
26  www.e-enm.org

Endocrinol Metab 2013;28:26-32
http://dx.doi.org/10.3803/EnM.2013.28.1.26
pISSN 2093-596X  ·  eISSN 2093-5978

Original 
Article

Association between Serum Albumin, Insulin Resistance, 
and Incident Diabetes in Nondiabetic Subjects
Ji Cheol Bae1, Sung Hwan Seo1, Kyu Yeon Hur1, Jae Hyeon Kim1, Myung-Shik Lee1, Moon Kyu Lee1,  
Won Young Lee2, Eun Jung Rhee2, Ki Won Oh2

1Division of Endocrinology and Metabolism, Department of Internal Medicine, Samsung Medical Center, Sungkyunkwan 
University School of Medicine; 2Division of Endocrinology and Metabolism, Department of Internal Medicine, Kangbuk 
Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul, Korea

Background: Serum albumin has been suggested to be associated with insulin resistance. We evaluated the association between 
serum albumin concentration and insulin resistance. We also investigated whether serum albumin level has an independent effect 
on the development of diabetes. 
Methods: In our study, 9,029 subjects without diabetes, who underwent comprehensive health check-ups annually for 5 years, 
were categorized into tertiles based on their serum albumin levels at baseline. The odds ratio (OR) for the prevalence of insulin 
resistance, defined as the top quartile of homeostasis model assessment of insulin resistance and the presence of impaired fasting 
glucose and nonalcoholic fatty liver disease, was evaluated cross-sectionally. Also, the hazard ratio (HR) for incident diabetes 
was estimated longitudinally, according to the baseline albumin tertiles using Cox proportional hazard analysis respectively. 
Results: From the lowest to the highest tertile of albumin, the multivariable-adjusted ORs of insulin resistance increased signifi-
cantly in both men and women. During the mean follow-up period of nearly 4 years, 556 (6.1%) subjects progressed to diabetes. 
The multivariable-adjusted HR (95% confidence interval [CI]) of diabetes in men were 1, 1.09 (95% CI, 0.86 to 1.40), and 1.10 
(95% CI, 0.86 to 1.41), respectively, from the lowest to the highest tertiles of baseline albumin. Corresponding values for women 
were 1, 1.21 (95% CI, 0.66 to 2.21), and 1.06 (95% CI, 0.56 to 2.02), respectively. 
Conclusion: Our study showed that increased serum albumin level was associated with insulin resistance. However, serum albu-
min did not have an independent effect on the development of diabetes.
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INTRODUCTION

Albumin is one of the major proteins synthesized in the liver. 
Energy supply is a very important determinant for the normal 
physiology of albumin production [1]. Indeed, reduced serum 
albumin levels are observed in medical conditions associated 

with malnutrition [2-4], whereas high serum albumin levels 
have been reported to be associated with metabolic syndrome, 
an indicator of obesity and overnutrition [5]. In addition, re-
cently, serum albumin has been suggested to be associated 
with insulin resistance [6].
  In contrast, several studies reported that lower concentra-
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tions of serum albumin are associated with an increased risk 
of coronary heart disease, cardiovascular mortality, and carotid 
atherosclerosis [6,7]. Both the antioxidant and anti-inflamma-
tory properties of albumin in the atherogenetic process have 
been suggested as possible mechanisms for this inverse asso-
ciation [6-10]. Considering that oxidative stress and chronic 
inflammation play crucial roles in the generation of both insu-
lin resistance and type 2 diabetes [11,12], the antioxidant and 
anti-inflammatory properties of serum albumin may be associ-
ated with incident diabetes, as observed in the association with 
coronary heart disease, cardiovascular mortality, and carotid 
atherosclerosis.
  Patients with nonalcoholic fatty liver disease (NAFLD) or 
impaired fasting glucose (IFG) are considered to be insulin re-
sistant [13-15]. Homeostasis model assessment of insulin re-
sistance (HOMA-IR) is a useful method for evaluating insulin 
resistance [16]. Thus, in the present study, we evaluated the 
association between serum albumin concentration and insulin 
resistance, as estimated by HOMA-IR and the presence of IFG 
and NAFLD. We also investigated whether serum albumin lev-
el had an independent effect on the development of diabetes.

