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Background: We established a nomogram for ketosis-prone type 2 diabetes mellitus (KP-T2DM) in the Chinese adult population in 
order to identify high-risk groups early and intervene in the disease progression in a timely manner.
Methods: We reviewed the medical records of 924 adults with newly diagnosed T2DM from January 2018 to June 2021. All patients 
were randomly divided into the training and validation sets at a ratio of 7:3. The least absolute shrinkage and selection operator 
regression analysis method was used to screen the predictors of the training set, and the multivariable logistic regression analysis was 
used to establish the nomogram prediction model. We verified the prediction model using the receiver operating characteristic (ROC) 
curve, judged the model’s goodness-of-fit using the Hosmer-Lemeshow goodness-of-fit test, and predicted the risk of ketosis using the 
decision curve analysis.
Results: A total of 21 variables were analyzed, and four predictors—hemoglobin A1C, 2-hour postprandial blood glucose, 2-hour 
postprandial C-peptide, and age—were established. The area under the ROC curve for the training and validation sets were 0.8172 and 
0.8084, respectively. The Hosmer-Lemeshow test showed that the prediction model and validation set have a high degree of fit. The 
decision curve analysis curve showed that the nomogram had better clinical applicability when the threshold probability of the patients 
was 0.03–0.79.
Conclusion: The nomogram based on hemoglobin A1C, 2-hour postprandial blood glucose, 2-hour postprandial C-peptide, and age 
has good performance and can serve as a favorable tool for clinicians to predict KP-T2DM.
Keywords: diabetic ketoacidosis, nomogram, prediction model, ketosis-prone type 2 diabetes mellitus

Introduction
Some diabetics have spontaneous ketosis or diabetic ketoacidosis (DKA) at onset, often lacking evidence of islet cell 
autoimmunity, with clinical features similar to those of type 2 diabetes mellitus (T2DM). In recent years, this has been 
termed as ketosis-prone T2DM (KP-T2DM) and is a group of heterogeneous diseases.1 Previous research have suggested 
that KP-T2DM is closely relevant to A-β+ ketosis-prone diabetes (KPD) according to the currently recognized “Aβ” 
classification scheme, which can accurately predict long-term blood glucose performance and islet cell function.2 Similar 
to A-β+ KPD, KP-T2DM is more sensitive to glucotoxicity, and hyperglycemia during the first episode of ketosis leads to 
a temporary and sharp decline in islet β-cell function, which can initially be improved with insulin treatment and can also 
be recovered. Insulin therapy is not required for a long period of time and is followed by an inevitable decline in insulin 
dependence, presenting clinical features different from those of classic T2DM.3

Despite rapid progress in the diagnosis and treatment of diabetes, DKA still has a high mortality rate in developing 
countries.4,5 A Chinese study suggested that the prevalence of diabetic ketosis without acidosis (DKWA) was significantly 
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higher than that of DKA in patients with KP-T2DM; however, patients with DKWA are usually asymptomatic, making 
DKWA difficult to identify, which can lead to worse outcomes.6 In the past, KP-T2DM was common in African- American 
and Hispanic populations. Among African-American and Hispanic patients with newly diagnosed DKA, the prevalence of 
KP-T2DM was estimated to be between 20% and 50%.7–9 With the worldwide prevalence of T2DM, an increasing number 
of cases of KP-T2DM have been reported. Seok et al found that patients with T2DM with ketosis onset accounted for 35% 
of patients with new-onset diabetes in the Korean population.3 Similar illnesses had been reported in young adults in 
Japan.10 In urban China, patients with KPD under the age of 35 accounted for 7.6% of all patients with diabetes.11 The 
epidemiological data of diabetes in China in 2020 show that the prevalence of diabetes among Chinese adults is 12.8%, and 
is on the rise.12 Thus, patients with KP-T2DM may become a huge proportion of patients with diabetes in China in the 
future.

