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Increased insulin secretion suppresses cortisol levels, exacerbates
inflammation and beta-cell dysfunction

Increased insulin resistance with cortisol levels and HOMA- B
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Abstract

Aim: The role of inflammatory mechanisms in the formation of insulin resistance (IR), diabetes and metabolic syndrome has been widely discussed in recent
years. The aim of this study was to investigate the relationship between IR and pancreatic B-cell function with hematological inflammatory markers and
cortisol levels.

Material and Methods: Four hundred fifteen adult patients whose samples were accepted to the laboratory between the hours of 08:00-12:00; leukocyte, neu-
trophil and lymphocyte count, mean platelet volume (MPV), insulin, glucose, and cortisol levels were examined retrospectively. The neutrophil-lymphocyte ratio
(NLR), the homeostasis model assessment (HOMA)-IR and HOMA-B values were calculated according to the collected data. The patients were divided into two
groups: with (HOMA-IR=2.5) and without IR (HOMA-IR<2.5). All data were statistically evaluated using the SPSS package program.

Results: A statistically significant difference was found in cortisol levels (p=0.003), leukocyte (p<0.001), neutrophil (p<0.001), lymphocyte counts (p=0.003) and
NLR (p=0.011) between the groups. However, there was no significant difference between the MPV levels. Both HOMA-IR and HOMA-B showed a weak positive
correlation with leukocyte, neutrophil and lymphocyte counts and showed a negative correlation with cortisol levels. There was a weak positive correlation
between NLR levels and HOMA-IR. Although there was a negative correlation between cortisol with insulin and NLR levels, no significant correlation was found
between cortisol and glucose, neutrophil-lymphocyte count.

Discussion: The significant increase in hematological inflammatory cells in patients with IR suggests that inflammatory mechanisms may have produced insulin
resistance. The increase in insulin levels and suppression of cortisol levels may play a role in the progression of inflammation.
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Introduction

Diabetes mellitus (DM) is a chronic, broad-spectrum metabolic
disorder, which requires constant medical care, and the
organism cannot benefit enough carbohydrate, fat and proteins
[1]. The global prevalence of DM was 9% in 2014, and in
2015 almost 1.6 million deaths were caused directly by DM
in the world (available at: https://apps.who.int/iris/bitstream/
handle/10665/112736/9789240692763_eng.pdf;jsessionid=A
0D24CBFODD2997742383515E2739EC67sequence=1).

It is now accepted that diabetes develops through two
mechanisms: insufficient insulin release and insulin resistance
(IR) due to dysfunction of pancreatic B cells. The homeostasis
model assessment (HOMA) model is a widely accepted method
for assessing B-cell function (with HOMA-B) and IR (with HOMA-
IR) from basal glucose and insulin concentrations [2-4]. Higher
HOMA- B level is associated with beta-cell response or insulin
secretion [5], and increased HOMA-IR and decreased HOMA-§
have been shown to significantly predict type 2 diabetes [6-8].
Inflammation can affect insulin signaling, indirectly increasing
the risk of DM [9], and the increase of cytokines disrupts
beta cell function [10]. Many studies confirm that increased
hematological inflammatory markers (especially WBC levels)
are an independent risk factor for insulin resistance, diabetes,
metabolic syndrome, and coronary artery disease [11-13].

The neutrophil- lymphocyte ratio (N/L ratio-NLR) is known to
be related to inflammation. Both the types of malignancy and
chronic diseases have been shown to be related to subclinical
inflammation in various literature studies [14, 15]. However,
although the relationship between IR and inflammation has
been described in the literature, there is not enough information
about NLR levels’ relationship.

Cortisol plays very important regulatory roles in glucose
metabolism and plays an important role in the insulin signaling
pathway. It disrupts insulin sensitivity in various tissues,
reduces glucose uptake by inhibiting the interaction with the
insulin receptor in cells, especially GLUT 4 in which adipose
and muscle tissues, and contributes to IR [16, 17]. There is
insufficient information about the effect of increased cortisol
on pancreatic cell function and insulin secretion [17].

Cortisol is associated with inflammation and increases the
number of neutrophils in the peripheral circulation by stimulating
the production of neutrophils from the bone marrow in the
case of inflammation. Also, it induces the production of anti-
inflammatory cytokines while suppressing the proinflammatory
cytokines.

In this study, we aimed to investigate the relationship
between IR and pancreatic B cell function with hematological
inflammatory markers (leukocyte, neutrophil and lymphocyte
counts, neutrophil/lymphocyte ratio, mean platelet volume) and
cortisol levels.

Material and Methods

Subjects, inclusion and exclusion criteria

For this cohort study, the necessary permission was
obtained from the local ethics committee (Decision number:
30.04.2019/34). Four hundred fifteen adult patients (18-60
years) who applied to the Biochemistry Laboratory of Eskisehir
Osmangazi University Hospital for checkup between the hours

of 08:00-12:00 from January 2017 to 2019 were included
the study. Individuals with defined any chronic, (rheumatoid
arthritis, thyroid dysfunction, etc.) or malignancy disease,
Diabetes Mellitus or obesity disease, pituitary gland diseases
(including Cushing syndrome), irregular menstrual cycle disease,
post-surgical patients and pregnant women were excluded
from the study.

