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Aim: Due to the difference in epidemiology and outcomes between eastern and western populations with
Type 2 diabetes mellitus (T2DM), an important challenge is determining how useful the outcomes from
diabetes models based on western populations are for eastern patients. Consequently, the principal aim of
this study was to develop and validate a Health Policy Model (Chinese Outcomes Model for T”2DM [COMT])
for supporting Chinese medical and health economic studies. Methods: The model is created to simulate
a series of important complications of T2DM diabetes based on the latest Risk Equations for Complica-
tions of Type 2 Diabetes, which was adjusted by adding the adjustment regulator to the linear predictor
within the risk equation. The validity of the model was conducted by using a total of 171 validation out-
comes from seven studies in eastern populations and ten studies in western populations. The simulation
cohorts in the COMT model were generated by copying each validation study’s baseline characteristics.
Concordance was tested by assessing the difference between the identity (45°) line and the best-fitting re-
gression of the scatterplots for the predicted versus observed outcomes. Results: The slope coefficients of
the best-fitting regression line between the predicted and corresponding observed actual outcomes was
0.9631 and the R? was 0.8701. There were major differences between western and eastern populations.
The slope and R? of predictions were 0.9473 and 0.9272 in the eastern population and 1.0566 and 0.8863
in the western population, which showed more perfect agreement with the observed values in the eastern
population than the western populations. The subset of macro-vascular and micro-vascular outcomes in
the eastern population showed an identical tendency (the slope coefficient was close to 1), and mortality
outcomes showed a slight tendency toward overestimation (the slope coefficient was close to 0.9208).
Some degree of underprediction of macro-vascular and micro-vascular end points and overprediction of
mortality end point was found in the western population. Conclusion: The COMT diabetes model simu-
lated the long-term patient outcomes observed in eastern Asian T2DM patients with prediction accuracy.
This study supports the COMT as a credible tool for Chinese healthcare decision makers. Further work is
necessary to incorporate new local data to improve model validity and credibility.
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Due to population growth and aging, the Global Burden of Disease Study showed that all-age disability-adjusted
life-years (DALYs) of diabetics in 2016 were 57,233.7 (95% ClI: 47,967.9-68,279.3), which increased by 24.4%
(95% CI: 22.7-26.2) from 1990 to 2016 [1]. A recent study also showed that PR China has a large burden of
diabetics, because one in four people with diabetes worldwide live in PR China, where 11.6% of adults have
diabetes and 50.1% have prediabetes [2-41. The whole Chinese economic burden of diabetes has increased from  Fyture ==

¥2.216 billion (CNY) in 1993 to ¥200 billion (CNY) in 2007 s5,6]. Medicine
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Table 1. The baseline characteristics of Chinese patients with Type 2 diabetes mellitus.

Covariates Coefficient [16] Men Women Ref.
Age 0.04363 55.8 59.3 [17]
Women -0.2066 1 0 [17]
Ethnicity (Black) -0.1163 0 0 NA
Tobacco smoking, current 0.2358 0.505 0.042 [17]
Systolic blood pressure (mmHg) 0.00514 132 136.1 [17]
History of cardiovascular disease 0.9618 0.145 0.145 [18]
Blood pressure-lowering drugs -0.1248 0.127 0.127 [18]
Statins 0.04699 0.011 0.011 [18]
Anticoagulants 0.544 0.003252 0.003252 [19,20]
HbA1c (%) 0.2135 71 7.2 [21]
Total cholesterol (mg/dl) 0.00019 173.6 178.6 [21-23]
HDL cholesterol (mg/dl) -0.01358 44.5 51.4 [21,22]
Serum creatinine (mg/dl) 0.08027 0.69 0.69 [24]
Urine albumin:creatinine ratio (mg/g) 0.00042 60.12 61.89 [25]

HbA1c: Glycosylated hemoglobin; HDL: High-density lipoprotein; NA: Not applicable.

