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Abstract
Objectives: Diabetes is a major cause of hospitalization and in-hospital mortality.

However, a scoring system that can be used to identify diabetic patients at risk of
diabetes-related hospitalization and in-hospital mortality is lacking.

Methods: We included 32,653 patients in this retrospective cohort study. All
recruited patients had type 2 diabetes, were 30-84 years of age, and were enrolled in
the National Diabetes Care Management Program over the period of 2001-2003. We
used the Cox proportional hazard regression model to derive risk scores. The
predictive accuracy of the models were evaluated using receiver operating
characteristic curves. We conducted the Hosmer—Lemeshow test to assess the
agreement between predicted and observed risks.

Results: Over a follow-up period of eight years, 6,243 patients were hospitalized for
diabetes-related events, and 2,048 deaths were registered in hospital records. For the
one-, three-, five-, and eight-year periods, the areas under the curve (AUC) for
diabetes-related hospitalization in the validation set were 0.80, 077, 0.76, and 0.74,
respectively. The corresponding values for in-hospital mortality in the validation set
were 0.87, 080, 0.77, and 0.76. The goodness-of-fit test showed that the predicted and
observed probabilities in the one-, three-, five-, and eight-year periods were similar
for diabetes-related hospitalization and in-hospital mortality in the validation set (all p
values > 0.05).

Conclusion: We developed models for the estimation of the risks of diabetes-related
hospitalization and in-hospital mortality in patients with type 2 diabetes. The models
may be used to identify diabetic patients who are at high risk for hospital admission
and in-hospital mortality.

Key words: diabetes-related hospitalization; in-hospital mortality; type 2 diabetes;

prediction model



Background

In recent decades, prevalence of diabetes has dramatically increased in
developed and developing countries. Diabetes is an ambulatory care-sensitive
condition (ACSC). Timely, effective, and efficient outpatient care can decrease
hospitalization risks for patients with ACSCs [1, 2]. Epidemiological evidence
suggests hyperglycemia determined by glycated hemoglobin A1C (HbAlc) and
glucose variability are associated with ACSC hospitalizations [3, 4] In addition to
ACSC hospitalizations, in-hospital mortality is an important performance index for

quality improvement.

The development of a prediction model for hospitalization or in-hospital mortality in
patients with type 2 diabetes will facilitate the prevention of hospitalizations or
in-hospital mortality that may consequently reduce health care spending and improve
the quality of care as well as quality of life. In addition, it can facilitate the screening of
high-risk patients, help guide preventative interventions, and plan interventions and
future health care needs. Only one study has been conducted on patients with type 2
diabetes with a focus on heart failure hospitalization [5] and one in-hospital mortality
[6]. The latter study is limited by its small sample size and failure to consider several
important diabetes-related variables, such as HbAlc and glycemic variation. No prior
study has developed a prediction model for diabetes-related hospitalization, including
hypoglycemia in addition to diabetes. The development of prediction models for
diabetes-related hospitalization and in-hospital mortality in Chinese patients with type 2
diabetes is urgently needed to address the aforementioned research gap. Thus, we aimed
to develop prediction models for acute diabetes-related hospitalization and in-hospital

mortality using a nationwide cohort in Taiwan.



Methods

Data sources

The National Diabetes Care Management Program (NDCMP), which was
established by the National Health Insurance (NHI) Program in 2001, enrolls
patients with type 1 and type 2 diabetes. The NDCMP is a nurse case management
program. A nationwide retrospective cohort study was conducted among patients
with type 2 diabetes who were enrolled in the NDCMP over the period of 2001—
2004. The date of entry was defined as the index date. The subjects were followed
up until 31 December 2011 and were monitored for withdrawal from the NHI
program, death, or development of events (diabetes-related hospitalization or
in-hospital mortality). Patients with less than one year of follow-up were excluded.
We used the NDCMP and National Health Insurance Research Database (NHIRD)
database to construct a cohort of patients with type 2 diabetes. Each individual in
Taiwan has a unique personal identification number (PIN). For security and privacy
purposes, the identity data of patients who are enrolled in the NHIRD and NDCMP
are scrambled cryptographically through the same approach. All NHI datasets can
be interlinked through the scrambled PIN of each patient. We combined the datasets
of NDCMP and NHIRD, including the details of ambulatory care orders of NHIRD
from 2001-2004, to acquire information on the baseline characteristics of the
patients. Baseline characteristics included socio-demographic factors; duration of
type 2 diabetes; age of onset, diabetes-related factors and biomarkers; comorbidity;
and types of anti-diabetes, hypertension, cardiovascular, and hyperlipidemia
medications. We then used the 20012011 inpatient and outpatient databases of
NHIRD to obtain data on subsequent events starting beginning from one year after
the index date to 2011. Events one year after the index date were counted to rule
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out the possibility of reverse causality. The proportion of enrollees withdrawing
from the NHI program is low given the comprehensive coverage of the NHI
program. Therefore, bias arising from loss to follow-up is negligible.

