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Aim: To assess time to insulin initiation among patients with type 2 diabetes mellitus (T2DM) treated with sitagliptin versus sulphonylurea as add-on
to metformin.
Methods: This retrospective cohort study used GE Centricity electronic medical records and included patients aged ≥18 years with continuous
medical records and an initial prescription of sitagliptin or sulphonylurea (index date) with metformin for ≥90 days during 2006–2013. Sitagliptin and
sulphonylurea users were matched 1 : 1 using propensity score matching, and differences in insulin initiation were assessed using Kaplan–Meier curves
and Cox regression. We used conditional logistic regression to examine the likelihood of insulin use 1–6 years after the index date for each year.
Results: Propensity score matching produced 3864 matched pairs. Kaplan–Meier analysis showed that sitagliptin users had a lower risk of insulin
initiation compared with sulphonylurea users (p= 0.003), with 26.6% of sitagliptin users initiating insulin versus 34.1% of sulphonylurea users over
6 years. This finding remained significant after adjusting for baseline characteristics (hazard ratio 0.76, 95% confidence interval 0.65–0.90). Conditional
logistic regression analyses confirmed that sitagliptin users were less likely to initiate insulin compared with sulphonylurea users [odds ratios for years
1–6: 0.77, 0.79, 0.81, 0.57, 0.29 and 0.75, respectively (p< 0.05 for years 4 and 5)].
Conclusions: In this real-world matched cohort study, patients with T2DM treated with sitagliptin had a significantly lower risk of insulin initiation
compared with patients treated with sulphonylurea, both as add-on to metformin.
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Introduction
Because of the progressive nature of type 2 diabetes melli-
tus (T2DM), there is a gradual decline in the effectiveness of
oral antihyperglycaemic drugs (OADs) over time, reflecting
an ongoing diminution in insulin secretory function [1]. As a
result, long-term glycaemic control may be difficult to maintain
with OADs, and many patients ultimately advance to insulin
therapy [2,3]. Insulin, while effective, complicates the manage-
ment of T2DM, leads to hypoglycaemia risk and weight gain,
and increases a patient’s overall treatment burden. A number
of observational studies have shown that OADs vary in the rate
of treatment failure and time to insulin initiation. This differ-
ence may reflect the mechanism of action of each individual
drug class, which has varying effects on 𝛽-cell function over
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time. For example, a retrospective study of patients with T2DM
in the USA found that patients treated with sulphonylureas
had a higher probability of progression to insulin compared
with patients treated with metformin and/or thiazolidinedione,
even after adjusting for patient demographics, comorbidities
and propensity scores [4]. Sulphonylurea therapy was also asso-
ciated with earlier onset of insulin use versus metformin in a
Canadian study [5], and a study from Germany showed that
patients who began treatment with sulphonylureas had three
times the risk of insulin initiation compared with those who
started on metformin [6]. In another study, conducted in sev-
eral European countries, patients treated with sulphonylureas
were significantly more likely to start insulin compared with
patients treated with metformin [7].

As well as the type of OAD prescribed, the previous liter-
ature has described other factors associated with insulin ini-
tiation. These include patient demographics, such as younger
age [8–13], lower income [13] and non-Hispanic race/ethnicity
[9], as well as higher glycated haemoglobin (HbA1c) [8–15],
fasting plasma glucose [11], serum creatinine [14], duration
of T2DM [9,13] and presence of comorbidities and diabetes-
related complications, including depression, lipid disorders,
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micro- and macrovascular complications and overall chronic
disease score [4,7,9,11,13]. Patients who are treated with higher
doses of OADs [16], initiate with more than one agent [13], have
greater concomitant medication use [11,16], and who have a
history of hospitalization are also at increased risk [16]. Fur-
thermore, being treated by a specialist has been shown to be
positively associated with insulin use [9,13,16]. Some of these
factors may affect treatment patterns more than the underlying
biology of disease.

Before insulin treatment, clinical guidelines generally rec-
ommend metformin as first-line therapy for patients with
T2DM, but the ideal drug sequence after metformin failure
remains unclear [17,18]. Both sulphonylureas and dipeptidyl
peptidase-4 (DPP-4) inhibitors are commonly prescribed with
metformin as dual therapy for the treatment of T2DM.

Although there have been several investigations regarding
insulin initiation in patients treated with sulphonylureas ver-
sus insulin-sensitizing drugs, there is a paucity of data assessing
DPP-4 inhibitors in this regard. We therefore decided to com-
pare time to insulin initiation, as well as the likelihood of insulin
initiation, between patients treated with sitagliptin and those
treated with a sulphonylurea, both added to metformin.

