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Abstract

Importance—Preferred second line medication for diabetes treatment after metformin failure
remains uncertain.

Objective—We compared time to acute myocardial infarction [AMI], stroke, or death in a cohort
of metformin initiators who added insulin or a sulfonylurea.

Design—Retrospective cohort constructed using national Veterans Health Administration,
Medicare, and National Death Index databases.

Participants—Veterans initially treated with metformin from 2001 through 2008 who
subsequently added either insulin or sulfonylurea. Each insulin intensifier was propensity score
matched by characteristics to five sulfonylurea intensifiers. Patients were followed through
September, 2011 for primary analyses or September, 2009 for cause of death analyses.
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Main Outcome Measures—Risk of a composite outcome of AMI, stroke hospitalization or all-
cause death was compared between therapies using marginal structural Cox proportional hazard
models to adjust for baseline and time-varying demographics, medications, cholesterol,
hemoglobin Alc, creatinine, blood pressure, body mass index, and co-morbidities.

Results—Among 178,341 metformin monotherapy patients, 2,948 and 39,990 added insulin or
sulfonylurea, respectively. Propensity score matching yielded 2,436 metformin+insulin and 12,180
metformin+sulfonylurea patients. At intensification, the median (interquartile range) time on
metformin was 14 months (5, 30) and HbAlc was 8.1% (7.2, 9.9). There were 172 versus 634
events for the primary outcome among those who added insulin versus sulfonylureas respectively
(42 versus 33 events per 1000 person-years, adjusted hazard ratio [aHR] 1.30, 95% confidence
interval [C1] 1.07, 1.58, p=0.009). AMI and stroke rates were statistically similar 41 versus 229
(10.2 and 11.9 per 1000 person years, aHR 0.88,95% CI 0.59, 1.30, p=0.52), while all-cause death
rates were137 versus 444, respectively (33.7 and 22.7 per 1000 person-years, aHR 1.44, 95% ClI,
1.15, 1.79, p=0.001). There were 54 versus 258 secondary outcomes: AMI, stroke hospitalizations
or cardiovascular deaths (22.8 vs. 22.5 events per 1000 person years aHR 0.98, 95% CI1 0.71, 1.34.
p=0.87).

Conclusions—Among patients with diabetes using metformin, the addition of insulin versus
sulfonylurea was associated with an increased risk of a composite of nonfatal cardiovascular
outcomes and all-cause mortality. These findings require further investigation to understand risks
associated with insulin use in these patients.

Keywords

Diabetes mellitus; cardiovascular disease; insulin; treatment intensification; comparative
effectiveness

Diabetes mellitus (DM) and its complications represent an enormous healthcare burden and
result in nearly 200,000 deaths annually. The American Diabetes Association and the
European Association for the Study of Diabetes recommend that for patients with preserved
renal function, treatment should begin with metformin and lifestyle changes to achieve a
glycosylated hemoglobin (HbA1c) of <7%. Often patients will require a second agent to
reach this goal, but there is no consensus regarding which medication to choose: insulin,
sulfonylureas, thiazolidinediones, GLP-1 receptor agonists and DPP-4 inhibitors.: Evidence
to inform treatment choices after metformin monotherapy remains limited.

Providers start insulin to attain fast and flexible control of blood glucose. In addition, a few
trials suggested that early insulin initiation is effective in preserving beta cell function.24
Accordingly there has been an increase in early initiation of insulin and its use as add on
therapy to metformin.>~" However, patients often want to delay insulin initiation, due to
fears of difficulty with administration, weight gain and hypoglycemia.

We sought to compare time to cardiovascular disease (CVD) or death among patients who
intensified their diabetes treatment with addition of insulin versus a sulfonylurea. We
hypothesized that intensification with insulin would be associated with a lower risk of CVD
or death compared with sulfonylurea, based on the superiority of insulin in achieving
glycemic control .8
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Study Design and Data Sources

We assembled a retrospective cohort of Veterans Health Administration (VHA) patients.®
VHA data identified dispensed prescriptions, including medication, date filled, days
supplied, pill number and dosage.1% VHA demographic data and ICD9-CM coded diagnostic
and procedure information identified inpatient and outpatient encounters.1! We collected
laboratory results from standard clinical sources. Vital signs data included all outpatient
height, weight and blood pressure measurements. For enrollees in Medicare or Medicaid, we
obtained encounter, prescription (Part D) and self-reported race data (coded as White; Black;
Hispanic; American Indian; Asian/Pacific Islander; Other) from the Centers for Medicare
and Medicaid Services through VHAs interagency exchange agreement.12: 13 We obtained
dates of death from VHA vital status files and cause of death from National Death Index
(NDI) data from VHA NDI agreements.1* The institutional review boards of Vanderbilt
University and the VHA Tennessee Valley Healthcare System approved this study with
waiver of informed consent.