To decrease the high disease burden [2-4], efficient prevention and treatment of diabetes and its complications
are major tasks for health policy. Mathematical modeling plays a vital role in supporting decision-making for
evaluating the long-term health and economic outcome of interventions in the public and private health sectors (7).
The CDC model, the Archimedes model and the Center for Outcomes Research (CORE) diabetes model have
been widely used to evaluate the cost—effectiveness of health policy related to diabetes [8,9]. However, these models
were all developed based on western populations, whereas subphenotypes and clinical consequences of diabetes are
modified in many Asian populations [10]. Due to the high disease burden of Type 2 diabetes in PR China, it is
becoming necessary to construct a diabetes Health Policy Model in Chinese population to evaluate the alternative
interventions related to diabetes.

We designed a long-term mathematical model for the prevention and treatment of Type 2 diabetes mellitus
(T2DM), named the Chinese Outcomes Model for T2DM (COMT), to project health and economic outcomes
of the alternative diabetes interventions in the Chinese population. The COMT borrowed some key ideas and
features from other well-known models, such as the CDC model [11], the Michigan model [12], the CORE diabetes
model (13] and the ECHO-T2DM [14], including the development and progression of main micro- and macro-
vascular complications and mortality. The main advantage of COMT is its risks and probabilities of diabetic
complications, which were derived from Chinese and east Asian populations.

Model transparency (people can see how the model is built) and validation (how well the model reproduces
reality) are critical to success in the development of a diabetes model. Consequently, the objective of this study was
to present the architecture, assumptions, features and validations of the COMT model according to the guidelines
published by the task forces recommended by the International Society for Pharmacoeconomics and Outcomes
Research and the Society for Medical Decision Making [15].

Methods

Overview of the model

COMT is a mathematical model with key micro- and macro-vascular complications and mortality related to T2DM
(Figure 1). In this model, the patient will incur the following 13 clinical complications during the simulation:
stroke, myocardial infarction (MI), congestive heart failure (CHF), cardiovascular disease (CVD), CVD death,
blindness, end-stage renal disease (ESRD), clinical neuropathy, uncomplicated and complicated diabetic foot ulcer
(DFU) and minor and major amputation. Transitions will occur on an annual basis, except for the complications
associated with clinical neuropathy, which will occur on a monthly basis. At the start of the simulation, patients
have assigned characteristics, such as age, gender, tobacco status, history of cardiovascular disease, blood pressure-
lowering drugs, glycosylated hemoglobin (HbAlc), systolic blood pressure, statin, anticoagulants, oral diabetes
drugs, total and HDL cholesterol, serum creatinine and urine albumin:creatinine ratio. The baseline characteristics
of Chinese patients with T2DM is shown in Table 1. Thereafter, the patients were copied to generate identical
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Figure 1. A schematic diagram of the Chinese Outcomes Model for Type 2 diabetes mellitus.
ASCVD: Arteriosclerotic cardiovascular disease; CHF: Congestive heart failure; CVD: Cardiovascular disease; DFU:
Diabetic foot ulcer; ESRD: End-stage renal disease; MI: Myocardial infarction; T2DM: Type 2 diabetes mellitus.

cohorts for comparisons. During the modeling process, the patients faced all of the potential risks. Once the event
occurred, the counterpart in patient characteristics would then be updated, which would lead to revising the risks
of complications.

The hypothetical patients will receive the following potential therapies: antidiabetic therapy, which would be
switched to next-line treatment according to the defined treatment pathway when hyperglycemia was inadequately
controlled. In the treatment pathway, the insulin-based therapy would be set as the final-line line; hypertension
and dyslipidemia would be treated when patients met the Chinese guideline-defined thresholds. The primary lipid-
lowering target for patients with high-risk and very high-risk arteriosclerotic cardiovascular disease (ASCVD) was
LDL-C <2.6 and 1.8 mmol/I and statins, such as simvastatin, would be administered [26,27]. Health and economic
outcomes related to hypoglycemia during antidiabetic therapy would be taken into account in the model. Patients
would be traced over the course of the model with their clinical characteristics updated over time.

