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ABSTRACT

Introduction: The American Diabetes Associa-
tion (ADA) has identified a @ target
hemoglobin Alc (HbAlc) < 7% as appropriate
for most adults with type 2 diabetes (T2D). This
research examines US diabetes-related health-
care costs for adults with T2D for individuals
with glycemic control (HbAlc < 7%) compared
to poor glycemic control (HbAlc > 7%).

Methods: The Optum Clinformatics® Data
Mart database from 2016 to 2020 was used to
identify a cohort of adults with T2D who had a
recorded HbAlc test (with first such date iden-
tified as the index date) and continuous insur-
ance from 1year prior through 1year post
index date. Patients with glycemic control were
propensity matched to patients with poor gly-
cemic control. Generalized linear models and
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two-part models examined diabetes-related
outpatient, drug, acute care, and total costs over
the 1-year post-period.

Results: There were 34,538 propensity matched
individuals included in the study. Results indi-
cate that glycemic control (HbAlc < 7%),
compared to poor glycemic control (HbAlc
> 7%) ,was associated with statistically signifi-
cantly lower annual diabetes-related acute
($5671 £ $4216 vs $6138 £ $4211), outpatient
(36051 + $4216 vs $7259 + $7771), drug
($3739 £ $4581 vs $4288 + $4788), and total
costs care ($13,704 £ $10,635 VS
$16,460 + $10,885) (all P < 0.0001). Sensitivity
analyses also examined results based upon
alternative HbAlc thresholds which were cho-
sen on the basis of expert guidelines and prior
clinical trial thresholds (< 6%, < 6.5%, < 8%,
and < 9%). In all cases, being below threshold
was associated with statistically significantly
lower diabetes-related total costs and compo-
nent costs. Results also illustrate that, in gen-
eral, higher HbAlc thresholds are associated
with higher diabetes-related costs.

Conclusion: Glycemic control was found to be
associated with significantly lower annual dia-
betes-related component and total costs. Results
suggest economic benefits associated with hav-
ing HbA1c at or below target.
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Key Summary Points

Why carry out this study?

Type 2 diabetes (T2D) is a large and
increasing economic burden in the USA.

Many adults with T2D have been found to
have less than optimal glycemic control.

This study examines the costs for sub-
optimal glycemic control (HbAlc > 7%).

What was learned from the study?

HbA1lc below target was associated with
significantly lower diabetes-related costs.

Results suggest significant economic
benefits associated with lower HbAlc.

INTRODUCTION

An estimated 13.0% of all adults in the USA had
diabetes in 2018 [1], and this figure is projected
to increase to 17.9% by 2060 [2]. Commensu-
rate with this high prevalence, diabetes is asso-
ciated with substantial economic costs. For
example, the total economic burden of diabetes
in the USA was estimated at $327 billion in
2017 [3]. This figure consisted of $237 billion in
direct medical costs and $90 billion in reduced
productivity [3]. Given that type 2 diabetes
(T2D) accounts for approximately 90-95% of all
cases of diagnosed diabetes [4], the majority of
the costs associated with diabetes can be ascri-
bed to T2D.

For individuals with T2D, the American
Diabetes Association (ADA) recommends a tar-
get hemoglobin Alc (HbAlc) of < 7% for most
nonpregnant adults [S]. This guideline is con-
sistent with clinical trial results, which have
illustrated the health benefits associated with
glycemic control. For example, the Action in

Diabetes and Vascular Disease: Preterax and
Diamicron = MR  Controlled  Evaluation
(ADVANCE) trial found that the cohort in the
intensive glucose control arm (HbAlc tar-
get < 6.5%) had significantly fewer microvas-
cular events (14% relative risk reduction;
P =0.01) compared to the cohort in the stan-
dard glucose control arm [6]. Similarly, the
Kumamoto Study found delayed onset and
progression of microvascular complications
associated with intensive glycemic control,
which was defined as HbAlc < 6.5% [7]. The UK
Prospective Diabetes Study (UKPDS) found that
intensive glycemic control (mean HbAlc =
7.0%), compared to conventional treatment
(mean HbAlc = 7.9%), was associated with a
25% reduction in the risk of microvascular
complications [8].