Study Population

Exposures

The study population comprised veterans aged 18 years or older who received regular VHA
care (encounter or a prescription fill at least once every 180 days) for at least 2 years.
Incident users of metformin from October, 2001 through September, 2008 with =365 days of
baseline data preceding their first prescription fill who had not filled any diabetic drug
within 180 days were identified. These metformin initiators were eligible for the treatment
intensification cohort on the date that they subsequently filled either insulin or a
sulfonylurea. We selected patients who were adherent to metformin by excluding patients
with no metformin available on the date of their insulin or sulfonylurea prescription or the
prior 180 days. Follow-up began 180 days after the intensified prescription to distinguish
between patients who continued intensified therapy and those who switched to either insulin
or sulfonylurea monotherapy. We excluded patients receiving hospice care or dialysis at
intensification.

The exposures of interest were insulin (long acting, premixed, or short/fast acting insulin)
and sulfonylurea (glyburide, glipizide or glimeperide) as metformin co-therapies. Follow-up
continued through a study outcome or the study end. The study end was September 30, 2011
for all analyses except those that included cause of death as an outcome, for which the study
end was September 30, 2009. Patients were censored for loss of follow-up, defined as the
1815t day of no contact with any VHA facility (inpatient, outpatient or pharmacy use); non-
persistence, defined as 90 days without metformin; or prescription for a third anti-diabetic
drug. In our population, allowing 90 days to refill medications approximates 80%
adherence.15
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Primary Outcome: Cardiovascular disease and all-cause death

Covariates

The primary composite outcome was acute myocardial infarction (AMI), stroke
hospitalization, or all-cause death. We defined AMI by a 410.x ICD9-CM primary discharge
diagnosis (positive predictive value [PPV] 90% versus VHA medical record review). Stroke
hospitalizations encompassed those with a primary discharge diagnosis for ischemic stroke
(433.x1, 434 [excluding 434.x0], or 436), intracerebral hemorrhage (431), and subarachnoid
hemorrhage (430), and excluded traumatic brain injury (800-804, and 850- 854) (PPV
81%).16

We determined all-cause death using Vital Status file, which combines information from
Medicare, VHA, Social Security and VHA compensation and pension benefits to determine
date of death (sensitivity 98.3%, specificity 99.8% relative to NDI).17 When the date of
death in the VHA vital status file conflicted with the NDI date of death (<3%), we used the
NDI date of death.

Secondary outcomes included CVD events (AMI and stroke combined); all-cause deaths;
and a composite of AMI, stroke and cardiovascular death (through September 30, 2009).
Cardiovascular deaths were identified from death certificates with an ICD-10 cause of death
including 100-178 (cardiovascular deaths) or R98, R99, R960, R961 (unattended deaths),
excluding 130.X (diseases of the pericardium). This definition included the Centers for
Disease Control and Prevention broad definition of cardiac death and a validated strategy for
identification of sudden cardiac deaths.18

Study covariates were collected in the 730 days before intensification and as time varying
covariates and included: age, sex, race (white, black, other), fiscal year, indicators of
healthcare utilization (hospitalization, months from hospitalization to intensification, nursing
home use, number of outpatient visits, Medicare or Medicaid use in past year) physiologic
variables (blood pressure, creatinine, HbAlc, low density lipoprotein levels, presence of
proteinuria, and body mass index), duration of metformin monotherapy prior to intensifying
diabetes regimen (diabetes duration), selected medications, smoking, and presence of co-
morbidities (eTable 1). Since race can influence study outcome, it was included in all
models.19

For patients missing covariates we conducted multiple imputation using the Markov Chain
Monte Carlo method and a non-informative Jeffreys prior.29 All covariates from the primary
analysis, survival time, and a censoring indicator were included in twenty imputation models
and used to compute the final estimates.

Statistical Analyses

The primary analysis was time to the composite: AMI, stroke or all-cause death in a
propensity score-matched cohort. The propensity score modeled the probability of
metformin+ insulin use given covariates and Veterans Integrated Service Network (VISN)
of care. Because of size differences between the 2 groups, metformin+ insulin observations
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were propensity score-matched to metformin+ sulfonylurea observations using a 1:5 optimal
matching algorithm.2. 22 (eTable 2 and 3, and eFigurel)

Marginal structural Cox proportional hazards models (MSM) were used to compare
outcomes for metformin+ insulin versus metformin+ sulfonylurea (referent) while
controlling for baseline and time-varying covariates in the matched cohort (eTables 2-4).
Since MSM estimates can be unstable in the presence of disproportionately large inverse
probability treatment weights (IPTW),23: 24 the primary analysis used stabilized IPTW and
truncated weights at 5, the 99t percentile. Thus, the proportional hazards MSM included the
main effects of metformin+ insulin versus metformin + sulfonylurea weighting by IPTW.
The proportional hazards assumptions were verified through examination of log-log plots.
Statistical significance was considered a two sided p value <0.05.

