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OBJECTIVE

Limited data exist regarding safety and efficacy of antihyperglycemic drugs in
older patients with type 2 diabetes. The Trial Evaluating Cardiovascular Outcomes
with Sitagliptin (TECOS) was a randomized, double-blind, placebo-controlled trial
assessing the impact of sitagliptin on a primary composite outcome of cardiovas-
cular death, nonfatal stroke, nonfatal myocardial infarction, or unstable angina
hospitalizations in patients with type 2 diabetes (HbA1c ‡6.5% [48 mmol/mol]
and £8.0% [64 mmol/mol]) and cardiovascular disease. We analyzed baseline
characteristics and clinical outcomes for TECOS participants aged ‡75 years.

RESEARCH DESIGN AND METHODS

Clinical and safety event summaries are presented for older versus younger par-
ticipants and for the treatment groups within the older cohort.

RESULTS

Of 14,351 participants with age recorded, 2,004 (14%) were ‡75 years old (mean
age 78.3 years [SD 3.1]), with 68% men and type 2 diabetes duration median 12.0
years (IQR 7, 21). During 2.9 years median follow-up, older participants had higher
rates of the primary outcome (6.46 vs. 3.67 events per 100 person-years; hazard
ratio 1.72 [95% CI 1.52–1.94]), death (2.52 [2.20–2.89]), severe hypoglycemia (1.53
[1.15–2.03]), and fractures (1.84 [1.44–2.35]). In the older cohort, sitagliptin did
not significantly impact the primary composite (1.10 [0.89–1.36]), death (1.05
[0.83–1.32]), heart failure hospitalization (0.99 [0.65–1.49]), severe hypoglycemia
(1.03 [0.62–1.71]), rates of acute pancreatitis and pancreatic cancer, or serious
adverse events.

CONCLUSIONS

Among older patients with well-controlled type 2 diabetes and cardiovascular
disease, sitagliptin had neutral effects on cardiovascular risk and raised no signif-
icant safety concerns.

Improvements in public health, nutrition, and medical care across many regions of
the world have increased life expectancy. During the 20th century, life span incre-
ments of up to 2 decades have occurred in the world’s wealthiest populations, and
recent global estimates indicate that smaller gains of 5–7 years of life expectancy
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occurred worldwide between 1990 and
2013 (1). However, when more people
live longer, comorbidities accrue, resulting
in a greater burden of chronic disease. An
important comorbidity affecting the dif-
ference between healthy and total life ex-
pectancy is type 2 diabetes (2,3).
Treating type 2 diabetes in older peo-

ple can be challenging, particularly when
concomitant conditions such as kidney
dysfunction, heart failure, and cardiovas-
cular disease complicate the choices of
antihyperglycemic agents (4). Making
prudent, evidence-based choices is ham-
pered further by the lack of data specific
to older populations with diabetes. A sur-
vey of the clinicaltrials.gov registry found
that only 15 of 2,484 (0.6%) interven-
tional trials in diabetes focused on partic-
ipants over age 65 years, and 54.9%
excluded those over 75 years (5). This
gap in evidence forces practitioners to ex-
trapolate from data derived from youn-
ger, healthier clinical trial populations,
possibly leading to erroneous estimates
of safety and efficacy effects.
The Trial Evaluating Cardiovascular

Outcomes with Sitagliptin (TECOS) was a
large, pragmatic, double-blind, random-
ized trial that assessed the cardiovascular
safety of adding sitagliptin versus placebo
to usual care in patients with type 2 di-
abetes (HbA1c $6.5% [48 mmol/mol]
and #8.0% [64 mmol/mol]) and estab-
lished atherosclerotic cardiovascular dis-
ease (6). Here we describe baseline
characteristics, clinical outcomes, and
the safety profile for sitagliptin for TECOS
participants aged 75 years or older.

