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Association of Treatment With Metformin vs Sulfonylurea
With Major Adverse Cardiovascular Events Among
Patients With Diabetes and Reduced Kidney Function
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IMPORTANCE Before 2016, safety concerns limited metformin use in patients with kidney
disease; however, the effectiveness of metformin on clinical outcomes in patients with
reduced kidney function remains unknown.

OBJECTIVE To compare major adverse cardiovascular events (MACE) among patients
with diabetes and reduced kidney function who continued treatment with metformin
or a sulfonylurea.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of US veterans receiving
care within the national Veterans Health Administration, with data supplemented by linkage
to Medicare, Medicaid, and National Death Index data from 2001 through 2016. There were
174 882 persistent new users of metformin and sulfonylureas who reached a reduced kidney
function threshold (estimated glomerular filtration rate <60 mL/min/1.73 m? or creatinine
=1.4 mg/dL for women or =1.5 mg/dL for men). Patients were followed up from reduced
kidney function threshold until MACE, treatment change, loss to follow-up, death, or study
end (December 2016).

EXPOSURES New users of metformin or sulfonylurea monotherapy who continued treatment
with their glucose-lowering medication after reaching reduced kidney function.

MAIN OUTCOMES AND MEASURES MACE included hospitalization for acute myocardial
infarction, stroke, transient ischemic attack, or cardiovascular death. The analyses used
propensity score weighting to compare the cause-specific hazard of MACE between
treatments and estimate cumulative risk accounting for the competing risks of changing
therapy or noncardiovascular death.

RESULTS There were 67 749 metformin and 28 976 sulfonylurea persistent monotherapy
users; the weighted cohort included 24 679 metformin and 24 799 sulfonylurea users
(median age, 70 years [interquartile range {IQR}, 62.8-77.8]; 48 497 men [98%];

and 40 476 white individuals [82%], with median estimated glomerular filtration rate of
55.8 mL/min/1.73 m? [IQR, 51.6-58.2] and hemoglobin A, level of 6.6% [IQR, 6.1%-7.2%)] at
cohort entry). During follow-up (median, 1.0 year for metformin vs 1.2 years for sulfonylurea),
there were 1048 MACE outcomes (23.0 per 1000 person-years) among metformin users and
1394 events (29.2 per 1000 person-years) among sulfonylurea users. The cause-specific
adjusted hazard ratio of MACE for metformin was 0.80 (95% Cl, 0.75-0.86) compared with
sulfonylureas, yielding an adjusted rate difference of 5.8 (95% Cl, 4.1-7.3) fewer events per
1000 person-years of metformin use compared with sulfonylurea use.

CONCLUSIONS AND RELEVANCE Among patients with diabetes and reduced kidney function
persisting with monotherapy, treatment with metformin, compared with a sulfonylurea, was
associated with a lower risk of MACE.
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n 2012, there were approximately 30 million US adults di-

agnosed as having type 2 diabetes, of whom 20% also had

impaired kidney function.! Metformin is the initial recom-
mended diabetes treatment based on the beneficial results re-
ported in 1998 from the UK Prospective Diabetes Study
(UKPDS) 34.%3 The UKPDS demonstrated that metformin re-
duced the incidence of macrovascular complications com-
pared with sulfonylureas or insulin independent of glycemic
control.?* Several large observational studies support the
UKPDS findings.*”

Metformin is eliminated by the kidneys and can accumu-
late as estimated glomerular filtration rate (eGFR) declines.
Based on the negative clinical experience with phenformin and
the potential for metformin-associated lactic acidosis, the US
Food and Drug Administration (FDA) issued a safety warning
restricting metformin for patients with serum creatinine lev-
els of 1.5 mg/dL or greater for men or 1.4 mg/dL or greater for
women.® In 2016, the FDA changed its guidance based on evi-
dence regarding metformin safety in patients with mild to mod-
erate kidney disease; however, the effectiveness of metfor-
min for clinical outcomes in those with reduced kidney
function remains unknown. Large clinical trials that investi-
gated diabetes treatment effects on cardiovascular outcomes
excluded patients with reduced eGFR, rendering this popula-
tion understudied.?>°12

The aim of this study was to test the hypothesis that among
patients with diabetes who develop reduced kidney func-
tion, continued metformin use is associated with lower risk of
fatal or nonfatal major adverse cardiovascular events (MACE)
than sulfonylureas.

Methods

Study Design and Data Sources

We assembled a retrospective cohort of Veterans Health Ad-
ministration (VHA) patients.* Pharmacy data included medi-
cation, date filled, days supplied, and number of pills dis-
pensed. Demographic, diagnostic, and procedure information
identified inpatient and outpatient VHA encounters. We col-
lected laboratory results and vital signs data from clinical
sources. For Medicare or Medicaid enrollees, we obtained en-
rollment, claims files, and prescription (Part D) data for Medi-
care enrollees.'®!* We obtained dates and cause of death from
vital status and the National Death Index files.!>'® The insti-
tutional review board of VHA Tennessee Valley Healthcare Sys-
tem approved this study with a waiver of informed consent.

Study Population

The source population comprised veterans aged 18 years and
older who were regular users of the VHA care, defined as an
encounter or prescription fill at least once every 365 days for
2 or more years prior to cohort entry. We identified patients
with new-onset type 2 diabetes by selecting those who were
new users of metformin, glipizide, glyburide, or glimepiride.
New users were patients who filled a first glucose-lowering pre-
scription without any diabetic drug fill in the 180 days prior
to that first fill. We followed up these patients with diabetes
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Key Points

Question Is there an association between treatment with
metformin vs sulfonylureas and major adverse cardiovascular
events (MACE) among patients with diabetes and reduced
kidney function?

Findings In this retrospective cohort study of 49 478 patients
with diabetes and reduced kidney function, the incidence of MACE
for those treated with metformin vs sulfonylurea monotherapy
was 23.0 per 1000 person-years vs 29.2 per 1000 person-years,

a difference that was statistically significant.

