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Abstract

Serious hypoglycemia is a major adverse event associated with insulin secretagogues. Previous
studies have suggested a potential relationship between angiotensin-converting enzyme inhibitors
(ACElIs) used with sulfonylureas and serious hypoglycemia, and widely used drug compendia
warn of this potential drug-drug interaction. We investigated the association between serious
hypoglycemia and concomitant use of ACEls in patients receiving insulin secretagogues, using
the self-controlled case series design and Medicaid claims data from 5 US states linked to
Medicare claims from 1999-2011. The exposure of interest was active prescription for ACEls
during insulin secretagogue or metformin (negative control object drug) episodes. The outcome
was hospital presentation for serious hypoglycemia, identified by discharge diagnosis codes in
inpatient and emergency department claims (positive predictive value ~78-89%). We calculated
confounder-adjusted rate ratios (RRs) and 95% confidence internals (Cls) of outcome occurrence
during ACEI-exposed versus ACEI-unexposed time using conditional Poisson regression. The
RRs for ACEIs were not statistically elevated during observation time of glipizide (RR, 1.06;

Cl, 0.98-1.15), glyburide (RR, 1.05; CI, 0.96-1.15), repaglinide (RR, 1.15; CI, 0.94-1.41), or
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metformin (RR, 1.02; Cl, 0.97-1.06); but was modestly elevated with glimepiride (RR, 1.23;

Cl, 1.11-1.37) and modestly reduced with nateglinide (RR, 0.73; CI, 0.56-0.96). The overall
pattern of results do not suggest that ACEIs used with insulin secretagogues were associated with
increased rates of serious hypoglycemia, with the possible exception of glimepiride.
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INTRODUCTION

Insulin secretagogues—oral antihyperglycemic agents that include sulfonylureas and
meglitinides—Ilower blood glucose levels by stimulating the release of insulin from the
pancreas. Although these drugs are widely used for type 2 diabetes, serious hypoglycemia
associated with their use (especially sulfonylureas) is among the most common, clinically
significant, and preventable of all adverse drug events.1-2 Angiotensin-converting enzyme
inhibitors (ACEls) are widely prescribed for cardiovascular diseases including hypertension
and heart failure, which are among the most common comorbidities among diabetes
patients,** for patients with hypertension and a history of diabetes,? and to slow the
progression of renal impairment in diabetes patients.” There have been case reports®?

and nested case-control studies1%11 suggesting that the use of ACEIs in combination with
sulfonylureas or other oral antidiabetes drugs might be associated with an increased risk of
hypoglycemic events. Suggested potential mechanisms involve enhanced insulin sensitivity
and glucose disposal rate by ACEIls.812 The risk of hypoglycemia with concomitant use of
ACEIs and sulfonylureas is listed as a potential drug-drug interaction (DDI) in some widely
used drug compendia,}314 and this drug-drug pair is among the most common interruptive
drug class-based DDI alert groups.1® We investigated whether concomitant use of insulin
secretagogues with ACEIs is associated with an increased rate of serious hypoglycemia
compared to insulin secretagogues use without concomitant ACEISs.

METHODS
Study design and data

We conducted a population-based epidemiologic study using the self-controlled case series
(SCCS) design,16-18 with insulin secretagogues as object drugs (i.e., affected drugs)!® and
ACE s as potential precipitant drugs (i.e., affecting drugs).1® Because we know of no
mechanism by which metformin and ACEIs could interact to affect hypoglycemia risk, we
used metformin as a negative control object drug.1® Our methods were similar to those we
used for a previous study.29 We used Medicaid claims data from five US states (California,
Florida, New York, Ohio, and Pennsylvania) from 1 January 1999 to 31 December 2011,
linking to Medicare claims data and Medicare Part D Event File for Medicaid-Medicare
dual-enrollees, and the Social Security Death Master file to ascertain dates of death. These
states constitute about 40% of the nationwide Medicaid population.?! We chose the SCCS
design because it inherently controls for all time-invariant confounders, measured and
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unmeasured, and it does not require a separate control group, which can help reduce a
potential bias in estimation that may be caused by selection of an inappropriate comparison
group that has different underlying risk.

