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Combined effect of obesity and uric acid
on nonalcoholic fatty liver disease
and hypertriglyceridemia
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Abstract
Hyperuricemia is associated with metabolic syndrome (MetS), but the association is often confounded by the shared background of
obesity. We sought to explore the modifying effects of obesity on the association between uric acid (UA), MetS components, and
nonalcoholic fatty liver disease (NAFLD).
We conducted a cross-sectional study in a Chinese population of 10,069 participants aged ≥20 years. Multiplicative interaction

between obesity (BMI ≥ 25kg/m2) and elevated UA was assessed using an interaction term in a logistic regression analysis. The
presence of additive interaction was assessed based on the relative excess risk due to the interaction (RERI) and the attributable
proportion due to the interaction (AP).
There was no evidence of a multiplicative interaction between obesity and elevated UA on MetS components and NAFLD.

However, there was a strong additive interaction between obesity and elevated UA with regard to NAFLD (RERI of 6.47 [95% CI
3.42–9.53] for men and 5.87 [1.55–10.19] for women) and hypertriglyceridemia (RERI of 1.38 [0.57–2.20] for men and 1.38
[0.08–2.67] for women). In addition, 42% and 36% of the increased odds of NAFLD for men and women, respectively, can be
explained by an interaction between obesity and elevated UA (AP of 0.42 [95% CI (0.30–0.54)] for men and 0.36 [0.17–0.55] for
women). Similarly, the interaction accounted for 27% and 26% of the increased risk of hypertriglyceridemia for men and women (AP
of 0.27 [0.14–0.41] for men and 0.26 [0.06–0.47] for women).
In this population, obesity and elevated UA synergistically interacted to increase the risk of NAFLD and hypertriglyceridemia.

Abbreviations: AP = the attributable proportion due to the interaction, BMI = body mass index, BP = blood pressure, FPG =
fasting plasma glucose, HDL-C= high-density lipoprotein-cholesterol, MetS=metabolic syndrome, NAFLD= nonalcoholic fatty liver
disease, RERI = the relative excess risk due to the interaction, TG = triglyceride, UA = uric acid.
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1. Introduction insulin resistance has been implicated as a linking factor.
Metabolic syndrome (MetS) is a cluster of interrelated cardio-
metabolic risk factors[1] that are associated with an increased risk
of type 2 diabetes and cardiovascular diseases. The prevalence of
MetS dramatically increased worldwide, ranging from 10% to
84% depending on the age, gender, and ethnicity/race of the
population.[2] The studies performed in China indicate it is
experiencing an epidemic of MetS, with a high prevalence of
33.9% among general Chinese population.[3] The pathogenesis
of MetS remains unclear, although the possible involvement of
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Determination of the risk factors of MetS is essential for
identification and intervention of MetS.

Serum levels of uric acid (UA), the end-product of purine
metabolism, are maintained by a balance between the production
and excretion of UA.[4] Increasing evidence indicates that
elevated UA levels, even within the normal range, are related
to MetS.[5] Cardiovascular disease is a major comorbidity of
hyperuricemia[6]; however, whether elevated UA levels are
independently associated with cardiovascular disease risk is still
controversial. It is likely that the relative importance of UA, per
se, as a cardiovascular disease risk factor may involve an
interaction with the other metabolic disorders.[7]

