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RESEARCH e

Estimation of Annual Health Care Costs for Adults
with Type 1 Diabetes in the United States

Vijay N. Joish, PhD; Fang Liz Zhou, MD, PhD; Ronald Preblick, PharmD;
Dee Lin, PharmD, MS; Maithili Deshpande, PhD; Sumit Verma, MS;
Michael J. Davies, PhD; Sachin Paranjape, PhD; and Jeremy Pettus, MD

ABSTRACT

BACKGROUND: Diabetes health care resource utilization (HCRU) studies
tend to focus on patients with type 2 diabetes (T2D) or pool patients with
T2D and type 1 diabetes (T1D). There is a paucity of recent data on the cost
of treating patients with T1D in the United States.

OBJECTIVES: To (a) estimate the per-patient per-year (PPPY) HCRU and
costs, from a payer perspective, associated with treating U.S. adults with
T1D and (b) compare these with the HCRU and costs for patients with T2D.

METHODS: This retrospective cohort study used claims data from the
Optum Clinformatics database between January 2015 and December 2017.
Adults (aged =18 years) with a diagnosis of T1D were propensity score-
matched to adults with T2D. Overall and nondiabetes-related HCRU and
costs were assessed for T1D and T2D and compared between the 2 groups.

RESULTS: Propensity scores were used to match 10,103 patient pairs from
T1D and T2D cohorts (mean ages 54.4 and 56.9 years, respectively). In the
T1D cohort, inpatient, emergency department (ED), outpatient, and pre-
scription claims occurred in 14.0%, 17.3%, 85.5%, and 100% of patients,
respectively, resulting in a mean total cost of U.S. $18,817 PPPY (diabetes-
related =$11,002; nondiabetes-related =$7,816). The T1D cohort had sig-
nificantly higher mean total costs than the T2D cohort ($18,817 vs. $14,148
PPPY; P<0.001). When extrapolating these findings to a commercial health
plan with 1 million covered lives, the estimated total direct medical costs of
T1D would be $103.4 million.

CONCLUSIONS: This study showed that the total annual cost of managing
an adult with T1D is significantly higher than that of an adult with T2D.
Nondiabetes costs accounted for 40% of the total per-patient cost, similar
to patients with T2D, confirming that as patients with T1D live longer lives,
they may also be at greater risk for cardiometabolic complications.
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What is already known about this subject

* Approximately 5% of patients with diabetes have type 1 diabetes
(T1D), over two-third of whom have difficulty achieving glyce-
mic control.

* Health care costs of managing patients with type 2 diabetes
(T2D) have been well characterized.

What this study adds

¢ This study shows that patients with T1D, even though fewer in num-
ber, have significantly higher mean total medical costs per patient
per year compared with patients with T2D ($18,817 vs. $14,148).

* Over 40% ($7,816 in T1D) of medical costs are related to care not
directly related to diabetes.

betes mellitus, of whom 95% have type 2 diabetes (T2D).!

As with T2D, type 1 diabetes (T1D) carries a lifelong risk of
long-term sequelae, such as cardiovascular disease and micro-
vascular complications, as well as acute risks of ketoacidosis
and hypoglycemia.”? However, T1D and T2D differ in terms
of disease etiologies and risk factors.* Additionally, in T1D, the
cornerstone of treatment is insulin, and patients are mostly
under the care of endocrinologists or other specialists, whereas
uncomplicated T2D patients are managed by general practi-
tioners primarily using oral antihyperglycemic drugs (OADs),
with insulin therapy usually reserved for patients who are
uncontrolled on OADs.>® Therefore, it is important from both
public health surveillance and planning perspectives to moni-
tor the individual prevalence of T1D and associated health care
resource utilization (HCRU) and costs. The number of patients
with diabetes is projected to reach 39.7 million in the United
States (13.9% of the population) by 2030 and 60.6 million
(17.9% of the population) by 2060.”® Although this alarming
increase in prevalence is primarily due to T2D, the contribu-
tion of T1D to the burden of care of diabetes in general is over-
looked when the 2 diseases are considered together.’

