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Highlights 

• Obesity is related to leptin hormone regardless of the presence of diabetes, and the use of metformin. 
• No evident changes were noted in serum cortisol activity between the obese diabetic and non-diabetics irrespective of 

FBS differences. 
• HbA1C is the main determinant of lipoprotein disruption, thus keeping blood sugar under control is an established pri-

macy in clinical lipid management routines. 
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In addition to chronic hyperglycemia, the main characteristic feature of diabetes is the impair-
ment of carbohydrate, fat, and protein metabolism that underline the main cause of short-term 
and late-developing disease complications. These lead to stern changes in body systems, nota-
bly, the increased activity of the hypothalamic-pituitary-adrenal (HPA) axis, and expectedly, 
the upstream/downstream changes in adipokines and cortisol. This study was undertaken to 
assess cortisol and leptin levels in relation to obesity and diabetes. Excluding patients with 
complications, twenty-eight obese type 2 diabetic patients (diabetes duration less than 10 
years) were recruited for the study. All patients were receiving metformin doses of 500 mg or 
850 mg . 

The controls included in the study were 16 non-diabetic apparently healthy obese volunteers. 
Fasting blood sugar (FBS), HbA1C, LDL, HDL, leptin, and cortisol were analyzed. In the diabetic 
group FBS, HbA1C, TAG, LDL, and total cholesterol were significantly higher compared to the 
obese non-diabetic group. Serum leptin and cortisol showed no significant differences be-
tween the diabetic and the obese control group at 95% confidence. However, in the diabetic 
group, significant correlations were seen between serum leptin and HDL, and strong correla-
tions relating the bodyweight indicators (BMI; WC) with leptin and cholesterol. These results 
were expected to be the outcome of the cortisol changes in type2 diabetes, but no significant 
correlations were evident between serum cortisol and HbA1c. The outcome of the study was 
explained relating the similarity of the hormone's activity to the patients included in the study 
have had the disease for considerably short periods and were selected for lacking the compli-
cations usually seen in chronic long-duration diabetes. 
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1. Introduction 

In diabetes, short and late-term complications caused by per-
sistent hyperglycemia leave serious effects on body systems. These 
effects, seen in patients showing endocrine and autonomic nervous 
system (ANS) imbalance, are reflected in the raised activity of the 
hypothalamic-pituitary-adrenal (HPA) axis resulting in hypercorti-
solism. In addition, it has been found that the dysfunctional level of 
the HPA axis in diabetic patients is linked with the damage of the 
neuronal pathway of the axis, and with the damage resulting in the 
weakening response of glucocorticoids negative feedback (Elahi-
Moghaddam et al., 2013). 

In many studies, abdominal adiposity was found to be one of 
the strong predictors of type 2 diabetes, and maybe an indicator for 
the dysfunctional adipose tissue that is often accompanied by met-
abolic disturbances including insulin resistance, hypertriglycer-
idemia, hyperinsulinemia, glucose intolerance, hypertension, re-
duced level of HDL, and increased small and dense  LDL (Lin and 
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Sun, 2010). Several research groups reported that all these disturb-
ances were linked to adipocytokines metabolic disruptions. Such 
adipocytokines include leptin, a peptide hormone that influences 
energy homeostasis, immune, and endocrine function. High serum 
leptin is a characteristic feature found in most obese individuals, 
but due to the decreased leptin transport into the central nervous 
system, they show leptin resistance (Bahathiq and Omar, 2010). 

Alteration in the endocrine glands involved in regulating body 
metabolism is a result of diabetes-caused dysfunctions in the gen-
eral body metabolism, and this further complicates the problem of 
metabolic disruption. On the other hand, diabetic patients' state of 
health is known to deteriorate due to neuropathy, the most com-
mon neurological complication of diabetes, through its effect on the 
endocrine system, and the peripheral and autonomic nervous sys-
tems (Edwards et al., 2008). 