We constructed object drug (i.e., antidiabetes drug)-specific samples (Figure 1) using
dispensing date and days’ supply data from pharmacy claims. Eligible persons were adults
18 years of age or older who experienced at least one serious hypoglycemic event during
observation time, defined as a period covered by object drug prescriptions, i.e., object drug
episodes, and had continuous enrollment in Medicaid for at least 180 days immediately
before the first observation time (i.e., the baseline period), free of an enrollment gap and of
dispensing of that object drug. The rationale for requiring a continuous-enrollment baseline
period was to reduce potential bias from not being able to reliably identify the start date of
an object drug episode and/or the concomitant use of a precipitant drug.

Exposure and outcome of interest

The exposure of interest was use of an ACEI concomitantly with either an insulin
secretagogue or metformin during observation time, as described in detail below. Insulin
secretagogues analyzed were glimepiride, glipizide, glyburide, nateglinide, and repaglinide.
ACEIs analyzed include all ACElIs in our claims data, i.e., benazepril, captopril, enalapril,
fosinopril, lisinopril, moexipril, perindopril, quinapril, ramipril, and trandolapril.

The outcome of interest was hospital presentation with serious hypoglycemia. We used

a validated outcome ascertainment algorithm (with a positive predictive value of 89%22

in emergency department claims and 78%?22 in inpatient claims) that used the following
International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM)
discharge diagnosis codes appearing in the principal position in inpatient claims or in any
position in emergency department claims: 251.0 (hypoglycemic coma); 251.1 (other specific
hypoglycemia); 251.2 (hypoglycemia, unspecified); or 250.8X (diabetes with other specified
manifestations), unless accompanied by one of the exclusionary diagnosis codes suggesting
manifestations other than hypoglycemia (Table S1).

Observation time

Obiject drug episodes in which at least one outcome event occurred served as observation
time (Figure S1). A drug episode was defined as a unit of continuous prescriptions

that allowed 7 days to account for potential incomplete adherence between contiguous
prescriptions, and at the end of the last prescription. Days’ supply of an object drug

was censored the day before a different object drug was dispensed, with an exception,
i.e., when the object drug was an insulin secretagogue and metformin (negative control
object drug) was subsequently dispensed before the object drug’s end of days’ supply,
we controlled for metformin use (yes/no) in the statistical analysis without censoring the
object drug’s days’ supply. An object drug episode began at the first dispensing date of
that episode and ended by end of days’ supply of the episode (including a 7-day grace
period), Medicaid disenrollment, or end of dataset (31 December 2011), whichever occurred
first. A precipitant drug episode was allowed to begin on, before, or after the start date
of the object drug episode. More than one precipitant drug episode was allowed within
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an object drug’s observation time. Within the observation time, we considered the period
following the end of a precipitant-exposed time (i.e., object-precipitant concomitant use
time) to be indeterminate time, i.e., neither precipitant-exposed nor precipitant-unexposed.
This indeterminate time lasted up to 30 days, or until another prescription for the precipitant
was dispensed. Individuals were allowed to contribute multiple object drug episodes if
inclusion criteria and baseline period requirement were met. We included any object drug
episodes during which the outcome of interest occurred at least once (i.e., we did not restrict
to incident events). We did not censor object drug episodes with the occurrence of serious
hypoglycemia on the basis of the assumptions underlying the SCCS design, and we excluded
any observation period that was censored by death in the primary analysis.1® One of the
sensitivity analyses we performed (described below) included observation periods that were
censored by death.

Statistical analysis

RESULTS

We calculated occurrence rate ratios (RRs) with 95% confidence intervals (Cls) for serious
hypoglycemia during use of an insulin secretagogue or metformin with versus without

an ACEl (i.e., precipitant-exposed time versus precipitant-unexposed time within the
observation time), using conditional Poisson regression.16:17 The SCCS design inherently
eliminates confounding by measured and unmeasured factors that are time-invariant within
person during the observation time, including genetic characteristics, chronic diseases or
conditions, overall health status, and lifestyle and stable health behaviors. We additionally
controlled for the following time-varying potential confounders that were ascertained

on the person-day level (Table S2): drugs that may be associated with hypoglycemia;

drugs that may be associated with hyperglycemia; drugs that may interact with insulin
secretagogues; major non-chronic conditions that may be associated with hypoglycemia,
i.e., acute infections (identified by ICD-9-CM diagnosis codes in any position in claims;
codes are listed in Table S3); and others, i.e., age, nursing home residence status, Medicaid-
Medicare dual-enrollment status, and concomitant metformin use when the object drug was
an insulin secretagogue.