Data collection and calculations

In the early hours of the morning, fasting blood was collected
from the participants into one red-capped hemogram tube
(for serum samples) and two purple-capped EDTA-containing
tube (for plasma and whole blood samples). Fasting insulin,
and glucose levels were observed in serum samples, leukocyte
(WBC), mean platelet volume (MPV), neutrophil and lymphocyte
counts were observed in whole blood samples, and cortisol
According to the
(ECLIA,
system), sandwich method, insulin levels were measured with
appropriate commercial reagents on Roche Cobas e 801 auto-
analyzer device (Roche Diagnostic GmbH, Mannheim, Germany).
Participants’ glucose values were measured on a Roche Cobas
¢ 702 auto-analyzer device using commercial kits, including the
reference spectrophotometric hexokinase method. According to
the ECLIA competitive method, cortisol levels were measured
with appropriate commercial reagents on a Roche Cobas
e 601 auto-analyzer device. Sysmex XN-9000 (Sysmex Co.,
Kobe, Japan) automatic analyzer was used for hematological
inflammatory markers. HOMA-IR and HOMA-B values of the
participants were calculated by the following equations in the
literature, respectively:

levels were observed in plasma samples.

electrochemiluminescence  immunoassay Elecsys

HOMA-IR = [fasting plasma glucose (mg/dL) x fasting insulin
level (mlU/L)] / 405,

HOMA-B = [360 xfasting insulin level (mIU/L)] / [fasting plasma
glucose (mg/dL) - 63] [2, 4].

IR was defined as a HOMA-IR value equal or greater than 2.5
[18], and patients were divided into two groups according to
the absence (HOMA-IR <2.5 - Group 1) or presence (HOMA-IR
22.5 — Group Il) of IR. In addition, the neutrophil/lymphocyte
ratio (NLR) levels of patients were calculated by proportioning
the obtained neutrophil and lymphocyte count.

Statistical Analysis

All parameters were analyzed using the Kolmogorov-Smirnov
and Shapiro-Wilk normality tests. The Mann-Whitney U statistic
test was used for the parameters that did not show normal
distribution. Correlations of parameters were examined with
the Spearman correlation test. All statistical evaluations were
performed with the SPSS package programs. Significance value
(p) < 0.05 was considered statistically significant.

Results

The baseline characteristics of the participant are summarized
in Table 1. According to the HOMA-IR values, 148 of the
participants were included in Group | (absence of IR) and 267
in Group Il (presence of IR). The average age of the groups
was 37.5 (27.0-48.75) and 42.0 (28.0-50.0) years, respectively
((Median (25-75%), Table 1). Females were dominant than
males in both groups. As expected, there was a significant
difference between insulin and glucose concentrations between
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Groups | and Il (Figure 1). 8 Greupl B Groupm 8 Group 1 BGroup 1
When Group | and Group Il were compared, a statistically ’ - .
significant difference was found between cortisol levels - R 1

(p=0.003), leukocyte (p<0.001), neutrophil (p<0.001), lymphocyte L . ]

count (p=0.003) and NLR (p=0.011). In Group Il, cortisol levels "
were significantly lower and other parameters were significantly
higher than in Group I. MPV levels were higher in Group I, but
there was no significant difference between Group | (Table 2).
Both HOMA-IR and HOMA-3 showed a positive correlation with *
hematological inflammatory markers and showed a negative
correlation with cortisol levels (Table 3). There was a weak »
positive correlation between NLR levels and HOMA-IR (p =0.007,

Inoudin levels (mILUL)
Glucose levels (mz/dl)
2 B

r =0.132). Although there was a negative correlation between

cortisol with insulin and NLR levels (p <0.001, r = -0.182; p  Figure 1. Insulin concentrations, Group I: 8.0 (6.36-9.66), Group lI:
=0.008, r = -0.129, respectively), no significant correlation was  17.9 (13.9-25.0) pUl/mL

found between cortisol and glucose, neutrophil and lymphocyte ~ *p<0.001. Glucose concentrations, Group I: 87 (83-94), Group II: 98
count (Table 3). (91-111) mg/dl

*p<0.001. Concentrations are presented as median (25-75%)

