
http://e-cnr.org56

Clin Nutr Res 2014;3:56-63
http://dx.doi.org/10.7762/cnr.2014.3.1.56
pISSN 2287-3732 ∙ eISSN 2287-3740

Original Article

This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

© 2014 The Korean Society of Clinical Nutrition 

*Corresponding author Gyung Ah Wie
Address Department of Clinical Nutrition, National Cancer Center, 
111 Jungbalsan-ro, Ilsandong-gu, Goyang 410-769, South Korea  
Tel +82-31-920-0273  Fax +82-31-920-0269
E-mail gawie@ncc.re.kr

Received December 3, 2013
Revised January 7, 2014
Accepted January 9, 2014

Introduction
The global prevalence of hyperuricemia is increasing [1], and 

this may be related to recent changes in diet, lifestyle and 
increasing prevalence of obesity. There appears to be a recent 
increase in the prevalence of hyperuricemia owing to the rapid 
economic development and the effect of westernized dietary 
habits in Korea [2]. 

Hyperuricemia is a precursor to gout and is associated with 
metabolic syndrome and cardiovascular disease. Many stud-
ies have reported that elevated uric acid is one of the most 
important risk factors for cardiovascular disease and that it 
plays a significant role in the development of metabolic syn-
drome [3-7]. Hyperuricemia can induce endothelial dysfunc-
tion in addition to inflammatory and oxidative changes, which 
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may explain the association with metabolic syndrome [8]. Uric 
acid is an organic compound that is endogenously produced 
as a purine metabolite. It is formed by the liver and primarily 
excreted by the kidneys (65–75%) and intestines (25–35%) 
[9]. Hyperuricemia occurs due to a decrease in uric acid excre-
tion, an overproduction of uric acid, or an excessive intake of 
purine. But the primary cause is known to be a decrease in the 
excretion by the kidneys [10].

Although a purine-rich diet is responsible for increasing 
uric acid by only 1–2 mg/dL [11], the management of hyper-
uricemia has been focused on dietary recommendations to 
avoid purine-rich foods such as meats and meat products and 
alcoholic beverage [12]. To our knowledge, a few studies have 
reported the prevalence and clinical features of hyperuricemia 
in Korea [13-15], but there has been no study on the associa-
tions between diet and hyperuricemia among Korean adults. 
Therefore, the objective of our study was to investigate and 
compare nutrient intake and diet quality between hyperurice-
mia subjects and controls in Korea.

Materials and Methods
Subjects 

This cross-sectional study compared nutritional intake and 
quality between hyperuricemia subjects and controls. Of the 
28,589 subjects who underwent health examination between 
January 2008 and December 2011, those that completed a 
self-administered questionnaire, laboratory tests, and a com-
plete 3-day food record were included. Subjects were excluded 
who reported an unrealistic daily energy intake (<500 kcal or 
≥3,500 kcal). This resulted in 9,010 subjects in the final analy-
sis (Figure 1).

Anthropometric and biochemical measurements
Weight (kg) and height (m) were measured using an au-

tomatic body composition analyzer (X-scan Plus II, Jawon 
Medical, Gyeongsan, South Korea) in light clothing and with 
shoes off, and body mass index (BMI) was calculated (kg/m2). 
The waist circumference was taken at the narrowest point be-
tween the lower costal margin and the superior iliac crest.

Biochemical data, including uric acid, glucose, and serum 
lipid such as total cholesterol, serum triglycerides (TG), high-
density lipoprotein (HDL) cholesterol, and low-density lipopro-
tein (LDL) cholesterol levels, were collected from the medical 
records relating to the health examination. During the screen-

ing, venous blood samples were collected in the morning fol-
lowing a 10–12 h overnight fast. 

Nutrient intake assessment
Usual dietary intake was assessed using 3-day food records 

(1 weekend and 2 week days). A self-administered 3-day food 
record and written instructions were sent via post to the sub-
jects 2 weeks before the scheduled visit. 