METHODS

Study population
More than 80,000 people undergo a comprehensive heath check-
up each year at Total Healthcare Center at Kangbuk Samsung 
Hospital. Most of those examinees get a medical check-up on 
their own initiative or are employees of various companies or 
their spouses largely paid for the cost by their employer to 
promote health; considerable proportions of them get a medi-
cal check-up annually or biannually. All data containing an-
thropometric information, laboratory tests, radiology imaging 
results and coded answers to self-reported questionnaires were 
stored electronically in medical records.
  Our initial data was provided by 10,950 subjects who par-
ticipated in comprehensive health check-ups annually for 5 
years (between January 2005 and December 2009). Based on 
records from 2005, 1,921 subjects were excluded from the fi-
nal analysis for the following reasons: 1) positive serologic 
markers for either hepatitis B (n=558) or C (n=17) virus; 2) 
liver cirrhosis (n=8); 3) white blood cell count >11,000/mm3 
(n=  98) or serum creatinine ≥1.5 mg/dL (n=45); 4) self-re-
ported diabetes and undiagnosed diabetes fasting plasma glu-
cose concentration ≥7.0 mmol/L or glycosylated hemoglobin 
(HbA1c) ≥6.5% (n=437); 5) malignancy (n=250); and 6) ab-

sence of data including HbA1c at any visit (n=632). Thus, fi-
nal analyses were performed on 9,029 subjects (6,654 men 
and 2,375 women).
  The informed consent requirement for this study was ex-
empted by the Institutional Review Board because researchers 
only accessed the database for analysis purposes, and personal 
information was not accessed. This study was approved by the 
Institutional Review Board at Kangbuk Samsung Hospital.

Measurements
Serum albumin was measured by the Bromocresol green dye-
binding method, using Bayer reagent packs on an automated 
chemistry analyzer (Advia 1650 Autoanalyzer, Bayer Diag-
nostics, Leverkusen, Germany). The intra-assay coefficient of 
variation was 1.3% and interassay coefficient of variation was 
2.1%. Anthropometric variables, blood pressure (BP), and other 
biochemical markers were measured, as described previously 
[14]. Lifestyle information was self-reported.

Definitions
As a marker of insulin resistance, HOMA-IR was calculated 
using the following formula: HOMA-IR=[fasting insulin 
(μIU/mL)×fasting glycemia (mmol/L)]/22.5. Subjects with 
HOMA-IR level above the highest quartile (2.51 for men and 
2.28 for women) were classified as having insulin resistance. 
IFG was defined as fasting plasma glucose between 100 and 
125 mg/dL. Fatty liver was diagnosed using an abdominal ul-
trasonogram (Logic Q700 MR, GE, Milwaukee, WI, USA) 
based on known standard criteria, including hepatorenal echo 
contrast, liver brightness, deep attenuation, and vascular blur-
ring. Several experienced radiologists performed the ultrasound 
exam. The development of diabetes was assessed from the an-
nual records of all subjects and was defined as fasting plasma 
glucose ≥126 mg/dL or A1C ≥6.5%. In addition, based on the 
self-reported questionnaire at each visit, subjects who had a 
history of diabetes or who currently used insulin or other oral 
antidiabetic drugs were considered to have developed diabetes.

Statistical analysis
Results are expressed as the number of subjects with the per-
centage (%) and the mean value with standard deviation. One-
way analysis of variance and Pearson’s chi-squared test were 
used to analyze any statistical differences in study participant 
characteristics between tertiles of serum albumin. The odds 
ratio (OR) for the prevalence of insulin resistance (defined as 
the top quartile of HOMA-IR and the presence of IFG and 
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NAFLD) was evaluated cross-sectionally according to the 
baseline albumin tertiles, using binary logistic regression. The 
hazard ratio (HR) for incident diabetes was estimated longitu-
dinally based on the albumin tertiles at baseline, using binary 
Cox proportional hazard analysis. When analyzing the OR for 
the presence of NAFLD, subjects with alcohol intake >20 g/
day were excluded.