Study subjects

Initially, 63,084 enrolled patients with diabetes were identified from the
NDCMP program, named as Taiwan Diabetes Study, on the basis of the criteria of
the American Diabetes Association (International Classification Disease, Ninth
Revision, Clinical Modification, abbreviated as ICD-9CM; Code of 250). This
NDCMP program aims to increase the quality of diabetes care by increasing
monitoring frequency, providing continuity of care, and decreasing diabetes-related
complications. Patients who were included in the study had to have at least one
year of follow-up to enable the calculation of visit-to-visit variations in HbAlc. In
addition, patients must not have missing information regarding baseline
characteristics, comorbidities, and laboratory blood test results. We excluded
patients who had type 1 diabetes (ICD-9-CM; code 250.x1/x3) and gestational
diabetes (n = 2,108) and those aged under 30 years or above 85 years (n = 1,025).
We also excluded participants with missing data on socio-demographic factors,
lifestyle behaviors, and blood biochemical indices, as well as those with less than
one year of follow-up (n = 27,298) to rule out the possibility of reverse causality
from the analysis. A total of 32,653 participants were retained for the analysis
(15,213 men and 17,440 women) (Figure 1). These 32,653 participants were
randomly assigned to a derivation set (n = 21,769) or a validation set (n = 10,884)
at a 2:1 ratio. Ethics approval was obtained from the Ethical Review Board of the
China Medical University Hospital.

Outcome ascertainment




In-hospital mortality was set as the primary outcome measure and was
determined through record linkage with the inpatient care dataset and was
confirmed by enrollment dataset in the NHIRD. The second outcome measure was
diabetes-related hospitalization, which was defined as acute admission to an acute
hospital, excluding elective admissions or planned rehabilitation based on major
discharge diagnoses code from ICD-9: diabetes (ICD-9-CM codes 250) [7].
Hospitalization was determined through record linkage with the inpatient care
dataset. The time of follow-up began with recruitment (index date) and ended with
death during the hospitalization period or a new hospitalization event, withdrawal
from the NHI program, or end of follow-up on December 31, 2011.

Covariates

Data on other baseline chronic medical conditions were retrieved from
outpatient and inpatient claim data at the 24-month period preceding the cohort
entry. Instead of a 12-month period, a 24-month period was used because some
chronic medical conditions are not common and a long period was required so as
not to miss any diagnosis. The histories of acute hypertension (ICD-9-CM codes
404-405), stroke (ICD-9-CM codes 431-438), cardiovascular disease (ICD-9 code
410 to 413, 414.01 to 414.05, 414.8 and 414.9), peripheral arterial disease
(ICD-9-CM codes 443.9), peripheral neuropathy (ICD-9-CM codes 356), diabetes
retinopathy (ICD-9-CM codes 362.0), peripheral circulatory disturbance
(ICD-9-CM codes 250.7), chronic kidney disease (ICD-9 codes 585), traumatic
amputation (ICD-9-CM codes 895.x-897.x), ketoacidosis (ICD-9-CM codes 250.1),
postural hypotension (ICD-9-CM codes 458), arterial embolism and thrombosis
(ICD-9-CM codes 444), and hyperlipidemia (ICD-9-CM codes 272) before the

index date were identified as comorbidities.
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Socioeconomic factors included age and gender. Age was treated as a
continuous variable, which is the default in the algorithm used in the Framingham
Heart study. Gender was categorized as male and female. Lifestyle behaviors
included smoking (yes, no), alcohol consumption (yes, no), duration of diabetes
(continuous), body mass index (BMI; body weight divided by height?, kg/m?), and
early onset of diabetes (yes if age of onset > 45 years, no). Blood biochemical
indexes consisted of HbAlc, fasting plasma glucose (FPG), triglyceride (TG),
high-density lipoprotein (HDL), low-density lipoprotein (LDL), serum
glutamic-pyruvic transaminase (SGPT), and chronic kidney disease (CKD) (yes if
the estimated glomerular filtration rate < 60 [mL/min/1.73 m?], no). The coefficient
of variation (CV) for HbAlc or FPG measurements from outpatient visits within
the first year of the index date for each patient was calculated for those with more
than two HbAlc or FPG measurements performed in the first year. The CV of
HbA1c or FPG was divided by the square root of the ratio of total visits divided by
total visits minus 1 [8] to account for the likelihood that the number of visits might
affect glucose variation.

Data on the use of medications prescribed for disease treatment were derived
for the 12-month period preceding the cohort entry. We identified the subjects’
outpatient prescriptions within one year of their enrollment to define their use of
anti-diabetes, anti-hypertension, anti-hyperlipidemia, and cardiovascular
medications. Anti-diabetes medications were classified into no medication,
sulfonylureas (SUs), including SU monotherapy and SUs plus other oral agents,
non-SU oral agents, insulin, insulin plus SUs, and insulin plus non-SU oral agents.
A patient is defined as a user of a specific medication if his/her number of

prescription days for this specific medication is greater than 90 days.



