood (smaller is better); AIC: Akaike information criterion (smaller is better); *Gender, age, marital status, educational attainment, 
self-reported chronic diseases, self-rated health, number of years in the neighborhood and leisure-time physical activity were adjusted in all models.

Model 3: B, 95%CI

Reference
2.31 (0.68-3.95)
2.87 (1.15-4.59)
6.79 (5.24-8.33)

Reference
1.17 (0.73-1.40)
1.04 (0.53-2.61)
2.72 (1.14-4.23)

Reference
0.46 (0.15-1.98)
1.69 (0.12-3.26)
4.59 (2.81-6.17)

Reference
0.18 (− 1.34-1.70)
− 0.64 (− 2.20-0.91)
1.70 (− 0.04-3.36)

Reference
− 0.02 (− 2.95-2.91)
1.45 (− 1.48-4.37)
0.16 (− 3.20-3.52)

Reference
− 2.18 (− 4.99-0.62)
− 2.11 (− 4.85-0.62)
− 3.42 (− 6.37-0.47)

Reference
1.03 (0.64-1.16)
1.17 (1.08-1.47)
2.38 (1.38-3.58)

Reference
− 2.66 (− 5.62-0.29)
− 2.29 (− 5.31-0.73)
− 2.29 (− 5.16-0.59)

6.33 (2.10)
0.03 (0.01)

21824.16
21894.16
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4. Discussion

With the largest and most rapidly growing aging 
population in the world (41), China is undergoing a 
rapid transition from a rural to an urban society. The 
growth of the aging population coupled with rapid 
urbanization simultaneously presents challenges 
and opportunities for maintaining the well-being of 
elders in China (42). Because elders spend a greater 
proportion of their lives in their neighborhoods than 
younger adults, neighborhood environments are critical 
sources of support systems for elders, whose declining 
health may lead to frailty, social isolation, as well as 
limited mobility, financial strain, and/or limited access 
to transportation. Exploring the unique effects of 
neighborhood attributes on elders' well-being could be 
helpful to urban planners and public health officials in 
their efforts to build age-friendly neighborhoods and 
cities.
	 Accumulating evidence suggests that the physical 
and social attributes of the neighborhood play a role 
in the health of older individuals. However, research 
on the relationship between subjective well-being 
and individual perceptions of the neighborhood is 
limited (43). To our knowledge, this is the first study 
in China to simultaneously examine the effects of the 
perceptions of the social and physical attributes of one's 
neighborhood on well-being among older adults.
	 Neighborhood aesthetic quality has been shown to 
influence health behaviors such as physical activity 
(44,45) and fruit and vegetable consumption (46). 
Another study in Taiwan (47) found that high fruit 
and vegetable consumption combined with high 
LTPA could reduce the likelihood of developing new 
depressive symptoms among elders. Our study also 
found that high LTPA was associated with high SWB, 
which is consistent with previous studies (48,49). 
After accounting for demographic characteristics, 
years living in the neighborhood, physical activity, 
comorbidity, and self-reported health, we found 
that good perceived aesthetic quality of one's 
neighborhood was associated with high SWB, which 
is consistent with the finding of another study that the 
mental well-being of residents of deprived areas in 
Glasgow was higher when the respondents considered 
their neighborhood to have very good aesthetic 
qualities (50). Furthermore, we also found that high 
neighborhood-level aesthetic quality was associated 
with high SWB. These findings suggest that building 
aesthetic neighborhoods may promote better SWB 
among elders, which should be considered during 
urban planning and construction in China.
	 Our study also found that perceived social cohesion 
and social interaction were positively associated with 
SWB, which was consistent with our hypotheses and 
previous studies (16,18,51,52). Social cohesion and 
social interaction may influence elders' SWB in several 

ways. First, social cohesion positively impacts the 
strength of relationships and social interaction as well 
as collective attachment to the neighborhood, and is 
thus expected to enhance individuals' well-being (53). 
Second, elders living in more cohesive communities 
may receive more instrumental and affective support 
(16), which are resources that can contribute to SWB 
(49,51). Third, neighborhood social cohesion and social 
interaction may promote physical activity among elders 
(45,54). Previous studies (48,55) and our study have 
found physical activity to be positively associated with 
SWB.
	 No neighborhood-level social attributes were 
found to be associated with elders' SWB in our study. 
Research has shown Chinese people to be more 
collectivistic (56) than Westerners, but social capital 
in China resides largely in families and other narrow 
circles of social relationships, which implies that people 
may only trust those who belong to the same in-group 
and may not participate social activities outside of their 
circles (57). When individual-level social interaction 
and social cohesion are aggregated to the neighborhood 
level, their effect on SWB may become diluted and 
less relevant. Hence, there was no relationship between 
neighborhood-level social interaction or social cohesion 
and SWB.
	 This study is not without limitations. First, the 
direction of causality could not be addressed due to the 
cross-sectional study design. Second, neighborhood 
attributes were measured by validated self-reported 
questionnaires (33) rather than independent neighborhood 
measures. However, prior research has found that 
perceptions of one's neighborhood are more strongly 
related to health than objective neighborhood measures 
(58). Finally, a large sample from 47 neighborhoods 
was used, but the study was conducted in only one 
administrative district of Shanghai, which may not be 
representative of the overall elderly population or other 
neighborhoods in China. Well-designed, multicenter 
prospective studies of the neighborhood correlates of 
SWB should be conducted in the future.
	 In conclusion,  despi te  the aforementioned 
limitations, this study provides new findings on the 
relationships between the social and physical attributes 
of neighborhoods and SWB among the Chinese elderly. 
Building aesthetic and cohesive neighborhoods may 
facilitate the participation of Chinese elders in the social 
activities of their neighborhoods and thereby enhance 
their SWB.
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Price adjustment for traditional Chinese medicine procedures: 
Based on a standardized value parity model
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1. Introduction

Traditional Chinese medicine (TCM) has gradually 
developed and advanced into a system of medical 

theories through long-standing medical practices. TCM 
is an important part of the medical system of China (1). 
TCM plays an important role in the control of infectious 
diseases and chronic diseases and it is widely used to 
treat cerebrovascular disease, bone, joint and muscle 
diseases, multiple sclerosis, and other conditions (2,3). 
Due to the prolonged low price of TCM procedures 
and the lack of an effective mechanism of dynamic 
price adjustment (4-6), traditional calculation of 
costs did not reflect the value of TCM care and 
other factors, causing the development of TCM to 
lag markedly behind Western medicine. In 2014, the 
World Health Organization (WHO) formulated the 
WHO Traditional Medicine Strategy: 2014-2023; 
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World Health Assembly resolution WHA62.13 on 
traditional medicine emphasized that the Member 
States should actively formulate policies and implement 
an action plan to enhance the role of alternative and 
traditional medicine in maintaining public health (7). 
At the Chinese Sanitation and Health Conference in 
2015, Chinese President Xi Jinping pointed out that 
"sustained prevention is needed first; that traditional 
Chinese medicine and Western medicine should both 
be emphasized, and that health should be integrated 
into all policies". In 2016, the State Council of China 
issued Guidelines on Developing Traditional Chinese 
Medicine from 2016-2030 (8). The Law of the People's 
Republic of China on Traditional Chinese Medicine 
was enacted that same year (9); it clearly sought to 
develop TCM and it represented a major breakthrough 
in legislation on TCM.
	 In the context of this reform, establishing a 
scientific and appropriate mechanism for adjustment 
and management of the prices of TCM procedures in 
order to promote changes in the ways in which prices 
of TCM procedures are adjusted and managed is crucial 
to guiding the development of TCM. In 2012, the 
National Development and Reform Commission, the 
National Health and Family Planning Commission of 
the People's Republic of China, the State Administration 
of Traditional Chinese Medicine issued the Manual on 
National Standards for the Prices of Medical Procedures 
(2012 Edition) (denoted here as the 2012 Manual on 
the Prices of Medical Procedures). The 2012 Manual 
on the Prices of Medical Procedures required provinces 
and municipalities to organize and standardize prices 
of medical procedures and to apply new standards for 
prices of medical procedures (10,11). Shanghai has the 
highest best concentration of medical resources in China. 
Fees for medical procedures and their management are 
consistent with most provinces and municipalities in 
China. Shanghai is able to lead and influence the country 
in terms of adjusting the prices of TCM procedures. 
Therefore, the current study has used Shanghai, China as 
an example. Based on the 2012 Manual on the Prices of 
Medical Procedures, this study has attempted to create 
a value parity model for the price of TCM procedures in 
order to provide evidence for creation of a mechanism 
of price management that accord with the characteristics 
of TCM practices and the characteristics of the value of 
TCM procedures.

2. Materials and Methods

2.1. Sources of data and creation of a database

Data in this study came from the 2012 Manual on the 
Prices of Medical Procedures (12), and the Compilation 
of Medical Procedures and Prices at Medical Facilities 
in Shanghai (2014) (denoted here as the Shanghai 
Compilation of Medical Procedures and Prices) (13). 

Variables obtained from the 2012 Manual on the 
Prices of Medical Procedures included the name of 
the procedure, what the procedure entailed, the unit 
of pricing, basic manpower expended and time spent, 
technical difficulty (referring to the relative degree 
of difficulty entailed in a given procedure through a 
combination of factors such as the degree of complexity, 
the degree of skill involved, and requirements for 
practitioners; difficulty was rated from 1-100), and the 
degree of risk (referring to a comprehensive assessment 
of the probability of complications and the severity 
of adverse outcomes as well as the degree of relative 
risk of a given procedure; risk was rated from 1-100). 
Variables obtained from the Shanghai Compilation of 
Medical Procedures and Prices included the name of 
the procedure, what the procedure entailed, and the unit 
of pricing. Based on what the procedure entailed and 
the unit of pricing, procedures in the 2012 Manual on 
the Prices of Medical Procedures were matched with 
procedures in the Shanghai Compilation of Medical 
Procedures and Prices. A database of corresponding 
procedures (referring to matching TCM procedures 
in the Shanghai Compilation of Medical Procedures 
and Prices and 2012 Manual on the Prices of Medical 
Procedures in terms of what the procedure entailed and 
the unit of pricing) was created.

2.2. Determining indices for analysis and creation of a 
standardized value parity model

Indices used to calculate the value of procedures included 
basic allocation of medical personnel (physicians, nurses, 
medical technicians, and other personnel), the duration 
of the basic procedure (minutes), the technical difficulty 
score, the risk score, the annual salary of medical 
personnel at different hospitals, and the proportion of 
different types of medical personnel.
	 The standardized value referred to the measured 
value of a procedure in terms of resources consumed 
in a normal flow and under normal conditions. The 
standardized value had two components: medical care 
provided and the cost of resources consumed (14). The 
standardized value of medical care provided was mainly 
based on determination of the basic manpower expended 
and time spent while also considering technical difficulty 
and risk. The standardized value of medical care 
provided involved: i) calculation of all salary parameters 
based on the Shanghai Reform Plan for Salary Systems 
at Public Health Facilities. A physician's salary was 
calculated as 3.2 RMB per minute; the salary ratio for a 
physician:nurse:medical technician:other personnel was 
1:0.7:0.6:0.5; and ii) calculation of a model:

In the above formula, Xi is the target salary of a hospital 
physician; Ki is the number of medical personnel 
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number of corresponding procedures in the Shanghai 
Compilation of Medical Procedures and Prices and 
the 2012 Manual on the Prices of Medical Procedures 
and the number of parameter adjustments. The mean 
difference and the relative ratio were used to compare 
the current price and standardized value. A ladder 
function was used to obtain the square root of the 
relative price ratio of the current price and the suggested 
adjusted price. A kernel density curve (kdensity) was 
fitted to the plotted probability distribution of the 
relative price ratio. A paired t-test was used to compare 
differences in the distribution of the relative price ratio 
of the current price to the suggested adjusted price. p < 
0.05 was considered to indicate a significant difference. 
The interquartile range was used to describe changes in 
the dispersion of the relative price ratio. Analysis was 
performed using the software Stata 10.0.

3. Results

3.1. Basic information

One hundred and forty-four procedures (45% of all 
TCM procedures) in the 2012 Manual on the Prices of 
Medical Procedures and the Shanghai Compilation of 
Medical Procedures and Prices matched (for specific 
procedures, see Supplemental Table S1, http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=14) .  Corresponding procedures were 
categorized into a total of seven categories: topical 
treatment with TCM, TCM for orthopedic injuries, 
acupuncture and moxibustion, massage therapy, 
anorectal treatment with TCM, special treatment with 
TCM, and comprehensive TCM. Seventy-nine percent 
of TCM procedures for orthopedic injuries matched, 
66% of the forms of massage therapy matched, and 
46% of the forms of topic treatment with TCM matched 
(Table 1).

3.2. Comparison of the current price and standardized 
value

The standardized value of TCM procedures in a given 
category mainly consisted of the standardized value 
of medical care provided. The standardized value 
of medical care provided accounted for 89% of the 
standardized value of a TCM procedure, on average. 
Direct materials consumed accounted for relatively 
high proportion (80%) of the standardized value of 
anorectal treatment with TCM. Medical care provided 
accounted for more than 85% of the standardized value 
of other procedures. Medical care provided accounted 
for almost all (97%) of the value of acupuncture and 
moxibustion (Table 2).
	 The current price level of TCM procedures tended 
to be low. The current price represented 56% of the 
standardized value. The current price of acupuncture 

allocated; T is the duration of the procedure; Li is 
the type and position of personnel. Data on the basic 
manpower expended, the duration of the procedure, 
technical difficulty, and risk were from the 2012 
Manual on the Prices of Medical Procedures. Months, 
days, and hours worked were determined according to 
the Regulations on Public Holidays for National Annual 
Festivals and Memorial Days (State Council Decree 
No. 513).
	 The cost of direct materials consumed was calculated 
using Activity-based Costing. The cost of resources was 
apportioned to medical procedures based on the resources 
consumed while primarily providing medical care. 
Medical products used and medical care provided was 
ultimately used to apportion costs to medical procedures. 
Cost data were collected from 5 pilot hospitals in 
Shanghai (15). The cost of direct materials consumed 
did not include separate charges for consumables, energy 
consumption, and premises, and it did not include 
expenses for administration and logistics, expenditure of 
financial subsidies, or depreciation of fixed assets and 
amortization of intangible assets.
	 The current price and standardized value of a TCM 
procedure were used to calculate the relative price 
ratio of the current price to the standardized value. The 
relative price ratio was obtained by dividing the current 
price ratio by the standardized value. The difference 
in price levels and the relative price ratio were used to 
comprehensively assess and select procedures for price 
adjustment.

2.3. Selection of procedures for price adjustment and the 
suggested price

The principle for selection of procedures for price 
adjustment was: i) a relative price ratio < 0.5 and ii) a 
current price lower than the standardized value. The 
formula for calculation of the suggested adjusted price 
was: adjusted price = the current price + (standardized 
value - current price) × α. A preliminary study noted a 
large gap between the standard value and the current 
price. Directly assuming the standardized value would 
have considerably impacted the price. In accordance 
with a partial adjustment strategy and budget constraints, 
the gap between the standardized value and the current 
price served as the range of price adjustment. Based on 
stepwise adjustment of coefficient α, α was set at 0.3. In 
theory, a distribution of the current price that was closed 
to the distribution of the standardized value would result 
in a symmetrical distribution with the relative price ratio 
tending to be 1 and less dispersion.

2.4. Statistical analysis

Frequency and proportion were used to describe the 
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and moxibustion, special treatment with TCM, TCM 
for orthopedic injuries, and comprehensive TCM 
procedures was markedly low. The lowest current price 
level represented only 3% of the standardized value. 
Closed reduction and percutaneous internal fixation of 
a tubular bone fracture required three physicians and 
one nurse, the procedure took 50 minutes, the technical 

difficulty score was 70 and the risk score was 58, and 
the coefficient to adjust for technical difficulty and 
risk was 0.8. The standardized value of the procedure 
was 1,205 RMB while the current price was only 150 
RMB, so the current price represented for 12% of the 
standardized value. Acupuncture in the neck required 
one physician, it took 20 minutes, the technical 

Table 1. Corresponding categories in the Shanghai Compilation of Medical Procedures and Prices and the 2012 Manual on 
the Prices of Medical Procedures*

Procedure Category

Topical Treatment with Traditional Chinese Medicine
Traditional Chinese Medicine for Orthopedic Injuries
Acupuncture and Moxibustion
Naprapathy
Anorectal Treatment with Traditional Chinese Medicine
Special Therapy with Traditional Chinese Medicine
Comprehensive TCM
Total

Number of Procedures in the 2012 
Manual on the Prices of Medical 

Procedures (procedures)

	   35
	   70
	   70
	   67
	   41
	   20
	   19
	 322

Percentage (%)

      45.7
      78.6
      27.1
      65.7
        7.3
      30.0
        5.3
      44.7

*The Shanghai Compilation of Medical Procedures and Prices refers to the Compilation of Medical Procedures and Prices at Medical Facilities 
in Shanghai (2014). The 2012 Manual on the Prices of Medical Procedures refers to the Manual on National Standards for the Prices of Medical 
Procedures (2012 Edition). **The Number of Corresponding Procedures refers to corresponding procedures in the Shanghai Compilation of Medical 
Procedures and Prices and the 2012 Manual on the Prices of Medical Procedures.

Number of Corresponding 
Procedures **(procedures)

	   16
	   55
	   19
	   44
	     3
	     6
	     1
	 144

Table 2. The current price and standardized value of corresponding procedures in seven major categories of TCM 
procedures in the Shanghai Compilation of Medical Procedures and Prices and the 2012 Manual on the Prices of Medical 
Procedures

Procedure Category

Acupuncture and Moxibustion
Anorectal Treatment with Traditional Chinese Medicine
Traditional Chinese Medicine for Orthopedic Injuries
Special Therapy with Traditional Chinese Medicine
Massage Therapy with Traditional Chinese Medicine
Topical Treatment with Traditional Chinese Medicine
Comprehensive TCM
Total

Current
Price*

    24
  120
    98
      6
    48
    39
      3
    62

Standardized Value of Medical 
Care Provided (%)

	 138 (97)
	 137 (20)
	 484 (93)
	   98 (96)
	   51 (88)
	 180 (94)
	   51 (94)
	 246 (89)

*The Current Price is the price of the procedure in the Shanghai Compilation of Medical Procedures and Prices and the current price charged 
by public hospitals. **The Standardized Value is the sum of the Standardized Value of Medical Care Provided and the Cost of Direct Materials 
Consumed. Figures are the average for each procedure in each category. Specific procedures and the method of calculation are shown in 
Supplementary Table S1.

Standardized
Value**

      142
      696
      521
      102
        58
      191
        54
      276

Cost of Direct Materials 
Consumed (%)

    5 (3)
559 (80)
  38 (7)
    4 (4)
    7 (12)
  11 (6)
    3 (6)
  30 (11)

Table 3. Comparison of the current price and standardized value of corresponding procedures in seven major categories of 
TCM procedures in the Shanghai Compilation of Medical Procedures and Prices and the 2012 Manual on the Prices of Medical 
Procedures

Procedure Category

Acupuncture and Moxibustion
Anorectal Treatment with Traditional Chinese Medicine
Traditional Chinese Medicine for Orthopedic Injuries
Special Therapy with Traditional Chinese Medicine
Massage Therapy with Traditional Chinese Medicine
Topical Treatment with Traditional Chinese Medicine
Comprehensive TCM
Total

Sample Size

        19
          3
        55
          6
        44
        16
          1
      144

Interquartile Range

              5
          140
            90
              1
            15
            24
              0
            80

*The Current Price is the price of the procedure in the Shanghai Compilation of Medical Procedures and Prices and the current price charged 
by public hospitals. **The Standardized Value is the sum of the Standardized Value of Medical Care Provided and the Cost of Direct Materials 
Consumed. Figures are the average for each procedure in each category. Specific procedures and the method of calculation are shown in 
Supplementary Table S1.

Median

     10
   100
   100
       6
     50
     11
       2.5
     52.5

Interquartile Range

            25
          270
          471
          192
              7.5
            87
              0
          371

Median

     67
   751
   512
     96
     52
     63
     52
     94.5

         Current Price*                                  Standardized Value**
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difficulty score was 53 and the risk score was 40, and 
the coefficient to adjust for technical difficulty and risk 
was 0.7. The standardized value of the procedure was 
77 RMB while the current price was only 20 RMB, 
so current price represented 26% of the standardized 
value. "Nourishing" therapy required one physician and 
one nurse, it took 30 minutes, the technical difficulty 
score was 77 and the risk score was 40, and the 
coefficient to adjust for technical difficulty and risk was 
0.7. The standardized value of the procedure was 201 
RMB while the current price was only 6 RMB, so the 
current price represented only 3% of the standardized 
value. The current price of massage therapy with TCM 
was basically the same as its standardized value (i.e. 
the current price represented 96% of the standardized 
value) (Table 2 and Table 3). Massage therapy for a 
headache required one physician, it took 15 minutes, 
the technical difficulty score was 38 and the risk score 
was 14, and the coefficient to adjust for technical 
difficulty and risk was 0.4. The standardized value of 
the procedure was 51 RMB while the current price 
was only 55 RMB, so the current price was 8% higher 
than the standardized value (for specific procedures 
and the method of calculation, see Supplemental 
Table S1, http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=14).

3.3. Selection of procedures for price adjustment and 
the suggested price

Seventy-nine procedures (55% of all corresponding 
procedures) were performed less often (accounting 
for less than 0.5 of procedures) and those procedures 
had a low average price level. Many of the selected 
procedures involved TCM for orthopedic injuries 
(50.6%), acupuncture and moxibustion (20.2%), or 
topical treatment with TCM (17.7%). The average ratio 
for selected procedures was 0.27. Few of the selected 
procedures involved comprehensive TCM, special 
treatment with TCM, or acupuncture and moxibustion 
(the lowest proportion was 0.08). The suggested price 
increase was an average of 234%. The lowest increase 
was for massage therapy with TCM (an increase of 79%) 
while the highest increase was for special treatment with 
TCM (an increase of 713%) (Table 4). The current price 
of manipulative reduction of a distal radius and ulna 
joint dislocation was 24 RMB while its standardized 
value was 601 RMB; the price difference was 577 RMB. 
The suggested price increase was 173 RMB (30% of 
the difference). The suggested price was 197 RMB, 
representing a 721% increase. The current price of wound 
debridement with TCM (an especially large wound) was 
192 RMB while its standardized value was 1330 RMB; 
the price difference was 1138 RMB. The suggested 
increase was 341 RMB (30% of the difference). The 
suggested price was 533 RMB, an increase of 178%. The 
current price of "thunder-fire" moxibustion was 15 RMB 
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while its standardized value was 112 RMB; the price 
difference was 97 RMB. The suggested increase was 29 
RMB (30% of the difference). The suggested price was 
44 RMB, an increase of 194% (specific procedures and 
the method of calculation are shown in Supplemental 
Table S2, http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=14).

3.4. Relationship between prices of procedures before 
and after adjustment

In accordance with adjustment to the suggested price, 
the distribution of the price parity between procedures 
tended to be concentrated at 1. The distribution of the 
relative price ratio differed significantly (t = -10.5 677, 
p < 0.01) between the current price and the suggested 
adjusted price. After data were converted, the relative 
price ratio of the current price was mainly concentrated 
at 0.5 to 1.4 and the suggested adjusted price was 
concentrated at 0.8 to 1.4. There was less dispersion of 
the suggested adjusted price. The adjusted interquartile 
range was 0.29 and the current price was 0.62 (Figure 1). 
The relative price ratio was 0.27 of the current price and 
the recommended adjusted price was 0.69. The relative 
price ratio changed markedly for integrated traditional 
Chinese and Western medicine (from 0.08 to 0.57), 
special treatment with TCM (from 0.08 to 0.57), and 
acupuncture and moxibustion (from 0.24 to 0.68) (Table 
4). The relative price ratio of manipulative reduction of 
a distal radius and ulna joint dislocation changed from 
0.07 to 0.56, the relative price ratio of massage therapy 
for a cervical facet joint disorder changed from 1.39 to 
1.34, and the relative price ratio of "nourishing" therapy 
changed from 0.05 to 0.55 (see Supplemental Table S3 
for specific items, http://www.biosciencetrends.com/
action/getSupplementalData.php?ID=14).

4. Discussion

Over the past few years, remuneration of public hospitals 
for medical care has changed as public hospitals in China 
have gradually been reformed (16-18). Remuneration has 
changed from three avenues - service charges, additional 
income from pharmaceuticals, and government subsidies 
- to two avenues - service fees and government subsidies 
(19). Government financing currently accounts for 
around 9% of the income of public hospitals, and 
pharmaceuticals account for a large proportion (45%) 
of hospital income (20). In 2011, public hospitals lost 
55.2 billion RMB, and losses from medical procedures 
were directly related to the low pricing of medical 
procedures (21). A domestic study found that the 
prices of medical procedures at 288 medical facilities 
in 30 provinces and cities were not adjusted at fixed 
intervals or were adjusted at intervals longer than two 
years (89%) (5). Public TCM hospitals are the main 
provided of TCM care. Due to the small number of 
TCM procedures, low pricing, and prolonged lack of 
price adjustment, TCM hospitals have gradually adopted 
Western medicine instead, and the development of TCM 
practices is seriously lagging. A key issue that China 
needs to urgently address is the gradual increase in the 
proportion of income that TCM hospitals are receiving 
from laboratory diagnostic testing and surgery as the use 
of TCM procedures and the proportion of income they 
represent are gradually decreasing (22,23).
	 The current results indicated that the value of a TCM 
procedure is mainly the medical care provided. The 
value of medical care provided represents 97% of the 
value of acupuncture and moxibustion, 88% of the value 
of massage therapy with TCM, and 94% of the value of 
integrated traditional Chinese and Western medicine. The 
results were consistent with the characteristics of TCM 
practices. Calculating the current cost does not properly 
reflect the value of care provided by medical personnel, 
and calculations deviate widely from the value of TCM 
procedures (24,25). The current study found that the 
current price does not fully reflect the value of medical 
care provided. The average price of special therapy with 
TCM was 6 RMB while the value of direct materials 
consumed was 4 RMB and the standardized value 
of medical care provided was 98 RMB. The current 
price mainly reflects the value of materials consumed 
without fully taking into account the value of medical 
care provided. The current price of "thunder-fire" 
moxibustion was 15 RMB while its standardized value 
was 112 RMB. The cost of direct materials consumed 
was 11 RMB and the value of medical care provided was 
101 RMB (the procedure requires 1 physician, it takes 30 
minutes, and the technical difficulty score is 46 and the 
risk score is 24). Pricing of procedures mainly considers 
the price of supplies but not the value of medical care 
provided. China's current system of provincial pricing of 
medical procedures is based on a single price. There is 

Figure 1. Current price and changes in the relative price 
ratio based on the suggested price. Changes in the relative 
price ratio of the current price to the suggested price indicated 
that the relative price ratio of the current price was concentrated 
at 0.5 and 1.4 and that the relative price ratio of the suggested 
price tended to be concentrated at 1, i.e. at 0.7 and 1.4. The 
interquartile range decreased from 0.62 to 0.29. Changes in the 
relative price ratio differed significantly (t = -10.5677, p < 0.01).
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no distinction between the components of the value of a 
procedure, such as medical care provided and materials 
consumed. The current study analyzed the value of 
medical care provided and the cost of direct materials 
consumed, and it devised a method of adjusting the 
prices of medical procedures based on a standardized 
value parity model. The United States and other 
countries use a pricing theory based on relative units 
(26,27). A relative value unit (RVU) is assigned to the 
three components of medical services - work, practice 
expense, and professional liability insurance - resulting 
in work RVUs, practice expense RVUs, and professional 
liability insurance RVUs. The current study is the first 
to classify components of domestic prices, producing a 
system with two types of values: the value of medical 
care provided and the value of materials consumed. Since 
domestic medical liability insurance is in its initial stages 
and that liability insurance is not yet a major component 
of the value system, medical liability insurance was not 
included in the standardized value of a procedure in this 
study. 
	 The current study found a large gap between the 
current price and the standardized value of TCM 
procedures; the current price was significantly lower. 
The value of acupuncture and moxibustion was 6.7 times 
its current price, the value of anorectal treatment with 
TCM was 7.5 times its current price, the value of TCM 
for orthopedic injuries was 51 times its current price, and 
the value of integrated traditional Chinese and Western 
medicine was 20 times its current price. Closed reduction 
and percutaneous internal fixation of a tubular bone 
fracture requires 3 physicians and 1 nurse, it takes 50 
minutes, and the technical difficulty score is 70 and the 
risk score is 58. In accordance with revised salary levels 
in Shanghai, the standardized value of that procedure 
was 1,205 RMB but its current price was 150 RMB (i.e. 
8 times the current price). A study of TCM in Shandong 
Province, China found that the prices of acupuncture and 
comprehensive TCM procedures at medical facilities 
were lower than the cost of those procedures. Municipal 
hospitals recovered 32% of the cost of moxibustion 
and 35% of the cost of topical treatment with TCM; 
township hospitals recovered only 7% of the cost of 
comprehensive TCM (28). Determination of the cost of 
TCM procedures in Chongqing indicated that charges for 
TCM were generally low, and this was especially true for 
surgery and treatment with TCM (29). Costs were 2-5 
times the current price. Calculations of the standardized 
value in the current study were similar to the results of 
previous studies.
	 Through stepwise adjustments, the current study 
gradually gained insight into price parity. Based on 
the labor theory of value and drawing on the values 
and factors used in the resource-based relative value 
scale (RBRVS) and the concept of standard clinical 
pathways, this study quickly determined the value of 
procedures in terms of the medical care provided. That 

value was combined with data on price factors in the 
2012 Manual on the Prices of Medical Procedures and 
data on salary reform by provinces and cities. This study 
also focused on the relationship between the value of 
marginal resources invested in medical procedures and 
rational prices based on Ramsey's theory of pricing (30). 
The current study created a model of price adjustment 
based on a ratio. Theoretically, if the current price of a 
procedure is close to parity with its standardized value, 
then the ratio will mainly have a symmetrical distribution 
concentrated at 1. If the ratio is far below 1, then the 
pricing is markedly lower. Data based on the relative 
price ratio can be used to select procedures by priority 
and correct the price relationship. This study found that 
the current price parity was not reasonable. The current 
price of TCM with packets of herbs (small) was 6 RMB 
while its standardized value was 35 RMB. The current 
price ratio was 0.11, the standardized value ratio was 0.37, 
and the relative price ratio was 0.3. The current price of 
massage therapy for lumbar muscle strain was 50 RMB 
while its standardized value was 61 RMB. The current 
price ratio was 0.94, the standardized value ratio was 0.65, 
and the relative price ratio was 1.45.
	 Based on selection criteria, this study identified a 
total of 79 procedures that need price adjustment first. 
The main categories of those procedures were TCM 
for orthopedic injuries, topic treatment with TCM, and 
acupuncture and moxibustion. Consistent with the results 
of a preliminary study, the current study found a large 
gap between the current price and standardized value. 
Directly adjusting the current price to the standardized 
value could result in massive price fluctuations. The 
current price of wound debridement with TCM (an 
especially large wound) was 192 RMB while its 
standardized value was 1,330 RMB; the absolute price 
increase would be 1,138 RMB (590%) if the current 
price is changed to the standardized value. The current 
price of manipulative reduction of an ankle fracture 
and dislocation was 156 RMB while its standardized 
value was 1,208 RMB; the absolute price increase 
would be 1,052 RMB (670%) if the current price was 
changed to the standardized value. Therefore, this 
study suggested that the gap between the current price 
and the standardized value represents a range. Given 
a coefficient for relative adjustment, the price could 
be gradually adjusted to a target standardized value. 
As mentioned above, the adjusted price for wound 
debridement with TCM (an especially large wound) 
would be 533 RMB (an increase of 178%) and the 
adjusted price for manipulative reduction of an ankle 
fracture and dislocation would be 471 RMB (an increase 
of 201%). The suggested price of special treatment 
with TCM and topical treatment with TCM increased 
significantly (713% for special treatment and 618% for 
topical treatment), and this is related to their significantly 
lower current price. The price of "nourishing" therapy 
changed from 6 RMB to 65 RMB; its standardized 
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value was 201 RMB. The price increase would be 59 
RMB, representing an increase of 975%. The price of a 
manmade decoction changed from 2.5 RMB to 18 RMB; 
its standardized value was 54 RMB. The price increase 
would be 15.5 RMB, representing an increase of 618%. 
The increase was substantial since the current price 
was markedly low. However, the absolute value of the 
suggested adjusted price was within the acceptable range, 
which is not unusual, and there is some leeway to reach 
the target value. Therefore, the price suggested in this 
study was reasonable. In terms of the price relationship 
based on the suggested price, the distribution of the 
relative price ratio tends to be 1, representing an increase 
from 0.27 to 0.69, and the dispersion decreases from 
0.62 to 0.29. The distribution of the relative price ratio 
coincided with marked optimization, suggesting that 
the mechanism of selecting certain procedures for price 
adjustment mechanism and the suggested price were 
reasonable and feasible. Therefore, other areas can refer 
to this model, in conjunction with local parameters for 
calculation and selection, to adjust the price of medical 
procedures in a stepwise manner.
	 The current study had two limitations: i) this study 
used data parameters from the 2012 Manual on the 
Prices of Medical Procedures and it did not fully create 
a database of procedure parameters from the Shanghai 
Compilation of Medical Procedures and Prices and 
ii) the standardized value was mainly combined with 
the characteristics of TCM and it measured the value 
of medical care provided and the value of direct 
materials consumed. However, material costs were not 
comprehensively calculated. These two aspects may have 
biased the results, so these aspects need to be studied 
further and improved in future research. 
	 In summary, the current study matched data from the 
2012 Manual on the Prices of Medical Procedures and 
the Shanghai Compilation of Medical Procedures and 
Prices and this study created a database for calculation 
of the value of 144 TCM procedures. Based on the 
standardized value parity model, 79 procedures were 
selected for initial price adjustment. On average, the 
suggested price increase was 234%. Price parity between 
TCM procedures was significantly optimized at the 
suggested price (p < 0.01). The current results indicated 
that a strategy for adjustment of the distribution of the 
price ratio in a standardized value parity model is a 
scientific and suitable approach. Other regions should 
refer to the model in order to devise their own system of 
value and to gradually create a mechanism of dynamic 
price adjustment.
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A comparative study on predicting influenza outbreaks
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1. Introduction

Influenza, commonly known as flu, is a contagious 
respiratory illness caused by influenza viruses (1,2). 
Influenza virus spreads through air from coughs or 
sneezes as well as by touching surfaces contaminated 
with influenza virus and then touching mouths or eyes 
(3,4). The strong infectivity and annual outbreak of flu 
are estimated to result in approximately 3 to 5 million 
annual cases of severe illness and approximately 250,000 
to 500,000 deaths worldwide (1). The resultant high 
levels of worker/school absenteeism and productivity 
losses lead to direct costs of lost productivity and 
associated medical treatment and indirect costs of 
preventative measures. In the U.S., flu is responsible 

for a total cost of over $10 billion per year, and a future 
flu pandemic is estimated to cost hundreds of billions 
of dollars in direct and indirect costs (5). Clinics and 
hospitals are overwhelmed during peak illness periods. 
The impeding of transmission routes, especially 
via school closures, and influenza immunizations 
effectively prevent the propagation of the flu (6-8). To 
help governments, hospitals, clinics, pharmaceutical 
companies, and others prepare for flu outbreaks 
efficiently and restrict routes of transmission in a timely 
manner, we need an accurate time-series model to predict 
influenza outbreaks.
	 Time-series models can be categorized into 3 types 
by using different features. The first type of model is 
an autoregressive model, which uses the numbers of 
patients in the past as features ("Xs") and forecasts the 
number of patients in the future as the response (y). 
Typical examples include the Auto-Regressive Integrated 
Moving Average (ARIMA) model and the Vector Auto-
Regression model (VAR). The second type of model uses 
other parameters (such as temperature, humidity, etc.) 
instead of past flu data as features for regression models 
(e.g., linear regression, random forest, etc.). The famous 

Summary Worldwide, influenza is estimated to result in approximately 3 to 5 million annual cases of 
severe illness and approximately 250,000 to 500,000 deaths. We need an accurate time-series 
model to predict the number of influenza patients. Although time-series models with different 
time lags as feature spaces could lead to varied accuracy, past studies simply adopted a time 
lag in their models without comparing or selecting an appropriate number of time lags. We 
investigated the performance of adopting 6 different time lags in 6 different models: Auto-
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Forest (RF), Gradient Boosting (GB), Artificial Neural Network (ANN), and Long Short Term 
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example is "Google Flu Trends", which used search 
engine query data (9) as features and a linear regression 
model. The third type of model is a combination of the 
first and second types. It uses the numbers of flu patients 
in the past as features (as in the first type) and regression 
models (as in the second type) (10).  In this study, 
we adopted the third model type and tried 6 different 
models with hyperparameter adjustments, including: 
Auto-Regressive Integrated Moving Average (ARIMA), 
Support Vector Regression (SVR), Random Forest (RF), 
Gradient Boosting (GB), Artificial Neural Network 
(ANN), and Long Short Term Memory (LSTM). To the 
best of our knowledge, this is the first time LSTM has 
been used to predict influenza outbreaks.
	 Time-series models with different time lags usually 
result in different levels of accuracy. The selection of 
time lags can be essential to improve the accuracy of 
predications. However, past studies simply adopted 
a time lag for models without comparing or selecting 
an appropriate number of time lags, which could 
make the model misunderstand past outbreak patterns. 
Therefore, in this study, we investigated the performance 
of 6 different time lags in each of the models we 
tried: 2 weeks (approximately 0.5 month), 4 weeks 
(approximately 1 month), 9 weeks (approximately 2 
months), 13 weeks (approximately 3 months), 26 weeks 
(approximately 6 months), and 52 weeks (approximately 
12 months). We hoped we would find some clues from 
our studies for future studies, which leverage machine 
learning (ML) and deep learning (DL) models for 
predicting epidemic outbreaks.

