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Background: Although the exact mechanism of insulin resistance (IR) has not yet been established, IR is the hallmark characteristic 
of type 2 diabetes mellitus (T2DM). The aim of this study was to examine the relationship between plasma ghrelin levels and IR in 
Saudi subjects with T2DM. 
Methods: Patients with T2DM (n=107, cases) and non-diabetic apparently healthy subjects (n=101, controls) from Saudi Arabia 
were included in this study. The biochemical profiles and plasma insulin levels of all subjects were analyzed, and IR was estimated 
using the homeostatic model assessment of insulin resistance (HOMA-IR) index. Active ghrelin levels in plasma were measured us-
ing the radioimmunoassay technique. 
Results: Only 46.7% (50 of 107) of the T2DM subjects had IR, including 26% (28 of 107) with severe IR (HOMA-IR ≥5), while 
5.9% (six of 101) of the controls had moderate IR (3≤ HOMA-IR <5). HOMA-IR values were not associated with age, disease du-
ration, or gender. Importantly, T2DM itself and the co-occurrence of IR with T2DM were significantly associated with low plasma 
ghrelin levels. However, ghrelin levels were inversely correlated with the HOMA-IR index, body weight, and fasting plasma insulin 
levels, mainly in the control subjects, which was indicative of the breakdown of metabolic homeostasis in T2DM. 
Conclusion: The prevalence of IR was relatively low, and IR may be inversely associated with plasma ghrelin levels among Saudi 
patients with T2DM.
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INTRODUCTION

The pathogenesis of type 2 diabetes mellitus (T2DM) is known 

to involve abnormalities in insulin action (insulin resistance 
[IR]) and insulin secretion (β-cell dysfunction) [1], as well as 
the overproduction of glucose by the liver. In contrast to β-cell 
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dysfunction, IR is marked by elevated blood glucose in the pres-
ence of normal or elevated insulin levels. In T2DM, IR occurs 
earlier during the disease course, most likely in the pre-diabetes 
stage before the full-blown disease develops [2], whereas the 
failure of pancreatic β-cells develops later, with a consequent 
decline in insulin secretion [3]. An important manifestation of 
IR is metabolic syndrome, which is characterized by obesity 
and enhanced cardiovascular morbidity and mortality [4,5]. 

The exact mechanism of IR is not certain, but several hypoth-
eses have been proposed. Defects in insulin receptors, signal 
transduction, and the glucose transport effector system are likely 
to contribute to IR [6]. Further down the pathway, mitochondri-
al defects, largely attributed to the accumulation of reactive ox-
ygen species, have been suggested as an important factor in IR 
[7]. Additionally, a weight of evidence suggests that elevated in-
tramuscular triglyceride content almost certainly contributes to 
the development of IR in muscles [8]. Similarly, an association 
between elevated plasma free fatty acid concentrations and IR 
has been documented [9]. Additionally, the associations of IR 
with the secretion of leptin, adiponectin, and other cytokines 
and chemokines by adipocytes have been thoroughly investigat-
ed and confirmed [10-12]. Moreover, some gut hormones, such 
as ghrelin, glucagon-like peptide 1, peptide YY, and cholecysto-
kinin, have also been found to regulate satiety and energy intake 
and to affect energy expenditure and lipid metabolism; thus, im-
plicating them in IR [13]. In particular, the association of ghre-
lin with IR is an interesting outcome deserving further investi-
gation in a range of populations. 

Ghrelin is a peptide hormone with growth hormone-releasing 
activity secreted from stomach A-like cells [14]. It is a novel en-
dogenous ligand for growth hormone secretagogue receptor 
(GHS-R) [14]. GHS-R type 1a gene encodes the cognate recep-
tor of ghrelin; its full-length sequence contains 366 amino acids 
encoded by two exons on chromosome 3q25 [14]. Ghrelin has 
been reported to have a positive influence on glucose metabo-
lism and insulin sensitivity [15-17]. Ghrelin exerts profound 
orexigenic and adipogenic effects that increase food intake and 
body weight, thus playing a pleiotropic role in the modulation 
of energy balance [18,19]. Total plasma ghrelin has been found 
to be low in obese individuals and high in lean individuals [17]. 
Ghrelin receptors have been identified in the hypothalamus, 
heart, and adipose tissue. 

