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Abstract

To analyze endocrine characteristics and risk factors of type 2 diabetes mellitus (T2DM) gastrointestinal autonomic neuropaQ
A total of 202 patients with T2DM with obesity who were hospitalized at our institute between January 2019 and June 2021
were selected. Based on adrenocorticotropic hormone (ACTH) levels, 102 patients were placed in the ACTH abnormal group
and 100 patients were placed in the non-ACTH abnormal group. Ninety-five healthy adults without diabetes, hyperlipidemia,
osteoporosis, or endocrine system abnormalities who were examined at our hospital during the same period were selected as
the control group. Fasting plasma glucose (FPG), fasting insulin (FINS), triglycerides (TG), total cholesterol (TC), homeostasis
model assessment of insulin resistance (HOMA-IR), ACTH level, body mass index (BMI), and bone mineral density (BMD) were
measured to evaluate endocrine characteristics and risk factors. BMI, FPG, FINS, HOMA-IR, TG, TC, and ACTH levels in the
abnormal ACTH group were significantly higher than those in the other 2 groups, while BMD was significantly lower than that
in the other 2 groups (all P <.05). BMI, FPG, FINS, HOMA-IR, TG, TC, and ACTH in the non-ACTH abnormal group were
significantly higher than those in the control group, whereas BMD was significantly lower than that in the control group (all
P < .05). The plasma ACTH level in patients with abnormal ACTH levels was significantly positively correlated with BMI, FPG,
FINS, HOMA-IR, TG, and TC and negatively correlated with BMD (all P < .05). Multivariate regression analysis showed that
BMI, advanced age, FINS, TG, and FPG were risk factors for ACTH abnormalities in patients with diabetes (odds ratio > 1, all
P < .05). BMI, advanced age, FINS, TG and FPG are the risk factors of abnormal ACTH in T2DM patients with gastrointestinal
autonomic neuropathy.

Abbreviations: ACTH = adrenocorticotropic hormone, BMD = bone mineral density, BMI = body mass index, FINS = fasting
insulin, FPG = fasting plasma glucose, HOMA-IR = homeostasis model assessment of insulin resistance, HPA = hypothalamic—

Keywords: ACTH, endocrine, influence factor, T2DM

pituitary—adrenal, OR = odds ratio, T2DM = type 2 diabetes mellitus, TC = total cholesterol, TG = triglycerides.

1. Introduction

In recent years, with the improvement of people’s living stan-
dards and the increasingly serious aging in China, the inci-
dence rate of type 2 diabetes mellitus (T2DM) with obesity
has increased annually; this disease has also become a common
medical and health concern worldwide.l'! According to relevant
surveys, the incidence of T2DM in China has exceeded 9%, with
more than 90 million people suffering from the disease, includ-
ing more than 30 million obese patients. Gastrointestinal auto-
nomic neuropathy is a type of diabetic neuropathy.”*’ Patients
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with diabetes and autonomic neuropathy can suffer from con-
stipation, and some patients experience alternating diarrhea and
constipation.**' When the symptoms are serious, the patient can
develop gastroparesis, which is difficulty digesting food after
eating, accompanied by nausea and vomiting.”! Some patients
are prone to intestinal obstruction and abdominal pain owing to
slow intestinal peristalsis. Gastrointestinal autonomic neuropa-
thy in diabetes is common in patients with type 1 diabetes mel-
litus and those with a long history of T2DM.!-1% We aimed to
analyze the endocrine characteristics and risk factors of patients
with T2DM with gastrointestinal autonomic neuropathy.
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2. Materials and methods

2.1. Study population

A total of 202 patients with T2DM treated at our hospital from
January 2019 to June 2021 were selected as research partici-
pants, and the inclusion criteria were as follows: the diagnos-
tic criteria of T2DM in line with the Chinese guidelines for the
prevention and treatment of T2DM!!; the diagnostic criteria
of gastrointestinal autonomic neuropathy according to the clin-
ical symptoms: esophageal dysmotility, gastroparesis diabeti-
corum, constipation, diarrhea, and fecal incontinence!'?; body
mass index (BMI) > 28 kg/m?; and complete and reliable clini-
cal data. Exclusion criteria were: serious complications such as
diabetic ketoacidosis and diabetic hyperosmolar coma; primary
diseases of the hypothalamic—pituitary—adrenal (HPA) axis such
as pituitary adenoma and primary hypercortisolism or receipt
of hormone or immunosuppressant treatment in the recent year;
lactation or pregnancy; and serious primary disease or malignant
tumor of the heart, liver, kidney, gastrointestinal tract, and other
organs. The 202 T2DM patients were classified into the adreno-
corticotropic hormone (ACTH) abnormal group (n = 102) and
non-ACTH abnormal group (n = 100) according to ACTH level
(cutoff for abnormal level was >22 pg/mL at 8 AM and > 9.6 pg/
mL at 10 pm). In addition, 95 healthy adults without diabetes,
hyperlipidemia, osteoporosis, endocrine system abnormalities,
who underwent physical examination at our hospital during
the same period were selected as the control group. This study
was approved by the ethics committee of the Wuhan Hospital of
Traditional Chinese Medicine (approval no.: 2018030), and all
participants signed an informed consent form.

