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OBJECTIVE

With rising health care costs and finite health care resources, understanding the
population needs of different type 2 diabetes mellitus (T2DM) patient subgroups is
important. Sparse data exist for the application of population segmentation on
health care needs among Asian T2DM patients. We aimed to segment T2DM
patients into distinct classes and evaluate their differential health care use,
diabetes-related complications, and mortality patterns.

RESEARCH DESIGN AND METHODS

Latent class analysis was conducted on a retrospective cohort of 71,125 T2DM
patients. Latent class indicators includedpatient’s age, ethnicity, comorbidities, and
duration of T2DM. Outcomes evaluated included health care use, diabetes-related
complications, and4-yearall-causemortality. The relationshipbetweenclassmember-
ship and outcomes was evaluated with the appropriate regression models.

RESULTS

Five classes of T2DM patients were identified. The prevalence of depression was
high among patients in class 3 (younger females with short-to-moderate T2DM
duration and high psychiatric and neurological disease burden) and class 5 (older
patients with moderate-to-long T2DM duration and high disease burden with end-
organ complications). They were the highest tertiary health care users. Class
5patients had thehighest risk ofmyocardial infarction (hazard ratio [HR] 12.05, 95%
CI 10.82–13.42]), end-stage renal disease requiring dialysis initiation (HR 25.81, 95%
CI21.75–30.63), stroke (HR19.37, 95%CI16.92–22.17), lower-extremityamputation
(HR 12.94, 95% CI 10.90–15.36), and mortality (HR 3.47, 95% CI 3.17–3.80).

CONCLUSIONS

T2DM patients can be segmented into classes with differential health care use and
outcomes.Depression screening should be considered for the two identified classes
of patients.
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Type 2 diabetes mellitus (T2DM) is a
growing global health problem that af-
flicts more than 425 million (8.8%) adults
in 2017 (1). It has been projected by the
International Diabetes Federation to af-
fect 693 million adults worldwide by year
2045 (1). The global cost of T2DM is high,
costing governments USD 1.3 trillion in
2015, and this is estimated to increase to
USD 2.3 trillion by 2030 (2).
With aging populations, rising com-

plexity of medical care, and mounting
economic costs from T2DM, the admin-
istrationanddeliveryofhealth careat the
population level have become more chal-
lenging (3,4). Population health, which is
defined as “the health outcomes of a
group of individuals, including the dis-
tribution of such outcomes within the
group,” has been gaining traction in re-
cent years due to finite health care
resources and the impracticability of
designing patient-specific care deliv-
erymodels tailored for every individual
(5). Consequently, population segmenta-
tion has been suggested as an avenue for
policymakers and health care administra-
tors to develop more cost-efficient and
targeted population health-related poli-
cies and care models. This process seg-
regates a heterogeneous patient population
into unique subgroups with relatively
similaranthropological clinical orpsycho-
social characteristics and/or health care
requirements (6). For example, a recent
study involving primary care users iden-
tified six distinct classes of patients, and
patients in the “metabolic disease and
multi-organ complications” group were
found to have the highest level of health
care use and risk of mortality (7).
Among both patients with type 1 di-

abetes and T2DM patients, a landmark
cluster analysis of 5,795Swedishpatients
identified five subtypes of patients with
diabetes with a varying likelihood of de-
veloping diabetes-related complications
anddiffering disease progression (8). Spe-
cifically, in T2DM patients, another study
in North America identified four distinct
subclasses of patients with differing clin-
ical trajectories and health care use. Of
note, patients in the high comorbidity and
high insulin use group had the highest
risk of diabetic nephropathy progres-
sion and annual frequency of health
care visits (9).
The prevalence of diabetes in Singa-

