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Association between high sensitivity C-reactive protein and dietary
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BACKGROUND/OBJECTIVES: High sensitivity C-reactive protein (hsCRP) is a strong independent predictor of future cardiovascular
disease (CVD) risk. We evaluated the relationship between hsCRP and dietary intake in apparently healthy young women living
in southern Vietnam.
SUBJECTS/METHODS: Serum hsCRP was measured and dietary intake data were obtained using the 1-day 24-hour recall method
in women (n = 956; mean age, 25.0 ± 5.7 years) who participated in the International Collaboration Study for the Construction
of Asian Cohort of the Korean Genome and Epidemiology Study (KoGES) in 2011.
RESULTS: Women in the high risk group (> 3 mg/L) consumed fewer fruits and vegetables, total plant food, potassium, and
folate than those in the low risk group (< 1 mg/L). A multiple regression analysis after adjusting for covariates revealed a
significant negative association between hsCRP and fruit and vegetable consumption. A logistic regression analysis showed
that the odds ratio (OR) of having a high hsCRP level in women with the highest quartiles of consumption of fruits and
vegetables [OR, 0.391; 95% confidence interval (CI), 0.190-0.807], potassium [OR, 0.425; 95% CI, 0.192-0.939] and folate [OR,
0.490; 95% CI, 0.249-0.964] were significantly lower than those in the lowest quartiles.
CONCLUSIONS: These results suggest that, in young Vietnamese women, an increased consumption of fruit and vegetables
might be beneficial for serum hsCRP, a risk factor for future CVD events.
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INTRODUCTION15)
Inflammation is involved in the progression of atherosclerosis
and cardiovascular disease (CVD) [1,2]. Several studies have
reported that an increased level of hsCRP, a marker for low
grade inflammation, is associated with an increased CVD risk
among various populations across the world [3-5]. CVD mortality
is twice as high in a group with hsCRP > 3 mg/L, a level
considered high risk by the American Heart Association (AHA)
and the Center for Disease Control and Prevention (CDC) [6],
compared to those with < 1 mg/L (low risk) [7].
hsCRP is a strong independent predictor for future CVD outcomes.
Among apparently healthy non-smoking, normoglycemic,
normolipidemic, premenopausal women participating in the
Women’s Health Study, the risk of future cardiovascular events
was four times higher in those with the highest hsCRP than
in those with the lowest hsCRP [8]. hsCRP has also been
proposed as a more powerful predictor of cardiovascular events
than other markers of inflammation or lipids in the plasma such as

amyloid A, soluble intercellular adhesion molecule, interleukin-6,
homocysteine [9], and even low-density lipoprotein cholesterol,
a well-established conventional risk factor for CVD [10].
Several studies have reported a significant association between
hsCRP and various dietary factors, suggesting that hsCRP can
be modifiable by manipulating the diet. hsCRP level is higher
in subjects who consume high quantities of meat, total fat,
saturated fat, and cholesterol [11-13], and is lower in those who
consume high quantities of fruits and vegetables, fish and
poultry [14], and dietary fiber [15]. Furthermore, a healthy
pattern (high intake of fruits, vegetables, tomatoes, poultry, legumes,
tea, fruit juices, and whole grains) is inversely associated, whereas
a western pattern (high intake of refined grains, red meat, butter,
processed meat, high-fat dairy, sweets and desserts, pizza,
potato, eggs, hydrogenated fats, and soft drinks) is positively
associated with high hsCRP [16].
Vietnam is undergoing a rapid change in economic development, urbanization, and diet transition with an increasing trend
in the number of people with CVD risk factors [17,18]. CVD
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mortality in Vietnam now accounts for nearly 40% of the mortality
due to noncommunicable diseases [19]. The prevalence of some
CVD risk factors such as obesity and dyslipidemia has been
reported for Vietnamese women [20,21], but not for serum
hsCRP levels, which might be a better predictor of future CVD
risk. Although many studies have demonstrated an association
between hsCRP and dietary intake, very few studies have
investigated such a relationship in young women in their 20s
and 30s [11]. Given that hsCRP is a powerful predictor of future
CVD events, and that its level can be modified by diet, studies
on the relationship between hsCRP and diet may help develop
core messages for dietary intervention strategies. Therefore, we
investigated the relationship between serum hsCRP and diet
in healthy Vietnamese young women.