Sensitivity and subgroup analyses

RESULTS

First, in an approach similar to intention to treat analyses, we used the intensification
regimen to define drug exposure and ignored subsequent changes (persistent exposure not
required [PENRY]). Since patients were not censored for non-persistence, this increases
follow-up and events. Second, we changed the stabilized IPTWSs threshold (untruncated,
truncated at 100, and 10). Third, we conducted subgroup analyses stratifying by CVD
history, and age (<65 and =65 years), to assess effect modification. Among the subgroup
with death certificates, we analyzed specific causes of death to identify cardiovascular,
cancer, and all other deaths. Finally, we estimated the absolute prevalence difference of a
hypothetical unmeasured binary confounder that would be required to yield a statistically
non-significant association between exposure and outcome.2> We assumed a confounder-
outcome association similar to our observed covariates (hazard ratio= 1.25) and considered a
broad range of confounder prevalences in both exposures. Analyses were conducted using R
(http://www.r-project.org. modules optmatch26 and RI tools2’) and SAS for Windows 9.2.
(SAS Institute, Cary, NC modules Proc MI, ProcPHREG for MSM and Proc Lifetest).

Study Cohort and Patient Characteristics

There were 178,341 patients who initiated metformin during 2001-2008. Fifty-two percent
(N=92,045) never intensified therapy (median follow-up 50 months [19, 67]); 6% (N=9,851)
stopped metformin; and 2% (N=3577) had <6 months of follow-up. Among the remaining
41% (N=72,868) of metformin initiators who started another therapy, 40% (29,523/72,868)
were excluded because their regimen excluded metformin or included non-study
medications.

Fifty nine percent (43,345/72,868) of metformin patients intensified with one of the two
study regimens. We excluded <1% (N=407) of patients with data errors (N=370), hospice
(N=0), or dialysis (N=37). The cohort included 2948 (7%) patients who added insulin (47%
long acting, 22% both long and short acting, 17% premixed, 11% short acting) and 39,990
(93%) patients who added sulfonylurea (55% glipizide, 43% glyburide, 2% glimepiride).
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Seventy six percent of matched patients who died had a death certificate available (Figure
1).

Patients were 95% male and 70% white. Patients intensified with insulin after a median of
14 months on metformin versus 18 months for sulfonylurea intensifiers, and had higher
median HbA1c, 8.5% versus 7.6%. Insulin intensifiers had a higher prevalence of co-
morbidities than sulfonylurea intensifiers. The proportion prescribed metformin+insulin
increased over time, with the odds increasing by an average of 17% (14%, 20%) per year,
p<0.001. After propensity score matching, we included 14,616 patients: 2436 metformin+
insulin and 12,180 metformin+ sulfonylurea. Baseline characteristics were not statistically
different (Table 1).

The most common reasons for censoring were therapy change (58.7% metformin+ insulin
versus 61.7% metformin+ sulfonylurea), leaving VHA (1.3% versus 2.5%) or reaching study
end (32.9% versus 30.6%). The median number of years before censoring or the outcome
was 1.15 (0.5, 2.4) among metformin+ insulin patients and 1.15 (0.5, 2.2) among metformin
+ sulfonylurea patients. At one year median HbA1c declined to 7% (6.3, 8.0) among
metformin+ insulin users and 6.9% (6.4, 7.7) among metformin+ sulfonylurea users. Patient
characteristics at one year were not statistically different (eTable 5).

Absolute and Relative Hazards of Cardiovascular Events and Deaths

There were 172 versus 634 events for the primary outcome events among those who added
insulin versus sulfonylureas respectively (42.7 versus 32.8 events per 1000 person-years,
adjusted Hazard ratio [aHR] 1.30, 95% confidence intervals [C1] 1.07, 1.58 p=0.009). (Table
2, Figure 2A). CVD (AMI and stroke) events were 41 and 229, among those who added
insulin or sulfonylurea, respectively (10.2 and 11.9 per 1000 person-years, aHR 0.88 95%
Cl1 0.59, 1.30, p=0.52). All-cause deaths were 137 versus 444, respectively (33.7 and 22.7
per 1000 person-years aHR1.44, 95% CI 1.15, 1.79, p=0.001).

For the secondary outcome, fatal and nonfatal cardiovascular events, there were 54 versus
258 events (22.8 vs. 22.5 per 1000 person-years aHR 0.98, 95% CI 0.71, 1.34, p=0.87)
(Table 2, Figure 2B).

