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Visceral fat mass: is it the link between uric
acid and diabetes risk?
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Abstract

Background: Uric acid (UA) has been suggested as a novel risk factor for diabetes. However, its definite role in this
prevalent disease is still the subject of much discussion because it is always accompanied with other major risk
factors such as obesity and high visceral adiposity. In order to clarify the role of UA in diabetes, this study aimed to
investigate the associations between plasma UA and fasting plasma glucose, HbA1c, lipid profile and inflammatory
markers after accounting for the contribution of other diabetes risk factors such as BMI and VAT fat mass.

Methods: In the present cross-sectional study, 100 non-diabetic middle-aged males (n = 48) and females (n = 52)
were recruited. Central fat distribution measures including android to gynoid fat ratio, VAT and subcutaneous adipose
tissue (SAT) fat mass were determined using dual-energy X-ray absorptiometry (DXA). Biochemical analysis was done
using methods well established for clinical and research laboratories. Multiple linear regression analysis was performed
to analyse the association between plasma UA and the biochemical and central fat distribution measures.

Results: UA was positivly associated with body mass index (BMI) (r (98) = 0.42, P ≤ 0.001), android to gynoid fat ratio
(r (98) = 0.62, P ≤ 0.001) and VAT fat mass (r (96) = 0.55, P ≤ 0.001). UA was also positively associated with plasma
glucose (r (98) = 0.33, P ≤ 0.001), hemoglobin A1c (r (93) = 0.25, P = 0.014), plasma triglyceride (rs (95) = 0.40, P ≤ 0.001),
HDL cholesterol (r (98) = − 0.61, P ≤ 0.001) and CRP (rs (98) = 0.23, P = 0.026). However, these associations were no
longer significant after accounting for BMI or/and VAT fat mass. No significant association was observed between UA
and SAT fat mass (r (97) = 0.02, P ≥ 0.05), Total cholesterol (r (98) = 0.03, P ≥ 0.05), LDL cholesterol (r (98) = 0.13, P ≥ 0.
05), TNF-α (r (97) = 0.12, P ≥ 0.05) and IL-6 (r (96) = −0.02, P ≥ 0.05).

Conclusion: Results from this study suggest, for the first time, that the association between plasma UA and glucose in
a non-diabetic population is not direct but rather dependent on VAT fat mass.
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Background
The predicted increase in diabetes prevalence from 366
million in 2011 to an estimated 552 million by 2030
highlights the critical need for preventive strategies to
this ubiquitous degenerative disease [1]. Identifying the
risk factors for developing diabetes is crucial for preven-
tion. In this context, uric acid (UA), the end product of
purine metabolism, has been proposed as a novel risk
factor for diabetes [2–4]. A meta-analysis of cohort

studies reported an overall 17% increase in diabetes risk
with every 0.059 mmol/L serum UA elevation [4].
However, recognition of high serum UA as a risk fac-

tor for diabetes has been a matter of debate for some
time with consensus on the final mechanism still unre-
solved. Even though some studies have shown a positive
correlation between serum UA and levels of fasting
plasma glucose (FPG) [5, 6], glycated hemoglobin A1c
(HbA1c) [6], triglyceride (TG) [5, 7, 8], and inflamma-
tory markers [9] and inverse correlations with high dens-
ity lipoprotein cholesterol (HDL-C) levels [7, 8], other
studies have actually observed an inverse association be-
tween serum UA and diabetes [10, 11]. More import-
antly, whether UA exerts its effect independent of other
established diabetes risk factors is still not known.
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Although many previous studies have accounted for a
substantial range of potential metabolic confounders in
their design [12, 13], there is still one major risk factor
with strong correlation with UA that has not been
accounted for.
UA levels have been shown to be strongly correlated

with body mass index (BMI) (14), android to gynoid fat
ratio (15) and more specifically, visceral adipose tissue
(VAT), a component of android fat mass (14, 15). There
is plenty of evidence suggesting that obesity (BMI ≥ 25)
and high android to gynoid fat ratio are important fea-
tures of insulin resistance and diabetes [14–16]. In par-
ticular, excess accumulation of (VAT) fat mass has been
reported to be associated with insulin resistance by re-
lease of free fatty acids, hormones, and inflammatory
proteins and chemokines [17]. There is also evidence
that subcutaneous adipose tissue (SAT), another compo-
nent of android fat, impacts the development of obesity
related insulin resistance by releasing fatty acids [18].
The intercorrelations among obesity, VAT fat mass,

serum UA and diabetes make it difficult to determine
whether or not an elevated serum UA level is an inde-
pendent causative risk factor or rather a dependent
marker subordinate to the pathological changes occur-
ring in diabetes. A better understanding of the relation-
ships between plasma UA levels and these risk factors of
diabetes is necessary to clarify the definite role of UA in
diabetes development. Even though the role of BMI and
waist circumference has been accounted for in many
studies [12, 13]; the specific role of VAT fat mass has
not yet been considered. Furthermore, the relationship
between diabetes risk factors and serum UA levels in a
non-diabetic population is still less known and needs
further investigation. In this study, we investigated
whether plasma UA concentration was associated with
diabetes risk factors such as FPG, HbA1c, lipid profile
and inflammatory markers in middle-aged non-diabetics
independent of BMI and VAT fat mass. To the best of
our knowledge, this is the first examination of non-
diabetic males and females for these associations taking
in to account VAT fat mass.

Methods
Participants
In this cross-sectional study male (n = 48) and female
(n = 52) participants aged between 40 and 75 years were
recruited at Sydney Adventist hospital and the university
of New South Wales campuses. Participants were non-
diabetics and considered in general good health. Blood
collection and body scanning for central fat distribution
analysis were performed on the same day in a fasted
state (about 12 h) after obtaining written informed con-
sent. Ethical approval of the study was obtained from
the Adventist HealthCare Limited Human Research

Ethics Committee, Sydney Adventist Hospital, Australia
(HREC number: 2013–022).

