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Summary

Different diets consumed by individuals of different ethnicities, gender, and age may
cause changes in blood pressure. The current study sought to investigate changes in blood
pressures after consumption of a high-carbohydrate (high-CHO) diet by healthy Chinese
adolescents. As a population, the Chinese consume a diet with a high carbohydrate content
and they have a low incidence of hypertension and coronary artery disease. Dietary data
were collected using a 3-day diet diary. Subjects were 672 high school students who were
divided into a high-CHO diet group (≥ 55% carbohydrates) and a non-high-CHO diet
group (< 55% carbohydrates, < 40% fats). Plasma glucose levels, heart rate, systolic blood
pressure (SBP), and diastolic blood pressure (DBP) were measured. Body mass index
(BMI), waist-to-hip ratio (WHR), pulse pressure (PP), and mean arterial pressure (MAP)
were calculated. Results indicated that males had a higher BMI, glucose level, SBP, DBP,
PP, and MAP than females. When diet was taken into account, males in the non-high-CHO
diet group had a higher SBP and PP than females. Males in the high-CHO diet group had
a higher glucose level than females. Males in the high-CHO diet group had a lower SBP (p
= 0.004) and PP (p = 0.002) than males in the non-high-CHO diet group and females in the
high-CHO diet group had a lower glucose level (p = 0.003) than females in the non-highCHO diet group. After adjusting for age, BMI, WHR, heart rate, the total daily energy
intake, and the intake of vitamin C, calcium, sodium, potassium and magnesium, significant
differences in SBP and PP were noted in males. These results indicate that male adolescents
consuming a high-CHO diet had a lower SBP and PP than males consuming a non-highCHO diet.
Keywords: Diastolic blood pressure, high-carbohydrate diet, mean arterial pressure, pulse
pressure, systolic blood pressure

1. Introduction
Coronary artery disease (CAD) is the leading cause
of death worldwide (1). A series of risk factors for
CAD, including age, gender, obesity, hypertension, and
dyslipoproteinemia, has been identified over the past
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few decades (2). Hypertension, a common condition
in many countries (3), is closely associated with an
increased risk of CAD (4) and seriously affects the
health and the quality of life of both the elderly and
children. In China, the overall prevalence of a relatively
high blood pressure among children aged 7-17 years
has increased markedly, rising from 19.29% for boys
and 14.69% for girls in 2000 to 26.16% for boys and
19.77% for girls in 2010 (5). The increased prevalence
of hypertension may be one explanation for the steadily
increasing risk of CAD in younger populations over
the past few decades (6). The treatment and control
of hypertension is a crucial and effective intervention
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to deal with CAD. A reduction of 3 mmHg in systolic
blood pressure (SBP) has been found to result in a
5% reduction in CAD mortality (7). Pulse pressure
(PP) is a well-established independent predictor for
cardiovascular outcomes (8). However, hypertension
control in younger individuals has received less attention
than that in middle-aged individuals and the elderly (9).
Therefore, further efforts must be made to understand
the development of hypertension and to identify more
effective ways to control it in youth.
Studies have indicated that there is a significantly
lower risk of hypertension (10) and CAD (11) in the
Chinese population. Interestingly, more than 67%
of this population's dietary energy is derived from
carbohydrates (12,13). A study of this traditional diet
has found that a higher percentage of energy intake in
the form of carbohydrates is significantly associated
with a lower risk of hypertension (14). In fact, a host
of studies suggests that high-carbohydrate (high-CHO)
diets can lower blood pressure levels (15-17). However,
data also indicate that there are no significant changes in
blood pressures after a high-CHO dietary intervention
(18). A meta-analysis of intervention trials shows that
high-CHO diets may be associated with slightly higher
blood pressure than high-cis-monounsaturated fat diets
(19). This inconsistency may be the result of different
genetic and environmental backgrounds (20) and
ethnicities (21) or even gender. However, few studies
have been sought to investigate the effects of highCHO diets on blood pressure in healthy adolescents of
different genders. These effects have not been reported
yet in healthy boys and girls, much less in Chinese,
despite the fact that this population consumes a diet
with a high carbohydrate content and this population
has a lower incidence of hypertension and CAD.
Therefore, a cross-sectional study was conducted to
investigate changes in blood pressure induced by the
high-CHO diet in healthy Chinese Han adolescents of
different genders.
2. Methods
This study was i) approved by The Ethical Committee
of Sichuan University, and ii) was conducted with the
understanding and the written consent of each high
school participant and her/his guardian.
2.1. Subjects
This study was conducted at a boarding high school
(grades 11 and 12) located on the outskirts of the City
of Chengdu, Sichuan Province, the People's Republic
of China. This western province has been influenced by
industrialization far less than China's eastern provinces.
Volunteers were recruited via advertisements seeking
healthy students. Students with health problems and
students taking medication that might affect their blood

