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Abstract
Objectives: The present study was planned to investigate the 
influence of serum cortisol and age differences on insulin resistance 
and the associated lipid disturbances in euthyroid adults. 

Methods: Hyperglycemic, hyperinsulinemic patients were recruited, 
and classified according to their insulin resistance (HOMA-IR) into: 
Normal insulin sensitivity (NIS), moderate- (MIR), high insulin 
resistance (HIR) with HOMA-IR<4, 4.1 to 6, and >6, respectively. 
The patients were also classified into three age-range groups: 
young age (YA), middle age (MA), Old age (OA); with age ranges 
<30, 31-40 and >40 yrs., respectively. Fasting serum was used for 
analysis.

Results: The serum cortisol of HIR was higher than NIS by 
17.64%, and insulin higher than NIS and MIR by 272% and 121%, 
respectively. On the other hand, serum glucose of OA was higher 
than YA by 28.87%, whereas, insulin was lower than YA and MA 
by 52.08%, and 31.10%. Similarly, HOMA-IR was lower than YA 
and MA by 45.97% and 24.11%, respectively. There was significant 
correlation between serum cortisol and HOMA-IR (R=0.59, P=0.02) 
at ages> 45 years. Serum triglyceride in HIR was higher than NIS 
and MIR by 38.59% and 18.79%, and VLDL by 116% and 20.37%, 
respectively, whereas, HDL was lower than NIS by 11.38%. 

Conclusion: Insulin resistant patients had elevated serum cortisol 
and insulin. There was significant correlation between cortisol and 
insulin resistance at older ages. The serum cortisol increased with 
age whereas insulin level decreased. Patients with high insulin 
resistance had dyslipidemia characterized by high serum TG, high 
VLDL-c and low HDL-c.
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Introduction
Insulin resistance is a metabolic disorder believed to play a major 

role in the pathogenesis of the metabolic syndrome, obesity, Type 2 

diabetes and cardiovascular disease [1]. It is characterized with fasting 
hyperglycemia and hyperinsulinemia. Several factors are known 
to enhance the development of insulin resistance including thyroid 
disorder and excess serum cortisol levels. Cortisol is a steroid hormone 
that regulates glucose metabolism. It promotes gluconeogenesis [2]; 
inhibits pancreatic insulin secretion [3] and reduces insulin sensitivity 
in the adipose tissue and muscle [4]. Thus, the consequence of cortisol 
excess is the development of insulin resistance [5], characterized 
by disturbance of glucose and lipid metabolism and development 
of hypertension, all believed to be independent risk factors of 
cardiovascular diseases [6,7]. The prevalence of insulin resistance is 
known to be higher among patients with Cushing’s syndrome, and 
even repeated treatment with glucocorticoids may cause impairment 
of insulin sensitivity [8]. It was reported that insulin resistance may 
be influenced by age, degree of obesity and serum cortisol levels [9]. 
Despite the inverse relationship between age and insulin sensitivity 
[10]. It is debatable whether age is a primary determinant of the insulin 
resistance or a consequence of the aging related disorders [11,12]. 
In view of the factors influencing the pathogenesis of the insulin 
resistance, the present study was aimed to investigate the interrelated 
influences of fasting serum cortisol levels and age differences on the 
fasting serum insulin level and the status of insulin resistance and the 
associated changes in the lipid profiles in euthyroid adults.