Statistical analysis

Categorical variables were presented as proportions, and continuous variables
were presented as means and standard deviations (SDs). We calculated the
standardized effect sizes to measure the differences in the baseline characteristics of
the derivation and validation sets. Cox’s proportional hazard models were adopted
to estimate the hazard ratios of the predictive variables to develop prediction
models of diabetes-related hospitalization and in-hospital mortality in the
derivation set and to assess the models’ predictive accuracy in the validation set.
We selected independent variables that resulted in the “best” model through the
following steps [9]: First, we performed a careful univariable analysis of each
variable. Second, we selected variables with univariable tests of p-value<0.25 [10,
11] as candidates for our multivariable model. Third, candidate variables were
entered simultaneously into the multivariable model. To assess whether some
co-morbidity variables were highly collinear, we estimated their regression
coefficients and compared their significance. Only one such highly correlated
variable remained in the multivariate Cox model. Finally, after refining the main
effect model, we checked the assumption of Cox’s proportional hazard model for
all variables in our multivariate model. Then, we further examined the interactions
between independent variables.

We followed the steps proposed in the Framingham Heart study [12] to
develop the predictive model for determining the risk scores for diabetes-related
hospitalization and in-hospital mortality. The seven steps were as follows: (1)
estimation of the parameters of the multivariable Cox’s proportional hazard model;
(2) categorization of the risk factors and determination of their reference values Wi;;

(3) assignment of a score for each category to determine the referent risk factor
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profile with a base category of 0 for each risk factor; (4) determination of the
distance from the base category to each category in regression units; (5) setting the
constant B, the number of regression units that reflect 1 point in the final point
system; (6) calculation of the number of points for each category of each risk factor,
where Point,= £; (Wii—Wrer)/B; and (7) determination of the prediction risks for

all possible total scores. The risks of diabetes-related hospitalization and in-hospital

mortality were calculated with the following equation: 1 — Pye¥PE BoxXi=3 fixMy)
where P, is the baseline diabetes-related hospitalization or in-hospital death-free
probability, B; is the regression coefficient for X;, and M, is the mean level of X;.
Predictive accuracy was assessed through a receiver operating characteristic (ROC)
curve analysis. The area under curve (AUC) was used to determine the
discriminatory ability of the predictive model. Goodness-of-fit tests were
performed by comparing the observed and predicted events of diabetes-related
hospitalization or in-hospital mortality using the Hosmer—Lemeshow x” test. We
used the multiple imputation method to impute missing data as sensitivity analysis
to assess whether our results were sensitive to missing data. For internal validation,
we corrected the potential for over-fitting or “optimism” by using a 1000-time
bootstrap resampling approach. The agreement between the model-predicted
probabilities and the observed probabilities was determined to assess model
calibration. The intercept was calculated through the calibration-in-large method to
assess whether the predictions were systematically too low or too high. An intercept
value of 0 indicated the absence of systematic deviation in the estimated predicted
probabilities. Furthermore, the estimated calibration slope was used to assess the
extremeness of the predicted probabilities. A slope value approaching 1 indicated

no overfitting in the model. We performed statistical analysis using SAS version
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9.4 (SAS Institute Inc., Cary, NC). The level of significance was set at two-tailed
p-value<0.05.
Results

After eight years of follow-up, 6,243 diabetes-related hospitalization cases and
2,048 in-hospital deaths occurred. The baseline characteristics of the cases were
summarized in accordance with the derivation and validation sets (Table 1). The
21,769 patients in the derivation set had a mean age of 61.1 years (SD of 10.8 years),
46.5% of these patients were male, and 1378 patients died during follow-up period.
Cancer was the leading cause of death (n=301 [21.84%)]), followed by CVD (n=220
[15.97%]), pneumonia (140 [10.16%]), diabetes (30 [2.18%]), and CKD (14 [1.02%]).
The 10,884 patients in the validation set had a mean age of 61.1 years (SD of 10.8
years), 46.7% of these patients were male and 670 patients died during follow-up
period. Cancer was again the leading cause of death (n=133 [19.85%)]), followed by
CVD (n=135 [20.15%]), pneumonia (78 [11.64%)]), diabetes (15 [2.24%]), and CKD
(7 [1.04%)]). All standardized differences were less than 0.1, indicating a negligible
difference in the mean or the prevalence of baseline characteristics between the
derivation and validation sets.

The significant baseline predictors of univariate and multivariate Cox’s
proportional hazard models for diabetes-related hospitalization and in-hospital
mortality are shown in Table 2. The following significant predictors of
diabetes-related hospitalization and in-hospital mortality were the same but had
different risk estimates: age, BMI, hospitalization status one year prior at baseline,
FPG-CV, HbAlc-CV, creatinine, total-cholesterol-to-HDL ratio, stroke, diabetes
retinopathy, and anti-diabetes medications. Risk scores were assigned to each of the

final predictors (Table 3) in accordance with the results of Cox’s proportional hazard
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models. The significant predictors of diabetes-related hospitalization included the
following: age (—2—8 points), duration of type 2 diabetes (0—6 points), BMI > 22.5
kg/m? (-2 point), hospitalization status one year prior at baseline (5 points), HbAlc >
7% (3 points), FPG-CV (0-3 points), HbAlc-CV (0-2 points), creatinine (0-5 points),
total-cholesterol-to-HDL ratio (0-2 points), stroke (2 points), diabetes retinopathy (4
points), anti-diabetes medications (0—11 points), and cardiovascular medications (1
point). The significant predictors of in-hospital mortality included age (—2-8 points),
male (2 points), BMI > 22.5 kg/m? (-1 point), hospitalization status one year prior at
baseline (1 point), HbAlc-CV>17.5 % (2 points), creatinine (0-2 points), total
cholesterol to HDL ratio (0-2 points), stroke (1 point), diabetes retinopathy (1 point),
hypoglycemia (1 point), and anti-diabetes medications (0-2 point).

