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Drug usage patterns and treatment costs in newly-diagnosed type 2 diabetes
mellitus cases, 2007 vs 2012: findings from a large US healthcare claims

database analysis

W. Weng?, Y. Liang®, E. S. Kimball?, T. Hobbs?, S. Kong?, B. Sakurada® and J. Bouchard®
“Novo Nordisk Inc., Plainsboro, NJ, USA; PTruven Health Analytics, Cambridge, MA, USA

ABSTRACT

Objective To explore trends in demographics, comorbidities, anti-diabetic drug usage, and healthcare
utilization costs in patients with newly-diagnosed type 2 diabetes mellitus (T2DM) using a large US
claims database.

Methods For the years 2007 and 2012, Truven Health Marketscan Research Databases were used to
identify adults with newly-diagnosed T2DM and continuous 12-month enrollment with prescription ben-
efits. Variables examined included patient demographics, comorbidities, inpatient utilization patterns,
healthcare costs (inpatient and outpatient), drug costs, and diabetes drug claim patterns.

Results Despite an increase in the overall database population between 2007-2012, the incidence of
newly-diagnosed T2DM decreased from 1.1% (2007) to 0.65% (2012). Hyperlipidemia and hypertension
were the most common comorbidities and increased in prevalence from 2007 to 2012. In 2007, 48.3%
of newly-diagnosed T2DM patients had no claims for diabetes medications, compared with 36.2% of
patients in 2012. The use of a single oral anti-diabetic drug (OAD) was the most common diabetes
medication-related claim (46.2% of patients in 2007; 56.7% of patients in 2012). Among OAD monother-
apy users, metformin was the most commonly used and increased from 2007 (74.7% of OAD monother-
apy users) to 2012 (90.8%). Decreases were observed for sulfonylureas (14.1% to 6.2%) and
thiazolidinediones (7.3% to 0.6%). Insulin, predominantly basal insulin, was used by 3.9% of patients in
2007 and 5.3% of patients in 2012. Mean total annual healthcare costs increased from $13,744 in 2007
to $15,175 in 2012, driven largely by outpatient services, although costs in all individual categories of
healthcare services (inpatient and outpatient) increased. Conversely, total drug costs per patient were
lower in 2012 compared with 2007.

Conclusions Despite a drop in the rate of newly-diagnosed T2DM from 2007 to 2012 in the US,
increased total medical costs and comorbidities per individual patient suggest that the clinical and eco-
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nomic trends for T2DM are not declining.

Introduction

Diabetes mellitus, particularly type 2 (T2DM), is a highly
prevalent global disease with serious medical and economic
consequences' >, In 2012, it was estimated that direct med-
ical costs of diabetes mellitus in the US were $176 billion and
indirect costs were an additional $69 billion”. Furthermore,
~1 in 9 healthcare dollars worldwide is spent on diabetes
and its complications, accounting for $612 billion in 2014
alone’. Disease management guidelines continue to evolve to
reflect ongoing research and developments in clinical care,
prevention, and diagnosis of diabetes in the hopes of improv-
ing outcomes and lessening the overall burden to individuals
and society.

To better understand current treatment and utilization
patterns and associated costs of T2DM, it is important to
perform large-scale, real-world studies with reliable data.
Claims data, reflecting actual adjudicated claims, provide a
means of accessing a large amount of demographic and

treatment-related data on patients with diabetes and provide
an opportunity to evaluate demographic characteristics of
patients, as well as adoption of treatment recommendations
and costs associated with healthcare over time*. Prior studies
have examined some of these issues, including claims-based
analyses°™'% but to our knowledge none have evaluated
treatment patterns, comorbidities, and healthcare costs
together in large US populations of persons with newly-
diagnosed T2DM.