pressure were excluded from final analysis. In total, 672
students (280 males and 392 females) aged 15-18 years
served as subjects. These individuals were apparently
healthy, as indicated by medical questionnaires and
physical examinations. All of the students were of the
Chinese Han ethnic group.
2.2. Dietary data collection
Based on the results of a preliminary study at this high
school, dietary data were collected in a 3-day diet diary
for the 3 days before blood samples were taken and
anthropometric variables were determined. Actual foods
by item and amount were displayed on a table in front
of each classroom to help the students more accurately
estimate what and how much they consumed during
each meal. The students were instructed to complete
questionnaires in their classrooms. Dietary components
were calculated using computer software developed
by the Department of Nutrition and Food Safety of the
Chinese Center for Disease Control (Beijing, China).
Dietary intake by the students was categorized as a
high-CHO diet and a non-high-CHO diet on the basis
of fat and carbohydrate contributions to total energy. A
high-CHO diet was defined as no less than 55% of total
energy derived from carbohydrates (22) while a nonhigh-CHO diet was defined as less than 55% of total
energy derived from carbohydrates and less than 40%
of total energy derived from fats.
2.3. Physical examinations and laboratory analyses
Venous blood samples were collected after fasting for
12 hours. Collection took place between 7:00 and 8:00
a.m. after which the subject's height, weight, waist
circumference, hip circumference, heart rate, SBP, and
diastolic blood pressure (DBP) were measured (blood
pressure was measured using a standard mercury
sphygmomanometer with 1 of 5 cuff sizes chosen on
the basis of the circumference of the participant's arm).
Plasma glucose levels were determined using
an enzymatic method as previously described (23).
Inter- and intra-assay coefficients of variation were
less than 6%. Each variable was measured three
times independently, and the average of the three
measurements was used for statistical analyses. Each
subject's body mass index {BMI, =weight (kg)/[height
(m)]2}, waist-to-hip ratio [WHR, = waist circumference
(cm)/hip circumference (cm)], pulse pressure [PP, =SBP
(mmHg)-DBP (mmHg)], and mean arterial pressure
[MAP, =1/3SBP (mmHg)+2/3DBP (mmHg)] were
calculated.
2.4. Statistical analyses
The normality of the data for each variable was tested
using a Shapiro-Wilk test. Subjects consuming the high-
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CHO diet (denoted here as the "high-CHO diet group")
and those consuming the non-high-CHO diet (denoted
here as the "non-high-CHO diet group") were compared
using the mean values of variables and both genders
were compared using an independent-samples t-test.
Multiple linear regression analysis was used to adjust
for confounding variables. Statistical significance was
defined as p ≤ 0.05. Results are expressed as the mean
± standard deviation (S.D.) unless stated otherwise.
3. Results
3.1. Characteristics of the two diets
Characteristics of the non-high-CHO diet and the
high-CHO diet consumed by the subjects in this study
are shown in Table 1. The non-high-CHO diet group
consumed a diet consisting of 12.75% proteins, 36.08%
fats, and 51.51% carbohydrates while the high-CHO
diet group consumed a diet consisting of 11.76%
proteins, 27.00% fats, and 61.58% carbohydrates. There
were significant differences between the two groups
in terms of total daily energy intake and the intake of
calcium, sodium, potassium, and magnesium except for
vitamin C intake (p = 0.068).
3.2. Subject characteristics
The baseline characteristics of the subjects are shown
in Table 2. All of the subjects were of the Chinese Han
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ethnicity and all were high school students aged 16.85
± 0.59 years. Males were older, they had a greater
BMI, they had higher plasma glucose levels, they had a
higher SBP, PP, and MAP, and they had a lower WHR
and heart rate than females.
3.3. Blood pressure of the high-CHO diet group and the
non-high-CHO diet group
The blood pressure of subjects consuming the highCHO diet or the non-high-CHO diet is shown in Table
3, along with their age, BMI, WHR, heart rate, and
plasma glucose levels. Males who consumed the nonhigh-CHO diet were older and had a higher SBP and
PP compared to females who consumed the same diet.
Males who consumed the high-CHO diet were older
and had higher plasma glucose levels than females
who consumed the same diet. In addition, females had
a higher WHR and heart rate than males, regardless of
the diet.
Subjects consuming the high-CHO diet had
significantly lower glucose levels and a lower SBP, PP,
and MAP than subjects consuming the non-high-CHO
diet. After adjusting for age, gender, BMI, WHR, heart
rate, the total daily energy intake, and the intake of vitamin
C, calcium, sodium, potassium, magnesium, significant
differences in SBP, PP, and MAP were noted. After
adjusting for age, gender, BMI and the total daily energy
intake, significant differences in glucose levels were not
noted. When gender was taken into account, males in the

