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Objective: Ghrelin (GHRL) is known to be engaged in metabolic and cardiovascular processes. There is evidence suggesting its 
involvement in the regulation of blood pressure and hypertension. The purpose of this preliminary case–control study was to determine 
the involvement of the Leu72Met (rs696217) polymorphism in the GHRL gene in type 2 diabetes (T2DM).
Methods: The Leu72Met polymorphism was genotyped in 820 individuals with T2DM and 400 healthy subjects by the PCR-RFLP 
technique. The polymorphism distribution was first compared in those withT2DM and controls, then in subgroups of participants 
representing different clinical phenotypes.
Results: No significant association was identified between Leu72Met and T2DM. The distribution of polymorphism was 
analyzed in subgroups of individuals with different clinical phenotypes (hypertension, diabetic nephropathy, obesity). In this 
analysis, rs696217 was associated with hypertension. The presence of T allele was associated with higher risk of hypertension 
(OR = 2.50, 95% CI 1.68–3.73, p < 0.001). When adjusted for age, gender and BMI, the association was still significant (OR = 
2.62, 95% CI 1.83–3.96, p < 0.001). A post hoc power calculations based on a minor allele frequency revealed the power of 97% 
for comparison between HY+ and HY- subgroups.
Conclusion: This is the first study demonstrating that the ghrelin Leu72Met SNP is associated with hypertension in Caucasians with 
T2DM. If confirmed in larger studies in different populations, it may be a novel potential risk factor for hypertension in individuals 
withT2DM.
Keywords: ghrelin gene, type 2 diabetes, hypertension, Leu72Met polymorphism, risk allele

Introduction
Type 2 diabetes mellitus (T2DM) is a highly prevalent heterogeneous disorder of glucose metabolism, characterized by 
persistent hyperglycaemia. It accounts for almost 90% of all diabetes cases, causing the burden on affected people and 
the health care system.1 The disease is a multifactorial condition characterized by increased morbidity and mortality due 
to the development of macro- and microvascular complications.2 Multiple genetic variants and environmental factors, 
synergistically interacting with each other, play a role in the pathogenesis of type 2 diabetes and its complications.3 

Investigating genetic risk factors for T2DM may improve our understanding of this disease and lead to a better diagnosis 
and treatment. One of the promising genes found to be associated with T2DM development is the gene encoding ghrelin 
peptide (GHRL) discovered by Kojima.4 This gastrointestinal peptide hormone is primarily synthesized in the stomach 
but also expressed in other tissues such as heart, kidney, and adipose tissue.5 Ghrelin is involved in accumulation of fat, 
gut motility and energy balance.6 It is also engaged in the blood glucose and insulin regulation. Ghrelin levels in plasma 
are associated with T2DM7–9 and metabolic syndrome (MetS).10 Two forms of ghrelin, acylated (AG) and deacylated 
(DAG), have different effects in patients with T2DM. AG levels are associated with elevated blood glucose levels and 
DAG levels show a strong negative association with excess body fat mass and insulin resistance.11
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The GHRL gene is positioned on a short arm of chromosome 3 (3p25-26). It contains four exons encoding 
preproghrelin with 117 amino acids. Mature ghrelin peptide has 28 amino acids.12 Multiple polymorphisms in the 
ghrelin gene are located in the promoter and coding regions of the gene and some are associated with metabolic 
diseases.9 The polymorphism strongly associated with T2DM is the G to T change in the second exon of the gene 
(rs696217), replacing leucine at 72 amino acid with methionine (Leu72Met).13 Previously, this polymorphism was 
reported as associated with insulin metabolism, obesity, and metabolic syndrome.14–16 These conditions are closely 
linked to T2DM; thus, this led to investigations of GHRL Leu72Met variant in type 2 diabetes. The results of so far 
published studies from different populations are conflicting, with most of them reporting an association of Leu72Met 
with reduced risk of T2DM.13

This retrospective case–control study is aimed to assess the distribution of the Leu72Met variant in T2DM patients 
and healthy controls in order to analyze its role in type 2 diabetes.

Materials and Methods
Study Subjects
All individuals for this retrospective study were recruited from University Hospital and Polyclinic, Medical University of 
Lublin, between 2010 and 2019. Our study included a total of 820 unrelated adult participants with type 2 diabetes 
duration >10 years (mean age 65.2 ± 14.4 years). There were 446 (54%) men and 374 (46%) women in this cohort. All 
participants were Caucasians. Before enrolment in the study, a written informed consent was obtained from all 
participants, in accordance with standards of the Declaration of Helsinki (version 2013). Approval of the exact protocol 
of the study was obtained from the Ethics Committee of Medical University of Lublin (KE-0254/49).

