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ABSTRACT
Aims/Introduction: The Metabolic Score for Insulin Resistance (METS-IR) is a novel
non-insulin-based metabolic index used as a substitution marker of insulin resistance.
However, whether METS-IR is associated with the urinary albumin-to-creatinine ratio
(UACR) is not well known. Therefore, we explored the associations between METS-IR and
UACR, and compared the discriminative ability of METS-IR and its components for
elevated UACR.
Materials and Methods: This study included 37,290 participants. METS-IR was
calculated as follows: (Ln[2 9 fasting blood glucose + fasting triglyceride level] 9 body
mass index) / (Ln [high-density lipoprotein cholesterol]). Participants were divided into
four groups on the basis of METS-IR: <25%, 25–49%, 50–74% and ≥75%. Logistic
regression analyses were carried out to determine the associations between METS-IR
versus its components (fasting blood glucose, triglyceride level, body mass index and
high-density lipoprotein cholesterol) with UACR.
Results: Participants with the highest quartile METS-IR presented a more significant
trend toward elevated UACR than toward its components (odds ratio 1.260, 95%
confidence interval 1.152–1.378, P < 0.001 in all participants; odds ratio 1.321, 95%
confidence interval 1.104–1.579, P = 0.002 in men; odds ratio 1.201, 95% confidence
interval 1.083–1.330, P < 0.001 in women). There were significant associations between
METS-IR and UACR in younger participants (aged <65 years for women and aged 55–
64 years for men). Increased METS-IR was significantly associated with UACR in men with
fasting blood glucose ≥5.6 or postprandial blood glucose ≥7.8 mmol/L and systolic blood
pressure ≥120 or diastolic blood pressure ≥80 mmHg. The relationships were significant in
women with diabetes and hypertension.
Conclusions: Increased METS-IR was significantly associated with elevated UACR, its
discriminative power for elevated UACR was superior to that of its components.
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INTRODUCTION
Increased urinary albumin-to-creatinine ratio (UACR) has been
regarded a marker of early kidney dysfunction and an indepen-
dent factor for cardiovascular disease (CVD) risk1. An elevated
UACR is more closely associated with increased CVD risk than
with the estimated glomerular filtration rate (eGFR) in patients
with diabetes2. In addition, elevated fasting blood glucose
(FBG) level, hyperlipidemia and obesity are not only associated
with CVD, but also with chronic kidney disease3–6. Compelling
evidence confirmed that dyslipidemia, including high levels of
low-density lipoprotein cholesterol, total cholesterol (TC) and
triglycerides (TG), and low levels of high-density lipoprotein
cholesterol (HDL-C), is the cornerstone of arteriolosclerosis,
and is an important risk factor for the progression of chronic
kidney disease and CVD7–10. Furthermore, both diabetes and
albuminuria are risk factors for CVD, and the morbidity of
microalbuminuria remarkably increased in people with dia-
betes11,12.
Insulin resistance (IR) plays roles in the pathophysiology of

dyslipidemia, type 2 diabetes mellitus and microalbuminuria9.
Many studies found that IR is a major risk factor for CVD
events and has strong relationships with other risk factors for
CVD (inflammation, dyslipidemia and hypertension) through
various pathophysiological mechanisms13,14. The routine assess-
ment of IR probably holds great significance in preventing a
global pandemic and reducing the socioeconomic burden. The
homeostatic model assessment of the IR index has been widely
used for IR evaluation in clinical practice15. However, this index
has limitations, including variability depending on the utilized
technique, low practicality and invasiveness.
Compared with other non-insulin-based IR indices, the novel

surrogate of IR, namely, the Metabolic Score for IR (METS-
IR)3, shows a higher concordance with the euglycemic–hyperin-
sulinemic clamp and its components, including the TG, HDL-
C and FBG levels, and body mass index (BMI), and has strong
predictive abilities for CVD risk3. IR is a key factor connecting
CVD and increased UACR. However, information is limited on
the association of METS-IR with UACR. Therefore, the current
study evaluated the association between METS-IR and UACR,
and compared it with the associations between FBG level, BMI
and HDL-C level with UACR in the Chinese population.