Diabetes is a chronic and typically progressive disease,
thus a conglomerate population of all affected patients would
likely contain a highly diverse cohort, with patients at all
points along the spectrum of severity and complications and
at various stages of the treatment continuum. Limiting the
study population to patients with newly-diagnosed T2DM
would be expected to produce a more homogenous cohort
with regard to disease characteristics and may be particularly
well-suited for evaluating changes in treatment patterns over
time. This analysis was designed to explore, from a societal
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perspective, trends in demographics, comorbidities, anti-
diabetic drug usage, and healthcare utilization cost trends in
patients with newly-diagnosed T2DM in the US using a large
claims database.

Methods
Data source

Data for these analyses were obtained using the Truven
Health Analytics MarketScan Research Databases which con-
tained administrative claims data on more than 170 million
unique patients since 1995, including a sub-set of 9.1 million
people with diabetes. These databases contain de-identified
claims data from persons residing in all states of the US and
are fully compliant with the Health Insurance Portability and
Accountability Act of 1996. Two non-sequential years of data,
2007 and 2012, were selected in order to examine trends
over a 5-year span of time.

Sample selection criteria

The diagnoses of T2DM were evaluated over all available
patient years, and were not limited to 2007 and 2012 in order
to ensure the most accurate classification of patients. General
patient eligibility requirements mandated age >18 years and
continuous enrollment in a plan with prescription benefits for
>1 year. In order to meet the criteria for ‘newly-diagnosed’
T2DM, the following criteria were required: patients were
required to have evidence of their first T2DM diagnosis (index
claim) in 2007 or 2012, and enrollment in an insurance plan
at least 6 months prior to being diagnosed. T2DM was
defined as a minimum of two claims for T2DM (ICD-9 code of
250.X0, 250.X2) or at least one claim for T2DM with one or
more oral anti-diabetic drug (OAD) claim during the year of
study. Additionally, patients were required to have an
absence of claims for T2DM or related drug claims for at least
6 months preceding the index T2DM claim. To eliminate a
misdiagnosis of type 1 diabetes mellitus (T1DM), patients
could not have had more than one T1DM diagnosis (ICD-9
code of 250.X1, 250.X3) in the 6 months prior to T2DM diag-
nosis, and no claims for an insulin prescription. All patients
meeting eligibility criteria were included in the analysis. Both
inpatient and outpatient data were captured in the study.

Variables and analysis

The following variables were examined: patient demographic
characteristics, comorbidities, inpatient utilization patterns
(number of days, length of stay), healthcare costs relating to
inpatient and outpatient services, drug costs (diabetes and
total drugs), and diabetes drug claim patterns. Healthcare
costs were based on payers’ adjudicated payments plus
patients’ deductibles and co-payments and reflected all avail-
able inpatient, outpatient, and emergency room visits and all
services and expenses related to such. Costs were tallied for
the entire calendar years 2007 and 2012 for each respective
study group, regardless of the date of T2DM diagnosis during

the year. Comorbidities were identified using ICD-9 codes
in claims during the analysis years (2007 and 2012).
The comorbidities chosen for examination were those known
to be commonly associated with diabetes, specifically hyper-
tension, hyperlipidemia, cardiovascular diseases, cerebrovascu-
lar diseases, peripheral vascular diseases, neuropathy,
nephropathy, and retinopathy. Trends in diabetes medication
usage focused on OADs, insulin, and glucagon-like peptide-1
(GLP-1) receptor agonists.

The analyses involved simple descriptive comparisons of
the demographic characteristics and comorbidity patterns of
the newly-diagnosed patients for each study year, as well as
associated T2DM-related medication claims and costs in 2007
and in 2012. Cost data from 2007 were inflation-adjusted to
2012 dollars. The data were compared between the two
groups to identify any differences between the groups and
show trends over time. No statistical testing of differences
was performed as this was intended to be an exploratory
analysis and because the large sample size would make even
minor differences appear to be significant, regardless of clin-
ical relevance.