During the scheduled visit, the food records were reviewed 
by trained nutritionists using aids such as food models to 
improve the reporting accuracy. The daily energy, macro-, and 
micro-nutrient intakes were calculated using the Korean Nutri-
tion Society nutrient database (Can-Pro 3.0, The Korean Nutri-
tion Society, Seoul, South Korea) [17]. Nutrient density (ND) 
was calculated by standardizing the nutrient intake per 1,000 
kcal based on the individual’s intake.

Dietary habits and diet quality assessment
Dietary habits were evaluated using a self-reported 10-item 

questionnaire focusing on skipped meals, meal speed, meal 
regularity, and preference for salty foods. For each question, 
subjects selected Yes (1 point) or No (0 points), and the total 
Food Habit Score (FHS) ranged from 0–10 points. A higher 
score indicated better food habits. 

The nutrient adequacy ratio (NAR; nutrient intake of an in-
dividual/recommended nutrient intake for that nutrient) and 
mean adequacy ratio (MAR; sum of the NAR for all of the 
nutrients/number of nutrients) were calculated to assess the 

※Subjects were excluded for
    - No dietary record (n = 13,963)
    - Dietary record under 2 days (n = 5,217)
    - Total energy <500 kcal or ≥3,500 kcal (n = 32)
    - Missing data in laboratory tests (n = 367) 

Visitors for health examination (n = 28,589)*

Recruited subjects (n = 9,010)

Hyperuricemia
subjects†

(n = 1,242)
Controls

(n = 7,768)

Figure 1. Inclusion and exclusion criteria for the study subjects. 
*Visitors for health examination survey from January 1, 2008 to 
December 31, 2011; †Hyperuricemia was defined as serum uric acid 
concentration ≥7 mg/dL in men, and ≥6 mg/dL in women [16].
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appropriateness of nutrient intake. In addition, the index of 
nutritional quality (INQ; nutrient intake per 1,000 kcal/recom-
mended nutrient intake per 1,000 kcal), a comparison of the 
nutrient intake against the 12 nutrients for which the recom-
mended nutrient intake (RNI) is defined by the Korean Dietary 
Reference Intake (KDRIs), was analyzed.

Statistical analysis
Data were expressed as frequencies or mean ± standard 

deviation and were analyzed using SAS ver.9.1 (SAS Institute, 
Cary, NC, USA). A generalized linear model (GLM) was used to 
compare the distribution of subjects and the mean differences 
between the hyperuricemia subjects and controls. The signifi-
cance level was set at p < 0.05.

Results
The overall prevalence of hyperuricemia was 13.8% (27.1%, 

men; 5.2%, women), and the proportion of men was sig-
nificantly higher in the hyperuricemia subjects than in the 
controls (83.7% vs 49.3%, p < 0.0001). Table 1 provided the 
demographic and clinical characteristics of the subjects, com-
pared between hyperuricemia subjects and controls. BMI and 
energy intake were also significantly higher in the hyperurice-

mia subjects than in the controls (both p < 0.0001). 
The age-, sex-, and BMI-adjusted value for waist circumfer-

ence, triglycerides, total cholesterol, and LDL cholesterol were 
all significantly higher (p < 0.0001), and HDL cholesterol (p  < 
0.001) was significantly lower in the hyperuricemia subjects 
than in controls.

The differences in ND between the hyperuricemia subjects 
and controls were provided in Table 2. Hyperuricemia subjects 
had significantly lower intakes of carbohydrate (p < 0.01), fiber 
(p < 0.001), calcium (p < 0.001), phosphorus (p < 0.001), iron (p 
< 0.001), sodium (p < 0.05), potassium (p < 0.001), vitamin A (p 
< 0.01), vitamin B2 (p < 0.01), vitamin C (p < 0.001), and folate (p 
< 0.001).  

Table 3 provided the comparison of daily food group intake 
between the groups. The intake of vegetables (p < 0.001), 
seaweed (p < 0.05), and dairy products (p < 0.001) was sig-
nificantly lower in the hyperuricemia subjects than in controls, 
and alcohol intake was significantly higher with the hyperuri-
cemia consuming approximately twice the amount of alcohol 
than the controls (137.1 g vs 69.2 g, p < 0.001). Although the 
consumption of meat, eggs, fish, and shellfish was higher in 
the hyperuricemia, the differences were not significant. 

