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ABSTRACT

Objective 

Patients with type 2 diabetes mellitus treated with sulfonylurea or insulin may experience 

hypoglycaemia. However, recent data regarding the incidence of hypoglycaemia are scarce. 

We conducted a systematic review and meta-analysis to determine the proportion of patients 

with type 2 diabetes mellitus that experience hypoglycaemia when treated with sulfonylurea 

or insulin.

Research design and methods 

We searched MEDLINE and EMBASE for randomised controlled trials that compared incretin 

based drugs to sulfonylureas or insulin and assessed hypoglycaemia incidence in the latter 

therapies. Subgroup and meta-regression analyses were performed to study possible 

associations with potential risk factors for hypoglycaemia.

Results

Data of 25 studies were extracted, 22 for sulfonylurea and 3 for insulin. Hypoglycaemia with 

glucose ≤3.1 mmol/L or ≤2.8 mmol/L was experienced by 10.1% (95% CI 7.3-13.8%) and 5.9% 

(95% CI 2.5-13.4%) of patients with any sulfonylurea treatment. Severe hypoglycaemia was 

experienced by 0.8% (95% CI 0.5-1.3%) of patients. Hypoglycaemia with glucose ≤3.1 mmol/L 

and severe hypoglycaemia occurred less frequently with gliclazide therapy: in 1.4% (95% CI 

0.8-2.4%) and 0.1% (95% CI 0-0.7%) of patients, respectively.  None of the risk factors were 

significant in a stepwise multivariate meta-regression analysis. Too little studies had insulin as 

comparator so these data could not be meta-analysed.

Conclusions 

The overwhelming majority of patients with type 2 diabetes mellitus on sulfonylurea therapy 

remain free of any relevant hypoglycaemia during the study periods. Gliclazide was associated 

with a lower risk of hypoglycaemia compared to other sulfonylureas.
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INTRODUCTION

Despite proclaimed benefits of newer glucose lowering drugs over conventional therapy,  

many guidelines still recommend using less expensive conventional therapies such as 

metformin, sulfonylureas and NPH insulin for the treatment of type 2 diabetes mellitus 1, 

2. Data on the actual incidence of mild and severe hypoglycaemia in patients with type 2 

diabetes mellitus using sulfonylureas or insulin monotherapy are scarce, but much is made of 

the risk for hypoglycaemia with the conventional drugs. As an old established therapy, few 

recent studies have focused on the hypoglycaemia risk with sulfonylureas or basal insulin per 

se. However, they are frequently used as comparator in active comparator studies of new 

glucose lowering drugs. Therefore, to estimate the risk of hypoglycaemia, the comparator 

groups of randomised controlled trials which compare new drugs with sulfonylureas or 

insulin, may be a suitable source of information.

The aim of this systematic review and meta-analysis was to investigate the proportion of 

patients with type 2 diabetes mellitus that experience mild or severe hypoglycaemia in 

current day practice when treated with sulfonylureas or a once- or twice-daily insulin regimen 

with or without additional metformin therapy.

RESEARCH DESIGN AND METHODS

The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) was 

used as a guideline for this study. 

In June 2011 we performed an electronic search of MEDLINE and EMBASE to identify 

randomised controlled trials that compared the glucagon like peptide(GLP)-1 agonists or 

dipeptidylpeptidase(DPP)-4 inhibitors with sulfonylureas, insulin glargine or pre-mixed 

insulin in patients with type 2 diabetes mellitus. The complete search strategy can be found 

in Box 1. We limited our search to research performed in humans and reported in the English 

language. The reference lists of included studies were searched manually for further relevant 

studies. The assessment reports of the European Medicines Agency for liraglutide, exenatide, 

sitagliptin, vildagliptin and saxagliptin and the abstract books of the annual meetings of 

the European Association of the Study of Diabetes and the American Diabetes Association 

between 2001 and 2011 were manually screened for additional studies. 