Methods
Study Population
We collected the medical records of 1130 patients with newly diagnosed diabetes admitted to the Department of 
Endocrinology, Second Affiliated Hospital of Nanchang University, Jiangxi Province, China, from January 2018 to 
June 2021 for retrospective analysis. After excluding cases that did not meet the inclusion criteria and those with missing 
or wrong data, 924 cases were included in the study, including 214 with ketosis onset and 710 with non-ketosis onset. 
A flowchart of the research design is presented in Figure 1.

All patients with newly diagnosed diabetes (duration < 1 year) were aged ≥ 18 years at onset and were not receiving 
antidiabetic medication at diagnosis. All patients met the definition and criteria of T2DM established by the American 
Diabetes Association: fasting blood glucose (FBG) concentration ≥ 7.0 mmol/L (126 mg/dL) or venous blood glucose 2 
h after glycemic load ≥ 11.1 mmol/L (200 mg/dL), confirmed on two occasions. Patients with type 1 diabetes mellitus 
(T1DM), special type diabetes, and unspecified types were excluded according to the clinical diagnosis of the respective 
attending physicians. The patient’s serum glutamate decarboxylase antibody, insulinoma-associated antigen 2 antibody, 
and zinc transporter 8 antibody levels were all negative, and these items were detected by enzyme-linked immunosorbent 
assay. Pregnant and lactating women as well as patients with severe heart, liver, and renal insufficiency; tumors; physical 
disabilities; infections; trauma; and surgery were excluded.

Data Collection
This was a single-center retrospective cross-sectional study. The following patient data were collected through the big 
data platform of the clinical medical records of the Second Affiliated Hospital of Nanchang University.

1. Basic information: We collected information on age, sex, height, weight, and calculated the body mass index 
(BMI). Family history of diabetes, smoking, and drinking were based on the records of the attending physician 
when the patient was admitted to the hospital. The average systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were calculated by averaging the two values at admission. The diagnosis of nonalcoholic fatty 
liver disease (NAFLD) was determined in conjunction with the abdominal ultrasound report and discharge 
diagnosis.

2. Laboratory indicators: All tests were performed after subjects fasted for 8 h. Based on the laboratory regulations of 
the Second Affiliated Hospital of Nanchang University, FBG, 2-hour postprandial blood glucose (2h-PBG), total 
cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cho-
lesterol (LDL-C), and serum creatinine (SCr) were determined using the kinetic enzymatic method. Hemoglobin 
A1C (HbA1c) assessed by chromatography. Fasting C-peptide (FC-P), 2-hour postprandial C-peptide (2hC-P), 
serum uric acid (SUA), and urine microalbumin (UMA) were measured using immunoassay, and the ratio of urine 
albumin to creatinine ratio (UACR) was calculated.
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Figure 1 Flow diagram of study design. 
Abbreviations: T2DM, type 2 diabetes mellitus; WHO, world Health Organization; ADA, the American Diabetes Association; LASSO, least absolute shrinkage and 
selection operator; HbA1c, hemoglobin A1C; 2h-PBG, 2-hour postprandial blood sugar; 2hC-P, 2-hour postprandial C-peptide.
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Definition of KP-T2DM
Patients with KP-T2DM are patients with new-onset T2DM with unprovoked ketosis or DKA as the main symptoms. 
DKA was defined as blood ketones ≥ 3 mmol/L or positive urine glucose and ketone bodies (≥ ++) with increased blood 
glucose levels (> 13.9 mmol/L), arterial pH < 7.3, and/or decreased carbon dioxide binding capacity (serum bicarbonate 
level < 18 mmol/L). In the absence of acidosis, it is called diabetic ketosis.

Compliance with Ethics Guidelines
Before the study commenced, we obtained approval from the Ethics Committee of the Second Affiliated Hospital of 
Nanchang University (The Examination and Approval No. Review [2021] No. 010). This study was approved by the 
Clinical Research Center of the Second Affiliated Hospital of Nanchang University and completed in accordance with the 
Declaration of Helsinki. All participants signed informed consent forms before the start of the study.