pore is among the highest within South-
east Asia (13.7% vs. regional prevalence

of 8.5%) (1). Thismultiethnic Asian country
also has one of the highest diabetes-
related lower-extremity amputation
(LEA) rates among all Organization for
Economic Cooperation and Develop-
ment (OECD) countries (10). Currently,
there remains sparse data pertaining
to the usage of population segmenta-
tion methodologies for evaluating health
care use, risk of diabetes-related com-
plications, and mortality among dif-
ferent subgroups of T2DM patients in
Asia, as the majority of studies were
conducted in Europe and America. It is
also important to note that Asians
have a markedly increased predisposi-
tion for the development T2DM com-
paredwith their white counterparts, which
arises from a complex interplay between
genetics, environmental, lifestyle, and di-
etary-related factors (11). Therefore, we
aim to segment T2DM patients into
unique and relatively homogenous clas-
ses and evaluate whether health care
use, diabetes-related complications, and
mortality vary among the different pa-
tient subgroups.

RESEARCH DESIGN AND METHODS

Study Setting
Singapore is a multiethnic Asian country,
which is comprised of a Chinese majority
andminority ethnic groups such asMalay
and Indians. The delivery of public health
care is achieved through three integrated,
regional health care clusters, namely,
SingHealth Regional Health System (SRHS),
National Healthcare Group, and National
University Health Systems. Each health care
cluster is supported by a network of general
hospitals, tertiary care specialist cen-
ters,communityhospitals,andpolyclinics.
Among the three clusters, SRHS forms the
largest cluster, and its primary and tertiary
health care facilities aid in catering to the
health care needs of residents in both
south-central and eastern regions of Sin-
gapore (12). While health care in the
public sector is heavily subsidized by the
government, the Community Health As-
sist Scheme (CHAS) enables residents
from lower- to middle-income families
to seek subsidizedmedical treatment for
chronic conditions at accredited private
general practitioner (GP) clinics near their
home. Citizens will qualify for CHAS or-
ange and CHAS blue subsidies if their
monthly household income falls between
USD870 and1,450 and less thanUSD870,
respectively (13).

Study Design

A retrospective cohort study was con-
ducted involving all patients who were
diagnosed with T2DM in or before 2012,
were Singapore residents aged $21
years (the age of majority in Singa-
pore), and had at least one visit in an
SHRS health care institute or accredited
CHAS GP clinic in year 2012. Patients who
were noncitizens or did not have a visit in
any SHRS institute were excluded, as they
were unlikely to be on long-term medical
follow-up in the SHRS. We excluded pa-
tients who were diagnosed with T2DM
after 2012, as the analyses were to be
conducted using patients’ baseline char-
acteristics in 2012.

De-identified patient data from an ad-
ministrative database (Ministry of Health,
Singapore) containing details of 71,125
T2DM patients were extracted. These
included details on patients’ baseline
sociodemographic characteristics (age,
ethnicity, sex), their comorbidities, CHAS
subsidy class (orange, blue, or none) in
year 2012, and data pertaining to their
health careuse, developmentofdiabetes-
related complications, and all-cause mor-
tality from 2013 to 2016. CHAS subsidy
class was used as a surrogate marker of
the financial status of patients, while the
comorbidities in thedatabasewere coded
based on ICD-10.

The details of health care use in-
cluded the total number of primary
outpatient clinic, private general prac-
titioner clinic, specialist outpatient
clinic (SOC), and accident & emergency
(A&E) visits and the number of inpatient
admissions in year 2012. Diabetes com-
plications examined included myocar-
dial infarction, stroke, end-stage kidney
disease requiring initiation of dialysis,
and LEA.Myocardial infarction and stroke
were coded based on ICD-10, while end-
stage disease requiring initiation of di-
alysis and LEA were coded based on
Ministry of Health, Singapore, Table of
Surgical Procedures (TOSP) codes. The
TOSP comprises a list of procedures
claimable under MediSave (mandatory
national medical savings scheme) or
MediShield (a public health insurance
for low-income Singapore citizens) (14).
Details pertaining to clinical comorbid-
ities,healthcareuse,anddiabetes-related
complications were aggregated from
data across public health care institutions
from all three regional health systems in
Singapore.
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Ethics Approval and Consent to
Participate
The study was approved by the Central-
ized Institutional Review Board in Sing-
Health (reference number: CIRB 2016/
2294). Waiver of consent was obtained
and approved by the committee for this
study.Permissionwasalsoobtained from
the hospitals and polyclinics for access to
de-identified data from patient medical
records.

