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Abstract
Previous studies have indicated that some food items and nutrients are associated with uric acid metabolism in humans. However, little is
known about the role of dietary patterns in hyperuricaemia. We designed this case–control study to evaluate the associations between dietary
patterns and newly diagnosed hyperuricaemia in Chinese adults. A total of 1422 cases and 1422 controls were generated from 14538
participants using the 1:1 ratio propensity score matching methods. Dietary intake was assessed using a validated self-administered FFQ. Dietary
patterns were derived by factor analysis. Hyperuricaemia was defined as concentrations of serum uric acid higher than 7mg/dl (416·5 μmol/l)
for men and 6mg/dl (357 μmol/l) for women. Three dietary patterns were derived by factor analysis: sweet pattern; vegetable pattern; animal
foods pattern. The animal foods pattern characterised by higher intake of an animal organ, seafood and processed meat products was associated
with higher prevalence of newly diagnosed hyperuricaemia (Pfor trend< 0·01) after adjustment. Compared with the participants in the lowest
quartile of the animal foods pattern, the OR of newly diagnosed hyperuricaemia in the highest quartile was 1·50 (95% CI 1·20, 1·87). The other
two dietary patterns were not associated with the prevalence of newly diagnosed hyperuricaemia after adjustment. In conclusion, a diet rich in
animal organ, seafood and processed meat products is associated with higher prevalence of newly diagnosed hyperuricaemia in a Chinese
population. Further cohort studies and randomised controlled trials are required to clarify these findings.
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Hyperuricaemia is a result of multifactor interactions including
sex, age, genetic, environmental factors and diet(1,2). Hyperur-
icaemia is the major aetiological factor in gout(3) and associated
with many other diseases, such as the metabolic syndrome(4),
CVD(5) and kidney diseases(6). A meta-analysis conducted in
2015 suggested that the pooled prevalence of hyperuricaemia is
13·3% in China(7). Moreover, an increasing trend in the pre-
valence of hyperuricaemia has been observed over the world in
recent years(8,9).
Evidence has suggested that diet and nutrition play a sig-

nificant role in the development of hyperuricaemia(1). Previous
studies have demonstrated that some dietary factors are
associated with risk of hyperuricaemia, including meat(10),
seafood(10), alcohol(11) and sweetened beverages(12). However,
regular diets consist of complex combinations of foods and
nutrients ingested together that may act independently or may

interact with one another. Therefore, examination of dietary
patterns, which assess the effects of overall diet, would
more closely parallel the real world(13). A cohort study found
that higher baseline adherence to the Mediterranean diet is
associated with a lower risk of hyperuricaemia(14). However,
the analyses were conducted in a sample of elderly Spanish
participants at high cardiovascular risk, which would limit the
generalisation of their findings. In China, a cross-sectional study
with 374 participants demonstrated that the ‘animal products
and fried foods pattern’ (high in pork, eggs, animal giblets,
poultry and fried wheat products) is associated with higher
prevalence of hyperuricaemia while a ‘soyabean products and
fruit pattern’ (high in soyabean products, fruit, vegetables and
starchy tubers) is associated with lower prevalence of hyper-
uricaemia(15). Another cross-sectional study in Taiwan (266
participants) found that there is no significant association
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between dietary patterns and uric acid level in Chinese(16).
Considering the small sample size of these two studies, the
effect of dietary patterns on hyperuricaemia is still unclear.
Moreover, cross-sectional study design may suffer from reverse
causation as participants with hyperuricaemia changed their
diet to reduce high purine food intake. We thus designed this
case–control study with sufficient sample size to provide
adequate power to detect the associations between dietary
patterns and hyperuricaemia in a general population.