Sensitivity and Subgroup Analyses

In sensitivity analysis in which persistent exposure was not required (PENR), there were 394
events for the primary outcome among insulin intensifiers (7456 person-years) and 1553
events among sulfonylurea intensifiers (37,237 person-years) yielding 52.8 (48.0, 58.2) and
41.7 (39.7, 43.8) events per 1000 person-years, respectively (aHR 1.29, 95% CI 1.15, 1.46,
p<0.0001). Results of the stabilized non-truncated weights in the PENR analysis yielded
comparable results (aHR1.30, 95% CI 1.15, 1.46, p<0.0001). MSM analyses which varied
the threshold of the maximal stabilized weight, yielded consistent results (e Figure 2). No
interaction between exposure and CVD history was detected (p=0.78). Subgroup analyses
stratifying by CVD or age were consistent with the primary analysis, but confidence
intervals were wide (eFigure 3). In separate analyses that evaluated cause of death, the aHRs
for metformin+ insulin versus metformin+ sulfonylureas were increased for all groups, but
statistically significant only for cancer death (Table 3). Assuming an association comparable
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to our measured covariates (i.e. HR 1.25), an unmeasured binary confounder would need to
be 30% higher among metformin+ insulin users compared with metformin + sulfonylurea
users to yield non-significant results in the main findings and 70% higher to yield statistical
non-significance in the outcome of all-cause mortality. (eTables 6,7)

COMMENT

Among patients with diabetes using metformin, the addition of insulin compared with
sulfonylurea was associated with an increased hazard of a composite of nonfatal
cardiovascular outcomes and all-cause mortality. There is general consensus that metformin
is first line diabetes treatment; however, uncertainty remains regarding additional therapy
after inadequate control with metformin. Among the options, intensification with either
insulin or sulfonylurea is considered a high efficacy strategy with reasonable costs.!

Although sulfonylurea use predominated as add-on therapy, we observed increasing use of
insulin intensification over the study years. Reasons may include growing prevalence of
obesity and insulin resistance, emphasis on metrics such as glycemic targets,2® 2 increasing
comfort with newer analog insulins, and benefit in microvascular outcome prevention.30

Two large randomized trials demonstrated that regimens including greater insulin use and
tighter control did not reduce cardiovascular events compared with standard care. In the
Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial, patients were
randomized to intensive control (target HbAlc <6%) or standard care. About 77% of
patients in the intensive-group received insulin compared with 55% in the standard group.3!
ACCORD was stopped when interim analyses found higher all-cause deaths in the intensive
versus standard group (5.0% vs. 4.0%; hazard ratio, 1.22; 95% Cl, 1.01, 1.46). Most excess
mortality, was due to cardiovascular deaths (2.63% vs. 1.83% over a mean 3.5 observation
years, p= 0.02). Whether insulin itself or other effects of intense treatment like
hypoglycemia32 33 contributed to the increased mortality remains unknown.

The Outcome Reduction with an Initial Glargine Intervention (ORIGIN) trial randomized
12,537 patients with CVD risk factors and pre-diabetes or diabetes to insulin glargine or
standard care. Metformin (28%) and sulfonylurea (29%) use were similar in both groups;
but insulin reached only 11% in the standard group by study end. After a median of 6 years,
there was no difference in cardiovascular death, myocardial infarction or stroke between
groups, 2.94 vs. 2.85 per 100 person-years, respectively (HR 1.02; 95% CI, 0.94, 1.11).34
There was also no difference in cancer or cancer death. However, patients in the insulin
group had more weight gain and hypoglycemic events.

Several observational studies have also reported no cardiovascular benefit of insulin relative
to non-insulin comparators and some suggested worse outcomes. A Canadian study3°
reported increased all-cause mortality among insulin users compared to non-users in a dose
response manner. Similarly, a study of primary care patients in the UK General Practice
Research database3® determined that metformin+ insulin was associated with higher all-
cause mortality, cardiovascular and cancer compared to metformin monotherapy. However,
these studies did not address confounding by disease severity adequately. The first did not
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control for HbAlc, and the second compared more intensive therapies such as insulin (alone
or in combination) with metformin monotherapy.

Our finding of a modestly increased risk of a composite of cardiovascular events and death
in metformin users who add insulin compared to sulfonylurea is consistent with the available
clinical trial and observational data. None of these studies found an advantage of insulin
compared to oral agents on cardiovascular risk and several reported increased cardiovascular
risk and/or weight gain and hypoglycemic episodes, which could result in poorer outcomes.
Although insulin remains a reasonable option for patients who have very high glucose or
who desire flexible and fast glucose reduction, most patients prefer to delay insulin
initiation.3” Our study suggests that intensification of metformin with insulin among those
who could add a sulfonylurea (HbAlc less than ~10%), offers no advantage on risk of
cardiovascular events, and is associated with some risk.