The COMT models projected the lifetime results for the Chinese patients with T2DM life expectancy (life-years
[LYs], quality-adjusted life years [QALYs], DALYs, cumulative incidences of complications and the relevant direct
medical costs). Incremental cost—effectiveness ratios were calculated and expressed as cost per additional QALY
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Figure 2. Flow simulation diagram of the Chinese Outcomes Model for Type 2 diabetes mellitus.
CHF: Congestive heart failure; CVD: Cardiovascular disease; DFU: Diabetic foot ulcer; ESRD: End-stage renal disease; LY: Life year; Ml:
Myocardial infarction; QUALY: Quality-adjusted life year.

gained or per DALY averted. Costs, QALY and DALY were annually discounted at 5% in line with Chinese
guidelines for pharmacoeconomic evaluations [28].

The running flow diagram of the COMT model is shown in Figure 2.

Risk equation & re-calibration

The current analysis used the latest Risk Equations for Complications of T2DM (RECODe) published by Basu and
colleagues [16], which could predict 10-year absolute risk of micro-vascular complications (retinopathy, nephropathy
and neuropathy), CVD (M], stroke, CHF and cardiovascular death) and all-cause mortality by using the equations
based on the data derived from three trials Action to Control Cardiovascular Risk in Diabetes, Action for Health in
Diabetes and the Diabetes Prevention Program Outcomes Study to derive and validate equations for prediction [29-
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31). The included predictor variables were age, sex, ethnicity, smoking status, systolic blood pressure, history of
cardiovascular disease, use of antihypertensive and anticoagulant medications, HbAlc, total and HDL cholesterol
levels, serum creatinine, urine albumin:creatinine ratio and use of statin and oral diabetes medication. These
variables could accurately reflect the importance of a predictive marker of adverse outcomes. They also showed that
micro- and macro-vascular complications in T2DM often occur together. The new RECODe equations were much
more accurate than the older equations for predicting micro- and macro-vascular complications, which tended to
considerably overestimate risk [321. To consider differing background risks of the western and Chinese populations,
we recalibrated the original RECODe risk equations. Using the reported incidence data set of the complications
related to T2DM in Chinese patients with T2DM [33-37], which was published in an English peer-reviewed journal,
we applied the recalibration method described in Janssen ez 4/, which corrects the risk score to comply with
‘calibration in the large’ (38), such that the mean predicted probability is equal to the observed outcome frequency.
This technique recalibrates the estimated risk values by adding the adjustment regulator to the linear predictor
within the risk equation. The adjustment regulator is gained by fitting a logistic regression model with the linear
predictor (as offset) as the only covariate in the new data set or by measuring an adjustment regulator that is
according to the mean predicted risk and observed outcome frequency in the new data set. The primary and
recalibrated risk equations are summarized in Table 1. Because there is not a black male equivalent in PR China,
ethnicity will not be included in the final equations.

HbA1lc progression in T2DM was simulated based on the mathematical model, which was developed by pooling
data from 68 eligible studies and could adequately reflect the heterogeneity of HbAlc profiles observed in clinical
studies [39]. Blood pressure trajectories were derived from a 20-year prospective study, which included 1084 people
(41.3% women) who participated in the PR China Health and Nutrition Survey (1991-2011) (40}; the change range
was derived from the Rancho—Bernardo study [41]. Trajectories of total and high-density lipoprotein cholesterol
were derived from eastern Asian populations [42,43).

Validation

The model was constructed by an experienced team specializing in health policy modeling, in cooperation with
Chinese clinical experts. Face validity depicts the extent to which a model mirrors the present best clinical evidence,
as judged by experts [15]. The overall architecture of the model was checked and validated by diabetologists,
cardiologists, neurologists, nephrologists, ophthalmologists, pharmacists and health economics experts during
development and there is only a paucity of concern that the figures used are not correct. Verification depicts the
extent to which model estimations are properly implemented. The model has been wholly tested and de-bugged,
including the ‘stress tests’ that were designed to uncover potential mistakes in both logic and programming, and all
results met the expectations.