Statistical Analysis
Latent class analysis (LCA) is a statistical
approach used to derive groups of rel-
atively homogenous individuals within
a heterogenous population (7,15). The
latent class indicators used included
patients’ age (,65 years old, $65 years
old), ethnicity (Chinese, Malay, Indians,
andothers),durationofdiabetes (,5years,
5–10 years, and .10 years), and clinical
comorbidities of patients (Supplementary
File 1). We fitted a series of latent class
models starting from k5 1 (where k is the
number of classes) onward. We stopped
fitting a model with an additional class
when the previous model’s smallest class
size was ,1.5% of the study population
(7). The rationale for selecting this cutoff
was to ensure that the size of each class
consists of a proportion of the study
population sufficient to ensure practi-
cality in the design of class-specific health
care policies. The selected optimal value
for k in the LCA model was determined
using both model-fit indices that assess
the fit and clinical interpretability of the
classes. Indices used included the Akaike
information criterion, Bayesian informa-
tion criterion (BIC), sample size–adjusted
BIC,andentropy, forwhichhigherentropy
and smaller values of Akaike information
criterion, BIC, and sample size–adjusted
BIC indicate better model fit (16). The
clinical relevance and interpretability of
the classes were evaluated by an endo-
crinologist within the research team and
in relation to current clinical guidelines
(17).
In this study, themean6SDandnumber

(percentage) were used to summarize con-
tinuous and categorical variables respec-
tively. To profile the classes obtained from
LCA, we compared the classes with the
patients’ sociodemographic and clinical
characteristics and their health care
use using one-way ANOVA or x2 tests
for continuous and categorical variables,
respectively.

To evaluate the discriminative prop-
erties of the derived classes on total
health care use and the risk of diabetes
related-complications from years 2013–
2016, we excluded deceased patients in
year 2012 from these analyses. For as-
sessment of the relationship between
health care use and class membership
with adjustment for confounders, mul-
tivariable negative binomial regression
was performed where appropriate, and
the incidence rate ratios (IRRs) are re-
ported with 95% CIs. To assess the re-
lationship of class membership with
4-year risk of developing diabetes-
related complications and all-cause mor-
tality, we performed Cox proportional
hazards regression analyses, and the
hazard ratios (HRs) are reported with
95% CIs. The regression analyses were
adjusted for the patients’ age, sex, eth-
nicity, CHAS status, and duration of
T2DM.

R, version 3.60, software (Foundation
for Statistical Computing, Austria) was
used for the latent class analyses, while
Stata 15.0 software (2016) (StataCorp,
College Station, TX)was used for all other
statistical analyses.

Data and Resource Availability
The data sets generated and/or analyzed
during the current study are not publicly
available due to institutional restrictions
but are available from the corresponding
author on reasonable request.

RESULTS

A total of 71,125 T2DM patients were
included in the analyses (Supplementary
File 2). Table 1 depicts the baseline de-
mographic and clinical characteristics of
patients in the year 2012, segregated by
the latent classes. The majority of pa-
tients were of Chinese ethnicity (n 5
49,951 [70.2%]) and had a moderate (5–
10 years) duration of diabetes (n5 48,911
[68.8%]). The proportions of male and
female patients (48.7% vs. 51.3%, respec-
tively) andofelderly andyoungerpatients
(48.3% vs. 51.7%)were similar. Pertaining
to socioeconomic status, one-half of the
patient population was receiving CHAS
subsidies (50.3%).

For the model selection, LCA analyses
were performed for k5 1 to k5 7. Afive-
class model was selected in view of the
better statistical fit and predetermined
minimum class sizes. When compared
with the model-fit indices and class sizes

of other class models, it had the highest
entropy, and the smallest class size was
1.57% (Supplementary File 3).

The five derived classes were as fol-
lows, and their terminologies are de-
fined in Supplementary File 4.

