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Abstract

Objectives:

This retrospective study aims to examine the association between prescribing information (PI)-concordant

oral antidiabetic drug (OAD) treatment and clinical and economic outcomes in patients with type 2 diabetes

mellitus and stages 3–5 chronic kidney disease (CKD).

Methods:

The study used a large, national administrative claims database with laboratory findings to identify patients

with a diagnosis of diabetes and indication of stages 3–5 CKD (first observed indication as the index date)

between 1/1/2005 and 30/06/2009. OADs prescribed during 6 months following the index date (baseline

period) were evaluated and patients were considered non-PI-concordant if any did not meet the

recommendations regarding patients with renal impairment. Glycemic control and measures of

healthcare costs (standardized to 2010 US dollars using the Consumer Price Index) and resource

utilization were assessed during the 12 months following the baseline period. Severe hypoglycemic

events were assessed after the baseline period until lost to follow-up. Regression analyses were

performed after adjusting for demographic and clinical characteristics.

Results:

Among the 3300 patients included in the study, 2454 (74.4%) were non-PI-concordant. The non-

PI-concordant patients had higher risk of severe hypoglycemic events identified in all settings

(HR¼ 1.35, 95% CI: 1.10–1.67) and events identified in inpatient hospital setting (HR¼ 2.51, 95% CI:

1.49–4.22), were more likely to have inpatient hospital admissions (OR¼ 1.27, 95% CI: 1.02–1.57), and

were less likely to have glycemic control (OR¼ 0.56, 95% CI: 0.44–0.71). Annual diabetes-related cost

was $1638 higher in the non-PI-concordant cohort (p¼ 0.0048).

Limitation:

The retrospective cohort design does not allow for conclusions to be drawn on the causal effect of

PI-concordant use based on the associations observed.

Conclusion:

Our findings suggest PI-concordant treatment to be associated with better clinical and diabetes-associated

economic outcomes. Future research is warranted to confirm the associations found in this study.
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Introduction

Diabetes is a major public health concern affecting an
estimated 346 million people worldwide and 25.8 million
people in the United States (US)1,2. Nearly 1.9 million
Americans aged�20 years were newly diagnosed with dia-
betes and an additional 79 million American adults were
estimated to be prediabetic in 20102. Type 2 diabetes
(T2DM) encompasses 90% of diabetes worldwide1.
Diabetes is identified as the seventh leading cause of
death in the US2 and diabetes-related deaths are projected
to double between 2005 and 20301. Diabetes is also
associated with a high economic impact. In 2007, the
estimated total cost of diagnosed diabetes in the US was
$174 billion; nearly $116 billion was the direct medical
cost and $58 billion was the indirect cost3. The indirect
cost included disability, work loss, and premature
mortality2.

According to the Centers for Disease Control and
Prevention estimates, more than 35% of patients with
T2DM aged �20 years have chronic kidney disease
(CKD) in the US4. The important health consequences
of CKD include cardiovascular disease, end-stage renal
disease (ESRD), and premature deaths4. In 2008, 44% of
new cases of ESRD in the US were due to diabetes3. CKD is
also associated with significant increase in healthcare cost
in patients with diabetes5. In 2009, the total Medicare cost
for CKD in patients with diabetes was $18 billion account-
ing for 26.1% of the total Medicare diabetes cost – an
11-fold rise since 19935. Higher healthcare resource
utilization was reported in patients with coexisting
T2DM and renal impairment in the form of higher
ambulatory visits, emergency room visits, inpatient stays,
glucose-monitoring visits, diabetic shoe fittings, and
insulin injections than those with diabetes alone6.

The presence of CKD complicates the treatment of
diabetes. In patients with diabetes and stages 3–5 CKD,
hypoglycemia is a major concern due to the diminished
kidney gluconeogenesis, impaired clearance of insulin, and
some oral antidiabetic drugs (OADs)7. According to the
clinical guideline recommendations by the National
Kidney Foundation (NKF), dosage of various OADs
should be adjusted and several OADs should be avoided
in patients with T2DM and moderate-to-severe CKD7.
A recent retrospective study has demonstrated that treat-
ment of patients with T2DM and moderate-to-severe CKD
(n¼ 6058) with OADs according to the NKF guidelines
recommendations was associated with reduced risk of
hypoglycemia, all-cause hospitalization, and better gly-
cemic control8. In addition, the annual medical encounter
costs (without prescription costs) were 10% higher for
patients whose OAD treatment was not concordant
with the NKF guidelines compared with those who were
guideline concordant8. Concordance to NKF recommen-
dations was seen in only 55.5% of patients in the study8.