In patients with T2DM, IR is quantitatively estimated using 
different formulas incorporating a range of variables [20]. The 
hyperinsulinemic euglycemic clamp is considered the gold stan-
dard for investigating and quantifying IR [21]. However, addi-

tional methods have recently been developed, including the ho-
meostatic model assessment of insulin resistance (HOMA-IR) 
and the quantitative insulin sensitivity check index (QUICKI) 
[22]. Other studies have suggested that fasting serum insulin 
levels probably mirror image the clamp in estimation of IR [23]. 

In this study, we aimed to estimate the prevalence and risk 
factors of IR in T2DM among Saudi patients with diabetes, 
which has not been done before, and to investigate the possible 
relationship of ghrelin with IR in patients with T2DM.

METHODS

Study subjects
Subjects with T2DM and healthy non-diabetic controls were re-
cruited randomly from diabetes clinics at King Abdulaziz Hos-
pital and from primary health centers of the National Guard 
Health Affairs in Al-Ahsa Governorate, in the Eastern Region 
of the Kingdom of Saudi Arabia (Table 1). The study subjects 
were Saudis aged between 18 and 75 years. A total of 107 sub-
jects with T2DM (61 males and 46 females) were recruited and 
followed up as outpatients. The major inclusion criterion was 
being a Saudi subject with T2DM. Patients were mostly treated 
with the oral hypoglycemic agents metformin and glicazide, in-
dividually, together, or with insulin. Four patients were on insu-
lin only, two patients were controlled by diet alone, and four 
subjects were newly diagnosed. In total, 37.4% (40 of 107) of 
the diabetic subjects were using insulin. We also recruited 101 
non-diabetic healthy subjects (57 males and 44 females). Acute 
and severe chronic illnesses, pregnancy, and lactation were used 
as exclusion criteria. No subject had been treated surgically for 
obesity.

Study design and sample collection
This observational study was approved by the research commit-
tees of two different institutions (the Arabian Gulf University in 
Bahrain and the King Abdullah International Research Center in 
Saudi Arabia). All subjects signed an informed consent form af-
ter the aim of the study was explained. Blood samples were 
drawn from all subjects in the morning, after 10 to 12 hours of 
fasting. The blood was collected in three tubes: a gel/dry plain 
tube for the lipid profile and C-peptide levels, whole blood in an 
ethylenediaminetetraacetic acid tube for hemoglobin A1c 
(HbA1c) and ghrelin analysis, and plasma in a fluoride tube for 
fasting glucose and insulin determination. Samples were stored 
at −40°C during the period of the study and beyond.
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Blood chemistry
Blood glucose analysis
The fasting blood glucose (FBG) level estimation was per-
formed using an auto-analyzer (Architect c8000, Abbott Labo-
ratories Inc., Abbott Park, IL, USA) that employed the glucose-
hexokinase method. HbA1c was estimated by measuring gly-
cated hemoglobin using a G8 analyzer (Tosoh Bioscience, Tes-
senderlo, Belgium), which used high-performance liquid chro-
matography.

Plasma insulin
Plasma insulin was quantitatively assayed using chemilumines-
cence with an auto-analyzer (Architect i2000, Abbott Laborato-
ries Inc.). The ideal method for the practical estimation of IR, 
among the several proposed methods, remains to be established, 
as each procedure has its advantages and disadvantages. In this 
study, IR was calculated using the HOMA-IR method [24], in 
which HOMA-IR=[fasting glucose (mmol/L)×fasting insulin 

(mIU/L)]/22.5. A HOMA-IR index between 3 and 5 was de-
fined as moderate IR, while a HOMA-IR index >5 was consid-
ered to indicate severe IR.

Plasma ghrelin measurements 
Active ghrelin in plasma samples was measured with a com-
mercially available radioimmunoassay (RIA) kit by the double 
antibody/polyethylene glycol technique (Millipore Research, St. 
Charles, MO, USA). In this RIA kit, an antibody specific to the 
active form of ghrelin with an octanoyl group on serine 3 was 
used. Briefly, on day 1, guinea pig ghrelin antiserum add to 
three polystyrene tubes each contain 100 µL aliquots of one of 
the following: standard solution, plasma samples or control so-
lution, and incubated at 4°C for 20 to 24 hours. On day 2, 100 
µL of 125I-ghrelin tracer was added and incubated at 4°C for a 
further 20 to 24 hours. On day 3, 1 mL of cold precipitating re-
agent was added to each tube and incubated for 20 minutes at 
4°C. After centrifugation at 2,000 to 3,000 rpm for 20 minutes 

Table 1. Age and Biochemical Profiles of the Study Population, Comprising Saudi Subjects with T2DM and Apparently Healthy Non-
Diabetic Subjects 