The activity of the hypothalamic-pituitary-adrenal axis (HPA) 
is known to increase in patients with diabetes due to autonomic 
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nervous system imbalance, and this is a consequence of hypercor-
tisolism and adrenocortical growth. These alterations are believed 
to result from the reduction in glucocorticoid feedback relative 
sensitivity along with the different parts of the axis, such as the 
changes in 11- beta hydroxy-steroid dehydrogenase (11B-HSD) en-
zyme activity, and the elevated hypothalamus expression of corti-
cotropin-releasing hormone (Barber et al., 2003). 

The lipoprotein lipase mediated hydrolysis and uptake of circu-
lating triglycerides and fatty acids (FAs) into adipocytes are 
thought to be enhanced by glucocorticoids (GCs) exposure. This ef-
fect is believed to be more evident in the trunk subcutaneous and 
visceral adipose tissue depots. However, the reason for such spe-
cific depot LPL activity is unaccounted for (Geer et al., 2014). Fur-
thermore, there are well defined contradictory effects in lipid me-
tabolism occurring as a result of several mechanisms induced by 
GCs as well as other mechanisms that remain to be elucidated 
(Peckett et al., 2011) 

The present study was undertaken to assess serum concentra-
tion of cortisol and leptin and their possible effects relative to met-
abolic disruptions caused by type 2 diabetes and/or obesity, which 
may contribute to the outcome of such diseases. 

2. Patients and methods: 

2.1. Subjects 

In the current study 28 obese type, 2 diabetic patients (diabetes 
duration less than 10years) were included. The selected patients 
were receiving metformin treatment in special daily doses of 
500mg or 850mg. Patients with complications were excluded from 
the study. The controls were 16 non-diabetic apparently healthy 
obese volunteers. All the study participants were asked to answer 
a case history questionnaire, all of them had their height, weight, 
waist circumference measured, and body mass index (kg/m2) cal-
culated. They were asked to fast for 12 hours to have their blood 
samples submitted to biochemical analysis for FBS, HbA1C, LDL, 

HDL, Leptin, and Cortisol . 
2.2. Blood collection 

Blood was collected via venipunctures. It was split into EDTA 
and plain tubes. Plain tubes were left at room temperature for co-
agulation. The serum samples were collected following centrifuga-
tion at 3,300g, 4°C for 10 min and stored at 20°C until analyzed. 
Serum samples were used for the estimation of total cholesterol 
(TC), high-density lipoproteins (HDL), low-density lipoproteins 
(LDL), Triacylglycerols (TAG), serum cortisol, and Leptin. The 
whole blood was analyzed for HbA1C and fasting blood sugar (FBS) 
at the time of sample collection. 

2.3. Anthropometric Measurements  

Body mass index (BMI) was calculated as weight in kg/m2 of 
height. Weight was measured using SECA scale (150 kg). Waist cir-
cumference was measured using an anthropometer. The tape was 
placed midway between the bottom line of the ribs and the top of 
the hip bone. The study volunteers were asked to breathe out nor-
mally and the measurements were taken in centimeters. 

2.4. Biochemical Measurements 

Lipoproeins: The serum levels of TC, TG, HDL-C, LDL-C were de-
termined using the respective assay kits in accordance with the 
manufacturer’s instructions. All samples were detected by COBAS 
INTEGRA ®400 (Roche Diagnostics, Switzerland). 

2.5. Fasting blood sugar (FBS)  

Quantitative determination of glucose was carried out by CO-
BAS INTEGRA ®400 (Roche Diagnostics, Switzerland). 

 

 

2.6. Hemoglobin A1C (HbA1C) 

HbA1C in whole blood was estimated by fluorescence Immuno-
assay ichroma™ for the quantitative estimation of HbA1C in whole 
blood (Boditech Med Inc., Republic of Korea). 