2. Methodology

2.1. Data

We collected the U.S. flu season data from the "FluView" 
Portal of the website for the Centers for Disease 
Control and Prevention (CDC) (11). The data are posted 
"weekly" with "not available" (N/A) values from the 21st 
week to the 39th week from 1998, 1999, 2000, 2001, and 
2002. Therefore, we only used the U.S. Flu Season Data 
without any N/As, i.e. the U.S. Flu Season Data from the 
40th week of 2002 to the 30th week of 2017. 
	 To remove any possible variations in populations, 
we adopted the Influenza-Like Illness (ILI) rates as the 
response (y) of our models.

			      The number of ILI
        ILI rate = 
			   Total number of Illness
	
Figure 1(a) illustrates the raw data. The Y-axis represents 
the weekly ILI rate, and the X-axis represents the time 
series. The seasonality appears obvious, except in 2009 
when swine flu occurred. The swine flu (also called the 
2009 flu pandemic) was an influenza pandemic, and the 

second of two pandemics involving the H1N1 influenza 
virus (the first was the 1918 flu pandemic), albeit a new 
variety. 
	 We split the data into two parts: the first 2/3 was the 
training set and the last 1/3 was the testing set, as shown 
in Figure 1(b).

2.2. Models

Table 1 illustrates the models, programming languages, 
libraries, and hyperparameter adjustments we used in this 
study.
	 We trained the ARIMA model in R Programming 
Language (version 3.4.1) and the "forecast" package 
(version 8.1) (12). The function of "auto.arima" in 
the "forecast" package of R automatically performs a 
stepwise regression and selects the best hyperparameters 
based on the Bayesian Inference Criteria (BIC). For 
SVR, we applied the caret package (Version 6.0-76) in R. 
For RF and GB, we used Python (Version 3.6.0) and the 
Scikit-Learn package (Version 0.18.1) with a grid search. 
For ANN and LSTM, we used Python and the Keras 
package (Version 2.0.4) based on Tensorflow (Version 
1.1.0) and adopted an "early-stopping" algorithm with a 
"patience" of 100 epochs (for a total of 1000 epochs).

2.3. Metrics

We compared different models and different time lags 
using the Mean Absolute Percentage Error (MAPE) and 

534

Figure 1. The U.S. flu season data from the 40th week of 
2002 to the 30th week of 2017. (a). The Y-axis represents the 
weekly ILI rate, and the X-axis represents the time series. (b). 
The dashed line is the first 2/3 used for the training set, and 
the solid line is the last 1/3 used for the testing set. The Y-axis 
represents the weekly ILI rate, and the X-axis represents the 
time series.
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(approximately 2 months), 13 weeks (approximately 
3 months), 26 weeks (around half a year), and 52 
weeks(approximately 1 year)for model training and 
compared the results.

2.4.2. First-order fifferences

Some previous studies found that first-order differences 
helped improve the results of the prediction models for 
influenza data (13). We also included the first-order 
differences as a part of the feature spaces. 
	 In this study, we reviewed a maximum of 52 weeks. 
In the case of the time lag of 52 weeks, we used (I) the 
ILI rate of the current week, (II) the ILI rates of the past 
52 weeks, and (III) the 52 first-order differences. In total, 

Root Mean Squared Error (RMSE) as Key Performance 
Indicators (KPIs).

where At is the actual value and Ft is the forecasted 
value.
	 Figure 2 illustrates the histogram of the weekly ILI 
rates of the U.S. flu data. In our opinion, comparing 
models using MAPEs reflects the difference based on 
the median, and comparing models using RMSE is based 
on means. In this study, the histogram is right skewed. 
Furthermore, we performed the Kolmogorov-Smirnov 
Test to examine the data distribution, and the p-value is 
< 0.001. Therefore, we concluded that the distribution is 
a non-normal distribution, and we therefore regard the 
MAPE as the first KPI and the RMSE as an assistant KPI 
in this study.

2.4. Feature space

2.4.1. Time lags

Influenza seasonality is an annually recurring time 
period characterized by the prevalence of outbreaks 
of influenza. Therefore, in this study, we reviewed 
a maximum of 52 weeks (approximately 1 year). 
We tried using time lags of 2 weeks (around half a 
month), 4 weeks (approximately 1 month), 9 weeks 

Table 1. The models, programming languages, libraries, and hyperparameter adjustments we used in this study

Models

ARIMA

SVR

RF

GB

ANN

LSTM

Programming Languages

R (Version 3.4.1) 

R (Version 3.4.1) 

Python (Version 3.6.0) 

Python (Version 3.6.0) 

Python (Version 3.6.0) 

Python (Version 3.6.0) 

Programming Libraries

Forecast (Version 8.1) 

Caret (Version 6.0-76) 

Scikit Learn (Version 0.18.1) 

Scikit Learn (Version 0.18.1) 

Keras (Version 2.0.4)
Tensorflow (Version 1.1.0) 

Keras (Version 2.0.4)
Tensorflow (Version 1.1.0) 

Hyperparameter Adjustment

● auto.arima

● cross validation (n = 3)

● cross validation (n = 3)
● grid search
     ● n_estimators
     ● max_features
     ● max_depth

● cross validation (n = 3)
● grid search 
     ● learning rate
     ● subsample
     ● n_estimators
     ● max_features
     ● max_depth

● different layers (up to 5 layers) 
● with/without dropout,
● with/without regularization
● with/without batch normalization 

● different layers (up to 10 layers) 
● with/without dropout,
● with/without regularization
● with/without batch normalization 

Figure 2. The histogram of weekly ILI Rates from U.S. 
flu data. The histogram is right skewed. Furthermore, we 
performed the Kolmogorov-Smirnov Test to examine the 
data distribution. The p-value is < 0.001, and we therefore 
concluded that the distribution is a non-normal distribution.
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we have 105 predictors (I + II + III) for use as feature 
spaces. Since we are unable to calculate the first-order 
differences for the first 52 rows (the first 52 weeks), we 
dropped these data. Table 2 illustrates the pretreatment of 
the source data. 
	 In the case of the time lag of 52 weeks, we had 105 
predictors and had to drop the first 52 rows (the first 52 
weeks), since we are unable to calculate the first-order 
differences for the first 52 rows (the first 52 weeks). 
Similarly, in the case of the time lag of 2, 4, 9, 13, 26 
weeks, we had 5, 9, 19, 27, 53 predictors and had to 
dropped the first 2, 4, 9, 13, 26 rows (the first 2, 4, 9, 
13, 26 weeks) since we are unable to calculate the first-
order differences for the first 2, 4, 9, 13, 26 rows (the 
first 2, 4, 9, 13, 26 weeks). As a result, the models with 
fewer time lags could have more training data, which 
was considered unfair when we compared the predicting 
accuracy of the models since models (especially DL 
models) with more training data usually brought better 
accuracy (14). To fairly compare the predicting accuracy 
of adopting different time lags, we uniformly removed 
the first 52 rows (the first 52 weeks) from the training set 
of all the models.

3. Results

3.1. ARIMA, SVR, RF, GB, and ANN

Table 3(a) and Table 3(b) present the MAPE and RMSE 
of ARIMA, SVR, RF, GB, ANN. When increasing the 
time lags in the ARIMA models, we found obvious 
decreases in the MAPE and RMSE. We achieved the 
lowest MAPE (8.36%) and the lowest RMSE (0.00364) 
when using the time lag of 52 weeks, and we found a 
similar phenomenon when performing the ANN models, 
where we achieved the lowest MAPE (5.79%) and the 
lowest RMSE (0.002411) when using the time lag of 52 
weeks. Regarding the ML models (i.e., SVR, RF, and 
GB), all of them reached their lowest MAPE (6.75%, 
6.75%, 6.58%, respectively) when we used the time 
lag of 4 weeks. The SVR reached the lowest RMSE 
(0.002271) when we used the time lag of 52 weeks. The 
RF reached the lowest RMSE (0.002417) when we used 
the time lag of 2 weeks. The GB reached the lowest 
RMSE (0.002351) when we used the time lag of 4 
weeks. The cells with the gray background in Table 3(a) 
are the lowest MAPEs in the ARIMA, SVR, RF, GB, and 
ANN models, while the cells with the gray background 
in Table 3(b) are the lowest RMSEs in the ARIMA, SVR, 
RF, GB, and ANN models.
	 Figure 3(a), 3(b), 3(c), 3(d), and 3(e) compares the 
actual and the predicted outcomes when we used the 
time lag of 52 weeks in ARIMA, the time lag of 4 weeks 
in SVR, the time lag of 4 weeks in RF, the time lag of 4 
weeks in GB, and the time lag of 52 weeks in ANN. All 
the time lags we adopted in Figure 3 achieved the lowest 
MAPE in the respective model.
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3.2. LSTM results

We performed a variety of LSTM models: 3 layers, 4 
layers, 4 layers with dropout, 4 layers with regularization, 
5 layers, 5 layers with regularization, 6 layers with 
regularization, and 10 layers with regularization. Table 

4(a) and Table 4(b) present the MAPEs and RMSEs of 
all the LSTM models with different hyperparameters, as 
previously mentioned. All the LSTM models achieved 
the lowest MAPEs (6.71%, 5.44%, 6.27%, 5.45%, 6.28%, 
5.53%, 5.46%, and 5.72%) when we adopted a time lag 
of 52 weeks. The cells with the gray background are 

Figure 3. The actual and the predicted outcomes when we use the time lag of 52 weeks in ARIMA, the time lag of 4 weeks 
in SVR, the time lag of 4 weeks in RF, the time lag of 4 weeks in GB, the time lag of 52 weeks in ANN, and the time lag of 
52 weeks in the LSTM model (4 layers). All the time lags we adopted achieved the lowest MAPE in ARIMA, SVR, RF, GB, and 
ANN, respectively. The X-axis represents the time series (from the 1st week of 2013 to the 30th week of 2017) of the testing set. The 
Y-axis represents the weekly ILI rates.

Table 3(a). The MAPEs of the testing set for ARIMA, SVR, RF, GB, and ANN. When performing the ARIMA models, we 
achieved the lowest MAPE (8.36%) when using the time lag of 52 weeks. We achieved the lowest MAPE (6.75%, 6.75%, 
and 6.58%) of all the ML models when we used the time lag of 4 weeks. When performing the ANN models, we achieved the 
lowest MAPE (5.79%) when using the time lag of 52 weeks. The cells with the gray background are the lowest MAPEs in the 
ARIMA, SVR, RF, GB, and ANN models

Models

Time lags (Weeks)

ARIMA MAPE (%)
SVR MAPE (%)
RF MAPE (%)
GB MAPE (%)
ANN MAPE (%)

2

13.46
  6.76
  7.36
  6.96
  6.65

4

11.90
  6.75
  6.75
  6.58
  6.50

9

9.14
6.99
6.95
7.24
6.32

13

  8.72
  6.90
  7.82
  6.92
  6.34

26

  8.58
  6.85
  7.07
  7.67
  6.16

52

  8.36
  6.86
  6.92
  7.02
  5.79

Table 3(b). The RMSEs of the testing set for ARIMA, SVR, RF, GB, ANN. The ARIMA reached the lowest RMSE (0.003285) 
when we used the time lag of 13 weeks. The SVR reached the lowest RMSE (0.002271) when we used the time lag of 52 
weeks. The RF reached the lowest RMSE (0.002417) when we used the time lag of 2 weeks. The GB reached the lowest RMSE 
(0.002351) when we used the time lag of 4 weeks. The ANN reached the lowest RMSE (0.002411) when we used the time lag 
of 4 weeks. The cells with the gray background are the lowest RMSEs in the ARIMA, SVR, RF, GB, and ANN models

Models

Time lags (Weeks)

ARIMA RMSE
SVR RMSE
RF RMSE
GB RMSE
ANN RMSE

2

0.004437
0.002558
0.002417
0.002378
0.002590

4

0.004099
0.002554
0.002522
0.002351
0.002552

9

0.003665
0.002536
0.002582
0.002652
0.002574

13

0.003285
0.002526
0.002692
0.002586
0.002549

26

0.003428
0.002514
0.002554
0.002732
0.002516

52

0.003642
0.002271
0.002591
0.002511
0.002411
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the lowest MAPEs in the different LSTM models. All 
the LSTM models achieved the lowest MAPEs when 
we adopted a time lag of 52 weeks, except the 4 layers 
with regularization and the 5 layers with regularization, 
which reached their lowest MAPEs when we used a time 
lag of 13 weeks. The cells with the gray background 
are the lowest RMSEs (0.002102, 0.002431, 0.002352, 
0.002499, 0.002099, 0.002439, 0.002438, and 0.002274) 
in the different LSTM models.
	 Figure 3(f) compares the actual and the predicted 
outcomes when we used the time lag of 52 weeks in the 
LSTM model (4 layers). The X-axis represents the time 
series (from the 1st week of 2013 to the 30th week of 
2017) of the testing set. The Y-axis represents the weekly 
ILI rates

4. Discussion

4.1. Time lag selection in ARIMA, SVR, RF, GB, and 
ANN

The MAPEs of  the  ARIMA model  decreased 
significantly (from 13.46% to 8.36%) when we increased 
the time lags from 2 weeks to 52 weeks. (Figure 4) The 
probable explanation for this phenomenon is that ARIMA 
is an autoregressive model focusing on seasonality. The 

closer the feature spaces to a complete seasonality, the 
lower the MAPE will be. In other words, when training 
ARIMAs for time-series prediction, at the least, we need 
a complete duration. Similar to those of the ARIMA 
models, the MAPEs of the ANN models also decreased 
(from 13.46% to 8.36%) when we increased the time lag 
from 2 weeks to 52 weeks. (Figure 4)
	 Regarding the ML models (SVR, RF, and GB), the 
MAPEs were always approximately 7%, with almost 
no changes as we increased the time lags (Figure 4), 
likely because the ML models usually cannot learn 
the seasonality but can learn the trend of the data by 
inputting the first-order differences into the training and 
testing.

4.2. With and without regularization

We calculated the standard deviations of the MAPEs 
of the LSTM models of 3, 4, and 5 layers without 
regularization and of 4, 5, 6, and 10 layers with 
regularization when using the time lags of 2, 4, 9,13, 
26, and 52 weeks. (Table 5) We found the standard 
deviations of the MAPEs of the LSTM models with 
regularization were less than those of the LSTM models 
without regularization when we used almost all the time 
lags except the time lag of 2 weeks. (Figure 5a) The 

Table 4(a). The MAPEs of all the LSTM models: 3 layers, 4 layers, 4 layers with dropout, 4 layers with regularization, 5 
layers, 5 layers with regularization, 6 layers with regularization, and 10 layers with regularization. All the LSTM models 
achieved the lowest MAPEs (6.71%, 5.44%, 6.27%, 5.45%, 6.28%, 5.53%, 5.46%, and 5.72%) when we adopted a time lag 
of 52 weeks. The cells with the gray background are the lowest MAPEs in the different LSTM models

LSTM
Structures

Time lags

3 layers MAPE (%)
4 layers MAPE (%)
4 layers with dropout MAPE (%)
4 layers with regularization MAPE (%)
5 layers MAPE (%)
5 layers with regularization MAPE (%)
6 layers with regularization MAPE (%)
10 layers with regularization MAPE (%)
Mean MAPE of Different Time Lags MAPE (%)

2

6.80
6.69
7.62
6.74
6.85
6.56
6.61
6.46
6.79

4

7.00
6.42
7.17
6.32
6.61
6.38
6.52
6.42
6.61

9

7.00
6.28
7.26
6.22
7.20
6.11
6.20
5.98
6.53

13

6.87
6.17
7.18
6.09
6.64
6.01
6.12
5.90
6.37

26

6.93
6.06
6.56
6.07
6.53
5.91
5.91
5.75
6.22

52

6.71
5.44
6.27
5.45
6.28
5.53
5.46
5.72
5.86

Table 4(b). The RMSEs of all the LSTM models: 3 layers, 4 layers, 4 layers with dropout, 4 layers with regularization, 5 
layers, 5 layers with regularization, 6 layers with regularization, and 10 layers with regularization. All the LSTM models 
achieved the lowest MAPEs when we adopted a time lag of 52 weeks, except for the 4 layers with regularization and 5 
layers with regularization, which reached their lowest MAPEs when we used a time lag of 13 weeks. The cells with the gray 
background are the lowest RMSEs (0.002102, 0.002431, 0.002352, 0.002499, 0.002099, 0.002439, 0.002438, 0.002274) in the 
different LSTM models

LSTM
Structures

Time lags

3 layers RMSE
4 layers RMSE
4 layers with dropout RMSE
4 layers with regularization RMSE
5 layers RMSE
5 layers with regularization RMSE
6 layers with regularization RMSE
10 layers with regularization RMSE
Mean MAPE of Different Time Lags

2

0.002534
0.002611
0.002528
0.002621
0.002504
0.002663
0.002593
0.002460
0.002564

4

0.002535
0.002581
0.002517
0.002563
0.002486
0.002549
0.002561
0.002390
0.002523

9

0.002497
0.002570
0.002518
0.002505
0.002458
0.002556
0.002503
0.002312
0.002490

13

0.002490
0.002572
0.002499
0.002499
0.002434
0.002439
0.002479
0.002325
0.002467

26

0.002411
0.002516
0.002462
0.002632
0.002408
0.002590
0.002521
0.002296
0.002480

52

0.002102
0.002431
0.002352
0.002559
0.002099
0.002566
0.002438
0.002274
0.002353

Mean MAPE of Different
LSTM Structures

6.89
6.18
7.01
6.15
6.69
6.08
6.14
6.04

Mean MAPE of  Different 
LSTM Structures

0.002428
0.002547
0.002479
0.002563
0.002398
0.002560
0.002516
0.002343
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probable explanation for this finding is that regularization 
made the models more robust, and the robust models 
made the results (i.e., the MAPEs in this study) relatively 
stable. 
	 Although we achieved the lowest MAPE (5.44%) 
when we used the 4-layer LSTM model without 

regularization, the gap between the MAPEs of the 
4-layer LSTM model without and with regularization 
is very limited (5.45% - 5.44% = 0.01%). Considering 
that unstable models may lead to poor accuracy if we 
changed the testing data, we recommend the use of the 
model with regularization for U.S. flu prediction.

Figure 4. The MAPEs and RMSEs of the ARIMA, SVR, RF, GB, and ANN models with the different time lags as the 
feature spaces.

Table 5. The standard deviations of the MAPEs of the LSTM models of 3, 4, and 5 layers without regularization and of 4, 5, 6, 
and 10 layers with regularization

LSTM
Structures

LSTM
Structures

Time lags

3 layers MAPE (%)
4 layers MAPE (%)
5 layers MAPE (%)

Standard Deviation of MAPEs of LSTM without 
Regularization of 3, 4, 5 Layers (%)

4 layers with regularization MAPE (%)
5 layers with regularization MAPE (%)
6 layers with regularization MAPE (%)
10 layers with regularization MAPE (%)

Standard Deviation of MAPEs of LSTM with 
Regularization of 4, 5, 6, 10 Layers MAPE (%)

2

6.80
6.69
6.85

0.08

6.74
6.56
6.61
6.46

0.12

4

7.00
6.42
6.61

0.30

6.32
6.38
6.52
6.42

0.08

9

7.00
6.28
7.20

0.49

6.22
6.11
6.20
5.98

0.11

13

6.87
6.17
6.64

0.36

6.09
6.01
6.12
5.90

0.10

26

6.93
6.06
6.53

0.44

6.07
5.91
5.91
5.75

0.13

52

6.71
5.44
6.28

0.64

5.45
5.53
5.46
5.72

0.12

Mean MAPE of Different
LSTM Structures

6.89
6.18
6.69

0.37

6.15
6.08
6.14
6.04

0.05
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4.3. LSTM structure (Layers)

After comparing the MAPEs of the LSTM models with 
and without regularization, we compared the different 
layers for the LSTM with regularization. (Figure 5b) We 
found extra layers (more than 4 layers) contributed little 
to improve the predicting accuracy. In other words, the 
LSTM models of 4 to 5 layers are considered sufficient 
for U.S. flu prediction.

4.4. Regularization and dropout

In addition to regularization, dropout can also usually 
help prevent overfitting and make the model more 
robust. We found that the MAPE of the LSTM models 
with regularization is obviously lower than those with 
dropout. "Dropout" randomly drops neurons, while 
"Regularization" selectively drops neurons. Although 
both suppress the number of neurons, in this study, 
the selective dropping performed much better than the 
random dropping.

4.5. Feature spaces

Comparing results, we found that the MAPE of ARIMA 
> MAPEs of SVR, RF, and GBM > MAPEs of ANN 
and LSTM. Although the different models have totally 
different algorithms, the increasing feature space and 

the increasing model parameters are considered other 
factors that impact the models’ accuracy. In ARIMA, 
we only have very limited feature spaces. The number 
of features is equal to the lag times, i.e., 3, 5, 10, 14, 27, 
or 53. In the ML models (SVR, RF, and GB), we added 
the first-order differences, including more information 
in the models, and we clearly found that the ML models 
with 105 features resulted in lower MAPEs. In DL 
models, we used 255 neurons in every LSTM layer, 
which included more parameters in the models. To 
achieve better epidemic predictions, more neurons can 
perform more linear and non-linear combinations of 
past data, create more "artificial" feature spaces, and 
provide better results.

4.6. More time lags

Why not adopt more time lags such as 104 weeks 
(around 2 years) or more? For one things, the models 
with the time lag of 52 weeks (around 1 year) have 
brought an accuracy of about 95% (i.e. 1 - MAPE). 
For another thing, we have to drop more training 
data (the first 104 rows) if we adopt a time lag of 104 
week or more. Although a longer time lag might help 
improve the accuracy, the less training data would also 
setback the accuracy. We suppose whether the accuracy 
would be better or worse depends on different data. 
However, a time lag including a complete periodicity is 

Figure 5. Comparison of LSTM Predicting Accuracy. (a). MAPEs of the LSTM models with and without regularization. The 
standard deviations of the MAPEs of the LSTM models with regularization were less than those of the LSTM models without 
regularization when we used almost all the time lags except the time lag of 2 weeks. (b). MAPEs of the LSTM models with different 
number of layers with regularization. (c). MAPEs of the LSTM models with Regularization and with Dropout.
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recommended for ARIMA, ANN, and LSTM.

5. Conclusion

In this study, we performed ARIMA, SVM, RF, GB, 
ANN, and LSTM models with different time lags (2, 4, 
9, 13, 26, 52 weeks) to forecast the weekly ILI rate of 
U.S. flu data. We found the ARIMA, ANN and LSTM 
models with a lag time of 52 weeks (i.e., the periodicity 
of the flu season) resulted in the best MAPEs, while 
SVR, RF, and GB performed with almost no changes 
when we used the time lags. We also found the MAPEs 
of the ML models (SVR, RF, and GB) with the first 
differences were lower than those of ARIMA, and 
the MAPEs of the deep learning models (ANN and 
LSTM) with multiple layers were lower than those 
of the ML models (SVR, RF, and GB). To the best of 
our knowledge, this is the first time LSTM has been 
used to predict influenza outbreaks. In all the models 
(with different model types, different hyperparameters, 
and different time lags), the LSTM model of 4 layers 
reached the lowest MAPE of 5.4%, and the LSTM 
model of 5 layers with regularization reached the 
lowest RMSE of 0.00210. Additionally, the LSTM 
models with 4 ~ 6 layers with regularization resulted 
in very low MAPEs of approximately 5.4 ~ 5.5%, and 
more than 6 layers contributed little to improving the 
predictive accuracy.
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PCSK9 rs7552841 is associated with plasma lipids profiles in 
female Chinese adolescents without posttraumatic stress disorder

Qiwei Guo, Yanjun Si, Mi Su, Mei Fan, Jia Lin, Nazakat H Memon, Dingzhi Fang*
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1. Introduction

Posttraumatic stress disorder (PTSD) is a serious chronic 
anxiety problem (1) that develops in some people after 
experiencing extremely traumatic events such as serious 
injury, actual or threatened death, childhood abuse and 
natural disasters (2-4). Numerous studies indicated 
that individuals with PTSD exhibited higher levels of 
triglyceride (TG), total cholesterol (TC) and low-density 
lipoprotein cholesterol (LDL-C) but lower levels of high 

density lipoprotein cholesterol (HDL-C) than healthy 
control subjects (5-7). However, Jendricko et al. (8) 
reported that there were no differences of plasma TG, 
TC, HDL-C and LDL-C between the male war veterans 
with PTSD and the control subjects. Jergovic et al. (9) 
also reported that plasma lipids did not differ between 
PTSD patients and controls in individual time points. The 
mechanism of the discrepancy has not been elucidated 
yet.
	 In recent years, proprotein convertase subtilisin/
kexin type 9 (PCSK9) has emerged as a new, promising 
key therapeutic target to reduce the plasma levels of 
TC, especially LDL-C (10,11). PCSK9, also known 
as neural apoptosis-regulated convertase 1, is a serine 
protease mostly secreted by liver that plays a critical 
role in cholesterol metabolism (12). In particular, 
PCSK9 promotes the degradation of cell-surface LDL 
receptor (LDL-R), resulting in reduced clearance of 

Summary To explain the inconsistent relationship between proprotein convertase subtilisin/kexin type 9 
(PCSK9) rs7552841 and plasma lipids profiles, we hypothesized that interplays might occur 
among gender, PCSK9 rs7552841 and posttraumatic stress disorder (PTSD) on plasma lipids 
levels. To test this hypothesis, a population of 704 Chinese Han high school students was 
used, which had been recruited after the 2008 Wenchuan Earthquake. In this population, the 
plasma levels of glucose, triglyceride (TG), total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) had been measured 
by routine methods. PTSD had been assessed by the PTSD Checklist Civilian Version 
(PCL-C). PCSK9 rs7552841 was analyzed by polymerase chain reaction-restriction fragment 
length polymorphism analyses and verified by DNA sequencing. The T allele carriers had 
significantly higher levels of TG, TC, LDL-C, and glucose than the CC homozygotes of 
PCSK9 rs7552841 after the adjustment for age and BMI in the female students, but not in 
the male students. When PTSD was taken into consideration, the female T allele carriers had 
significantly higher TG, TC, LDL-C and glucose than the female CC homozygotes after the 
adjustment for age and BMI only in the subjects without PTSD, but not in the PTSD patients. 
No significant differences were observed in the male students regardless of PTSD and the 
adjustment for age and BMI. These results suggest that PCSK9 rs7552841 is associated with 
plasma lipids profiles only in female adolescents, but not in male students. This association 
can be modified and negated by PTSD.
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LDL-C from circulation through a post-transcriptional 
mechanism (12-14). Human PCSK9 gene (PCSK9) 
is located on chromosome 1p32, expanding promoter 
region and 12 exons (15). Gain-of-function mutations 
of PCSK9 were found to increase the degradation 
of  LDL-R,  resu l t ing  in  au tosomal  dominant 
hypercholesterolemia. These findings were confirmed 
by mice experiments using the wild-type and mutant 
genes such as S127R and F216L (15-17). Conversely, 
heterozygous patients with loss-of-function mutations 
had lower plasma LDL-C levels and decreases of 
80-90% risk of coronary heart disease (16,18). 
Furthermore, previous studies have demonstrated that 
PCSK9 is not only take part in the regulation of lipids 
profiles, but also associated with mental disorders. 
Kang et al. (19) reported that plasma levels of PCSK9 
were increased in both Alzheimer's disease (AD) and 
mild cognitive impairment patients. It was also shown 
recently that AD patients had significantly higher levels 
of PCSK9 in cerebrospinal fluid than non-AD subjects 
(20). However, there are no existing reports about the 
relationship between PCSK9 and PTSD.
	 I n  a d d i t i o n ,  o v e r  4 0  s i n g l e  n u c l e o t i d e 
polymorphisms have been found at PCSK9. Much more 
recently, PCSK9 rs7552841 in the intron region with a 
thymine (T) to cytosine (C) transition has been reported 
to be associated with statin response in European 
individuals (21). Significant differences of plasma 
levels of TG, TC and LDL-C were also observed 
between the T allele carriers and the CC homozygotes 
of PCSK9 rs7552841 in a Chinese Jing population 
(22). Forevermore, the distribution of the T allele 
carriers and the CC homozygotes were significantly 
different between hypercholesterolaemic and control 
subjects or between hypertriglyceridaemic and control 
subjects. After adjusting age, gender, body mass index 
(BMI), smoking and alcohol consumption, PCSK9 
rs7552841 was found to be associated with not only 
hypercholesterolaemia but also hypertriglyceridaemia 
(23). On the other hand, no significant differences 
of plasma lipid levels were observed between the 
T allele carriers and the CC homozygotes in a 
Chinese Han population (22), and in 101 Chilean 
hypercholesterolaemic individuals before or after 10 
mg/day of atorvastatin therapy although the T allele 
carrier showed a trend towards less increases of HDL-C 
after the treatment (24). Obviously, more studies 
are needed to clarify the above discrepancies of the 
associations reported before between PCSK9 rs7552841 
and plasma lipids profiles.
	 To explain the discrepancies of the associations 
between PTSD and plasma lipids profiles, and between 
PCSK9 rs7552841 and plasma lipids profiles reported 
previously by others, we hypothesized that interplays 
might occur between PCSK9 rs7552841 and PTSD to 
influence plasma lipids profiles. The present study was 
to test the hypothesis. In fact, we had a population of 

high school students experiencing the 2008 Wenchuan 
earthquake, which we had explored the PTSD 
characteristics in 2008 and 2009, and reported them 
(25). We also had measured the plasma lipids profiles 
after sampling in 2008 (26). In the present study, we 
genotyped PCSK9 rs7552841 and analyzed the plasma 
lipids profiles in the students with different genotypes 
of PCSK9 rs7552841 and with or without PTSD. To 
our knowledge, this is the first study exploring the 
interaction between PTSD and PCSK9 rs7552841 on 
plasma lipids profiles.

