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Purpose: To evaluate serum cortistatin (CST) levels in type 2 diabetes mellitus (T2DM) patients with or without non-alcoholic fatty
liver disease (NAFLD) and to examine the relationship between CST and NAFLD.

Methods: A total of 90 T2DM patients, which included 56 NAFLD patients (referred to as DM+NAFLD group) and 34 patients
without NAFLD (DM-only group), and 83 non-diabetes individuals that included 39 NAFLD patients (NAFLD-only group) and 44
without NAFLD that acted as the normal-control group (NC group). The differences in the serum CST levels between the groups were
compared, and the correlations between CST and other variables were calculated by applying both correlational analysis and multiple
linear regression analysis.

Results: The mean serum CST levels were significantly lower in the DM+NAFLD and DM groups than in the NC group (P < 0.05).
In addition, the CST levels were lower in the DM group relative to that in the NAFLD group (P < 0.05). However, no statistical
difference was noted in the serum CST between diabetic patients with and without NAFLD (P > 0.05). Similarly, in the non-diabetic
group, the serum CST level was not significantly different between individuals with and without NAFLD (P > 0.05). Furthermore, the
serum CST levels were negatively associated with the levels of total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C),
fasting plasma glucose (FPG), homeostasis model assessment-insulin resistance (HOMA-IR), and insulin cell function index (HOMA-
B). Conversely, the serum CST levels were positively associated with high-density lipoprotein cholesterol (HDL-C). The data obtained
through multiple linear regression implied that LDL-C and HOMA-f, but not HOMA-IR, were closely related to serum CST levels.
Conclusion: T2DM was related to decreased serum CST. However, serum CST was correlated with HOMA-B in T2DM patients,
while HOMA-IR was not. There was no correlation between CST and NAFLD.
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Introduction

Type 2 diabetes mellitus (T2DM) is a major global health issue and poses a great human health threat.! The pathogenesis
of T2DM mainly involves the dysfunction of islets beta cells and insulin resistance. Meanwhile, with the pandemic of
obesity, the prevalence of nonalcoholic fatty liver disease (NAFLD) has increased in the past several decades. Whereas
the incidence of NAFLD in the overall population is 20-30%,” and its incidence in T2DM patients has reached to
approximately 55%.% NAFLD is proposed to occur as a manifestation of hepatic insulin resistance and is a common
comorbidity in patients with T2DM.* Although insulin resistance plays a role in the link between NAFLD and T2DM,
the underlying mechanism connecting these two diseases remains largely elusive.’
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Bioactive peptides have received considerable attention in the prevention and treatment of diabetes. Cortistatin (CST)
is a neuropeptide that shares structural similarity with somatostatin (SST).® Past studies have demonstrated that CST
mRNA is widely present in the endocrine tissues, particularly in the pancreatic tissues.” Accumulated evidences suggest
that CST can affect insulin secretion.® While examining the dose-dependent effect of CST or SST on growth hormone and
insulin secretion, Broglio et al reported that CST, like SST, has an inhibitory influence on the secretion of growth
hormone and insulin. Similarly, Grottoli et al reported that CST inhibited insulin secretion in patients with acromegaly
and prolactinoma.” In addition, some studies have found that CST can affect insulin sensitivity. A study by Cordoba-
Chacon et al reported insulin resistance in CST-deficient male mice.'” In addition to animals, the link between CST and
T2DM has been reported in human studies. For instance, Chen et al'' discovered that the serum CST levels were
significantly low in newly diagnosed T2DM patients compared to that in healthy controls. Furthermore, the serum CST
levels were negatively associated with the fasting plasma glucose (FPG), fasting insulin (FINS), and homeostasis model
assessment-insulin resistance (HOMA-IR). Cumulatively, these studies indicate that CST may be involved in the
regulation of glucose metabolism through its effect on insulin secretion and insulin resistance. Accordingly, CST
might play a potential role in the development of T2DM and may thus serve as a new therapeutic target.