Type 2 diabetes was diagnosed conforming to the guidelines of American Diabetes Association.1 The standard 
inclusion criteria were confirmed diagnosis of type 2 diabetes and age ≥30 years. A complete physical examination was 
performed on all patients, including fasting plasma glucose, glycated hemoglobin (HbA1c), full lipid profile, albumin-to- 
creatinine ratio (ACR), albumin excretion rate (AER) and body mass index (BMI). In addition to the classic symptoms of 
hyperglycemia (polyuria, polydipsia, loss of weight), the fasting plasma glucose level was >7 mmol/l or random level 
>11 mmol/l, and HbA1c level ≥6.5%. In this cross-sectional study, participants were not matched in terms of demo-
graphic or medical characteristics. Those excluded from the study were patients with T1DM, with other significant 
chronic diseases, eg, other endocrine disorders, haematological disorders, immunodeficiencies, pulmonary or rheumato-
logical diseases, or malignancies were excluded from the study.

Cardiovascular disease was diagnosed in 603 individuals (73.5%). One or the combination of pathological phenotypes 
were diagnosed as cardiovascular disease: congestive heart failure, left ventricular hypertrophy, angina pectoris, ischemic 
heart disease, myocardial infarction, ischemic cerebral stroke. Its clinical manifestations were affirmed by relevant 
biochemical, radiographic, echocardiographic and vascular diagnostic criteria. In total, 582 participants (71%) were 
diagnosed with hypertension by the World Health Organization criteria, with average systolic blood pressure and 
diastolic blood pressure >140 mmHg and >90 mm Hg, respectively (the readings done on 2 different days).

Individuals in the control group (n = 400, mean age 57.5 ± 8.1 years), described earlier,17 were unrelated 
normoglycemic volunteers (blood donors and hospital staff members) who earlier underwent health examination. At 
the time of enrolment, they had no history of diabetes, cardiovascular disease or renal disorders. Those reporting the 
family history of these conditions in first-degree relatives were excluded. Individuals who did not sign an informed 
consent were also excluded. The control group was used for comparing Leu72Met genotype frequencies to values in 
subjects withT2DM.

Genotyping
Genomic DNA extraction from peripheral blood leukocytes was carried out by the standard procedure.18 Genotyping was 
carried out in order to determine the Leu72Met (rs696217) polymorphism genotypes in all patients and controls. The 
specific primer pair: forward 5’-TCTCTGGGGCTTCAGTCTTCT-3’ and reverse 5’-CACTGCCACCTCTCCTGC-3’ 
was used in the polymerase chain reaction-restricted fragment length polymorphism (PCR-RFLP) procedure to amplify 
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373 bp DNA fragment. Genomic DNA samples (200 ng) were amplified in 30 μL reactions. The initial denaturation step 
(95°C for 5 min) was followed by 30 cycles of denaturation (95°C), annealing (60°C) and extension (72°C) for 1 min 
each. The final extension (72°C) lasted 7 min. Ten µL of the PCR product were digested for 12 h at 37°C with 5 U of Bse 
NI (Bsr I) restriction enzyme (Thermo Fisher Scientific). Undigested reaction product and resulting digestion products 
were analyzed by electrophoresis in agarose gel (2.5%), stained with ethidium bromide. The length of products was 373 
bp (no restriction site) for G allele and 271 + 101 bp for T allele. The blind DNA duplicates (96 samples) were used to 
control the correctness of genotyping. The rate of concordance was 100%. Additionally, automated sequencing was 
performed for 20 random samples for each genotype in the CEQ 8000 Genetic Analysis System (Beckman Coulter).

Statistical Analysis
Statistical calculations for study results were performed using Microsoft Excel and SPSS 18.0 package for Windows (SPSS, 
Inc., Chicago, IL, USA). For comparison of baseline characteristics between T2DM patients and controls, the continuous 
variables are reported as means ± SD. Categorical and qualitative variables are presented as numbers and percentages. The 
Hardy–Weinberg equilibrium (HWE) was tested separately in patients and controls, using the chi-square test. Distribution 
of genotypes and alleles was compared between groups and subgroups by means of chi-square test with 2×2 contingency 
and z statistics. For comparison of categorical and continuous variables between groups, we used Pearson’s Χ2 test of 
independence and t test for normally distributed variables and Mann–Whitney test for asymmetrically distributed. The odds 
ratios (OR) with 95% confidence intervals (CI) were calculated for the strength of observed associations. For association of 
genotypes with type 2 diabetes, we considered four genetic models: an additive, a co-dominant (TT or GT vs GG), 
a dominant (heterozygote with the minor allele homozygote: TT plus GT vs GG) and recessive model (the minor allele 
homozygote: TT vs GT plus GG). An interaction of alleles and genotypes of SNP with T2DM and clinical phenotype was 
evaluated with multivariate logistic regression analysis (ORs adjusted based on age, gender and BMI). For all tests, two- 
tailed type I error rate of 0.05 was considered statistically significant.