SUBJECTS AND METHODS
Study subjects
This study was part of the International Collaboration Study
for the Construction of Asian Cohort of the Korean Genome
and Epidemiologic Study (KoGES). This study protocol was
approved by the Human Investigation Review Board of Ewha
Womans University College of Medicine (ECT 200-18 200-19)
and informed consent for participation was obtained from all
subjects. The subjects were Vietnamese women living in the
city of Can Tho (a suburb of Ho Chi Minh City, Southern
Vietnam), Vietnam. Subjects were invited to participate in a
comprehensive baseline health screening at a local health
center in 2011. Among the 1,005 women (non-pregnant, nonlactating) without history of chronic disease, those with missing
information on dietary intake (n = 1), energy consumption < 500
kcal (n = 2) or > 4,000 kcal (n = 7), and those without anthropometric variables and blood profiles (n = 39) were excluded.
Therefore, 956 women were finally eligible for this study.
General characteristics
The subjects were individually interviewed by trained
technicians using standard protocols. Vietnamese translators
helped in the process whenever needed. A questionnaire was
developed for this study that included questions about age,
education, income, occupation, alcohol consumption, dietary
supplement use and exercise. The education status of the
Vietnamese women was categorized as ≤ middle school, and
≥ high school. Household monthly income was classified as ≤
3.0, and > 3.0 million Vietnam Dong. Occupation was classified
into professional or office worker, student, labor worker, housewife,
or unemployed. Alcohol consumption was classified into never,
former and current drinkers. Dietary supplement user was
defined as a person who currently used any vitamin or mineral
supplements. A regular exerciser was defined as a person who
performed exercise currently and regularly enough to induce
sweating.
Anthropometric parameters, blood pressure, and blood biochemical
profiles
Anthropometric variables and blood pressure were obtained
by trained nurses or medical personnel. Standing height and
body weight were measured using an automatic height/weight

measuring instrument (Dong Sahn Jenix Co., Seoul, Korea). Body
2
mass index (BMI) was calculated as kg/m . Waist and hip circumferences were measured with a tape measure (anthropometric
tape; Preston 5193, Seoul, Korea). Body composition was
assessed with an INBODY instrument (INBODY 230; Biospace
Co., Seoul, Korea). These measurements were taken once.
Systolic and diastolic blood pressures were measured using an
automatic blood pressure calculator (FT-500R; Jawon Medical,
Gyeongsan, Korea) and read by attending medical doctors after
a 10-minute rest in the sitting position; the average of two
measurements was used.
Blood samples were drawn into EDTA-containing tubes by
medical technicians after an 8-hour overnight fast. The samples
were centrifuged at 3,500 rpm for 10 minutes at 4ºC, and plasma
samples were stored at -70ºC until analysis. Fasting blood sugar,
total cholesterol, high density lipoprotein (HDL) cholesterol, and
triglycerides were measured with an auto analyzer (ADVIA 1550,
Bayer Diagnostics, Tarrytown, NY, USA). Low density lipoprotein
(LDL) cholesterol was calculated by the following equation
described by Friedewald [22]; LDL cholesterol = Total cholesterolHDL cholesterol-(triglycerides/5). Serum hsCRP was measured
with an auto analyzer (ADVIA1800, Siemens Medical Solutions,
Malvern, PA USA) using a hsCRP-Latex (II) X2 kit (Seiken
Laboratories Ltd., Tokyo, Japan).
Dietary intake
Dietary intake was estimated by a trained dietitian using a
1-day, 24-hour recall method. Guidelines and photos for
estimating portion sizes were used in the interview and a
Vietnamese/Korean bilingual Vietnamese who is familiar with
foods consumed in Vietnam, was consulted before the data entry
and analysis. Foods were categorized into cereals/potatoes/
sugar products, legumes/nuts and seeds, fruits and vegetables,
meat and meat products, eggs and egg products, fishes and
shellfishes, and milk and dairy products. Fruits and vegetable
group included all fresh and frozen fruits and vegetables, and
100% fruit and vegetable juices. Food and nutrient intake data
were analyzed using the Computer Aided Nutritional Analysis
program version 3.0 software (CAN-Pro 3.0, Nutritional Assessment Program, 2006, The Korean Nutrition Society, Seoul, Korea)
[23]. Vietnamese food composition data based on Vietnamese
Food Composition Table in 2007 [24] were entered into the
CAN-pro food database program to analyze food and nutrient
intake.
Statistical analysis
Data are expressed as means and standard deviations
(continuous) or as frequencies and percentages (categorical).
Blood profiles and dietary intake data were log transformed to
normalize their distributions before analysis. hsCRP levels were
divided into three groups: high risk, > 3 mg/L; average, 1-3
mg/L; and low risk, < 1 mg/L by the AHA and CDC. After
adjusting for age, BMI, total energy intake, alcohol consumption,
dietary supplement use and exercise, a general linear model
procedure was performed to examine the differences in the
anthropometric variables, blood profiles, and daily food and
nutrient intake among the three groups including Tukey’s
post-hoc comparisons. Binary logistic regression analysis with
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adjusted models controlling for confounders (age, BMI, total
energy intake, alcohol consumption, dietary supplement use
and exercise) was also used to identify the odds ratios (ORs)
and 95% confidence intervals (CIs) for a high hsCRP level
depending on the quartile of food and nutrient intake. Multiple
linear regression analyses were used to examine the relationship
between hsCRP and dietary intake after adjusting for confounders.
All analyses were performed using SAS 9.3 software (SAS
Institute., Cary, NC, USA).

