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Background: Serum albumin and uric acid have been positively linked to metabolic syndrome (MetS). However, the association
of MetS incidence with the combination of uric acid and albumin levels has not been investigated. We explored the association of
albumin and uric acid with the risk of incident MetS in populations divided according to the levels of these two parameters.
Methods: In this retrospective longitudinal study, 11,613 non-MetS participants were enrolled among 24,185 individuals who
had undergone at least four annual check-ups between 2006 and 2012. The risk of incident MetS was analyzed according to four
groups categorized by the sex-specific medians of serum albumin and uric acid.

Results: During 55,407 person-years of follow-up, 2,439 cases of MetS developed. The risk of incident MetS increased as the uric
acid category advanced in individuals with lower or higher serum albumin categories with hazard ratios (HRs) of 1.386 (95%
confidence interval [CI], 1.236 to 1.554) or 1.314 (95% CI, 1.167 to 1.480). However, the incidence of MetS increased with higher
albumin levels only in participants in the lower uric acid category with a HR of 1.143 (95% CI, 1.010 to 1.294).

Conclusion: Higher levels of albumin were associated with an increased risk of incident MetS only in individuals with lower uric
acid whereas higher levels of uric acid were positively linked to risk of incident MetS regardless of albumin level.
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INTRODUCTION

In several cross-sectional studies and a longitudinal study, in-
creased value of baseline serum albumin was positively associ-
ated with metabolic syndrome (MetS) prevalence or incidence
[1-3]. Over-nutrition, as indicated by elevated serum albumin
level, has been suggested as one of the elucidation [1,2,4].
However, serum albumin, which is also a negative acute-phase
protein, has been reported to drop during chronic inflamma-

tion [3,5,6]. In a cross-sectional study, elevated serum albumin
level, which was positively linked to the prevalence of MetS,
was associated with decreased prevalence of carotid plaques
[1]. Also, in another study, high serum albumin concentrations
were linked to increased odds ratios for MetS, whereas low al-
bumin levels were associated with increased prevalence of in-
flammation, which was defined as a C-reactive protein level of
0.4 mg/dL or more [2].

Serum uric acid level has been consistently reported as a pre-

Corresponding author: Jae Hyeon Kim (& https://orcid.org/0000-0001-5001-963X

Division of Endocrinology and Metabolism, Department of Medicine, Samsung Medical
Center, Sungkyunkwan University School of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul
06351, Korea

E-mail: jachyeon@skku.edu

Received: Jan. 21, 2018; Accepted: Jun. 15,2018

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Copyright © 2018 Korean Diabetes Association http://e-dmj.org


http://crossmark.crossref.org/dialog/?doi=10.4093/dmj.2018.0012&domain=pdf&date_stamp=2018-09-28

Lee YB, et al.

dmj

dictor of incident MetS [7-9]. Also, it has been reported that hy-
peruricemia can lead to endothelial dysfunction and low-grade
inflammation by impaired nitric oxide production [9-11].

Although there have been studies to clarify the relationship
between MetS and serum albumin or uric acid level, the asso-
ciation of MetS incidence in combination with uric acid and
albumin concentrations has not yet been analyzed. Moreover,
the association between elevated serum albumin and the risk
of MetS may be diminished in hyperuricemic subjects by the
chronic low-grade inflammation associated with hyperurice-
mia. Therefore, we aimed to explore the association of baseline
serum albumin and uric acid levels with the risk of incident
MetS in subgroups determined by the levels of these two pa-
rameters.

METHODS

Study population and design

This was a retrospective longitudinal study of participants who
had undergone annual health check-up programs at least four
times at the Health Promotion Center of Samsung Medical
Center between 2006 and 2012. Among 24,185 subjects who
received yearly check-ups for 4 or more years, those with miss-
ing waist circumference (WC) measures, those who had MetS
at baseline, those who were diagnosed with MetS at the first
follow-up visit, and those with jaundice, hepatitis B or C, ab-
normal liver function test results, or decreased renal function
were excluded. The exclusion criteria and process of enroll-
ment and exclusion were described in more detail in our previ-
ous report [12]. Finally, 11,613 individuals (6,890 men and
4,723 women) with a mean age of 50.9 years (range, 18 to 89
years) were enrolled. They were observed till the development
of incident MetS. If they were not diagnosed with MetS until
the final visit, the last visit was considered to be the end of fol-
low-up. This study was approved by the Institutional Review
Board (IRB) of Samsung Medical Center (IRB File number;
SMC 2017-07-141-001) and was conducted in accordance
with the Declaration of Helsinki. An exemption from in-
formed consent was granted by the board because all data were
analyzed anonymously.