Parameter Control subject T2DM subject P value

Samples from
   All subjects 101 107
   Ghrelin-measured 68 97
   Age-matched 30 80
   Age matched (ghrelin) 24 71
Sex, male/female 57/44 61/46
Disease duration, yr
   Mean±SD NA 8.013±7.023
   Median (interquartile range) NA 6.0 (3.75–10.00)
BMI, kg/m2 28.9 (25.5–32.4) 32.5 (29.7–36.4) <0.001a

Weight, kg 75.0 (65.6–88.2) 85.0 (74.5–94.7) <0.001a

Family history of DM 46/101 (45.5) 74/107 (69.2) <0.001b

FBG level, mmol/L 5.1 (4.9–5.4) 7.8 (6.4–10.8) <0.001
HbA1c, mmol/mol 37 (32–40) 64 (52–74) <0.001
HbA1c, % 5.5 (5.1–5.8) 8.0 (6.9–8.9) -
FBI level, pmol/L 49.0 (35.0–58.3) 59.0 (38.5–89.4) 0.006
FBI (age-matched), pmol/L 42.5 (36.0–58.0) 60.9 (40.1–99.5) 0.009
C-peptide, ng/mL 1.91 (1.43–2.54) 2.23 (1.49–2.92) 0.105
HOMA-IR (all subjects) 1.53 (1.09–1.96) 2.90 (1.80–5.29) <0.001
HOMA-IR (age-matched) 1.5 (1.1–2.0) 3.35 (2.25–5.90) <0.001

Values are expressed as number (%) or median (interquartile range).
T2DM, type 2 diabetes mellitus; NA, not available; BMI, body mass index; DM, diabetes mellitus; FBG, fasting blood glucose; HbA1c, hemoglobin 
A1c; FBI, fasting blood insulin; HOMA-IR, homeostatic model assessment of insulin resistance. 
aMann-Whitney rank sum test; bChi-square test.
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at 4°C, radioactivity in the pellet was counted using a γ counter. 
Plasma ghrelin levels were then determined from a reference 
curve drawn using standard concentrations of ghrelin. The assay 
recognized only the active form of human ghrelin [25,26], and 
showed no significant cross-reactivity with or interference by 
other factors related to ghrelin [27]. 

Statistical analysis 
Sigma Stat software (Systat Software, San Jose, CA, USA) and 
MedCalc statistical software (MedCalc Software bvba, Ostend, 
Belgium) were used for data analysis. For comparisons of the 
two study groups, the t test was used; otherwise, the Mann-
Whitney rank sum test (MW) was used when data were not nor-
mally distributed (when the normality test failed). Kruskal-Wal-
lis one-way analysis of variance on ranks was used for compari-
sons of more than two groups. For all correlation analyses, the 
Pearson product moment correlation test and multiple regres-
sion analysis were used. Analysis of covariance was used to ad-
just for confounding factors (covariates), such as body mass in-
dex (BMI) and age. The Levene test for equality of error vari-
ances and homogeneity of regression slopes were always nega-
tive (P>0.05).

Ethical approval
All procedures performed in studies involving human partici-
pants were conducted in accordance with the ethical standards 

of the relevant institutional and national research committees 
and with the 1964 Helsinki Declaration and its later amend-
ments.

 
RESULTS

IR as determined by HOMA-IR
As shown in Table 2, the HOMA-IR index was significantly 
higher in T2DM subjects than in non-diabetic subjects (P< 
0.001). When comparisons were limited to age-matched T2DM 
patients (n=80) and healthy controls (n=30), the HOMA-IR in-
dex was still significantly higher in the T2DM patients (P< 
0.001) (Table 1). The frequency of IR in the T2DM subjects 
was 46.7% (50 of 107), including 26.2% (28 of 107) with se-
vere IR. In contrast, the frequency of IR among the control sub-
jects was 5.9% (six of 101), all of whom had moderate IR. The 
difference in the prevalence of IR between the two groups was 
highly significant (P<0.001) (Table 2).

