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Abstract
Aim: This study aimed to determine the association of urinary microalbumin concentrations with type 2 diabetes
mellitus (T2DM), metabolic syndrome (MetS), and its phenotypes. The optimum cut-off values of urinary microalbumin and microalbumin-to-creatinine ratio (MCR) for predicting the chance of having T2DM and MetS were also
defined.
Methods: Adult men and women (n = 1192) participated in the sixth phase (2014-2017) of the Tehran Lipid and
Glucose Study (TLGS), with completed data, were included in the analyses. Odds ratios (ORs) (and 95% confidence
intervals (CIs)) of T2DM, MetS, and its components across tertile categories of urinary microalbumin concentrations
were estimated using multivariable logistic regressions. The optimal cut-off points of urinary microalbumin and MCR
were determined using the receiver operator characteristic (ROC) curve analysis.
Results: Participants’ mean (±SD) age was 44.9 (±14.0) years, and 44.6% of the participants were men. The prevalence of microalbuminuria was 14.4%. Chance of having T2DM was significantly higher in the highest tertile of urinary
microalbumin concentration (OR = 2.29, 95% CI = 1.43-3.67) and MCR (OR = 1.82, 95% CI = 1.15-2.89). Subjects with
the highest urinary microalbumin concentration were more likely to have MetS (OR = 1.66, 95% CI = 1.17-2.35),
hypertension (OR = 1.63, 95% CI = 1.16-2.30) and hyperglycemia (OR = 1.78, 95% CI = 1.24-2.56). No significant association was observed between urinary microalbumin concentrations and other components of MetS. The optimal
cut-off points of urinary microalbumin for predicting the chance of having T2DM and MetS were 14.0 and 13.6 mg/L,
respectively.
Conclusions: Elevated spot urinary microalbumin, below the values defined as microalbuminuria, was associated
with the chance of having T2DM and MetS.
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Background
Microalbuminuria, defined as urinary albumin excretion
of 20-200 mg/L [1], is an early marker of chronic kidney
disease (CKD) and is also associated with the increased
risk of cardiovascular disease, all-cause mortality, and
metabolic disorders, including type 2 diabetes mellitus (T2DM) and metabolic syndrome (MetS) [2–5]. The
prevalence of microalbuminuria among Asian, European
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and US population has been estimated about 5.0, 6.7 [6–
8], and 5.0-7.8%, respectively [9].
A direct association has been reported between urinary
microalbumin concentrations and metabolic disorders;
epidemiologic evidence demonstrates that the prevalence
of microalbuminuria is significantly higher in individuals
with MetS [9–11] and T2DM [12, 13]. Non-diabetic individuals with abdominal obesity or dyslipidemia also had a
higher risk of developing microalbuminuria [14, 15]. The
associations between various components of MetS or
T2DM and microalbuminuria, to some extent, were conflicting [10, 11, 16, 17].
The cut-off values of urinary microalbumin have primarily been defined for proteinuria; no study in the general population has addressed the diagnostic efficacy of
random-spot urinary microalbumin concentration for
predicting the risk of T2DM and MetS. Considering the
increasing prevalence of renal dysfunction, the determination of population-specific and outcome-specific
cut-off values of urinary microalbumin for predicting
metabolic disorders seem to be essential. Therefore, this
cross-sectional study aimed to evaluate the association
between urinary microalbumin concentration and microalbumin-to-creatinine ratio (MCR) with the chance of
having T2DM, MetS, and its phenotypes among Iranian
adults. We also defined the optimum cut-off values of
urinary microalbumin concentration and MCR to predict
the chance of T2DM and MetS in our population.