Results
Participants Characteristics
The genotypes of the rs696217 SNP in the GHRL gene were determined in 820 participants with T2DM and 400 healthy 
volunteers. The genotyping success rate reached 100%. The comparison of demographic, clinical and laboratory features 
of participants from both groups is presented in Table 1. The gender distribution was comparable between those with 
T2DM and controls (55% and 51.3% of the men, respectively, p = 0.211). People withT2DM were older and, as 
expected, showed significantly higher values in presented variables (BMI, systolic and diastolic blood pressure, total 
cholesterol and triglycerides) than control individuals (p < 0.001).

Leu72Met Distribution in T2DM Patients Compared to Control Subjects
The results of genotyping are shown in Table 2. The observed genotype frequencies in our study were in agreement with 
values reported in other European studies.16,19 The genotype frequencies of rs696217 SNP were as predicted by Hardy– 
Weinberg equilibrium, in both T2DM patients and control group (p = 0.288 and p = 0.106, respectively). No statistically 
significant differences in genotype and allele distribution were detected between those withT2DM and healthy controls. 
There were also no significant differences observed between men and women (data not shown). Table 3 presents the 
distribution of the polymorphism in both groups according to the model of inheritance. When adjusted for age, gender 
and BMI, no significant association was observed in any of the models. The multiple logistic regression analysis was 
applied for assessment of the Leu72Met association with hypertension and possible interaction with other variables 
(Table 4). The Leu72Met polymorphism remained a significant risk predictor of hypertension in T2DM patients.

Leu72Met Distribution in T2DM Patients with Different Clinical Phenotypes
We also analyzed the rs696217 polymorphism distribution in subgroups of participants with T2DM, with different 
clinical phenotypes (hypertension, diabetic nephropathy, obesity) (Table 5). In this analysis rs696217 was associated only 
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Table 1 Demographic and Clinical Profile of Participants with T2DM and 
Healthy Controls

Variable T2DM Controls p value

N 820 400

Gender (M/W) 451/369 205/195 0.211

Age (years) 65.2 ± 14.4 57.5 ± 8.1 <0.001
Age at DM diagnosis (years) 44.2 ± 7.3 NA -

T2DM duration (years) 14.1 ± 7.6 NA -

Cardiovascular disease (%) 603 (73.5) 0 -
Hypertension (%) 582 (71) 0 -

BMI (kg/m2) 29.3 ± 5.6 27.1 ± 4.2 <0.001
SBP (mmHg) 145 ± 16.3 123 ± 11.3 <0.001

DBP (mmHg) 84 ± 11.6 75 ± 9.7 <0.001

TC (mmol/l) 4.9 ± 2.3 4.0 ± 0.78 <0.001
HDL cholesterol (mmol/l) 1.2 ± 0.4 ND -

TG (mmol/l) 2.2 ± 1.19 1.2 ± 0.63 <0.001

HbA1c % (mmol/mol)a 8.7 ± 2.1 (72 ± 6) ND -

Notes: Values are presented as means ± SD for continuous characteristics and numbers (%) for 
discrete characteristics. Values compared between groups by Mann–Whitney and Pearson’s Χ2 tests. 
aThe data were missing for 21 persons (2.5%) and they were replaced with a mean for T2DM group. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
TC, total cholesterol; TG, triglycerides.

Table 2 Genotype and Allele Distribution of Leu72Met Polymorphism in the GHRL Gene in Participants 
withT2DM and Healthy Individuals

Genotypes MAF HWE OR (95% CI)

N GG GT TT T Allele TT Genotypea

T2DM 820 632 (77) 172 (21) 16 (2) 0.12 0.288 1.14 (0.88–1.49) 1.01 (0.42–2.39)

p = 0.304 p = 0.977
Controls 400 320 (80) 72 (18) 8 (2) 0.11 0.106 Ref. Ref.