Results
Incidence and demographics

The absolute number of newly-diagnosed cases of T2DM was
only slightly smaller in 2012 than in 2007 (147,011 vs
152,272), despite a large increase in the entire database
population between those 2 index years (Table 1). Thus, the
percentage of all enrolled patients (i.e. excluding those
already diagnosed with T2DM in previous years) who were
newly-diagnosed with T2DM decreased from 1.1% in 2007 to
0.65% in 2012. This is consistent with other recent reports'"'?
using different databases, and is consistent with our own
observations of other US databases (data not shown).

Table 1. Demographic characteristics of newly-diagnosed type 2 diabetes melli-
tus populations, 2007 vs 2012.

2007 2012
Total database population 15,065,725 24,517,156
All patients with T2DM, n 1,237,451 2,040,901
Newly-diagnosed T2DM, n 152,272 147,011
% of all T2DM 123 7.2
% of all at-risk patients 1.1 0.65
Newly-diagnosed type 2 diabetes mellitus population
Age, years
Mean (SD) 57.7 (13.4) 54.8 (13.0)
Range 18-106 18-103
Sex, n (%)
Female 75,191 (49.4) 71,042 (48.3)
Male 77,081 (50.6) 75,969 (51.7)
Region of US, n (%)
Central 45,250 (29.7) 35,556 (24.2)
Northeast 15,988 (10.5) 21,666 (14.7)
South 67,903 (44.6) 60,279 (41.0)
West 22,555 (14.8) 27,335 (18.6)
Unknown 576 (0.4) 2175 (1.5)
Insurance, n (%)
Commercial 113,714 (74.7) 122,178 (83.1)
Medicare 38,558 (25.3) 24,833 (16.9)

SD, standard deviation; T2DM, type 2 diabetes mellitus.



In both index vyears, the sex distribution of newly-
diagnosed T2DM cases was fairly even, with men accounting
for 50.6% of newly-diagnosed cases in 2007 and 51.7% of
cases in 2012. Newly-diagnosed T2DM patients in 2012 were
an average 2.9 years younger compared with 2007 (54.8 vs
57.7 years of age). The percentage of newly-diagnosed cases
in all age groups was smaller in 2012 vs 2007, a phenomenon
observed for both men and women. By regional distribution,
the highest percentage of patients in both index years were
from the South, followed by the Central, West, and Northeast
regions, respectively.

Comorbidities

Comorbidity findings from this dataset have been reported in
more detail elsewhere'®. In both 2007 and 2012, the two
most common comorbidities among newly-diagnosed T2DM
patients were hyperlipidemia (46.4% and 57.3% of patients,
respectively) and hypertension (55.1% and 61.8% of patients,
respectively), both noted in higher percentages of patients in
2012 compared with 2007. Peripheral vascular disease, retin-
opathy, nephropathy, and neuropathy were less prevalent
comorbidities, but were also noted in higher percentages of
the T2DM population in 2012 compared with 2007. The per-
centages of newly-diagnosed T2DM patients with cardiovas-
cular and cerebrovascular disorders decreased from 2007 to
2012.

Treatment patterns

In 2007, 48.3% of newly-diagnosed T2DM patients had no
prescription claims for any diabetes medications, and this pro-
portion declined to 36.2% in the 2012 cohort. By category of
diabetes-related prescription claims, use of OADs only (1 or
more) was the most common and increased from 46.2% of
patients in 2007 to 56.7% of patients in 2012 (Figure 1,
Table 2); more specifically, use of a single OAD was the most
common category of diabetes-related prescription claims
(31.5% of patients in 2007; 43.8% of patients in 2012).

Within the sub-set of patients using OADs only, use of a
single OAD was more common than use of multiple OADs in
both study years and increasingly so in 2012 vs 2007 (68.1%
of OAD-only users in 2007; 77.1% of OAD-only users in 2012)
(Figure 2). Likewise, the proportions of OAD-only users who
were using multiple (2 or 3) OADs declined from 2007 to
2012.