2. Materials and Methods

2.1. Study population

As reported before (25), the population was from 
a boarding high school after the 2008 Wenchuan 
earthquake. The devastating earthquake occurred in 
the afternoon of 12 May 2008, measuring 8.0 on the 
Richter scale and led to 69,227 deaths, 17,923 missing 
and 374,643 injured. The earthquake extended about 10 
thousand km2 and covered 254 towns in 21 counties, 
which destroyed 6.5 million houses. About 5 million 
people were evacuated and lived in temporary shelters 
after the earthquake. The school is located only 10 
km away from the epicenter of the earthquake and 
was severely damaged during the earthquake. All the 
teaching halls and students dormitories were destroyed 
by the earthquake. The students lived and studied in 
temporary houses.
	 Although PTSD characteristics had been measured 
at 6, 12 and 18 months after the earthquake (25), only 
the data at 6 months were used to test the hypothesis 
in the present study, which included 746 students from 
grade 11. Among them, 737 (98.8%) had completed 
the questionnaires evaluating their demographic 
characteristics and PTSD status. Recruitment criteria 
were understanding of the procedures involved, no 
history of metabolic disease and providing written 
consents and blood samples. The students with 
cardiovascular, renal, or endocrinological diseases, 
or diabetes, and the students who took lipid-lowering 
drugs or hormones, consumed alcohol and smoked were 
excluded. In the end, 704 students were included in the 
present study. They were all Chinese Han adolescents 
at the age of 15 to 18 years with an average of 16.86 ± 
0.59 years. There were 310 male students (44.03%) and 
394 female students (55.97%). Written consents had 
been provided by all the participants of the study and 
their guardians. This study was approved by the Human 
Research Ethics Committee of Sichuan University, 
ratifying our lab to analyze not only the psychological 
characteristic, genetic variations and plasma lipids 
profiles, but also the interplays psychological 
characteristic, genetic variations on plasma lipids 
profiles (26).
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TT genotype as two bands of 320 and 176 bp and the 
CT genotype as three bands of 496, 320 and 176 bp.

2.5. Statistical analyses

The results were expressed as mean ± standard 
deviation (SD) unless otherwise stated. Log power 
transformations were applied to the levels of TG 
because they were in positively skewed distribution. 
The genotype and allele frequencies were determined 
by counting. The agreement of the genotype distribution 
of PCSK9 rs7552841 with Hardy-Weinberg equilibrium 
was assessed by chi-squared goodness-of-fit tests. 
Differences of genotype frequencies as well as allele 
distribution between the male and female students were 
estimated using Chi-Square (χ2) tests. Independent-
samples t tests were used to compare all the other 
quantitative variables between the male and female 
students and between the individuals with different 
genotypes of PCSK9 rs7552841. Covariance analyses 
were used to eliminate the potentially confounding bias 
of age and BMI on biochemical characteristics. The 
level of statistical significance was set at 0.05.

3. Results

3.1. Characteristics of the study population

The levels of plasma lipids and the related metabolic 
variables in the study population are shown in Table 
1. The male subjects were significantly older than 
the female subjects in the present study. The levels of 
BMI, TG, TC, HDL-C and LDL-C were significantly 
higher, but glucose was significantly lower in the 
female students when compared with those of the male 
students.

3.2. Genotype and allele frequencies of PCSK9 
rs7552841

The genotype and allele frequencies of PCSK9 
rs7552841 in the adolescents are presented in Table 2. No 
deviation was found from Hardy-Weinberg equilibrium 
of the distribution of the genotypes of PCSK9 rs7552841 
in the study population (χ2 = 0.17). There were no 
statistically significant differences in the genotype and 
allele frequencies between the male and female subjects. 
As there were limited subjects with the TT genotype, 
they were combined with the subjects with the CT 
genotype and defined as the T allele carriers for further 
analyses and presented as CT/TT in the tables.

3.3. Prevalence of PTSD in the subjects with different 
genotypes of PCSK9 rs7552841

According to the assessment of PCL-C, the prevalence 
of PTSD in the students with different genotypes of 

2.2. Measurements

The measurement instrument was composed of two 
parts, which was reported previously (25). The first 
part had been used to assess measures including 
demographic characteristics such as gender, age, body 
weight and height. Body mass index (BMI) had been 
calculated. The PTSD Checklist-Civilian Version 
(PCL-C) (27) had been used to assess PTSD in the 
second part, which corresponds to Diagnostic and 
Statistical Manual of Mental Disorders, 4th edition 
(DSM-IV) criteria (2). The PCL-C includes 17 self-
report items. The total score ranges from 17 to 85. 
A total score of 38 was defined as the cutoff point of 
PTSD in this study (28). The assessments had been 
finished in 2008 and the existing data were used for the 
present study.

2.3. Blood collection and laboratory analyses

Twelve-hour fasting venous bloods had been sampled. 
The levels of plasma glucose, TG and TC had been 
measured using enzymatic methods. The levels of 
HDL-C had been determined after separated by 
phosphotungstate-magnesium chloride precipitation 
method. The levels of LDL-C had been examined using 
the polyvinyl sulfate precipitation method. All the 
samples had been measured 3 times and the average 
values were used for statistical analyses. All the 
measurements had been finished after sampling in 2008 
and the existing data were used for the present study.

2.4. DNA extraction and genotyping

Genetic DNA had been isolated after sampling by 
others in the lab from peripheral blood leucocytes 
using a DNAout kit (Tiandz, China) and stored 
at −80℃. In the present study, the stored genetic 
DNA was used for  the genotyping of  PCSK9 
rs7552841. The genotypes of PCSK9 rs7552841 
were determined by polymerase chain reaction-
restriction fragment length polymorphism method 
and verified by DNA sequencing. The following PCR 
primers were used for the amplifications of DNA 
containing PCSK9 rs7552841 locus: forward primer, 
5′-AGGGAAGGGCACGGTTAG-3′, reverse primer, 
5′-TGCCAGTTCCTCCACCAC-3′. The PCR cycling 
parameters were denaturation at 95℃ for 2 min, 30 
subsequent cycles of denaturation at 95℃ for 30 sec, 
annealing at 60℃ for 30 sec and extension at 72℃  for 
30 sec, and a final extension at 72℃ for 2 min. The 
resulting PCR products were DNA fragments of 496 
bp. The identification of the genotypes was performed 
by the restriction digestion with MspI. The digested 
products were separated by electrophoresis on 1.5% 
agarose gel. As a result, the digested PCR products with 
the CC genotype migrated as one band of 496 bp, the 
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PCSK9 rs7552841 is shown in Table 3. No significant 
difference of prevalence was found between the CC 
homozygotes and the T allele carriers in all the students, 
the male or the female subjects. The PTSD prevalence 
of female subjects was significantly higher than the 
male subjects in both the CC homozygotes (p = 0.002) 
and the T allele carriers (p = 0.008).

3.4. Plasma lipids profiles and the related metabolic 
variables of the subjects with different genotypes of 
PCSK9 rs7552841

Table 4 shows age, BMI, plasma lipids and plasma 
glucose of the subjects with different genotypes of 
PCSK9 rs7552841. The female T allele carriers had 
higher levels of TC and LDL-C than the female CC 
homozygotes. After the adjustment for age and BMI, 
the female T allele carriers had significantly higher 
levels of TG, TC, LDL-C and glucose than the female 
CC homozygotes. However, there were no significant 

differences between the T allele carriers and the CC 
homozygotes in the male subjects regardless of the 
adjustment for age and BMI.

3.5. Effects of PTSD on the association of PCSK9 
rs7552841 polymorphism with plasma lipids profiles 
and the related metabolic variables 

As shown in Table 5, no significant differences were 
found between the CC homozygotes and the T allele 
carriers in the male students regardless of PTSD and 
the adjustment for age and BMI. However, the T allele 
carriers had higher levels of BMI, TG, TC, and LDL-C 
than the CC homozygotes in the female subjects without 
PTSD, but not in the female students with PTSD. After 
the adjustment for age and BMI, the female T allele 
carriers had significantly higher levels of TG, TC, 
LDL-C, and glucose than the female CC homozygotes 
in the students without PTSD. Still, no significant 
differences were observed after the adjustment for 

Table 1. Characteristics of the study population

Variables

n
age
BMI, kg/m2 
TG, mmol/L
TC, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
Glucose, mmol/L

         All

        704
16.86 ± 0.59
20.28 ± 2.31
  1.12 ± 0.44
  3.58 ± 0.57
  1.41 ± 0.28
  1.67 ± 0.49
  5.07 ± 0.44

       Males

        310
16.95 ± 0.61
19.81 ± 2.29
  0.96 ± 0.35
  3.41 ± 0.51
  1.36 ± 0.26
  1.61 ± 0.46
  5.15 ± 0.45

a comparisons between those of the male subjects and those of the female subjects (independent-samples t test).

     Females

        394
16.78 ± 0.56
20.66 ± 2.27
  1.24 ± 0.47
  3.72 ± 0.58
  1.45 ± 0.29
  1.71 ± 0.50
  5.01 ± 0.42

p-Valuea

      --
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
   0.011
< 0.001

Table 2. Genotype and allele frequencies of PCSK9 rs7552841 in the study population

Genotype

Genotype Frequencies
CC
CT
TT
Allele Frequencies
C
T

 Total (n = 704)
       n (%)

   510 (72.4)
   180 (25.6)
     14 (1.99)

1,200 (85.2)
   208 (14.8)

Hardy-Weinberg
           p

       0.683

Data are presented as n (%).  a Male students vs. female students by Chi-Square tests.

Males (n = 310)
        n (%)

    221 (71.3)
      84 (27.1)
        5 (1.60)

    526 (84.8)
      94 (15.2)

    pa

0.606

0.715

Females (n = 394)
           n (%)

       289 (73.4)
         96 (24.4)
           9 (2.30)

       674 (85.5)
       114 (14.5)

Table 3. Prevalence of PTSD in the subjects with different genotypes of PCSK9 rs7552841

Group

Control
PTSD

     CC

346 (67.8)
164 (32.2)

  CT/TT

136 (70.1)
  58 (29.9)

Data are expressed as n (%). a p < 0.05 when compared with that of the male students (Chi-Square test).

     CC

166 (75.1)
  55 (24.9)

 CT/TT

71 (79.8)
18 (20.2)

    CC

180 (62.3)a

109 (37.7)

CT/TT

65 (61.9)a

40 (38.1)

      All		                                       Males		                         Females
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age and BMI between the T allele carriers and the CC 
homozygotes in the female students with PTSD.

4. Discussion

In the present study, we used the population that we 
had reported the PTSD characteristics (25) and had 
measured the lipids profiles (26). We genotyped PCSK9 
rs7552841 and analyzed the plasma lipids profiles in the 
students with different genotypes of PCSK9 rs7552841 
and with or without PTSD. To our best knowledge, 
these analyses have not been reported before. In 
fact, PTSD characteristics had been measured in the 
population at 6, 12 and 18 months after the earthquake 
(25). However, only the data at 6 months were used 
in the present study because the purpose was to test 
our hypothesis that interplays might occur between 
PCSK9 rs7552841 and PTSD to influence plasma lipids 

profiles. Although the follow-up might provide more 
information about the changes of PTSD and lipids 
profiles, analyzing the interplays of course, PTSD and 
PCSK9 rs7552841 was not the purpose of the present 
study.
	 It has been reported that PCSK9 can regulate 
plasma levels of LDL-C, while some of the single 
nucleotide polymorphisms at PCSK9 are associated 
with plasma lipids profiles (12-14,16,29). Recently, the 
association of PCSK9 rs7552841 polymorphism with 
plasma lipids has been explored in two laboratories in 
China and Chile (22-24). Significant differences were 
found by the Chinese laboratory of the plasma levels of 
TG, TC and LDL-C between the T allele carriers and 
the CC homozygotes of PCSK9 rs7552841 in a Chinese 
Jing population, but not in Chinese Han population 
(22). The results reported by the Chilean laboratory 
showed that there were no significant differences 

Table 4. Serum Lipids Profiles and the Related Metabolic Variables of the subjects with different genotypes of PCSK9 
rs7552841

Variables

n
Age, year
BMI, kg/m2

TG, mmol/L
TC, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
Glucose, mmol/L

         CC

         221
16.95 ± 0.61
19.83 ± 2.36
  0.95 ± 0.34
  3.41 ± 0.52
  1.35 ± 0.25
  1.62 ± 0.48
  5.15 ± 0.41

      CT/TT

         89
16.96 ± 0.62
19.76 ± 2.11
  0.98 ± 0.37
  3.41 ± 0.48
  1.36 ± 0.28
  1.60 ± 0.43
  5.14 ± 0.52

a Comparisons between those of the CC homozygotes and those of the T allele carriers (independent-samples t test). b Analyses of covariance with the 
adjustment for age and BMI. 

p-Valuea

--
0.950
0.810
0.545
0.950
0.819
0.686
0.862

ANCOVA 
p-Valueb

--
--
--

0.486
0.975
0.867
0.717
0.873

         CC

        289
16.79 ± 0.59
20.74 ± 2.22
  1.21 ± 0.46
  3.68 ± 0.56
  1.46 ± 0.29
  1.66 ± 0.48
  4.98 ± 0.41

     CT/TT

        105
16.76 ± 0.49
20.44 ± 2.38
  1.31 ± 0.47
  3.85 ± 0.64
  1.43 ± 0.28
  1.82 ± 0.54
  5.08 ± 0.43

                        Males		                                                                    Females

p-Valuea

--
0.635
0.254
0.055
0.008
0.316
0.004
0.051

ANCOVA 
p-Valueb

--
--
--

0.025
0.004
0.212
0.002
0.047

Table 5. Effects of PTSD on the association of PCSK9 rs7552841 with anthropometric and biochemical characteristics

Variables

n

Age, year

BMI, kg/m2

TG, mmol/L

TC, mmol/L

HDL-C, mmol/L

LDL-C, mmol/L

Glucose, mmol/L

         CC

        166
         55
16.96 ± 0.62
16.93 ± 0.57
19.68 ± 2.06
20.25 ± 3.09
  0.94 ± 0.28
  1.00 ± 0.49
  3.37 ± 0.52
  3.53 ± 0.52
  1.35 ± 0.25
  1.37 ± 0.26
  1.59 ± 0.47
  1.71 ± 0.49
  5.12 ± 0.41
  5.25 ± 0.40

      CT/TT

         71
         18
16.93 ± 0.66
17.06 ± 0.42
19.58 ± 1.99
20.44 ± 2.46
  0.98 ± 0.35
  0.97 ± 0.42
  3.42 ± 0.49
  3.36 ± 0.41
  1.35 ± 0.28
  1.41 ± 0.29
  1.62 ± 0.43
  1.51 ± 0.46
  5.14 ± 0.52
  5.16 ± 0.56

a Comparisons between those of the CC homozygotes and those of the T allele carriers (independent-samples t test). b Analyses of covariance with the 
adjustment for age and BMI.

p-Valuea

--
--

0.752
0.384
0.727
0.816
0.312
0.836
0.506
0.208
0.992
0.562
0.659
0.127
0.804
0.479

ANCOVA 
p-Valueb

--
--
--
--
--
--

0.265
0.792
0.464
0.183
0.929
0.411
0.588
0.087
0.833
0.463

         CC

        180
        109
16.78 ± 0.58
16.81 ± 0.60
20.69 ± 2.08
20.81 ± 2.44
  1.20 ± 0.42
  1.23 ± 0.52
  3.67 ± 0.64
  3.68 ± 0.59
  1.47 ± 0.28
  1.44 ± 0.30
  1.66 ± 0.45
  1.67 ± 0.52
  4.98 ± 0.37
  5.00 ± 0.47

     CT/TT

         65
         40
16.75 ± 0.50
16.78 ± 0.48
19.97 ± 2.31
21.21 ± 2.31
  1.33 ± 0.46
  1.28 ± 0.49
  3.84 ± 0.62
  3.87 ± 0.67
  1.42 ± 0.28
  1.44 ± 0.28
  1.81 ± 0.54
  1.85 ± 0.57
  5.09 ± 0.46
  5.06 ± 0.40

                                          Males		                                                            Females

p-Valuea

--
--

0.717
0.760
0.021
0.371
0.036
0.579
0.042
0.090
0.234
0.907
0.041
0.079
0.057
0.431

ANCOVA 
p-Valueb

--
--
--
--
--
--

0.014
0.799
0.031
0.135
0.095
0.960
0.012
0.117
0.041
0.484

Group

Control
PTSD

Control
PTSD

Control
PTSD

Control
PTSD

Control
PTSD

Control
PTSD

Control
PTSD

Control
PTSD
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of plasma lipids between the T allele carriers and 
the CC homozygotes of PCSK9 rs7552841 in 101 
Chilean hypercholesterolaemic individuals before and 
after 10 mg/day of atorvastatin therapy (24). These 
discrepancies may be explained by ethnicities, healthy 
status, medication status and even the sample size 
because the Chilean investigation was carried out in a 
smaller population. However, other confounding factors 
such as age, BMI, gender or psychological factors were 
not included in all the above analyses, which have been 
generally accepted to be important factors associated 
with plasma lipids profiles (30-34). In the present 
study, the female students had significantly higher 
levels of TG, TC, HDL-C and LDL-C but lower levels 
of glucose than the male students in the whole study 
population (Table 1). These results confirm again that 
gender serves as an important confounding factor and 
influences the levels of plasma lipids. Therefore, we 
examined the differences of plasma lipids between the 
T allele carriers and the CC homozygotes of PCSK9 
rs7552841 in the male and female students separately. 
To eliminate the influence of confounders such as age 
and BMI on plasma lipids, the adjustment was made 
of age and BMI. The results show that the female T 
allele carriers had significantly higher levels of TG, TC, 
LDL-C and glucose than the female CC homozygotes 
after the adjustment for age and BMI. Nevertheless, 
no significant differences were observed between the 
T allele carriers and the CC homozygotes in the male 
subjects regardless of the adjustment for age and BMI 
(Table 4). These results suggest that PCSK9 rs7552841 
may interplay with gender to influence plasma lipids 
profiles. And therefore, PCSK9 rs7552841 is associated 
with plasma lipids in a gender-dependent manner. 
This finding may be one of the explanations of the 
discrepancies reported before of the associations 
between PCSK9 rs7552841 and the levels of plasma 
lipids.
	 Although a biopsychosocial medical model was 
proposed by Engel in 1977 (35), much less efforts have 
been made to explore the interplays between biomedical 
factors and psychological factors on plasma lipids 
profiles. Therefore, in the present study, PTSD was 
selected as a psychological factor to study its interplays 
with gender and PCSK9 rs7552841 on the levels of 
plasma lipids in a biological-psychological approach. 
The results indicate that the female T allele carriers 
had significantly higher levels of TG, TC, LDL-C 
and glucose than the female CC homozygotes after 
the adjustment for age and BMI only in the subjects 
without PTSD, but not in the PTSD patients (Table 5). 
No significant differences were observed between the 
male T allele carriers and the male CC homozygotes 
regardless of PTSD and the adjustment for age and 
BMI. These results suggest that PCSK9 rs7552841 may 
interplay with not only gender but also PTSD to affect 
plasma levels of TG, TC, LDL-C and glucose. More 

specifically, the association between PCSK9 rs7552841 
and plasma lipids profiles in female subjects may be 
modified or eliminated by PTSD. These findings may 
be one of the explanations that no associations were 
found between PCSK9 rs7552841 and the levels of 
plasma lipids in the same ethnicity reported before (22). 
Therefore, in the future study, gender and psychological 
factors should be taken into account when the 
relationship is tested between PCSK9 rs7552841 and 
plasma lipids profiles.
	 Cunningham et al. (36) reported that the mutant 
with the gain-of-function mutation D374Y could bind 
LDL receptor more tightly than the wild-type PCSK9, 
resulting in the increment of plasma LDL-C. On the 
other hand, Suzanne et al. (37) found that PCSK9 with 
the natural mutation F216L could increase the levels of 
circulating LDL-C through resisting to furin digestion 
and increasing plasma PCSK9 levels. In addition, some 
other gain-of-function mutations were also reported 
to increase the levels of plasma LDL-C (16,38-40). 
As the variation of PCSK9 rs7552841 is located at 
the intron region, the molecular mechanism of its 
effects on plasma lipids profiles cannot be the gain-of-
function mutation of PCSK9. The possible mechanism 
may be that its mRNAs are more stable since higher 
stabilities of mutant intron-containing RNAs have been 
found to promote translation, resulting in more protein 
production (41,42). Other mechanisms such as linkage 
disequilibrium should also be taken into consideration.
	 There were some limitations in the present 
study. Firstly, only adolescents were included in the 
present study. The metabolic characteristics of this 
population may be different from adults. Secondly, 
the plasma levels of PCSK9 and the levels of PCSK9 
mRNA in liver tissues were not measured. Thirdly, 
other psychological factors such as depression were 
not included, which had been reported to be related 
to dyslipidemia (43,44). These measurements are 
recommended for future studies in this field.
	 In conclusion, there may be interactions among 
gender, PTSD and PCSK9 rs7552841 on plasma lipids 
profiles. PCSK9 rs7552841 is associated with plasma 
lipids profiles in a gender-dependent manner in Chinese 
Han adolescents without PTSD, but not in Chinese 
Han adolescents with PTSD. The T allele of PCSK9 
rs7552841 may be a risk factor to increase the levels of 
plasma TG, TC, LDL-C and glucose in healthy female 
subjects. This finding may provide novel insights into 
the regulation of lipids metabolisms by PCSK9 in 
younger populations, and pave the way for the precision 
prevention to reduce risks of CVD in adolescents, 
especially in a country with a quarter of the world's 
population.
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1. Introduction

Breast carcinoma (BC) is the most common cancer and 
the first killer of women's health in both the developed 
and developing countries. According to the statistics 
from World Health Organization published in 2013 (1), 
BC was responsible for approximately 508,000 female 
deaths in 2011 in the world. In China, the incidence 

of BC has been increasing in recent years, more than 
1.6 million patients were diagnosed and 1.2 million 
death cases occurred each year, among those the 
newly diagnosed cases accounted for 12.2% (2). C35 
is a novel identified tumor biomarker for prediction 
and early diagnosis of either breast carcinoma (3) or 
other cancers such as colorectal and prostate cancer 
(4,5). By comparing 38 kinds of human normal tissue 
cells including brain cerebellum, endothelium and 
skeletal muscle, Evans et al. revealed that almost 
all normal cells were negative for C35 expression, 
with the exception of human leydig cells (6). Parallel 
experiments were also conducted in 10 kinds of human 
mammary carcinoma cell lines such as BT-20, MCF7 
and T47D, and the C35 gene was abundantly expressed 
in 7 kinds of mammary carcinoma cells, but no obvious 

Summary C35 is a novel tumor biomarker associated with metastasis progression. To investigate the 
interaction factors of C35 in its high expressed breast cancer cell lines, we constructed 
bait recombinant plasmids of C35 gene and T47D cell cDNA library for yeast two-hybrid 
screening. Full length C35 sequences were subcloned using RT-PCR from cDNA template 
extracted from T47D cells. Based on functional domain analysis, the full-length C351-348bp 
was also truncated into two fragments C351-153bp and C35154-348bp to avoid auto-activation. 
The three kinds of C35 genes were successfully amplified and inserted into pGBKT7 to 
construct bait recombinant plasmids pGBKT7-C351-348bp, pGBKT7-C351-153bp and pGBKT7-
C35154-348bp, then transformed into Y187 yeast cells by the lithium acetate method. Auto-
activation and toxicity of C35 baits were detected using nutritional deficient medium and 
X-α-Gal assays. The T47D cell ds cDNA was generated by SMARTTM technology and the 
library was constructed using in vivo recombination-mediated cloning in the AH109 yeast 
strain using a pGADT7-Rec plasmid. The transformed Y187/pGBKT7-C351-348bp line was 
intensively inhibited while the truncated Y187/pGBKT7-C35 lines had no auto-activation 
and toxicity in yeast cells. The titer of established cDNA library was 2 × 107 pfu/mL with 
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homogeneously between 0.5-2.0 kb. Our research generated a T47D cell cDNA library 
with high titer, and the constructed two C35 "baits" contained a respective functional 
immunoreceptor tyrosine based activation motif (ITAM) and the conserved last four amino 
acids Cys-Ile-Leu-Val (CILV) motif, and therefore laid a foundation for screening the C35 
interaction factors in a BC cell line.
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expression was detected in adjacent normal breast 
epithelium (6). In particular, the expression level of 
C35 gene in T47D cell line was 10 to 70 times more 
than in the H16N2 normal mammary epithelial cell 
line, and more frequent in infiltrating ductal carcinoma 
and invasive lobular carcinoma (6). Moreover, Kun 
et al. reported that overexpression frequency of C35 
was associated with clinical Tumor Node Metastasis 
staging and Scarff-Bloom-Richardson grade (p < 
0.05), indicated that C35 may take part in transforming 
normal cells into tumor progression and lymph node 
metastasis (3). 
	 C35 gene is located on the minus region of human 
chromosome 17q12 (7). The full length of C35 
transcript consists of 776 nucleotides and 4 exons, 
encoding a 12 kDa membrane-anchored protein. In-
situ hybridization by Evans et al. indicated that gene 
expression and regulation of C35 was correlated with 
chromosomal amplification, especially overexpression 
of C35 was accompanied by amplification of the 
ERBB2 gene, consistent with the fact that C35 location 
is bounded by the oncogene ERBB2 and growth 
factor receptor-bound protein 7 (GRB7) (6). The 
C-terminal end of C35 contains a conserved canonical 
immunoreceptor tyrosine based activation motif 
(ITAM) and a tiny functional domain made up of the 
last four amino acids Cys-Ile-Leu-Val (CVIL), these 
two domains were proved to have an important role in 
cancer progression and metastasis (5,8). By prediction 
of the functional sites and conserved domain of C35, 
Dasgupta et al. speculated that C35 may participate 
in four important physiological pathways including 
apoptosis, cell transformation, cytoskeleton remodeling 
and vesicle trafficking (5) ,  yet  the molecular 
mechanisms and interaction factors of C35 in regulation 
of those pathways are still unknown.
	 In this study, we have constructed 3 bait recombinant 
plasmids of C35 according to its functional domains and 
a T47D cell cDNA library in order to conduct a yeast-
two hybrid system, for screening the interaction factors 
of C35 in its over-expressed cell line. The extensive 
detection of auto-activation and toxicity for the three 
baits were also performed to evaluate their application 
value. Our study laid a foundation for the following 
screening research.

2. Materials and Methods

2.1. Cell culture conditions

Human T47D breast cancer cell line (supplied by the 
Institute of Basic Medicine, Shandong Academy of 
Medical Sciences, Ji'nan, China) was cultured in DMEM 
(Gibco, Grand Island, NY, USA), supplemented with 
10% FBS (Gibco, Grand Island, NY, USA), 100 U/mL 
of penicillin (Hyclone, Logan, UT, USA), and 100 U/
mL of streptomycin (Hyclone, Logan, UT, USA), in an 

incubator with 5% CO2 at 37°C. For maintenance and 
subculture, T47D cells in exponential phase were treated 
with 0.25% trypsin solution containing 0.02% EDTA. 
After reaching 80% confluence, the cells were collected.

2.2. Extraction of T47D cells mRNA

The T47D cells (1 × 107) were harvested for mRNA 
extraction using the Oligotex Direct mRNA kit (Qiagen, 
Hilden, Germany). Extraction of T47D cells mRNA 
was conducted according to the kit instructions. The 
amount and quality of product was analyzed by using 
the NanoDrop 2000 spectrophotometer (Thermo Fisher 
Scientific, Wilmington, DE, USA). Then it was first 
reverse transcribed into cDNA using a MulV reverse 
transcriptase kit (Fermentas, Burlington, Ontario, 
Canada) according to the protocol.

2.3. Amplification of C35 gene

The entire open reading frame of C35 gene was 
amplified using a DNA thermal cycler (Applied 
Biosystems, San Diego, CA, USA). The primers 
sequences corresponded to the registered C35 gene 
sequence in GeneBank (ID: 84299): C35-1bp-EcoR 
I-5': 5'-CGGAATTCATGAGCGGGGAGCCGG-3'; 
C35-348bp-Sal I-3': 5'-ACGCGTCGACTCACAGGA
TGACGCAGGGA-3' (the underlined were sequences 
of restriction sites EcoR I and Sal I respectively). 
PCR was performed in a 50 μL reaction volume 
containing 37 μL ddH2O, 5 μL 10× Buffer, 2 μL deoxy-
ribonucleoside triphosphate (dNTP), 1 μL each of C35 
primer (50 mmoL/L), 2 μL DMSO (Sigma, USA), 1 
μL cDNA template, and 1 μL Pfu DNA polymerase 
(Takara, Japan). The PCR reaction condition was: 95°C 
for 5 min, 30 cycles of 94°C for 1min, 56°C for 30 s, 
72°C for 1min, with a final extension at 72°C for 5 
min. PCR products were detected using 1.2% agarose 
gel electrophoresis with ethidiumbromide staining, and 
visualized under an ultraviolet transilluminator (Bio-
Rad, USA).

2.4. C35 bait plasmids construction

Analysis of C35 functional and conserved domain was 
performed by the online software PROSITE (http://
www.expasy.org/prosite) and the DNAStar Lasergene 
software v7.1 respectively. Two kinds of truncated 
C35 fragments were designed as C351-153bp and C35154-

348bp. The primers of C35 truncated fragments were as 
follows: C35-153bp-Sal I-3': 3'-ACGCGTCGACCG
GATACTGCTCCTTCACA; C35-154bp-EcoR I-5': 
5'-CGGAATTCGGCATCGAGATCGAGTC. PCR 
amplification C351-348bp, C351-153bp and C35154-348bp were 
performed and detected as described previously (section 
2.3). All of the three PCR products were digested 
with EcoR I and Sal I (Takara, Japan), then inserted 

551



www.biosciencetrends.com

BioScience Trends. 2017; 11(5):550-556. 552

amount of ds cDNA was assessed by a NanoDrop 2000 
spectrophotometer.

2.8. Library construction and titer detection

20 µL of ds cDNA (2-5 µg) and 6 µL of pGADT7-
Rec plasmid (0.5 µg/µL) were co-transformed into 
competent AH109 yeast cells. The transformed cells 
were resuspended in 15 mL of 0.9% NaCl. Every 100 
µL of a 1/10, 1/100, 1/1,000 and 1/10,000 dilution of 
transformed cells was spread on a 100 mm SD/-Leu/plate 
and grown at 30°C for 3-4 days to determine independent 
colonies (Formula: Number of cfu/mL on SD/-Leu × 
15 mL) which indicated transformation efficiency. The 
remainder of the transformed cells were spread on 150 
mm SD/-Leu plates (a total of 100 plates) with 150 µL 
cells per plate and incubated at 30°C for 3-4 d. The 
transformants in each 150 mm plate were harvested in 5 
mL of freezing YPDA medium containing 25% glycerol 
and isolated using sterile glass beads, the cell density 
was calculated with a hemocytometer. After that, all 
liquids of the library were divided into 1 mL aliquots for 
library screening or stored at −80℃. To determine the 
library titer (cfu/mL), every 100 µL of a 1/100, 1/1,000 
and 1/10,000 dilution of the aliquot was spread on a 
100 mm SD/-Leu/ plate (Formula: number of colonies/
plating volum (mL) × dilution factor). 20 colonies were 
randomly picked up from the plates to check the insert 
size using Matchmaker™ Insert Check PCR Mix 2 Kit 
(Clontech, Palo Alto, CA, USA).