2.7. Measurement of Hormone Level 

Leptin concentration was analysed using Human Leptin ELISA 
kit (Biovendor Research and Diagnostic Products, Germany). The 
ELISA estimation was run using the automated instrument of Chem 
Well Models 2902 and 2910 washer-reader (Awareness Technol-
ogy Inc., Germany). Cortisol was estimated using the fluorescence 
immunoassay I chromaTM (Boditech Med Inc., Republic of Korea). 

2.8. Statistical analysis 

The presented data are shown as the mean ± standard devia-
tion. The means were compared using the student's T-test and re-
lationship extents were measured using Pearson's test. P<0.05 was 
considered to indicate statistically significant differences. Statisti-
cal analysis for the selected measurements and tests was carried 
out using the SPSS version 17.0 software (SPSS, Inc., USA). 

3. Results 

The anthropometric measurement of the diabetic obese group and 
the obese control group are summarized in Table 1. All, Age, BMI, 
waist circumference showed no significant statistical differences 
between the obese diabetics and the obese non-diabetic patients.  

Table1 

Mean  SD of Age, BMI, and WC in control and diabetic patient 

Parameter 

Control 
N=6 

Patient 
N=28 P 

Mean S.D Mean S.D 

Age 32.93 5.39 46.71 6.38 0.276 

BMI 31.6 6.76 33.41 6.91 0.735 

WC 113.18 20.48 116.89 15.98 0.091 

 

In the diabetic group FBS, HbA1C, TAG, LDL, and TC were signif-
icantly higher compared to the obese non-diabetic group. On the 
contrary HDL showed no difference comparing the two groups (Ta-
ble 2 and 3).  

Table 2 

Mean SD of serum HbA1Cand FBS in control and diabetic patients 

Parameter 
Control (N=16) Patient (N=28) 

P 
Mean S.D Mean S.D 

HbA1C 5.193 0.4 7.97 1.35 0.000** 

FBS 101.93 16.97 158.89 55.24 0.002** 

**P highly significant at p<0.01 

Table 3 

Mean  SD of serum Cholesterol, LDL, HDL and TG in control and dia-
betics 

Parameter 
Control (N=16) Patient (N=28) 

P 
Mean S.D Mean S.D 

Total cholestrol 128.4 20.55 166.5 35.78 0.012* 

LDL 63.56 15.19 83.28 41 0.019* 

HDL 36 7.1 36.28 8.84 0.239 

TG 69.125 22.22 138.89 59.37 0.038* 

*P significant at p<0.05 
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No significant differences (p>0.05) were observed in serum 
leptin and cortisol between the diabetic group and the obese con-
trol group as shown in (Table 4). 

Table 4 

Mean  SD of serum Leptin and cortisol in control and diabetic patient 

Parameter 
Control (N=16) Patient (N=28) 

P 
Mean S.D Mean S.D 

Serum Leptin 

(ng/mL) 
5.09 1.73 4.05 1 0.072 

Serum Corti-sol 

(nmol/L) 
295.66 64.14 322.34 79.78 0.592 

 

In both groups, BMI was significantly correlated with WC, and 
FBS was significantly correlated with HbA1C. Similarly, in both 
groups, a significant correlation was evident between serum leptin 
and waist circumference and this correlation was higher in the con-
trol group (Table 5). 

 

 

Table 5 

Significant Correlation (r) within the obese non-diabetic group 

Parameters Correlation Leptin WC TC HDL 

Wt 
R 0.698** 0.981**   

P 0.003 0.000   

BMI 
R 0.741** 0.877** 0.626**  

P 0.001 0.000 0.009  

WC 
R 0.769**    

P 0.000    

TAG 
R   0.493*  

P   0.05  

LDL 
R    −0.454 

P    0.078 

In the diabetic group, significant correlations were seen be-
tween serum leptin and HDL. Low-density lipoproteins were highly 
correlated with HbA1C and TC (Table 6). In addition, cholesterol 
was significantly correlated with serum HbA1C, HDL, and LDL. 
There was a moderate correlation between TAG and HbA1C (Table 
6). Most of these correlations were not seen in the obese non-dia-
betic group with the exception of the strong correlations seen be-
tween the bodyweight indicators (BMI; WC), leptin, and TC (Tables 
5 and 6). 