Although CST is found in the liver,'*'? there are no studies that correlate the serum CST level with NAFLD. Also,
until date, no study has yet investigated CST changes in T2DM combined with NAFLD, which presents a situation of
more profound insulin resistance. In addition, the association between CST and insulin sensitivity and its role in
regulating glucose metabolism in patients with T2DM deserves detailed studies. In this study, we investigated the
serum levels of CST in T2DM patients with or without NAFLD. We further analyzed the correlation of serum CST levels
with insulin secretion, insulin sensitivity, and NAFLD. Through this study, we aimed to achieve a better understanding of
the role of CST in the development of T2DM as well as its association with NAFLD.

Materials and Methods

Participants

In the present study, we randomly selected 90 T2DM patients and 83 non-diabetic individuals. Among 90 T2DM
patients, 56 had NAFLD whereas 34 had no NAFLD. These patients were admitted to the Hebei General Hospital
between March 2019 and November 2019 as a DM group. In addition, among 83 non-diabetic patients, 39 had NAFLD
and 44 had no NAFLD. These individuals were examined during the same period and were categorized as the non-DM
group. The diagnosis of T2DM met the diagnostic criteria of the World Health Organization in 1999 and excluded type 1
DM, chronic hepatic and/or renal dysfunction, acute infection, nutritional disorders, chronic vascular diseases, cancer and
other specified diseases that can lead to fatty liver, such as hepatitis B virus infection, hypo-lipoproteinemia, hepato-
lenticular degeneration, congenital lipid atrophy, and celiac diseases. The present study upheld the privacy rights of
human subjects, obtained their informed consent, and implemented all ethical procedures. Furthermore, the study was
approved by Hebei General Hospital Ethics Committee (ethical approval number: 2022053) and is consistent with the
Declaration of Helsinki.

Clinical Data Collection

Clinical Data

The basic information, past medical history, and duration of the diabetes of all the subjects who participated in the study
were gathered. Body mass index (BMI) was counted. The venous blood drawn from all patients was drawn in the
morning after at least 8 h of fasting. Glucose metabolism-related indicators, including fasting plasma glucose (FPG),
fasting insulin (FINS), and fasting c-peptide were recorded. The biochemical indexes, including liver function, blood
lipid, and serum uric acid were also recorded. Furthermore, homeostasis model assessment-insulin resistance (HOMA-
IR) and insulin cell function index (HOMA-B) were calculated for each individual. The serum CST and C-reactive
protein (CRP) levels were measured by electrochemiluminescence immunoassays (ECLA) using Roche commercial kits
(COBAS ¢ 601, Roche, Germany).
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Definitions

NAFLD diagnostic criteria: All subjects having no history of heavy drinking (male <30 g/day, female <20 g/day), no
drug intake that can cause liver steatosis, no history of obesity surgery, and no history of exposure to liver toxins in the
past six months. The severity of NAFLD was classified based on the results of B-ultrasound.'* Based on the ultrasound
findings, patients with NAFLD were classified as mild, moderate, or severe according to their degree of disease.'” The
formulas used for calculating HOMA-IR and HOMA J are as follows: HOMA-IR = fasting glucose (mmol/L) X fasting
insulin (mIU/L)/22.5, HOMA-f= (20 x fasting insulin [mIU/L])/(fasting glucose [mmol/L] - 3.5).10:17

Statistical Analysis

Statistical analysis was performed using SPSS 22.0 (IBM, Inc., Armonk, NY, USA). The classified data were represented as rate
or percentage. If the continuous data exhibited normal distribution, it was represented as mean +standard deviation, otherwise as
median (interquartile range). While comparing the data of each group, one-way ANOVA was used if the data were normally
distributed in the four groups; otherwise, a nonparametric rank test was applied for analysis of inter-group differences. In addition,
correlation analysis was conducted to observe the correlation between the serum CST level and other indicators in the T2DM
group. The indicators of normal distribution were analyzed by Pearson’s correlational analysis, while skewed distribution was
analyzed by Spearman correlation analysis. Multiple linear regression analysis was applied to calculate the relationship between
CST and related variables, but only after other potential factors were controlled. According to the Kolmogorov—Smirnov test, the
regression residuals obeyed a normal distribution. P<0.05 was considered as statistically significant.