Meaning Monotherapy treatment with metformin, compared
with a sulfonylurea, was associated with a lower risk of MACE
among patients with diabetes and reduced kidney function.

longitudinally and selected patients who experienced a de-
cline in kidney function. Patients were required to persist with
their initial monotherapy with no medication gaps for more
than 180 days or medication switching prior to reaching the
kidney threshold to be eligible for cohort entry.

The date of cohort entry and start of follow-up was the day
of reaching a reduced kidney function threshold (eFigure 1in
the Supplement), defined as either an eGFR of less than
60 mL/min/1.73 m? or serum creatinine level of 1.5 mg/dL for
men or 1.4 mg/dL for women. Cohort entry was between Janu-
ary 1, 2002, and December 30, 2015, to allow sufficient col-
lection of baseline data and follow-up. We excluded patients
who added or switched glucose-lowering medications at or
prior to the kidney threshold or had 2 or more episodes of di-
alysis, organ transplantation, or hospice care within the 2 years
prior to reaching the kidney threshold.

Exposure

The study exposures were persistent use of metformin or a sul-
fonylurea (glyburide, glipizide, and glimepiride) after reach-
ing the kidney threshold. Follow-up began on the date the kid-
ney threshold (eGFR <60 mL/min/1.73 m? or serum creatinine
level, 1.4/1.5 mg/dL) was fulfilled and continued through an
outcome (below); nonpersistence, defined as 90 days with-
out an antidiabetic drug or the addition of or switch to a dif-
ferent glucose-lowering drug; censoring, defined as the 181st
day of no VHA contact (inpatient, outpatient, or pharmacy use);
noncardiovascular death; or study end (December 31, 2016).
Seventy percent of the population received 90-day prescrip-
tions and, in this population, allowing 90 days to refill medi-
cations approximates 80% adherence.!”

Outcomes

The composite outcome was MACE including hospitalization
for acute myocardial infarction (AMI), ischemic or hemor-
rhagic stroke, transient ischemic attack (TIA), or date of car-
diovascular death. The outcome date was the date of hospital
admission for AMI, stroke, or TIA or the date of cardiovascu-
lar death. The primary discharge diagnosis, either Interna-
tional Classification of Diseases, Ninth Revision, Clinical Modi-
fication (ICD9-CM) or ICD-10 codes before or after October 1,
2015, respectively, was used to identify outcomes.
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We defined AMI by codes 410.x or 121.x. Stroke hospital-
izations encompassed those with an ischemic stroke (433.x1, 434
[excluding 434.x0], and 436 or 163.30, 163.40, 163.50, 166.09,
166.19, 166.29, 166.9, 167.848, and 167.89), intracerebral hem-
orrhage (431 or I61.x), and subarachnoid hemorrhage (430 or
160.x). TIA hospitalizations were defined by codes 435 or G45.0,
G45.1, G45.8, or G45.9. Medical record review and validation of
a sample of these codes have shown high specificity and posi-
tive predictive values of 90% for AMI and 81% for stroke when
compared with VHA medical record review.!®

Cardiovascular deaths were identified from death certifi-
cates with an ICD-10 underlying cause of death compatible with
cardiac death, fatal myocardial infarction, stroke, or cardio-
myopathy (I00-178 excluding I130.X [diseases of the pericar-
dium]) or unattended sudden cardiac death (R98, R99, R960,
and R961). This definition included the Centers for Disease Con-
trol and Prevention’s broad definition of cardiac death and a
validated strategy for identification of sudden cardiac deaths.'®

The secondary outcome excluded TIA as part of the com-
posite MACE event. Because not all patients who sustain a TIA
are admitted to the hospital, we determined whether the ad-
dition of TIA emergency department visits that did not lead
to hospital admission would influence the outcome event rates.
TIA emergency department visits included the above codes for
TIA in the primary (first listed) diagnosis position of outpa-
tient emergency department visits.

Covariates

Study covariates were measured up to 720 days before the
reduced kidney function threshold and included age, sex,
race, fiscal year, number of months from initial antidiabetic
medication to kidney threshold (diabetes duration), and
Veterans Integrated Service Networks (VISN) of care. Each
VISN of care is a geographic designation for VHA and allowed
a more granular estimation of geographic variation of diabe-
tes care. Physiologic variables were defined as the most
recent measure prior to kidney threshold and included body
mass index (calculated as weight in kilograms divided by
height in meters squared), blood pressure, hemoglobin A,.
(HbA,.), low-density lipoprotein, hemoglobin, proteinuria,
and creatinine values (both historical and the creatinine
at cohort entry).

Creatinine was used to calculate eGFR using the Chronic
Kidney Disease Epidemiology Collaboration equation.?%2! The
Isotope Dilution Mass Spectroscopy calibration date was col-
lected and accounted for in estimation of eGFR for 70% of the
VHA facilities. Facilities where no Isotope Dilution Mass Spec-
troscopy switch date was identified had all eGFRs downward
adjusted by 5%.%? Health care utilization (hospitalization, nurs-
ing home, number of outpatient visits or medications, and
Medicare or Medicaid insurance use) was measured in the year
prior to the reduced kidney function threshold. We collected
data on smoking and comorbidities as defined in eTable 1 in
the Supplement. Selected medications filled within 180 days
prior to the reduced kidney function threshold were also co-
variates. Because race is associated with cardiovascular out-
comes, it was included in all models. We selected patient self-
reported categorical race from VHA data and supplemented
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with Medicare patient self-reported categorical race data to
minimize missing values.

Statistical Analyses

The primary analysis compared the cause-specific hazard of
MACE between medication groups in a propensity score-
weighted cohort. The propensity score modeled the probabil-
ity of metformin or sulfonylurea continuation at reduced kid-
ney function threshold given covariates, VISN, and an indicator
forimputed covariates. Missing covariates were handled using
20 iterations of chained imputations and adjusting for canoni-
cal variates.?* We used matching weights to balance both ex-
posure groups on observed covariates (detailed methods in
eTable 2 and eFigures 2-4 in the Supplement).24-?> Standard-
ized mean differences are the absolute value of the differ-
ence in means or proportions divided by a pooled standard de-
viation. Standardized mean differences were calculated as the
difference between groups in number of standard deviations
and is a more meaningful measure than P values from t tests
for large samples.