MATERIALS AND METHODS
Participants
The present study was a substudy of the Risk Evaluation of
Cancers in Chinese Diabetic Individuals: A Longitudinal study
(REACTION study), which was designed to investigate the
association of prediabetes and type 2 diabetes mellitus with the
risk of cancer among Chinese adults16. The REACTION study
was carried out with individuals aged >40 years in centers
across mainland China from 2011 to 2012. A total of 47,808
participants were included in this study. We excluded partici-
pants diagnosed with primary kidney disease at baseline, who

used lipid-lowering drugs or angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers, had missing and
incomplete clinical or demographic data, or used hypoglycemic
drugs and insulin. Finally, 37,290 participants (10,909 men and
26,381 women) were included in the present study. The flow
chart describing the enrolment of the participants in this study
is presented in Figure 1.

Social, clinical and biological parameters
All participants were administered a detailed questionnaire on
their lifestyle, medical history and medication use, and subse-
quently underwent anthropometric assessments according to
standardized procedures. Medical history included history of
type 2 diabetes mellitus, hypertension, kidney disease, CVD (in-
cluding stroke, myocardial infarction and coronary artery dis-
ease) and drug use. Smoking habits were categorized as a
history of never smoking, currently smoking (frequently: smok-
ing ≥1 cigarettes daily; occasionally: smoking <7 cigarettes
weekly) or formerly smoking (had already quit smoking for at
least half a year). Drinking habits were categorized as a history
of never drinking, currently drinking (frequently: drinking more
than once a week; occasionally: drinking less than once a week)
or formerly drinking (had already quit drinking for at least half
a year).
Height (cm), weight (kg) and waist circumference (cm) were

measured by trained nurses. BMI was calculated as the ratio of
the bodyweight in kilograms and the squared body height in
meters (kg/m2). Blood pressure (BP) and resting heart rate were
measured sequentially three times with 1-min intervals each.
The three measurement results of diastolic BP (DBP) and sys-
tolic BP (SBP) were averaged for analysis.
Blood samples were collected by venipuncture after a 10-h

overnight fast. A 75-g oral glucose tolerance test was then car-
ried out. Biochemical parameters included FBG, 2-h post-load
blood glucose (PBG), TC, low-density lipoprotein cholesterol,
HDL-C, TG, aspartate transaminase, gamma-glutamyl trans-
ferase, alanine transaminase (ALT), serum creatinine and glyco-
sylated hemoglobin. The biological parameters were assayed by
quality control procedures. The eGFR (mL/min/1.73 m2) was
calculated according to the following formula: 186 9 (serum
creatinine 9 0.011)-1.154 9 (age)-0.203 9 (0.742 if
female) 9 1.233, where serum creatinine was presented in
lmol/L. The procedure used the Modification of Diet in Renal
Disease, which was recalibrated for the Chinese population17.

Definition of variables
According to the self-reported questionnaires, history of hyper-
tension and history of diabetes were defined as documented
hypertension at baseline and documented diabetes at baseline,
respectively. Urinary albumin and creatinine concentrations
were determined in the first-void sterile urine specimens col-
lected early in the morning. UACR was defined as the ratio of
the urinary albumin concentration to the urinary creatinine
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concentration, which was divided into two groups: UACR
≥30 mg/g or UACR <30 mg/g. METS-IR was calculated using
the following formula: (Ln[2 9 FBG{mg/dL} + TG0{mg/
dL}] 9 BMI) / (Ln[HDL-C{mg/dL}])3. The METS-IR index
was divided by quartiles.

Statistical analysis
All statistical analyses were carried out using SPSS 24.0 (IBM,
Chicago, IL, USA). We used one-way analysis of variance to
compare the distinctions among the continuous variables of the
four groups. The least significant distinction was compared
using the multiple comparison test, and continuous variables
were expressed as means – standard deviations. Continuous
variables with non-normal distributions were expressed as
medians (interquartile range). Categorical variables were
described as percentages (%). The odds ratios (ORs) and 95%
confidence intervals (CIs) were estimated to explore the associa-
tions between METS-IR and UACR through logistic regression
analyses. Model 1 was a non-adjusted model. Model 2 was
adjusted for center, age and sex. Model 3 was further adjusted
for education status, smoking habits, drinking habits and previ-
ous diagnosis of CVD. Model 4 was further adjusted for history
of diabetes and hypertension, and use of hypotensive drugs.
Model 5 was further adjusted for eGFR, waist circumference,
SBP, DBP, low-density lipoprotein cholesterol, TC, aspartate

