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Objective: The main aim is to compare the risk of severe hypoglycemia associated with the modified-release (MR) gliclazide against
glimepiride in diabetic older adults.
Methods: All older adult diabetic patients who attended the emergency department (ED) between the 1st of Aug. 2017 and the end of
Mar 2020 on gliclazide MR or glimepiride are included in two cohorts. We compared baseline differences between cohorts in
demographics, lab results, diabetes complications, comorbidities, and drugs using the chi-squared test for categorical variables and
unpaired t-test for continuous variables. All the baseline variables are used in a logistic regression to produce the propensity scores for
receiving gliclazide MR. The primary outcome was Severe Hypoglycemia requiring Emergency Admission (SHEA). We used
documented hypoglycemia, falls, fractures, Cardiovascular ED Admission (CVEA), and recurrent ED admissions as secondary
outcomes. We used a univariate logistic regression followed by a propensity score-adjusted logistic regression to identify the adjusted
odds ratio. We did a subgroup analysis for low and moderate-high doses users.
Results: We included 2320 patients, 1786 were on gliclazide MR while 534 were on glimepiride. The risk of SHEA (Adjusted Odds
Ratio AOR 6.74, p=0.002), falls (AOR 1.43, p=0.003), fractures (AOR 1.43, p=0.01), CVEA (AOR 1.66, p<0.001), recurrent ED
admission (AOR 1.39, p=0.002) were significantly higher. At the same time, documented hypoglycemia was insignificantly higher
(AOR 1.17, p= 0.444) with gliclazide MR compared to glimepiride. The low doses of both treatments did not show any SHEA cases,
while the results with higher doses showed the same pattern of increased risk with gliclazide MR as the principle analysis.
Conclusion: Using gliclazide MR for older patients may not be a relatively safer alternative to avoid severe hypoglycemia and its
possible consequences compared to glimepiride. It may be added to glimepiride in the Beers list of medications to be avoided in older
adults.
Keywords: sulfonylurea, diabetes, cardiovascular, falls, fractures

Introduction
Background
Impact of Hypoglycemia in Older Adults
According to the International Diabetes Federation, 14.1% of the adult population in Qatar had diabetes, representing more
than 250 thousand cases in 2017.1 The prevalence of diabetes increases with age, reaching 26.8% among those who are aged
65 years or older compared with 17.5% for those who are 45–64 years old, in the United States.2 Hypoglycemia is one of the
biggest challenges in older adults’ diabetes management. There was a 60% increase in hypoglycemia-related deaths between
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2000 and 2010 and stable rate trends till 2014 in 109 countries.3 A study found that about 10 thousand hospitalizations and
ED visits for hypoglycemia attributed to intensive diabetes control in clinically complicated patients in 2 years in the U.S.4

In older adults, the early symptoms of hypoglycemia can be undetectable due to the impaired sympathetic response and
unrecognized cognitive deficits. As a result, they may develop sudden severe hypoglycemia without alarming signs.
Hypoglycemia causes QTc prolongation, increases proinflammatory markers, platelet activation, oxidative stress, and decreases
endothelial function and myocardial blood flow.5 It can create excitotoxic insults and neuron cell death in the brain in severe
and prolonged cases, leading to significant cognitive and physical disabilities and even cerebrovascular events and death.6

Causes of Hypoglycemia in Older Adults
As patients with diabetes get old, their diabetes management is significantly affected by age-related pathophysiological
and socio-economic changes. β-cell sensitivity to incretin hormones may decrease, insulin resistance gets higher, its
secretion and clearance may decline while glucose tolerance progressively declines.7 Also, decreased physical activity,
increased comorbidities, polypharmacy, the longer course of diabetes, and changing pharmacokinetics and pharmacody-
namics of diabetes medications increase the possibility of improper diabetes management with advancing age. In
addition, older diabetic patients may have a higher risk of hypoglycemia due to weight loss, changing eating habits,
decreased independence with difficulty following healthcare plans, and deteriorated renal functions. In addition to age-
related changes, factors highly associated with hypoglycemia included gender, overtreated diabetes, using insulin, insulin
secretagogues as sulphonylureas, and the interacting medications.8–12

Current Recommendations to Avoid Sulfonylurea Induced Hypoglycemia in Older Adults
Avoiding hypoglycemia is one of the four diabetes management goals mentioned by the American Geriatric Society
(AGS). The American Diabetes Association (ADA) standards for older adults stated that hypoglycemia should be
assessed and managed by adjusting glycemic targets and pharmacologic interventions.13 The 1st generation sulfonylureas
(ex. glyburide and chlorpropamide) are well-known to cause severe and prolonged hypoglycemia in diabetic older adults
more than other SUs, and almost their use is deprecated in many countries. Furthermore, the European list of potentially
inappropriate medications in older adults (EU7-PIM 2015) recommended avoiding glimepiride while suggesting glicla-
zide as a safer alternative when sulfonylureas are needed for those patients.14 In 2019, the AGS updated its Beers criteria
and added glimepiride to the list of medications to be avoided in older adults due to prolonged hypoglycemia,15 while
gliclazide MR is not added. These recommendations may direct some prescribers to switch patients from glimepiride to
gliclazide MR or prefer the latter seeking a lower risk of hypoglycemia.