Diabetes-related hospitalization risk scores ranged from —4 to 52, and
in-hospital mortality risk scores ranged from —3 to 21. The risks of diabetes-related
hospitalization ranged from 0.29% to 96.92% within a one-year period, from 0.76% to
99.99% within a three-year period, from 1.12% to 100% within a five-year period,
and from 1.65% to 100% within an eight-year period. In-hospital mortality ranged
from 0.01% to 53.80% within a one-year period, from 0.05% to 99.66% within a
three-year period, from 0.12% to 100% within a five-year period, and from 0.25% to
100% within an eight-year period (Supplemental table 1).

As shown in Figure 2, the AUCs of diabetes-related hospitalization for one-year,
three-year, five-year, and eight-year periods were 0.80, 077, 0.76 and 0.74,
respectively, in the validation set. These values indicated that the diabetes-related
hospitalization predictive model has good predictive ability. Figure 3 shows that the
AUC:s of in-hospital mortality for one-year, three-year, five-year, and eight-year
periods were 0.87, 0.80, 0.77, and 0.76, respectively, in the validation set. These
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values demonstrated that the predictive model of in-hospital mortality showed good
discriminatory ability. The predicted number of diabetes-related hospitalization cases
or in-hospital deaths according to deciles were similar to the observed events in the
one-, three-, five-, and eight-year risk predictions for the validation set (Supplemental
Figures 1-2). The goodness-of-fit test showed good calibration for both predictive
models (all p-values>0.05).

Discussion

To the best of our knowledge, this study is the first to establish prediction
models for the risks of diabetes-related hospitalization and in-hospital mortality in
Taiwanese patients with type 2 diabetes. We combined traditional risk factors and
diabetes-related biomarkers to develop valid prediction models for ACSC
hospitalizations among patients with type 2 diabetes. The two models showed
acceptable and good discrimination and calibration in the validation sets. Thus, these
two tools may be applied to decrease the costs of hospital admission by enabling
timely intervention and appropriate care management.

Although the impact of risk factors for hospital admission is complex, some
factors have clearly defined effects. Therefore, prediction models for the risk of
hospital admission have been developed for various settings and populations. The
AUC values of the most current prediction models in the literature for the risk of
hospital admission are between 0.61-0.71, indicating that these models have poor or
average performances; these models are designed for either older or elderly general
populations [13-15] or patients with obstructive lung disease [16]. Moreover, these
models suggest the need for detecting important predictors that have a major role in
hospitalization risk. The four existing models reported in the literature do not include

blood-based biomarkers and drug-related information. By contrast, our proposed
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models focus on the prediction of diabetes-related hospitalization and in-hospital
mortality in patients with type 2 diabetes by including blood-based biomarkers and
drug-related information. The importance of HbA1c as a predictor for in-hospital
mortality had been demonstrated in patients with ischemic stroke [17]. Our study
further demonstrate variation in FPG and HbAlc are important predictors for
hospitalization and in-hospital mortality. Our prediction models for short-term
diabetes-related hospitalization and in-hospital mortality showed AUC values greater
than 0.80, which indicated they had good discrimination ability to identify diabetic
patients at high risk for hospital admission and interventions. This favorable feature
of the models may decrease avoidable hospital admissions and enable the provision
of case management in the most appropriate settings.

Before we developed prediction models, we have examined the effects of all
variables carefully in the multivariate model for their plausibility by comparing their
effects with those in literature for supporting evidence in light of consistency. We
found the effects of all variables are consistent with those reported in literature except
for BMI. We found the effects of BMI had conflict findings across different ethnic
groups. A study exploring the relationship between BMI and all-cause mortality in
patients with type 2 diabetes from the Nurses’ Health Study and Health Professionals
Follow-up Study, they reported a U-shape relationship across BMI categories [18]. It
indicates that both extreme BMI values (i.e., BMI: 18.5-22.4, 30.0-34.9, and >=35
kg/m?) were associated with increased risks of mortality. On the contrary, A prior
study found a protective effect for type 2 diabetes patients with greater values of BMI
[2], which is consistent with our findings. In this study analyzing data from National
Health Interview Survey in Taiwan, they reported BMI>24 kg/m? was associated with

decreased risk of all-cause mortality in patients with diabetes compared with those
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with BMI <24 kg/m®. The possible explanation for the protective effect of BMI >25
kg/m?in our study is that the majority of patients in BMI =25 kg/m? were between
25-30 kg/m? (about 80%), and its effect was similar to those with normal weight,
which was consistent with those observed in Tobias et al. The effect of BMI >25
kg/m? became protective when comparing with those with underweight who had the
highest risks. We found there were some common and specific factors for
hospitalization and in-hospital mortality. The factors in these two prediction models
can provide individual estimates of risks and serve as guidance for the clinical
management of high risk patients. The use of the risk scores for risk stratification can
be helpful to clinicians or health policy providers to provide interventions such as
diets and medication to reduce hospitalization and in-hospital death risks and health
Costs.

