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Abstract

Blood and urine cadmium levels have been found to be positively associated with hyperuricemia (HU) in some studies. Few
studies have examined the association between dietary cadmium intake, dietary patterns and HU in the Chinese population.
The study analysed data from 8429 adults who participated in the China Health and Nutrition Survey (CHNS). Dietary intake
was assessed by 3-day 24 h food record in seven waves of survey (1991, 1993, 1997, 2000, 2004, 2006 and 2009). Serum
uric acid was measured in 2009. Dietary pattern was identified using factor analysis. The association between cumulative
dietary cadmium intake, dietary patterns and HU was assessed using logistic regression. In total, 1737 (16.3%) participants
had HU in the study sample. After adjusting for demographic, lifestyle factors (i.e. smoking, alcohol drinking, physical
activity) and chronic conditions, the OR for HU was 2.25 (95%CI 1.84-2.77, p for trend < 0.001) for extreme quartiles of
estimated cumulative cadmium intake. A traditional southern dietary pattern characterized by high intake of rice, pork, fish
and vegetables, and low intake of wheat was associated with three times increased prevalence of HU; comparing the extreme
quartiles, the odds ratio (OR) was 3.24 (95%CI 2.61-4.01). No association between the modern dietary pattern (high intake
of fruit, soymilk, egg, milk and deep fried products) and HU was found. In conclusion, traditional southern dietary pattern
and cadmium intake are positively associated with hyperuricemia among Chinese adults.

Keywords Cadmium intake - Dietary pattern - Hyperuricemia - Chinese

Introduction

Hyperuricemia (HU) is a common metabolic disease that
affects a high proportion of the population in both developed
and developing counties. The prevalence of HU was 21% in
both men and women in the USA (Zhu et al. 2011). In China,
21.6% of men and 8.6% of women had HU (Liu et al. 2011).
There is an increasing body of evidence that suggests HU
increases the risk of gout and other chronic non-communi-
cable diseases (NCDs) including diabetes, cardiovascular
disease and cancer (Wu et al. 2017).
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For centuries, diet has been identified as a risk factor for
gout (Nuki and Simkin 2006). Diet rich in purine (such as
meats, seafood, purine-rich vegetables and animal protein)
has been shown to be associated with gout in some studies
(Choi et al. 2004). Soft drink and alcohol consumption has
also been found to be positively associated with HU (Choi
and Curhan 2004; Choi et al. 2008). Adherence to Medi-
terranean diet or Dietary Approaches to Stop Hypertension
(DASH) diet is associated with a lower likelihood of HU
(Juraschek et al. 2016; Kontogianni et al. 2012). Several
regional studies suggest that overall dietary patterns are
associated with HU in China (Liu et al. 2018; Xia et al.
2018; Zhang et al. 2012). For example, ‘animal products’
dietary pattern was positively associated with HU in the Yi
ethnic group (Liu et al. 2018). A ‘meat food pattern’ was
positively but a ‘traditional Chinese pattern’ was inversely
associated with HU in a cross-sectional study conducted in
Zhejiang Province, China (Zhang et al. 2012).

Cadmium is nephrotoxic and increases the risk of
chronic kidney diseases (Ferraro et al. 2010). Food intake
is the most significant source of cadmium exposure in the
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general population. An excessive cadmium exposure from
the diet in China has caused concern (He et al. 2013; Yuan
et al. 2014). Recent studies suggest that cadmium is asso-
ciated with diabetes and chronic kidney disease (CKD)
in the Chinese population (Shi et al. 2018a). A limited
number of studies have examined the association between
blood/urine cadmium and HU with inconsistent findings
(Arrebola et al. 2019; Jung et al. 2019; Krishnan et al.
2012; Sun et al. 2017). Data from the National Health
and Nutrition Examination Survey (NHANES) sug-
gested a null association between blood cadmium and HU
(Krishnan et al. 2012). In Spain, urine cadmium was found
to be positively associated with HU (Arrebola et al. 2019).
A regional study from China found that blood cadmium
was associated with an increased likelihood of having
HU in men but not in women (Sun et al. 2017). However,
the study did not have information on cadmium intake. It
is unknown whether cadmium from foods increases the
risk of HU. In a previous study, it has been shown that
both traditional rice-based dietary pattern and cadmium
intake were associated with CKD among participants who
attended the Chinese Health and Nutrition Survey (CHNS)
(Shi et al. 2018a).