Biochemical analysis
The measurements of plasma UA, FPG, HbA1c, total
cholesterol (TC), Low density lipoprotein cholesterol
(LDL-C), HDL-C and TG and C-reactive protein
(CRP) were performed by the Sydney Adventist
Hospital pathology laboratory using methods well
established for clinical laboratories. Briefly, fasting
plasma UA, FPG, TG, TC, and HDL-C levels were de-
termined by the enzymatic method on a Roche/Hita-
chi cobas c system. LDL-C levels were calculated by
the Friedewald eq. [19]. Plasma HbA1c concentration
was measured by ion-exchange high-performance
liquid chromatography (HPLC) on the D-100
hemoglobin testing system (Bio-Rad Laboratories,
Hercules, CA, USA). Plasma CRP was measured by
Immunoturbidimetric assay on a Roche/Hitachi cobas
c system. Plasma tumor necrosis factor- α (TNF-α)
and interleukin-6 (IL-6) levels were quantitated using
the MILLIPLEX® MAP Human High Sensitivity T Cell
Magnetic Bead Panel immunoassay (Merck KGaA,
Darmstadt, Germany). Estimated Glomerular filtration
rate (eGFR) was calculated using the simplified
Modification of Diet in Renal Disease study equation:
GFR (ml/min/1.73m2) = 186 × (serum creatinine level
[mg/dl])-1.154 × (age)-0.203× [0.742, if female] × [1.212, if
black] [20, 21].

Central fat distribution analysis
Dual-energy X-ray absorptiometry (DXA) method was
used to measure central fat distribution by a Lunar
iDXA (GE Healthcare, Madison, WI, USA) with auto-
matic total body scan mode and enCORE software (ver-
sion 16, GE Healthcare, Madison, WI, USA). All
participants were scanned by trained operators accord-
ing to the standard methods. Quality control scans were
obtained daily using the manufacturer supplied calibra-
tion phantom. All metal items were removed from the
participant before scanning. The participants were asked
to change into a standard cloth gown and were correctly
centred on the scanning table in a supine position with
arms at sides slightly separated from the trunk and the
palms facing the thighs.
The regions of interest (ROIs) for regional body com-

position were automatically drawn by the software
according to anatomical landmarks and then double-
checked with a trained operator for obtaining the best
position. Two ROIs were considered in this study: an-
droid and gynoid ROIs. Android region (roughly 10 cm
in height) was defined as a portion of the abdomen in-
cluded between pelvis cut line (the line joining the two
superior iliac crests) and the 20% of the distance
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between pelvis cut line and neck cut line. Gynoid re-
gion (two times the android region) was defined as a
portion of legs beginning at a distance of 1.5 times
android ROI height below pelvis cut line and directed
caudally up to a distance double that of the height of
the Android ROI [22].
Central fat distribution pattern was assessed by the an-

droid to gynoid fat ratio that is the ratio of android fat
(kg) divided by gynoid fat (kg). VAT fat mass was com-
puted automatically for the android ROI by CoreScan al-
gorithm, a new software option in enCORE for the
estimation of visceral fat mass within the android region
[23]. In the android ROI, SAT was calculated manually
by subtracting VAT from total android fat mass.
Anthropometric measures were obtained using a stan-

dardized protocol. Weight (kg) and height (cm) were
measured to the nearest 0.5 kg and 0.1 cm, with partici-
pants wearing a cloth gown and without shoes. BMI was
calculated as weight in kilograms divided by the square
of the height in meters.

Statistical analysis
Statistical analysis was performed using SPSS version 23
for Windows. Values are presented as means ± standard
deviations. The Kolmogorov-Smirnov and Shapiro-Wilk
tests were used to test the normality of the variables. After
checking graphical displays and applying appropriate stat-
istical rules, outliers were removed for UA (*2), TG (*3),
VAT (*3) and SAT fat mass (*1), CRP (*3), IL-6 (*1) and
TNF-α (*1). Correlations between variables were deter-
mined using Pearson’s (r (n)) or Spearman’s (rs (n)) correl-
ation coefficients, as appropriate. The Student’s t-test or
Mann-Whitney U-test were used, as appropriate, to deter-
mine differences in the means of continuous variables.
Finally, multiple linear regression analysis was per-

formed to determine the association between the plasma
UA and FPG, HbA1c, TG, HDL-C, CRP, BMI, and abdom-
inal adiposity measures including android to gynoid fat ra-
tio and the VAT fat mass, after adjustment for age, gender,
eGFR, BMI and/or VAT fat mass. The Levene’s Test of
Equality was applied to check homogeneity of variances
between groups. If the variances of the groups were either
not homogenous and/or normality tests for the variables/
multiple linear regression models were significant then
further examination with graphical displays was per-
formed and where needed base-10 log-transformed
means, square roots or reciprocals were used or the asso-
ciation was analysed separately for each group. P values
less than 0.05 were considered statistically significant.