Clinical and biochemical measurements

During check-ups, surveys on medical history, smoking status,
and alcohol history were carried out. Anthropometric measure-
ments and laboratory tests were also performed. With regard to
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smoking status, subjects were classified as never, past, or cur-
rent smokers. Participants were required to answer question-
naires regarding whether they take statins or not, and whether
they take aspirin or not. They were dichotomously categorized
as drinkers and non-drinkers according to their answer to the
questionnaire, which asked whether they drink alcohol or not;
patients were categorized in this way since data on the amount
or frequency of alcohol consumption were not available. Note
that even this dichotomous information was not available in
2,130 subjects (1,347 men and 783 women). Blood pressure
(BP) was measured by trained nurses with mercury sphygmo-
manometers on the patients’ right arms after at least 5 minutes
of rest. WC was defined as the circumferential measure at the
midpoint between the costal margin and iliac crest at the end of
expiration in the erect position. Body mass index (BMI) was
derived from body weight in kilograms divided by height in
meters squared (kg/m*). The Modification of Diet in Renal Dis-
ease (MDRD) equation [13] was utilized to calculate estimated
glomerular filtration rate (eGFR). The homeostatic model as-
sessment index 2 for insulin resistance (HOMA2-IR), which
reflects insulin resistance, was determined by the HOMA cal-
culator (http://www.dtu.ox.ac.uk) [14].

Venous blood samples were drawn after an overnight fast.
Serum albumin level was derived using bromocresol green and
a Roche modular DP analyzer (Roche Diagnostics, Basel, Swit-
zerland). Fasting high density lipoprotein cholesterol (HDL-
C), low density lipoprotein cholesterol (LDL-C), triglycerides
(TGs), and serum uric acid were measured using the enzymat-
ic colorimetric method with a Modular D2400 (Roche Diag-
nostics). The hexokinase method with Bayer Reagent Packs on
an automated chemistry analyzer (Advia 1650 Autoanalyzer;
Bayer Diagnostics, Leverkusen, Germany) was utilized to mea-
sure plasma glucose levels. Plasma insulin values were deter-
mined using an immunoradiometric assay (DIAsource Co.,
Louvain-la-Neuve, Belgium). However, in 4,705 participants
(2,352 men and 2,353 women), plasma insulin levels were not
obtained.

Definition
The 2005 revision of the National Cholesterol Education Pro-
gram Adult Treatment Panel ITI (NCEP-ATP III) criteria, with
Asian-specific cut-off values for abdominal obesity (WC =90
c¢m in men, >80 cm in women) were used to define MetS [15,
16].

The serum uric acid value was stratified into lower (L) and

Diabetes Metab ] 2018;42:529-537  http://e-dmj.org



Uric acid, albumin, and incident metabolic syndrome

higher (H) levels by the sex-specific medians of the study pop-
ulation. Serum albumin was also categorized into two binary
variables (L and H) at cut-off points of sex-specific median val-
ues. Four groups (group 1 to 4) were established according to
the binary category of serum albumin and uric acid (serum al-
bumin L, serum uric acid L; serum albumin H, serum uric acid
L; serum albumin L, serum uric acid H; serum albumin H, se-
rum uric acid H).

Statistical analyses

The SPSS software version 23 (IBM Co., Armonk, NY, USA)
was used for statistical analyses. Continuous variables with
normal distributions were presented as the mean+standard
deviation, while continuous variables with non-normal distri-
butions were expressed as the median and interquartile ranges.
Categorical data were presented as the frequency and percent-
age. One-way analysis of variance (ANOVA) and Tukey’s mul-
tiple comparison were utilized for continuous variables with
normal distributions. The Kruskal-Wallis test followed by the
post hoc Mann-Whitey U test using the Bonferroni correction
was applied for continuous variables with non-normal distri-
butions to assess baseline characteristics of the study popula-
tion according to the four groups set by the sex-specific medi-
ans of serum albumin and uric acid at initial visit. For categori-
cal variables, Pearson’s chi-square test was performed.