Despite the established clinical benefits of
glycemic control, many patients fail to achieve
the ADA’s standard target of HbAlc < 7% [9].
Less is known about the economic conse-
quences associated with different HbAlc target
levels. The present research used a retrospective
database to examine the hypothesis that gly-
cemic control is associated with lower diabetes-
related costs and to provide timely estimates of
the costs savings associated with glycemic
control.

METHODS

The analyses were conducted using patient
health information from the USA-based
Optum® Clinformatics® Data Mart. The data is
derived from a database of administrative
health claims for geographically diverse mem-
bers of large commercial and Medicare Advan-
tage health plans which includes approximately
17-19 million annual covered lives. The linked
data are fully de-identified and Health Insur-
ance Portability and Accountability Act (HIPAA)
compliant. For this study, the data set supplied
longitudinal information on patient demo-
graphics, coverage eligibility, inpatient and
outpatient services, outpatient prescription fills,
payments, and laboratory test results. Data for
this study covered the period from January 1,
2016 through December 31, 2020 and

A\ Adis



Diabetes Ther (2022) 13:367-377

369

permission to access the data was obtained from
Optum®. Given the use of retrospective and de-
identified data, ethics committee approval was
not required.

Patients were required to have at least one
recorded HbAlc result at any time from Jan-
uary 1, 2017 through December 31, 2019 (the
identification window). For each patient, the
date of the first such HbA1lc result was identified
as the index date. Patients were also required to
have had T2D during the 12 months prior to the
index date (the pre-period) based upon receipt
of two or more diagnoses of T2D and not more
than one diagnosis of type 1 diabetes. Patients
were excluded from the analyses if they were
younger than age 18 years on the index date or
were diagnosed with gestational diabetes or
pregnancy at any time from the start of the pre-
period through 1 year after the index date (the
post-period). In order to ensure complete
records of diagnoses, costs, and resource uti-
lization, all patients were required to be con-
tinually insured from the start of the pre-period
through the end of the post-period. Finally,
patients who had more than 52 recorded HbA1lc
results during the post-period were excluded,
since an issue with the source code resulted in
the recording of an extensive number of HbAlc
tests for a small subset of patients.

Consistent with ADA guidelines, which sug-
gest that a target of HbAlc < 7% is appropriate
for many nonpregnant adults with T2D [5],
glycemic control was defined as HbAlc < 7%,
and patients were grouped on the basis of
whether or not they met that HbAlc target on
the index date. Propensity score matching
(PSM) was used to match the group with
HbAlc < 7% to the cohort with index HbAlc
> 7%, utilizing a greedy nearest neighbor
match without replacement and a specified
caliper distance of 0.2 [10]. Covariates included
in the PSM model were patient age, sex, race,
region of residence, and insurance type. The
final sample after PSM consisted of 34,538
patients. Figure 1 illustrates how each of the
study inclusion and exclusion criteria affected
sample size.

The primary outcome of interest was dia-
betes-related total medical costs. These costs,
reported in 2020 US dollars, were defined as the

total amount paid for all inpatient and outpa-
tient services that had an accompanying diag-
nosis of diabetes and any outpatient
prescription drugs filled for glucose-lowering
agent (GLA) or diabetes supplies. In addition,
costs were subcategorized into outpatient costs,
acute care (inpatient and emergency room)
costs, and drug costs. All cost measures were
expressed as average per-patient annual costs in
2020 dollars, as adjusted by the medical com-
ponent of the Consumer Price Index. [11].

Unadjusted descriptive statistics were sum-
marized for the cohort overall as well as across
index HbAlc thresholds (< 7% or > 7%) post
matching. Differences in continuous variables
across groups were examined using ¢ statistics,
while differences in categorical variables were
examined using chi-square statistics. The rela-
tionships between index HbAlc and diabetes-
related healthcare costs were examined using
multivariable analyses. Specifically, given the
skewed nature of cost data, generalized linear
models (GLM) with gamma distribution and log
link [12] were used to examine diabetes-related
total costs, outpatient costs, and drug costs,
while diabetes-related acute care costs were
examined using a two-part model. In this two-
part model, the first step examined the proba-
bility of having an acute care visit and the sec-
ond step examined acute care costs [13]. In the
multivariable models, costs were estimated
using the method of recycled predictions, with
standard errors calculated from 1000 bootstrap
iterations [14].