Obesity is a global public health problem and is associated
with MetS and hyperuricemia.[8] With the rapid socio-economic
growth, the prevalence of obesity has increased rapidly among
Chinese adults during the past decades, from 2.9% and 5.0% to
11.4% and 10.1% among men and women, respectively.[9] A
shared background of obesity usually confounds the relationship
observed between UA andMetS. Several studies have investigated
the role of obesity in the association of UA and MetS, but the
results were inconsistent.[10–12] The possible interaction between
obesity and UA with regard to certain components of MetS has
not been well studied. In addition, nonalcoholic fatty liver disease
(NAFLD), which is characterized by excessive fat accumulation
in the liver without excessive alcohol consumption, has been
regarded as the hepatic manifestation of MetS.[13] NAFLD has
frequently been associated with many metabolic abnormalities,
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such as insulin resistance, obesity, type 2 diabetes mellitus, and
hyperlipidemia, which are the main features of MetS.[14] It has
been reported that approximately 90% of the NAFLD patients
present more than 1 component of MetS, and about 33% of the
patients meet the criteria of MetS.[15] Recent studies have
demonstrated a close relationship between serum UA and
NAFLD.[16–18] However, few studies have explored whether
obesity, as a major risk factor for NAFLD, can modify the
association between UA and NAFLD.

In the present study, we sought to explore the modifying effect
of obesity on the association between elevated UA, MetS
components, and NAFLD in a Chinese population.
2. Methods

2.1. Subjects and study design

The participants in the present study were from the Wuhan Iron
and Steel Company (WISCO), consisting of Chinese employee
aged ≥20 years. The data derived from a health examination of
all of the employees and retirees at the WISCO General Hospital
in 2009.[19–21] Questionnaires were used to collect data regarding
demographic characteristics, including age, sex, medical history,
and drinking status. We excluded individuals who were taking
medicines for diabetes, hypertension, dyslipidemia, or hyperuri-
cemia; who had missing information on their age, sex, body mass
index (BMI), fasting plasma glucose (FPG), blood pressure (BP),
triglycerides (TG), high density lipoprotein-cholesterol (HDL-C),
UA or liver ultrasonography data; and who had chronic kidney
disease (defined as an estimated glomerular filtration rate <60
mL/min per 1.73 m2). Finally, 10,069 participants, 6378 males
and 3691 females, were included in the present study. The fact
that male participants accounted for 63.3% of the entire cohort
was consistent with the sex percentage atWISCO. Our study was
approved by the Institutional Review Board of the WISCO
General Hospital, and the informed consent requirement was
exempted because of our retrospective estimation of a de-
identified database.

2.2. Anthropometric and biochemical measurements

Physical examination was performed and anthropometric
parameters were obtained including weight, height, and BP.
Weight was measured with the participants wearing light
clothing and height was measured without shoes. BMI was
calculated as weight (in kilograms)/height square (in meters). BP
was measured twice every 5 minutes on the right arm after 5
minutes of rest with the participants seated. The mean of the 2
measures was taken for data analysis.
Blood samples were collected from the antecubital vein of all

participants after fasting at least 10hours overnight and
biochemically analyzed for FPG, UA, creatinine, alanine
aminotransferase, TG, and HDL-C levels. All the measurements
were determined using an auto-analyzer (Hitachi 7600, Ltd,
Tokyo, Japan). The triglycerides and glucose index (TyG) were
calculated using the published formula:[22] Ln [TG (mg/dL)�
FPG (mg/dL)/2].

2.3. Definitions

Given that the UA levels differed substantially by gender, sex-
specific quartiles of UA levels were established (for men, first
quartile: �4.8mg/dL, second quartile: 4.9–5.5mg/dL, third
quartile: 5.6–6.3mg/dL, fourth quartile: ≥6.4mg/dL; for women,
2

corresponding cut-points: �3.5mg/dL, 3.6–4.0mg/dL, 4.1–4.8
mg/dL, ≥4.9mg/dL). We defined an elevated UA level as the
highest UA quartile (≥ 6.4mg/dL in men and ≥4.9mg/dL in
women), and a normal UA level as the lower 3 quartiles.
According to the World Health Organization (WHO) expert

consulate forAsians,[23] obese status is definedasaBMI≥25kg/m2

and nonobese status is a BMI < 25kg/m2.
Components of MetS are defined based on the following