1. Class 1: Younger patients with short
T2DMduration and “relatively healthy”
(n 5 11,133)

2. Class 2: Younger patients with short-
to-moderate T2DM duration and
moderate disease burden without end-
organ complications (n 5 24,566)

3. Class 3: Younger females with short-
to-moderate T2DMduration and high
psychiatric and neurological disease
burden (n 5 1,211)

4. Class 4: Older patients withmoderate
T2DMduration andmoderate disease
burden (n 5 26,254)

5. Class 5: Older patients with moderate-
to-long T2DM duration, with depres-
sion, dementia, and high disease burden
with end-organ complications (n5
8,051)

Characteristics of the Classes
Supplementary File 5 depicts the heat
map display of the sociodemographic
and clinical characteristics of patients
across the five classes relative to the
overall population. The majority of pa-
tients in classes 1, 2, and 3 were #65
years old, while the majority of patients
in classes 4 and 5 were .65 years old
(Table 1). The proportion of femaleswas
the highest among patients in class
3 (69.1%).With regard to ethnicity, the
proportion of minority ethnic groups
(Indians, Malays, and others) was the
highest in class 5 (47.0%). (Table 1)
Pertaining to the duration of T2DM,
patients in class 1 had the shortest
mean 6 SD T2DM duration (3.21 6
2.90 years), while patients in class 5 had
the longest mean T2DMduration (8.106
3.10 years). Patients in class 1 had the
lowest prevalence of cardiovascular, ce-
rebrovascular, and renal-related comor-
bidities. Conversely, the prevalence of
cardiovascular, cerebrovascular, and re-
nal diseases was highest in patients in
class 5. Patients in classes 3 and 5 also
had a significantly higher prevalence of
depression (13.1%–78.2% vs. 0.6%–1.7%;
P , 0.001) compared with other classes.
Patients in class 3 had the highest overall
prevalence of psychiatric diseases, which
included general anxiety disorder, major
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depression, schizophrenia, and bipolar
disorder, and the prevalence of neuro-
logical diseases was high.

Health Care Use and Incidence of
Diabetes-Related Complications From
Years 2013–2016
A total of 1,777 (2.5%) patients were
excluded fromtheanalyses,as theydiedin
year 2012. Patients in classes 3 and 5 had
the highest tertiary health care use with
regard to the averagenumberof inpatient
admissions and SOC and A&E visits from
2013 to 2016 (Table 2). For primary health
careuse,classes2,3,and4hadthehighest
number of polyclinic visits. Overall, class
1 has the lowest overall health care use.
For diabetes-related complications,

class 5 had the highest proportion of
patients who developed myocardial in-
farction, end-stage renal disease requiring
dialysis initiation, stroke, and LEA (P ,

0.001). Conversely, class 1 had the lowest
proportion of patients who developed
diabetes-related complications in 2013.

Multivariable Analyses of Latent
Classes With Total Health Care Use,
Diabetes-Related Complications From
Years 2013–2016, and 4-Year All-
Cause Mortality
Class 1was set as the reference group for
analyses. Overall, class membership was
predictive of health care use, diabetes-
related complications andmortality (P,
0.001) (Table 3). With regard to primary
health care use pattern across the five
classes, patients in classes2and4had the
highest total polyclinic visits (class 2 ad-
justed IRR 1.53, 95% CI 1.49–1.57; class
4 1.53, 95% CI 1.47–1.59). Pertaining to
tertiary health care use, patients in class
3 had the highest total SOC visits (IRR
2.12, 95% CI 1.97–2.29) and total A&E

visits (IRR 3.31, 95% CI 3.04–3.59). Class
5 had the highest total inpatient admis-
sions (IRR 2.82, 95% CI 2.67–2.98).

For diabetes-related complication pat-
terns across the five classes, class 5 pa-
tientshadthehighesthazard formyocardial
infarction (HR 12.05, 95% CI 10.82–13.42),
end-stage renal dialysis requiring dialysis
initiation (HR 25.81, 95% CI 21.75–30.63),
stroke (HR 19.37, 95% CI 16.92–22.17), and
LEA (HR 12.94, 95% CI 10.90–15.36).