RESULTS

Table 1 shows the baseline characteristics of the study subjects 
by tertiles of serum albumin. Fasting glucose, fating insulin, 
HOMA-IR, systolic BP, uric acid, and low density lipoprotein 
cholesterol increased with increasing albumin tertiles, in both 
men and women.
  From the lowest to the highest tertile of albumin, the multi-
variable-adjusted ORs of insulin resistance (defined as the top 

Table 1. Baseline Characteristics

Albumin tertile, g/dL
P valuea Total

<4.5 4.5-4.6 ≥4.7

Men
   No.
   Age, yr
   BMI, kg/m2

   Albumin, mg/dL 
   Fasting glucose, mg/dL
   Fasting insulin, μIU/mL
   HOMA-IR
   Triglyceride, mg/dL
   LDL-C, mg/dL
   HDL-C, mg/dL
   SBP, mm Hg
   Uric acid, mg/dL
   ALT, U/L
   Smoking status
      Current smoking, n (%)
   Alcohol consumption

 
1,683

45.8±5.7
24.2±2.5

  4.32±0.11
95.5±8.5

  7.99±3.06
  1.90±0.91
137.5±85.2
109.8±26.1
  49.0±10.0
113.1±13.6
  5.93±1.13
  25.4±15.6

 
546 (32.4)
413 (24.6)

 
2,544

45.0±5.0
24.3±2.6

  4.55±0.05
96.3±8.5

  8.51±3.13
  2.04±0.82
 147.4±84.6
 113.6±26.7
  49.1±10.1
 114.6±13.9
  6.05±1.17
  27.5±14.9

 
854 (33.6)
562 (22.1)

 
2,427

44.4±5.0
24.5±2.7

  4.80±0.12
97.6±8.6

  9.14±3.46
  2.22±0.91
161.0±91.0
 119.4±27.4
  50.6±10.4
 115.9±14.8
  6.27±1.20
  31.8±18.7

 
807 (33.3)
674 (27.7)

 
 

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

 
   0.744
<0.001

 
6,654

45.0±5.2
24.4±2.6

  4.58±0.21
96.6±8.6

  8.61±3.27
  2.07±0.86
149.8±87.6
 114.8±27.1
  49.6±10.4
 114.7±14.2
  6.10±1.18
  28.5±16.8

 
2,207 (33.2)
1,649 (24.8)

Albumin tertile, g/dL
P valuea Total

<4.4 4.4-4.5 ≥4.6

Women
   No.
   Age, yr
   BMI, kg/m2

   Albumin, mg/dL 
   Fasting glucose, mg/dL
   Fasting insulin, μIU/mL
   HOMA-IR
   Triglyceride, mg/dL
   LDL-C, mg/dL
   HDL-C, mg/dL
   SBP, mm Hg
   Uric acid, mg/dL
   ALT, U/L
   Smoking status
      Current smoking, n (%)
   Alcohol consumption

  
763

43.7±4.7
22.4±2.7

  4.22±0.11
90.7±6.7

  7.91±2.86
  1.78±0.69
  90.3±58.9
  99.9±25.4
  56.7±12.1
106.4±13.9
  4.03±0.85
18.7±7.0

 
13 (1.7)
23 (3.0)

 
869

43.5±5.2
22.3±2.7

  4.52±0.05
92.5±7.6

  8.30±2.97
  1.91±0.75
  99.5±56.4
105.1±24.5
  57.6±12.9
 108.7±13.3
  4.09±0.81
19.1±7.9

 
  5 (0.6)
24 (2.8)

 
743

43.3±5.3
22.1±2.7

  4.70±0.12
94.6±8.5

  8.67±2.79
  2.04±0.70
  96.9±53.2
109.7±26.7
  60.0±12.6
 111.3±14.7
  4.19±0.83
19.1±6.8

 
8 (1.1)

20 (2.7)

 
  

0.349
0.075

<0.001
<0.001
<0.001
<0.001

0.004
<0.001
<0.001
<0.001
<0.001

0.569
 

0.09
0.923

 
2,375

43.5±5.1
22.2±2.7

  4.45±0.22
92.6±7.8

  8.30±2.89
  1.90±0.73
  95.7±56.4
104.9±25.8
  58.1±12.6
108.7±14.1
  4.10±0.83
18.9±7.6

 
26 (1.1)
67 (2.8)