Pearson’s correlation analyses between serum uric acid and
parameters associated with MetS were performed, and these
results were compared to those between serum albumin and
the same variables. Scatter plots were used to visually express
these correlations.

Multivariate Cox regression analysis was conducted to eval-
uate the hazard ratios (HRs) and 95% confidence intervals
(ClIs) for MetS incidence according to the four groups stratified
by the sex-specific medians of baseline serum albumin and
uric acid. Cox regression models were adjusted for potential
confounders including age, BMI, WC, systolic BP, alanine ami-
notransferase (ALT), eGFR, fasting glucose, smoking status,
whether taking aspirin or statins, the presence of baseline dia-
betes mellitus, LDL-C, and high-sensitivity C-reactive protein
(hs-CRP). Also, in those with corresponding information, ad-
ditional adjustment for alcohol history (1n=9,483) or HOMA2-
IR was applied. Two-tailed probability values less than 0.05
were considered to be statistically significant.
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RESULTS

Characteristics of the study population according to four
groups stratified by serum albumin and uric acid category
During 55,407 person-years of follow-up (a mean follow-up of
4.8+1.3 years), 2,439 cases (1,695 in men and 744 in women)
of incident MetS developed (21.0% in all subjects; 24.6% in
men and 15.8% in women). The baseline clinical characteris-
tics and laboratory data of the study participants according to
four groups categorized by the sex-specific medians of serum
albumin and uric acid are presented in Table 1. The sex-specif-
ic median of the serum uric acid level was 5.8 mg/dL in men
and 4.1 mg/dL in women, while that of the serum albumin lev-
el was 4.3 g/dL in men and 4.2 g/dL in women. These values
were used as cut-oft points to categorize the groups. Subjects in
group 3 (serum albumin L and serum uric acid H) and group 4
(serum albumin H and serum uric acid H) had higher WC,
BMLI, hs-CRP, total cholesterol, TG, LDL-C, aspartate amino-
transferase (AST), and ALT values than those who were in
group 1 (serum albumin L and serum uric acid L) and group 2
(serum albumin H and serum uric acid L), respectively. HDL-
C and eGFR levels were significantly lower in group 3 (serum
albumin L and serum uric acid H) compared to those in group
1 (serum albumin L and serum uric acid L). They were also
lower in group 4 (serum albumin H and serum uric acid H)
compared to those in group 2 (serum albumin H and serum
uric acid L). Total cholesterol, TG, LDL-C, AST, and ALT levels
were significantly higher in group 2 (serum albumin H and se-
rum uric acid L) than in group 1 (serum albumin L and serum
uric acid L). Also, they were significantly higher in group 4 (se-
rum albumin H and serum uric acid H) compared to those in
group 3 (serum albumin L and serum uric acid H). On the
other hand, in the same category of baseline uric acid level, hs-
CRP was significantly lower in groups with increased albumin
category (serum albumin H).

Correlations between serum albumin, serum uric acid, and
other parameters

Correlations between baseline serum albumin or uric acid and
parameters including MetS components, hs-CRP and BMI
were calculated (Table 2 and Supplementary Fig. 1). Although
both uric acid and albumin were positively correlated with
WC, BMI, and TG, uric acid showed stronger correlations than
albumin did. Fasting glucose, glycosylated hemoglobin, and
HOMAZ2-IR (n=6,908) showed a weak positive correlation
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Table 1. Baseline characteristics according to four groups categorized by sex-specific medians of baseline serum albumin and uric

acid
Four groups categorized by sex-specific medians of baseline serum albumin and uric acid
Characteristic Pvalue
Group 1 (n=3,468) Group 2 (n=2,779) Group 3 (n=2,758) Group 4 (1=2,608)

Baseline serum

Albumin L H* L H°

Uric acid Le Le H¢ He
Sex

Male 2,101 (60.6) 1,554 (55.9) 1,691 (61.3) 1,544 (59.2)