2.2. Methods

Fasting elbow venous blood samples were collected from all
participants, and fasting plasma glucose (FPG), fasting insu-
lin (FINS), triglycerides (TG), and total cholesterol (TC) were
detected using the chemical reagent method. Based on this, the
homeostasis model assessment of insulin resistance (HOMA-IR)
was calculated as [FPG (mmol/l) x FINS (mIU/L)]/22.5. At 8:00,
16:00,and 24:00 hours, blood was extracted from the elbow vein
of all participants, and the plasma ACTH levels were detected
using an enzyme-linked immunosorbent assay. The average of 3
values was taken as the final value for the calculation and analy-
sis. Dual-energy X-ray absorptiometry Pro Il was used to detect
the bone mineral density (BMD) of the lumbar spine (L2-L4). A
lower BMD value indicated more severe osteoporosis.

2.3. Statistical analysis

Statistical analyses were performed using SPSS version 26.0
(IBM SPSS Statistics for Windows). The qualitative data (sex)
were expressed as n (%) and assessed using x* test, and the
quantitative data (including age, BMI, FPG, FINS, HOMA-IR,
TG, TC, ACTH, and BMD) were expressed as mean = standard
deviation and assessed using # test. The 3 groups were compared
using an analysis of variance and a ¢ test. Pearson’s correlation
analysis was used to explore the correlation between plasma
ACTH levels and various indicators in patients with T2DM
with obesity. Logistic regression analysis was used to analyze the
risk factors of patients with T2DM with abnormal ACTH levels
caused by influenza. P < .05 indicated a significant difference.

3. Results

3.1. Clinical characteristics of participants
The ACTH abnormal group comprised 63 (61.80%) males and

39 (38.20%) females, the non-ACTH abnormal group com-
prised 60 (60.00%) males and 40 (40.00%) females, and the
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control group comprised 56 (58.90%) males and 39 (41.10%)
females. The mean age was 66.36 = 12.34 years, 67.69 = 9.93
years, and 65.68 =+ 11.54 years in the ACTH abnormal, non-
ACTH abnormal, and control groups, respectively. There was
no significant difference in the baseline sex and age data among
the 3 groups (all P >.05) (Table 1).

3.2. Comparison of BMI, blood glucose, blood lipids, BMD,
and plasma ACTH levels in the 3 groups

BMI, FPG, FINS, HOMA-IR, TG, TC, and ACTH levels in the
ACTH abnormal group were significantly higher than those in
the other 2 groups, and BMD was significantly lower than those
in the other 2 groups. BMI, blood FPG, FINS, HOMA-IR, TG,
TC, and ACTH in the non-ACTH abnormal group were signifi-
cantly higher than those in the control group, and BMD was
significantly lower than that in the control group (all P <.001)
(Table 2).

3.3. Pearson correlation analysis between plasma ACTH
level and various indicators in the ACTH abnormal group

The plasma ACTH levels in patients with abnormal ACTH
were significantly positively correlated with BMI (r = 0.369,
P <.001), FPG (r = 0.289, P = .003), FINS (r = 0.216, P = .029),
HOMA-IR (r=0.323, P <.001), TG (r = 0.230, P = .020), and
TC (r=0.216, P =.029) and significantly negatively correlated
with BMD (r = -0.260, P = .008) (Table 3).

3.4. Potential influencing factors of abnormal ACTH in
patients with T2DM

Logistic regression analysis was used to explore potential influ-
encing factors. In the multivariate regression analysis, BMI
(odds ratio [OR] = 3.315, P = .005), advanced age (OR = 3.028,
P=.008), TG (OR=3.452, P<.001), FINS (OR =2.158,
P =.008), and FPG (OR = 2.854, P = .001) were risk factors for
abnormal ACTH levels in patients with diabetes (Table 4).

4. Discussion

There is a large amount of fat in obese people, and this fat will
produce insulin resistance and then induce pancreatic B cells
to secrete more insulin, leading to hyperinsulinemia. Excessive
insulin leads to pancreatic f cell failure, eventually leading to
insufficient insulin secretion in patients and an inability to con-
trol blood glucose levels, resulting in diabetes. In the clinic, there
have been in-depth studies on the pathogenesis of diabetes com-
plicated by cardiovascular events; however, there is no definitive
conclusion.