RESEARCH DESIGN AND METHODS

The design, protocol, and primary re-
sults of TECOS (NCT00790205) have
been published previously (6,7). The
study was designed and run indepen-
dently by the Duke Clinical Research In-
stitute and the University of Oxford
Diabetes Trials Unit in an academic col-
laboration with the sponsor, Merck
Sharp & Dohme. The protocol was ap-
proved by the ethics committees associ-
ated with all participating trial sites, and
all participants provided written in-
formed consent for trial participation.
In brief, 14,671 participants from

38 countries were enrolled between De-
cember 2008 and July 2012. Eligible par-
ticipants were $50 years old (with no
upper age limit) with type 2 diabetes,
atherosclerotic cardiovascular disease,

and HbA1c values of 6.5–8.0% (48–
64 mmol/mol) on stable dose mono- or
dual-combination therapy with metfor-
min, pioglitazone, or sulfonylurea, or in-
sulin with or without metformin. Study
patients were randomized in a double-
blind fashion to either sitagliptin or
placebo at doses appropriate for their
estimated glomerular filtration rate (eGFR).
Patients with an eGFR ,30 mL/min/
1.73 m2 were not eligible. During follow-
up, treatment for type 2 diabetes and its
comorbidities was provided by usual care
providers based on local guidelines. Be-
cause there is a known small but signifi-
cant contribution to cardiovascular risk
fromprolonged hyperglycemia, the TECOS
design sought to minimize differences in
glucose control between treatment groups.
After the 4-month visit, the addition of
any antihyperglycemic agent was permit-
ted with the exception of glucagon-like
peptide-1 (GLP-1) receptor agonists or
open-label dipeptidyl peptidase-4 inhibi-
tors. Use of rosiglitazone was discouraged.
Data regarding use of concomitant medica-
tions, occurrence of severe hypoglycemia
(hypoglycemia requiring the assistance
of another individual), death, hospitaliza-
tion, cardiovascular events and interven-
tions, expected clinical events (see
Supplementary Appendix A for a listing
of expected clinical events), serious
adverse events (SAEs), and adverse
events (AEs) resulting in study drug discon-
tinuation were recorded at all visits. All
reported events of death, myocardial in-
farction, stroke, hospitalization for un-
stable angina or heart failure, acute
pancreatitis, and cancer (other than non-
melanoma skin cancers) were adjudi-
cated by an independent committee
blinded to randomized treatment assign-
ment. Adjudicated event definitions
have been published previously (6).

The present analysis cohort includes
TECOS participants in the intent-to-treat
(ITT) population who had a recorded
age. Age data were not available for
320 participants from Lithuania, where
recording birth dates for clinical re-
search is not permitted. The 75-year
age threshold was selected to be consis-
tent with regulatory guidelines for older
populations (8). Events in subsets of pa-
tients aged 75 to,80 years and 80 years
or olderwere also examined, but clinically
significant differences between these
subsets were not apparent, and the data
presented are pooled. The results first

compare older ($75 years) with younger
(,75 years) participants, and second
compare sitagliptin with placebo within
the older cohort. Event summaries are
presented for the ITT population, with
the exception of treatment-emergent
AEs (i.e., SAEs andAEs leading to treatment
discontinuation), which are presented
for the “all-patients-as-treated” popula-
tion, defined as all patients from the ITT
group who received at least one dose of
study drug.

Statistical Analysis
Baseline characteristics are summarized
using mean values 6 1 SD or median
and interquartile range (IQR), as appropri-
ate, for continuous variables and number
and proportion for categorical variables.
Comparisons between older and younger
cohorts for continuous variables were
carried out by Student t tests or Wilcoxon
rank-sum tests as appropriate. Categorical
variables were compared by x2 or exact
tests. Although not formally adjusted for
multiple comparisons, thechosen threshold
for statistical significance for comparisons
of baseline characteristics was ,0.0001.
For clinical events, exposure-adjusted rates
per 100 patient-years were calculated.
Stratified Cox regression models were
used to estimate unadjusted hazard ratios
(HRs) and 95% CIs when comparing older
and younger cohorts or randomized treat-
ment groups within the older cohort. To
evaluate whether there were differential
treatment effects in the older and younger
cohorts, interactions for randomized treat-
ment by age were examined.

