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ABSTRACT

BACKGROUND: Research has shown that many patients with type 2
diabetes (T2D) are not adherent to their medication regimen.

OBJECTIVE: To examine the association between adherence to insulin
therapy and all-cause health care costs for patients with T2D.

METHODS: This study used the IQVIA PharMetrics Plus Linkable to
Ambulatory Electronic Medical Record data from January 1, 2012, through
September 30, 2017. Patients were included if they were identified with
T2D and initiated therapy on basal insulin (BAS) or basal-bolus (BAS-BOL)
combination at any time from January 1, 2013, through October 1, 2016.
Patients aged < 18 years, who used an insulin pump, identified as pregnant,
or did not have continuous insurance coverage from 1 year before initiation
on insulin therapy through 1 year after initiation were excluded. Descriptive
statistics compared patient characteristics and costs (in U.S. 2017 dollars)
between patients who were adherent or nonadherent to their insulin
therapy in the 1-year postperiod, where adherence was defined as having
proportion of days covered (PDC) of at least 80%. In addition, generalized
linear models were used to compare costs between adherent and
nonadherent patients, while controlling for patient characteristics, previous
general health and comorbidities, resource utilization, medication use and
type of insulin.

RESULTS: 13,296 patients were included in the BAS cohort (5,502 adherent;
7,794 nonadherent) and 10,069 in the BAS-BOL cohort (2,006 adherent;
8,063 nonadherent). Adherent patients had significantly lower all-cause
total unadjusted costs following initiation on BAS ($29,322 vs. $31,888,
P=0.0134) and BAS-BOL combination ($36,229 vs. $40,147, P=0.0078).
Drug costs comprised 39.5%-45.4% of costs among adherent patients
and 23.0%-25.9% of costs among nonadherent patients. Multivariable
analyses revealed that adherent patients had significantly lower adjusted
all-cause total costs than nonadherent patients in the BAS cohort ($30,127
vs. $37,049, 95% Cl for difference —$8,460 to —$5,384) and the BAS-BOL
cohort ($36,603 vs. $44,702, 95% Cl for difference —$9,129 to —$6,980).

CONCLUSIONS: In patients with T2D who initiated BAS or BAS-BOL
combination therapy, adherence was associated with significantly lower
all-cause total health care costs, despite significantly higher drug costs.
These results illustrate the potential economic benefits associated with
adherence to insulin therapy.
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What is already known about this subject

* Most patients with type 2 diabetes will eventually require insulin
therapy.

+ Adherence to insulin therapy has been shown to be associated
with better patient outcomes, including improved glycemic
control, reduced resource use, and decreased mortality.

Previous research, which has focused on the relationship between
adherence and health care costs, has found mixed results,
although most studies found that increased adherence was
associated with lower total costs.

What this study adds

* This study expands knowledge of the association between
adherence to insulin therapy and health care costs by focusing
on 2 common insulin regimens: basal insulin and basal-bolus
combination therapy.

¢ This study provides updated information on the costs associated
with adherence to insulin therapy.

ost patients with type 2 diabetes (T2D) will eventu-
‘ \ / | ally require insulin therapy.'! In general, adherence to
insulin therapy has been shown to be associated with
better patient outcomes, including improved glycemic control,?
reduced resource use,” and decreased mortality.* However, in
a multinational survey of individuals diagnosed with diabetes
and treated with insulin, one third (33.2%) of the patients
reported that they had been nonadherent to their insulin
therapy for at least 1 day during the previous month.” More
recently, research that captured adherence using a Bluetooth-
enabled pen cap found that 100% of patients prescribed
multiple daily injections had at least 1 deviation from their
insulin prescription over a 1-month time period and that rates
of nonadherence ranged from 24% for patients treated with
bolus insulin to 36% for patients treated with basal insulin.®
Consistent with the nonadherence found by patient self-report
and technology-aided measures, nearly three quarters (72.5%)
of physicians surveyed reported that their patients do not take
insulin as prescribed.’
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et Study Inclusion-Exclusion Criteria and Sample Size