However, it is noteworthy that concordance is not
synonymous with compliance or adherence and does not
relate only to the medicine intake behavior of the patient.
Concordance also demonstrates the nature of interaction
between clinicians and patients and can be synonymous
with patient-centered care9.

Recommended dose adjustments for patients with
T2DM with renal insufficiency have also been provided
in the prescribing information (PI) of several OADs10–21.
Thus, it would be informative to determine whether treat-
ment according to PI recommendations in patients with
coexisting type 2 diabetes and moderate-to-severe
CKD yields better clinical and economic outcomes.
Understanding the benefits of PI-concordance can help
healthcare providers, payers, and policymakers decide on
where to focus their efforts for improving management of
T2DM among patients with comorbid stages 3–5 CKD,
especially with newer agents that are not included in the
NKF guidelines published in 2007. However, there are no
published reports analyzing OAD use concordance with
PI recommendations.

We conducted this retrospective study to examine the
association between PI-concordant OAD treatment and
clinical and economic outcomes in patients with T2DM
and stages 3–5 CKD. We hypothesized that treating
according to PIs would yield better clinical and economic
outcomes.

Patients and methods

Data source

The study used a large, national administrative claims
database with laboratory findings of approximately 100
large employers and health plans across the US22 to
analyze the available data from patients who had medical
service claims with a diagnosis of diabetes mellitus (ICD-
9-CM: 250.xx) between January 1, 2005 and December 31,
2010. The database covers healthcare administrative
claims reimbursed by the health plans across all the set-
tings such as inpatient and outpatient hospitals, emer-
gency rooms, physicians’ offices, rehabilitation centers,
and specialty centers for approximately 1.9 million
unique commercially-insured individuals. The database
also maintains separate records for pharmacy claims sub-
mitted by pharmacies for prescriptions reimbursed by the
health plans and laboratory data (digital output for blood,
urine, and other tissue samples) collected from several cen-
tral reference laboratories. In the past 6 years, this database
included more than 32.6 million laboratory test results.
The specific tests were identified through the Logical
Observation Identifiers Names and Codes (LOINC)
nomenclature, which is a taxonomy of clinical laboratory
test results that provides a very high level of specificity.
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The enrollment records contain demographic information,
including age, gender, and geographic region, as well as
information regarding health insurance payer type,
employment status, and monthly enrollment status.
Across all the data files, the identifiable patient informa-
tion was encrypted and a unique patient identification
number was given in order to comply with Health
Insurance Portability and Accountability Act (HIPAA)
regulations. The files were linked through this unique
patient identification number.

Sample selection

Patients were selected based on having at least two medical
claims with a diagnosis of T2DM on different dates and at
least one record of stages 3–5 CKD (using laboratory value
of estimated glomerular filtration rate 560 mL/min/
1.73 m2 indicative of CKD or by the presence of an ICD-
9-CM diagnosis code of 585.3–5 or associated procedure
codes for dialysis) from January 1, 2005 to June 30, 2009.
The first record of stages 3–5 CKD observed was set as the
index date. Furthermore, patients were required to be aged
18–64 years on the index date, to have 18 months of con-
tinuous enrollment following the index date (the first 6
months of observation served as the baseline period
followed by 12 months of follow-up in which outcomes
were analyzed), and to have received at least one of the
study OADs including glyburide, glipizide, glimepiride,
acarbose, miglitol, metformin, repaglinide, nateglinide,
rosiglitazone, pioglitazone, sitagliptin, or saxagliptin
within the 6-month baseline period. Subjects also had to
have laboratory test results necessary to determine OAD
concordance with PI during the baseline period. Patients
were excluded if they had secondary diabetes, gestational
diabetes, or malignancy other than skin and prostate
cancer, and if they were pregnant at any time during the
study period.

PI-concordance

PI-concordance (Appendix) was assessed using the last
prescription for each OAD during the 6-month baseline
period. Since newly developed CKD could not be ascer-
tained, a 6-month evaluation period was undertaken
(baseline period) to allow time for physicians to make
necessary changes in the OAD therapy. If the patients
were on multiple OADs (combination therapy or alter-
ation of regimen) during the 6-month baseline period,
all OADs were evaluated. Patients were considered non-
PI-concordant if any of the prescribed OADs did not meet
PI recommendations regarding patients with renal
impairment.