There is a paucity of data directly relating to HCRU and
costs for people with T1D, with most economic research com-
bining both types of diabetes or focusing on T2D.? Although
cost estimates of T1D may be extrapolated using prevalence
data of T1D and T2D in the overall diabetes population, the
true cost of T1D is often unclear due to the larger prevalence-
driven T2D costs. Existing economic data relating to T1D
often lack specific relevance to the U.S. population, currency,
or a suitable comparator or are specific to one aspect of the
disease rather than providing economic data for the disease as
a whole ”*

In the U.S., approximately 30 million individuals have dia-

www.jmep.org  Vol. 26, No. 3 March 2020 JMCP Journal of Managed Care & Specialty Pharmacy 311



Estimation of Annual Health Care Costs for Adults with Type 1 Diabetes in the United States

The present analysis was designed to estimate the annual
per-patient HCRU and costs (overall and nondiabetes-related)
associated with the care of adults with T1D and compared
to a matched T2D cohort from a commercial payer perspec-
tive. Since any comparison of diabetes-related costs between
patients with T1D and T2D would be potentially mislead-
ing due to differences in management and care models (e.g.,
injectables and specialist management with T1D vs. oral anti-
diabetic medications and predominantly primary care manage-
ment with T2D), the present analysis focused on overall and
nondiabetes-related HCRU and costs. In addition, capturing
nondiabetes-related HCRU and costs helps to estimate the costs
associated with managing complications.

I Methods

Study Design and Data Source

This retrospective cohort study used the Optum Clinformatics
database, a large integrated medical and pharmacy claims
dataset of >25 million commercially insured and Medicare
Advantage members enrolled with the UnitedHealthcare insur-
ance provider. Patients were identified from January 1, 2016,
to December 31, 2016. The index date was the date of the
first medical claim for T1D or T2D during the identification
period. The baseline period was the 12 months prior to the
index date. Patients were then followed until 12 months fol-
lowing the index date or death, whichever occurred first. The
Optum Clinformatics database is compliant with the Health
Insurance Portability and Accountability Act of 1996. All data
were deidentified prior to acquisition, and accordingly, institu-
tional review board approval was not required nor sought. The
study was conducted in accordance with ethical principles that
are consistent with the Declaration of Helsinki, International
Conference on Harmonization Good Clinical Practice, and any
applicable local legislation.

Study Population

Patients aged > 18 years at the index date with =1 T1D or T2D
medical claims (International Classification of Diseases, Ninth
Revision, Clinical Modification [ICD-9-CM] codes 250.00-250.03,
250.10-250.13, 250.20-250.23, 250.30-250.33, 250.40-250.43,
250.50-250.53, 250.60-250.63, 250.70-250.73, 250.80-250.83,
and 250.90-250.93 or Tenth Revision [ICD-10-CM] codes
E10.0-E10.6, E10.8, E10.9, E11.0-E11.6, E11.8, and E11.9 in
the primary or secondary position) during the identification
period were eligible. Patients were classified to T1D or T2D
by applying a validated Klompas algorithm to the entire look-
back period based on data from 2006 to 2016 in the database
prior to the index date.”” The use of the Klompas algorithm to
distinguish between patients with T1D and T2D overcomes the
problem of inaccurate coding of diabetes type within health
care records and pharmacy claims. The positive predictive
value (PPV) for the Klompas algorithm was 89% in the original
publication and 94.5% in an external validation study."!

Patients were required to have continuous enrollment during
the 12-month baseline period. Patients with any of the follow-
ing were excluded: a follow-up period of <30 days post-index
date or any medical claim for pregnancy (ICD-9-CM codes
630.xx-679.xx and V22-V24 and ICD-10-CM codes O00-O9A,
733, 734, 7236, and Z3A) 12 months prior to index date. In
order to ensure that the enrolled patients were being actively
treated, the exclusion criteria in the T1D cohort specified those
without any claim of short-acting or rapid-acting insulin
within 6 months prior to index date and, for patients in the
T2D cohort, included those without any antihyperglycemic
medication in the 12-month baseline period.

Data Handling

Given the large disparity in numbers of patients with T1D
compared with T2D, a random sample of 10% of patients with
T2D was selected before matching with patients with T1D.
Propensity score nearest neighbor 1:1 matching (PSM) with
a 0.2 caliper was implemented to obtain a matched sample
with similar demographics for patients with T1D and T2D."
Matching was performed using only demographic character-
istics (i.e., categorical age, sex, race, and geographic region)
to allow evaluation of the impact of clinical characteristics in
patients with T1D and T2D by adding these as covariates in
multivariate regression. The T2D cohort was used as a refer-
ence population. Patient characteristics were compared before
and after propensity score matching to ensure that cohorts
were matched appropriately. The analyses were carried out
using only the matched cohort.