We also conducted sensitivity analyses by (a) including observation periods censored

by death; and (b) excluding observation time during which individuals might have

had incomplete data (defined operationally as individuals with a managed care plan, a
private health insurance, restricted benefits, or among Medicaid-Medicare dual-enrollees,
individuals enrolled in a group health organization or a Medicare Advantage plan for which
the Centers for Medicare and Medicaid Services does not process provider claims).

We used SAS version 9.4 (SAS Institute Inc., Cary, North Carolina, USA). This study was
approved by the institutional review board of the University of Pennsylvania, which waived
the requirement for informed consent.

We identified 6442, 11136, 8865, 1112, 2085, and 24594 individuals who experienced
serious hypoglycemia at least once while receiving glimepiride, glipizide, glyburide,
nateglinide, repaglinide, and metformin, respectively, and met all inclusion criteria. The
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number of serious hypoglycemia events during observation time was 8159, 14353, 11129,
1595, 2901, and 32639 for glimepiride, glipizide, glyburide, nateglinide, repaglinide, and
metformin, respectively. Median age at the start of observation time ranged 63.2—72.8 years,
and the proportion of female patients ranged 63.8—-67.7%. Table 1 shows characteristics of
the study samples by object drug.

Figure 2 presents confounder-adjusted RRs and 95% Cls of serious hypoglycemia with

the concomitant use of ACEIs, along with the number of outcome occurrences during ACEI-
exposed and unexposed time separately for each object drug. The RR was not statistically
significantly elevated with glipizide (RR, 1.06; ClI, 0.98 to 1.15; this means that the

point estimate for the outcome occurrence rate during ACEI-exposed time was 6% higher
compared to the rate during ACEI-unexposed time when other factors are held constant,
with the 95% confidence interval including the null value), glyburide (RR, 1.05; CI, 0.96

to 1.15), repaglinide (RR, 1.15; CI, 0.94 to 1.41), or metformin (RR, 1.02; CI, 0.97 to

1.06), but was modestly elevated with glimepiride (RR, 1.23; ClI, 1.11 to 1.37) and modestly
reduced with nateglinide (RR, 0.73; CI, 0.56 to 0.96). In sensitivity analyses, the patterns of
these associations were not substantially different, although statistical significance differed
(Tables S4 and S5).

DISCUSSION

The overall pattern of results does not suggest that concomitant use of ACEIs in users

of insulin secretagogues or metformin is associated with an increased rate of serious
hypoglycemia. Given the overall pattern of RRs and lack of known underlying mechanisms,
the modestly elevated RR observed with glimepiride and ACEls (RR, 1.23; Cl, 1.11 to

1.37) should be investigated further to confirm whether it represents a true relationship that
differs from other insulin secretagogues and ACEIs combinations. If glimepiride is truly an
exception, a possible mechanism is that the plasma concentration of its active metabolites,
which are mainly renally cleared, is more likely to increase when the renal clearance is
reduced by the use of ACEIs. Although ACElIs have beneficial effects of improving renal
hemodynamics, it is known that ACEIs can cause deterioration of renal function under
certain conditions.24 Because angiotensin I is necessary for glomerular filtration rate (GFR)
to be maintained during volume depletion, inhibition of angiotensin 11 via ACEls can reduce
GFR, and thereby reduce clearance of renally eliminated drugs.24 For glimepiride, ~99% of
the dose is excreted as metabolized products, and ~60% of that 99% is excreted in urine.
One of the major metabolites of glimepiride has ~36% of the activity of the parent drug.2
Glipizide’s renally-excreted metabolites are inactive.28 Glyburide is renally excreted (~50%)
less than other sulfonylureas, and one of its major metabolites has ~15% of the activity of
the parent drug.2’

Prior studies of whether ACElIs increase the risk of hypoglycemia in sulfonylureas or

oral antidiabetes drugs have produced inconsistent results. Two nested case-control studies
suggested a potential association between serious hypoglycemia and ACEIs used in diabetes
patients taking insulin or oral antidiabetes drugs,1%-11 but could have been affected by
between-person confounding. In contrast, an observational study in older patients with

type 2 diabetes including sulfonylurea users found that ACEIs were not associated with
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an increased risk of hypoglycemia.?8 Potential mechanisms suggested to explain possible
association between ACEIs and hypoglycemia risk include increased insulin sensitivity
and glucose utilization or disposal rate by ACEIs,812 which assume that angiotensin Il
reduces insulin sensitivity and glucose utilization. However, several studies have found
that angiotensin 1l is associated with increased insulin sensitivity and increased glucose
utilization in individuals with or without diabetes.29-31