Methods
Study population and measurements

This study was conducted within the framework of a population-based study, the Tehran Lipid and Glucose Study
(TLGS), an ongoing prospective study initially started in
1999 to investigate and prevent non-communicable diseases among the Tehranian population [18]. Adults men
and women (n = 1192, age ≥ 19 years) with complete
data on fasting spot urinary concentrations of microalbumin, sodium (Na), potassium (K), creatinine (Cr), as
well as demographics, anthropometric, and other biochemical measurements in the sixth examination of the
TLGS (2014-2017) were included in this study. Trained
interviewers of TLGS collected anthropometric measurements, including participants’ weight, height, and waist
circumference (WC). Detailed information has been
described elsewhere [18].
Systolic (SBP) and diastolic (DBP) blood pressures were
measured using a standard mercury sphygmomanometer calibrated by the Iranian Institute of Standards and
Industrial Research [19].
Both blood and first-morning spot urine samples
were obtained after overnight fasting, between 7:00 and
9:00 AM. Details on biochemical measurements [i.e.,
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fasting serum glucose (FSG), 2-h serum glucose (2 h-SG),
serum triglycerides (TG), total cholesterol, low density
lipo-protein cholesterol (LDL-C), and high density lipoprotein cholesterol (HDL-C)] have been described elsewhere [20]. Urinary microalbumin concentration was
measured using an ELISA kit (Padtan ELM Company,
Tehran, Iran) and a microplate ELISA reader. Intra- and
inter-assay coefficients of variations (CVs) were 9.3 and
9.8%, respectively. Urinary and serum Cr concentrations
were determined by the Jaffe kinetic alkaline picrate
method.
Definition of terms

MetS were defined according to the NCEP ATP III diagnostic criteria [21]. For WC, we used the modified cutoff
points for Iranian adults [22]. Having at least 3 following metabolic abnormalities was considered as MetS:
1-Hyperglycemia (FSG ≥ 100 mg/dL (5.6 mmol/L) or
self-reported taking blood glucose-lowering medication); 2-Hypertriglyceridemia (serum TG ≥ 150 mg/
dL (1.69 mmol/L) or using lipid-lowering drugs); 3-Low
HDL-c (serum HDL-C < 40 mg/dL (1.04 mmol/L) for men,
and < 50 mg/dL (1.29 mmol/L) for women or drug treatment); 4-Hypertension (blood pressure ≥ 130/85 mm Hg
or drug treatment for hypertension), and 5-Abdominal
obesity (WC≥ 95 cm for both genders). Different MetS
phenotypes, represented by any three or more combinations of the five MetS components, were defined using
the defined letters [23].
T2DM were defined as FSG ≥126 mg/dL, 2-hSG
≥200 mg/dL, or taking oral anti-diabetic medications
[24]. Impaired fasting glucose (IFG) and impaired glucose
tolerance (IGT) were defined as elevated FSG level (100–
126 mg/dL) and 2 h-SG concentration (140–199 mg/dL),
respectively [25].
Microalbuminuria was defined as urinary microalbumin concentrations of 20-200 mg/L [1]. The CKDEPI creatinine equation, developed by Chronic Kidney
Disease Epidemiology Collaboration, was used to calculate the estimated glomerular filtration rate (eGFR).
As a single equation CKD-EPI has been expressed as
follows: eGFR = 141 × min (Scr/κ, 1)α × max (Scr/κ, 1)1.209
× 0.993age × 1.018 [if female] × 1.159 [if black]. In this
equation, Scr is serum Cr in mg/dL; κ is 0.7 and 0.9 for
men and women, respectively; α is − 0.329, and − 0.411
for men and women, respectively, and min indicates the
minimum of Scr/κ or 1, and max indicates the maximum
of Scr/κ or 1 [26].
Statistical analyses

Differences between general characteristics of the participants were compared across MetS and T2DM as dichotomous variables (yes/no), using independent sample

