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Purpose: Constipation is a common complication of diabetic patients, which has a negative impact on their own health. This study 
aims to establish and internally validate the risk nomogram of constipation in patients with type 2 diabetes mellitus (T2DM) and to test 
its predictive ability.
Patients and Methods: This retrospective study included 746 patients with T2DM at two medical centers. Among the 746 patients 
with T2DM, 382 and 163 patients in the Beilun branch of the First Affiliated Hospital of Zhejiang University were enrolled in the 
training cohort and the validation cohort, respectively. A total of 201 patients in the First Affiliated Hospital of Nanchang University 
were enrolled in external validation cohorts. The nomogram was established by optimizing the predictive factors through univariate 
and multivariable logistic regression analysis. The prediction performance of the nomogram was measured by the area under the 
receiver operating characteristic curve (AUROC), the calibration curve, and the decision curve analysis (DCA). Furthermore, its 
applicability was internally and independently validated.
Results: Among the 16 clinicopathological features, five variables were selected to develop the prediction nomogram, including age, 
glycated hemoglobin (HbA1c), calcium, anxiety, and regular exercise. The nomogram revealed good discrimination with an area under 
the receiver operating characteristic curve (AUROC) of 0.908 (95% CI = 0.865–0.950) in the training cohort, and 0.867 (95% CI = 
0.790–0.944) and 0.816 (95% CI = 0.751–0.881) in the internal and external validation cohorts, respectively. The calibration curve 
presented a good agreement between the prediction by the nomogram and the actual observation. The DCA revealed that the 
nomogram had a high clinical application value.
Conclusion: In this study, the nomogram for pretreatment risk management of constipation in patients with T2DM was developed 
which could help in making timely personalized clinical decisions for different risk populations.
Keywords: constipation, type 2 diabetes mellitus, model, nomogram, prediction

Introduction
Diabetes mellitus (DM) is a common chronic non-communicable disease characterized by hyperglycemia, a group of 
metabolic diseases characterized by elevated blood glucose levels due to relative or absolute insulin secretion insuffi-
ciency and/or pancreatic islet utilization disorders.1 Type 2 diabetes mellitus (T2DM) is the most common type 
accounting for more than 90% of the cases.2,3 T2DM is prone to multiple organ lesions. In addition, the patients often 
develop a variety of abnormal metabolic aggregation phenomena, like neuropathy, retinopathy, and nephropathy. These 
conditions not only endanger human health but also create a heavy economic burden on the family and society.4 The 
direct medical expenses and economic losses caused by this are estimated to already reach a trillion dollars.5
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In addition, up to 50% of patients with diabetic autonomic neuropathy suffer from constipation, which might cause 
hemorrhoids, infections, anal fissures, and other discomforts due to poor defecation. This could seriously affect the 
normal treatment and health levels of the patients and increase the medical economic burden.6,7 A few patients with 
T2DM suffering from constipation experience a sudden rise in blood pressure due to forced defecation. This leads to 
blood vessel rupture, retinal hemorrhage, acute myocardial ischemia, or cerebral ischemia due to insufficient blood 
supply to the heart and brain, which greatly increases the mortality and disability rate of patients.8,9 Necessary 
intervention could be carried out promptly if the risk of constipation in patients with T2DM could be predicted clinically. 
Currently, the research on constipation in patients with T2DM predominantly focuses on its pathogenesis and 
treatment.10,11 Moreover, scanty research is available on establishing a prediction model to predict the risk of constipa-
tion in T2DM patients.

In modern clinical medicine, the disease risk prediction model is a crucial part of decision-making. In recent years, 
the nomograph in construction and application represents the progress of prediction tools.12 The nomogram is a statistical 
prediction model that converts complex mathematical formulas into visual graphics by integrating multiple biological 
and clinical prediction variables, listing each prediction variable separately, and quantifying it in the form of a score. It 
then matches the cumulative score of all prediction variables with the resulting scale to generate the probability of 
occurrence of a certain clinical event for a specific individual.13,14 A nomograph can assess the risk of certain clinical 
events to specific individuals according to the characteristics of patients and diseases. This is the main advantage of 
a nomograph.12 It not only meets the strong clinical demand for integrated models, which is easy to apply and promote in 
clinical practice, but also can provide clinicians with more reasonable and personalized diagnosis and treatment plans for 
patients.15

Prompt intervention could be carried out if the risk of constipation in patients with T2DM could be predicted 
clinically. However, only a few reports on the risk prediction model of constipation in T2DM patients were available in 
previous studies. The purpose of this study was to explore the independent risk factors of constipation risk in T2DM 
patients and build a nomogram prediction model based on the independent risk factors. The nomogram was evaluated, 
internally validated, and externally validated to evaluate the risk of constipation more reliably and provide some 
reference for clinicians in identifying the risk of constipation in T2DM patients.