AEs were analyzed as binary variables.
Counts, proportions of patients with
events, and 95% CIs were reported.
The CIs for proportions were estimated
through the Wilson score method. Dif-
ferences in proportions between age
cohorts were calculated and the CIs were
estimated by the Miettinen-Nurminen
method.HbA1c data collected longitudinally
during the study were analyzed using gen-
eralized linear repeated measures models.
Least squares mean differences in postran-
domizationmeasures between comparison
groups were estimated, controlling for the
baseline values and region. P values were
not adjusted for multiple comparisons. A
P value of,0.05 was the threshold for sta-
tistical significance when comparing clinical
outcomes. All analyses were conducted
with the use of SAS software, version 9.0
or higher (SAS Institute, Cary, NC).
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RESULTS

Of 14,671 randomized TECOSparticipants,
14,351 in the ITT population had an age
recorded and were included in the pre-
sent analyses. Of these, 2,004 (14%) par-
ticipants were $75 years old, and
582 (4%) were$80 years old. Median du-
rations of follow-up for the primary end
point were similar in the older and youn-
ger cohorts (2.9 vs. 3.0 years, respectively)
and were similar between treatment
groups. Median study drug exposure was
shorter in the older compared with youn-
ger cohorts (2.4 [IQR 1.7, 3.2] vs. 2.7 [2.0,
3.5] years), with a larger proportion of
older participants (36.6% vs. 24.1%) dis-
continuing study drug during follow-up
(Supplementary Table 1). AE data are pre-
sented for 14,225 participants in the all-
patients-as-treated population, of whom
1,979 (14%) were$75 years old.

Comparing Older to Younger
Participants
Key baseline characteristics according to
age are presented in Table 1 (see

Supplementary Table 2 for a full list of
baseline characteristics). Statistical dif-
ferences were seen between older and
younger cohorts for all baseline charac-
teristics except for sex and utilization
of some medications (sulfonylurea, in-
sulin, statin, and other lipid-lowering
therapies).

During the study, HbA1c was margin-
ally lower in the older compared with
the younger cohorts (least squares
mean difference across all visits:20.11%
[95% CI 20.15 to 20.07], P , 0.0001)
(Fig. 1A). The primary composite car-
diovascular outcome occurred more of-
ten in the older cohort (338 first events
[16.9%], 6.46 per 100 person-years)
than the younger cohort (1,281 first
events [10.4%], 3.67 per 100 person-
years) (HR 1.72 [95% CI 1.52–1.94],
P , 0.001) (Fig. 2). Older participants
were also at higher risk for the secondary
cardiovascular composite of cardiovascu-
lar death, nonfatal myocardial infarction,
or nonfatal stroke (HR 1.86 [95% CI 1.63–
2.11],P,0.001), hospitalization for heart

failure (HR 1.48 [95% CI 1.18–1.87],
P , 0.001), a composite of heart fail-
ure or death (HR 2.02 [95% CI 1.75–
2.34], P , 0.001), all-cause mortality
(HR 2.52 [95% CI 2.20–2.89], P ,
0.001), malignancy (HR 1.76 [95% CI
1.43–2.15], P , 0.001), severe hypo-
glycemia (HR 1.53 [95% CI 1.15–2.03],
P = 0.004), and bone fractures (HR 1.84
[95% CI 1.44–2.35], P , 0.001). Pan-
creatitis and pancreatic cancer were
uncommon, and rates did not differ
significantly between the older and
younger cohorts.

Treatment-emergent SAEs for the
older and younger cohorts are shown
in Supplementary Table 3. The most
common system organ class SAE
reported in the older cohort was “neo-
plasms benign, malignant, and unspec-
ified” in 174 individuals vs. 527 in the
younger cohort (difference in propor-
tion with event 4.49% [95% CI 3.26–
5.86]). All other system organ class
SAEs were reported in ,5% of the
population.

Table 1—Key baseline characteristics for the ITT population

All participants $75 years old

Characteristic

$75 years old ,75 years old Sitagliptin Placebo

(n = 2,004) (n = 12,347) (n = 970) (n = 1,034)

Male sex 1,356 (67.7) 8,847 (71.7) 682 (70.3) 674 (65.2)