transaminase, alanine transaminase, gamma-glutamyl trans-
ferase, glycosylated hemoglobin and resting heart rate. The rela-
tionships between METS-IR and UACR were also explored in
subgroups that were stratified by age (<55, 55–64 and
≥65 years), eGFR (<60, 60–90 and ≥90 mL/min/1.73 m2),
blood glucose (BG) status (normal: FBG <5.6 and PBG <7.8;
prediabetes: 5.6 ≤ FBG < 7.0 or 7.8 ≤ PBG < 11.1; and dia-
betes: FBG ≥ 7.0 or PBG ≥ 11.1, mmol/L) and BP status (nor-
mal BP: SBP <120 and DBP <80; prehypertension:
80 ≤ DBP < 90 or 120 ≤ SBP < 140; and hypertension:
DBP ≥90 or SBP ≥140, mmHg). The present study also investi-
gated the interactions between METS-IR and the stratified vari-
ables among participants with increased risk of UACR. Two-
tailed P < 0.05 was considered statistically significant.

RESULTS
Clinical characteristics of the participants
Among the 37,290 participants included in the present study,
10,909 were men and 26,381 were women (Table 1). The char-
acteristics of the study participants, who were divided into four
groups on the basis of the quartiles of the METS-IR index, are
as follows. The mean age of the Q4 group was
58.72 – 9.13 years. The mean ages of the Q1, Q2 and Q3
groups were 56.77 – 9.29, 57.49 – 8.01 and 58.30 – 9.13 years.
The proportions of men and women were the highest in the

Participants from 7 centers of REACTION study: LanZhou 10026, Wuhan 995, GuangZhou 9743, ShangHai 6821 , Dalian
10140, Luzhou 8105, ZhengZhou 1978.

A total of 47808 prticipants aged 40 years or older were recruited.

those with a history of renal disease at baseline : kidney stones
(n=1623), nephrotic syndrome (n=28), chronic kidney disease
(n=269) and other kidney diseases (n=2130) (including
pyelonephritis, acute renocortical necrosis, renal tumor,
hydronephrosis , cystic kidney disease, hematuria,
glomerulonephritis, urinary tract infection, renal atrophy,
calculus of ureter, renal tuberculosis, renal polyp, absence of
kidney) were excluded .

those with ACEI drugs, ARB drugs and lipid lowering drugs were
excluded (n=2174).

those with hypoglycaemic drugs and insulin (3,421)

those with insufficient data were excluded (n=873).

Finally, 37290 participants were enrolled in the present study.

Figure 1 | The flow chart describing the enrollment of the participants in this study. ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker.
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highest and lowest quartile METS-IR groups, respectively (men:
Q1, 19.3%; Q2, 21.4%; Q3, 26.8%; Q4, 32.5%; women: Q1,
27.3%; Q2, 26.5%; Q3, 24.3%; Q4, 21.9%). The highest quartile
METS-IR group was characterized by significantly higher waist
circumference, BMI, UACR, SBP, DBP, resting heart rate, TC,
TG, alanine transaminase, aspartate transaminase, gamma-
glutamyl transferase, FBG and glycosylated hemoglobin levels.
Furthermore, the eGFR and HDL-C levels were lower, because
METS-IR was higher.

Association between UACR and METS-IR quartiles
As presented in Table 2, only the highest quartile METS-IR
group had a positive relationship with UACR after adjusting
for confounding factors among all participants (odds ratio

[OR] 1.260, 95% confidence interval [CI] 1.152–1.378,
P < 0.001).
As shown in Table 3, in the non-adjusted model, Q1–Q4

were all associated with UACR; however, after adjusting for
various confounding factors, only the highest quartile of
METS-IR was associated with UACR in model 5 (for men: OR
1.321, 95% CI 1.104–1.579, P = 0.002; for women: OR 1.201,
95% CI 1.083–1.330, P < 0.001). The association in men was
more significant than that in women.