Gaeini et al. BMC Endocrine Disorders

(2022) 22:59

Page 3 of 10

t-test or chi-square test for quantitative and qualitative
variables, respectively.
Multivariable logistic regression analyses were conducted to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) of having T2DM, MetS, and
MetS components across tertile categories of microalbumin concentrations and tertile categories of MCR.
Potential confounding variables were entered into univariate models to determine confounders; those with
PE < 0.2 were considered potential confounders. Finally,
confounders adjusted in the models were sex (male or
female), age (year), BMI (kg/m2), and current smoking
(yes/no).
The optimal cut-off points of urinary microalbumin
and MCR for predicting the chance of having T2DM
and MetS were determined using the receiver operator characteristic (ROC) curve analysis with an estimation of variables’ sensitivity and specificity. The cut-off
points’ usefulness was assessed by the maximum value
of sensitivity + specificity – 1 (Youden index); the
index is preferable for finding the optimal cut-off
points because it is clinically translated to maximizing
correct classification and minimizing misclassification
rates [27].
All statistical analyses were performed using the Statistical Package for Social Science (version 20; IBM Corp.,
Armonk, NY, USA) and MedCalc Statistical Software
version 15.8 (MedCalc Software bvba, Ostend, Belgium).
A P-value < 0.05 is considered significant.

Results
The mean age (±SD) of participants was 44.9 ± 14.0 years,
and 44.6% of the participants were men. The overall prevalence of microalbuminuria was 14.4%. Compared to
controls, the prevalence of microalbuminuria was higher
in the subjects with T2DM (19.4% vs. 12.8%) and MetS
(16.7% vs. 12.8%). The general characteristics of the participants are shown in Table 1. Subjects with MetS or
T2DM were more likely to be older, had higher values
of BMI, WC, SBP and DBP, TG/HDL-C ratio, serum Cr,
and urinary microalbumin, and lower levels of eGFR than
those without MetS or T2DM. Furthermore, subjects
with MetS were more likely to be men, and subjects with
T2DM had lower urinary Cr and serum LDL-C concentration. Also, subjects with MetS or T2DM had significantly higher levels of MCR.
The mean (±SD) of cardio-metabolic variables in subjects with and without microalbuminuria are shown
in Fig. 1. Subjects with microalbuminuria had higher
SBP (116 ± 18.3 mmHg vs. 112 ± 15.9 mmHg), DBP
(77.7 ± 11.4 mmHg vs. 76.0 ± 9.7 mmHg) and FSG
(104 ± 46.2 mg/dL vs. 96.3 ± 26.6 mg/dL), compared to
subjects with normal levels of microalbumin.
ORs and 95% CIs of T2DM and dysglycemic conditions (i.e., IFG, IGT, IFG-IGT) across tertile categories
of microalbumin concentration and MCR are shown
in Table 2. After adjustment of confounding variables,
subjects in the 3rd tertile of microalbumin concentration (> 19.4 mg/L) had a significantly higher chance of

Table 1 Characteristics of the study population: Tehran Lipid and Glucose Study
Characteristic

MetS
No (n = 720)

Age (y)
Female (%)
Body mass index (kg/m2)
Waist circumference (cm)
SBP (mmHg)
DBP (mmHg)
TG/HDL ratio
Serum LDL-C (mg/dL)
Serum creatinine (mg/dL)
eGFR (mL/min per 1.73m2)
Urinary microalbumin (mg/L)
Urinary creatinine (mg/L)
Microalbumin to creatinine ratio (mg/mg)
Microalbuminuria (%)