Table 6 

Significant Correlation (r) within the obese diabetic group 

Parameters Correlation WC HbA1C FBS LDL HDL TSG 

HBA1C 
r   0.495** 0.616**  0.367 

P    0.007** 0.000  0.05* 

Leptin 
r 0.415*    0.392*  

P 0.028    0.039  

BMI 
r 0.685**      

P 0.000      

Cholesterol 
r  0.433*  0.661** 0.508**  

P  0.021  0.000 0.006  

 
4. Discussion 

When the level of insulin and glucocorticoids enhance the re-
lease of fatty acids from adipocytes, the synthesis of lipoproteins in 
liver cells is increased, and subsequently fatty liver occurs. Insulin 
resistance and the impaired intracellular insulin signaling are the 
eventual results of such changes (Vegiopoulos and Herzig, 2007). 
Thus, the elevated levels of blood lipids are believed to be the cause 
of the decreased sensitivity of adipocytes to insulin, and the chang-
ing levels of glucocorticoids and insulin activity (Vergès, 2009). 

It is established that under physiological conditions the HPA 
axis activity is influenced by the negative feedback of glucocorti-
coids (Herman et al. 2016). Therefore, the sensitivity of this axis is 
reduced due to its hormonal feedback during chronic glucocorti-
coids increase. The functional impairments and increased activity 
of HPA axis in hyperglycemic conditions are believed to be, at least 
in part, the outcome of such reduced sensitivity. 

Research in the pathogenesis of prevalent diseases such as car-
diovascular disease and Type 2 diabetes places metabolic trepida-
tions central to other changes. In addition, most of these metabolic 
irregularities turn out to be the results of endocrine disturbances 
on a neuroendocrine basis, and insulin resistance may occupy a 
pivital role. When the regulation capability of the neuroendocrine 
played by the HPA axis is overwhelmed abnormalities will occur. 
Even moderate abnormalities in these central regulatory systems 
may, in the long run, lead to disease (Miller, 2018). Thus, under hy-
perglycemic conditions, such findings collectively point to the ef-
fect on HPA axis activity and consequently the hormonal output of 

the adrenal cortex, especially in type 2 diabetes (Chiodini et al, 
2007). Hence, the incidence of secondary dysfunction in other en-
docrine glands activity, and subsequently the exacerbation and 
complication of disease if no control of blood glucose is achieved, 
are the eventual outcome of such effects. Furthermore, the strong 
stimulation of the adrenal cortex, hypertrophy, and elevated hor-
monal output is apparently the subsequent effect of the increase in 
ACTH levels. In our study, the observed mean serum cortisol ap-
peared non-significantly different in diabetic patients compared to 
control (P>0.05). In addition, there was no significant correlation 
between serum cortisol and HbA1C in obese diabetic patients. This 
finding is reasonable because the patients in the current study did 
not reach critical chronic hyperglycemia exposure as reflected in 
their levels of FBS and HbA1C.On the other hand, other causes of an 
increased volume of adrenal cortex and cortisol secretion that 
could be considered include impaired lipid metabolism and insulin 
resistance (Golden et al., 2007, Saravia et al., 2001). However, pa-
tients included in our study did not suffer from critical 
dyslipidemia. It has been agreed upon that insulin resistance is an 
integral feature of metabolic syndrome, and is considered as a key 
predictor of the development of type 2 diabetes (Roberts et al., 
2013). In addition, it has long been recognized that there is a strong 
association between obesity and type 2 diabetes, and the focus of 
this link is the role believed to be played by obesity in the induction 
of insulin resistance. In our study, obesity was expressed using BMI 
and WC to detect general and abdominal obesity. In both, the dia-
betics and non-diabetics, we found a strong significant correlation 
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between BMI and WC, which was higher in controls than in diabet-
ics. Such a difference could be owed to the effect of metformin 
taken by diabetic patients. The support for this observation is pro-
vided by a UK study conducted to explore the effect of anti-diabetic 
treatment on body weight in obese patients (krentz, 2006). Simi-
larly, in our study, the selected patients did not have any common 
diabetes-related complications. The mentioned UK study was car-
ried out to assess whether metformin has an effect on obesity and 
related pathological condition such as myocardial infarction and 
diabetes-related mortality. The study showed that patients having 
a controlled diet and receiving metformin therapy showed a reduc-
tion of 39% in MI incidence, 42% in diabetes-related mortality, and 
31% in prevention of the risk of diabetes. Insulin associated weight 
gain can potentially be reduced through the co-administration of 
metformin with insulin. The underlying mechanisms with which 
metformin neutralizes the weight gain in this context is poorly un-
derstood. 