Association between METS-IR and UACR according to
different levels of age, BG, BP and eGFR
Stratified analyses were carried out for the subgroups of age,
BG level, BP and eGFR to further investigate whether the

Table 1 | Characteristics of the study subjects by Metabolic Score for Insulin Resistance quartiles

Variable METS-IR P value

Q1 (n = 9,322) Q2 (n = 9,323) Q3 (n = 9,323) Q4 (n = 9,322)

Age (year) 56.77 – 9.29 57.49 – 8.01 58.30 – 9.13 58.72 – 9.13 <0.001†,‡,§,¶,††

Male sex, n (%) 2,107 (19.3) 2,336 (21.4) 2,923 (26.8) 3,543 (32.5) <0.001
Female sex, n (%) 7,215 (27.3) 6,987 (26.5) 6,400 (24.3) 5,779 (21.9) <0.001
WC (cm) 76.37 – 7.89 83.05 – 7.13 87.77 – 7.24 94.23 – 8.51 <0.001†,‡,§,¶,††,‡‡

Triglycerides (mmol/L) 0.96 (0.76–1.25) 1.23 (0.92–1.63) 1.51 (1.10–2.05) 1.93 (1.35–2.80) <0.001†,‡,§,¶,††,‡‡

BMI (kg/m²) 20.62 – 1.73 23.31 – 1.50 25.24 – 1.74 28.45 – 3.74 <0.001†,‡,§,¶,††,‡‡

TC (mmol/L) 4.88 – 1.24 5.10 – 1.13 5.06 – 1.14 5.12 – 1.07 <0.001‡,§,¶,††,‡‡

LDL-C (mmol/L) 2.93 – 0.87 3.06 – 0.90 3.04 – 0.89 2.82 – 0.92 <0.001†,‡,§,††,‡‡

HDL-C (mmol/L) 1.60 – 0.34 1.38 – 0.28 1.24 – 0.26 1.08 – 0.26 <0.001†,‡,§,¶,††,‡‡

UACR (mg/g) 8.28 (5.65–16.47) 9.39 (5.57–17.68) 10.07 (5.85–19.07) 11.56 (6.21–21.52) <0.001§,††,‡‡

ALT (U/L) 15.16 – 12.62 16.34 – 12.26 18.83 – 13.79 21.90 – 16.72 <0.001†,‡,§,¶,††,‡‡

AST (U/L) 21.68 – 10.57 21.28 – 11.29 22.15 – 12.41 23.12 – 13.37 <0.001§,¶,††,‡‡

SBP (mmHg) 122.17 – 19.30 128.17 – 20.31 133.07 – 20.95 137.51 – 20.93 <0.001†,‡,§,¶,††,‡‡

DBP (mmHg) 72.79 – 10.68 75.89 – 10.88 78.51 – 11.09 81.03 – 11.29 <0.001†,‡,§,¶,††,‡‡

RHR (b.p.m.) 78.81 – 12.60 78.45 – 12.35 78.66 – 12.13 79.12 – 12.25 <0.001†,‡‡

HbA1c (%) 5.7 (5.5–6) 5.8 (5.5–6.1) 5.9 (5.6–6.2) 6 (5.7–6.4) <0.001†,‡,§,¶,††,‡‡

GGT (U/L) 22.84 – 35.30 25.91 – 31.99 30.96 – 42.74 35.38 – 40.05 <0.001†,‡,§,¶,††,‡‡

FBG (mmol/L) 5.29 – 0.78 5.55 – 1.07 5.82 – 1.34 6.25 – 1.74 <0.001†,‡,§,¶,††,‡‡

eGFR (mL/min/1.73 m2) 119.29 – 21.73 119.84 – 22.87 119.98 – 24.84 122.11 – 29.62 <0.001‡,§,¶,††,‡‡