Identified with type 2 diabetes from January 1, 2012, through September 30, 2017 (study period)
N=335,831

v

Initiation on basal insulin or basal-bolus combination therapy from January 1, 2013, through
October 1, 2016 (identification window), with first such date identified as the index date
n=60,861

v

No use of insulin pump or diagnosis of pregnancy over the study period
n=59,347

v

Aged =18 years as of the index date
n=59,245

v

Continuous insurance coverage from 1 year before through 1 year after index date

mmmf_\f_\l

(R A N P g

n=23,365
v

Basal Cohort
n=13,296

v

Basal-Bolus Cohort
n=10,069

A review of the literature on medication adherence and
health care costs among patients with T2D found that, in
general, improved adherence to insulin was associated with
reduced health care costs.” The previous literature focused on
basal insulin,’ the method of insulin delivery,®°
sons between U-500 and U-100 insulin.!" However, according
to guidelines from the American Diabetes Association, many
T2D patients require fast-acting (bolus) insulin at mealtimes,
in addition to taking basal insulin, to achieve target hemoglo-
bin Alc.t

The goal of this study was to further the literature by
examining the concurrent association between all-cause health
care costs and adherence to either basal insulin (BAS) or basal
and bolus combination (BAS-BOL) therapy. As such, this study
provides updated information on the costs associated with
adherence to insulin therapy. Additionally, it compared the
observed unadjusted and adjusted costs of 2 common insulin
regimens (BAS and BAS-BOL).

or compari-

I Methods

Study data came from the IQVIA PharMetrics Plus Linkable
to Ambulatory Electronic Medical Record data. The combined
data houses information on patient demographics, clinical
encounters, laboratory test results, observational information
such as body mass index and blood pressure, and insurance

claims (inpatient and outpatient), including claims for pre-
scription medications. All of the data used in this study were
fully deidentified, HIPAA compliant, and collected between
January 1, 2012, and September 30, 2017. As a retrospective,
deidentified database, approval by an institutional review
board was not required.

Patient Sample

Patients were included in the study if they were identified as
having T2D based on a previously published algorithm,"> over
the time period from January 1, 2013, through October 1,
2016 (the identification window). In addition, all patients were
required to have filled their initial prescription for BAS or BAS-
BOL during the identification window, with the first such date
identified as the index date, and to have continuous insurance
coverage from 1 year before the index date (preperiod) through
1 year after the index date (postperiod).

Patients were excluded from the BAS and BAS-BOL cohorts
if at any time from the start of the preperiod through the end
of the postperiod they were identified as pregnant, diagnosed
with gestational diabetes, or had a record of insulin pump use.
Patients were also excluded if they were aged <18 years as of
the index date. Patients in the BAS cohort were also excluded
if they used any insulin during the preperiod. The final sample
consisted of 13,296 individuals in the BAS cohort and 10,069
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in the BAS-BOL cohort. Figure 1 illustrates how each of the
inclusion and exclusion criteria affected sample size.

Outcomes

This study focused on the association between patient adher-
ence to insulin therapy and costs. Adherence was proxied by
the proportion of days covered (PDC). PDC was chosen as the
measure of adherence, since it is used by the Pharmacy Quality
Alliance and the Centers for Medicare & Medicaid Services
when examining treatment of patients with chronic condi-
tions such as diabetes.'*” In general, PDC was constructed
with a numerator of the number of unique days during the
postperiod that an individual had a supply of the intent-to-
treat insulin (BAS or BAS-BOL), while only counting once if
multiple prescriptions for the drug of interest is prescribed
with overlapping days supply, and a denominator of the length
of the postperiod (365 days).'® However, although the days
supply field for insulin use is typically recorded as 30 days,"”
insulin use depends on a variety of factors such as package
size, carbohydrate intake, physical activity, body mass, illness,
and insulin resistance.' To account for this discrepancy, the
days supply field was adjusted using a previously published
algorithm. Specifically, for each insulin drug and delivery
unique combination, an adjustment factor was calculated
as the median time between insulin claims divided by the
median pharmacy days supply (30 days)."” Consistent with a
wide range of previous research, a threshold of 80% was used
to classify a patient as adherent.!”” Costs were defined as the
contracted or accepted reimbursable amount for covered medi-
cal services or supplies that the health plan agreed to pay to
service providers and were adjusted to U.S. 2017 dollars using
the medical component of the Consumer Price Index.*