Table 4 listed the total and component FHS compared be-
tween the hyperuricemia subjects and controls. The total FHS 

Table 1. Demographic and clinical characteristics of the study subjects

Variables Hyperuricemia subjects (n = 1242) Controls (n = 7768) p value

Age, yrs 	 50.5	±	10.0 	 50.9	±	9.6 NS

Male : Female, % 	 1039 (83.7)	:	203 (16.3) 	 3830 (49.3)	:	3938 (50.7) p < 0.0001

Body Mass Index, kg/m2 	 25.5	±	2.9 	 23.4	±	2.9 p < 0.0001

Total energy intake, kcal 	 1970.1	±	508.9 	 1799.9	±	471.5 p < 0.0001

Waist Circumference, cm* 	 89.8	±	7.5 	 83.6	±	8.5 p < 0.0001

Uric acid, mg/dL* 	 7.6	±	0.9 	 4.9	±	1.0 p < 0.0001

SBP, mmHg* 	 125.7	±	13.5 	 121.0	±	14.2 NS

DBP, mmHg* 	 77.5	±	10.0 	 73.8	±	10.2 NS

FBS, mg/dL* 	 91.8	±	18.2 	 89.3	±	18.7 p < 0.01

Triglyceride, mg/dL* 	 161.9	±	116.8 	 107.9	±	71.0 p < 0.0001

Total-cholesterol, mg/dL* 	 207.3	±	37.5 	 196.4	±	34.1 p < 0.0001

HDL-cholesterol, mg/dL* 	 52.5	±	12.4 	 59.2	±	14.1 p <  0.001

LDL-cholesterol, mg/dL* 	 131.3	±	32.7 	 120.8	±	30.3 p < 0.0001

SBP: systolic blood pressure, DBP: diastolic blood pressure, FBS: fasting blood sugar, HDL-cholesterol: high-density lipoprotein cholesterol, LDL-cholesterol: low-
density lipoprotein cholesterol, NS: not significant
Data are presented as mean ± standard deviation; Significance as determined by the GLM test.
*Adjusted for age, sex, body mass index.
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was significantly lower in the hyperuricemia subjects than 
in the controls (p < 0.001). The items that contributed to the 
lower score in the hyperuricemia were meal regularity, veg-
etable consumption, fruit consumption, and dairy product 
consumption.

The NAR and MAR values for the hyperuricemia subjects 
and controls were provided in Table 5. The NARs for calcium (p 
< 0.001), vitamin A (p < 0.05), vitamin B2 (p < 0.001), vitamin 
C (p < 0.001), and folate (p < 0.001) were significantly lower in 
the hyperuricemia subjects than in the controls. The MAR was 
also significantly lower in the hyperuricemia subjects than in 
the controls (p < 0.001).

The comparison of the INQ values was shown in Table 6. The 
INQs for calcium (p < 0.001), vitamin A (p < 0.01), vitamin B2 
(p < 0.01), vitamin C (p < 0.001), and folate (p < 0.001) were 
significantly lower, while the phosphorus (p < 0.01) and iron (p 
< 0.01) values were significantly higher in the hyperuricemia 
subjects than in the controls.

Discussion
To our knowledge, this study was the first to compare nutri-

ent intake and diet quality between hyperuricemia subjects 
and controls in Korea. A larger portion of the hyperuricemia 
subjects was men, and they also had higher BMIs, poorer lipid 
profiles, and poorer diet quality than the controls. 

Previous studies have also reported that the prevalence of 
hyperuricemia is higher in men than in women. Such a differ-
ence between genders is probably due to the estrogen which 
purportedly increases urinary excretion of uric acid [11,18]. 
Poletto et al. [18] reported that the prevalence of hyperurice-
mia, in 1,330 Japanese-Brazilian adults was lower in younger 
women than in older women (women <55 years, 24%; women 
≥55 years, 76%; p < 0.05). Similarly, in the current study, the 
prevalence of hyperuricemia was significantly higher in men 
than in women.