Results
Among a total of 100 subjects, 48 were males and 52
were females. Clinical characteristics of the study partici-
pants are shown in Table 1. The mean age was

56.0 ± 8.8 years. The mean FPG and HbA1c levels were
5.1 ± 0.6 mmol/L and 34.6 ± 3.5 mmol/mol, respectively.
There were no significant differences between genders
for either FPG or HbA1c levels. The mean plasma UA
levels were 0.3 ± 0.07 mmol/L. Average UA levels were
significantly higher for males than females. There were
no significant differences between genders for plasma
levels of TG, LDL-C, TC, eGFR, and inflammatory
markers (i.e. CRP, TNF- α, and IL-6). However, as ex-
pected, HDL-C levels were significantly higher in fe-
males than males. The mean values for BMI, android to
gynoid fat ratio, VAT and SAT fat mass were
26.2 ± 4.6 kg/m2, 1.1 ± 0.3, 953.1 ± 798.3 g and
1314.4 ± 673.8 g, respectively. The mean BMI was not
statistically significant between genders. However, there
were statistically significant differences between gen-
ders for android to gynoid fat ratio, VAT and SAT fat
mass values. Android to gynoid fat ratio and VAT fat
mass were significantly higher in males than females,
while SAT fat mass was significantly higher in females
than in males.

Associations between BMI, and central fat distribution
parameters (android to gynoid fat ratio, VAT and SAT fat
mass) and plasma TG and FPG
As expected, a statistically positive association was ob-
served between FPG and BMI (r (100) = 0.31, P ≤ 0.01).
This association remained statistically significant after
controlling for age, gender and eGFR (t (94) = 2.92,
P = 0.004, R2 = 0.14). FPG was also significantly associ-
ated with android to gynoid fat ratio (r(100) = 0.384,
P ≤ 0.001). This association remained statistically signifi-
cant after controlling for age, gender and eGFR (t
(94) = 3.73, P ≤ 0.001, R2 = 0.18).
A statistically significant association was also observed

between FPG and VAT fat mass (r (97) = 0.32,
P ≤ 0.001) that remained statistically significant after
controlling for age, gender and eGFR (t (91) = 2.84,
P ≤ 0.01, R2 = 0.13). No association was observed be-
tween FPG and SAT fat mass (r (99) = 0.107, P ≥ 0.05).
Also, there was a statistically significant association be-
tween FPG and TG (r (97) = 0.46, P ≤ 0.001). Since the
residuals for the linear regression model were not nor-
mally distributed when gender was in the equation, the
association between plasma TG and FPG was analysed
separately for each gender. The results showed that after
controlling for age, eGFR and BMI there was a statisti-
cally significant association between FPG and plasma
TG in both males (t (39) = 2.18, P = 0.035, R2 = 0.26)
and females (t (47) = 3.58, P ≤ 0.001, R2 = 0.24).

Associations between plasma UA, FPG and plasma HbA1c
There was a statistically significant positive association
between plasma UA and FPG (r (98) = 0.33, P ≤ 0.001)
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(Fig. 1). This association remained statistically significant
after adjustment for age, gender and eGFR (t (92) = 2.67,
P ≤ 0.01, R2 = 0.14). However, it did not remain signifi-
cant after further adjustment for BMI (t (91) = 1.76,
P ≥ 0.05, R2 = 0.15) or VAT fat mass (t (89) = 1.64,
P ≥ 0.05, R2 = 0.15).
A statistically significant positive association was

observed between plasma UA and plasma HbA1c (r
(93) = 0.25, P = 0.014) (Fig. 1). This association remained
statistically significant after adjustment for age, gender
and eGFR (t (87) = 2.12, P = 0.036, R2 = 0.08). However,
as with FPG, the association did not remain significant
after further adjustment for BMI (t (86) = 1.37, P ≥ 0.05,
R2 = 0.08) or VAT fat mass (t (84) = 1.09, P ≥ 0.05,
R2 = 0.08).

Associations between plasma UA, BMI and central fat
distribution parameters (android to gynoid fat ratio, VAT
and SAT fat mass)
A statistically significant positive association was ob-
served between plasma UA and BMI (r (98) = 0.42,
P ≤ 0.001) (Fig. 2). This association remained statistically
significant after controlling for age, gender and eGFR (t
(92) = 4.96, P ≤ 0.001, R2 = 0.44). However, it did not
remain significant after adding and adjusting for VAT fat
mass (t (89) = 1.26, P ≥ 0.05, R2 = 0.44). This model was
able to account for 44% of variability in mean plasma
UA levels.

There was a statistically significant positive association
between plasma UA and android to gynoid fat ratio (r
(98) = 0.62, P ≤ 0.001). This association remained
statistically significant after controlling for age, gender,
eGFR and BMI (t (91) = 2.44, P = 0.017, R2 = 0.47), but
no longer remained significant after adjusting for VAT
fat mass (t (89) = 1.48, P ≥ 0.05, R2 = 0.45).
A positive association between plasma UA and VAT

fat mass was also observed (r (96) = 0.55, P ≤ 0.001)
(Fig. 2). This association remained statistically significant
after controlling for age, gender and eGFR (t (90) = 4.96,
P ≤ 0.001, R2 = 0.44), and even after including BMI in
the model (t (89) = 2.33, P = 0.022, R2 = 0.44). This
model was able to account for 44% of variability in mean
UA levels.
Plasma UA levels were significantly different between

groups with BMI < 25 and BMI ≥ 25 (t96 = −4.91,
P ≤ 0.001). As expected, VAT fat mass was significantly
different between groups with BMI < 25 and BMI ≥ 25
(Mann–Whitney U = 230, P ≤ 0.001 two-tailed). In the
group with BMI < 25, after controlling for age, gender
and eGFR, VAT fat mass was not significantly associated
with UA (t (36) = 1.54, P ≥ 0.05, R2 = 0.28). However, in
the group with BMI ≥ 25, there was a statistically signifi-
cant positive association between plasma UA and
visceral adipose tissue fat mass (t (49) = 2.76, P = 0.008,
R2 = 0.31).
Plasma UA level was significantly different between

groups with VAT fat mass ≤ 300 and VAT fat mass > 300 g

Table 1 Participant characteristics according to gender

Total
(Mean ± SD)
(n = 100)

