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Background/Aim: Several adiponectin gene (ADIPOQ) single nucleotide polymorphisms

(SNPS) have been related with adiponectin levels and risk for obesity. Our aim was to ana-

lyze the effects of rs1501299 ADIPOQ gene polymorphism on total adiponectin levels, insulin

resistance and weight loss after a Mediterranean hypocaloric diet in obese subjects.

Methods: A Caucasian population of 82 obese patients was analyzed, before and after

3 months on a Mediterranean hypocaloric diet. Before and after 3 months on a hypocaloric

diet, an anthropometric evaluation, an assessment of nutritional intake and a biochemical

analysis were performed.

Results: After dietary treatment and in wild type group, weight, BMI, fat mass, leptin levels,

systolic blood pressure and waist circumference decreases were similar to the mutant type

group. In wild type group, the decrease in total cholesterol was �28.1 ± 15.3 mg/dl (mutant

group: �12.6 ± 16.7 mg/dl:p = 0.009), LDL- cholesterol was �31.8 ± 20.5 mg/dl (�12.2

± 11.5 mg/dl:p = 0.006), fasting glucose plasma �4.8 ± 2.5 mg/dL (�0.5 ± 0.1 mg/dL:p = 0.02),

insulin �3.6 ± 1.5 mUI/L (+0.6 ± 1.1 mUI/L:p = 0.02) and HOMA-IR �1.2 ± 0.9 (�0.1 ± 1.1:

p = 0.03).

Conclusion: The present study suggests that T allele of ADIPO (rs1501299) could be a predic-

tor of a lack of response of HOMA-IR, insulin, fasting glucose and LDL cholesterol secondary

to a Mediterranean hypocaloric diet in obese subjects.
� 2017 Elsevier B.V. All rights reserved.
1. Introduction

Adiponectin expressed in adipose tissue is an insulin sensi-

tizer that regulates glucose tolerance in different tissues such
as the liver and muscle and modulate energy homeostasis,

too [1]. The evidence from human studies supports a main

role for this adipokine in pathophysiology of metabolic syn-

drome and most of its components [2]. Concentrations of adi-
sity, C/Los

http://crossmark.crossref.org/dialog/?doi=10.1016/j.diabres.2017.11.007&domain=pdf
https://doi.org/10.1016/j.diabres.2017.11.007
mailto:dluisro@saludcastillayleon.es
https://doi.org/10.1016/j.diabres.2017.11.007
https://doi.org/10.1016/j.diabres.2017.11.007
https://doi.org/10.1016/j.diabres.2017.11.007
http://www.sciencedirect.com/science/journal/01688227
http://www.elsevier.com/locate/diabres


d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 4 8 ( 2 0 1 9 ) 2 6 2 –2 6 7 263
ponectin are decreased in persons who are obese [3] and

some studies have reported a decrease risk for type 2 diabetes

mellitus with increasing levels of adiponectin [4].

Adiponectin levels have a very important genetic compo-

nent, with heritability estimated 50% [5]. Several adiponectin

gene (ADIPOQ) single nucleotide polymorphisms (SNPs) have

been shown to influence adiponectin levels. One of the most

commonly studied SNPs at the ADIPOQ locus are a G to T sub-

stitution in intron 2 (+276G > T, rs1501299). The G allele has

been associated either with increased or decreased concen-

trations of plasma adiponectin in Caucasians populations

[6,7]. Moreover, this allele has been positively [8] and nega-

tively (9) associated with obesity in some populations. The

relationship of this SNP with insulin resistance is contradic-

tory, too [10–12].

These previous inconsistencies may be due to unknown

interactions between the environmental influences and the

gene, such as dietary factors. In the literature, results from

interventional and observational studies have showed that

diets high in unsaturated fat [13] and low in carbohydrates

[14] might increase adiponectin levels. The effect of genetic

variant rs1501299 of adiponectin gene on changes secon-

daries to weight loss has been scare investigated. Previous

studies with this variant are cross sectional studies [15,16]

and only one study [17] was an interventional study with fish

oil without a hypocaloric diet as the main intervention.

Our aim was to analyze the effects of rs1501299 ADIPOQ

gene polymorphism on total adiponectin levels, insulin resis-

tance and weight loss after a Mediterranean hypocaloric diet

in obese subjects.