Statistical Analyses
Statistical analyses were performed using the R programming language (version 4.1.3). The measurement data conform-
ing to the normal distribution are described as the means ± standard deviations, and the independent-samples t-test was 
used for comparison between the two groups. The measurement data that did not conform to the normal distribution were 
expressed as medians and quartiles, and nonparametric tests were used. Enumeration data were analyzed using χ2 tests.

All data were allocated to the training and validation sets according to the ratio of 7:3, and KP-T2DM was used 
as the outcome variable to screen the predictors by the least absolute shrinkage and selection operator (LASSO) 
regression analysis. Multivariate logistic regression analysis was used to further explore and establish a nomogram 
prediction model. To evaluate the performance of the prediction model, this study used the area under the receiver 
operating characteristic (ROC) curve to verify the prediction effect of the prediction model and used the Hosmer- 
Lemeshow goodness-of-fit test to judge the goodness-of-fit of the model and draw a calibration curve. Decision 
curve analysis (DCA) was used to predict the risk of developing diabetic ketosis. Statistical significance was set at 
P < 0.05.

Results
Basic Information of the Study Cohort
A total of 924 patients with newly diagnosed T2DM were included, of which 214 had ketosis at onset. Therefore, the 
prevalence of KP-T2DM was 23.16% in this cohort. There were 168 men and 46 women with onset of ketosis, with an 
average age of 34.54 ± 1.08 years. There were 710 patients (76.84%) with non-ketosis onset, including 471 males and 
239 females, with an average age of 45.38 ± 14.37 years.

Clinical Features of KP-T2DM
By comparing the medical record data of patients with KP-T2DM and non-ketosis-prone type 2 diabetes mellitus (NKP- 
T2DM), we found that patients with KP-T2DM were mostly male, and the average age of onset was lower than that of 
patients with NKP-T2DM. Patients with KP-T2DM had higher FBG, 2h-PBG, and HbA1c levels at onset, which 
indicated that the blood glucose level of patients with KP-T2DM was significantly higher than that of patients with NKP- 
T2DM. Meanwhile, patients with KP-T2DM had significantly lower FC-P and 2hC-P levels and worse islet cell function. 
Furthermore, we found that patients with KP-T2DM had higher high-density lipoprotein, SUA, and SCr levels and more 
severe metabolic disorders. The differences in these indicators were statistically significant (P < 0.05). There were no 
significant differences in family history of diabetes, smoking history, drinking history, NAFLD diagnosis, BMI, and SBP, 
DBP, TC, TG, LDL-C, and UACR levels (P > 0.05). The baseline characteristics of the two patient groups are shown in 
Table 1.
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Comparison of Medical Record Data Between Training Set and Validation Set
The medical record data of the training and validation sets were compared, and the results showed that sex, family history of 
diabetes, smoking history, drinking history, NAFLD diagnosis, age, BMI, and SBP, DBP, HbA1c, FBG, 2h-PBG, FC-P, 
2hC-P, TC, TG, LDL-C, HDL-C, SUA, SCr, and UACR levels were not statistically significant (P > 0.05) (Table 2).

Construction of Predictive Model
Screening of Predictor Variables
The main process of establishing the model was to use LASSO regression analysis to screen out the predictors and to 
analyze independent risk factors with multivariate logistic regression, based on KP-T2DM as the outcome variable. 
LASSO regression analysis was used to select predictor variables from the training set data. The original 21 variables in 
Table 1 were included in the prediction model with four indicators: age, HbA1c, 2h-PBG, and 2hC-P. These four 
variables have non-zero coefficients in the LASSO regression model (Figure 2).

The results of multivariate logistic regression analysis are shown in Table 3, which shows that age [OR = 0.938 (95% 
confidence interval [CI]: 0.921, 0.955)], HbA1c [odds ratio [OR] = 1.120 (95% CI: 1.008, 1.246)], 2h-PBG [OR = 1.061 
(95% CI: 1.030, 1.093)] and 2hC-P [OR = 0.724 (95% CI: 0.637, 0.823)] were independent risk factors for KP-T2DM, 
and the difference was statistically significant (P < 0.05).