Results

Clinical and Laboratory Features in the Four Groups

The Basic Index in Different Groups

The age of each group did not show any significant statistical difference (P > 0.05). The BMI was significantly lower in
the two groups of DM and NC compared to that in the DM+NAFLD group, while the BMI of the NAFLD group was
greater than that of the NC group, with statistically significant difference (P < 0.05). The diastolic blood pressure was
significantly greater in the DM+NAFLD and NAFLD groups compared to that in the NC group (P < 0.05). There were
statistical variations in gender composition in different groups (P < 0.05). The liver function in different groups: the
direct bilirubin (DBIL) was significantly greater in the DM+NAFLD and DM groups when compared to that in the NC
group (P < 0.05). The serum DBIL level was significantly upregulated in the DM+NAFLD group when compared to that
in the NAFLD group (P < 0.05). The serum alanine transaminase (ALT) level in the DM+NAFLD and NAFLD groups
was higher than that in the DM and NC groups, while the serum aspartate transaminase (AST) level in the DM+NAFLD
group and the NAFLD group was greater than that in DM group (P < 0.05) (Table 1).

Table | Clinical Characteristics of All Subjects

Group DM (n=90) Non-DM (n=83) P

DM+NAFLD DM Only NAFLD Only NC

(n=56) (n=34) (n=39) (n=44)
Male/Female 43/13 25/9 28/11 18/26 0.001
Age (year) 47.61%12.12 50.70£13.10 54.10+13.14 51.73+7.82 0.086
BMI (kg/m?) 27.70£3.90 24.52+5.69* 27.35%2.49 24.52+2.10%4 <0.001
SBP (mmHg) 130 (119, 141) 124 (110, 146) 139 (119, 149) 122 (117, 130) 0.233
DBP (mmHg) 85.62+13.42 81.53%11.49 83.50+8.00 77.53+8.58+4 0.037
TBIL (umol /L) 15.89+4.66 14.735.10 16.10+6.84 14.21+4.08 0.272
DBIL (umol/L) 2.87+0.93 2.67£1.03 2.22+091* 2.03£0.61% <0.001
IBIL (umol/L) 13.40 (9.60, 15.52) 12.51 (8.17, 15.30) 12.53 (11.61, 15.42) 13.10 (9.81, 15.70) 0.555
ALT (IU/L) 22.70 (17.80, 44.63) | 15.60 (12.10, 26.74y*4 | 31.04 (16.24, 37.37) 19.54 (11.03, 23.35)*4 | <0.001
AST (IU/L) 21.50 (17.40, 31.61) | 17.80 (13.70, 21.65)* 23.13 (20.33, 27.43)% 19.65 (17.08, 22.34) 0.016

(Continued)
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Table | (Continued).
Group DM (n=90) Non-DM (n=83) P
DM+NAFLD DM Only NAFLD Only NC
(n=56) (n=34) (n=39) (n=44)
TC (mmol/L) 4.63 (3.84, 5.56) 4.63 (3.66, 5.74) 5.10 (4.64, 5.98)"* 520 (471, 5.89)** 0018
TG (mmoliL) 1.91 (1.33, 3.06) 1.45 (0.81, 2.14)* 1.75 (1.33, 1.97)** 1.45 (1.13, 1.76)" <0.001
HDL-C (mmol/L) | 0.93 (0.80, 1.01) 1.04 (0.9, 1.22) 114 (1.05, 1.34)%* 1.32 (1.24, 1.57)"** <0.001
LDL-C (mmol/L) | 3.03 (2.52, 3.61) 3.18 (2.33, 3.82) 1.65 (1.30, 1.92)** 1.40 (1.13, 1.78)"* <0.001
ApoAl (g/L) 1.27+0.21 1.32+0.24 1.27+0.14 1.37+0.17 0.068
ApoB (g/L) 0.79 (0.68, 0.91) 0.88 (0.69, 1.01) 102 (0.92, 121y 0.92 (0.80, 1.12) <0.001
SUA (umol/L) 336.81£100.50 324.63%114.81 368.92+124.13 294.53165.65%4 0.005
CRP (pg/mL) 4739 (3161, 7717) | 4455 (258, 7214) 2431 (1923, 3735 | 3056 (2173, 3987)** | 0.001
FPG (mmol/L) 6.50 (5.90, 8.01) 7.28 (591, 8.02) 5.49 (5.13, 5.72)** 5.08 (4.78, 5.34)"* <0.001
FINS (pg/L) 820 (450, 13.39) | 4.38 (2.03, 9.61) 9.90 (8.27, 12.65)%* | 6.22 (551, 8.29)* <0.001
C peptide (ug/mL) | 2.15 (1.36, 3.05) .44 (0.87, 2.56) 2.38 (2.23, 2.95)" 1.82 (1.56, 1.96)4 <0.001
HOMA-IR 2.40 (1.26, 4.39) 129 (0.57, 2.81)* 2.51 (2.02, 3.24)* .44 (1.24, 1.99)"* <0.001
HOMA-B 53.23 (39.45, 91.42) | 31.34 (11.23, 54.76) 98.56 (83.33, 164.01)* | 61.03 (65.24, 102.33)* | 0.036