Male
(Mean ± SD)
(n = 48)

Female
(Mean ± SD)
(n = 52)

P value

Age (years) 55.98 ± 8.83 56.60 ± 9.40 55.40 ± 8.33 NSa

FPG (mmol/L) 5.11 ± 0.60 5.19 ± 0.70 5.03 ± 0.49 NSb

HbA1c (IFCC) (mmol/mol) 34.60 ± 3.55 34.83 ± 3.86 34.38 ± 3.25 NSb

UA (mmol/L) 0.32 ± 0.07 0.35 ± 0.07 0.28 ± 0.06 P < 0.001b

TG (mmol/L) 1.23 ± 0.62 1.38 ± 0.75 1.09 ± 0.45 NSa

LDL-C (mmol/L) 3.24 ± 0.99 3.32 ± 0.9 3.17 ± 1.05 NSa

HDL–C (mmol/L) 1.65 ± 0.51 1.36 ± 0.31 1.92 ± 0.50 P < 0.001a

TC (mmol/L) 5.51 ± 1.15 5.41 ± 1.08 5.60 ± 1.21 NSa

CRP (mg/L) 1.42 ± 1.30 1.33 ± 1.28 1.51 ± 1.32 NSa

IL-6 (pmol/L) 2.67 ± 1.96 2.57 ± 1.99 2.75 ± 1.94 NSa

TNF-α (pmol/L) 8.13 ± 2.41 8.31 ± 2.48 7.97 ± 2.35 NSa

Estimated GFR (mL/min/1.73 m2) 80.36 ± 9.91 81.34 ± 9.12 79.48 ± 10.58 NSa

BMI (kg/m2) 26.24 ± 4.58 26.31 ± 4.02 26.17 ± 5.11 NSa

Android to gynoid fat ratio 1.13 ± 0.32 1.32 ± 0.30 0.95 ± 0.23 P < 0.001b

VAT fat mass (g) 953.12 ± 798.26 1277.25 ± 870.96 672.63 ± 610 P < 0.001a

SAT fat mass (g) 1314.44 ± 673.77 1009.14 ± 476.72 1601.78 ± 708.85 P < 0.001a

aComparisons made using Mann-Whitney U Test
bComparisons made using the Independent T Test
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(t58.280 = −5.10, P ≤ 0.001). After controlling for age,
gender and eGFR, no significant association was ob-
served between plasma UA and VAT fat mass in the
group with VAT fat mass ≤ 300 g (t (14) = − 1.54,
P ≥ 0.05, R2 = 0.13). However, VAT fat mass was signifi-
cantly associated with plasma UA in the group with VAT
fat mass > 300 g (t (71) = 3.63, P ≤ 0.001, R2 = 0.39).
No association was observed between plasma UA and

SAT fat mass (r (97) = 0.02, P ≥ 0.05).

Associations between plasma UA, plasma TG, TC, LDL-C
and HDL-C
A statistically significant positive association was
observed between plasma UA and plasma TG (rs
(95) = 0.40, P ≤ 0.001). This association remained statis-
tically significant after controlling for age, gender, eGFR

and BMI (t (88) = 2.30, P = 0.024, R2 = 0.47), but no lon-
ger remained significant after adjustment for VAT fat
mass (t (86) = 1.48, P ≥ 0.05, R2 = 0.44).
There was no association found between plasma UA,

TC (r (98) = 0.03, P ≥ 0.05) and LDL-C (r (98) = 0.13,
P ≥ 0.05).
There was a statistically significant negative association

between plasma UA and plasma HDL-C (r (98) = − 0.61,
P ≤ 0.001) (Fig. 3). Since the residuals for the linear regres-
sion model were not normally distributed when gender
was in the equation, the association between plasma UA
and HDL-C was analysed separately for each gender. The
results showed that after controlling for age, eGFR and
BMI, there was a statistically significant negative associ-
ation between plasma UA and plasma HDL-C in males (t

Fig. 1 Associations between plasma uric acid and a Fasting plasma
glucose b Plasma HbA1c

Fig. 2 Associations between plasma uric acid and a BMI b VAT fat
mass. *Data represented as base-10 log-transformed BMI, †data rep-
resented as Square root VAT fat mass
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(41) = −2.46, P = 0.018, R2 = 0.43), but not for females (t
(46) = −1.52, P ≥ 0.05, R2 = 0.25). Also, after controlling
for age, eGFR and VAT fat mass, the association remained
statistically significant in males (t (39) = −2.16, P = 0.037,
R2 = 0.43), but not for females (t (46) = −1.57, P ≥ 0.05,
R2 = 0.29). After controlling for age, eGFR, BMI and VAT
fat mass, no significant association was observed in males
(t (38) = −1.99, P ≥ 0.05, R2 = 0.43) and females (t
(45) = −1.43, P ≥ 0.05, R2 = 0.27).

Associations between plasma UA and plasma
inflammatory markers CRP, TNF- α and IL-6
A statistically significant positive association was
observed between plasma UA and plasma CRP (rs
(98) = 0.23, P = 0.026). Since the linear regression model
did not meet the assumption of normality of residuals,

and transformation was not helpful in solving this issue,
the association between plasma UA and CRP was analysed
separately for each gender. This association remained sta-
tistically significant after adjustment for age and eGFR in
both males (t (41) = 2.55, P = 0.015, R2 = 0.12) and fe-
males (t (45) = 3.16, P = 0.003, R2 = 0.13). It also remained
statistically significant after further adjusting for VAT fat
mass in females (t (44) = 2.47, P ≤ 0.05, R2 = 0.37), but not
for males (t (38) = 2.13, P ≥ 0.05, R2 = 0.05). However, the
association did not remain significant after adjusting for
BMI in the model in either males (t(40) = 0.75, P ≥ 0.05,
R2 = 0.20) or females (t (44) = 1.471, P ≥ 0.05, R2 = 0.46).
After controlling for age, eGFR, BMI and VAT fat mass,
no significant association was observed in males (t
(37) = 0.27, P ≥ 0.05, R2 = 0.11) and females (t (43) = 0.21,
P ≥ 0.05, R2 = 0.48).
No association was observed between plasma UA and

other inflammatory markers tested, plasma TNF-α (r
(97) = 0.12, P ≥ 0.05), and plasma Il-6 (r (96) = −0.02,
P ≥ 0.05).