3. Results

3.1. Amplification of C35 and its truncated fragments

The mRNA isolated from T47D cells was identified by 
spectrophotometer and the OD260/OD280 value was 1.944, 
indicating that the quality of the extracted mRNA met 
the requirement for being the template of the following 
RT-PCR and LD-PCR. The full-length sequences 
of C35 were amplified by RT-PCR of the cDNA. 
Analysis of the RT-PCR products using 1.2% agarose 
gel electrophoresis showed positive bands with the 
expected 348 bp size (Figure 1A). Based on the results 
of conserved domain analysis, C35 protein contains 
two functional motifs, ITAM and CVIL. The ITAM 
motif in sequence 36EATYLELASAVKEQYPGIEI53 
conforms to a prototypical immunoreceptor tyrosine-
based activation consensus sequence with the Tyr39 
as a tyrosine kinase activity site. The COOH-terminal 
"CVIL" sequence fits the prenylation motif CAAX and 
may take part in the membrane combining process. 
Since the kinase domain usually induces an auto-
activation activity in the yeast system, we designed two 
truncated fragments of C351-153bp and C35154-348bp. These 
two truncated fragments were amplified and verified 
by the same protocols as the full-length one. The 

into the corresponding sites of the bait expression 
vector pGBKT7 using T4 DNA ligase (Takara, Japan) 
to construct recombinant plasmids pGBKT7-C351-

348bp, pGBKT7-C351-153bp and pGBKT7-C35154-348bp 
respectively. The three plasmids were transformed 
into E. coli DH5α competent cells respectively and the 
positive clones were identified by colony's PCR and 
double digested with EcoR I and Sal I enzymes, then 
further verified by a commercial sequencing service 
(BGI Corporation, Beijing, China). The sequencing 
results were analyzed using Chromas 2.2 Software 
(Technelysium Pty Ltd, Australia).

2.5. Yeast strain transformation

Preparation of the Y187 and AH109 yeast competent 
cells and chemical transformation using the lithium 
acetate method were performed according to the 
MatchmakerTM Library Construction & Screening Kits 
User Manual (Cat # PT3955-1) and Yeast Protocols 
Handbook (Cat # PT3024-1) by Clontech Company (Palo 
Alto, CA, USA). A total of 5 kinds of plasmids pGBKT7-
C351-348bp, pGBKT7-C351-153bp, pGBKT7-C35154-348bp, 
pGBKT7-53 (positive control, Clontech) and pGBKT7-
Lam (negative control, Clontech) were transformed into 
the Y187 competent cells respectively.

2.6. Autoactivation and toxicity detection of C35 baits

After transformation, five kinds of transformants were 
spread onto SD/-Trp/X-α-Gal plates respectively and 
cultivated at 30°C for 3-5 d, then the colony with the 
largest diameter was transferred on SD/-His/-Trp/X-α-
Gal and SD/-Ade/-Trp/X-α-Gal plates (Sigma, USA). 
To estimate the optimal concentration of 3-AT (Sigma, 
USA), the largest colonies were also cultivated on SD/-
His/-Trp/-3-AT plates respectively at 30°C for 3-5 d, with 
a 3-AT concentration gradient of 0, 2.5, 5.0, 7.5, 10.0, 
12.5, 15.0 mM. The positive colonies with more than 2 
mm diameter were picked out and inoculated at 250-270 
rpm/min in 50 mL SD/-Trp/-Kan media (20 μg/mL) for 
16-24 h at 30°C to measure the A600 values.

2.7. Generation of T47D cells ds cDNA

The first strand cDNA of T47D cells was synthesized 
with SMARTTM technology by using Moloney Murine 
Leukemia Virus (MMLV) reverse transcriptase and CDS 
Ⅲ primer (Clontech, Palo Alto, CA, USA) according 
to the manual's instructions. Then the LD-PCR was 
used to amplify ds cDNA using the first-strand cDNA 
as template and the advantage 2 polymerase mixture. 
The reaction condition was performed according to 
the instruction of PT3955-1, and detected using 1.0% 
agarose gel electrophoresis. The ds cDNA products 
were purified by CHROMA SPIN™+TE-400 columns 
to remove small DNA molecules less than 200 bp. The 
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corresponding electrophoresis results also showed clear 
positive bands with 153 bp for C351-153bp and 195 bp for 
C35154-348bp respectively (Figure 1B).

3.2. Construction and identification of C35 bait 
recombinant plasmids

The three kinds of C35 fragments preliminarily 
amplified by PCR were digested with EcoR I/Sal I 
enzymes, then ligated in-frame into the corresponding 
s i tes  of  the  ba i t  express ion  vec tor  pGBKT7 
respectively. The three generated recombinants were 
named as pGBKT7-C351-348bp, pGBKT7-C351-153bp and 
pGBKT7-C35154-348bp. After transformation, the plasmids 
were extracted from positive colonies and identified by 
double digestion with EcoR I and Sal I. The 1% agarose 
gel electrophoresis results displayed the approximately 
7,300 bp empty pGBKT7 and the expected 348 bp 
(Figure 2A), 153 bp and 195 bp C35 fragments (Figure 
2B). All of the three sequencing results were verified to 
be correct by conducting BLAST database homology 
searches referred to published C35 sequences in 
GenBank (data not shown), and proved that the 
recombinant C35 bait plasmids were successfully 
established.

3.3. Determination of auto-activation and toxicity of 
C35 baits

The recombinant C35 bait plasmids were transformed 

into yeast strain Y187 using the LiAc-mediated 
method to produce the Y187/pGBKT7-C35 lines. 
Surprisingly, no visible colony of Y187/pGBKT7-
C351-348bp appeared on SD/-Trp plates, suggesting that 
the full-length C35 protein had intensive toxicity to 
the Y187 yeast strain (data not shown). White colonies 
of Y187/pGBKT7-C351-153bp, Y187/pGBKT7-C35154-

348bp and Y187/pGBKT7-Lam appeared on SD/-Trp/
X-α-Gal plates in 3-5 d (Figure 3). At the same time, 
after being transferred the largest colonies of the two 
truncated Y187/pGBKT7-C35 lines to SD/-His/-Trp/
X-α-Gal and SD/-Ade/-Trp/X-α-Gal plates respectively, 
showed no background growth on these two kinds of 
nutritional deficiency plates (Figure 3), suggesting that 
none of them had an auto-activation effect and were 
not required for 3-AT inhibition. To determine the 
baits' toxicity to the yeast strain, the largest colonies of 
Y187/pGBKT7-C351-153bp and Y187/pGBKT7-C35154-

348bp on SD/-Trp/X-α-Gal plates were picked out and 
inoculated respectively in 50 mL SD/-Trp/-Kan (20 μg/
mL) media for 20 h, the A600 value was 0.859 for Y187/
pGBKT7-C351-153bp and 0.807 for Y187/pGBKT7-
C35154-348bp respectively, confirming that both of them 
were nontoxic and thereby the recombinant plasmids 
pGBKT7-C351-153bp and pGBKT7-C35154-348bp were 
eligible to be used as "baits" for yeast two-hybrid 
analysis. 

3.4. Synthesis of T47D cells ds cDNA 

The 1.0% agarose electrophoresis results showed that 
7 µL LD-PCR product of ds cDNA fractions appeared 
mainly as a 0.25-2.0 kb smear (Figure 4). More than 3 

Figure 1. PCR amplification results of C35 gene. (A): PCR 
products of full-length C35 gene. 1-4: C351-348bp; M: DL 2000 
DNA marker. (B): PCR products of truncated C35 fragments. 5: 
C35154-348bp; 6: C351-153bp.

Figure 2. Identification of the C35 bait recombinant 
plasmids pGBKT7-C35 by restriction enzyme digestion 
with EcoR I and Sal I. (A): Gel electrophoresis of double 
digested pGBKT7-C351-348bp. M1: DL15000 DNA marker; 
M2: DL2000 DNA marker; 1: pGBKT7-C351-348bp. (B): Gel 
electrophoresis of double digested truncated pGBKT7-C35. 
M3: DL2000 DNA marker; 2-4: pGBKT7-C35154-348bp; 5-7: 
pGBKT7-C351-153bp.

Figure 3. Auto-activation activity detection results of two 
truncated C35 bait plasmids. The transformation of truncated 
Y187/pGBKT7-C35 lines showed white colonies on SD/-Trp/
X-α-Gal plates but could not grow on SD/-His/-Trp/X-α-Gal 
and SD/-Ade/-Trp/X-α-Gal plates, indicating the "baits" had 
no Auto-activation activity and self transcriptional activity. 
Colonies of Y187/pGBKT7-53 positive control turned blue on 
SD/-His/-Trp/ X-α-Gal plates.
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µg of ds cDNA were obtained from the remainder of 
the 93 µL LD-PCR product after purification on the 
CHROMA SPIN™+TE-400 Columns. The amount and 
quality of the amplified ds cDNA were satisfactory for 
constructing the yeast two-hybrid cDNA library.

3.5. Construction and titering of the T47D cDNA 
library

After co-transforming the ds cDNA product and 
pGADT7-Rec into AH109 competent cells, a total of 1.4 
× 106 independent colonies which contained the T47D 
cell cDNA library were harvested on the 100 mm SD/-
Leu plates were which spread with gradient dilution 
transformed cells, and the transformation efficiency was 
calculated as 1.4 × 106 transformants/3 µg pGADT7-Rec, 
indicating that the transformation efficiency in this study 
could yield a satisfactory library with high complexity. 
Further, after harvesting colonies on all of the 150 mm 
SD/-Leu plates, the cell density was about 8.2 × 107 ‒ 
1.0 × 108 cells/mL and sufficient enough for screening. 
The titer of the T47D cell cDNA library was 2 × 107 
cfu/mL calculated by colony numbers on the SD/-Leu 
plates spread with a gradient diluent library aliquot. The 
electrophoresis results of 20 random colonies showed 
that the insert size of the ds cDNA was distributed 
randomly between 0.5 kb-2.0 kb (Figure 5), indicating 
that our library was homogeneous and the recombination 
rate of the library was 95% (19/20).

4. Discussion

The C35 gene, also termed as C17orf37/MGC14832, 
which has a 95% identity compared with the migration 
and invasion enhancer 1 (MIEN1) protein, is a novel 
oncogene discovered in various kinds of cancers. 
Expression of C35 has been reported to positively 
relate to grade and stage of cancer progression, for 
example, BC, ovarian cancer, prostate cancer, and 
colorectal cancer. Yet studies on the function of over-
expressed C35 and its interaction factors are still in the 
initial stage. The known interaction factor of C35 was 

discovered by a Leung et al. report (9), in that research, 
C35 was identified as a potential protein partner of p73 
by yeast two-hybrid screen using a Hela cDNA library 
and a p73 bait vector. The co-expression of C35 and 
ΔNp73, a dominant-negative isoform of p73, which 
lacks the transactivation domain, could induce greater 
cisplatin treatment resistance in ovarian cancer cells by 
activating AKT and nuclear NF-κB p65. Consistently, 
Dasgupta et al. (5) reported that downregulation of 
C35 in prostate cancer cells suppressed PKB/Akt 
phosphorylation and NF-κB activity was also reduced 
by down-regulating downstream target genes MMP-
9, uPA and VEGF, suggesting C35 takes part in the 
regulation of the NF-κB signaling pathway. In addition, 
Rajendiran et al. (10) demonstrated that overexpression 
of MIEN1 in DOK cells also increased the Akt/NF-κB 
effectors MMP-9, uPA and VEGF, and thereby further 
confirmed the correlation between C35 overexpression 
and the activation of Akt/NF-κB. However, Katz et 
al. (8) discovered that the expression levels of NF-κB 
markers MMP-9, uPA and VEGF were not correlated 
with overexpression of C35 in BC cells. These findings 
suggest that C35 may participate in different signaling 
pathways in different cancer cell lines. At the same 
time, they also discovered that high levels of C35 
protein expression in primary BC cells could induce 
transformation in 3D cell cultures by activating Syk 
kinase, a downstream mediator of signaling from the 
ITAM motif. Similarly, inhibition of MIEN1 protein 
expression in BC cells decreased the expression level 
of matrix metallopeptidase 9 by downregulating the 
expression of AKT kinase (11). The correlation between 
C35 and kinase activity suggests that the application 
value of C35 may not only be the biomarker gene 
for genetic diagnosis and prognosis, but also be a 
potential drug target for BC therapy or other cancers. 
At present, there are a series of reports regarding the 
inhibition effects of C35. Liu et al. (12) have designed 
two kinds of C35 siRNAs with significant inhibition 
effects for both mRNA and protein expression levels 
of C35, and could induce apoptosis of T47D cells 
in vitro. Rajendiran et al. (13) proved that inhibiting 
the expression of MIENI protein in prostate cells by 
microRNA-940 could suppress the migratory and 
invasive potential of prostate cells. Li et al. (14) 

Figure 4. Gel electrophoresis results of the purified ds 
cDNA fractions of T47D cells by LD-PCR. M: DL 5000 DNA 
marker; 1: empty lane; 2: ds cDNA. The ds cDNA fractions 
appeared mainly as a 0.25-2.0 kb smear.

Figure 5. Identification results of insert size of T47D cell 
cDNA library by PCR. M: DL 5000 DNA marker; 1-20: Gel 
electrophoresis results of PCR from library colonies selected 
randomly.
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reported that microRNA-26b suppressed the metastasis 
of non-small cell lung cancer by targeting MIEN1 
via NF-κB/MMP-9/VEGF pathways. Therefore C35 
is a promising novel diagnostic and therapeutic tool 
in various kinds of cancers, exploring and screening 
its interaction factors may elucidate the signaling 
pathways it takes part in, reveal it mechanisms in 
inducing cell migration and invasion in different kinds 
of cancers, and may provide the relevant targets for the 
development of new drugs. 
	 Notably, the COOH-terminal amino acid sequence 
"CVIL" of C35 fits the prenylation CAAX motif, 
and Dasgupta et al. (15) demonstrated that this 
region could be post-translationally modified by 
protein geranylgeranyltransferase-I (GGTase-I). This 
C-terminal geranylgeranylation was essential for its 
membrane, which enhanced cells migratory phenotype 
by inducing increased filopodia formation, and thus 
potentiates directional migration. In particular, this 
"CVIL" motif is completely conserved among all 
species. Additionally, the ITAM motif was identified 
to determine the phosphorylation-dependent activation 
of MIEN1, which regulated filopodia generation, 
migration and invasion of breast cells (16). These 
studies indicated that the C-terminal "CVIL" motif 
and the ITAM domain act as the dominant functional 
motif of C35. Furthermore, the ITAM-phosphorylation 
of  MIEN1 could be signif icantly impaired in 
isoprenylation-deficient MIEN1 mutants, and imply 
that the post-translational modification of MIEN1 was 
required for cross-phosphorylation of tyrosine residues 
(16).
	 Based on these studies, it is deduced that the 
functional domains of C35 are mutually independent 
and functionally interacting in regulating metastatic 
progression of cancers. Therefore in this study, we 
have designed three different fragments of C35 for 
constructing bait vectors for yeast two-hybrid screening 
according to the results of conserved domain analysis. 
After transforming the full-length pGBKT7-C351-348bp 
into Y187 competent cells, we found that the plasmid 
intensely inhibited yeast strain Y187 and no visible 
colony appeared on SD/-Trp/X-α-Gal plates under 
optimized transformation and recovery conditions, 
indicating that the full-length of C35 protein has a 
strong toxicity effect on the yeast strain and potential 
unknown significant roles on yeast cells. On the 
contrary, we found that the two C35 truncations (C351-

153bp and C35154-348bp) eliminated the toxicity effects 
completely. The recombinant baits pGBKT7-C351-153bp 
contains the ITAM domain and the pGBKT7-C35154-348bp 
contains the C-terminal "CVIL" motif, with no observed 
auto-activation or toxicity effect, and thus could be used 
for following the screening process in order to figure 
out their corresponding interaction factors respectively. 
At the same time, we also constructed the cDNA library 
of T47D cell lines in which with the C35 gene insert is 

over-expressed. The size distribution of T47D ds cDNA 
in the present study was homogeneous and the amount 
of independent clones on SD/-Leu was sufficient 
enough for generating library cells with satisfactory 
density and high titer. Altogether, our study laid a 
promising foundation for screening the C35 interaction 
factors in BC cell lines and exploring the accurate 
mechanisms of C35 in regulating cancer metastasis and 
invasion.
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1. Introduction

Cardiomyocyte nutrient deprivation is a common clinical 
event that mediates various cardiac ischemic processes 
such as coronary heart disease and heart failure (1,2). 
In response to starvation, autophagy is upregulated 
that provides an internal source of nutrients for energy 
generation and, thus promotes survival (3,4). Autophagy 
is a process of self-cannibalization in which double-

membrane autophagosomes sequester organelles 
or portions of cytosol and fuse with lysosomes for 
breakdown by resident hydrolases (5,6). The resulting 
breakdown products can be recycled back to the cytosol 
for reuse during starvation, and are used to generate 
energy and to build new proteins and membranes (5,6). 
Autophagy may function primarily as a cytoprotective 
mechanism, to maintain nutrient and energy homeostasis 
during starvation conditions (7,8). However, activation 
of autophagy can also be harmful: excessive autophagy 
might cause undesirable cell death (9,10). Additional 
studies are needed to clarify whether autophagy 
activation serves as an adaptive or maladaptive cardiac 
response to starvation. 
	 Autophagy is involved in the pathological process 
of many cardiovascular diseases, and more and more 
drugs are being studied that can regulate autophagy 
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(2,11). Regulation of autophagy may be an effective 
mechanism for drug therapy. Dracocephalum tanguticum 
Maxim (Labiatae), a perennial herb distributed in the 
western region of China, has been used traditionally 
as folk medicine with a wide range of effects such 
as anti-hypoxia activity and less toxic side effects 
for treating gastritis, hepatitis, dizziness, rheumatoid 
arthritis, and scabies. The herb can effectively scavenge 
oxygen free radicals to reduce lipid peroxidation 
and regulate calcium ion stability, and thus protect 
the myocardial cell from injury. In searching for 
cardioprotective agents from these natural products, 
Dracocephalum tanguticum Maxim was investigated. 
We have reported the isolation, structure elucidation 
and evaluation of antioxidant, and cytoprotective 
activity of 17 flavonoids along with their preliminary 
structure-activity relationships (12). The results have 
demonstrated that flavonoids with OH groups at 3', 
4'-position in the B-ring, and a double bond between 
C-2 and C-3 were necessary for their protective effects 
against doxorubicin (DOX)-induced cardiotoxicity. 
LUTG, luteolin-7-O-β-D-glucopyranoside, was isolated 
from the plants of Dracocephalum tanguticum Maxim 
which had this structure, and the previous study had 
shown that among all of the tested compounds, LUTG 
exhibited both a strong antioxidative effect and high 
protective activity against DOX-induced toxicity. 
Further investigation found LUTG could decrease 
DOX-induced death of H9c2 cells, reduce creatine 
kinase and lactate dehydrogenase levels, and inhibit 
the elevated intracellular [Ca2+] concentration. LUTG 
showed a cardioprotective effect by inhibiting the 
DOX-induced intracellular level of ROS and apoptosis 
(12,13). Furthermore, pretreatment with LUTG did not 
decrease the antineoplastic activity of DOX (12). Taken 
together, LUTG may act as a promising therapeutic 
agent for preventing the cardiotoxicity induced by DOX. 
Whether LUTG could protect against starvation-induced 
cardiomyocyte injury and the underlying mechanisms 
are not clear. 
	 The mammalian target of rapamycin (mTOR) plays 
a central role in autophagy by integrating the class I 
PI3K signaling and amino acid-dependent signaling 
pathways (10,14). Autophagy is induced by nutrient 
starvation through the inhibition of mTOR, resulting in 
translocation of the mTOR substrate complex from the 
cytosol to certain domains of the endoplasmic reticulum 
(ER) or closely attached structures (15,16). Otherwise, 
activation of the phosphatidylinositol 3 kinase/protein 
kinase B (PI3K/Akt) pathway, by expressing an active 
form of Akt, or expressing a constitutively active form of 
3-phosphoinositide-dependent protein kinase 1 (PDK1), 
has an inhibitory effect on autophagy (10,17). The 
mTOR signaling pathway is critical because of its ability 
to integrate the information from nutrient, metabolic and 
hormonal signals (10,18). Besides, amino acids inhibit 
the rapidly accelerated fibrosarcoma-mitogen activated 

protein kinase kinase1 (Raf1)/mitogen-activated protein 
kinase kinase1/2 (MEK1/2)/extracellular signal regulated 
kinase1/2 (ERK1/2) signaling cascade, leading to 
inhibition of autophagy (10). 
	 In the present study, we investigated the effects and 
the related mechanisms of LUTG against starvation-
induced cardiotoxicity using H9c2 cells in vitro. 
The results demonstrated that LUTG could prevent 
cardiomyocytes from starvation-induced injury and 
the protective effects may be related to upregulation of 
autophagy through the PI3K/Akt and ERK pathway.

2. Materials and Methods

2.1. Materials and chemicals

LUTG was isolated from Dracocephalum tanguticum 
Maxim by Prof. Ren in our school (12). In the present 
study, LUTG was dissolved in dimethyl sulfoxide 
(DMSO) for the in vitro  assay and stored at a 
concentration (100 mM) that was diluted with Dulbecco's 
modified Eagle's medium (DMEM), and a solvent 
control with DMSO was performed at no more than 2‰ 
(v/v). 
	 DMEM and Earle 's  Balanced Salt  Solution 
(EBSS) were from Gibco BRL (Grand Island, NY, 
USA). Fetal bovine serum (FBS) was from Tianjin 
Biotechnology Development Center (Tianjing, China). 
Bicinchoninic acid (BCA) protein assay kit and radio 
immunoprecipitation assay (RIPA) buffer were from 
Beyotime Institute of Biotechnology (Beijing, China). 
Antibodies against p-Akt and Akt were from Santa 
Cruz Biotechnology (Santa Cruz, California, USA). 
Antibody against P44/42-ERK1/2, ERK1/2, P-PTEN, 
PTEN, P-mTOR, mTOR, P-Beclin1, Beclin1, LC3B and 
β-actin were from Cell Signaling Technology (Boston, 
USA). Antibodies against horseradish peroxidase (HRP)-
conjugated secondary antibody were from ZSGB-BIO 
(Beijing, China). 3-Methyladenine (3-MA) was from 
Millipore (Massachusetts, USA). Phenylmethylsulfonyl 
fluoride (PMSF), ethylenediamine tetraacetic acid 
(EDTA), 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-
tetrazolium bromide (MTT) and other chemicals were 
from Sigma.

2.2. Cell Culture

Rat cardiac H9c2 cells (ATCC Rockville, MD, USA) 
were cultured in DMEM supplemented with 10% heat-
inactivated FBS, 100 μg/mL streptomycin, and 100 U/
mL penicillin at 37°C in a humidified atmosphere (5% 
CO2-95% air). The cells were fed every 1-2 days, and 
detached using 0.05 trypsin/0.02% EDTA when they 
reached about 80-90% confluence. Then cells seeded at 
an appropriate density according to each experimental 
design, and the cells used were in the exponential phase 
of growth before exposure to drugs in all experiments.
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2.7. Western blotting analysis

After H9c2 cells were cultured in 6-well plates and 
treated with conditioned media as indicated, cells were 
collected and lysed with RIPA buffer on ice for 30 min. 
The suspension was centrifuged at 13,000 g for 15 
min at 4℃, and the supernatant was collected. Protein 
concentration in total cell lysate was measured using the 
BCA protein assay kit with bovine serum albumin (BSA) 
as standard. The other supernatants were stored at −80°C 
for Western blotting analysis. 
	 After addition of sample loading buffer, protein 
samples were separated using 12% sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred to polyvinylidene difluoride membranes 
(PVDF) (Millipore Corporation, Massachusetts, USA) 
in Tris-glycine buffer. The membrane was blocked with 
5% (w/v) non-fat dry milk in 20 mM Tris-buffered 
saline containing 0.1% (v/v) Tween-20 (TBST) for 2 
h, followed by incubation with the appropriate primary 
antibodies at 4°C overnight and then washed three times 
and exposed to HRP-conjugated secondary antibodies 
in TBST containing 5% non-fat dry milk for 1 h at room 
temperature. The primary antibodies included cyclin 
D1, p21, p-Beclin1, Beclin1, microtubule-associated 
proteins 1A/1B light chain 3B (MAP1LC3B, LC3B), 
p-Akt1/2/3, Akt1/2/3, phosphatase and tensin homolog 
deleted on chromosome ten (PTEN), p-PTEN, p44/42-
ERK1/2, ERK1/2, p-mTOR, mTOR and β-actin. The 
membranes were washed with TBST three times, and the 
antigen-antibody bands were detected using an enhanced 
chemiluminescence reagent kit (Millipore, Massachusetts, 
USA) and quantified by densitometry using a ChemiDoc 
XRS+image analyzer (Bio-Rad, California, USA). 

2.8. Statistical analyses

Data are described as the mean ± S.E.M. and analyzed 
by one-way ANOVA. A p value < 0.05 was considered 
statistically significant. Statistical analysis was 
performed using the SPSS/Win13.0 software (SPSS, 
Inc., Chicago, IL).

3. Results

3.1. Effect of starvation on cell viability

To analyze the effects of starvation on the proliferation 
of H9c2 cells, cell viability was evaluated with the MTT 
assay. As shown in Figure 1, cell viability was decreased 
by starvation in a time-dependent manner. There was 
nearly a 40% decrease in cell viability after 12 hours of 
starvation compared with the control group (p < 0.01).

3.2. Effect of starvation on cell cycle

After H9c2 cells were incubated in starvation medium 

2.3. Cell treatment with LUTG

H9c2 cells were seeded at an appropriate density. 
Following overnight adherence, cells preincubated with 
or without LUTG (10 and 20 μM) for 24 h followed 
by starvation (incubation with EBSS) for another 24 h. 
The concentration of LUTG was used according to the 
result of the in vitro cell proliferation assay. After this 
incubation, cells were harvested after trypsin digestion 
by centrifugation (1000 rpm × 5 min) and parameters 
were measured as described in materials and methods.

2.4. Cell viability in vitro

H9c2 cells were seeded in 96-well plates at a density of 
5,000 cells/well. Following overnight adherence, cells 
were incubated with LUTG (5, 10, 20, 40 and 80 μM) 
in DMEM supplemented with 10% fetal bovine serum 
at 37°C for 24 h followed by incubation with EBSS 
for another 0, 3, 6, 12, and 24 h, and cell viability was 
determined by MTT assay. Cells were treated with 
MTT solution (final concentration, 0.5 mg/mL) for 4 h. 
The supernatants were removed carefully, followed by 
the addition of 100 μL DMSO to each well to dissolve 
the precipitate. The absorbance was measured at 570 
nm in a microplate reader (Synergy HT).

2.5. Cell cycle measurement

H9c2 cells were cultured in 6-well plates and then 
starved for 0, 3, 6, 12, 24 h respectively. Cells were 
harvested and washed, and fixed in cold 70% ethanol 
overnight, and then suspended in 1 mL propidium 
iodide (PI) solution (50 μg/mL DNase-free RNase A) 
for 30 min. Cell cycle was analyzed using a FACScan 
Flow Cytometer (Becton Dickinson, New Jersey, USA). 
The percentages of cells in G0/G1, S and G2/M phases 
were determined using ModFit LT software 3.0 (Varity 
Software House, Topsham, USA). 

2.6. Detection of intracellular acid phosphatase

The activity of acid phosphatase in the lysosomes 
increased when the lysosomal degradation (autophagy) 
was enhanced. To detect the intracellular acid 
phosphatase, acridine orange (AO) was utilized as an 
intracellular indicator of acidic phosphatase (19). In 
this study, H9c2 cells were seeded overnight in 24-
well plates, and pretreated without or with LUTG at 
concentrations of 5, 10 and 20 μM for 24 h, followed by 
incubation with EBSS for another 12 h. The cells were 
fixed using 95% ethanol solution for 15 min. H9c2 cells 
were washed using phosphate buffered saline (PBS) and 
further incubated with 0.01% AO (500 μL) for another 
15 min. The cells were washed 2 times with PBS before 
being observed and photographed under the fluorescence 
microscope (IX-7, Olympus, Tokyo, Japan) (400×).
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for different time durations, cell cycle was measured 
using flow cytometry and the expression of cell cycle 
proteins p21 and cyclin D1 were detected by Western 
blotting. As shown in Figure 2A and 2B, under starvation 
conditions, the number of myocardial cells in S phase 
decreased; G0/G1 phase cells increased significantly 
compared with the normal group. This indicated that 
starvation induced myocardial cell cycle arrest in the 
G0/G1 phase, and prevented them from moving to the 
S phase transformation. As shown in Figure 2C, the 

expression of p21 and cyclin D1 continued to decline 
with time of starvation. This indicated that starvation 
blocked the myocardial cell cycle by inhibiting the 
expression of p21 and cyclin D1.

3.3. Effect of starvation on myocardial cell autophagy

To investigate the effect of starvation on myocardial cell 
autophagy, the expression of p-Beclin1 and LC3B were 
detected by Western blotting. As shown in Figure 3A, 
the expression of p-Beclin1 was upregulated, while the 
expression of LC3B decreased with a longer starvation 
duration. Autophagy inhibitor 3-MA was used to detect 
the role of autophagy in the cells under normal and 
starvation conditions, and validated whether autophagy 
is conducive to the survival of cells. As shown in 
Figure 3B, 3-MA and starvation could also decrease 
the viability of H9c2 cells (p < 0.01). Furthermore, 
3-MA could more significantly inhibit the viability of 
H9c2 cells under starvation conditions (compared with 
starvation, p < 0.01). It indicated that autophagy was a 
protective mechanism for normal cells and cells under 
starvation.

3.4. Effect of starvation on the expression of Akt and 
ERK proteins

After H9c2 cells were incubated in starvation medium 

Figure 1. Starvation decreased cell viability in a time-
dependent manner. H9c2 cells were incubated in starvation 
medium (EBSS) for 0, 3, 6, 12, or 24 h respectively. Cell 
viability was quantified using the MTT assay. **p < 0.01 
compared with control.

Figure 2. Starvation inhibited the cell cycle. H9c2 cells were incubated in starvation medium for 0, 3, 6, 12, or 24 h respectively, 
the cell cycle was detected by flow cytometry (A) and the expression of p21 and cyclin D1 were detected by Western blotting (B).
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for different durations, the expression of Akt, mTOR, 
PTEN and ERK were detected by Western blotting. 
As shown in Figure 4, starvation pretreatment could 
decrease the expression of p-Akt and p-mTOR. The 
expression of p-ERK under starvation for 3 h was 
down-regulated slightly, and was up-regulated after 3 h, 
but the expression of p-PTEN was not changed. These 
results indicated that starvation-induced autophagy 
might be regulating the expression of p-Akt, p-mTOR, 
and p-ERK.

3.5. Effect of LUTG on cardiomyocyte injury induced 
by starvation

MTT assay was used to detect the protective effect of 
LUTG on cell injury induced by starvation. As shown in 
Figure 5, LUTG (5, 10, and 20 μM) could significantly 
increase cell viability and protect the H9c2 cells from 
injury induced by starvation (p < 0.05 and p < 0.01). 

3.6. Effect of LUTG on cardiomyocyte autophagy 
induced by starvation

To investigate the effect of LUTG on autophagy, the 
expression of LC3B was detected by Western blotting 
and autophagy inhibitor 3-MA was used to detect 
whether the protective effect of LUTG was related to 

autophagy. As shown in Figures 6A and 6B, LUTG 
could increase the expression of LC3B and cell 
viability compared with starvation. 3-MA could reduce 
the protective effect of LUTG on cell injury induced 
by starvation. This indicated that LUTG could protect 
H9c2 cells against starvation-induced injury through 
enhancing cell autophagy.
	 To confirm the effect of LUTG on autophagy, AO 
staining was used to detect lysosomal degradation 
by measuring the activity of acid phosphatase. AO 
as an intracellular indicator emits red fluorescence in 
acidic lysosomes, and displays green fluorescence in 
neutralized cytosol and nuclei. As shown in Figure 
6C, intracellular eosinophilic granules increased under 
starvation conditions and LUTG further increased the 
number of red eosinophilic granules in the cell. This 
indicated that LUTG enhanced lysosomal degradation, 

Figure 3. Effects of starvation on autophagy and cell 
viability. H9c2 cells were incubated in starvation medium for 0, 
3, 6, 12, or 24 h respectively, and the expression of autophagy-
associated proteins was detected by Western blotting (A). H9c2 
cells co-treated with or without 3-MA were incubated in normal 
or starvation medium. Cell viability was quantified using the 
MTT assay (B). **p < 0.01 compared with normal group. ##p < 
0.01 compared with starvation group.

Figure 4. The expression of Akt and ERK proteins in 
starved H9c2 cells. H9c2 cells were incubated in starvation 
medium for 0, 3, 6, 12, or 24 h respectively, the expression of 
Akt and ERK proteins were detected by Western blotting.

Figure 5. Effects of LUTG on cell viability induced by 
starvation in H9c2 cells. Cells were incubated without or 
with LUTG (2.5, 5, 10, 20, and 40 μM) for 24h, followed by 
incubation with EBSS for another 12h. After this incubation, 
cell viability was determined with the MTT assay. Values are 
represented as mean ± S.E.M. (n = 6). ##p < 0.01 compared 
with the normal group; *p < 0.05, **p < 0.01 compared with 
starvation group.



www.biosciencetrends.com

BioScience Trends. 2017; 11(5):557-564. 562

that is, the enhancement of autophagy.

3.7. Effect of LUTG on the expression of p-Akt, p-mTOR, 
and p-ERK proteins

To investigate the protective mechanisms of LUTG on 
H9c2 cell injury induced by starvation, the expression 
of p-mTOR, p-ERK and p-Akt proteins was detected by 
Western blotting. As shown in Figure 7, under starvation 
conditions, the expression of p-ERK increased; and 
the expression of p-mTOR, p-Akt, and p21 decreased. 
LUTG upregulated the expression of p21, inhibited the 
expression of p-ERK and further down regulated the 
expression of p-Akt and p-mTOR. This indicated that 
LUTG protected against injury induced by starvation 
in H9c2 cells by regulating the Akt/mTOR and ERK 
signaling pathways.