Patients and Methods
Protocol of study: The study was conducted on patients with 

hyperglycemia and elevated fasting insulin levels visiting the Diabetic 
and Endocrinology Out-Patient Unit of King Khalid Hospital, 
Hail, Saudi Arabia between April 2016 and Sept. 2016. The patients 
clinical data entered in the record book of the laboratory were used 
in this study. A total of 78 newly diagnosed hyperglycemic and 
hyperinsulinemic patients were recruited for the study. Depending on 
their fasting serum glucose and insulin levels, the homeostasis model 
assessment –Insulin resistance (HOMA-IR) index was calculated by 
the method described by Mathew et al. [13]. The patients with values 
higher than 4.0 were classified as insulin resistant. All patients had 
an age range of 14 -77 years (mean age was 34.47 ± 11.20 years). A 
group of 38 subjects (M=9, F=29) with normal glycaemia and insulin 
sensitivity (HOMA-IR ≤ 4.0) were used as control (NIS) group. 
According to their HOMA-IR values the insulin resistant patients 
were classified into: Moderate Insulin Resistance (MIR) group: n= 35 
patients (M=10, F=25) with HOMA-IR between 4.1 to 6; and High 
Insulin Resistance (HIR) group: n= 43, (M=20, F=23) with HOMA-IR 
> 6.0. The patients with thyroid disorders and patients under insulin 
or other hypoglycemic medications were excluded. 5 ml venous blood 
was collected from each patient after an overnight fast and serum 
was separated and used for the biochemical analysis. The protocol 
of experiment was explained and the consent was obtained from 
the participants. The study was approved by the ethical committee, 
Faculty of Applied Medical Sciences, University of Hail, Hail, Saudi 
Arabia. To study the influence of age on insulin resistance and cortisol 
secretion the patients were classified depending on age into three age-
range groups: young age (YA) (n=52; M=21, F= 31), middle age (MA) 
(n=41; M=12, F= 29) and Old age (OA) (n= 23; M=4, F=19); with age 
ranges < 30, 31-40 and > 40 years, respectively. 
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Biochemical assays

The serum freeT3, freeT4, TSH, insulin and cortisol levels were 
assayed by Auto analyzer (ELecsys 2010, Cobas E 411-Mannheim 
Germany. The serum glucose, total cholesterol (TC), triglyceride 
(TG), high density lipoprotein-cholesterol (HDL-c), were measured 
by the automated spectrophotometer, Hitachi-717, utilizing 
commercial kits supplied by Roche Diagnostic, United Kingdom. 
The low density lipoprotein-cholesterol (LDL-c) and very low density 
lipoprotein (VLDL) were calculated by the Friedman equation. The 
estimated insulin sensitivity (QUICK-I) was calculated as described 
by Katz et al, [14].

Statistical analysis 

The presented data are means ± SD. The significance of differences 
between the means was computed by one way analysis of variance, 
followed by Multiple Comparison Analysis. Spearman’s regression 
analysis was used to study the significance of correlation among the 
serum cortisol, HOMA-IR, serum insulin and glucose. P value less 
than 0.05 was considered.

Results
Table 1 summarizes the serum values of glucose, insulin, cortisol, 

thyroid hormones and the estimated insulin resistance in the three 
experimental groups. The mean ages in the three groups were not 
significantly different from each other. The fasting serum glucose 
concentration in the MIR group was slightly raised compared with 
NIS, whereas, that of the HIR group was significantly (P<0.001) 
higher compared with that of NIS and MIR by 63.90% and 53.80%, 
respectively. On the other hand, the serum insulin concentration in 
the MIR group was significantly higher than that of the NIS by 68.08%, 
whereas, that of HIR was significantly higher than NIS and MIR 
groups by 272% and 121%, respectively. Similarly, the mean HOMA-
IR of the MIR group was higher than NIS by 73.41%, whereas, that 
of HIR was higher than that of NIS and MIR by 430%, and 209%, 
respectively. On the other hand, the IR-beta showed a significant 
elevation in the MIR by 53.86 % compared with NIS, whereas, that of 