Outcome Assessments

Study outcomes included HCRU and HCRU-associated costs,
which were calculated as per-patient per-year (PPPY) for the
T1D and T2D cohorts. Among patients who died and had a
follow-up period of less than 12 months, HCRU-associated
cost was annualized by multiplying their average monthly cost
by 12. HCRU outcomes were calculated based on the num-
ber of encounters or prescriptions identified in the baseline
and follow-up periods, and HCRU included inpatient visits,
emergency department (ED) visits, outpatient office visits, and
prescription claims. Cost calculations included expenditures
for medical care and treatment of illness, with ED visits that
resulted in hospitalization included in hospital care costs.

All costs were adjusted for inflation to 2017 U.S. dollars
using the annual medical care component of the Consumer
Price Index. Costs were defined as total standardized gross
payments (not charges), including commercial insurance pay-
ments, as well as patient copayments, deductibles, and coin-
surance fees. HCRU-associated costs included inpatient, ED,
outpatient, pharmacy, and total costs. HCRU and cost were
classified as all-cause, diabetes-related, or nondiabetes-related;
claims with ICD codes for diabetes in the primary or secondary
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Patient Attrition

. / Optum Clinformatics Database \ v )
< T1D Cohort V) \ January 1, 2016-December 31, 2016 J BN T2D Cohort
[
v Inclusion: =1 medical claim with ICD-9-CM or g
ICD-10-CM codes in primary or secondary positions as
< n=168,495 ) inpatient or outpatient during the idenfication period? < n=1,911,324 )
I
v Inclusion: Klompas et al. classification method of v
T1D using the entire look-back period
( n=41,529 ) < n=1,889,341 )
|
v k Inclusion: Aged =18 years at index date® ) 'y
< n=37,230 ) | ( n=1,887,476 )
< / Inclusion: Continuous eligibility (no gap) for \ >
v 12 months prior to the index date and up to v
< n=22,296 ) 12 months following the index date C n=992,954 )
I
v Exclusion: Patients with follow-up y
<30 days following the index date
( n=22,238 ) < n=979,212 )
|
,y: Exclusion: Female patients who are pregnant any >V
time during the 12-month baseline period
( n=21,895 ) < n=976,919 )
I
v K Inclusion: Patients with T1D/T2D drug use® ) 'y
( n=12,687 ) v < n=580,706 )
- C : ; . N\ >
v 4 Number of included patients after 1:1 PSM 7 i
( n=10,103 ) < n=10,103 )

aIdentification period: January 1, 2016-December 31, 2016.
bDate of first medical claim in identification period is the index date.
T1D insulin use in the 6-month baseline period, T2D with diabetes medication use.

ICD-9/10-CM= International Classification of Diseases, Ninth/Tenth Revision, Clinical Modification; PSM=propensity score matching; TID=type 1 diabetes; T2D=type 2 diabetes.

position were defined as diabetes-related; otherwise, they were
defined as nondiabetes-related.

Statistical Analyses

Outcomes of interest were analyzed using descriptive and
inferential statistics for individuals who were not missing
demographic data. Missing data were considered as missing at
random. This approach resulted in the omission of data from
3 patients for whom gender data were missing. Statistical tests
were 2-sided, with a significance level of a=0.05. Demographic
characteristics, HCRU, and cost outcomes were summarized
descriptively, with differences in characteristics between T1D
and T2D patients assessed using chi-square tests for categorical

www.jmcp.org  Vol. 26, No. 3

variables and t-tests for continuous variables. In addition to
P values, standardized mean differences (SMDs), defined as the
absolute difference in sample means divided by an estimate
of the pooled standard deviation (SD) of the continuous and
categorical variables, were calculated to account for the large
sample size of the study, as described by Austin (2011).'¢
Statistically significant differences were defined when both
the P value was <0.05 and the SMD was >0.1." Multivariate
analyses were conducted with outcomes that achieved
statistical significance in univariate analyses. For HCRU count
outcomes, a generalized linear model (GLM) was developed,
with Poisson distribution and log link for count-dependent and
variables. An offset was added to regression models to account
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LGN Demographics and Baseline Characteristics