The two classes with the highest haz-
ard for 4 years all-cause mortality were
class 3 (HR 2.31, 95% CI 1.94–2.74) and
class 5 (HR 3.47, 95% CI 3.17–3.80).

CONCLUSIONS

Overall, our study identified five distinct
classes of T2DM patients with unique
health profiles, with differential health
care use, diabetes complication risk, and
mortality patterns. Given the association

Table 2—Health care use (yearly), incidence of diabetes-related complications from 2013 to 2016, and 4-year all-cause
mortality among patients, segregated by latent classes

Overall Class 1 Class 2 Class 3 Class 4 Class 5 P

Class label Younger
patients with
short T2DM
duration and
“relatively
healthy”

Younger patients
with short-to-

moderate T2DM
duration and

moderate disease
burden without

end-organ
complications

Younger females with
short-to-moderate
T2DM duration and
high psychiatric
and neurological
disease burden

Older patients
with moderate
T2DM duration
and moderate
disease burden

Older patients
with moderate-
to-long T2DM
duration, with
depression,

dementia, and
high disease

burden with end-
organ

complications

Average yearly health
care use from
2013 to 2016,
mean 6 SD

Polyclinic visits 4.82 6 4.05 3.51 6 3.83 5.64 6 3.90 5.12 6 5.45 4.91 6 3.77 3.78 6 4.73 ,0.001
GP visits 1.26 6 2.86 1.08 6 2.57 0.81 6 2.23 1.70 6 5.52 1.82 6 3.28 0.97 6 2.63 ,0.001
SOC visits 3.04 6 3.63 2.57 6 3.19 2.62 6 3.35 5.85 6 6.02 3.18 6 3.52 4.13 6 4.43 ,0.001
Emergency

department visits 0.5 6 1.09 0.35 6 0.84 0.38 6 0.87 1.15 6 3.64 0.48 6 0.74 1.00 6 1.80 ,0.001
Inpatient

admissions 0.38 6 0.74 0.24 6 0.53 0.27 6 0.63 0.66 6 1.25 0.4 6 0.65 0.85 6 1.18 ,0.001

Total no. of patients
who developed
diabetes-related
complications
from 2013 to
2016 (%)

Myocardial
infarction 3,157 (4.44) 300 (2.69) 684 (2.78) 52 (4.64) 1,382 (5.26) 739 (9.18) ,0.001

End-stage renal
disease requiring
dialysis initiation 1,251 (1.76) 128 (1.15) 432 (1.76) 12 (1.07) 397 (1.51) 282 (3.50) ,0.001

Stroke 1,931 (2.71) 198 (1.78) 464 (1.89) 39 (3.48) 936 (3.57) 294 (3.65) ,0.001
LEA 664 (0.93) 83 (0.75) 191 (0.78) 9 (0.80) 184 (0.70) 197 (2.45) ,0.001

4-Year all-cause
mortality, n
patients (%) 7,670 (10.78) 503 (4.52) 812 (3.31) 134 (11.95) 3,585 (13.66) 2,636 (32.74) ,0.001
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between predictive ability of the classes
and future health care use and health
outcomes in 2013among T2DMpatients,
our findings support the usage of data-
driven population segmentationmethods
among T2DM patients and have signifi-
cant implications on diabetes care, health
policy planning, and resource allocation.
Among class 3 and 5 patients who had

the highest tertiary health care use,
diabetes-related complications, and mor-
tality, an important unifying characteristic
noted was the high prevalence of de-
pression (13.1%–88.7%). This was sig-
nificantly higher than in the general
population (5.8%) (18) and concurred
with a systematic review by Roy et al.
(19) that showed that the prevalence of
depression in the population with diabe-
tes was twice that in the population
without diabetes (19.1% vs. 10.7%,
respectively). Comorbid depression has
significant repercussions on the out-
comes of T2DMand has been associated
with poorer health-related quality of
life, premature mortality, and increased
risk of diabetes-related complications

(20). While our study findings support
American Diabetes Association guide-
lines for consideration of depression
screening among elderly T2DM patients,
there are no recommendations on the
specific subgroups of elderly T2DM pa-
tients who should be screened (17). With
the aging population worldwide and lim-
ited health care resources, it is impractical
to perform universal screening for all
elderly T2DM patients. Importantly,
our findings highlight the need for rou-
tine screening for depressive symptoms
among elderly patients with moderate-
to-long duration of T2DM (.5 years),
multiple comorbidities, and end-organ
complications.