2. Materials and methods

2.1. Subjects and procedure

This study was conducted according to the guidelines laid

down in the Declaration of Helsinki and all procedures were

approved by the Hospital Clinico Universitario Valladolid

(HCUVA) ethics committee. A population of 82 Caucasians

subjects with obesity (body mass index � 30) was analyzed

in a non randomized interventional study. The recruitment

of subjects was a consecutive method of sampling among

patients send from Primary Care Physicians with obesity to

a Nutrition Clinic Unit (Valladolid, Spain) and all participants

provided informed consent to a protocol approved by the local

ethical review boards.

Inclusion criteria were body mass index � 30, absence of a

diet during the 6 months prior to the study and an adult age

ranged from 20 to 65 years. Exclusion criteria included history

of cardiovascular disease or stroke during the

previous 24 months, total cholesterol > 200 mg/dl, triglyc-

erides > 200 mg/dl, blood pressure > 140/90 mmHg, as well as

the use of metformin, sulfonylurea, dypeptidil type IV inhibi-

tors drugs, thiazolidinedions, insulin, glucocorticoids, anti-

neoplasic agents, angiotensin receptor blockers, angiotensin

converting enzyme inhibitors, psychoactive medications, sta-

tins and other antidyslipidemic drugs.
2.2. Procedure

Venous blood specimens (5 ml) were collected in EDTA-

treated and plain tubes after a minimun 8-h overnight fast.

Basal and after 3 months of intervention; fasting glucose, c-

reactive protein (CRP), insulin, insulin resistance as home-

ostasis model assessment (HOMA-IR), total cholesterol, LDL-

cholesterol, HDL-cholesterol, plasma triglycerides concentra-

tion and adipokines levels (leptin, adiponectin and resistin)

were measured. Weight, height, and blood pressure measures

were measured within the start of the trial and repeated

3 months of intervention. A bioimpedance was performed in

order to measure fat mass. These measures were performed

at same time of the day (morning). Genotype of ADIPOQ gene

(rs1501299) was studied.

2.3. Dietary intervention

The study duration was 12 months, from the inclusion to the

first patient until the end of the last patient. The lifestyle

modification program was a Mediterranean hypocaloric diet

(1502 calories per day) during three months, the distribution

of calories from macronutrient was; 52% of carbohydrates,

25% of lipids and 23% of proteins. Percentage of fats was:

50.8% of monounsaturated fats, 37.4% of saturated fats and

11.8% of polyunsaturated fats. All participants had two indi-

vidual sessions (60 minutes with diet sheets and example

menu plans) with the dietitian at the start of the trail to

explain the diet. A dietitian assessed the adherence of this

diet each 14 days with a phone call, in order to improve com-

pliment of the calorie restriction and macronutrient distribu-

tion. All enrolled subjects received instruction to record their

daily dietary intake for three days including a weekend day.

Records were reviewed by a dietitian and analysed with a

computer-based data evaluation system (Dietosource�, Ge,

Swi). National composition food tables were used as Ref. [18].

2.4. Assays

Plasma glucose levels were determined by using an auto-

mated glucose oxidase method (Glucose analyser 2, Beckman

Instruments, Fullerton, California). Insulin was measured by

RIA (RIA Diagnostic Corporation, Los Angeles, CA) with a sen-

sitivity of 0.5mUI/L (normal range 0.5–30 mUI/L) [19] and the

homeostasis model assessment for insulin resistance

(HOMA-IR) was calculated using these values [20]. CRP was

measured by immunoturbimetry (Roche Diagnostics GmbH,

Mannheim, Germany), with a normal range of (0–7 mg/dl)

and analytical sensivity 0.5 mg/dl. Serum total cholesterol

and triglyceride concentrations were determined by enzy-

matic colorimetric assay (Technicon Instruments, Ltd., New

York, N.Y., USA), while HDL cholesterol was determined enzy-

matically in the supernatant after precipitation of other

lipoproteins with dextran sulfate-magnesium. LDL choles-

terol was calculated using Friedewald formula.