Metformin was the OAD used most frequently as diabetes
monotherapy. Among the entire newly-diagnosed T2DM pop-
ulations, metformin monotherapy use increased from 23.5%
of patients in 2007 to 39.8% of patients in 2012 (Table 3).
Conversely, sulfonylurea (SU) monotherapy, already used by a
small percentage of T2DM patients in 2007, decreased further
in 2012, and the proportion of patients with thiazolidinedione
(TZD) monotherapy claims declined from 2.3% in 2007 to
only 0.2% in 2012. Similar patterns were observed when look-
ing at OAD users only (Figure 3).

Notable shifts were observed in patterns of dual OAD
combinations (Figure 3). In 2007, the majority of patients
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using only dual OAD therapy had claims for metformin -+ SU
(48.2% of dual OAD users), a trend which continued and
expanded in 2012 (57.1% of dual OAD users). The combin-
ation use of metformin+a dipeptidyl peptidase-IV (DPP-IV)
inhibitor increased from 11.1% of dual OAD users in 2007 to
34.1% in 2012. Combinations of SU+TZD were used by a
small percentage of dual OAD users in 2007 (6.7%) and
dropped even further to 0.6% in 2012.

Use of an insulin-only regimen was low in both index
years and remained relatively stable in the newly-diagnosed
T2DM patients, at 1.4% in 2007 and 1.6% in 2012 (Table 2).
Insulin, with or without a concomitant OAD(s), was used in
3.9% of newly-diagnosed T2DM patients in 2007 and 5.3% in
2012 (Tables 2 and 3). Combinations of insulin + OADs were
used by 2.5% of patients in 2007 and 3.7% in 2012.

Basal insulin was the predominant insulin type used;
among newly-diagnosed T2DM patients who were using insu-
lin (alone or combined with OADs), claims for basal insulin
increased from 38.3% of insulin users (2249/5878) in 2007 to
47.5% of insulin users (3707/7804) in 2012. Insulin combina-
tions (basal + bolus) were used by 37.9% (2276/5878) and
39.2% (3058/7804) of insulin-using, newly-diagnosed T2DM
patients (1.5% and 2.1% of all newly-diagnosed patients) in
2007 and 2012, respectively.

GLP-1 agonists were used infrequently in newly-diagnosed
patients in both index years (Figure 1).

Utilization costs

The mean total annual healthcare costs per newly-diagnosed
T2DM patient increased from $13,744 in 2007 to $15,175 in
2012 (adjusted to 2012 dollars), representing a 10.4% increase
(Table 4). All individual components of healthcare costs
increased from 2007 to 2012, including inpatient services
(54613 to $5013), inpatient ER (5244 to $548), outpatient
costs (55668 to $6460), and outpatient ER costs (from $549 to
$880). Drug costs per patient remained fairly stable for dia-
betes drugs (5226 in 2007 vs $231 in 2012), while total drug
costs were lower in 2012 ($2276) compared with 2007
($2669) (Table 4).

With regard to trends in inpatient services, the number of
utilizers and the total number of inpatient days was lower in
2012 compared to 2007 (Table 5). While the mean length of
stay remained fairly consistent at ~9 days in both index
years, the cost per day, the cost per utilizer, and total cost
were all higher in 2012. The number of inpatient ER service-
related claims was notably greater in 2012 compared with
2007, with the number of utilizers, total number of ER days,
and total inpatient ER costs approximately doubling by 2012.
Mean length of stay per utilizer and cost per day were not
markedly different from 2007 to 2012. Trends in outpatient
costs on a per utilizer basis are shown in Table 5, and fol-
lowed the same trend as inpatient costs per utilizer.

Discussion

This large claims database analysis demonstrated some
important and interesting trends among patients with
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Figure 1. Overall distribution of drug prescriptions among newly-diagnosed patients, 2007 and 2012. GLP1, glucagon-like peptide-1 agonist; OAD, oral anti-diabetic

drug.