Internal and external validations are used to measure whether the output of the model is both internally consistent
with the actual observed outcomes deriving from clinical studies and data sources employed to construct the risk
equations algorithm used by the model, and externally consistent with the observed outcomes not specifically
employed to develop the disease risk equations. Because the COMT model is designed to estimate long-term
clinical outcomes in Chinese patients with T2DM, the validation results were further stratified by the western (seven
studies) and eastern (five studies) sets. The specific validation studies included in this analysis were the Atorvastatin
Study for Prevention of Coronary Heart Disease End points in noninsulin-dependent diabetes mellitus [44]; the
Veterans Affairs Diabetes Trial [45]; the Action in Diabetes and Vascular Disease;: Preterax and Diamicron Modified
Release Controlled Evaluation (ADVANCE) 46]; the Action to Control Cardiovascular Risk in Diabetes [29]; the
A Diabetes Outcome Progression trial [47); Look Action for Health in Diabetes [48); the Collaborative Atorvastatin
Diabetes Study [49]; the UKPDS 33 and UKPDS 80 studies [50,511; the ADVANCE Asian Study [52); the Hong
Kong Diabetes Registry [53]; the Multidisciplinary Risk Assessment and Management Program for Patients with
Diabetes Mellitus Studies in Hong Kong (54,55; the Observational Mortality Study from Japan [56]; the Japanese
Intensive Statin Therapy for Hypercholesterolemic Patients with Diabetic Retinopathy Study [57]; the Japan Diabetes
Complications Study [58]; and the Japanese Elderly Diabetes Intervention Trial (59). The studies are summarized in
Table 2.

End points
For each validation, the COMT model was initialized with a cohort profile keeping with each published report in
terms of baseline characteristics of patients. The modeled time horizon was consistent with the mean or the median
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Table 2. Studies included in the validation analyses.

Study name Population Treatment groups Sample size Follow-up time Ref.
(year)
ACCORD T2DM patients with HbA1c < 7.5%, significant Intensive blood-glucose 10,251 4 [29]

atherosclerosis, albuminuria, left ventricular hypertrophy control/standard therapy
or at least two additional risk factors for cardiovascular
disease across the USA and Canada

UKPDS 33 Newly diagnosed Type 2 diabetes in UK Intensive blood-glucose 3867 11 [50]
control/standard therapy

UKPDS 80 Newly diagnosed Type 2 diabetes in UK (long-term Intensive blood-glucose 3867 5-25 [51]
follow-up of UKPDS) control/standard therapy

ADVANCE T2DM patients with a history of major micro-vascular or  Intensive blood-glucose 11,140 5 [49]
macro-vascular disease or C1 other risk factor for control/standard therapy

vascular disease in 20 countries

ACCORD-BP T2DM patients with HbA1c > 7.5%, significant Intensive blood pressure 4734 4 [60]
atherosclerosis, albuminuria, left ventricular hypertrophy control/standard therapy
or at least two additional risk factors for cardiovascular
disease across the USA and Canada

CARDS T2DM patients with one CVD risk factor but no history of Atorvastatin/placebo 2838 4 [49]
CVD in the UK and Ireland

ASPEN T2DM patients (only primary prevention population is Atorvastatin/placebo 1905 4 [44]
included in the validation)

ADOPT T2DM patients with recently diagnosed (i.e., within 3 Metformin /glyburide 4360 4 [47]
years) and without pharmacologic treatment in the USA,
Canada and 15 European countries

Look AHEAD Obese (BMI > 25 kg/m2) with T2DM and HbA1c < 11%  Normal care /Intensive lifestyle 5145 10 [48]
in the USA intervention for weight loss

VDAT T2DM patients with an inadequate response to maximal Intensive blood-glucose 1791 6 [45]
doses of an oral agent or insulin therapy in the USA control/standard therapy