Using data from the CHNS, this study aimed to assess
the association between dietary patterns, intake of cadmium
from foods and HU among Chinese adults.

Method
Study Design and Sample

CHNS is an open cohort started in 1989 and uses a multi-
stage random-cluster sampling process to select households
in both urban and rural areas that includes nine provinces
in China (Zhai et al. 2014). All the members in the selected
household were invited to participate in the study, as well
as the follow-up surveys in every 2—4 years. Blood sam-
ples were collected only in the 2009 survey. The survey
was approved by the institutional review committees of the
University of North Carolina and the National Institute of
Nutrition and Food Safety. All participants gave informed
consent. In the current analysis, dietary and lifestyle infor-
mation between 1991 and 2009 were used.

In total, 9551 of the 18,887 participants in the 2009 sur-
vey had blood measurements for serum uric acid and renal
function. For the purpose of this study, participants who
were under 18 years of age, or without dietary information
in 2009, pregnant women and those with extreme energy
intake (men: > 6000 kcal or < 800 kcal; women: > 4000
or < 600 kcal), were excluded. The final analytical sample
included 8429 adults.

@ Springer

Measurements
Outcome Measures: Serum Uric Acid and HU

Serum uric acid was measured by an enzymatic colori-
metric method with a Hitachi 7600 automated analyser
(Hitachi Inc., Tokyo, Japan) using determiner reagents
(Randox Laboratories Ltd., Crumlin, UK). HU was
defined as serum uric acid concentrations > 7 mg/dL in
men and > 6 mg/dL in women (Li et al. 2018).

Exposure Measures: Dietary Patterns and Cadmium Intake

The study used a comprehensive 3-day 24 h food recall
method to measure the dietary intake. The detailed
description of the dietary measurement has been published
elsewhere (Zhai et al. 2014). At each wave, trained inter-
viewers weighed all foods and condiments in the home
inventory, purchased from markets or picked from gardens,
and food waste during the 3-day survey period. The indi-
vidual dietary intake on each of the 3 consecutive days was
interviewed and supported by dietary records kept by the
individual. Food consumption data were converted into
nutrient intake using the Chinese Food Composition Table.

In the dietary pattern analysis, food intakes were first
collapsed into 35 food groups based on similar nutrient
profiles or culinary use, and average food intake for indi-
viduals (gram/day) calculated for each wave. Dietary pat-
terns across the seven waves (1991-2009) were identified
by factor analysis, using the standard principal compo-
nent analysis method. The number of factors retained was
determined by the following criteria: (1) eigenvalue > 1;
(2) scree plot; and (3) factor interpretability. Factors were
rotated with an orthogonal (varimax) rotation to improve
interpretability and minimize the correlation between the
factors. Labelling of the factors was subjective and based
on the interpretation of the pattern structures. At each
wave, participants were assigned pattern-specific factor
scores based on the factor loadings of each food group.

In estimating cadmium intake, this study used food cad-
mium composition table from published literature in China
(Yuan et al. 2014). The food cadmium composition (mg/
kg) table was based on the measured cadmium levels in
2629 food samples randomly purchased from the market
in 31 provinces in 2012 in China. The limit of detection
(LOD) and the limit of quantification (LOQ) for cadmium
were 0.1 ug kg™ and 0.3 pg kg™, respectively.

The cumulative mean dietary intake score between 1991
and 2009 was used as it better reflects a long-term diet and
may reduce dietary measurement error. This approach has
been used in other studies (Lin et al. 2011). Cumulative
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mean cadmium intake, as well as cumulative mean intake
of individual foods, was recoded into quartiles.

Covariates

In the analysis sociodemographic, lifestyle factors and
chronic conditions in 2009 were treated as covariates.
Physical activity level (metabolic equivalent of task, (MET))
was calculated based on self-reported four major activities
(including occupational, domestic, transportation and leisure
time physical activity) and duration using a Compendium
of Physical Activities. Self-reported smoking status was
recoded as non-smokers, ex-smokers and current smokers.
A constructed urbanization index was used to reflect resi-
dence and recoded into tertiles (Zhai et al. 2014). Education
and per capita annual family income were recoded into three
levels (low, medium and high). Hypertension was defined as
systolic blood pressure above 140 mmHg and/or diastolic
blood pressure above 90 mmHg, or having known hyperten-
sion. Overweight was defined as BMI > 24 kg/m>.