High-school education, n (%) 6,830 (73.3) 4,717 (50.6) 4,428 (47.5) 3,938 (42.2) <0.001
Current smoker, n (%) 1,110 (12.0) 1,096 (11.8) 1,325 (14.2) 1,631 (17.5) <0.001
Former smoker, n (%) 902 (9.68) 980 (10.51) 1,286 (13.8) 1,547 (16.6) <0.001
Current alcohol drinker, n (%) 2,170 (23.3) 2,195 (23.5) 2,420 (26.0) 2,513 (27.0) <0.001
Former alcohol drinker, n (%) 2,041 (21.9) 2,045 (22.0) 2,318 (24.9) 2,432 (26.1) <0.001
History of hypertension, n (%) 757 (0.08) 1,246 (13.4) 1,839 (19.7) 2,511 (27.0) <0.001
History of diabetes, n (%) 85 (0.91) 145 (1.56) 238 (2.55) 366 (3.93) <0.001
Previous MI, n (%) 6 (0.06) 16 (0.17) 25 (0.27) 56 (0.60) <0.001
Previous stroke, n (%) 68 (0.73) 83 (0.89) 95 (1.02) 137 (1.47) <0.001
Previous CAD, n (%) 201 (2.16) 223 (2.39) 332 (3.56) 431 (4.62) <0.001
Taking hypertension drugs, n (%) 103 (1.10) 148 (1.59) 181 (1.94) 242 (2.60) <0.001

Data were mean – standard deviation or median (interquartile range) for skewed variables or numbers (proportions) for categorical variables. Statis-
tical significant differences (P < 0.05) between two different groups separately are illustrated by †,‡,§,¶,†† and ‡‡. ALT, alanine transaminase; AST, aspar-
tate transaminase; CAD, coronary artery disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose;
GGT, gamma-glutamyl transferase; HbA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; METS-IR, Metabolic Score for Insulin Resistance; MI, myocardial infarction; RHR, resting heart rate; SBP, systolic blood pressure; UACR,
urinary albumin-to-creatinine ratio. †Q1 versus Q2; ‡Q1 versus Q3; §Q1 versus Q4; ¶Q2 versus Q3; ††Q2 versus Q4; ‡‡Q3 versus Q4.
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relationships between METS-IR and UACR were still significant
(Tables 4 and 5). Furthermore, to better discuss the sex hor-
mone–related associations between METS-IR and UACR, we
divided women into two groups, namely, the postmenopausal
women group and premenopausal women group (Table S1).
Significant interactions were found in the BP and age sub-
groups (all participants: age [P for interaction = 0.136] and BP
[P for interaction = 0.016]; men: age [P for interaction = 0.593]
and BP [P for interaction = 0.336]; women: age [P for interac-
tion = 0.028] and BP [P for interaction = 0.035]; post-
menopausal women: age [P for interaction = 0.028] and BP [P
for interaction = 0.024]). Significant associations between the
fourth METS-IR quartile and UACR years were found among
all participants and women aged <65 years. The relationship
between the third METS-IR quartile and UACR was also signif-
icant in women (55–64 years subgroup). However, among
men, a significant association was only observed in men aged
55–64 years (OR 1.494, 95% CI 1.114–2.004, P = 0.007). Fur-
thermore, we also analyzed the association between UACR and
METS-IR in the BG subgroup. A significant association was
found in all participants and men with critical BG levels and
diabetes, whereas a significant association was only observed in
women with diabetes (Tables 4 and 5). In addition, similar
results were found according to BP, the risk of elevated UACR
occurrence in the Q4 METS-IR group was increased in the pre-
hypertension and hypertension groups among all participants
and men. Among women, this risk was only increased in the
hypertension group. We also explored the subgroup associa-
tions in postmenopausal and premenopausal women (Addi-
tional file 1), and the findings for postmenopausal women were
similar to those for men.
To better explore the relationship between UACR and

METS-IR according to the kidney function level, we divided
the participants into three groups on the basis of eGFR (<60,
60–90 and ≥90 mL/min/1.73 m2). When eGFR ≥90 mL/min/
1.73 m2, the positive relationships between the fourth METS-IR
quartile and UACR were significant regardless of sex (all partic-
ipants: OR 1.289, 95% CI 1.172–1.417, P < 0.001; men: OR
1.316, 95% CI 1.089–1.589, P = 0.004; women: OR 1.268, 95%
CI 1.135–1.417, P < 0.001).