RAMP-DM Prospective cohort study in Chinese primary care setting RAMP-DM/usual care 121,584 3-5 [54,55]

ADVANCE Asia T2DM patients with a history of major micro-vascular or  Intensive blood-glucose 4136 4 [52]
macro-vascular disease or C1 other risk factor for control/standard therapy
vascular disease in Asia

EMPATHY T2DM patients who had elevated LDL-C and diabetic Standard/intensive statin therapy 5995 5 [57]
retinopathy without a history of coronary artery disease
in Japan

Osaka Observational study of residents with T2DM in Osaka, Usual care 1939 5-20 [56]
Japan

JDCS T2DM patients with HbA1c levels were >6.5% Normal care /intensive lifestyle 2033 8 [58]

intervention

J-EDIT T2DM patients with age > 65 and HbA1c > 7.9% or Intensive multiple risk factor 1173 6 [59]
HbA1c >7.4% with at least one of CVD risk factors in control/standard therapy
Japan

HKDR Observational study of residents with T2DM in Hong Usual care 7209 5.5 [53]

Kong, PR China

ACCORD: Action to Control Cardiovascular Risk in Diabetes; ACCORD-BP: Action to Control Cardiovascular Risk in Diabetes Blood Pressure; ADOPT: A Diabetes Outcome
Progression Trial; ADVANCE: Action in Diabetes and Vascular Disease; AHEAD: Action for Health in Diabetes; ASPEN: Atorvastatin Study for Prevention of Coronary Heart Disease
End Points in noninsulin-dependent diabetes mellitus; BMI: Body mass index; CARDS: Collaborative Atorvastatin Diabetes Study; CHF: Congestive heart failure; CVD: Cardiovascular
disease; EMPATHY: Japanese intensive statin therapy for hypercholesterolemic patients with diabetic retinopathy; HbA1c: Glycosylated hemoglobin; HKDR: Hong Kong Diabetes
Registry; JDCS: Japan Diabetes Complications Study; J-EDIT: Japanese Elderly Diabetes Intervention Diabetes Complications Study; LDL-C: Low-density lipoprotein cholesterol;
Look AHEAD: Action for Health in Diabetes; RAMP-DM: Multidisciplinary Risk Assessment and Management Program for Patients with Diabetes Mellitus; T2DM: Type 2 diabetes
mellitus; UKPDS: UK Prospective Diabetes Study; VDAT: Veterans Affairs Diabetes Trial.

duration of follow-up as reported by the studies. By comparing with a corresponding outcome output from the
model, the end points presented as cumulative incidences in each study were included in the validation, except the
composite end points, such as ‘major micro-vascular events’, in ADVANCE, because no match existed in the model
outcome [46]. Due to the multiple complications of T2DM, the end points were categorized by major vascular
events (including M1, stroke, CHE, CVD, and CVD mortality), minor vascular events (including ESRD, blindness,
amputation, and clinical neuropathy) and all-cause mortality events, as other previous reports have done [14,61-63].
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Statistical analysis

Based on the established validation methods reported by other diabetes health policy models (8], the suitability
of fit between the COMT model outputs and the observed data were evaluated. First, the visual inspection was
performed by using the predicted cumulative incidences against the observed data. The validation points fall along,
above and below the identity (45°) line when the prediction end points match, overpredict or underpredict the
observed end points, respectively. Second, to examine where model fit was poor, the mean absolute percentage error
(MAPE) was used to assess goodness of fit between simulated and observed values, which were calculated by the
following equation:

MAPE :12’,’ ‘|(uJ X 100|
n v,

where X; is the predicted value from the COMT Model, ; is the observed value reported in the literature and n
is the number of validation values. The residual Z was defined as the paired difference between the predicted and
observed datasets: Z=Y—-X i=1,2,..., n

Finally, the best-fitting line through the scatterplot was plotted by using linear regression analysis with determi-
nation (R?), intercept and slope coefficients by the following equation:

Yl :B0+ﬁiXi+8i

where Y; is the predicted value from the COMT Model, X; is the observed value reported in the literature, i is the
ith validation data sets, B is the intercept, f; is the slope and ¢ is the disturbance term. A fully satisfied match will
have an intercept of 0, a slope coefficient of 1 and an R? of 1.00. All analysis were performed with R version 3.4.1
for Windows (R Foundation for Statistical Computing, Vienna, Austria).