4. Discussion

Autophagy is a conserved cellular pathway that controls 
protein and organelle degradation, and has essential 
roles in survival, development and homeostasis (3,10). 
It is rapidly regulated by nutrient starvation, growth 
factor withdrawal, or oxidative damage. Because 
cardiac myocytes are terminally differentiated, cellular 
degradation via autophagy plays an important role in 

the homeostasis of cardiac cells (20,21). In addition, 
cardiomyocyte nutrient deprivation is a common 
clinical event that mediates various cardiac ischemic 

Figure 7. Effects of LUTG on the expression of p-Akt, 
p-ERK, p-mTOR and p21 in H9c2 cells. After 24 h 
of treatment without or with LUTG (5, 10, and 20 μM), 
cardiomyocytes were starved for another 24 h. The expression 
of p-Akt, p-ERK, p-mTOR, and p21 was detected by Western 
blotting.

Figure 6. Effect of LUTG on cell autophagy. (A) Western blotting. Cells were incubated without or with LUTG (5, 10, and 20 μM) 
for 24 h, followed by incubation with EBSS for another 12 h. After this incubation, the expression of LC3B was detected by Western 
blotting. (B) MTT assay. H9c2 cells pretreated with or without 3-MA and LUTG (10 μM) for 24 h, and incubated in starvation 
medium for 12 h. Cell viability was detected by MTT assay. ##p < 0.01 compared with the normal group; **p < 0.01 compared with 
starvation group; $p < 0.05 compared with LUTG group. (C) Lysosomal degradation. H9c2 cells were pretreated without or with 
LUTG for 24 h, followed by incubation with EBSS for another 12 h. Morphology of H9c2 cells was assessed using a fluorescence 
microscope (×400) equipped with quick imaging system without/with AO staining. (a) Control; (b) Starvation; (c) 5 μM LUTG plus 
starvation; (d) 10 μM LUTG plus starvation; (e) 20 μM LUTG plus starvation.
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processes (1,2). Under nutrient-deficient conditions, 
autophagy is essential for cell survival (23,24). Whether 
the activation of autophagy in the absence of nutrition 
is beneficial or detrimental to the heart needs more 
study. In this study, starvation reduced cell viability 
in a time-dependent manner and starvation could 
inhibit the cell cycle through inhibiting the expression 
of cell cycle proteins p21 and cyclin D1. Autophagy 
inhibitor 3-MA decreased cell viability under normal 
and starvation conditions, suggesting that autophagy 
of myocardial cells in normal and starvation conditions 
is a protective mechanism. Therefore, in the lack of 
nutrition, autophagy not only digests excess protein 
but also extracts amino acids and fatty acids to produce 
energy, promoting the survival of myocardial cells. 
	 mTOR is a major negative regulator of autophagy 
(25). It can be activated by PI3K/Akt and MEK/ERK 
(26,27), and then negatively regulates the activity of 
the autophagy-initiation kinase Unc-51-like kinase 1 
(ULK1) complex via phosphorylation (28). Mammalian 
target of rapamycin complex 1 (mTORC1) integrates 
signals that reflect the nutritional status of an organism 
and senses growth factors and nutrients through distinct 
mechanisms. Growth factors regulate mTORC1 via the 
PI3K/Akt/tuberous sclerosis proteins 1 and 2 (TSC1-
TSC2) axis (29). Insulin and growth factors had been 
shown to inhibit autophagy and lead to the activation of 
class I PI3K and the production of PIP3 to promote the 
membrane recruitment and activation of Akt through 
PDK1 (30,31). Moreover, amino acids inhibit autophagy 
by inhibiting the Raf1-MEK1/2-ERK1/2 signaling 
cascade (32). In this study, the expression of p-ERK was 
significantly up-regulated, and the expression of p-Akt 
and p-mTOR was significantly down-regulated under 
starvation conditions. It is suggested that autophagy 
is activated through Akt/mTOR and ERK signaling 
pathways in starvation conditions (Figure 8).
	 As autophagy is involved in the pathological process 
of many cardiovascular diseases, more and more 
drugs are being studied that can regulate autophagy 
(2,11). Regulation of autophagy may be an effective 
mechanism for drug therapy. In addition, cardiomyocyte 
autophagy is essential for maintaining cellular function 
and survival; lack of autophagy may lead to cardiac 
hypertrophy, left ventricular dilatation, and contractile 
dysfunction. Therefore, autophagy is activated to exert 
a protective role on cardiomyocytes in the stress state 
(33). LUTG was one of the flavonoid glycosides isolated 
from natural plants (12). Previous research showed that 
LUTG pretreatment had significant protective effects 
against DOX-induced cardiotoxicity. LUTG could 
inhibit the DOX-induced intracellular level of ROS and 
apoptosis (13). Furthermore, pretreatment of LUTG 
did not decrease the antineoplastic activity of DOX 
(12). In this study, the results showed that LUTG could 
protect against H9c2 cell damage induced by starvation, 
and LUTG pretreatment could enhance intracellular 

lysosomal degradation. The expression of p-ERK was up-
regulated and the expression of p-mTOR and p-Akt were 
down-regulated under starvation. LUTG pretreatment 
decreased the expression of p-ERK and further down-
regulated the expression of p-mTOR and p-Akt. LUTG 
could enhance cell autophagy and autophagy inhibitor 
3-mA blocked the protective effects of LUTG against 
myocardial injury induced by starvation. These data 
suggest that LUTG protects against myocardial injury 
induced by starvation through enhancing autophagy and 
its mechanism may be related to the inhibition of Akt/
mTOR and ERK phosphorylation (Figure 8). 
	 In conclusion, autophagy is essential for normal 
cell activities as well as for cell survival under nutrient-
deficient conditions. Under starvation conditions, the 
activation of autophagy was through the Akt/mTOR and 
ERK pathway and autophagy activation could maintain 
cell homeostasis that was a protective mechanism for 
myocardial cells. LUTG enhanced autophagy by down-
regulating the expression of p-ERK and p-mTOR. It is 
suggested that LUTG plays a protective effect against 
myocardial injury induced by starvation, and the 
protective mechanism may be related to its regulation 
of the Akt/mTOR and ERK signaling pathway and 
ultimately to the enhancement of autophagy.
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1. Introduction

The progression of cancer is a multistep process 
involving genetic modification, and the deregulation 
or mutation of particular genes is likely to be a marker 
for certain cancers. Bladder cancer has been known as 
one of the most frequent urological malignancies with a 
high incidence and mortality rate (1,2). Although recent 
advances in treatment have led to increased survival 
rates for patients with bladder cancer, the incidence 

Summary Citrus unshiu peel has been used to prevent and treat various diseases in traditional East-
Asian medicine including in Korea. Extracts of C. unshiu peel are known to have various 
pharmacological effects including antioxidant, anti-inflammatory, and antibacterial properties. 
Although the possibility of their anti-cancer activity has recently been reported, the exact 
mechanisms in human cancer cells have not been sufficiently studied. In this study, the inhibitory 
effect of ethanol extract of C. unshiu peel (EECU) on the growth of human bladder cancer 
T24 cells was evaluated and the underlying mechanism was investigated. The present study 
demonstrated that the suppression of T24 cell viability by EECU is associated with apoptosis 
induction. EECU-induced apoptosis was found to correlate with an activation of caspase-8, -9, 
and -3 in concomitance with a decrease in the expression of the inhibitor of apoptosis family of 
proteins and an increase in the Bax:Bcl-2 ratio accompanied by the proteolytic degradation of 
poly(ADP-ribose) polymerase. EECU also increased the generation of reactive oxygen species 
(ROS), collapse of mitochondrial membrane potential, and cytochrome c release to the cytosol, 
along with a truncation of Bid. In addition, EECU inactivated phosphatidylinositol 3-kinase 
(PI3K) as well as Akt, a downstream molecular target of PI3K, and LY294002, a specific 
PI3K inhibitor significantly enhanced EECU-induced apoptosis and cell viability reduction. 
However, N-acetyl cysteine, a general ROS scavenger, completely reversed the EECU-induced 
dephosphorylation of PI3K and Akt, as well as cell apoptosis. Taken together, these findings 
suggest that EECU inhibits T24 cell proliferation by activating intrinsic and extrinsic apoptosis 
pathways through a ROS-mediated inactivation of the PI3K/Akt pathway.
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and mortality rates are still increasing (3,4). Therefore, 
it is imperative to understand the basic mechanisms of 
bladder cancer progression and to find new biological 
targets and effective treatment strategies for bladder 
cancer prevention and treatment.
	 Recently, several modes of programmed cell death 
associated with the inhibition of the proliferation of 
cancer cells by chemotherapeutic drugs have been 
described (5,6). Among them, apoptosis, the most typical 
cell death mechanism, can be triggered through either 
a death receptor (DR)-initiated extrinsic pathway or a 
mitochondria-mediated intrinsic pathway characterized 
by the activation of common caspases (7,8). The 
extrinsic pathway triggers apoptosis through the binding 
of death ligands to the DRs, which activates the caspase 
cascade from the upstream initiator caspase-8 to the 
downstream effector caspases, including caspase-3 and 
-7, by recruiting adapter molecules (9,10). The intrinsic 
pathway is mainly regulated by the interaction between 
the Bcl-2 family of proteins composed of proteins 
capable of promoting or inhibiting apoptosis, which is 
also associated with impaired mitochondrial function. 
This in turn promotes the release of apoptotic factors 
such as cytochrome c from the mitochondria to the 
cytoplasm, activating caspase-9, ultimately leading to 
a caspase cascade pathway that activates the effector 
caspases (7,11). Although reactive oxygen species (ROS) 
act as major regulators of cell survival and proliferation, 
excessive production of ROS causes irreversible cellular 
damage in various cell death types (12,13). In addition, 
the induction of cancer cell death associated with 
mitochondrial dysfunction in the intrinsic apoptosis 
pathway is often connected with the overproduction of 
ROS (14,15).
	 Such apoptosis induction is complexly regulated by 
the activation and inactivation of various intracellular 
signal pathways in the cell .  Among them, the 
phosphatidylinositol 3-kinase (PI3K) is abnormally 
activated or mutated in many tumors, including bladder 
cancer, and its activation is one of the most important 
tumorigenic pathways in cancer (16,17). PI3K induces 
the activation of Akt, a downstream effector of PI3K, 
through the phosphorylation of major amino acid 
residues such as Thr 308 and Ser 473 to stimulate cancer 
proliferation (18,19). Therefore, many clinical trials are 
urgently needed to find new agents that interfere with the 
signaling of PI3K pathway components. Interestingly, 
many previous studies show that increased production of 
ROS and inactivation of the PI3K/Akt signal pathway are 
related to the induction of cancer cell apoptosis (20-22). 
Although studies on the role of ROS production in PI3K/
Akt inactivation have not been fully understood, ROS-
dependent PI3K/Akt signaling pathway blockade may 
be a potential therapeutic target for inducing apoptosis in 
cancer cells (23,24).
	 Recently, the discovery of cancer substances 
using natural compounds, especially plant-derived 

compounds, has received considerable interest. Citrus 
unshiu Markovich, which belongs to the Rutaceae 
family, is a citrus fruit that is readily seeded, has no 
seeds, and is grown in East-Asian countries, including 
Korea (25,26). For several hundred years, citrus and 
dried peel have been used as traditional medicines to 
treat gastrointestinal disorders, colds, indigestion, and 
bronchial discomfort, and pharmacological activities 
have been reported for inflammation, allergies, diabetes, 
and viral infections (27-30). A study on a tumor-bearing 
mouse model has shown that C. unshiu peel (Chimpi) 
extract inhibits tumor growth, which was associated with 
an increased production of cytokines such as interferon-γ 
and tumor necrosis factor-α (31). In addition, Kim et 
al. (32) reported that C. unshiu peel reduces systemic 
inflammation in tumor-bearing mice and inhibits the 
production of pro-cacheche factors in tumors with the 
prevention of skeletal muscle atrophy and weight loss. It 
has also been reported that polysaccharides or flavonoids 
found in the C. unshiu peel can inhibit the metastasis 
of cancer cells (33,34); however, the evidence for the 
therapeutic potentials of C. unshiu peel against human 
cancer cells and the molecular pathways involved in 
suppression of cancer cell apoptosis remain unclear. 
Therefore, we investigated the anti-cancer effects of 
ethanol extract of C. unshiu peel (EECU) in human 
bladder cancer T24 cells. In this study, we found for 
the first time that EECU triggered apoptotic cell death 
through the ROS-mediated inactivation of the PI3K/Akt 
pathway.

2. Materials and Methods

2.1. Preparation of EECU

For the preparation of EEER, the dried peel of C. 
unshiu was provided from Dongeui Korean Medical 
Center (Busan, Republic of Korea) and pulverized 
into a fine powder. The powder (100 g) was extracted 
in 1 L of 70% ethanol by sonication for 24 h. After 
filtering, the filtrate was concentrated with a vacuum 
rotary evaporator (BUCHI, Switzerland) and the 
residue was freeze-dried in a freezing-dryer, and then 
stored at –80°C. The powder was dissolved in dimethyl 
sulfoxide (DMSO, Sigma-Aldrich Chemical Co., St. 
Louis, MO, USA) to a final concentration of 100 mg/
mL (extract stock solution), and was stored at 4°C. The 
stock solution was diluted with medium to the desired 
concentrations prior to use.

2.2. Cell culture

Human urinary bladder transitional cell carcinoma 
T24 cells were obtained from American Type Culture 
Collection (Manassas, VA, USA). The cells were 
maintained in RPMI 1640 medium (WelGENE Inc., 
Daegu, Republic of Korea), supplemented with 10% 
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Apoptosis Detection Kit (BD Biosciences, Franklin 
Lakes, NJ, USA) was used as described previously (35). 
Briefly, both attached and floating cells were collected 
and then washed twice with ice old PBS (resuspended 
in 500 μL binding buffer). The cells were stained with 
FITC-conjugated annexin V and propidium iodide 
(PI) at room temperature for 15 min in the dark. 
Subsequently, the cells were analyzed using a flow 
cytometer (Becton Dickinson, San Jose, CA, USA) 
according to the manufacturer's protocol.

2.7. Protein isolation and Western blot analysis

Following incubat ion for  48 h with different 
concentrations of EECU, the cells were lysed in a protein 
extraction buffer supplemented with a protease inhibitor 
cocktail (Roche Diagnostics, Basel, Switzerland). For 
the preparation of mitochondrial and cytosolic extracts 
of cells, NE-PER nuclear and cytoplasmic extraction 
reagents (Thermo Fisher Scientific Inc., Waltham, Utah, 
USA) were applied according to the manufacturer's 
instructions. Protein concentration was measured with 
the Bio-Rad protein assay kit (Bio-Rad Laboratories, 
Hercules, CA, USA) following the manufacturer's 
instructions. For Western blotting, equal amounts of 
proteins were separated by sodium dodecyl sulfate 
(SDS)-polyacrylamide gel electrophoresis and were 
transferred onto a polyvinylidene fluoride (PVDF) 
membrane (Schleicher & Schuell, Keene, NH, USA) 
using an electrophoretic transfer system (Bio-Rad 
Laboratories). The membranes were blocked in 5% (w/v) 
skim milk powder in Tris-buffered saline containing 0.1% 
Tween-20 (TBST buffer) for 1 h at room temperature. 
After washing with TBST buffer, the membranes were 
probed with specific primary antibodies purchased 
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, 
USA) and Cell Signaling Technology, Inc. (Danvers, 
MA, USA) at 4°C overnight, and then incubated 
with the appropriate horseradish peroxidase (HRP)-
conjugated secondary antibodies (Amersham Life 
Science, Arlington Heights, IL, USA). The protein bands 
were visualized using an enhanced chemiluminescence 
(ECL) kit (Amersham Life Science), according to the 
manufacturer's instructions.

2.8. Analysis of caspase enzymatic activity

The activities of the caspases (caspase-3, -8, and -9) 
were detected using colorimetric assay kits (R&D 
Systems, Minneapolis, MN, USA), according to the 
manufacturer's protocol. Briefly, the cells were lysed 
in the supplied lysis buffer. Equal amounts of proteins 
were incubated with the supplied reaction buffer 
containing dithiothreitol and synthetic tetrapeptides 
[Asp-Glu-Val-Asp (DEAD) for caspase-3; Ile-Glu-
Thr-Asp (IETD) for caspase-8; and Leu-Glu-His-Asp 
(LEHD) for caspase-9] labeled with p-nitroaniline 

fetal bovine serum (FBS, WelGENE Inc.), 2 mM 
L-glutamine, 100 U/mL penicillin, and 100 mg/mL 
streptomycin (WelGENE Inc.) at 37°C in a humidified 
incubator containing 5% CO2.

2.3. Cell viability assay and morphological observation

To assess the effects of EECU on T24 cell viability, the 
cells were plated at a density of 2 × 104 cells per well in a 
24-well plate. After overnight incubation, the cells were 
treated with different concentrations of EECU for 48 
h. Following treatment, the culture medium containing 
EECU was carefully removed and 200 μL of 0.1 mg/mL 
3-(4,5-dimethylthiazol)-2,5-diphenyltetrazolium bromide 
(MTT, Sigma-Aldrich Chemical Co.) solution were 
added to each well for 2 h at 37°C, prior to dissolving 
the formazan product using DMSO. The viability of the 
cells was measured by absorption at 450 nm using an 
enzyme-linked immunosorbent assay (ELISA) reader 
(Molecular Devices, Silicon Valley, CA, USA). The 
mean percentages of viable cells ± standard deviation 
(SD) generated from three independent experiments were 
calculated. The cells in each well were observed under an 
inverted microscope (Carl Zeiss, Oberkochen, Germany) 
and were then photographed.

2.4. Colony formation assay

After treatment with different concentrations of EECU 
for 48 h, single-cell suspensions were prepared by 
trypsinization and the cells were then seeded into 6-well 
plates (500 cells/well). The cells were further cultured 
for two weeks to allow the formation of colonies. 
The colonies were fixed with 3.7% paraformaldehyde 
(Sigma-Aldrich Chemical Co.), stained with 0.1% 
crystal violet solution (Sigma-Aldrich Chemical Co.) 
for 10 min, washed, and then imaged under an inverted 
microscope.

2.5. Detection of apoptotic morphological changes

Apoptotic cells containing chromatin condensation 
and nuclear fragmentation in the nuclei were detected 
by 4',6-diamidino-2-phenylindole (DAPI, Sigma-
Aldrich Chemical Co.) staining. After treatment with 
EECU, the cells were harvested, washed twice with 
phosphate-buffered saline (PBS), and fixed with 3.7% 
paraformaldehyde in PBS for 10 min at 25°C. The cells 
were washed with PBS, stained with 1 mg/mL of DAPI 
solution for 10 min, and then washed twice with PBS. 
The morphology changes in the nucleus were examined 
using a fluorescence microscope (Carl Zeiss).

2.6. Determination of cell apoptosis by flow cytometry

To determine the magnitude of the apoptosis by EECU, 
the Annexin V-fluorescein isothiocyanate (FITC) 
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(pNA) that is linked to the end of the caspase-specific 
substrate at 37°C for 2 h in the dark. The reactions of 
each sample were measured by changes in absorbance 
at 405 nm using an ELISA reader.

2.9. Determination of mitochondrial membrane potential 
(Δψm)

The changes of the MMP values in the EECU-treated 
cells were examined using 5,5′,6,6′-tetrachloro-1,1′,3,3′-
tetraethyl-imidacarbocyanine iodide (JC-1, Sigma-
Aldrich Chemical Co.), a dual-emission potential-
sensitive probe. Briefly, the cells were harvested and 
washed with cold PBS, and incubated with 10 μM JC-1 
for 30 min at 37°C in the dark. Then, the stained cells 
were washed twice with PBS to remove unbound dye, 
and the amount of JC-1 retained by 10,000 cells per 
sample was measured at 488 nm and 575 nm using a 
flow cytometer, following the manufacturer's protocol 
instructions.

2.10. Measurement of ROS generation

For the detection of intracellular ROS production, 
2′,7′-dichlorofluorescin diacetate (DCF-DA, Molecular 
Probes, Leiden, Netherlands) dye was used according 
to the manufacturer's instructions (36). Briefly, after 
collecting the cells treated with EECU for a certain 
period of time, the cells were rinsed with PBS and then 
loaded with 10 μM DCF-DA for 20 min at 37°C in a dark 
room. The cells were immediately washed, resuspended 
in PBS, and analyzed to determine the fluorescence 
intensity using a flow cytometer. To confirm whether the 
intracellular ROS levels play a role in the cytotoxicity of 
EECU, the cells were pre-treated with N-acetyl cysteine 
(NAC, Sigma-Aldrich Chemicals Co.), a well established 
antioxidant, for 1 h prior to treatment with EECU. The 
stained cells were also mounted on a chamber slide with 
a mounting medium. The images were obtained under a 
fluorescence microscope. 

2.11. Data analysis 

The experimental results were presented as mean ± 
SD of experiments repeated at least three times. For 
each treatment group, the statistical significance was 
compared with that of other groups, and was verified 
using a one-way ANOVA or Student t-test method. 
A p < 0.05 was considered to indicate a statistically 
significant result.

3. Results

3.1. EECU inhibits cell growth and colony forming 
property of T24 cells

To determine the inhibitory effect of EECU on T24 cell 

growth, an MTT assay was performed. The obtained 
results indicated that EECU was shown to inhibit the 
cell survival rate against T24 cells in a concentration-
dependent manner (Figure 1A) and accompanied by 
various morphological changes including membrane 
blebbing, diminished cell density, poor adherence, 
and increased number of floating cells (Figure 1B). In 
the cologenic assay, EECU also significantly reduced 
the number of colonies of T24 cells that depended on 
treatment concentration compared with the control 
group (Figure 1C), indicating that the ability to form 
colonies by the EECU-treated T24 cells was lost.

3.2. EECU induces apoptosis in T24 cells

To determine whether EECU treatment led to growth 
reduction due to apoptosis induction, the changes of 
nucleus morphology by DAPI staining and cell death 
rate using flow cytometry were investigated. The results 
of DAPI staining showed that nuclear fragmentation 
and chromatin condensation found in apoptotic cells 
increased in the EECU-treated cells compared to 
the untreated control cells (Figure 1D). In addition, 
the results from the flow cytometry showed that the 

Figure 1. Inhibition of cell viability and induction of 
apoptosis by EECU in T24 cells. T24 cells were treated with 
various concentrations of EECU for 48 h. (A) The cell viability 
was measured by an MTT assay. The data were expressed 
as the mean ± SD of three independent experiments (*p < 
0.05 vs. untreated control). (B) The morphological change 
of MDA-MB-231 cells treated with 800 μg/mL EECU was 
observed under an inverted microscope (magnification, ×200). 
(C) The cells were exposed to the indicated concentrations 
of EECU for 48 h and were allowed to form colonies for 14 
days. The representative photographs are shown. (D) The 
cells were fixed and stained with DAPI solution. Stained 
nuclei were then observed with a fluorescence microscope 
(original magnification, ×400). (E) The degree of apoptosis 
induced by EECU was determined in cells stained with FITC-
conjugated Annexin V and PI, and subjected to flow cytometry 
analysis. Apoptotic cells are determined by counting the % of 
annexin V+/PI– cells. Each point represents the means of two 
independent experiments.
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percentage of apoptotic cells was markedly increased in 
the EECU treatment groups in a concentration-dependent 
manner (Figure 1E). These data collectively indicate that 
EECU suppressed cell viability and colony formation by 
inducing apoptosis in the T24 cells.

3.3. EECU activates caspases in T24 cells

In order to investigate whether the activation of caspases 
plays a role in EECU-induced T24 cell apoptosis, the 
levels of caspase-8, -9, and -3 were measured following 
treatment with various concentrations of EECU. The 
results revealed that the expression of pro-caspase-8, 
an initiator caspase of the extrinsic apoptosis pathway, 
decreased with increasing EECU concentration, while 
the expression of active-caspase-8 increased (Figure 
2A). Although the expression of the active-caspase-9, 
an initiator caspase of the extrinsic apoptosis pathway, 
was not detected, the expression of its pro-forms was 
apparently suppressed depending on the EECU treatment 
concentration. Our immunoblotting results also revealed 
a concentration-dependent decrease in caspase-3 
pro-form expression, a typical effector caspase, and 
progressive proteolytic cleavage of poly(ADP-ribose) 
polymerase (PARP), which is a representative substrate 
protein of activated effector caspases. Consistent with 
immunoblotting results, the in vitro activity of the three 
examined caspases was significantly enhanced by EECU 
treatment (Figure 3B), which was associated with the 

down-regulation of the inhibitor of apoptosis proteins 
(IAP) family members such as XIAP, cIAP-1, and cIAP-
2 (Figure 2C).

3.4. EECU modulates the expression of DR-related and 
Bcl-2 family proteins in T24 cells

Because the results of Figure 2 show the possibility 
that two apoptotic pathways may be involved in the 
induction of apoptosis by EECU, we then evaluated 
the effect of EECU on the expression of DR-related 
and Bcl-2 family proteins. The Western blotting 
data indicated that the expressions of TNF-related 
apoptosis-inducing ligand (TRAIL), DR4, Fas, and 
Fas ligand (FasL) increased in response to EECU 
treatment in a concentration-dependent fashion, 
even though the expression of DR5 was not changed 
(Figure 3). In addition, among the Bcl-2 family 
proteins, the expression of pro-apoptotic Bax was 
markedly increased when compared with those levels 
in the control groups, whereas the anti-apoptotic 
Bcl-2 expression was reduced by EECU treatment. 
Furthermore, the levels of total Bid expression 
decreased due to EECU treatment, but truncated Bid 
(tBid) expression progressively increased depending on 
the EECU treatment concentration.

3.5. EECU enhances the disruption of MMP and 
release of cytochrome c in T24 cells

Figure 2. Activation of caspases, degradation of PARP, 
and inhibition of IAP family proteins expression by 
EECU in T24 cells. T24 cells were treated with the indicated 
concentrations of EECU for 48 h. (A and B) The cell lysates 
were prepared and equal amounts of cellular proteins were 
separated on SDS-polyacrylamide gels and transferred to 
PVDF membranes. The membranes were probed with the 
indicated antibodies and the proteins were visualized using an 
ECL detection system. Actin was used as an internal control. 
(C) The activities of caspases were evaluated using caspases 
colorimetric assay kits. The data were expressed as the mean ± 
SD of three independent experiments (*p < 0.05 vs. untreated 
control).

Figure 3. Effects of EECU on the levels of DR-related and 
Bcl-2 family proteins in T24 cells. After 48 h incubation with 
the indicated concentrations of EECU, the cells were lysed, and 
cellular proteins were separated by SDS-polyacrylamide gel 
electrophoresis and transferred to membranes. The membranes 
were probed with the indicated antibodies. Proteins were 
visualized using an ECL detection system. Equal protein 
loading was confirmed by analysis of actin in the protein 
extracts.
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To further investigate whether mitochondrial dysfunction 
is involved in the induction of apoptosis by EECU, we 
determined the effects of EECU on MMP values. As 
shown in Figure 4A, the frequency of cells with JC-1 
monomers, which are predominant in the region with low 
MMP (lower right quadrant of fluorescence cytogram), 
the concentration-dependency increased in the EECU-
treated T24 cells, revealing that EECU markedly 
destroys the integrity of the mitochondria measured by 
the concentration-dependent loss of MMP (Figure 4A). 
Subsequently, an increase of cytochrome c protein level 
in cytoplasm was obviously observed upon treatment 

of increased concentrations of EECU (Figures 4B and 
4C), suggesting that mitochondrial dysfunction may also 
contribute to EECU-induced apoptosis in T24 cells.

3.6. EECU increases the accumulation of ROS in T24 
cells

To assess whether EECU-induced mitochondrial 
dysfunction is associated with ROS production, we 
quantified the intracellular ROS levels using a DCF-DA 
probe. Flow cytometry results in Figure 5A demonstrated 
that the ROS levels elevated sharply within 25 min after 
EECU treatment, peaked at 1 h of EECU treatment, 
and then decreased gradually compared to the untreated 
cells. However, when cells were treated with EECU and 
NAC, a ROS scavenger, intracellular ROS production 
was reversed compared to the EECU-treated cells. 
This phenomenon was also confirmed by fluorescence 
microscopy analysis (Figure 5B), indicating that ROS 
production was accompanied by the induction of 
apoptosis by EECU.

3.7. EECU induces the inactivation of PI3K/Akt 
pathway in T24 cells
We then examined the effects of EECU on the PI3K/Akt 
signaling pathway in order to investigate whether EECU-
induced apoptosis was affected by PI3K/Akt inactivation, 
which is indicated by decreased phosphorylation of 
PI3K and its downstream target molecule Akt, using 
phosphorylation-specific antibodies. The immunoblotting 
results demonstrated that EECU remarkably inhibited the 
phosphorylation of PI3K as well as Akt with increasing 
EECU concentration (Figure 6A), indicating that they 
were converted to the inactivated state. Moreover, 
the addition of LY294002, a specific PI3K inhibitor, 
enhanced the apoptosis and cytotoxicity induced by 
EECU (Figure 6B), suggesting that the inactivation of the 
PI3K/Akt pathway may be involved in EECU-induced 
cytotoxicity in T24 cells.

3.8. EECU-induced PI3K/Akt inactivation and growth 
reduction is ROS-dependent in T24 cells

To further test whether the contribution of the ROS 
generation is mediated in the EECU-induced inactivation 
of the PI3K/Akt pathway, the effects of EECU on the 
phosphorylation of PI3K and Akt were tested under 
conditions of artificially blocked production of ROS 
with NAC. As shown in Figure 7A, the phosphorylation 
of PI3K and Akt by EECU was greatly restored in the 
presence of NAC, which means that EECU-induced 
inactivation of PI3K/Akt pathway is ROS dependent. 
Furthermore, after T24 cells were co-incubated with 
EECU and NAC, the apoptosis phenomenon markedly 
decreased when compared with the corresponding 
EECU-treated cells (Figure 7B) and reduction in cell 
viability was also blocked (Figure 7C). These results 

Figure 4. Effects of EECU on the levels of MMP values 
and cytochrome c expression in T24 cells. (A) After 48 h 
incubation with the indicated concentrations of EECU, the cells 
were stained with JC-1 dye and were then analyzed on a flow 
cytometer in order to evaluate the changes in MMP. The data 
are expressed as the mean of two independent experiments. (B 
and C) Cells cultured under the same conditions were lysed, 
and cytosolic and mitochondrial proteins were separated by 
SDS polyacrylamide gel electrophoresis and transferred to the 
membranes. The membranes were probed with anti-cytochrome 
c antibody. Proteins were visualized using an ECL detection 
system. Equal protein loading was confirmed by analysis of 
actin and cytochrome oxidase subunit VI (COX VI) in each 
protein extract.

Figure 5. Induction of ROS generation by EECU in T24 
cells. (A) T24 cells were either treated with 800 μg/mL EECU 
for the indicated times or pre-treated with NAC (10 mM) for 1 
h before EECU treatment. The medium was discarded and the 
cells were incubated at 37°C in the dark for 20 min with new 
culture medium containing 10 μM DCF-DA. ROS generation 
was measured by a flow cytometer. The data are the means of 
the two different experiments. (B) Images were obtained using 
a fluorescence microscope (Original magnifications: ×200). 
The images presented here are captured from one experiment 
and are representative of at least three independent experiments.
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indicate that in addition to the inactivation of PI3K/
Akt by EECU, the induction of apoptosis is also ROS 
dependent.

4. Discussion

In recent decades, considerable interest has been given 
to discovering anti-cancer drugs from natural products 
that have been used for a long time for the prevention 
and treatment of various diseases. Recently, while 
the possibility of anti-cancer activity of C. unshiu 
peel extract based on the increase of immune activity 
and anti-inflammatory effect has been raised (31,32), 
little research has been performed on the mechanism 
of cancer cell proliferation inhibition. In this study, it 
was demonstrated that EECU treatment induces the 
apoptosis of human bladder cancer T24 cells. EECU 
also considerably causes irreversible damage to the 
cells because the ability to form colonies by the EECU-
treated cells was lost. In addition, the anti-cancer effect 
of EECU depends on the enhanced ROS generation, 
and the inactivation of the ROS-dependent PI3K/
Akt pathway contributes to the effect of EECU on the 
apoptosis of T24 cells.
	 Apoptosis is a highly organized and complex 
physiological process in which cells destroy themselves, 
which is carried out mainly through two key pathways 
in response to various extrinsic and intrinsic signals 
(7,37). Caspase-8 and -9 are the major initiators of 
the extrinsic and intrinsic apoptosis pathway, which 

results from binding of the cell-surface DRs of the death 
ligands and mitochondrial perturbation, respectively 
(9,11). Activation of caspase-8 and -9 activates effector 
caspases such as caspase-3 and -7 through the activation 
of the caspase cascade system to cause apoptosis by 
causing degradation of the substrate proteins including 
PARP, which is a DNA repair enzyme (38,39). Thus, 
the increased activation of caspase-8 and -9 observed in 
this study indicates that extrinsic and intrinsic pathways 
may be involved in the induction of apoptosis in T24 
cells by EECU. In particular, the increased expression 
of DR-related proteins by EECU treatment supports the 
possibility that the extrinsic pathway may be concerned 
with increased caspase-8 activity. In addition, the loss 
of mitochondrial membrane integrity was observed with 
the most typical intrinsic pathway, and the increased 
translocation of cytochrome c from mitochondria to 
the cytoplasm and increased expression of Bax on Bcl-
2 were also observed in the EECU-treated T24 cells. 
The release of cytochrome c requires insertion of 
mitochondrial membrane and oligomerization of Bax, 
which is a pro-apoptotic protein belonging to the Bcl-
2 family. Thus, the increase in Bax protein expression 
plays an important role in the activation of the intrinsic 
pathway, and Bcl-2 is a typical anti-apoptotic protein that 
suppresses this process (10,11). 
	 EECU also down-regulated the IAP family proteins, 
which selectively bind to caspases and block apoptosis 
due to their ability to act directly as inhibitors (40,41). 
Increased caspase-3 activity and PARP cleavage were 

Figure 6. Inactivation of PI3K/Akt pathway by EECU in 
T24 cells. T24 cells were treated with different concentrations 
of EECU for 48 h (A) or pre-treated with 10 μM LY294002 for 
1 h and then treated with 400 μg/mL EECU for a further 48 h (B 
and C). (A) Equal amounts of cell lysate were resolved by SDS-
polyacrylamide gels, transferred to membranes, and probed 
with the indicated antibodies. The proteins were visualized 
using an ECL detection system. Actin was used as an internal 
control. (B) The DAPI-stained nuclei were then observed with 
a fluorescence microscope (original magnification, ×400). (C) 
The cell viability was measured by an MTT assay. The data are 
expressed as the mean ± SD of three independent experiments 
(*p < 0.05 vs. untreated control; #p < 0.05 vs. EECU-treated 
cells).