Table 2. Distribution of drug classes prescribed for patients with newly-diag-
nosed type 2 diabetes mellitus, 2007 vs 2012.

2007 2012
n % n %
n 152,272 100 147,011 100
No drugs 73,574 483 53,182 36.2
OADs only
Any OAD 70,425 46.2 83,428 56.7
1 OAD 47,968 31.5 64,344 438
2 OADs 18,038 11.8 16,522 11.2
3 OADs 4,008 26 2,361 16
Insulin == OADs 5,878 39 7,804 53
Insulin only 2,062 14 2,414 1.6
1 OAD 2,003 13 3,155 2.1
2 OADs 1,280 0.8 1,817 1.2
3 OADs 476 0.3 364 0.2

OAD, oral anti-diabetic drug.
Percentages reflect proportion of all newly-diagnosed patients with relevant
claims in the given year.

newly-diagnosed T2DM in the US. Despite a larger database
population in 2012 compared with 2007, the percentage of
newly-diagnosed T2DM cases fell from 1.1% to 0.65%, a trend
that corroborates other recent reports'''%. Among the most
notable of the findings in the current study were the shifts in
apparent drug prescribing patterns that occurred from 2007
to 2012. The percentage of newly-diagnosed T2DM patients
with claims for anti-diabetic medications was higher in 2012
than in 2007. In particular, there was increased use of a single
OAD in newly-diagnosed patients, with metformin being
increasingly prescribed, while use of SU monotherapy corres-
pondingly decreased. The most widely used dual OAD com-
bination was metformin + SU, and its use increased from 48%
in 2007 to 57% of dual OAD users in 2012. A sharp drop in
combination therapy with metformin+TZD from 2007 to
2012 was countered by a marked increase in
metformin 4+ DDP-IV claims. Finally, among patients using
insulin in combination with other therapy, the vast majority

of concomitant claims were for metformin. Conversely, TZD
use declined sharply in combination with insulin from 2007
to 2012, coinciding with notable decreases in claims for TZD
as monotherapy or as a component of a dual OAD regimen.

As would be expected in this population of newly-
diagnosed T2DM patients, insulin accounted for only a small
percentage of prescriptions for newly-diagnosed patients,
with only a 2% increase observed between 2007 and 2012.
Among insulin users, the vast majority of insulin use was
basal insulin or an insulin combination regimen. Claims for
basal insulin increased from 38% to 48% of insulin users (data
not shown) in the newly-diagnosed T2DM population in 2007
and 2012, respectively.

The shifts in drug use to a certain extent appear to reflect
changes in published guidelines available in the US during
the study years. The American Diabetes Association (ADA)/
European Association for the Study of Diabetes (EASD) con-
sensus guideline, published in 2006, introduced a 2-step
approach to therapy, which included lifestyle modification
and metformin followed by add-on therapy with a second
regimen (choice of insulin, SUs, TZDs, and other drugs, e.g., o-
glucosidase inhibitors, glinides, exenatide, and pramlinitide)'*.
A subsequent guideline from the ADA/EASD, published in
2009, further refined these recommendations into a Tier 1
algorithm comprised of ‘well-validated core therapies’ (life-
style modifications, metformin, SU, and insulin), and a ‘Tier 2’
algorithm which reflected less well-validated therapies at that
time (TZDs, GLP-1 agonists)'®.

Although not without their controversial aspects'®, the
2006 and 2009 ADA consensus statements'*'® could be
expected to have had some impact on clinical practice in
the study years. In fact, the drug claims data from newly-
diagnosed T2DM patients in the present study generally
paralleled the trends of the guidelines. The 2009 guidelines
made stronger and more explicit recommendations about the
use of specific drugs, and these appear to be reflected in the
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Table 3. Prescription claim detail for all newly-diagnosed type 2 diabetes melli-
tus patients, 2007 and 2012.

