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Background: Leptin and adiponectin are secreted from adipose tissue and exert opposing effects on C-reactive

protein (CRP) levels and insulin resistance. As hypertrophic adipocytes secrete more leptin and less adiponectin,

the leptin-to adiponectin ratio (LAR) has been proposed as a useful measure of insulin resistance and vascular risk.

We investigated whether LAR may serve as a better predictor than either leptin or adiponectin alone for low-grade

inflammation and insulin resistance independent of obesity in a non-diabetic Taiwanese population.

Methods: This study included 568 non-diabetic Taiwanese individuals (297 men, 271 women). CRP, leptin and

adiponectin were measured using enzyme-linked immunosorbent assay. The degree of insulin resistance was

determined using the homeostasis model assessment of insulin resistance (HOMA-IR).

Results: In the receiver operator characteristic analysis, the area under the curve of LAR in predicting individuals

with elevated CRP and insulin resistance was significantly greater than that for either leptin (p = 0.0035 vs. elevated

CRP, p < 0.0001 vs. insulin resistance) or adiponectin alone (p = 0.0131 vs. elevated CRP, p = 0.0006 vs. insulin

resistance), suggesting that LAR might be a better predictor of individuals with low grade inflammation and insulin

resistance. In the multivariable analysis adjusted for age, gender, smoking status, and components of metabolic

syndrome, LAR was still strongly associated with levels of CRP (p < 0.001, all participants; p = 0.002, nonobese

individuals; p < 0.001, obese individuals) and HOMA-IR index (p < 0.001, all participants, obese and nonobese

individuals).

Conclusions: The LAR is related to low grade inflammation and insulin resistance independent of obesity in

non-diabetic Taiwanese, and the strength of associations between LAR with CRP and HOMA-IR are greater than the

association with leptin or adiponectin alone.

Key Words: Adiponectin � C-reactive protein � Insulin resistance � Leptin � Obesity

INTRODUCTION

Obesity is the most common nutritional disorder,

and it has become a veritable epidemic in industrialized

countries. It is well known that obesity is associated

with increased cardiovascular morbidity, mortality
1

and

metabolic derangements including insulin resistance,

dyslipidemia, and hypertension.
2-4

Although the mecha-

nisms linking obesity and cardiovascular disease are not

completely understood, recent evidence indicates that
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inflammation and insulin resistance may play important

roles.

C-reactive protein (CRP), a marker of systemic in-

flammation, is an easily measured inflammatory marker

that has proven to be a strong predictor of cardiac

events in patients with
5

and without
6

preexisting cardio-

vascular disease. CRP activity is stimulated by other

cytokines, especially interleukin-6 (IL-6), which origi-

nates mainly from abdominal adipose tissue.
7

Several

studies have shown a strong association between CRP

and obesity.
8,9

Insulin resistance is also an independent

risk factor for cardiovascular events in the normal popu-

lation and in patients with preexisting cardiovascular

disease.
10,11

There is growing evidence that insulin resis-

tance is also associated with abdominal obesity.
12,13

It has been recognized in recent years that adipose

tissue is an important endocrine organ, secreting several

bioactive molecules, termed adipokines, which regulate

whole-body metabolism and the immune response.

Leptin and adiponectin, the two best-characterized adi-

pokines, respond in a reciprocal manner to increasing

adiposity. Plasma levels of leptin are elevated in obese

individuals, and increased levels of leptin have been as-

sociated with higher levels of CRP
14,15

and are predictive

of future cardiovascular events.
16

In contrast, plasma

adiponectin levels are reduced in obese individuals, and

lower levels of adiponectin are associated with higher

levels of CRP
17-19

and correlate significantly and inde-

pendently with coronary artery disease.
20

Mounting evi-

dence also suggests that hyperleptinemia and hypo-

adiponectinemia are associated with insulin resistance,
21-23

and the leptin-to-adiponectin ratio (LAR) correlates with

insulin resistance better than either leptin or adipo-

nectin levels alone.
22

Increasing evidence has suggested that levels of

adipokines differ among ethnic groups. Although people

of Chinese origin have lower abdominal adiposity, their

levels of leptin and adiponectin are significantly lower

than those of other ethnic groups.
24,25

The impact of

adiposity on the levels of leptin and adiponectin was

also greater in Chinese as compared with the other

ethnic group.
25

In addition to these findings, insulin

resistance and plasma CRP levels are lower in the Chi-

nese population compared with individuals of other

ethnic origins.
25,26

Therefore, the associations of leptin

and adiponectin with CRP and insulin resistance in the

Chinese population may differ from those in other

ethnic groups.

In the present study, we investigated a group of

nondiabetics within the Taiwanese population and hy-

pothesized that the strength of LAR in predicting sub-

jects with higher CRP levels and insulin resistance would

be greater than each of the leptin or adiponectin alone.

We also hypothesized that the associations of LAR with

CRP levels and insulin resistance will be independent of

obesity.

METHODS

Study participants

After written informed consent was obtained, the

study participants were recruited consecutively during

routine health examinations between October 2003 and

September 2005 at the Chang Gung Memorial Hospital.