Methods

Participants

This case–control study was based on the Tianjin Chronic Low-
grade Systemic Inflammation and Health Cohort Study, which is
a large prospective dynamic cohort study focusing on the
relationships between chronic low-grade systemic inflammation
and the health status of a population living in Tianjin, China(17).
Participants were recruited while having their annual health
examinations at the Tianjin Medical University General
Hospital-Health Management Center and community manage-
ment centres in Tianjin. This dynamic cohort study was
launched in 2007. Moreover, a detailed lifestyle questionnaire
covering family income, marital status, employment status,
educational level, physical activity (PA), sleep habits, dietary
habits, overall computer/mobile device usage time, television
time, history of prior infections and use of medicines as well as
physical performance tests were administered to about 70–80%
randomly selected subjects from this population since May
2013. The present study used data of the lifestyle questionnaires
of participants collected from May 2013 to December 2016 and
data of annual health examinations of participants collected
from January 2007 to December 2016.
In all, 23 025 participants completed a comprehensive health

examination, including evaluation of anthropometric para-
meters and biochemical blood examination (included fasting
blood glucose (FBG), TAG and HDL-cholesterol, etc.). Partici-
pants also completed a study questionnaire reporting personal
information, dietary intake, lifestyles and health condition. We
excluded participants who changed their lifestyles in last
5 years, which including diet, drinking, smoking, PA and
sleeping (n 5875), or those with a history of CVD (n 1051) or
cancer (n 198). We also excluded participants who were
diagnosed as hyperuricaemia from January 2007 to May 2013
and those with a history of self-reported hyperuricaemia
(n 1363). The final study population comprised 14538 (1454 cases
and 13084 controls) participants for propensity score matching.
The protocol of this study was approved by the Institutional
Review Board of the Tianjin Medical University and participants
gave written informed consent before participation in the study.

Propensity score matching

The propensity score was calculated using a logistic regression
model and the following covariates: sex, age, BMI, PA, energy
intake, education level, household income, smoking status,
drinking status, employment status and the metabolic syndrome
status. Using these propensity scores, cases were individually

matched by controls using the nearest matching method within a
caliper distance, which selects for matching a control subject
whose propensity score is closest to that of the case subject
(nearest neighbour matching approach) with the further
restriction that the absolute difference in the propensity scores of
matched subjects must be below some pre-specified threshold
(the caliper distance)(18). Thus, participants for whom the
propensity score could not be matched because of a greater
caliper distance were excluded from further analysis. As sug-
gested by Austin(18), a caliper of width equal to 0·2 of the standard
deviation of the logit of the propensity score was used, as this
value minimised the mean squared error of the estimated
treatment effect in several scenarios. To better match cases and
controls, we used the 1:1 ratio matching method. If a case subject
could not be matched to any control subject, then the case subject
was discarded. Finally, 1422 cases and 1422 controls were
generated using this propensity score matching method.

Identification of dietary patterns

Dietary intake was assessed using a modified version of the FFQ
that included 100 food items (the initial version of the FFQ
included eighty-one food items(19)) with specified serving sizes
one time per 2–3 years. In the present study, we used data of the
FFQ filled in by the participants when they first been diagnosed
with hyperuricaemia from May 2013 to December 2016. The FFQ
included seven frequency categories ranging from ‘almost never’
to ‘twice or more per day’ for foods and eight frequency
categories ranging from ‘almost never’ to ‘four or more times
per day’ for beverages in the last month. The mean daily intake of
nutrients was calculated by using an ad hoc computer program
developed to analyse the questionnaire. The Chinese food
composition tables(20) were used as the nutrient database. The
reproducibility and validity of the questionnaire were assessed in
a random sample of 150 participants from our cohort using data
from repeated measurements of the FFQ approximately 3 months
apart and 4-d weighed diet records (WDR). Spearman rank cor-
relation coefficient for energy intake between two FFQ adminis-
tered 3 months apart was 0·68. Correlation coefficients for food
items (fruits, vegetables, fish, meat and beverages) between two
FFQ administered 3 months apart ranged from 0·62 to 0·79.
Spearman’s rank correlation coefficient for energy intake by the
WDR and the FFQ was 0·49. Correlation coefficients for nutrients
(vitamin C, vitamin E, PUFA, SFA, carbohydrate and Ca) by the
WDR and the FFQ ranged from 0·35 to 0·54. We applied factor
analysis in order to generate major dietary patterns and factor
loadings on all 100 food items and beverages (g). Varimax
rotation was applied for greater interpretability. After evaluation of
eigenvalues (>1·0) and the scree test, three factors were deter-
mined. Food items with a factor loading > |0·30| were the main
contributors to dietary pattern and representative of the character of
each pattern. Factors were named descriptively according to the
food items showing high loading (absolute value) with respect to
each dietary pattern as follows: ‘sweet’ pattern, ‘vegetable’ pattern
and ‘animal foods’ pattern. Similar food items were further
collapsed into five major food groups based on the characteristics
of food items: animal foods, fruits, vegetables, sugared beverages
and snacks and high-carbohydrate foods.
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Assessment of hyperuricaemia and other variables