Notes: Superscript symbols represent the significant result of analysis: VS DM+ NAFLD Group, *Means P<0.05, *Means P<0.01; VS DM only Group,
AMeans P<0.05, *Means P<0.01; VS NAFLD only Group, *Means P<0.05, *Means p<0.01.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect
bilirubin; ALT, alanine aminotransferase; AST, aspartate transaminase; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; ApoAl, apolipoproteinAl; ApoB, apolipoprotein B; SUA, serum uric acid; CRP, C-reactive protein; FPG, fasting
plasma glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment-insulin resistance; HOMA-B, insulin cell function index.

Blood Lipids, Uric Acid, and Inflammation Indicators in Different Groups

The low-density lipoprotein cholesterol (LDL-C) of the DM+NAFLD and DM groups was greater than that of the
NAFLD and NC groups (P < 0.05). TC and high-density lipoprotein cholesterol (HDL-C) levels were lower than those of
the NAFLD and NC groups (P < 0.05). The level of triglyceride (TG) in the DM and NC groups was markedly lower
than that in the DM+NAFLD and NAFLD groups (P < 0.05). The level of apolipoprotein B (ApoB) in the DM+NAFLD
and DM groups was lower than that in the NAFLD group (P < 0.05). Uric acid in the DM+NAFLD group and NAFLD
group was higher than that in the NC group (P < 0.05). Compared with those in the NAFLD and NC groups, the CRP
levels in the DM+NAFLD and DM groups were significantly higher (P < 0.05) (Table 1).

Islet Functions in Different Groups

Compared with the NAFLD group and NC group, FPG in the DM+NAFLD group and DM group was higher (P < 0.05).
FINS in the DM+NAFLD group, DM group, and NC group were significantly lower than that in the NAFLD group. The
C-peptide level in the DM group and NC group was lower than that in the NAFLD group (P < 0.05). HOMA-IR in the
DM+NAFLD and NAFLD group was higher than that in the NC group. HOMA-f in the NAFLD and NC group was
significantly higher than that in the DM group (P < 0.05) (Table 1).

Serum CST in Different Groups

As shown in Figure 1, the mean serum CST levels was 212 (IQR 128-289) ng/mL in the DM+ NAFLD group, 152 (IQR
121-229) ng/mL in the DM group, 245 (IQR 163-349) ng/mL in the NAFLD group and 275 (IQR 204-361) ng/mL in
the NC group, and further nonparametric rank tests were performed to obtain statistically significant differences in CST
levels between groups (P < 0.01). Post hoc multiple comparisons showed that the levels of CST in the DM+NAFLD and
DM group were significantly lower than that in the NC group (P < 0.05). The CST levels in the DM group were
significantly lower than that in the NAFLD group (P < 0.01). However, there was no significant statistical difference in
the serum CST levels in diabetic patients with and without NAFLD (P > 0.05). Similarly, in non-diabetic group with or
without NAFLD, there was no significant statistical difference in the serum CST levels (P > 0.05).
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Figure | Serum CST levels in four groups.