definitions of the Adult Treatment Panel-III (ATP III):[24] (1)
abdominal obesity: waist circumference ≥90/80cm for men/
women); (2) elevated BP: systolic/diastolic BP ≥ 130/85 mm Hg;
(3) elevated FPG: FPG ≥ 5.6mmol/L (100mg/dL); (4) elevated
TG: TG ≥ 1.7mmol/L (150mg/dL); and (5) low HDL-C: HDL-C
� 1.0/1.3mmol/L (40/50mg/dL) for men/women. Of these
components, we assessed the associations between elevated BP,
elevated FPG, elevated TG, and low HDL-C with UA levels in
obese and nonobese subjects. As waist measurement was not
available for the study population, a BMI of ≥25kg/m2 for all
patients was substituted as an index of obesity which was taken
as a component of MetS. Previous studies have confirmed the
validation of this definition.[25]

As NAFLD was regarded as a hepatic manifestation of
metabolic syndrome, we also evaluated the relationship between
NAFLD with UA levels in obese and nonobese subjects.
According to the guideline of the Asia-Pacific Working

Party,[26] NAFLD is diagnosed based on the presence of fatty
liver, as assessed using ultrasonography, ruling out excessive
alcohol intake (>140g/wk for men, >70g/wk for women),
hepatic virus infection, or the use of steatogenic or hepatotoxicity
medications.

2.4. Statistical analysis

All statistical analyses were conducted using SPSS (version 20.0,
Chicago, IL). Men and women were both stratified into 4
mutually exclusive groups based on BMI and UA levels, namely,
nonobese with normal UA or elevated UA level and obese with
normal UA or elevated UA level. The basic characteristics of the
participants were presented as a median and interquartile range
for continuous variables and as a percentage for categorical
variables. Differences between any 2 groups were assessed using
the Mann–Whitney U test or chi-square test. The age-adjusted
association between UA and MetS components was determined
using logistic regression analysis. The multiplicative interaction
between BMI and UA was assessed using a cross-product
interaction term included in the logistic regression model.
The additive interaction may better reflect a biological

interaction.[27] Therefore, we used a method proposed by
Rothman[28] to test for additive interaction between BMI and
UA levels. To quantify the amount of additive interaction, we
calculated 2 measures using the approach of Andersson et al,[29]

namely, the relative excess risk due to the interaction (RERI) and
the attributable proportion due to the interaction (AP). An RERI
and AP of zero indicate the absence of an additive interaction.
A 2-tailed P-value <0.05 was considered to be significant.
3. Results

3.1. Characteristics of the study subjects

The average age and BMI of this study were 49.5 ± 14.7 years
and 23.6±3.1kg/m2, respectively. Clinical characteristics of the
population stratified by BMI and UA levels are presented in
Table 1. For men, individuals with elevated levels of UA were



Table 1

Clinical characteristics of the study population.

BMI < 25 kg/m2

P
BMI ≥ 25 kg/m2

PNormal UA Elevated UA Normal UA Elevated UA

Men
N, numbers 3304 772 – 1483 819 –

Age, y 47.0 (37.0–56.0) 46.0 (38.0–57.8) 0.38 50.0 (42.0–57.0) 49.0 (40.0–57.0) <0.0001
BMI, kg/m2 22.4 (20.8–23.7) 23.2 (21.8–24.2) <0.0001 26.4 (25.6–27.7) 27.0 (25.9–28.3) <0.0001
SBP, mm Hg 121.0 (110.0–130.0) 124.0 (110.0–132.0) <0.0001 127.0 (120.0–140.0) 130.0 (120.0–140.0) <0.0001
DBP, mm Hg 78.0 (70.0–80.0) 80.0 (70.0–85.0) <0.0001 82.0 (76.0–90.0) 84.0 (79.0–90.0) <0.01
FPG, mmol/L 5.0 (4.6–5.4) 5.0 (4.7–5.4) <0.05 5.2 (4.8–5.7) 5.2 (4.8–5.6) 0.38
TG, mmol/L 1.0 (0.7–1.5) 1.3 (0.9–2.1) <0.0001 1.5 (1.0–2.1) 1.9 (1.3–2.8) <0.0001
HDL-C, mmol/L 1.3 (1.1–1.5) 1.2 (1.1–1.4) <0.0001 1.2 (1.0–1.3) 1.1 (1.0–1.3) <0.0001
ALT, U/L 19.0 (14.0–27.0) 22.0 (15.0–32.0) <0.0001 27.0 (19.0–38.0) 32.0 (23.0–47.0) <0.0001
UA, mg/dL 5.2 (4.6–5.7) 6.9 (6.6–7.4) <0.0001 5.4 (4.9–5.9) 7.1 (6.7–7.7) <0.0001
TG/HDL-C 0.8 (0.5–1.3) 1.1 (0.7–1.8) <0.0001 1.2 (0.8–1.9) 1.6 (1.1–2.6) <0.0001
TyG 8.3 (8.0–8.8) 8.6 (8.2–9.1) <0.0001 8.7 (8.4–9.1) 8.9 (8.6–9.4) <0.0001