Values are expressed as mean±SD.
BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin resistance; LDL-C, low density lipoprotein cholesterol; HDL-C, high 
density lipoprotein cholesterol; SBP, systolic blood pressure; ALT, alanine aminotransferase.
aBy one way analysis of variance.
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Table 2. The Risk for Insulin Resistance Estimated by HOMA-IR and the Presence of IFG and NAFLD According to the Serum Al-
bumin Level in Men

Albumin tertile, g/dL Total  
(n=6,654)

IFG,  
n (%)

Adjusteda

OR (95% CI) P value Adjustedb

OR (95% CI) P value

   <4.5
   4.5-4.6
   ≥4.7

1,683
2,544
2,427

466 (27.7)
788 (31.0)
896 (36.9)

1
1.22 (1.07-1.40)
1.65 (1.43-1.89)

-
   0.004
<0.001

1
1.17 (1.02-1.35)
1.42 (1.23-1.64)

-
   0.028
<0.001

Albumin tertile, g/dL Totalc  
(n=5,005)

NAFLD,  
n (%)

Adjusteda

OR (95% CI) P value Adjustedd

OR (95% CI) P value

   <4.5
   4.5-4.6
   ≥4.7

1,270
1,982
1,753

371 (29.2)
719 (36.3)
826 (47.1)

1
1.39 (1.21-1.59)
2.05 (1.79-2.34)

-
<0.001
<0.001

1
1.34 (1.15-1.57)
1.93 (1.64-2.26)

-
<0.001
<0.001

Albumin tertile, g/dL Total  
(n=6,654)

HOMA-IRe,  
n (%)

Adjusteda

OR (95% CI) P value Adjustedf

OR (95% CI) P value

   <4.5
   4.5-4.6
   ≥4.7

1,683
2,544
2,427

284 (16.8)
595 (23.4)
757 (31.2)

1
1.48 (1.26-1.73)
2.17 (1.86-2.54)

-
<0.001
<0.001

1
1.39 (1.16-1.66)
1.77 (1.48-2.11)

-
   0.011
<0.001

HOMA-IR, homeostasis model assessment of insulin resistance; IFG, impaired fasting glucose; NAFLD, nonalcoholic fatty liver disease; OR, odds 
ratio; CI, confidence interval. 
aAdjusted for age; bAdjusted for age, triglycerides, high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), systolic 
blood pressure (BP), body mass index (BMI), presence of fatty liver, smoking status, and alcohol consumption; c1,649 were excluded due to alcohol 
intake >20 g per day; dAdjusted for age, triglycerides, HDL-C, LDL-C, systolic BP, BMI, presence of IFG, and smoking status; eSubjects with 
HOMA-IR level above the highest quartiles (HOMA-IR >2.51); fAdjusted for age, triglycerides, HDL-C, LDL-C, systolic BP, BMI, presence of fat-
ty liver, presence of IFG, smoking status, and alcohol consumption.

Table 3. The Risk for Insulin Resistance Estimated by HOMA-IR and the Presence of IFG and NAFLD According to the Serum Al-
bumin Level in Women

Albumin tertile, g/dL Total  
(n=2,375)

IFG,  
n (%)

Adjusteda

OR (95% CI) P value Adjustedb

OR (95% CI) P value

<4.4 763 73 (9.6) 1 - 1 -

4.4-4.5 869 136 (15.7) 1.77 (1.31-2.39) <0.001 1.67 (1.21-2.30)    0.002

≥4.6 743 194 (26.1) 3.43 (2.56-4.60) <0.001 3.27 (2.39-4.49) <0.001

Albumin tertile, g/dL Totalc

(n=2,308)
NAFLD,  

n (%)
Adjusteda

OR (95% CI) P value Adjustedd

OR (95% CI) P value

<4.4 740 53 (6.9) 1 - 1 -

4.4-4.5 845 87 (10.0) 1.51 (1.05-2.17)    0.026 1.32 (0.86-2.02)    0.207

≥4.6 723 81 (10.9) 1.66 (1.15-2.40)    0.005 1.59 (1.02-2.50)    0.041

Albumin tertile, g/dL Total  
(n=2,375)

HOMA-IRe,  
n (%)