Additionally, wehave identified another
subgroup of T2DM patientsdclass 3
(younger femaleswith short-to-moderate
T2DM duration and high psychiatric and
neurological disease burden)dwho may
benefit from depression screening. Stud-
ies have shown that depressive symp-
toms and episodes among T2DMpatients
tend to be persistent, and the rates of
relapses are exceptionally high, with a

5-year recurrence rate of 79% (20). Fur-
thermore, another study by Ke et al. (21)
also showed that high psychiatric dis-
ease burden among young-onset
T2DM patients contributed to a signif-
icant 36.8% of inpatient admission bed-
days. The early identification of these
high-needpatients, usingvalidated instru-
ments such as the Patient Health Ques-
tionnaire-9, may permit implementation
of psychological interventions and treat-
ment, which in turn promote disease
remissionand reduce thefinancial burden
of disease.

For patients in class 5, the prevalence
of dementia was also noted to be high
(7.5%). Dementia is themost severe stage
on the continuum of diabetes-related
cognitive deficits and has been associ-
ated with poor glycemic control and in-
creased risk of severe hypoglycemia (22).
While guidelines have recommended
dementia screening among elderly pa-
tients, the subtypes of elderly patients
to be screened have not been defined
(23). Our study suggests that there is a
need for routine screening for dementia

Table 3—Adjusted effect of the five latent classes on health care use, diabetes-related complications from years 2013–2016,
and 4-year all-cause mortality

Class 1b Class 2 Class 3 Class 4 Class 5

Wald x2 for
class

membership

Class label Younger
patients
with short
T2DM

duration
and

“relatively
healthy”

Younger patients
with short-to-

moderate T2DM
duration and

moderate disease
burdenwithout end-
organ complications

Younger females
with short-to-

moderate T2DM
duration and

high psychiatric
and neurological
disease burden

Older patients with
moderate T2DM
duration and

moderate disease
burden

Older patients with
moderate-to-long

T2DM duration, with
depression, dementia,

and high disease
burden with end-organ

complications

Total health care use
from 2013 to 2016c

Polyclinic visits 1.00 1.53 (1.49–1.57)*** 1.42 (1.33–1.52)*** 1.53 (1.47–1.59)*** 1.10 (1.06–1.14)*** 2,820***
Private GP visits 1.00 0.97 (0.92–1.02)* 1.28 (1.12–1.45)*** 0.91 (0.85–0.98)** 0.73 (0.68–0.79)*** 10,345***
SOC visits 1.00 0.97 (0.94–1.00)* 2.12 (1.97–2.29)*** 1.17 (1.12–1.22)*** 1.41 (1.35–1.47)*** 2,214***
Emergency department

visits 1.00 1.02 (0.98–1.05)* 3.31 (3.04–3.59)*** 1.53 (1.46–1.61)*** 2.47 (2.35–2.59)*** 6,027***
Inpatient admissions 1.00 1.05 (1.01–1.09)** 2.70 (2.45–2.97)*** 1.55 (1.46–1.63)*** 2.82 (2.67–2.98)*** 5,318***

4-Year risk of
diabetes-related
complicationsd

Myocardial infarction 1.00 2.74 (2.47–3.05)*** 3.68 (3.01–4.50)*** 3.11 (2.79–3.47)*** 12.05(10.82–13.42)*** 8,086***
End-stage renal disease

requiring dialysis 1.00 1.58 (1.33–1.87)*** 1.51 (0.96–2.38)* 1.95 (1.60–2.38)*** 25.81 (21.75–30.63)*** 41,417***
Stroke 1.00 2.80 (2.45–3.20)*** 7.45 (6.15–9.03)*** 3.50 (3.06–4.02)*** 19.37 (16.92–22.17)*** 7,468***
LEA 1.00 0.92 (0.77–1.10)* 0.85 (0.48–1.49)* 0.65 (0.52–0.81)*** 12.94 (10.90–15.36)*** 3,187***