Associations of ghrelin levels with T2DM and IR 
As shown in Fig. 1A, patients with T2DM (n=97) were found 
to have significantly lower median levels of plasma ghrelin 
(14.24 pmol/L; interquartile range [IQR], 9.42 to 16.68), com-
pared to the apparently healthy controls (n=68) (19.28 pmol/L; 
IQR, 14.83 to 23.44; P<0.001, MW). Limiting the analysis to 
age-matched T2DM subjects (n=71) and control subjects 

Table 2. Biochemical Profile of IR and Non-IR Healthy Subjects and T2DM Subjects from Saudi Arabia

Parameter
Control subjects (n=101) T2DM subjects (n=107)

IR (HOMA-IR ≥3) Non-IR (HOMA-IR <3) P valuea IR (HOMA-IR ≥3) Non-IR (HOMA-IR <3) P valuea

Subject 6 (5.9) 95 (94.1) 50 (46.7)b 57 (53.3)

Age, yr 34.5 (34.0–47.0) 35.0 (28.0–43.0) 0.499 48.8±9.8 48.2±11.8 0.769

Ghrelin level, pmol/L 17.2 (14.8–22.6) (n=5) 19.3 (14.9–23.6) (n=63) 0.823 10.4 (7.1–16.9) (n=42) 14.5 (11.1–16.5) (n=55) 0.049

BMI, kg/m2 38.40±4.50 28.79±5.43 <0.001 34.1 (31.3–39.5) 31.2 (28.1–33.0) <0.001

Weight, kg 102.2±16.24 75.39±15.49 <0.001 90.535±19.12 81.893±15.15 0.011

FBG level, mmol/L 5.1 (5.1–5.2) 5.1 (4.9–5.4) 0.840 9.8 (7.0–12.70) 7.1 (6.1–9.3) <0.001

HbA1c, mmol/mol 37.7 (36.6–41.0) 36.6 (32.2–39.9) - 70.5 (59.6–83.6) 55.2 (46.4–67.8)

HbA1c, % 5.6 (5.5–5.9) 5.5 (5.1–5.8) 0.489 8.6 (7.6–9.8) 7.2 (6.4–8.35) <0.001

C-peptide, ng/mL 4.17±0.83 1.98±0.781 <0.001c 2.34 (1.38–3.63) 2.03 (1.55–2.62) 0.130

FBI, pmol/L 111.3±19.45 46.86±17.67 <0.001c 94.3 (74.0–161.0) 40.2 (27.4–51.5) <0.001

HOMA-IR 3.42 (3.19–3.48) 1.51 (1.08–1.77) <0.001 5.35 (4.05–8.25) 1.83 (1.21–2.38) <0.001

Values are expressed as number (%), median (interquartile range), or mean±SD. 
IR, insulin resistance; T2DM, type 2 diabetes mellitus; HOMA-IR, homeostatic model assessment of insulin resistance; BMI, body mass index; FBG, 
fasting blood glucose; HbA1c, hemoglobin A1c; FBI, fasting blood insulin.
aMann-Whitney rank sum test; bThe prevalence of severe IR was 26.2% (28 of 107); ct test.
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(n=24), the former still had significantly lower median plasma 
ghrelin levels (14.5 pmol/L; IQR, 9.6 to 16.3) than the latter 
(20.0 pmol/L; IQR, 14.8 to 27.8; P<0.001, MW) (Fig. 1B). 

Furthermore, after adjusting for the confounding factors of BMI 
and age, the association of T2DM with lower ghrelin levels than 
were found in control subjects remained significant ([estimated 
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marginal mean, 14.1 pmol/L; 95% confidence interval (CI), 
12.5 to 15.6] vs. [20.9 pmol/L; 95% CI, 19.0 to 22.8], P<0.001; 
Bonferroni-corrected analysis of covariance).

Furthermore, the median fasting blood insulin (FBI) level was 
significantly higher in T2DM subjects than in control subjects 
(P=0.006). Limiting the analysis to age-matched T2DM and 
control subjects, the level was still higher in the former group 
(P=0.009) (Table 1). For all subjects, the median ghrelin level 
was significantly lower in those with IR (11.6 pmol/L; IQR, 7.9 
to 17.1) than those without IR (16.2 pmol/L; IQR, 13.6 to 21.4; 
P<0.001, MW) (Fig. 2). Limiting the comparison to subjects 
with T2DM, the median ghrelin level was still significantly 
higher in subjects with T2DM without IR (14.5 pmol/L; IQR, 
11.1 to 16.5) than in those with T2DM with IR (10.4 pmol/L; 
IQR, 7.1 to 16.9; P=0.049, MW). After adjusting for the covari-
ates of BMI and age, the differences in the estimated marginal 
means of ghrelin between the T2DM subjects with IR (12.4 
pmol/L; 95% CI, 10.3 to 14.5) and T2DM subjects without IR 
(15.3 pmol/L; 95% CI, 13.5 to 17.2) remained significant (P=  
0.049, Bonferroni-corrected analysis of covariance). However, 
ghrelin median levels were comparable between T2DM sub-
jects with moderate IR (9.3 pmol/L; IQR, 7.1 to 16.3) and se-

vere IR (11.1 pmol/L; IQR, 8.0 to 16.9; P=0.584, MW). Al-
though the non-IR control subjects (n=63) had higher levels of 
ghrelin (19.28 pmol/L; IQR, 14.91 to 23.58) than the control 
subjects with moderate IR (17.21 pmol/L; IQR, 14.83 to 22.62), 
the difference was not significant (P=0.823, MW) (data not 
shown); however, the number of the control subjects with mod-
erate IR was too small (n=5) for these findings to be meaning-
ful.