Discussion
A number of cross-sectional and prospective cohort
studies support an association between plasma/serum
UA and diabetes risk [2–4]. However, as many dia-
betes risk factors also closely correlate with UA [24,
25], it is challenging to make a definite conclusion
about whether UA is actually an independent risk fac-
tor for diabetes. While several studies have shown the
association between UA and visceral adiposity [24, 25,
26], no study has yet considered controlling for vis-
ceral fat mass. Therefore, in order to improve our un-
derstanding of whether UA is an independent risk
factor or an otherwise dependent marker for diabetes,
we investigated the associations between plasma UA
and FPG, HbA1c, lipid profile and inflammatory
markers considering BMI and VAT fat mass contribu-
tion. To the best of our knowledge, this is the first
examination of non-diabetic males and females for
the association between UA and diabetes risk factors
taking in to account DXA-measured VAT fat mass.
Consistent with previous reports [24] we observed that

plasma UA levels were significantly higher in males than
females, most likely due to the effect of estrogen on en-
hancing renal clearance of UA [27]. We also observed a
positive association between plasma UA and FPG and
HbA1c after adjustment for age, gender and eGFR,
consistent with previous observations by others [6, 11,
28, 29]. However, these associations did not remain sig-
nificant after we adjusted for BMI or VAT fat mass.
Similar to our findings, Nan et al. also found the associ-
ation between UA and glucose did not remain significant
after adjustment for BMI [28]. However, in a cross-
sectional study in healthy Korean men the reported

Fig. 3 Associations between plasma uric acid and HDL-C in a males
b Females. *Data represented as base 10-log transformed HDL-C
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positive association between serum UA and glucose
appeared to be independent of BMI [29]. Though, the
potential contribution of VAT fat mass was not assessed
in these studies. Another study, reported that even
though elevated plasma UA was associated with higher
diabetes risk independent of other risk factors such as
obesity, the degree of adiposity (BMI and waist circum-
ference) was responsible for a large part of the associ-
ation between plasma UA and diabetes risk [4]. Similar
to our findings, Wei et al., observed a positive associ-
ation between UA and HbA1c in normoglycemic sub-
jects that did not remain significant after adjustment for
a cluster of confounders such as age, sex, and BMI [6].
In the present study, dual-energy X-ray absorptiometry

(DXA), was used for the measurement of android to
gynoid fat ratio and visceral and subcutaneous adipose
tissue. VAT computed by DXA has been validated using
CT (computed tomography), the gold standard for vis-
ceral fat quantification [30]. It is an inexpensive method
with lower radiation dosage. To the best of our know-
ledge, no study has yet investigated the association be-
tween FPG and DXA measured VAT, and android to
gynoid fat ratio in non-diabetic middle-aged males and
females. Both android fat and gynoid fat measures have
been shown to be closely correlated with traditional fat
measures like waist circumference and hip circumfer-
ence, though they are considered more precise indices of
the association between fat distribution and metabolic
disease [16]. To determine the specific correlates of an-
droid fat components, we investigated the associations
between VAT (visceral adipose tissue) and SAT (subcu-
taneouse adipose tissue) fat mass, FPG and plasma UA.
Furthermore, for the first time, we used the recently sug-
gested VAT fat mass cut-off value of 300 g as a cut-point
for metabolic syndrome risk, in young, healthy and lean
women [31], to compare the UA levels in two groups of
high and low VAT fat mass values.
Consistent with previous studies [15], we observed sig-

nificant associations between FPG, plasma TG and BMI.
Furthermore, our results showed significant associations
between FPG, android to gynoid fat ratio and VAT fat
mass, but not SAT fat mass. This observation is sup-
ported by previous studies in women [16, 31] and adds
further evidence for the value of DXA-measured VAT fat
mass and android to gynoid fat ratio to predict the FPG
in non-diabetic middle-aged males and females.
Importantly the observed positive association between

plasma UA and BMI independent of age, gender and
eGFR, did not remain significant after further adjust-
ment for VAT fat mass. However, the positive association
between plasma UA and VAT fat mass remained signifi-
cant after adjustment for age, gender, eGFR and even
BMI. The absence of any association between plasma
UA and SAT fat mass suggests that visceral fat is a

primary driver in the process leading to high plasma UA
levels. Our results are consistent with that of others
which suggest increased visceral adiposity is a more sen-
sitive predictor of metabolic changes, such as increase in
plasma UA levels than the less nuanced physiological
measure of BMI [26, 32].
Our data has also shown that android to gynoid fat ra-

tio was significantly associated with UA after adjustment
for age, gender, eGFR, BMI, but not VAT fat mass. Simi-
larly, another study reported a positive association be-
tween UA and DXA-measured VAT fat area and android
to gynoid fat ratio in diabetics. Though, the potential
contribution of BMI or VAT fat mass was not assessed
in that study [25].
Much of the literature addressing the association be-