Study variables

Demographic and clinical characteristics

Demographic characteristics such as age, gender, insurance
type, and region were identified at the index date from
the patient’s enrollment data captured in the database.
Using the primary or secondary ICD-9-CM diagnosis
codes listed in medical claims during the 6-month baseline
evaluation period following the index date, the Charlson
Comorbidity Index (CCI) was estimated23,24. Given that
the entire study population had a diabetes diagnosis,
the CCI score was modified by excluding diabetes.
Intermediate clinical measures related to glycemic control
during the baseline period and 12-month follow-up period
were analyzed. Glycemic control was defined as an
HbA1c57%. The first glycemic control measure
(HbA1c) that occurred within the baseline period was con-
sidered as the baseline measure. The observation closest to
the end date of the follow-up period was considered as the
12-month post-index measure. The percentage of patients
with glucose levels under control at the baseline and
follow-up periods were reported. Severe hypoglycemic
events, identified from all settings and from inpatient set-
ting, respectively, were also assessed during the post-index
period until lost to follow-up using a published
algorithm25.

Healthcare cost and resource utilization

Healthcare costs per patient were assessed for all-cause
and those related to diabetes. The healthcare resource util-
ization measures examined were rate of hospitalizations,
concomitant use of insulin, and specialist visits to neph-
rologists, endocrinologists, ophthalmologists, or cardiolo-
gists. Proportion of use of these healthcare resources was
reported at the 6-month baseline period. Total healthcare
costs were summarized over the baseline and follow-up
periods. The cost of specific categories of care, which
included inpatient, outpatient, emergency room, and
pharmacy, were also summarized. Diabetes-specific costs
were identified based on medical services with associated
diagnoses (250.xx) and pharmacy claims based on
National Drug Codes (NDC) for blood glucose monitor-
ing, OADs, noninsulin injectables, and insulin. All costs
were adjusted to 2010 US dollars by using the annual
medical care component of the Consumer Price Index to
reflect inflation between 2005 and 2010.

Statistical analyses

The rate of concordance to the PI at the population level,
as the proportion of patients in whom prescribed treat-
ments were PI-concordant, was reported. In addition, we
also reported the proportion of patients in whom the
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prescribed OAD was PI-concordant, for each OAD. The
study measures were reported for overall population and
compared between PI-concordant and non-PI-concordant
cohorts. Means and standard deviations (SD) were
reported for continuous variables, and frequency distribu-
tions with percentages were reported for categorical vari-
ables. Student’s t-tests were used to detect the differences
for continuous variables, chi-square tests for categorical
variables, and Wilcoxon rank-sum tests for cost variables.
P-values50.05 were considered statistically significant
based on two-tailed tests. Kaplan–Meier curves were
used to descriptively assess the unadjusted time to severe
hypoglycemic events, and a log-rank test detected the
differences between Kaplan–Meier survival curves, with
p50.05 being considered significant. Multivariate regres-
sion analyses were employed to control for differences in
demographic and clinical characteristics when evaluating
the association of OAD treatment concordance to the PI
with clinical outcomes, healthcare costs, and utilization.
Logistic regressions were employed to analyze the likeli-
hood of hospital admissions and glycemic control. Odds
ratios (ORs) were reported along with 95% confidence
intervals (CIs). A generalized linear regression model
with a log link function assuming a gamma distribution
was used to examine the total and diabetes-related health-
care cost26. Coefficient and p-values were estimated for
cost variables. Adjusted costs of non-PI-concordance,
compared with PI-concordance, were estimated by com-
puting the expected instantaneous change as a function of
a change in variable, while keeping all the other covariates
constant27. The Cox proportional hazard regressions were
employed to assess the risk severe hypoglycemic events
associated with non-PI-concordance. The failure event
of the Cox model was defined as the occurrence of the
first severe hypoglycemic event. The hazard ratios (HR)
and the 95% CI were reported for the variables.

Results

The study identified 3300 patients with T2DM and stages
3–5 CKD and that met the inclusion and exclusion cri-
teria; of these, 846 (25.6%) patients had OAD treatments
that were PI-concordant and 2454 (74.4%) patients that
were non-PI-concordant. Concordance to PI recommen-
dations by individual OAD is depicted in Figure 1. During
the 6 months baseline period, use of all thiazolidinediones
were PI-concordant, whereas the majority of use of sulfo-
nylureas (i.e., glyburide [97.3%], glipizide [94.4%], and
glimepiride [94.0%]) were non-PI-concordant. The PI-
concordance was also low with metformin (21.3%).
Among the patients on sitagliptin, 64.2% of patients
received therapy in accordance with PI recommendations.
The majority of patients receiving combination therapy of
two or more OADs were non-PI-concordant with at least
one of the OADs.