The multivariable analyses of diabetes-re-
lated costs controlled for patient demographics
and pre-period statistics, including general
health, comorbidities, resource utilization, and
medication use. Patient demographic informa-
tion included age, sex, race, region of residence,
and insurance coverage. Patient general health
and comorbidities were measured using the
Diabetes Complications Severity Index (DCSI)
and the adjusted Charlson Comorbidity Index
(CCI). The DCSI is scored on a scale of 0-13,
with higher scores assigned to patients with a
larger number of the following diagnoses:
retinopathy, neuropathy, nephropathy, cere-
brovascular disease, cardiovascular disease,
peripheral vascular disease, and metabolic
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with first HbAlc Result Identified as Index Date®

Receipt of At Least 1 HbAlc TestResult from 1/1/17 through 12/31/19,
N=2.102,240

Identified with Type 2 Diabetes over the 1 Year Prior to the Index Date
(Pre-Period)B
N=69.763

through 1 Year PostIndex Date (Post-Period)
N=69.684

Continuous Insurance Coverage From the Start of the Pre-Period
Through the End of the Post-Period
N=37.624

Age 18 Years or Older at Index Date
N=37,622

[ No Diagnosis of Pregnancy at Any Time from Start of Pre-Period ]

Propensity Score Matched Cohorts
N=34,538

No More Than 52 recorded HbA1lc Results in Post-Period®
N=37.488
19,766 with Index HbAlc <7% 17,722 with Index HbAlc > 7%
[ 17,269 with Index HbAlc < 7% 17,269 with Index HbAlc > 7% ]

A -Identification window time frame of 1/1/17 through 12/31/19 determined by the
duration of the data (1/1/16-12/31/20) and requirements of 1-year pre and post-periods.
B — Identification of type 2 diabetes (T2D) based upon receipt of 2 or more diagnoses
of T2D and no more than 1 diagnosis of type 1 diabetes.

C —Requirement of no more than 52 recorded HbAlc results in the post-period due to
a source coding error which resulted in an excessive number of HbAlc recorded results
for a small subset of patients.

Fig. 1 Study inclusion and exclusion criteria and sample size
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disease [15]. Meanwhile, the CCI creates a
composite morbidity score that reflects mortal-
ity risk based upon the presence of any of 19
comorbidities, each scored on a scale of 1-6
[16]. In this study, the comorbidities of
myocardial infarction, peripheral vascular dis-
ease, and diabetes with or without complica-
tions were omitted from the calculation of the
adjusted CCI. These conditions were omitted
either because they applied to all individuals
(e.g., diabetes) or because they were included in
the DCSI. In addition, the comorbidities of
anxiety and depression, which are not included
in either the CCI or DCSI, were included as
covariates. Resource utilization was measured
by indicator variables capturing whether the
individual visited a cardiologist, endocrinolo-
gist, nephrologist, or ophthalmologist in the
pre-period, as well as the number of pre-period
visits to a family practitioner or internist. Pre-
period medication use was measured by the
number of classes of prescriptions filled for
insulin, non-insulin GLAs, and non-GLAs.

All analyses were conducted using SAS, ver-
sion 9.4 (Cary, NC), and a P value < 0.05 was
considered, a priori, to be statistically
significant.