tween plasma UA and glucose has focused on adjust-
ment for BMI, or waist circumference [12, 13, 33].
However, recent application of DXA has allowed us to
investigate this association in more detail for the poten-
tial confounding effects of abdominal and visceral fat de-
position. Based on findings of our and similar studies
[26, 32] it can be suggested that higher visceral fat accu-
mulation, which is also reflected in higher android to
gynoid fat ratio, may have a greater influence on the UA
metabolism than the less specific BMI measure which
includes subcutaneous fat accumulation. While the
mechanisms responsible for this association are not
completely understood, it has been shown that adipose
tissue xanthine oxidoreductase activity can increase UA
production in obese mice [34]. Visceral fat has also been
shown to be associated more closely with overproduc-
tion of UA than subcutaneous fat in obese subjects [32].
VAT may have differential metabolic risks compared to
SAT [35]. It is metabolically active and regulates
numerous adipocytokines which have been associated
with insulin resistance [36]. Insulin resistance or hyper-
insulinemia can increase UA reabsorption from the renal
tubules, reducing urinary UA excretion and thereby in-
creasing circulating plasma UA levels [37]. Furthermore,
increased VAT accumulation causes the over-flow of free
fatty acids to the liver and the overproduction of very
low-density lipoproteins and TG. The increased need for
NADPH during this increase in lipid synthesis acceler-
ates the pentose phosphate pathway which leads to the
de novo purine synthesis, thus increasing the production
of UA [38, 39]. In our study, the VAT fat mass was sig-
nificantly and positively associated with the plasma TG
levels (data not shown), and the plasma TG levels were
positively associated with the plasma UA levels after ad-
justment for possible confounders such as BMI support-
ing the relationship between UA production and TG
synthesis [24]. Consistent with this hypothesis, another
study in normal Japanese men showed that plasma TG
was positively associated with plasma UA [26]. More
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importantly, considering the observed strong associa-
tions between VAT fat mass and FPG and also VAT fat
mass and UA in our study, it can be suggested that the
association between UA and FPG is largely dependent
on VAT fat mass which may have direct causal links to
both increased plasma UA and increased FPG.
We observed no significant association between

plasma UA and TC and LDL-C which was consistent
with the findings of others [40]. Our data showed a
negative association between UA and HDL-C. However,
this association did not remain significant after adjust-
ment for BMI and VAT fat mass. Consistent with our re-
sults, a population-based study showed that after
adjustment for BMI and waist circumference, the associ-
ation between UA and HDL-C is lost [41].
A positive association between plasma UA and CRP

was observed. However, this association did not remain
significant after adjustment for age, eGFR, BMI and
VAT fat mass. Similarly, in another study, the association
between UA and hsCRP (high-sensitivity CRP) did not
remain significant after adjustment for BMI and waist
circumference [42]. The individual inflammatory
markers of IL-6 and TNF-α, were also not significantly
associated with plasma UA as previously reported [43].
Therefore VAT fat mass, rather than UA appears to be a
primary driver of inflammation.
While the conclusions in this study are robust, our study

had several limitations. First, the cross-sectional nature of
the study does not allow us to confirm causality. Also the
relatively small number of subjects (n = 100) may reduce
the sensitivity for identification of relationships with small
effect sizes. Finally, it has been previously reported that
DXA underestimates abdominal adiposity in individuals
with lower abdominal fat, and may overestimate it in indi-
viduals with greater abdominal fat [44, 45]. However, the
accuracy of VAT measures by DXA has since been verified
as accurate by CT in a more recent study [30]. Future
studies overcoming these limitations are required to verify
the consistency of our observations.

Conclusion
This study has demonstrated, for the first time, that the
associations between plasma UA and diabetes risk fac-
tors are largely dependent on VAT fat mass, a specific
measure of fat deposition than BMI. Our findings may
be clinically relevant in terms of primary preventive
strategies for chronic disease especially diabetes which
may necessitate the need to monitor high VAT fat mass
and the consequent high plasma UA as potential prog-
nostic factors.

Abbreviations
BMI: Body mass index; CRP: C-reactive protein; DXA: dual-energy X-ray absorpti-
ometry; eGFR: estimated Glomerular filtration rate; ELISA: enzyme-linked
immunosorbent assay; FPG: Fasting plasma glucose; HbA1c: glycated

hemoglobin A1c; HDL-C: High density lipoprotein cholesterol; IL-6: Interleukin-6;
LDL-C: Low density lipoprotein cholesterol; ROI: The region of interest;
SAT: Subcutaneous adipose tissue; TC: Total Cholesterol; TG: Triglyceride;
TNF-α: Tumor necrosis factor- α; UA: Uric acid; VAT: Visceral adipose tissue

Acknowledgements
Not applicable.

Funding
This study was funded by internal funding from the Australasian Research
Institute and student allocated funding from the University of NSW.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
RG/JB designed experiments. NS/RG, recruited subjects, interpreted data, and
wrote manuscript. NS performed DXA scanning and analysis, and statistical
data analysis. JB, did ethics application, recruited subjects, analysed samples
for inflammatory markers, helped with statistical data analysis, and reviewed
manuscript. AB provided expert statistical advice for data analysis and
reviewed manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Ethical approval of the study was obtained from the Adventist HealthCare
Limited Human Research Ethics Committee, Sydney Adventist Hospital,
Australia (HREC number: 2013–022).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1School of Medical Sciences, Faculty of Medicine, University of New South
Wales, Sydney, NSW, Australia. 2Australasian Research Institute, Sydney
Adventist Hospital, 185 Fox Valley Road, Wahroonga, Sydney, NSW 2076,
Australia. 3Department of Statistics, Macquarie University, Sydney, NSW,
Australia. 4Sydney Adventist Hospital Clinical School, University of Sydney,
Sydney, NSW, Australia.