Correlates and associations of IR
For all correlations, we used the Pearson product moment cor-
relation test. The HOMA-IR index was not correlated with age 
in the control subjects (P=0.935) or among subjects with 
T2DM, whether analyzed as a single group (P=0.244), or split 
into non-IR (P=0.647), and IR (P=0.141) groups (Table 3). 
Additionally, the HOMA-IR index was not associated with sex 
(males vs. females: [median, 2.15; IQR, 1.50 to 3.60] vs. [medi-
an, 1.85; IQR, 1.20 to 3.40], P=0.344, MW). Furthermore, 
there was no significant difference in age between T2DM pa-
tients with IR and without IR (P=0.769, MW). Additionally, no 
significant age differences were found between the control sub-
jects with or without IR (P=0.499, MW) (Table 2). Further-

Table 3. Correlations of the HOMA-IR Index with Age, Disease Duration, and Anthropometric and Glycemic Parameters in Saudis 
(Healthy Subjects and Patients with IR and Non-IR T2DM)

Variable HOMA-IR vs. Control subjects
HOMA-IR vs. T2DM subjects (all)

Non-IR-T2DM IR-T2DM

Age R=0.008, P=0.935 (n=101) R=–0.114, P=0.244 (n=107)

R=0.062, P=0.647 (n=57) R=–0.211, P=0.141 (n=50)

Disease duration - R=0.065, P=0.526 (n=97)

R=–0.104, P=0.472 (n=50) R=0.027, P=0.859 (n=47)

BMI R=0.432, P<0.001 (n=97) R=–0.0409, P=0.680 (n=104)

R=0.104, P=0.447 (n=56) R=–0.180, P=0.222 (n=48)

Weight R=0.422, P<0.001 (n=99) R=–0.070, P=0.478 (n=105)

R=0.042, P=0.759 (n=56) R=–0.196, P=0.178 (n=49)

FBG R=0.223, P=0.025 (n=101) R=0.133, P=0.171

R=0.118, P=0.381 (n=57) R=0.063, P=0.665 (n=50)

HbA1c R=–0.037, P=0.714 (n=101) R=0.123, P=0.206

R=–0.089, P=0.510 (n=57) R=0.026, P=0.860 (n=50)

FBI R=0.979, P<0.001 (n=101) R=0.991, P<0.001

R=0.774, P<0.001 (n=57) R=0.990, P<0.001 (n=50)

C-peptide R=0.718, P<0.001 (n=101) R=–0.087, P=0.372

R=0.287, P=0.031 (n=57) R=–0.187, P=0.194 (n=50)

HOMA-IR, homeostatic model assessment of insulin resistance; IR, insulin resistance; T2DM, type 2 diabetes mellitus; BMI, body mass index; FBG, 
fasting blood glucose; HbA1c, hemoglobin A1c; FBI, fasting blood insulin. 
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more, the median HOMA-IR score was comparable between 
diabetic males (3.2; IQR, 2.1 to 5.9) and females (3.1; IQR, 2.1 
to 5.2; P=0.644; MW). Finally, the HOMA-IR index was not 
correlated with the duration of T2DM, among all subjects ana-
lyzed as a whole (P=0.526), or separately analyzed among non-
IR (P=0.472) and IR (P=0.859) T2DM patients (Table 3). The 
mean duration±standard deviation of disease was 8.01±7.02 
years (Table 1).

Comparisons among controls, T2DM with and without IR
As shown in Table 2, FBG was significantly higher in T2DM 
patients with IR than in T2DM patients without IR (P<0.001), 
and no significant difference was found between control sub-
jects with and without IR (P=0.840). A similar pattern was seen 
for HbA1c, which was significantly higher in patients with 
T2DM and IR than in T2DM patients without IR (P<0.001). 
Additionally, FBI levels were significantly higher in T2DM pa-
tients with IR than among those without IR (P<0.001), and a 
similar pattern was seen in non-diabetic healthy subjects. In 
contrast, C-peptide levels were not significantly different be-
tween IR and non-IR T2DM subjects, but among healthy sub-
jects, they were higher in those with IR (P<0.001).