Hyperuricaemia was defined as concentrations of serum uric
acid higher than 7mg/dl (416·5 μmol/l) in men and higher than
6mg/dl (357 μmol/l) in women(21).
Waist circumference was measured at the umbilical level

with participants standing and breathing normally. Blood
pressure (BP) was measured twice from the upper left arm
using a TM-2655P automatic device (A&D Co.) after 5min of
rest in a seated position. The mean of these two measurements
was taken as the BP value. Blood samples for the analysis of
FBG and lipids were collected in siliconised vacuum plastic
tubes. FBS was measured by the glucose oxidase method, TAG
were measured by enzymatic methods, LDL-cholesterol was
measured by the polyvinyl sulphuric acid precipitation
method, and HDL-cholesterol was measured by the chemical
precipitation method using reagents from Roche Diagnostics
on an automatic biochemistry analyzer (Cobas 8000 modular
analyzer; Roche). The metabolic syndrome was defined in
accordance with the criteria for China of the American Heart
Association and International Diabetes Federation scientific
statement of 2009(22). Participants were considered to have
the metabolic syndrome when they presented three or more of
the following components: (1) elevated waist circumference
for Chinese individuals (≥85 cm in males; ≥80 cm in females),
(2) elevated TAG (≥1·7mmol/l), or drug treatment for
elevated TAG, (3) reduced HDL (<1·0mmol/l in males;
<1·3mmol/l in females) or drug treatment for reduced HDL,
(4) elevated BP (systolic BP ≥130mm Hg and/or diastolic BP
≥85mm Hg) or antihypertensive drug treatment, (5) elevated
fasting glucose (≥5·56mmol/l) or drug treatment for elevated
glucose.
The socio-demographic variables, which include sex, age,

education, employment and household income, were also
assessed by questionnaire. The educational level was assessed
by asking the question ‘what is the highest degree you earned?’
and was divided into two categories: < college graduate
or ≥ college graduate. Employment status was classified as
either senior officials and managers or professionals. Informa-
tion on the smoking (‘never’, ‘former’, and ‘current smoking’)
and drinking (‘never’, ‘former’, and ‘current drinking’) status of
the participants was obtained from a questionnaire survey.
Participants who changed their lifestyles, including diet, drink-
ing, smoking, activity and sleeping was assessed by asking the
question ‘have you ever changed your lifestyles (including diet,
drinking, smoking, PA and sleeping) in last 5 years?’ and was
divided into two categories: yes or no. PA in the most recent
week was assessed using the short form of the International
Physical Activity Questionnaire(23). The questionnaire asked
whether subjects had performed any activities from the fol-
lowing categories during the previous week: walking; moderate
activity (household activity or child care); vigorous activity
(running, swimming or other sports activities). Metabolic
equivalent (MET)-hours per week were calculated using cor-
responding MET coefficients (3·3, 4·0 and 8·0, respectively)
according to the following formula: MET coefficient of
activity× duration (h)× frequency (d). Total PA levels were
assessed by combining separate scores for different activities.