Notes: Genotype distribution is shown as numbers (%). Hardy–Weinberg equilibrium: χ2 = 2.604, p = 0.106 for control group; χ2 = 1.127, p = 0.288 
for participants with T2DM. aCalculated versus GG genotype. 
Abbreviations: T2DM, type 2 diabetes mellitus; GHRL, ghrelin; MAF, minor allele frequency.

Table 3 Distribution of the GHRL Gene Leu72Met Polymorphism According to the Model of Inheritance

GHRL Leu72Met Genotypes T2DM (n = 820) Controls (n = 400) OR (95% CI) p value

Codominant model

GG 632 320 Ref. –

GT 172 72 1.20 (0.89–1.64)a 0.223
TT 16 8 1.01 (0.42–2.39)a 0.977

Dominant model
GG 632 320 Ref. –

GT + TT 188 80 1.18 (0.88–1.59)a 0.246

Recessive model
GG + GT 804 392 Ref. –

TT 16 8 0.97 (0.41–2.29)b 0.954

Notes: Genotype distribution is presented as numbers. Odds ratios are referred to aGG homozygote and bGG+GT genotypes. 
Abbreviations: GHRL, ghrelin gene. T2DM, type 2 diabetes mellitus.
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with hypertension. The carriership of the T allele was associated with higher risk of hypertension (OR = 2.50,95% CI 
1.68–3.73, p < 0.001). When adjusted for age, gender and BMI, the association was still significant (OR = 2.62, 95% CI 
1.83–3.96, p < 0.001).

Discussion
Recently, the studies on genetic variants involved in human diseases become one of the most important areas in the 
pathogenesis of T2DM.20 The association between ghrelin gene polymorphisms and T2DM has been previously 
investigated in several studies covering different populations. A common Leu72Met polymorphism was reported to be 
associated with obesity, insulin metabolism and metabolic syndrome, the conditions linked to T2DM, hence the attempts 
to investigate its relationship with T2DM.21

Our preliminary study was designed to explore the involvement of the GHRL Leu72Met polymorphism in participants 
with type 2 diabetes mellitus. Two groups of individuals were studied, 820 individuals with T2DM and 400 healthy 
individuals as controls. Although the study population in this analysis was fairly large, we did not observe any association of 
Leu72Met SNP with type 2 diabetes. Previously, many studies on the association between Leu72Met polymorphism in the 
GHRL gene and T2DM have been reported, often with contradictory conclusions. Some studies observed the protective 
effect15,22–24 while in others Leu72Met increased the risk of T2DM.25 In the contrary, several studies documented, what is 
in agreement with our study, that Leu72Met variant is not associated with type 2 diabetes.26–30 In a Chinese study of 877 
participants with T2DM and 864 controls, this polymorphism was not associated with diabetes but was involved in the 
etiology of insulin resistance.31 These controversies can, at least in part, be explained by differences in ethnicity, 
environmental factors or the design of experiments (selection and numbers of study subjects).

Table 4 The Results of Multivariate Logistic Regression 
Analysis

Variable Odds Ratio 95% CI p value

Age at study 1.21 0.69–1.33 0.067

Gender 1.16 0.62–1.81 0.042

T2DM duration 1.27 0.54–2.06 0.216
Age at T2DM onset 1.09 0.46–2.11 0.532

BMI 1.14 0.73–1.29 0.608

T allele* 2.36 1.61–3.53 <0.001

Notes: *GHRL rs696217 polymorphism. An unconditional model of multiple 
logistic regression analysis was carried out for interaction between GHRL 
gene polymorphism and other variables. 
Abbreviation: T2DM, type 2 diabetes mellitus.

Table 5 Genotype and Allele Distribution of Leu72Met Polymorphism in the GHRL Gene in Participants with T2DM with Different 
Clinical Phenotypes

Genotypes OR (95% CI)

N GG GT TT MAF T allele TT Genotypea

T2DM HY+ 582 423 (72) 145 (25) 14 (3) 0.15 2.50 (1.68–3.73) p < 0.001b 3.45 (0.77–15.35) p = 0.102

T2DM HY- 238 209 (88) 27 (11) 2 (1) 0.06 Ref. Ref.

T2DM DN+ 392 294 (74) 90 (23) 8 (3) 0.14 1.20 (0.90–1.62) p = 0.204 1.14 (0.42–3.10) p = 0.783
T2DM DN- 428 338 (79) 82 (19) 8 (2) 0.11 Ref. Ref.

T2DM OW/OB 493 372 (75) 112 (23) 9 (2) 0.13 1.19 (0.87–1.61) p = 0.261 0.90 (0.33–2.44) p = 0.834

T2DM Non-OB 327 260 (80) 60 (18) 7 (2) 0.11 Ref. Ref.

