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Insulin resistance is a hallmark feature of type-2 diabetes mellitus (T2DM). We determined the homeo-
static model assessment insulin resistance (HOMA-IR) and evaluated its association with C-peptide, insu-
lin, fasting blood glucose (FBG) and glycated hemoglobin (HbA1c) in T2DM patients and non-diabetic
subjects. This study comprised a total of 47 T2DM patients and 38 non-diabetic controls. Venous blood
samples from all the subjects were collected and sera were analyzed for FBG, HbA1c, insulin and C-
peptide using an autoanalyzer. HOMA-IR was calculated using the following equation: HOMA-IR = fasting
insulin (µU/ml) � fasting glucose (mmol/L)/22.5. There was a significant increase in the levels of FBG and
HbA1c in diabetic patients. Although the levels of C-peptide and insulin did not differ significantly
between the two groups, a significant increase in HOMA-IR was observed in T2DM patients. Both insulin
and C-peptide were significantly correlated with HOMA-IR. In conclusion, C-peptide may serve as a sim-
ple and convenient predictor of HOMA-IR.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The pathogenesis of type-2 diabetes mellitus (T2DM) mainly
involves abnormalities in insulin secretion and action, the so called
insulin resistance (IR) (Weyer et al., 1999). The exact mechanism of
IR is multifactorial and has not been precisely established however
certain factors such as metabolic syndrome, obesity, dyslipidemia
and hyperinsulinemia have been implicated with IR (Weyer
et al., 1999; Grundy, 2006; Ma et al., 2012). Over the time, IR and
hyperinsulinemia often lead to T2DM or pre-diabetes because the
beta cells fail to keep up with the body’s increased need for insulin
(Martin et al., 1992). It is also probable that chronic inflammation
may trigger the onset of IR and subsequently the emergence of
T2DM (McNelis and Olefsky, 2014).

Both T2DM and metabolic syndrome are highly prevalent in
Saudi Arabia (Alotaibi et al., 2017; Khan et al., 2007; Al-Nozha
et al., 2005). Bahijri et al (Bahijri et al., 2010) have suggested that
screening of IR in the general population is important for develop-
ing strategies to reduce the prevalence of T2DM. Previous studies
have shown significant correlations between IR and ghrelin (Al
Qarni et al., 2017); adiponectin (Aleidi et al., 2015); leptin
(Gulturk et al., 2008); resistin (Al-Harithy and Al-Ghamdi, 2005),
C-reactive protein (Alemzadeh and Kichler, 2014), triglycerides
(Lee et al., 2011), thyroid hormones (Kumar et al., 2009), vitamin
D (Abdelkarem et al., 2016; Maghbooli et al., 2008), and liver
enzymes (Esteghamati et al., 2011; Al-Sultan, 2008 Jul). Borai
et al. (2011) have shown that HbA1c may serve as a simple and
reliable marker for IR in adults with normal glucose tolerance.
Vaverková et al. (2017) observed an inverse association between
lipoprotein-a and IR as well as metabolic syndrome that precedes
an overt T2DM diagnosis.

C-peptide is a byproduct of the insulin synthesis from pro-
insulin and roughly indicates the extent of insulin production
and release. C-peptide is a biological active compound (Forst
et al., 1998) and also serves as an important diagnostic biomarker
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(Cardellini et al., 2017; Becht et al., 2016; Cabrera de León et al.,
2015; Williams et al., 2011). Recently, C-peptide has been sug-
gested as a strong indicator of metabolic syndrome suggesting
the importance of this biomolecule in diagnosis of metabolic syn-
drome (Gonzalez-Mejia et al., 2016). Because both metabolic syn-
drome and IR are associated with elevated risk for developing
T2DM, it would be intriguing to investigate the biomarker poten-
tial of C-peptide for screening of IR prone individuals such as
pre-diabetics and diabetics.

The homeostasis model assessment insulin resistance (HOMA-
IR) developed by Matthews et al. (1985), is a convenient and
widely used method for the estimation of IR. In this study, we
examined the associations between HOMA-IR and fasting blood
glucose (FBG), glycated hemoglobin (HbA1c), insulin and C-
peptide in type-2 diabetic patients and healthy controls and eval-
uated the biomarker potential of C-peptide for screening of IR in
diabetic and non-diabetic individuals.

2. Materials and methods

This study comprised a total of 47 T2DM patients and 38 non-
diabetic controls who visited the clinics of Prince Sultan Military
Medical City, Riyadh, Saudi Arabia. There were 27 males and 20
females in diabetic group and 23 males and 15 females in control
group. The average age of the diabetic patients and control subjects
were 41.21 ± 4.73 years and 40.79 ± 3.95 years, respectively. The
main inclusion criteria for diabetic patients were being a Saudi
national and affected with type-2 diabetes. The exclusion criteria
included severe chronic illnesses, infections and pregnancy.