The Modified-Release Gliclazide Is It a Safer Alternative?
All sulfonylureas have a considerable risk of causing hypoglycemia. However, many physicians have to use them for
older adults whose blood glucose targets are not achieved or those who do not tolerate other antidiabetic agents.
Although the immediate-release form of gliclazide has some pharmacokinetic (PK) benefits that may be associated
with lower hypoglycemic risk compared to other long-acting SU, the commonly used MR form may not. For gliclazide
MR, the half-life range in adults is higher than glimepiride (12–20 vs 5–9 hours), while the duration of action for both is
almost 24 hours.16,17 Although few articles have compared the hypoglycemic risk of gliclazide MR against rarely used
SUs as glyburide,18 little information is available about the comparison to the common SUs as glimepiride, particularly
in older adults. So, we decided to evaluate this risk to help physicians and diabetes guidelines writers choose safe,
effective, and patient-tailored antidiabetic plans for older adults.

Objectives
This study aims primarily to compare the risk of severe hypoglycemia associated with the modified-release (MR)
gliclazide against glimepiride in diabetic older adults who are admitted to emergency departments. The secondary
objectives include comparing the risk of documented hypoglycemia, falls, fractures, cardiovascular admissions, and
recurrent ED admissions of both treatments.
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Methods
Study Design
This is a retrospective propensity score-adjusted cohort study of diabetic patients who attended our Emergency
Department (ED) between the 1st of Aug. 2017 and the end of Mar 2020, who were 65 years or older and were on
gliclazide MR or glimepiride at the time of admission. We used this time as an indexing point for data extraction to
collect the patient information at the time of admission. The detailed baseline characteristics were collected and
compared between the two cohorts and then used to produce a propensity score (PS) for each admission representing
the probability of receiving gliclazide MR. We used Severe hypoglycemia requiring ED admission as a primary outcome.
Documented hypoglycemia at any healthcare setting, falls, fractures, Cardiovascular ED admission (CVEA), and
recurrent ED admissions were used as secondary outcomes. We excluded patients who did not receive gliclazide MR
or glimepiride or those who had incomplete identifiers, as shown in Figure 1.

Setting
We did this study in the ED department at Hamad Medical Corporation (HMC) in Qatar. HMC is the governmental
tertiary hospital providing specialized healthcare services and has many international quality accreditations.19 The
targeted population was older adults with diabetes who attended ED departments and were on gliclazide MR or
glimepiride.

Statistical Methods
We divided the included patients into two arms according to receiving gliclazide MR or glimepiride. We compared the
baseline characteristics of both study arms using the chi-square test for categorical variables and an unpaired t-test for
continuous variables.

Principle Analysis
Due to the expected large number of confounding variables and the small number of observations in some essential
variables, we preferred using propensity scores for confounders’ adjustment as a continuous probability scale from 0 to 1
to manage the confounding effect and keep the study power at the same time. Using a multivariate probit regression
model, we included all the confounders listed in Table 1 in calculating the PSs. Continuous variables as age, Body Mass

Figure 1 Study flow diagram.
Notes: aThose patients had a gliclazide MR or glimepiride prescription but had no dispensing history. This may be because they were visitors to the country or followed up
in private hospitals or other reasons. We excluded them because we doubt they received any of the study medications and had incomplete files.
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Index (BMI), glycated hemoglobin (HbA1c), and kidney function were included in the PS model without categorization.
The PSs are described in Appendix 1.

All primary and secondary outcomes are binary. We included each of them in a univariate logistic regression to
evaluate the crude OR, followed by propensity score-adjusted logistic regression using PSs as a single confounder to
obtain the adjusted odds ratios of receiving gliclazide MR considering glimepiride users as a baseline. We did a subgroup
analysis to investigate the primary and secondary measures between the two drugs at low and moderate-high dosing.

Sensitivity Analysis
We did a Multiple Imputation (MI) for missing data that utilized all the available patient information to predict the
missing values using the Gaussian normal regression imputation method. We reproduced the PSs and repeated the PS-
adjusted regressions for the principle and the subgroup analyses using the complete dataset after MI.

We used an alpha level of 0.05 with a two-tailed test as a cut-off value for significance in all the statistical tests. We
used STATA® 16 for all statistical work.