Participants’ blood samples were tested for fasting plasma
glucose (FPG) and glycated haemoglobin (HbAlc) (Yan
et al. 2012). C-reactive protein (CRP) was measured in blood
using the immunoturbidimetric method with Denka Seiken,
Japan reagents. Diabetes was defined as FPG > 7.0 mmol/l,
HbA1C> 6.5 or having known diabetes (self-reported doc-
tor diagnosed). Kidney function was evaluated by the esti-
mated glomerular filtration rate (¢GFR). Serum creatinine
was measured using Jaffe’s kinetic method (Hitachi 7600
automated analyser, Hitachi Inc., Tokyo, Japan). CKD-
EPI creatinine equation was used to estimate eGFR (Inker
et al. 2012). Chronic kidney disease (CKD) was defined as
eGFR < 60 mL/min/1.73 m”.

Statistical Analyses

The Chi-square test was used to compare differences
between groups for categorical variables and ANOVA for
continuous variables. Multivariable logistic regression was
used to assess the association between dietary pattern and
HU. The first quartile (lowest intake) of each dietary expo-
sure variable was used as the reference group. Four step-
wise multivariable models adjusted for either known risk
factors for HU or sociodemographic factors were used:
Model 1 adjusted for age, gender and energy intake (continu-
ous); Model 2 further adjusted for education, income (low,
medium and high), urbanization level (low, medium and
high), physical activity, smoking, alcohol drinking; Model
3 further adjusted for overweight/obesity, hypertension and
diabetes; Model 4 further adjusted for CKD. In a sensitivity
analysis, only those subjects with seven waves of dietary
measurements were included (n=3298). To assess whether
cadmium intake mediates the association between dietary

patterns and HU, dietary cadmium intake was included in
the full model (model 3). Four similar models were used
to assess the association between cumulative cadmium
intake and HU. In order to better understand the relation-
ship between the overall dietary pattern, cadmium and HU,
the associations between intake of individual foods and HU
were assessed using logistic regression models with adjust-
ment for age, gender, energy intake, education, income,
urbanization level, physical activity, smoking and alcohol
drinking.

In the analysis, multiplicative interaction between soci-
odemographic factors and dietary patterns/cadmium intake
was tested by including a cross-product term in the main
multivariable model (model 3). All the analyses were per-
formed by using STATA 16.1 (Stata Corporation, Col-
lege Station). Statistical significance was considered when
p <0.05 (two sided).

Results
Overall Sample Characteristics

The mean age was 51.0 (SD 15.0) years among 8429 par-
ticipants (3982 men and 4447 women) in 2009. The median
number of dietary measurements was five (interquartile
range 2—7). The prevalence of HU was 16.3% (22.2% in men
and 11.9% in women). Overweight/obesity, hypertension,
diabetes and CKD were positively associated with HU (Sup-
plement Fig. 1). Income was not associated with HU. The
cumulative mean intake of dietary cadmium was 26.6 pg/d
(SD 9.8). Across the quartiles of the cadmium intake, there
was a significant increase of HU, CKD, intake of tradition
dietary pattern and macronutrients (Table 1).

Dietary Patterns Constructed

Two dietary patterns were constructed using factor analysis
and explained 11.7% of the variance in food intake. The “tra-
ditional southern” dietary pattern had high factor loadings
of rice, pork and vegetable, but with inverse loadings for
wheat flour and whole grain (Table 2). The modern dietary
pattern had a high intake of fruit, soy milk, eggs, milk, deep
fried products, fast food and cakes, and inverse loadings for
rice and salted vegetables. Supplement Fig. 2 shows the food
intake by quartiles of dietary patterns. Across quartiles of
the “traditional southern” dietary pattern, there was a sig-
nificant increase in the intake of rice, pork and fish. Average
wheat intake was lower among those with a high intake of
the traditional southern pattern. For the “modern” dietary
pattern, the mean fruit intake increased with quartile, while
the mean rice intake monotonically decreased with quar-
tile. The traditional south dietary pattern was positively but
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Table 1 Sample characteristics in 2009 by quartiles of cumulative cadmium intake among adutls attending the China Health and Nutrition Sur-

vey (N = 8429)