Table 1 Comparison of Clinical Characteristics Between KP-T2DM and NKP-T2DM Groups

Items KP-T2DM (n = 214)  
Mean ± SD or n (%)

NKP-T2DM (n = 710)  
Mean ± SD or n (%)

P value

Age (years) 34.54 ± 11.08 45.38 ± 14.37 < 0.001**

Sex, n (%)

Male 168 (78.5%) 471 (66.3%) < 0.01*
Female 46 (21.5%) 239 (33.7%) < 0.01*

Family history of diabetes, n (%) 48 (22.4%) 123 (17.3%) 0.092

Smoking history, n (%) 38 (17.8%) 107 (15.1%) 0.344
Drinking history, n (%) 35 (16.4%) 92 (13.0%) 0.206

NAFLD, n (%) 116 (54.2%) 369 (52.0%) 0.566
BMI (kg/m2) 25.16 ± 4.57 24.86 ± 4.27 0.382

SBP (mmHg) 125.67 ± 14.59 126.64 ± 18.66 0.106

DBP (mmHg) 83.00 ± 10.69 83.78 ± 11.60 0.380
HbA1c (%) 11.88 ± 2.23 9.97 ± 2.65 < 0.001**

FBG (mmol/L) 14.38 ± 5.63 11.55 ± 5.36 < 0.001**

2h-PBG (mmol/L) 21.12 ± 7.46 17.03 ± 6.91 < 0.001**
FC-P (ng/mL) 1.61 ± 0.98 2.20 ± 1.31 < 0.001**

2hC-P (ng/mL) 2.73 ± 1.70 4.75 ± 3.46 < 0.001**

TC (mmol/L) 5.54 ± 1.97 5.33 ± 1.48 0.148
TG (mmol/L) 1.96 (1.19, 3.64) 1.92 (1.16, 3.30) 0.226

LDL-C (mmol/L) 3.27 ± 1.09 3.25 ± 1.10 0.777

HDL-C (mmol/L) 0.97 ± 0.32 1.08 ± 0.33 < 0.001**
SUA (μmol/L) 377.63 ± 136.37 347.03 ± 107.66 < 0.01*

Scr (μmol/L) 61.49 (53.70, 71.92) 64.24 (53.04, 74.59) < 0.05*

UACR (mg/g) 11.89 (5.01, 30.33) 11.18 (4.94, 32.64) 0.690

Notes: Results are described as mean ± SD, percentage, median and quartile; comparisons between two groups were performed 
using t-test, Mann–Whitney U-test or X2 test, *P < 0.05, **P < 0.001. 
Abbreviations: KP-T2DM, ketosis-prone type 2 diabetes mellitus; NKP-T2DM, non-ketosis-prone type 2 diabetes mellitus; 
NAFLD, nonalcoholic fatty liver; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, 
hemoglobin A1C; FBG, fasting blood sugar; 2h-PBG, 2 hours postprandial blood sugar; FC-P, fasting C-peptide; 2hC-P 2 hours 
postprandial C-peptide; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol; SUA, serum uric acid; Scr, serum creatinine; UACR, the ratio of urine albumin creatinine ratio.
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Establishing a Nomogram Predictive Model
All four predictors showed significant statistical differences; therefore, they were introduced to establish a predictive 
model, which was presented in the form of a nomogram. This transforms the predictive model into a visualization tool 
(Figure 3).

Validation of Predictive Model
We used ROC curves to evaluate the performance of predictive models.The area under the ROC curve for the training set 
was 0.8172 (95% CI: 0.7807 to 0.8536) (Figure 4a), and the area under the ROC curve for the validation set was 0.8084 
(95% CI: 0.7503 to 0.8665) (Figure 4b), which indicates that the prediction model has good discriminative ability.