The absolute risk of serious hypoglycemia cannot be drawn from this case-only design.
However, the age- and sex-standardized occurrence rates (95% CI) of serious hypoglycemia
per 1,000 person-years with oral antidiabetes monotherapy were reported in a prior study:
glimepiride, 52.9 (48.9 to 56.9); glipizide, 49.6 (47.2 to 51.9); glyburide, 68.0 (64.9 to 71.2);
nateglinide, 23.2 (15.6 to 30.7); repaglinide, 44.4 (34.7 to 54.1); and metformin, 11.9 (11.3
to 12.5).32

Our findings, together with lack of compelling mechanistic data indicative of ACEI-
associated increased risk of hypoglycemia in sulfonylurea users, suggest that widely used
drug compendia that warn of potential drug-drug interaction between sulfonylureas and
ACElIs and electronic medical record systems generating interruptive alerts on this potential
DDl should consider updating their current advice, which was based primarily on relatively
small case-control studies and on case reports.

Strengths of this study include use of a large healthcare database, a design that eliminates
confounding by time-invariant factors, adjustment for time-varying potential confounders,
use of validated outcome ascertainment algorithm with high positive predictive values,
performance of sensitivity analyses, and study of a vulnerable population who may be
most likely to show an adverse effect if one is present. Limitations include lack of
information on actual intake of drugs, diet, exercise, and other health behaviors that could
affect hypoglycemia risk. However, such factors could have introduced bias only if they
varied within person and were temporally associated with both ACEI use and serious
hypoglycemia.

In summary, concomitant use of ACEIs overall was not associated with an elevated rates
of serious hypoglycemia in users of insulin secretagogues, with the possible exception of
glimepiride. Further research is warranted to understand any underlying mechanisms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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STUDY HIGHLIGHTS
What is the current knowledge on the topic?

Serious hypoglycemia is a major adverse event associated with insulin
secretagogues and among the most common, clinically significant, and
preventable of all adverse drug events. Previous studies suggested a potential
relationship between angiotensin-converting enzyme inhibitors (ACEISs)
used with sulfonylureas and serious hypoglycemia, and widely used drug
compendia warn of this potential risk.

What question did this study address?

This study investigated whether concomitant use of insulin secretagogues
with ACEIs is associated with an increased rate of serious hypoglycemia
compared to insulin secretagogue use without concomitant ACEIs, using real-
world health care claims data from the US Medicaid population.

What does this study add to our knowledge?

Concomitant use of ACElIs overall was found not to be associated with an
increased rate of serious hypoglycemia in users of insulin secretagogues, with
the possible exception of glimepiride.

How might this change clinical pharmacology or translational science?

Widely used drug compendia that warn of potential drug-drug interaction
between sulfonylureas and ACEls and electronic medical record systems
generating interruptive alerts on this potential drug interaction should
consider updating the information that they provide.

Clin Pharmacol Ther. Author manuscript; available in PMC 2023 January 01.
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Individuals who had at least one dispensing

of the object drug
n=417,690 (glimepiride); 937,638 (glipizide); 901,901
(glyburide); 83,173 ( glinide); 122,403 (r linide),
2,078,960 (metformin)

Y
Individuals with the object drug-based
observation time
n=383,939 (gli iride); 857,224 (glipizide); 674,139
(glyburide); 77,017 (nateglinide); 112,305 (repaglinide);
2,078,960 (metformin)

A S
Individuals with the object drug-based
observation time and meeting the age criteria
n=344,235 (glimepiride); 764,524 (glipizide); 600,678
(glyburide); 70,928 (nateglinide); 102,572 (repaglinide);
1,818,596 (metformin)

=
Individuals with the object drug-based observation
time and ing the age and baseline period criteria
n=238,443 (glimepiride); 477,689 (glipizide); 337,101
(glyburide); 58,708 (nateglinide); 77,043 (repaglinide);
1,389148 (metformin)