Note: *P<0.05, **P<0.01.

Correlation Analyses of Serum CST
The correlational analysis revealed that the serum CST level was negatively associated with total cholesterol (TC), LDL-
C, FPG, HOMA-IR, and HOMA-B (r = —0.229, r = —=0.214, r = —0.159, r = —0.151, and r = —0.154, respectively, P <
0.05), but positively correlated with HDL-C (r = 0.194, P < 0.05)(Table 2). The result of regression analysis demon-

strated that LDL-C and HOMA- were independent factors influencing the serum CST level (Table 3).

Table 2 Correlation of Plasma
CST with the Clinical and
Laboratory Characteristics

CST
r P
TC —0.229** | 0.003
HDL-C 0.194* 0.011
LDL-C —0.214** | 0.005
FPG —0.159* 0.038
HOMA-IR —0.151* 0.048
HOMA-B —0.154* 0.047

Notes: Correlations were determined
using Spearman correlation analysis.
*P<0.05, ¥*P<0.01.

Table 3 Using CST as the Dependent Variable to Perform Multiple Linear
Regression Analysis

Model B SE Beta T P VIF

TC 7.299 9.455 0.123 0.772 0.441 4.549
HDL-C 46.327 35.041 0.111 1.322 0.188 1.288
LDL-C —19.091 9.477 —0.172 -2.014 0.046* 1.327
FPG —15.483 10.814 —0.176 —1.432 0.154 2.761
HOMA-IR 7.864 5.808 0.184 1.354 0.178 3.376
HOMA-B —0.537 0.199 —0.330 —2.694 0.008** 2732

Note: *P<0.05, **P<0.01.
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Discussion

This study is first of its kind that investigated plasma CST changes in T2DM with or without NAFLD. Our results
revealed that the CST levels were lower in both the DM and DM+NAFLD groups in comparison to that in the NC
group. Our findings corroborate with the data published previously by other groups. For instance, Chen et al
demonstrates that the serum CST levels in newly diagnosed T2DM patients were lower than those in healthy
people.!" Similarly, while studying the changes in the CST levels in GDM and normal pregnant women, Murat
et al'® reported that the serum CST levels decreased in the GDM patients.

While studying the association of serum CST with insulin secretion, we demonstrated that the serum CST level
was negatively associated with FBG and HOMA-B. Importantly, linear regression analysis revealed that the CST
levels were significantly related to the decrease of HOMA-B. Together, these results indicated that CST was
associated with insulin secretion and might play a role in abnormal glucose metabolism in T2DM patients. These
results are supported by several previous studies carried out in both animals and humans. Studies carried out by
Sergi Soriano et al in islets isolated from mice demonstrated that CST reduced glucose-stimulated insulin
secretion.'® This effect was eliminated in the presence of SST receptor antagonists, indicating that CST works
mainly through somatostatin receptor subtypes (SSTRs). Moreover, CST was reported to affect the insulin levels
through pancreatic B-cell inhibition. Papotti et al?® reported the presence of CST in the human endocrine pancreas
and demonstrated its participation in the regulation of insulin and glucagon levels through local autocrine or
paracrine circuits. An exogenous injection of CST could reduce insulin levels in healthy volunteers and patients
with prolactinoma, acromegaly, or Cushing’s disease.>**' Benso et al also reported that CST inhibited insulin
secretion.”” In the current study, we demonstrated that the serum CST level was negatively correlated with HOMA-
B. Therefore, our observations coupled with those of the previous studies suggest that CST may be partly involved
in the development of T2DM by inhibiting insulin secretion.

The current study shows that CST was negatively associated with FBG and HOMA-IR. However, as per the linear
regression analysis, no relationship was found between CST and HOMA-IR. In the past studies, Chen et al'' reported that
serum CST level was negatively associated with HOMA-IR and FBG in newly diagnosed T2DM patients. Similarly,
Murat et al reported that the serum CST level in GDM patients was negatively associated with HOMA-IR, FBG, and
FINS.'® However, linear regression analysis between CST and HOMA-IR were not assessed in both these studies. Since
linear regression analysis is more convincing than correlation analysis in these aspects, our results suggesting no
involvement of CST in the regulation of insulin sensitivity holds more weightage. Collectively, our study demonstrates
that serum CST level is primarily involved in insulin secretion rather than in insulin sensitivity. Further investigation is,
however, warranted to clarify the role of CST in the development of T2DM.