RESULTS

Table 1. General characteristics of Vietnamese women (n = 956)
Values
Age, yrs

25.0 ± 5.7

Education
≤ Middle school

141 (14.7)

≥ High school

815 (85.3)

Household Monthly income, million Vietnam Dong
≤ 3.0

253 (26.5)

> 3.0

558 (58.4)

No response

145 (15.2)

Occupation

General characteristics
The subjects had a mean age of 25.0 ± 5.7 years, and 85.3%
of the subjects had a high school education. Nearly 60% of
the subjects had a monthly household income of > 3.0 million
Vietnamese Dong. The proportion of subjects who were never,
former and current drinkers were 80.1%, 8.2%, and 11.6%,
respectively. The proportions of subjects who used dietary
supplements and exercised regularly were 24.7% and 44.6%,
respectively (Table 1).

Professionals or office workers

172 (18.0)

Students

669 (70.0)

Labor workers

65 (6.8)

Housewives or unemployed

46 (4.8)

No response

4 (0.4)

Alcohol consumption
Never drinker

766 (80.1)

Former drinker

78 (8.2)

Current drinker

111 (11.6)

No response

Comparison of subjects according to hsCRP range

1 (0.1)

Dietary supplement use
Yes

Anthropometric variables, blood pressure, and blood biochemical
profiles
2
The mean BMI of all subjects was 20.0 ± 2.4 kg/m , and 29.6%
2
and 11.7% of the subjects were underweight (< 18.5 kg/m ) and
2
overweight (≥ 23.0 kg/m ), respectively.
Body weight, BMI, waist and hip circumference, WHR, body
fat (%), diastolic blood pressure, white blood cell count, and
triglyceride level were higher in the high risk group (hsCRP,
> 3 mg/L) than those in the low risk group (hsCRP, < 1 mg/L)

236 (24.7)

No response

14 (1.5)

Exercise
Yes

426 (44.6)

Values are mean ± standard deviation or frequency (%).

(P < 0.0001). In contrast, HDL cholesterol level in the high risk
group was significantly lower than that in the low risk group
(P = 0.0209) (Table 2).

Table 2. Anthropometric variables, blood pressure and blood profiles of Vietnamese women according to hsCRP
All
(n = 956)

High sensitivity CRP (mg/L)
P

<1
(n = 688)

1-3
(n = 174)

>3
(n = 94)