T1D Cohort T2D Cohort
Characteristic n=10,103 n=10,103 P Value? SMDP
Age, years <0.001 0.172
Mean (SD) 544 (14.9) 56.9 (13.8)
Median (Q1-Q3) 55 (43-66) 56 (46-66)
Age category, years, % (n) 0.993 0.004
18-25 0.7 (73) 0.7 (73)
26-49 36.6  (3,696) 36.5 (3,690
50-64 36.1 (3,648) 36.3  (3,667)
>65 266 (2,686) 26.5  (2,673)
Female sex, % (n) 48.4 (4,893) 49.2 (4,968) 0.481 0.017
Race, % (n) 0.219 0.034
African American 7.2 (729) 74 (744)
Asian 1.8 (185) 1.8 (184
Hispanic 5.2 (527) 52 (523)
White 714 (7,212) 70.1  (7,086)
Other/unknown 144 (1,450) 155  (1,566)
Payer type, % (n) <0.001 0.088
Commercial 719 (7,271) 679 (6,863)
Medicare 28.0 (2,832 32.1  (3,240)
Geographic region, % (n) 0.004 0.055
Midwest 284  (2,866) 277  (2,803)
South 39.6 (4,004) 42.2 (4,263)
West 21.8  (2,202) 20.6 (2,081)
Northeast 10.0 (1,015) 9.3 943)
Other/unknown 0.2 (16) 0.1 (13)
Top 5 T2D comorbidities,® % (n)
Hypertension 577  (5,830) 75.6  (7,639) <0.001 0.387
Hyperlipidemia 653  (6,595) 732 (7,394 <0.001 0.172
Obesity 101 (1,018) 27.8  (2,807) <0.001 0.464
Hypothyroidism 323  (3,266) 19.0 (1,919) <0.001 0.309
GERD 13.5 (1,362) 174 (1,761) <0.001 0.109

aStatistically significant result defined as P<0.05.
bStatistically significant result defined as SMD>0.1.
¢Comorbidities that are commonly observed in T2D patients.

GERD = gastroesophageal reflux disease; Q1 = first quartile; Q3 = third quartile; SD = standard deviation; SMD = standardized mean difference; TID =type 1 diabetes;

T2D=type 2 diabetes.

for differences in follow-up periods between patients, which
ranged from 30 days to 12 months. Health care costs were
analyzed using a 2-part model, with logistic regression for the
binomial component and standard ordinary least squares for
the continuous component. In the 2-part model, the probabil-
ity of positive cost was estimated with logistic regression and
conditional on the cost being positive, and the value of posi-
tive cost was modeled with standard ordinary least squares.
Given the structure of the 2-part model, each model was fit
separately, and the predictions were combined to derive mean
predicted cost. All GLM and cost outcomes were adjusted for
demographic and clinical characteristics that were found to be
significantly different between matched T1D and T2D cohorts.
T2D results were used as reference values.

[ Results

Patient Attrition and Baseline Characteristics

A total of 12,687 patients with T1D and 580,706 patients with
T2D metall eligibility criteria (Figure 1). Of these, 10,103 patient
pairs in the T1D and T2D patient cohorts were 1:1 propensity
score-matched for further analyses. Patients in the T1D and
T2D cohorts were generally well matched in terms of baseline
demographics and clinical characteristics (Table 1). Although
age groups were well balanced in the 2 cohorts, the mean (SD)
age was lower in the T1D cohort compared with the T2D cohort
(544 [14.9] vs. 56.9 [13.8] years; P<0.001; SMD>0.1). Median
(Q1-Q3) age was 55.0 (43-66) compared with 56.0 (46-66),
respectively. The difference in age was accounted for in the
multivariate model. Patients with T1D versus T2D were sig-
nificantly less likely to have diagnoses of hypertension (57.7%
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Adjusted Mean Annual Health Care Expenditures

Diabetes-related

Nondiabetes-related

Total

P<0.001
SMD=0.08

ETID WT2D

P<0.001
SMD=0.01

14,148

T
0 5,000

T
10,000

15,000
Cost PPPY (U.S. $)

20,000

Note: Data were adjusted for differences in age, comorbidity index, resource use, and top 5 comorbidities (hypertension, hyperlipidemia, hypothyroidism, obesity, and

gastroesophageal reflux disease).