Table 1. Dietary characteristics of the non- high-CHO diet and the high-CHO diet consumed by subjects in this study
Variables
Number of subjects
Total energy (kilocalories/d)
Proteins (% of total energy intake)
Fats (% of total energy intake)
Carbohydrates (% of total energy intake)
Vitamin C (mg/d))
Calcium (mg/d)
Potassium (g/d)
Sodium (g/d)
Magnesium (mg/d)

Non-high-CHO diet

High-CHO diet

n = 266
3.129 ± 1.469
12.75 ± 2.58
36.08 ± 2.50
51.51 ± 2.64
62.84 ± 45.30
427.3 ± 340.2
2.086 ± 1.426
3.812 ± 1.777
349.9 ± 205.4

n = 406
2.346 ± 1.065
11.76 ± 2.85
27.00 ± 5.70
61.58 ± 5.57
56.51 ± 42.82
319.8 ± 253.0
1.619 ± 1.142
2.732 ± 1.580
275.5 ± 156.6

p

< 0.001
< 0.001
< 0.001
< 0.001
0.068
< 0.001
< 0.001
< 0.001
< 0.001

Data are the mean ± S.D. p represents the non-high-CHO diet vs. the high-CHO diet in an independent-samples t-test.

Table 2. Baseline characteristics of the subjects in this study
Variables

Total (n = 672)

Males (n = 280)

Females (n = 392)

Age (years)
BMI (Kg/m2)
WHR
Heart rate (bpm)
Glucose (mg/dL)
SBP (mmHg)
DBP (mmHg)
PP (mmHg)
MAP (mmHg)

16.85 ± 0.59
20.46 ± 3.19
0.78 ± 0.05
82.29 ± 11.06
90.94 ± 7.60
118.5 ± 11.80
72.42 ± 10.63
46.08 ± 9.19
87.78 ± 10.14

16.95 ± 0.61
20.80 ± 3.28
0.77 ± 0.04
79.53 ± 10.64
92.53 ± 8.03
120.80 ± 11.97
73.24 ± 10.33
47.56 ± 8.85
89.09 ± 10.07

16.78 ± 0.56
20.21 ± 3.10
0.79 ± 0.05
84.27 ± 10.94
8 9.81 ± 7.07
116.86 ± 11.41
71.84 ± 10.81
45.02 ± 9.30
86.85 ± 10.10

Data are the mean ± S.D. p represents females vs. males in an independent-samples t-test.
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p
< 0.001
0.019
0.001
< 0.001
< 0.001
< 0.001
0.092
< 0.001
0.005
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Data are the mean ± S.D. p represents the Non-high-CHO diet vs. High-CHO diet in an independent-samples t-test. a Adjusted p value obtained from multiple linear regression; b After adjusting for age, gender, BMI, and
energy intake; c After adjusting for age, BMI, and energy intake; d After adjusting for age, gender, BMI, WHR, heart rate, energy intake, and intake of vitamin C, calcium, sodium, potassium, and magnesium; e After adjusting
for age, BMI, WHR, heart rate, energy intake, and intake of vitamin C, calcium, sodium, potassium, and magnesium; f p ≤ 0.05 compared to males in the group on the same diet according to an independent-samples t-test; g p
≤ 0.001 compared to males in the group on the same diet according to an independent-samples t-test.

0.136
0.428
0.507
0.111
0.003
0.103
0.397
0.310
0.224
16.81 ± 0.57f
20.13 ± 3.14
0.79 ± 0.05f
83.64 ± 9.84g
89.13 ± 6.44g
116.26 ± 11.00
71.54 ± 10.61
44.72 ± 9.46
86.45 ± 9.77
16.72 ± 0.53g
20.41 ± 3.00
0.79 ± 0.05f
85.84 ± 13.20g
91.49 ± 8.21
118.34 ± 12.31f
72.57 ± 11.29
45.77 ± 8.92f
87.82 ± 10.86
0.795c
0.013e
0.338e
0.027e
0.102e
0.678
0.379
0.919
0.618
0.327
0.004
0.435
0.002
0.093
16.94 ± 0.63
20.61 ± 3.63
0.77 ± 0.04
79.87 ± 11.10
92.01 ± 7.17
118.53 ± 11.29
72.71 ± 10.53
45.82 ± 7.44
87.98 ± 10.21
16.97 ± 0.59
20.96 ± 2.97
0.77 ± 0.04
79.24 ± 10.28
92.96 ± 8.68
122.68 ± 12.22
73.68 ± 10.18
49.00 ± 9.66
90.01 ± 9.90
0.086b
0.003d
0.150d
0.033d
0.029d
0.809
0.082
0.682
0.631
< 0.001
< 0.001
0.122
< 0.001
0.007
16.85 ± 0.59
20.28 ± 3.30
0.78 ± 0.05
82.46 ± 10.38
90.03 ± 6.80
116.97 ± 11.12
71.91 ± 10.59
45.06 ± 8.87
86.93 ± 9.92
16.86 ± 0.58
20.72 ± 2.99
0.78 ± 0.05
82.04 ± 12.04
92.34 ± 8.50
120.83 ± 12.42
73.21 ± 10.66
47.63 ± 9.47
89.08 ± 10.36
Age (years)
BMI (kg/m2)
WHR
Heart rate (bpm)
Glucose (mg/dL)
SBP (mmHg)
DBP (mmHg)
PP (mmHg)
MAP (mmHg)