Our findings must be interpreted in light of limitations. Although we applied an extensive
set of strategies to address confounding by indication including rigorous selection criteria,
propensity score matching and marginal structural models, residual confounding from
difficult to measure factors, such as patient frailty or diabetes severity, remains possible.
Nevertheless our sensitivity analyses estimated that a large confounding effect would be
needed for an unmeasured confounder to explain our observations. Using similar methods in
a VHA diabetes cohort, we previously demonstrated drug effects on lipids, HbAlc and body
mass index that were concordant with clinical trials and meta-analyses® 38-40, Qur results
are consistent with UKPDS trial results which demonstrated a reduction of cardiovascular
events with metformin but not insulin or sulfonylurea.

There are several other limitations to be noted. We utilized refill data as a proxy for
medication taking. Nevertheless, prescription fills are a good proxy for medication use.
Veterans may not receive all their care or medications in VHA facilities;2 13 resulting in
missing events or medications, which we partially addressed through supplementation with
Medicare and Medicaid information. Because we required patients to persist on their
medications, censoring was high. In addition, patients who added insulin comprised only 7%
of intensifiers. This resulted in a relatively small sample size and limited the precision of
some estimates. The statistical significance of our primary outcome was driven by all-cause
mortality, and a clinically significant cardiovascular benefit could not be excluded. Our
primary analyses considered a matched population. Some patients who were prescribed
metformin + insulin did not match metformin + sulfonylurea users. Excluded metformin +
insulin users (N=512) had a median HbA1c of 11.8% (8.9%, 13.7%) and 67% of these
patients were hospitalized in the 90 days prior to insulin initiation (eTable 8). Results can
only be generalized to metformin patients who were eligible to add either medication.
Finally, our patients reflect a typical veteran population, with most patients being white and
male.

Among patients with diabetes using metformin, the addition of insulin compared with
sulfonylurea was associated with an increased risk of a composite of nonfatal cardiovascular
outcomes and all-cause mortality. These findings require further investigation to understand
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risks associated with insulin use in these patients and call into question recommendations
that insulin is equivalent to sulfonylureas for patients who may be able to use an oral agent.
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Intensified therapy
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Never Intensified therapy
N=92,045
Non adherent to Metformin
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Less than 6 months of follow-up
N=3577

Therapy not with drugs of interest
N=29,523

Missing birthdate or gender
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Dialysis N=37

Hospice care N=0
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N=12,180

N=9,145

Metformin+ Sulfonylurea
Propensity Score matched

Death certificate available

Metformin + Insulin

N=2,948

Propensity Score matched

N=2,436

Death certificate available

N=1,865

Figure 1.

Flow of eligible patients.
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Metformin+ Insulin

Metformin+ Sulfonylurea
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T T T T T
o 1 2 3 4
Years of follow-up
Time 0 Year 1 Year 2 Year 3 Year 4
Metformin + Insulin Events* 105 40 14 5
Metformin+Sulfonylurea 353 150 76 35
Metformin + Insulin At Risk 2436 1362 805 430 213
Metformin+Sulfonylurea 12180 6742 3693 2003 974
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15
|

Metformin+ Insulin

Metformin+ Sulfonylurea

I I I I
o 1 2 3

Years of follow-up

Time 0 Year 1 Year 2 Year 3 Year 4
Metformin+Sulfonylurea | Events* 164 58 26 9
At Risk 9145 4441 1942 875 330
Metformin + Insulin Events* 33 14 5 1
At Risk 1865 889 413 184 60

Figure 2.
Figure 2 Panel A: Cumulative incidence of cardiovascular disease or death among

propensity score matched cohort of metformin+ sulfonylurea initiators versus metformin +
insulin initiators. All follow-up is through September 30, 2011

* Events are the composite of cardiovascular disease (Acute myocardial infarction, stroke)
or all cause death that occurred in the 12 months between each time point.

Figure 2 Panel B: Cumulative incidence of fatal and non-fatal cardiovascular events (Acute
myocardial infarction, stroke or cardiovascular deaths) among propensity score matched
cohort of metformin+ sulfonylurea initiators versus metformin + insulin initiators. All
follow-up is through September 30, 2009

* Events are the composite of fatal and non-fatal cardiovascular events (Acute myocardial
infarction, stroke or cardiovascular deaths) that occurred in the 12 months between each
time point

JAMA. Author manuscript; available in PMC 2014 December 11.



Page 15

Roumie et al.