Age (years) 78.3 6 3.1 63.4 6 6.4 78.3 6 3.0 78.4 6 3.2

BMI (kg/m2)* 28.9 6 4.8 30.3 6 5.7 29.0 6 4.9 28.9 6 4.8

Systolic blood pressure (mmHg)* 137 6 18 134 6 17 137 6 18 137 6 18

Diastolic blood pressure (mmHg)* 74 6 11 78 6 10 74 6 11 74 6 11

HbA1c (%)* 7.18 6 0.46 7.24 6 0.48 7.19 6 0.46 7.17 6 0.46

HbA1c (mmol/mol)* 55.0 6 5.1 55.7 6 5.2 55.1 6 5.1 54.8 6 5.0

eGFR (mL/min/1.73 m2)* 65.5 6 19.2 76.3 6 21.0 65.3 6 19.0 65.7 6 19.3
$90 205 (10.3) 3,026 (24.8) 95 (9.9) 110 (10.8)
60–89 963 (48.6) 6,761 (55.3) 474 (49.4) 489 (47.8)
30–59 814 (41.0) 2,437 (19.9) 390 (40.6) 424 (41.4)
,30 1 (0.1) 2 (,0.1) 1 (,1.0) 0

LDL cholesterol (mmol/L)* 2.3 6 2.6 2.4 6 1.2 2.4 6 3.7 2.2 6 0.9

Median duration of diabetes, years (IQR)* 12 (7, 21) 9 (5, 15) 13 (7, 21) 12 (7, 21)

Prior heart failure* 422 (21.1) 1,970 (16.0) 190 (19.6) 232 (22.4)

Medication use
Metformin* 1,449 (72.3) 10,265 (83.1) 711 (73.3) 738 (71.4)
Sulfonylurea 946 (47.2) 5,569 (45.1) 442 (45.6) 504 (48.7)
Insulin 501 (25.0) 2,844 (23.0) 255 (35.6) 246 (33.8)
Median daily dose, units (IQR) 51.0 (34.0, 80.0) 44.0 (28.0, 67.5) 44.0 (28.0, 72.0) 42.0 (28.5, 64.0)
Monotherapy for type 2 diabetes* 1,066 (53.2) 5,755 (46.6) 514 (53.0) 552 (53.4)
Dual combination therapy for type 2 diabetes* 913 (45.6) 6,477 (52.5) 446 (46.0) 467 (45.2)
Aspirin* 1,473 (73.5) 9,829 (79.6) 702 (72.4) 771 (74.6)
Any antiplatelet* 1,591 (79.4) 10,443 (84.6) 771 (79.5) 820 (79.3)
Statin 1,582 (78.9) 9,998 (81.0) 761 (78.5) 821 (79.4)
Any lipid lowering 1,641 (81.9) 10,340 (83.7) 797 (82.2) 844 (81.6)

Data are n (%) or mean6 SD, except where indicated. P values comparing sitagliptin and placebo groups were not calculated. See Supplementary
Table 2 for full list of baseline characteristics. *P values ,0.0001 comparing older to younger cohorts.
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Comparing Sitagliptin to Placebo
Within the Older Cohort

The baseline characteristics in the older
cohort were generally well balanced

between the sitagliptin and placebo
groups with regard to their demo-
graphic characteristics, including age,
ethnicity, race, and region (Table 1 and

Supplementary Table 2), although a
higher proportion of participants were
male in the sitagliptin group (70.3% vs.
65.2%).

Figure 1—HbA1c over time in older vs. younger cohorts (A) and sitagliptin vs. placebo in the older cohort (B).
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After 4 months of study treatment, the
mean HbA1c values were 0.4 percentage
points lower in the older participants re-
ceiving sitagliptin (Fig. 1B). This difference
narrowed during the study period, with
an overall least squares mean difference
across all visits of20.30% (95% CI20.37
to 20.24, P , 0.0001) (Fig. 1B). There
was no significant heterogeneity of ef-
fect for randomized treatment by age
for difference in HbA1c between the
groups (Pinteraction = 0.61).
Overall in the ITT population, the pri-

mary composite cardiovascular outcome
occurred in 170 participants in the sita-
gliptin group (17.5%, 6.75 per 100 per-
son-years) and 168 participants (16.2%,
6.19 per 100 person-years) in the pla-
cebo group (HR 1.10 [95% CI 0.89–
1.36], P = 0.39) (Fig. 3). No differences
were seen between treatment groups
for the secondary cardiovascular com-
posite of cardiovascular death, nonfatal
myocardial infarction, or nonfatal stroke

(HR 1.01 [95% CI 0.81–1.26], P = 0.94),
hospitalization for heart failure (HR 0.99
[95% CI 0.65–1.49], P = 0.94), a compos-
ite of heart failure or death (HR 1.00
[95% CI 0.77–1.29], P = 0.99), all-cause
mortality (HR 1.05 [95% CI 0.83–1.32],
P = 0.71), malignancy (HR 0.95 [95% CI
0.67–1.36], P = 0.78), severe hypogly-
cemia (HR 1.03 [95% CI 0.62–1.71], P =
0.92), and bone fractures (HR 1.21 [95%
CI 0.78–1.85], P = 0.40). Rates of pancre-
atitis and pancreatic cancer were low
and did not differ significantly between
treatment groups. Interactions for age
and randomized treatment assignment
were not statistically significant for any
of these reported outcomes (P . 0.22
for all).