Women
N, numbers 2264 502 – 516 409 –

Age, y 46.0 (37.0–56.0) 56.0 (46.8–68.0) <0.0001 56.0 (48.0–63.0) 60.0 (52.0–69.0) <0.0001
BMI, kg/m2 21.5 (20.0–23.1) 22.7 (21.3–23.8) <0.0001 26.7 (25.7–28.2) 27.3 (25.9–29.0) <0.0001
SBP, mm Hg 113.5 (105.0–122.0) 120.0 (110.0–132.0) <0.0001 125.5 (120.0–138.0) 130.0 (120.0–140.0) 0.02
DBP, mm Hg 70.0 (67.0–80.0) 78.0 (70.0–80.0) <0.0001 80.0 (70.0–87.0) 80.0 (74.5–90.0) 0.10
FPG, mmol/L 4.9 (4.6–5.3) 5.1 (4.8–5.6) <0.0001 5.2 (4.8–5.7) 5.3 (4.9–5.9) <0.01
TG, mmol/L 0.8 (0.6–1.2) 1.2 (0.8–1.8) <0.0001 1.2 (0.9–1.7) 1.6 (1.1–2.2) <0.0001
HDL-C, mmol/L 1.6 (1.4–1.8) 1.5 (1.3–1.7) <0.0001 1.5 (1.3–1.7) 1.4 (1.2–1.6) <0.01
ALT, U/L 15.0 (12.0–21.0) 18.0 (14.0–26.0) <0.0001 19.0 (15.0–26.0) 21.0 (16.0–29.0) <0.0001
UA, mg/dL 3.8 (3.4–4.3) 5.3 (5.1–5.9) <0.0001 4.1 (3.7–4.5) 5.5 (5.1–6.0) <0.0001
TG/HDL-C 0.5 (0.3–0.8) 0.8 (0.5–1.3) <0.0001 0.8 (0.6–1.3) 1.2 (0.8–1.7) <0.0001
TyG 8.0 (7.7–8.5) 8.5 (8.1–8.9) <0.0001 8.6 (8.2–8.9) 8.8 (8.4–9.2) <0.0001

Data are presented as median and interquartile range (IQR).
ALT= alanine aminotransferase, BMI=body mass index, DBP=diastolic blood pressure, FPG= fasting plasma glucose, HDL-C=high-density lipoprotein cholesterol, SBP= systolic blood pressure, TG=
triglycerides, TyG= triglycerides and glucose index, UA=uric acid.
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more likely to have an adverse metabolic risk profile, including
higher BMI, systolic/diastolic BP, TG, TG/HDL-C, TyG, and
ALT, and lower HDL-C (all P<0.01), compared with those with
normal UA level for both the nonobese and obese groups. The
difference in level of FPG between the elevated and normal UA
group was statistically significant for nonobese men, but not for
obese men. For women, subjects with high levels of UA were
older than those with normal UA, and had significantly higher
BMI, systolic BP, FPG, TG, TG/HDL-C, TyG, and ALT, and
lower HDL-C (all P<0.02), regardless of their obesity status.
The TyG index was significantly elevated in MetS and NAFLD