Figure 7. ROS-dependent inactivation of PI3K/Akt pathway 
in T24 cells. T24 cells were either treated with 800 μg/mL 
EECU for 48 h or pre-treated with 10 mM NAC for 1 h before 
EECU treatment and then collected. (A) The cellular proteins 
were separated by SDS-polyacrylamide gel electrophoresis and 
transferred to the membranes. The membranes were probed 
with the indicated antibodies, and the proteins were visualized 
using an ECL detection system. Actin was used as an internal 
control. (B) The DAPI-stained nuclei were then observed with 
a fluorescence microscope (original magnification, ×400). (C) 
The cell viability was determined by an MTT assay. Each point 
represents the mean ± SD of three independent experiments (*p 
< 0.05 vs. untreated control; #p  < 0.05 vs. EECU-treated cells).
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also observed. Furthermore, the expression of truncated 
Bid, a pro-apoptotic BH3-interacting domain death 
agonist, in T24 cells exposed to EECU was increased 
in an EECU-treated concentration-dependent manner. 
The truncation of Bid is caused by activated caspase-8, 
which again facilitates caspase-9 activation (42,43). This 
means that Bid acts as a linker molecule linking DR and 
mitochondrial dependent pathway. Therefore, the results 
of this study indicate that the intrinsic pathway activation 
and the extrinsic pathway were simultaneously involved 
in the induction of apoptosis of T24 cells by EECU, 
and that the extrinsic pathway eventually amplified the 
intrinsic pathway through caspase-8-mediated truncation 
of Bid.
	 It is well known that the cellular redox state plays 
a critical role in regulating cell fate including cell 
proliferation and death (12,22). ROS, typical products 
of oxidative stress, are mainly produced in mitochondria 
and function as mediators of various intracellular 
cascade signaling (13,14). In addition, the depletion of 
mitochondrial permeability transition in the apoptosis 
induction process of cancer cells by various substances 
having anti-cancer activity is directly related to the 
abnormal over-production of ROS (15). The attenuation 
of MMP can induce caspase-9 activation, followed by 
activation of effector caspases, ultimately resulting in cell 
apoptosis (13,14). One of the major signal transduction 
systems that closely regulate cell proliferation related to 
the production of ROS in the cell is a PI3K/Akt signaling 
pathway, which is abnormally activated or frequently 
deregulated in a variety of tumors, including bladder 
cancer, to increase resistance to apoptosis (17,20,21). 
According to our results, the production of ROS in the 
EECU-treated T24 cells was rapidly increased at an early 
stage, but was almost completely reversed by NAC, a 
typical antioxidant. In the T24 cells exposed to EECU, 
the phosphorylation PI3K and Akt also decreased as 
the EECU treatment time increased, whereas the total 
PI3K and Akt protein levels remained constant during 
all treatments. In addition, apoptosis induced by EECU 
was further increased when the activity of PI3K/Akt 
was artificially blocked by a specific pharmacological 
inhibitor of PI3K/Akt, LY294002, indicating that the 
inhibition of PI3K/Akt signaling was accompanied by 
apoptosis induced by EECU. Furthermore, T24 cells 
cultured in medium containing NAC significantly 
attenuated EUCC-induced PI3K, Akt dephosphorylation, 
and cytotoxicity, suggesting that the production of ROS 
by EECU was a key step in inhibiting the PI3K/Akt 
pathway in T24 cells. 
	 The above results demonstrate that EECU induces 
apoptosis in T24 cells through activation of both intrinsic 
and extrinsic pathways. Meanwhile, EECU-induced 
apoptosis in T24 cells is mediated by the inactivation of 
the ROS-dependent PI3K/Akt signaling axis, indicating 
that the generation of ROS is a potential upstream 
molecule for PI3K/Akt inactivation and its cytotoxic 

effect. Our findings provide a new perspective on the 
molecular mechanism of the inhibitory effect of C. 
unshiu Peel extracts on the growth of cancer cells. 
Nonetheless, further experiments such as determining 
the EECU efficacy in other cancer cells, the detection 
of bioactive compounds of EECU, and animal testing 
should also be performed.
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1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most 
common cancer worldwide and the second among 
causes of cancer-related deaths among men, whereas 
among women, it is the seventh most common cancer 
and the sixth leading cause of cancer death (1). Liver 
resection remains the optimal treatment for HCC. 
Previously reported overall survival rates are 40% to 

80% at 3 years and 20% to 70% at 5 years after HCC 
resection (2-4). Cumulative recurrence rates remain 
high (50-60% at 3 years and 70-100% at 5 years) (2-
6). Adjuvant therapy has been expected to reduce 
HCC recurrence and prolong postsurgical survival. 
Indeed, several drugs including interferon, sorafenib, 
and acyclic retinoid have been examined to determine 
their protective effect against HCC recurrence (7-10). 
However, effective adjuvant therapies for use after 
HCC resection have yet to be established. 
	 The protective effects of statins against the 
development of HCC were recently indicated in 
patients with hepatitis B (11-13) and hepatitis C 
(14,15), although conflicting results have also been 
reported (16). Use of nucleoside analogues, statins, 
and nonsteroidal anti-inflammatory drugs (NSAIDs)/
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aspirin were reportedly associated with a reduced risk 
of HCC recurrence in patients with hepatitis B, who 
underwent liver resection (17). However, few studies 
have focused on the effectiveness of statin use against 
HCC recurrence after liver resection. We hypothesized 
that statin use can influence HCC recurrence after liver 
resection even in patients who receive statins on a daily 
basis for the treatment of dyslipidemia. 
	 The aim of the present study was to determine 
the prognostic influence of statin use on initial liver 
resection of HCC by comparing long-term outcomes 
between patients who did and did not receive statins. 

2. Methods

2.1. Study population

From January 2003 to December 2013, a total of 
1,337 consecutive patients with HCC underwent 
liver resection at the University of Tokyo Hospital. 
The collected data were retrieved from prospectively 
maintained databases and included baseline patient 
characteristics such as specific drug use (statins), 
operative characteristics, histopathological data, and 
postoperative outcomes. Exposure to statins was defined 
as the use of statins at the recommended daily dosages 
for > 90 days after surgery. These recommended 
daily dosages were as follows: pravastatin, 10 mg/
day; simvastatin, 5 mg/day; fluvastatin, 20 mg/day; 
pitavastatin, 1 mg/day; atorvastatin, 5 mg/day; and 
rosuvastain, 2.5 mg/day. Patients who underwent 
repeated hepatectomy (n = 603) were excluded from 
the present study. The remaining 734 patients were 
included in the analysis. This study was conducted with 
the approval of the Institutional Ethics Review Board 
of The University of Tokyo (ID: 2158-5). Written 
informed consent was obtained from all patients.

2.2. Surgical procedures and histopathological 
assessments

Chest and abdominal contrast-enhanced computed 
tomography, and ultrasonography were routinely 
performed before surgical resection. Additionally, 
magnetic resonance imaging with Gd-EOB-DTPA 
(Bayer Schering Pharma, Berlin, Germany) had been 
performed since 2007. Liver resection was indicated 
according to specific criteria based on preoperative liver 
function parameters, such as the presence/absence of 
uncontrolled ascites, serum bilirubin concentration, and 
indocyanine green retention rate at 15 min (ICG-R15).
(18,19) Briefly, if the serum bilirubin ceoncentration 
was normal, our criteria permitted right hepatectomy 
or trisectoriectomy when the ICG-R15 was < 10%, left 
hepatectomy or sectoriectomy when the ICG-R15 was 
< 20%, subsegmentectomy or monosegmentectomy 
when the ICG-R15 was < 30%, limited resection when 

the ICG-R15 was < 40%, and enucleation when the 
ICG-R15 was > 40%. 
	 The histologic classification of tumors and the 
background liver was based on the system established 
by the Liver Cancer Study Group of Japan (20). The 
histologic differentiation of HCC (well, moderate, or 
poor) was determined according to the Edmondson 
grade (20,21). Both the fibrotic stage and the activity 
of hepatitis in the background liver were also recorded 
according to the classification proposed by Desmet et 
al. (22).

2.3. Postoperative management

Morbidity and mortality were defined as postoperative 
complications and death within 90 days after surgery, 
respectively. Postoperative morbidity was graded 
according to the Clavien-Dindo classification (23).

2.4. Patient follow-up

Measurement of blood tumor marker [alpha-fetoprotein 
(AFP) and des-γ-carboxyprothrombin (DCP)] were 
performed every month for six months after hospital 
discharge. Contrast-enhanced computed tomography or 
magnetic resonance imaging was performed every 3 to 
4 months. 
	 Recurrence was diagnosed as the appearance of a 
new lesion with radiographic features compatible with 
HCC. Recurrence-free survival (RFS) was defined 
as the interval between the operation and the date of 
diagnosis of the first recurrence, and overall survival 
(OS) was calculated based on the time from surgery to 
death or last follow-up.

2.5. Statistical analysis

Categorical variables are expressed as numerical 
figures (%), and were compared between groups 
using Fisher's exact test or the chi-square test as 
appropriate. Continuous variables are expressed as 
median (interquartile range, IQR) and were compared 
using the Wilcoxon's rank-sum test. OS and RFS curves 
were constructed using the Kaplan-Meier method and 
compared using the log-rank test. Factors with a P 
value of < 0.10 in a Cox proportional hazard model 
under univariable analysis were considered potential 
risk factors and were further analyzed in a multivariable 
Cox model. Hazard ratios (HRs) and 95% confidence 
intervals (CIs) were calculated for each factor. Based 
on previously reported evidence, we chose potential 
confounders and dichotomized their cutoff levels of 
continuous variables (5,24-30). A propensity score-
matching analysis (31,32) was used to build a matched 
group of patients. The propensity score model was 
estimated using a logistic regression model. A 1:2 
match without replacement was performed using 

575



www.biosciencetrends.com

BioScience Trends. 2017; 11(5):574-580. 576

3.2. Surgical, histopathological, and postoperative 
factors

Surgical, histopathological, and postoperative factors 
are summarized in Table 2. Red blood cell transfusion 
were performed more frequently in the statin than non-
statin group (16.1% vs. 3.1%, P = 0.004). There were no 
significant differences in the operative time, estimated 
blood loss, or positive surgical margins between the 
two groups. With respect to histopathological factors, 
the proportion of patients with a fibrosis score of F3-4 
was significantly lower in the statin than non-statin 
group (16.1% vs. 39.8%, P = 0.008). The proportions 
of tumor differentiation (poor) and major/minor 
vascular invasion were similar between the groups. The 
operative mortality rate was 0.0% in the statin group 
and 0.3% in the non-statin group (P > 0.999). The 
morbidity and major complication rates were similar 
between the groups. The postoperative hospital stay 
was significantly shorter in the statin than non-statin 
group [13 (10-16) days vs. 15 (12-19) days, P = 0.022].

3.3. Patient survival

The median follow-up time was 37.2 (32.4-51.6) months 
in the statin group and 31.2 (16.8-67.2) months in the 
non-statin group, demonstrating no significant difference 
(P = 0.598). The RFS rate was significantly higher in 
the statin than non-statin group (P < 0.001): the 1-, 3-, 
and 5- year RFS rates were 87.1%, 76.7%, and 76.7%, 
respectively, in the statin group, and 65.3%, 40.6%, and 
32.9%, respectively, in the non-statin group (Figure 1). 
The OS rate was not significantly different between the 
groups: the 1-, 3-, and 5- year OS rates were 96.7%, 

logit (propensity score) through the nearest available 
matching, setting the caliper at 0.20. A P value of < 
0.05 was considered to indicate statistical significance. 
Statistical analysis was conducted using JMP software 
(version 11.0; SAS Institute Inc., Cary, NC).

3. Results

3.1. Patient characteristics

Of the 734 patients, 31 (4.2%) received statins for the 
treatment of dyslipidemia before surgery. There were no 
patients that received statin at the recommended daily 
dosages for ≤ 90 days after surgery. The median statin 
administration period was 37.2 (32.4 – 51.6) months 
postoperatively. The background characteristics were 
compared between patients who received statins (statin 
group) and patients who did not (non-statin group) 
(Table 1). The proportions of patients with hepatitis B 
surface antigen (HBsAg) positivity and hepatitis C virus 
antibody (HCVAb) positivity were significantly lower 
in the statin than non-statin group (HBsAg, 6.5% vs. 
22.8%, P = 0.032; HCVAb, 19.4% vs. 45.0%, P = 0.005). 
The level of triglyceride was significantly higher in the 
statin groups than the non-statin group: [104 (81-150) vs. 
89 (68-122) mg/dL, P = 0.030]. The preoperative AFP 
concentration was significantly lower in the statin than 
non-statin group [3.5 (2.3-8.0) vs. 15.0 (5.0-65.3) ng/mL, 
P < 0.001]. There were no significant differences in age, 
male/female ratio, proportion of patients with hepatitis 
B core antibody (HBcAb) positivity, Child-Pugh class/
score, number of tumors, maximum tumor diameter, 
liver functional parameters, or ICG-R15 between the two 
groups.

Table 1. Patient demographic and clinical characteristics

Variables

Age, years
Sex, male : female 
HBsAg, positive
HBcAb, positive
HCVAb, positive
Child-Pugh class*, A/B/C
Medications
Statins†

No. of tumors, multiple
Maximum diameter of the tumors, mm
AST, IU/L
ALT, IU/L
Total bilirubin, mg/dL
Total cholesterol, mg/dL
Triglyceride, mg/dL
PT, %
ICG-R15, %
AFP, ng/mL
DCP, mAU/mL

Statin group, n = 31

68 (64 - 75)
25:6

2 (6.5)
8 (25.8)
6 (19.4)

28 (90.3)/3 (9.7)/0

31 (100)
7 (22.6)

32 (18 - 106)
31 (28 - 39)
29 (16 - 42)

0.7 (0.5 - 0.8)
163 (146 - 195)
104 (81 - 150)

100.0 (77.6 - 100.0)
10.5 (6.4 - 16.7)
3.5 (2.3 - 8.0)

635.0 (20.0 - 5076.0)

Non-statin group, n = 703

67 (59 - 73)
542:161

160 (22.8)
239 (34.0)
316 (45.0)

650 (92.5)/52 (7.4)/1 (0.1)

-
236 (33.6)

37 (23 - 60)
38 (26 - 53)
35 (22 - 54)

0.7 (0.5 - 0.9)
166 (144 - 191)
89 (68 - 122)

89.0 (76.3 - 100)
12.1 (8.0 - 18.9)
15.0 (5.0 - 65.3)

102.0 (22.0 - 1057.5)

Abbreviations: HBsAg, hepatitis B surface antigen; HBcAb, hepatitis B core antibody; HVCAb, hepatitis C virus antibody; AST, aspartate 
aminotransferase; ALT; alanine aminotransferase; PT, prothrombin time; ICG-R15, indocyanine green retention rate at 15 minutes; AFP, α-fetoprotein; 
DCP, des-γ-carboxyprothrombin. *Child-Pugh score, 5 (5-6) vs. 5 (5-6), P = 0.570. †Recommended dosages for statins: pravastatin, 10 mg/day (n = 5); 
simvastatin, 5 mg/day (n = 1); pitavastatin, 1mg/day (n = 1); atorvastatin, 5 mg/day (n = 19); and rosuvastain, 2.5 mg/day (n = 5).

P value

     0.233
     0.827
     0.032
     0.439
     0.005
     0.876

        -
     0.245
     0.461
     0.191
     0.152
     0.494
     0.822
     0.030
     0.085
     0.207
  < 0.001
     0.103
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93.1%, and 85.3%, respectively, in the statin group, and 
94.2%, 87.1%, and 70.2%, respectively, in the non-statin 
group (P = 0.142).

3.4. Factors associated with recurrence and overall 
survival

HCVAb positivity, use of statins, an ICG-R15 of > 15%, a 
concentration of > 40 IU/L, an AFP concentration of > 20 
ng/mL, a DCP concentration of > 40 mAU/mL, multiple 

tumors, tumor size of > 2 cm, and vascular invasion were 
found to be factors that potentially influenced RFS (Table 
3). The multivariable Cox proportional hazards model 
revealed that use of statins (HR, 0.34; 95% CI, 0.12-0.75; 
P = 0.005) was associated with a significantly lower risk 
of HCC recurrence. Additionally, an ICG-R15 of > 15% 
(HR, 1.27), ALT concentration of > 40 IU/L (HR, 1.46), 
AFP concentration of > 20 ng/mL (HR, 1.39), DCP 
concentration of > 40 mAU/mL (HR, 1.34), multiple 
tumors (HR, 1.94), tumor size of > 2 cm (HR, 1.38), 
and vascular invasion (HR, 1.22) were independent risk 
factors for RFS. Use of statins was not a significant risk 
factor for OS (HR, 0.44; 95% CI, 0.11-1.15; P = 0.102) 
(Table 4). HCVAb positivity (HR, 1.55), an ICG-R15 
of > 15% (HR, 1.39), AFP concentration of > 20 ng/mL 
(HR, 1.37), multiple tumors (HR, 2.22), tumor size of > 
2 cm (HR, 1.72), poor tumor differentiation (HR, 1.79), 
and vascular invasion (HR, 1.47) were independent risk 
factors for OS.

3.5. Patient survival evaluation using propensity score-
matching analysis

After 1:2 case propensity score matching, 31 patients in 
the statin group and 62 patients in the non-statin group 
were analyzed. Patient demographics, and surgical, 
histopathological, and postoperative outcomes were 
comparable after the matching (Supplementary Tables 
S1 and S2, http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=15). The RFS rate was 
significantly higher in the statin than non-statin group (P 
= 0.008) (Figure 2). The OS rate was not significantly 
different between the groups (P = 0.581).

4. Discussion

In the present study, the use of statins was significantly 
associated with a lower HCC recurrence rate. This 
finding is consistent with the RFS rates in the cohort 
after excluding patients with hepatitis B and C. The 

Figure 1. Long-term outcomes between the groups. (a) 
Recurrence-free survival rate was significantly higher in the 
statin than non-statin group (P < 0.001); (b) Overall survival 
rate was similar between the groups (P = 0.160).

Table 2. Surgical, histopathological, and postoperative factors

Variables

Surgical factors 
    Operative time, minutes
    Estimated blood loss, mL
    Red blood cell transfusion
    Surgical margin, positive
Histopathological factors
    Fibrosis score, F3-4*
    Tumor differentiation, poor†
    Vascular invasion
Postoperative factors
    Morbidity
    Major complication
    Mortality
    Postoperative hospital stay, days

Statin group, n = 31

317 (228 - 457)
430 (210 - 1001)

5 (16.1)
1 (3.2)

5 (16.1)
1 (3.2)

11 (35.5)

4 (12.9)
1 (3.2)

0
13 (10-16)

Non-statin group, n = 703

356 (275 - 460)
650 (370 - 1144)

22 (3.1)
18 (2.6)

280 (39.8)
52 (7.4)

271 (38.6)

162 (23.0)
32 (4.6)
2 (0.3)

15 (12-19)

*Based on the classification by Desmet et al. (22). †vs. well/moderate, based on modification of the Edmondson grade (21).

P value

     0.160
     0.059
     0.004
     0.564

     0.008
     0.719
     0.851

     0.271
  > 0.999
  > 0.999
     0.022
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multivariable analysis revealed that the use of statins 
reduced the risk of HCC recurrence after initial liver 
resection. 
	 Certain drugs, including statins, metformin, and 
aspirins/NSAIDs, have been reported to alter the risk of 
HCC development (11,13,15-17). One previous study 
revealed a protective effect of statin use after liver 
resection (17). The study demonstrated that in patients 
with hepatitis B virus-related HCC, the use of nucleoside 
analogues after liver resection was associated with a 
significantly lower risk of HCC recurrence. Additionally, 
use of statins (HR, 0.68) and NSAIDS or aspirins (HR, 
0.80) were found to be significantly associated with a 

lower risk of hepatitis B virus-related HCC recurrence. In 
the present study, use of statins was an independent factor 
associated with a 0.32-fold lower risk of HCC recurrence 
in patients including all etiological backgrounds, whereas 
an ICG-R15 of > 15%, preoperative ALT concentration 
of > 40 IU/L, preoperative AFP concentration of > 20 
ng/mL, preoperative DCP concentration of > 40 mAU/
mL, multiple tumors, tumor size of > 2 cm, and vascular 
invasion were found to be independent risk factors for 
HCC recurrence. 
	 The underlying mechanism of the protective effect 
of statins against the development of HCC has not 
been fully explained. Some possible mechanisms of 

Table 3. Cox proportional hazards model analysis for recurrence free survival

Variables

Age > 65 years 
Male 
HBsAg, positive
HBcAb, positive
HCVAb, positive
Fibrosis (F3-4) vs. (F0-2)
Use of statin
ICG-R15 > 15%
ALT > 40 IU/L
AFP > 20 ng/mL
DCP > 40 mAU/mL
Red blood cell transfusion 
Surgical margin, positive
Multiple tumor vs. solitary tumor
Tumor size > 2 cm
Tumor differentiation, poor 
Vascular invasion, positive

HR

0.92
0.86
1.06
0.98
1.20
1.11
0.30
1.34
1.57
1.66
1.39
0.84
1.62
1.97
1.49
1.18
1.31

95% CI

0.76 - 1.12
0.69 - 1.08
0.84 - 1.34
0.80 - 1.20
0.99 - 1.46
0.91 - 1.35
0.13 - 0.58
1.10 - 1.64
1.28 - 1.91
1.37 - 2.02
1.14 - 1.71
0.40 - 1.53
0.80 - 2.87
1.61 - 2.40
1.15 - 1.97
0.81 - 1.66
1.07 - 1.60

Abbreviations: HBcAb, hepatitis B core antibody; HVCAb, hepatitis C virus antibody; ICG-R15, Indocyanine green retention rate at 15 minutes; 
ALT, alanine aminotransferase; AFP, α-fetoprotein; DCP, des-γ-carboxyprothrombin.

P value

     0.414
     0.186
     0.603
     0.866
     0.062
     0.292
  < 0.001
     0.004
  < 0.001
  < 0.001
     0.001
     0.592
     0.165
  < 0.001
     0.002
     0.384
     0.008

HR

1.05

0.32
1.27
1.46
1.39
1.34

1.94
1.38

1.22

95% CI

0.85-1.30

0.11-0.70
1.02-1.58
1.18-1.80
1.14-1.70
1.07-1.68

1.58-2.38
1.05-1.84

0.99-1.49

P value

     0.662

     0.002
     0.031
  < 0.001
     0.001
     0.009

  < 0.001
     0.022

     0.059

Univariable Analysis                                                      Multivariable Analysis

Table 4. Cox proportional hazards model analysis for overall survival

Variables

Age > 65 years 
Male 
HBsAg, postive
HBcAb, positive
HCVAb, positive
Fibrosis (F3-4) vs. (F0-2)*

Use of statin
ICG-R15 > 15%
ALT > 40 IU/L
AFP > 20 ng/mL
DCP > 40 mAU/mL
Red blood cell transfusion 
Surgical margin, positive
Multiple tumor vs. solitary tumor
Tumor size > 2 cm
Tumor differentiation, poor† 
Vascular invasion, positive

HR

1.21
0.80
0.69
0.98
1.82
1.13
0.44
1.65
1.54
1.76
1.27
1.94
2.69
2.24
1.50
1.62
1.51

95% CI

0.90 - 1.64
0.58 - 1.09
0.46 - 1.00
0.80 - 1.20
1.35 - 2.47
0.84 - 1.52
0.11 - 1.15
1.21 - 2.18
1.15 - 2.07
1.31 - 2.36
0.94 - 1.72
0.76 - 4.03
0.95 - 5.95
1.66 - 3.00
1.01 - 2.31
0.99 - 2.52
1.12 - 20.2

*Based on the classification by Desmet et al. (22). †vs. well/moderate, based on modification of the Edmondson grade (21). Abbreviations: 
HBcAb, hepatitis B core antibody; HVCAb, hepatitis C virus antibody; ICG-R15, Indocyanine green retention rate at 15 minutes; ALT, alanine 
aminotransferase; AFP, α-fetoprotein; DCP, des-γ-carboxyprothrombin.

P value

     0.213
     0.152
     0.049
     0.866
  < 0.001
     0.417
     0.102
     0.001
     0.005
  < 0.001
     0.119
     0.152
     0.061
  < 0.001
     0.042
     0.055
     0.007

HR

0.80

1.55

1.39
1.35
1.37

1.80
2.22
1.72
1.79
1.47

95% CI

0.49 - 1.25

1.08 - 2.24

1.01 - 1.92
0.98 - 1.86
1.00 - 1.87

0.54 - 4.50
1.64 - 3.01
1.15 - 2.66
1.04 - 2.93
1.08 - 2.00

P value

     0.329

     0.017

     0.045
     0.067
     0.047

     0.301
  < 0.001
     0.008
     0.037
     0.016

Univariable Analysis                                                      Multivariable Analysis
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the anticancer effect of statins include inhibition of 
downstream products of the mevalonate pathway (33,34), 
triggering of tumor apoptosis (35), inhibition of the 
proteasome pathway (36), and induction of autophagy 
(37). Approximately half of patients develop HCC 
recurrence 3 years after liver resection (2-6). Although 
adjuvant therapies for HCC have been investigated 
(7), an effective therapeutic option has not yet been 
established. Prospective randomized trials are needed to 
confirm the influence of statin use on patients who have 
undergone liver resection for HCC.
	 The main limitation of our study is its retrospective 
nature and the fact that not all confounders could be 
completely adjusted for despite the use of a multivariable 
analysis and a propensity score-matching analysis. 
The proportion of patients who received statins in our 
series was small (4.2%); however, this is in line with 
the limited proportion of patients who underwent liver 
resection and received statins (3.8%) in a previous report 
(17). Additionally, the influence of statins was unclear 
according to each statin type based on the results and the 
previous studies (11,13,15-17). Second, the protective 
effects of statins against the development of HCC are not 
well defined. Additionally, the adverse effects of statins 
are unclear when they are used for patients without 
dyslipidemia. Statins are generally contraindicated for 
patients with liver damage. Finally, we dichotomized 

continuous variables of potential confounders for HCC 
prognosis based on previous reports and conducted a 
multivariable analysis. Such dichotomization may have 
resulted in lower statistical power. 
	 In conclusion, the risk of HCC recurrence after initial 
liver resection was lower in patients who received statins 
than those who did not. Statins may have protective 
influences on HCC recurrence in patients who undergo 
initial liver resection, although further studies are needed 
to elucidate their adverse effects and influences on HCC 
recurrence. 
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1. Introduction

Major portal vein invasion (MVI) in patients with 
hepatocellular carcinoma (HCC), in which tumor 
thrombi extend to the main or first order branches of 
the portal trunk, is known to be associated with a poor 
prognosis. MVI is detected in 30-62% of advanced 
HCC cases (1-6). The median survival time of untreated 
patients with MVI is reportedly 2.7 to 4 months (6-
8). Although hepatic resection is the only potentially 
curative treatment in patients with MVI, most patients 
rapidly develop recurrence in the remnant liver (1-
4,5,8). Therefore, MVI is a contraindication for hepatic 

resection according to the American Association for 
the Study of Liver Disease (AASLD) and Barcelona 
Clinic for Liver Cancer (BCLC) guidelines, which 
instead recommend treatment with intra-arterial/portal 
chemotherapy or sorafenib (9-11).
	 However, recent advances in surgical techniques 
allow hepatic resection to be performed safely even for 
more severe cancers (3,5,12,13). Some studies showed 
that hepatic resection for MVI may be advantageous 
in terms of avoiding liver failure secondary to tumor 
thrombus (13-17). However, the indications for hepatic 
resection and transarterial therapy in HCC cases with 
MVI differ among institutions (2,3,12,18-20). Thus, the 
treatment for MVI is still controversial and few reports 
have documented the limits and clinical benefits of 
hepatic resection and other therapies. 
	 This study aimed to identify categories of HCC 
patients with MVI who are likely to obtain survival 
benefits from hepatic resection. We retrospectively 
analyzed a large number of HCC patients at a single 
institution who were treated using uniform treatment 
criteria.

Summary Major portal vein invasion (MVI) by hepatocellular carcinoma (HCC) carries an extremely 
poor prognosis. Our aim was to clarify the indications of hepatic resection in the presence 
of MVI by HCC. Between 2001 and 2015, 1,306 patients undergoing primary treatment for 
HCC were analyzed (866 hepatic resections and 440 transarterial therapies). Significant 
prognostic factors were identified by retrospectively analyzing tumor status, liver function 
and treatment. Overall survival was compared in terms of the degree of vascular invasion 
and treatment. The 5-year survival rates according to the degree of vascular invasion (Vp) 
were Vp0: 51.9%, Vp1: 33.0%, Vp2: 16.7%, Vp3: 21.8%, and Vp4: 0%, respectively. Overall 
survival (OS) did not differ significantly between patients with Vp3 and Vp4 MVI (p = 0.153). 
Median survival following hepatic resection of Vp3 cases was significantly better than that 
for Vp4 cases (1,913 vs. 258 days, p = 0.014), while OS following transarterial therapy was 
not significantly different (164 vs. 254 days in Vp3 vs. Vp4, p = 0.137). Multivariate analysis 
revealed hepatic resection (Odds: 2.335 [95%CI: 1.236-4.718], p = 0.008) and multiple tumors 
(1.698 [1.029-2.826], p = 0.038) as independent predictors of survival. Hepatic resection in 
HCC patients with MVI should be indicate in patients with Vp3 invasion.
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2. Patients and Methods

2.1. Patients

Between April 2001 and December 2015, a total of 
2,299 patients were treated for HCC at our hospital 
(1,459 patients underwent hepatic resection and 840 
patients underwent transarterial therapy) (Figure 1). 
Among hepatic resection cases, 593 patients were 
excluded (407 patients who underwent repeat resection 
and 186 patients in whom pathology revealed that the 
tumor was not HCC) from this study. Four hundred 
of the transarterial therapy patients were excluded 
(319 patients with repeat transarterial therapy and 81 
patients' whose tumor did not seem to be classical type 
HCC). Thus, the data from the remaining 1,306 HCC 
cases who underwent primary treatment of HCC at our 
hospital were analyzed. 
	 Based on the degree of portal vein invasion (Vp), 
these patients were divided into 5 groups according to the 
classification of the Liver Cancer Study Group of Japan 
(21), as Vp0 (no tumor thrombus), Vp1 (tumor thrombus 
in the third or lower order portal vein branch), Vp2 
(tumor thrombus in the second order branch), Vp3 (tumor 
thrombus in the first order portal vein branch), and Vp4 
(tumor thrombus extending to the main portal trunk or 
counter side of portal branch of tumor thrombus). We 
defined Vp1 and Vp2 as minor vascular invasion, and 
Vp3 and Vp4 as MVI.

2.2. Indications

The indication for hepatic resection was less than 3 
HCCs with adequate liver functional reserve (21). 

The location and number of tumors were confirmed 
using three different imaging modalities (abdominal 
ultrasonography, enhanced CT and magnetic resonance 
imaging). The upper limit of liver volume to be resected 
was defined on the basis of Makuuchi's criteria, which 
are based on assessment of the indocyanine green 
retention rate at 15 minutes (22).
	 The first-line treatment for transarterial therapy is 
chemoembolization with cisplatin (CDDP), 50-100 
mg/body, or epirubicin, 30-50 mg/body, in a gel form. 
Total bilirubin levels exceeding 3 mg/dL and Vp4 
are contraindications to embolization, and performed 
transarterial chemotherapy alone (CDDP, 5-fluorouracil 
(5FU), 500 mg/body/5days or CDDP, 50-100 mg/body) 
performed to avoid hepatic failure. This study included 
only typical HCC cases, as assessed using radiological 
examinations.