Variables
The primary outcome is SHEA, defined as hypoglycemia diagnosed by the ED healthcare professionals or blood glucose
of 3.9 or less at the ED admission time, consistent with the ADA and The Endocrine Society definition of SH.20 Falls and
fractures are defined as any documented diagnosis of each before or at the admission time. The combined CVEA is any
ED admission due to heart failure, acute coronary syndrome, or arrhythmia, while the recurrent ED admission is being
admitted two or more times while using any of the study treatments through the study duration.

The main exposure is gliclazide MR vs glimepiride as a binary treatment variable. Other antidiabetic drugs were included
in the PS model as confounders. This included insulin, biguanide (metformin), glinide (repaglinide), Glucagon-Like Peptide
1 (GLP1) agonists (exenatide, liraglutide, dulaglutide), DiPeptidyl Peptidase 4 Inhibitors (DPP4Is) (sitagliptin, vildagliptin),
alpha-glucosidase inhibitor (acarbose), Sodium-GLucose coTransporter 2 Inhibitors (SGLT2Is) (dapagliflozin, empagliflo-
zin, canagliflozin), and thiazolidinedione (TZD) (pioglitazone). In addition, we used a wide range of baseline patient
characteristics to control for the confounding effect of demographics, last lab measurements before admission, comorbidities,
diabetes complications, chronic medications, and commonly interacting medications (quinolones, sulfa drugs, and flucona-
zole), all listed in Table 1. For the subgroup analysis, gliclazide MR and glimepiride doses are considered low only if below
60 mg or 2 mg, respectively. Otherwise, they were considered mod-high.

Data Source and Management
The hospital professionals are trained and monitored for the quality of their clinical documentation. The Electronic
Health Record (EHR) is Cerner® software that allows healthcare professionals to document the patient’s diagnosis or
problem in SNOMED CT® terminology or as a free text. Both options were captured through the PowerInsight®, an
enterprise-level data warehouse that updates on a nightly basis from the live EHR. The extracted data was validated by
two researchers who reviewed a random sample of 20% of the collected data against patients’ profiles. Data were de-
identified and then encrypted to ensure patient confidentiality. The encrypted data were handled, analyzed, and stored in
special secured devices and servers.

Sample Size and Power Analysis
We used convenience sampling and included all the eligible patients who attended the ED departments in our hospitals
through the 32 months before starting the COVID19 pandemic in our country at the end of Mar 2020. We had a sample
of 2320 patients. Considering the prevalence of 1.2% SH in patients with SU and a 1:3 allocation ratio,21 the study is
80% powered to detect a 0.48 difference in odds ratios. We did the power analysis using the Chi-squared test comparing
two independent proportions.
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Table 1 Baseline Characteristics of the Study Groups

Total Glimepiride Gliclazide p-value

ED admission count N=2320 N=534 N=1786

Age, years; mean (SD) 73.4 (6.8) 73.6 (7.1) 73.4 (6.8) 0.56

Age groupsa 0.12

65–74 1440 (62.1%) 318 (59.6%) 1122 (62.8%)

75–84 700 (30.2%) 164 (30.7%) 536 (30.0%)

≥ 85 180 (7.8%) 52 (9.7%) 128 (7.2%)

Gender, Male 1153 (49.7%) 300 (56.2%) 853 (47.8%) <0.001

BMI, Kg/m2; mean (SD) 31.2 (7.4) 32.1 (8.8) 30.9 (7.0) 0.002

BMI Stagesa <0.001

Below 18.5 12 (0.5%) 8 (1.5%) 4 (0.2%)

18.5–24.9 378 (16.3%) 70 (13.1%) 308 (17.2%)

25.0–29.9 743 (32.0%) 179 (33.5%) 564 (31.6%)

30.0–34.9 692 (29.8%) 161 (30.1%) 531 (29.7%)

35.0–39.9 307 (13.2%) 57 (10.7%) 250 (14.0%)

Above 40 178 (7.7%) 53 (9.9%) 125 (7.0%)

Missing 10 (0.4%) 6 (1.1%) 4 (0.2%)

eGFR, mL/min/1.73m2; mean (SD) 69.7 (25.4) 67.9 (25.9) 70.3 (25.2) 0.057

CKD Stagesa <0.001

G1 593 (25.6%) 120 (22.5%) 473 (26.5%)

G2 985 (42.5%) 228 (42.7%) 757 (42.4%)

G3a 306 (13.2%) 47 (8.8%) 259 (14.5%)

G3b 220 (9.5%) 94 (17.6%) 126 (7.1%)

G4 135 (5.8%) 43 (8.1%) 92 (5.2%)

G5 79 (3.4%) 2 (0.4%) 77 (4.3%)

Missing 2 (0.1%) 0 (0.0%) 2 (0.1%)

Last HbA1c %, mean (SD) 7.6 (1.5) 7.7 (1.5) 7.5 (1.5) 0.005

Diabetes controla <0.001

Tight control, <6.5% 533 (23.0%) 93 (17.4%) 440 (24.6%)

Near target, 6.5–8.5% 1241 (53.5%) 285 (53.4%) 956 (53.5%)

Uncontrolled, >8.5% 506 (21.8%) 148 (27.7%) 358 (20.0%)

Missing 40 (1.7%) 8 (1.5%) 32 (1.8%)

(Continued)
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Table 1 (Continued).