154.5 ± 5.5

153.8 ± 5.1

Height, cm

154.8 ± 5.1

155.0 ± 5.0

Weight, kg

47.9 ± 6.4

47.1 ± 5.9

49.6 ± 7.2

50.7 ± 7.0

b

< 0.0001

Body mass index, kg/m2

20.0 ± 2.4

19.6 ± 2.2a

20.8 ± 2.7b

21.4 ± 2.9b

< 0.0001

Waist circumference, cm

71.0 ± 6.6

70.0 ± 6.0a

72.8 ± 7.2b

74.6 ± 7.4b

< 0.0001

Hip circumference, cm

87.6 ± 4.9

87.0 ± 4.6

88.9 ± 5.2

89.4 ± 5.0

b

< 0.0001

Waist to hip ratio

0.79 ± 0.05

0.79 ± 0.04a

0.81 ± 0.05b

0.82 ± 0.05b

< 0.0001

Body fat, %

28.3 ± 5.6

27.5 ± 5.3a

30.1 ± 5.8b

31.4 ± 6.1b

< 0.0001

Systolic blood pressure, mmHg

110.7 ± 11.9

110.0 ± 11.6

112.3 ± 12.0

112.6 ± 13.8

0.0196

Diastolic blood pressure, mmHg

69.2 ± 9.3

68.4 ± 8.9a

70.8 ± 9.5b

71.9 ± 10.5b

0.0001

hsCRP, mg/L

1.3 ± 2.9

0.4 ± 0.2a

1.6 ± 0.5b

7.8 ± 5.8c

< 0.0001

6.8 ± 1.8

a

6.6 ± 1.6

b

7.0 ± 1.9

8.0 ± 2.6

c

< 0.0001

Total Cholesterol, mg/dL

172.9 ± 32.5

171.5 ± 30.4

176.7 ± 36.7

175.4 ± 38.2

0.1246

LDL Cholesterol, mg/dL

99.7 ± 28.0

98.9 ± 26.9

102.2 ± 29.8

100.3 ± 31.7

0.3749

HDL Cholesterol, mg/dL

54.0 ± 10.8

54.5 ± 10.6

White blood cell, Thous/mL

Triglyceride, mg/dL

96.0 ± 54.2

a

a

a
a

90.4 ± 44.5

b

b

ab

53.3 ± 10.4

b

0.1052

51.4 ± 12.7

0.0209

106.2 ± 74.2

118.3 ± 66.0b

< 0.0001

b

HDL/LDL cholesterol ratio

0.58 ± 0.21

0.59 ± 0.21

0.57 ± 0.21

0.56 ± 0.21

0.0418

Fasting blood sugar, mg/dL

90.3 ± 11.2

90.2 ± 10.2

90.6 ± 11.1

90.6 ± 16.5

0.9055

Values are mean ± standard deviation.
Values with different alphabets are significantly different among the three groups by GLM at P < 0.05 as appropriate; including the post hoc comparisons of Tukey.
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Table 3 Daily food and nutrient intakes according to hsCRP
High sensitivity CRP (mg/L)
Food intakes, g/day

n

<1
(n = 688)

1-3
(n = 174)

>3
(n = 94)

P

P

955

814.7 ± 367.4a

792.6 ± 365.3ab

760.1 ± 368.6b

0.2123

0.0404

Cereals/potatoes/sugar and products

955

277.4 ± 107.8

270.0 ± 102.2

285.2 ± 138.5

0.6665

0.8563

Legumes/nuts and seeds

256

29.5 ± 76.0

30.2 ± 70.2

47.5 ± 108.0

0.1450

0.1630

Fruits and vegetables

955

487.6 ± 338.8a

460.6 ± 331.9ab

407.4 ± 330.2b

0.0240

0.0024

Fats and oil

678

10.4 ± 11.9

10.3 ± 10.7

7.8 ± 8.3

0.6786

0.6483

944

307.3 ± 188.2

290.7 ± 182.2

282.8 ± 178.9

0.4227

0.9157

Meat and meat products

829

144.9 ± 140.1

147.5 ± 141.6

145.3 ± 116.1

0.7595

0.1758

Eggs and egg products

293

24.4 ± 44.6

24.2 ± 48.9

16.9 ± 42.5

0.1094

0.1285

Fishes and shellfish

577

66.2 ± 76.2

61.1 ± 65.8

71.0 ± 89.4

0.6207

0.5268

Milk and dairy products

296

71.8 ± 118.9

57.9 ± 116.8

49.7 ± 121.0

0.8582

0.7286

955

1,122.0 ± 431.5a

1,083.3 ± 426.6ab

1,042.9 ± 413.0b

0.0945

0.0256
0.7244

Plant food

Animal food

Total food

1)

2)