RESULTS

Table 1 provides descriptive statistics for the
cohort after PSM. Results indicate that the
average patient was 72.7years old (SD
10.3 years) and that the cohort consisted of
more women (53.1%) than men (46.9%). The
majority of patients were white (53.7%) and
resided in the South (50.3%). After matching,
significant differences remained between the
two cohorts, with patients with HbAlc below
threshold at index date found to be significantly
older, more likely to be female, and more likely
to be insured via a health maintenance organi-
zation. However, the absolute value of the
standardized difference for all covariates, except
for age, included in PSM was < 0.1 after
matching, the absolute value of the standard-
ized difference of the mean propensity score
was 0.07, and the ratio of variances between the
individuals with HbAlc below target to those

with index HbAlc at or above target was 1.04
(See Supplementary Material). All of these
results suggest balance between the two cohorts
(17, 18].

Figure 2 illustrates the results of the multi-
variable analyses that examined differences in
annual diabetes-related costs associated with
index HbAlc < 7% compared to > 7%. Indi-
viduals who achieved the HbA1lc target of < 7%
were found to have significantly lower diabetes-
related total costs, drug costs, outpatient costs,
and acute care costs. Annual diabetes-related
total costs were 16.7% lower for those with
HbAlc < 7% compared to patients with
HbAlc > 7% ($13,704 £ $10,635 Vs
$16,460 £+ $10,885; P < 0.0001). In addition to
having significantly lower total diabetes-related
costs, lower HbAlc was also associated with
statistically significantly lower diabetes-related
outpatient costs ($6051 £ $6879 Vs
$7259 + §7771; P < 0.0001), acute care costs
($5671 £ $4216 S $6138 + $4211;
P < 0.0001), and drug costs ($3739 + $4581 vs
$4288 + $4787; P < 0.0001).

As a test of the sensitivity of the results, all
analyses were examined using alternative
HbAlc thresholds. In these analyses, targets of
< 6%, < 6.5%, < 8%, and < 9% were informed
by expert guidelines and clinical trials
[5, 19-21]. The results from the multivariable
analyses which examined annual diabetes-re-
lated total costs are provided in Fig. 3, while
component costs are given in Table 2. As Fig. 3
and Table 2 show, at all thresholds, those who
achieved the HbAlc target had significantly
lower mean diabetes-related total and compo-
nent costs. For example, annual diabetes-related
total costs were 12.4%, 14.9%, 18.9%, and
16.3% lower for patients with HbAlc < 6%,
< 6.5%, < 8%, and < 9%, respectively, com-
pared to patients above such targets. Further-
more, costs increased as the HbAlc threshold
increased.

DISCUSSION

This study compared the annual diabetes-re-
lated costs of patients with index HbAlc < 7%
to costs for patients with index HbAlc > 7%.
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Table 1 Descriptive statistics