Materials and Methods
Study Design and Subjects

This was a retrospective, matched cohort study using data
from the GE Centricity electronic medical records (EMR)
database. GE Centricity is used in the USA by>20 000 clin-
icians to manage 30 million patients in 49 states. More than
5000 providers also contribute data to the Medical Quality
Improvement Consortium to create a research database. The
Medical Quality Improvement Consortium represents a vari-
ety of practice types, including solo practitioners, commu-
nity clinics, academic medical centres and large integrated
delivery networks, and approximately two-thirds of participat-
ing clinicians are primary care physicians. The de-identified
database contains longitudinal patient data, including demo-
graphic information, vital signs, laboratory results, medica-
tion list entries, prescription orders, diagnoses and problem
lists. Compared with national averages, the GE EMR popula-
tion is older, predominantly has commercial insurance, and has
a higher proportion of patients residing in northeastern and
mid-western states [19]. Approximately 10.2% of patients in the
database have a diagnosis of diabetes, slightly more than the
9.3% recently reported in the general US population [20]. At
the time of the present analysis, data were available up to 31
August 2013.

The index period of the study was between 17 October 2006
(date of sitagliptin’s approval by the US Food and Drug Admin-
istration) and 31 May 2013. The study population of interest
comprised patients aged ≥18 years who initiated a sulphony-
lurea or sitagliptin as dual therapy with metformin during the
index period. The index date for each patient was set as the date
of the initiation of either a sulphonylurea or sitagliptin during
the index period, whichever occurred earlier. The 1 year pre-
ceding the index date was defined as the baseline period. To
be included, eligible patients had to have: continuous medical

records during the baseline period and 90 days after the index
date; used metformin on or within 1 year of the index date; con-
tinuously used a sulphonylurea plus metformin or sitagliptin
plus metformin for at least 90 days after the index date; no his-
tory of type 1 diabetes mellitus any time before the index date;
no history of gestational or secondary diabetes in the base-
line period and any time after the index date; no history of
non-metformin OAD use in the baseline period; no prescrip-
tion for other OADs in the first 90 days after the index date;
and no missing days of supply for sulphonylureas, sitagliptin
or metformin within the first 90 days after the index date. All
drugs in the sulphonylurea class were considered, including
chlorpropamide, tolazamide, tolbutamide, glipizide, glyburide,
micronized glyburide and glimepiride. Patients included in the
study were followed until insulin initiation or until the end of
data collection.

Measures and Outcomes

Patients were divided into two cohorts determined by treatment
exposure: the sulphonylurea cohort consisted of those who
received a sulphonylurea plus metformin on the index date,
while the sitagliptin cohort included patients who received
sitagliptin plus metformin on the index date. The outcome
measures were: (i) time to insulin initiation, and (ii) insulin
initiation within the follow-up periods 1, 2, 3, 4, 5 and 6 years
from the index date.

To compare differences in cohort characteristics, a num-
ber of measures were assessed during the baseline period.
Measures evaluated included: index year; patient demo-
graphics; prescribing physician specialty; health plan type;
baseline metformin use; and days on metformin in the baseline
period. Laboratory and clinical assessments included HbA1c,
total cholesterol, LDL, HDL, triglycerides, serum creatinine,
estimated glomerular filtration rate, alanine transaminase,
aspartate transaminase, body mass index (BMI) and blood
pressure. Other measures evaluated included previous
diagnoses of hypoglycaemia, microvascular complications,
macrovascular complications, kidney disease, liver disease,
pancreatitis, gallstones, depression, hypertension, obesity (also
defined as BMI ≥30 kg/m2), hyperlipidaemia and malignant
neoplasms.

Statistical Analysis

Before any matching, baseline measures were analysed descrip-
tively for all patients and compared between the sulphony-
lurea and sitagliptin cohorts, with between-cohort differences
assessed using Wilcoxon rank-sum tests for continuous vari-
ables and chi-squared tests for categorical variables. Descriptive
analysis assessed the percent of patients initiating insulin dur-
ing the study period, and the average time to insulin among
patients who initiated in the follow-up.