A previous study has shown that patients with diabetes are more likely to face
frequent and longer hospitalization than those without diabetes. Approximately 25%
of patients with diabetes have been hospitalized at least once [19]. Given the specific
clinical features of diabetes, research on prediction models for hospitalization risk
should focus on diabetic populations. A study from Hong Kong developed a
risk-scoring system for predicting hospitalization for heart failure in patients with
type 2 diabetes [5]. A study from Spain study developed tools for the prediction of
in-hospital mortality in patients with type 2 diabetes [6]. However, the former study
is limited given that it only included hospitalization events as a result of heart failure.
Furthermore, the latter study included a small sample size and ignored several
important diabetes-related variables, such as duration of diabetes, age of onset, and
biomarkers of HbAlc and glycemic variation. Our study included FPG-CV and
HbA1c-CV to improve the predictive ability of the models. In our study, most of the
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included predictors, such as age, BMI, HbALlc, stroke, hospitalization during the
previous 12 months, and insulin use, are supported by previous predictive models for
hospitalization [5, 6, 13, 15, 20-22]. In addition, other diabetes-related indicators [7,
23-26], such as FPG-CV [23], HbA1c-CV [26], creatinine [25], total cholesterol to
HDL ratio [25], and hypoglycemia [24], have been reported as significant predictors
of hospitalization. Thus, the outcomes of hospitalizations in patients with type 2
diabetes may be avoided through the regulation of blood sugar, lipid profile, and
serum creatinine. Regular blood test monitoring among patients with type 2 diabetes
is also essential to decrease the likelihood of avoidable hospitalization.

We conducted a sensitivity analysis with a multiple imputation method to impute
missing data. A total of 52,623 patients with type 2 diabetes were included in the
sensitivity analysis. In the sensitivity analysis, the AUCs of the one-year, three-year,
five-year, and eight-year risks of diabetes-related hospitalization were 0.79, 0.76,
0.75, and 0.73, respectively, whereas those of in-hospital mortality were 0.84, 0.78,
0.77, and 0.75, respectively. The results of the ROC curves obtained through the
sensitivity analysis were similar to those in the original analysis, thereby
demonstrating the robustness of our results. The internal validation of the
performance of the present model was assessed on the basis of 1000 samples from a
bootstrap resampling approach. The optimism-corrected calibration intercepts were
0.03 and 0.02, and the corresponding slopes were 0.92 and 0.91 for diabetes-related
hospitalization risk and in-hospital mortality, respectively. These statistics indicated
the good calibration of the present model. Moreover, the shrinkage of regression
coefficients is no longer necessary in the prediction model.

Strengths and limitations

The advantages of this study include the nationwide population-based cohort
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investigation and the inclusion of novel predictors of Hbalc-CV and FPG-CV. We
used comprehensive health care claims data, which are reliable and practice-based
information sources, to build the predictive models. In addition, we used a
bootstrapping resampling approach to evaluate internal validation and assess the
validity of the proposed risk prediction models.

This study has four limitations. First, predictors were measured at the baseline,
and the possible time-varying effects of the predictors cannot be reported. Second, all
patients with type 2 diabetes in this study were enrolled in a nationwide NDCMP in
Taiwan. Thus the results of our study may not be generalized to other Asian
populations because of different genetic background and health care systems. Genetic
background plays an important role in incidence and complications of type 2 diabetes.
In addition, healthcare systems may have different criteria/thresholds for
hospitalization due to diabetes. These two factors may limit our external
generalization. However, these two factors do not invalidate our results in predicting
diabetes-related hospitalization and in-hospital mortality in Chinese persons with type
2 diabetes. For generalizing these two prediction models to other populations, external
validation prior to their wide application should be evaluated. Third, information on
hospitalization, comorbidity, and medication use was derived from claims databases.
The direct input of such information would be required in future applications. In
addition, the influence of different methodological approaches to data retrieval on the
performance of the prognostic index remains unknown. Fourth, Glucagon-like
peptide-1 (GLP-1) and Dipeptidyl peptidase-4 (DPP-4) inhibitors were not considered

in the prediction model due to the time frame of the study.

Conclusion

Our study developed and validated two models that can effectively predict
16



diabetes-related hospitalizations and in-hospital mortality among patients with type 2
diabetes. These two validated predictive models are the first simple grading scales for
diabetes-related hospitalizations and in-hospital mortality in Taiwan. These models
may decrease the rates of avoidable hospitalizations or in-hospital mortality by
helping primary care providers identify high-risk patients with diabetes who require
interventions.
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Figure legends :

Figure 1: Flowchart for recruitment procedures of the predictive model for
diabetes-related hospitalization

Figure 2. Receiver operating characteristic curve (ROC) for (A) 1-year (B) 3-year (C)
5-year (D) 8-year diabetes-related hospitalization risk in validation set.