participants for men (MetS 9.4±0.6, non-MetS 8.4±0.6, P<
0.0001; NAFLD 8.9±0.7, non-NAFLD 8.3±0.6, P<0.0001)
and women (MetS 9.2±0.6, non-MetS 8.2±0.6, P<0.0001;
NAFLD 8.8±0.6, non-NAFLD 8.1±0.6, P<0.0001), as
compared with their counterparts. For men, the OR and 95%
CI of TyG for MetS and NAFLD was 12.5 (10.8–14.6) and 5.3
(4.8–5.9), respectively. For women, the corresponding figures
were 16.2 (12.6–20.7) and 6.5 (5.6–7.5), respectively.
3.2. Associations between UA and metabolic disorders
according to BMI

The prevalence of MetS components in UA groups according to
sex and BMI is shown in Table 2. For men, regardless of obesity
status, the prevalence of elevated BP, elevated TG, low HDL-C,
and NAFLD were significantly higher in the elevated UA group
than in the normal UA group (all P<0.01), but not an elevated
FPG. For women, the prevalence of all evaluated components of
3

MetS and NAFLD were higher among those with an elevated UA
level compared to those with a normal UA level in both BMI
groups, albeit the prevalence of a low HDL-C was marginally
different between individuals with an elevated or normal UA level
in the obese group (P = 0.07).

The age-adjusted ORs for MetS components and NAFLD are
shown in Table 3. The P-value of the interaction termwas used to
evaluate the multiplicative interaction. Compared with nonobese
individuals with a normal UA level, obese subjects with an
elevated UA level had a significantly increased risk of MetS
components and NAFLD in both men and women. In particular,
ORs for NAFLD (15.49 [95% CI 12.57–19.09] for men and
16.25 [12.39–21.31] for women) and hypertriglyceridemia (5.05
[4.27–5.96] for men and 5.25 [4.07–6.77] for women) were
significantly greater than other MetS components in obese
subjects with elevated UA levels. However, there was no evidence
of a multiplicative interaction between obesity and UA for
increasing the risk of these assessed metabolic disorders.
3.3. Additive interaction between obesity and UA in
association with MetS components and NAFLD

An additive interaction better reflects a biological interaction.[27]

Therefore, we further conducted an additive interaction analysis
to detect whether the combined influence of obesity and UA on
the risk ofMetS components exceeded the sum of their individual
impact. The results are presented in Table 4 and Fig. 1. There was
a strong additive interaction between obesity and elevated UA
levels on the risk of NAFLD (RERI of 6.47 [95% CI 3.42–9.53]
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Table 2

Prevalence of metabolic syndrome components and nonalcoholic fatty liver disease in groups stratified by the body mass index and uric
acid levels.

BMI < 25 kg/m2

P
BMI ≥ 25 kg/m2

PNormal UA Elevated UA Normal UA Elevated UA

Men
Elevated BP 34.1% 42.1% <0.0001 52.4% 60.3% <0.0001
Elevated FPG 16.9% 18.0% 0.45 27.2% 27.4% 0.96
Elevated TG 20.1% 33.3% <0.0001 40.5% 56.7% <0.0001
Low HDL-C 3.4% 5.6% <0.01 7.2% 9.9% 0.02
NAFLD 25.4% 41.6% <0.0001 73.6% 84.6% <0.0001

Women
Elevated BP 20.4% 36.9% <0.0001 48.4% 55.3% 0.04
Elevated FPG 12.8% 25.1% <0.0001 30.0% 39.1% <0.01
Elevated TG 9.5% 26.9% <0.0001 24.0% 44.7% <0.0001
Low HDL-C 1.9% 5.2% <0.0001 2.1% 4.2% 0.07
NAFLD 13.8% 31.5% <0.0001 64.1% 78.2% <0.0001