Study Selection

Two reviewers (JS, AS and/or SH) independently screened the records. Randomised controlled 

trials with a duration of at least twelve weeks, comparing a GLP-1 agonist or a DPP-4 inhibitor 
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with sulfonylureas, a once- or a twice-daily insulin regimen with or without additional 

metformin therapy in patients with type 2 diabetes mellitus were included. Agreement on 

final inclusion was reached by discussion.

Box 1 - Literature search

The following text terms and medical subheadings (MeSH) were combined: 

“Diabetes Mellitus, type 2”[Mesh], diabetes mellitus type 2[tiab], diabetes mellitus with type II[tiab], 
diabetes type II[tiab], diabetes type 2[tiab], t2DM[tiab], non insulin dependent diabetes[tiab], 
NIDDM[tiab], type 2 DM[tiab], type II DM[tiab], type 2 diabetes[tiab], type II diabetes[tiab] AND 
“Incretins”[Mesh], “Incretins”[Pharmacological Action], glucagon like peptide*[tiab], “Glucagon-Like 
Peptides”[MeSH], glp*[tiab], incretin*[tiab], exenatide”[Supplementary Concept], exenatide[tiab], 
“liraglutide”[Supplementary Concept], liraglutide[tiab], victoza[tiab], byetta[tiab], “Dipeptidyl-Peptidase 
IV Inhibitors”[Substance], “Dipeptidyl-Peptidase IV Inhibitors”[MeSH Terms], “sitagliptin”[Substance], 
“vildagliptin”[Substance], “saxagliptin”[Substance], “sitagliptin”[tiab], “vildagliptin”[tiab], 
“saxagliptin”[tiab], dpp4*[tiab], dpp 4[tiab], Dipeptidyl-Peptidase IV Inhibitor*[tiab], Dipeptidyl-
Peptidase 4 Inhibitor*[tiab], dppIV*[tiab], dpp IV[tiab] AND randomized controlled trial[pt], controlled 
clinical trial[pt], randomized[tiab] , placebo[tiab] , clinical trials as topic[mesh:noexp], randomly[tiab] and 
trial[ti].

Data Extraction

Two authors (JS, AS and/or SH) independently extracted the relevant data from the 

comparator arm of the included publications: sulfonylurea therapy and once- or twice-

daily insulin regimens. The following data were extracted: first author, year of publication, 

study design, trial duration, generic drug name and mean dose, number of subjects, mild 

and severe hypoglycaemia definition, method of hypoglycaemia assessment, number of 

patients experiencing mild or severe hypoglycaemia and total number of mild and severe 

hypoglycaemic episodes. Furthermore, we extracted baseline, change and endpoint HbA1c, 

BMI at baseline and the duration of diabetes.  

When studies reported data on hypoglycaemic episodes but did not clearly describe the 

definition of mild or severe hypoglycaemia or the way hypoglycaemic episodes were 

assessed, we contacted the corresponding author for additional information. When different 

publications reported on the same dataset, the publication with the longest trial duration 

was selected. 

Categories of hypoglycaemia 

The definition of mild hypoglycaemia differed between studies. Therefore we grouped 

studies with identical definitions. These categories were: blood glucose ≤3.9 mmol/L, ≤3.5 

mmol/L, ≤3.3 mmol/L, ≤3.1 mmol/L and ≤2.8 mmol/L. We considered severe hypoglycaemia 

as one group, because the majority of studies utilised the same definition (assistance from a 

third party is required to effect treatment).
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Quality assessment for individual studies and overall quality of evidence

While the recall of severe hypoglycaemia in subjects with type 2 diabetes mellitus is relatively 

robust over a period of one year 3, the reliability of the recall of mild hypoglycaemia is unknown. 

In subjects with type 1 diabetes mellitus, recall of mild hypoglycaemia is unreliable after an 

interval of one week 4. It is therefore important to assess episodes of mild hypoglycaemia 

directly after its occurrence. Mild hypoglycaemic events in clinical trials may be based on 

retrospective data if trial participants are asked at a study visit if they experienced any 

hypoglycaemic events during a previous time period. Prospective data are retrieved if 

participants are asked to report or document the episode of hypoglycaemia directly after 

the occurrence of the event. Therefore, two reviewers (JS, AS and/or SH) independently 

documented the characteristics of hypoglycaemia assessment. A study was considered to 

constitute a low risk of bias when episodes were documented prospectively. Disagreements 

between reviewers was discussed and resolved by consensus.   