Correlations of HOMA-IR with glycemic indices 
For all correlations, we used the Pearson product moment cor-
relation test. As seen in Table 3, the HOMA-IR index was posi-
tively correlated with FBG in the control subjects (R=0.223, 
P=0.025), but not in T2DM subjects taken together (P=0.171), 
or divided into patients with IR (P=0.665) or without IR 

(P=0.381). Additionally, there was no significant correlation 
between the HOMA-IR index and HbA1c in the control sub-
jects (P=0.714) or in subjects with T2DM (P=0.206). Howev-
er, the HOMA-IR index was strongly significantly correlated 
with FBI in control subjects (R=0.979, P<0.001) and in T2DM 
subjects, whether analyzed as a whole (R=0.991, P<0.001) or 
split into IR (R=0.990, P<0.001) and non-IR (R=0.774, 
P<0.001) subjects. Finally, the HOMA-IR index was signifi-
cantly correlated with C-peptide levels in control subjects 
(R=0.718, P<0.001) and in non-IR T2DM subjects (R=0.287, 
P=0.031), but not in T2DM subjects with IR (P=0.194). No 
correlation was found between FBI and C-peptide levels in all 
subjects (R=−0.101, P=0.300) (data not shown). 

Correlations of ghrelin levels
For all correlations, we used the Pearson product moment cor-
relation test, unless otherwise stated. As shown in Table 4, ghre-
lin levels were significantly inversely correlated with the 
HOMA-IR index in control subjects (R=−0.303, P=0.012), a 
borderline significant correlation was found in T2DM subjects 
(R=−0.195, P=0.055), but no significant correlation was found 
in the T2DM subjects with IR group (P=0.154). Ghrelin levels 
were not correlated with age or BMI in any group or subgroup, 
and were not correlated with duration of the disease in subjects 
with T2DM. Multiple regression analysis revealed an inverse 
correlation of plasma ghrelin with the HOMA-IR index (P=  
0.009) and BMI (P=0.033), but not age (P=0.087) in all study 
subjects (cases and controls) analyzed as a whole. However, in 
T2DM subjects, the only inverse correlation of plasma ghrelin 

Table 4. Correlations of Plasma Ghrelin Levels with Anthropometric and Glycemic Parameters and the HOMA-IR Index in Saudi Sub-
jects (Healthy and Patients with T2DM: All and with IR Only) 

Variable
Ghrelin vs.

Control subjects Total T2DM subjects T2DM subjects with IR

Age R=0.038, P=0.762 (n=68) R=–0.028, P=0.789 (n=97) R=–0.002, P=0.992 (n=42)

Duration NA R=0.194, P=0.068 (n=89) R=0.177, P=0.276 (n=40)

BMI R=–0.077, P=0.544 (n=64) R=–0.120, P=0.249 (n=95) R=0.084, P=0.604 (n=41)

Weight R=–0.255, P=0.039 (n=66) R=–0.255, P=0.012 (n=96) R=–0.149, P=0.347 (n=42)

FBG R=–0.038, P=0.761 (n=68) R=–0.0658, P=0.522 (n=97) R=–0.069, P=0.666 (n=42)

HbA1c R=0.215, P=0.078 (n=68) R=–0.0449, P=0.662 (n=97) R=0.020, P=0.898 (n=42)

FBI R=–0.312, P=0.010 (n=68) R=–0.192, P=0.059 (n=97) R=–0.217, P=0.168 (n=42)

C-peptide R=–0.217, P=0.076 (n=68) R=–0.0155, P=0.880 (n=97) R=0.027, P=0.867 (n=42)

HOMA-IR R=–0.303, P=0.012 (n=68) R=–0.195, P=0.055 (n=97) R=–0.224, P=0.154 (n=42)

HOMA-IR, homeostatic model assessment of insulin resistance; T2DM, type 2 diabetes mellitus; IR, insulin resistance; NA, not available; BMI, body 
mass index; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; FBI, fasting blood insulin.
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was with HOMA-IR index (P=0.047). FBI was significantly 
inversely correlated with ghrelin levels in controls (R=  −0.312, 
P=0.010), but not in T2DM subjects overall (P=0.059) or in 
the T2DM subjects with IR subgroup (P=0.168). Moreover, no 
correlations were found between ghrelin levels and other pa-
rameters (FBG, HbA1c, and C-peptide levels) in any study 
group or subgroup (Table 4).