Statistical analysis

In order to characterise participants according to newly
diagnosed hyperuricaemia status, descriptive data have been
presented as the least-square means and 95% CI or as
percentages and examined using ANOVA and χ2 test for cate-
gorical variables. Quartiles were categorised across the scores
of each dietary pattern based on the distribution of the scores
for all the participants and used for further analyses. Association
between quartilecategories of dietary pattern scores and
hyperuricaemia status were examined using conditional logistic
regression analysis. Newly diagnosed hyperuricaemia status
was used as dependent variable, and factor score was used as
an independent variable. OR and 95% CI were calculated. The
linear trend cross increasing quartiles was tested using the
median value of each quartile as a continuous variable based on
linear regression. Model 1 was used to calculate the crude OR
and model 2 additionally adjusted for scores of other dietary
patterns or intake of other food groups with each other.
All analyses were performed using the Statistical Analysis
System 9.3 edition for Windows (SAS Institute Inc.) and STATA
(version 12.1; StataCorp LP). All P values were two-tailed and
the difference was defined to be significant when P< 0·05.

Results

Dietary patterns

Factor analysis revealed three main dietary patterns (Table 1),
which accounted for 22·6% of the variance in total food intake.
According to the contribution to the total variance, the three
dietary patterns were: factor 1 was defined as the sweet pattern
and characterised by high intake of candied fruits, cakes and ice
cream; factor 2, the vegetable pattern, was typified by intake of
vegetables, soya products and coarse cereals; factor 3, identified
as the animal foods pattern and included intake of animal
organ, seafood and processed meat products.

Characteristics of participants

Characteristics of participants according to newly diagnosed
hyperuricaemia status before and after propensity scores
matching are shown in Tables 2 and 3, respectively.

Among 14538 participants who were available to be analysed
before propensity score matching, 10% were classified as newly
diagnosed hyperuricaemia. As shown in Table 2, participants with
newly diagnosed hyperuricaemia trended to be men (P< 0·0001),
younger (P< 0·0001), current smoker (P< 0·0001), ex-smoker
(P= 0·02), drinking everyday (P< 0·0001) or sometimes
(P< 0·0001), who had higher BMI (P< 0·0001), higher energy
intake (P< 0·01) and higher prevalence of the metabolic syn-
drome (P< 0·0001). After propensity score matching, 1422 cases
and 1422 controls were generated and showed no significant
differences in any character (Table 3).

Dietary patterns and hyperuricaemia

As shown in Table 4, higher adherence to the animal foods
pattern was associated with higher prevalence of newly diag-
nosed hyperuricaemia before and after adjustment for the
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scores of other two dietary patterns (Pfor trend< 0·01). Compared
with the participants in the lowest quartile, the OR for the
extreme quartile is 1·51 (95% CI 1·21, 1·87) and 1·50 (95% CI
1·20, 1·87) before and after adjustment, respectively. The other
two dietary patterns were not associated with the prevalence of
newly diagnosed hyperuricaemia after adjustment.
Results of major food groups’ analyses are presented

in Table 5. Consumption of animal foods was associated

with a higher prevalence of newly diagnosed hyperuricaemia
(Pfor trend< 0·001) after adjustment for intake of other
food groups. Compared with the participants in the lowest
quartile, the OR for the extreme quartile was 1·48 (95%
CI 1·18, 1·85). We also found a high intake of fruits was asso-
ciated with a higher prevalence of newly diagnosed hyperur-
icaemia after adjustment, the OR for the participants
in the extreme quartile was 1·34 (95% CI 1·07, 1·69)