Obesity is another strong risk factor for the development of 
hyperuricemia. A large prospective study indicated that weight 
gain was the risk factor for hyperuricemia in men, while 

Table 2. Comparisons of the nutrient density (ND; intake/1,000 kcal) between hyperuricemia subjects and controls 

Variables Hyperuricemia subjects (n = 1242) Controls (n = 7768) p value*

Carbohydrate, g 	 148.7	±	25.3 	 154.2	±	22.2 p < 0.001

Protein, g 	 40.0	±	7.1 	 40.1	±	7.0 NS

Fat, g 	 23.1	±	6.9 	 23.3	±	6.8 NS

Fiber, g 	 10.5	±	3.1 	 11.8	±	3.4 p < 0.0001

Cholesterol, mg 	 161.4	±	72.9 	 161.0	±	75.5 NS

Calcium, mg 	 268.7	±	100.4 	 300.3	±	108.4 p < 0.0001

Phosphorus, mg 	 572.3	±	104.1 	 595.8	±	105.3 p < 0.0001

Iron, mg 	 7.6	±	2.7 	 8.0	±	2.6 p < 0.0001

Sodium, mg 	 2318.1	±	 749.0 	 2407.1	±	789.2 p < 0.01

Potassium, mg 	 1524.9	±	403.4 	 1655.1	±	435.9 p < 0.0001

Zinc, mg 	 5.7	±	3.6 	 5.7	±	3.0 NS

Vitamin A, μg 	 391.6	±	198.1 	 437.9	±	247.5 p < 0.001

Vitamin E, mg 	 7.0	±	2.4 	 7.3	±	2.5 NS

Vitamin B1, mg 	 0.7	±	0.3 	 0.7	±	0.7	 NS

Vitamin B2, mg 	 0.6	±	0.2 	 0.6	±	0.2 p < 0.001

Vitamin B6, mg 	 1.0	±	0.3 	 1.1	±	0.8 NS

Niacin, mg 	 9.5	±	2.4 	 9.4	±	2.5 NS

Vitamin C, mg 	 57.5	±	33.5 	 69.7	±	39.8 p < 0.0001

Folate, μg 	 187.1	±	97.9 	 208.3	±	105.8 p < 0.0001

NS: not significant.
Data are presented as mean ± standard deviation; Significance as determined by the GLM test.
*Adjusted for age, sex, body mass index.
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Table 3. Comparisons of daily food group intake between hyperuricemia subjects and controls

Variables Hyperuricemia subjects (n = 1242) Controls (n = 7768) p value*

Total, g 	 1446.4	±	482.1 	 1374.0	±	434.2 NS

Cereals, g 	 289.2	±	88.4 	 267.8	±	92.8 NS

Potato and starches, g 	 32.5	±	58.2 	 37.7	±	67.4 NS

Sugars and sweeteners, g 	 7.1	±	8.5 	 6.8	±	8.6 NS

Pulses, g 	 46.9	±	51.5 	 47.2	±	54.2 NS

Nuts and seeds, g 	 5.7	±	15.5 	 6.5	±	15.0 NS

Vegetables, g 	 323.0	±	142.8 	 326.0	±	154.5 p < 0.0001

Fungi and mushrooms, g 	 4.7	±	8.8 	 5.4	±	15.3 NS

Fruits, g 	 189.1	±	203.3 	 213.6	±	200.0 NS

Meats, g 	 93.4	±	74.0 	 77.2	±	65.9 NS

Eggs, g 	 26.5	±	28.2 	 24.6	±	24.4 NS

Fish and shellfish, g 	 94.1	±	70.3 	 81.3	±	64.3 NS

Seaweeds, g 	 2.8	±	5.5 	 3.5	±	9.0 p < 0.01

Dairy products, g 	 66.6	±	98.9 	 85.6	±	106.0 p < 0.0001

Oils and fat, g 	 8.4	±	5.5 	 7.5	±	5.1 NS

Beverages, g 	 84.9	±	163.8 	 81.4	±	149.4 NS

Seasoning, g 	 33.4	±	19.8 	 31.3	±	17.7 NS

Alcohols, g 	 137.1	±	277.5 	 69.2	±	182.3 p < 0.0001

Others, g 	 0.8	±	3.1 	 0.9	±	5.3 NS

NS: not significant.
Data are presented as mean ± standard deviation; Significance as determined by the GLM test.
*Adjusted for age, sex, body mass index.