HIR was higher than that of NIS and MIR by 1.06-fold and 34.12 %, 
respectively. However, the serum cortisol level of the MIR was slightly 
elevated, whereas, that of the HIR was significantly higher than that of 
NIS by 17.64 %. On the other hand, the thyroid function parameters 
did not show significant differences in any of the groups and all 
parameters were within normal reference ranges. Table 2 depicts the 
serum glucose, insulin, cortisol, HOMA-IR in patients classified into 
three age (young, middle and old) groups. The fasting serum glucose 
of the old-age group was significantly higher than that of young -age 
group by 28.87% and not significantly different from the mid-age 
group. Whereas, the serum insulin concentration of the old group 
was significantly lower than that of the Young-age and Mid-age 
groups by 52.08%, and by 31.10 %, respectively. On the other hand, 
HOMA-IR of the old-age group was significantly lower than the 
young- and middle-age groups by 45.97% and 24.11%, respectively. 
Whereas, that of Middle-age group was lower than that of the young-
group by 18.80%. However, the serum cortisol level of the old group 
was significantly higher than that of the Young-and Mid-age groups 
by 14.61%, and 27.41%, respectively. Table 3 summarizes the lipid 
profile in the sera of the three insulin resistance levels groups. No 
significant differences were observed in serum total cholesterol levels 
in any of the three groups. However, the serum triglyceride level 
in the HIR group was significantly elevated by 38.59% and 18.79% 
compared with the NIS and MIR groups, respectively, whereas, that 
of the MIR group was higher than that of the NIS by 16.66%. On 
the other hand, the HDL-cholesterol level of the HIR group was 
significantly (P<0.05) lower than that of the NIS group by 11.38%. 
However, the serum LDL-cholesterol levels did not exhibit significant 
differences in any of the three groups, whereas, the VLDL level of 
the HIR group was significantly elevated compared to NIS and MIR 
groups by 116 % and 20.37%, respectively. On the other hand, that of 
MIR was higher than NIS by 80.00%. As shown in Figure 1 (A, B, C, 
D) there was no significant correlation between serum cortisol and 
HOMA-IR (R=0.02, p= 0.83) when all patients with ages 25 years and 
above were included. However, exclusion of younger ages (below 30, 
35, 40, or 45 years) rendered the correlation between serum cortisol 
and HOMA concomitantly higher (R=0.14, 0.35, 0.49 and 0.59, 

NIS
(IR< 4)

MIR
(IR= 4.1- 6)

HIR
(IR> 6)

Age (Years) 39.25 ± 5.36 30.65 ± 4.72 31.00 ± 4.07
Glucose(mmol/l) 5.79 ± 0.64 6.17 ± 0.70 9.49 ± 1.98 a¥b¥
Insulin(mIU/L) 11.25 ± 2.44 18.91 ± 3.60 a¥ 41.89 ± 3.31 a¥b¥
HOMA-IR 2.85 ± 0.45 5.00 ± 0.54 a** 16.02 ± 1.02 a¥b¥
Cortisol (IU/L) 269.25 ± 13.36 291.97 ± 15.85 316.76 ± 17.46 a**
TSH( mU/L) 2.16 ± 0.31 2.17 ± 0.30 2.23 ± 0.33
T4  ( pmol/L) 13.81 ± 1.02 15.02 ± 2.33 14.36 ± 2.06
T3( pmol/L) 7.32 ± 1.02 8.55 ± 1.52 10.12 ± 1.33

Table 1: The fasting serum glucose, insulin, cortisol, insulin resistance (HOMA-IR) and thyroid function parameters in subjects with normal insulin sensitivity (NIS), 
patients with moderate (MIR) and high insulin resistance (HIR). Presented data are mean ± SD. * P< 0.05, ** P< 0.01, ¥ P< 0.001. (a): significantly different from NIS; 
(b): significantly different from MIR.

YA
(≤ 30Yrs)

MA
(31 - 40Yrs)

OA
(> 40 Yrs)

Age (Yrs) 24.51 ± 3.21 34.89± 5.11 52.27± 5.61
Serum Glucose (mmol/L) 6.51 ± 1.44 7.77 ± 2.04 8.39 ± 1.83 a**
Serum Insulin (mIU/L) 31.43 ± 3.64 21.86 ± 2.71 a** 15.06 ± 2.24 a¥b¥
HOMA-IR 10.31 ± 2.35 7.34 ± 1.21 a* 5.57 ± 1.05 a¥b*
Serum Cortisol (IU/L) 288.70  ± 13.32 259.70± 10.52 330.90 ± 12.22 a¥b¥

Table 2: The fasting serum glucose, insulin, cortisol, insulin resistance in euthyroid subjects classified into different age groups.