Propensity score matching was then used to mitigate under-
lying differences in covariates between the cohorts, and a mul-
tivariable logistic regression was used to build the propensity
score model. The independent variables included in the logistic
regression model were all of the aforementioned covariates,
and propensity scores were estimated with the stratification

Volume 17 No. 10 October 2015 doi:10.1111/dom.12489 957



original article DIABETES, OBESITY AND METABOLISM

of missing laboratory patterns to account for missing values.
Upon the estimation of propensity scores, a greedy matching
algorithm matched the sitagliptin cohort to the sulphonylurea
cohort 1 : 1. Matching used a caliper size equal to 0.2 times the
standard deviation of the estimated log propensity scores. To
ensure pairs were precisely matched on important covariates,
the following variables were exact-matched: the duration of
follow-up period (in years), previous metformin use, age group
(<65 vs ≥65 years), HbA1c group (<8% vs 8–9% vs ≥9%),
prescribing physician (primary care physicians vs specialists)
and missing patterns of the laboratory assessments [21,22].

Using the matched-pair sample, descriptive analysis
reviewed any remaining differences in baseline character-
istics of the sitagliptin cohort versus the sulphonylurea cohort.
Post-matching between-cohort covariate differences were
assessed using Wilcoxon rank sum tests for continuous vari-
ables and chi-squared tests for categorical variables, as well as
standard differences [23].

Kaplan–Meier analysis was then used to estimate time to
insulin initiation in the sitagliptin cohort versus the sulpho-
nylurea cohort. To account for pairing, between-cohort differ-
ences were assessed using partial likelihood ratio tests. Next, the
number and proportion of patients who initiated insulin within
1, 2, 3, 4, 5 and 6 years from the index date was estimated, and
between-cohort differences were calculated using McNemar’s
tests. Only patients with sufficient follow-up (i.e. continuous
recording) over each different follow-up period were included
in each Kaplan–Meier analysis.

Next, multivariable Cox proportional hazard regression
analysis was used to quantify the relative risk of insulin initia-
tion in the sitagliptin cohort versus the sulphonylurea cohort,
controlling for covariates and stratified by matched pairs. The
relative risk was quantified using hazard ratios (HRs), where
a value of <1 indicated that sitagliptin was associated with
a lower risk of insulin initiation compared with sulphony-
lurea. Next, conditional logistic regression was used to analyse
insulin initiation separately within 1, 2, 3, 4, 5 and 6 years,
with the relative risk quantified using odds ratios (ORs). In all
multivariable analyses, 95% confidence intervals (CIs) and p
values were evaluated using Wald’s statistics.

To explore the effect of baseline HbA1c on insulin use,
subgroup analyses repeated all analyses among patients with
baseline HbA1c<9 and ≥9%. All analyses were conducted in
sas version 9 using a threshold of 5% for all tests of statistical
significance.

Results
Sample Selection and Characteristics

A total of 528 902 patients had at least one prescription for
a sulphonylurea or sitagliptin during the index period (Table
S1). After applying all inclusion and exclusion criteria, 20 529
patients remained in the sample, of whom 14 425 (70.3%)
initiated dual therapy with a sulphonylurea plus metformin
and 6104 (29.7%) initiated dual therapy with sitagliptin plus
metformin. Table 1 shows the baseline patient characteris-
tics before and after propensity score matching. In the over-
all, unmatched sample, 52% of patients were male, the mean

age was 58 years, and average HbA1c was 8.3%. Compared
with the sulphonylurea cohort, the sitagliptin cohort had sig-
nificantly lower HbA1c levels (sitagliptin: 7.9% vs sulphony-
lurea: 8.5%; p< 0.01), more days on metformin during base-
line (224.8 vs 205.6 days; p< 0.01) and a lower incidence of
comorbidities.

After applying propensity score matching, the matched-pair
sample consisted of 7728 patients (3864 sulphonylurea users
and 3864 sitagliptin users). As expected, after propensity score
matching, any differences between the sulphonylurea and
sitagliptin cohorts were substantially reduced and no longer
statistically significant (Table 1).

Time to Insulin Analysis

Table 2 outlines the average time to insulin of unmatched
patients who initiated insulin during the follow-up. In all,
9.9% of the sitagliptin cohort and 14.1% of the sulphonylurea
cohort initiated insulin during the study period. Among the
sitagliptin users who initiated, the mean time to insulin initi-
ation was 1.94 years. Among the sulphonylurea users who initi-
ated, the mean time to insulin initiation was modestly longer, at
2.07 years. Figure 1 shows the Kaplan–Meier results using the
entire matched sample and showed that the sitagliptin cohort
had a significantly lower risk of insulin initiation compared
with the sulphonylurea cohort (p< 0.01). Six years after the
index date, 26.6% of the sitagliptin cohort and 34.1% of the
sulphonylurea cohort had initiated insulin therapy.