Cox proportional hazards models estimated the cause-
specific hazard ratios (HRs) for metformin vs sulfonylurea (ref-
erent) in the weighted cohort, adjusted for covariates. Statisti-
cal significance for the 2-sided P value was set at .05. The
proportional hazards assumptions were verified through ex-
amination of Schoenfeld residuals over time.?® The cause-
specific hazard allowed estimation of the medication associa-
tion with MACE in those patients who were event free.?”
Nonparametric estimates of the cumulative incidence of MACE
accounted for 2 competing risks: medication nonpersistence and
noncardiovascular death. Cumulative incidence curves were
generated using the Aalen-Johansen estimator. The nonpara-
metric Aalen-Johansen estimator was preferred over the semipa-
rametric Fine and Gray model because it allowed more flexibil-
ity when modeling the cumulative incidence function.?8-2°

Sensitivity and Subgroup Analyses

The first sensitivity analysis evaluated a cohort with chronic
kidney disease and required patients to have a second mea-
sured eGFR less than 60 mL/min/1.73 m? between 30 and 180
days after the first eGFR less than 60 mL/min/1.73 m? and be-
gan cohort entry at 180 days from the first eGFR less than
60 mL/min/1.73 m?. The second sensitivity analysis assumed
patients remained in their initial exposure groups and did not
censor follow-up based on regimen changes or the 90-day re-
fillrequirement (ie, persistent exposure was not required). This
analysis is akin to an intention-to-treat analysis in clinical trials
and increases follow-up time and events but allows exposure
time misclassification (eFigure 1in the Supplement). A third
sensitivity analysis excluded patients who were enrolled in
Medicare Advantage at baseline and censored patients at Medi-
care Advantage enrollment to determine whether results were
influenced by Advantage status. Subgroup analyses tested for
effect modification by including interaction terms (treat-
ment by subgroup) in the model for the following groups: his-
tory of cardiovascular disease (yes, no), age (=65 years, <65
years), race (black, nonblack), baseline eGFR (45-59, 30-45, or
<30 mL/min/1.73 m?), and if the patient entered the cohort
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Figure 1. Eligible Patients in the Veterans Health Administration

174882 Active Veterans Health Administration
patients who reached the kidney
threshold while taking first agent

78157 Excluded

25 Dialysis

49755 Added medication at or before
kidney threshold
18651 Kidney threshold outside of date range
9184 >90-d Gap in diabetes medications at
kidney threshold
219 Hospice care
206 Transplant
117 Data errors

96725 Active Veterans Health Administration
patients with persistent single-agent
therapy

! )

2 Matched weighted cohort

67749 Metformin users

24679 Users in the matched-
weighted cohort?

28976 Sulfonylurea users

24799 Users in the matched-
weighted cohort?

was formed using matching

weights, derived using propensity
scores, and up or downweighting
patients to more closely resemble

each other.

based on reaching the FDA creatinine threshold or a reduced
eGFR with a serum creatinine less than the FDA threshold.
Analyses were conducted using R (http://www.r-project.org).

. |
Results

Study Cohort and Patient Characteristics

We identified 67 749 new metformin users and 28 976 new sul-
fonylurea users who persisted with treatment, met the re-
duced kidney function threshold, and satisfied cohort entry
criteria (Figure 1). These cohort patients represent 55.3% of the
174 882 new persistent users who had a baseline creatinine level
and reached the reduced kidney function threshold. We ex-
cluded 49 755 who added another diabetes medication on or
before the kidney threshold, 18 651 who met the kidney thresh-
old outside the study time frame, 9184 who had no supply of
metformin or sulfonylurea in the 90 days before reaching the
kidney threshold, and those with organ transplant (n = 206),
hospice care (n = 219), dialysis use in the past 2 years (n = 25),
or data error (n = 117). The weighted cohort included 24 679
metformin users and 24 799 sulfonylurea users (54% glipi-
zide, 45% glyburide, and 1% glimepiride).

Cohort patients were 98% male and 81.8% white. Metfor-
min users were younger than sulfonylurea users (median age,
67 vs 71 years; eFigure 3 in the Supplement) and a larger pro-
portion of metformin users reached the kidney threshold in
later study years.2%-3! HbA, . (6.6% [interquartile range {IQR},
6.1-7.2]; 49 mmol/mol [IQR, 43-55]), eGFR at cohort entry
(55.8 mL/min/1.73 m?[IQR, 51.6-58.2]), and historical eGFR be-
fore cohort entry (69.6 mL/min/1.73 m? [IQR, 64.7-77.0]) were
similar between exposures. Standardized mean differences
were less than 0.10 after weighting (Table 1).

JAMA September 24,2019 Volume 322, Number 12

Median follow-up in the weighted cohort was 1.0 year (IQR,
0.4-2.6) for patients taking metformin and 1.2 years (IQR, 0.5-
2.7) for sulfonylurea users. At 3 years of follow-up, 84.7% vs
82.4% metformin and sulfonylurea users, respectively, had
stopped or switched treatment; 3.0% vs 4.1% had experi-
enced noncardiovascular death; 2.5% vs 3.3% were censored
for leaving the VHA; and 5.6% vs 4.7% reached study end.

MACE Outcomes

After propensity score weighting, there were 1048 composite
events among metformin patients with reduced kidney func-
tion and 1394 events among sulfonylurea patients, yielding 23.0
(95% CI, 21.7-24.4) vs 29.2 (95% CI, 27.7-30.7) events per 1000
person-years of use, respectively. After covariate adjust-
ment, the cause-specific adjusted HR (aHR) for MACE was 0.80
(95% CI, 0.75-0.86) among metformin users compared with
sulfonylurea. The adjusted incident rate difference was 5.8
(95% CI, 4.1-7.3) fewer events per 1000-person years for met-
formin compared with sulfonylurea users. The cumulative
probability of MACE for patients in the metformin group vs the
sulfonylurea group was 1.9% vs 2.5% at 1 year, 3.4% vs 4.4%
at 3 years, and 3.8% vs 4.9% at 4 years (Figure 2).