Adjusteda

OR (95% CI) P value Adjustedf

OR (95% CI) P value

<4.4 763 136 (17.8) 1 - 1 -

4.4-4.5 869 217 (25.0) 1.49 (1.17-1.90)    0.001 1.34 (1.02-1.76)    0.036

≥4.6 743 232 (31.2) 2.03 (1.57-2.59) <0.001 1.82 (1.37-2.42) <0.001

HOMA-IR, homeostasis model assessment of insulin resistance; IFG, impaired fasting glucose; NAFLD, nonalcoholic fatty liver disease; OR, odds 
ratio; CI, confidence interval. 
aAdjusted for age; bAdjusted for age, triglycerides, high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), sys-
tolic blood pressure (BP), body mass index (BMI), presence of fatty liver, smoking status, and alcohol consumption; c67 were excluded due to alco-
hol intake >20 g per day; dAdjusted for age, triglycerides, HDL-C, LDL-C, systolic BP, BMI, presence of IFG, and smoking status; eSubjects with 
HOMA-IR level above the highest quartiles (HOMA-IR >2.28); fAdjusted for age, triglycerides, HDL-C, LDL-C, systolic BP, BMI, presence of fat-
ty liver, presence of IFG, smoking status, and alcohol consumption.
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quartile of HOMA-IR and the presence of IFG and NAFLD) 
increased significantly in both men and women (Tables 2, 3). 
During the mean follow-up period of nearly 4 years (47.2 
months), 556 (6.1%, 478 men and 78 women) of the 9,029 
subjects progressed to diabetes. In the Cox proportional hazard 
model, after adjusting for age, body mass index, triglyceride, 
high density lipoprotein cholesterol, systolic BP, presence of 
IFG and fatty liver, smoking status, and alcohol consumption, 
the HRs (95% confidence interval [CI]) of diabetes in men 
were 1, 1.09 (95% CI, 0.86 to 1.40), and 1.10 (95% CI, 0.86 to 
1.41), respectively, from the lowest to the highest tertile of al-
bumin. Corresponding values for women were 1, 1.21 (95% 
CI, 0.66 to 2.21), and 1.06 (95% CI, 0.56 to 2.02), respectively 
(Table 4).

DISCUSSION

In our study, serum albumin concentration was associated with 
higher levels of HOMA-IR, and the presence of IFG and NAFLD 
in nondiabetic subjects. Several studies have also reported that 
serum albumin was positively associated with metabolic syn-
drome or metabolic risk factors including lipid profile, BP, and 
body mass index [6,17-19]. These results suggest that serum 

albumin is associated with insulin resistance.
  Insulin resistance is a principal cause of type 2 diabetes [20] 
and serum albumin has been associated with insulin resistance 
[6,17-19]. However, in our study, serum albumin did not have 
independent effect on the development of diabetes. Although 
it is not clear whether there is causal relationship between in-
sulin resistance and serum albumin levels, our results indicate 
that insulin resistance may affect serum albumin levels. Insu-
lin resistance is by definition linked to hyperinsulinemia [21]. 
Nondiabetic patients with insulin resistance have compensato-
ry hyperinsulinemia, a state which predisposes to the develop-
ment of metabolic impairments, including nonalcoholic fatty 
liver disease, IFG, and metabolic syndrome [14,22]. This com-
pensatory hyperinsulinemia may contribute to this relationship 
between insulin resistance and serum albumin levels. Several 
studies investigating the possibility of a direct relationship be-
tween insulin and albumin synthesis have provided insight 
into that theory. Insulin has effects on the synthesis rates of 
liver proteins such as albumin and fibrinogen. In vivo in rats 
and in rat hepatocytes cultures, insulin increased albumin gene 
transcription and mRNA synthesis in a dose-dependent man-
ner [23,24]. In contrast, insulin deficiency decreased both al-
bumin gene transcription and mRNA concentration with a re-

Table 4. Hazard Ratios for Developing Type 2 Diabetes According to Serum Albumin Tertiles at Baseline

Albumin tertiles, g/dL

<4.5 4.5-4.6 ≥4.7

Men
   No. of subjects 
   No. of subjects who developed diabetes (%)
   Person-years of follow-up
   Adjusted hazard ratio (95% CI)a