Q1 Q2 Q3 Q4 p-value
N=2108 N=2107 N=2107 N=2107

Traditional dietary pattern, mean (SD) - 0.8 (0.6) —0.10.7) 0.4 (0.6) 0.8 (0.7) <0.001
Modern dietary pattern, mean (SD) 0.6 (1.2) 0.6 (1.3) 0.4 (1.1) 0.4 (1.1) <0.001
Energy intake (kcal/d), mean (SD) 1915.2 (589.7) 2047.3 (600.9) 2179.3 (605.3) 2385.8 (658.1) <0.001
Fat intake (g/d), mean (SD) 59.8 (30.4) 71.6 (32.4) 76.7 (34.2) 89.0 (39.0) <0.001
Protein intake (g/d), mean (SD) 58.1 (20.2) 63.1 (21.9) 67.8 (22.2) 74.9 (23.7) <0.001
Carbohydrate intake (g/d), mean (SD) 283.4 (101.7) 282.8 (98.1) 298.7 (98.1) 314.5 (105.8) <0.001
Intake of cadmium (ug/d), mean (SD) 14.6 (3.0) 229 (2.2) 29.7 (1.9) 39.2 (6.1) <0.001
Age (years), mean (SD) 52.0 (16.2) 51.6 (15.8) 51.0 (14.7) 49.4 (13.0) <0.001
BMI (kg/m?), mean (SD) 23.8 (3.5) 23.4 (3.6) 23.1(3.5) 23.2 (3.3) <0.001
Men (%) 772 (36.6%) 881 (41.8%) 960 (45.6%) 1,369 (65.0%) <0.001
Low income (%) 750 (35.9%) 549 (26.4%) 566 (27.1%) 499 (24.0%) <0.001
Low education (%) 1008 (47.9%) 872 (41.4%) 903 (43.0%) 717 (34.1%) <0.001
Hypertension (%) 632 (30.1%) 626 (30.0%) 535 (25.7%) 501 (24.1%) <0.001
Diabetes (%) 279 (13.2%) 250 (11.9%) 181 ( 8.6%) 194 (9.2%) <0.001
Urbanization (%) <0.001

Low 1006 (47.7%) 640 (30.4%) 587 (27.9%) 607 (28.8%)

Medium 591 (28.0%) 767 (36.4%) 746 (35.4%) 689 (32.7%)

High 511 (24.2%) 700 (33.2%) 774 (36.7%) 811 (38.5%)
Smoking (%) <0.001

Non smoker 1545 (73.3%) 1509 (71.7%) 1505 (71.5%) 1236 (58.7%)

Ex-smokers 72 (3.4%) 67 (3.2%) 76 (3.6%) 67 (3.2%)

Current smokers 491 (23.3%) 529 (25.1%) 524 (24.9%) 803 (38.1%)
High sensitivity CRP (mg/dl), median (IQR) 1.0 (0.0-2.0) 1.0 (0.0-2.0) 1.0 (0.0-2.0) 1.0 (1.0-2.0) 0.14
CKD (%) 110 (5.2%) 165 (7.8%) 186 (8.8%) 180 (8.5%) <0.001
Physical activity (MET hours/week), mean (SD) 125.7 (116.4) 126.7 (111.8) 116.6 (100.6) 125.4 (100.4) 0.010
Hyperuricemia (%) 227 (10.8%) 319 (15.1%) 376 (17.9%) 451 (21.4%) <0.001

the modern pattern was inversely associated with cadmium
intake (Supplement Fig. 3).

Association Between Cadmium Intake and HU

Cadmium intake was positively associated with serum uric
acid after adjusting for age and gender (Supplement Fig. 4).
In multivariable model adjusting for sociodemographic and
lifestyle factors as well as overweight/obesity, hypertension
and diabetes, the odds ratio (OR) (95%CI) for HU across
quartiles of cadmium intake was 1.00 (reference), 1.48, 1.94
and 2.25(1.84-2.77) (p for trend < 0.001) (Table 3). The
association remained after further adjusting for CKD but
the association became stronger when the analysis was lim-
ited to those who attended all seven waves of dietary survey
(n=3298). Excluding those with CKD or adjusting for CRP
the association between cadmium and HU remained (data
not shown). The above association remained unchanged
when the modern dietary pattern was further adjusted (data
not shown). However, the association between cadmium
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intake and HU disappeared when both traditional southern
dietary pattern and modern pattern were adjusted with ORs
across quartiles of cadmium intake being 1.00, 1.01, 0.98
and 0.87 (0.64-1.18) (p for trend 0.273).