Data were presented as percentages.
BMI=body mass index, BP=blood pressure, FPG= fasting plasma glucose, HDL-C=high-density lipoprotein cholesterol, NAFLD=nonalcoholic fatty liver disease, TG= triglycerides, UA=uric acid.
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for men and 5.87 [1.55–10.19] for women). In other words, the
concurrence of obesity and elevated UA levels conferred a 6.47-
and 5.87-fold relative excess risk for men and women,
respectively, beyond the sum of the individual risks for obesity
and elevated UA levels. Similarly, the RERI for hypertriglycer-
idemia was statistically significant in men (RERI of 1.38 [95%CI
0.57–2.20]) and women (RERI 1.38 [0.08–2.67]). A relatively
weak additive interaction was detected for the risk of an elevated
BP in men (RERI 0.59 [0.04–1.14]). There was no evidence of an
additive interaction between obesity and elevated UA for the risk
of elevated FPG and low HDL-C, and elevated BP in women
(RERI ≈ 0 and AP ≈ 0).

4. Discussion

In the present study, we found evidence that being obese modified
the association of UA with NAFLD and hypertriglyceridemia.
The magnitude of the effect of modification was large; obese men
and women with elevated UA had 15.49 and 16.25 times the risk
of having NAFLD, and 5.05 and 5.25 times the risk for
Table 3

ORs for the association between serum levels of uric acid and met
stratified by the body mass index.

BMI < 25 kg/m2

Normal UA Elevated UA

Men
Elevated BP 1 1.37 (1.15–1.63) 2.0
Elevated FPG 1 0.98 (0.79–1.22) 1.7
Elevated TG 1 1.93 (1.62–2.30) 2.7
Low HDL-C 1 1.70 (1.18–2.45) 2.2
NAFLD 1 2.04 (1.73–2.41) 7.9
Women
Elevated BP 1 1.37 (1.09–1.73) 2.4
Elevated FPG 1 1.48 (1.15–1.91) 2.0
Elevated TG 1 2.56 (1.99–3.30) 2.3
Low HDL-C 1 2.98 (1.76–5.06) 1.3
NAFLD 1 2.27 (1.80–2.86) 9.1

Models were adjusted for age.
∗
P for the interaction term represents significance of multiplicative interaction from the logistic regress

BMI=body mass index, BP=blood pressure, FPG= fasting plasma glucose, HDL-C=high density lipop
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hypertriglyceridemia, which were much higher than the increased
risks among obese individuals with normal UA levels or nonobese
persons with elevated UA levels. These findings suggest a
synergistic effect of obesity and an elevated UA level for
increasing the risk of NAFLD and hypertriglyceridemia. No
statistically significant interaction was observed with regard to
other MetS components.

Obesity is a common condition related to hyperuricemia and
MetS components. However, the modifying effect of obesity on
the association between UA with MetS and NAFLD has not been
well studied. Several lines of evidence suggest that obesity could
modify the relationship between UA and MetS, but there is still a
plenty of controversy. A large-sample study of European
participants suggested that elevated BMI is an essential
confounding factor to the observational relationship analyses
of UA and related conditions.[30] A recent study from Norway
conducted by Norvik et al[10] also demonstrated that BMI could
modify the association of UA and some MetS components. They
observed that elevated UA predicted the onset of elevated BP and
elevated FPG in subjects with a BMI> 25kg/m2, but not in those
abolic syndrome components or nonalcoholic fatty liver disease

BMI ≥ 25 kg/m2

P for interaction∗Normal UA Elevated UA

4 (1.78–2.33) 3.00 (2.53–3.55) 0.58
6 (1.52–2.05) 1.77 (1.47–2.14) 0.86
3 (2.39–3.13) 5.05 (4.27–5.96) 0.71
3 (1.69–2.94) 3.15 (2.32–4.28) 0.46
7 (6.93–9.17) 15.49 (12.57–19.09) 0.72

5 (1.97–3.05) 2.51 (1.97–3.21) 0.11
1 (1.58–2.55) 2.63 (2.04–3.39) 0.52
1 (1.79–2.98) 5.25 (4.07–6.77) 0.53
0 (0.66–2.58) 2.27 (1.19–4.32) 0.27
1 (7.31–11.37) 16.25 (12.39–21.31) 0.21

ion model.
rotein-cholesterol, NAFLD=nonalcoholic fatty liver disease, TG= triglycerides, UA=uric acid.
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Table 4

Assessment for the biological interaction between obesity and
elevated levels of uric acid.