Figure 3. Receiver operating characteristic curve (ROC) for (A) 1-year (B) 3-year (C)

5-year (D) 8-year in-hospital mortality risk in validation set.
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Table 1. Baseline characteristic of the study population.

Derivation Set

Validation Set

. (n=21,769) (n=10,884)  Standardized
Variables MEAN+SD*  MEANSD* effect size
or n (%) or n (%)

Socio-demographic factors
Age (years) 61.09+10.84 61.14+10.78 0.00
Gender

Female 11640 (53.47) 5800 (53.29) 0.00

Male 10129 (46.53) 5084 (46.71) -0.01
Smoking habit 3185 (14.63) 1641 (15.08) -0.01
Alcohol drinking 1805 (8.29) 882 (8.10) 0.01
Age of diabetes onset (years) 54.56+10.94 54.574£10.92 0.00
Duration of type 2 diabetes (years) 6.56+6.36 6.61+6.38 -0.01
Body mass index (kg/m?) 25.64+3.73 25.65+3.79 0.00
Obesity 7884 (36.22) 3944 (36.24) 0.00
Diabetes related factor and biomarker
Systolic blood pressure (mm Hg) 134.6+17.55 134.85+17.71 -0.01
Diastolic blood pressure (mm Hg) 79.86+£10.55 79.88+10.51 0.00
HbA1c level (%) 8.18+£1.95 8.16+1.91 0.01
Fasting blood glucose (mm Hg) 171.65+65.22  171.67+63.54 0.00
Low-density lipoprotein (mg/dL) 117.47+£31.19 117.29+31.2 0.01
High-density lipoprotein (mg/dL) 46.43+13.95 46.53+13.74 -0.01
Creatinine (mg/dL) 1.05+0.61 1.07+0.67 -0.03
SGPT (u/l) 31.98+31.54 32.35+36.23 -0.01
Total cholesterol (mg/dL) 195.76+41.70  195.44+41.94 0.01
Triglyceride (mg/dL) 171.5+£129.70  169.95+129.51 0.01
eGFR (mg/dL) 73.96+22.06 73.40+22.25 0.03
Variation of fasting blood glucose (%)  32.3+£26.05 32.51+26.54 -0.01
Variation of HBA1c (%) 16.86+15.27 16.79+14.98 0.00
Comorbidity
Hypertension 9940 (45.66) 4995 (45.89) 0.00
Stroke 1099 (5.05) 561 (5.15) 0.00
Cardiovascular disease 1910 (8.77) 942 (8.65) 0.00
Peripheral arterial disease 188 (0.86) 80 (0.74) 0.01
Peripheral Neuropathy 176 (0.81) 93 (0.85) 0.00
Diabetes retinopathy 305 (1.40) 162 (1.49) -0.01
Disease of peripheral circulator
Gt itarce P y 933 (4.29) 446 (4.10) 0.01
Hypoglycemia 896 (4.12) 437 (4.02) 0.01
Chronic kidney disease 229 (1.05) 108 (0.99) 0.01
Traumatic Amputation 4 (0.02) 0 (0.00) -0.08
Ketoacidosis 160 (0.73) 99 (0.91) -0.02
Postural hypotension 15 (0.07) 16 (0.15) -0.03
Avrterial embolism and thrombosis 34 (0.16) 17 (0.16) 0.00
Hyperlipidemia 5561 (25.55) 2762 (25.38) 0.00
Medication use
Anti-diabetes medications

No medication 1009 (4.64) 539 (4.95) -0.01

SUs 16126 (74.08) 7999 (73.49) 0.01

Non-SUs 2531 (11.63) 1283 (11.79) 0.00

Insulin 759 (3.49) 384 (3.53) 0.00

Insulin+SUs 859 (3.95) 376 (3.45) 0.03

Insulin+non-SUs 485 (2.23) 303 (2.78) -0.04
Hypertension medications 10917 (50.15) 5526 (50.77) -0.01
Cardiovascular medications 7058 (32.42) 3426 (31.48) 0.02
Lipid medications 8316 (38.20) 4168 (38.29) 0.00
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Outcome

Diabetes-related hospitalization 4181 (19.21) 2062 (18.95) 0.01
In-hospital mortality 1378 (6.33) 670 (6.16) 0.00

*: SD = standard deviation; SUs: Sulfonylureas; non- SUs: nonsulfonylureas.
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Table 2. Cox model measured hazard ratio and 95% confidence intervals of

diabetes-related hospitalization and In-hospital mortality

HR (95% CI)

Diabetes-related hospitalization

In-hospital mortality

Adjusted

Crude

Adjusted

Variables Crude
Socio-demographic factors
Age (years) 1.04 (1.03, 1.04)***
Gender
Female 1.00
Male 0.90 (0.85, 0.96)***
Duration of type 2 diabetes
0 1.00
1-5 1.47 (1.29, 1.68)***
6-10 2.26 (1.97, 2.60)***
11-15 2.96 (2,57, 3.42)***
16-20 3.76 (3.21, 4.40)***
>20 4.48 (3.81, 5.26)***
Body mass index (kg/m?)
<225 1.00
22.5-25 0.74 (0.67, 0.81)***
25-30 0.68 (0.63, 0.73)***
>30 0.68 (0.61, 0.76)***
Hospitalization status one year prior to baseline
No 1.00
Yes 2.48 (2.33, 2.64)***
Diabetes related factor and biomarker
HbAlc (%)
<7 1.00
>7 1.68 (1.56, 1.81)***