Association Between Dietary Patterns and HU

The prevalence of HU in 2009 increased across quartiles
of the cumulative traditional southern dietary pattern were
9.4%, 15.8%, 18.1% and 21.9%. After adjusting for age,
gender, income, education, urbanization, intake of energy,
smoking, alcohol drinking, physical activity, diabetes,
hypertension and overweight/obesity (model 3), across
quartiles of the traditional southern dietary pattern ORs
for HU were 1.00, 2.09, 2.65, and 3.24 (95%CI 2.61-4.01)
(p for trend < 0.001), respectively. Further adjustment for
CKD attenuated the association slightly. The association
became stronger when the analysis was limited to those
who attended all seven waves of dietary measurements: ORs
were 1.00, 265, 2.90 and 4.14 (95%CI 2.87-5.97) across
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Table 2 Factor loadings of identified dietary patterns

Traditional pattern Modern pattern

Rice 0.78 -0.21
Wheat -0.72 -
Whole grain - 0.44 -
Pork 0.41 0.31
Fish 0.35 0.28
Fresh vegetable 0.29 -
Dry tofu 0.27 -
Offal 0.22 -
Fruit - 0.46
Milk - 0.41
Eggs - 0.39
Fast food - 0.39
Soy milk - 0.38
Deep fried products -0.29 0.35
Fungus - 0.31
Cake - 0.30
Poultry 0.24 0.27
Shrimp - 0.26
Nuts - 0.24
Beer - 0.23
Beef - 0.21
Variance explained (%) 6.2 5.5

Bean thread noodle, Tofu, salted vegetables, lamb, tubers, yoghurt,
beverage, legume, spirit, sugar, milk powder, fresh bean, wine and
others had factors loadings <10.2I

quartiles of this pattern. However, adjusting for cadmium
intake decreased the ORs slightly (for quartile four, the
OR decreased from 3.24 to 3.03, corresponding to a 6.5%
decrease in effect estimate).

No association between the modern dietary pattern and
HU was found in the fully adjusted model (model 3). Com-
paring the extreme quartiles of the cumulative modern die-
tary pattern, the OR for CKD were 1.14 (95%CI 0.90-1.43)
for quartile 4 compared to quartile 1. The above associations
were not changed after further adjusting for CRP (data not
shown).

Association Between Individual Foods Intake
and Hu

Table 4 shows the association between cumulative mean
individual food intake and HU. After adjusting for sociode-
mographic and lifestyle factors, the consumption of rice,
pork, fish and poultry was positively associated with HU.
However, the intake of wheat, whole grain, tubers, egg and
fast food was inversely associated with HU.

Overall, no interactions were observed between cadmium
intake, dietary pattern and sex, hypertension, diabetes, obe-
sity or CKD (data not shown).

Discussion

In this population-based study of ~ 8500 Chinese adults,
the traditional southern dietary pattern with a high intake
of rice, pork, fish and vegetables, and low intake of wheat
was positively associated with HU after adjusting for life-
style factors, obesity, hypertension and diabetes. No asso-
ciation was observed between the modern dietary pattern
and HU. Intake of cadmium was positively associated with
the traditional southern pattern. The association between
traditional dietary pattern and HU was partly mediated
by CKD but not cadmium content of foods. There was a
positive association between dietary cadmium and HU.
However, the association between cadmium and HU was
mainly due to dietary patterns.