After covariate adjustment, the risk of initiating insulin ther-
apy was 24% lower for the sitagliptin cohort compared with
the sulphonylurea cohort (HR 0.76; 95% CI 0.65–0.90; Table 3).
The Cox model also showed that a 1% increase in HbA1c level
was associated with a 20% increase in the risk of insulin initi-
ation (HR 1.20; 95% CI 1.00–1.42). Other significant associa-
tions with insulin initiation included age and obesity.

Insulin Initiation Analysis

Table 4 summarizes the results from six multivariable condi-
tional logistic regression models that estimated the likelihood
of insulin initiation from 1 to 6 years after index date. Condi-
tional logistic regression analyses supported previous trends,
and after adjusting for baseline characteristics, the sitagliptin
cohort was significantly less likely to initiate insulin within 4
(OR 0.57, 95% CI 0.39–0.84) and 5 years (OR 0.29, 95% CI
0.11–0.75).

Subgroup Analysis

All analyses were conducted in subgroups defined by baseline
HbA1c <9 and ≥9%. Among patients with HbA1c <9%,
Kaplan–Meier analysis showed that the sitagliptin cohort had
a lower risk of insulin initiation compared with the sulphony-
lurea cohort (p< 0.01; Figure 1). Six years after the index date,
it was estimated that 24.0% of the sitagliptin cohort and 30.9%
of the sulphonylurea cohort initiated insulin therapy. Multi-
variable analyses were consistent with these results. Among
patients with HbA1c levels<9%, the sitagliptin cohort had 23%
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Table 1. Baseline patient characteristics before and after propensity score matching.

Pre-matching Post-matching

Sulphonylurea Sitagliptin Sulphonylurea Sitagliptin
Patient Characteristic (N= 14 425) (N= 6104) p (N= 3864) (N= 3864) Stand. diff. p

n % n % n % n %
Male 7504 52.0 3074 50.4 0.029 1945 50 1947 50.4 −0.001 0.964

Mean s.d. Mean s.d. Mean s.d. Mean s.d.
Index age, years 58.0 12.5 57.4 11.8 0.001 57.4 11.7 57.3 11.7 0.010 0.596

n % n % n % n %
Race

White 8714 60.4 3951 64.7 <0.0001 2502 64.8 2491 64.5 0.006 0.979
Black 1504 10.4 577 9.5 379 9.8 390 10.1 −0.010
Hispanic 510 3.5 126 2.1 88 2.3 79 2.0 0.014
Asian 290 2.0 94 1.5 57 1.5 60 1.6 −0.006
Other race 278 1.9 150 2.5 93 2.4 95 2.5 −0.004
Unknown/undetermined 3129 21.7 1206 19.8 745 19.3 749 19.4 −0.003

Residential location
Midwest 3554 24.6 978 16.0 <0.0001 720 18.6 698 18.1 0.014 0.577
Northeast 4072 28.2 2323 38.1 1293 33.5 1350 34.9 −0.032
South 4661 32.3 2270 37.2 1463 37.9 1442 37.3 0.011
West 2138 14.8 533 8.7 388 10.0 374 9.7 0.011

Prescribing physician specialty
Primary care 11 498 79.7 4657 76.3 <0.0001 3262 84.4 3262 84.4 0.000 1.000
Specialist 718 5.0 618 10.1 170 4.4 170 4.4 0.000
Other 2 0.0 1 0.0 — — — — —
Unknown 2207 15.3 828 13.6 432 11.2 432 11.2 0.000

Private or commercial health plan 3519 24.4 1974 32.3 <0.0001 1151 29.8 1153 29.8 −0.001 0.960
Metformin use pre-index date 9232 64.0 4138 67.8 <0.0001 2721 70.4 2721 70.4 0.000 1.000

Mean s.d. Mean s.d. Mean s.d. Mean s.d.
Days on metformin pre-index date 205.6 133.6 224.8 128.1 <0.0001 222.1 130.5 221.8 127.9 0.002 0.994
Diabetes-related comorbidities n % n % n % n %