Materials and Methods
Patients
In this study, patients with T2DM visiting the Beilun branch of the First Affiliated Hospital of Zhejiang University from 
February 2019 to June 2022, were retrospectively screened and enrolled. The inclusion criteria were as follows: 1) The 
patients who were in line with the diagnosis of T2DM established by the World Health Organization;16 That is, the 
symptoms of diabetes and the plasma glucose level at any time ≥ 11.1 mmol/L or the fasting plasma grape (FPG) level ≥ 
7.0 mmol/L or in the oral glucose tolerance test, the plasma glucose level at 2 hours ≥ 11.1 mmol/L; and 2) patients who 
were older than 18 years.

The exclusion criteria were: 1) Incomplete data; 2) Patients having chronic constipation before diabetes was 
diagnosed; 3) Patients with a medical condition that affected the function of the gastrointestinal tract or had a history 
of bowel surgery; 4) Patients having T2DM along with conditions including hematological diseases, malignant tumors, 
and autoimmune system diseases.

An independent validation study was conducted on patients with T2DM in the First Affiliated Hospital of Nanchang 
University from June 2020 to September 2021, using the same standards as the primary study. The detailed process of 
data screening is shown in Figure 1.

Baseline and Clinical Variables
The demographic characteristics and clinicopathological variables of each patient were extracted from the case record 
system of the Beilun Branch of the First Affiliated Hospital of Zhejiang University. Demographic characteristics included 
body mass index (BMI), smoking history, alcoholism, hypertension, alanine aminotransferase, serum creatinine, total 
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protein (TP), high-density lipoprotein (HDL), low-density lipoprotein (LDL), glycated hemoglobin (HbA1c), regular 
exercise, calcium supplements, anxiety, and depression. Glycated hemoglobin was used for the assessment of blood 
glucose control. HbA1c <7.0% was interpreted as good blood glucose control and HbA1c ≥7.0% as poor glucose 
control.17,18

The Hamilton Depression Scale (HAMD) and the Hamilton Anxiety Scale (HAMA) were utilized as the criteria for 
judging patients’ anxiety.19 Also, the patients completed HbA1c measurements and scale evaluation during hospitaliza-
tion. According to the internationally unified Rome III diagnostic criteria for chronic constipation,20 the symptoms of 
constipation persist for more than 3 months, organic lesions are excluded, and two or more of the following conditions 
are met: (1) Frequency of spontaneous defecation occurring less than three times a week; (2) difficulty in defecation 
occurring more than 1/4 of the time; (3) clumps or induration of stool occurring more than 1/4 of the time; (4) feeling of 
incomplete defecation occurring more than 1/4 of the time; (5) Need for manipulation of defecation occurring more than 
1/4 of the time; (6) Anal or anorectal obstruction during defecation occurring more than 1/4 of the time.

Statistical Analysis
SPSS 25.0 software (IBM, USA) and R software (version 4.2.1; https://www.r-project.org/) were used for statistical 
analysis of the research data. Continuous variables were expressed as mean and standard deviation (mean±SD) and 
compared between two groups using independent-sample t test.Categorical variables were expressed as frequency and/or 
percentage and compared by using the Pearson’s Chi squared test. The difference was statistically significant if P<0.05.

Figure 1 Screening process for patients with type 2 diabetes mellitus required for this study. 
Abbreviations: ZU, Zhejiang University; NU, Nanchang University.
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Method of Constructing and Verifying the Nomogram Model
Patients with T2DM in the primary set were randomly divided into the training group (70%) and the internal validation group 
(30%) in a ratio of 7:3. Univariate and multivariable logistic regression analyses were used to calculate and validate the effect 
of variables in training group.21 A univariate logistic regression model was used to screen the independent risk factors for 
constipation in type 2 diabetes using the data of the training group which revealed that variables with P<0.05 were included 
in the multivariable logistic regression analyses model. To identify independent risk factors, the measure of the effect of each 
variable on chronic constipation was presented as an odds ratio (OR). The nomogram model was constructed and validated 
using the selected prediction variables. As per the results of the final multivariable logistic regression, the nomogram was 
constructed to visually score individual risk probabilities of constipation in patients with T2DM.