Excessive fat accumulation promotes the release of free fatty 
acids into the circulation from adipocytes, which may be a critical 
factor in modulating insulin sensitivity (Sears and Perry, 2015). 
However, plasma free fatty acids levels do not increase in propor-
tion to the amount of body fat, since the basal adipose tissue lipol-
ysis per kilogram of fat is lower in obese subjects than in lean sub-
jects (Rydén et al., 2013, Sears and Perry, 2015), and it was shown 
to be associated with the down-regulation of hormone-sensitive li-
pase and adipose triglyceride lipase, key enzymes involved in in-
tracellular degradation of triglycerides (McQuaid et al., 2011; 
Jocken et al., 2007). Thus, Karpe et al., (2011) suggested that the 
link between circulating free fatty acids levels and insulin sensitiv-
ity in vivo needs further investigation to elucidate the details of 
such a complicated relationship. In addition to hypertrophy of adi-
pocytes, obesity and insulin resistance involves the expansion of 
the extracellular matrix and cells other than adipocytes such as en-
dothelial cells, stromal vascular cells, macrophages, and monocytes 
(Varma et al., 2008, Pasarica et al., 2009). A recent study showed 
that adipose tissue from obese insulin-sensitive individuals had 
larger blood vessels, but decreased capillary density as compared 
to adipose tissue from lean insulin-sensitive individuals. This sug-
gests that altered angiogenesis and oxygen delivery may play a role 
in obesity (Lawler et al., 2016). 

In our study, there was a strong positive correlation between 
BMI (as a detector of obesity) and serum cholesterol in obese non-
diabetic control patients, but this correlation was not found in 
obese diabetic patients. The literature shows the inconsistency of 
results regarding the influence of metformin on lipid profile. Some 
studies reported a reduction in TC levels only, while others re-
ported a reduction of TC and TG with an increase in HDL-C, still, 
other studies showed no changes in lipid profile. In a recent study, 
Lin et al. (2018) showed that in patients newly diagnosed with 
T2DM, metformin therapy without concomitant usage of lipid-low-
ering drugs significantly decreased both serum LDL-C and TG, as 
well as increased HDL-C levels. It has been concluded that more 
studies are needed to clarify this issue (Mourão-Júnior et al., 2006, 
Lin et al., 2018). 

Several studies have demonstrated that in order to prevent the 
development and progression of chronic complications of diabetes, 
a comprehensive patient assessment approach to all elements of 
the metabolic syndrome is required (Cornier et al. 2008). However, 
whenever sophisticated laboratory methods are not available, WC 
a feature considered as one major clinical assessment factor of the 
metabolic syndrome should be considered (Huang, 2009, Grundy 
et al., 2005). 

In our study, we measured serum leptin for both the obese non-
diabetic and obese diabetic patients. It was surprisingly found that 
there was a strong correlation between BMI and serum leptin in 
obese non-diabetics, and this correlation was not found in diabetic 
patients even though the means of BMI of the groups were closely 
similar. These results are supported by a study by Zhu and his co-
workers (2013) in which they assessed the difference in the effect 

of glimeperide and metformin on obese diabetic patients. The high-
est serum insulin concentration and insulin resistance levels were 
clearly reported in glimepiride treated group as compared to the 
control and metformin-treated group (Zhu et al., 2013). 