Cadmium Intake and HU

Three studies have examined the association between
blood/urine cadmium and HU so far (Arrebola et al.
2019; Sun et al. 2017). Studies in Spain and China found
a positive association between blood/urine cadmium and
HU (Arrebola et al. 2019; Sun et al. 2017). However, no
association between blood cadmium and HU was found in
the USA (Krishnan et al. 2012). The current study is the
first to show that dietary intake of cadmium was positively
associated with HU and the association was mainly due to
the dietary patterns. The finding is consistent with another
study in China which reported a positive association
between blood cadmium and HU (Sun et al. 2017). In the
cross-sectional SPECT-China study, comparing extreme
quartiles of blood cadmium, the OR for HU was 1.61
(95% CI 1.04-2.49) in men and 1.25 (95%CI 0.74-2.11)
in women in a model adjusted for eGFR, current smoking
status, blood lead, diabetes, dyslipidaemia, hypertension
and BMI. However, data from the National Health and
Nutrition Examination Surveys (NHANES) study in the
USA suggested no association between blood cadmium
and HU (Krishnan et al. 2012). The difference may be due
to the different levels of cadmium in the study populations.
The blood cadmium level in adults in China is higher than
in the USA (Nie et al. 2016).

The mechanism linking cadmium and HU is not fully
understood. It is possible that long-term low-dose cad-
mium exposure may cause kidney damage through tubular
dysfunction with decreased reabsorptive capacity for min-
erals, vitamins and other nutrients (Satarug et al. 2010).
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Table 3 Odds rations (95%CI) for HU according to quartiles of cumulative dietary patterns and cadmium intake among Chinese adults

Ql Q2 Q3 Q4 p for trend
Traditional southern pattern
Model 1* 1 1.91 (1.58-2.31) 2.41 (2.00-2.92) 2.71 (2.25-3.25) <0.001
Model 2° 1 1.88 (1.53-2.32) 2.15 (1.74-2.67) 2.59 (2.11-3.18) <0.001
Model 3¢ 1 2.09 (1.68-2.59) 2.65 (2.12-3.31) 3.24 (2.61-4.01) <0.001
Model 3+ CKD 1 1.93 (1.56-2.41) 2.32 (1.85-2.91) 2.95(2.38-3.67) <0.001
Model 3 +dietary measures =7 waves 1 2.95 (1.90-4.58) 3.40 (2.32-4.99) 4.75 (3.31-6.81) <0.001
Model 3 + cadmium intake 1 2.09 (1.65-2.65) 2.67 (2.02-3.53) 3.32 (2.47-4.46) <0.001
Modern dietary pattern
Model 1* 1 1.20 (1.01-1.43) 1.23 (1.04-1.47) 1.56 (1.32-1.85) <0.001
Model 2° 1 1.16 (0.96-1.40) 1.04 (0.85-1.28) 1.27 (1.01-1.59) 0.197
Model 3¢ 1 1.06 (0.87-1.29) 0.91 (0.73-1.12) 1.14 (0.90-1.43) 0.914
Model 3+ CKD 1 1.07 (0.87-1.30) 0.92 (0.75-1.14) 1.12 (0.89-1.42) 0.819
Model 3 + dietary measures =7 waves 1 0.96 (0.72-1.29) 0.90 (0.64-1.26) 1.18 (0.75-1.84) 0.491
Model 3 + cadmium intake 1 1.07 (0.88-1.30) 0.91 (0.73-1.12) 1.14 (0.90-1.44) 0.789
Cadmium intake
Model 1* 1 1.46 (1.21-1.76) 1.76 (1.47-2.11) 2.04 (1.70-2.45) <0.001
Model 2° 1 1.37 (1.12-1.68) 1.66 (1.37-2.02) 1.92 (1.57-2.34) <0.001
Model 3¢ 1 1.48 (1.21-1.83) 1.94 (1.58-2.38) 2.25(1.84-2.77) <0.001
Model 3+ CKD 1 1.39 (1.13-1.72) 1.79 (1.46-2.21) 2.07 (1.68-2.55) <0.001
Model 3 +dietary measures =7 waves 1 1.94 (1.29-2.94) 3.48 (2.40-5.03) 3.82 (2.64-5.53) <0.001
Model 3 + dietary patterns 1 1.01 (0.80-1.26) 0.98 (0.75-1.27) 0.87 (0.64-1.18) 0.273
#Model 1: adjusted for age, gender, intake of energy
"Model 2: additional adjustment for education, income, urbanization level, smoking, alcohol drinking, and physical activity
“Model 3: further adjustment for overweight/obesity, hypertension, and diabetes
T @ a
individual food intake Rice 1 1.81 (1.48-2.21)  2.01 (1.65-2.44)  2.00 (1.64-2.44) <0.001
Pork 1 1.01 (0.82-1.23) 1.31 (1.08-1.60) 1.56 (1.28-1.90) <0.001
Vegetable 1 0.95 (0.79-1.14) 1.08 (0.90-1.29) 0.89 (0.74-1.07) 0.455
Fish 1 1.00 (0.81-1.22) 1.15 (0.96-1.36) 1.42 (1.20-1.69) <0.001
Poultry* 1 1.14 (0.97-1.34) 1.37 (1.18-1.59) - 0.001
Wheat 1 0.87 (0.74-1.03) 0.72 (0.61-0.86) 0.41 (0.34-0.50) <0.001
Whole grain® 1 0.93 (0.78-1.11) 0.72 (0.61-0.84) - <0.001
Tubers 1 0.91 (0.76-1.08) 0.90 (0.75-1.07) 0.97 (0.81-1.16) 0.667
Fruit 1 1.14 (0.57-2.30) 1.18 (1.01-1.37) 0.96 (0.81-1.13) 0.712
Soy milk® 1 1.06 (0.92-1.23) - - 0.420
Egg 1 0.85 (0.71-1.02) 0.88 (0.74-1.06) 0.79 (0.66-0.95) 0.029
Milk® 1 0.88 (0.73-1.06) - - 0.185
Fast food* 1 1.12 (0.85-1.48) 0.90 (0.77-1.05) - 0.243