Analyses
This study examined the unadjusted differences in patient
characteristics based on adherence status using t-statistics for
continuous variables and chi-square statistics for categorical
variables. The primary analyses examined the relationship
between adherence and all-cause or diabetes-related costs,
where diabetes-related costs were defined as all costs with an
accompanying diagnosis of diabetes or receipt of a glucose-low-
ering agent (GLA). In addition, the analyses looked at several
subcomponents of total health care costs. These subcompo-
nents included drug costs, outpatient costs, and acute care
(i.e., hospital and emergency room [ER]) costs. Generalized
linear models with gamma distribution and log link were used
to estimate all total costs, drug costs, and outpatient costs.?!
Two-part models were used to estimate acute care costs.*
Separate models estimated costs for adherent and nonad-
herent patients. For each patient, 2 estimates of costs were
computed: one assuming the patient was adherent (using
the first model) and another assuming that the patient was
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nonadherent (using the second model). The difference in
costs if adherent versus nonadherent were computed for each
patient and averaged across the entire sample. Confidence
intervals (CI) for costs differences were calculated using
nonparametric bootstrap (random sampling with replacement)
with 2,000 iterations to create a distribution where the 2.5th
and 97.5th percentiles were the 95% CI lower and upper limits,
respectively.

All analyses controlled for patient characteristics (age, sex,
region of residence, and body mass index); preperiod general
health (Charlson Comorbidity Index [CCI]** and Diabetes
Complications and Severity Index [DCSI]*"); certain preperiod
comorbidities not captured in the CCI or DCSI (anxiety,
depression, hyperlipidemia, and hypoglycemia); preperiod
resource utilization (visit to cardiologist, endocrinologist,
ophthalmologist, nephrologist, hospital, or ER, as well as the
number of Alc laboratory test results ordered and the number
of outpatient visits); preperiod use of GLAs (the number of oral
medications prescribed and the receipt of a noninsulin inject-
able); and initial insulin type prescribed in the first month of
the postperiod (analog or regular insulin).

All analyses were conducted using SAS, version 9.4 (SAS
Institute, Cary, NC). A P value <0.05 was considered, a priori,
to be statistically significant.

[ Results

Table 1 presents the descriptive statistics for the 13,296
individuals in the BAS cohort and the 10,069 individuals in
the BAS-BOL cohort, based on adherence categorization. In
the BAS cohort, 41.4% of patients were classified as adherent
(PDC=80%), while 19.9% of patients in the BAS-BOL cohort
were classified as adherent. Results revealed that, in both
cohorts, there were relatively small, but statistically significant,
differences between adherent and nonadherent patients. For
example, adherent patients were statistically significantly older,
had a statistically significantly higher proportion of males, and
had a statistically significantly higher body mass index.

In addition, there were indications from both cohorts that
adherent patients were in better general health compared with
nonadherent patients. Specifically, in both cohorts, adherent
patients had statistically significantly lower DCSI scores and
had a statistically significantly lower proportion of comorbid
anxiety, visits to a cardiologist, an ER visit, or a hospitaliza-
tion in the preperiod. However, compared with nonadherent
individuals, in the preperiod adherent patients in both cohorts
had a statistically significantly higher proportion of comorbid
hyperlipidemia, use of a noninsulin injectable, and laboratory
orders for Alc tests. Adherent patients also were prescribed sta-
tistically significantly more distinct classes of oral antidiabetic
medicines and GLAs overall in the preperiod, while nonadher-
ent patients were more likely to receive analog insulin delivered
by vials in the first month of the postperiod.
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TABLE 1 Patient Characteristics

Basal Cohort Basal-Bolus Cohort
Adherent® | Nonadherent? Adherent® | Nonadherent?

Characteristic n=5,502) n=7,794) P Value¢ (n=2,006) (n=8,063) P Value¢
Patient demographics
Age (mean +SD) 56.1+9.0 53.3+10.2 <0.0001 56.6+9.1 54.4+10.1 <0.0001
Sex 0.0136 0.0063

Female 2,383 (43.3) | 3,544 (45.5) 851 (424) | 3,694 (45.8)

Male 3,119 (56.7) 4,250 (54.5) 1,155 (57.6) 4,369 (54.2)
Region <0.0001 <0.0001

Northeast 1,955 (35.5) 2,290 (29.49) 742 (37.0) 2454 (30.4)

Midwest 1,327 (24.1) 1,651 (21.2) 492 (24.5) 1,700 (21.1)

South 1,953 (35.5) 3,363 (43.1) 693 (34.5) 3444 (42.7)

West 267 (49 490  (6.3) 79 (B9 465  (5.8)
Insurance payment type 0.0002 0.0008

Commercial 2,757 (50.1) | 3,759 (48.2) 972 (48.5) | 3,921 (48.6)

Self 2430 (44.2) 3458 (44.4) 919 (45.8) 3,509 (43.5)

Other 227 4D 452 (5.8 77 (3.8) 492 (6.