PPPY = per person per year; SMD = standardized mean difference; TID=type 1 diabetes; T2D=type 2 diabetes; U.S. = United States.

vs. 75.6%), hyperlipidemia (65.3% vs. 73.2%), obesity (10.1%
vs. 27.8%), and gastroesophageal reflux disease (13.5% vs.
17.4%) and were more likely to have hypothyroidism (32.3%
vs. 19.0%) (all, P<0.001 and SMD>0.1).

Health Care Resource Utilization and Costs
Patients with T1D had significantly higher mean total costs
PPPY compared with patients with T2D ($18,817 [37,661] vs.
$14,148 [46,555]; P<0.001; SMD=0.110). The median total
cost PPPY was $10,404 compared with $5,262, respectively.
The average total cost to the payer of a T1D patient was esti-
mated to be $18,817 PPPY, 42% ($7,816) of which were costs
not directly related to the management of diabetes (Figure 2).
In comparison, the average total cost to the payer of a T2D
patient was estimated to be $14,148 PPPY, 41% ($5,845) of
which were costs not directly related to the management of
diabetes. Mean (SD) total prescription costs PPPY were sig-
nificantly higher for patients with T1D compared with T2D
($10,203 [11,211] vs. $5,672 [11,017]; P<0.001; SMD=0.408;
respectively), as were mean diabetes-related ($4,955 [3,428]
vs. $2,223 [3,888]; P<0.001; SMD=0.745) and nondiabetes-
related prescription costs ($5,247 [10,492] vs. $3,449 [10,0101;
P<0.001; SMD=0.175). Median total prescription costs PPPY
were $7,816 and $2,783 for the T1D and T2D cohorts, respec-
tively. Median diabetes-related prescription costs were $4,221

and $203, respectively. Median nondiabetes-related prescrip-
tion costs were $2,899 and $1,055, respectively. Costs associ-
ated with inpatient, ED, and outpatient visits were comparable
between the 2 cohorts.

The proportions of T1D patients with any-cause inpatient
visits, ED visits, outpatient visits, and prescription claims were
14.0% (n=1416), 17.3% m=1,744), 85.5% (n=8,043), and
100% (n=10,103), respectively (Figure 3). For the T1D cohort,
the average (SD) number of inpatient visits, ED visits, outpa-
tient visits, and prescription claims was 0.3 (1.2), 1.0 (3.8), 5.5
(5.8), and 45.0 (35.7) PPPY, respectively. The respective median
values for number of inpatient, ED, and outpatient visits and
prescription claims was 0, 0, 4, and 36.

In comparison, 13.1% (n=1,322), 16.7% (n=1,689), 83.0%
(n=8,388), and 100% (n=10,103) of the T2D cohort had any-
cause inpatient visits, ED visits, outpatient visits, and prescrip-
tion claims, respectively, with an average (SD) number of 0.3
(1.2), 0.9 34, 5.0 (5.6), and 49.1 (37.9) inpatient visits, ED
visits, outpatient visits, and prescription claims PPPY, respec-
tively. The respective median values were 0, 0, 4, and 40. When
comparing between the 2 cohorts, patients with T1D compared
with T2D had a significantly higher mean number of any-cause
outpatient visits (5.5 vs. 5.0; P<0.001; SMD=0.085) and a sig-
nificantly lower mean number of any-cause prescription claims

(45.0 vs. 49.1; P<0.001; SMD=0.112).
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Health Care Resource Utilization

Nondiabetes: Outpatient use

Nondiabetes: ED use

Nondiabetes: Hospitalization

Overall: Outpatient use

<0.05

Overall: ED use MD =0.011

(20}

P<0.05

Overall: Hospitalization SMD=0.017

M Type 1 diabetes
B Type 2 diabetes

P<0.01
SMD=0.085

0.0 20.0

40.0

60.0 80.0 100.0

Patients, %

Note: Data were adjusted for differences in age, comorbidity index, resource use, and top 5 comorbidities (hypertension, hyperlipidemia, hypothyroidism, obesity, and

gastroesophageal reflux disease).
DM = diabetes mellitus; ED =emergency department.