Total Glimepiride Gliclazide p-value

Antidiabetic medications

Insulin 998 (43.0%) 269 (50.4%) 729 (40.8%) <0.001

Insulin regimen <0.001

No insulin 1322 (57.0%) 265 (49.6%) 1057 (59.2%)

Basal only 501 (21.6%) 150 (28.1%) 351 (19.7%)

Bolus only 6 (0.3%) 2 (0.4%) 4 (0.2%)

Basal bolus 281 (12.1%) 62 (11.6%) 219 (12.3%)

Mixed insulin 210 (9.1%) 55 (10.3%) 155 (8.7%)

Biguanides 1941 (83.7%) 434 (81.3%) 1507 (84.4%) 0.089

Alpha-glucosidase inhibitors 16 (0.7%) 5 (0.9%) 11 (0.6%) 0.43

Thiazolidinediones 388 (16.7%) 107 (20.0%) 281 (15.7%) 0.019

Glinides 48 (2.1%) 36 (6.7%) 12 (0.7%) <0.001

DPP4Is 1626 (70.1%) 375 (70.2%) 1251 (70.0%) 0.94

GLP1 Agonists 194 (8.4%) 61 (11.4%) 133 (7.4%) 0.004

SGLT2 Inhibitors 305 (13.1%) 90 (16.9%) 215 (12.0%) 0.004

Chronic Medications

Calcium channel blockers 1309 (56.4%) 280 (52.4%) 1029 (57.6%) 0.034

ACEIs or ARBs 1791 (77.2%) 386 (72.3%) 1405 (78.7%) 0.002

Beta Blockers 1206 (52.0%) 241 (45.1%) 965 (54.0%) <0.001

Statin 2056 (88.6%) 444 (83.1%) 1612 (90.3%) <0.001

Aspirin 1572 (67.8%) 348 (65.2%) 1224 (68.5%) 0.14

SU. Interacting Medications

Fluconazole 196 (8.4%) 67 (12.5%) 129 (7.2%) <0.001

Quinolones 745 (32.1%) 168 (31.5%) 577 (32.3%) 0.71

Sulfa Drugs 129 (5.6%) 47 (8.8%) 82 (4.6%) <0.001

Type I DM 57 (2.5%) 2 (0.4%) 55 (3.1%) <0.001

Comorbidities

Depression 248 (10.7%) 34 (6.4%) 214 (12.0%) <0.001

Hypothyroidism 441 (19.0%) 125 (23.4%) 316 (17.7%) 0.003

Cognitive impairment 437 (18.8%) 92 (17.2%) 345 (19.3%) 0.28

Heart Failure 640 (27.6%) 126 (23.6%) 514 (28.8%) 0.019

CAD 902 (38.9%) 184 (34.5%) 718 (40.2%) 0.017

(Continued)
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Results
Participants
The number of included older adults ED admissions was 2320, from which 1768 were on gliclazide MR and 534 were on
glimepiride, while 393 were excluded due to the absence of any confirmed dispensing history of the two study
interventions and two patients due to unknown identifiers, Figure 1.

Sample Characteristics
In the total sample, the means and the standard deviations (SD) for age in years, BMI in kg/m2, last HbA1c%, and last
eGFR in mL/min/1.73m2 were 73.4 (6.8), 31.2 (7.4), 7.6 (1.5), and 69.7 (25.4), respectively. Males consisted 49.7% of
the sample.

There were no significant differences in age, renal function, cognitive impairment, retinopathy, and diabetic foot, as
well as the use of biguanide, alpha-glucosidase inhibitors, DPP4Is, aspirin, or quinolones. However, the gliclazide MR
group had less male gender (47.8 vs 56.2%, p<0.001), 0.2% (p=0.005) lower HbA1c, 1.2 kg/m2 lower BMI, and less
users of insulin (40.8 vs 50.4%, p<0.001), TZD (15.7 vs 20.0%, p=0.019), glinides (0.7 vs 6.7%, p<0.001), GLP1
agonists (7.4 vs 11.4%, p=0.004), SGLT2Is (12.0 vs 16.9%, p=0.004), fluconazole (7.2 vs 12.5%, p<0.001), and sulfa
drugs (4.6 vs 8.8%, p<0.001).