Table 4. Comparisons of the Food Habit Score (FHS) between hyperuricemia subjects and controls

Variables Hyperuricemia subjects (n = 1242) Controls (n = 7768) p value*

Total score (0-10) 	 5.50	±	1.92 	 5.83	±	1.89 p < 0.0001

Meal regularity 	 0.80	±	0.40	 	 0.83	±	0.38 p < 0.001

Meal speed 	 0.78	±	0.42 	 0.83	±	0.38 NS

Meat/egg consumption 	 0.40	±	0.49 	 0.37	±	0.48 NS

Seafood consumption 	 0.55	±	0.50 	 0.53	±	0.50 NS

Tofu, soy, soymilk consumption 	 0.50	±	0.50 	 0.53	±	0.50 NS

Vegetables, seaweeds, mushrooms 
consumption

	 0.51	±	0.50 	 0.55	±	0.50 p < 0.01

Fruits consumption 	 0.54	±	0.50 	 0.65	±	0.48 p < 0.001

Dairy products consumption 	 0.36	±	0.48	 	 0.43	±	0.49 p < 0.01

Variety of diet 	 0.87	±	0.34 	 0.86	±	0.34 p < 0.01

Salty taste 	 0.50	±	0.50 	 0.55	±	0.50 NS

NS: not significant.
Data are presented as mean ± standard deviation; Significance as determined by the GLM test.
*Adjusted for age, sex, body mass index.
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weight loss reduced the risk [19]. Our study also showed that 
BMI was significantly higher in the hyperuricemia subjects 
than in the controls.

A number of previous studies have reported that hyperuri-

cemia is associated with various chronic diseases such as arte-
rial hypertension, cardiovascular disease, dyslipidemia, diabetes 
mellitus, and gout, all of which are associated with an increase 
in mortality risk [3-7, 20-24]. Furthermore, animal studies indi-

Table 5. Comparison of the Nutrient Adequacy Ratio (NAR) and Mean Adequacy Ratio (MAR) between hyperuricemia subjects and 
controls

Variables Hyperuricemia subjects (n = 1242) Controls (n = 7768) p value*

Nutrient Adequacy Ratio (NAR)

Protein 	 0.99	±	0.05 	 0.98	±	0.06 NS

Calcium 	 0.69	±	0.20 	 0.72	±	0.21 p < 0.0001

Phosphorus 	 0.99	±	0.05 	 0.99	±	0.06 NS

Iron 	 0.97	±	0.09 	 0.94	±	0.13 NS

Zinc 	 0.95	±	0.10 	 0.94	±	0.13 NS

Vitamin A 	 0.84	±	0.21 	 0.85	±	0.20 p < 0.01

Vitamin B1 	 0.91	±	0.14 	 0.90	±	0.14 p < 0.001

Vitamin B2 	 0.76	±	0.19 	 0.78	±	0.19 p < 0.0001

Vitamin B6 	 0.96	±	0.10 	 0.95	±	0.10 NS

Niacin 	 0.93	±	0.13 	 0.91	±	0.14 NS

Vitamin C 	 0.83	±	0.21 	 0.86	±	0.20 p < 0.0001

Folate 	 0.74	±	0.24 	 0.75	±	0.24 p < 0.0001

Mean Adequacy Ratio (MAR) 	 0.88	±	0.09 	 0.88	 ±	0.10 p < 0.0001

NS: not significant.
Data are presented as mean ± standard deviation; Significance as determined by the GLM test.
*Adjusted for age, sex, body mass index.

Table 6. Comparison of the Index of Nutritional Quality (INQ) between hyperuricemia subjects and controls