To our knowledge, there have not been either animal or human studies before on the association of CST with
NAFLD. Our study is the first to examine the serum CST level changes in NAFLD in both T2DM and non-DM
subjects. As the results showed, although serum CST is lower in diabetic patients, no change is observed in T2DM
combined with NAFLD. Furthermore, the serum CST level was not significantly different in non-DM subjects either
with or without NAFLD. These results suggested that CST was related to the development of diabetes, but not with
NAFLD. This result is rational as it is consistent with the finding that the serum CST level is not associated with
HOMA-IR. As is already known, one of the important pathogenic mechanisms of NAFLD is related to impaired
insulin response and insulin resistance.”> NAFLD is presumed to be the hepatic manifestation of insulin resistance.
Our research showed that CST is not correlated with HOMA-IR in multiple linear regression analysis, suggesting
that CST does not mediate the development of insulin resistance. This conclusion is consistent with the findings that
partly demonstrate the involvement of CST in the pathogenesis of T2DM, but not NAFLD.

It is widely accepted that T2DM is a chronic inflammatory disease mediated by cytokines. Previous researches have
demonstrated that the inflammatory response activated in T2DM patients may reduce the circulating CST levels. An
in vitro study showed that tumor necrosis factor-a (TNF-a) significantly reduced the CST expression in human coronary
artery endothelial cells and ring cells.** Similarly, the serum CST levels in the skin of patients with psoriasis were
significantly decreased, which was featured by increased skin expression of proinflammatory mediators.>> Based on these
observations, we measured the serum CRP levels and determined the correlation between the levels of serum CRP and
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CST. We discovered that CRP in the DM group was significantly higher than that in the non-DM group, suggesting
a low-grade inflammatory response in T2DM. However, no significant correlation between CRP and CST was observed.
The possible relationship of CST to inflammation needs to be further investigated.

T2DM patients are commonly associated with the disorders of lipid metabolism.”® Thus, we investigated the
relationship of serum CST to lipid constituents. Our study suggests that CST is negatively correlated with TC and
LDL-C, but positively correlated with HDL-C. Nonetheless, regression analysis of CST and blood lipids showed that
only LDL-C is related to serum CST, while TC and HDL-C have no relationship with serum CST. Meanwhile, the DM
group exhibited higher LDL-C levels when compared to the non-diabetic group. The correlation of CST with lipid
composition is different from the results reported previously. Past studies conducted by Chen et al indicated that the
serum CST levels were positively related to HDL-C in newly diagnosed T2DM.!" Contrarily, Tian et al showed that the
serum CST levels in patients with coronary artery disease were negatively correlated not only with TC but also with
TG.?” These different observations may be attributed to the difference in the study populations. However, all studies
indicate that serum CST is related to the disorders of lipid metabolism. The relationship between lipid metabolism and
CST warrants further investigation.

The study we performed has some limitations. First, NAFLD was evaluated by ultrasonography; as a result, the
liver fat content and NAFLD grade could not be accurately determined. Second, we conducted a cross-sectional
analyses using a relatively small sample size. Therefore, the time association and causal relationship of CST with
T2DM could not be determined. Third, this study did not measure the plasma SST levels, which is structurally
homologous to CST and can regulate glucagon secretion and insulin secretion.”®*° Accordingly, we plan to further
analyze the plasma levels of SST in patients with T2DM combined with NAFLD and explore its relationship with
CST in the future.

Conclusion

The current study confirms that CST is correlated with T2DM and may mediate the development of T2DM.
However, the serum CST level is mainly correlated with HOMA-B, but not HOMA-IR in T2DM patients.
Moreover, there is no correlation between CST and NAFLD either in DM or non-DM individuals. The underlying
mechanism needs to be further investigated.
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