The HPA axis is one of the most important endocrine axes in
the body. It plays an important role in physiological stress reg-
ulation and maintenance of basic life activities. In recent years,
many studies have found that changes in the HPA axis func-
tion are related to the occurrence and development of diabetes,

Comparison of 3 groups of baseline data.

Group Male, n (%) Age (yr)
ACTH abnormal group (n = 102) 63 (61.8) 66.36 + 12.34
Non-ACTH abnormal group (n = 100) 60 (60.0) 67.69 +9.93
Control group (n = 95) 56 (58.9) 65.68 + 11.54
th? 0.146 0.623

P 954 543

ACTH = adrenocorticotropic hormone.
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Comparison of BMI, blood glucose, blood lipids, BMD, and plasma ACTH levels in the 3 groups.

Group BMI (kg/m?) FPG (mmol/L) FINS (mlIU/L) HOMA-IR TG (mmol/L) TC (mmol/L) BMD (g/cm?) ACTH (pg/mL)

ACTH abnormal 30.09 £ 0.69*t 9.36 £2.06*t 10.66 +2.89*t 4.03+1.26*t 2.69+090Ft 580+136"F 1.03+019*F 58.66+ 12.29*t
group (n = 102)

Non-ACTH abnormal 25.03 = 1.86" 8.63 = 1.50" 8.32 + 2.09 3.36 = 0.98* 2.16 = 0.83" 5.28 + 0.93* 1.13+0.23" 52.29 + 11.36*
group (n = 100)

Control group 23.39 + 2.66 5.03 + 0.69 5.56 + 1.63 1.20 £ 0.68 1.16 £ 0.36 4.26 + 0.69 1.25+0.30 35.56 +9.98
(n=95)

t 11.933 13.083 18.669 20.089 16.693 15.039 8.193 18.833

P <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001

Data are presented as mean + standard deviation.

ACTH = adrenocorticotropic hormone, BMD = bone mineral density, BMI = body mass index, FINS = fasting insulin, FPG = fasting plasma glucose, HOMA-IR = homeostasis model assessment of insulin

resistance, TC = total cholesterol, TG = triglycerides.
*Compared with the control group, P < .05.
tCompared with the group without abnormal ACTH, P < .05.

Pearson correlation coefficient between plasma ACTH level and
various indicators in ACTH abnormal group.

BMI BMD
(kg/ FPG FINS TG TC (9/
Group m? (mmol/L) (mIU/L) HOMA-IR (mmol/L) (mmol/L) cm?)
r 0.369 0.289 0216  0.323 0.230 0.216 —-0.260
P <001 .003 029  <.001 .020 .029 .008

ACTH = adrenocorticotropic hormone, BMD = bone mineral density, BMI = body mass index,
FINS = fasting insulin, FPG = fasting plasma glucose, OMA-IR = homeostasis model assessment
of insulin resistance, TC = total cholesterol, TG = triglycerides.

Potential influencing factors of abnormal ACTH in patients with
type 2 diabetes.

Factors B SE Wald P OR 95% CI

BMI 1.245 0535 9.012 005 3315 1.789-5.257
Advanced age (>85) 1.105 0.511  7.053  .008 3.028 2.141-4.256
FINS 1.321 0603 12258 <.001 3.452 1.943-4.925
FPG 0885 0410 6.155 008 2158 1.423-3.252
TG 1.094 0501 10265 .001 2.854 1.123-3.846

ACTH = adrenocorticotropic hormone, BMI = body mass index, CI = confidence interval,
FINS = fasting insulin, FPG = fasting plasma glucose, OR = odds ratio, SE = standard error,
TG = triglycerides.

and the level of blood cortisol is the most studied. Fu et al*?!
showed that elevated nocturnal cortisol levels in overweight
or obese patients with T2DM may be a risk factor for micro-
vascular complications. In this study, ACTH, another import-
ant hormone in the HPA axis, was used as the research target.
Considering the circadian rhythm of hormone secretion, we
collected plasma ACTH levels at 8:00, 16:00, and 24:00 hours,
and took the average as the final value for analysis. We found
that BMI, FPG, FINS, HOMA-IR, TG, TC, and ACTH in the
abnormal ACTH group were significantly higher than those in
the other 2 groups; BMD was significantly lower than that in
the other 2 groups; BMI FPG, FINS, HOMA-IR, TG, TC, and
ACTH were significantly higher than those in the control group;
and BMD was significantly lower than that in the control group
(all P <.05).