Presented data are mean ± SD. * P< 0.05, ** P< 0.01, ¥ P< 0.001. (a): significantly different from Young group; (b): significantly different from Mid-age group.
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respectively). Similarly, exclusion of young ages (below 45) resulted 
in a significant positive correlation between age and cortisol (R=0.45, 
p=0.005) whereas, the correlation between age and serum insulin 
levels exhibited a significant negative correlation, and did not require 
exclusion of the young ages (R=- 0.25, p=0.003). 

Discussion
Insulin resistance is a metabolic disorder believed to play a major 

role in the pathogenesis of the metabolic syndrome, obesity, Type 2 
diabetes and cardiovascular disease [1]. Excess glucocorticoids are 
known to be among various factors involved in the development 
of diabetes [15]. In the present study the group with high fasting 
insulin and glucose levels and with highest estimated insulin 
resistance exhibited the highest serum cortisol levels. This finding 

was in congruence with the reports that revealed elevated serum 
cortisol levels in hypertensive patients with high fasting glucose 
and insulin resistance [16,17]. Glucocorticoids are known to 
promote gluconeogenesis by inducing the expression of the hepatic 
gluconeogenic genes and suppress the cellular uptake of glucose 
by inhibiting the membrane glucose transporter-4 [16]. Moreover, 
investigators have found an inverse relationship between the rate 
cortisol clearance from circulation and the body insulin sensitivity 
[18] and repeated treatment with glucocorticoids was shown to 
induce hyperinsulinemia and hyperglycemia suggesting a role for 
cortisol in the pathogenesis of insulin resistance [19]. Interestingly 
however, the present results exhibited that the correlation between 
serum cortisol and insulin resistance was significant only when 
the younger patients with ages below 25 years were excluded and 

NIS MIR HIR
Serum TC (mmol/L) 4.86 ± 1.02 4.83 ± 0.98 4.81 ± 1.12
Serum TG(mmol/L) 1.14 ± 0.12 1.33 ± 0.09a* 1.58 ± 0.11 a¥b*
HDL-cholesterol (mmol/L) 1.23 ± 0.05 1.16 ± 0.06 1.09 ± 0.08a*
LDL- cholesterol (mmol/L) 3.33  ± 0.21 3.13 ±0.36 3.07 ± 0.26
VLDL-cholesterol (mmol/L) 0.30 ± 0.04 0.54 ± 0.06 a** 0.65 ± 0.04 a¥b*

Table 3: Serum total cholesterol (TC), triglyceride (TG)and lipoprotein profiles in subjects with normal insulin sensitivity (NIS), moderate insulin resistance (MIR) and 
high insulin resistance (HIR).

Presented data are mean ± SD. * P< 0.05, ** P< 0.01, ¥ P< 0.001. (a): significantly different from NIS; (b): significantly different from MIR.
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Figure 1: Straight line regression plots of (A): serum cortisol against HOMA-A in patients with ages ≥ 25 Yrs, (B) ages ≥ 45 Yrs, ( C): between ages above 45 
years and serum cortisol concentrations, (D): between age and serum insulin levels.
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became highly significant when only patients with ages older than 
45 years were considered. In a study conducted on Chinese elderly 
population it was indicated that the morning serum cortisol levels 
in the elderly individuals were significantly higher than that of 
their younger counterparts [20]. This suggests that the influence 
of cortisol as an underlying factor for insulin resistance becomes 
more prominent at older ages. Moreover, the increase in age was 
accompanied with increase in the serum cortisol concentrations and 
a concomitant decrease in the insulin levels. This finding suggests that 
as the individuals grew older the pancreatic insulin secretion dropped 
gradually with concomitant increase in the cortisol levels playing 
the major role in the development of hyperglycemia. This was also 
found by Kamba et al. [21]. who showed that higher serum cortisol 
levels were significantly associated with decreased insulin secretion 
in the physiological cortisol range of Japanese population. However, 
the estimated insulin resistance also gradually dropped with age 
due to the reduction in insulin levels, but it did not fall below 5.0. 
Some authors reported that postprandial glucose remained elevated 
for longer time in nondiabetic elderly adults than in younger ones, 
suggesting an age-related decline in insulin sensitivity and glucose 
tolerance [22]. In response to cortisol-induced peripheral insulin 
resistance and in an attempt to maintain euglycaemia, the pancreatic 
β-cells undergo several morphological and functional adaptations 
that result in hyperinsulinaemia, whereas, failure of the β-cells to 
compensate leads to disruption of glucose homeostasis ending up in 
hyperglycemia. In experiments with cultured ß-cells of pancreas it 
was shown that glucocorticoids suppressed the insulin secretion [23]. 
Moreover, it was shown that the glucose-induced insulin secretion 
was decreased in animals with over expressed glucocorticoid receptors 
in the ß-cells of pancreas [24,25]. Suggesting that glucocorticoids may 
directly suppress the ß-cells function independent of their induction 
of insulin resistance. It was reported that several abnormalities 
including amyloid deposition occurred in the ß-cells and insulin 
secretion dropped in elderly people beside their decreased insulin 
sensitivity towards insulin tropic factors [26]. Glucocorticoids were 
also shown to stimulate adipocytes lipolysis through activation of 
hormone sensitive lipase  enzyme [27]. Causing elevation of the 
circulating free fatty acids that enhances the development of insulin 
resistance [28,29].