Unknown 88 (1.6) 125 (1.6 38 (1.9 141 (1.7)
Clinical and laboratory variables
Index BMI (mean +SD)d 349+6.4 33.8+6.9 <0.0001 35.7+6.6 34.0+7.0 <0.0001
Number of Alc tests ordered in preperiod (mean +SD) 19+1.41 17+14 <0.0001 2115 19+1.5 <0.0001
Preperiod health and comorbidities
Charlson Comorbidity Index score (mean +SD) 25+21 25422 0.2916 29+24 31+24 0.0052
Diabetes Complications Severity Index score (mean +SD) 13+1.8 14+19 0.0268 1.7+2.0 19+2.1 0.0003
Anxiety 534  (9.7) 854 (11.0) 0.0201 163 (8.1 1,042 (12.9) | <0.0001
Depression 709 (12.9) 1,081 (13.9) 0.1018 272 (13.6) 1,291 (16.0) 0.0066
Hyperlipidemia 3,596 (654) | 4,590 (58.9) <0.0001 1,396 (69.6) | 5,323 (66.0) 0.0024
Hypoglycemia 760 (13.8) 1,230 (15.8) 0.0017 362 (18.0) 1,538 (19.1) 0.2919
Preperiod resource utilization
Cardiologist 1,571 (28.6) 2480 (31.8) 0.0001 656 (32.7) 2,938 (364) 0.0018
Endocrinologist 885 (16.1) 1,211 (15.5) 0.3935 542 (27.0) | 2,048 (254 0.1377
Ophthalmologist 1,079 (19.6) 1,262 (16.2) <0.0001 495 (24.7) 1,659 (20.6) 0.0001
Nephrologist 314 (5.7) 485 (6.2) 0.2178 154 (7.7) 755 (94 0.0183
Hospitalized 1,114 (20.2) 2,259 (29.0) <0.0001 467 (23.3) 2,695 (334) <0.0001
ER visit 403 (7.3) 854 (11.0) <0.0001 146 (7.3 1,028 (12.7) <0.0001
Number of outpatient visits (mean +SD) 17.9+20.7 17.6+22.3 0.5178 21.2+225 2224275 0.0851
Preperiod GLA use
Number of orals prescribed (mean +SD) 15+1.2 1.3+1.2 <0.0001 14+1.2 1.2+1.1 <0.0001
Use of noninsulin injectable 905 (164) 875 (11.2) <0.0001 354 (17.6) 1,010 (12.5) <0.0001
Initial GLA therapy
Pen/vial & regular/analogue combinations <0.0001 <0.0001

Analog & pen use in first month 4,837 (87.9) 6,250 (80.2) 1,708 (85.1) 6,430 (79.7)

Analog & vial use in first month 579 (10.5) 1,344 (17.2) 194 (9.7) 1,268 (15.7)
Regular insulin use (pen or vial) in first month 86 (1.6) 200 (2.6) 104  (5.2) 365 (4.5)

Note: All descriptive statistics are represented as n (%), unless otherwise specified.
aAdherence is defined as PDC for the index drug (basal or basal-bolus) > 80% in the postperiod.

bNonadherence is defined as PDC < 80% in the postperiod.

cP values are based on results of t-tests for continuous variables and chi-square tests for categorical variables.

dNot all patients had recorded BMI values. In the basal cohort, 3,156 (57.4%) of the adherent patients and 4,727 (60.6%) of the nonadherent patients had no recorded BMI
value on or before the index date. In the basal-bolus cohort, 1,078 (53.7%) of the adherent patients and 4,803 (59.6%) of the nonadherent patients had not recorded BMI
values on or before the index date.