Results were consistent for each component of the pri-
mary outcome, including cardiovascular hospitalizations (aHR,
0.87[95% CI, 0.80-0.95]) and cardiovascular deaths (aHR, 0.70
[95% CI, 0.63-0.78]) (Table 2). eFigure 5 in the Supplement
demonstrates the cumulative incidence of MACE accounting
for the competing risks of medication nonpersistence and non-
cardiovascular death. The secondary outcome, which in-
cluded AMI, stroke, and cardiovascular death and excluded
TIA, demonstrated consistent results (Table 2). Addition of TIA
emergency department visits added 10 events in the weighted
cohort (5 each for metformin and sulfonylurea users) and the
estimates were unchanged.
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Table 1. Characteristics of Patients at the Time They Reached a Reduced Kidney Function Threshold

Full Unweighted Cohort Propensity Score-Weighted Cohort
Metformin Sulfonylurea Metformin Sulfonylurea

Characteristic (n =67749) (n=28976) SMD? (n=24679) (n=24799) SMD?
Patient Characteristics
Age, median (IQR), y 67.3(62.1-74.4) 71.1(63.2-78.8) 0.28 70.1(62.9-77.8) 70.0 (62.8-77.8) 0.001
Sex, No. (%)

Male 64921 (95.8) 28459 (98.2) 24189 (98.0) 24308 (98.0)

Female 2828 (4.2) 517 (1.8) 0.14 490 (2.0) 491 (1.9) <0.001
Race, No. (%)°

White 56392 (83.2) 23524 (81.2) 20186 (81.8) 20290 (81.8)

Black 9883 (14.6) 4924 (17.0) 0.07 4035 (16.4) 4047 (16.3) 0.001

Other 1474 (2.2) 528 (1.8) 458 (1.9) 462 (1.9)
Medication start to kidney threshold 16.2 (6.5-35.1) 13.6 (5.9-29.0) 0.15 14.0(5.8-30.2) 14.0 (6.0-30.3) 0.01
(diabetes duration), median (IQR), mo
Year reduced kidney threshold
was reached, No. (%)

2002-2003 3167 (4.7) 4904 (16.9) 2924 (11.8) 2918 (11.3)

2004-2005 5786 (8.5) 5737 (19.8) 4479 (18.2) 4442 (17.2)

2006-2007 9075 (13.4) 6101 (21.1) 5207 (21.1) 5437 (21.1)

2008-2009 9952 (14.7) 4051 (14.0) 0.76 3876 (15.7) 3895 (15.1) 0.03

2010-2011 12237 (18.1) 3341 (11.5) 3367 (13.6) 3289 (12.7)

2012-2013 12854 (18.9) 2619 (9.0) 2651(10.7) 2600 (10.1)

2014-2015 14678 (21.7) 2223(7.7) 2175(8.8) 2218(8.6)
Laboratory Variables
Hemoglobin A, ., median (IQR), % 6.5 (6.1-7.0) 6.6 (6.1-7.3) 0.15 6.5(6.1-7.1) 6.6 (6.1-7.2) 0.005

No. with available measure 64981 27838 23668 23805

Creatinine at kidney threshold, 1.33(1.24-1.43) 1.33(1.24-1.43) 0.05 1.33(1.24-1.43) 1.33(1.24-1.43) 0.002

median (IQR), mg/dL

Estimated glomerular filtration rate,
median (IQR), mL/min/1.73 m?

Before kidney threshold
At kidney threshold
Hemoglobin, median (IQR), g/L

70.5 (65.1-78.6)
55.9 (51.6-58.3)
14.0 (12.9-150)

69.3 (64.5-76.6) 0.13
55.8(51.5-58.2) 0.02
14.1(13.0-15.2) 0.05

69.6 (64.6-77.0)
55.8 (51.6-58.2)
14.1(13.0-15.1)

69.7 (64.7-77.0)  0.001
55.8(51.6-58.2)  0.002
14.1(13.0-15.2)  0.002

No. with available measure 64119 27264 23167 23292
Low-density lipoprotein cholesterol, 85 (67-106) 89 (72-111) 0.13 88 (70-110) 88 (71-110) 0.002
median (IQR), mg/dL
No. with available measure 66426 27837 23883 24002
Microalbumin to creatinine ratio stage, 38869 14632 12913 12969
No. (%) with available measure
Al (<30 mg/g: normal to mild 29656 (43.8) 10625 (36.7) 9470 (38.4) 9530 (38.4)
increase albuminuria)
A2 (30-300 mg/g: moderate 7398 (10.9) 3076 (10.6) 2674 (10.8) 2676 (10.8)
increase albuminuria) 0.16 0.003
A3 and positive unable to quantify 1815 (2.7) 931(3.2) 769 (3.1) 763 (3.1)
(>300 mg/q: severely increased
albuminuria)
Proteinuria by urinalysis, No. (%) 45852 19167 16372 16466
with available measure
Negative 32963 (48.7) 13516 (46.7) 11648 (47.2) 11704 (47.2)
Urine protein trace or 1+ 10071 (14.9) 4185 (14.4) 0.08 3574 (14.5) 3606 (14.5) 0.002
Proteinuria present at 2+ 2186 (3.2) 983 (3.4) ’ 803 (3.3) 809 (3.3) '
Proteinuria present at 3+ or 4+ 632(0.9) 483 (1.7) 347 (1.4) 348 (1.4)
Clinical Variables
Blood pressure, median (IQR), mm Hg
Systolic 129(117-139) 130(119-142) 0.12 131(119-142) 131(119-142) 0.002
Diastolic 73 (65-80) 71 (64-80) 0.10 72 (64-80) 72 (64-80) <0.001
Body mass index, median (IQR)¢ 31.1(27.7-35.2) 30.1(26.9-34.1) 0.16 30.4(27.1-34.4) 30.3(27.1-34.3) 0.005
No. with available measure 56235 23243 20070 20163
(continued)
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Table 1. Characteristics of Patients at the Time They Reached a Reduced Kidney Function Threshold (continued)