Patient baseline characteristics

The mean age of the study population was 55.9 (SD: 6.2)
years. The majority of the patients were males (62.1%),
lived in the southern region (59.6%), covered under pre-
ferred provider organization managed-care plan28 (PPO;
56.9%), and had stage 3 CKD (83.2%) (Table 1). The
proportion of males was significantly higher in the non-
PI-concordant cohort (64.0%) compared with the PI-con-
cordant cohort (56.7%; p50.001). A significantly higher
proportion of patients in the non-PI-concordant group had
stage 3 CKD compared with the PI-concordant group
(84.7 vs. 78.8%; p50.001). During the baseline period,
the average CCI score was higher in the PI-concordant
cohort (1.8) compared with the non-PI-concordant
cohort (1.4; p50.01). During the baseline period, among
the patients with known baseline HbA1c value (n¼ 1939),

0%

20%

40%

60%

80%

100%

PI-Concordant PI-Non-Concordant

Figure 1. Drug-level analysis of OAD usage according PI recommendations. OAD, oral anti-diabetic drug; PI, prescribing information.
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mean HbA1c value was lower in PI-concordant patients
(7.2%) compared with the non-PI-concordant patients
(7.7%; p50.01). The proportion of patients with HbA1c

57% was also higher in the PI-concordant cohort (56.5%)
compared with the non-PI-concordant cohort (42.4%,
p50.01). ***During the 6-month baseline period, a
higher proportion of patients in the concordant cohort
were seen by nephrologists (35.5 vs. 25.6%; p50.01) or
an endocrinologists (16.0 vs. 11.8%; p50.01) and used
insulin (39.2 vs. 32.2%; p50.01) compared to the non-
concordant cohort, while the rate of hospitalization was
similar (14.8 vs. 13.9%; p¼ 0.54) During the 6-month
baseline period, the mean all-cause healthcare costs were
higher in the PI-concordant cohort compared to the non-
PI-concordant cohort ($15,521 vs. $13,519; p50.01).

Clinical and economic outcomes during follow-
up period

Of the patients with a known HbA1c value at the 12-
month follow-up period (n¼ 1842), those in the PI-con-
cordant cohort had a lower mean HbA1c (7.2 vs. 7.6%;
p50.01) compared with those in the non-PI-concordant
cohort (Table 2). The proportion of patients with HbA1c

57% remained significantly higher in the PI-concordant
cohort (58.1%) compared with the non-PI-concordant
cohort (43.8%; p50.01). The Kaplan–Meier curves
(Figures 2 and 3) demonstrated no significant difference
in time to severe hypoglycemic events identified in all
settings between the study cohorts (p¼ 0.872). When
we examined severe hypoglycemic events identified in

Table 1. Patient demographics, clinical characteristics, and healthcare costs and utilization at baseline evaluation period.

PI-concordant
(n¼ 846)

Non-PI-concordant
(n¼ 2454)

p-value

Age (years): mean (SD) 55.8 (6.4) 56.0 (6.1) 0.400
Male (%) 56.7 64.0 50.001
Plan types (%) 0.111

PPO 59.8 56.0
Comprehensive 1.1 0.8
HMO 31.9 36.6
Other 6.0 5.8

Geographical region (%) 0.036
Northeast 8.4 11.6
North central 11.7 9.3
South 59.9 59.4
West 20.0 19.7

CKD stage (%) 50.001
Stage 3 78.8 84.7
Stage 4 10.6 9.8
Stage 5 10.5 5.4

CCI score: mean 1.8 1.4 50.001
Glycemic measures*

HbA1c: mean (SD) 7.2% (1.6) 7.7% (2.0) 50.001
Patients with glycemic control (%) 56.5 42.4 50.001
Any specialist visit
Nephrologist 35.5 25.6 50.01
Endocrinologist 16.0 11.8 50.01
Ophthalmologist 26.1 24.3 0.30
Cardiologist 27.5 26.7 0.61

Use of insulin 39.2 32.2 50.01
Any inpatient hospitalization 14.8 13.9 0.53
All-cause healthcare costs (per patient): mean (SD)