Proportions of older participants with
treatment-emergent SAEs and the 95%
CIs for the difference in proportions are
shown in Table 2. Overall, SAE numbers
were small and generally well balanced
between the two treatment groups.

CONCLUSIONS

TECOS, which included .2,000 patients
age 75 years or older with well-controlled
diabetes, provides the largest clinical trial
experience to date with sitagliptin in an
older population performed in a usual
care setting. The use of sitagliptin versus
placebo in this older cohort was not asso-
ciated with any difference in risk for the
primary cardiovascular composite out-
come of cardiovascular death, nonfatal
stroke, nonfatal myocardial infarction, or
hospitalization for unstable angina, a re-
sult consistent with the findings reported
in the main trial (6). Sitagliptin therapy
also did not affect rates for the secondary
cardiovascular composite (cardiovascular
death, nonfatal stroke, and nonfatal myo-
cardial infarction), death from any cause,
or heart failure. Glycemic levels achieved
during the study in sitagliptin-treated par-
ticipants were similar in older and youn-
ger cohorts, with the older cohort
showing no indication of increased rates

Figure 2—Primary and key secondary outcomes in older vs. younger participants. CV, cardiovascular; HF, heart failure.
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of hypoglycemia, fractures, or reports of
serious falls or other injury identified
through safety reporting between the si-
tagliptin and placebo groups.
Event rates for major adverse cardio-

vascular events (MACEs) were up to two-
fold higher in the older TECOS cohort
compared with those ,75 years of age,
with first events of cardiovascular death,
nonfatal stroke, and nonfatal myocardial
infarction (MACE-3) events occurring in
;16% and 9%, respectively. This seems
broadly similar to findings from other car-
diovascular outcome trials in patients
with type 2 diabetes using dipeptidyl
peptidase-4 inhibitors. In the Examination
of Cardiovascular OutcomesWith Aloglip-
tin Versus Standard of Care (EXAMINE) tri-
al (9), which compared alogliptin versus
placebo in an acute coronary syndromes
population over 1.5 years of follow-up,
the MACE-3 primary outcome occurred
in ;15% of those $65 years old com-
pared with ;9% in younger participants.
The Saxagliptin Assessment of Vascular
Outcomes Recorded in Patients with

Diabetes Mellitus–Thrombolysis in Myo-
cardial Infarction 53 (SAVOR-TIMI-53)
trial (10), which compared saxagliptin
versus placebo over 2.1 years in a mixed
primary/secondary cardiovascular pre-
vention population, showed MACE-3
2-year Kaplan-Meier event rates were
10% for those $75 years old vs. 7% in
the younger cohort (11). These findings
underscore the burden of cardiovascu-
lar disease in the elderly and correlate
with increasing public health care expen-
ditures (12–15).

The importance of evaluating antihy-
perglycemic medications to treat type 2
diabetes in older patients should not be
underestimated. With increasing longev-
ity, the proportion of older people requir-
ing treatment for type 2 diabetes is rising
(16). Older individuals comprise a hetero-
geneous population, ranging from those
living actively and independently to those
requiring constant care in nursing
homes, but all are subject to increasing
age-related risks for complications of
type 2 diabetes, cardiovascular disease,

and other comorbidities. The overall
treatment goals for managing hyperglyce-
mia and risk factors for type 2 diabetes
complications are similar for healthy indi-
viduals (e.g., those with few coexisting
chronic illnesses and little functional dis-
ability), but there is increasing recognition
that targets for HbA1c, blood pressure, and
cholesterol should be individualized to ac-
count forfitness, frailty, and functional dis-
ability present in older individuals (17–19).