At the same time, the model was calibrated using the calibration curve plot and the Hosmer-Lemeshow test. The 
calibration curve shows that the prediction model fits well with the validation set. The Hosmer-Lemeshow test shows that 
the P value of the training set is 0.1584, and the P value of the validation set is 0.6191, which indicates that the predicted 
probability of the model is consistent with the actual probability and has a good degree of calibration (Figure 5).

The DCA clinical decision analysis curve is shown in Figure 6. The DCA curve shows that when the threshold 
probability of the study subjects is 0.03–0.79, the net benefit level of applying the nomogram is significantly higher than 
that of the “no intervention” and “full intervention” programs, which suggests that the nomogram has good clinical 
applicability.

Table 2 Data Comparison Between Training Set and Validation Set

Items Training Set  
(n = 646)

Validation Set  
(n = 278)

P value

Age (years) 43.04 ± 14.35 42.47 ± 14.59 0.579

Sex, n (%) 0.509

Male 451 (69.8%) 188 (67.6%)
Female 195 (30.2%) 90 (32.4%)

Family history of diabetes, n (%) 122 (18.9%) 49 (17.6%) 0.651

Smoking history, n (%) 99 (15.3%) 46 (16.5%) 0.640
Drinking history, n (%) 83 (12.8%) 44 (15.8%) 0.228

NAFLD, n (%) 334 (51.7%) 151 (54.3%) 0.466
BMI (kg/m2) 24.88 ± 4.42 25.05 ± 4.20 0.573

SBP (mmHg) 126.80 ± 17.73 124.75 ± 17.94 0.108

DBP (mmHg) 83.87 ± 11.43 82.97 ± 11.31 0.272
HbA1c (%) 10.41 ± 2.67 10.40 ± 2.70 0.979

FBG (mmol/L) 12.20 ± 5.59 12.21 ± 5.49 0.991

2h-PBG (mmol/L) 18.01 ± 7.37 17.90 ± 6.91 0.834
FC-P (ng/mL) 2.06 ± 1.22 2.05 ± 1.36 0.944

2hC-P (ng/mL) 4.19 ± 3.18 4.48 ± 3.40 0.205

TC (mmol/L) 5.39 ± 1.67 5.34 ± 1.45 0.636
TG (mmol/L) 1.93 (1.17, 3.35) 1.94 (1.19, 3.43) 0.969

LDL-C (mmol/L) 3.26 ± 1.09 3.25 ± 1.12 0.973

HDL-C (mmol/L) 1.06 ± 0.32 1.05 ± 0.34 0.465
SUA (μmol/L) 354.32 ± 116.94 353.64 ± 112.60 0.934