Total costs 15,521 (29,017) 13,519 (33,866) 50.01
Inpatient costs 4322 (16,477) 4870 (25,782) 0.54
Outpatient costs 7688 (19,290) 5918 (15,162) 50.01
Emergency room cost 387 (2157) 304 (1582) 0.77
Pharmacy costs 3124 (3597) 2427 (2662) 50.01

DM-related healthcare costs (per patient): mean (SD)
Total costs 6212 (22,834) 5685 (14,591) 50.01

Inpatient costs 3224 (13,473) 3841 (21,435) 0.68
Outpatient costs 1334 (2872) 1478 (4947) 0.22
Emergency room cost 146 (936) 134 (904) 0.82
Pharmacy costs 981 (971) 759 (873) 50.01

CCI, Charlson comorbidity index; CKD, chronic kidney disease; HMO, health maintenance organization; PPO, preferred provider organ-
ization; PI, prescribing information; SD, standard deviation; DM, diabetes mellitus.
*Of the patients with known HbA1c value at baseline (n¼ 1939).
Other health plans include exclusive provider organization and consumer-directed health plan.

Journal of Medical Economics Volume 16, Number 5 May 2013

590 PI-concordance and outcomes among T2DM patients with stages 3–5 CKD Chen et al. www.informahealthcare.com/jme ! 2013 Informa UK Ltd



inpatient setting, we found non-PI-concordant cohort had
a higher risk (p¼ 0.0013).

During the 12-month follow-up period, the all-cause
healthcare costs remained significantly higher in the PI-
concordant cohort versus the non-PI-concordant cohort
($30,227 vs. $26,317; p50.01) (Table 2). No significant
difference was observed between the cohorts for diabetes-
related healthcare costs ($10,843 vs. $10,433; p¼ 0.10).
Outpatient costs continued to contribute the most for all-
cause and inpatient costs continued to contribute the most
for diabetes-related healthcare costs in both the cohorts.
Rate of inpatient hospitalization was also similar (17.9 vs.
19.7%; p¼ 0.23).

Multivariate regression analyses

Results from Cox proportional regression demonstrated a
higher risk of severe hypoglycemic events identified in
all settings in the non-PI-concordant cohort (HR¼ 1.35,
95% CI: 1.10–1.67) after adjusting for age, gender,

geographical region, CCI score, CKD stage, visits to
specialists, insulin use, and any inpatient hospitalization
during the baseline period (Table 3). The risk of hypo-
glycemic events was similar in patients aged between
18 and 54 years compared with patients aged between
55 and 64 years (HR¼ 0.99, 95% CI: 0.82–1.19).
Female patients had a lower risk of hypoglycemic
events (HR¼ 0.83, 95% CI: 0.69–0.99). According to
the geographical region, the risk of hypoglycemia was
higher in patients living in West (HR¼ 1.57, 95% CI:
1.24–2.00) compared with patients living in South. The
CCI score �3 (HR¼ 2.14, 95% CI: 1.62–2.82), any
inpatient hospitalization during the baseline period
(HR¼ 1.30, 95% CI: 1.03–1.63), and use of insulin
(HR¼ 1.99; 95% CI: 1.66–2.38) were the other charac-
teristics associated with higher risk of hypoglycemic
events. When assessing severe hypoglycemic events
identified from inpatient setting, we found non-
PI-concordance was associated with 151% higher risk
(HR¼ 2.51, 95% CI: 1.49–4.22). Other risk factors

Table 2. Crude healthcare cost and clinical outcomes among PI-concordant and non-PI-concordant stages 3–5 CKD patients during
12-month follow-up period.

PI-concordant mean (SD) Non-PI-concordant Mean (SD) p-value

Glycemic measures*
HbA1c: mean (SD) 7.2% (1.6) 7.6% (1.8) 50.001
Patients with glycemic control (%) 58.1 43.8 50.001

All-cause healthcare costs: mean (SD)
Total costs 30,227 (62,289) 26,317 (56,466) 50.01

Inpatient costs 8668 (37,390) 9007 (36,795) 0.24
Outpatient costs 14,711 (34,922) 11,737 (31,368) 50.01
Emergency room cost 616 (2584) 559 (1965) 0.75
Pharmacy costs 6233(7933) 5013 (5500) 50.01

DM-related healthcare costs: mean (SD)
Total costs 10,843 (29,213) 10,433 (27,901) 0.10

Inpatient costs 5430 (21,709) 6331 (25,120) 0.26
Outpatient costs 2939 (10,840) 2638 (8107) 0.74
Emergency room cost 224 (1212) 278 (1261) 0.10
Pharmacy costs 1841(1995) 1596 (1840) 50.01
Any inpatient hospitalization 17.9 19.7 0.23

PI, prescribing information; DM, diabetes mellitus; SD, standard deviation.
*Of the patients with known HbA1c value at follow-up period (n¼ 1842).
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Figure 2. Time to severe hypoglycemic event identified in all settings.
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Figure 3. Time to severe hypoglycemic event identified in inpatient setting.
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included older age, living in West region, higher CCI,
and prior inpatient hospitalization.