Notes: Genotype distribution is shown as numbers (%). aCalculated versus GG genotype. bAfter adjusting for age, gender and BMI, OR = 2.62, 95% CI 1.83–3.96 (p < 0.001). 
Abbreviations: T2DM, type 2 diabetes mellitus; GHRL, ghrelin; HY, hypertension; DN, diabetic nephropathy; OW/OB, overweight/obese (BMI 27–36 kg/m2); Non-OB, 
non-obese (BMI <27 kg/m2); MAF, minor allele frequency.
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Through its expression in the heart and blood vessels, ghrelin is known to have a cardiovascular function and to be 
involved in the development of atherosclerosis. Intravenous injection of ghrelin in healthy individuals shows advanta-
geous hemodynamic effects by lowering mean arterial pressure and increasing cardiac output. Low plasma ghrelin 
concentration would therefore have a detrimental hemodynamic effect.6,32 In a Finnish group of hypertensive people, low 
levels of plasma ghrelin were associated with hypertension.33

In the present study, we analysed the Leu72Met polymorphism distribution in subgroups of participants with T2DM 
with different clinical phenotypes. The results of this analysis unexpectedly indicated that the Leu72Met variant was 
associated with hypertension in those with T2DM. Carrying the T allele (72Met) was associated with higher risk of 
hypertension (OR = 2.50,95% CI 1.68–3.73, p < 0.001). Previously, another polymorphism in the GHRL gene, 
Arg51Gln, was found to be associated with hypertension. In the study of 1143 people with hypertension, the authors 
observed that carriers of the minor allele (Gln51) had a twofold greater risk of hypertension than noncarriers.34 In 
a Finnish study involving a cohort of 600 patients with hypertension, the Gln51 allele was more frequent in hypertensive 
subjects than in control ones (OR 2.63, 95% CI 1.37–5.08, p = 0.003).7 On the contrary, the Leu72Met SNP was not 
associated with hypertension or blood pressure.34 According to Ukkola et al, the obese female 72Met variant carriers had 
a lower prevalence of hypertension than the patients without it.35 In another Finnish study, Leu72Met polymorphism was 
associated with blood pressure levels, but not with hypertension, in a population of overweight individuals with impaired 
glucose tolerance.36 The discrepancy between our finding and those from other studies might reflect the genetic 
heterogeneity and be due in part to the sample size and/or phenotype of subjects. Our study involved 820 participants 
with type 2 diabetes lasting >10 years (without patients with impaired glucose tolerance in this cohort). In the Berthold 
et al study, among 2632 Caucasian participants, only 473 (18%) had type 2 diabetes.34 In a Finnish study out of 3004 
subjects from 3 cohorts, 25% had type 2 diabetes (self-reported).35 The Mager et al study involved 522 overweight 
individuals with IGT.36 It is also possible that the effect of Leu72Met variant on the risk of hypertension in individuals 
with T2DM can depend on a set of particular environmental factors and specific conditions. It is also feasible that linkage 
disequilibrium with some other genes in the 3p26-p25 region might explain the observed Leu72Met association with 
hypertension.

It was demonstrated in earlier studies that in adults, the Met72Met genotype was associated with high ghrelin 
levels.33,35 The low level of ghrelin was independently associated with markedly increased BP level, insulin resistance 
and prevalence of T2DM. Also, the ghrelin levels in individuals with type 2 diabetes were lower than in those without 
diabetes.33 Joatar et al reported that they did not observe any statistically significant differences in plasma ghrelin levels 
between the carriers and noncarriers of the minor allele of GHRL Leu72Met polymorphism.30 Unfortunately, we did not 
quantify ghrelin levels in our study what significantly hinders the interpretation of observed association. Thus, the results 
from this study should be interpreted guardedly. The functional significance of Leu72Met polymorphism is not 
completely understood. According to some authors, this variant might affect the stability of mRNA or impede splicing 
of the preprohormone, thus affecting ghrelin secretion or activity.37 The exact biological mechanism underlying the 
association of ghrelin gene Leu72Met polymorphism and hypertension remains yet to be elucidated.

Conclusion
Our finding from this preliminary study suggests for the first time that the ghrelin Leu72Met polymorphism might be 
associated with increased risk of hypertension in Caucasians with type 2 diabetes mellitus. If these results are confirmed 
in larger studies and/or in different populations, it may be a novel potential risk factor for hypertension in people with 
T2DM.
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