BMI=body mass index; ER=emergency room; GLA =glucose-lowering agent; PDC= proportion of days covered; SD =standard deviation.
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Unadjusted Preperiod and Postperiod Costs

Basal Insulin Cohort

Basal-Bolus Insulin Cohort

Adherent Nonadherent Adherent Nonadherent
m=5,502) (m=7,794) (m=2,006) (m=8,063)
Unadjusted Costs Mean + SD Mean + SD P Value Unadjusted Costs Mean + SD Mean + SD P Value
Preperiod costs Preperiod costs
All-cause costs All-cause costs
Total costs 20,622 +47,897 27,070+ 74,177 <0.0001 Total costs 26,852 +59,871 36,861 +89,885 <0.0001
Drug costs 4,325+9,196 3,488+9,286 <0.0001 Drug costs 6,654+9,521 5778+10,777 0.0003
Outpatient costs 8,280+23418 10,178 +40,658 0.0007 Outpatient costs 10,169+25,238 13,907 +49473 <0.0001
Acute care costs 8,017+33 407 13404+52913 <0.0001 Acute care costs 10,030+46,627 17,175+ 61,880 <0.0001
Diabetes-related costs Diabetes-related costs
Total costs 5,566+12,883 6,540+19,639 0.0006 Total costs 8,260+13,176 9423+20418 0.0018
Drug costs 1,647 +2 481 1,069+2,263 <0.0001 Drug costs 3,504 +4,068 2,504+3,265 <0.0001
Outpatient costs 1,231+3,543 1,417 £10,097 0.1341 Outpatient costs 1,638+4,502 1,737+5,543 0.3996
Acute care costs 2,687+11,840 4,055+16,338 <0.0001 Acute care costs 3,118+10,987 5,182+ 18,987 <0.0001
Postperiod costs Postperiod costs
All-cause costs All-cause costs
Total costs 29,322 +45,246 31,888+ 74,001 0.0134 Total costs 36,229+50,069 40,147 +85,927 0.0078
Drug costs 11,578+12,347 7,327+11,540 <0.0001 Drug costs 16,446+ 13,848 10,380+ 13,440 <0.0001
Outpatient costs 11,835+27,323 14,176 +44,657 0.0002 Outpatient costs 13,792 +37,500 17,786+ 54,674 0.0001
Acute care costs 5,909+25 591 10,385+ 44,981 <0.0001 Acute care costs 5,991 +£19,992 11,981 +50,705 <0.0001
Diabetes-related costs Diabetes-related costs
Total costs 11,518+ 14,444 9,186+21,683 <0.0001 Total costs 15,546+ 12,491 12,424 +24,907 <0.0001
Drug costs 7,120+4,936 3474+3422 <0.0001 Drug costs 11,021 +6,479 5,644 +4,717 <0.0001
Outpatient costs 2,125+6,234 2,230+7263 0.3723 Outpatient costs 2,300+5,138 2,631+9423 0.0334
Acute care costs 2273+11,285 3,482+19,061 <0.0001 Acute care costs 2,226+8723 4,150+21,561 <0.0001

Note: All costs are in 2017 U.S. dollars. Differences in costs between adherent and nonadherent patients were examined using t-tests.

SD =standard deviation.

Table 2 compares pre- and postperiod unadjusted all-cause
and diabetes-related costs for patients in the BAS and BAS-BOL
cohorts based on adherence status. Results reveal that in both
cohorts, postperiod all-cause total costs were significantly
lower for adherent patients, despite significantly higher diabe-
tes-related total costs and all-cause and diabetes-related drug
costs. Also in both cohorts, pre- and postperiod all-cause and
diabetes-related acute care costs were significantly lower for
adherent patients compared with nonadherent patients, as was
all-cause outpatient costs. In both cohorts, adherent patients
also had a greater proportion of postperiod overall drug costs
attributable to diabetes medications than nonadherent patients
(61.5% vs. 474% in the BAS cohort; 67.0% vs. 54.4% in the
BAS-BOL cohort).