NIH-PA Author Manuscript

000 (6) €22 (6) GTTT 900 (6) €L2 (8) 6S0€E KoueuBiein
+(%) N'senIpIgow-09 aulpseg
000 (8) T6T (8) 196 FAN1) (8) 92 (s) 8602 (%) N ‘wswainseaw Buissiy
000 (T.ev82)9ze  (0'2£'9°'82)E"eE 00— (e e vze  (Loge8z)gze  (MOI) ueipaw ‘(zis1owysweiBoln) xopu | sse N Apog
000 (2) esT (9) 882 010 (9) 281 (v) 6891 (%) N ‘Juswainsesw Buissiy
10°0- (8 ‘89) 9L (€8 '89) 92 L0°0- (€8 '89) 9L (8 ‘0L) LL (401) uerpaw ‘BH/ww s nssa 1d poo|g d1joiselq
100 (ev1'0zT) TET  (€VT '02T) TET 80°0- (ev1ozT) TET (€T ‘zeT) 2eT (401 uelpaw ‘BH/ww 8nssa.id poo|g d103sAS
000 (0e) 612 (0€) 209e 100 (62) vv8 (62) €T9TT (%) N ‘Juswainseaw Bussiy
000 (02) €05 (02) vese 100 (t2) 519 (67) 892 + YBno.yy oes}
(09) v1eT (09) ¥¥09 (05) 68T (z3) 60602 annehau (%) N “e1inupioid
10°0- (67) 89Y (67) 2282 TT°0 (6T) 555 (ST) 8265 (%) N ‘Juawainsesw Buissiiy
100 (86 '02) 28 (86 ‘02) 28 900 (00T ‘69) 28 (56 ‘0) 18 (Y1) uerpaw ‘ulwy/|w aTe Uo(Te 11|} JejnBWo|D
000 (21'60)0'T (T1'60)0T ¥0'0 (z1'60)0T (T1'60)0°T (401) uerpaw “1p/Bwi duuTES 1D
100 (82) 69 (82) sove 610 (62) 158 (T2) z6v8 (%) N “Juswainsesw Buissi
200 (eTT29) 18 (oTT '29) 98 20°0- (€11 29) 18 (otT'02) 28 (401 uetpaw “p/Bw uwlo Jdodi Aisueq Mo
100 (67) 0L (1) S5TET LT0 (67) €25 (1) 0L¥S (%) N ‘Juswainseaw BuIssiy
L00- (6'6'69) T'8 (66218 ¥S'0 (Lot'02) S8 (98092 (401) uelpaw 9 OTVAH
100- (0g'S) 1 (1g'9) v1 £T'0- (0g's) 1 (ve 1) 81 (4O1) Uetpaw spuow *  UOIEOLSLBIU| 0} WL L
10°0- (8) 66T (8) gzot v0'0- (8) oge (6) 6ESE Buissin
200 Q) 11T () 218 200~ () veT (s) zest 13410 /oluedsiH
10°0- (971) OO (£1) 8202 6T°0 (67) 125 (1) T9TS yoe|g
000 (t2) 9zt (12) 2198 1T°0- (69) €202 (¥2) 85v6C aMUM
(%) N ‘a0ey
200 (s6) sTEC (s6) T2STT L0°0- (s6) 28L2 (96) sve8e (%) Nae N
200 (89 'sS) 09 (89 '¥S) 09 €T0- (29 '¥S) 09 (69 ‘95) 19 (401) uerpaw 3By
(Seoualayip Wm_“mmﬂ_”_ momwwﬂm__/_:w (Seoualayip Wq__m%mw_ﬂ_ mmmwmwwmouhﬂm
pazipsepuels +UlWI0§8N +UIWI0HI8 N pazipsepuels +UIWI0JIBN +UIWI0J18N
11oyod payorew A1suedo id Hoyod |In4 oS|I YD

T alqel

NIH-PA Author Manuscript

UONEBIILISUSIUI JUSLUIILRaI] JO 8w 8yl 1e sjusited Jo sonsialoeIey)

NIH-PA Author Manuscript

JAMA. Author manuscript; available in PMC 2014 December 11.



Page 16

Roumie et al.

NIH-PA Author Manuscript

10°0- (97) 56€ (21) zeoz T4 (81) 5v§ (T7) vOTy sonainig doo

200~ (22) 999 (82) TTVE vT'0 (0g) 228 (¥2) Trv6 ulidsy

000 (z1) L62 (er) eLvt 110 (1) 9.€ (01) T28E selenIN

10°0- (a1) €9¢ (s1) 68T ST0 (91) 287 (21) £09¥ s100qiyul 18]91e|d ‘SjueInBeodnUY

100 (@ L5 (@) iz 010 (e) 8L (T) 695 sadoujoul Jay1o pue uixoBip ‘soluyIAyLE-NuY

100 (92) 8581 (92) 0526 v10- (s2) otez (18) 90z2e syuabe Buriamoy pidi| urels-uou pue uiels