Bold values indicate the p < 0.05

Models adjusted for age, gender, intake of energy, education, income, urbanization level, smoking, alcohol
drinking, and physical activity

“Food consumption categorical levels were: none, above or below medium consumption among consumers

"Food consumption categorical levels were: none consumers and consumers
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Cadmium is a well-known nephron toxic heavy metal
and can cause kidney damage (Jarup et al. 2000). In a rat
model, cadmium exposure increased xanthine oxidoreduc-
tase (XOR) activity and led to renal uric acid transport
system dysfunction. In parallel with the urine hyperactiv-
ity of XOR, serum uric acid level increased (Wang et al.
2012). In the sample, having CKD was associated with
four times increased likelihood of having HU.

Consistent with findings from the SPECT study, the asso-
ciation between the dietary cadmium intake and HU in the
current study appears independent of chronic kidney disease.
It suggests that mechanisms other than the impairment of
kidney function are involved.

In the general population, food is the main source of
cadmium exposure. Food can be contaminated by cadmium
through modern industrial and agricultural activities (e.g.
use of fertilizer and pesticides, waste disposal). In the Chi-
nese diet, rice, vegetable, wheat and pork are the major con-
tributors of dietary cadmium (He et al. 2013; Yuan et al.
2014). The dietary cadmium intake was much higher in
China than in western countries. For example, in Sweden,
the mean intake of cadmium was 19 pg/d in men and 13 pg/d
in women (Wang et al. 2012), with only 3.3% men and 1.6%
women exceeding tolerable weekly intake (TWI) set by the
European Food Safety Authority (EFSA) (European Food
Safety Authority 2011). In the current study, the cumulative
mean intake of cadmium was similar to the findings from
other studies in China (He et al. 2013; Yuan et al. 2014).
More than 60% of participants had an estimated cadmium
intake above the TWI level.

Dietary Patterns and CKD

In the Chinese population, several studies have assessed the
association between dietary patterns and HU or serum uric
acid. A positive association between meat rich dietary pat-
tern has been reported in several studies in mainland China
(He et al. 2017; Liu et al. 2018; Xia et al. 2018; Zhang et al.
2012). The positive association between the traditional die-
tary pattern and HU in the current study is consistent with
the aforementioned Chinese studies. However, a study in
Taiwan reported no significant association between dietary
patterns and serum uric acid (Tsai et al. 2012). A uric acid-
prone pattern is generally characterized by high intake of
seafood, meat, beverage and organ meat was positively asso-
ciated with serum uric acid only before the adjustment of
confounding factors.

Several factors may explain the association between the
traditional southern dietary pattern and HU. Firstly, the tra-
ditional southern dietary pattern has high loadings of pork,
fish and poultry. A positive association between the intake of
animal food and HU has been found reported in many other
studies (Major et al. 2018). In the current study, intake of

pork, fish and poultry was also positively associated with
HU. Secondly, traditional south pattern was associated with
CKD (Shi et al. 2018a). It is well known that impaired kid-
ney function affects the excretion of uric acid and increases
the risk of HU. In the current study, the association between
the traditional southern dietary pattern and HU was partly
mediated by CKD.