RERI AP

Men
Elevated BP 0.59 (0.04–1.14)

∗
0.20 (0.04–0.36)

∗

Elevated FPG 0.03 (–0.39–0.45) 0.02 (–0.22–0.25)
Elevated TG 1.38 (0.57–2.20)

∗
0.27 (0.14–0.41)

∗

Low HDL-C 0.23 (–0.82–1.27) 0.07 (–0.25–0.39)
NAFLD 6.47 (3.42–9.53)

∗
0.42 (0.30–0.54)

∗

Women
Elevated BP –0.32 (–1.09–0.46) –0.13 (–0.45–0.20)
Elevated FPG 0.14 (–0.63–0.91) 0.05 (–0.23–0.34)
Elevated TG 1.38 (0.08–2.67)

∗
0.26 (0.06–0.47)

∗

Low HDL-C –1.01 (–3.01–0.99) –0.45 (–1.46–0.57)
NAFLD 5.87 (1.55–10.19)

∗
0.36 (0.17–0.55)

∗

yRERI=0 and AP=0 indicate the absence of biological interaction.
∗
indicates P-value < 0.05.

AP= the attributable proportion due to the interaction, BP=blood pressure, FPG= fasting plasma
glucose, HDL-C=high-density lipoprotein cholesterol, NAFLD=nonalcoholic fatty liver disease,
RERI= the relative excess risk due to the interaction, TG= triglycerides.

Zhang et al. Medicine (2017) 96:12 www.md-journal.com
with a BMI<25kg/m , but this was not the case for other MetS
components. In contrast, another study in a general population
fromKorea[11] reported that UAwas associatedwith an increased
risk of MetS in a subgroup with a BMI < 25kg/m2, but not in a
subgroupwith a BMI> 25kg/m2. This discrepancymay be due to
differences in study design and the study population. In addition,
a study of a prospective cohort of American Indians with a high
prevalence of obesity suggests that UA levels do not predict MetS
when taking fat-free mass into account, indicating that the body
composition that is altered in the context of obesity has an
important role in the relationship between UA andMetS.[12] This
finding contradicts the evidence from a study conducted in
Korea[11] that showed that the relationship between UA and
MetS remained significant after adjusting for multiple con-
founders, including body composition. The difference in the
obesity status of the 2 cohorts is likely to be a major factor
responsible for the discordant results. Taken together, these
findings suggest that obesity may be an essential confounder in
Figure 1. Additive interaction between obesity and elevated UA levels for MetS c
BP=blood pressure, FPG= fasting plasma glucose, HDL-C=high-density lipopro
disease, RERI= the relative excess risk due to the interaction, TG= triglycerides,
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the relation between UA and metabolic disorders, although some
may disagree.

