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Abstract

Background: We set out to identify empirically-derived health status classes

of older adults with diabetes based on clusters of comorbid conditions which

are associated with future complications.

Methods: We conducted a cohort study among 105,786 older (≥65 years of

age) adults with type 2 diabetes enrolled in an integrated healthcare delivery

system. We used latent class analysis of 19 baseline comorbidities to derive

health status classes and then compared incident complication rates (events

per 100 person-years) by health status class during 5 years of follow-up. Com-

plications included infections, hyperglycemic events, hypoglycemic events,

microvascular events, cardiovascular events, and all-cause mortality.

Results: Three health status classes were identified: Class 1 (58% of the

cohort) had the lowest prevalence of most baseline comorbidities, Class 2

(22%) had the highest prevalence of obesity, arthritis, and depression, and

Class 3 (20%) had the highest prevalence of cardiovascular conditions. The risk

for incident complications was highest for Class 3, intermediate for Class 2

and lowest for Class 1. For example, the age, sex and race-adjusted rates for

cardiovascular events (per 100 person-years) for Class 3, Class 2 and Class 1

were 6.5, 2.3, and 1.6, respectively; 2.1, 1.2, 0.7 for hypoglycemia; and 8.0, 3.8,

and 2.3 for mortality.

Conclusions: Three health status classes of older adults with diabetes were

identified based on prevalent comorbidities and were associated with marked

differences in risk of complications. These health status classes can inform

population health management and guide the individualization of

diabetes care.
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INTRODUCTION

In the United States, 7.8 million adults age ≥65 years
(one in five) currently have type 2 diabetes (T2D)1 with
expectations that this population will double by 2034.2,3

The population is heterogeneous with regard to duration
of diabetes, functional impairments, comorbidities, com-
plications, risk of adverse drug events, and life
expectancy,1,4 and a single glycemic target or treatment
strategy is unlikely to be appropriate for every patient.5

Developing a data-driven, pragmatic health status classi-
fication scheme for older adults with diabetes would help
to individualize and prioritize care.

Despite their clinical importance, health status classi-
fication schemes in care guidelines have been largely
based on expert clinical opinion.6,7 For nearly a decade,
multiple diabetes and geriatric societies have recom-
mended that diabetes treatments should be based on an
individual's health status as determined by a comprehen-
sive geriatric assessment including comorbidities, func-
tional status, cognitive function, and frailty. For example,
the American Diabetes Association (ADA) recommends
intensive glucose control targets (e.g., A1C <7.0%) for
“healthy” older adults and relaxed targets
(e.g., A1C <8.0%) for “complex” older adults, but these
classes remain poorly defined.8 These stratified recom-
mendations are based on the 9–10 year time-to-benefit
associated with intensive glucose control (A1C <7.0%
vs. <7.9%) observed in United Kingdom Prospective Dia-
betes Study (UKPDS).9 Calls to adjust the intensity of glu-
cose control by health status were reinforced by the
findings from trials published in the late 2000s10–12 which
showed that very intensive glucose control
(e.g., A1C <6.5%) produced only modest clinical benefits
and, in the case of one trial, increased mortality.10 In the
last decade, the approach to diabetes management has
been further transformed by a series of cardiovascular
outcome trials that have revealed the benefits of newer
glucose-lowering agents such as SGLT-2 inhibitors and
GLP-1 receptor agonists compared to placebo.13,14

With ongoing developments in diabetes treatments,
health status classification schemes need to be reexa-
mined using contemporary data. Among the assessment
domains suggested for individualizing care, comorbidities
are attractive because they are readily available in medi-
cal records and claims data. However, with no consensus
on how best to classify adults by comorbidities, guide-
lines vary widely in defining classes of comorbidity com-
plexity.15 Naturally occurring clusters of comorbidities
may present common pathophysiologic pathways or
stages of progression of a disease.

This study developed an empiric health status classifi-
cation scheme based on comorbid conditions in a large

multi-ethnic contemporary cohort of older adults with
diabetes and then estimated the subsequent 5-year inci-
dence of complications for each class.