Full Unweighted Cohort Propensity Score-Weighted Cohort
Metformin Sulfonylurea Metformin Sulfonylurea
Characteristic (n =67749) (n=28976) SMD? (n=24679) (n=24799) SMD?
Baseline Comorbidities, No.(%)¢
Cardiovascular/diabetes complications
Cardiovascular disease 17700 (26.1) 9811 (33.9) 0.17 7797 (31.6) 7868 (31.7) 0.003
Arrhythmia 9510 (14.0) 5469 (18.9) 0.13 4289 (17.4) 4320(17.4) 0.001
Congestive heart failure 5526 (8.2) 4218 (14.6) 0.20 2987 (12.1) 3009 (12.1) 0.001
Cardiac valve disease 1894 (2.8) 1196 (4.1) 0.07 897 (3.6) 907 (3.7) 0.001
Stroke 1900 (2.8) 1030 (3.6) 0.04 832 (3.4) 830(3.3) 0.001
Transient ischemic attack 710(1.0) 410(1.4) 0.03 321(1.3) 331(1.3) 0.003
Retinopathy 508 (0.7) 399 (1.4) 0.06 290(1.2) 291(1.2) <0.001
Amputation 230(0.3) 170 (0.6) 0.04 116 (0.5) 120 (0.5) 0.002
Pulmonary
Chronic obstructive pulmonary 10303 (15.2) 5266 (18.2) 0.08 4196 (17.0) 4234 (17.1) 0.002
disease
Smoking 8749 (12.9) 3551(12.3) 0.02 3062 (12.4) 3085 (12.4) 0.001
History of respiratory failure 1967 (2.9) 963 (3.3) 0.02 792 (3.2) 792 (3.2) 0.001
History of pneumonia 2179 (3.2) 1426 (4.9) 0.09 1056 (4.3) 1074 (4.3) 0.003
Neurologic/psychiatric
Serious mental illness 16588 (24.5) 5825 (20.1) 0.11 5046 (20.4) 5121 (20.6) 0.005
Parkinson disease 496 (0.7) 310(1.1) 0.04 228(0.9) 231(0.9) 0.001
Infectious
Urinary tract infection 2267 (3.3) 1375 (4.7) 0.07 1035 (4.2) 1046 (4.2) 0.001
History of sepsis 961 (1.4) 511 (1.8) 0.03 397 (1.6) 403 (1.6) 0.001
Osteomyelitis 309 (0.5) 198 (0.7) 0.03 155 (0.6) 153 (0.6) 0.002
HIV 235(0.3) 118 (0.4) 0.01 95 (0.4) 97 (0.4) 0.001
Oncologic/metabolic comorbidity
Malignancy 7199 (10.6) 3514 (12.1) 0.05 2892 (11.7) 2909 (11.7) <0.001
Liver disease 1131(1.7) 820 (2.8) 0.08 596 (2.4) 593 (2.4) 0.002
History of kidney disease 73(0.1) 52(0.2) 0.02 35(0.1) 38(0.2) 0.002
Markers of frailty
Osteoporosis 475(0.7) 239(0.8) 0.01 196 (0.8) 202 (0.8) 0.002
Falls 147 (0.2) 73(0.3) 0.007 55(0.2) 57(0.2) 0.001
Fractures 1257 (1.9) 679 (2.3) 0.03 549 (2.2) 549 (2.2) 0.001
Use of Medications, No. (%)
Angiotensin-converting enzyme 43222 (63.8) 18809 (64.9) 0.02 15963 (64.7) 16087 (64.9) 0.004
inhibitors
B-Blockers 33337 (49.2) 14797 (51.1) 0.04 12511 (50.7) 12585 (50.7) 0.001
Thiazide and potassium-sparing 29980 (44.3) 11572 (39.9) 0.09 10101 (40.9) 10194 (41.1) 0.004
diuretics
Calcium channel blockers 19720 (29.1) 8665 (29.9) 0.02 7379 (29.9) 7412 (29.9) <0.001
Loop diuretics 10315 (15.2) 6621 (22.8) 0.20 4956 (20.1) 4983 (20.1) <0.001
Angiotensin Il receptor blockers 8697 (12.8) 3109 (10.7) 0.07 2816 (11.4) 2807 (11.3) 0.003
Other antihypertensive medications 18458 (27.2) 7831 (27.0) 0.005 6715 (27.2) 6726 (27.1) 0.002
Statin lipid-lowering drugs 49906 (73.7) 18670 (64.4) 0.20 16545 (67.0) 16695 (67.3) 0.006
Nonstatin lipid-lowering agents 13166 (19.4) 4665 (16.1) 0.09 4244 (17.2) 4272 (17.2) 0.001
Antiarrhythmics digoxin 4395 (6.5) 3143 (10.8) 0.16 2260 (9.2) 2272 (9.2) <0.001
and inotropes
Anticoagulants 6027 (8.9) 3099 (10.7) 0.06 2488 (10.1) 2495 (10.1) 0.001
Nitrates 7812 (11.5) 4715 (16.3) 0.14 3628 (14.7) 3664 (14.8) 0.002
Aspirin 14371 (21.2) 6542 (22.6) 0.03 5359 (21.7) 5407 (21.8) 0.002
Platelet inhibitors, not aspirin 6240 (9.2) 3100(10.7) 0.05 2574 (10.4) 2591 (10.4) 0.001
Antipsychotics 5414 (8.0) 1992 (6.9) 0.04 1740 (7.0) 1762 (7.1) 0.002
Oral glucocorticoids 5050 (7.5) 2139 (7.4) 0.003 1795 (7.3) 1812 (7.3) 0.001
(continued)
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Table 1. Characteristics of Patients at the Time They Reached a Reduced Kidney Function Threshold (continued)