They responded to a standardized questionnaire on

their medical history and lifestyle characteristics. Indi-

viduals greater than 18 years of age were enrolled. The

exclusion criteria included a history of myocardial in-

farction, stroke, or transient ischemic attack, history of

cancer, and current renal or liver disease. Furthermore,

individuals with diabetes mellitus (defined as fasting

blood glucose � 7.0 mmol/L or the regular use of me-

dications for diabetes mellitus) or CRP levels > 10 mg/L

were also excluded. A total of 568 individuals (297 men,

mean age = 45.1 � 9.9 years; 271 women, mean age =

46.7 � 9.6 years) were enrolled and used in the analysis.

Blood pressure (BP) was measured with a random-zero

sphygmomanometer by trained physicians or nurses. An

individual was designated a current smoker if they

smoked at least 1 cigarette per day at the time of sur-

vey. All participants reported their ethnicity as being of

Han-Chinese origin. The study was approved by the

Ethics Committee of the Chang-Gung Memorial Hospital.

Laboratory measurements

Venous blood (15 mL) was collected from the study

subjects the morning after an overnight (8-12 hour) fast.

All measurements were performed in a central labora-

tory. Glucose level was determined enzymatically using

the hexokinase method. Total cholesterol and trigly-

ceride (TG) concentrations were measured by automatic
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enzymatic colorimetry. High-density lipoprotein choles-

terol (HDL-C) levels were measured enzymatically fol-

lowing phosphotungsten/magnesium precipitation. For

individuals with TG levels � 400 mg/dL, low-density lipo-

protein cholesterol (LDL-C) levels were calculated using

the Friedewald formula. For those patients with TG le-

vels > 400 mg/dL, serum LDL-C levels were detected

with commercial reagents using a standard protocol. Se-

rum insulin levels were measured by immunoradio-

metric assay (BioSource, Nivelles, Belgium), with intra-

and inter-assay coefficients of variation of 5.3% and

9.5%, respectively. Insulin resistance was estimated by

the homeostasis model assessment of insulin resistance

(HOMA-IR) index using the following formula: HOMA-IR

= fasting serum insulin (�U/mL) � fasting plasma glu-

cose (mmol/L)/22.5. CRP levels and IL-6 were measured

using a high-sensitivity enzyme-linked immunosorbent

assay (ELISA) developed in-house and performed in the

sandwich format. All in-house kits were compared with

commercial ELISA kits and exhibited good-to-excellent

correlations.
27

The ultrasensitive ELISA allowed detec-

tion of low serum levels of CRP and approached that of

the commercial ultrasensitive assay for high sensitive

CRP on a Behring Nephelometer Analyzer II, with a cor-

relation coefficient greater than 0.9 and slopes close to

1.0.
27

Serum leptin and adiponectin levels were mea-

sured by an in-house sandwich enzyme immunoassay.

Our kits compared well with the commercial kits for

leptin (Biovendor, Heidelberg, Germany) and adiponec-

tin (R&D Systems, Minneapolis, MN, USA), with correla-

tion coefficients of 0.99 and 0.98, respectively. The

within-day precision and day-to-day precision were 5.1%

and 4.0% for leptin and 7.7% and 7.0% for adiponectin,

respectively.

Anthropometric measurements

Anthropometrics were obtained with the partici-

pants in light clothing, no footwear, and after 12 hours

of fasting. Body weight was measured to the nearest

kilogram using a digital scale, and height was measured

to the nearest centimeter in the standing position using

a wall standiometer. Body mass index (BMI) was com-

puted as the ratio of weight to the square of height

(kg/m
2
). Waist circumference (WC) was measured to the

nearest centimeter at the midpoint between the lower

limit of the rib cage and the iliac crest. Obesity was de-

fined as BMI � 25 kg/m
2

according to the Asian criteria.
28

Statistic analysis

The clinical characteristics of the participants are

expressed as means � standard deviation (SD) and per-

centages, except when the distribution was strongly

skewed, in which case the median and interquartile

ranges are given. Pearson’s correlation analysis was

performed to determine the correlations of CRP and

HOMA-IR with leptin, adiponectin and LAR, as well as

metabolic syndrome-related factors. HOMA-IR, CRP, TG,

IL-6, leptin, adiponectin, and LAR were logarithmically

transformed prior to statistical analysis to adhere to an

assumption of normality. To compare the relative diag-

nostic strengths of leptin, adiponectin, and LAR in de-

tecting individuals with elevated CRP levels and insulin

resistance, receiver operator characteristic (ROC) curves

were plotted; the area under curves (AUC) for leptin,

adiponectin, and LAR were compared by a nonpara-

metric approach. The relationships between CRP and

HOMA-IR with metabolic syndrome-related factors, IL-6,

and different adipokines (i.e. leptin, adiponectin and

LAR) were further investigated using multiple linear re-

gression analysis, while controlling for other variables

including age, gender, and smoking status. Values of p <

0.05 from a two-sided test were considered statistically

significant, and all statistical analyses were conducted

with the SPSS statistical package for Windows version

19.0 (SPSS, Chicago, IL, USA).