Figure 2 and Figure 3 present the estimated differences in
costs based on multivariable analyses for the BAS and BAS-BOL
cohorts, respectively. In general, results are consistent with the
descriptive statistics reported in Table 2. For example, in both
cohorts, all-cause total costs were significantly lower for adher-
ent patients compared with nonadherent patients ($30,127 vs.
$37,049, 95% CI=-$8,460 to -$5,384 for BAS; $36,603 vs.
$44,702, 95% CI=-$9,219 to -6,980 for BAS-BOL). Similarly,

all-cause acute care costs were significantly lower for adherent
patients in both cohorts ($6,181 vs. $10,054, 95% CI=-%$4,009
to -$,3,737 for BAS; $6,024 vs. $11,835, 95% CI=-$5,910 to
-$5,711 for BAS-BOL), as was diabetes-related acute care costs
($2,420 vs. $3,446, 95% CI=-$1,078 to -$976 for BAS; $2,364
vs. $4,030, 95% CI=-$1,710 to -$1,622 for BAS-BOL), all-
cause outpatient costs ($13,839 vs. $18,988, 95% Cl=-$5,793
to -$4,503 for BAS; $14,845 vs. $24,263, 95% C1=-$10,052 to
-$8,784 for BAS-BOL), and diabetes-related outpatient costs
($2,183 vs. $2,360, 95% CI=-$194 to -$161 for BAS; $2,364
vs. $2,753, 95% CI=-$410 to -$368 for BAS-BOL).

In contrast, diabetes-related total costs were significantly
higher for adherent patients compared with nonadherent
patients in both cohorts ($11,516 vs. $9,247, 95% CI=$2,200-
$2,338 for BAS; $15,562 vs. $12,396, 95% CI=$3,094-$3,237
for BAS-BOL). All-cause drug costs were also significantly
higher for adherent patients in both cohorts ($11,606 vs.
$7,480, 95% CI=%$4,077-$4,175 for BAS; $16,470 vs. $10,488,
95% CI=9%5,942-%$6,023 for BAS-BOL), as was diabetes-related
drug costs (37,132 vs. $3,480, 95% CI=$3,636-$3,668 for BAS;
$11,029 vs. $5,666, 95% Cl=$5,336-$5,390 for BAS-BOL).

www.jmep.org  Vol. 26, No. 9 September 2020 JMCP Journal of Managed Care & Specialty Pharmacy 1085



The Association Between Adherence to Insulin Therapy and Health Care Costs for
Adults with Type 2 Diabetes: Evidence from a U.S. Retrospective Claims Database

Adjusted All-Cause and Diabetes-Related Costs for Basal Insulin Cohort

All-Cause Costs

40,000
37,0492
30,000
20,000 - 18,988°
11,606
10,054
10,000 —|
O —
Total Outpatient Drug Acute Care
Costs Costs Costs Costs

Diabetes-Related Costs

B Adherent M Nonadherent

11,516
9,2472

3,480 3,446

2,183 2,360° 2,420

Total
Costs

Acute Care
Costs

Outpatient
Costs

Drug
Costs

aDifferences in costs are statistically significant based on 95% confidence intervals in means. Results are from multivariable analyses that control for patient characteristics,
preperiod general health and comorbidities, preperiod utilization, and preperiod medication use.

I Discussion

In this study of patients who initiated either BAS or BAS-BOL
insulin regimens, unadjusted descriptive statistics and multi-
variable analyses revealed that adherence was associated with
significantly lower all-cause total health care costs during the
same year. As such, study findings are consistent with previous
research, which has found that patients who are adherent to
GLAs generally have better health outcomes, including less
hospitalization and ER use, complications, and short-term
disability days.””?° In addition, these study findings are in
concert with research that has reported an association between
adherence to BAS therapy and better patient outcomes.’

A recent meta-analysis of the association between medica-
tion adherence and outcomes among patients with T2D
treated with GLAs reveal that the findings of this study
regarding all-cause costs are largely consistent with previous
research.” Specifically, the majority of studies have found that
adherence was associated with significantly lower all-cause
total costs,"®°3% despite the significant increase in all-cause
medication costs associated with improved adherence.’**
Furthermore, previous research has also found that improved
adherence is associated with significantly lower inpatient and/or
ER costs.?83?