Adiponectin was measured by ELISA (R&D systems, Inc.,

Mineapolis, USA) (DRP300) with a sensitivity of 0.246 ng/ml,

a normal range of 8.65–21.43 ng/ml and a CV% 3.8% [21].
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Resistin was measured by ELISA (Biovendor Laboratory, Inc.,

Brno, Czech Republic) (RD191016100) with a sensitivity of

0.2 ng/ml, a normal range of 4–12 ng/ml [22] and a CV%

3.2%. Leptin was measured by ELISA (Diagnostic Systems Lab-

oratories, Inc., Texas, USA) (DSL1023100) with a sensitivity of

0.05 ng/ml, a normal range of 10–100 ng/ml and a CV% 3.5%

[23].

2.5. Anthropometric measurements and blood pressure

Body weight and height were measured in the morning while

the subjects were unclothed. They were measured to an accu-

racy of 0.1 Kg with a calibrated weight (Omrom, LA, CA) and a

stadiometer 0.1 mm (Omrom, LA, CA), respectively. Body

mass index (BMI) was calculated as body weight (in kg)

divided by height (in m2). 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. A bioimpedance was used

to determine body composition with an accuracy of 50 g

[24]. The same investigator evaluated all patients. Blood pres-

sure was measured twice after a 10 minutes rest with a ran-

dom zero mercury sphygmomanometer, and averaged

(Omrom, LA, CA).

2.6. Genotyping of ADIPOQ gene polymorphism

Genomic DNA was extracted from 5 ml whole blood by using

commercial kit extraction (Biorad, LA, CA) according to the

manufacturer’s protocol. Primers were designed with the

Sequenom Assay Design v4 (SEQUENOM, Inc.San Diego,

California CA). Genotyping for the rs1015299 polymorphism

was performed by chain reaction real time analysis. This

polymerase chain reaction (PCR) was carried out with

20–25 ng of genomic DNA, 0.1–0.15 µl each of oligonucleotide

primer for rs1501299 (primer forward: 50- ACGTTGGATGAA-

AGCTTTGCTTTCTCCCTG-30 and reverse 50- ACGTTGGATGA-

AAGCTTTGCTTTCTCCCTG-30 in a 2-µl final volume (Termoci-

clador Lifetecnologies, LA, CA). DNA was denatured at 85 �C
for 5 min; this was followed by 45 cycles of denaturation at

95 �C for 15 s, and annealing at 58.1 �C for 45 s). The PCRswere

run in a 2-µl final volume containing 0.1 µl of iPLEx Termina-

tion mix (Bio-Rad�, San Diego, CA) with hot start Taq DNA

polymerase. Hardy Weinberg equilibrium was calculated with

a statistical test (Chi-square). The variant of ADIPOQ gene was

in Hardy Weinberg equilibrium (p = 0.49).

2.7. Statistical analysis

Sample size was calculated to detect differences over 2 kg in

body weight loss with 90% power and 5% significance

(n = 80). The Kolmogorov–Smirnov test was used to determine

variable distribution. The results were expressed as average

± standard deviation. Numerical variables with normal distri-

bution were analyzed with a two-tailed Student’s t-test. Non-

parametric variables were analyzed with the Mann-Whitney’s

U test. Categorical variables were analyzed with the chi-

square test, with Yates correction as necessary, and Fisher’s

test. The statistical analysis to evaluate the gene –diet inter-
action was an univariate ANCOVA. A Chi square test was used

to evaluate the Hardy–Weinberg equilibrium. The statistical

analysis was performed for the combined TT and GT as a

group and GG genotype as second group (wild type genotype),

with a dominant model. A p-value < 0.05 was considered sig-

nificant. SPSS version 19.0 has been used to realize statistical

analysis.

3. Results

Eighty two obese subjects were enrolled in the study. The

mean age was 47.1 ± 10.3 years (range: 24–65) and the mean

BMI 35.7 ± 4.3 kg/m2 (range:30.2–40.1). Sex distribution was

62 women (75.6%) and 20 men (24.4%). Forty two patients

(51.2%) had the genotype GG, 31 patients GT (37.8%) and 6

patients TT (11.0%). Age was similar in the three genotype

groups (GG; 47.2 ± 8.2 years vs GT; 46.9 ± 13.8 years vs TT;

46.6 ± 8.2 years: ns). Sex distribution was similar in all geno-

type groups (GG; 23.8% males vs 76.2% females vs GT; 25.8%

males vs 74.2% females vs TT; 33.3% males vs 76.7% females:

ns). All patients completed the 3-month follow-up period

without drop-outs.