RESULTS

The general characteristics of the participants

Table 1 shows the anthropometric data for partici-

pants stratified by obese status and gender. No statisti-

cally significant differences between the nonobese and

obese groups were observed for age, cholesterol level,

or LDL-C level, but analyses revealed statistically signifi-

cant differences for many variables. It was determined

that higher percentages of current smokers (p < 0.001)

were obese. Additionally, obese individuals exhibited

elevated values for systolic BP (p < 0.001), diastolic BP

(p < 0.001), TG (p < 0.001), fasting glucose (p < 0.001),

fasting insulin (p < 0.001), HOMA-IR (p < 0.001), BMI (p

< 0.001), WC (p < 0.001), waist-to-hip ratio (p < 0.001),
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CRP levels (p < 0.001), IL-6 levels (p = 0.02), leptin (p <

0.001), and LAR (p < 0.001) compared to nonobese par-

ticipants. In contrast, HDL-C (p < 0.001) and adiponectin (p

< 0.001) levels were significantly lower in the obese group.

Similarly, male participants were older and had a

higher percentage of current smokers (p < 0.001). Male

individuals also demonstrated higher values for diastolic

BP (p < 0.001), TG (p < 0.001), fasting glucose (p <

0.001), fasting insulin (p < 0.001), HOMA-IR (p < 0.001),

BMI (p < 0.001), WC (p < 0.001) and waist-to-hip ratio (p

< 0.001), as well as lower value for HDL-C (p < 0.001), as

compared with female participants. Additionally, male

individuals had significant lower values for leptin (p <

0.001), adiponectin (p < 0.001) and LAR (p < 0.001) than

female groups.

Correlations of CRP and HOMA-IR with components

of metabolic syndrome and adipokines

The results of Pearson’s correlation analysis of CRP

levels and HOMA-IR index with biological measurements

while controlling for age, gender and smoking status are

shown in Table 2. TG, BMI, leptin and LAR were all posi-

tively correlated with CRP levels and HOMA-IR index in

nonobese and obese individuals. In contrast, CRP levels

and HOMA-IR index were negatively correlated with

HDL-C and adiponectin in both groups. IL-6 was posi-

tively correlated with CRP levels in both groups, but no

correlation with HOMA-IR was found.

ROC curves of leptin, adiponectin, and LAR for the

detection of high CRP levels and insulin resistance

Figure 1 shows the ROC curves for leptin, adipo-

nectin, and LAR used to detect individuals with elevated

CRP levels. The median value of CRP levels (i.e. 0.585

mg/L) was used as a cutoff value and participants with

CRP levels greater than the median value were defined

as high CRP levels. Among all participants, the AUC for

LAR in detecting individuals with elevated CRP levels

was significantly greater than those for leptin or adi-

ponectin (p = 0.0035, LAR vs. leptin; p = 0.0131, LAR vs.
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Table 1. Baseline characteristics of study individuals according to obesity status and gender

Total (n = 568) Nonobese (n = 350) Obese (n = 218) Women (n = 271) Men (n = 297)