METHODS

Source population

Participants in this study were members of a large, inte-
grated healthcare delivery system, Kaiser Permanente
Northern California (“KPNC”), who were identified in
the KPNC Diabetes Registry (“Registry”), a well-
characterized population maintained continuously since
1993.16–18 Registry inclusion is based on a validated algo-
rithm incorporating multiple data sources including
pharmacy dispensing, laboratory results, and outpatient,
emergency room and inpatient diagnoses of diabetes.19

The Registry included 279,584 members with T2D as
of January 1, 2015 (baseline). We excluded 150,426 under
the age of 65 years, 7762 with gaps in KPNC membership
during the 24 months or pharmacy benefits during the
12 months prior to baseline, 3066 with type 1 diabetes or
unknown type of diabetes (classified using an internally
validated algorithm20,21), and 12,544 individuals with no

Key points

• Among older adults with diabetes, latent class
analysis revealed three health status classes
with distinctive patterns of comorbid
conditions.

• The study confirms a three-class system previ-
ously found in a separate but older data set.

• The risk of future cardiovascular events, hypo-
glycemia, and mortality varies widely across
the three classes.

Why does this paper matter?

Current diabetes care guidelines for older adults
recommend stratifying care by health status but
offer inconsistent definitions of comorbidity com-
plexity. Naturally occurring clusters of comorbid-
ities may present common pathophysiologic
pathways or stages of progression of a disease.
The three health status classes identified in this
study predict different patterns of health and can
inform population health management.

2 HUANG ET AL.
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A1C test result during the 12 months prior to baseline or
with first diabetes identification during the 12 months
prior to baseline. The remaining 105,786 subjects (the
Diabetes and Aging Study 2015 Cohort) were the basis
for these analyses.

Baseline comorbid conditions

Latent class analysis was performed on baseline prevalent
comorbidities.7,22 The following comorbid conditions
were identified from medical records for the 10 years
prior to baseline (1/1/2005–12/31/2014) using ICD-9,
ICD-10, and procedure codes (see Table S1): (1) arthritis
(rheumatoid or osteoarthritis), (2) atrial fibrillation,
(3) cancer, (4) congestive heart failure, (5) coronary
artery disease, (6) dementia, (7) depression, (8) emphy-
sema/chronic obstructive pulmonary disease (COPD),
(9) end-stage renal disease (ESRD), (10) falls, (11) foot
ulcer, (12) hypertension, (13) liver disease, (14) lower
extremity amputation, (15) obesity, (16) peripheral vascu-
lar disease, (17) stroke, (18) thyroid disease, (19) urinary
incontinence.

Outcomes

Outcomes included the first occurrence of any new diabe-
tes complications (defined below) during the 5 years of
follow-up (i.e., through December 31, 2019). Patients
with baseline complications were included in these anal-
ysis and patients could contribute data to multiple out-
comes. Follow-up was censored at death or at the start of
any KPNC membership gap of ≥3 months.

Microvascular complications included ESRD, severe dia-
betic eye disease, and amputation. Incident ESRD was
defined by chronic dialysis therapy initiation or kidney
transplantation identified through hospitalizations or
from KPNC's reporting system for the United States
Renal Data System. Severe diabetic eye disease was identi-
fied based on outpatient diagnosis of proliferative dia-
betic retinopathy. Amputation was identified by inpatient
procedures.
Macrovascular complications included hospitalizations
for myocardial infarction, ischemic or hemorrhagic
stroke, and congestive heart failure (CHF).
Infections were identified by hospitalizations for infec-
tions that are common among patients with diabetes, for
example, respiratory; urinary tract and kidney; bone, skin
and soft tissue; and sepsis.
Acute hyperglycemic event was defined as emergency
department visits or hospitalizations for diabetes with

hyperosmolarity, diabetes with ketoacidosis, or uncon-
trolled diabetes with hyperglycemia. Acute hypoglycemic
event (hypoglycemia) was defined based on emergency
department visits or hospitalizations for hypoglycemia.
Mortality and date of death were captured from the
National Death Index, California State Mortality File,
Social Security Death Records, or KPNC administrative
records (if the death occurred within the health system).
Combined non-mortality outcome was a synthetic out-
come including all non-fatal outcomes. The combined
outcome included all outcomes including mortality.