Nutrient intakes
Energy, kcal/day

955

1,739.4 ± 587.0

1,691.8 ± 556.8

1,712.8 ± 557.1

0.5199

Carbohydrate, g/day

955

219.0 ± 65.4

212.9 ± 66.4

216.8 ± 77.0

0.3837

0.4209

Protein, g/day

955

77.3 ± 32.1

76.3 ± 30.4

80.4 ± 34.5

0.7015

0.2884

Fat, g/day

955

61.6 ± 42.7

59.5 ± 39.3

58.3 ± 34.5

0.8433

0.6041

891

288.6 ± 386.1

300.4 ± 415.8

240.9 ± 367.0

0.8144

0.5749

Cholesterol, mg/day
Fiber, g/day

955

9.6 ± 6.8

9.3 ± 6.2

9.0 ± 6.3

0.3450

0.1307

Calcium, mg/day

955

621.4 ± 458.0

619.1 ± 451.1

596.9 ± 449.5

0.6175

0.4854

Iron, mg/day

955

14.3 ± 7.5

14.1 ± 7.5

14.1 ± 9.0

0.6050

0.5599

Sodium, mg/day

955

4,719.5 ± 2,781.1

4,443.1 ± 2,343.0

4,325.9 ± 2,229.0

0.3220

0.3634

Potassium, mg/day

955

2,308.0 ± 1,045.3a

2,315.8 ± 1,080.3a

2,119.8 ± 1,011.2b

0.1639

0.0281

Zinc, mg/day

955

12.1 ± 12.9

12.8 ± 22.9

11.9 ± 12.5

0.7527

0.4426

Retinol, μgRE/day

590

145.8 ± 416.4

157.4 ± 447.0

166.9 ± 401.1

0.9886

0.7743

Beta carotene, μgRE/day

954

6,966.8 ± 8,780.5

7,196.3 ± 8,377.9

6,249.3 ± 8,053.7

0.1212

0.0668

Vitamin C, mg/day

955

159.4 ± 186.2

158.5 ± 181.9

125.0 ± 115.3

0.2945

0.1764

Niacin, mg/day

955

12.1 ± 7.7

12.4 ± 8.3

11.9 ± 7.2

0.9042

0.8057

Folate, μgDFE/day

955

275.2 ± 321.3ab

299.7 ± 321.6a

269.6 ± 442.1b

0.0612

0.0284

% Carbohydrate

955

52.4 ± 12.2

52.4 ± 12.4

51.6 ± 11.5

0.9188

0.4209

% Protein

955

17.9 ± 4.7

18.3 ± 4.8

18.8 ± 4.9

0.2185

0.2884

% Fat

955

29.7 ± 12.2

29.5 ± 12.1

29.7 ± 11.7

0.9624

0.6041

Energy distribution

Fruits and Vegetables; Vegetables, mushrooms, seaweeds, fruits
Values are mean ± standard deviation.
Values are log transformed before analysis.
1)
From GLM test; Unadjusted for variables
2)
From GLM test; adjusted for age, body mass index, total energy intake, alcohol consumption, dietary supplement use, exercise.
Values with different alphabets are significantly different among the three groups by GLM at P < 0.05 as appropriate; including the post hoc comparisons of Tukey.

Daily food and nutrient intake according to the hsCRP range
The high risk group consumed fewer fruits and vegetables
(P = 0.0024), less total plant food (P = 0.0404), total food (P =
0.0256), and potassium (P = 0.0281) than those in the low risk
group after adjusting for age, BMI, total energy intake, alcohol
consumption, dietary supplement use and exercise. The high
risk group consumed less amount of folate (P = 0.0284) than
the average risk group did (Table 3).
ORs and 95% CIs of hsCRP (> 3 mg/L) according to the food and
nutrient intake quartiles
After adjusting for covariates, a significant negative relationship
was observed between hsCRP (> 3 mg/L) and the consumption
of fruits and vegetables [OR (95% CI) for the highest quartile

compared to the lowest: 0.391 (0.190-0.807), P for
0.0012], potassium [OR (95% CI) for the highest
compared to the lowest: 0.425 (0.192-0.939), P for
0.2220] and folate [OR (95% CI) for the highest
compared to the lowest: 0.490 (0.249-0.964), P for
0.0696] (Table 4).

trend =
quartile
trend =
quartile
trend =

Multiple regression analysis of hsCRP and dietary intake
Serum hsCRP was positively correlated with the consumption
of eggs and egg products, meat and meat products, and fat
(P < 0.05). However, hsCRP was negatively correlated with fruit
and vegetable, total plant food, total food, carbohydrate, fiber,
potassium, vitamin C, and folate consumption P < 0.05) (data
not shown). A multiple regression analysis after adjusting for
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Table 4. Odds ratio and 95% confidence interval of hsCRP (> 3 mg/L) according to quartile of food and nutrient intakes
Quartiles