Full Unweighted Cohort

Propensity Score-Weighted Cohort

Metformin Sulfonylurea Metformin Sulfonylurea

Characteristic (n =67749) (n=28976) SMD? (n=24679) (n=24799) SMD?
Indicators of Health Care Utilization
Hospitalized within year, No. (%)

With claim in Veterans Health 9076 (13.4) 4516 (15.6) 0.06 3574 (14.5) 3630 (14.6) 0.004

With claim in Medicare/Medicaid 5634 (8.3) 3597 (12.4) 0.16 2770 (11.2) 2789 (11.2) 0.001
Hospitalized in 30 d, No. (%)

With claim in Veterans Health 2510 (3.7) 1197 (4.1) 0.02 942 (3.8) 962 (3.9) 0.003

With claim in Medicare/Medicaid 987 (1.5) 581(2.0) 0.04 440 (1.8) 452 (1.8) 0.003
Nursing home encounter in last year, No. (%) 201 (0.3) 136 (0.5) 0.03 96 (0.4) 100 (0.4) 0.002
No. of medications, median (IQR) 7 (5-11) 7 (4-10) 0.06 7 (4-10) 7 (4-10) 0.003
Outpatient visits in past year, median (IQR) 6(3-11) 7 (4-12) 0.05 6 (4-11) 6 (4-11) 0.002
Insurance use, No. (%)

Medicare in last year 21435 (31.6) 10538 (36.4) 0.10 8807 (35.7) 8812 (35.5) 0.003

Medicaid in last year 663 (1.0) 435 (1.5) 0.05 323(1.3) 331(1.3) 0.002

Medicare Advantage 10251 (15.1) 4339 (15.0) 0.004 3770 (15.3) 3784 (15.3) 0.001

Abbreviations: IQR, interquartile range; SMD, standardized mean difference.

Sl conversion factors: to convert creatinine to pmol/L, multiply by 88.4;
low-density lipoprotein cholesterol to mmol/L, multiply by 0.0259.

2 SMDs are the absolute difference in means or percentage divided by an evenly
weighted pooled standard deviation, or the difference between groups in
number of standard deviations. In the weighted cohort, all standardized
differences were less than 0.01, suggesting there were no important

imbalances (see eFigure 3 in the Supplement for the plot of the mean
standardized differences of the preweighted and weighted cohort).

®Other races include American Indian or Alaska Native, Asian, and Native
Hawaiian or other Pacific Islander.

€ Calculated as weight in kilograms divided by height in meters squared.

9 Definitions of comorbidities are listed in eTable 1in the Supplement.

Sensitivity and Subgroup Analyses

Among the 14 589 patients who had a second confirmatory
eGFR less than 60 mL/min/1.73 m? and remained persistent
with their regimen, the median number of days to the second
confirmatory eGFR was 112 days (IQR, 73-147). Among this
chronic kidney disease cohort, there were 3586 weighted met-
formin users and 4287 weighted sulfonylurea users, and re-
sults were similar but no longer statistically significant for the
primary MACE outcome. However, results reached statistical
significance for the outcome of cardiovascular death. Afterre-
moving the requirement for glucose-lowering medication per-
sistence and excluding Medicare Advantage patients, all re-
sults were consistent (Table 2). Subgroup analyses stratified
by history of cardiovascular disease, age, race, eGFR at kid-
ney threshold, and if the patient entered via reaching the FDA-
defined elevated creatinine or reduced eGFR threshold with
creatinine below the FDA guidance were consistent with the
main analysis, with no evidence of effect modification
(all P values >.20). For smaller subgroups, HR confidence in-
tervals were wide (Figure 3 and eTable 3 in the Supplement).

|
Discussion

Among patients with diabetes who developed reduced kid-
ney function, persistent use of metformin compared with sul-
fonylurea use was associated with a decreased hazard of MACE.
This study and the results add to the limited observational evi-
dence for the beneficial association of metformin compared
with sulfonylurea and cardiovascular outcomes among those
who develop reduced kidney function.>?

jama.com

Figure 2. Competing Risk Cumulative Incidence Match-Weighted Cohort
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Kidney Function Threshold, y

No. of patients in initial state
Metformin 24679
Sulfonylurea 24799

12563 7862 5097 3366 2252
13587 8272 5320 3452 2262

Aalen-Johansen cumulative probability of incident major adverse cardiovascular
events (MACE) among sulfonylurea vs metformin cohort with reduced kidney
function. The median follow-up time in the weighted cohort was 1.0 year
(interquartile range, 0.4-2.6) for patients taking metformin and 1.2 years
(interquartile range, 0.5-2.7) for sulfonylurea users.

Although there is consensus that metformin is first-line dia-
betes treatment, metformin is discontinued in many patients
when kidney disease develops. Flory and Hennessy>> re-
ported that nearly 1 million US patients with diabetes and eGFR
between 31 and 89 mL/min/1.73 m? could take metformin but
do not. In April 2016, the FDA issued a safety announcement
and revised label regarding metformin use in patients with
reduced kidney function.®* The revised label states that
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Table 2. Rates and Adjusted Hazard Ratios for Major Adverse Cardiovascular Events (MACE) in Weighted Cohort

Metformin Sulfonylurea
Persistent Exposure Required?®
No. at risk in weighted cohort 24679 24799
Primary outcome: composite MACE 1048 1394
Person-years 45542 47762

Unadjusted rate/1000 person-years
(95% Cl)

Adjusted hazard ratio (95% CI)®
Adjusted incident rate difference (95% Cl)©

Component of primary outcome: cardiovascular
hospitalization (AMI, stroke, or TIA)

Unadjusted rate/1000 person-years
(95% Cl)