The present results also indicated that patients with high insulin 
resistance had high levels of serum TG levels with unaltered serum 
cholesterol concentrations. This was in accordance with the reports of 
Miccoli et al., [30]. who observed elevation of serum TG, reduction of 
HDL-cholesterol, and increased small dense LDL with normal LDL-
cholesterol in patients with impaired insulin activity. It is believed 
that insulin stimulates the uptake of free fatty acids and TG by liver 
and adipose tissue and enhances lipogenesis. Thus, when the adipose 
tissue loses insulin sensitivity, the circulating TG levels increase 
concomitantly [31]. The elevated serum TG levels were suggested to 
be due to increased hepatic secretion of VLDL and impaired clearance 
of chylomicrons and VLDL with increased fatty acid flux from 
adipose tissue [32]. In the presence of increased level of circulating 
VLDL the cholesterol-ester transfer protein (CETP) catalyzes the 
exchange of the VLDL- TG for LDL- and HDL-cholesterol ending up 
with TG-enriched LDL. These modified LDL particles are gradually 
catabolized by the hepatic lipase converting them into the atherogenic 
small dens LDL particles [30]. Moreover, these insulin resistant 
patients have reduced post heparin lipoprotein lipase activity due to 
increased apoprotein CIII /CII ratio that results in increased circulating 
chylomicrons and VLDL with reduced expression of LDL receptors 

that delays removal of chylomicrons remnant and LDL from 
circulation [33,34]. This probably explains our findings of unaltered 
LDL-cholesterol levels with significantly elevated TG concentrations. 
The Hypertriglyceridemia seems to be the effects of both impaired 
insulin action and the high serum cortisol levels. In support to this 
assumption, Prodam and coworkers [17]. observed a strong positive 
correlation between the serum cortisol levels and serum triglycerides, 
fasting glucose and insulin resistance. However, in contrast to the 
impairment of insulin resistance to the lipoprotein lipase activity, 
elevated serum cortisol was shown to enhance its activity that may 
enhance the catabolism lipoprotein TG and release of free fatty acids 
into circulation [35,36]. These two opposing effects of cortisol and the 
insulin resistance on the lipoprotein lipase activity seem to determine 
the extent of hypertriglyceridemia observed in these patients. 
Moreover, insulin resistance was shown to enhance the secretion of 
apoprotein B48 causing increased synthesis of chylomicrons [37]. 
Indeed, all these events lead to the accumulation of postprandial TG-
rich lipoproteins in circulation.

Conclusion
Euthyroid patients with insulin resistance had elevated serum 

cortisol levels. The serum cortisol was showed significant association 
with insulin resistance only at older ages. The serum cortisol levels 
increased with age whereas the serum insulin level decreased. Patients 
with high insulin resistance had dyslipidemia characterized by high 
serum TG, high VLDL and low HDL-cholesterol levels with unaltered 
total and LDL-cholesterol concentrations.
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