Table 1. The factor loadings scores* of primary food groups of dietary patterns

Sweet pattern Vegetable pattern Animal foods pattern

Food items
Factor
loadings Food items

Factor
loadings Food items

Factor
loadings

Strawberry, kiwi fruit, persimmon 0·72 Cucumber 0·63 Animal organ (except for animal liver) 0·60
Sweets, candied fruits 0·69 Chinese cabbage 0·62 Animal blood 0·58
Cookies 0·68 Celery 0·58 Animal liver 0·55
Chinese cakes 0·68 Green vegetable 0·56 Preserved egg 0·54
Salted eggs 0·67 Eggplant 0·55 Seafood (shellfish, squid, shrimp) 0·49
Preserved bean curd 0·67 Pumpkin, carrot 0·52 Sausage 0·48
Western-style pastry, cakes 0·66 Chinese watermelon 0·52 Freshwater fish 0·47
Ice cream 0·66 Raw vegetables (except for tomato) 0·50 Sea fish 0·43
Chinese sauerkraut 0·65 Coarse cereals 0·38 White wine 0·40
Pineapple 0·64 Tomato (including the ketchup) 0·38 Red wine 0·38
Leek 0·63 Congee 0·36 Pork skin 0·37
Sea-plant 0·62 Potato (except for sweet potato) 0·36 Carbonated beverage 0·34
Onion 0·61 Radish (expect for carrot) 0·35 Beer 0·33
Pear 0·60 Soyabean products 0·33 Fruit juice, vegetable juice 0·32
Walnut 0·60 Egg 0·33 Steamed stuffed bun, dumpling 0·31
Peach 0·60 Mushroom 0·31 Miscellaneous sauce noodles 0·30
Lotus root 0·59 Sweet potato 0·30 Wonton 0·29
Other kinds of fruit 0·57 Freshwater fish 0·30 Chinese watermelon 0·29
Mushroom 0·56 Apple 0·29 Instant noodle 0·29
Other types of beans 0·56 Bell peppers 0·28 Coffee 0·28

* For simplicity, only the top twenty food groups of factor loading scores of each pattern are shown.

Table 2. Participant characteristics by hyperuricaemia status before matching
(Least-square means and 95% confidence intervals)

Hyperuricaemia status (before matching)

No (n 13 084) Yes (n 1454)

Characteristics Mean 95% CI Mean 95% CI P *

Sex (male %) 47·31 80·33 <0·0001
Age (years) 42·61 42·41, 42·82 40·41 39·84, 40·99 <0·0001
BMI (kg/m2) 23·88 23·82, 23·94 26·98 26·78, 27·18 <0·0001
Physical activity (Mets × h/week) 9·39 9·17, 9·61 10·00 9·32, 10·73 0·10
Energy intake (kJ/d) 8313·23 8270·82, 8355·84 8537·21 8407·24, 8669·19 <0·01
Education (≥college graduate, %) 60·72 59·93 0·56
Household income (≥10000 Yuan, %) 34·70 36·31 0·22
Metabolic syndrome (yes, %) 21·49 51·58 <0·0001
Smoking status (%)

Smoker 19·27 34·03 <0·0001
Ex-smoker 4·70 6·21 0·02
Non-smoker 76·03 59·76 <0·0001

Drinking status (%)
Everyday 5·17 9·14 <0·0001
Sometime 54·75 63·57 <0·0001
Ex-drinker 8·27 9·00 0·34
Non-drinker 31·81 18·28 <0·0001

Employment status (%)
Managers 43·10 40·85 0·11
Professionals 16·78 16·75 0·98
Others 40·13 42·40 0·11

* ANOVA or χ2 test.
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(Pfor trend< 0·01) when compared with the lowest quartile.
Consumption of sugared beverages/snacks (Pfor trend= 0·03)
was positively associated with newly diagnosed hyperuricaemia
after adjustment.

Discussion

In this study, three main dietary patterns were identified among
Chinese adults; the sweet pattern, the vegetable pattern and the
animal foods pattern. The main finding of this case–control
study is that the animal foods pattern is associated with higher
prevalence of newly diagnosed hyperuricaemia in Chinese

adults. This association is independent of confounding factors,
such as socio-demographic, behavioural, metabolic, health
status factors and consumption of other dietary patterns.