P

Q1

Q2

Q3

Q4

≤ 223 (239)

223-416 (239)

416-633 (239)

> 633 (239)

1.6 ± 3.3a

1.3 ± 2.1ab

1.4 ± 2.9ab

1.1 ± 3.0b

1

1.030 (0.574-1.847)

0.841 (0.457-1.551)

0.391 (0.190-0.807)

Range(n)

≤ 551 (239)

551-746 (239)

746-985 (239)

> 985 (239)

hsCRP (mg/L)

1.48 ± 3.00a

1.42 ± 2.95a

1.47 ± 3.43ab

1.01 ± 1.80b

1

0.987 (0.540-1.803)

0.753 (0.394-1.440)

0.538 (0.265-1.094)

48-100 (235)

100-200 (244)

P for trend

Food intakes
Fruits and vegetables, g/day
Range(n)
hsCRP (mg/L)
OR for hsCRP > 3mg/L

0.0020
0.0012

Total plant food, g/day

OR for hsCRP > 3mg/L

0.0041
0.0026

Meat and meat products, g/day
Range(n)

≤ 48 (244)

hsCRP (mg/L)

1.20 ± 2.76

OR for hsCRP > 3mg/L

a

ab

1.36 ± 2.67

b

1.42 ± 2.76

> 200 (233)
ab

1.40 ± 3.24

1

1.520 (0.782-2.955)

1.652 (0.839-3.253)

1.780 (0.805-3.933)

Range(n)

≤ 803 (239)

803-1041 (239)

1,041-1,323 (239)

> 1,323 (239)

hsCRP (mg/L)

1.50 ± 3.01

1.47 ± 3.44

1.25 ± 2.45

1.16 ± 2.41

1

1.030 (0.550-1.930)

0.737 (0.363-1.494)

0.760 (0.346-1.669)

Range(n)

≤ 171 (239)

171-213 (239)

213-255 (239)

> 255 (239)

hsCRP (mg/L)

1.44 ± 3.29

1.51 ± 3.37

1.27 ± 2.32

1.16 ± 2.29

1

1.165 (0.608-2.230)

1.005 (0.498-2.027)

0.869 (0.388-1.942)

≤ 33 (239)

33-51 (239)

51-79 (239)

> 79 (239)

1.4 ± 2.9

1.2 ± 2.2

1.6 ± 3.1

1.3 ± 3.1

1

1.010 (0.518-1.969)

1.409 (0.692-2.872)

0.850 (0.323-2.235)

Range(n)

≤ 5 (239)

5-8 (239)

8-12 (239)

> 12 (239)

hsCRP (mg/L)

1.4 ± 3.3ab

1.6 ± 2.8a

1.0 ± 1.8b

1.3 ± 3.2b

1

1.609 (0.878-2.951)

0.924 (0.472-1.810)

0.825 (0.415-1.641)

≤ 1,546 (239)

1,546-2,134 (239)

2,134-2,835 (239)

> 2,835 (239)

1.6 ± 3.3

1.3 ± 2.7

1.3 ± 2.9

1.2 ± 2.6

1

0.709 (0.377-1.335)

0.771 (0.396-1.502)

0.425 (0.192-0.939)

Range(n)

≤ 52 (239)

52-106 (239)

106-197 (239)

> 197 (239)

hsCRP (mg/L)

1.59 ± 3.28

1.49 ± 3.46

1.11 ± 1.96

1.19 ± 2.48

1

0.891 (0.495-1.606)

0.662 (0.355-1.235)

0.646 (0.337-1.237)

≤ 89 (239)

89-165 (239)

165-346 (239)

> 346 (239)

1.6 ± 3.4

1.3 ± 2.1

1.4 ± 3.0

1.2 ± 2.8

1

0.821 (0.448-1.505)

0.893 (0.492-1.620)

0.490 (0.249-0.964)