2.3. Surgical procedures

Hepatic parenchymal transection was performed using 
the clamp-crushing method with the inflow blood 
occlusion technique (23-25). Anatomic resection 
of Couinaud's segment was the first-line operative 
procedure for HCC in patients with Child-Pugh class 
A liver function (21). Intraoperative ultrasonography 
was routinely performed to check for minor vascular 
invasion (25). When the tumor thrombus was found 
by intraoperative ultrasonography, extended hepatic 
resection was performed to remove the entire tumor 
thrombus as far as possible. In case of Vp3 and Vp4 
MVI, entire tumor thrombectomy was performed 
using the peel off technique under inflow occlusion 
(2,15).

582

Figure 1. Flow chart of patient inclusion in the study.
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3.2. Characteristics of patients with major vascular 
invasion

In the MVI group, there were 72 patients with Vp3 and 
34 patients with Vp4 invasion (Table 2). The number 
of tumors were significantly smaller in the hepatic 

2.4. Measurements

Patient status (age, gender, presence of hepatic viral 
infection and liver functional reserve), tumor status 
(tumor diameter, number, and tumor marker levels) and 
patient survival were compared in terms of the degree of 
vascular invasion. Postoperatively, the specimens were 
separately checked by a pathologist without access to the 
clinical information, and the degree of vascular invasion 
was estimated.

2.5. Measurements

Student's t-test, χ2 test, Mann-Whitney U test, and 
Fisher's exact test were used for univariate analysis, as 
required. The Cox hazard model was used to calculate 
survival rates, Kaplan-Meier method was used to obtain 
survival curves, and all comparisons were made using the 
log-rank test. P values < 0.05 were considered to indicate 
statistical significance. All the analyses were performed 
using a statistical software package (JMP version 10.0, 
SAS Institute Inc., CA).

3. Results

3.1. Survival in cases with major vascular invasion

There were 900 patients with no vascular invasion 
(Vp0), 241 patients with Vp1, 59 patients with Vp2, 72 
patients with Vp3 and 34 patients with Vp4 invasion 
(Table 1). The 1-, 3-, and 5-year survival rates according 
to the degree of vascular invasion were Vp0: 91.5%, 
72.6% and 51.9%, Vp1: 78.8%, 46.7% and 33.0%, Vp2: 
54.8%, 30.0% and 16.7%, Vp3: 36.4%, 21.8% and 
21.8%, and Vp4: 35.3%, 15.4% and 0%, respectively 
(p < 0.001) (Figure 2A). The 1-, 3-, and 5-year survival 
rates in patients with major Vp were significantly worse 
than in those with minor Vp (37.1%, 21.8% and 12.4% 
vs. 74.6%, 43.4% and 31.3%, respectively, p < 0.001) 
(Figure 2B).

Figure 2. Cumulative survival rates based on the degree 
of vascular invasion. The 1-, 3-, and 5-year survival rates 
according to the degree of vascular invasion were distinct 
among the five groups (A). The 1-, 3-, and 5-year survival rates 
with major vascular invasion were significantly worse than 
those with minor vascular invasion (B).

Table 1. Patients' characteristics according to the degree of vascular invasion

Degree of vasclar invasion

Treatment (Hepatic resection)
Gender (male)
Age (year)
Tumor diameter (cm)
Mulltiple tumors (%)
Hepatitis virus infection (%)
Platelet count (mm4/dL)
Albumin (g/dL)
Bilirubin (mg/dL)
Prothrombin activity (%)
IGCR15* (%)
AFP (ng/mL)
PIVKA-II (mAU/mL)

vp0 (n = 900)

660 (73.3%)
645 (71.7%)
70 (32-87)

2.5 (1.8-3.7)
250 (27.8%)
613 (68.1%)

13.6 (3.7-41.2)
3.8 (2.1-4.8)

0.65 (0.19-2.87)
96 (43-100)

12.9 (8.9-19.4)
13.1 (0.8-10,618)
63 (1.0-75,000)

vp1 (n = 241)

161 (66.8%)
192 (79.7%)
69 (31-86)

4.5 (1.4-17.0)
102 (42.3%)
157 (65.1%)

15.3 (4.0-51.0)
3.8 (1.8-5.0)

0.66 (0.26-3.32)
98 (36-100)

12.2 (8.2-17.5)
33.2 (0.6-145,900)
287 (4.3-75,000)

*: Only operated cases, AFP, alpha-fetoprotein; PIVKA-II, protein induced by Vitamin K absence/antagonists-II.

vp2 (n = 59)

21(35.6%)
44 (74.6%)
70 (47-86)

6.5 (2.0-20.0)
29 (49.2%)
36 (61.0%)

15.9 (9.5-68.6)
3.5 (2.1-4.6)

0.69 (0.24-2.71)
95 (57-100)

11.1 (9.3-14.2)
207.1 (2.1-425,700)
1633 (17.0-114,100)

vp3 (n = 72)

19 (26.4%)
65 (90.3%)
72(52-88)

10.0 (4.0-23.0)
34 (47.2%)
53 (73.6%)

15.5 (3.9-49.8)
3.5 (1.6-4.8)

0.79 (0.24-8.3)
93 (48-100)

11.3 (9.3-13.7)
991.5 (1.0-365,400)
4582 (15.0-75,000)

vp4 (n = 34)

8 (23.5%)
29 (85.3%)
69(44-82)

8.0 (2.4-20.0)
19 (55.9%)
27 (79.4%)

17.5 (8.1-45.5)
3.6 (2.4-4.9)

0.82 (0.44-2.7)
93 (60-100)

17.0 (11.9-22.1)
640.0 (1.4-235,099)
4297 (15.0-89,380)

Total (n = 1306)

869 (66.5%)
975 (74.7%)
69 (44-88)

2.7 (1.84-23.0)
434 (33.2%)
886 (67.8%)

14.0 (3.9-49.8)
3.8 (1.6-4.9)

0.63 (0.24-2.70)
96 (36-100)

12.7 (8.8-22.1)
15.4 (0.6-425,700)
127.0 (1.0-114,100)
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resection than the transarterial therapy groups [Vp3: 
5 (26.3%) vs. 29 (54.7%) patients, p = 0.017, and 
Vp4; 1 (12.5%) vs. 18 (69.2%) patients, respectively, 
p = 0.005]. Serum albumin levels were significantly 
higher in the hepatic resection than in the transarterial 
therapy group (Vp3: median 4.0 g/dL [range: 2.5-
4.8g/dL] vs. 3.4 [1.6-4.6], p = 0.004, Vp4: 3.9 g/
dL [3.7-4.4g/dL] vs. 3.5 [2.4-4.9], respectively, p = 
0.012). There were no significant differences in serum 
bilirubin levels, prothrombin activity and platelet count 
between the two treatment groups. Also, median alfa 
fetoprotein (AFP) levels (p = 0.256 and p = 0.520) and 
median prothrombin induced by Vitamin K absence/
antagonists-II (PIVKA-II) levels (p = 0.413 and p = 
0.351) did not differ significantly between the two 
treatment groups for both Vp3 and Vp4 invasion.

3.3. Survival in HCC patients with major vascular 
invasion stratified according to treatment

Analysis of patients with MVI showed that there 
were no significant differences in survival rates 
between patients with Vp3 and Vp4 invasion (1-, 3- 
and 5-year survival rates: 36.4%, 21.8% and 21.8% 
vs. 35.3%, 15.4% and 0%, respectively, p = 0.153). 
Median survival did not differ significantly according 
t the degree of MVI (Vp3 vs. Vp4: 254 days vs. 206, 
p = 0.696) (Figure 3A). In contrast, median survival 
with Vp3 invasion was significantly better than that 
with Vp4 invasion among patients who underwent 
hepatic resection (1,913 days vs. 258, p = 0.014), while 
median survival did not differ significantly between 
patients with Vp3 and Vp4 invasion who underwent 
transarterial therapy (164 days vs. 254, p = 0.137) 
(Figures 3B, C). In patients with Vp4 invasion, seven 
out of 8 patients (87.5%) rapidly developed recurrence 
of tumor thrombus in the remnant liver within 1 year.

4. Prognostic factors in patients with major vascular 
invasion

Table 2. Characteristics of patients stratified according to the degree of  major vascular invasion (Vp) and the treatment 
received

Items

Gender (male)
Age (year)
Multiple tumors (%)
Tumor diameter (cm)
Hepatitis vuirus infection (%)
Albumin (g/dL)
Bilirubin (mg/dL)
Prothrombin activity (%)
Platelet count (mm4/dL)
AFP (ng/mL)
PIVKA-II (mAU/mL)

Hepatic resection (n = 19)

19 (100%)
63 (53-78)
5 (26.3%)

7.7 (1.7-18.0)
12 (63.2%)
4.0 (2.5-4.8)

0.62 (0.24-2.9)
96 (69-100)

19.1 (8.1-49.8)
677 (1-100500)
2905 (15-75000)

TATx (n = 53)

46 (86.8%)
73 (52-88)
29 (54.7%)

10.0 (5.7-23.0)
41 (76.9%)
3.4 (1.6-4.6)

0.81(0.39-10.7)
89 (48-100)

15.1 (3.9-41.2)
1593 (3-365400)
5776 (22-75000)

TATx, transarterial therapy; AFP, alfa fetoprotein;  PIVKA-II, prothrombin induced by Vitamin K absence/antagonists-II.

p-value

0.033 
0.001 
0.017 
0.116 
0.246 
0.004 
0.172 
0.051 
0.052 
0.256 
0.413 

Hepatic resection (n = 8)

8 (100%)
64 (44-81)
1 (12.5%)

7.0 (1.0-12.0)
7 (87.5%)

3.9 (3.7-4.4)
0.71 (0.5-1.1)
100 (88-100)

12.9 (10.9-18.4)
26 (2.4-17541.1)

2848 (404-178000)

TATx (n = 26)

21 (80.8%)
70 (58-82)
18 (69.2%)

8.5 (1.5-20.0)
 20 (76.9%)
3.5 (2.4-4.9)

0.92 (0.44-2.7)
92 (60-100)

17.8 (8.1-45.5)
1114 (1.4-235099)
5007 (15-89380)

p-value

0.179 
0.132 
0.005 
0.163 
0.518 
0.012 
0.234 
0.113 
0.139 
0.520 
0.351 

                             vp3 (n = 72)                                                                               vp4 (n = 34)

Figure 3. Cumulative survival rates in patients with major 
vascular invasion based on the treatment given. The 1-, 3- and 
5-year survival rates did not differ significantly between Vp3 vs. 
Vp4 invasion, (36.4%, 21.8% and 12.5% vs. 35.3%, 15.4% and 
0%, respectively, p = 0.696) (A). Median survival among patients 
who underwent hepatic resection was significantly higher in 
those with Vp3 versus Vp4 invasion (1,913 vs. 258 days, p = 
0.014) (B), while median survival did not differ significantly in 
patients with Vp3 and Vp4 invasion who underwent transarterial 
therapy (164 vs. 254 days, p = 0.137) (C).
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Univariate analysis revealed five factors that affect 
the prognosis of HCC with MVI (Table 3): hepatic 
resection (Odds ratio: 2.641 [95%CI; 1.535-4.823], p 
< 0.001), multiple tumors (Odds ratio: 1.984 [1.239-
3.197], p = 0.004), tumor diameter (Odds ratio: 
1.834 [1.004-3.692], p = 0.049), albumin level (Odds 
ratio: 1.793 [1.105-3.014], p = 0.046) and bilirubin 
level (Odds ratio: 2.848 [1.178-5.862], p = 0.023.) 
Multivariate analysis revealed that only two factors 
contribute to survival in patients with MVI. Hepatic 
resection is the strongest predictor of survival (Odds 
ratio: 2.335 [1.236-4.718], p = 0.008), while the 
presence of multiple tumors is the second predictor 
(Odds ratio: 1.698 [1.029-2.826], p = 0.038).

4. Discussion

We found that the vascular invasion by HCC is an 
unfavorable factor for survival. In particular, in the 
MVI group, only patients with Vp3 invasion experience 
survival benefits with hepatic resection, while there is 
no clinical benefit of performing hepatic resection in 
patients with Vp4 invasion. Thus, patients with Vp4 
invasion should be treat by transarterial therapy or other 
treatments. 
	 Anatomic resection is the primary therapeutic 
strategy in patients with minor vascular invasion. 
This results in simultaneous treatment of potential 
intrahepatic metastasis via the portal vein (25). Thus, 
hepatic resection provides significant local tumor control 
in case of minor vascular invasion (26,27). In contrast, 
in patients with MVI, the risk of recurrence after liver 
resection remains disappointingly high despite hepatic 
resection (1,28-30). Therefore, the ideal treatment 
strategy for surgical control of vascular invasion in 
patients with MVI is still debatable.
	 Multivariate analysis in our study revealed that 
performing hepatic resection is the strongest predictor 
for survival in MVI. Hepatic resection significantly 

contributed to OS in patients with Vp3, while it had no 
prognostic benefit in patients with Vp4 invasion (31-34). 
In our study, seven out of 8 patients with Vp4 invasion 
(87.5%) developed rapid recurrence of tumor thrombus 
in the remnant liver within 1 year. We speculate 
that Vp4 invasion may result in occult intrahepatic 
metastasis prior to development of the visible thrombus, 
even though the tumor may be single or small. Hepatic 
resection for MVI itself may be one of the risk factors 
for intrahepatic metastasis via the portal vein. Therefore, 
hepatic resection alone does not improve the outcomes 
of HCC with Vp4 invasion. Thus, Vp3 is the only 
degree of invasion that has potential survival benefits 
following hepatic resection. Perioperative transarterial 
chemotherapy, including molecularly-targeted therapy, 
may be a possible treatment option for improving 
survival in patients with Vp4 invasion (18,29-35). 
	 Our study is limited by its retrospective nature, 
which would probably have introduced a selection bias 
between patients who underwent hepatic resection and 
transarterial therapy. However, all treatment protocols 
were decided using uniform criteria, which is a merit of 
this being a single institution study.
	 In conclusion, the present study revealed that 
among HCC with MVI patients, only those with Vp3 
invasion are likely to benefit from hepatic resection. 
Surgical resection in patients with Vp4 invasion should 
be strictly limited, even if the tumor seems completely 
removable by surgery, because of the high incidence 
of early intrahepatic recurrence in the remnant liver. 
Careful consideration of the indications for surgery in 
patients with major Vp contributes to the quality of life 
in patients with advanced HCC.
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Table. 3 Uni- and multivariate analysis of prognostic factors in patients with hepatocellular carcinoma with major 
vascular invasion

Variables

Treatment (surgery)
Gender (male)
Age (> 70 yr.)
Multiple tumors
Tumor diameter (> 50 mm)
Hepatitis virus infection
Platelet count (mm4/dL)
Albumin  (< 3.0 g)
Bilirubin (> 2 mg/dL)
Child Pugh class (B)
AFP  (> 400 ng/mL)
PIVKA-II (>1000 mAU/mL)

Odds

2.641 
0.555 
0.983 
1.984 
1.834 
1.149 
1.049 
1.793 
2.848 
2.480 
1.408 
1.361 

95% CI (Low-High)

1.535 - 4.823
0.310 - 1.083
0.627 - 1.543
1.239 - 3.197
1.004 - 3.692
0.732 - 1.821
0.431 - 2.171
1.105 - 3.014
1.178 - 5.867
0.950 - 5.353
0.896 - 2.215
0.747 - 2.732

AFP, alpha-fetoprotein; PIVKA-II, protein induced by Vitamin K absence/antagonists-II.

p-value

< 0.001
0.815 
0.940 
0.004 
0.049 
0.548 
0.907 
0.046 
0.023 
0.062 
0.137 
0.330

Odds

2.335 

1.698 

1.060 
1.910 

95% CI (Low-High)

1.236 - 4.718

1.029 - 2.826

0.484 - 2.112
0.622 - 5.593

p-value

0.008 

0.038 

0.877 
0.250 

                       Univariate analysis                                                                   Multivariate analysis
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Total bilirubin amount in drainage fluid can be an early predictor 
for severe biliary fistula after hepatobiliary surgery
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1. Introduction

Despite the advances in the surgical and postoperative 
management techniques, the risk of development 
of biliary fistula remains a problem after complex 
hepatobiliary surgery (1-5). An undrained biliary 
fistula may be further complicated by abdominal 
abscess formation and sepsis, necessitating long-term 

drainage or even surgical intervention (6). Therefore, an 
abdominal drain is routinely placed prophylactically in 
many institutions to prevent this postoperative morbidity 
sequence (7,8). On the contrary, however, several 
recent studies have reported that prophylactic drainage 
after hepatic resection may not reduce morbidity, but 
may, in fact, increase the risk of reactive ascites and/
or retrograde infections, resulting in prolongation of the 
patient's hospital stay (9-15). Early removal of drainage 
can minimalize the risk of drainage related infection 
without neglecting bleeding or obvious bile leakage. 
Thus, early removal, at the optimal time, of unnecessary 
abdominal drains is necessary even after complex 
hepatobiliary surgery.
	 The International Study Group of Liver Surgery 
(ISGLS) defined biliary fistula and classified it into 
three grades in 2011 (Table 1); biliary fistula after 

Summary The ratio of the bilirubin concentration in abdominal drainage fluid to the serum bilirubin 
concentration (d-Bil/s-Bil) has been used as a predictor of biliary fistula (BF) formation 
after hepatobiliary surgery. The d-Bil/s-Bil ratio is highly influenced by the amount of 
drainage and is not always reliable, especially when the amount of drainage is large. In 
this study, the usefulness of the d-Bil/s-Bil ratio and total bilirubin amount in the drainage 
fluid (TBA) (bilirubin concentration in the drainage fluid x the amount of drainage) as 
predictors of severe BF (sBF) formation was evaluated retrospectively from the data of 306 
patients who had undergone hepatobiliary surgery. Of the 306 patients, 201 patients were 
included in the training set and the remaining 105 in the validation set, to determine the 
best parameter to predict sBF formation after hepatobiliary surgery. Receiver-operating 
characteristic curve analysis revealed that the predictive power of TBA was superior to 
that of the d-Bil/s-Bil ratio throughout the postoperative period, and that the TBA on 
postoperative day (POD) 1 showed the highest discriminatory power in the training set 
(area under the curve, 0.789; cutoff value, 470 mg/day). The TBA on POD 1 also showed the 
highest predictive power for sBF formation in the validation set, with a sensitivity of 100%, 
specificity of 97.1%, and accuracy of 97.1%. In conclusion, TBA may be a more reliable 
predictor of sBF than the conventionally used d-Bil/s-Bil ratio. Early prediction of sBF may 
be useful for early removal of unnecessary prophylactic drainage tubes after hepatobiliary 
surgery.
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hepatobiliary and pancreatic surgery was defined as an 
at least threefold higher bilirubin concentration in the 
drainage fluid than the serum bilirubin concentration 
on postoperative day (POD) 3 or later, or as the need 
for radiologic or operative intervention resulting from 
biliary collections or bile peritonitis (16). However, 
the bilirubin concentration in the drainage fluid may 
be influenced by the amount of drainage, especially 
in patients with liver cirrhosis and those undergoing 
extended hepatectomy (17). Nevertheless, little is 
known yet about whether the bilirubin "concentration" 
is actually the most reliable measure of the risk of 
development of major biliary fistula or not (18). 
Therefore, this study sought to compare the predictive 
power of the ratio of the bilirubin concentration 
in abdominal drainage fluid to the serum bilirubin 
concentration (d-Bil/s-Bil), the conventionally used 
criterion proposed by the ISGLS, and that of the new 
parameter "total bilirubin amount", to determine the 
best measure for predicting severe biliary fistula 
formation requiring long-term management with 
drainage.

2. Materials and Methods

2.1. Materials

Data of a total of 306 patients who underwent liver 
resections or bilioenteric anastomoses at Toranomon 
Hospital between January 2011 and January 2016 
were retrospectively reviewed. Of the 306 patients, 
the initial 201 patients who underwent surgery from 
January 2011 through March 2015 were included in 
the training cohort to determine the cutoff values of the 
drainage parameters, and the remaining 104 patients 
who underwent surgery between April 2015 and 
January 2016 were included in the split-sample internal 
validation cohort. 
	 Data obtained from the clinical records were used 
to calculate the d-Bil/s-Bil ratio, the conventionally 
used criterion recommended by the ISGLS, and the 
total bilirubin amount (bilirubin concentration in the 

drainage fluid x the amount of drainage) on PODs 1, 
3 and 5. The predictive powers of the two parameters 
for severe biliary fistula formation were compared to 
identify the best clinical measure for this prediction. 
The study was conducted with the approval of the 
institutional review board of Toranomon hospital, and 
all the analyses were performed in accordance with the 
ethical guidelines for clinical research at the hospital.

2.2. Surgery

Hepatic parenchymal transection in all the patients 
was performed by the clamp crushing method using 
Pringle's maneuver or by the microwave precoagulation 
method without vascular occlusion. Bile leakage was 
routinely checked at the final step of the parenchymal 
transection, and a tissue sealant sheet or fibrin glue 
was applied to the raw surface of the liver. Bilioenteric 
anastomosis was performed by intermittent suture 
using 5-0 absorbable suture. A closed suction drain was 
routinely placed near the transected plane or behind the 
biliary anastomosis. Both the amount of drainage and 
the bilirubin concentration in the drainage fluid (and 
serum) were measured on alternate days (PODs 1,3,5,...) 
until the drain was removed.

2.3. Postoperative management

A prophylactic antibiotic, cefmetazole sodium, was 
routinely administered for 2 to 5 days after the surgery. 
The drain was usually removed within 5 days of surgery 
when the d-Bil/s-Bil ratio was < 3, the amount of 
drainage was < 200 mL/day, and there was no evidence 
of infection. In case that the drainage was poor and with 
less fluid, the drain was removed at that point.
	 Biliary fistula was defined according to the ISGLS 
classification. The total bilirubin amount (TBA) was 
calculated by multiplying the drainage volume by the 
bilirubin concentration of the drainage fluid. The d-Bil/
s-Bil ratio was calculated by dividing the bilirubin 
concentration of the drainage fluid by the serum 
bilirubin concentration.

589

Table 1. The International Study Group of Liver Surgery classification of biliary fistula*

Definition 

Grade
    A

    B

    C

Bile leakage is defined as fluid with an increased bilirubin concentration in the abdominal drain or in the intra-abdominal fluid on 
or after postoperative day 3, or as the need for radiologic intervention (i.e., interventional drainage) because of biliary collections 
or relaparotomy resulting from bile peritonitis.
Increased bilirubin concentration in the drain or intra-abdominal fluid is defined as a bilirubin concentration at least 3 times 
greater than the serum bilirubin concentration measured at the same time.

Bile leakage requiring no or little change in patients' clinical management.

Bile leakage requiring a change in patients clinical management (eg, additional diagnostic or interventional procedures) but 
manageable without relaparotomy, or a Grade A bile leakage lasting for >1 week.

Bile leakage requiring relaparotomy.
*Adapted from Koch 2011.
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significantly higher in the hepatectomy group than 
in the bilioenteric anastomosis group in the training 
cohort. The drainage fluid bilirubin concentration and 
the amount of drainage on POD 1 were significantly 
higher in the patient group with severe biliary fistula 
formation than in the patient group not showing severe 
biliary fistula formation. On the other hand, amounts 
of drainage on POD 3 and POD 5 were equivalent 
between the two groups (Table 2). TBA both after 
hepatectomy and after bilioenteric anastomoses had 
similar tendency in non-severe biliary fistula group, 
though in severe biliary fistula group, TBA after 
bilioenteric anastomoses were lower.
	 Table 3 and Figure 1 show the results of the ROC 
analysis conducted to determine the predictive powers 
of the d-Bil/s-Bil ratio and TBA for severe biliary 
fistula formation. The area under the curve (AUC) was 
the highest on POD 1 for TBA (AUC, 0.789) and on 
POD 5 for the d-Bil/s-Bil ratio (AUC 0.712). The cutoff 
value of the TBA on POD 1 was 470 mg/day (positive 

2.4. Statistical Analysis

Data are expressed as median with range. Statistical 
analysis was performed using the Mann–Whitney 
U test for continuous variables and the Chi-square 
test or Fisher's exact test for categorical variables, as 
appropriate.
	 The receiver operating characteristic (ROC) curve 
was used to determine the predictive powers of the 
TBA and d-Bil/s-Bil ratio for severe biliary fistula 
formation (grade B or greater according to the ISGLS 
classification) in the training set, and the predictive 
powers of these drainage parameters were then 
compared in the validation set. All data were analyzed 
using SPSS, version 13.0 (SPSS, Chicago, IL). P < 0.05 
was considered as denoting statistical significance, and 
all the tests were two-sided.

3. Results

The 201 patients of the training cohort consisted of 
100 patients who underwent hepatic resections and 
101 patients who underwent bilioenteric anastomoses. 
Biliary fistula (of any grade) was observed in 66 (32.8%) 
patients, including grade A biliary fistula in 52 (25.8%) 
patients, grade B biliary fistula in 13 (6.4%) patients 
and grade C biliary fistula in one (0.5%) patient. There 
was only one patient with late-onset bile leakage, 
who developed severe biliary fistula on POD 23 after 
discharge. The other patients were diagnosed as severe 
biliary fistula before removal of drainage. Drainage 
was mostly removed after POD 3. There were not any 
patients who developed sever postoperative hepatic 
failure. The incidence of severe biliary fistula was 

Table 2. Patient characteristics and data related with biliary fistula in training set

Items

Male/female
Age (years)
BMI (kg/m2)
Operation type
Hepatectomy
Biliary tract reconstruction
Blood loss
Operation time
Grade of BF
    A
    B
    C
Duration of drainage (d)
Discharg bilirubin concentration (mg/dL)
    POD1
    POD3
    POD5
Discharge amount (mL)
    POD1
    POD3
    POD5

sBF* (n = 14)

9/5
68 (58 – 76)

26.4 (19.8 – 22.0)

13
1

765 (474 – 1107)
307.5 (208 – 381)

13
1

20 (15 – 30)

6.4 (1.5 – 40.6)
4.9 (1.8 – 20.4)
8.0 (3.0 – 30.5)

277 (214 – 463)
66 (24 – 191)

114 (26.5 – 171)

Non-sBF (n = 187)

131/56
67 (60 – 73)

22.3 (19.9 – 24.6)

87
100

531.5 (250 – 1038)
271 (175 – 370)

52

8 (6 – 10)

1.1 (0.9 – 1.6)
1.7 (1.3 – 2.6)
2.0 (1.3 – 2.9)

175 (95 – 294)
50 (15 – 138)

49 (8.5 – 186.5)

Data are median (interquartile range) or numbers of patients unless otherwise indicated. *Biliary fistula was defined according to the international 
study group of liver surgery classification. Abbreviations: sBF, severe biliary fistula; BMI body mass index; POD postoperative day.

     P

   0.764
   0.487
   0.611
   0.001

   0.253
   0.364

< 0.001

   0.001
   0.002
< 0.001

   0.026
   0.388
   0.483

Table 3. Predictive power for severe biliary fistula in 
training set

Items

Bilirubin concentration ratio
    POD1
    POD3
    POD5
Total bilirubin amount
    POD1
    POD3
    POD5

P

0.005
0.106
0.012

0.001
0.007
0.001

AUC

0.701
0.636
0.712

0.789
0.665
0.776

Abbreviations. POD, postoperative day; AUC, area under the curve; 
LR+, positive likelihood ratio; LR-, negative likelihood ratio.

Cut-off value

3.3
3.2
5.4

470
923
469
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Table 4. Patient characteristics and data related with biliary fistula in validation set

Items

Male/female
Age (years)
BMI (kg/m2)
Operation type
Hepatectomy
Biliary tract reconstruction
Blood loss
Operation time
Grade of BF
    A
    B
    C
Duration of drainage (d)
Discharge bilirubin concentration (mg/dL)
    POD1
    POD3
    POD5
Discharge amount (mL)
    POD1
    POD3
    POD5

sBF* (n = 5)

5/0
65 (59 – 69)

20.3 (19.9 – 24.5)

3
2

950 (426 – 978)
238 (184 – 285)

5
0

32 (34 – 65)
	

52.3 (9.4 – 83.9)
18.1 (6.9 – 19.6)
3.4 (3.4 – 5.6)

330 (280 – 473)
72 (31 – 145)

181 (155 – 212)

Non-sBF (n = 99)

66/33
67 (62 – 74)

21.2 (19.5 – 24.1)

63
36

851.5 (479 – 1390)
246 (175 – 330)

13

5 (4 – 7)

1.2 (0.9 – 2.1)
1.85 (1.1 – 2.8)
1.9 (1.1 – 2.9)

176.5 (102 – 270)
53.5 (25 – 220)
50 (13 – 170)

Data are median (interquartile range) or numbers of patients unless otherwise indicated. *Biliary fistula was defined according to the international 
study group of liver surgery classification. Abbreviations: sBF, severe biliary fistula; BMI body mass index; POD postoperative day.

Figure 1. Receiver-operating characteristic curve of the total bilirubin amount. (a), Total bilirubin amount on POD 1 (AUC 
0.789); (b), Total bilirubin amount on POD 3 (AUC 0.665); (c), Total bilirubin amount on POD 5 (AUC 0.776).
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likelihood ratio, 3.10; negative likelihood ratio, 0.36), 
and that of the d-Bil/s-Bil ratio on POD 5 was 5.4 
(positive likelihood ratio, 6.95; negative likelihood 
ratio, 0.54). Of the 6 tested variables, TBA on POD 1 
showed the highest predictive power for severe biliary 
fistula formation, based on the AUC value.
	 The clinical usefulness of the cutoff values 
determined in Figure 1 was then tested in the validation 
cohort. Table 4 reveals the demographic and clinical 
characteristics of the validation group. Of the 105 
patients, biliary fistula formation was observed in 18 
(17.1%) patients, including 13 patients who developed 
grade A biliary fistula and 5 who developed Grade 
B biliary fistula. Table 5 shows the predictive power 
of each of the aforementioned cutoff values in the 
validation set. 
	 Of the tested variables, the TBA on POD 1 showed 
the highest sensitivity (100%) and specificity (97.1%), 
with an accuracy of 97.1%, for severe biliary fistula 
formation. The positive likelihood ratio was 34 and 
the negative likelihood ratio was 0. On the other hand, 
the d-Bil/s-Bil ratio had good specificity on PODs 1, 
3 and 5 (98.9%, 97.6%, 94%), but the sensitivity was 
insufficient.

4. Discussion

In the present study, the predictive power of a new 
measure, the TBA in the drainage fluid, was compared 
with that of the conventionally used d-Bil/s-Bil ratio 
for severe biliary fistula formation after hepatobiliary 
surgery. The ROC curve analyses confirmed the superior 
predictive power of the TBA to that of the d-Bil/s-Bil 
ratio on PODs 1, 3 and 5, and revealed that TBA > 470 
mg/day on POD 1 was the most sensitive measure to 
predict the formation of severe biliary fistula requiring 
continuous drainage, in both the training set and the 
validation set.
	 Prophylactic placement of an abdominal drain after 
hepatobiliary surgery can be useful for early detection of 
hemorrhage, biliary fistula formation, or infection. It can 
also be useful for the treatment of these complications 
(7,8). With the recent advances in surgical and 
perioperative management techniques, however, several 
studies have suggested that prophylactic placement of a 

drain is not always necessary after hepatobiliary surgery 
and that prophylactic drainage may, in fact, increase the 
risk of complications, including retrograde infection (19). 
Because late-onset bile leakage is relatively rare and 
difficult to predict (20), these authors have recommended 
against the routine use of prophylactic abdominal drains 
after hepatobiliary surgery.
	 Yamasaki et al. proposed the "3 x 3 rule" (drainage 
fluid bilirubin concentration less than 3 mg/dL on day 
3 after the operation) as an accurate criterion for the 
removal of a prophylactically placed drain after liver 
resection (21). Tanaka et al. calculated the drainage 
fluid/serum bilirubin concentration ratio multiplied by 
the volume of the drainage fluid, and determined that a 
reliable cutoff value for this parameter on POD 2 was 
200 (18). Although some authors have focused on the 
volume of discharge drainage to determine the cutoff 
value for removal of a prophylactically placed drain, 
the predictive power of the total amount of bilirubin 
drained has not yet been investigated. In this study, the 
drainage fluid bilirubin concentration on POD 1, 3, and 
5 were significantly higher in the patient group with 
severe biliary fistula formation than in the patient group 
not showing severe biliary fistula formation. On the 
other hand, amounts of drainage on POD 3 and POD 
5 were equivalent between the two groups. This may 
be an evidence of that the bilirubin concentration in 
the drainage fluid may be influenced by the amount of 
drainage. That is, the effusion increases over time, and 
the bilirubin concentration may change.
	 The novelty of the current study lies in the 
comparison of the actual predictive powers of the 
conventionally used criterion of the d-Bil/s-Bil ratio 
and the TBA on PODs 1, 3 and 5 for severe biliary 
fistula formation, and in the validation of the measure 
in a different study population. As shown in both in 
Table 3 and Table 5, the TBA showed a better predictive 
power than the d-Bil/s-Bil ratio for severe biliary fistula 
formation, and the TBA on POD 1 showed the highest 
predictive power. However, in this very early period, the 
problem of false positive should be concerned. In fact, 
the false positive rate was 2.9%, and this is sufficient 
as a predictor. Moreover, since patients who have false 
positive results will be re-assessed on POD 3 and receive 
removal of drains, the negative effect may be minimal. 