The gliclazide MR group had more users of calcium channel blockers (57.6 vs 52.4%, p=0.034), Angiotensin-
Converting Enzyme Inhibitors or Angiotensin II Receptor Blockers (78.7 vs 72.3%, p=0.002), Beta Blockers (54.0 vs
45.1%, p<0.001), and statin (90.3 vs 83.1%, p<0.001) compared to the glimepiride group. Besides, gliclazide MR group
had more type I DM (3.1 vs 0.4%, p<0.001), depression (12.0 vs 6.4%, p<0.001), heart failure (28.8 vs 23.6%, p=0.019),
CAD (40.2 vs 34.5%, p=0.017), neuropathy (40.0 vs 28.3%, p<0.001), and PAD (23.0 vs 20.2%, p=0.016), while it had
less hypothyroidism (17.7% vs 23.4%, p=0.003) compared to the glimepiride group. The differences between the two
study interventions are listed in Table 1.

Principle Analysis
In the univariate logistic regression model (N=2320), gliclazide MR was associated with a significant increase in SHEA
(OR 5.62, p=0.004), falls (OR 1.45, p=0.001), fractures (OR 1.55, p=0.001), CVEA (OR 1.65, p<0.001), and recurrent
ED admissions (OR 1.53, p<0.001). In contrast, the increase in any documented hypoglycemia was insignificant (OR
1.25, p=0.054) compared to glimepiride.

In the PS adjusted analysis, the involved sample was 2270 patients. Gliclazide MR continued to be associated with
a significant increase in SHEA (Adjusted Odds Ratio AOR 6.74, p=0.002), falls (AOR 1.43, p=0.003), fractures (AOR
1.43, p=0.01), CVEA (AOR 1.66, p<0.001), and recurrent ED admissions (AOR 1.39, p=0.002). In contrast, the increase
in any documented hypoglycemia was insignificant (AOR 1.17, p=0.209) compared to glimepiride, Table 2.

Table 1 (Continued).

Total Glimepiride Gliclazide p-value

Diabetes complications

Neuropathy 865 (37.3%) 151 (28.3%) 714 (40.0%) <0.001

Retinopathy 518 (22.3%) 108 (20.2%) 410 (23.0%) 0.18

PAD 121 (5.2%) 17 (3.2%) 104 (5.8%) 0.016

Diabetic foot 174 (7.5%) 32 (6.0%) 142 (8.0%) 0.13

Notes: Count and percentage are mentioned unless the mean and SD are specified in the most left column. aCategorized variables that are not included in the
propensity score production model.
Abbreviations: ACEIs, Angiotensin-Converting Enzyme Inhibitors; ARBs, Angiotensin II Receptor Blockers; BMI, Body Mass Index; CAD, Coronary Artery
Disease; CKD, Chronic Kidney Disease; DPP4Is, DiPeptidyl Peptidase 4 Inhibitors; eGFR, estimated Glomerular Filtration Rate; GLP1, Glucagon-Like Peptide 1;
PAD, Peripheral Artery Disease; SD, Standard deviation; SGLT2Is, Sodium-GLucose coTransporter 2 Inhibitors.
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Subgroup Analysis
The subgroup analysis of patients on low doses (n=189) reveals no cases of SHEA with both treatments. There were no
documented hypoglycemia and falls with glimepiride, while we found 30.7% and 32.3% with gliclazide MR, respec-
tively. So we could not do the regression model for those outcomes. In contrast to the principle analysis, there were no
significant differences between both treatments in fractures, CVEA, and recurrent ED admissions, in the univariate and
the PS-adjusted model, Table 3.

While similar to the principle analysis, the subgroup analysis of patients on mod-high doses (n=2131) reveals the
same pattern of significantly increased risk with gliclazide MR in all the study outcomes and insignificant difference in
documented hypoglycemia in the univariate and the PS-adjusted model, Table 4.

Table 2 Univariate and Propensity Score-Adjusted Analysis Results

Outcome Measures Univariate Analysis

Total N (%) Glimepiride n (%),
Control

Gliclazide MR n (%),
Exposure

OR 95% CI P-value

Total N=2320 N=534 N=1786

ED Hypoglycemia 58 (2.5) 3 (0.6) 55 (3.1) 5.62 (1.75–18.05) 0.004

Any Documented Hypoglycemia 582 (25.1) 117 (21.9) 465 (26.0) 1.25 (0.99–1.58) 0.054

Falls 663 (28.6) 123 (23.0) 540 (30.2) 1.45 (1.16–1.81) 0.001

Fractures 468 (20.2) 81 (15.2) 387 (21.7) 1.55 (1.19–2.01) 0.001

CVEA 597 (25.7) 101 (18.9) 496 (27.8) 1.65 (1.30–2.10) <0.001

Recurrent ED Admissions 1438 (62.0) 289 (54.1) 1149 (64.3) 1.53 (1.26–1.86) <0.001