The logistic regression analysis demonstrated that the
likelihood of all-cause inpatient hospitalizations was
higher in the non-PI-concordant patients (OR¼ 1.27,
95% CI: 1.02–1.57) compared with the PI-concordant
patients (Table 4). Factors associated with greater

likelihood of inpatient hospitalizations included
Northeast region (OR¼ 1.38, 95% CI: 1.03–1.86), CCI
score �3 (OR¼ 1.55, 95% CI: 1.18–2.04), stages 4 and 5
CKD (OR¼ 1.77, 95% CI: 1.41–2.21), insulin use
(OR¼ 1.74, 95% CI: 1.44–2.10), and any inpatient hos-
pitalizations (OR¼ 2.66, 95% CI: 2.12–3.34) during the
6-month baseline period. Among the patients with HbA1c

Table 3. Regression results for risk of severe hypoglycemic event.

Severe hypoglycemic
events identified from all settings

(hazard ratio, 95% CI)

p-value Severe hypoglycemic
events identified from

inpatient setting
(hazard ratio, 95% CI)

p-value

Non-concordant 1.35 (1.10–1.67) 50.01 2.51 (1.49–4.22) 50.01
Age categories (ref: 18–54)

55–64 0.99 (0.82–1.19) 0.93 1.66 (1.10–2.50) 0.02
Gender (ref: male)

Female 0.83 (0.69–0.99) 0.04 0.75 (0.51–1.10) 0.14
Region (ref: South)

Northeast 0.93 (0.67–1.27) 0.63 1.61 (0.92–2.80) 0.09
Midwest 1.05 (0.74–1.49) 0.78 1.15 (0.54–2.43) 0.71
West 1.57 (1.24–2.00) 50.01 1.64 (1.02–2.65) 0.04

CCI categories (ref: CCI¼ 0–1)
CCI¼ 2 1.61 (1.24–2.09) 50.01 0.96 (0.57–1.60) 0.87
CCI� 3 2.14 (1.62–2.82) 50.01 1.68 (1.06–2.67) 0.03

CKD stage (ref: CKD¼ 3)
CKD 4–5 1.11 (0.90–1.38) 0.32 1.39 (0.92–2.12) 0.12

Plan type (ref: non-HMO)
HMO 1.07 (0.87–1.32) 0.53 1.26 (0.81–1.96) 0.31

Any visit to nephrologists during the baseline period 1.08 (0.86–1.36) 0.53 1.41 (0.91–2.19) 0.12
Any visit to endocrinologist during the baseline period 1.15 (0.89–1.48) 0.28 0.78 (0.44–1.41) 0.41
Any inpatient hospitalization during the baseline period 1.30 (1.03–1.63) 0.03 2.07 (1.37–3.12) 50.01
Any use of insulin during the baseline period 1.99 (1.66–2.38) 50.01 1.49 (1.03–2.15) 0.03

CCI, Charlson comorbidity index; CKD, chronic kidney disease; HMO, health maintenance organization; CI, confidence interval.

Table 4. Regression results for glycemic control and annual inpatient admissions.

Glycemic control*
(odds ratio, 95% CI)

p-value Annual inpatient
admission

(odds ratio, 95% CI)

p-value

Non-concordant 0.56 (0.44–0.71) 50.01 1.27 (1.02–1.57) 0.03
Age categories (ref: 18–54)

55–64 0.96 (0.78–1.19) 0.73 0.93 (0.77–1.12) 0.44
Gender (ref: male)

Female 1.22 (0.99–1.49) 0.06 0.96 (0.80–1.16) 0.66
Region (ref: South)

Northeast 0.81 (0.60–1.10) 0.17 1.38 (1.03–1.86) 0.03
Midwest 1.74 (1.16–2.59) 0.01 1.20 (0.87–1.66) 0.26
West 1.42 (1.06–1.92) 0.02 0.94 (0.71–1.23) 0.64

