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Diabetes Mellitus Type 2 and Obesity
D.A. de Luis,� R. Aller, O. Izaola, and H.F. Ovalle

Center of Investigation of Endocrinology and Clinical Nutrition, Medicine School and Unit of Investigation,
Hospital Rio Hortega, University of Valladolid, Valladolid, Spain

Background: The aim of this study was to
explore the relationship of serum profile of
adipokines with cardiovascular risk factors
and anthropometric parameters in patients
with diabetes mellitus type 2. Subjects: A
population of 108 obese patients with DM2
was analyzed. A complete biochemical
anthropometric and nutritional evaluation
was performed. Results: In the analysis
with leptin as a dependent variable, the IL-6
and glucose levels remained in the model
(F 5 6.2; Po0.05), with an increase of 5.8
(CI 95%:2.7–7.6) ng/ml with each 1 pg/ml of
IL-6 and of 5.2 (CI95%:2.5–5.8) ng/ml with
each 1 mg/dl of glucose. In a second model
with adiponectin as a dependent variable,
the BMI remained in the model (F 5 3.77;

Po0.05), with an decrease of �3.77 (CI
95%:0.53–7.1) ng/ml with each 1 point of
BMI. In the third multivariate analysis with
IL-6 as a dependent variable, the glucose
level remained in the model (F 5 10.1;
Po0.01), with an increase of 0.09
(CI95%:0.06–0.12) pg/ml with each 1 mg/dl
of glucose. In the fourth multivariate analy-
sis with resistin as a dependent variable,
the CRP remained in the model (F 5 2.51;
Po0.05), with an increase of 0.28 (CI
95%:0.08–0.48) pg/ml with each 1 mg/dl of
CRP. Conclusion: Serum profile of adipo-
kines is associated with different risk
factors in diabetic obese patients. J. Clin.
Lab. Anal. 25:409–413, 2011. r 2011
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INTRODUCTION

Obesity and insulin resistance are associated with
cardiovascular risk factors, including altered levels of
inflammatory markers and adipokines (1). Epidemiolo-
gic evidence of the high prevalence of obesity and
diabetes mellitus type 2 has led, in the last years, to a
dramatic increase in research on the role of adipose
tissue as an active participant in controlling the body’s
physiologic and pathologic processes (2). Obese patients
could be diagnosed of metabolic syndrome, too.
Metabolic syndrome is a cluster of atherosclerotic
cardiovascular disease risk factors manifested as central
obesity, insulin resistance, dyslipidemia, and hyperten-
sion (3).
The current view of adipose tissue is that of an active

secretory organ, sending out adipokines that modulate
insulin sensitivity, energy expenditure, and inflamma-
tion. Adipokines are proteins produced mainly by
adipose tissue (4). These molecules have been shown
to be involved in the pathogenesis of the metabolic
syndrome and cardiovascular disease in obese patients.

Resistin is a protein identified by screening for the genes
that are induced during the differentiation of the
adipocytes. Although the role of resistin in linking
human obesity with type 2 diabetes mellitus is thus
questionable (5). Interleukin 6 is increased in most
animal and humans models with obesity and insulin
resistance (6). Adiponectin is an adipocyte-derived
collagen-like protein indentified through an extensive
search of adipose tissue. Hypoadiponectinemia
increased risk of coronary artery disease together with
the presence of multiple risk factors, indicating that
adiponectin is a key factor of the metabolic syndrome
(7). Leptin is a protein secreted primarily from
adipocytes. Leptin suppresses food intake and increases
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energy expenditure by enhancing thermogenesis and
metabolic rate. Reports suggest that leptin contributes
to atheroscleoris and cardiovascular disease in obese
patients (8). Most studies of serum profile of adipokines
have been conducted in obese patients, with few studies
have been conducted specifically in patients with
diabetes mellitus type 2 (9,10).
Accordingly, the aim of this study was to explore

the relationship of serum profile of adipokines
(leptin, adiponectin, resistin, and interleukin 6) with
cardiovascular risk factors and anthropometric para-
meters in obese patients with diabetes mellitus type 2.