Results

Overall validation

All 171 validation end points were predicted across 17 T2DM outcomes studies, which are presented as scatterplots
in Figure 3. We illustrated that the majority of paired observed and predicted values are on or close to the identity
line (y = x) that is indicative of a perfect fit. Assessment of the correlation between observed and predicted values
generated an R score of 0.8701, suggesting a close correlation (perfect fit = 1). The linear regression line in Figure 2
has a slope of 0.9631, close to the identity line (slope = 1). The overall MAPE was 32.93%. The MI, ESRD and
CHEF end points had considerable impact on the goodness of fit results (appendix Table 1).

Validation in different populations & outcomes

Separate evaluation of different parts of the population can provide useful insight into the reasonable utilization
of the policy model. The results for the 77 end points in eastern and 94 end points in western populations are
illustrated as scatterplots in Figure 4, respectively. There was a slight tendency for the simulations to underestimate
the actual observed values in eastern populations (slope of 0.473) and overestimate the actual observed values in
western populations (slope of 1.0566). The R scores in Eastern and western populations were 0.9272 and 0.8863
and MAPEs were 7.93 and 53.28%, respectively.

To identify the drivers of this potential overestimation and underestimation, we further examined the valida-
tion points in eastern and western populations stratified by mortality, micro- and macro-vascular complications
(Figure 5). In Eastern populations, there was a slight tendency for the simulations to underestimate the actual
observed mortalities (slope of 0.9208). For micro- and macro-vascular complications, the best-fitting regression
lines have values of 0 for the intercept and 1 for the slope. The R? scores of mortality, micro- and macro-vascular
complications in the eastern population were 0.9851, 0.9888 and 0.8763, and the MAPEs were 2.51, 13.32 and
17.92%, respectively. In western populations, there was a tendency for the simulations to overestimate the actual
observed mortalities (slope of 1.0345) and underestimate the actual observed values of micro- and macro-vascular
complications (slope of 0.9011 and 0.7528). The R scores of mortality and micro- and macro-vascular complica-
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Figure 3. All end points including all studies: predicted versus observed cumulative incidence. The solid black arrow line indicates the
identity line and the blue dashed line indicates the linear regression.

ACCORD: Action to Control Cardiovascular Risk in Diabetes; ADOPT: A Diabetes Outcome Progression Trial; ADVANCE: Action in Diabetes
and Vascular Disease; ASPEN: Atorvastatin Study for Prevention of Coronary Heart Disease End Points in noninsulin-dependent diabetes
mellitus; CARDS: Collaborative Atorvastatin Diabetes Study; CHF: Congestive heart failure; CVD: Cardiovascular disease; EMPATHY:
Japanese intensive statin therapy for hypercholesterolemic patients with diabetic retinopathy; ESRD: End-stage renal disease; HKDR:
Hong Kong Diabetes Registry; JDCS: Japan Diabetes Complications Study; J-EDIT: Japanese Elderly Diabetes Intervention Trial; Look
AHEAD: Action for Health in Diabetes; MI: Myocardial infarction; RAMP-DM: Multidisciplinary Risk Assessment and Management Program
for Patients with Diabetes Mellitus; UKPDS: UK Prospective Diabetes Study; VDAT: Veterans Affairs Diabetes Trial.

tions in eastern populations were 0.9570, 0.8581 and 0.9583 and the MAPEs were 38.58, 606.87 and 31.64%,
respectively.