Variation of fasting plasma glucose (%)

<17.6 1.00
17.6-35.0 1.35 (1.25, 1.47)***
>35.0 2.03 (1.88, 2.19)***
Variation of HbA1c (%)
<8.5 1.00
8.5-17.5 1.27 (1.17, 1.37)***
>17.5 1.46 (1.36, 1.58)***
Creatinine (mg/dL)
Male:0.5-1.2;
female: 0.7-1.5 1.00
Abnormal 2.84 (2.64, 3.06)***
Total cholesterol to HDL ratio
Male<5; female<4.5 1.00
Male:5-9.5; o
female:4.5-7.0 1.18 (1.11, 1.26)
**Male>9.5; o
female>7.0 1.63(1.38,1.93)
Diabetes-related disorders
Stroke
No 1.00
Yes 2.18 (1.96, 2.43)***

1.03 (1.02, 1.03)***

1.00
0.99 (0.93, 1.05)

1.00
1.46 (1.27, 1.67)***
1.75 (1.52, 2.02)%**
1.99 (1.71, 2.30)***
1.95 (1.65, 2.30)***
2.07 (1.75, 2.46)%**

1.00
0.78 (0.71, 0.86)***
0.74 (0.68, 0.80)***
0.76 (0.68, 0.84)***

1.00
1.89 (1.77, 2.02)%**

1.00
1.42 (1.31, 1.53)%**

1.00
1.15 (1.06, 1.25)**
1.44 (1.33, 1.56)***

1.00
1.09 (1.01, 1.18)*
1.29 (1.19, 1.39)***
1.00

1.95 (1.81, 2.11)***

1.00
1.12 (1.05, 1.20)%**

1.23 (1.03, 1.46)*

1.00
1.24 (1.11, 1.39)***
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1.09 (1.08, 1.10)***

1.00
1.68 (1.51, 1.87)***

1.00
0.80 (0.69, 0.93)**
0.64 (0.56, 0.74)***
0.59 (0.49, 0.71)***

1.00
2.02 (1.81, 2.27)%**

1.00
1.08 (0.94, 1.24)
1.38 (1.21, 1.57)***

1.00

1.10 (0.96, 1.26)
1.27 (1.11, 1.44)%**

1.00
2.98 (2.63, 3.38)***

1.00
1.06 (0.95, 1.18)

1.81 (1.38, 2.38)***

1.00
2.45 (2.05, 2.93)***

1.08 (1.07, 1.09)***

1.00
1.82 (1.63, 2.03)***

1.00
0.79 (0.68, 0.92)**
0.66 (0.57, 0.75)***
0.69 (0.57, 0.84)***

1.00
1.39 (1.23, 1.58)***

1.00
1.04 (0.91, 1.19)
1.19 (1.04, 1.37)*

1.00

1.06 (0.92, 1.21)
1.23 (1.07, 1.41)**

1.00
1.89 (1.66, 2.16)***

1.00
1.14 (1.02, 1.28)*

1.98 (1.50 2.61)***

1.00
1.37 (1.14, 1.65)***



Diabetes retinopathy
No

Yes

Hypertension
No
Yes
Hypoglycemia
No
Yes
Medication use

1.00
3.40 (2.88, 4.02)***

Anti-diabetes medications

No medication
SUs

Non-SUs

Insulin
Insulin+SUs
Insulin+non-SUs

1.45 (1.17, 1.79)***
1.92 (1.69, 2.19)***
1.00
7.47 (6.35, 8.79)***
6.36 (5.42, 7.47)***
5.09 (4.21, 6.16)***

Cardiovascular medications

No
Yes

1.00
1.60 (1.50, 1.70)***

1.00
1.61 (1.35, 1.91)%**

1.48 (1.20, 1.84)***
1.63 (1.43, 1.86)***
1.00
3.76 (3.18, 4.45)%**
3.97 (3.36, 4.68)***
2.68 (2.20, 3.27)***

1.00
1.18 (1.11, 1.26)***

1.00
2.21 (1.61, 3.04)%**

1.00
1.75 (1.57, 1.95)***

1.00
2.01 (1.63, 2.46)***

1.6 (1.22, 2.12)***
1.11 (0.92, 1.32)
1.00
2.60(1.99, 3.39)***
1.37 (1.01, 1.86)*
2.23 (1.62, 3.07)%**

1.00
1.71 (1.23, 2.37)**

1.00
1.21 (1.08, 1.35)**

1.00
1.37 (1.11, 1.7)**

1.56 (1.18, 2.05)**
1.08 (0.90, 1.30)
1.00
1.65 (1.26, 2.17)***
1.23 (0.90, 1.68)
1.88 (1.37, 2.60)***