Female 1,367 (39.4) 1,225 (44.1) 1,067 (38.7) 1,064 (40.8)
Incidence of MetS 545 (15.7) 493 (17.7) 702 (25.5) 699 (26.8) <0.001
Median serum albumin, g/dL 420 (4.00-4.20) 4.50 (4.40-4.60) 420 (4.10-4.20) 4.50 (4.40-4.60)
Median serum uric acid, mg/dL 4.30 (3.60-5.20) 4.10 (3.60—5.20) 6.10 (4.90-6.80) 6.10 (4.90-6.80)
Age, yr 51.9+8.2 49.5+7.6' 522+8.2° 49.8+8.0° <0.001
Waist circumference, cm 80.4+8.2¢ 79.5+8.5° 82.6+8.4% 82.0+8.4" <0.001

In men 84.8+6.3° 84.6+6.3° 86.8+6.1 86.6+6.1° <0.001

In women 73.7+6.0° 73.0+6.1° 75.9+6.98 75.3+6.6% <0.001
BMI, kg/m’ 22.92+2.38° 22.62+2.50" 23.70+2.48% 23.51+2.50" <0.001
Smoking status

Current smoker 599 (17.3) 397 (14.3) 509 (18.5) 412 (15.8) 0.531

Ex-smoker 993 (28.6) 743 (26.7) 837 (30.3) 764 (29.3)

Never-smoker 1,876 (54.1) 1,639 (59.0) 1,412 (51.2) 1,432 (54.9)
Systolic B>, mm Hg 108.0 (100.0-118.0)¢ 111.0 (101.0-120.0)" 110.0 (100.0-120.0)*  112.0 (102.0-121.0)" <0.001
Diastolic B, mm Hg 67.0 (60.0~74.0)° 70.0 (61.0~75.0)' 68.0 (60.0~75.0)¢ 70.0 (62.0~77.0)" <0.001
eGFR, mL/min/1.73 m? 90.10+11.89° 92.19+12.23f 85.48+11.278% 87.18+11.74" <0.001
Fasting glucose, mg/dL 86.0 (81.0-92.0)¢ 87.0 (82.0-93.0)" 86.0 (81.0-92.0)¢ 87.0 (82.0-93.0)" <0.001
HbAlc, % 5.37+0.60 5.36+0.54 5.34+0.41 5.35£0.40 0.343
Fasting insulin, pU/mL 7.50 (6.00-9.60)¢ 8.00 (6.10-10.10)" 7.90 (6.20-10.20)" 8.20 (6.30-10.60)" <0.001

(n=2,078) (n=1,589) (n=1,735) (n=1,506)
HOMA2-IR 1.00 (0.80—1.20)¢ 1.00 (0.80—1.30)' 1.00 (0.80—1.30)f 1.10 (0.80—1.40)¢ <0.001
(n=2,078) (n=1,589) (n=1,735) (n=1,506)

Total cholesterol, mg/dL 183.9+£30.2° 192.0+31.4 188.3+£30.7¢ 199.4+32.3" <0.001
TG, mg/dL 91.0 (69.0-122.0)¢ 95.0 (71.0-127.0)  101.0(76.0-136.0  106.0 (79.0-142.0)" <0.001
LDL-C, mg/dL 117.5+27.1¢ 122.6+27.8" 122.6+27.7° 130.8+29.48 <0.001
HDL-C, mg/dL 59.5+13.4° 61.6+14.1" 57.9+12.88 59.3+13.3¢ <0.001
Baseline bilirubin, mg/dL 0.86+0.32° 0.94+0.33" 0.87+0.33° 0.94+0.33" <0.001
AST, U/L 20.0 (17.0-23.0)¢ 21.0 (18.0-25.0)" 21.0 (18.0-25.0)" 22.0 (19.0-26.0)8 <0.001
ALT, U/L 17.0 (13.0-22.0)¢ 18.0 (14.0-25.0)" 18.0 (14.0-25.0)" 20.0 (16.0-27.8)8 <0.001
hs-CRP, mg/L 0.11+0.35¢ 0.08+0.25 0.14+0.538 0.09+0.16" <0.001

Values are presented as number (%), median (interquartile range), or mean +standard deviation.

L, lower; H, higher; MetS, metabolic syndrome; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HbA 1c, glycosyl-
ated hemoglobin; HOMA2-IR, homeostatic model assessment index 2 for insulin resistance; TG, triglyceride; LDL-C, low density lipoprotein cholester-
ol; HDL-C, high density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase; hs-CRP, high-sensitivity C-reactive
protein.