All patients Index HbAlc < 7% Index HbAlc 2 7% P value
(IV = 34,538) (N =17,269) (N = 17,269)
Patient demographics (measured at baseline)
Age (mean + SD) 72.7 £ 10.3 73.5 £ 104 719 + 10.2 < 0.0001
Sex 0.0105
Female 18,348 (53.1) 9314 (53.9) 9034 (52.3)
Male 16,188 (46.9) 7954 (46.1) 8234 (47.7)
Unknown 2 (0.0) 1 (0.0) 1 (0.0)
Race/ethnicity 0.1134
Asian 828 (2.4) 429 (2.5) 399 (2.3)
Black 4990 (14.4) 2420 (14.0) 2570 (14.9)
Hispanic 5559 (16.1) 2812 (16.3) 2747 (15.9)
White 18,564 (53.7) 9334 (54.1) 9230 (53.4)
Unknown 4597 (13.3) 2274 (13.2) 2323 (13.5)
Region < 0.0001
Midwest 4938 (14.3) 2446 (14.2) 2492 (14.4)
Northeast 3959 (11.5) 1726 (10.0) 2233 (12.9)
South 17,367 (50.3) 8688 (50.3) 8679 (50.3)
West 8252 (23.9) 4395 (25.5) 3857 (22.3)
Other/Unknown 22 (0.1) 14 (0.1) 8 (0.0)
Insurance product type < 0.0001
Health maintenance organization 11,695 (33.9) 6264 (36.3) 5431 (314)
Point of service 2086 (6.0) 989 (5.7) 1097 (6.4)
Preferred provider organization 2806 (8.1) 1431 (8.3) 1375 (8.0)
Other 17,951 (52.0) 8585 (49.7) 9366 (54.2)
Pre-period general health and comorbidities
Adjusted CCI (mean £ SD) 1.0 £ 22 1.1 £22 09 £ 21 < 0.0001
DCSI score (mean = SD) 13 £ 1.1 12+ 1.1 14+ 1.1 < 0.0001
Anxiety 911 (2.6) 516 (3.0) 395 (2.3) < 0.0001
Depression 1690 (4.9) 905 (5.2) 785 (4.5) 0.0028
Pre-period resource use
Cardiologist 24,497 (70.9) 12,296 (71.2) 12,201 (70.7) 0.2603
Endocrinologist 5598 (16.2) 2045 (11.8) 3553 (20.6) < 0.0001
Nephrologist 9152 (26.5) 4707 (27.3) 4445 (25.7) 0.0014
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Table 1 continued
All patients Index HbAlc < 7% Index HbAlc = 7% P value
(N = 34,538) (N = 17,269) (N = 17,269)
Ophthalmologist 14,710 (42.6) 7324 (42.4) 7386 (42.8) 0.4999
No. of family practice/internist visits  17.4 £ 16.9 18.0 &+ 17.6 167 + 16.2 < 0.0001
(mean + SD)
Pre-period medication use
No. of classes of insulin prescribed 0.6 & 0.8 0.3 £ 0.6 0.8 £ 0.9 < 0.0001
(mean + SD)
No. of classes of non-insulin 1.1 &+ 1.0 1.0 £ 0.9 12 £ 1.1 < 0.0001
prescribed (mean £ SD)
No. of non-GLAs prescribed 147 + 85 14.6 + 8.5 149 + 8.6 0.0012
(mean + SD)
Index HbAlc
HbAlc (mean £ SD) 74 + 1.8 6.1 £ 0.5 87 £ 1.6 < 0.0001

Data are presented as NV (%) unless specified otherwise

CCI Chartlson Comorbidity Index, DCSI Diabetes Complications Severity Index, GLA glucose-lowering agent, HbAIc
hemoglobin Alc, SD standard deviation

$20,000

§15,000
$13,704

$10,000

$5,000

Estimated Annual Diabetes-Related Costs (US $)

S0

$16,460*

$6,138*
$6,051 ss.671 ,
54,288
$3,739

§7,259*

Total Costs

* -P<0.0001; N=34,538.

Drug Costs

Outpatient Costs

HbAlc<7% mHbAlc >7%

Acute Care Costs

Results from multivariable analyses that control for patient characteristics, pre-period general health and comorbidities, pre-period resource use, and pre-period medication use.

Fig. 2 Association between index HbAlc and annual diabetes-related costs
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$25,000

$20,000

$15,000 14,363
$13.040"
S11.424

12,228

$10,000

Estimated Annual Diabetes-Related Total Costs

$21,683*
$20,223°

$18,148

816,460 $16,399

$13,704

$5,000

HbAlc Below Threshold

o
HbAlc Threshold

mHbAlc Above Threshold

* Difference in cost for patients below threshold significantly different compared to costs for patients above threshold (P<0.0001).

Thresholds are < 6% v = 6% (N=14,646); < 6.5% v > 6.5% (N=30,350); < 7% v = 7% (N-34.538); < 8% v = 8% (N=19.650); and < 9% v > 9% (N=10,532).

Results from multivariable analyses that control for patient characteristics, pre-period general health and comorbidities, pre-period resource use, and pre-period medication use.
Results indicate that, at all thresholds, lower HbAlc is associated with statistically significantly lower annual diabetes-related total costs. In addition, as Hbalc threshold

increases, annual diabetes-related total costs increase.

Fig. 3 Estimated annual diabetes-related total costs for alternative HbAlc thresholds

The results indicate that glycemic control is
associated with significantly lower diabetes-re-
lated total, outpatient, acute care, and drug
costs.