Hypoglycaemia 38 0.3 19 0.3 0.552 11 0.3 11 0.3 0.000 1.000
Microvascular complications 513 3.6 240 3.9 0.191 163 4.2 159 4.1 0.005 0.820
Retinopathy 86 0.6 42 0.7 0.445 36 0.9 31 0.8 0.016 0.540
Neuropathy 64 0.4 21 0.3 0.310 16 0.4 13 0.3 0.012 0.577
Nephropathy 384 2.7 184 3.0 0.159 120 3.1 118 3.1 0.003 0.895
Macrovascular diseases 762 5.3 295 4.8 0.183 199 5.2 183 4.7 0.019 0.401
Stroke 52 0.4 18 0.3 0.461 13 0.3 10 0.3 0.014 0.531
Transient ischaemic attack 48 0.3 10 0.2 0.037 7 0.2 5 0.1 0.010 0.563
Congestive heart failure 109 0.8 30 0.5 0.035 21 0.5 18 0.5 0.010 0.630
Myocardial infarction 49 0.3 9 0.1 0.018 7 0.2 7 0.2 0.000 1.000
Ischaemic heart disease, including angina 331 2.3 127 2.1 0.343 82 2.1 81 2.1 0.002 0.937
Arrhythmia 189 1.3 91 1.5 0.308 58 1.5 52 1.3 0.013 0.564
Peripheral arterial diseases 160 1.1 61 1.0 0.486 42 1.1 40 1.0 0.005 0.824
Other kidney diseases 352 2.4 144 2.4 0.729 103 2.7 92 2.4 0.019 0.425
Liver disease 94 0.7 62 1.0 0.006 36 0.9 35 0.9 0.003 0.905
Pancreatitis 12 0.1 8 0.1 0.315 3 0.1 7 0.2 −0.032 0.206
Gallstone 34 0.2 18 0.3 0.441 11 0.3 12 0.3 −0.005 0.835
Depression 58 0.4 20 0.3 0.428 14 0.4 15 0.4 −0.004 0.852
Hypertension 1244 8.6 513 8.4 0.607 321 8.3 340 8.8 −0.018 0.440
Obesity 607 4.2 231 3.8 0.161 170 4.4 150 3.9 0.026 0.253
Hyperlipidaemia 1452 10.1 649 10.6 0.221 392 10.1 401 10.4 −0.008 0.736
Malignant neoplasms 312 2.2 140 2.3 0.560 84 2.2 93 2.4 −0.016 0.494

Laboratory assessments Mean s.d. Mean s.d. Mean s.d. Mean s.d.
HbA1c, % 8.4 2.0 7.9 1.6 <0.0001 8.0 1.6 8.0 1.7 0.005 0.439
Body mass index, kg/m2 34.3 7.7 34.4 7.4 0.042 34.5 7.5 34.6 7.5 −0.010 0.740
Total cholesterol, mmol/l 4.7 1.2 4.6 1.1 <0.0001 178.0 44.5 177.7 43.9 0.006 0.708
Diastolic blood pressure, mmHg 78.2 10.4 77.9 9.4 0.178 77.9 9.9 78.0 9.4 −0.007 0.599
Systolic blood pressure, mmHg 131.4 17.1 129.1 15.2 <0.0001 129.3 15.4 129.4 15.0 −0.012 0.329
Serum creatinine, μmol/l 81.2 23.8 79.5 20.4 0.006 0.9 0.3 0.9 0.2 0.017 0.982
Alanine transaminase, U/l 35.0 23.8 35.7 22.7 0.000 35.7 23.9 35.7 22.2 0.000 0.221
Aspartate transaminase, U/l 27.6 21.0 27.6 17.9 0.005 27.6 17.9 27.6 17.7 0.001 0.222

Statistical differences were assessed using Wilcoxon rank-sum tests for continuous variables, and chi-squared test for categorical variables. Post-matching
differences were also assessed using standard differences. All drugs in the sulphonylurea class were considered, including chlorpropamide, tolazamide,
tolbutamide, glipizide, glyburide, micronized glyburide and glimepiride. For each laboratory test, the most recent test result during the pre-index period
was used. If a test was not conducted within this period, the test result was set to missing. Assessments with missing values for >30% of the sample are not
shown. HbA1c, glycated haemoglobin; s.d., standard deviation; stand. diff., standard difference.
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Table 2. Time to insulin initiation among patients initiating insulin in the study period.

All unmatched patients Patients with baseline HbA1c<9% Patients with baseline HbA1c≥9%

Variable Sitagliptin Sulphonylurea Sitagliptin Sulphonylurea Sitagliptin Sulphonylurea

Number of observations 6104 14 425 4281 8650 1031 3789
Patients initiating insulin in the

study period, n (%)
607 (9.9) 2033 (14.1) 374 (8.7) 1060 (12.3) 155 (15.0) 664 (17.5)

Mean (s.d.) time to insulin
among patients initiating
insulin in study period, years

1.94 (1.36) 2.07 (1.42) 2.07 (1.40) 2.18 (1.46) 1.69 (1.29) 1.90 (1.37)

Seven hundred and ninety-two patients in the sitagliptin cohort and 1986 in the sulphonylurea cohort had missing baseline HbA1c data. HbA1c, glycated
haemoglobin; s.d., standard deviation.