DISCUSSION

The rate of IR in individuals with T2DM in Saudi Arabia is 
largely unknown, and the topic has not been researched because 
T2DM is thought to indicate IR by definition. In this study, we 
showed that only 47% of the T2DM subjects with IR, while the 
prevalence of IR among non-diabetic healthy subjects was 6% 
(Table 2). The exact mechanism of IR has not been precisely es-
tablished, although it’s clinical and laboratory correlates, such 
as metabolic syndrome, obesity, dyslipidemia, and hyperinsu-
linemia, have been identified [4,7,28]. In the present study, we 
examined the possible association between ghrelin and IR in 
T2DM among subjects from eastern Saudi Arabia. The results 
revealed that low plasma ghrelin levels were associated with 
T2DM and IR (Figs. 1, 2), and ghrelin levels were correlated 
with IR markers such as body weight, FBI, and the HOMA-IR 
index in healthy controls (Table 4). 

Subjects with T2DM were found to have lower active ghrelin 
levels than healthy subjects after correction for age differences 
between the study groups, even though the sample size was 
small (Fig. 1). A similar association of low levels of ghrelin with 
T2DM was reported among Finnish participants in the Oulu 
Project Elucidating Risk of Atherosclerosis study [27]. Impor-
tantly, in the present study, we showed that fasting ghrelin levels 
were significantly lower in T2DM subjects with IR than in 
T2DM subjects without IR; this difference remained significant 
when all IR subjects (T2DM and controls) were compared with 
non-IR subjects (Fig. 2). Among the T2DM patients, no signifi-
cant difference was found in ghrelin levels between subjects 
with moderate and severe IR. Furthermore, we noted an inverse 
correlation between ghrelin levels and the HOMA-IR index (a 
measurable marker of IR) in healthy subjects, and an inverse 
correlation that fell just below the level of significance in T2DM 
subjects (Table 4). These findings agree with those of previous 
studies [27,29]. In the current study, we also found that plasma 
ghrelin levels were inversely correlated with obesity, as shown 
by body weight (Table 4), as reported before [18,30]. However, 
obesity is a clinical manifestation of IR, and is known to be as-

sociated with lower levels of insulin receptors in adipose tissue 
[31]. This is probably because high ghrelin levels decrease total 
body fat, and consequently increase the expression of insulin re-
ceptors in adipose tissue. In line with this hypothesis, using the 
same data, we found that triacylglycerides were the only lipids 
that were significantly different between T2DM patients with 
and without IR (manuscript in preparation). The lipogenic effect 
of ghrelin has been established [30], and an association of low 
ghrelin levels with metabolic syndrome and obesity has been 
reported before among Finnish subjects [32]. 

Anthropometric parameters (BMI and weight) and glycemic 
parameters (FBG, HbA1c, and FBI) were all significantly high-
er in the T2DM subjects with IR than in those without IR in this 
study (Table 2). The same parameters, except for FBG and 
HbA1c, were higher in control subjects with IR than in those 
without IR, although the number of the former group was too 
small for these observations to be meaningful. These findings 
are expected, and might indicate a reduced role of insulin in the 
control of metabolism in T2DM. Furthermore, significant cor-
relations of most of these parameters with the degree of IR 
(HOMA-IR) were more common in the healthy subjects than in 
the T2DM subjects (Table 3), indicating disproportional meta-
bolic responses to insulin, which are more marked in T2DM, 
supporting the findings of a previous study [4]. Negative corre-
lations of the above parameters with ghrelin levels were ob-
served, most significantly in the healthy subjects and to a lesser 
extent in T2DM subjects overall, but not in the T2DM subjects 
with IR subgroup (Table 4). If we exclude the smaller size of 
the T2DM subjects with IR subcategory as a contributory factor 
to the low chance of significant correlations among various pa-
rameters and HOMA-IR and ghrelin levels, a marked distur-
bance in homeostasis mechanisms could be the explanation. 
Metabolic disturbances in T2DM and IR have been previously 
reported [4,33,34]. The finding that ghrelin is expressed in pan-
creatic islets and released into the pancreatic microcirculation, 
where it suppresses insulin secretion [35], can partially explain 
its role in T2DM, but not its contribution to IR.