Table 1. Age and gender characteristics of patients

Parameters Group | (n=148) Group Il (n=267) p- value . .
f&s(}szz) (25-75) 37.5 (27.0-48.75) 42.0 (28.0-50.0) 0.249* e . :
Gender (F/M) 110737 204/64 0916# i, ’ sy
*Mann-Whitney U Test, F: female; M: male, #chi -square test. - :
Table 2. Comparison of cortisol and hematological inflamma- '
tion markers between the groups oy : S .
e L I
Parameters Groups (;/:;':,2) p* . .
Group | 16.1(13.0-19.3)
Cortisol (ug/dL) 0,003 o e (e T
Group Il 145(11.6-181) HOMA-LR HOMA-f
Leukocyte Group | 6.9 (5.8-8.2) 0001
(1O7HPE) o I 7268 =24) Figure 2. Correlation relationships between cortisol levels with
Neutrophil Group | 36(28-46) <0001 HOMA-IR and HOMA-B (Scatter plot correlation analysis)
(x10%/HPF) Group Il 44 (35 - 5.4)
. Group | 24(2-30)
Lymphocyte (x10%/HPF) Group i By —— 0.003 Discussion
Group | 16(11 - 20) Many studies in the literature have shown that diabetes
NLR e B oo is associated with inflammation [19, 20]. Although the
Group | 89(81-10) molecular mechanisms leading to IR formation are still unclear,
MPY {fL) Grouplli 91 (83-99) 0372 epidemiological studies have demonstrated that systemic
*Mann-Whitney U Test inflammation and IR coexistence play a role in the pathogenesis

of diabetes [20]. Increased neutrophil and decreased lymphocyte
Table 3. Correlation of hematological inflammation markers

and cortisol levels with insulin resistance parameters

count indicate the immune system’s response to different
physiological diseases, and the neutrophil/lymphocyte ratio
(NLR) is now considered an important inflammatory marker

Cortisol Leukocyte Neutrophil Lymphocyte NLR MPV i X
(ug/dL)  (x10%/HPF) (x10%/HPF)  (x10%/HPF) (FL) for evaluating the degree of disease [19, 21, 22]. In our study,
e T 0182 0342 0289 0241 0008 oo4e Nematological inflammatory markers were found to be high
(miU/ L) 20001 20001 20001 20001 006 o0zig 1N patients with IR. Although both neutrophil and lymphocyte
dhcoe T 0017 0,086 0,148 0,052 010 0013 count was higher, the NLR was also found to be significantly
(mgrd) — — — p— <0001 0793  higher in patients with IR, as the increase in neutrophil counts
r 0157 0327 0237 0301 0018 ooso Was higher (p = 0.011). The positive correlation of these
HOMAB B 0,001 <0.001 <0.001 <0.001 0716 o224  hematological inflammatory markers with both HOMA-IR and
v 0170 0320 0.290 0.199 0132 0029 HOMA-B suggested that inflammation was associated with IR
HOMAIR .
p 0.001 <0.001 <0.001 <0.001 0.007  0.559 and B cell dysfunction.
el | 1.00 0019 -0.053 0.057 0129 -0027  Glucocorticoids (GC) are a main group of endocrine regulating
(bg/dy) - 0701 0283 0247 ooos 0578  hormones that are released in our body in cases of stress.
Spearman correlation test, r= Correlation Coefficient, p= Significance (2-tailed) GCs and especially cortisol increase serum g|UCOSE levels by
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increasing gluconeogenic gene expression and gluconeogenesis
in the liver, as well as inhibiting the entry of glucose into
muscle and adipose tissue by inhibition of GLUT 4 receptor
translocation [23, 24]. These mechanisms may lead to impaired
glucose tolerance, development of IR and excessive cortisol
release leading to diabetes. However, there is no precise
information about the development of IR or whether it causes
pancreatic B cell dysfunction. In our study, cortisol levels were
lower in patients with IR and cortisol levels were negatively
correlated with HOMA-IR, HOMA-B and insulin levels (r = -0.17
p =0.001,r =-0.157 p =0.001, r = -0.182 p <0.001, respectively).
This shows us that cortisol causes B cell dysfunction rather
than IR. Our results suggest that cortisol may directly suppress
B-cell function, and in this case, higher cortisol levels may
increase the risk of impaired glucose metabolism independent
of induction of insulin resistance. At the same time, the
negative correlation of cortisol with NLR (r = -0.129, p=0.008)
indicates that inflammation may be exacerbated by decreasing
cortisol levels. In our study, fasting glucose and insulin levels
of the participants were studied in order to determine insulin
resistance in a healthy way. In addition, the hours when the
cortisol level is the highest in healthy people between 8:00 and
12:00 hours were preferred [24].

MPV is one of the hemogram parameters measured as a
marker of blood platelets. MPV values are the subject of
recent studies that may be evaluated as early markers of
inflammatory diseases such as Type | Diabetes Mellitus and
atherosclerosis [25]. Hyperglycemia induces non-enzymatic
glycosylation of some proteins present on the platelet surface.
Therefore, platelet reactivity is reduced because the glycation
of the membrane proteins changes membrane fluidity [25].
Our study aimed to investigate insulin resistance and cortisol
levels with MPV levels as potential hematological inflammatory
markers. However, we did not observe significant difference or
correlation with MPV levels.

The limitations of our study can be summarized as follows:
due to the retrospective nature of the study, all the data of the
participants were obtained through our laboratory data system,
and although it was examined and excluded from the study
whether they had chronic diseases, their regular drug use that
may affect the parameters could not be determined.
Conclusion

In conclusion, a significant increase in hematological
inflammatory markers in patients with IR suggests that
inflammatory mechanisms may have produced IR. The increase
in insulin levels and suppressing cortisol levels may have played
a role in making inflammation more pronounced.
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