Baseline serum albumin °L (3.1 to 4.3 g/dL in males, 3.2 to 4.2 g/dL in females), "H (4.4 to 5.2 g/dL in males, 4.3 to 5.1 g/dL in females); Baseline serum
uric acid °L (0.7 to 5.8 mg/dL in males, 0.5 to 4.1 mg/dL in females), H (5.9 to 12.1 mg/dL in males, 4.2 to 7.7 mg/dL in females), sfehDifferent super-
script letters imply significantly different values by the post hoc analysis (Tukey’s multiple comparison test following a one-way analysis of variance or
Mann-Whitney U test using Bonferroni correction following the Kruskal-Wallis test).
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Table 2. Correlations between baseline serum albumin, serum uric acid and other parameters

Serum uric acid Serum albumin
Variable Pearson’s correlation Pvalue Pearson’s correlation Pvalue
coeflicient (7) coeflicient (r)
Serum albumin, g/dL* or uric acid, mg/dL" 0.160* <0.001* 0.160° <0.001°
Waist circumference, cm 0.517 <0.001 0.083 <0.001
BMI, kg/m’ 0.367 <0.001 0.023 0.012
Systolic BE, mm Hg 0.115 <0.001 0.137 <0.001
Diastolic BP, mm Hg 0.187 <0.001 0.151 <0.001
Fasting glucose, mg/dL 0.056 <0.001 0.095 <0.001
HbAlc, % 0.030 0.001 0.016 0.086
HOMAZ2-IR (1=6,908) 0.081 <0.001 0.071 <0.001
Total cholesterol, mg/dL 0.053 <0.001 0.176 <0.001
TG, mg/dL 0.268 <0.001 0.118 <0.001
LDL-C, mg/dL 0.139 <0.001 0.159 <0.001
HDL-C, mg/dL -0.265 <0.001 0.009 0.342
hs-CRP, mg/L 0.056 <0.001 -0.070 <0.001

BMI, body mass index; BP, blood pressure; HbA Ic, glycosylated hemoglobin; HOMA2-IR, homeostatic model assessment index 2 for insulin
resistance; TG, triglyceride; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; hs-CRP, high-sensitivity

C-reactive protein.
*Serum albumin (g/dL), "Serum uric acid (mg/dL).

with serum uric acid and albumin. HDL-C was negatively cor-
related only with uric acid, and no significant correlation be-
tween HDL-C and serum albumin level was observed. There
was an inverse correlation between serum albumin concentra-
tion and hs-CRP level while uric acid level was positively cor-
related with hs-CRP.

Metabolic syndrome incidence according to serum
albumin and uric acid categories
The incidence of MetS was calculated separately in four groups
divided by the sex-specific medians of serum albumin and uric
acid (Table 3). In the same category of baseline albumin level,
the incidence of MetS increased as the serum uric acid catego-
ry advanced. The HR for incident MetS in group 3 (serum al-
bumin L and serum uric acid H) was 1.386 (95% CI, 1.236 to
1.554), compared to group 1 (serum albumin L and serum uric
acid L) after fully-adjusting for possible confounding factors
(model 1). In group 4 (serum albumin H and serum uric acid
H), the HR was 1.314 (95% CI, 1.167 to 1.480) compared to
group 2 (serum albumin H and serum uric acid L).

However, the incidence of MetS increased significantly with
the increased albumin category only in subjects with uric acid
concentrations of sex-specific medians or less. The HR for

http://e-dmj.org  Diabetes Metab J 2018;42:529-537

MetS incidence in the fully adjusted model (model 1) was
1.143 (95% CI, 1.010 to 1.294) in group 2 (serum albumin H
and serum uric acid L) compared to group 1 (serum albumin L
and serum uric acid L). However, even this statistical signifi-
cance was not present when the model was additionally ad-
justed for HOMA2-IR in the subgroup with fasting insulin
measurements (model 3 in Table 3).

The HR for incident MetS in the group with higher uric acid
and lower albumin (group 3) was 1.242 (95% CI, 1.101 to
1.401) compared to the group with higher albumin and lower
uric acid (group 2).