Received: 9 May 2017 Accepted: 3 July 2017

References
1. Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: global

estimates of the prevalence of diabetes for 2011 and 2030. Diabetes Res
Clin Pr. 2011;94(3):311–21.

2. Jia Z, Zhang X, Kang S, Wu Y. Serum uric acid levels and incidence of
impaired fasting glucose and type 2 diabetes mellitus: a meta-analysis of
cohort studies. Diabetes Res Clin Pr. 2013;101(1):88–96.

3. Juraschek SP, McAdams-Demarco M, Miller ER, Gelber AC, Maynard JW,
Pankow JS, et al. Temporal relationship between uric acid concentration
and risk of diabetes in a community-based study population. Am J
Epidemiol. 2014;179(6):684–91.

4. Sluijs I, Beulens JWJ, Van Der ADL, Spijkerman AMW, Schulze MB, Van Der
Schouw YT. Plasma uric acid is associated with increased risk of type 2
diabetes independent of diet and metabolic risk factors. J Nutr.
2013;143(1):80–5.

5. Yoo TW, Sung KC, Shin HC, Kim BJ. S. KB, Kang JH, et al. relationship
between serum uric acid concentration and insulin resistance and
metabolic syndrome. Circ J. 2005;69(8):928–33.

6. Wei F, Chang B, Yang X, Wang Y, Chen L, Li WD. Serum uric acid levels
were dynamically coupled with hemoglobin A1c in the development of
type 2 diabetes. Sci Rep. 2016;6

7. Lim JH, Kim YK, Kim YS, Na SH, Rhee MY, Lee MM. Relationship between
serum uric acid levels, metabolic syndrome, and arterial stiffness in Korean.
KCJ. 2010;40(7):314–20.

Seyed-Sadjadi et al. Lipids in Health and Disease  (2017) 16:142 Page 8 of 9



8. Chien KL, Chen MF, Hsu HC, Chang WT, Su TC, Lee YT, et al. Plasma uric
acid and the risk of type 2 diabetes in a Chinese community. Clin Chem.
2008;54(2):310–6.

9. Lyngdoh T, Marques-Vidal P, Paccaud F, Preisig M, Waeber G, Bochud M, et
al. Elevated serum uric acid is associated with high circulating inflammatory
cytokines in the population-based colaus study. PLos One. 2011;6(5).

10. Ryoo JH, Choi JM, Oh CM, Kim MG. The association between uric acid and
chronic kidney disease in Korean men: a 4-year follow-up study. J Korean
Med Sci. 2013;28(6):855–60.

11. Choi HK, Ford ES. Haemoglobin A1c, fasting glucose, serum C-peptide and
insulin resistance in relation to serum uric acid levels - the third National
Health and nutrition examination survey. Rheumatology. 2008;47(5):713–7.

12. Bhole V, Choi JWJ, Woo Kim S, De Vera M, Choi H. Serum uric acid levels
and the risk of type 2 diabetes: a prospective study. Am J Med.
2010;123(10):957–61.

13. Wang T, Bi Y, Xu M, Huang Y, Xu Y, Li X, et al. Serum uric acid associates
with the incidence of type 2 diabetes in a prospective cohort of middle-
aged and elderly Chinese. Endocrine. 2011;40(1):109–16.

14. Sainaghi PP, Castello L, Bergamasco L, Carnevale Schianca GP, Bartoli E.
Metabolic characteristics of glucose intolerance: the critical role of obesity.
Exp Clin Endocrinol Diabetes. 2008;116(2):86–93.

15. Qian Y, Lin Y, Zhang T, Bai J, Chen F, Zhang Y, et al. The characteristics of
impaired fasting glucose associated with obesity and dyslipidaemia in a
Chinese population. BMC Public Health. 2010;10

16. Fu X, Song A, Zhou Y, Xiaoguang M, Jiao J, Yang M, et al. Association of
regional body fat with metabolic risks in Chinese women. Public Health
Nutr. 2013;17(10):2316–24.

17. Girard J, Lafontan M. Impact of visceral adipose tissue on liver metabolism
and insulin resistance. Part II: visceral adipose tissue production and liver
metabolism. Diabetes Metab. 2008;34(5):439–45.

18. Patel P, Abate N. Body fat distribution and insulin resistance. Nutrients.
2013;5(6):2019–27.

19. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the
preparative ultracentrifuge. Clin Chem. 1972;18(6):499–502.

20. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate
method to estimate glomerular filtration rate from serum creatinine: a new
prediction equation. Ann Intern Med. 1999;130(6):461–70.

21. Levey AS, Greene T, Kusek JW, Beck GJ. A simplified equation to predict
glomerular filtration rate from serum creatinine [abstract]. J Am Soc
Nephrol. 2000;11:155A.

22. Kang SM, Yoon JW, Ahn HY, Kim SY, Lee KH, Shin H, et al. Android fat depot
is more closely associated with metabolic syndrome than abdominal
visceral fat in elderly people. Plos One. 2011;6(11)

23. Kaul S, Rothney MP, Peters DM, Wacker WK, Davis CE, Shapiro MD, et al.
Dual-energy X-ray absorptiometry for quantification of visceral fat. Obesity.
2012;20(6):1313–8.

24. Kim T, Lee S, Yoo J, Kim S, Yoo S, Song H, et al. The relationship between the
regional abdominal adipose tissue distribution and the serum uric acid levels
in people with type 2 diabetes mellitus. Diabetol Metab Syndr. 2012;4(1).

25. Bouchi R, Nakano Y, Ohara N, Takeuchi T, Murakami M, Asakawa M, et al.
Clinical relevance of dual-energy X-ray absorptiometry (DXA) as a
simultaneous evaluation of fatty liver disease and atherosclerosis in patients
with type 2 diabetes. Cardiovasc Diabetol. 2016;15(1).