DISCUSSION
To the best of our knowledge, the present study is the first to
explore the association between the METS-IR and UACR
among a nationwide community-based population of Chinese
adults. The main findings of our study were as follows: (i)
UACR was significantly associated with the METS-IR index
after controlling for confounding factors, and the association
was more significant for the METS-IR index than for its com-
ponents (FBG, TG, BMI and HDL-C); and (ii) differences
among the subgroups were observed on the basis of sex.
Among men, the association between METS-IR and UACR
was significant in those aged 55–64 years with prediabetes or
diabetes, prehypertension or hypertension and eGFR ≥90 mL/Ta
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min/1.73 m2. Among women, the association between METS-
IR and UACR was significant among those aged <65 years
with diabetes, hypertension and eGFR ≥ 90 mL/min/1.73 m2.
Thus, early monitoring and treatment are essential for increased
UACR, and alleviation of IR perhaps conduce to the early pre-
vention and intervention of negative consequences, particularly
in populations with higher blood glucose and BP abnormalities.
Although previous studies found that the components of

METS-IR (BMI, TG, FBG and HDL-C) could be treated as
predictors of CVD and hypertension3,4, the present study
showed that BMI, FBG and TG in men, and HDL-C in women
were not significantly associated with UACR. However, METS-
IR remained strongly associated with UACR among all partici-
pants. Furthermore, the assessment of these METS-IR compo-
nents has potential limitations. An increased FBG level is a less
competent indicator of cardiovascular outcomes18. The role of
BMI is debatable, as different studies have presented conflicting
results19,20. In the subgroup analyses by BG level, the OR in
the group of 5.6 ≤ FBG < 7.0 mmol/L was higher than the
group of FBG ≥ 7.0 mmol/L in model 5; perhaps it might be
that when the population is in a critical subhealth state, life
habits will be worse than the population with diabetes, and they
will not pay attention to the reasonable arrangement of diet
structure and moderate exercise, meanwhile, the diabetes
patients had better compliance with medical orders. In this
physical state, the BG in the subhealth level will make the rela-
tionship with UACR more significant. Furthermore, lower
HDL-C and higher TG levels were significantly associated with
a risk of elevated UACR among the conventional parameters of
dyslipidaemia21. The present study showed that METS-IR
might be regarded as a better vigilant value for albuminuria
detection than BMI or TG, FBG and HDL-C levels.
Few studies have investigated sex- or age-stratified associa-

tions between UACR and METS-IR. In the present study, we
found age- and sex-based differences. In this population-based
study of middle-aged and older participants, the results showed
that an elevated UACR was significantly associated with an
increased METS-IR index among men (aged 55–64 years) and
women (aged <65 years). A previous study found that BMI,
which is a component of METS-IR, is significantly associated
with chronic kidney disease, and this association becomes
weaker with increasing age (particularly among women)22. Sim-
ilar findings of another study showed that the influence of lipid
variability on unfavorable outcomes was greater in younger
adults23.
The present findings support the fact that younger adults

show greater sensitivity to increasing the variability of choles-
terol than older adults. UACR has been reported to be predic-
tive of CVD2. It has a negative association with the risk of
CVD, and is independent of sex and age24. Likewise, mortality
risk ratios for coronary artery disease among men were halved
between the age of 55–64 years and 65–74 years25. The find-
ings of our study were not fully consistent with those of the
abovementioned studies. In the present study, there were someTa
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elderly people in retirement to a certain extent; we speculated
that such people have possibly more time to exercise to reduce
inflammation, which could lead to renal dysfunction26. There-
fore, early detection and intervention are vital for people with
risk factors.
In the subgroup analyses, it was noticeable that the different