40.8 ± 12.9

T2DM
Yes (n = 438)
52.1 ± 12.8*

No (n = 924)
44.3 ± 13.1

Yes (n = 139)
55.9 ± 11.7*

58.1%

47.5%*

54.4%

49.6%

26.3 ± 4.56

30.4 ± 4.51*

27.8 ± 4.85

30.3 ± 5.10*

108 ± 14.1

122 ± 16.1*

112 ± 15.7

123 ± 17.2*

89.3 ± 11.4
73.8 ± 9.28

2.35 ± 1.71
110 ± 30.8

1.07 ± 0.15

101 ± 9.54*

80.7 ± 9.54*

5.36 ± 4.34*
109 ± 35.7

1.14 ± 0.17*

93.4 ± 11.8
75.9 ± 10.1

3.36 ± 3.00
111 ± 31.7

1.09 ± 0.16

101.1 ± 10.7*
79.8 ± 9.21*

4.89 ± 5.08*
105 ± 39.1*

1.15 ± 0.19*

75.6 ± 12.2

66.8 ± 13.2*

73.0 ± 12.5

64.3 ± 13.4*

1580 ± 701

1537 ± 725

1587 ± 717

1417 ± 668*

14.1 ± 30.3

0.011 ± 0.030
12.8%

19.9 ± 45.9*
0.018 ± 0.057*
16.7%*

13.1 ± 25.8

0.010 ± 0.026

12.8%

35.3 ± 72.9*

0.036 ± 0.096*

19.4%*

MetS metabolic syndrome, T2DM type 2 diabetes mellitus, SBP systolic blood pressure, DBP diastolic blood pressure, TG triglyceride, HDL-C high density lipoproteincholesterol, LDL-C low density lipoprotein-cholesterol, eGFR estimated glomerular filtration rate
Values are expressed as mean ± SD
* P value < 0.05
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Fig. 1 Mean (±SD) of cardio-metabolic variables in subjects with and without microalbuminuria

having T2DM than subjects in the first tertile, in either
crude or adjusted models (OR = 2.01, 95% CI = 1.293.12, OR = 2.29, 95% CI = 1.43-3.67, respectively). Also,
the adjusted chance of having T2DM was significantly
elevated in the highest category of MCR (OR = 1.82, 95%
CI = 1.15-2.89). Neither IFG nor IGT, and their combination, had no significant association with urinary microalbumin concentrations or MCR.
ORs with 95% CIs of MetS and its components across
tertile categories of microalbumin concentration and
tertile categories of MCR are shown in Table 3. After
adjustment of confounding variables, subjects in the 3rd
tertile of microalbumin concentration (> 19.4 mg/L) had
a significantly higher chance of having MetS than subjects in the first tertile (OR = 1.66, 95% CI = 1.17-2.35).
Compared to the first tertile (< 2.14 mg/L), subjects in
the 3rd tertile of urinary microalbumin had 63 and 78%

increased chance of having hypertension (OR = 1.63,
95% CI = 1.16-2.30) and hyperglycemia (OR = 1.78,
95% CI = 1.24-2.56). Moreover, subjects in the 3rd tertile of MCR had significantly higher odds of hypertension (OR = 1.55, 95% CI = 1.10-2.18) and hyperglycemia
(OR = 1.45, 95% CI = 1.02-2.06). However, there was no
significant association between microalbumin level or
MCR and other components of MetS.
ORs with 95% CIs of different MetS phenotypes across
tertiles of urinary microalbumin are shown in Supplementary Table 1. Among 15 different phenotypes, WGT
(elevated WC, elevated blood glucose, elevated TG),
WGB (elevated WC, elevated blood glucose, elevated
blood pressure), and WBH (elevated WC, elevated blood
pressure, low HDL-C) had significant associations with
urinary microalbumin concentration (OR = 1.57, 95%
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Table 2 Odds ratio and 95% CI of type 2 diabetes and dysglycemic conditions across tertiles of microalbumin and microalbumin-tocreatinine ratio
Microalbumin
Tertile 2

Microalbuminuriaa

MCR
Tertile 3

Tertile 2

Tertile 3

Diabetes Mellitus
Crude

1.09 (0.68-1.76)

2.01 (1.29-3.12)*

0.88 (0.54-1.42)

1.89 (1.23-2.89)*

1.65 (1.04-2.61)

Model 1

1.23 (0.74-2.04)

2.29 (1.43-3.67)*

0.92 (0.55-1.52)

1.82 (1.15-2.89)*

1.75 (1.06-2.88)

IFG
Crude

1.66 (0.99-2.80)

1.13 (0.65-1.97)

0.90 (0.53-1.51)

1.00 (0.60-1.67)

0.70 (0.35-1.37)

Model 1

1.73 (1.02-2.94)

1.24 (0.71-2.19)

0.94 (0.55-1.59)

1.06 (0.63-1.78)

0.74 (0.37-1.46)

IGT
Crude

1.04 (0.58-1.86)

1.18 (0.67-2.07)