When considering nondiabetes-related resource utiliza-
tion, the proportions of T1D patients with inpatient visits, ED
visits, outpatient visits, and prescription claims were 1.3%
n=129), 155% (n=1,568), 66.9% n=6,762), and 99.2%
(n=10,027), respectively (Figure 3). The average (SD) number
of outpatient visits and prescription claims was 2.9 (4.1) and
36.7 (32.9) PPPY, respectively. In the cohort of T2D patients,
1.8% (n=179), 15.6% (n=1,580), 64.3% (n=6,500), and 99.2%
(n=10,020) had nondiabetes-related inpatient visits, ED visits,
outpatient visits, and prescription claims, respectively. The
average (SD) number of outpatient visits and prescription
claims PPPY was 2.9 (4.4) and 38.6 (34.6), respectively. Overall
inpatient, ED, and outpatient HCRU were similar for patients
with T1D and T2D.

I Discussion

The mean annual cost to the payer for managing the care of an
adult with T1D was estimated to be $18,817 (in 2016-2017),
which was significantly higher than for T2D ($14,148). Further,
approximately 40% of medical costs were nondiabetes-related
for patients with T1D or T2D. When extrapolating these

findings to a commercial health plan with 1 million covered
lives, the estimated overall annual total direct medical cost bur-
den of adults with T1D is estimated to be U.S. $103.4 million.

Overall, drivers of higher utilization and costs among
patients with T1D versus patients with T2D included outpa-
tient all-cause diabetes-related physician visits, prescription
costs, and outpatient costs. Given that patients with T1D
are treated (e.g., insulin vs. oral antidiabetes prescriptions)
and managed (e.g.. endocrinologists vs. primary care physi-
cians) differently versus patients with T2D, we also compared
nondiabetes-related health care utilization and costs. Drivers of
nondiabetes-related utilization and costs among patients with
T1D versus patients with T2D also included greater outpatient
services and costs and prescription claims and costs. This may
suggest that even though both types of diabetes are lifelong
conditions, given the earlier onset of disease and higher pro-
portion of patients not reaching glycemic goals, patients with
T1D at a given point in time may have higher morbidity, result-
ing in higher health care resource consumption and cost to the
system. Improving glycemic control rates by increasing patient
education and providing access to cost-effective treatments and
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technology may help in improving both health and economic
outcomes in this population.

Willey et al. (2018) examined diabetes costs in the United
States.® Using health care encounters with codes for diabetes
or antihyperglycemic medications, the estimated mean T1D-
related PPPY cost was $7,122 in 2014. This is generally similar
to the diabetes-related costs in the current analysis ($11,001).
Similar to our study, Willey et al.® also reported that patients
with T1D had higher costs than those with T2D."

Limitations
The results of the current analysis should be interpreted with
consideration of certain strengths and limitations. Although
use of a single-payer database may limit the generalizability
of these results, availability and use of a multiplan database
from one of the largest national insurers using a large sample
may be well accepted by other payers as a starting point. Data
coding errors, which are not uncommon in such databases,
cannot be fully avoided or robustly identified without access to
the primary source data. However, this may not be a concern
since the estimation of the burden of disease is based on paid
claims and reflective of a payer perspective. Missing data were
assumed to be missing at random, but this may not have been
the case. Misclassification bias, which is another common issue
when using a nonclinical administrative claims database, was
addressed 2-fold, using a validated and published T1D and
T2D classification algorithm with very high sensitivity and
PPVs and requiring patients with T1D to have prescription
claims for bolus insulin 6 months prior to the index date.”
Although PSM was used to minimize any differences
between T1D and T2D patients, there remained the potential
for bias. In particular, matching patients on age may have led
to the inclusion of T1D patients who, by virtue of being diag-
nosed with their disease at a younger age, had been living with
diabetes for much longer than their age-matched T2D counter-
parts, resulting in higher associated cost estimates. However,
a recent publication by Rogers et al. (2017) estimated that of
the 64,000 incident cases of T1D in the United States, 37,000
of these (58%) were adult-onset cases, suggesting that it was
appropriate in our study to match patients with T1D and T2D
according to age.*

I Conclusions

The mean annual total cost to the payer for managing the care
of adults with T1D amounts to approximately $18,817 PPPY,
with around 40% of this cost associated with nondiabetes-

related claims.”!>!7
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