      Age and sex
      Age, BMI, TG, HDL-C, LDL-C, and SBP
      Multivariableb

 
1,683

101 (6.0)
6,633

 
1 (reference)
1 (reference)
1 (reference)

 
2,544

180 (7.1)
9,994

 
1.24 (0.97-1.59)
1.20 (0.94-1.54)
1.09 (0.86-1.40)

 
2,427

197 (8.1)
9,456

 
1.54 (1.21-1.96)
1.36 (1.06-1.74)
1.10 (0.86-1.41)

Albumin tertiles, g/dL

<4.4 4.4-4.5 ≥4.6

Women
   No. of subjects 
   No. of subjects who developed diabetes (%)
   Person-years of follow-up
   Adjusted hazard ratio (95% CI)a

      Age and sex
      Age, BMI, TG, HDL-C, LDL-C, and SBP
      Multivariableb

 
763

20 (2.6)
3,039

 
1 (reference)
1 (reference)
1 (reference)

 
869

30 (3.5)
3,449

 
1.32 (0.75-2.32)
1.28 (0.71-2.30)
1.21 (0.66-2.21)

  
743

28 (3.8)
2,932

 
1.50 (0.84-2.66)
1.56 (0.85-2.87)
1.06 (0.56-2.02)

CI, confidence interval; BMI, body mass index; TG, Triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cho-
lesterol; SBP, systolic blood pressure.
aEstimated by Cox proportional hazard analysis; bAdjusted for age, triglyceride, HDL-C, LDL-C, systolic BP, BMI, presence of IFG and fatty liver, 
smoking status, and alcohol consumption.
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sultant decrease of albumin synthesis [23-25]. Additionally, in 
type 1 diabetes patients, insulin withdrawal resulted in a de-
crease in the albumin synthetic rate, with these changes being 
reversed by insulin [26]. In diabetic patients, however, plasma 
albumin concentration has been reported to be inversely relat-
ed with HbA1c levels, revealing a large proportion of poorly 
controlled diabetes in patients with lower plasma albumin con-
centrations [27]. This inverse relationship may also be explained 
by the fact that poorly controlled type 2 diabetes has been as-
sociated with a further decrease in insulin production and se-
cretion by the pancreatic β-cell [28,29].
  While our results and those previously reported in other 
studies show that increased serum albumin is associated with 
several atherogenic risk factors including lipid profile, BP, 
body mass index, and insulin resistance [6], several prospective 
studies have demonstrated the cardioprotective role of serum 
albumin as lower concentrations of serum albumin were asso-
ciated with increased risk of coronary heart disease, cardiovas-
cular mortality and carotid atherosclerosis [7,30]. The antioxi-
dant and anti-inflammatory properties of serum albumin in the 
atherogenetic process have been suggested as possible mecha-
nisms for this inverse association [6-10]. Oxidative stress and 
chronic inflammation play crucial roles in the generation of 
both insulin resistance and type 2 diabetes [11,12]. The report-
ed antioxidant and anti-inflammatory properties of serum al-
bumin indicate that serum albumin may have an independent 
protective effect on incident diabetes, as observed in the asso-
ciation with carotid atherosclerosis and cardiovascular mortal-
ity. However, in our study, serum albumin did not have a pro-
tective effect on incident diabetes, suggesting that serum albu-
min does not have anti-inflammatory or antioxidant properties 
in the development of diabetes.
  A limitation in the current study was that we did not use the 
2 hours postload glucose test for diagnosing diabetes. This 
may have included subjects with undiagnosed diabetes at 
baseline and underestimated the development of diabetes dur-
ing the follow-up period. Likewise, the self-reporting of dia-
betes and use of diabetic medications on the questionnaires in-
cluded in our assessment of diabetes development may have 
also led to under-reporting of diabetes. Finally, the use of ul-
trasonography to diagnose NAFLD was another limitation in 
our study. Although our ultrasonography exams were per-
formed by several experienced radiologists, we did not assess 
interobserver reliability or consider the degree of fatty liver.
  In conclusion, our study showed that increased serum albu-
min level is associated with insulin resistance. However, anal-

ysis of the causal relationship indicated that serum albumin 
did not have an independent effect on the development of dia-
betes.
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