Calibration curves were measured with 1000 bootstraps resample by plotting the observed probability. The area under the 
receiver operating characteristic curve (AUROC) was calculated to quantitatively express the ability of the nomogram to 
predict constipation in patients with T2DM. Finally, the decision curve analysis (DCA) method was applied to determine the 
clinical value of the prediction model by calculating the net benefits at various threshold probabilities in the validation set.

Results
Demographic and Clinical Features
In our final cohort study, 746 patients were enrolled after a series of screenings with 545 and 201 patients assigned 
to the primary and the independent-validation cohorts, respectively (Figure 1). A total of 545 patients with T2DM 
from the Beilun branch of the First Affiliated Hospital of Zhejiang University, were reviewed and randomly 
divided into the training set (n = 382) and the internal validation set (n = 163). Furthermore, 201 patients with 
T2DM from the First Affiliated Hospital of Nanchang University comprised the external validation set. The rate of 
constipation was 20.4% and 23.9% in the primary and independent-validation sets, respectively (P=0.314). The 
clinical characteristics of the patients in the primary and independent-validation sets have been enlisted in Table 1.

Table 1 Base Characteristics of Patients in the Primary and Validation Cohorts

Features Primary  
Set (n=545)

Independent- 
Validation Set (n=201)

P

Constipation [n (%)] 0.314

Yes 111(20.4) 48(23.9)

No 434(79.6) 153(76.1)
Gender [n (%)] 0.458

Male 281(51.6) 97(48.3)

Female 264(48.4) 104(51.7)
Age [n (%)] 0.110

< 60 412(75.6) 140(69.7)

≥60 133(24.4) 61(30.3)
BMI (kg²/m) [n (%)] 0.211

<18.5 131(24.0) 45(22.4)
18.5~24.0 268(49.2) 89(44.3)

>24.0 146(26.8) 67(33.3)

ALT (mean±SD, U/L) 24.3±26.7 24.8±34.1 0.834
Scr (mean±SD, μmol/L) 80.0±11.8 80.2±11.4 0.836

TP (mean±SD, g/L) 65.0±6.4 64.6±6.2 0.445

HDL (mean±SD, mmol/L) 1.0±0.3 1.1±0.4 <0.001
LDL (mean±SD, mmol/L) 3.2±1.1 3.0±0.9 0.021

History of smoking [n (%)] 0.732

Yes 198(36.3) 76(37.8)
No 347(63.7) 125(62.2)

(Continued)
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Predictor Selection and Model Development
Univariate logistic regression analysis was performed with the included 16 independent variables, and the results 
demonstrated that gender, age, HbA1c, calcium, anxiety, and regular exercise were significantly different between the 
two groups (P<0.05), as presented in Table 2. Next, significant independent variables obtained from the above 
univariate logistic regression analysis were included in multivariable logistic regression analysis following 
a backward stepwise regression method. Furthermore, in type 2 diabetic patients, a multivariable logistic regression 
analysis (Table 2) revealed that five factors, including age (OR = 9.462, 95% CI = 3.712–24.117), HbA1c (OR = 
22.015, 95% CI = 10.352–46.819), calcium (OR = 1.976, 95% CI = 0.865–4.513), anxiety (OR = 5.042, 95% CI = 
2.027–12.543), and regular exercise (OR = 0.321, 95% CI = 0.123–0.837) were independent predictors of constipation. 

Table 1 (Continued). 