Adjusted hazard ratio (95% CI)®
Adjusted incident rate difference (95% CI)¢

Component of primary outcome:
cardiovascular death

Person-years

Unadjusted rate/1000 person-years
(95% Cl)

Adjusted hazard ratio (95% CI)®
Adjusted incident rate difference (95% Cl)©

Secondary outcome: AMI, stroke,
or cardiovascular death

Person-years

Unadjusted rate/1000 person-years
(95% Cl)

Adjusted hazard ratio (95% CI)®
Adjusted incident rate difference (95% Cl)©

23.0(21.7 to 24.4)

0.80(0.75 t0 0.86)

708
15.5 (14.4 t0 16.7)

0.87 (0.80 t0 0.95)

407

46484
8.8(8.0t09.6)

0.70(0.63 t0 0.78)

953

45719
20.8(19.6t022.2)

0.78 (0.72 t0 0.84)

-5.8(-7.3to -4.1)

-2.4(-3.7t0-0.9)

-3.8(-4.7t0-2.8)

-5.9(-7.6t0o-4.3)

29.2(27.7 10 30.7)

1 [Reference]

874
18.3(17.1t0 19.5)

1 [Reference]

623

49066
12.7 (11.7t0 13.7)

1 [Reference]

1297

47987
27.0(25.6 t0 28.5)

1 [Reference]

Sensitivity Analysis: Population With 2 Reduced eGFRs Who Remain Persistent With Medication

No. at risk in weighted cohort
Primary outcome: composite MACE
Person-years

Unadjusted rate/1000 person-years
(95% Cl)

Adjusted hazard ratio (95% CI)®
Adjusted incident rate difference (95% CI)¢

Component of primary outcome: cardiovascular
hospitalization (AMI, stroke, or TIA)

Person-years

Unadjusted rate/1000 person-years
(95% Cl)

Adjusted risk difference (95% CI)
Adjusted hazard ratio (95% CI)®

Component of primary outcome:
cardiovascular death

Person years

Unadjusted rate/1000 person-years (95% Cl)
Adjusted risk difference (95% CI)

Adjusted hazard ratio (95% CI)®

3586

160

6676

24.0(20.6 t0 27.9)

0.85(0.70t0 1.02)

103

6676
15.4(12.7 t0 18.7)

0.91(0.72 to 1.15)
67

6809
9.8 (7.7 t0 12.4)

0.71 (0.53 t0 0.93)

-4.7 (-9.3t00.6)

-1.7 (-5.2t02.6)

-4.4(-7.1t0-1.1)

4287

273

8797

31.0(27.6 to 34.9)

1 [Reference]

162

8797
18.4 (15.8t0 21.4)

1 [Reference]
134

8980
15.0 (12.6 t0 17.7)

1 [Reference]

Sensitivity Analysis: Persistent Exposure Not Required

No. at risk in weighted cohort
Primary outcome: composite MACE
Person-years

Unadjusted rate/1000 person-years
(95% Cl)

Adjusted hazard ratio (95% CI)®
Adjusted incident rate difference (95% CI)¢

24679

4479

153840
29.1(28.2 t0 30.0)

0.90(0.87 t0 0.93)

-3.2(-4.1t0-2.2)

24799

4722

148115
31.9(31.0t0 32.8)

1 [Reference]

(continued)
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Table 2. Rates and Adjusted Hazard Ratios for Major Adverse Cardiovascular Events (MACE) in Weighted Cohort (continued)

Metformin Sulfonylurea
Sensitivity Analysis: Excluding Medicare Advantage
No. at risk in weighted cohort 20909 21015
Primary outcome: composite MACE 893 1195
Person-years 36670 38674

Unadjusted rate/1000 person-years (95% Cl)
Adjusted hazard ratio (95% CI)®
Adjusted incident rate difference (95% Cl)©

24.4(22.8 10 26.0)
0.80(0.74 t0 0.87)

30.9(29.2t032.7)
1 [Reference]
-6.2 (-8.0to -4.0)

Abbreviations: AMI, acute myocardial infarction; eGFR, estimated glomerular
filtration rate; TIA, transient ischemic attack.

@ Primary analysis considers patients persistent with regimen until they do not
have oral antidiabetic medications for 90 days.

b Cox proportional hazards model for MACE, adjusted for demographics, clinical
information derived from the electronic health record, comorbidities, use of
medications, and health care utilization (see eTable 1in the Supplement). All
continuous variables were modeled as restricted cubic splines.

€ The decrease in the number of events per 1000 person-years of metformin
use compared with sulfonylurea use among patients with reduced kidney
function. The adjusted rate difference is estimated by multiplying the
unadjusted incident rate for sulfonylurea by the adjusted hazard ratio minus 1.
Confidence bounds are calculated using the respective bounds from the
hazard ratio.

d Patients remain in their exposure group, regardless of persistence with drug
therapy, until outcome or end of the study.

Figure 3. Adjusted Hazard Ratios for Major Adverse Cardiovascular Events by Subgroups

Metformin Sulfonylureas
No. of Events/ No. of Events/ Adjusted Hazard Favors ; Favors P for
No. at Risk No. at Risk Ratio (95% Cl) Metformin | Sulfonylureas Interaction
Full matched-weighted cohort 1048/24679 1394/24799 0.80(0.75-0.86) =
Cardiovascular disease history
Yes 511/7797 671/7868 0.83(0.75-0.92) - 34
No 537/16882 723/16931 0.78 (0.70-0.86) -
Age,y
265 870/16796 136/16764 0.81(0.75-0.88) [ ] 53
<65 178/7883 258/8034 0.78 (0.66-0.92) R
Race
Black 107/4035 154/4047 0.84 (0.67-1.06) - 69
Nonblack 941/20644 1240/20752 0.80 (0.74-0.86) = ’
Estimated glomerular filtration rate (eGFR)
<30 mL/min/1.73 m2 10/332 17/334 0.82(0.25-2.72) —_——
30-45 mL/min/1.73 m2 65/1903 115/1886 0.79(0.59-1.04) — .38and .542
>45 mL/min/1.73 m? 973/22444 1262/22578 0.80(0.74-0.86) =
Cohort entry criteria
Creatinine = FDA threshold 125/5733 229/7779 0.74 (0.61-0.90) E 16
eGFR <60 mL/min/1.73 m?2 + creatinine 923/39809 1164/39983 0.81(0.75-0.88) = ’
<FDA threshold
Oﬁl 1 1‘0

Hazard of Major Adverse Cardiovascular
Event in Patients With Reduced
Kidney Function (95% CI)

FDA indicates Food and Drug Administration.