0.60 (0.33-1.11)

1.01 (0.59-1.73)

1.35 (0.74-2.46)

Model 1

1.05 (0.58-1.89)

1.18 (0.66-2.11)

0.59 (0.32-1.09)

0.97 (0.56-1.67)

1.28 (0.68-2.41)

IFG/IGT
Crude

1.00 (0.51-1.95)

1.00 (0.51-1.95)

0.62 (0.30-1.30)

1.24 (0.66-2.31)

1.55 (0.78-3.07)

Model 1

1.14 (0.57-2.27)

1.11 (0.56-2.23)

0.67 (0.31-1.43)

1.23 (0.64-2.35)

1.70 (0.83-3.46)

MCR microalbumin-to-creatinine ratio, IFG impaired fasting glucose, IGT impaired glucose tolerance
Model 1 adjusted for sex (male/female), age (years), BMI (kg/m2), current smoking (yes/no)
Median of microalbumin concentrations in the first, second and third tertiles were 2.14, 8.07, and 19.4 mg/L, respectively
Median of MCR in the first, second and third tertiles were 0.0015, 0.0052, and 0.015 mg/mg, respectively
a
Odds (and 95% CIs) in subjects with microalbuminuria (urinary microalbumin concentration 20-200 mg/L) compared to subjects with normal values (urinary
microalbumin concentration < 20 mg/L)

* P for trend < 0.05

CI = 1.03-2.41 for WGT, OR = 2.00, 95% CI = 1.24-3.24
for WGB, OR = 1.52, 95% CI = 1.01-2.30 for WBH).
After adjustment for confounding variables, subjects
with microalbuminuria had increased chance of having T2DM (OR = 1.75, 95% CI = 1.06-2.88) (Table 2),
MetS (OR = 1.65, 95% CI = 1.10-2.48) and hypertension (OR = 2.37, 95% CI = 1.59-3.51) (Table 3). Each
10 mg/L increased urinary microalbumin concentration
was related to increased odds of MetS and T2DM by 5%
(OR = 1.05, 95% CI = 1.01-1.10) and 10% (OR = 1.10, 95%
CI = 1.06-1.15), respectively.
Optimal cut-off values of urinary microalbumin and
MCR for the chance of having T2DM and MetS, as well
as sensitivity, specificity, and AUC (P-value), are presented in Figs. 2 and 3. The optimal cut-off points of
urinary microalbumin levels for the chance of having
T2DM and MetS were 14.0 and 13.6 mg/L, respectively.
The optimal cut-off points of MCR for the chance of
having T2DM and MetS were 0.016 and 0.014 mg/mg,
respectively.

Discussion
In this population-based study, we found that individuals
with elevated urinary microalbumin concentrations had
a significantly higher chance of having MetS and T2DM.
Moreover, there were positive associations between
microalbumin concentrations and some components of

MetS, including hypertension and hyperglycemia. Each
10 mg/L increased urinary microalbumin concentration
was related to increased odds of MetS and T2DM by 5
and 10%, respectively. The optimal cut-off values of urinary microalbumin for predicting the chance of having
T2DM and MetS were determined as 14.0 and 13.6 mg/L,
respectively. These values were lower than those generally considered as microalbuminuria. To the best of our
knowledge, the association between spot urinary microalbumin concentration and the chance of having MetS
and T2DM has not been investigated among the Iranian
population. The optimal cut-off values of urinary microalbumin and MCR for predicting the chance of having
T2DM and MetS have also not yet been determined.
Findings of this population-based study indicated
strong associations between urinary microalbumin and
metabolic disorders. These findings also provided further
evidence to the emerging literature suggesting elevated
urinary microalbumin level as a prognostic surrogate of
cardio-metabolic outcomes. Current cut-off levels, considered the threshold of microalbuminuria, are debatable
[28]. The levels of micro-albumin, below the values usually defined as microalbuminuria, could strongly predict
risk of cardio-metabolic complications [29].
A cross-sectional study of 8497 Korean adults showed
a significant association between MetS and risk of microalbuminuria, with about 3-fold increased risk in subjects
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Table 3 Odds ratios and 95% CIs of the MetS and its components across tertiles of urinary microalbumin and microalbumin-tocreatinine ratio
Microalbumin
Tertile 2