Table 5. Predictive power of drainage variables for sever biliary fistula in validation set

Items

Bilirubin concentration ratio
    POD1
    POD3
    POD5
Total bilirubin amount
    POD1
    POD3
    POD5

Cut-off value

3.3
3.2
5.4

470
923
469

Sensitivity

26.7
16.7
14.3

100
N/A

0

Abbreviations: POD, postoperative day; LR+ positive likelihood ratio; LR- negative likelihood ratio; NA, not assesible.

Specificity

98.9
97.6
94.0

97.1
N/A
92.8

Accuracy

88.5
83.5
86.5

97.1
N/A
91.4

LR+

23.7
7.08
2.39

34
N/A

0

LR−

0.74
0.85
0.91

0
N/A
1.08
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These results suggest that the risk of severe biliary fistula 
formation could be predicted or detected from the TBA 
on POD 1, and that TBA may be a direct parameter that 
shows the severity of biliary fistula. That is, the greater 
TBA increases, the severer the biliary fistula becomes. 
Therefore, TBA may also serve as a criterion for the 
removal of unnecessary prophylactic drains. Migita et 
al (22). reported that retrograde drain infection could be 
detected from as early as POD 2 after surgery, and that 
early prediction of a drain-related infectious complication 
sequence can aid in the decision making process during 
postoperative management. 
	 Limitations of this study include its retrospective 
nature and its being based on data from a single 
institution. On the other hand, the clinical management 
procedures were constant during the study period and 
similar outcomes were confirmed in both the training set 
and the validation set. The current results are clinically 
important in that early prediction of severe biliary fistula 
formation might be possible with measurement of the 
TBA. Because the bilirubin concentration in the drainage 
fluid is highly influenced by the amount of drainage, 
TBA may serve as a more accurate and direct measure of 
the amount of bile leakage, which might determine the 
risk of severe complication sequences. 
	 It is better to differentiate the bile leak situations, 
such as hepatectomy without bilioenteric anastomoses, 
hepatectomy with bilioenteric anastomoses, and 
bilioenteric anastomoses. Since the incidence of 
severe biliary fistula was low in each situation, it was 
impossible to do this analysis in this study. A validation 
study using a larger prospective database is warranted to 
confirm the current results. However, we think TBA is 
a direct parameter and thus may not be affected by the 
reasons and mechanism for biliary fistula.
	 In conclusion, TBA may be a more reliable measure 
for predicting severe biliary fistula formation than the 
conventionally used d-Bil/s-Bil ratio. Early prediction 
of severe biliary fistula formation may allow early 
removal of unnecessary prophylactic drains placed after 
hepatobiliary and pancreatic surgery.
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5-aminolevulinic acid (5-ALA) fluorescence-guided Mohs surgery 
resection of penile-scrotal extramammary Paget's disease

Xiaoqiong Peng§, Wei Qian§, Jiangang Hou*
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1. Introduction

Extramammary Paget's disease (EMPD) is a rare 
malignancy that mainly affects the anogenital region in 
elderly people, first described by Crocker in 1889 (1). 
The disease is usually misdiagnosed as eczema and the 
lesions commonly develop in the vulva, penis, scrotum, 
perineum, perianal area, umbilicus and axilla.
	 The method of surgical excision and defining 
the surgical margin of EMPD remain controversial. 
At present, surgical modalities including Mohs 
micrographic surgery, fluorescent dyes and frozen 
section examination (FSE) are recommended to ensure 
clear margins. With regard to treatment, neither the 

method of surgical excision nor the size of the surgical 
margin has been standardized because of the anatomical 
complexity of genital lesions. Even extensive resections 
are complicated by a high local recurrence rate (15-
44%) due to several characteristics of EMPD, such as 
multicentricity and ill-defined margins (2-3).
	 While many attempts to increase the rate of 
complete resection have been made, conclusive 
evidence supporting the efficacy of these approaches 
is limited. Studies using photodynamic therapy have 
been published, however achieving solely palliative 
results (4). Imiquimod cream at 5% concentration, 5% 
5-fluorouracil cream, CO2 laser and the association 
of two or more therapeutic approaches may also 
be used, with variable results (5). Increasing the 
incidence of complete resection, without causing excess 
morbidity, requires new methods to accurately identify 
neoplastic tissue intraoperatively, such as use of the 
drug 5-aminolevulinic acid (5-ALA). It is utilized 
as a precursor of a photosensitizer for performing a 
photodynamic diagnosis (PDD) and photodynamic 
therapy (PDT) to confirm and kill tumor cells (6-8). In 

Summary This report aims to evaluate the usefulness of 5-aminolevulinic acid (5-ALA) fluorescence-
guided Mohs surgery resection of penile-scrotal extramammary Paget's disease for achieving 
maximum tumor resection. Between January 2014 and December 2015, 5 patients underwent 
surgical resection of a penile-scrotal extramammary Paget's disease in department of urology, 
Huashan hospital, Fudan University. All patients were coated with 5-ALA (concentration of 
20%) throughout the scrotum and the visible range of the lesion plus a 2cm margin 3 hours 
before the induction of anesthesia. 5-ALA fluorescence was visualized using an ultraviolet 
(UV) light at 405 nm. Surgical margin was determined in a standardized manner. The extent 
of resection was evaluated on the basis of frozen and histology sections. If the fluorescence 
positive punctate lesions were found outside the resection range, we removed the lesions and 
sent them for pathological examination. All data were prospectively collected, and the short- 
and long-term outcomes of the treatment strategy were analyzed. Lesions in the blue light 
turns red after irradiation, the fluorescence-guided surgery delineated range is less than the 
naked eye, intraoperative frozen prompted negative margins, postoperative pathological 
diagnosis. A total of 31 scattered lesions were found. After biopsy pathology prompted four 
were positive. In conclusion, 5-ALA fluorescence-guided minimum range can be completely 
removed in penile-scrotal Paget's lesions, and it is able to detect distant scattered lesions.

Keywords: 5-aminolevulinic acid, fluorescence, Mohs surgery, extramammary Paget's disease

DOI: 10.5582/bst.2017.01224Brief Report

Released online in J-STAGE as advance publication October 
16, 2017.
§These authors contributed equally to this work. 
*Address correspondence to:
Dr. Jiangang Hou, Department of Urology Research Institute, 
Huashan Hospital Affiliated to Fudan University, Shanghai, 
200040, China.
E-mail: hou_jiangang@126.com



www.biosciencetrends.com

BioScience Trends. 2017; 11(5):595-599.

addition to the utilization of PDD and PDT, 5-ALA has 
been used to treat inflammatory disease, autoimmune 
disease and transplantation due to the anti-inflammation 
and immunoregulation properties by upregulation of 
heme oxygenase (HO)-1 expression and release of heme 
metabolites (9,10). Monitoring the distribution of PpIX 
is a useful tool for visualizing tumor locations, since the 
ALA-induced PpIX fluorescence accumulates primarily 
in malignant tumor tissue and its fluorescence is much 
stronger than that in normal skin. However, the clinical 
demarcation of the lesion is still a frequent problem. 
5-ALA has been widely used to aid intraoperative 
identification of malignant gliomas, showing better 
cytoreduction and marked benefits for patients (11). 
Chan et al reported that 5-ALA is a useful intra-
operative guide for resection. It increases the percentage 
of total removal of the tumor (12). According to the 
above results, we want to demonstrate for the first time a 
case of penile-scrotal EMPD was treated effectively by 
Mohs surgery resection guided by 5-ALA fluorescence. 
	 This study allowed us to examine the usefulness of 
these techniques for detecting tumor border and distant 
scattered lesions. To evaluate the characteristics and 
efficacy of 5-ALA fluorescence-guided resection of 
EMPD, we report a clinical series of 5 patients during 
surgical resection of the lesions.

2. Materials and Methods

2.1. Inclusive criteria

According to the experience of the department of 
dermatology on the therapy in skin disease using the 
5-ALA (13), the present study included 5 patients with 
penile-scrotal extramammary Paget's disease at our 
department between January 2014 and December 2015. 
All patients were diagnosed by biopsy in the department 
of dermatology and without prior chemotherapy 
ra¬diotherapy or biological therapy, or laser, frozen, or 
focal drug application.

2.2. Exclusive criteria

Those patients with severe light allergy, cardiac or 
cerebral vascular disease, severe liver or heart failure, 
other malignant tumor or hematologic disease, systemic 
immune disease, infectious disease, or inflammatory 
disease. Those patients who could not finish follow-up, 
died accidentally, or had incomplete clinical information.

2.3. Major equipment and reagent

The 5-aminolevulinic acid (5-ALA) (Shanghai 
Fudan-zhangjiang Bio-Pharmaceutical Co., Ltd. 
Shanghai, China) was obtained from the hospital. The 
photodynamic diagnosis instrument used the ultraviolet 
torch.

2.4. Surgical procedures

All patient's penile-scrotal lesions were coated with 
5-ALA (concentration of 20%) throughout the visible 
range of the lesion plus a 2 cm margin 3 hours before the 
induction of anesthesia. Surgical margin was determined 
in a standardized manner. The extent of resection was 
evaluated on the basis of frozen and histology sections. 
If the fluorescence positive punctate lesions were found 
outside the resection range, we removed the lesions and 
sent them for pathological examination. Each biopsy site 
was sutured with 4-0 nylon.

2.5. Case Illustration

A 72-year-old male patient with recurrent penile-
scrotal extramammary Paget's disease was initially 
admitted to the Urology Department of our hospital. 
Physical examination showed that there was sporadic 
edema erythema, popular eruption over an area of 6.0 
× 3.0 cm2 in the penile-scrotal region (Figure 1A). 
Histopathological examination biopsy confirmed 
extramammary Paget's disease. We prepared a fresh 
solution of 5-aminolevulinic acid (5-ALA) solution 
(20%) by dissolving 5-ALA powder in physiological 
saline solution. The lesion plus a 2 cm margin were 
covered by ALA-soaked gauze for 3 h (Figure 1B). 
Before surgery, lesion locations were visualized by 
fluorescence examination using a light emitting diode 
(LED) emitting ultraviolet (UV) light at 405 nm. 5-ALA's 
fluorescent product, protoporphyrin IX (PpIX), showed 
a characteristic bright brick-red color (Figure 1C). Under 
light visualization, the fluorescing areas were marked 
(Figures. 2A, 2B). Lesions in the blue light turn red after 
irradiation, the fluorescence-guided surgery delineated 
range is less than the naked eye can see, intraoperative 
frozen prompted negative margins, A total of 7 scattered 
lesions were found and resected (Figures 2C, 2D).

2.6. Tumor pathology 

Tissue samples first underwent immediate frozen section 
analysis. After the operation all samples including 
scattered lesions were sent for routine histology.

2.7. Postoperative complications and follow-up 

Follow-ups were performed every 3 months after 
treatment via telephone or outpatient clinic visits, and 
follow-up lasted for 12-24 months (average follow-
up 17.8 months). Side-effects such as photosensitivity 
reactions or inflammation and recrudescence were 
observed.

3. Results and Discussion

Clinical and histological characteristics including 
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margins, for a postoperative pathological diagnosis. 
A total of 31 scattered lesions were found. After serial 
biopsies pathology prompted that four were positive. 
Surgical margins were negative in all patients.
	 The median follow-up duration was 17.8 months 
(range, 12-24 months). All patients were alive with no 
evidence of side-effects (photosensitivity reaction or 
inflammation) and local recurrence or metastasis at the 
end of the follow-up period.
	 Extramammary Paget disease (EMPD) is a cutaneous 
neoplasm presenting with erythematous spread, mainly 
on the genitals. As the tumor margin sometimes presents 
as ill-defined and multicentric, local recurrence after 
surgical excision is an important issue to overcome. 
Although surgical treatment with wide local excision 
(WLE) has been the standard choice of treatment, the 
recurrence rate is reported to be 33-60% (14). The 
significant morbidity and deformity after WLE is also 
problematic.
	 Differentiation of EMPD of the penoscrotal area 
from normal tissue is clearly frequently difficult, and 
setting a clear surgical margin is also difficult because of 
scrotal tissue redundancy. Therefore, various trials, such 
as intraoperative frozen sections or Mohs micrographic 
surgery (MMS), were performed to achieve tumor-free 
margins. However, frozen sections have a false-negative 
rate of 10.4%, up to as high as 40%, and is known to 
have no improvement in disease outcome (15,16). MMS 
may lower local recurrence rate (17-20) but is time-
consuming and requires additional faculty for use.
	 As the tumor margin sometimes presents as ill-
defined and multicentric, local recurrence after surgical 
excision is an important issue to overcome. Photodynamic 
diagnosis has been utilized intraoperatively to detect 
positive surgical margins (21). Over the last decade, 
5-aminolevulinic acid (5-ALA) has acquired considerable 
attention as a feasible agent for photodynamic diagnosis 
and therapy.
	 ALA is a precursor to heme in the heme cycle. When 
excess ALA is supplied to tissues, malignant tumor 
cells can take up the exogenous 5-ALA and convert it to 
a fluorescent photosensitizer, protoporphyrin IX (PpIX). 
Monitoring the distribution of PpIX is a useful tool for 
visualizing tumor locations, since the 5-ALA-induced 
PpIX fluorescence accumulates primarily in malignant 
tumor tissue and its fluorescence is much stronger than 
that in normal skin (22).
	 This report demonstrates for the first time the 
effective treatment of penile-scrotal extramammary 
Paget's disease with Mohs surgery resection guided by 
5-ALA-induced fluorescence. To define clinically the 
apparent borders of the tumor as well as the extent of 
the tumor invasiveness 5-ALA was used. Biopsies from 
all the fluorescing lesions showed some histological 
extramammary Paget's disease, indicating the efficiency 
of ALA-induced fluorescence in detection and 
demarcation of EMPD. 

surgical results are summarized in Table 1. Five patients 
with penile-scrotal extramammary Paget's disease (all 
men, median age, 69.8 years; range, 65- 77 years) were 
enrolled in the analysis. Tumors were diagnosed based 
on biopsy by department of dermatology. The mean 
maximal tumor diameter of all surgical specimens was 
5.6 cm (range, 4-7cm) (pre-PDD) and 4.8 cm (range, 
3.5-6cm) (post-PDD). All 5 patients underwent the 
surgical procedures described above, and no side-
effects were attributed to 5-ALA. Lesions in the blue 
light turn red after irradiation, the fluorescence-guided 
surgery delineated range is less than the naked eye can 
see, intraoperative frozen sections prompted negative 

Figure 1. Surgical procedures. (A) A 72-year-old male 
patient with recurrence of penile-scrotal extramammary Paget's 
disease showed that there was sporadic edema erythema, 
popular eruption over an area 6.0 × 3.0 cm2 in the penile-
scrotal region. (B) The penile-scrotal lesion was coated with 
5-ALA (concentration of 20%) throughout the visible range 
of lesion plus a 2cm margin 3 hours before the induction of 
anesthesia. (C) Before surgery, lesion locations were visualized 
by fluorescence examination using a light emitting diode 
(LED) emitting ultraviolet (UV) light at 405 nm. Under light 
visualization, the fluorescing areas were marked. Lesions in the 
blue light turned red after irradiation.



www.biosciencetrends.com

BioScience Trends. 2017; 11(5):595-599. 598

	 Protoporphyrin seems to be the metabolite mainly 
responsible for tissue fluorescence. Slight fluorescence 
is always present in normal skin especially that of 
the intertriginous areas. This is due to the normal 
presence of propionibacteria, which are able to produce 
porphyrins (23). The fluorescence of these bacteria is 
pale and ill defined. In addition, after ALA application, 
normal unaffected skin of any area is also able to 
produce porphyrins, showing a slightly ill defined 
fluorescence. In contrast, the fluorescence of the tumor 
tissue is intense and sharply demarcated. When using 
5-aminolevulinic acid (5-ALA)-mediated Photodynamic 
diagnosis (PDD), many studies have obtained better 
results (24-28).
	 However, in some cases it is difficult to excise the 

lesion completely, especially if it is distant or located 
in a critical anatomical site. In this study, we revealed 
feasibility of photodynamic diagnosis using 5-ALA for 
scattered lesions or those located in a critical anatomical 
site resection by direct intraoperative inspection of the 
tumor. We showed that the use of 5-ALA led to a higher 
frequency of complete resection of the scattered lesions 
and avoided large-scale resections. Intraoperatively, 
5-ALA fluorescence-guided resection was useful 
especially when a tumor was distant or located in a 
critical anatomical site.
	 The study had some limitations such as small sample 
size and a short follow-up period. However, our results 
indicate that 5-ALA fluorescence-guided resection of 
penile-scrotal extramammary Paget's lesions was a 

Figure 2. Lesions in the blue light turns red after irradiation, the fluorescence-guided surgery delineated range is less than 
the naked eye can see (A, B), intraoperative frozen sections prompted negative margins, scattered lesions were found and 
resected (C, D).

Table 1. Surgical characteristics, pathological findings, short and long-term outcomes of patients with penile-scrotal 
extramammary Paget's disease

No.

1
2
3
4
5

Age (yr)

67
65
69
77
71

Biopsy

Paget
Paget
Paget
Paget
Paget

Tumor size (cm)
Pre-PDD

5.0 × 6.0
5.0 × 6.5
4.0 × 5.5
5.0 × 7.0
5.0 × 6.5

Tumor size (cm)
Post-PDD

4.0 × 5.0
5.0 × 6.0
5.0 × 6.0
4.5 × 5.0
3.5 × 4.0

Scattered lesions
(PDD+)

7
6
5
7
6

Pathology positive

1
0
0
2
1

follow-up (mo)

12
16
24
21
15
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feasible strategy for visualizing margins and maximum 
tumor resection was achieved with satisfactory outcomes.
	 In  conclusion 5-ALA f luorescence-guided 
minimum range can completely remove penile-scrotal 
extramammary Paget's lesions, and it is able to detect 
distant scattered lesions.
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Non-linear association between alcohol and incident frailty among 
community-dwelling older people: A dose-response meta-analysis

Gotaro Kojima*, Steve Iliffe, Ann Liljas, Kate Walters

Department of Primary Care and Population Health, University College London, London, UK.

Beneficial effects of light-to-moderate alcohol 
consumption against various diseases suggested 
by numerous population-based studies have been 
controversial and debated in the literature (1). There 
has been limited evidence regarding whether light-
to-moderate alcohol consumption is also protective 
against frailty (2). Frailty is a state characterized by 
decreased physiological reserve resulting from age-
related accumulated deficits across multiple systems, 
with increased risks of various negative health outcomes 
(3). Although a few prospective cohort studies have 
examined associations between alcohol and risk of 
frailty, the results are mixed and inconclusive (4-
6). Our recent systematic review and meta-analysis 
study suggested that alcohol consumption is associated 
with lower risks for frailty (pooled odds ratio (OR) of 
incident frailty among the highest alcohol use categories 
compared with non-drinkers = 0.44, 95% confidence 
interval (CI) = 0.19-1.00, p = 0.05) (2). However, only 

data of the heaviest drinkers were used in the main meta-
analysis and the association of intermediate alcohol use 
categories with incident frailty has not been investigated 
(2). Therefore, to further explore potential linear and 
non-linear associations between alcohol consumption 
and incident frailty risk, we conducted a two-stage dose-
response meta-analysis using the data from the same 
longitudinal cohort studies.
	 The data used come from three prospective studies 
examining associations between quantity of alcohol 
consumption and incident frailty (4-6), identified in our 
previous systematic review and meta-analysis study, that 
provided data on frailty risk according to quantity of 
alcohol consumption (2). A value (in grams of alcohol 
per day) assigned to each alcohol consumption category 
was based on a mid-point of the upper and lower 
boundary values of the category. When the ranges of 
the alcohol consumption were different by gender in the 
same category, the assigned value was modified based 
on the gender proportion in the category. For the highest 
alcohol consumption category with only the lower 
boundary value, the boundary value multiplied by 1.2 
was assigned (7). All three studies included had defined 
frailty according to the Fried phenotype (8). Crude 
relative risk (RR) and 95% CI of incident frailty for 
each alcohol consumption category compared with non-
drinking category were calculated and used for the meta-

Summary A recent systematic review and meta-analysis study suggested that higher alcohol 
consumption is associated with lower risks for frailty. However the apparent protective effect 
may not be true because of some limitations. Therefore we further explored potential linear 
and non-linear associations using a two-stage dose-response meta-analysis. Restricted cubic 
splines were applied with three fixed knots at percentiles (10%, 50%, and 90%). A two-stage 
dose-response meta-analysis showed a significant non-linear association (p for non-linearity 
< 0.001); incident frailty risk decreased until around 15 g/day of alcohol consumption and 
increased thereafter. This suggests that while moderate alcohol consumption is associated with 
a lower risk of frailty, at higher consumption levels this apparent protect effect is lost. Given 
these findings, non-linear associations should be considered in future research on alcohol and 
frailty.
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analyses.
	 Potential linear and non-linear dose-response 
associations between alcohol consumption and incident 
frailty were estimated using a two-stage dose-response 
meta-analysis (9). A random-effect model was used 
when heterogeneity was detected using the chi-square 
test, and a fixed-effect model was used otherwise. 
For the non-linear association, in the first stage, the 
restricted cubic spline method was applied with three 
fixed knots at percentiles (10%, 50%, and 90%) of the 
alcohol consumption distribution. In the second stage, 
the regression coefficients and the variance/covariance 
matrix were combined. Non-linearity was examined 
by the null hypothesis that the coefficient of the second 
spline is equal to zero. All statistical analyses were 
conducted using StataSE 14 (StataCorp LP, College 
Station, Texas, USA).
	 We included three studies examining incident frailty 
risks according to alcohol consumption among a total 
of 30,929 community-dwelling older people (age ≥ 60 
years old) with 4,433 incident frailty cases (4-6). These 
studies categorized alcohol consumption into three or 
four categories with various cut-points (4-6).
	 For the linear association, a two-stage fixed-effect 
dose-response meta-analysis was conducted because of 
absence of significant heterogeneity (p = 0.27). There 
was a significant inverse linear association (pooled RR 
= 0.83 per 10 g/day increase in alcohol, 95% CI = 0.80-
0.85, p < 0.001). However there was also a significant 
non-linear association between alcohol consumption and 
incident frailty risk (p for non-linearity < 0.001). In the 
model, the incident frailty risk by alcohol consumption 
showed a U-shaped association. The frailty risk 
decreased until around 15 g/day of alcohol consumption 
and increased thereafter. Predicted linear and non-linear 
incident frailty risk estimates by alcohol consumption are 
depicted in Figure 1. The non-linear model had a better 
fit, based on Akaike's information criterion (AIC) and 
Bayesian information criterion (BIC); AIC and BIC of 
the linear model were 82.6 and 81.7, respectively, while 
AIC and BIC of the non-linear model were 21.5 and 

21.4, respectively.
	 We found a significant non-linear dose-response 
association between alcohol consumption and incident 
frailty among community-dwelling older people. Our 
analysis showed a U-shaped association, with the 
lowest risk with drinking around 15 g of alcohol per 
day (equivalent to approximately 2 UK units of alcohol 
or approximately 1 standard drink in the US). The 
incident frailty risk slowly increased at consumption 
above 15 g/day, however remained below that of non-
drinkers until the highest alcohol value in our dataset (40 
g/day).
	 These results should be interpreted with caution 
because of some limitations. First, only three studies 
were included in the analysis. The small number of the 
included studies also limited us in undertaking flexible 
non-linear dose-response analysis with more knots. 
Second, the highest alcohol consumption category was 
approximately 40 g/day (4) and it was not possible 
to examine frailty risk above that limit. Alcohol 
consumption less than 40 g/day may be too low to cause 
any clinically meaningful worsening of frailty even 
in older people (10). Third, all RRs used in the dose-
response meta-analyses were unadjusted since they 
were calculated based on data from the included studies. 
Therefore our findings may be confounded by important 
factors like age, gender, smoking and socioeconomic 
status.
	 More research on the associations between alcohol 
consumption and frailty is needed. Future research 
should consider using higher cut-points to categorize 
alcohol consumption than 40 g/day, and use such 
statistical methods to examine potential dose-response 
non-linear associations. It is also vital to that future 
studies control for potential confounders.
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Activity outside the home, environmental barriers, and healthy 
aging for community-dwelling elderly individuals in China
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Activity outside the home plays an important role in 
maintaining health among the elderly. Activity outside 
the home refers to activities performed in daily life and 
includes activities related to social networking, work, 
and transportation (1-3). Regular outings from a limited 
"living area" (i.e. an area where a person spends large 
amounts of time engaged in everyday activity) facilitates 
participation in meaningful activities within a society (4). 
These social activities may help the elderly ameliorate 
feelings of loneliness, build social networks, and satisfy 
social needs. In addition to the social aspects, elderly 
individuals engage in the most intense levels of physical 
activity outside of the home (5). Previous studies have 
suggested that going outside less frequently is associated 
with poorer overall health and mental problems in the 
elderly. Therefore, the elderly benefit from engaging in 
activities outside the home with a certain frequency since 
such activities sustain overall health and functioning in 
comparison to individuals who do not engage in activities 

outside the home (6-8). 
	 In 2007, the World Health Organization collected 
basic information on elderly people in 33 nations and 
then published Global age-friendly cities: A guide (9). 
This guide suggests that multi-floor residential buildings 
be equipped with an elevator if residents are elderly 
individuals. An age-friendly city has buildings that are 
more accessible to meet the varying needs of elderly 
people. Accordingly, elderly individuals need to reside 
on lower floors of residential buildings or have access to 
an elevator in a multi-floor residential building to remain 
able to engage in activities outside the home. Moreover, 
the 2015 World Report on Aging and Health outlines a 
framework for action to foster Healthy Aging built around 
the new concept of functional ability (10). The report 
indicated that architectural obstacles need to be reduced 
in order to facilitate activity by the elderly and it also 
revealed that varying levels of physical functioning and 
mental ability may limit activity by the elderly. Therefore, 
architectural plans need to feature ramps, handrails, 
elevators, and appropriated signage to facilitate use by the 
elderly, regardless of their level of activity. 
	 Environmental barriers are associated with 
unsatisfactory living conditions or inadequate 
infrastructure. The elderly are predicted to have 

Summary Elderly individuals benefit from frequently engaging in activities outside the home because such 
activities sustain the overall health and functioning of an aging body. However, environmental 
barriers can limit participation in activities outside the home by elderly individuals. The current 
study examined the factors that influence the frequency with which elderly individuals living in 
China engage in activity outside the home. Data were collected from 2,402 elderly individuals 
residing in the Jiangning district of Shanghai, China in 2015. Face-to-face interviews were 
conducted based on a questionnaire, and multiple regression analysis was used to measure 
influencing factors. Results revealed that elderly respondents with a better self-reported health 
status (p = 0.2499) engaged in activities outside the home more frequently. In addition, elderly 
respondents residing on higher floors of multi-floor residential buildings (p < 0.001) were 
less likely to participate in activities outside of the home. This effect was virtually eliminated, 
however, when the residence in question was equipped with an elevator (p < 0.001). 

Keywords: Floor of residence, multi-floor residential building, activities outside the home, elevator, 
elderly individuals
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significantly lower scores for activities of daily living 
(ADL) and instrumental activities of daily living (IADL) 
if environmental barriers restrict their ability to engage 
in activities outside the home (11). This finding is 
substantiated by correlations between environmental 
barriers and restricted ability to engage in activities 
outside the home. In addition, many studies have provided 
evidence of an association between depressive mood and 
engaging in activities outside the home less frequently 
due to environmental barriers (5,7,8). A European study 
on how environmental barriers influence activities outside 
the home found that an environment of poor quality and 
poor street connectivity led to elderly individuals being 
unwilling go outside (12). In contrast, a Tokyo study 
found that green spaces near the residence of elderly 
individuals encourage their desire to engage in activities 
outside the home and may decrease their risk of mortality 
(11). 
	 Unquestionably, Chinese elderly are faced with the 
environmental barriers mentioned earlier. However, 
there is one particular environmental barrier that many 

Chinese elderly are likely to face but that Western elderly 
may not encounter. This particular environmental barrier 
is living in an apartment building that is not equipped 
with an elevator because of the age of many residential 
buildings in China. Descending stairs may hamper elderly 
individuals from engaging in activities outside the home, 
and thus eventually lead to inactivity. This inactivity, in 
turn, results in a decline in health and functioning. For 
this population, environmental pressure may decrease the 
desire to engage in activities outside the home.
	 According to China's Design Code for Residential 
Buildings promulgated in 1987, a building with more than 
7 floors must be equipped with an elevator. In 2016, the 
elderly population (≥ the age of 60) in Shanghai totaled 
4.58 million (13). Recent statistics indicated that 1.8 
million elderly people resided in old buildings in Shanghai 
in 2013 (14). Old buildings referred to a three- (or four-
) story house or an older style building with fewer than 
seven floors. None of these old buildings were equipped 
with an elevator.
	 In order to investigate whether the floor of residence 
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Table 1. Baseline characteristics of elderly individuals who had to descend stairs or who lived on the ground floor/had access 
to an elevator

Items

Gender
     Male
     Female
Age
ADL
IADL
Self-reported health*

     Unhealthy
     Healthy
Floor of residence
     Ground floor
     Second floor
     Third floor
     Fourth floor
     Fifth floor
     Sixth floor
     Seventh floor
     > Seventh floor
Activities
     Inside only
     Outside the home

Descended stairs to engage in exercise 
outside the home, N (%)

   668 (58.09)
   728 (58.15)
  71.24 ± 7.34
  19.62 ± 0.84
    7.67 ± 0.94

   612 (59.48)
   781 (57.13)

       0 (0)
   471 (97.52)
   310 (95.98)
   232 (91.7)
   182 (83.49)
   169 (81.25)
     32 (43.84)
       0 (0)

   237 (69.1)
1,159 (56.29)

Live on the ground floor or used an elevator to 
engage in exercise outside the home, N (%)

482 (41.91)
524 (41.85)
70.57 ± 7.01
19.74 ± 0.88
  7.72 ± 0.86

417 (40.52)
586 (42.87)

509 (100)
  12 (2.48)
  13 (4.02)
  21 (8.3)
  36 (16.51)
  39 (18.75)
  41 (56.16)
335 (100)

106 (30.9)
900 (43.71)

ADL refers to routine activities in daily life that people are capable of performing, without assistance. These necessary functions include eating, 
bathing, dressing, and toileting; IADL refers to instrumental activities of daily living, including light housework, food preparation, shopping, and 
managing one's finances. *6 of 2,402 respondents did not respond to the question about self-reported health on the questionnaire.

 p value 

   0.9762

   0.0441
< 0.0001
   0.1754
   0.2499

< 0.0001

< 0.0001

Table 2. Factors influencing the desire of respondents to engage in activities outside the home

Effects

Age
Gender (Female vs. Male)
Self-reported health status (Healthy vs. Unhealthy)
ADL
IADL
Elevator (Yes vs. No)
Floor of residence

Point Estimate

0.913
1.139
3.048
1.068
1.480
2.051
0.968

95% Wald Confidence Interval

0.896 - 0.930
0.875 - 1.483
2.304 - 4.034
0.936 - 1.219
1.303 - 1.682
1.519 - 2.768
0.939 - 0.998

ADL refers to routine activities in daily life that people are capable of performing, without assistance. These necessary functions include eating, 
bathing, dressing, and toileting; IADL refers to instrumental activities of daily living, including light housework, food preparation, shopping, and 
managing one's finances. *6 of 2,402 respondents did not respond to the question about self-reported health on the questionnaire.

 p value

< 0.0001
   0.3323
< 0.0001
   0.3296
< 0.0001
< 0.0001
    0.0342
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influences the desire of community-dwelling elderly 
to engage in activities outside the home, 2,402 active 
individuals age 60 or older residing in the Jiangning 
district of Shanghai, China were surveyed. Face-to-
face interviews were conducted in 2015 based on a 
questionnaire. Respondents were divided into two groups: 
respondents who had to descend stairs to go outside 
and respondents who lived on the ground floor or who 
did not need to descend stairs as a result of access to an 
elevator. Demographic characteristics including age, 
gender, and self-reported health status and physical status 
including scores for both ADL and IADL were obtained. 
Multiple regression analysis was used to identify the 
factors influencing the desire of respondents to engage in 
activities outside the home.
	 As shown in Tables 1 and 2, the results yielded three 
interesting findings. First, elderly respondents with a better 
self-reported health status engaged in activities outside 
the home more frequently. Second, the floor on which 
a respondent resided was associated with the frequency 
with which the respondent engaged in activities outside 
the home. Further, the current study found that residing 
on a higher floor of a building resulted in less desire 
to engage in activities outside the home. Interestingly, 
respondents residing in an apartment building equipped 
with an elevator retained the desire to go outside and 
remain active, and these individuals were less influenced 
by the floor on which they resided. The results indicate 
that an elevator is extremely important within this context, 
enabling improvement of a less than ideal situation.
	 Activity outside the home is quite important to 
successful aging. Environmental barriers predict a 
significant decline in activity outside the home. In the 
current study, descending stairs represented a substantial 
environmental barrier to engaging in activities outside 
the home. Unfortunately, most of the old apartment 
buildings in China lack an elevator, so residents must 
descend stairs to go outside. However, an elevator can 
eliminate that problem. In light of this information, multi-
floor residential buildings with elderly residents should be 
equipped with an elevator. Moreover, results of the self-
reported health status indicated that elderly individuals 
with a better self-reported health status engaged in 
activities outside the home more frequently. This suggests 
that relatives, and society at large, should encourage those 
individuals to engage in activities outside of the home.
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