0.0398
0.0026

Total food intakes, g/day

OR for hsCRP > 3mg/L

0.2960
0.1264

Nutrient intakes
Carbohydrate, g/day

OR for hsCRP > 3mg/L

0.2469
0.0579

Total fat, g/day
Range(n)
hsCRP (mg/L)
OR for hsCRP > 3mg/L

0.0675
0.0060

Fiber, g/day

OR for hsCRP > 3mg/L

0.0072
0.0866

Potassium, mg/day
Range(n)
hsCRP (mg/L)
OR for hsCRP > 3mg/L

0.2213
0.2220

Vitamin C, mg/day

OR for hsCRP > 3mg/L

0.1913
0.2408

Folate, μgDFE/day
Range(n)
hsCRP (mg/L)
OR for hsCRP > 3mg/L

0.2434
0.0669

Values are mean ± Standard deviation.
Values are log transformed before analysis.
Adjusted for age, body mass index, total energy intake, alcohol consumption, dietary supplement use, exercise.
Values with different alphabets are significantly different among the three groups by GLM at P < 0.05 as appropriate; including the post hoc comparisons of Tukey.

covariates revealed a significant negative association between
hsCRP and consumption of fruits and vegetables (β = -0.2565,
P = 0.0029) (Table 5).

DISCUSSION
In this study of apparently healthy Vietnamese women, the

high risk group (serum hsCRP > 3 mg/L) consumed fewer fruits
and vegetables and less potassium and folate than those in
the low and average risk groups. We found an inverse
association between serum hsCRP and fruit and vegetable, total
plant food, total food, potassium, and folate consumption after
adjusting for age, BMI, total energy intake, alcohol consumption,
dietary supplement use and exercise. A multiple regression

450

hsCRP and dietary intake in Vietnamese women

Table 5. Coefficients from multiple regression analysis between hsCRP and
dietary intakes in Vietnamese women
High sensitivity CRP (mg/L)
β (SE)

P

Fruits and vegetables

-0.2565 (0.0858)

0.0029

Meat and meat products

0.0654 (0.0696)

0.3474

Food intakes

Nutrient intakes
Carbohydrate

-0.3377 (0.3130)

0.2809

Fat

-0.0506 (0.2112)

0.8106

Fiber

0.1217 (0.1101)

0.2694

Potassium

-0.1164 (0.1775)

0.5120

Vitamin C

0.0636 (0.0676)

0.3472

Folate

-0.0366 (0.0442)

0.4076

Values are log transformed before analysis.
Adjusted for age, body mass index, total energy intake, alcohol consumption,
dietary supplement use, exercise.

analysis after adjusting for covariates revealed a significant
negative association between hsCRP and fruit and vegetable
consumption, confirming the results of other investigators
[25,26].
Previous studies on the relationship between hsCRP and
dietary intake have reported that hsCRP levels are inversely
associated with fruit and vegetable intake [25], and that the
risk of high hsCRP (> 3 mg/L) increases with low consumption
of fruits and vegetables [26]. Among nutrients, hsCRP is
inversely associated with dietary intake of vitamin C [27], folate
[28], and dietary fiber [15], for all of which nutrients fruits and
vegetables are great sources. Most of these studies were
conducted in middle-aged or elderly women in western
populations (England, Portugal, Sweden, and Iran). Only one
study is available in young Indian women in their 20s and 30s,
which was similar to our study subjects, and that study reported
a decreased hsCRP level in the group that consumed many fruits
and vegetables compared to that of low consumption. This
suggests that the beneficial role of fruits and vegetables against
hsCRP may be universal across many population groups including
eastern countries and also several age groups including young
adults [11] despite differences in baseline hsCRP level and fruit
and vegetable consumption. A healthy or prudent diet pattern
with high fruit and vegetable consumption is inversely associated
with hsCRP in diverse ethnic populations including those
participated in the Nurses’ Health Study [14] and Japanese [29]).
Increased hsCRP levels due to inflammation lead to a risk for
endothelial dysfunction [30] and cause progression of atherosclerosis and cardiovascular disease [31]. Fruits and vegetables
or nutrients such as vitamin C, folate, and potassium, which
are found in high concentrations in those food groups, may
directly and indirectly influence serum hsCRP levels, inflammation, and endothelial function. The mechanisms associated
with dietary factors that influence hsCRP levels and inflammation are still unclear. However, high consumption of fruits
and vegetables, which are good sources of antioxidant vitamins
and folate, has beneficial effects on endothelial function [32,33].
Antioxidant vitamins contribute to endothelial function by
reducing LDL oxidation [34], and folate by reducing plasma
homocysteine concentration which can increase platelet