2007 2012
(n = 152,272) (n = 147,011)
n % n %
OADs only 70,425 46.2 83,428 56.7
1 OAD only 47,968 315 64,344 43.8
MET 35,837 235 58,455 39.8
SU 6766 44 3,964 27
TZD 3507 23 358 0.2
2 OADs only 18,038 11.8 16,522 11.2
MET, SU 8702 5.7 9,434 6.4
MET, DPP-IV 2003 13 5,638 6.8
MET, TZD 5396 35 796 1.0
SuU, TZD 1214 0.8 107 0.1
Total insulin = OADs 5878 39 7,804 53
Insulin + 1 OAD 2003 13 3,155 2.1
MET 1110 0.7 2,512 1.7
SU 548 04 425 0.3
TZD 224 0.1 33 0.02
Insulin + 2 OADs 1280 0.8 1,817 1.2
MET, SU 625 04 1,018 0.7
MET, DPP-IV 84 0.1 596 04
MET, TZD 344 0.2 91 0.1
SU, TZD 132 0.1 7 0.005

DPP-1V, dipeptidyl peptidase-IV inhibitor; MET, metformin; OAD, oral anti-dia-
betic drug; SU, sulfonylurea; TZD, thiazolidinedione.

Percentages reflect the proportion within the newly-diagnosed T2DM popula-
tion per year.

prescription patterns seen in the 2012 data. This was particu-
larly evident in the increased use of metformin monotherapy
and metformin combination therapy with SUs and DPP-IV
inhibitors.

Diabetes management guidelines have continued to
evolve since the times during which these medical and pre-
scription claims were processed. The 2015 diabetes manage-
ment guidelines from the ADA'” continue to recommend
metformin monotherapy as first-line pharmacotherapy, with a
variety of metformin combinations as second-line strategies

including SUs, TZDs, DPP-IV inhibitors, sodium-glucose
cotransporter 2 (SGLT2) inhibitors, GLP-1 receptor agonists, or
basal insulin. These guidelines acknowledge that the specific
choice is dependent on patient- and disease-specific factors.
The 2012 update of the International Diabetes Federation
(IDF)'® guidelines suggests SU, DPP-IV inhibitors, o-glucosi-
dase inhibitors, or TZDs as second- or third-line therapies,
and insulin and GLP-1 agonists as third-line options. The IDF
guidelines'® cited declining use of TZD agents because of
safety concerns; our findings and other published data’
clearly confirm this trend. The IDF maintains TZD as an option
in their treatment algorithm, but suggests that other choices
are preferable when available.

When examining the cost of care for newly-diagnosed
T2DM patients, this analysis found an increase in overall
healthcare costs (all-cause, not diabetes only) from 2007 to
2012, despite a smaller number of patients and slightly lower
mean age in 2012. Cost increases in the current study were
driven mostly by outpatient claims, a pattern that is consist-
ent with ADA data from 2007'® and 2012'° (not limited to
newly-diagnosed T2DM cases). Per capita healthcare expendi-
tures reported for all patients with diabetes in the 2007 and
2012 ADA analyses increased by 17%, but these were separ-
ate studies and not equivalent dollars (2007 vs 2012 dollars).
In the current study, which focused on newly-diagnosed
T2DM patients specifically, total healthcare costs per patient
increased by 10.4%. Dall et al.?° also found that the economic
burden of diabetes increased from 2007 to 2012 in the US,
while Huber et al® found an increase in costs per patient
from 2006 to 2011 in Switzerland.