200~ (e1) 2oLt (e2) v688 100 (1) Lv1e (c2) sv68¢ SUOIEIIPAL BAISUBLIBdAY NUY

100 (t2) LelT (02) 9258 €0°0- (02) zL02 (z2) 8982 sgyV 40 sionquyul 30V

(%) N'suoijeaIpa N Joasn

(€) oL (e) 89 (€) 96 (€) 860T 1102

(t1) sLe (e1) €9t (e1) e5e (6) T69€ 0102

(ST) 69€ (91) GT6T (91) G2 (1) 2918 6002

(81) 82v (81) 6022 (67) oS (971) ¥¥59 8002

(97) TOY (971) G681 (1) TS% (67) 6592 L002

(91) 6.8 (1) 8¥8T (ST) 0S¥ (21) L£29 9002

(o1) 052 (oT) TLT1 (o1) 282 (z1) 869V 5002

(VARIAS (2) 2¢8 (9) 6T (8) Lvoe 002

(¥) €6 W) vLv () voT (€) vaeT £0-2002

€00~ vT0 (%) N Teo A

000 (6'0) 12 (6°0) 20T 010 (1) 9¢ (50) 26T s, uosuniied

000 (o1) 552 (o1) vizT 010 (T7) 8¢¢ (6) 6¥77E elwyhyy

100 (@29 (2) 962 L0°0 (&) v8 (2) 992 85eaSIP SA[RA JRIpIED

100 (02) 187 (02) 8L£2 LT0 (22) €9 (ST) ¥T19 BwyIsY /3se8siQ Areuow|nd sAONIISYO d1U0IYD

100 (z2) 8¢5 (12) 1852 010 (€2) 589 (67) 6TLL Bunjows

100- (ce) 8oL (ze) 882 ST0 (se) 8zot (82) zotTT $SBU|I [2IUBW SNOLIAS

000 (ve) Ges (ve) seTy vT'0 (9¢) 950T (0€) 6¥8TT 35e35IP Je|nNoseAoIpIeD

000 (6) 60C (6) €s0T 120 (o1) 90¢ (9) zzee ainjre} 1eay aANsabuod

000 (90 v1 (90) 69 600 (80) vz (e0) szt AIH

¥0'0- () 211 (5) 899 G20 (L) etz () 95TT ainjiey Aojedidsal /181
sowsp TN AT e SRCN RGN
pazipsepuels +UlWI0jI8 N +UlwIofls pazipsepuels +UlWI0f18 N +UIWI018N

1ioyoD payorew Aysuado id 1404yoD ||n4 SoIIS1Ioe Feyd

NIH-PA Author Manuscript

NIH-PA Author Manuscript

PMC 2014 December 11.

in

available

)

JAMA. Author manuscript



Page 17

Roumie et al.

“ulwiopew Buness oy Joud sAep 08T 10} suoneaIpaw 21WsdA|BodAY |je 40 8314 a1em sjuaired 8ouls SalBqRIP JO UOIRIND 8y} Jo uonewixoidde ue si 1| *Adelaylouow UILLIoBW U0 SYIUOW JO J3GINU UBIPW 8y} SIUSSaIdal UOIBIIHISUSIUL JUBWIESI) 0} WI |

T 8|q/eLL8 U 3|q/2I1eAR SBIIPICOWOD JO SUONIULSA

¥

}

'G0"0=d 18 9T\YqH 1da0x® Jued1IUBISUI A|[D1ISIIEIS BI9M SBOUBIBLIP PAZIPIEPUEIS |8 1OYO0D paydrew ayy Ul "T00"0>d Je Saoualaglp
weoi1ubis Aj[eansiiels palesisuowap 1oyod payorewun ayl Ui sanjea d || "SUCIIBIASD PJepuUels 40 Jaquinu Ui sdnolB usamiag aousIaip ay} 4o ‘uonelnap paepuels pajood paiyblam Ajuaas ue Aq papiAIp 1usdJad Jo SuBSL Ul 92UBI3JIP SINJOSTR S} I8 S30USISYIP paziplepuels
x

100 (9) zet (S) 065 G20 (1) 2oz (e) ov0T Jeak 1se| Ul asn preaipaiN
000 (se) ev8 (ve) T6TY LT0 (9€) 9901 (82) 6YETT Jeak yse| ut asn asedIpaN
€00~ (eT'v) L (zTv) L ST'0 (e1'v) L (0T %) 9 JTeak 1sed ul s)sIA JusiedinQ
10°0- (zo)v (z0) vz 800 (o) TT (T'0) 8¢ Jeak 1se| Ul Jeunodus swoH BuisinN
20°0- (1) vee (1) 2eLt 900 (€2) 629 (9) 9822 uolyeatyisuajut o} Jowid sKep o6 aup ut pazijendsoH
€00~ (92) 1€9 (L2) vize LS0 (se) €20t (1) 2695 Teak1se| ul pazife)dsoH
(%) N uo1zez||1in 8.1e0 Y3eay JO'SI03edlpu|
100- (T1) 62 (1) 9evt 020 (¥T) Sov (8) vsee sonoyaAsdnuy
sowsp TN AT e SRCN RGN
pazipiepuels +UIWIOJIBIN +UIWI0H8IN pazipiepuels +UIWI0H8IN +UIWIOHBIN
1ioyoD payorew Aysuado id 1404yoD ||n4 SoIIS1Ioe Feyd