PS Adjusted Analysis

Total N=2270 N=520 N=1750 AOR 95% CI P-value

ED Hypoglycemia 58 (2.6) 3 (0.6) 55 (3.1) 6.74 (2.02–22.55) 0.002

Any Documented Hypoglycemia 580 (25.6) 117 (22.5) 463 (26.5) 1.17 (0.92–1.49) 0.209

Falls 657 (28.9) 120 (23.1) 537 (30.7) 1.43 (1.13–1.82) 0.003

Fractures 467 (20.6) 81 (15.6) 386 (22.1) 1.43 (1.09–1.89) 0.01

CVEA 589 (25.9) 101 (19.4) 488 (27.9) 1.66 (1.29–2.15) <0.001

Recurrent ED Admissions 1421 (62.6) 285 (54.8) 1136 (64.9) 1.39 (1.13–1.72) 0.002

PS Adjusted Analysis After MI

Total N=2320 N=534 N=1786 AOR 95% CI P-value

ED Hypoglycemia 58 (2.5) 3 (0.6) 55 (3.1) 6.69 (2.00–22.32) 0.002

Any Documented Hypoglycemia 582 (25.1) 117 (21.9) 465 (26.0) 1.17 (0.92–1.49) 0.201

Falls 663 (28.6) 123 (23.0) 540 (30.2) 1.40 (1.10–1.77) 0.006

Fractures 468 (20.2) 81 (15.2) 387 (21.7) 1.46 (1.11–1.93) 0.006

CVEA 597 (25.7) 101 (18.9) 496 (27.8) 1.75 (1.36–2.26) <0.001

Recurrent ED Admissions 1438 (62.0) 289 (54.1) 1149 (64.3) 1.41 (1.15–1.74) 0.001

Abbreviations: AOR, Adjusted Odds Ratio; CI, Confidence Interval; CVEA, Cardio Vascular Emergency Admission; ED, Emergency Department; MI, Multiple Imputation;
OR, Odds Ratio; PS, Propensity Score.
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Sensitivity Analysis
The missing data was only 2.2% in BMI, serum creatinine, and HBA1c variables. However, we repeated the principle
and the subgroup analysis after MI. None of the significant outcome results became insignificant or vice versa, and there
were no considerable differences in the AORs, as shown in the last sections of Tables 2–4.

Discussion
This study showed an increased frequency of severe hypoglycemia associated with the use of gliclazide MR compared to
glimepiride in older adults admitted to ED departments nationwide. Regardless of the overall differences between groups,
gliclazide MR was associated with an increased risk of SHEA, in addition to falls, fractures, CVEA, and recurrent ED

Table 3 Odds Ratio of Gliclazide MR Using Glimepiride as a Baseline in the Study Measures in Patients Using Low Doses