After 3 months of intervention all patients achieved diet-

ary recommendations in both genotype groups without sta-

tistical differences between calorie intake (wild type: 1518.1

± 210.9 kcal/day vs mutant type: 1514.9 ± 488.1 kcal/day) or

macronutrient intakes (wild type: 50.6% from carbohydrates

vs 50.8% mutant type), (wild type: 25.1% from fats (50.0% of

monounsaturated fats, 38.2% of saturated fats and 12.8% of

polyunsaturated fats) vs 24.9% mutant type (50.2% of

monounsaturated fats, 39.0% of saturated fats and 11.8% of

polyunsaturated fats) and (wild type: 24.1% from proteins vs

24.3% mutant type). Fiber intake was similar in both geno-

types (15.8 ± 2.9 g/day vs 16.1 ± 3.9), too.

Anthropometric characteristics and blood pressure

according to the rs1015299 genotype are shown in Table 1.

Basal and post-treatment BMI, weight, fat mass, waist cir-

cumference, systolic pressures and diastolic pressures were

similar in genotype groups. After dietary treatment weight,

BMI, fat mass, systolic blood pressure and waist circumfer-

ence decreases in both genotypes without statistical differ-

ences between groups. In mutant type group, the deltas

between both times were; weight �3.0 ± 3.2 kg (decrease in

wild type group �2.6 ± 3.0 kg:p > 0.05), BMI �0.8 ± 0.3 kg

(decrease in wild type group �1.1 ± 0.4 kg:p > 0.05), fat mass

�1.4 ± 1.0 kg (decrease in wild type group �1.3 ± 1.1 kg:

p > 0.05) and waist circumference the decrease was �4.6

± 3.8 cm (decrease in wild type group �5.4 ± 3.6 cm:p > 0.05).

After dietary treatment and in wild type group, systolic blood

pressure decreases were similar to the mutant type group. In

mutant type group, the decrease in systolic blood pressure

were �9.0 ± 7.9 mmHg (decrease in wild type group �8.6

± 8.9 mmHg: p > 0.05). After dietary intervention, no differ-

ences were detected in other variables (waist to hip ratio

and diastolic blood pressure).

Table 2 shows the classic cardiovascular risk factors. No

differences were detected among basal and post-treatment

values of variables between both genotypes. In wild type

group, fasting plasma glucose, insulin, HOMA-IR, total choles-



Table 1 – Anthropometric variables and blood pressure.

Parameters GG Basal 3 months GT-TT Basal 3 months

BMI 35.8 ± 4.1 34.8 ± 5.2* 35.7 ± 4.1 34.9 ± 5.1*

Weight (kg) 93.6 ± 19.7 91.1 ± 18.7* 94.8 ± 15.3 91.8 ± 15.7*

Fat mass (kg) 41.4 ± 15.1 40.0 ± 13.2* 39.9 ± 9.8 38.5 ± 10.8*

WC (cm) 110.6 ± 15.7 105.2 ± 15.6* 111.1 ± 8.2 106.5 ± 9.1*

Waist to hip ratio 0.94 ± 0.7 0.93 ± 0.6 0.95 ± 0.7 0.94 ± 0.6
SBP (mmHg) 135.6 ± 15.8 126.5 ± 11.0* 133.9 ± 10.6 124.9 ± 9.6*

DBP (mmHg) 80.4 ± 5.3 83.1 ± 4.2 83.3 ± 5.1 84.3 ± 3.1

BMI: body mass index DBP, diastolic blood pressure; SBP, systolic blood pressure; WC, waist circumference; *P < 0.05, basal vs 3 months. No

statistical differences among genotypes.

Table 2 – Biochemical parameters (mean ± SD).