All non-drug components of healthcare services analyzed
were associated with higher costs in the 2012 newly-diag-
nosed population, with outpatient services showing the



660 W. WENG ET AL.

(a) 1 OAD Only
3

% of patients
8
xR

30%
20%
10%
0%
2007 2012
N=47,968 N=64,344
EMET BSU @TZD
(b) Insulin+ 1 OAD
100% 1.0
90%
80%
70%
w
£ 60%
g
k]
2 50%
-
o
O
S 0%
30%
20%
10%
0%
2007 2012
N=2,003 N=3,155
Insulin plus:
B MET BSUETZD

2 OADs Only

6.7
100%

90%

80%

70%

60%

50%

% of patients

40%

30%

20%

10%

2007

N=18,038

2012
N=16,522

W MET, DPP-IV EMET, SU @ MET, 2D 0SU, TZD

Insulin+ 2 OADs

70%

% of patients
8
R

40%
30%
20%
10%
0%

2007 2012

N=1,280 N=1,817

Insulin plus:

m MET, DPP-IV @ MET, SU £ MET, TZD OSU,TZD

Figure 3. Distribution of OAD use by specific drugs/classes among newly-diagnosed type 2 diabetes mellitus patients using (a) OADs only or (b) insulin plus OADs,
2007 vs 2012. DPP-IV, dipeptidyl peptidase-4 inhibitor; MET, metformin; OAD, oral anti-diabetic drug; SU, sulfonylurea; TZD, thiazolidinedione. Percentages reflect the
proportion of patients within the category. Percentages for patients using ‘Other’ OADs are not reflected graphically: 1 ‘Other’ OAD only, 2007 (3.9%), 2012 (2.4%); 2
‘Other’ OADs only (for ‘Other’ OAD combinations), 2007 (4.0%), 2012 (3.3%); Insulin + 1 ‘Other’ OAD only, 2007 (6.0%), 2012 (5.9%); Insulin + 2 ‘Other’ OADs, 2007
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biggest per patient increase. For inpatient services, there
were ~15% fewer utilizers in 2012 compared with 2007, yet
overall inpatient costs were 14.5% higher in 2012 compared
with inflation-adjusted 2007 costs. Mean length of stay per
patient remained fairly steady between the 2 years at ~9
days; however, the cost per day was more than $600 higher,
translating into almost $7000 in extra costs per individual util-
izer in 2012 compared with 2007. Thus, cost per day seemed
to be the driver of the higher inpatient costs in 2012. With
regard to drug costs, this analysis found that costs for

diabetes drugs remained quite stable from 2007 to 2012,
while overall drug costs per patient were lower in 2012 than
in 2007.

Explanations for the observed changes in healthcare costs
in these two cohorts of patients with newly-diagnosed T2DM
and separated chronologically by 5 years can only be a mat-
ter of speculation. However, the current observations are simi-
lar to those reported by Pelletier et al*' and by Bron et al.*.
The higher costs noted in 2012 may partly relate to an
increased comorbidity burden. In particular, claims related to



hyperlipidemia and hypertension among patients with newly-
diagnosed T2DM increased in prevalence by 20% and 7%,
respectively, from 2007 to 2012.

Pelletier et al.?' found that patients with vascular complica-
tions had significantly higher costs than those without. Bron
et al?? found that the major driver for costs in diabetes
patients was inpatient admission, with vascular complications
accounting for most admissions.

As this was a retrospective claims-based study, various
limitations common to such studies apply, including possible
errors in the coding of diagnoses and lack of clinical and
laboratory findings to confirm T2DM diagnoses. The inclu-
sion criteria were designed to limit the chance of including
patients without a true diagnosis of T2DM (i.e. more than
one diagnosis code for T2DM, or a T2DM diagnosis code
plus at least one claim for an OAD). This analysis, by design,
did not attempt to identify variables that were driving

Table 4. Annual healthcare costs per patient with newly-diagnosed type 2 dia-
betes mellitus, 2007 vs 2012.

Total annual costs per patient, US$®

2007 2012 Difference % Change
(n =152,272)  (n = 147,011)
Inpatient services 4613 5013 400
Inpatient ER 244 548 303
Total inpatient 4857 5560 703 +14.5
Outpatient® 5668 6460 792
Outpatient ER 549 880 330
Total outpatient 6218 7339 1122 +18.0
Total services 11,075 12,899 1825 +16.5
Diabetes drugs 226 231 5
Total drugs* 2669 2276 —393 —14.7
Total costs 13,744 15,175 1432 +10.4

ER, emergency room.