Features Primary  
Set (n=545)

Independent- 
Validation Set (n=201)

P

History of drinking [n (%)] 0.674
Yes 213(39.1) 82(40.8)

No 332(60.9) 119(59.2)

Hyperlipemia [n (%)] 0.959
Yes 186(34.1) 69(34.3)

No 359(65.9) 132(65.7)

HbA1c[n (%)] <0.001
< 7.0 423(77.6) 105(52.2)

≥7.0 122(22.4) 96(47.8)

Calcium[n (%)] 0.872
Yes 136(25.0) 49(24.4)

No 409(75.0) 152(75.6)

Family history of type 2 diabetes [n (%)] 0.367
Yes 192(35.2) 78(38.8)

No 353(64.8) 123(61.2)

Anxiety [n (%)] <0.001
Yes 71(13.0) 56(27.9)

No 474(87.0) 145(72.1)

Regular exercise [n (%)] 0.105
Yes 141(25.9) 64(31.8)

No 404(74.1) 137(68.2)

Notes: P value is derived from the univariate association analyses between primary set and independent-validation set. 
Abbreviations: SD, Standard deviation; BMI, Body Mass Index; ALT, alanine aminotransferase; Scr, serum creatinine; TP, total 
protein;HDL, high-density lipoprotein; LDL, low-density lipoprotein; HbA1c, glycated haemoglobin.

Table 2 Results of Univariate and Multivariable Analysis for Prediction of Incidence of Constipation

Univariate Multivariable

β P-value OR (95% CI) β P-value OR (95% CI)

Gender 0.653 0.016 1.922(1.129–3.27)
Age 1.561 <0.001 4.765(2.731–8.316) 2.247 <0.001 9.462(3.712–24.117)

BMI −0.178 0.330 0.837(0 0.585–1.197)

Family history of diabetes 0.258 0.357 1.295(0.747–2.243)
ALT −0.07 0.363 0.993(0.979–1.008)

Scr −0.014 0.220 0.986(0.965–1.008)

TP −0.019 0.384 0.982(0.942–1.023)
HDL −0.706 0.135 0.494(0 0.196–1.246)

(Continued)
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A prediction model incorporating the above independent variables was developed and presented as a nomogram 
(Figure 2).

Performances of Prediction and Calibration
The validation of this prediction model was performed by the ROC curve and the calibration curve. The discrimination 
ability and prediction performance of the nomogram were represented by the ROC curve (Figure 3). The AUROC of 
0.908 (95% CI = 0.865–0.950) for the training set, 0.867 (95% CI = 0.790–0.944) for the internal validation set, and 

Table 2 (Continued). 

Univariate Multivariable

β P-value OR (95% CI) β P-value OR (95% CI)

LDL −0.022 0.869 0.978(0.754–1.270)

History of smoking 0.554 0.056 1.740(0.988–3.067)
History of drinking 0.291 0.286 1.338(0.783–2.286)

HbA1c 3.035 <0.001 20.793(11.042–39.152) 3.092 <0.001 22.015(10.352–46.819)

Calcium 1.103 <0.001 3.014(1.756–5.172) 0.681 0.016 1.976(0.865–4.513)
Hyperlipemia 0.751 0.065 1.770(0.966–3.243)

Anxiety 2.079 <0.001 7.998(4.168–15.349) 1.618 0.001 5.042(2.027–12.543)

Regular exercise −0.071 0.048 0.932(0.515–1.684) −1.135 0.02 0.321(0.123–0.837)

Abbreviations: BMI, Body Mass Index; ALT, alanine aminotransferase; Scr, serum creatinine; TP, total protein; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein; HbA1c, glycated haemoglobin; OR, odds ratio; CI, confidence interval.

Figure 2 The nomogram model for quantifying individual risk of constipation in patients with type 2 diabetes mellitus.
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0.816 (95% CI = 0.751–0.881) for the external validation set indicated that the nomogram had a good valuable prediction 
for constipation in T2DM patients. Moreover, the calibration curve of the nomogram also depicted good agreement 
between the observed and predicted probabilities in all three datasets (Figure 4).

The Presentation of the Nomogram and Clinical Risk Management
The clinical validity of this predictive model was assessed using decision curve analysis (DCA) have been presented in 
Figure 5, which indicated that when the threshold probabilities were in the range of 9%~78.9%, a higher net clinical 
benefit could be achieved than the hypothetical non-testing or all testing scenarios.