Age (years) 45.9 � 9.80 45.3 � 10.0 46.8 � 9.6 46.7 � 9.80 45.1 � 9.9
†
0

Smokers (%) 144 (25.4%) 72 (20.6%) 72 (33.0%)
#

14 (5.2%) 130 (43.8%)
‡

SBP (mmHg) 114.8 � 17.50 112.2 � 17.20 119.0 � 17.1
#

113.7 � 19.00 115.8 � 15.90
‡

DBP (mmHg) 76.0 � 10.6 74.2 � 10.3 078.9 � 10.4
#

73.8 � 10.5 78.0 � 10.3
‡

CHOL (mmol/L) 5.13 � 0.91 5.08 � 0.91 5.22 � 0.92 5.09 � 0.93 5.17 � 0.90
‡

TG (mmol/L) 01.27 (0.86-1.84) 1.06 (0.77-1.68) 1.58 (1.12-2.09)
#

1.02 (0.75-1.51) 1.53 (1.04-2.23)
‡

HDL-C (mmol/L) 1.44 � 0.37 1.51 � 0.40 1.33 � 0.30
#

1.60 � 0.37 1.29 � 0.31
‡

LDL-C (mmol/L) 2.99 � 0.83 2.94 � 0.82 3.07 � 0.83
#

2.93 � 0.82 3.04 � 0.83
‡

FG (mmol/L) 5.17 � 0.48 5.09 � 0.45 5.33 � 0.49
#

5.06 � 0.44 5.27 � 0.48
‡

FI (�U/mL) 07.96 (6.14-10.82) 7.19 (5.57-9.23) 10.19 (7.36-13.39)
#

07.51 (5.86-10.26) 08.48 (6.57-11.51)
†

HOMA-IR 1.81 (1.39-2.51) 1.63 (1.21-2.16) 2.37 (1.69-3.20)
#

1.70 (1.28-2.36) 2.00 (1.53-2.66)
‡

BMI (kg/m
2
) 24.2 � 3.40 22.1 � 1.90 27.6 � 2.4

#
0 23.4 � 3.60 24.9 � 3.1

‡
0

WC (cm) 84.8 � 9.40 80.1 � 7.00 92.4 � 7.6
#
0 81.5 � 10.0 87.9 � 7.5

‡
0

WHR 0.87 � 0.06 0.85 � 0.06 0.89 � 0.05
#

0.85 � 0.07 0.88 � 0.05
‡

CRP (mg/L) 0.59 (0.25-1.18) 0.43 (0.20-0.95) 0.81 (0.43-1.65)
#

0.53 (0.24-1.17) 0.64 (0.30-1.21)

IL-6 (pg/L) 2.19 (1.20-3.91) 2.00 (1.10-3.69) 2.41 (1.40-4.50)* 2.30 (1.40-4.10) 2.00 (1.20-3.80)

Leptin (�g/L) 15.0 (8.2-26.0)0 12.5 (6.4-21.5)0 18.4 (12.0-32.2)
#

24.8 (16.3-33.1) 9.5 (5.3-14.5)
‡
0

ADPN (mg/L) 6.10 (3.71-9.26) 06.91 (4.36-10.64) 4.82 (3.23-7.08)
#

07.87 (5.42-11.54) 04.45 (3.07-6.86)
‡

LAR 2.69 (1.28-4.64) 1.95 (0.84-3.38) 3.94 (2.36-7.66)
#

3.09 (1.73-5.46) 02.15 (1.07-3.86)
‡

Data are presented as mean � SD, number (percentage), or median (inter-quartile range) as appropriate. Data with skewed

distribution (triglyceride level, insulin level, HOMA-IR, CRP level, IL-6 level, leptin level, adiponectin level, and LAR) were compared

among these quartiles after log transformation.

* p < 0.05 versus nonobese individuals;
#

p < 0.001 versus nonobese individuals;
†

p < 0.05 versus female individuals;
‡

p< 0.001

versus female individuals.

ADPN, adiponectin; BMI, body mass index; CHOL, cholesterol; CRP, C-reactive protein; DBP, diastolic blood pressure; FG, fasting

glucose; FI, fasting insulin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin

resistance; IL-6, interleukin-6; LAR, leptin-to-adiponectin ratio; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood

pressure; TG, triglycerides; WC, waist circumference; WHR, waist-hip ratio.



adiponectin; Figure 1A). When participants were strati-

fied according to BMI, the AUC for LAR was greater than

that for leptin in nonobese individuals (p = 0.0406, Fig-

ure 1B). There was also a trend that the AUC for LAR

was greater than that for adiponectin in the obese

group (p = 0.0909, Figure 1C).

Figure 2 depicts the ROC curves for leptin, adi-

ponectin, and LAR for detecting individuals with insulin

resistance. Individuals with an HOMA-IR index greater

than the 80th percentile (i.e. HOMA-IR index > 2.74)

were categorized as insulin-resistant. The selection of

the 80th percentile as the cut-off point for HOMA-IR

was in agreement with the Bruneck study,
29

a popula-

tion-based prospective study of Italian patients on the

prevalence of insulin resistance in metabolic disorders.

The AUC for LAR in detecting insulin-resistant individu-

als was significantly greater than that for either leptin (p

< 0.0001) or adiponectin (p = 0.0006) in detecting indi-

viduals with insulin resistance (Figure 2A). The AUC for

LAR was also greater than those for leptin in both

nonobese (p = 0.0121; Figure 2B) and obese individuals

(p = 0.0032; Figure 2C). Although the AUC for LAR was

greater than those for adiponectin in both groups, the

differences were not statistically significant.

Multiple linear regression analysis of the association

between CRP and factors of interests

Multiple linear regression analysis with levels of CRP

Acta Cardiol Sin 2014;30:204�214 208
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Figure 1. ROC curves for individuals with high CRP levels (i.e. CRP levels > 0.585 mg/L). (A) The AUC for LAR is significantly higher than those for

leptin (p = 0.0035) and adiponectin (p = 0.0131). (B) In nonobese individuals, the AUC for LAR is significantly higher than that for leptin (p = 0.0406).

(C) In obese individuals, there was a trend that the AUC for LAR is higher than that for adiponectin (p = 0.0909). AUC, area under curves; CI,

confidence interval; CRP, C-reactive protein;LAR, leptin-to-adiponectin ratio.