4-Year all-causemortalityd 1.00 0.92 (0.83–1.01)* 2.31 (1.94–2.74)*** 1.20 (1.10–1.31)*** 3.47 (3.17–3.80)*** 15,960***

Data are IRR (95% CI) unless otherwise specified. Models were adjusted for age, sex, ethnicity, CHAS status, and duration of T2DM. bReference group.
cNegative binomial regression analyses were performed. dCox proportional hazards regression analyses were performed. HRs reported with 95% CI.
*P $ 0.05; **P , 0.05; ***P , 0.001.
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among elderly patients, especially with
moderate–to–long-standing T2DM and
multimorbidities.
For the patients in class 3 with high

neurological disease burden, secondary
and tertiary disease prevention plays an
important role. As these conditions often
culminate in significant physical, cogni-
tive, behavioral, and psychosocial prob-
lems and limitations, neuro-rehabilitation
involving a multidisciplinary team should
be considered and incorporated in patient
care following diagnosis. There is also little
controversy on the benefits of risk factor
modification for these patients, in partic-
ular tobacco use, lifestyle and dietary
modifications, andaggressive treatment
of concomitant metabolic diseases such
as hyperlipidemia. While trials evaluat-
ing the impact of multiple risk factor
interventions have shown promising re-
sults for health outcomes, the actualiza-
tion and long-term sustainability of these
interventions in real life are often con-
founded by factors such as treatment
compliance (24). As such, more studies
are needed on developing sustainable
models of care for the optimization of
outcomes for these patients.
Pertaining to the study population, it

was important to note that the preva-
lence of concomitant metabolic diseases
such as hypertension (85.5%), hyperlip-
idemia (87.8%), and chronic kidney dis-
ease (CKD) (80.1%) was exceptionally
high. For hypertension, specifically, the
prevalence in this study was among the
highest within Asia (40.4%–85.8%) and
in the world (25). Likewise, the preva-
lence of CKD was more than three times
that in the U.S. (25%) (26). T2DM pa-
tients with CKD have been shown to
have poorer glycemic control and higher
risk of diabetes-related complications
such as neuropathies and cardiovascular
disease (27). Consequently, for patients
in class 1 who were deemed to be “rel-
atively healthy” and have the lowest
health care use, there is still a significant
proportion of patients with these dis-
eases. Hence, targeted interventions for
these patients as well as patients in classes
2 and 4 with moderate disease burden
should encompass themes for disease
maintenance, early intervention, and dis-
ease prevention. Potential strategies are
the use of intensive glycemic control among
T2DM patients and education programs.
For example, Action in Diabetes and
Vascular Disease: Preterax and Diamicron

MR Controlled Evaluation (ADVANCE)
showed that intensive glycemic control
was able to reduce risk of end-stage kidney
disease by 65% andmacroalbuminemia by
30% (28). Likewise, a reviewby Li et al. (29)
showed that education programs for di-
abetic kidney disease patients have a pos-
itive influence on their self-management
behaviors and knowledge of diabetes.

With regard to interethnic disparities
in T2DM outcomes, our findings corre-
lated with findings reported in literature,
where class 5, which comprised the high-
est proportionof Indians andMalays, had
the highest risk of diabetes-related com-
plications. A study by Chew et al. (30)
noted that Indians with T2DM suffered
from increased diabetes-related compli-
cations such as LEA and nephropathy
compared with Chinese patients. Both
Malay and Indian T2DM patients have
also been shown to have poorer diabe-
tes control comparedwith their Chinese
counterparts (31). Although themechanism
for ethnic disparities in outcomes is unclear,
postulated reasons include a complex in-
terplay between environmental and socio-
economicfactorsaswellasincreasedgenetic
predisposition to insulin resistance among
Indians and Malays, which may affect their
diabetes control. The design of interven-
tions for this class of patients should
address these interethnic differences
during diabetes care, e.g., education pro-
grams tailored for culture-specific dietary
habits.