Our findings show that obesity and elevated UA levels have a
pronounced synergistic effect on the development of NAFLD and
hypertriglyceridemia. NAFLD is widely regarded as a liver
manifestation of MetS and is also closely related to central
obesity. Hypertriglyceridemia is a major metabolic abnormality
associated with the presence of NAFLD.[21] Furthermore, we
observed in this study that the TyG index, including lipid
parameter and proposed as a surrogate marker for insulin
resistance,[22,31] was increased in bothMetS andNAFLD patients
and was associated with a higher risk for the diseases, which
indicating the close relationship between lipid metabolism,
insulin resistance, and NAFLD. In accordance, the association
between TyG and fatty liver has also been demonstrated in
previous studies.[32,33] The combined effect of obesity and
elevated UA levels on the risk of NAFLD and hypertriglycer-
idemia may share a common pathogenesis. Obesity could result
in elevated UA levels through a reduction in urinary urate
excretion and overproduction of UA. Notably, visceral adiposity
is more tightly linked to overproduction of UA than subcutane-
ous fat.[34] In turn, UA becomes a strong pro-oxidant in the
presence of obesity.[35] Hyperuricemia induces alternations in
oxidative homeostasis in adipocytes, including a decrease in nitric
oxide bioavailability and an increase in lipid oxidation, which
may play an important role in the subsequent development of
hepatic steatosis and hypertriglyceridemia.[36] In addition, recent
studies indicate that fructose is associated with hepatic
steatosis.[37] In addition to directly generating triglycerides,
fructose also stimulates triglycerides synthesis via increasing UA
production.[16] Hence, fructose may be a crucial link between
obesity, elevated UA, NAFLD, and hypertriglyceridemia.

The additive interaction between obesity and UA on
hypertriglyceridemia provides a possible explanation for the
finding that high levels of UA have a stronger association with
hypertriglyceridemia than other MetS components. Previous
studies [10,38–40] have shown that elevated UA levels are
associated with MetS components, especially hypertriglyceride-
mia, elevated BP, and low HDL-C; however, the relationship
varied based on the study. This variation, to some extent, was due
omponents and NAFLD in men (A) and women (B). ∗ indicates P-value <0.05.
tein cholesterol, MetS=metabolic syndrome, NAFLD=nonalcoholic fatty liver
UA = uric acid.
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to the differences in the selected population and specific
demographics of the participants. Nonetheless, the relationship
between UA and hypertriglyceridemia was strong and stable. The
mechanism that links UA to TG has not been elucidated. One
experimental study demonstrated that lowering serum UA
correlated directly with a reduction of TG levels and hyper-
triglyceridemia was completely blocked by the decrease of UA
levels with allopurinol.[41] Although the role of UA in TG
metabolism remains unknown, UA might be implicated in either
the reduction of clearance or the overproduction of TGs. Our
data provide another possible explanation. Obesity, as a common
context of hyperuricemia and MetS and a major risk factor for
the development of abnormal TG, may interact with UA and
confer an additional risk of hypertriglyceridemia. The biological
mechanism underlying this problem needs to be further
investigated.

Several important limitations of the present study should be
noted. First, due to a cross-sectional design, we could not explore
the causality of the associations. Second, we identified NAFLD
using only ultrasonography, which is a reasonably accurate
method for diagnosing NAFLD in patients with only modest
amounts of liver fat (>30% liver fat infiltration). Third, the
participants in the present study were from a selected population
(industrial employees and retired workers) with a preponderance
of men; therefore, we should be cautious in extrapolating the
findings to the general Chinese population or to other ethnicities.
Nonetheless, the large cohort of the present investigation ensures
sufficient power in determining the significance of the interaction
between UA and BMI. Fourth, this study did not evaluate the
dietary profile of the studied population due to the lack of diet
information, which might have influenced UA concentrations.
However, high UA levels are mainly due to abnormal metabolism
which is revealed that high UA levels are associated with various
metabolic risk factors, such as insulin resistance, obesity, type 2
diabetes, hypertension, and dyslipidemia, rather than dietary
profile in adults.[42]

In a conclusion, obesity and elevated UA levels have a
pronounced synergistic effect on the development of NAFLD and
hypertriglyceridemia. The clinical significance of our finding is
substantial because a large proportion of cases of NAFLD (42%
for men and 36% for women) and hypertriglyceridemia (27% for
men and 26% for women) can be explained based on an
interaction between obesity and elevated levels of UA. This
evidence indicates that the burden of NAFLD and hyper-
triglyceridemia in obese patients may be markedly reduced after
improving serum UA levels.
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