A B C

Table 2. Pearson’s correlation coefficients of CRP and HOMA-IR with components of metabolic syndrome and adipokines, stratified

by obesity status

All subjects (n = 568) Nonobese (n = 350) Obese (n = 218)

CRP HOMA-IR CRP HOMA-IR CRP HOMA-IR

SBP 0.175
#

0.250
#

0.103
#

0.196* 0.181* 0.211*

DBP 0.164
#

0.226
#

0.093
#

0.104
#

0.159* 0.263
#

TG 0.262
#

0.317
#

0.220
#

0.338
#

0.199* 0.141*

HDL-C -0.253
#
- -0.303

#
- -0.220

#
- -0.270

#
- -0.160*- -0.246

#
-

BMI 0.322
#

0.470
#

0.211
#

0.312
#

0.187* 0.316
#

IL-6 0.305
#

0.063
#

0.262
#

0.020
#

0.330
#

0.035
#

Leptin 0.365
#

0.659
#

0.260
#

0.579
#

0.363
#

0.666
#

ADPN -0.265
#
- -0.340

#
- -0.245

#
- -0.317

#
- -0.148*- -0.226

#
-

LAR 0.355
#

0.567
#

0.279
#

0.488
#

0.314
#

0.542
#

Adjusted for age, gender and smoking status. Abbreviations are as presented in Table 1. Data with skewed distribution (TG, HOMA-IR, CRP,

leptin, ADPN, LAR, and IL-6) were logarithmically transformed before statistical testing to meet the assumption of normal distributions.

* p < 0.05;
#

p < 0.001.

ADPN, adiponectin; BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; IL-6, interleukin-

6; LAR, leptin-to-adiponectin ratio; SBP, systolic blood pressure; TG, triglycerides.



as the dependent variables and factors associated with

metabolic syndromes, IL-6 and different adipokines (i.e.

leptin, adiponectin and LAR) as the independent vari-

ables are presented in Table 3. When leptin was entered

into the analysis (model 1), IL-6 and leptin were posi-

tively correlated with CRP levels in both nonobese and

obese groups, while TG was positively correlated with

CRP levels only in the nonobese group. When adipo-

nectin was entered into the analysis (model 2), a posi-

tive correlation of IL-6 with CRP levels and a negative

correlation of adiponectin with CRP levels were found in

both nonobese and obese groups. TG was positively cor-
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Figure 2. ROC curves for individuals with insulin resistance (i.e. HOMA-IR index > 2.74). (A) The AUC for LAR is significantly higher than those for

leptin (p < 0.0001) and adiponectin (p = 0.0006). (B) In nonobese individuals, the AUC for LAR is significantly higher than that for leptin (p = 0.0121).

(C) In obese individuals, the AUC for LAR is also significantly higher than that for leptin (p = 0.032). AUC, area under curves; CI, confidence interval;

HOMA-IR, homeostasis model assessment of insulin resistance; LAR, leptin-to-adiponectin ratio.

A B C

Table 3. Multiple linear regression analysis of the relationship between CRP, components of metabolic syndrome, IL-6 and adipokines

Model 1 Model 2 Model 3Nonobese

Variables � (se) p Variables � (se) p Variables � (se) p

Systolic BP 0.001 (0.002) 0.784 Systolic BP 0.001 (0.002) 0.656 Systolic BP < 0.001 (0.002) 0.865

Diastolic BP 0.001 (0.004) 0.713 Diastolic BP 0.001 (0.004) 0.791 Diastolic BP 0.001 (0.004) 0.692

Triglyceride 0.263 (0.121) 0.031 Triglyceride 0.269 (0.120) 0.026 Triglyceride 0.225 (0.122) 0.065

HDL-cholesterol -0.002 (0.002) 0.218 HDL-cholesterol -0.001 (0.002) 0.635 HDL-cholesterol -0.001 (0.002) 0.607

IL-6 0.263 (0.059) < 0.001 IL-6 0.265 (0.059) < 0.001 IL-6 0.261 (0.059) < 0.001 <

Leptin 0.190 (0.089) 0.035 Adiponectin -0.256 (0.104) 0.014 LAR 0.198 (0.064) 0.002

Model 1 Model 2 Model 3Obese

Variables � (se) p Variables � (se) p Variables � (se) p

Systolic BP 0.003 (0.003) 0.267 Systolic BP 0.003 (0.003) 0.245 Systolic BP 0.003 (0.003) 0.276

Diastolic BP < 0.001 (0.004) 0.678 Diastolic BP 0.001 (0.004) 0.716 Diastolic BP < 0.001 (0.004) 0.973

Triglyceride 0.242 (0.136) 0.077 Triglyceride 0.216 (0.138) 0.120 Triglyceride 0.198 (0.135) 0.144

HDL-cholesterol -0.002 (0.003) 0.443 HDL-cholesterol -0.001 (0.003) 0.659 HDL-cholesterol -0.001 (0.003) 0.815

IL-6 0.299 (0.072) < 0.001 IL-6 0.343 (0.071) < 0.001 IL-6 0.310 (0.070) < 0.001 <

Leptin 0.325 (0.119) 0.007 Adiponectin -0.259 (0.124) 0.038 LAR 0.310 (0.087) < 0.001 <

* Adjusted for age, gender and smoking status.

Model 1: systolic BP, diastolic BP, triglyceride, HDL-cholesterol, IL-6 and leptin as the independent variables; Model 2: systolic BP, diastolic BP,

triglyceride, HDL-cholesterol, IL-6 and adiponectin as the independent variables; Model 3: systolic BP, diastolic BP, triglyceride, HDL-cholesterol, IL-6

and LAR as the independent variables.