No quality assessment was performed for the measurement of the incidence of severe 

hypoglycaemia, because retrospective measurements of severe hypoglycaemic events are 

considered to have a similar reliability as prospective measurements over a period up to one 

year3. 

Data synthesis and statistical methods

The proportion of subjects with at least one episode of mild and severe hypoglycaemia and the 

average number of hypoglycaemic events (expressed per patient per year) were extracted or 

calculated with the total number of subjects in the intention-to-treat analysis. The proportions 

were logit transformed before they were meta-analysed. When none of the patients in a 

study experienced hypoglycaemia, 0.5 was added to the number of hypoglycaemic events 

and the non-hypoglycaemic events so that the logit transformation resulted in quantities that 

could be defined. Meta-analysis was performed by the use of Review Manager ((RevMan) 

[Computer program], version 5.0, Copenhagen: The Nordic Cochrane Centre, The Cochrane 

Collaboration, 2008). The logit proportions were pooled using a random effects model 

because heterogeneity between studies was anticipated. The results were back-transformed 

to proportions and presented with their 95% confidence intervals. Heterogeneity was 

assessed using the I2 statistic and the Cochran Q. The I2 statistic describes the percentage 

of the variability due to differences between studies (heterogeneity) where 0% indicates 

absence of heterogeneity and 100% all variance due to heterogeneity. If Q is significant 

the homogeneity hypothesis is rejected. We stratified the analyses of hypoglycaemia with 

blood glucose ≤3.1 mmol/L and severe hypoglycaemia by sulfonylurea types. These subgroup 

analyses were defined a priori.
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To investigate possible associations between the logit proportion of subjects with at least 

one hypoglycaemic event and baseline HbA1c, HbA1c change during the study, age at inclusion, 

study duration and diabetes duration meta-regression analysis was performed by the use of 

Stata (StataCorp. 2009, Stata Statistical Software: Release 11, College Station, Tx: StataCorp 

LP) for Windows.  

We performed a sensitivity analysis at study level in order to explore the robustness of the 

mild hypoglycaemia data. We repeated the analysis of mild hypoglycaemia (≤3.1 mmol/L) 

by restricting the analysis to studies that were considered to have a low risk of bias (i.e. 

when hypoglycaemia episodes were documented prospectively). The analysis of severe 

hypoglycaemia was repeated by restricting the analysis to studies that had defined severe 

hypoglycaemia as third party assistance. 

RESULTS

Figure 1 summarises the study identification and selection process. After removal of 

duplicates, 2338 potentially relevant records were identified. Of these, we excluded 2300 

publications by review of the abstract. After review of 38 full articles, twelve were excluded: 

seven because the publication reported on the same population as another study that was 

already included in the selection, three because no data on hypoglycaemia were addressed 

and two because patients were on a combination of sulfonylurea and insulin therapy. One 

study was excluded during data extraction as no definition of mild or severe hypoglycaemia 

was given and after contacting the author the definition could not be retrieved 5. Finally, 

25 studies could be included in the analysis of the occurrence of hypoglycaemia in type 2 

diabetes mellitus patients treated with sulfonylureas (n=22) 6-27, insulin glargine (n=1) 28 and 

pre-mixed insulin (n=2) 29, 30. The corresponding author of one study 31 answered our data 

request by sending us a manuscript of a very recent published study which was the extended 

version of the study and it reported on the same population 13. We have chosen to include the 

extended version in this meta-analysis.

Table 1 contains the characteristics of the 25 included studies. The proportion of patients that 

experienced hypoglycaemia and the average number of hypoglycaemic episodes per patient 

per year are shown in Table 2. 