Scr (μmol/L) 63.54 (53.81, 74.47) 63.29 (51.84, 72.66) 0.328

UACR (mg/g) 11.73 (5.01, 33.78) 11.02 (4.94, 26.35) 0.429

Note: Results are described as mean ± SD, percentage, median and quartile; comparisons between two 
groups were performed using t-test, Mann–Whitney U-test or X2 test. 
Abbreviations: KP-T2DM, ketosis-prone type 2 diabetes mellitus; NKP-T2DM, non-ketosis-prone type 2 
diabetes mellitus; NAFLD, nonalcoholic fatty liver; BMI, body mass index; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; HbA1c, hemoglobin A1C; FBG, fasting blood sugar; 2h-PBG, 2 hours postprandial 
blood sugar; FC-P, fasting C-peptide; 2hC-P 2 hours postprandial C-peptide; TC, total cholesterol; TG, 
triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; SUA, 
serum uric acid; Scr, serum creatinine; UACR, the ratio of urine albumin creatinine ratio.
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Discussion
In this study, we included 21 variables by using relevant studies of KP-T2DM as evidence for screening variables and 
finally identified four indicators (HbA1c, 2h-PBG, 2hC-P, and age) for nomogram drawing (Figure 3). The effective 
sample size of the training set and the verification set was determined by the number of outcome events, and the split 
ratio was determined according to the 10 Events Per Variable (EPV) principle to ensure accuracy.13 According to the 
ratio of 7:3, the effective sample size of the training set was sufficient. Internal validation showed that the prediction 
performance and stability of the model were good and had clinical application value. At present, most studies have 
focused on the risk factors of KP-T2DM or the prediction model of DKA, and the prediction model of KP-T2DM, which 
is often overlooked, is lacking. Most previous risk factor analyses were based on the logistic regression analysis method. 
In this study, we used different statistical methods to identify the risk factors of KP-T2DM based on previous research to 
achieve a multivariate perspective to explain the purpose of this question. LASSO regression analysis chosen for this 
study is a method of simplifying high-dimensional data that can be used to analyze the best predictive risk factors for 
disease.14 In addition, this study aimed to establish a simple and effective model to predict the risk of KP-T2DM in 
a healthy Chinese population. Therefore, the research subjects that we selected were all newly diagnosed patients with 
diabetes, and traditional DKA risk factors, such as drugs, infection, and long course of disease, were excluded. The 
variables used in this model are indicators that are readily available in the clinic, and the research cost is low, which can 
be generalized.

Table 3 Multivariate Logistic Analysis of Risk Prediction for KP-T2DM

Variables β OR 95% CI P value

Lower Limit Upper Limit

Age −0.064 0.938 0.921 0.955 <0.001**
HbA1c 0.114 1.120 1.008 1.246 <0.05*

2h-PBG 0.060 1.061 1.030 1.093 <0.001**

2hC-P −0.323 0.724 0.637 0.823 <0.001**
Constant 0.085

Note: *P < 0.05, **P < 0.001. 
Abbreviations: KP-T2DM, ketosis-prone type 2 diabetes mellitus; β, regression coefficient; 
OR, odds ratio, CI; confidence interval; HbA1c, hemoglobin A1C; 2h-PBG, 2-hour postpran-
dial blood sugar; 2hC-P, 2-hour postprandial C-peptide.

Figure 2 LASSO regression coefficient plot for 21 variables. 
Notes: (a) Four variables with non-zero regression coefficients are selected as potential predictors at the most optimal lambda (λ). (b) This graph shows the binomial 
deviation curve versus log(λ) and chooses the best λ based on this graph. Vertical dashed lines are drawn at the optimal value and 1 standard error, with λ between these two 
values considered appropriate. 
Abbreviation: LASSO, least absolute shrinkage and selection operator.
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Clinical Characteristics of KP-T2DM in China
We found that KP-T2DM accounted for 23.16% of patients with newly diagnosed T2DM in this study, which was lower 
than the 34.3% incidence of KP-T2DM in a cross-sectional study of newly diagnosed diabetes in China by Wang et al 
and 35% of the newly diagnosed patients with diabetes in Korea.3,15 The phenotype of KP-T2DM showed significant 
heterogeneity among different races. By comparing the two groups of patients with KP-T2DM and NKP-T2DM, we 
found that the majority of patients with KP-T2DM were young men, and they were often accompanied by overweight/ 
obesity, severe lipid metabolism disorder, proteinuria, and low β-cell function at the onset. Seok et al also published this 
viewpoint in a study of Koreans, and found that during the 48-month follow-up period, the islet cell function of patients 
with KP-T2DM gradually recovered from the state of markedly impaired secretion at the onset to a state that could be 
removed from insulin therapy status.3 The first reported KPD cohort study in India showed that the phenotype of Indian 

Figure 4 The ROC curve validation of the KP-T2DM risk nomogram prediction. 
Notes: x-axis: the false positive rate for risk prediction (1-specificity), y-axis: the true positive rate for risk prediction (sensitivity). The curves in the green area represent the 
performance of the nomogram in the training set (a) and validation set (b). The AUC for the training set (a) and validation set (b) were 0.8172 and 0.8084, respectively. 
Abbreviations: ROC, receiver operating characteristic; KP-T2DM, ketosis-prone type 2 diabetes mellitus; AUC, area under the curve.