Abbreviations are presented as in Table 1.

Data with skew distribution (CRP, triglyceride, IL-6, leptin, adiponectin and LAR) are logarithmically transformed before statistical testing to meet

the assumption of normal distributions.

The dependent variable is log CRP.

BP, blood pressure; HDL, high-density lipoprotein; IL-6, interleukin-6; LAR, leptin-to-adiponectin ratio.



related with CRP levels only in the nonobese group.

When LAR was entered instead of leptin or adiponectin

(model 3), the IL-6 and LAR were still strongly correlated

with CRP levels in both nonobese and obese groups.

However, the association of TG with CRP levels was at-

tenuated.

Multiple linear regression analysis of the association

between HOMA-IR and factors of interest

The results of multiple linear regression models

with the HOMA-IR index as the dependent variable and

the factors associated with metabolic syndromes, IL-6

and the levels of different adipokines as the indepen-

dent variables are presented in Table 4. When leptin

was entered into the analysis (model 1), the leptin was

positively correlated with HOMA-IR index in both non-

obese and obese groups. When adiponectin was en-

tered into the analysis (model 2), the adiponectin was

negatively correlated with HOMA-IR index in both the

nonobese and obese groups. In both model 1 and model

2, TG in the nonobese group and diastolic BP in the

obese group were positively correlated with HOMA-IR

index, while HDL-C was negatively correlated with

HOMA-IR in the obese group. When LAR was entered in

the analysis instead of leptin or adiponectin levels

(model 3), the LAR was still strongly correlated with the

HOMA-IR index. TG in the nonobese group and diastolic

BP in the obese group were still positively correlated

with HOMA-IR index, but the negative association of

HDL-C with HOMA-IR index was attenuated.

DISCUSSION

In this cross-sectional study in a nondiabetic Tai-

wanese population, CRP levels and HOMA-IR index were

found to be positively associated with LAR and leptin

and negatively associated with adiponectin in both

nonobese and obese individuals. Importantly, ROC an-

alysis showed the diagnostic strength of LAR in de-

tecting individuals with elevated CRP levels and insulin

resistance was significantly better than either leptin or

adiponectin alone. These findings indicate that LAR is a

more powerful marker for predicting individuals with
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Table 4.Multiple linear regression analysis of the relationship between HOMA-IR, components of metabolic syndrome, IL-6 and adipokines

Model 1 Model 2 Model 3Nonobese

Variables � (se) p Variables � (se) p Variables � (se) p

Systolic BP -0.002 (0.001) 0.041 Systolic BP 0.002 (0.001) 0.008 Systolic BP 0.002 (0.001) 0.038

Diastolic BP -0.002 (0.001) 0.196 Diastolic BP -0.002 (0.001) 0.116 Diastolic BP -0.002 (0.001)- 0.175

Triglyceride -0.131 (0.042) 0.002 Triglyceride -0.166 (0.044) < 0.001 < Triglyceride 0.119 (0.043) 0.005

HDL-cholesterol -0.001 (0.001) 0.177 HDL-cholesterol -0.001 (0.001) 0.505 HDL-cholesterol < 0.001 (0.001) < 1.000

IL-6 -0.013 (0.021) 0.526 IL-6 -0.010 (0.022) 0.693 IL-6 -0.003 (0.021)- 0.525

Leptin -0.199 (0.031) < 0.001 < Adiponectin -0.111 (0.038) 0.004 LAR 0.147 (0.022) < 0.001

Model 1 Model 2 Model 3Obese

Variables � (se) p Variables � (se) p Variables � (se) p

Systolic BP -0.001 (0.001) 0.519 Systolic BP -0.001 (0.001) 0.692 Systolic BP -0.001 (0.001)- 0.495

Diastolic BP -0.003 (0.002) 0.050 Diastolic BP -0.005 (0.002) 0.009 Diastolic BP 0.004 (0.002) 0.029

Triglyceride -0.005 (0.001) 0.930 Triglyceride -0.017 (0.065) 0.797 Triglyceride -0.045 (0.058)- 0.439

HDL-cholesterol -0.003 (0.001) 0.004 HDL-cholesterol -0.003 (0.001) 0.023 HDL-cholesterol -0.002 (0.001)- 0.078

IL-6 -0.047 (0.031) 0.128 IL-6 -0.001 (0.033) 0.980 IL-6 -0.028 (0.030)- 0.345

Leptin -0.384 (0.051) < 0.001 < Adiponectin -0.171 (0.059) 0.004 LAR 0.297 (0.037) < 0.001

* Adjusted for age, gender and smoking status.

Model 1: systolic BP, diastolic BP, triglyceride, HDL-cholesterol, IL-6 and leptin as the independent variables; Model 2: systolic BP, diastolic BP,

triglyceride, HDL-cholesterol, IL-6 and adiponectin as the independent variables; Model 3: systolic BP, diastolic BP, triglyceride, HDL-cholesterol, IL-6

and LAR as the independent variables.