Incidence of mild hypoglycaemia with sulfonylureas

The analysis of the proportion of patients with a hypoglycaemic event defined as blood 

glucose <3.1 mmol/L contained 5,965 patients. Overall pooling of the data showed that 

10.1% had a hypoglycaemic event (95% CI 7.3-13.8%) with vast heterogeneity between the 
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studies (I2=93%, Figure 2A). Stratifying the data for sulfonylurea type showed that a lower 

proportion of patients taking gliclazide (n=1,040) experienced hypoglycaemia 1.4% (95% CI 

0.8-2.4%), when compared to glimepiride (n=4793) 15.5% (95% CI 12.3-19.2%; test for subgroup 

differences: I²=98%, p<0.001, Figure 3). The analysis of the proportion of patients with at least 

one hypoglycaemic event defined by a blood glucose <2.8 mmol/L contained 822 patients. 

Pooling of the data showed that 5.9% had a hypoglycaemic event (95% CI 2.5-13.4%; I2=79%, 

Figure 2B).
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2900 records identified: 
 
*MEDLINE: 675 
*EMBASE: 2225 
*MANUAL SEARCH: 0 

25 included for data analysis: 
 
*sulfonylurea: 22 
*insulin glargine: 1 
*pre-mixed insulin: 2 

562 duplicates 

2300 excluded by review of abstract 

1 excluded by data extraction: 
 
*no definition of hypoglycaemia 
 

12 excluded by review of full article: 
 
*reported on same population  
 as another study: 7 
*hypoglycaemia not reported: 3 
*used combination insulin and  
 sulfonylurea: 2 
 

2338 

38 

26 

Figure 1 - Summary of the study identification and selection process
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Table 1 - The characteristics of the 25 included studies

Study year Drug Dose 
(mg/ day 
or IU/ day)

Other OHA during trial 
(dose mg/day)

Eligible population age 
(years)

Diabetes
duration 
(years)

bmi 
(kg/m2)

HbA1c bas 
(% (mmol/mol))

HbA1c change 
(% (mmol/mol))

HbA1c end 
(% (mmol/mol))

Hypoglycaemia 
assessment

Mild hypo 
definition 
(mmol/L)

Severe 
hypo 
definition

Prospective Diary

Arechavaleta et al 6 2011 glimepiride 2.1 metformin (≥1500) T2DM, stable dose of metformin (≥1500 mg/
day), diet and exercise for at least 12 weeks 
prior to the screening visit

56.2 6.7 30.2 7.5 (58) -0.5 (5.5) 7.0 (53) + + ≤3.9, ≤2.8 HTP

Bergenstal et al 29 2009 insulin aspart 96.1 metformin (≥1500) T2DM for > 6 months, insulin naive, had 
received therapy with metformin (at least 1500 
mg/day) and SU (at least half the maximum 
dose)

53.4 9.9 33.5 10.3 (89) -0.9 (9.8) 7.6 (60) + + <3.1 HTP

Bunck et al 28 2009 insulin glargine 34 metformin T2DM, stable dose of metformin 58.3 4 30.1 7.4 (57) -0.7 (7.7) 6.8 (51) + - <3.3 n.s.

Chacra et al 7 2009 glibenclamide 14.6 T2DM, sub maximal SU dose 55.1 6.8 28.8 8.4 (68) 0.1 (1.1) 8.5 (69) n.s. n.s. ≤2.8 Medical 
assistance 

Chan et al 8 2008 glipizide n.s. T2DM, renal insufficiency 65.3 13.2 26.9 7.8 (62) -1.0 (10.9) n.s. + + symp HTP

Derosa et al 9 2010 glibenclamide n.s. metformin 
(mean 1500)

T2DM 56 n.s. 28.5 8.9 (74) n.s. 7.1 (54) n.s. n.s. <3.3 n.s.