Discussion
Constipation, caused by autonomic neuropathy in patients with diabetes, is one of the common complications of 
gastrointestinal dysfunction. Its incidence accounts for about 25% of patients with diabetes.22 If constipation is not 
diagnosed and treated effectively and on time, it would seriously affect the quality of life of patients with diabetes, 
aggravate their bad mood, increase insulin resistance, affect the stability of blood sugar of patients with diabetes, and also 
result in cardiovascular and cerebrovascular accidents, intestinal rupture and perforation, sudden death, and other serious 
complications.23 Therefore, an urgent problem to be solved in the diagnosis and treatment of patients with diabetes is to 
keep the defecation unobstructed.

Figure 3 Prediction performance of the model. Receiver operating characteristic (ROC) curve plot in the training set (A); ROC curve plot in the internal-validation set (B); 
ROC curve plot in the independent-validation set (C);AUC, the area under the receiver operating characteristic.

Figure 4 Calibration curve plot in each set. (A) the training set; (B) the internal-validation set; (C) the independent–validation set.
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Presently, as a disease risk prediction tool in clinical research, a nomogram can predict the probability of disease 
occurrence by analyzing and integrating the risk factors that affect the occurrence and development of disease. It has the 
characteristics of high reliability, strong practicality, and simplicity. Additionally, it has been widely used in the 
prediction and prognostic research of several diseases.14 In this study, the method of combining single-factor analysis 
and a multifactor regression model is used to screen predictive variables. This weakens the influence of multicollinearity. 
Also, by obtaining a more concise and efficient set of predictive variables, it plays a role in the selection of these 
variables.15

The results of this study revealed that age, HbA1c, calcium, anxiety, and regular exercise were independent predictors 
for constipation in T2DM patients (P<0.05). The study plans to establish a nomograph prediction model to predict the 
risk of constipation in T2DM patients based on a single factor and logistic regression multi-factor analysis. This study 
also aims to provide a reference and basis for clinical screening and early intervention of constipation in T2DM patients.

In T2DM patients, HbA1c ≥ 7.0% is the most important risk factor for the development of constipation. HbA1c 
reflects the overall blood glucose level of the patient for 2–3 months. A study has discovered that the severity of 
symptoms in T2DM patients is associated with the level of glycosylated hemoglobin.24 The gastrointestinal nervous 
system is vulnerable to the influence of blood glucose. Additionally, continuous hyperglycemic stimulation activates the 
polyol pathway on the cell membrane. The polyol pathway is an abnormal glucose metabolism pathway that results in the 
catalyzation of glucose by aldose reductase. In the process of catalysis, a large amount of glutathione with a reducing 
effect is consumed, resulting in insufficient intestinal antioxidant capacity and an inability to resist the damage caused by 
peroxide.25 Therefore, hyperglycemia leads to intestinal dysfunction, slow peristalsis, dysexcretion, and increased 
prevalence of constipation through polyol pathway metabolism. Nevertheless, hyperglycemia could also result in the 
retrograde transportation of glucose to intestinal epithelial cells through glucose transporter 2, participation in 

Figure 5 Decision curve analysis for classification of different risk population.
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intracellular glucose metabolism, reprogramming of transcription proteins, and destruction of the compactness and 
integrity of adhesion of intestinal cells, thereby changing the cell permeability. Hyperglycemia destroys the intestinal 
barrier causing bacterial diffusion and resulting in the spread of inflammation to the whole intestine and the body. This 
causes the development of a serious bacterial infection.26 The intestinal defecation function is impaired because of 
damage to the intestinal barrier function or bacterial infection. Thus, this increases the prevalence of constipation in 
T2DM. Excessive blood glucose fluctuation produces a large number of reactive oxygen species that deplete the 
antioxidants in the gastrointestinal tract.27 Moreover, when the body generates reactive oxygen species, it also forms 
glycosylation end products, activates the expression of inflammatory factors, and further intensifies the apoptosis of 
intestinal nerve cells.25 Therefore, in T2DM patients, long-term poor control of blood glucose results in neurodegenera-
tive changes in the gastrointestinal tract which is an important reason for the development of constipation.