*:p<0.05; **:p<0.01; ***:p<0.001
HR: hazard ratio; CI: confidence intervals; SUs: Sulfonylureas; non- SUs:
nonsulfonylureas.
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Table 3. Parameter estimates of regression coefficient and risk socre of predictors for

diabetes-related hospitalization from the final multivariate Cox’s proportional hazards

model.
Diabetes-related hospitalization In-hospital mortality

. . Risk N Risk
Risk factor B (SE) P-value score B(SE) P-value score
Socio-demographic factors
Age (years) 0.03(0.002) <0.001 -2to8 0.08(0.003) <0.001 -2to8
Gender

Female ref ref 0 ref ref 0

Male -0.01(0.03) 0.71 0 0.60 (0.06)  <0.001 2
Duration of type 2 diabetes

0 ref ref 0

1-5 0.38 (0.07) <0.001 3

6-10 0.56 (0.07) <0.001 4

11-15 0.69 (0.08) <0.001 5

16-20 0.67 (0.08) <0.001 5

>20 0.73 (0.09) <0.001 6
Body mass index (kg/m?)

<22.5 ref ref 0 ref ref 0

22.5-25 -0.25 (0.05) <0.001 -2 -0.24 (0.08) 0.002 -1

25-30 -0.31 (0.04) <0.001 -2 -0.42 (0.07)  <0.001 -1

>30 -0.28 (0.06) <0.001 -2 -0.37 (0.10)  <0.001 -1
Hospitalization status one year prior to baseline

No ref ref 0 ref ref 0

Yes 0.64 (0.03) <0.001 5 0.33(0.06) <.0001 1
Diabetes related factor and biomarker
HbAlc (%)

<7 ref ref 0

>7 0.35(0.04) <0.001 3
Variation of fasting plasma glucose (%)

<17.6 ref ref 0 ref ref 0

17.6-35.0 0.14 (0.04) 0.001 1 0.04 (0.07) 0.58 0

>35.0 0.36 (0.04) <0.001 3 0.18 (0.07) 0.01 0
Variation of HbAlc (%)

<8.5 ref ref 0 ref ref 0

8.5-17.5 0.09 (0.04) 0.03 1 0.06 (0.07) 0.42 0

>17.5 0.25(0.04) <0.001 2 0.21 (0.07) 0.003 1
Creatinine (mg/dL)

Male:0.5-1.2; female: ref ref 0 ref ref 0

0.7-1.5

Abnormal 0.67 (0.04) <0.001 5 0.64 (0.07)  <0.001 2
Total cholesterol to HDL ratio

Male<5; female<4.5 ref ref 0 ref ref 0

Male:5-9.5; female:4.5-7.0 0.11 (0.03) <0.001 1 0.13 (0.06) 0.02 0
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Male>9.5; female>7.0
Diabetes-related disorders
Stroke
Diabetes retinopathy
Hypertension
Hypoglycemia
Medication use
Anti-diabetes medications

No medication

SUs

Non-SUs

Insulin

Insulin+SUs

Insulin+non-SUs
Cardiovascular medications

No

Yes

0.20 (0.09)

0.22 (0.06)
0.47 (0.09)

0.39 (0.11)
0.49 (0.07)
ref
1.32 (0.09)
1.38 (0.08)
0.99 (0.10)

ref
0.17 (0.03)

0.02

<0.001
<0.001

<0.001
<0.001
ref
<0.001
<0.001
<0.001

ref
<0.001

0.68 (0.14)

0.32 (0.09)
0.53 (0.17)
0.19 (0.06)
0.32 (0.11)

0.44 (0.14)
0.08 (0.09)
ref
0.50(0.14)
0.21 (0.16)
0.63 (0.16)

<0.001

<0.001
0.001
0.001
0.003

0.002
0.39
ref
<0.001
0.19
<0.001

R O R

NPk, FP OO

SUs: Sulfonylureas; non- SUs: nonsulfonylureas.
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63,084 olders enrolled in the National Diabetes Care Management
Program.

Excluding
Without type 2 diabetes (n=2,108)

Age<30 or Age > 85 (n=1,025)

59,951 subjects were eligible

Enrollment period for NDCMP less than one year
Without sex, fasting blood glucose variation, and HbAlc
variation, duration of diabetes, and age of diabetes onset.

(n=27,298)

32,653 participants were included for analysis

Random allocation by 2:1 ratio

y
Derivation Set Validation Set

n=21,769 n=10,884

Figure 1: Flowchart for recruitment procedures of the predictive model for
diabetes-related hospitalization
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Figure 2. Receiver operating characteristic curve (ROC) for (A) 1-year (B) 3-year (C)
5-year (D) 8-year diabetes-related hospitalization risk in validation set
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Figure 3. Receiver operating characteristic curve (ROC) for (A) 1-year (B) 3-year (C)

5-year (D) 8-year in-hospital mortality risk in validation set
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Highlights

Diabetes is a major cause of hospitalization and in-hospital mortality.

A scoring system identifying diabetic patients at risk of such outcomes is lacking.

Prediction models for such outcomes in patients with type 2 diabetes were

proposed.

Diabetes hospitalization prediction model’s 1- and 3-year AUROC were 0.80 and

077.

The corresponding values for in-hospital mortality were 0.87, and 080.
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