We acknowledge certain limitations
in our examination of the impact of si-
tagliptin in older individuals. First, our
observations are limited to effects ob-
served over the median 2.9 years of
follow-up, whereas treatment with si-
tagliptin in routine care may be longer.
Second, participants enrolled in TECOS
may not be representative of commu-
nity-based older populations. For exam-
ple, TECOS eligibility criteria required an
entryHbA1c of 6.5–8% (48–64mmol/mol).
Therefore, although the enrolled popula-
tion has a median type 2 diabetes dura-
tion of 12 years, the mean HbA1c of 7.2%

Figure 3—Primary and key secondary outcomes in the older cohort by treatment group. CV, cardiovascular; HF, heart failure.
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(55 mmol/mol) may be lower than that
typically seen in older individuals with a
long duration of diabetes. Although TECOS
did not measure frailty or functional sta-
tus, it is reasonable to assume that most
patients enrolled were ambulatory and
reasonably functional since clinic visits ev-
ery 6 months and the ability to see their
usual caredoctor at least twice yearlywere
requirements of the trial design. TECOS
also excluded thosewith severe kidney im-
pairment (eGFR,30mL/min/1.73m2), al-
though if renal function declined during
follow-up to eGFR,30mL/min/1.73m2,
participants were permitted to remainon
sitagliptin doses adjusted for renal function.
Baseline exclusion criteria also included life
expectancy of,2 years, or any other con-
dition thought to impair the individual’s
ability to participate fully in the trial.
In conclusion, our study results show

that in a large group of older participants
with well-controlled diabetes, sitagliptin
did not increase the risk of serious hypo-
glycemia and was neutral with respect to
cardiovascular outcomes over ;3 years
of follow-up. Although these results can-
not exclude the possibility of other ben-
efits or risks emerging over a longer
follow-up period, especially in patients
with increasingly complex comorbidities,
they are reassuring for practitionersman-
aging an aging population with diabetes.

Funding and Duality of Interest. The TECOS
trial was sponsored by Merck Sharp & Dohme, a
subsidiary of Merck & Co., Inc. (Kenilworth, NJ).

M.A.B. has received grants, personal fees, and
other support fromMerck Sharp & Dohme; other
support fromBoehringer Ingelheim, NovoNordisk,
GlaxoSmithKline; and nonfinancial support from
Bayer. S.S.E., K.D.K., and S.S. are employees
of Merck Sharp & Dohme, a subsidiary of Merck
& Co., Inc. J.B.G. has received grants from
Merck Sharp & Dohme, AstraZeneca, and
GlaxoSmithKline; grants and personal fees
from Merck Sharp & Dohme; other support from
Boehringer Ingelheim; and personal fees from
Bioscientifica and the Endocrine Society. R.G.J.
has received grants or personal fees from Merck
Sharp & Dohme, AstraZeneca, Janssen, and Eli Lilly
andCompany. E.S. has receivedpersonal fees from
the Oxford Diabetes Trials Unit, AstraZeneca,
Bayer, Boehringer Ingelheim, Merck Serono, Ex-
cemed, Novartis, and Sanofi. F.V.d.W. has received
personal fees fromMerck Sharp&Dohme. D.K.M.
has received personal fees from Boehringer
Ingelheim, Janssen Research & Development
LLC, Sanofi,Merck Sharp&Dohme,Daiichi Sankyo,
Inc., Eli Lilly and Company, Novo Nordisk,
GlaxoSmithKline, Takeda Pharmaceuticals U.S.A.,
Inc., AstraZeneca, Lexicon, Regeneron, Uni-
versity of Oxford, Duke Clinical Research Insti-
tute, Partners Healthcare, and the Cleveland
Clinic Foundation. E.D.P. has received grants
and personal fees from Janssen, Sanofi, and
AstraZeneca; grants from Eli Lilly and Com-
pany; and personal fees from Bayer. R.R.H.
has received grants and personal fees from
Merck Sharp & Dohme; grants from Bayer
and AstraZeneca; personal fees from Amgen,
Bayer, Intarcia, Novartis, and Novo Nordisk;
and other support from GlaxoSmithKline,
Janssen, and Takeda. No other potential con-
flicts of interest relevant to this article were
reported.
Author Contributions. M.A.B. contributed to
the study design and data analysis and interpre-
tation and drafted and edited the manuscript.
S.S.E. contributed to the study design and edited
the manuscript. J.B.G. edited the manuscript.
Z.H. performed the statistical analysis andedited
themanuscript. R.G.J., K.D.K., E.S., S.S., F.V.d.W.,

D.K.M., E.D.P., andR.R.H. edited themanuscript.
M.A.B. andR.R.H. are the guarantorsof thiswork
and, as such, had full access to all the data in the
study and take responsibility for the integrity of
the data and the accuracy of the data analysis.
Prior Presentation. Parts of this work were
presented at the Diabetes UK Professional Con-
ference, Glasgow, U.K., 2–4 March 2016.