A cohort study conducted in a sample of elderly Spanish par-
ticipants at high cardiovascular risk found that higher baseline
adherence to the Mediterranean diet is associated with a lower
risk of hyperuricaemia(14). However, these findings cannot be
generalised to the general population. Moreover, another limita-
tion is the possibility of reverse causation bias, as high-risk
patients may be more likely to change their food habits as a
consequence of these conditions being diagnosed. A previous
case–control study conducted in 374 Chinese participants

Table 3. Participant characteristics by hyperuricaemia status after matching
(Least-square means and 95% confidence intervals)

Hyperuricaemia status (after matching)

No (n 1422) Yes (n 1422)

Characteristics Mean 95% CI Mean 95% CI P *

Sex (male %) 79·96 79·89 0·96
Age (years) 40·85 40·26, 41·44 40·58 39·99, 41·17 0·53
BMI (kg/m2) 26·89 26·71, 27·09 26·84 26·65, 27·03 0·69
Physical activity (Mets × hours/week) 9·89 9·21, 10·61 10·00 9·31, 10·73 0·82
Energy intake (kJ/d) 8568·27 8442·78, 8695·60 8522·06 8397·24, 8648·72 0·61
Education (≥college graduate, %) 60·27 60·16 0·95
Household income (≥10000 Yuan, %) 37·23 36·16 0·56
Metabolic syndrome (yes, %) 50·42 50·56 0·94
Smoking status (%)

Smoker 34·49 33·88 0·75
Ex-smoker 6·85 6·29 0·57
Non-smoker 58·66 59·84 0·55

Drinking status (%)
Everyday 9·18 8·99 0·86
Sometime 62·99 63·74 0·68
Ex-drinker 7·97 8·92 0·36
Non-drinker 19·86 18·34 0·31

Employment status (%)
Managers 42·49 41·09 0·46
Professionals 14·49 16·98 0·08
Others 43·02 41·93 0·57

* ANOVA or χ2 test.

Table 4. Association between quartiles of factor scores and hyperuricaemia
(Odds ratios and 95% confidence intervals)

Quartiles of factor scores (range, n 2844)

Dietary patterns OR 95% CI OR 95% CI OR 95% CI Pfor trend*

Sweet pattern Level 1 (−2·68, −0·41) Level 2 (−0·41, −0·17) Level 3 (−0·17, 0·15) Level 4 (0·15, 11·57)
No. of hyperuricemia 351 353 354 364

Crude Ref. 1·01 0·82, 1·25 1·02 0·83, 1·25 1·08 0·87, 1·33 0·48
Adjusted† Ref. 1·03 0·83, 1·27 1·04 0·85, 1·28 1·10 0·89, 1·37 0·36

Vegetable pattern Level 1 (−4·75, −0·64) Level 2 (−0·64, −0·15) Level 3 (−0·15, 0·41) Level 4 (0·41, 7·70)
No. of hyperuricemia 368 360 350 344

Crude Ref. 0·96 0·78, 1·18 0·91 0·74, 1·11 0·87 0·71, 1·08 0·17
Adjusted† Ref. 0·98 0·80, 1·21 0·92 0·76, 1·13 0·88 0·71, 1·09 0·19

Animal foods pattern Level 1 (−3·50, −0·54) Level 2 (−0·54, −0·21) Level 3 (−0·21, 0·28) Level 4 (0·28, 11·77)
No. of hyperuricemia 322 366 345 389

Crude Ref. 1·30 1·05, 1·60 1·16 0·94, 1·43 1·51 1·21, 1·87 < 0·01
Adjusted† Ref. 1·30 1·05, 1·60 1·15 0·93, 1·43 1·50 1·20, 1·87 < 0·01