Currently, there exists a myriad of pop-
ulation segmentation frameworks such as
Johns Hopkins Adjusted Clinical Groups
System and Bridges to Health for pop-
ulation health (32). However, the opti-
mal segmentation framework for T2DM
patients has not been established. As
such, it is inevitable that there will be
interstudy variations pertaining to de-
rived patient clusters, which arise due to
the differences in population segmen-
tation methodology used, selection of
segmentation variables, and subjectivity
in the naming of patient clusters. None-
theless, our study generally concurred
with findings from studies that have used
similar or overlapping latent variables
within their segmentation approaches.
For example, a study by Jiang et al. (9)
identified four unique clusters of T2DM
patients, for which patients in the “high
comorbidity/moderate treatment” class
had significantly higher risk for diabetes-
related nephropathy and its progression

compared with patients in the “low co-
morbidity/low treatment” class.

The main strength of the study is that
it is one of the largest Asian studies that
haveevaluateddifferentialhealth careuse,
diabetes-related complications, and mor-
tality patterns among subclasses of T2DM
patients. Another strength was that the
diagnosesofpatientsmade inotherpublic
institutions and regionalhealth systems in
Singapore were captured within the da-
tabase,which increasestherobustnessand
generalizability of our findings.

Nonetheless, our study results should
be interpreted with the following limita-
tions. First, due to the inherent limitations
of data and lack of data granularity
available in the administrative database,
variables related to patients’ socioeco-
nomic status (e.g., household income),
control of diabetes (e.g., HbA1c), diabetes-
related retinopathy, and types of anti-
diabetes medications, which may affect
patients’ health care use and mortal-
ity, could not be evaluated. Further-
more, modifiable risk factors such as
control of concomitant hypertension
and obesity, which play a role in pre-
dicting diabetes control and disease
trajectories, could not be examined.
Given the complexity of diabetes care,
the use of data-driven care models
may complement risk stratification ap-
proaches derived from population seg-
mentation techniques in predicting
clinical outcomes of T2DM patients
(33,34). An example of a data-driven in-
tegrated diabetes care program is the
Risk Assessment and Management
Programme–Diabetes Mellitus (RAMP-
DM), which was shown to reduce car-
diovascular disease, nephropathy, and
mortality by 30–60% (35). It identifies
high-risk T2DM patients using a validated
scoring algorithm derived from large data
registries and refers these patients for
comanagement with nursing personnel
and family practitioners for optimiza-
tion of diabetes control (35). For health
care use, we could only evaluate all-
cause health care use instead of T2DM-
specific health care use, and health care
costs could not be assessed. With the
rising use of electronic health records,
which can capturemore comprehensive
medical data, future studies should con-
sider exploring the use of socioeconomic
and clinical variables as potential latent
class indicators for the segregation of
patients as well as to assess T2DM-specific
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health care use, costs, and mortality. An-
other limitation of the study was that the
patients who used private health care
exclusively were not captured in the data-
base.Nevertheless, as themajority (.80%)
of the health care demand in Singapore is
catered for by the public health care in-
stitutions, we expect the number of pa-
tients who fall within this group to be small
(7). Lastly, we were unable to assess the
long-term clinical trajectories and interclass
migration of patients, as the longitudinal
data for patients were limited within the
administrative database. Future studies
may wish to explore these using statis-
tical modeling techniques such as latent
class growth analysis and follow-up pa-
tients for a longer period of time.

Conclusion
Our study identified five distinct sub-
groups of T2DM patients with differen-
tial health care use, diabetes-related
complications, and mortality patterns,
using routine sociodemographic and
clinical data available in clinical prac-
tice. There is a need to screen for con-
comitant psychiatric diseases such as
depression among two identified sub-
groups of T2DM patients. Our findings
serve as an important foundation for
guiding researchers and policy makers
in designing clinical trials and health
care policies to optimize the outcomes
of T2DM patients, respectively.
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