(a) (b)

(c)

Figure 1. Kaplan–Meier cumulative distribution function for insulin initiation. (a) All patients; (b) Patients with baseline HbA1c< 9%; (c) Patients with
baseline HbA1c>= 9%. SU, sulphonylurea; HbA1c, glycated haemoglobin.

lower risk of initiating insulin compared with the sulphony-
lurea cohort (HR 0.77, 95% CI 0.62–0.95). By contrast, among
patients with baseline HbA1c ≥9%, Kaplan–Meier analysis
found no significant difference between the sulphonylurea and
sitagliptin cohorts (p= 0.52; Figure 1). While results from the
Cox model showed a lower risk of insulin initiation in the
sitagliptin cohort compared with the sulphonylurea cohort,
results were not statistically significant (HR 0.75; 95% CI
0.49–1.15). Conditional logistic regression models were also
used to explore the association between insulin initiation and

treatment cohort in each subgroup; however, because of a lack
of discordant pairs, the models were not reliable (results not
shown).

Discussion
The present analysis showed that patients with T2DM on
dual therapy with sitagliptin plus metformin had a lower risk
of insulin initiation compared with patients on dual ther-
apy with sulphonylureas and metformin. This trend remained
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Table 3. Cox proportional hazards model: insulin initiation in matched sample.

Variable HR (95% CI) p

Sitagliptin vs sulphonylurea 0.761 (0.646, 0.897) 0.0011
Male 0.827 (0.639, 1.072) 0.1521
White 1.000 (0.769, 1.300) 0.9971
Commercial or private health plan 0.680 (0.513, 0.901) 0.0072
Residential location

West 1.000 — 0.6135
Midwest 0.917 (0.592, 1.421)
Northeast 0.805 (0.498, 1.299)
South 0.749 (0.472, 1.188)

Age group, years
18–35 years 1.000 — 0.0485
36–45 years 1.133 (0.628, 2.047)
46–55 years 0.843 (0.496, 1.435)
56–65 years 0.675 (0.387, 1.178)
66–75 years 1.757 (0.535, 5.766)
≥76 years 1.894 (0.551, 6.517)

Index year
2006 and 2007 1.000 — 0.4027
2008 0.794 (0.310, 2.032)
2009 1.372 (0.360, 5.220)
2010 1.015 (0.210, 4.915)
2011 2.308 (0.367, 14.528)
2012 and 2013 1.769 (0.215, 14.561)

Days of metformin use during baseline period 0.996 (0.983, 1.010) 0.5858
Baseline diabetes-related complications

Microvascular complications 0.975 (0.545, 1.743) 0.9313
Macrovascular diseases 1.569 (0.961, 2.562) 0.0719
Other kidney diseases 0.475 (0.220, 1.026) 0.0581
Liver disease 0.735 (0.253, 2.137) 0.5718
Hypoglycaemia 0.674 (0.137, 3.309) 0.6269
Gallstone 0.594 (0.049, 7.261) 0.6832
Depression 2.719 (0.240, 30.750) 0.4189
Hypertension 1.208 (0.766, 1.906) 0.4160
Obesity 1.361 (1.017, 1.823) 0.0384
Hyperlipidaemia 1.121 (0.753, 1.667) 0.5743
Malignant neoplasms 0.871 (0.367, 2.066) 0.7544

Laboratory assessments
HbA1c, % 1.195 (1.004, 1.422) 0.0446
Total cholesterol, mmol/l 1.000 (0.796, 1.255) 0.8544
Diastolic blood pressure, mmHg 0.991 (0.976, 1.007) 0.2817
Systolic blood pressure, mmHg 1.001 (0.991, 1.011) 0.7869
Serum creatinine, μmol/l 0.857 (0.984, 1.009) 0.5941
Alanine transaminase, U/l 0.999 (0.991, 1.006) 0.7235
Aspartate transaminase, U/l 0.998 (0.990, 1.007) 0.7325

95% CIs and p values assessed using Type 3 Wald’s statistics. Mean imputation by index drug was applied to fill missing laboratory assessments. As a result,
all patients (n= 7728) were used in the regression model. CI, confidence interval; HbA1c, glycated haemoglobin; s.d., standard deviation.

significant after controlling for patient characteristics, and was
mainly driven by a lower risk among patients with a baseline
HbA1c <9%.

Findings from the present study were strengthened by the
use of propensity score matching, which mitigated under-
lying differences in baseline characteristics between the
two groups, which may have otherwise influenced the out-
comes. The use of propensity score matching has been used
successfully by others to explore time to insulin among patients
with T2DM who initiated metformin or sulphonylureas as
monotherapy [15].