Figure 3 A nomogram risk prediction model based on four variables of HbA1c, 2h-PBG, 2hC-P and age. 
Abbreviations: HbA1c, hemoglobin A1C; 2h-PBG, 2-hour postprandial blood sugar; 2hC-P, 2-hour postprandial C-peptide.
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patients with A-β+ KPD was different from that of Western patients because they were younger and slimmer. However, 
there are similarities in the male preponderance and natural history of recovery of β-cell dysfunction of both races, as in 
the Chinese population.7,8,16 Wang et al also showed that the prevalence of hypertension and metabolic syndrome in 
diabetic patients with ketosis onset was significantly higher than that in patients with T1DM, and that KP-T2DM may 
have a poor prognosis, which is also an important reason for us to pay attention to KP-T2DM.15

Association of Age and KP-T2DM
This study found that age was a risk factor for KP-T2DM, and the younger the age, the higher the risk of KP-T2DM. Previous 
studies have also found that patients with KP-T2DM have a younger average age of onset than patients with NKP-T2DM, and 
most of them are young.17,18 Zhang et al showed that the prevalence of KP-T2DM in Chinese patients with diabetes under the 
age < 35 years was 7.6%.11 This feature is similar to that observed in T1DM. For example, Hayek et al found that the risk of 

Figure 6 Decision curve analysis (DCA) for the KP-T2DM risk nomogram. 
Notes: The y-axis is the net benefits. The black line indicates the hypothesis that all patients are free of KP-T2DM, the gray line indicates the hypothesis that all patients have 
KP-T2DM, and the red line indicates the prediction model. (a) the training set, (b) the validation set. 
Abbreviation: KP-T2DM, ketosis-prone type 2 diabetes mellitus.

Figure 5 Calibration curves of the predictive KP-T2DM risk nomogram. 
Notes: x-axis: the predicted risk of KP-T2DM,y-axis: the actual diagnosed cases of KP-T2DM. The diagonal dashed line shows the perfect prediction of the ideal model, and 
the solid line shows the fitting line of the predicted and measured incidence.The Hosmer-Lemeshow goodness-of-fit test showed that the P-value of the training set (a) was 
0.1584, and the P-value of the validation set (b) was 0.6191, indicating that there was no statistical difference between the current model and the ideal perfect model. The 
model has good calibration. 
Abbreviation: KP-T2DM, ketosis-prone type 2 diabetes mellitus.
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developing DKA was 1.35 times and 3.64 times higher in the age category of 20–29 years and in the adolescent group, 
respectively, than in patients with T1DM over the age of 30 years.19 Young patients with KP-T2DM are often associated with 
obesity and severe insulin resistance, which increases the sensitivity of β-cells to glucolipid toxicity, promotes β-cell apoptosis, 
and reduces mitochondrial β-oxidation of fatty acids, resulting in ketone bodies generated in the liver beyond tissue utilization 
to cause ketone body accumulation.20,21 Some scholars believe that the younger the age of patients with KP-T2DM who first 
developed DKA, the higher the risk of recurrence of DKA in the future.22

Association of HbA1c and KP-T2DM
In this study, we found higher levels of HbA1c in the KP-T2DM group using univariate logistic regression analysis, and 
subsequent LASSO regression analysis showed that HbA1c levels could serve as a predictor of KP-T2DM. HbA1c is an 
important indicator of the effect of blood sugar control, and ketosis is the result of severe blood sugar disturbances. The 
mean HbA1c of the KP-T2DM and the NKP-T2DM groups were 11.88% and 9.97%, respectively. High HbA1c levels 
indicated that patients with KP-T2DM had undetected hyperglycemia for a longer time on admission, which may be 
a reason for their increased susceptibility to severe acute hyperglycemic crisis. Zhu et al reported that HbA1c levels could 
be used to screen newly diagnosed patients with T2DM for ketosis, and their optimal threshold was 10.1%.23 Another 
study showed that patients with T1DM in Saudi Arabia with HbA1c levels of 8–9.9% and ≥ 10% had 1.77 and 4.06 times 
the risk of developing DKA, respectively, compared with those with HbA1c < 8%.19