Parameters GG Basal 3 months GT-TT Basal 3 months

Glucose (mg/dl) 104.9 ± 9.1 100.1 ± 10.1* 95.6 ± 9.1 95.1 ± 8.1
Total cholesterol (mg/dl) 211.1 ± 42.8 183.3 ± 30.1* 220.8 ± 31.7 207.1 ± 29.7
LDL-cholesterol (mg/dl) 134.6 ± 32.1 102.8 ± 27.1* 138.8 ± 19.1 126.6 ± 31.7
HDL-cholesterol (mg/dl) 50.3 ± 10.5 52.9 ± 8.1 54.1 ± 9.1 56.1 ± 9.0
Triglycerides (mg/dl) 125.6 ± 61.1 128.8 ± 64.4 124.5 ± 51.6 127.5 ± 39.6
Insulin (mUI/l) 15.8 ± 9.3 12.2 ± 7.6* 11.6 ± 4.2 12.4 ± 4.1
HOMA-IR 4.3 ± 1.5 3.1 ± 1.1* 3.8 ± 1.4 3.7 ± 1.5

HOMA-IR (homeostasis model assessment); *P < 0.05, basal vs 3 months. No statistical differences among genotypes.
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terol and LDL cholesterol levels decreased significantly. In

mutant type group and after dietary treatment, all parameters

remain unchanged. In wild type group, the decrease in total

cholesterol was �28.1 ± 15.3 mg/dl (decrease in mutant type

group �12.6 ± 16.7 mg/dl:p = 0.009), LDL- cholesterol was

�31.8 ± 20.5 mg/dl (decrease in mutant type group �12.2

± 11.5 mg/dl:p = 0.006), fasting glucose plasma �4.8 ± 2.5 mg/

dL (decrease in mutant type group �0.5 ± 0.1 mg/dL:p = 0.02),

insulin �3.6 ± 1.5 mUI/L (decrease in mutant type group

+0.6 ± 1.1 mUI/L:p = 0.02) and HOMA-IR �1.2 ± 0.9 (decrease

in mutant type group �0.1 ± 1.1:p = 0.03).

Table 3 shows levels of adipokines and inflammatory sta-

tus. No differences were detected among basal and post-

treatment values of adipokines and inflammatory parameters

between both genotypes. Leptin levels decrease in both geno-

types after dietary treatment (�14.1 ± 9.2 ng/dL in wild type

group vs �22.1 ± 0.2 ng/dL in mutant type group:p > 0.05).

Other adipokines and inflammatory parameters remained

unchanged after dietary intervention in both groups.
Table 3 – Serum adipokine levels and C reactive protein (mean

Parameters GG Basal 3 m

Resistin (ng/dl) 4.7 ± 1.2 4.3
Adiponectin (ng/dl) 25.7 ± 11.4 23.6
Leptin (ng/dl) 83.5 ± 21.4 69.9
CRP (ng/dl) 6.9 ± 1.8 7.1

CRP: C reactive protein. *P < 0.05, basal vs 3 months. No statistical differe
4. Discussion

Our results confirmed the association between the

(rs1501299) of the ADIPOQ gene and metabolic response after

body weight loss in a short-term nutritional intervention

study. There are some cross-sectional studies evaluating the

above-mentioned association between this SNP on ADIPOQ

gene and insulin resistance or adipokines concentrations [6–

12], but there is a lack of information about the influence of

weight loss on this association in interventional designs.

Although it was not the objective of our work, in our data

we didn’t find differences between anthropometric and bio-

chemical variables as a function of genotype of obese

patients. This SNP rs1015299 has been studied in a lot of pop-

ulations including Americans, Asians and Europeans [1] and

there is a lack of consistency among studies. While in a

Mediterranean population T allele was associated with higher

insulin levels and HOMA-IR [9], in other studies have been

reported opposite results [11,25–27]. For example in a two Asi-

atic populations (Korean and Japanese), T allele was found to
± SD).

onths GT-TT Basal 3 months

± 1.1 3.7 ± 1.4 3.8 ± 2.4
± 9.4 28.7 ± 13.4 25.2 ± 10.4
± 19.4 82.1 ± 18.4 80.2 ± 13.1

± 1.9 5.0 ± 1.2 5.1 ± 1.7

nces among genotypes.
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be protective for insulin resistance [11,27]. Finally, the fre-

quency of rare T allele of rs1501299 was consistent with data

reported from HapMap project for European populations [28].