Outcome Measures Total N (%) Glimepiride
n (%), Baseline

Gliclazide MR
n (%), Exposure

OR of
Exposure

95
Confidence
Interval

P-value

Univariate Analysis

Total low dosing users 189 16 173

ED Hypoglycemia 0 (0.0) 0 (0.0) 0 (0.0) - - -

Any Documented Hypoglycemia 58 (30.7) 0 (0.0) 58 (33.5) - - -

Falls 61 (32.3) 0 (0.0) 61 (35.3) - - -

Fractures 51 (27.0) 1 (6.3) 50 (28.9) 6.1 (0.78–47.4) 0.084

CVEA 41 (21.7) 6 (37.5) 35 (20.2) 0.42 (0.14–1.24) 0.117

Recurrent ED Admissions 105 (55.6) 8 (50.0) 97 (56.1) 1.28 (0.46–3.56) 0.641

Propensity Score Adjusted Analysis

Total low dosing users 182 16 166

ED Hypoglycemia 0 (0.0) 0 (0.0) 0 (0.0) - - -

Any Documented Hypoglycemia 58 (31.9) 0 (0.0) 58 (34.9) - - -

Falls 61 (33.5) 0 (0.0) 61 (36.7) - - -

Fractures 51 (28.0) 1 (6.3) 50 (30.1) 6.23 (0.79–48.93) 0.082

CVEA 37 (20.3) 6 (37.5) 31 (18.7) 0.44 (0.14–1.35) 0.149

Recurrent ED Admissions 101 (55.5) 8 (50.0) 93 (56.0) 1.11 (0.38–3.19) 0.851

Propensity Score Adjusted Analysis After MI

Total low dosing users 189 16 173

ED Hypoglycemia 0 (0.0) 0 (0.0) 0 (0.0) - - -

Any Documented Hypoglycemia 58 (30.7) 0 (0.0) 58 (33.5) - - -

Falls 61 (32.3) 0 (0.0) 61 (35.3) - - -

Fractures 51 (27.0) 1 (6.3) 50 (28.9) 5.72 (0.73–44.82) 0.097

CVEA 41 (21.7) 6 (37.5) 35 (20.2) 0.55 (0.17–1.72) 0.302

Recurrent ED Admissions 105 (55.6) 8 (50.0) 97 (56.1) 1.16 (0.4–3.3) 0.788

Abbreviations: ED, Emergency Department; CVEA, Cardiovascular Emergency Admission, MI; Multiple Imputation. A dash is used where the regression is not possible.
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admissions compared to glimepiride. Moreover, there was no significant difference between both treatments in the risk of
documented hypoglycemia. The results of the univariate analysis remained consistent in the PS adjusted analysis and the
sensitivity analysis. The increased risk associated with gliclazide MR in older adults comes mainly from moderate-high
doses, and it could be due to the modified PK properties that prolong its half-life and duration of action. Another reason
could be the inflexibility of the dosing regimen, where prescribers have to increase the dose by at least 30 mg with each
titration step, particularly in older people who are more sensitive to higher doses of hyperglycemic medications.
Although the low doses of both medications showed no cases of SHEA, around one-third of patients on low-dose
gliclazide MR had documented hypoglycemia and falls. In contrast, those on low-dose glimepiride showed zero cases,
either due to the relative safety of the low-dose glimepiride or less likely due to the underpowered subgroup analysis.

Table 4 Odds Ratio of Gliclazide MR Using Glimepiride as a Baseline in the Study Measures in Patients Using Mod-High Doses

Outcome Measures Total N (%) Glimepiride
n (%), Baseline

Gliclazide MR
n (%), Exposure

OR of
Exposure

95
Confidence
Interval

P-value

Univariate Analysis

Total mod-high dosing users 2131 518 1613

ED Hypoglycemia 58 (2.7) 3 (0.6) 55 (3.4) 6.06 (1.89–19.45) 0.002

Any Documented Hypoglycemia 524 (24.6) 117 (22.6) 407 (25.2) 1.16 (0.91–1.46) 0.224

Falls 602 (28.2) 123 (23.7) 479 (29.7) 1.36 (1.08–1.71) 0.009

Fractures 417 (19.6) 80 (15.4) 337 (20.9) 1.45 (1.11–1.89) 0.007

CVEA 556 (26.1) 95 (18.3) 461 (28.6) 1.78 (1.39–2.28) <0.001

Recurrent ED Admissions 1333 (62.6) 281 (54.2) 1052 (65.2) 1.58 (1.29–1.93) <0.001

Propensity Score Adjusted Analysis

Total mod-high doses 2088 504 1584

ED Hypoglycemia 58 (2.8) 3 (0.6) 55 (3.5) 7.31 (2.18–24.47) 0.001

Any Documented Hypoglycemia 522 (25.0) 117 (23.2) 405 (25.6) 1.04 (0.81–1.33) 0.773

Falls 596 (28.5) 120 (23.8) 476 (30.1) 1.36 (1.06–1.74) 0.014

Fractures 416 (19.9) 80 (15.9) 336 (21.2) 1.33 (1–1.76) 0.05

CVEA 552 (26.4) 95 (18.8) 457 (28.9) 1.8 (1.38–2.34) <0.001

Recurrent ED Admissions 1320 (63.2) 277 (55.0) 1043 (65.8) 1.45 (1.17–1.8) 0.001

Propensity Score Adjusted Analysis After MI

Total mod-high doses 2131 518 1613

ED Hypoglycemia 58 (2.7) 3 (0.6) 55 (3.4) 7.3 (2.18–24.39) 0.001

Any documented hypoglycemia 524 (24.6) 117 (22.6) 407 (25.2) 1.04 (0.81–1.34) 0.74

Falls 602 (28.2) 123 (23.7) 479 (29.7) 1.33 (1.05–1.7) 0.02

Fractures 417 (19.6) 80 (15.4) 337 (20.9) 1.37 (1.03–1.81) 0.029

CVEA 556 (26.1) 95 (18.3) 461 (28.6) 1.87 (1.44–2.43) <0.001

Recurrent ED Admissions 1333 (62.6) 281 (54.2) 1052 (65.2) 1.47 (1.18–1.82) <0.001

Abbreviations: CVEA, Cardiovascular Emergency Admission; ED, Emergency Department; MI, Multiple Imputation.
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Little studies have compared the safety of the modified-release form of gliclazide to glimepiride in older adults.22 In
a meta-analysis published 2015, hypoglycemia was lower with gliclazide compared to other sulfonylureas (RR 0.47, 95%
CI 0.27 to 0.79, P = 0.004, I2 = 0%).23 However, there was no specification of the gliclazide dosage form, and the
comparator group was a mixture of glyburide and glimepiride users. Besides, there was no subgroup analysis of older
adult results. In the GUIDE double-blind study published in 2004, comparing gliclazide MR to glimepiride, the
investigators included 842 patients in the safety analysis, 294 out of them were more than 65 years, 139 on gliclazide
MR and 155 on glimepiride.24 In the total population, hypoglycemia (blood glucose level < 3 mmol/L) was significantly
lower with gliclazide MR (3.7% vs 8.9%, p≤ 0.02), however in the older adults subgroups, the difference was
insignificant. In a population-based matched retrospective cohort study of 8748 patients on monotherapy, glyburide
was associated with a higher risk for hypoglycemia than gliclazide MR (OR 8.63, 95% CI 4.15 to 17.93, p<0.0001).18