A
Individuals with the object drug-based observation
time during which at least one outcome event
occurred and meeting the age and baseline period
criteria

n=6,766 (glimepiride); 11,719 (glipizide); 9,289
(glyburide); 1,170 (nateglinide); 2,201 (repaglinide),
25,203 (metformin)

Y
Individualsincluded in the primary analyses that
excluded observation time censored by death
n=6,442 (glimepiride); 11,136 (glipizide); 8,865
(glyburide); 1,112 (nateglinide); 2,085 (repaglinide);
24,594 (metformin)

Figure 1.
Identification of study samples

v

v

v
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Excluded: More than one object drug’s episodes started on the same date
n=33,751 (glimepiride); 80,414 (glipizide); 227,762 (glyburide); 6,696
(nateglinide); 10,098 (repaglinide)

Excluded: Missing/invalid data or age out of the range

* Not found in the Medicaid Analytic eXtract Personal Summary file
n=8,037 (glimepiride); 18,654 (glipizide); 12,592 (glyburide); 1,627

( linide); 2,271 (repaglinide); 46,072 (metformin)

Missing sex or date of birth

n=225 (glimepiride); 850 (glipizide); 2,001 (glyburide); 22 (nateglinide); 51
(repaglinide); 3,878 (metformin)

Date of death preceded the start date of the observation time

n=161 (glimepiride); 470 (glipizide); 350 (glyburide); 26 (nateglinide); 55
(repaglinide); 735 (metformin)

Age <18 years

n=939 (glimepiride); 2,634 (glipizide); 2,322 (glyburide); 120 (nateglinide);
209 (repaglinide); 29,669 (metformin)

Age >100 years

n=160 (glimepiride); 491 (glipizide); 314 (glyburide); 37 (nateglinide); 78
(repaglinide); 379 (metformin)

Object drug episode initiation was out of the Medicaid enrollment period
n=30,182 (gli iride); 69,601 (glipizide); 55,882 (glyburide); 4,257

( glinide); 7,069 (repaglinide); 179,631 (metformin)

luded: Not ing the baseline period criterion (i.e., at least 180 days
of continuous enroliment free of the object drug dispensing immediately
before the start date of the observation time)
n=105,792 (glimepiride); 286,835 (glipizide); 263,577 (glyburide); 12,220
(nateglinide); 25,529 (repaglinide); 429,448 (metformin)

Excluded: No outcome (i.e., serious hypoglycemia) occurrence during the
observation time

n=231,677 (glimepiride); 465,970 (glipizide); 327,812 (glyburide); 57,538
(nateglinide); 74,842 (repaglinide); 1,363,945 (metformin)

Excluded: Observation time censored by death
n=324 (glimepiride); 583 (glipizide); 424 (glyburide); 58 (nateglinide); 116
(repaglinide); 609 (metformin)

Obiject drug-specific study samples were constructed separately. Object drugs (glimepiride,
glipizide, glyburide, nateglinide, repaglinide, and metformin) are indicated in the

parentheses.
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Precipitant-exposed time* Precipitant-unexposed time
during observation time during observation time
Rate ratiot of
Object drug Number of Number of serious 95% Cl
serious serious hypoglycemia
Person-days . |Person-days i
hypoglycemia hypoglycemia
occurrences occurrences
glimepiride 616,833 3,478 865,209 4,461 1.23 1:11,3:37 -
glipizide 1,104,652 6,254 1,430,354 7,692 1.06 0.98,1.15 ol
glyburide 739,981 4,755 1,012,011 6,054 1.05 0.96,1.15 o
nateglinide 71,654 662 125,968 894 0.73 0.56, 0.96 =
repaglinide 143,972 1,221 205,786 1,593 1.15 0.94,1.41 ™
metformin 3,996,889 14,880 4,511,824 16,983 1.02 0.97,1.06 .
(0] 1
Figure 2.

Rate ratios of serious hypoglycemia occurrence from the use of insulin secretagogues or
metformin with versus without concomitant angiotensin-converting enzyme inhibitors
Cl: confidence interval (based on a two-tailed test). *Precipitant-exposed time: days

of concomitant use with a precipitant drug (angiotensin-converting enzyme inhibitor)
during observation time since the initiation of the concomitant use. TRate ratio:
[(outcome occurrence rate during precipitant-exposed time)/(outcome occurrence rate during
precipitant-unexposed time)]; confounder-adjusted.
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