SUBJECTS AND METHODS

Subjects and Procedures

A sample of 108 naı̈ve obese patients (BMI430) with
diabetes mellitus type 2 was analyzed in a prospective
way. This study was conducted according to the
guidelines laid down in the Declaration of Helsinki
and all procedures were approved by the [HURH].
Written informed consent was obtained from all
patients. The recruitment of subjects was a nonprob-
abilistic method of sampling among patients send from
Primary Care Physicians with obesity from a Northwest
area of Spain (Castilla y León).
Weight, blood pressure, basal glucose, C-reactive

protein (CRP), insulin, total cholesterol, LDL-choles-
terol, HDL-cholesterol, triglycerides blood, and adipo-
kines (leptin, adiponectin, resistin, and interleukin 6)
levels were measured in fasting condition. Exclusion
criteria included active infectious disease, history of
cardiovascular disease or stroke during the previous
36 months, total cholesterol4300mg/dl, triglyceri-
des4400mg/dl, blood pressure4140/90mmHg, fasting
plasma glucoseo126mg/dl, as well as the use of drugs
to treat diabetes mellitus, insulin, glucocorticoids,
antineoplasic agents, agiotensin receptor blocker, angio-
tensine-converting enzyme inhibitors, psychoactive
medications.

Biochemical Assays

Plasma glucose levels were determined by using an
automated glucose oxidase method (Glucose analyser 2;
Beckman Instruments, Fullerton, CA). Insulin was
measured by enzymatic colorimetry (Insulin; WAKO
Pure-Chemical Industries, Osaka, Japan) and the
homeostasis model assessment (HOMA) for insulin
sensitivity was calculated using these values (11). Serum
total cholesterol and triglyceride concentrations were
determined by enzymatic colorimetric assay (Technicon
Instruments, Ltd., New York, NY), while HDL-
cholesterol was determined enzymatically in the

supernatant after precipitation of other lipoproteins
with dextran sulfate-magnesium. LDL-cholesterol
was calculated using Friedewald formula. CRP was
measured by immunoturbimetry (Roche Diagnostcis
GmbH, Mannheim, Germany), analytical sensivity
0.5mg/dl. Hemoglobine A1c levels were measured by
using high-pressure liquid chromatography.
Interleukin 6 was measured by ELISA (R&D systems,

Inc., MN) with a sensitivity of 0.5 pg/ml. Normal values
of IL6 was 1.12–12.5 pg/ml. Resistin was measured by
ELISA (Biovendor Laboratory, Inc., Brno, Czech
Republic) with a sensitivity of 0.2 ng/ml and a normal
range of 4–12 ng/ml. Leptin was measured by ELISA
(Diagnostic Systems Laboratories, Inc., TX) with a
sensitivity of 0.05 ng/ml and a normal range of
10–100 ng/ml. Adiponectin was measured by ELISA
(R&D systems, Inc.) with a sensitivity of 0.246 ng/ml
and a normal range of 865–21,424 ng/ml.

Anthropometric Measurements and Dietary Intake

Body weight was measured to an accuracy of 0.05 kg
and body mass index computed as body weight/
(height2). Waist (narrowest diameter between xiphoid
process and iliac crest) and hip (widest diameter over
greater trochanters) circumferences to derive waist-to
hip ratio (WHR) were measured, too. Bipolar body
electrical bioimpedance was used to determine body
composition (12). Blood pressure was measured twice
after a 10-min rest with a random zero mercury
sphygomanometer, and averaged.
Patients received prospective serial assessment of

nutritional intake with 3 days written food records. All
enrolled subjects received instruction to record their
daily dietary intake for 3 days including a weekend day.
Food scales and models to enhance portion size
accuracy were used. National composition food tables
were used as reference (13).

Statistical Analysis

The results were expressed as mean7standard devia-
tion. The distribution of variables was analyzed with
Kolmogorov–Smirnov test. Quantitative variables with
normal distribution were analyzed with a two-tailed
Student’s-t test. Nonparametric variables were analyzed
with the Friedman and Wilcoxon tests. Correlation
analysis was performed with Pearson and Spearman
tests. A multiple regression model (step by step) was
used to study the dependent variables (leptin, adipo-
nectin, resistin, and IL 6). A P-value of less than 0.05
was considered statistically significant.
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RESULTS

Univariate Analysis

One hundred and eight patients gave informed
consent and were enrolled in the study. The mean age
was 53.1710.7 years; the mean BMI was 38.574.2. The
average time since the debut of diabetes mellitus was
6.873.2 months. Sex baseline characteristics of patients
were presented in Table 1, with higher insulin and
insulin levels in men than women and higher total
cholesterol and LDL-cholesterol levels in women than
men.
Anthropometric measurements showed an average

waist circumference (119.7713.7 cm), WHR
(0.9570.09), and average weight (107.5716.5 kg).
Tetrapolar body electrical bioimpedance showed the
next data; fat free mass (57.6714.2 Kg) and fat mass
(44.9713.2 kg). Table 2 shows differences between men
and women, with higher weight, fat mass, fat free mass,
WHR, and waist circumference in men than women.
Serial assessment of nutritional intake with 3 days