Other variables

Covariates, ascertained as of baseline, included demo-
graphics (sex and race/ethnicity), last laboratory result
within 1 year prior to baseline (glycated hemoglobin
(hemoglobin A1C (A1C)), low-density lipoprotein (LDL),
estimated glomerular filtration rate (eGFR)),23 prevalent
complications occurring during the 10 years prior to
baseline (acute hyperglycemic or hypoglycemic event,
ESRD, peripheral vascular disease, amputation, eye dis-
ease, coronary artery disease, cerebrovascular disease,
and congestive heart failure), and dispensing of diabetes
medications in the 6 months prior to baseline.

Statistical analysis

We fit a latent class model24 to baseline comorbid condi-
tions. This model accounts for the observed associations
among comorbidities by assuming the presence of two or
more underlying (i.e., latent) classes of individuals, each
group having its own prevalence for each condition. Taken
together, the entire population thus represents a “mixture”
of these classes, and after fitting the model one may obtain
the posterior probabilities that a given individual belongs
to each of the classes. We fit successive models starting
with just two classes and going up to 10. For each model,
we computed several model selection criteria including
the Akaike Information Criterion (AIC), Bayesian Infor-
mation Criterion (BIC), adjusted BIC, and entropy
(a measure of the extent to which the model yields well
separated classes). We also plotted, for each class, the dis-
tribution of posterior probabilities of class membership.
After weighing the performance of the resulting classes in
predicting subsequent outcomes (as described below)
against the additional complexity involved in interpreting
and utilizing models with more classes, we decided that a
model with three classes struck an appropriate balance.

We assigned each individual to the class for which his
or her probability of membership was highest and then

CLASSIFICATION OF OLDER ADULTS WITH DIABETES 3
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compared the distribution of demographic and clinical
characteristics across the resulting classes, using the chi-
squared statistic to test the null hypothesis of no associa-
tion between each characteristic and class membership.
We then fit separate Cox regression models25 to the time
from baseline to the first occurrence of each outcome.

TABLE 1 Characteristics of a cohort of 105,786 older

(≥65 years of age) adults with type 2 diabetes.

Age groups, %

65–69 years 31.1

70–74 years 26.4

75–79 years 19.6

> = 80 years 22.9

Duration of diabetes, %

<10 years 45.2

≥10 years 54.8

Male sex, % 51.0

Race/ethnicity, %

Non-Hispanic White 51.1

Non-Hispanic Black 8.9

Hispanic 13.8

East Asian 8.5

South Asian 1.5

Filipino 8.3

Other Asian 1.6

Pacific Islander 0.4

Other/missing 0.4

Mixed 4.9

Native American 0.6

Systolic blood pressure

<130 mm Hg 48.6

≥130 mm Hg 51.2

Missing 0.2

LDL cholesterol

<100 mg/dL 77.9

≥100 mg/dL 18.2

Missing 3.9

A1C categories, %

≤5.9 8.1

6.0–6.9 41.4

7.0–7.9 33.6

8.0–8.9 10.1

9.0–9.9 3.8

≥10 3.0

Estimated glomerularfiltration rate,23 %

≥90 no albuminuria 7.2

≥90 with albuminuria 2.5

60–89 51.1

45–59 22.2

30–44 12.0

15–29 3.5

<15 or dialysis 1.2

TABLE 1 (Continued)

Missing 0.4

Baseline comorbid conditions, %

Arthritis 45.5

Atrial fibrillation 14.5

Cancer 12.3

Congestive heart failure 14.8

Coronary artery disease 18.2

Dementia 4.5

Depression 29.8

Emphysema/chronic obstructive pulmonary disease 26.2

End-stage renal disease 2.1

Falls 22.3

Foot ulcer 8.0

Hypertension 91.1

Liver disease 15.9

Lower extremity amputation 1.0

Obesity 44.2

Peripheral vascular disease 17.4

Stroke 4.9

Thyroid disease 20.3

Urinary incontinence 12.3

Medications (within past 6 months), %

Taking no diabetes medications 26.1

Insulin 23.1

Sulfonylurea 38.5

Metformin 50.4

Thiazolidinedione 2.8

Acarbose 0.2

Repaglinide 0.1

≥2 glucose-lowering drugs 33.7

≥3 glucose-lowering drugs 7.6

Insulin and oral therapy 14.4

Statin 80.7

Other lipid lowering agent 5.3

ACE inhibitor 47.2

Other anti-hypertensive 77.9

Note: Kaiser Permanente Northern California Diabetes and Aging Study
2015 Cohort.