Previous research that has examined the relationship
between medication adherence and total and diabetes-related
costs among patients with T2D who are using insulin have

found more mixed results. For example, Chandran et al. (2015)
found that improved adherence to insulin pen therapy was
associated with significant increases in post-index diabetes-
related total costs,® while Perez-Nieves et al. (2018) found
that greater adherence with basal insulin was associated with
significant reductions in total and diabetes-related total costs,
although there was no difference in diabetes-related total costs
between adherent and nonadherent patients when adherence
was proxied by medication possession ratio rather than PDC.?

For the BAS and BAS-BOL cohorts, improved adherence
was associated with significantly lower all-cause and diabetes-
related acute care costs. These reductions in acute care costs
represent potentially large savings for payers, since previous
research has found that 32.7% of all U.S. direct diabetes health
care spending in 2017 consisted of hospitalization and ER
costs.” Furthermore, reductions in acute care costs have been
shown to be associated with reduced hospitalization and ER
resources.’ Given that fewer hospitalizations may be associated
with improved long-term outcomes and increased health-
related quality of life,*® the reductions in acute care costs may
represent humanistic benefits to patients.

Few previous studies have examined the total health care
costs of T2D patients on insulin therapy, let alone compared
the costs of individuals using BAS with those using BAS-BOL.
However, the adjusted total, mean, annual, per patient costs
of the BAS cohort in this study ($30,127 adherent; $37,049
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Adjusted All-Cause and Diabetes-Related Costs for Basal-Bolus Insulin Cohort

All-Cause Costs

Diabetes-Related Costs

50,000
44,7022
40,000 36,603 M Adherent M Nonadherent
30,000
24,2632
20,000 —
10,488 11,835° 12,396 11,029
10,000 —
2,364 2,753°
O —
Total Outpatient Drug Acute Care Total Outpatient Drug Acute Care
Costs Costs Costs Costs Costs Costs Costs Costs

aDifferences in costs are statistically significant based on 95% confidence intervals in means. Results are from multivariable analyses that control for patient characteristics,
preperiod general health and comorbidities, preperiod utilization, and preperiod medication use.

nonadherent) are generally consistent with, if slightly higher
than, the 3-year health care costs of patients on BAS therapy
reported in the Perez-Nieves et al. study ($73,687 adherent;
$78,778 nonadherent; P<0.0001).> Our results are also broadly
consistent with those of the Chandran et al. study of insulin
pen users that used data from 2006-2010 and reported mean,
annual, per patient health care costs in 2011 dollars of $26,310
for the least adherent and $23,839 for the most adherent
patients (P=0.007).8

Limitations

The results of this study must be interpreted within the context
of some limitations. First, the analyses used insurance claims
information on prescription fills as a proxy for adherence. This
proxy does not allow for any measure of whether prescriptions
were used once filled or used in a manner consistent with the
physician’s intention and does not capture any insulin use that
was not submitted for insurance reimbursement.

Second, this measure identified all discontinuations in
therapy as a lack of adherence, since the reason for such
discontinuations was not known. As a result, patients who
switched or discontinued therapy because of adverse events
or changes in physician prescribing orders were categorized as
nonadherent.

Third, this study relied on patients who were commercially
insured for at least 2 years, and such patients may not be gen-
eralizable to the entire population of adults with T2D. Fourth,

the analyses were unable to control for factors such as race,
socioeconomic status, or duration of diabetes. These factors
may be associated with patient outcomes but were not captured
in the claims data. The analysis methodology was meant to be
descriptive and was not meant to provide an estimate of the
causal effect of adherence on costs.

Fifth, by defining the cohorts (adherence levels) during the
same period as the outcome (cost), we did not fully establish
the temporal order for causal inference. It is thus possible that
costs (or drivers of cost) could have influenced other variables
that affected later adherence and thus the outcome influences
cohort assignment.

Finally, the analysis focused exclusively on statistical sig-
nificance and did not consider whether such differences were
clinically significant.

B Conclusions

The results from this study illustrate that patients who are
adherent to either BAS or BAS-BOL therapies have significantly
lower all-cause total health care costs compared with nonad-
herent patients, despite having higher all-cause and diabetes-
related drug costs and higher diabetes-related total costs. In
particular, adherent patients had substantially lower all-cause
and diabetes-related acute care costs, suggesting fewer or less
severe episodes of hospitalization or ER visits. These findings
suggest that adherence to either a BAS or BAS-BOL regimen
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may be associated with lower overall costs for payers during
the first year of initiation of these regimens.
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