The present findings are consistent with
research examining total medical costs. For
example, research from Saudi Arabia found that
lower HbAlc was associated with lower total
direct medical costs [22]. In addition, a study
from Brazil found lower total costs and medi-
cation costs for individuals with HbAlc < 7%
(vs > 7%) and for individuals with HbAlc < 8%
(vs > 8%) [23]. A previous retrospective study
found that HbAlc < 7%, compared to HbAlc
> 7%, was associated with lower diabetes-re-
lated total, acute care, outpatient, and drug
costs [24]. The finding of significantly higher
diabetes-related drug costs for patients with
higher HbAlc is consistent with the hypothesis
that patients with higher HbAlc are in need or
more intensive or additional therapies.

Results of the sensitivity analyses revealed
that as HbA1lc thresholds increase, diabetes-re-
lated costs increase. This finding is consistent
with previous research which has shown that
worse glycemic control is associated with higher
diabetes-related costs. For example, a retro-
spective study utilizing data from Italy found
that lower levels of HbA1lc were associated with

lower diabetes-related costs [25]. Research from
the USA in 2007 found that for individuals with
T2D a 1% increase in HbA1lc was associated with
a 4.4% increase in diabetes-related medical costs
[26]. More recent research found that for
patients with T2D, a 1% reduction in HbAlc
was associated with a 13% reduction in dia-
betes-related total healthcare costs [24].

The findings of the current study must be
interpreted within the context of the limita-
tions. One limitation is that insurance claims
describe only commercially insured patients,
which may limit the generalizability of the
findings. Secondly, using diagnostic codes is less
rigorous than employing formal assessments to
identify patients with T2D. Thirdly, the use of
claims data precluded studying, or controlling
for, body mass index, duration of diabetes, or
other potentially influential factors which were
not available in the data. In addition, these
claims-based analyses focused on statistical sig-
nificance rather than clinical significance and
associations rather than causation.

CONCLUSIONS

This study used data from insurance claims to
assess associations between glycemic control
and diabetes-related medical costs among a
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Table 2 Diabetes-related component costs at alternative HbAlc thresholds

Index HbAlc < 6% (N = 7323)

Index HbAlc = 6% (N = 7323)

HbAlc threshold of 6%
Diabetes-related component costs
Drug* $2957 £ $4403
$5117 £ $5736
$4871 £ $3990

Outpatient*

Acute care®

$3373 £ $4600
$5811 £+ $6273
$5085 £ $4069

Index HbAlc < 6.5% (N = 15,175)

Index HbAlc > 6.5% (IV = 15,175)

HbAlc threshold of 6.5%
Diabetes-related component costs
Drug* $3351 £ $4685
$5552 £ $6173
$5056 £ $3867

Outpatient*

Acute care*

$3812 + $4910
$6514 + $6875
$5354 £+ $3899

Index HbAlc < 8% (N = 9825)

Index HbAlc = 8% (IV = 9825)

HbAlc threshold of 8%
Diabetes-related component costs
Drug* $4398 £ $4333
$6805 + $7435
$6889 £ $4991

Outpatient*

Acute care*

$5018 + $4524
$8608 + $8423
$7549 + $4961

Index HbAlc < 9% (N = 5266)

Index HbAlc > 9% (N = 5266)

HbAc threshold of 9%
Diabetes-related component costs
Drug* $4838 £ $4690
$6711 + $6187
$8005 £ $5273

Outpatient*

Acute care*

$5684 + $5022
$7952 + $6847
$8355 + $5425

Results from multivariable analyses which control for patient characteristics, pre-period general health and comorbidities,

pre-period resource use, and pre-period medication use

HbAI hemoglobin Alc, SD standard deviation

*Indicates statistically significant differences between the two groups (P < 0.0001)

population of US patients with T2D. The find-
ings revealed that individuals whose index
HbA1lc was below the ADA target for glycemic
control (HbAlc < 7%) had substantially lower
1-year diabetes-related costs relative to patients
with less glycemic control (HbAlc > 7%).

Glycemic control was associated with signifi-
cant reductions in annual diabetes-related
component and total costs. Results suggest
economic benefits associated with having
HbAlc at or below target.
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