4 HUANG ET AL.
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Covariates included class membership, age, gender and
race/ethnicity; hazard ratios comparing each of Classes
2 and 3 to Class 1 are presented, together with 95% confi-
dence intervals. For each model the c-statistic26 evaluat-
ing the adequacy of the model predictions was computed
and compared to that for a corresponding model in
which class membership was replaced with 19 binary
covariates. This comparison was then repeated excluding
those individuals whose probability of membership in the
class was less than 0.75. Finally, we fit a Poisson regres-
sion model27 to each outcome using the follow-up time
as the exposure (i.e., assuming a constant underlying haz-
ard or exponentially distributed times) and computed the
marginal rates (per 100 person-years) for each class, treat-
ing the covariates as balanced (using LSMEANS in SAS).
These are referred to as “age, sex and race-adjusted
rates.”

All analyses were performed with SAS version 9.4
(SAS Institute, Cary, NC).

RESULTS

The mean age of the cohort was 74.7 years and 23%
were ≥80 years of age (Table 1). Roughly half (55%) had
duration of diabetes ≥10 years. One quarter (26%) were

not taking diabetes medications. The mean follow-up
time for mortality was 4.3 years.

Latent class model

A three-class model yielded overall class probabilities
of 0.55, 0.25 and 0.21, with 70% of individuals having
a probability of 0.75 or higher of being in one of the
classes. The AIC, BIC, and adjusted BIC values all
declined (indicating better models) as the number of
classes increased, with the lowest values achieved
with the 10-class model (Table S2). However, plotting
each criterion by the number of classes showed an
elbow at three classes, subsequent improvements
were modest, and models with more than three clas-
ses had at least one class with an overall probability
of membership of only 0.03 or smaller. Moreover, the
three-class model provided reasonable predictive
accuracy relative to a model including all of the indi-
vidual comorbidities. For example, the average
c-statistic for the nine models in Table 3, each pre-
dicting an outcome based on class membership, sex
and age, was 0.65, as compared to 0.70 for a model
including all comorbidities as individual predictors; exclud-
ing the 30% of the sample whose posterior probabilities of

FIGURE 1 Estimated prevalence of comorbidities conditional on class membership for three-class model fit to the Kaiser Permanente

Northern California Diabetes and Aging Study 2015 Cohort.

CLASSIFICATION OF OLDER ADULTS WITH DIABETES 5
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TABLE 2 Comparison of demographic and clinical covariates across comorbidity classes in Kaiser Permanente Northern California

Diabetes and Aging Study 2015 Cohort.

Variable Class 1 Class 2 Class 3 p-value

Age, mean (SD) 73.50 (6.38) 75.33 (7.16) 77.42 (7.46) <0.0001

Age groups (years), % <0.0001

65–69 36.4 28.0 19.1

70–74 28.0 25.6 22.5

75–79 18.7 20.4 21.3

≥80 16.9 25.9 37.2

Duration of diabetes category (years), % <0.0001

<10 50.8 42.3 32.0

≥10 49.2 57.7 68.0

Male, % 56.7 29.0 58.3 <0.0001

Race/ethnicity, % <0.0001

Non-Hispanic White 45.9 57.6 59.4

Non-Hispanic Black 8.9 9.0 9.0

Hispanic 13.9 15.7 11.5

East Asian 11.2 4.3 5.0

South Asian 1.7 1.1 1.3

Filipino 10.5 4.4 6.1

Other Asian 2.3 0.6 0.7

Pacific Islander 0.5 0.2 0.3

Other/missing 0.6 0.2 0.1

Mixed 3.9 6.3 6.1

Native American 0.5 0.6 0.6

Systolic blood pressure <0.0001

<130 mm Hg 48.4 46.7 51.3

≥130 mm Hg 51.3 53.2 48.6

Missing 0.3 0.1 0.1

LDL cholesterol <0.0001

<100 mg/dL 78.8 75.3 78.3

≥100 mg/dL 18.6 20.2 14.5

Missing 2.6 4.5 7.2

A1C, mean (SD) 7.18 (1.11) 7.15 (1.17) 7.20 (1.26) <0.0001

A1C categories, % <0.0001

≤5.9 6.8 9.1 10.8

6.0–6.9 41.9 42.3 38.8

7.0–7.9 35.2 31.8 30.7

8.0–8.9 9.8 9.8 11.4

9.0–9.9 3.6 3.9 4.7

≥10 2.7 3.2 3.7

Estimated glomerular filtration rate, % <0.0001

≥90 no albuminuria 9.0 6.8 2.6

≥90 with albuminuria 2.7 2.7 1.8

60–89 56.5 50.3 36.3

6 HUANG ET AL.
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class membership were less than 0.75 increased the aver-
age c-statistic to 0.68 (as compared to 0.72 for the model
with individual comorbidities). The c-statistics for the four-
class model were only marginally improved (Table S3 and
Figure S1).