Discussion

To support health decision-making, health economic and policy models must be transparent (description of the
model structure published) and validated against real-life studies (clinical and epidemiological trials). During
the development of the COMT health policy model, extensive literature reviews were carried out to identify
appropriate data sources for the model. Studies were chosen, if they provided appropriate Chinese-specific data
and were the largest and most recent data available. As a result, the model was developed by using the latest
RECODe risk equations due to their high accuracy in predicting diabetes complications compared with older risk
equations [16,32]. Because RECODe risk equations are derived from studies based on western populations, our
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model recalibrated the equations using Chinese-specific epidemiological data [33-37]. Justifying the credibility of the
model is therefore a central issue of model validation. The outcomes predicted by the COMT model were subjected
to testing against 171 outcomes extracted from 17 heterogeneous clinical studies, including randomized-controlled
trials and observational cohort studies that were conducted in western and eastern populations and that varied
chronologically and with length of follow-up. With the adjusted RECODe risk equations, the findings were positive
because the best-fitting regression line closely followed the identity line with high 2 scores.

The validation results presented in this model are generally in agreement with validation results from previous
validation analyses of T2DM models [14,61-63]. For example, the R values of 0.8581-0.9888 (depending on choice
of population and end points) suggest a comparable linearity of predictions with the Cardiff model (~0.870) (s1],
IHE model (~0.83) [63], and CORE model (~0.90) [62]. The slope coefficient of 0.9631 across all validation studies
was close to the identical line, especially for validation studies based on eastern Asian patients. The slope coefficient
0f 0.9631 across all validation studies was slightly higher than the IHE model (0.952) (63] and slightly lower than
the Cardiff model (0.999) (611 and CORE model (1.019) (621

The strengths of the present study are the eastern and western studies and the large number of outcomes
included, which contribute a broad profile to examine the validity of the diabetes model. Subgroup populations
showed considerable differences between eastern and western populations. The predictions for the end points in
eastern populations tracked actual end points closely, especially regarding macro- and micro-vascular complications.
There was a tendency to overestimate the end points in western populations. Model simulations performed worse
for the stratified end points in western populations, with an underestimation of both macrovascular complications
and microvascular complications and an overestimation of mortality. These predicted disparities perhaps reflect
differences in the epidemiology associated with T2DM between eastern and western populations. This finding
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Figure 5. All end points stratified by eastern and western populations and different end points: predicted versus observed cumulative
incidence. The solid black arrow line indicates the identity line and the blue dashed line represents the linear regression.

ACCORD: Action to Control Cardiovascular Risk in Diabetes; ADOPT: A Diabetes Outcome Progression Trial; ADVANCE: Action in Diabetes
and Vascular Disease; ASPEN: Atorvastatin Study for Prevention of Coronary Heart Disease End Points in noninsulin-dependent diabetes
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indicates that the risk equations that were used in the creation of a diabetes model for local decision-making should
be derived from local populations or adjusted based on local epidemiological data.