To the best of our knowledge, this is the first study that

analyzes the relationship of a Mediterranean hypocaloric diet

and the rs1501299 of the ADIPOQ gene on body weight loss

and subsequent changes of metabolic parameters. Previously,

in a non-interventional study on childhood obesity [16] the

rs1501299 and fiber intake was significantly associated with

adiponectin levels; GG homozygotes showed higher adipo-

nectin levels compared to T carriers under conditions of lower

fiber intake. Other investigators [29] have studied whether

adiponectin gene variants interact with dietary fat intakes

and insulin resistance. In this study [29] realized in Caucasian

men found no association for rs1501299 with HOMA-IR in

response to dietary fat consumption in healthy volunteers.

However, they showed that homozygous subjects of

rs16861194 had lower HOMA-IR following a diet rich in carbo-

hydrates and MUFA than a diet rich in saturated fatty acids. In

our study, the lack of a relation between rs1501299 variant

and diet affecting adiponectin levels could be due to the age

of subjects, the health status (presence of obesity without dia-

betes mellitus) and other unknown factors. In other study [15]

with a replacement of dietary saturated fatty acids (SFAs)

with monounsaturated fatty acids (MFAs) or carbohydrates

showed that subjects with rs10066 GG had a 3.8% increase

and A allele carriers a 2.6% decrease adiponectin concentra-

tions. The analysis of the effect of (rs1501299) x diet interac-

tion didn’t found statistical differences [15]. The authors

hypothesized that the switch from SFAs to MFAs could have

led in the increase expression of ADIPOQ gene and serum adi-

ponectin concentrations through the increased availability of

PPARgamma-activating MUFA ligands. Finally, the Modulation

of Atherosclerosis Risk by increasing Doses of n3 Fatty acids

study (MARINA) [17] is a double blind controlled trial with dif-

ferent doses of omega 3 fatty acids vs placebo for 12 months.

In this trial [17] rs1501299 variant did not show significant

effects on metabolic response after fish oil supplementation.

However, individuals homozygous for the +45 T-allele has a

22% increase in serum adiponectin concentration compared

with baseline after the highest dose of fish oil (2.8 g per day).

These contradictories results in various populations sug-

gest a complex relationship between ADIPOQ rs1501299 and

dietary intakes or weight loss after dietary modifications.

The exact molecular mechanism responsible for the interac-

tion between diet and this genetic variant remained

unknown. Perhaps this SNP could directly influence meta-

bolic response, it has been reported that intronic SNPs might

modulate gene expression levels [30]. Other authors have

found that the impact of ADIPOQ +276 variation on insulin

resistance is dependent on degree of obesity as indicated by

fat mass upper 40% [31] or BMI upper 26 kg/m2 [32]. Therefore,

weight loss induced in our study might be related with meta-

bolic variations depending on the genotype of the obese

patient. Previous studies [32] have shown an association of

this SNP and LDL cholesterol levels. Leu et al [33] reported a

protective effect of T allele of rs1501299 on blood pressure

and Gupta et al [34] showed a reverse effect of T allele in

hypertension. To date, there were no studies that assessed

the effect of this SNP in the lipid profile and blood pressure
modification after weight loss. The mechanisms by which

the presence of the T allele make disappear the beneficial

effects of weight loss on lipid profile and blood pressure

remain unexplained. The unclear relation of this SNP with

diabetes mellitus and insulin resistance could explain these

unknown results [35,36].

Our study has some limitations. First, many uncontrolled

non-genetic factors could influence the relationships of our

design (exercise, hormones, so on). Secondly, a relative small

sample size, which reduce the power to detect some

responses to weight loss. And finally, our population are an

obese adult sample without comorbidities, these factors

could modulate the response to dietary intervention.

In conclusion, the present study suggests that T allele of

ADIPO (rs1501299) could be a predictor of a lack of response

of HOMA-IR, insulin, fasting glucose and LDL cholesterol sec-

ondary to a Mediterranean hypocaloric diet in obese subjects.

Further studies are needed to analyze this unclear topic area

with clinical and therapeutic implications.
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