The estimated prevalence of baseline comorbidities
differed substantively by class membership (Figure 1).
Class 1 was the healthiest, as characterized by the lowest

prevalence of all comorbidities. Class 2 had high rates of
non-cardiovascular comorbidities; it had the highest
prevalence of arthritis (71%), depression (56%), urinary
incontinence (28%) and obesity (57%). Lastly, Class 3 was
characterized by high prevalence of cardiovascular dis-
ease with a very high rate of coronary artery disease
(59%) and congestive heart failure (59%), and a relatively
high rate of stroke (15%).

TABLE 2 (Continued)

Variable Class 1 Class 2 Class 3 p-value

45–59 20.5 23.7 25.4

30–44 8.7 13.2 20.2

15–29 2.0 2.9 8.4

<15 or dialysis 0.3 0.3 4.7

Missing 0.4 0.2 0.6

Medications (6 months), %

Taking no glucose-lowering medications 26.2 26.3 25.8 0.3655

Insulin 17.5 25.8 36.5 <0.0001

Sulfonylurea 39.3 37.1 37.5 <0.0001

Metformin 56.6 49.7 33.1 <0.0001

Thiazolidinedione 3.3 2.5 1.7 <0.0001

Insulin and oral therapy 12.6 16.7 17.3 <0.0001

Statin 80.4 79.0 83.2 <0.0001

Other lipid lowering agent 5.1 5.4 6.0 <0.0001

ACE inhibitor 50.2 44.5 41.3 <0.0001

Other anti-hypertensive 72.7 80.0 90.8 <0.0001

TABLE 3 Results of Cox regression models (hazard ratios) and age, sex and race-adjusted incidence rates (per 100 person-years);

estimates and 95% confidence intervals.

Outcome
Class 1 (healthy)
risk (95% CI)

Class 2 (geriatric)
risk (95% CI)

Class 3 (cardiac)
risk (95% CI)

HR (Class 2/
Class 1)

HR (Class 3/
Class 1)

Microvascular
complications

0.9 (0.9, 1.0) 1.3 (1.3, 1.4) 6.3 (6.1, 6.5) 1.43 (1.33, 1.53) 6.09 (5.79, 6.41)

Cardiovascular
complications

1.6 (1.6, 1.7) 2.2 (2.2, 2.3) 6.5 (6.3, 6.6) 1.39 (1.32, 1.46) 3.97 (3.80, 4.14)

Infection 2.7 (2.6, 2.7) 5.0 (4.9, 5.2) 9.7 (9.5, 10.0) 1.90 (1.83, 1.97) 3.68 (3.56, 3.81)

Hypoglycemia 0.7 (0.7, 0.8) 1.2 (1.1, 1.2) 2.1 (2.0, 2.2) 1.64 (1.52, 1.77) 2.93 (2.74, 3.13)

Hyperglycemia 0.3 (0.3, 0.3) 0.5 (0.4, 0.5) 0.6 (0.6, 0.7) 1.63 (1.45, 1.83) 2.19 (1.96, 2.46)

Mortality 2.3 (2.3, 2.4) 3.8 (3.6, 3.9) 8.0 (7.8, 8.2) 1.63 (1.57, 1.70) 3.56 (3.45, 3.68)

Combined non-
mortality

5.4 (5.3, 5.5) 9.0 (8.8, 9.3) 21.3 (20.9, 21.7) 1.65 (1.60, 1.70) 3.74 (3.65, 3.84)

Combined outcome 6.7 (6.6, 6.8) 11.1 (10.9, 11.4) 24.6 (24.1, 25.0) 1.64 (1.60, 1.69) 3.54 (3.45, 3.62)

Note: Kaiser Permanente Northern California Diabetes and Aging Study 2015 Cohort. All of the p-values for testing the null hypothesis that the three classes
are equivalent were <0.0001.