There are only two risk engines, the Joint Asia Diabetes Evaluation (JADE) risk engine [53] and the Japan Diabetes
Complications Study/Japanese Elderly Diabetes Intervention Trial risk engine [64], created for Asian patients with
diabetes. Although the JADE risk engine, which was the only engine developed for Chinese patients with diabetes
by the Hong Kong Diabetes Registry consisting of 7534 T2DM patients, was used to predict stroke, MI, angina
and CHF over time in Chinese patients with T2DM [53]; we did not employ these risk engines in our model
because the JADE and JJ risk engine have some limitations: the first is that they only predict 5-year outcomes;
the second is that they sometimes could not accurately detect the impact of antidiabetic, antihypertension and
antidyslipidemia therapies, because some equations did not capture the related modified predictors, such as the
absence of HbAlc as a factor in the CHD equation of the JADE risk engine [65]; and the last limitation is that
the predicted complications in the JADE and ]J risk engines were lower risk than other risk engines. The current
analysis also did not consider other risk equations, such as the UKPDS risk equation, which was widely used in
the creation of diabetes models [66], because the studies (e.g., UKPDS study) that were used for developing the
risk equation were too old to capture recent treatment patterns (e.g., antidyslipidemia therapy) that have improved
macro-vascular outcomes.
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Naturally, our model also suffers weaknesses. First, as in other diabetes heath policy models [66,67], other
complications associated with diabetes, such as cancer and dementia [68-70], were not included in the current model
due to the lack of the risk engines for estimating their incidences, and which might underestimate the health
benefits of active prevention and treatment of diabetes. When the risk engines are available, the COMT model
should be updated. Second, our validation analyses did not include Chinese Mainland data due to the absence
of well-designed longitudinal studies investigating the relationship between complications and diabetes, although
the validation analyses included several eastern Asian studies from Japan and Hong Kong, PR China. One recent
meeting abstract first reported the CVD incidence in populations with T2DM in the Chinese mainland 71 and
that data might be added into our validation analysis once the formal report is published. Third, although the
RECODe risk equations had better discrimination and calibration than the UKPDS risk equations and are similar
to CVD predictions in general [16], they still need to be improved for predicting complications [32], which is of
particular importance in the context of east Asian. Fourth, the current model did not cross-validate the studies with
other models [67], such as the Cardiff model, IHE model and CORE model, because there is no current guidance
to recommend which methods and specific metrics to employ to quantify model concordance [15). Fifth, the model
performance is acceptable with the validation analyses used the composite outcomes for linear regression. However,
it should be noted that some individual outcomes, such as the mortality, was markedly discrete. Finally, similar to
other validation studies, our validation analyses used trial-reported data for matching model predictions. Due to
the varied end points, baseline characteristics and inclusion and exclusion criteria among these different studies,
the differences between the simulated cohort and the characteristics of the actual patients in the study could not be
avoided, which should be recognized as a challenge for the validation.

Conclusion

In conclusion, the Chinese Health Policy Model of T2DM was subjected to extensive validation testing, and the
results were generally in line with the reported data, especially the eastern Asian data. Due to ethnic disparities, we
found that there were notable differences in macro-complications between the predicted data and the published
data, which were based on western populations. We also found that the RECODe risk equations generally performed
as well as other equations.

Summary points

e Due to the difference in epidemiology and outcomes between eastern and western populations with Type 2
diabetes mellitus (T2DM), an important challenge is determining how useful the outcomes from diabetes models
based on western populations are for eastern patients.

e The specifically aim of this study was to develop and validate a Health Policy Model (Chinese Outcomes Model for
T2DM [COMT]) for supporting Chinese medical and health economic studies.

e The COMT model is developed to project a series of important complications of T2DM diabetes based on the the
latest Risk Equations for Complications of Type 2 Diabetes (RECODe), which was adjusted by adding the
adjustment regulator to the linear predictor within the risk equation.

e The validity of the model was conducted by using a total of 171 validation outcomes from seven studies in
eastern populations and ten studies in western populations.

e Concordance was tested by assessing the difference between the identity (45°) line and the best-fitting
regression of the scatterplots for the predicted versus observed outcomes.

o There were major differences between western and eastern populations. The slope and R? of predictions were
0.9473 and 0.9272 in the eastern population and 1.0566 and 0.8863 in the western population, which showed
more perfect agreement with the observed values in the eastern population than the western populations.

e The subset of macrovascular and microvascular outcomes in the eastern population showed an identical tendency
(the slope coefficient was close to 1) and mortality outcomes showed a slight tendency toward overestimation
(the slope coefficient was close to 0.9208).

e Some degree of underprediction of macrovascular and microvascular end points and overprediction of mortality
end point was found in the western population.

e The COMT diabetes model simulated the long-term patient outcomes observed in eastern Asian T2DM patients
with prediction accuracy. This study supports the COMT as a credible tool for Chinese healthcare decision makers.
Further work is necessary to incorporate new local data to improve model validity and credibility.
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