Venous blood samples from all the subjects were collected in
serum separator tubes after at least 8 h fasting. The sera were ana-
lyzed for fasting blood glucose (FBG), glycated hemoglobin (HbA1c),
insulin and C-peptide using an autoanalyzer (RocheModular P-800,
Germany). HOMA-IR was calculated using the following equation;
fasting insulin (µU/ml) � fasting glucose (mmol/L)/22.5 as reported
earlier (Matthews et al., 1985; Wallace et al., 2004).

The data were analyzed by SPSS version 10. Pearson’s correlation
test was performed to examine various correlations. Independent
samples Student’s t-test (2-tailed) was used to compare the means
of different parameters between controls and diabetic patients. P
values less than 0.05 were considered as statistically significant.

3. Results

The level of FBG was significantly higher in diabetic patients
(11.51 ± 0.55mmol/L) as compared to controls (5.19 ± 0.13mmol/L)
Fig. 1. Levels of (a) fasting blood glucose and (b) HbA1c in control
(Fig. 1a). Diabetic patients had poor glycemic control and their
HbA1c levels were significantly higher (9.49 ± 0.31% versus
6.04 ± 0.18%) than normal subjects (Fig. 1b). Although
insulin levels were comparatively higher in diabetic patients
(25.25 ± 5.39 µU/mL) than controls (16.71 ± 2.02 µU/mL), this dif-
ference was not statistically significant (Fig. 2a). Diabetic patients
showed a significantly high level of HOMA-IR (11.49 ± 2.10) as
compared to normal subjects (3.95 ± 0.46) (Fig. 2b). In diabetic
patients, 16 of 47 patients (34.04%) had HOMA-IR > 10 as
compared to only 2 of 38 controls (5.26%). There was no significant
difference in C-peptide levels between diabetic patients
(951.17 ± 100.69 mmol/L) and controls (861.18 ± 63.66 mmol/L)
(Fig. 3).

There were highly significant correlations between HOMA-IR
and insulin in both diabetic patients (R = 0.961, P = 0.001) and
control subjects (R = 0.975, P = 0.001) (Table 1). C-peptide was also
significantly correlated with HOMA-IR in diabetic patients
(R = 0.652, P = 0.001) and controls (R = 0.500, P = 0.001). Although
HOMA-IR was not correlated with HbA1c in diabetic patients
(R = -0.070, P = 0.259), it was significantly correlated with HbA1c
in normal subjects (R = 0.355, P = 0.029). Both age and gender were
not correlated with HOMA-IR, irrespective of patient or control
groups (Table 1).
4. Discussion

Several studies have shown that IR is a strong predictor for the
future development of diabetes (Martin et al., 1992; Lillioja et al.,
1993). Moreover, current interest in IR and metabolic syndrome
is because of their ever-growing incidence and the associated mor-
tality and morbidity due to cardiovascular events, even in non-
diabetic subjects (Ford et al., 2002). Thus, a timely identification
of IR in non-diabetic population is of a great importance in a
community-based strategy to reduce the upcoming prevalence of
T2DM, keeping in mind that interventional studies have demon-
strated that preservation of b-cell function decreases the transfor-
mation of pre-diabetes to diabetes (Kitabchi et al., 2005; Buchanan
et al., 2002). It has been suggested that the method of choice for
the screening of IR should be suitable for a large-population study,
require one blood sample and having a high level of reproducibility
and prediction power (Bahijri et al., 2010).

Our results showed significantly high levels of FBG and HbA1c
in T2DM patients as compared to control subjects (Fig. 1) indicat-
ing a reluctant approach for glycemic control in Saudi individuals
(Sherwani et al., 2016; Khan et al., 2014; Ahmad, 2007). We
observed that serum insulin levels were comparatively higher in
s and diabetic patients. *P < 0.001 versus control group, t-test.



Fig. 2. Levels of (a) serum insulin and (b) insulin resistance in controls and diabetic patients. *P < 0.01 versus control group, t-test.

Fig. 3. Serum C-peptide levels in controls and diabetic patients.

Table 1
Correlations between insulin resistance (HOMA-IR) and other variables.

Variable Diabetic patients only Non-diabetic controls only

R P R P

Age �0.140 0.347 �0.019 0.909
Gender 0.202 0.173 0.007 0.966
FBG �0.041 0.784 0.244 0.140
HbA1c �0.170 0.259 0.355 0.029*