Results were in line with previous literature that found
that patients treated with sulphonylureas had a higher likeli-
hood of insulin use, and earlier insulin initiation, compared
with patients treated with other OADs such as metformin
[4–7,14,16]. Only one previous study has assessed the risk of
insulin initiation among patients treated with DPP-4 inhibitors
specifically, reporting similar findings. Also using Cox regres-
sion, Kostev and Rathmann [7] found that, compared with
patients treated with metformin, patients treated with DPP-4
inhibitors had a lower risk of insulin initiation, while patients
treated with sulphonylureas had a higher risk. Our data extend
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Table 4. Summary of multivariable conditional logistic regressions: likelihood of insulin use in matched sample.

Outcome Sample N OR 95% CI p

Insulin use within 1 year post-index At least 1-year post-index eligibility 5744 0.770 (0.54, 1.09) 0.1412
Insulin use within 2 years post-index At least 2-years post-index eligibility 3686 0.790 (0.60, 1.04) 0.0951
Insulin use within 3 years post-index At least 3-years post-index eligibility 2214 0.813 (0.60, 1.10) 0.1746
Insulin use within 4 years post-index At least 4-years post-index eligibility 1286 0.570 (0.39, 0.84) 0.0048
Insulin use within 5 years post-index At least 5-years post-index eligibility 596 0.288 (0.11, 0.75) 0.0104
Insulin use within 6 years post-index At least 6-years post-index eligibility 140 0.750 (0.24, 2.32) 0.6175

95% CIs and p values assessed using Type 3 Wald’s statistics. Conditional logistic regression was used to separately analyse insulin initiation within 1, 2, 3, 4,
5 and 6 years post-index. An OR of<1 indicated a reduced risk of insulin initiation among sitagliptin users compared with sulphonylurea users. Covariates
included in each model were index year, demographic information (age, gender and ethnicity), specialty of prescribing physician, health plan type, residential
location, pre-index metformin use, days on metformin use within 1 year before the index date and comorbid conditions. Laboratory assessments included
HbA1c, body mass index, fasting blood glucose, LDL, HDL, triglycerides, total cholesterol, blood pressure, serum creatinine, estimated glomerular filtration
rate, alanine transaminase and aspartate transaminase. CI, confidence interval; OR, odds ratio.

this observation with the use of propensity score matching,
which adds robustness to the analysis.

Insulin is an invaluable treatment option to help achieve
glycaemic control in patients with T2DM. Nonetheless, most
patients and clinicians prefer delaying its initiation until nec-
essary because it is associated with hypoglycaemia and weight
gain, and is also viewed as increasing the complexity of care,
including an increased need for self-monitoring of blood glu-
cose. Accordingly, there remains a need for effective oral agents
that can maintain durable glycaemic control and delay insulin
when metformin monotherapy is unable to attain or maintain
glycaemic targets.

Sitagliptin, a DPP-4 inhibitor, reduces blood glucose lev-
els through the modulation of the incretin system. Its main
effects are to increase insulin secretion and decrease glucagon
secretion in a glucose-dependent fashion [24]. In T2DM, there
is progressive loss of the sensitivity of islet cell function to
ambient glycaemia [25]. DPP-4 inhibitors appear to restore
the appropriate response of both the 𝛼 and 𝛽-cells to glucose
concentrations. This, in turn, increases insulin and decreases
glucagon secretion during hyperglycaemia, while decreasing
insulin and increasing glucagon secretion during hypogly-
caemia [26]. Sulphonylureas, by contrast, work solely through
the stimulation of insulin secretion, which is not substan-
tially modulated by the absence of hyperglycaemia or even by
the presence of hypoglycaemia. That is, these agents increase
insulin secretion even at very low glucose levels, which is in
contrast to DPP-4 inhibitors. Secondary failure rates have long
been considered another disadvantage of this class [27]. In one
large, randomized clinical trial, the sulphonylurea glyburide
was associated with greater loss of efficacy than either met-
formin or the thiazolidinedione, rosiglitazone [28]; however,
there are no long-term clinical trial data to support the pro-
posed durability of effectiveness of sitagliptin versus sulphony-
lurea therapy.