The age factor is mainly manifested in old-aged patients with diabetes mellitus. The physical quality level of older 
patients gradually changes, and their clinical symptoms gradually become obvious.28 Older patients gradually lose their 
gastrointestinal function with the increase in their age, thus increasing the probability of constipation.29 With the increase 
of age, the intestinal peristalsis function of older patients decreases, the secretion of digestive enzymes in the gastro-
intestinal and pancreas decreases, and the muscle tension involved in defecation decreases. These factors result in the 
prolongation of defecation time and interval and cause excessive absorption of stool water in the intestinal tract and 
difficulty in excretion.30 In addition, due to the long course of the disease, older patients with diabetes have a greater 
probability of developing autonomic neuropathy involving the digestive system, which is more likely to induce 
constipation.31

One of the important factors that cause constipation is the lack of regular physical exercise. This happens because the 
intestinal peristalsis function of patients with less physical exercise is weakened. This easily leads to the development of 
insufficient abdominal pressure for defecation, thus causing constipation.32 This is common among older diabetic 
patients. The food intake and consumption of older diabetic patients are uneven due to the decrease in their activity.33 

In addition, some patients experience numbness, swelling, and slow reaction after the onset of the disease, which affects 
their levels of exercise activity.34 The reduction in exercise activity causes a slowing down of intestinal peristalsis, 
a decline in appetite, and abdominal muscle relaxation, thus inducing constipation.35 In this study, it was confirmed that 
lack of exercise is a risk factor for the development of constipation in patients with T2DM. Therefore, advocating for 
T2DM patients to maintain proper physical exercise could prevent constipation.

Osteoporosis is a common complication of patient with diabetes. Such patients often need calcium supplementation. 
Diabetes mellitus is a chronic disease with multiple clinical manifestations. If timely and effective intervention is not 
provided to patients, blood sugar would be at a higher level for a longer duration. This would very easily result in the 
development of several complications.36 This study revealed that long-term calcium supplementation could increase the 
risk of constipation. Among them, T2DM patients with osteoporosis is the most common. Additionally, diabetes tends to 
occur in middle and old-aged individuals. Such patients have different degrees of bone mineral density reduction, which 
further increases the risk of osteoporosis.37 Most patients have accompanied joint pain to a certain extent. In severe cases, 
the dysfunction could occur, and the risk of fracture might increase. This has become one of the important causes of 
diabetes disability.38 At present, clinically, oral calcium and vitamin D supplementation is commonly prescribed to 
patients. These supplements relieve the symptoms and pain of patients to varying degrees.39 However, calcium carbonate 
contained in calcium agents eventually forms calcium phosphate under the action of gastric acid. This directly inhibits 
intestinal peristalsis and causes constipation.40

Psychological and emotional abnormalities, like anxiety or depression, could also induce constipation in patients.41 It 
has been reported that abnormal scores on the anxiety and depression scale could increase the risk of constipation; This 
might be due to psychological factors, like anxiety and depression that affect the sensory, motor, and secretory functions 
of the gastrointestinal tract. Additionally, they also inhibit the parasympathetic nerves and blunt the defecation reflex, 
thus inducing or aggravating constipation.42 A few studies have highlighted that due to the high negative emotions of 
patients, the probability of mental tension in the management of diabetic patients is increased.43,44 Most diabetic patients 
have symptoms of anxiety and depression after onset. If they are not effectively controlled, such symptoms would 
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gradually worsen and cause neurological disorders and endocrinal disorders in patients. Thus, the probability of 
constipation in patients would also increase.45

In summary, this study reveals that a simple risk assessment model based on five clinical indicators can reliably 
predict the risk of constipation in patients with T2DM. Constipation often occurs in patients with T2DM which can be 
prevented by timely and effective intervention. This prediction model can be used by clinicians to assess the risk of 
constipation in T2DM patients in clinical practice. Furthermore, it can be used to design future clinical trials that would 
prevent type 2 diabetic patients from developing constipation.

This study has limitations. Firstly, a retrospective analysis was adopted in this research. A few patients did not complete the 
corresponding examination due to the complexity of T2DM and constipation, the severity of the disease, and economic factors. 
This resulted in incomplete admission data. In addition, it was difficult to judge the effect of treatment on patients correctly 
because the condition record of patients was not detailed at the time of admission. Finally, further prospective multicentric clinical 
studies should be conducted to prove the clinical efficacy of the findings of this study.

Conclusion
This study systematically developed and validated a new nomograph model to predict the risk of constipation in T2DM 
patients. With this easy-to-use scoring system, clinicians can preprocess the management of patients with T2DM, which 
is convenient for timely personalized clinical decision-making.
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