CCI categories (ref: CCI¼ 0–1)
CCI¼ 2 0.91 (0.70–1.19) 0.50 1.15 (0.90–1.49) 0.27
CCI� 3 1.13 (0.83–1.54) 0.44 1.55 (1.18–2.04) 50.01

CKD stage (ref: CKD¼ 3)
CKD 4–5 1.43 (1.06–1.92) 0.02 1.77 (1.41–2.21) 50.01

Plan type (ref: non-HMO)
HMO 1.02 (0.82–1.27) 0.88 1.06 (0.85–1.31) 0.63

Any visit to nephrologists during the baseline period 1.35 (1.02–1.79) 0.04 1.02 (0.80–1.31) 0.86
Any visit to endocrinologist during the baseline period 1.01 (0.74–1.37) 0.95 0.75 (0.57–1.01) 0.05
Any inpatient hospitalization during the baseline period 0.97 (0.70–1.35) 0.87 2.66 (2.12–3.34) 50.01
Any use of insulin during the baseline period 0.29 (0.23–0.36) 50.01 1.74 (1.44–2.10) 50.01

CCI, Charlson comorbidity index; CKD, chronic kidney disease; HMO, health maintenance organization, CI, confidence interval.
*Limited to 1842 patients who have HbA1c results during follow-up period.
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data available during the follow-up period (n¼ 1842),
those with OAD treatment non-concordant to PI guide-
lines were less likely to have glycemic control (OR¼ 0.56,
95% CI: 0.44 – 0.71). Patients with stages 4 and 5 CKD
were more likely to have glycemic control (OR¼ 1.43,
95% CI: 1.06–1.92). Living in Midwest (OR¼ 1.74, 95%
CI: 1.16–2.59) and West (OR¼ 1.42, 95% CI: 1.06–1.92),
and visiting a nephrologists during the baseline period
(OR¼ 1.35, 95% CI: 1.02–1.79) increased the likelihood
of glycemic control. Insulin use during the baseline period,
however, was associated with a lower likelihood of
glycemic control (OR¼ 0.29, 95% CI: 0.23–0.36).

After adjusting for covariates similar to previous
models, we found that patients who were non-
PI-concordant had similar annual all-cause healthcare
costs during the 12-month follow-up period to concordant
patients (adjusted difference¼ $529, p¼ 0.66). When we
evaluated diabetes-related costs during the 12-month
follow-up period, the non-PI-concordant cohort’s costs
were higher by $1638 (p¼ 0.0048) when compared to
the PI-concordant cohort (Figure 4).

Discussion

CKD is a common comorbidity in patients with T2DM;
however, published literature on how these patients are
treated in clinical practice is very limited. Insulin and
many of the currently used OADs are excreted through
renal system. The NKF has provided recommendations
on the adjustment of prescribed dosage of several OADs
in patients with T2DM and moderate-to-severe CKD. The
NKF guidelines also list the OADs that should be avoided
completely in moderate-to-severe CKD7. A recent retro-
spective analysis evaluated the clinical and economic
consequences of concordance with the NKF treatment

guidelines for OAD use in patients with T2DM and
stages 3–5 CKD using electronic medical records from an
integrated health system8. Almost 45% of patients in the
study were not treated concordantly with the NKF guide-
lines. Findings from the study suggested a higher risk
of hypoglycemic events, hospitalization, uncontrolled
glycemic level, and higher medical costs associated with
non-concordance of NKF recommendations8.

We conducted this retrospective analysis of the large
administrative Thomson Medstat MarketScan
Commercial and Laboratory Databases to assess the
association of PI-concordant OAD treatment with clinical
and economic outcomes among patients with T2DM and
CKD. To our knowledge, this is the first study that assesses
the outcomes associated with the use of OADs in concord-
ance with their PI. In addition, our study used data from a
more geographic diverse population which could better
represent the variation across prescribing patterns. We
found that only 25% of the study population was using
OADs in concordance with PI recommendations which
suggests unawareness on the part of healthcare providers
regarding the PI recommendations. Consistent with the
previous results on NKF concordance, we found that
patients with PI-concordance demonstrated better clinical
outcomes. Glycemic control, defined as the proportion of
patients with HbA1c57.0%, was higher in the concordant
patients both during the baseline evaluation and follow-up
periods. The multivariate analysis further demonstrated
greater likelihood of having glycemic control in the
PI-concordant cohort in the follow-up period. The likeli-
hood of inpatient hospitalizations was also lower in the
PI-concordant cohort. Fewer inpatient hospitalizations
in the PI-concordant cohort may be attributed to better
glycemic control. A previous study has shown that poor
glycemic control is associated with a greater likelihood of
inpatient hospitalization for several short-term complica-
tions (i.e., infections, hyperglycemia, hypoglycemia, and
electrolyte disturbances)29. Hypoglycemia, possibly attrib-
uted to impaired renal clearance of OADs and diminished
kidney gluconeogenesis, represents a major concern in the
management of patients with T2DM and stages 3–5 CKD.
We observed a lower risk of hypoglycemic events in the
PI-concordant patients. This observation further supports
the association between guideline-concordant treatment
and a lower risk of hypoglycemic events reported in the
earlier study8. However, we acknowledge the limitation
of the study which did not consider the incidence or fre-
quency of hypoglycemic events prior to the index date.
The prior hypoglycemic events are strong predictor of
the subsequent events.