Insulin 0.961 0.001* 0.975 0.001*

C-peptide 0.652 0.001* 0.500 0.001*

* Statistically significant.
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T2DM patients than non-diabetic individuals (Fig. 2). A previous
study has shown significantly higher levels of serum insulin in
Saudi T2DM patients as compared to healthy controls (Habib
et al., 2009). The HOMA-IR was found to be significantly high in
T2DM patients as compared to controls (Fig. 2), which is supported
by previous studies on Saudi T2DM patients (Al Qarni et al., 2017;
Mira et al., 2002). In our study, severe IR (HOMA-IR > 10) was
observed in 34.04% of diabetic patients and 5.26% of non-diabetic
controls. A recent study on 107 T2DM patients and 101 controls
showed the IR frequency of 46.7% in diabetic patients and 5.9% in
controls (Al Qarni et al., 2017).
There were no correlations between IR and age, gender or FBG
in the subgroups of T2DM patients and non-diabetic controls;
however, HbA1c was significantly correlated with IR, only in
non-diabetic individuals (Table 1). In a previous study from Saudi
Arabia, HOMA-IR values were not associated with age, gender or
disease duration (Al Qarni et al. (2017). Bahijri et al. (2010)
observed that adiposity, but not gender, is a risk factor for IR in
healthy adults from Saudi Arabia. A comparative analysis of
subjects with normal glucose tolerance (N = 24), impaired fasting
glucose (N = 12), impaired glucose tolerance (N = 12), and T2DM
(N = 13) showed that HbA1c was more strongly associated with
IR in only normal glucose tolerance group (Borai et al., 2011). Al
Qarni et al. (2017) observed that HbA1c levels were significantly
higher in T2DM subjects with IR than in those without IR; more-
over, HbA1c was not correlated with HOMA-IR.

The striking observation of this study was a significant correla-
tion between C-peptide and IR in both T2DM patients and non-
diabetic individuals (Table 1) despite C-peptide levels did not differ
between these two subgroups (Fig. 3). C-peptide levels were found
to be significantly higher in healthy subjects with IR than in those
without IR (Al Qarni et al., 2017). High levels of fasting C-peptide
pose a risk factor for the development of atherosclerosis in both
non-diabetic and diabetic persons (Kim et al., 2011; Patel et al.,
2012). Alemzadeh and Kichler (2014) observed that C-peptide
levels were significantly higher in patients with metabolic syn-
drome irrespective of gender difference. Chen et al. (1999) have
shown that fasting C-peptide is significantly correlated with sev-
eral markers of metabolic syndrome in obese adults. Thus, C-
peptide may serve as a multi-modal biomarker to identify risky
individuals for IR, T2DM, atherosclerosis and metabolic syndrome.
It has been recommended that screening for T2DM should begin at
the age of 45 years and then be repeated on 3 year intervals; how-
ever among the risky individuals, it should begin sooner and be
more frequent (Mayfield, 1998). Al Qarni et al. (2017) have sug-
gested the need of a parallel screening for IR as it can be used to
trace IR milestones and the progress of the disease with increased
age and disease duration.
5. Conclusion

Insulin resistance is highly prevalent in T2DM patients from
Saudi Arabia. Both FBG and HbA1c levels do not reflect the inten-
sity of HOMA-IR in T2DM patients. HOMA-IR is also unaffected
by age and gender. Serum C-peptide may be used as an appropriate
index for detecting IR in community-based surveys. A longer
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half-life of C-peptide (approximately 5-fold) than insulin
(Matthews et al., 1985) also favors its biomarker utility with less
fluctuation.
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association of lipoprotein (a) with markers of insulin resistance in dyslipidemic
subjects. Physiol. Res. 66 (Suppl. 1), S113–S120.

Wallace, T.M., Levy, J.C., Matthews, D.R., 2004. Use and abuse of HOMA modeling.
Diabetes Care 27, 1487–1495.

Weyer, C., Bogardus, C., Mott, D.M., Pratley, R.E., 1999. The natural history of insulin
secretory dysfunction and insulin resistance in the pathogenesis of type 2
diabetes mellitus. J. Clin. Invest. 104, 787–794.

Williams, G.V., Gambhir, K.K., Nunlee-Bland, G., Abrams, C.K., Ganta, V., Odonkor,
W., 2011. Significance of plasma C-peptide in obese African American
adolescents. J. Natl. Med. Assoc. 103, 907–916.

http://refhub.elsevier.com/S1319-562X(18)30139-6/h0005
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0005
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0010
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0010
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0015
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0015
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0015
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0020
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0020
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0020
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0025
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0025
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0025
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0030
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0030
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0030
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0035
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0035
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0040
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0040
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0040
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0045
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0045
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0045
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0050
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0050
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0050
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0055
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0055
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0055
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0055
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0060
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0060
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0060
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0060
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0065
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0065
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0065
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0065
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0070
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0070
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0070
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0075
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0075
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0075
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0080
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0080
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0080
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0085
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0085
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0085
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0085
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0090
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0090
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0095
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0095
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0095
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0100
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0100
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0100
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0100
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0105
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0105
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0110
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0110
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0110
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0115
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0115
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0115
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0120
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0120
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0120
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0125
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0125
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0125
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0130
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0130
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0130
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0135
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0135
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0135
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0135
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0140
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0140
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0140
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0145
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0145
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0145
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0145
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0150
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0150
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0150
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0150
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0155
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0155
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0160
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0160
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0160
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0165
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0165
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0165
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0170
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0170
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0170
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0170
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0175
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0175
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0175
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0180
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0180
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0185
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0185
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0190
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0190
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0195
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0195
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0195
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0200
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0200
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0200
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0205
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0205
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0205
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0210
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0210
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0215
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0215
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0215
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0220
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0220
http://refhub.elsevier.com/S1319-562X(18)30139-6/h0220

	(Biomarker potential of C-peptide for screening of insulin resistance in diabetic and non-diabetic individuals
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgments
	References