References
1. Murray CJ, Barber RM, Foreman KJ, et al.; GBD
2013 DALYs and HALE Collaborators. Global, re-
gional, and national disability-adjusted life years
(DALYs) for 306 diseases and injuries and healthy
life expectancy (HALE) for 188 countries, 1990-
2013: quantifying the epidemiological transition.
Lancet 2015;386:2145–2191
2. Cheng YJ, Imperatore G, Geiss LS, et al. Sec-
ular changes in the age-specific prevalence of
diabetes among U.S. adults: 1988-2010. Diabe-
tes Care 2013;36:2690–2696
3. Gregg EW, Cheng YJ, Saydah S, et al. Trends
in death rates among U.S. adults with and with-
out diabetes between 1997 and 2006: findings
from the National Health Interview Survey. Di-
abetes Care 2012;35:1252–1257
4. Huang ES, Laiteerapong N, Liu JY, John PM,
Moffet HH, Karter AJ. Rates of complications
and mortality in older patients with diabetes
mellitus: the Diabetes and Aging Study. JAMA
Intern Med 2014;174:251–258
5. Lakey WC, Barnard K, Batch BC, Chiswell K,
Tasneem A, Green JB. Are current clinical trials in
diabetes addressing important issues in diabe-
tes care? Diabetologia 2013;56:1226–1235
6. Green JB, Bethel MA, Armstrong PW, et al.;
TECOS Study Group. Effect of sitagliptin on car-
diovascular outcomes in type 2 diabetes. N Engl
J Med 2015;373:232–242
7. Green JB, Bethel MA, Paul SK, et al. Ratio-
nale, design, and organization of a randomized,
controlled Trial Evaluating Cardiovascular Out-
comes with Sitagliptin (TECOS) in patients with
type 2 diabetes and established cardiovascular
disease. Am Heart J 2013;166:983–989.e7

Table 2—Treatment-emergent SAEs by system organ class in the older cohort, by treatment group

System organ class preferred term patients with one or
more:

Age $75 years old

Sitagliptin Placebo Difference

(n = 956) (n = 1,023) (95% CI)

Neoplasms benign, malignant, and unspecified (including
cysts and polyps) 80 (8.4%) 94 (9.2%) 20.82 (23.33 to 1.70)

Basal cell carcinoma 11 (1.2%) 24 (2.3%) 21.20 (22.44 to 20.04)
Squamous cell carcinoma 5 (0.5%) 17 (1.7%) 21.14 (22.18 to 20.24)
Squamous cell carcinoma of skin 3 (0.3%) 14 (1.4%) 21.05 (22.01 to 20.28)

Injury, poisoning, and procedural complications 36 (3.8%) 27 (2.6%) 1.13 (20.43 to 2.76)

Gastrointestinal disorders 25 (2.6%) 21 (2.1%) 0.56 (20.79 to 1.98)
Gastroesophageal reflux disease 4 (0.4%) 0 (0.0%) 0.42 (0.04 to 1.07)

Musculoskeletal and connective tissue disorders 18 (1.9%) 11 (1.1%) 0.81 (20.27 to 1.99)
Osteoarthritis 13 (1.4%) 3 (0.3%) 1.07 (0.31 to 2.05)

Respiratory, thoracic, and mediastinal disorders 15 (1.6%) 12 (1.2%) 0.40 (20.66 to 1.52)

Metabolism and nutrition disorders 1 (0.1%) 13 (1.3%) 21.17 (22.07 to 20.52)
Hyponatremia 1 (0.1%) 7 (0.7%) 20.58 (21.31 to 20.03)
Dehydration 0 (0.0%) 5 (0.5%) 20.49 (21.14 to 20.09)

Analysis cohort is all older patients as treated. This table includes 1) sytem organ classes exceeding 1% or where the 95% CI excludes 0; 2) within the
system organ classes that exceed 1%, any preferred term that exceeds 1%; and 3) any individual preferred term where the 95% CI excludes 0.