It has been suggested that screening for T2DM should begin 
at 45 years of age and should be repeated every 3 years, and that 
it should begin sooner and be more frequent in those with risk 
factors [36]; however, it is worth including a parallel screening 
for IR. The latter is an important piece of information, as it can 
be used to trace IR milestones and the progress of the disease 
with increased age and disease duration. Furthermore, the man-
agement of T2DM with and without IR should be different. In-
terestingly, in the present study, the likelihood of IR in T2DM 
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was not influenced by age or gender, since subjects who had 
T2DM with or without IR were comparable in age and had a 
similar gender distribution. Furthermore, the duration of diabe-
tes had no influence on IR prevalence. If an individual with 
T2DM does not exhibit IR during the early course of the dis-
ease, he or she is unlikely to develop IR later, which emphasizes 
the role of genetic factors in IR [37]. 

The precise numerical HOMA-IR cutoff point for IR varies 
according to gender, age, race, and health status [38]. In various 
studies in different populations, the HOMA-IR index cutoff val-
ue for IR varied from 1.55 to 3.8 [38]. In our clinical and bio-
chemical data, a HOMA-IR score of 3 was found to be the most 
discriminative between T2DM (highest IR) and non-diabetic ap-
parently healthy controls (lowest IR). In the present study, using 
a HOMA-IR value of 3 as a cutoff point for IR, we showed that 
only 47% of T2DM cases exhibited IR (Table 2), although IR is 
a characteristic feature of T2DM [36]. However, if we reduced 
the HOMA-IR cutoff value for IR to 1.55, as proposed else-
where [38], the frequency of IR in T2DM subjects would have 
increased approximately 2-fold (from 47% to 81.3% [87 of 
107]), while in apparently healthy subjects it would have in-
creased almost 8-fold (from 6% to 47% [48 of 101]) (data not 
shown). That indicates that a HOMA-IR value of 1.55 is unlike-
ly to be a reliable cutoff point for IR in this setting. The preva-
lence of IR in T2DM in Caucasians (77%), Asians of Indian ori-
gin (81%), and Afro-Caribbeans (73%) [39] is considerably 
higher than was observed in the Arabs in this study. The role of 
IR in the progression from normal to impaired glucose tolerance, 
and then to frank diabetes, has been emphasized before [40]. 
However, two issues need to be considered here. First, these ob-
servations were reported from populations with different genetic 
makeups than Saudis. Second, the role of medications in the 
modification of insulin action should not be overlooked in our 
study, as the observations in the other studies were made in new-
ly diagnosed T2DM subjects in a prospective manner. 

In this study, HbA1c was significantly higher in T2DM sub-
jects with IR than in those without IR, but HbA1c was not cor-
related with HOMA-IR or ghrelin in healthy or diabetic sub-
jects. However, a larger sample size needs to be tested.

Finally, few studies have investigated C-peptide levels in rela-
tion to IR. The C-peptide level is expected to parallel the level 
of endogenous insulin, as the two peptides are secreted in equi-
molar concentrations in humans [41]. In our study, 37.4% of 
T2DM subjects used exogenous insulin. This may explain the 
lack of correlation of C-peptide levels with fasting insulin (data 
not shown), HOMA-IR (Table 3), and ghrelin (Table 4) in 

T2DM and T2DM subjects with IR, and the fact that the levels 
were comparable in T2DM subjects with and without IR (Table 
2). Interestingly, C-peptide levels were significantly higher in 
apparently healthy subjects with IR than in those without IR, al-
though the sample size of the former subgroup was small (Table 
2). Still, it remains necessary to explain the lack of a correlation 
between C-peptide levels and ghrelin levels in the healthy sub-
jects of this study (Table 4), and the lack of differences between 
the healthy and T2DM subjects in this regard (Table 1). Ulti-
mately, we must acknowledge the limitations of this study; 
namely, the small overall sample size, the inadequately matched 
samples, and the ill-defined HOMA-IR cutoff value for the de-
termination of IR.

In conclusion, this study revealed that low plasma active 
ghrelin levels were more likely to be associated with IR in 
T2DM patients, and that ghrelin levels showed a significant in-
verse correlation with the HOMA-IR index in healthy subjects, 
but not in T2DM patients with IR, among Saudi subjects. Fur-
thermore, the degree of IR was not correlated with age, the du-
ration of the disease, or gender. In addition, plasma ghrelin lev-
els were comparable between T2DM subjects with moderate 
and severe IR. Nevertheless, low ghrelin levels were generally 
observed in T2DM subjects and in healthy subjects with IR in 
this study. Finally, we showed that the prevalence of IR in 
T2DM subjects was lower in this Saudi population compared 
with other populations.
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