CLASSIFICATION OF OLDER ADULTS WITH DIABETES 7

 15325415, 0, D
ow

nloaded from
 https://agsjournals.onlinelibrary.w

iley.com
/doi/10.1111/jgs.18310 by U

niversity O
f C

hicago - L
ibrary, W

iley O
nline L

ibrary on [09/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Associations between health status classes
and demographic and clinical
characteristics

The distribution of several demographic and clinical
characteristics differed substantially across the health sta-
tus classes (Table 2). For example, individuals in Class
3 were older, and Class 2 had a higher prevalence of
female sex. Class 3 had a slightly higher percentage of
Whites while Class 1 had a higher percentage of East
Asians. Class 2 and 3 both had higher percentages of
patients with duration of diabetes of 10 years or more
than Class 1. Glycemic control levels were similar (mean
A1C �7.2%) for all three classes, with 50% of patients in
each class having an A1C <7.0%. Finally, those in Classes
2 and 3 were more likely to be taking insulin than those
in Class 1.

Rates of complications and mortality
by class

Among the complications, infections had the highest
incidence rate followed by cardiovascular complications,
microvascular complications, hypoglycemia, and hyper-
glycemia. This ranking of complications was consistent
across all three classes. Complication and mortality rates
differed substantially across classes and were highest in
Class 3, intermediate in Class 2 and lowest in Class
1 (Table 3). For example, the age, sex and race-adjusted
rates for cardiovascular events (per 100 person-years) for
Classes 3, 2, and 1 were 6.5 (95% CI = [6.3, 6.6]), 2.3 (95%
CI = [2.2, 2.3]), and 1.6 (95% CI = [1.6, 1.7]), respectively.
The rates for hypoglycemia were 2.1 (95% CI = [2.0, 2.2]),
1.2 (95% CI = [1.1, 1.2]), and 0.7 (95% CI = [0.7, 0.7]),
respectively. The mortality rates were 8.0 (95% CI = [7.8,
8.2]), 3.8 (95% CI = [3.6, 3.9]), and 2.3 (95% CI = [2.3,
2.4]), respectively.

DISCUSSION

We identified three distinctive health status classes with
significantly different risk of future events. Just over half
of the population was in Class 1 which had the lowest
prevalence of baseline comorbidities and future incident
complications. The remaining population was roughly
divided between Class 2 with the highest prevalence of
baseline obesity, arthritis, and depression, and Class 3
with the highest prevalence of baseline cardiovascular
conditions. Compared to Class 1, the risk of future com-
plications, hypoglycemia, and mortality were higher in
Class 2 and highest in Class 3.

The latent class model described here may be used to
place individual patients into a specific class by comput-
ing the posterior probability of class membership given
the patient's history of comorbidities. While this cannot
be done on the basis of a simple summed score, the calcu-
lation is straightforward and probabilities could easily be
precomputed for all possible combinations of comorbid-
ities and then made available online via a lookup table
for clinical use.24 Importantly, this calculation does not
require knowledge of all comorbidities, and thus can be
performed even in cases where some information is una-
vailable (under the assumption that such information is
missing at random). As noted above the probability of
class membership was lower than 0.75 for 30% of the
sample, reflecting an inherent ambiguity in classifying
certain patients. Thus, as with instruments which yield a
scale score or with the calculation of risk scores
(e.g., genetic risk scores), appropriate cutoffs would need
to be determined to ensure adequate certainty.

There are several indicators that these three health
status classes may reflect different stages along a com-
mon pathophysiologic pathway. Patient age and duration
of diabetes are incrementally higher across the classes.
For example, the proportion of octogenarians ranges
from 16.9% in Class 1 to 25.9% in Class 2 and 37.2% in
Class 3. We also know from our analysis of incident com-
plications that over time some Class 1 or Class 2 patients
acquire complications such cardiovascular events that
would shift them into a profile that is more consistent
with that of Class 3. An alternative hypothesis is that
Class 2 and Class 3 may represent varying stages in the
development of frailty in older adults with diabetes.28–30

We found that the prevalence of frailty based on the Segal
Frailty Index31 was lowest for Class 1 (10.7%), intermedi-
ate for Class 2 (29.6%), and highest for Class 3 (43.4%).