2 Pvalue for eGFR prime term (it was modeled as a spline so there are multiple terms).

metformin can be safely used in patients with mild kidney
function impairment (45-60 mL/min/1.73 m?) and some
patients with moderate kidney function impairment (eGFR,
30-45 mL/min/1.73 m?).

At the same time, the FDA also recommended that kidney
function be evaluated with eGFR rather than creatinine.>* This
US guidance is now more aligned with recommendations from
the United Kingdom, Canada, and Australia, which emphasize
metformin use based on eGFR criteria rather than creatinine be-
cause eGFR more accurately measures kidney function.>>->® Pa-
tients with reduced eGFR may use metformin with frequent
monitoring and dose reduction, but metformin is contraindi-
cated at an eGFR less than 30 mL/min/1.73 m2.

jama.com

The FDA decision about metformin was based in part on
data from 2 comprehensive reviews. The systematic review by
Inzucchi et al*” included 65 studies (the largest had 10 000 pa-
tients) and found no increased risk of metformin-associated
lactic acidosis in patients with mild to moderate kidney dis-
ease. The meta-analysis by Crowley and colleagues®? de-
scribes the existing evidence on metformin effectiveness in kid-
ney disease. This meta-analysis included 6 studies (5 cohort
studies and 1 nested case-control study) of patients with dia-
betes and chronic kidney disease. All the studies compared
clinical outcomes between patients using metformin and non-
metformin regimens, including multiple drugs. Five of the 6
studies (n = 33 442) examined all-cause mortality. The relative
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risk of all-cause mortality was lower in patients taking met-
formin than for patients not taking metformin (HR, 0.78 [95%
CI, 0.63-0.96]; I? = 79.8%).

Only 2 of the 6 studies (n = 14 408) examined the associa-
tion between diabetes treatments and MACE in patients with
reduced kidney function. Both compared metformin vs non-
metformin regimens. The first, by Ekstrom et al,>® used a
Swedish registry to define MACE as diagnosis of myocardial in-
farction, angina, hemorrhagic or ischemic stroke, peripheral vas-
cular disease, or coronary disease procedure. They found no sig-
nificant difference in MACE between metformin patients with
eGFR of 45 to less than 60 mL/min/1.73 m? (n = 6655; HR, 0.94
[95% CI, 0.84-1.05]) and 30 to less than 45 mL/min/1.73 m?
(n = 1894; HR, 1.00 [95% CI, 0.83-1.19]) compared with other
regimens (including but not restricted to sulfonylureas). The sec-
ond study was conducted in the United States by Masoudi et al*°
and examined heart failure readmission in patients with re-
duced kidney function. They demonstrated lower readmis-
sion risk (n = 5859; HR, 0.91 [95% CI, 0.84-0.99]) for metfor-
min compared with sulfonylurea or insulin use. The current
study adds to the body of evidence from these 2 prior studies
by examining important cardiovascular outcomes (MACE) in a
large population who persisted with their initial diabetes treat-
ment once they reached reduced kidney function threshold.

Limitations

This study has several limitations. First, incident therapy per-
sistence with either metformin or sulfonylureas at the kidney
threshold was required and excluded many patients who dis-
continued, added, or switched to newer medications at or be-
fore reaching the kidney threshold. The study design also ex-
cluded those who began diabetes treatment after the onset of
reduced kidney function. While reducing sample size, this de-
sign choice allowed the evaluation of those patients who con-
tinued taking their initial glucose-lowering monotherapy de-
spite changing kidney function. Furthermore, a competing risk
model was used to address concerns that nonpersistence with
glucose-lowering medications or noncardiovascular death
would preclude assessment of MACE outcomes. Findings from

Metformin or Sulfonylurea Use in Kidney Disease

this study cannot be generalized to patients who already have
areduced eGFR at the time of metformin initiation.

Second, veterans may not receive all their care at VHA fa-
cilities, and some MACE outcomes may have been missed de-
spite the linkage to Medicare and Medicaid data.

Third, cohort entry and the start of follow-up was either
an elevated serum creatinine or reduced eGFR less than
60 mL/min/1.73 m2. It is possible that for some patients this
kidney threshold may represent an acute kidney injury event
rather than progression to chronic kidney disease. There was
inadequate statistical power to evaluate differences in MACE
events in patients with persistently reduced kidney function.
The sensitivity analysis, which required a confirmatory re-
duced eGFR, found results consistent with the main findings
but without statistical significance; therefore, overall results
cannot be extrapolated to this group of patients.

Fourth, although propensity score weighting and direct co-
variate adjustment were used to address confounding, there
is likely residual confounding.

Fifth, the study did not include a dose analysis or compare
those who continued metformin use with those who switched to
anewer agent to determine whether the findings were associated
with specific doses of metformin or sulfonylurea or whether re-
sults were consistent when compared with a newer drug class.

Sixth, the study population was mostly elderly white men,
and may not be representative of the larger population of patients
with diabetes and reduced kidney function. This should be con-
sidered when generalizing the study results to other populations.

Seventh, it cannot be determined from these analyses
whether metformin is associated with a reduced risk or sulfonyl-
ureas are associated with an increased risk of MACE outcomes.

.|
Conclusions

Among patients with diabetes and reduced kidney function
persisting with monotherapy, treatment with metformin,
compared with a sulfonylurea, was associated with a lower
risk of MACE.
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