Although the traditional southern dietary pattern was
positively associated with a high intake of cadmium, the
dietary pattern and HU association was not attenuated after
adjustment for estimated cadmium intake. It is unlikely that
cadmium in the diet can explain the link between traditional
dietary pattern and HU.

A null association between the modern dietary pattern
and HU is unexpected. In China, a modern dietary pattern
has been shown to be positively associated with obesity (Xu
et al. 2015). Nonetheless, several major contributors (i.e.
egg, milk, and fruit) in the modern dietary pattern have been
to be inversely associated with the risk of HU. For exam-
ple, egg consumption was inversely association with HU or
serum uric acid levels in Taiwan (Chuang et al. 2011), Croa-
tia (Jeroncic et al. 2010) and the USA (Major et al. 2018).
Milk has also been reported to be associated with a lower
prevalence of HU or a lower level of serum uric acid (Jeron-
cic et al. 2010; Major et al. 2018). A higher of consumption
of dairy products is associated with a decreased risk of gout
(Choi et al. 2004). Furthermore, the modern dietary pattern
has been found to be inversely related to CKD in the same
study population. It is possible that the adverse effect of this
pattern on obesity is counteracted by the inverse relationship
with CKD and a lower level of cadmium intake.

No studies on the association between dietary patterns
and HU have incorporated cadmium intake. The inconsistent
findings on the association between diet and HU could be
partly due to the levels of cadmium in the food in different
study populations. As previously reported, 65.4% of the par-
ticipants in the CHNS sample had an estimated usual cad-
mium intake above the EFSA TWI, while 2.9% were above
the WHO provisional tolerable monthly intake (PTMI) (Shi
et al. 2018b). The current findings provide additional sup-
port for the use of the more conservative EFSA TWI (2.5 pg/
kg BW/week), rather than the PTMI set by WHO (25 pg/kg
body weight/month) (Shi et al. 2018b).

Strength and Limitations

The study has several strengths. Firstly, there are multiple
measures of dietary intake based on 3-day dietary recall
over 18 years. The use of cumulative dietary patterns in the
study may reduce misclassification based on a single 3-day
dietary recall. Secondly, a variety of potential confounding
factors have been adjusted, including health conditions and
biomarkers of inflammation.
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One of the main limitations of the study is the cross-
sectional nature of the current analysis as serum uric acid
was only assessed in 2009. Causation cannot be established.
However, the findings of the association between dietary
pattern and HU are in line with previous regional studies
conducted in China. The food cadmium concentration used
to calculate the cadmium intake between 1991 and 2009
is based on national average levels measured in 2012. It
may limit the validity of the association between dietary
cadmium intake and HU as the food cadmium levels, espe-
cially for rice cadmium concentration, vary substantially by
regions (He et al. 2013; Yuan et al. 2014) and time. Further-
more, there are no biomedical measurements of cadmium in
CHNS to validate the estimated intakes. However, dietary
cadmium intake is related to urine cadmium in a study con-
ducted in Shanghai (He et al. 2013). Further studies using
blood or urine cadmium measures are needed to examine
the role of dietary cadmium in the aetiology of HU in China.

Novelty and Significance

As mentioned above, there are a few studies on the associa-
tion between cadmium (blood or urine) (Sun et al. 2017) or
dietary patterns (Liu et al. 2018; Xia et al. 2018; Zhang et al.
2012) and hyperuricemia in China. Most of the studies were
regional with one exposure variable (i.e. either cadmium
or dietary pattern) and could not answer the following two
questions: (1) can the association between cadmium (in the
blood or urine) and HU be explained by dietary pattern? (2)
Is the association between dietary pattern and HU partly due
to cadmium intake? The current study recruited participants
from nine provinces in China, and importantly, two related
exposure variables (cadmium intake and dietary patterns)
were examined for their associations with HU. It gives a
whole picture of the interplay of cadmium intake and dietary
patterns with HU.

Conclusion

In conclusion, traditional dietary pattern and cadmium
intake are associated with HU in the Chinese population
independent of known HU risk factors. The association
between dietary patterns cannot be explained by cadmium
contamination of the food supply. Cadmium intake is posi-
tively associated with HU, which is mainly due to traditional
dietary pattern.
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