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

PMC 2014 December 11.

in

available

)

JAMA. Author manuscript



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Roumie et al. Page 18

Table 2

Rates and adjusted hazard ratios (95% confidence interval [CI]) for risk of cardiovascular disease or death
(primary composite outcome) and cardiovascular events or deaths (secondary outcomes) among those who
intensify with metformin + insulin versus metformin + sulfonylurea among propensity score matched cohort

Metformin+ Sulfonylurea  Metformin+ Insulin

Persistent Exposure required”™

Sample Size (N) 12,180 2,436
Person Years 19,315 4,025
Composite Cardiovascular events or all-cause death (N events) 634 172

Unadjusted Rate/1000 person-years (95% CI)

Adjusted Hazard Ratiol (95% CI)
AMI and Stroke hospitalizations events (N events)

Unadjusted Rate/1000 person-years (95% CI)

32.8(30.4, 35.4)
Reference
229
11.9 (10.4, 13.5)

42.7 (36.9, 49.4)
1.30 (1.07, 1.58)
41
10.2 (7.5, 13.8)

Adjusted Hazard Ratio T (95% ClI) Reference 0.88 (0.59, 1.30)
All-cause death (N events) 1 444 137
Person Years 19,596 4,071

Unadjusted Rate/1000 person-years

22.7(20.7, 24.8)

33.7 (28.5, 39.6)

Adjusted Hazard Ratio T (95% CI) Reference 1.44(1.15,1.79)
Composite Cardiovascular events or cardiovascular death (N Events) § 258 54
Sample size (N) 9,145 1,865
Person Years 11,473 2,364
Unadjusted Rate/1000 person-years (95% ClI) 22.5(19.9, 25.4) 22.8(17.5,29.7)
Adjusted Hazard Ratio T (95% CI) Reference 0.98 (0.71, 1.34)

*
Primary analysis requires persistence on metformin; patients are censored after 90 days without metformin.

TAdjusted hazard is derived from Cox proportional hazards marginal structural model for time to outcome truncating weights at 5. Refer to eTable
2 for the inverse probability treatment weights and etables 3 and 4 for the models used to derive Inverse probability treatment weights.

1For the outcome of all-cause death, patients were followed until death as an outcome and AMI/Stroke events were ignored. In the composite
outcome we consider the time to the first event (AMI, stroke, or death), which reduces the number of deaths in the composite outcome.

§Death certificates with cause of death were available through September 30, 2009 and only patients with a date of intensification before
September 30, 2009 were included in analyses.
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Table 3

Comparison of specific-causes of death™ among propensity score-matched cohort

Persistent ExpowrerequiredT Metformin+ Sulfonylurea  Metformin+ Insulin

N=9,145 N=1,865
Person Years 11,622 2,392
Cardiovascular Death 91 24
Unadjusted Rate/1000 person-years (95% CI) 7.8 (6.4,9.6) 10.0 (6.8, 14.9)
Adjusted Hazard Ratio ¥ (95% CI) Reference 1.21(0.74,2.00)
Cancer Death 82 35
Unadjusted Rate/1000 person-years (95% CI) 7.1(5.7,8.7) 14.6 (10.5, 20.3)
Adjusted Hazard Ratio ¥ (95% CI) Reference 1.85(1.21, 2.84)
All Other Deaths 123 41
Unadjusted Rate/1000 person-years (95% CI) 10.6 (8.9, 12.6) 17.1(12.7, 23.2)
Adjusted Hazard Ratio ¥ (95% CI) Reference 1.36 (0.90, 2.04)

*
Death certificates with cause of death were available through September 30, 2009 and only patients with a date of intensification before

September 30, 2009 were included in analyses.

Page 19

TPrimary analysis requires persistence on metformin; patients are censored after 90 days without metformin. Cardiovascular outcomes such as AMI

or stroke are ignored.

iAdjusted hazard is derived from Cox proportional hazards marginal structural model for time to outcome truncating weights at 5. Refer to eTable

2 for the inverse probability treatment weights and eTables 3 and 4 for the propensity score models and the model used to derive Inverse

probability treatment weights
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