written food records showed a calorie intake of
1,8547710 kcal/day, a carbohydrate intake of
196.7781.3 g/day, a fat intake of 90.6733.2 g/day,

and a protein intake of 94723.7 g/day. Dietary intakes
were higher in men than women; calories
(2,361.27912.8 vs. 1,736.57576.1 kcal/day; Po0.05),
carbohydrates (218.0789.6 vs. 171.3763.4 g/day;
Po0.05), proteins (103.3729 vs. 83.6727.9 g/day;
Po0.05), and lipids (106.7755 vs. 78.4722.8 g/day;
Po0.05).
Table 3 shows serum profile of adipokines, only leptin

levels were higher in women than men. Table 4 shows
the correlation analysis among adipocytokines and
other parameters in the global group. Table 5 shows
the correlation analysis in men and women. Leptin has a
significative correlation with BMI, weight, fat mass,
CRP, IL6, SBP in women and only with BMI, fat mass
and IL-6 in men. Adiponectin has a significative
correlation with leptin in women and weight and glucose
in men. IL6 has a significative correlation with BMI,
weight, glucose, HOMA, SBP in men and only with
BMI, SBP and leptin in women. Resistin has a
significative correlation with CRP and IL6 in women
and only with CRP in men.

Multivariate Analysis

After univariate analysis, we performed a multivariate
analysis with each adipokine as a dependent variable. In
this analysis adjusted by age and sex with leptin as a
dependent variable, the IL-6 and glucose levels remained

TABLE 1. Clinical and Epidemiological Characteristics of

Study Population

Male Female

Parameters n5 40 n5 68 P

Age (years) 48.4712.2 54.3716 ns

BMI (kg/m2) 38.576.3 38.477.4 o0.05

SBP (mmHg) 125.978.6 122.175.1 ns

DBP (mmHg) 86.8712.4 86.279.3 ns

Glucose (mg/dl) 139.1711.5 143.4718.9 ns

Total cholesterol (mg/dl) 196.5141.9 218.8737.9 o0.05

LDL-cholesterol (mg/dl) 115.7745.5 136.8740.6 o0.05

HDL-cholesterol (mg/dl) 51.6721.3 56.9719.4 ns

Insulin (mUI/L) 29.9713.0 17.379.1 o0.05

HOMA 6.474.8 5.172.8 o0.05

CRP (mg/dl) 6.477.1 6.375.1 ns

HBa1C (%) 5.870.7 5.771.1 ns

CRP, c-reactive protein; SBP; systolic blood pressure; DBP, diastolic

blood pressure; ns, no significative; HOMA, homeostasis model

assessment.