The internal environment of the human body is a complex
system, and various hormones have complex associations with
cytokines. ACTH is the main secretory hormone of glucocorti-
coids, and the latter induces insulin resistance. It can affect the

body’s sensitivity to insulin, promote protein and fat decom-
position in peripheral tissues, and activate lipolytic enzymes
together with glucagon and catecholamine, resulting in an
increase in amino acids, free fatty acids, and glycerol. This not
only increases the raw materials for gluconeogenesis, weakens
the role of insulin, and increases blood glucose but also aggra-
vates insulin resistance and leads to blood lipid disorders, par-
ticipating in the disorder of glucose and lipid metabolism. /"4
Several studies have shown obesity can lead to an increase in
blood cortisol levels and disorders of glucose and lipid metabo-
lism in patients with diabetes and that blood cortisol levels are
involved in the process of glucose and lipid metabolism disorders
in patients with diabetes.'>'”! In addition, glucocorticoids can
also inhibit the formation and function of osteoblasts, induce
apoptosis or death, directly act on the bone matrix, reduce the
expression of osteocalcin genes, and reduce bone mineral den-
sity, increasing the risk of osteoporosis.'® Wu et al®! showed
that the early-morning ACTH level in elderly female patients
with osteoporosis and vertebral compression fractures can
reflect the BMD level of the lumbar spine, and ACTH may also
affect bone metabolism, which is one of the pathogenic factors
of osteoporosis in elderly women.

Previous studies have shown that inflammatory factors,
including interleukins, C-reactive protein, and plasminogen
activators, are important risk factors for cardiovascular events
in patients with T2DM.2%2! Adipokine has a certain effect
on promoting the occurrence of diabetes with cardiovascular
events.?>?%l Adipokines include lipase, leptin, and tumor necro-
sis factors. Leptin participates in carbohydrate energy metabo-
lism, inhibits fat synthesis, and promotes weight loss. A disorder
of leptin function is one of the important reasons for insulin
resistance. Tumor necrosis factor is mainly secreted by adipose
tissue and lymphocytes and participates in insulin resistance,
which is closely related to the incidence of diabetes and cardio-
vascular events. Lipase is a protease secreted by adipocytes and
is mainly involved in the regulation of energy, glucose, and lipid
metabolismy; it is closely related to obesity and insulin.?*25

Obesity in T2DM is caused by fat accumulation due to daily
excess calories in patients, which leads to diabetes.?% Therefore,
when treating patients with diabetes with cardiovascular events,
we need to strengthen the intervention of patients’ lifestyles.*”28!
First, we should strengthen health education for patients
because many patients do not understand their diseases and do
not know the mechanism of disease, related complications, or
the importance of their management. Therefore, during medical
treatment, medical staff need to strengthen lifestyle interven-
tions for patients so that patients can understand the effec-
tive significance of these interventions in alleviating diabetes.
Simultaneously, we should guide them into developing good liv-
ing habits, working and resting normally, and avoiding staying
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up late. Second, we need to strengthen the dietary intervention
for patients, reducing their daily calorie intake, and achieve the
goal of regulating their condition. Patients need to be guided
to choose a low-fat, low-calorie, and low-carbohydrate diet.
Daily calorie intake should be controlled between 800 and 1500
keal/d, and weight control should be strengthened to avoid con-
tinuous weight gain. In addition to controlling the patient’s diet,
we also need to strengthen the healthy exercise guidance for
patients, such that the calories are burned appropriately, and
help them to reduce weight and alleviate the disease. Reasonable
exercise increases the basal metabolic rate and improves insulin
sensitivity to better control blood glucose levels and reduce the
occurrence of complications.

To the best of our knowledge, this is the first study to analyze
the endocrine characteristics and risk factors of patients with
T2DM with gastrointestinal autonomic neuropathy. However,
this study has several limitations. One of the limitations is that
it was based on retrospective data; therefore, causality cannot
be inferred. Large-scale, multicenter, prospective studies are
required to confirm our results. Another limitation is that the
small sample size may have weakened the generalizability of the
results.

In summary, endocrine abnormalities in patients with T2DM
with gastrointestinal autonomic neuropathy are mainly the
abnormalities of ACTH. BMI, advanced age, FINS, TG, and
FPG are risk factors for abnormal ACTH levels in these patients.
Future research should focus on the effect of abnormal ACTH
levels on the prognosis of patients with T2DM with gastrointes-
tinal autonomic neuropathy. In addition, the sample size of this
study was relatively small; further, it was a single-center study.
In future studies, the sample size should be increased and many
study sites should be included to further assess the feasibility
and effect.
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