Association of 2h-PBG and KP-T2DM
This study found that the 2h-PBG (OR = 1.061) was an independent risk factor for KP-T2DM. Compared with FBG, 2h-PBG 
is associated with higher mortality from diabetes-related cardiovascular disease in the DECODE (Diabetes Epidemiology: 
Collaborative analysis Of Diagnostic criteria in Europe) study, highlighting the need to pay attention to the risk of postprandial 
hyperglycemia.24 Postprandial hyperglycemia can damage β-cell function, reduce insulin secretion, and accelerate β cell 
failure. However, it also increases the production of glycation products, resulting in a state of oxidative stress and an increase 
in the production of inflammatory mediators, which manifests as an inflammatory state.25,26 In addition, osmotic diuresis 
caused by hyperglycemia can lead to dehydration, resulting in hemoconcentration and hypovolemia which lead to a decrease 
in the glomerular filtration rate. As the excretion of urine sugar and ketones decreases, ketosis is induced, which may further 
aggravate hyperglycemia and ketosis, forming a vicious circle.

Association of 2hC-P and KP-T2DM
Because C-peptide is highly stable and unaffected by exogenous insulin, it is often used to assess the ability of β-cells to 
secrete insulin. The baseline data of this study showed that patients with KP-T2DM had lower levels of FC-P and 2hC-P 
than patients with NKP-T2DM, suggesting that patients with KP-T2DM had poorer β-cell function at the time of onset. 
Impairment of islet cell function by hyperglycemia is one of the reasons for the low levels of C-peptide in patients with 
KP-T2DM. Previous studies have also shown that the function of pancreatic β cells is significantly reduced as blood 
sugar levels rise.27 Waddankeri et al believed that with the remission of ketosis, the islet β-cell function of patients with 
KP-T2DM gradually recovered, and C-peptide also recovered to a certain extent.28 Riddhi et al analyzed the character-
istics of β-cell recovery in new-onset A-β+ KPD patients with coronavirus disease 2019 and found that fasting and 
stimulated C-peptide levels that were significantly suppressed at baseline in the KPD group gradually peaked over 10 
months; a younger age, lower BMI, DKA, and inflammation were associated with poorer recovery of β-cell function.29

Limitations
KP-T2DM is rarely considered a diagnosis clinically and its incidence is far underestimated. This oversight has important 
clinical implications because it increases the risk of DKA. The diagnosis of KP-T2DM is mainly based on clinical parameters, 
which are widely used by Chinese clinicians in patients with first hyperglycemic crisis. Therefore, this diagnostic model has 
high clinical application value. This study still had several limitations. First, this was a single-center retrospective study with 
internal validation, which could diluted the validity of the results. In the future, a larger sample size, multi-center external 
verification, and the use of multiple model construction methods are needed to compare the model’s advantages and 
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disadvantages and improve and enhance the predictive performance of the model. Second, the sample size of this study was 
limited and no subgroup exploratory analysis was performed. Third, due to the lack of data on blood ketone bodies, this study 
only used urine ketone bodies as the standard for diagnosing ketosis, and urine ketone bodies are affected by various factors 
such as diet and specimen collection, which may result in false-positives or false-negatives. Finally, the clinical variables used 
in this model were limited, and more variables related to the onset of ketosis deserve further exploration.

Conclusion
The nomogram established by this model using the four predictors—HbA1c, 2h-PBG, 2hC-P, and age—can help medical 
workers identify KP-T2DM high-risk groups and conduct early intervention. The constructed model had an excellent 
area under the ROC curve, sensitivity, specificity, and other indicators, and the prediction performance was good.

Data Sharing Statement
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([DOI:10.6084/m9.figshare.21304983]).
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