Leptin levels in our study showed no significant differences be-
tween the studied groups. This is supported by several studies in 
recent years presenting the role of body weight as a major deter-
minant of circulating leptin levels. These studies showed that leptin 
as one of the potential mediators of inflammation can be partly re-
sponsible for the pathogenesis of autoimmune diseases and other 
inflammatory disorders. Thus, leptin increase following chronic in-
flammatory processes as a result of such diseases or metabolic dis-
order can further fuel the inflammatory state even though many 
aspects of the interaction process between leptin and inflammation 
is still unclear (Bjornstad et al., 2018, Pérez-Pérez et al., 2014, El-
shaari et al., 2018). 

Several studies show that metformin (1, 1 dimethyl biguanide) 
enhances glucose transport and utilization, mitochondrial and pe-
roxisomal FA β-oxidation, basal lipolysis, aerobic and anaerobic 
respiration, in addition to leptin secretion reduction prior to 
weight loss. Collectively, these metabolic effects pushed scientists 
to advocate that adipose monitoring signals over the long term are 
expected to play the role of second messengers that influence the 
metformin effect on food intake. This is deeply rooted by the rise in 
insulin sensitivity following metformin treatment, and by the ac-
tion of insulin on energy status signals regulating adiposity (Attia 
et al., 2001, Rena et al., 2017). 

Inhibition of 11β-hydroxysteroid dehydrogenase type 1 
(11βHSD1) is a strategy that has been proposed to suppress gluco-
corticoid action in a tissue-specific manner. Several varieties of 
11βHSD1 inhibitors are now under investigation to treat type 2 di-
abetes and obesity. Such intended inhibition is considered an at-
tractive therapeutic target for treating T2DM and obesity, with sig-
nificant potential advantages over existing treatment options (An-
agnostis et al., 2013). During last year, 2019, Koike et al. (2019) dis-
covered a novel 11βHSD1 inhibitor with potent and selective inhib-
itory activity against human 11β-HSD1. This inhibitor showed met-
abolic stability against human and mouse liver microsomes. Oral 
administration of this novel 11βHSD1 inhibitor to diabetic ob/ob 
mice reduced corticosterone levels in adipose tissue, and thereby 
reduced plasma glucose and insulin levels in a dose-dependent 
manner (Koike et al., 2019). These research themes and discover-
ies point to the importance of studying glucocorticoids and their 
relation to other regulatory factors such as leptin, the target of the 
current study. More importantly, it has been noted that there is no 
clear increase in serum cortisol in obese human subjects, but there 
is increased activation of cortisol from cortisone within local adi-
pose tissue (Lee et al., 2008). 

5. Conclusions 

The current study was undertaken assuming that the metabolic 
dysregulations seen in diabetes are the result of the relationship 
between elevated serum cortisol  and other metabolic changes. Alt-
hough, no significant correlations were seen in the current study 
between serum cortisol and HbA1C, the biochemical changes and 
relationships reported here are related to the criteria of the selec-
tion of the patients. Thus, by excluding patients with long duration 
of diabetes (>10 years), and those with complications commonly 
seen in chronic diabetic patients, the consequences caused by ex-
posure to chronic cortisol could not be seen. The significant rela-
tionship between elevated cortisol and type 2 diabetes were previ-
ously reported in patients that had the disease for periods longer 
than 10 years with or without complications. Currently, diabetes is 
an extremely complicated metabolic disease that involves several 
pathways and numerous factors that can be affected by antidia-
betic drugs. Thus, the relashionship of leptin to obesity indicators 
seen in the obese controls and absent in the diabetic patients on 
daily metformin highlights such a complicated process. 
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