DISCUSSION

To the best of our knowledge, this was the first study to analyze
the association of MetS incidence considering both uric acid
and albumin levels. This longitudinal study demonstrated that
higher levels of serum albumin were associated with increased
risk of incident MetS only in individuals in the lower uric acid
category. On the contrary, elevated serum uric acid concentra-
tion was positively linked to risk of incident MetS regardless of
the category of serum albumin level.

When HOMA2-IR was included as a potential confounding
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Table 3. HRs and 95% CIs for incident metabolic syndrome according to four groups categorized by sex-specific medians of base-

line serum albumin and uric acid

Four groups categorized by sex-specific medians of baseline serum albumin and uric acid

Variable Group 1 Group 2 Group 3 Group 4
(n=3,468) (n=2,779) (n=2,758) (n=2,608)
Baseline serum
Albumin L H° L: H
Uric acid Le L He Hq
Median serum albumin, 4.20 (4.00—4.20) 4.50 (4.40-4.60) 4.20 (4.10-4.20) 4.50 (4.40-4.60)
g/dL
Median serum uric acid, 4.30 (3.60-5.20) 4.10 (3.60-5.20) 6.10 (4.90-6.80) 6.10 (4.90—6.80)
mg/dL
Incidence of MetS 545 (15.7) 493 (17.7) 702 (25.5) 699 (26.8)
Crude model 1 (reference)  1.162 (1.029-1.313) (P=0.015) 1.667 (1.491-1.865) (P<0.001)  1.814 (1.622~2.029) (P<0.001)
1 (reference) 1.437 (1.280—1.612) (P<0.001)  1.562 (1.392—1.753) (P<0.001)
1 (reference) 1.086 (0.978-1.206) (P=0.123)
Model 1¢ 1 (reference)  1.143 (1.010-1.294) (P=0.034) 1.386 (1.236-1.554) (P<0.001)  1.476 (1.312-1.660) (P<0.001)
1 (reference) 1.242 (1.101-1.401) (P<0.001) 1.314(1.167-1.480) (P<0.001)
1 (reference) 1.069 (0.959-1.193) (P=0.228)
Model 2¢ 1 (reference)  1.165 (1.014-1.337) (P=0.031) 1.451 (1.275-1.650) (P<0.001) 1.553 (1.361-1.771) (P<0.001)
1 (reference) 1.278 (1.118-1.461) (P<0.001)  1.352 (1.186—1.542) (P<0.001)
1(reference) 1.076 (0.953—1.215) (P=0.235)
Model 3¢ 1 (reference)  1.091 (0.926—1.287) (P=0.297) 1.366 (1.176—1.587) (P<0.001)  1.427 (1.219—-1.669) (P<0.001)

1 (reference)

1.283 (1.096—1.503) (P=0.002)

1 (reference)

1.312 (1.118-1.539) (P=0.001)
1.022 (0.885-1.181) (P=0.765)

Values are presented as HR (95% CI).

HR, hazard ratio; CI, confidence interval; L, lower; H, higher; MetS, metabolic syndrome.

Baseline serum albumin °L (3.1 to 4.3 g/dL in males, 3.2 to 4.2 g/dL in females), *H (4.4t05.2 g/dL in males, 4.3 to 5.1 g/dL in females); Baseline
serum uric acid °L (0.7 to 5.8 mg/dL in males, 0.5 to 4.1 mg/dL in females), 9H (5.9t012.1 mg/dL in males, 4.2 to 7.7 mg/dL in females), “Adjust-
ed for age, body mass index, waist circumference, systolic blood pressure, alanine aminotransferase, estimated glomerular filtration rate, fasting
glucose, smoking status, medication (statin and aspirin), baseline diabetes mellitus prevalence, low density lipoprotein cholesterol, and high-
sensitivity C-reactive protein, fAdjus'[ed for Model 1+alcohol history (n=9,483), 8Adjusted for Model 1+homeostasis model assessment index 2

for insulin resistance (1=6,908).