Ref., referent values.
* Multiple logistic regression analysis.
† Adjusted for the scores of other two dietary patterns.
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demonstrated that a dietary pattern rich in pork, eggs, animal
giblets, poultry and fried wheat products is positively associated
with the prevalence of hyperuricaemia (OR 2·15; 95% CI 1·22,
3·76). Meanwhile, a dietary pattern rich in soyabean products,
fruit, vegetables and starchy tubers is negatively associated with
the prevalence of hyperuricaemia (OR 0·32; 95% CI 0·19,
0·57)(15). However, the FFQ in this study includes thirty-three food
items (for analyses, the thirty-three food items were collapsed into
twenty predefined food groups)(15). Recommendations based on
ratios of a sample size to a number of parameters suggested that
twenty observations per parameter can uncover the proper factor
structure and estimate the loading without bias(24). Thus, the small
sample size in this study may affect the accuracy and stability of
the conclusion. Another study conducted in Taiwan (266 parti-
cipants) suggested that there is no significant association between
any dietary pattern and hyperuricaemia after adjustment(16). The
FFQ in this study has thirty food items and were aggregated into
thirteen food groups according to similar macronutrient intakes
and eating habits. Thus, the sample size (266 participants and
thirteen food groups) was barely enough to perform the factor
analysis. However, this procedure resulted in less detailed of
intake information. Meanwhile, the adjustment in this study was
incomplete (i.e. the metabolic syndrome status was not adjusted).
Moreover, the participants who have changed their lifestyles
(such as lifestyles of diet, drinking, smoking and activity) in recent
years were not been excluded in these studies which could affect
the associations between dietary patterns and hyperuricaemia.
We thus designed this case–control study with sufficient sample
size to provide adequate power to detect the associations
between dietary patterns and newly diagnosed hyperuricaemia in
a general population who have not changed their lifestyles in last
5 years.

We observed a positive association between consumption of
the animal foods pattern, which is typified by intake of animal
organ, seafood and processed meat products, and the pre-
valence of newly diagnosed hyperuricaemia after adjustment of
the scores of other two dietary patterns (Pfor trend< 0·01). This
result confirms a previous study which found that ‘animal
products and fried food’ pattern score is associated with a
higher prevalence of hyperuricaemia even though that study
may have potential inaccurate results due to small ratios of
sample size to number of parameters as mentioned before(15).
The mechanisms that have been proposed to explain this
association is major related the high purine content of animal
foods. The suspicion that there is a link between purine-rich
diets and hyperuricaemia has been based on metabolic
experiments in animals and humans that examined the effect of
the artificial short-term loading of purified purine on the serum
urate level(25). A previous study demonstrated that compared
with those in the lowest quintile, individuals in the highest
quintile of purine-rich foods intake, such as meat (RR 1·41; 95%
CI 1·07, 1·86) and seafood (RR 1·51; 95% CI 1·17, 1·95), are
associated with an increased risk of gout(10). The major food
groups’ analyses confirm this finding. In lines with previous
studies(10,26), in the analyses of major food groups, our results
suggest that animal foods (Pfor trend< 0·001) intake is associated
with the prevalence of newly diagnosed hyperuricaemia after
adjustment.

We also found a high intake of fruits is positively associated
with newly diagnosed hyperuricaemia after adjustment
(Pfor trend< 0·01) in the major food groups’ analyses. Compared
with the participants in the lowest quartile, the OR for the
extreme quartile is 1·34 (95% CI 1·07, 1·69). A previous study
demonstrated that fructose could increase uric acid level(27)

Table 5. Association between quartiles of intake of major food groups and hyperuricaemia
(Odds ratios and 95% confidence intervals)

Quartiles of food group intake (g) (n 2844)

Food groups OR 95% CI OR 95% CI OR 95% CI Pfor trend*

Animal foods Level 1 (0, 116) Level 2 (116, 163) Level 3 (163, 227) Level 4 (227, 1183)
No. of hyperuricaemia 320 352 366 384

Crude Ref. 0·94 0·77, 1·16 1·04 0·85, 1·28 1·35 1·09, 1·66 <0·01
Adjusted† Ref. 0·97 0·78, 1·20 1·09 0·88, 1·35 1·48 1·18, 1·85 <0·001

Fruits Level 1 (0, 174) Level 2 (174, 295) Level 3 (295, 488) Level 4 (488, 3440)
No. of hyperuricaemia 350 324 361 387

Crude Ref. 0·97 0·79, 1·19 1·04 0·84, 1·28 1·25 1·02, 1·54 0·02
Adjusted† Ref. 0·99 0·80, 1·22 1·08 0·87, 1·34 1·34 1·07, 1·69 <0·01

Vegetables Level 1 (0, 177) Level 2 (177, 251) Level 3 (251, 355) Level 4 (355, 2190)
No. of hyperuricaemia 363 349 356 354