500 Safety of Sitagliptin in Older Individuals Diabetes Care Volume 40, April 2017

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/40/4/494/549004/dc161135.pdf by guest on 10 April 2024



8. European Medicines Agency. Guideline on
clinical investigation of medicinal products in
the treatment or prevention of diabetes melli-
tus [Internet], 2012. Available from http://www.
ema.europa.eu/docs/en_GB/document_library/
Scientific_guideline/2012/06/WC500129256.pdf.
Accessed 20 April 2016
9. WhiteWB,CannonCP,Heller SR, et al.; EXAMINE
Investigators. Alogliptin after acute coronary
syndrome in patients with type 2 diabetes. N Engl
J Med 2013;369:1327–1335
10. Scirica BM, Bhatt DL, Braunwald E, et al.;
SAVOR-TIMI 53 Steering Committee and Inves-
tigators. Saxagliptin and cardiovascular outcomes
in patients with type 2 diabetes mellitus. N Engl
J Med 2013;369:1317–1326
11. Leiter LA, TeohH, Braunwald E, et al.; SAVOR-
TIMI 53 Steering Committee and Investigators.
Efficacy and safety of saxagliptin in older partici-
pants in the SAVOR-TIMI 53 trial. Diabetes Care
2015;38:1145–1153
12. Townsend N, Williams J, Bhatnagar P,
Wickramasinghe K, Rayner M. Cardiovascular

Disease Statistics, 2014. London, British Heart
Foundation, 2014
13. Yazdanyar A, Newman AB. The burden of car-
diovascular disease in the elderly:morbidity,mortal-
ity, and costs. Clin GeriatrMed 2009;25:563–577, vii
14. Writing Group Members, Mozaffarian D,
Benjamin EJ, Go AS, et al.; American Heart Associa-
tion Statistics Committee; Stroke Statistics Subcom-
mittee. Executive summary: heart diseaseand stroke
statisticsd2016update: a report from theAmerican
Heart Association. Circulation 2016;133:447–454
15. Heidenreich PA, Trogdon JG, Khavjou OA,
et al.; American Heart Association Advocacy Co-
ordinating Committee; Stroke Council; Council on
Cardiovascular Radiology and Intervention; Coun-
cil on Clinical Cardiology; Council on Epidemiology
and Prevention; Council on Arteriosclerosis;
Thrombosis and Vascular Biology; Council on Car-
diopulmonary; Critical Care; Perioperative andRe-
suscitation; Council on Cardiovascular Nursing;
Council on the Kidney in Cardiovascular Disease;
Council on Cardiovascular Surgery and Anesthe-
sia, and Interdisciplinary Council on Quality of

Care and Outcomes Research. Forecasting the fu-
ture of cardiovascular disease in the United
States: a policy statement from the American
Heart Association. Circulation 2011;123:933–944
16. Centers for Disease Control and Prevention.
National Diabetes Statistics Report: Estimates of
Diabetes and ItsBurden in theUnited States, 2014.
Atlanta, GA, U.S. Department of Health and Hu-
man Services, 2014
17. American Diabetes Association. Summary of
revisions. InStandardsofMedical Care inDiabetesd
2016. Diabetes Care 2016;39(Suppl. 1):S4–S5
18. International Diabetes Federation.Manag-
ing Older People With Type 2 Diabetes: Global
Guideline. Brussels, Belgium, International Dia-
betes Federation, 2013
19. Moreno G,Mangione CM, Kimbro L, Vaisberg
E; American Geriatrics Society Expert Panel on
Care of Older Adults with Diabetes Mellitus.
Guidelines abstracted from the American Geriat-
rics Society Guidelines for Improving the Care of
Older Adultswith DiabetesMellitus: 2013 update.
J Am Geriatr Soc 2013;61:2020–2026

care.diabetesjournals.org Bethel and Associates 501

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/40/4/494/549004/dc161135.pdf by guest on 10 April 2024

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/06/WC500129256.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/06/WC500129256.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/06/WC500129256.pdf
http://care.diabetesjournals.org