Microalbuminuriaa

MCR
Tertile 3

Tertile 2

Tertile 3

Metabolic syndrome
Crude

0.91 (0.68-1.22)

1.26 (0.94-1.68)

0.81 (0.61-1.09)

1.22 (0.92-1.63)

1.36 (0.98-1.90)

Adjusted

0.96 (0.68-1.35)

1.66 (1.17-2.35)*

0.77 (0.54-1.08)

1.28 (0.91-0.81)

1.65 (1.10-2.48)

Abdominal obesity
Crude

1.04 (0.77-1.39)

0.78 (0.58-1.03)

0.88 (0.66-1.18)

0.84 (0.63-1.12)

0.99 (0.71-1.39)

Adjusted

1.24 (0.78-1.98)

0.99 (0.60-1.62)

0.94 (0.59-1.49)

1.01 (0.61-1.66)

1.52 (0.81-2.85)

Hypertension
Crude

0.71 (0.52-0.98)

1.31 (0.94-1.77)

0.81 (0.59-1.11)

1.48 (1.09-1.99)*

1.80 (1.29-2.52)

Adjusted

0.69 (0.49-0.99)

1.63 (1.16-2.30)*

0.77 (0.54-1.09)

1.55 (1.10-2.18)*

2.37 (1.59-3.51)

Hyperglycemia
Crude

1.21 (0.87-1.69)

1.44 (1.04-1.99)*

0.81 (0.58-1.13)

1.42 (1.03-1.94)*

1.27 (0.89-1.82)

Adjusted

1.37 (0.96-1.97)

1.78 (1.24-2.56)*

0.81 (0.56-1.16)

1.45 (1.02-2.06)*

1.45 (0.97-2.18)

Hypertriglyceridemia
Crude

1.06 (0.80-1.41)

1.06 (0.80-1.41)

0.82 (0.62-1.09)

1.05 (0.79-1.40)

0.98 (0.71-1.37)

Adjusted

1.12 (0.82-1.53)

1.27 (0.92-1.75)

0.81 (0.59-1.11)

1.11 (0.81-1.53)

1.05 (0.72-1.53)

Low HDL-C
Crude

0.91 (0.69-1.21)

1.11 (0.84-1.47)

0.92 (0.69-1.22)

1.14 (0.86-1.52)

1.19 (0.86-1.65)

Adjusted

0.95 (0.71-1.27)

1.20 (0.89-1.61)

0.93 (0.70-1.25)

1.14 (0.85-1.53)

1.28 (0.91-1.81)

MCR microalbumin-to-creatinine ratio, HDL-C high density lipoprotein cholesterol
Adjusted for sex (male/female), age (years), BMI (kg/m2), current smoking (yes/no)
Median of microalbumin concentrations in the first, second and third tertiles were 2.14, 8.07, and 19.4 mg/L, respectively
Median of MCR in the first, second and third tertiles were 0.0015, 0.0052, and 0.015 mg/mg, respectively
a
Odds (and 95% CI) in subjects with microalbuminuria (urinary microalbumin concentration 20-200 mg/L) compared to subjects with normal values (urinary
microalbumin concentration < 20 mg/L)

* P for trend < 0.05

with MetS compared to healthy subjects [30]; all components of the MetS especially hypertension, were associated with increased risk of microalbuminuria [30].
The NHANES study reported a significant association
between microalbuminuria and the risk of hypertension
and hyperglycemia in men and women [9]. In an 11-year
follow-up of 882 adults aged 20-74 years, the risk of
developing T2DM was reported as 1.90 (95% CI = 0.884.06) and 2.51 (95% CI = 1.08-5.87) for those with microalbuminuria and macro-albuminuria, respectively [31].
The prevalence of microalbuminuria in diabetic patients
is approximately 20-40% in different populations [32–
34], that could be considered an early sign of diabetic
nephropathy and other diabetic complications. These
indicate the need for appropriate screening programs
and strict control of modifiable risk factors to reduce
future complications. On the other hand, in the present
study we observed that T2DM patients had a significant
lower level of LDL-C compared to those without T2DM,
the finding was likely due to the medication with lipid
lowering drug in T2DM patients.