These results were largely consistent with prior
research conducted in the National Social Life Health
and Aging Project (NSHAP), a nationally representative
sample of community-dwelling adults.7 In two prior ana-
lyses, utilizing different waves of NSHAP (N = 750 Wave
1, N = 884 Wave 2), a similar set of three classes were
found.7,22 The similarities with the three-class model in
the present study using an independent and far larger
cohort suggests that these classes reflect reliable clinical
phenotypes common to older adults with diabetes. The
important and unique contribution of the present study
is the characterization of the risk of future events.

The three-class model has implications for population
health planning given the relative size of the classes and
their distinctive profiles of risks of diabetes complica-
tions. There may be regional and national differences in
the composition of the classes and these differences may
serve as a rough surrogate for future health outcomes
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expected for different populations. For a health system,
distinct services are likely to be required to meet the
needs of each class and the relative size of each class in a
population (i.e., class-mix distribution) may be valuable
for decisions regarding resource allocation. The system
can also be an important starting point for implementing
tailored preventive strategies for each class of patients.

Current diabetes guidelines recommend an individual-
ized approach to goal setting and treatment selection for
older adults that begins with an assessment of health status
that includes mortality risk and functional impairment.
The guidelines from multiple societies8,32 make recommen-
dations based on three classes of health status (e.g., good,
complex, frail/limited life expectancy). These guidelines
share an underlying competing risk model that suggests
that glucose control can be relaxed as the complexity of the
patient rises because patients are unlikely to benefit from
therapies if the time-to-benefit for a treatment exceeds
their life expectancy.33 For the three classes identified in
the present study, the risk of mortality rises successively
from Class 1 to Class 3 which is consistent with existing
tiered approaches to tailored A1C goal selection. However,
we also find that Class 3 has the highest risk of cardiovas-
cular complications and hypoglycemia, making the mem-
bers ideal candidates for cardio- and renoprotective agents,
such as SGLT-2 inhibitors and GLP-1 agonists.34,35 One
approach to reconciling these two distinct care implications
(de-intensifying care vs. initiating use of newer drugs) for
Class 3 is to further identify subgroups of patients within
it. Within the class, patients may differ based on other
important dimensions of health status beyond comorbidity
such as impairments in activities of daily living, instrumen-
tal activities of daily living, cognition, and sensory func-
tioning. Each person with diabetes is not simply a member
of a particular health status group, based on their comorbid
conditions, but rather a complex person with their own
personal values, needs, and preferences.

Patients from these three classes may have been
included at very different frequencies in randomized con-
trolled trials of diabetes treatments. Class 1 patients with
very few comorbidities are likely very similar to most of the
older patients with newly diagnosed diabetes enrolled in
the UKPDS. Like the patients in UKPDS, Class 1 patients
have a longer life expectancy and therefore the pursuit of
intensive glucose control (A1C <7.0%) is well supported.
Class 3 patients with their high prevalence of baseline car-
diovascular disease were well-represented in trials of very
intensive glucose control,10 and the more recent cardiovas-
cular outcome trials of newer glucose-lowering agents. It is
less clear to what extent Class 2 patients have been repre-
sented in these trials. If these comorbidity classes could be
identified in clinical trial data, retrospective analyses of het-
erogeneity of treatment effects might reveal class-specific

differences in response to different levels of alternative dia-
betes medication choices, and lifestyle interventions.36,37 In
future clinical trials, the class system would be valuable for
identifying alternative strategies, specific to each class, to
prevent complications.

Our study does have its limitations. The clinical
course of disease among patients in the Registry is, in
part, a product of the access and quality of diabetes care
delivered within an integrated healthcare delivery sys-
tem. The composition of classes and the patterns of inci-
dent complications may differ from those in other
clinical settings and populations. It is also important to
note that the event rates in this study are based on a par-
ticular coding strategy which we applied systematically to
all patient subgroups.

Despite these limitations, this study provides an impor-
tant advance in efforts to develop an empiric approach to
classifying and understanding health status classes in older
adults with diabetes. The study confirms a three-class sys-
tem previously found in a separate but older data set and
characterizes for the first time the difference in risk of
future complications across classes. This study provides a
new launch point for future research that must still
address an individual's progression through classes over
time, how the association of glucose control and outcomes
may vary across classes, and the heterogeneity of effective-
ness and safety of different drugs across classes.
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