Abbreviations are presented as in Table 1.

Data with skew distribution (HOMA-IR, triglyceride, IL-6, leptin, adiponectin and LAR) are logarithmically transformed before statistical testing to

meet the assumption of normal distributions.

The dependent variable is log HOMA-IR.

BP, blood pressure; HDL, high-density lipoprotein; IL-6, interleukin-6; LAR, leptin-to-adiponectin ratio.



elevated CRP levels and insulin-resistant than either

leptin or adiponectin alone. Furthermore, the correla-

tion of LAR with CRP levels and HOMA-IR index re-

mained highly significant in the multiple linear regres-

sion analysis for nonobese and obese individuals after

adjusting for age, gender, and smoking status. These

results indicate that LAR may serve as a useful obesity-

independent indicator of low grade inflammation and

insulin resistance in the nondiabetic Taiwanese population.

It is well-known that adipose tissue is more than a

simple, inert storage depot for lipid. It is also an impor-

tant endocrine organ secreting a number of bioactive

peptides, collectively called adipokines, which mediate

metabolic and cardiovascular complications associated

with obesity. Leptin and adiponectin respond in a re-

ciprocal manner to increasing adiposity and are the

two best-characterized adipokines. Accumulating data

suggested that leptin had proinflammatory properties,
30

whereas adiponectin was considered an anti-inflamma-

tory cytokine.
31

The independent association between

leptin and CRP levels in healthy humans was first de-

scribed by Shamsuzzaman et al.
14

Subsequently, Ble et

al.
15

found that leptin levels were directly associated

with CRP levels independent of IL-6 and other cytokines,

supporting the hypothesis that leptin directly stimulated

the production of acute-phase proteins in the liver. This

finding was consistent with a previous study demon-

strating the presence of leptin receptors in human he-

patocytes.
32

In contrast, a growing body of evidence

suggests an inverse relationship between adiponectin

and CRP levels.
17-19

Adiponectin has been shown to

counteract the proinflammatory effects of tumor ne-

crosis factor-� (TNF-�) in vascular cells in vitro.
33

Thus,

adiponectin may indirectly inhibit IL-6 and CRP ex-

pression through its ability to inhibit TNF-�. Our find-

ings are consistent with the original studies showing

leptin to be positively correlated and adiponectin ne-

gatively correlated with plasma CRP levels. Further-

more, we demonstrated a significant, not previously re-

ported association between LAR and plasma CRP levels

independent of IL-6 and obesity. Furthermore, we also

showed LAR to have a better diagnostic strength for

detecting individuals with elevated CRP levels than

either leptin or adiponectin alone.

Mounting evidence also points toward strong asso-

ciations of leptin and adiponectin with insulin resis-

tance. Leptin is thought to convey information about

nutritional status to the brainstem via hypothalamic

pathways, thereby increasing the brain’s motor and

autonomic responses to satisfy signals, leading to

smaller individual meals, reduced cumulative food in-

take, and a lower body weight.
34

In vitro and in vivo

studies suggest that leptin increases glucose uptake and

metabolism in skeletal muscle via a 5	-AMP-activated

protein kinase-(AMPK) dependent pathway.
35

Although

leptin has been reported to be a “good” hormone be-

cause it improves insulin resistance, obese individuals

tend to have unusually high circulating levels of leptin as

a result of leptin resistance.
36

This explains the positive

correlation between hyperleptinemia and insulin re-

sistance. In contrast, adiponectin improves insulin sen-

sitivity by enhancing glucose utilization and fatty-acid

oxidation through the AMPK pathway in muscle and

liver,
37

and an inverse relationship between adiponectin

and insulin resistance has been reported in nondiabetic

individuals.
23

In this study we demonstrated a positive

correlation for leptin and an inverse correlation for

adiponectin with the HOMA-IR index, consistent with

previous reports.
23,38

Since the HOMA-IR index increases

with hyperleptinemia and hypoadiponectinemia, it is

plausible that LAR may be a more powerful predictor of

insulin resistance. In line with this hypothesis, Jung et al.

found that the adiponectin-to-leptin ratio correlated

significantly to HOMA-IR in Korean male subjects.
21

Finucane et al.
22

also confirmed that the LAR in non-

diabetic white adults was at least as strongly associated

with the gold standard measure of insulin resistance

(clamp M/I value) as currently used methods such as

fasting insulin or HOMA-derived insulin sensitivity. How-

ever, these studies did not compare the association be-

tween HOMA-IR and LAR to associations with leptin and

adiponectin, presenting only associations with LAR.

Interestingly, in the Multi-Ethnic Study of Atherosclerosis

(MESA) study,
25

Rasmussen-Torvik et al. demonstrated

that the association of leptin, adiponectin and LAR with

HOMA-IR were similar across all ethnic groups, including

a Chinese population. In this study, the author only

included a small Chinese population sample size (219

Chinese participants) and did not formally compare

the association of LAR, leptin and adiponectin with

HOMA-IR using the ROC curve analysis. In the present

study, we determined that LAR was positively correlated
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with insulin resistance in a nondiabetic Taiwanese po-

pulation independent of obesity. The diagnostic strength

of LAR in detecting insulin-resistant individuals was

better than either leptin or adiponectin alone according

to the ROC curve analysis.