The mean age was 75.7 years. However, they did not include glimepiride in the comparison.
The evidence of any preferential impact of a particular new SU drug against the others is still conflicting. In

a Cochrane systematic review of 72 RCTs, the investigators stated insufficient evidence to support the mortality or the
cardiovascular benefits of using second-generation SU. (including gliclazide IR) against first-generation or using third-
generation SU (including gliclazide MR and glimepiride) against other antidiabetics.25 While in concordance with our
results, an RCT of 180 patients stated that glimepiride with metformin was superior to gliclazide plus metformin in
alleviating the cardiovascular risk factors.26 However, this study used gliclazide in its immediate-release form. In
a retrospective cohort study of 195,235 patients with mean age (SD) 58.9 (11.2), monotherapy with gliclazide was
associated with increased risk of all-cause mortality and similar risk of acute myocardial infarction and stroke compared
to glimepiride monotherapy. While in patients who were 70 years or older, the increase in the adjusted hazard ratio of
gliclazide compared to glimepiride for acute myocardial infarction was not significant (HR 1.24, 95% CI 0.63 to 2.42).27

Choosing an antidiabetic agent is a multifactor process that should consider patient preferences, comorbidities, and
other medical and socio-economic characteristics. Gliclazide MR was the most prescribed SU for older adults after
claims of hypoglycemic and CV safety, particularly after adding glimepiride to the 2019 list of Beers criteria for
medications to be avoided in older adults. However, gliclazide MR did not show any of these benefits for older adults
compared to glimepiride. Although the MR form of gliclazide provides a more convenient once-daily dosage than the IR
form, our study introduces more information about this modification’s impact on the prolonged hypoglycemic effect in
older adults, particularly those with multiple comorbidities.

Strengths and Limitations
Up to our knowledge, this is one of the first studies that is enough powered to compare the hypoglycemic and
cardiovascular risks of the modified release form of gliclazide to glimepiride in the older adult diabetic population
using a propensity score-adjusted model. Our study results are adjusted to most of the significant confounders for both
risk types. While, the limitations include unmeasured confounders as alcohol use, diet style, and the regular source of
bias in similar retrospective studies, which is the documentation accuracy. However, we do not expect these limitations to
significantly change our result as they are expected to be independent of the exposure variable and almost randomly
distributed in both groups. Also, HMC professionals are trained and watched regularly for the quality of documentation.
Besides, the documentation of hypoglycemia may be neglected in general practice, but it is expected to have the highest
priority in ED departments. Furthermore, the clinical notes of a 20% random sample of patients without any hypogly-
cemia were screened thoroughly for documented or SH, and it was 100% free of data collection errors.

This study included only diabetic patients over 65 years who were admitted to ED departments with higher rates of
comorbidities than the general population of older adults. The results can be generalized to older diabetic adults with
multiple comorbidities and with caution to healthier populations. We know that PS adjusted regression balanced only the
overall effect of a set of confounders rather than balancing each variable separately, so we cannot conclude an
independent cause-effect relationship of the measured outcomes with the exposure. The increased risk of CVEA,
recurrent ED admissions, falls, and fractures with gliclazide MR could be explained by the increased hypoglycemic
risk or the frequent prescribing to patients with cardiovascular history due to the previous claims of more cardiac safety
compared to other SUs.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 https://doi.org/10.2147/DMSO.S339331

DovePress
1573

Dovepress Fouad Algendy et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Conclusion
In older adults, gliclazide MR was associated with a higher risk of severe hypoglycemia requiring ED admission, falls,
fractures, cardiovascular ED admissions, recurrent ED admissions, and a similar risk of documented hypoglycemia
compared to glimepiride. Initiation of or switching to gliclazide MR instead of glimepiride for the sake of a lower risk of
hypoglycemia or cardiovascular events may not be a good choice. When physicians must initiate SU, limiting doses to
30 mg gliclazide MR or 1 mg glimepiride may alleviate the risk of severe hypoglycemia for older adults, particularly
those with multiple comorbidities. Gliclazide MR, particularly moderate-high doses, may be added to glimepiride in the
Beers list of medications to be avoided in older adults. Furthermore, we recommend undertaking a well-designed clinical
trial to evaluate the study findings.
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