TABLE 2. Anthropometric Characteristics by Sex

Male Female

Parameters (n5 40) (n5 68) P

Weight (kg) 112.5718.4 94.7712.8 o0.05

Fat free mass (kg) 66.9716.4 44.377.6 o0.05

Fat mass (kg) 35.679.1 48.4711.5 o0.05

Waist circumference 121.7114.2 117.1112.5 o0.05

Waist to hip ratio 1.0370.07 0.9370.07 o0.05

TABLE 3. Circulating Adipocitokines

Male Female

Parameters (n5 40) (n5 68) P

Interleukin 6 (pg/ml) 2.4272.5 2.0771.9 ns

Adiponectin (ng/ml) 18.3724.1 20.4716.4 ns

Resistin (ng/ml) 3.471.3 3.971.7 ns

Leptin (ng/ml) 41.5731.8 75.8780.8 o0.05

TABLE 4. General Correlation Analysis in the Total Group

Parameters Leptin Adiponectin IL6 Resistin

BMI ns ns r5 0.58 ns

Weight (kg) ns r5�0.37 r5 0.41 ns

Fat mass (kg) r5 0.41 r5�0.41 ns r5 0.40

Glucose (mg/dl) ns r5�0.42 ns ns

CRP (mg/dl) ns ns ns r5 0.74

HOMA ns ns r5 0.45 ns

SBP (mmHg) ns ns r5 0.55 ns

Interleukin 6 (pg/ml) r5 0.53 ns ns ns

Adiponectin (ng/ml) r5�0.40 ns ns ns

Leptin (ng/ml) ns r5�0.40 r5 0.53 ns

BMI, body mass index; HOMA, homeostasis model assessment; SBP,

systolic blood pressure; ns, no significative. P value of r coefficient is

below 0.05 (significative).
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in the model (F5 6.2; Po0.05), with an increase of 5.8
(CI 95%:2.7–7.6) ng/ml with each 1 pg/ml of IL-6 and
an increase of 5.2 (CI95%:2.5–5.8) ng/ml with each
1mg/dl of glucose. In a second model adjusted by age
and sex with adiponectin as a dependent variable, the
BMI remained in the model (F5 3.77; Po0.05), with an
decrease of �3.77 (CI95%:0.53–7.1) ng/ml with each
1 point of BMI. In the third multivariate analysis
adjusted by age, sex, and fat mass with IL-6 as a
dependent variable, the glucose level remained in the
model (F5 10.1; Po0.01), with an increase of 0.09
(CI95%:0.06-0.12) pg/ml with each 1mg/dl of glucose.
In the fourth multivariate analysis adjusted by age, sex,
and fat mass with resistin as a dependent variable, the
CRP remained in the model (F5 2.51; Po0.05), with an
increase of 0.28 (CI95%:0.08–0.48) pg/ml with each
1mg/dl of CRP (Table 5).

DISCUSSION

The major finding of this study was that serum profile
of adipokines is related with different cardiovascular
risk factors and anthropometrical variables in obese
patients with diabetes type 2. These associations have
different implications with each adipokine and each
parameter as shown in the further multivariate analysis.
In the literature, the most important variable that

determines leptin concentration is body fat mass (14),
with a sex interaction (15). Our study shows higher
values of leptin levels in women, and a relationship with
fat mass in both sexes. However, in multivariate
analysis, leptin levels are associated with fasting glucose

and IL 6 levels. As detected in our study, this relation-
ship of leptin with inflammatory markers has been
described in patients with diabetes mellitus type 2 (16).
The inverse association of leptin and adiponectin levels
detected in our univariate analysis has been described
previously (17) too. Choppen et al. (17) have described
an inverse association between leptin and adiponectin.
Perhaps this association could be secondary to the
inverse relation of these adipokines with fat mass; direct
relation of leptin; and inverse relation of adiponectin.
Adiponectin decreases lipid synthesis and glucose

production in the liver and causes decreases in glucose
and free fatty acid levels in the blood. In offspring of
diabetes mellitus type 2 patients (18), adiponectin was
associated with low rates of lipid oxidation. Other
authors (19) have described a positive significant
correlation of adiponectin levels with HDL-cholesterol
and a negative with triglycerides concentrations. The
inverse correlation detected between body mass index
and adiponectin levels has also been described by other
authors (10). Perhaps the difference of these previous
results with ours is due to different populations studied,
for example; mean BMI or naı̈ve diabetes mellitus in our
study and healthy subjects in the other.
Resistin is known to stimulate the expression of other

proinflammatory cytokines and several studies have
found circulating levels to correlate with markers of
inflammation (20). In this study, as in some previous
studies (20–23), levels of resistin and CRP were
correlated. Cell-culture experiments on isolated
monocytes demonstrated that resistin regulates proin-
flammatory cytokine secretion through the nuclear
factor-k b pathway (24), a master controller of the
proinflammatory process.
IL-6 has been implicated in the regulation of energy

balance and is considered a potent proinflammatory
mediator. Adipose tissue has been estimated that it
contributes about 30% of circulating IL-6 and is related
with cardiovascular risk factors (25). The association of
IL-6 and leptin levels detected in our univariant analysis
has been described (10). However, this association
disappeared in multivariant model adjusted by age,
sex, and fat mass, showing these variables as confound-
ing factors in this spurious association. Only glucose
levels remained in the multivariate analysis. The
relationship between IL-6 levels and glucose metabolism
has been described previously (26). The data of this
study are consistent with these findings, namely that
IL-6 are related with glucose metabolism.
There were some limitations in this study; first, the

cross-sectional design of the study precludes comment
on causality in the relationships. Second, the sample size
was small, limiting its statistical power for detecting
associations. Nevertheless, this study represents a