In the present study we assessed other factors associated
with insulin initiation besides type of treatment. The finding
that HbA1c was significantly associated with insulin initiation
is not surprising and is consistent with a number of previous
studies [2,8–15]. After controlling for treatment type, patient
characteristics and laboratory assessments, the only significant
comorbid condition associated with earlier insulin use was

obesity. This is actually contrary to other literature that did
find a positive association between insulin use and a range
of other comorbidities [4,7,9,11,13]; however, none of these
previous studies used propensity score matching. Notably, Fu
et al. [14] also used propensity score matching and also could
not find a significant association between a variety of comorbid
conditions and insulin initiation, but did find a significant
association with BMI. Variance in significant factors associated
with insulin initiation across studies may be attributable to
differences in patient characteristics and disease progression,
the type of therapy, and length of time exposed to OADs, as
well as the statistical methods applied.

Previous real-world observational studies suggest that after
6 years of treatment ∼15–25% of sulphonylurea users had ini-
tiated insulin, compared with the 28.7% figure in our study
[6,10]. The higher incidence of insulin use reported here may
be attributable to the fact that, by study design, all patients
were on dual therapy, representing a cohort of patients with
more advanced disease. Differences in insulin initiation may
also be attributable to varying types of sulphonylurea drugs
across studies, as there may be some variation in treatment fail-
ure within the class [29].

The present study has several limitations, mainly attributable
to the data source. First, insulin initiation was primarily esti-
mated based on prescription data; however, the days-of-supply
and end dates for prescriptions were unavailable for a con-
siderable number of patients, resulting in a drop in sample
size. Without days-of-supply, the study could not distinguish
between short-term and regular insulin users. Second, while
the database captured prescription and drug information, it
could not ascertain whether patients adequately followed physi-
cians’ instructions when taking medications. Likewise, pre-
scription data alone cannot fully assess therapy patterns, and
the study could not ascertain if a patient was continuously
treated with the index therapy beyond 90 days, as required by
the study design, or if they discontinued or switched therapy.
Third, EMR data are mostly collected from primary care physi-
cians, and, therefore, do not always capture diagnoses and treat-
ments during hospitalizations or by specialists. As a result, seri-
ous comorbid conditions and severe hypoglycaemic events that
require inpatient services or specialist care, insulin use dur-
ing hospitalization, or prescriptions written by specialists may
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be under-recorded in the present study. Furthermore, hypogly-
caemic events that are potentially mild or moderate and where
a patient does not seek treatment are not captured by EMR data,
nor is any care that has been received outside of the healthcare
network.

There were also methodological limitations. Although
propensity score matching creates balanced treatment groups
based on observed baseline characteristics, the possibility of
potential imbalances between matched groups attributable to
unobserved characteristics cannot be excluded. Second, more
than half of the study patients were right censored at the end
of continuous medical recording; therefore, average time to
insulin was only calculated among those who initiated insulin
during the follow up. Because of the exclusion of censored
patients, the average time to insulin between the two groups
was not statistically comparable. Hence, the Kaplan–Meier
comparison was more appropriate. Furthermore, logistic
regression cannot fully account for the timing of insulin
use, which may be right censored. The time period during
which an outcome can be observed must be prespecified, and
patients without complete data must be excluded; therefore,
as the follow-up period increased, the number of matched
patients included in each conditional logistic regression model
decreased. In addition to the inability to account for censoring,
the conditional logistic regression models were less reliable
because the majority of matched-pairs were concordant (i.e.
both case and control had the same response). Finally, it should
be noted that a lower risk of insulin initiation may not nec-
essarily indicate better glucose control in patients, as patients
and clinicians are often reluctant to initiate insulin, even when
indicated.

Future research may build on this study by using more
granular prescription data that are able to measure the use of
index therapy beyond 90 days, and whether patients added to
or switched from the index therapy. This would provide more
information about how the length of time exposed to each type
of therapy was associated with insulin use. Further analysis
may also investigate treatment patterns of insulin use beyond
initiation.

In conclusion, in this real-world study, patients in the USA
with T2DM treated with a combination of sitagliptin and met-
formin had a significantly lower risk of initiating insulin ther-
apy compared with patients treated with a combination of
sulphonylurea and metformin, driven mainly by the subgroup
of patients with lower HbA1c levels. Although the differences
appeared modest in terms of actual time to insulin therapy,
these differences may be accentuated over time with longer
follow-up. Whether our results represent a more advantageous
effect on 𝛽 cell function of sitagliptin over sulphonylureas is
not clear. Nonetheless, physicians and patients should con-
sider this information when deciding the optimum dual ther-
apy for the effective management of T2DM. Further studies
will be needed to determine whether incretin-based therapy,
such as with DPP-4 inhibitors, might potentially change the
natural history of T2DM. Such studies would assess whether
early treatment with incretin-related agents could alter the
progressive decline in 𝛽-cell function that characterizes the
disease.
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