Also, the prevalence of microalbuminuria in the
groups of MetS patients was reported at 20.3% in China
[10], 20.8% in Japan [11], and 5.4% in the Korean population [6], which may indicate the need for early screening
strategies for prevention and treatment of microalbuminuria in patients with MetS, and also early management
of MetS and its complications to prevent the progression of renal injury. The discrepancy in the prevalence
of microalbuminuria across these populations might be
attributable to the differences in the criteria defined for
microalbuminuria or differences in the characteristics of
study participants, such as age and cardiovascular risk
factors.
The underlying mechanisms connecting urinary microalbumin levels with developing metabolic disorders are
not fully established. Microalbuminuria is mainly accompanied by vascular damage and endothelial dysfunction
[35], resulting in MetS and T2DM [36]. On the other
hand, the presence of MetS components such as abdominal obesity, hypertension, or hyperglycemia could be
responsible for increased endothelial permeability and
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Fig. 2 A Cut-off point of urinary microalbumin for chance of having T2DM (14.0 mg/L, sensitivity = 40.3, specificity = 77.1, Youden index = 0.17). B.
Cut-off point of urinary microalbumin for chance of having MetS (13.6 mg/L, sensitivity = 31.5, specificity = 75.7, Youden index = 0.07)

intra-glomerular capillary pressure, resulting in kidney
dysfunction and microalbuminuria [14].

The strengths of our study include the relatively large
and representative sample and defining comprehensive
models to adjust the significant potential confounders.
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Fig. 3 A Cut-off point of urinary microalbumin-to-creatinine (MCR) for chance of having T2DM (0.016, sensitivity = 32.4, specificity =87.8, Youden
index = 0.20). B. Cut-off point of urinary MCR for chance of having MetS (0.014, sensitivity = 22.4, specificity =86.4, Youden index = 0.09)

However, the present study has some limitations. First,
it was a cross-sectional study, and we cannot conclude
any causal inference between urinary microalbumin concentrations and the risk of developing MetS and T2DM.
Well-designed prospective cohort studies with a long follow-up period should conduct to confirm the association

between spot urinary microalbumin and risk of MetS and
T2DM incidence. Although previous studies indicated an
association between elevated urinary microalbumin and
metabolic disorders, the current study addressed new
cut-off values (both for urinary microalbumin and MCR)
for predicting T2DM and MetS. However, prospective
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studies are needed to examine the predictive power of the
cut-offs for the development and prognosis of the outcomes. Second, urinary microalbumin was determined
based on spot urine samples, which may lead to ignoring
day-to-day differences in the urinary microalbumin concentration and potential differences at different hours of
a day. Although the spot urine sampling is cost-effective
and straightforward for population-based studies and has
some advantages, i.e., rapid, deep freezing after collection
in the absence of any antiseptic agent, it might be less
accurate than the 24-h urine collections for the assessment of albumin excretion. However, studies reported a
good correlation between spot urine, either first morning
or random morning urine, with the 24-h albumin excretion rate [37]. Third, the ROC curve analyses indicated a
relatively small effect size of microalbumin for predicting T2DM and MetS in the general population; however,
a small effect size epidemiologic studies or large-scale
assessment may be translated into a relevant magnitude
in clinical settings. In turn, such population-based cut-off
estimation may be favorably used to promote diagnostic
criteria in clinical practices.

Conclusions
In conclusion, elevated urinary microalbumin concentrations even below the cut-off determined as microalbuminuria was associated with the chance of having T2DM
and MetS. However, prospective well-designed cohorts
are needed to confirm the spot urinary microalbumin
measurement as a strong predictor of cardiometabolic
events.
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