Variables Hyperuricemia subjects (n = 1242) Controls (n = 7768) p value*

Protein 	 1.72	±	0.32 	 1.69	±	0.31 NS

Calcium 	 0.82	±	0.30 	 0.87	±	0.31 p < 0.0001

Phosphorus 	 1.80	±	0.35 	 1.73	±	0.33 p < 0.001

Iron 	 1.76	±	0.61 	 1.69	±	0.66 p < 0.001

Zinc 	 1.42	±	0.91 	 1.38	±	0.73 NS

Vitamin A 	 1.22	±	0.61 	 1.33	±	0.74 p < 0.001

Vitamin B1 	 1.28	±	0.69 	 1.29	±	1.22 NS

Vitamin B2 	 0.90	±	0.25 	 0.96	±	0.30 p < 0.001

Vitamin B6 	 1.52	±	0.44 	 1.51	±	1.04 NS

Niacin 	 1.34	±	0.35 	 1.28	±	0.35 NS

Vitamin C 	 1.25	±	0.71 	 1.40	±	0.77 p < 0.0001

Folate 	 1.03	±	0.53 	 1.06	±	0.53 p < 0.0001

NS: not significant.
Data are presented as mean ± standard deviation; Significance as determined by the GLM test.
*Adjusted for age, sex, body mass index.
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cate that a decrease in uric acid levels can prevent or reverse 
the features of metabolic syndrome [25-26]. We also found 
significantly higher waist circumference, triglyceride, total 
cholesterol, and LDL cholesterol and lower HDL cholesterol in 
the hyperuricemia subjects than in the controls after adjusting 
for age, sex, and BMI. 

Relationships between the consumption of animal protein 
and hyperuricemia have been reported in the literature [27]. In 
this study, the intake of the purine-rich foods such as meat, 
fish, and shellfish tended to be higher in the hyperuricemia 
subjects than in the controls. The intake of vegetables, sea-
weed, and dairy products was significantly lower, while alcohol 
intake was higher in the hyperuricemia subjects than in the 
controls. Consequently, the intake of fiber, potassium, vitamin 
C, and folate was lower and resulted in lower NARs for cal-
cium, vitamin A, vitamin B2, vitamin C, and folate in the hyper-
uricemia subjects than in the controls.

Previous studies indicate that a greater vitamin C intake is 
independently associated with lower serum uric acid levels via 
its uricosuric effects [28-29]. The presence of milk-forming 
proteins such as lactalbumin and casein, which have uricosuric 
effects [30], may explain the inverse relationship observed 
between the consumption of dairy products and uric acid lev-
els [31]. However, there does not appear to be an association 
between calcium supplementation and uric acid levels [2].

Alcohol abuse can increase the production of uric acid by 
promoting the metabolism of adenine nucleotide to uric acid 
[32]. In addition, ethanol can decrease renal uric acid excretion 
through an increase in lactic acid concentrations, which then 
competitively suppress the excretion of acid in the renal tu-
bules by activating the ion exchange function of human urate 
anion exchanger (URAT1) to stimulate the reabsorption of uric 
acid in the proximal tubule [33-34]. We also found that alcohol 
intake in the hyperuricemia subjects were significantly higher 
than in the controls.

In summary, the results of the dietary quality indices indi-
cated that the hyperuricemia subjects had poorer diet quality 
than the controls, especially relating to meal regularity and 
the intake of vegetables, fruit, and dairy products. Few stud-
ies have examined the associations between diet quality and 
hyperuricemia. However, a number of studies have reported 
that poor diet quality is likely to result in obesity, abdominal 
obesity, elevated blood pressure, hyperlipidemia, and other risk 
factors associated with metabolic syndrome [35-37].

Our study had certain limitations. First, the dietary informa-
tion might not reflect an individual’s usual intake owing to 

the use of 3-day food records. Second, it was not possible 
to establish causal associations between hyperuricemia and 
diet, because of the cross-sectional study design. Therefore, 
prospective or longitudinal studies are necessary to further 
elucidate the dietary factors related to hyperuricemia among 
Koreans. However, the strengths of the current study include 
the large sample size and the related statistical power. Fur-
thermore, this study was the first to investigate nutrient intake 
and diet quality in people with hyperuricemia in Korea.

In conclusion, the hyperuricemia subjects reported poorer 
diet quality than the controls, including higher alcohol intake 
and lower vegetable and dairy product intake. Our findings 
suggest that a balanced diet that includes consumption of 
dairy products and plenty of vegetables, limited alcohol in-
take, and maintenance of a healthy weight can assist with the 
management of hyperuricemia. However, further research is 
needed to clarify the role of dietary factors in hyperuricemia 
and to establish evidence-based dietary guidelines for the 
management of hyperuricemia.
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