TABLE 5. General Correlation Analysis in Men and Females

Parameters Leptin Adiponectin IL6 Resistin

Men

BMI r5 0.40 ns r5 0.57 ns

Weight (kg) ns r5�0.367 r5 0.41 ns

Fat mass (kg) r5 0.59 ns ns ns

Interleukin 6 (pg/ml) r5 0.53 ns ns ns

Glucose (mg/dl) ns r5�0.41 r5 0.40 ns

HOMA ns ns r5 0.45 ns

SBP (mmHg) ns ns r5 0.55 ns

CRP (mg/dl) ns ns ns r5 0.59

Females

BMI r5 0.38 ns r5 0.65 ns

Weight (kg) r5 0.43 ns ns ns

Fat mass (kg) r5 0.63 ns ns ns

CRP (mg/dl) r5 0.3 ns ns r5 0.6

SBP (mmHg) r5 0.39 ns r5 0.76 ns

Interleukin 6 (pg/ml) r5 0.67 ns ns ns

Leptin (ng/ml) ns r5�0.58 r5 0.67 ns

Interleukin 6 (pg/ml) ns ns ns r5�0.58

BMI, body mass index; HOMA, Homeostasis model assessment; SBP,

systolic blood pressure; ns, no significative. P value of r coefficient is

below 0.05 (significative).
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simultaneous investigation of relationships between
serum adipokine profile and cardiovascular risk factors
in naı̈ve diabetic patients. To the best of the authors’
knowledge, this is the first study in which serum profile
of adipokines have investigated in naı̈ve diabetic
patients without taking drug. Park et al. (27) investi-
gated the relationship between CRP levels and
adipokines in diabetic patients but some of these
patients were taking sulfonylureas.
In conclusion, the serum profile of adipokines is

related with different cardiovascular risk factors and
anthropometric variables in obese patients with diabetes
mellitus. Further studies are needed to analyze this
unclear topic area with clinical and therapeutical
implications.
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españoles ed. Granada: University of Granada.

14. Speakman JR, Stubbs RJ, Mercer JG. Does body mass play a role

in the regulation of food intake? Proc Nutr Soc 2002;61:473–487.

15. Frayn KN, Karpe F, Fielding BA, Macdonald IA, Coppack SW.

Integrative physiology of human adipose tissue. Int J Obes Relat

Metab Disord 2003;27:875–888.

16. Abdella NA, Mojiminiyi OA, Moussa MA, Zaki M, Al

Mohammedi H. Plasma leptin concentration in patients with type

2 diabetes: Relationship to cardiovascular disease risk factors and

insulin resistance. Diabet Med 2005:22:278–285.

17. Schoppen S, Riestra P, Garcı́a-Anguita A, et al. Leptin and

adiponectin levels in pubertal children: Relationship with anthro-

pometric variables and body composition. Clin Chem Lab Med.

2010;48:707–711.

18. Salmennienmi U, Zacharova J, Ruotsalainen E, Vauhkonen I,

Pihlajamaki J, Kainulainen S. Association of adiponectin level and

variants in the adiponectin gene with glucose metabolism, energy

espenditure and cytokines in offspring of type 2 diabetic patients.

J Clin Endocrinol Metab 2005;90:4216–4223.

19. Mantzmoros CS, Manson JE, Meigs J, Hu FB. Circulating

adiponectin levels are associated with better glycemic control,

more favourable lipid profile and rediced inflammation in women

with type 2 diabetes. J Clin Endocrinol Metab 2005;90:4542–4548.

20. Ohmori R, Momiyama Y, Kato R, et al. Associations between

serum resistin levels and insulin resistance, inflammation, and

coronary artery disease. J Am Coll Cardiol 2005;46:379–380.

21. Reilly MP, Lehrke M, Wolfe ML, Rohatgi A, Lazar MA,

Rader DJ. Resistin is an inflammatory marker of atherosclerosis

in humans. Circulation. 2005;111:932–939.

22. Kunnari A, Ukkola O, Paivansalo M, Kesaniemi YA. High

plasma resistin level is associated with enhanced highly sensitive

C-reactive protein and leukocytes. J Clin Endocrinol Metab

2006;91:2755–2760.

23. Axelsson J, Bergsten A, Qureshi AR, et al. Elevated resistin levels

in chronic kidney disease are associated with decreased glomerular

filtration rate and inflammation, but not with insulin resistance.

Kidney Int 2006;69:596–604.

24. BokarewaM, Nagaev I, Dahlberg L, Smith U, Tarkowski A. 2005.

Resistin, an adipokine with potent proinflammatory properties.

J Immunol 174:5789–5795.

25. Fain JN, Madan AK, Hiler ML, Cheema P, Bahouth SW.

Comparison of the release of adipokines by adipose tissue, adipose

tissue matrix, and adipocytes from visceral and subcutaneous

abdominal adipose tissues of obese humans. Endocrinology

2004;145:2273–2282.

26. Koh SJ, Jang Y, Hyun YJ, et al. Interleukin-6 (IL-6) -572C--4G

promoter polymorphism is associated with type 2 diabetes risk in

Koreans. Clin Endocrinol (Oxf) 2009;70:238–244.

27. Park JS, Cho MH, Nam JS, et al. Visceral adiposity and leptin are

independently associated with C-reactive protein in Korean type 2

diabetic patients. Acta Diabetol 2010;47:113–118.

413Adipokines and Diabetes Mellitus Type 2

J. Clin. Lab. Anal.