We also evaluated the economic outcomes associated
with PI-concordance. After using multivariate regression
analysis to adjust for demographic characteristics, CCI
score, CKD stage, visits to specialists, inpatient hospital-
ization, and insulin use during baseline period, the total
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Figure 4. Adjusted 1-year cost differences associated with non-
concordance to prescribing information. Model adjusted for age, gender,
geographical region, CCI score, CKD stage, visits to specialists, insulin use,
and any inpatient hospitalization during the baseline period.
*Statistically significant at p50.05 compared to PI-concordant cohort.
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annual healthcare costs during the follow-up period was
similar between the cohorts. The adjusted annual total
diabetes-related costs were significantly higher in the
non-PI-concordant cohort, an observation similar to the
previous report where non-NKF concordance was
associated with significantly higher diabetes-related
healthcare costs8. The economic benefit observed
associated with PI-concordant treatment may have
important policy implications. Health plans should
consider such costs offset when allocating resources to
improve quality of care for diabetes patients with CKD.

The better clinical and diabetes-related economic
outcomes associated with PI-concordance highlight the
importance of regular screening of CKD in patients with
diabetes and careful planning of the treatment regimen.
The current standard of diabetes care recommends annual
screening of CKD among patients with diabetes30. This is
particularly important in the current scenario where the
presence of CKD in patients with T2DM may be undiag-
nosed by physicians. In a recent retrospective analysis of a
large national health plan database in the United States,
the prevalence of renal impairment determined by claims
analysis (physician diagnosed) was approximately one-
third the prevalence determined according to laboratory
values (11.9 vs. 34.3%)6. Undiagnosed patients are more
likely to progress to more severe stages of CKD. Earlier
detection of CKD allows the physician to adjust the
dosage when necessary and avoid contraindicated OADs
according to NKF guidelines or PI recommendations,
especially in patients with stages 3–5 CKD. Healthcare
professionals need to be more aware of the PI recommen-
dations in addition to NKF guideline recommendations,
especially for the recently approved drugs which are not
yet included in the NKF guidelines.

Limitations

The findings of this study must be evaluated within the
limitation of the data and study design. The retrospective
cohort design does not allow for conclusions to be drawn
on the causal effect of PI-concordant use based on the
associations observed. Records of OAD prescriptions
were used to determine concordance with PI. Although
this method of gathering the information has been
shown to be reliable, it has several limitations including
(1) whether patients actually took their OADs as pre-
scribed could not be determined; and (2) variability of
insulin regimens on a day-to-day basis could not be
accounted for. Similarly, we could not determine how
long the patients had been on OAD treatment prior to
the index date due to the inclusion of prevalent cases in
the design, nor could it be determined how long the
patient(s) had been diagnosed with diabetes. Further,
claims-based analyses rely upon diagnostic codes that do

not necessarily capture the patients’ medical information
accurately owing to possible coding errors, coding for the
purpose of ruling out rather than diagnosis of actual dis-
ease, and under-coding. The findings from this study were
based on a sample of commercially insured enrollees from
multiple payers and aged less than 65 years only. Hence,
the results may not be generalizable to larger populations
that include elderly patients, other payers, or the unin-
sured. Given that the prevalence of type 2 diabetes and
CKD increases with age, future studies are needed to
confirm these findings in older population, specifically,
aged465 years.

Conclusions

This retrospective study demonstrated that the treatment
of patients with T2DM and comorbid stages 3–5 CKD in
accordance with PI recommendations is associated with
better glycemic control, a reduced risk of hypoglycemic
events, a lower risk of inpatient hospitalizations, and
lower diabetes-related costs. However, future studies are
warranted to generalize our results and to assess long-
term effects beyond 1 year.
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