associations were significant in men with diabetes and predia-
betes, prehypertension, and hypertension, and in women with
hypertension and diabetes. However, we found that the interac-
tion between BP and METS-IR was only significant among
women, particularly premenopausal women. Therefore, the pre-
sent findings showed that the independent association of
METS-IR with UACR were more significant in men and post-
menopausal women. Furthermore, the proportion of men was
higher in the highest METS-IR quartile group, and the OR for
elevated UACR was higher in men than in women. Our find-
ings disagree with those of some previous studies that showed
that being female seems to intensify the progression of diabetic
renal disease27 or that being male could be considered a risk
for the disease28. The possible reasons for the conflicting find-
ings are unclear. However, data from a review study confirmed
that the risk of incidence of non-diabetic renal disease was
higher among men than among age-matched women without
diabetes. It suggested that a possible mechanism for the defi-
ciency of the distinct sex discrepancy in the status of diabetes
might be due to the imbalance of sex hormone levels with dia-
betes29. This finding was consistent with that of the current
study. A sex-stratified study had similar conclusions and
showed that the components of METS-IR in men were more
impaired than that in women, and that the values of TG or
TG-to-HDL ratios were higher in men30. Further evidence
could come out in support of the role of endogenous estrogen
in the metabolic homeostasis and the decrease of visceral lipid
accumulation31.
The present results might be due to the latent lipid distribu-

tion differential based on sex and the different levels of steroid
hormone. An animal study showed that estrogen therapy might
have a beneficial impact on proteinuria32. Therefore, further
analysis among postmenopausal and premenopausal women is
essential. Similar results to those in men were found in the
population of postmenopausal women. Simultaneously, the
results of premenopausal women were distinct from those of
men, which provided evidence for the hypothetical mechanism,
and indicated the higher accumulation of risk factors with grad-
ual elevation of UACR in postmenopausal women and men.
The present study provided new insights to support that age
and sex should be an essential consideration when referring to
albuminuria.
The underlying pathophysiological mechanism linking UACR

to METS-IR and its constituents is not fully established. The
possible reason might be attributed to visceral obesity. The rela-
tionship between IR and visceral adipose tissue (VAT) has long
been recognized33. Given that METS-IR has a particularly
strong association with visceral adiposity compared with

insulin-based indexes3, it could be a predictor for ectopic lipid
accumulation and visceral fat, which were confirmed risk fac-
tors for hypertension and CVD34,35. Furthermore, recent studies
have proposed that visceral adiposity might be pivotally
involved in UACR excretion, and albuminuria might be a man-
ifestation of VAT36,37.
It is presumptive that adiponectin’s role in renal dysfunction

might be an underlying factor of the association between albu-
minuria and VAT38. Elevated VAT and increased albuminuria
have both been reported to have inverse associations with adi-
ponectin39,40. Adiponectin has a positive correlation with age,
and the concentration levels of adiponectin are different based
on sex. Intra-abdominal fat was less in women than in men.
These findings are concordant with the present findings. An

adiponectin-deficient animal-based model showed that
glomerular damage was promoted by lower levels of adiponec-
tin41. Furthermore, the adipocytokines of VAT, such as
interleukin-6 and tumor necrosis factor-a, could exacerbate
renal vascular damage through inflammation and lead to the
development of albuminuria owing to increased eGFR42–45. The
findings of these studies are consistent with the present find-
ings. Taken together, the aforementioned findings confirm that
the relationship between UACR with METS-IR could be
explained by the increased VAT associated with both adiponec-
tin and IR.
The major strength of the present study was that the study

benefited from a relatively large multicenter investigation of the
Chinese population. However, a few limitations should be con-
sidered. First, no inference of causality can be drawn owing to
the cross-sectional design; a follow-up analysis should be car-
ried out to determine whether METS-IR is a predictor of ele-
vated UACR. Second, the measurement of UACR was based
on a single morning spot urine specimen. Despite its recom-
mendation as a reliable method in large epidemiological studies,
misestimations of urinary albumin egestion owing to intra-
individual variance cannot be eliminated. Finally, despite regu-
lating a series of confounding factors, some remnants or
unmeasured confounders could not be excluded.
METS-IR was significantly associated with an elevated UACR

among Chinese adults and was superior to its components.
Furthermore, men or postmenopausal women with diabetes
and hypertension, particularly those aged <65 years, required
specific supervision when screening for the METS-IR index. In
practice, clinicians should detect the potential risk factors in a
timely manner to alleviate the prevalence of kidney dysfunction
and CVD based on the novel perceptions of METS-IR, which
might be regarded as a convenient tool to identify the patients.
The present study also provided proof to support that age and
sex should be an essential consideration when referring to albu-
minuria.
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