?Adjusted to 2012 dollars.

POutpatient services were used by 99.7% and 99.8% of all patients in 2007 and
2012, respectively.

Total drugs include Diabetes drugs.

9Total services plus Total drugs .

DRUG USAGE PATTERNS AND TREATMENT COSTS IN TYPE 2 DIABETES 661

healthcare costs, including disease severity. Cost data were
comprehensive for each subject and were not limited to dia-
betes-related costs. While the large size of the database and
broad US geographic representation add to the generaliz-
ability of the findings, it should be noted that the popula-
tion was limited to patients with commercial or Medicare
insurance and may not be truly representative of all persons
with newly-diagnosed T2DM. Unavoidably, the characteristics
of the source data-set were different in the two study years.
In particular, the mean age was younger in the 2012 cohort
compared with 2007 and the percentage of Medicare enroll-
ees was lower in 2012. Interestingly, while the lower mean
age and smaller Medicare representation in 2012 could be
argued as possible contributors to the lower incidence of
T2DM in that year, an intuitive parallel expectation would
be that costs per T2DM patient would have gone down, as
well, yet costs increased in 2012. It should also be acknowl-
edged that some of the noted comorbidities may have
appeared prior to the diagnosis of T2DM, and not all of the
healthcare costs were directly related to diabetes. However,
it is also likely that these newly-diagnosed patients may
have had T2DM for a number of years before their T2DM
diagnosis, allowing ample time for complications of uncon-
trolled diabetes to have manifested first, seemingly as inde-
pendent diagnoses. Nevertheless, the results of the present
analysis shed light on some important trends that need to
be considered and studied further.

Conclusions

Despite an encouraging drop in the rate of newly-diagnosed
cases of T2DM mellitus from 2007 to 2012 in the US, this ana-
lysis documented an increase in both total medical costs and
comorbidities for the newly-diagnosed T2DM populations and
per individual patient. The ramifications of the analysis are
that the clinical and economic trends in T2DM management
are not declining. While T2DM was not necessarily the sole

Table 5. Inpatient and outpatient utilization patterns and cost details, 2007 vs 2012.

2007 2012 Difference
General inpatient services
Number of utilizers (% of type 2 diabetes mellitus population) 24,456 (16.1) 20,691 (14.1) —3765
Total number of days 214,749 189,793 —24,956
Mean length of stay, days per utilizer 8.78 9.17 0.39
Total cost $702,426,739 $736,903,596 $34,476,857
Cost/utilizer/day $3271 $3883 $612
Cost/utilizer $28,722 $35,615 $6893
Inpatient ER
Number of utilizers (% of type 2 diabetes mellitus population) 1877 (1.2) 3482 (2.4) 1605
Total number of days 10,788 23,647 12,859
Mean length of stay, days per utilizer 5.75 6.79 1.04
Total cost $37,174,135 $80,489,363 $43,315,228
Cost/utilizer/day $3446 $3404 —542
Cost/utilizer $19,805 $23,116 $3311
General outpatient services
Number of utilizers (% of type 2 diabetes mellitus population) 151,822 (99.7) 146,707 (99.8) —5115
Total cost $863,114,059 $949,654,689 $86,504,630
Cost/utilizer $5684 $6473 $789
Outpatient ER
Number of utilizers (% of type 2 diabetes mellitus population) 39,407 (25.9) 39,571 (26.9) 344
Total cost $83,668,555 $129,318,735 $45,650,180
Cost/utilizer $2123 $3268 $1145

ER, emergency room.
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driver for all of the observed increases, patients with the
diagnosis continue to present with a high, and apparently
increasing, financial burden to the healthcare system. This is a
complex phenomenon that will require further study to iden-
tify potentially modifiable contributing factors.
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