26. Tamba S, Nishizawa H, Funahashi T, Okauchi Y, Ogawa T, Noguchi M, et al.
Relationship between the serum uric acid level, visceral fat accumulation
and serum adiponectin concentration in Japanese men. Intern Med.
2008;47(13):1175–80.

27. Hak AE, Choi HK. Menopause, postmenopausal hormone use and serum
uric acid levels in US women-the Third National Health and Nutrition
Examination Survey. Arthritis Res Ther. 2008;10(5)

28. Nan H, Dong Y, Gao W, Tuomilehto J, Qiao Q. Diabetes associated with a
low serum uric acid level in a general Chinese population. Diabetes Res Clin
Pract. 2007;76(1):68–74.

29. Shin JY, Lee HR, Shim JY. Significance of high-normal serum uric acid level
as a risk factor for arterial stiffness in healthy Korean men. Vasc Med.
2012;17(1):37–43.

30. Choi YJ, Seo YK, Lee EJ, Chung YS. Quantification of visceral fat using dual-
energy x-ray absorptiometry and its reliability according to the amount of
visceral fat in Korean adults. J Clin Densitom. 2015;18(2):192–7.

31. Miazgowski T, Krzyżanowska-Świniarska B, Dziwura-Ogonowska J, Widecka K.
The associations between cardiometabolic risk factors and visceral fat
measured by a new dual-energy X-ray absorptiometry-derived method in
lean healthy Caucasian women. Endocrine. 2014;47(2):500–5.

32. Takahashi S, Yamamoto T, Tsutsumi Z, Moriwaki Y, Yamakita J, Higashino K.
Close correlation between visceral fat accumulation and uric acid
metabolism in healthy men. Metabolism. 1997;46(10):1162–5.

33. Dehghan A, Van Hoek M, Sijbrands EJG, Hofman A, Witteman JCM. High
serum uric acid as a novel risk factor for type 2 diabetes. Diabetes Care.
2008;31(2):361–2.

34. Tsushima Y, Nishizawa H, Tochino Y, Nakatsuji H, Sekimoto R, Nagao H, et al.
Uric acid secretion from adipose tissue and its increase in obesity. J Biol
Chem. 2013;288(38):27138–49.

35. Fox CS, Massaro JM, Hoffmann U, Pou KM, Maurovich-Horvat P, Liu CY, et al.
Abdominal visceral and subcutaneous adipose tissue compartments:
association with metabolic risk factors in the framingham heart study.
Circulation. 2007;116(1):39–48.

36. Kanaya AM, Harris T, Goodpaster BH, Tylavsky F, Cummings SR.
Adipocytokines attenuate the association between visceral adiposity and
diabetes in older adults. Diabetes Care. 2004;27(6):1375–80.

37. Galvan AQ, Natali A, Baldi S, Frascerra S, Sanna G, Ciociaro D, et al. Effect of
insulin on uric acid excretion in humans. Am J Physiol Endocrinol Metab.
1995;268(E1- E5)

38. Fabregat I, Revilla E, Machado A. Short-term control of the pentose
phosphate cycle by insulin could be modulated by the NADPH NADP ratio
in rat adipocytes and hepatocytes. Biochem Biophys Res Commun. 1987;
146(2):920–5.

39. Matsubara K, Matsuzawa Y, Jiao S, Takama T, Kubo M, Tarui S. Relationship
between hypertriglyceridemia and uric acid production in primary gout.
Metabolism. 1989;38(7):698–701.

40. Vekic J, Jelic-Ivanovic Z, Spasojevic-Kalimanovska V, Memon L, Zeljkovic A,
Bogavac-Stanojevic N, et al. High serum uric acid and low-grade
inflammation are associated with smaller LDL and HDL particles.
Atherosclerosis. 2009;203(1):236–42.

41. De Oliveira EP, Manda RM, Torezan GA, Corrente JE, Burini RC. Dietary,
anthropometric, and biochemical determinants of plasma high-density
lipoprotein-cholesterol in free-living adults. Cholesterol. 2011;2011

42. Palmer IM, Schutte AE, Huisman HW. Uric acid and the cardiovascular profile
of African and Caucasian men. J Hum Hypertens. 2010;24(10):639–45.

43. Chang CH, Chen YM, Chuang YW, Liao SC, Lin CS, Tang YJ, et al.
Relationship between hyperuricemia (HUC) and metabolic syndrome (MS)
in institutionalized elderly men. Arch Gerontol Geriatr. 2009;49(SUPPL.2)

44. Van Der Ploeg GE, Withers RT, Laforgia J. Percent body fat via DEXA: comparison
with a four-compartment model. J Appl Physiol. 2003;94(2):499–506.

45. LaForgia J, Dollman J, Dale MJ, Withers RT, Hill AM. Validation of DXA body
composition estimates in obese men and women. Obesity. 2009;17(4):821–6.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Seyed-Sadjadi et al. Lipids in Health and Disease  (2017) 16:142 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Participants
	Biochemical analysis
	Central fat distribution analysis
	Statistical analysis

	Results
	Associations between BMI, and central fat distribution parameters (android to gynoid fat ratio, VAT and SAT fat mass) and plasma TG and FPG
	Associations between plasma UA, FPG and plasma HbA1c
	Associations between plasma UA, BMI and central fat distribution parameters (android to gynoid fat ratio, VAT and SAT fat mass)
	Associations between plasma UA, plasma TG, TC, LDL-C and HDL-C
	Associations between plasma UA and plasma inflammatory markers CRP, TNF- α and IL-6

	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References