aggregation, thrombosis [35] and decrease nitric-oxide (NO)
production [36]. Potassium, another nutrient found in high
concentrations in fruits and vegetables, improves vascular
function by softening endothelial cells and stimulating NO
release [37,38].
The mean hsCRP of the subjects was 1.3 ± 2.9 mg/L, and 9.8%
of the subjects were in the high risk hsCRP group, which was
similar to the level in young Indian (mean hsCRP levels, 1.3 ±
2.5 mg/L, 12.8% of subjects belonged to the high risk group)
[11], but higher than that of other Asian young women [39,40]
and Turkish women [41] as well as young women in European
countries (mean hsCRP levels, 0.67-0.89 mg/L) [42,43]. In our
subjects, hsCRP was highly correlated with many of the
metabolic disease parameters such as BMI, WHR, body fat, blood
pressure, white blood cell count, triglycerides, and HDL
cholesterol, confirming the results of other studies, mostly in
middle-aged populations [44,45]. We found such a relationship
between hsCRP and metabolic disease parameters in Vietnamese
young women as well.
Due to limited data, it is difficult to compare our results to
those of other studies conducted among Vietnamese young
women of same age, geographical or socioeconomic groups.
The BMI of our subjects (mean 20.0 ± 2.4) was higher to that
reported in women (mean of BMI 19.5 ± 1.9) of Thai Nguyen’s
9 districts, rural region (n = 4,983; mean age, 26.2 ± 4.6 years)
[46] and lower than that of women of reproductive age (mean
of BMI 21.1 ± 0.1) of urban region (n = 730; mean age, 32.7 ±
0.4 years) [47]. The energy intake in our subjects was about
1,728 kcal/day (data not shown), which was lower than that
reported in young women living in the rural area (2,196
kcal/day) [46] and those in the urban area (1,899 kcal/day) [48].
The differences in energy intake may have been partly due to
differences in food intake survey methods, a 24-hour recall
method in our study, semiquantitative food frequency method
in rural areas [46], and 24-hour recall combined with controlled
food weighing method in urban areas [48].
Vietnam is undergoing a rapid change in economic development, urbanization, and diet transition with an increasing trend
in the number of people with CVD risk factors [17,18]. The CVD
mortality in Vietnam now accounts for nearly 40% of mortality
due to noncommunicable diseases [19]. A high CVD risk is
particularly noticeable in urban areas of Vietnam, similar to this
study area. The prevalence of diabetes and having a cluster
of (≥ 2/4) metabolic CVD risk factors (hypertension, dyslipidaemia, diabetes, and obesity) in women in urban areas is
approximately 1.4 and 2.6 times higher, respectively than that
in rural areas [20,49]. The prevalence of some CVD risk factors
in Vietnamese women such as obesity, dyslipidemia, diabetes
has been reported [20,21], but not for serum hsCRP levels, which
might be a better predictor of future CVD risk.
Although many studies have demonstrated an association
between hsCRP level and dietary intake, very few studies have
investigated such a relationship in young women in their 20s
and 30s. If intervention is implemented early enough, the
impact of diet and lifestyle interventions can be maximized.
Given that hsCRP is a powerful predictor for future CVD, and
that hsCRP level might be modifiable by dietary factors, studies
on the relationship between hsCRP level and diet are important
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for developing diet intervention strategies.
This study has several limitations. First, a 1-day 24-hour recall
may be insufficient to assess typical daily intake due to
potentially large intra-individual variability in food and nutrient
intake. However, our dietary interviewers were well-trained,
which minimized potential errors when assessing dietary intake.
Second, nearly 70% of our subjects were college students;
therefore, our data may not be extrapolated to most women
in Vietnam. Third, we cannot infer causality because of the
cross-sectional nature of the study. Therefore, a prospective
study should be conducted to explore the association between
hsCRP and dietary intake in Vietnamese women. Nevertheless,
our study had certain strengths. This is the first study on the
relationship between hsCRP and diet in young Vietnamese adult
women. This study was the International Collaboration Study
for the Construction of Asian Cohort of the Korean Genome
and Epidemiology Study (KoGES) performed on a large scale,
and information on the identified and potential confounding
factors was included in the analysis.
In conclusion, we found that hsCRP level was closely related
to dietary intake in healthy Vietnamese women. Fruit and vegetable,
potassium, and folate intake were inversely associated with
hsCRP level. Therefore, to prevent the occurrence of future CVD
by reducing hsCRP levels, it is necessary to increase consumption of fruits, vegetables, and all plant foods.
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