factor, the increased albumin category was not associated with
higher MetS incidence even in subjects with uric acid levels of
sex-specific medians or less, suggesting that the effect of serum
albumin concentration on MetS incidence may be mediated by
insulin resistance, as indicated by HOMA2-IR. In a previous
report, serum albumin concentration was associated with
HOMA-IR value above the highest quartiles [17]. Further, in
our study, HOMA2-IR showed a weak positive correlation
with serum albumin concentration. Insulin resistance, as indi-
cated by the high levels of HOMA-IR, is directly linked to
compensatory hyperinsulinemia [17,18], which is a predispos-
ing condition for the development of MetS [17].
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Our results suggest that baseline serum uric acid concentra-
tion may be a useful marker for predicting the development of
MetS regardless of serum albumin level, whereas the useful-
ness of serum albumin concentration may by diminished by
certain conditions associated with hyperuricemia. For this rea-
son, when considered separately, serum uric acid rather than
serum albumin level may be a more helpful marker in predict-
ing the incidence of MetS. In our study, both serum albumin
and uric acid were positively correlated with WC, BMI, and
TG. However, uric acid was more strongly correlated with
these parameters than albumin. Moreover, only serum uric
acid, not albumin, showed a significant negative correlation
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with HDL-C. In addition, only uric acid concentration was
positively correlated to hs-CRP level, which may be reflective
of the chronic inflammation, which is known to play an im-
portant role in the initiation and advancement of MetS [12,19].
In our data, the risk of incident MetS in subjects with higher
uric acid and lower albumin category was significantly higher
than that in individuals with higher albumin and lower uric
acid category.

The usefulness of albumin as a predictor of MetS incidence
was decreased in groups with higher uric acid category. Al-
though the mechanism cannot be determined based on this
study because of its retrospective design, changes in albumin
levels in chronic low-grade inflammation associated with hy-
peruricemia may be involved. Serum albumin levels can be af-
fected by the nutritional status as a nutritional marker [1,2]. In
several cross sectional studies, high serum albumin level has
been related to parameters indicative of over-nutrition, such as
obesity and MetS [1-4]. However, at the same time, serum al-
bumin concentration is influenced by inflammation [2,3,5,6].
Albumin is a well-known negative acute-phase protein [5,6],
and its level also decreases during chronic inflammation [3,5].
Hyperuricemia has been reported to induce endothelial dys-
function and low-grade inflammation through inhibition of
nitric oxide production and generation of reactive oxygen spe-
cies [9-11]. In accordance with these reports, in our data, uric
acid concentration showed a significant positive correlation
with hs-CRP level while serum albumin level was inversely
correlated with hs-CRP. Increased levels of serum albumin
may reflect over-nutritional status in the body, and this can
provide an explanation for the association of elevated serum
albumin level with risk of MetS. However, in the chronic in-
flammatory situation associated with hyperuricemia, even in
the over-nutrition state, the albumin level may decrease due to
inflammation, which may reduce the usefulness of albumin as
an indicator of over-nutrition and as a marker in predicting in-
cident MetS.

Our study has several limitations. First, participants in our
study were self-selected through voluntary annual health
check-ups for four or more times at a single center. These sub-
jects might not represent the general Korean population, and
the possibility of selection bias cannot be excluded. In addi-
tion, information on drugs known to affect the level of serum
uric acid, such as allopurinol and diuretics, and lifestyle factors
such as diet and exercise were not collected. Moreover, the ret-
rospective design of this study may limit the clarification of
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causal relationships and underlying mechanisms.

Although higher serum uric acid level was associated with
risk of incident MetS regardless of serum albumin value, ele-
vated serum albumin concentration was positively linked to
MetS incidence only in individuals with lower uric acid level in
a healthy Korean population. This may be due to a decrease in
serum albumin concentration in chronic inflammatory condi-
tions associated with hyperuricemia, which may inhibit the
role of albumin as an indicator of over-nutrition and as a pre-
dictor of incident MetS. Therefore, when considered individu-
ally, serum uric acid may be a more useful single marker in
predicting the development of MetS compared to serum albu-
min. Further studies are needed to confirm these suggestions.
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Supplementary Fig. 1. Correlations between baseline serum albumin or serum uric acid and other parameters. (A) Correlation
between baseline serum uric acid and waist circumference. (B) Correlation between baseline serum uric acid and body mass in-
dex (BMI). (C) Correlation between baseline serum uric acid and high density lipoprotein cholesterol (HDL-C). (D) Correlation
between baseline serum albumin and waist circumference. (E) Correlation between baseline serum albumin and BMI. (F) Corre-
lation between baseline serum albumin and HDL-C.
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