Crude Ref. 1·23 1·00, 1·52 0·94 0·76, 1·15 1·06 0·86, 1·31 0·75
Adjusted† Ref. 1·19 0·96, 1·47 0·89 0·72, 1·10 0·91 0·72, 1·16 0·12

Sugared beverages and snacks Level 1 (0, 16) Level 2 (16, 57) Level 3 (57, 137) Level 4 (137, 2183)
No. of hyperuricaemia 349 320 360 393

Crude Ref. 0·96 0·78, 1·18 1·14 0·92, 1·40 1·30 1·06, 1·59 <0·01
Adjusted† Ref. 0·93 0·75, 1·14 1·10 0·89, 1·35 1·20 0·96, 1·50 0·03

High-carbohydrate foods Level 1 (0, 371) Level 2 (371, 503) Level 3 (503, 669) Level 4 (669, 2620)
No. of hyperuricaemia 349 353 364 356

Crude Ref. 1·19 0·97, 1·47 0·98 0·80, 1·21 1·09 0·88, 1·34 0·88
Adjusted† Ref. 1·17 0·95, 1·45 0·97 0·78, 1·20 1·05 0·84, 1·30 0·84

Ref., referent values.
* Multiple logistic regression analysis.
† Adjusted for intake of other food groups.
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even though fruits contain lots of vitamin C and dietary fibres
and then benefit to hyperuricaemia. A prospective cohort study
suggested that fructose-rich fruits are associated with a higher
risk of gout (Pfor trend<0·05)

(28). More work is needed to
understand the dose–response relationship between fruit intake
and hyperuricaemia. In line with previous studies(27,29,30), we
also found a positive association between sugared beverages/
snacks intake and the prevalence of newly diagnosed hyper-
uricaemia (Pfor trend= 0·03). The mechanisms that have been
proposed to explain this association is major related to the
fructose content of these kinds of food(27). Moreover, higher
consumption of sugared beverage/snacks may represent
unmeasured certain lifestyle in the present study that may lead
to a higher prevalence of hyperuricaemia. Considering that the
main purpose of the present study is to explore the associations
between dietary patterns and the prevalence of hyperuricaemia,
we will explore more on the associations between sugared
beverages/snacks and the prevalence of hyperuricaemia in
further studies.
The strengths of our study include our inclusion of partici-

pants who were newly diagnosed with hyperuricaemia and our
exclusion of participants who had changed their lifestyles in last
5 years. Thus, the reverse causation (i.e. participants with
hyperuricaemia changing their diet to reduce high purine food
intake) has been corrected as much as possible. Moreover,
propensity scores matching methods are being increasingly
used to offer investigators the ability to balance treated groups
across all putative risk factors. These methods also allow for
easy inspection of the balance across measured covariates(31).
In this study, the propensity scores matching approach reduced
the differences between the case group and the control group.
Thus, the associations between dietary patterns and hyper-
uricaemia were independent of confounding factors.
The present study has some limitations. First, due to the

nature of the self-reporting questionnaire, recall bias existed
and the food intake may not be exact. Second, we excluded
participants for reason of health conditions and the final sample
may not be representative of the population. However, it is
reasonable to exclude these participants with CVD and cancer
when we estimate the association between dietary patterns and
hyperuricaemia. Third, we cannot rule out the possibility that
unmeasured factors might contribute to the association
observed. Finally, the three dietary patterns identified in the
present study accounted for 22·6% of the overall variance,
which is slightly lower than other studies(15,19). Aggregating
similar food items into one food group is a way to improve
variance of dietary patterns but resulted in less detailed intake
information. Considering that we did not want to lose any
detailed information regarding diet, we used all 100 food items
to conduct factor analyses in the present study. Even though it
would lead to less total variance of dietary patterns, it would
provide more detailed information about dietary patterns.

Conclusions

In conclusion, in this study, higher scores for a diet rich in animal
organ, seafood and processed meat products is associated with
higher prevalence of newly diagnosed hyperuricaemia. Further

cohort studies and randomised controlled trials are required to
clarify these findings.
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