pa
p
Males

Non-high-CHO diet High-CHO diet
(n = 153)
(n = 127)

pa
p
Total

Variables

Table 3. Age, BMI, glucose levels, and blood pressure of subjects on the non-high-CHO diet or the high-CHO diet

The lower prevalence of hypertension and CAD in the
Chinese population has been well documented (10,11).
The traditional Chinese diet has a high carbohydrate
content (12,13) that may help to limit risk factors for
hypertension and CAD. The current results showed that
in the healthy Chinese adolescents of this study, the
male subjects taking the high-CHO diet had lower SBP
and PP than the males taking the non-high-CHO diet.
The results of most observational studies that
investigated the effects of both type and amount of
carbohydrate intake on blood pressure are contradictory
(15,16,18). For example, diets with a high carbohydrate
content coming mainly from sucrose and fructose are
reported to raise blood pressure (24-26). However,
results of the International Population Study on
Macronutrients and Blood Pressure (INTERMAP),
which included 4,680 subjects aged 40-59 years
from 4 countries (the People's Republic of China,
Japan, the United Kingdom, and the United States),
have suggested a weakly inverse or even an indirect
relationship between blood pressure and starch intake
(27). In contrast, results of the Multiple Risk Factor
Intervention Trial (MRFIT) indicated that dietary starch
consumption was positively associated with blood
pressure (28). The traditional Chinese diet mainly
consists of white rice, and most of the carbohydrates in
white rice are starch (29). The current results provide
significant evidence that male adolescents in the highCHO diet group had a significantly lower SBP and PP
than male adolescents in the non-high-CHO diet group
after adjusting for confounding variables that might
influence blood pressure. Since high-CHO diets have
a lower proportion of energy from fats, a lower blood
pressure may be the result of reduced fat since a lower
blood pressure after consuming a high-CHO diet is
independent of changes in plasma insulin levels (30).
Similarly, males in the current study who did not have
lower plasma glucose levels nonetheless had a lower
SBP and PP compared to males in the non-high-CHO
diet group. However, females in the high-CHO diet
group who did not have a lower blood pressure had
even lower plasma glucose levels.
The current findings indicate that the high-CHO
diet affected blood pressure differently in males and
females. A significant decrease in blood pressure after
consuming a high-CHO diet was noted only in males
and not in females. The different outcomes resulting
from a high-CHO diet might be due, at least in part, to
physiological (31), pathological (32), or psychological

Females

4. Discussion

Non-high-CHO diet High-CHO diet
(n = 113)
(n = 279)

p

pa

high-CHO diet group had a significantly lower SBP and
PP than males in the non-high-CHO diet group (Table 3).
Females in the high-CHO diet group had a lower glucose
level (Table 3). After adjusting for various variables,
significant differences were still noted (Table 3).

0.023c
0.109e
0.316e
0.445e
0.185e
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Non-high-CHO diet High-CHO diet
(n = 266)
(n = 406)
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variation or to different hormonal effects (33,34).
For example, previous studies have indicated that
estrogen can lead to a lower level of serum angiotensinconverting-enzyme (ACE) activity (33) and higher
level of ACE2 activity (34), leading to higher blood
pressure in male mice (34). The detailed mechanism by
which a high-CHO diet affects blood pressure needs to
be elucidated in further studies.
A 3-day diet diary was used to collect dietary
information in the present study. The total daily energy
intake, the intake of vitamin C, calcium, sodium,
potassium, and magnesium, and the proportion of
energy derived from carbohydrates, fats, and proteins
with respect to the total energy intake was calculated
using software. The data obtained by these methods
may not accurately reflect the dietary habits of the
individuals studied. Therefore, this limitation should be
taken into account when the results of the present study
are cited.
In summary, the current results indicate that healthy
Chinese male adolescents consuming a high-CHO diet
had a lower SBP and PP than males consuming a nonhigh-CHO diet. The beneficial effects on blood pressure
of the high-CHO diet may be one explanation for the
lower prevalence of hypertension and CAD as has been
documented in the Chinese population. Further studies
have the potential to reveal the underlying mechanisms
of a high-CHO diet, which may reduce the risk of
hypertension and CAD.
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