Because of the greater impact of adiposity on the

levels of leptin and adiponectin in the Chinese popu-

lation, it is important to investigate whether the as-

sociations of these adipokines with CRP levels and

HOMA-IR index are independent of obesity. In the pre-

sent study, the power of LAR to predict individuals with

elevated CRP levels and insulin resistance differed be-

tween the nonobese and obese groups. In the nonobese

group, LAR was significantly more powerful than leptin

in predicting individuals with elevated CRP levels and

insulin resistance, but there was no difference in the

AUCs for LAR and adiponectin in both ROC analyses. In

the obese group, there was a trend that LAR was more

powerful than adiponectin in predicting individuals with

elevated CRP levels, and LAR was significantly more

powerful than leptin in predicting insulin-resistant in-

dividuals. Nevertheless, multiple regression analysis

identified LAR to be significantly associated with CRP

levels and HOMA-IR index in both the nonobese and

obese groups. Interaction analysis revealed no impact of

obesity on the association of LAR with CRP levels and

HOMA-IR index (p = 0.733 for CRP levels, p = 0.476 for

HOMA-IR index; data not shown), indicating the asso-

ciations of LAR with CRP levels and HOMA-IR index were

independent of obesity.

Previous studies have identified increased leptin le-

vels and decreased adiponectin levels as independent

risk factors for coronary artery disease.
16,20

A growing

body of evidence also suggests that LAR may serve as an

atherogenic index in obese type 2 diabetic patients
39

and

is a powerful independent predictor of intima media

thickness in healthy individuals.
40

In support of this evi-

dence, we demonstrated that LAR is a better independ-

ent predictor of low-grade inflammation and insulin resis-

tance, which partially explains the missing link between

adiposity and atherosclerosis in the adipo-vascular axis.
41

There are some possible limitations of our study

that merit mention. First, because of the cross-sectional

study design, our results did not establish causality. A

long-term follow-up study of the same population of

individuals will highlight any causal relationship be-

tween LAR with low grade inflammation and insulin re-

sistance. Second, some reporting bias might have been

introduced because certain information in the medical

records, such as underlying cardiovascular disease, treat-

ment with lipid-lowering agents, and smoking status

were obtained via a standardized questionnaire. The

long-term follow-up study mentioned above will enable

us to test this hypothesis. Third, statin treatment had

been reported to decrease plasma level of adiponectin

significantly while exerting neutral effects on insulin

sensitivity in nondiabetic, hypercholesterolemic pa-

tients.
42

Statin was also well-known as an antiinflam-

matory agent. Individuals taking lipid-lowering agents

were not excluded from our study, which might in-

fluence the plasma levels of adiponectin and CRP and

affect the association of LAR with CRP and HOMA-IR in

the multivariate analysis. However, the number of these

individuals was relatively small (5 in nonobese group

and 4 in the obese group). Furthermore, the associa-

tions of LAR with CRP and HOMA-IR remained signifi-

cant in all participants (CRP, p < 0.001; HOMA-IR, p <

0.001), nonobese (CRP, p = 0.003; HOMA-IR, p < 0.001)

and obese group (CRP, p < 0.001; HOMA-IR, p < 0.001)

after excluding individuals who were taking lipid-lower-

ing agents. Fourth, we used the HOMA-IR to assess

insulin resistance rather than the euglycemic-hyper-

insulinemic clamp method, which is thought to be the

best way to measure insulin resistance. Nevertheless,

the use of the euglycemic-hyperinsulinemic clamp me-

thod in clinical practice is limited due to its invasiveness

and high cost. HOMA-IR is the simplest index of insulin

resistance, particularly in epidemiologic studies. More-

over, HOMA-IR has been shown to be strongly correlated

with the euglycemic-hyperinsulinemic clamp method in

various clinical trials. Thus, HOMA-IR can be considered

to be a reliable marker of insulin resistance. Finally, all of

the participants in the present study were of Han-Chinese

origin. Whether our findings can be extrapolated to

other populations will require further assessment.

CONCLUSIONS

In conclusion, our study has shown that LAR is re-

lated to low-grade inflammation and insulin resistance

in a nondiabetic Taiwanese population, independent of

Acta Cardiol Sin 2014;30:204�214 212

Hsin-Hua Chou et al.



obesity or other metabolic risk factors for cardiovascular

disease, such as blood pressure or hyperlipidemia. The

diagnostic strength of LAR in detecting individuals with

higher CRP levels and insulin resistance is greater than

each of the leptin or adiponectin alone. Taking into con-

sideration that inflammation and insulin resistance are

implicated in the development of atherosclerosis, the

LAR may also serve as a risk marker for cardiovascular

disease in nondiabetic Taiwanese individuals.
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