Ferrannini et al 10 2009 glimepiride 4.5 metformin 
(mean 1898)

T2DM, stable dose of metformin 57.5 5.8 31.7 7.3 (56) -0.5 (5.5) 6.7 (50) + + <3.1 HTP

Filozof et al 11 2010 gliclazide 230 metformin (≥1500) T2DM, stable dose of metformin (≥1500 mg/
day)

59.7 6.8 30.8 8.5 (69) -0.9 (9.8) n.s. + + <3.1 HTP

Foley et al 12 2009 gliclazide 209 metformin possible T2DM, OHA naive, BMI 22 – 45 kg/m 2, FPG < 
15 mmol/L

54.3 1.9 30.8 8.7 (72) -0.6 (6.6) 7.7 (61) n.s. n.s. <3.1 HTP

Gallwitz et al 30 2011 insulin aspart 28.4 metformin T2DM, metformin 57 5 32.9 7.9 (63) -1.1 (12.0) n.s. + + ≤3.9, ≤3.0 HTP

Gallwitz et al 13 2012 glimepiride 3 majority metformin (1500) T2DM, metformin with or without other OHA 
(no rosiglitazone or pioglitazone)

59.8 n.s. 30.3 7.7 (61) -0.4 (4.4) n.s. + + ≤3.0, ≤3.9 HTP

Garber et al 15 2008 glimepiride 4 T2DM, inadequate control by SU monotherapy 57.9 7.8 31 8.5 (69) n.s. n.s. - + <3.1 HTP

Garber et al (LEAD- 3) 14 2011 glimepiride 8 n.s. T2DM 53.4 5.6 33.2 8.2 (66) -0.3 (3.3) 7.5 (58) + + <3.1 HTP

Goke et al 16 2010 glipizide 14.7 metformin (≥1000) T2DM, stable dose of metformin (≥1500 mg/
day), monotherapy

57.6 5.4 31.3 7.7 (61) -0.8 (8.7) 7.5 (58) + + <3.5, ≤2.8 Medical 
assistance 

Hermansen et al 17 2007 glimepiride n.s. metformin T2DM, insulin naive 55.2 8 30.7 8.4 (68) n.s. n.s. n.s. n.s. n.s. Medical 
assistance 

Kaku et al 18 2010 glibenclamide, 
gliclazide or 
glimepiride

n.s. T2DM, Japanese, SU for ≥8 weeks 58.6 10.1 24.9 8.5 (69) -0.4 (4.4) 8.1 (65) n.s. n.s. n.s. HTP

Kikuchi et al 19 2010 glimepiride 2.5 T2DM, Japanese, inadequate control with diet, 
exercise and glimepiride monotherapy

60.3 9.8 24.4 8.2 (64) -0.1 (1.1) n.s. + + <3.1 HTP

Madsbad et al 20 2004 glimepiride 2.7 T2DM, diet or OHA 57 3.8 30.2 7.8 (62) n.s. n.s. - - <2.8 n.s.

Marre (LEAD-1) et al 21 2008 glimepiride n.s. T2DM, OHA, insulin naïve 54.7 n.s. 30.3 8.4 (68) 0.2 (2.2) n.s. n.s. n.s. <3.1 HTP

Matthews et al 22 2010 glimepiride n.s. metformin T2DM, inadequate control with metformin 
monotherapy

57.5 5.7 31.7 7.3 (56) -0.3 (3.3) n.s. n.s. n.s. <3.1 HTP

Nauck et al (LEAD-2) 23 2009 glimepiride 4 metformin T2DM, OHA, insulin naive 57 8 31.2 8.4 (68) -1.0 (10.9) n.s. + + <3.1 HTP

Pratley et al 24 2009 glibenclamide 11.2 T2DM, inadequate control with sulfonylurea 
monotherapy

57.1 7.7 30 8.2 (66) 0.0 (0) n.s. + + <3.3 w symp,   
<2.8 w or  
w/o symp

HTP

Seck et al 25 2010 glipizide 10 T2DM, stable dose of metformin 57 5.7 31.3 7.3 (56) -0.5 (5.5) 6.8 (51) + + <3.9, <3.3, 
<2.8

HTP

Seino et al 26 2010 glibenclamide n.s. T2DM, with and without OHA 58.5 8.5 24.4 8.8 (73) -1.2 (13.1) 7.5 (58) n.s. n.s. <3.1 HTP

Yang et al 27 2010 glimepiride n.s. metformin (2000) T2DM, at least 1 OHA 53.6 7.8 25.3 8.5 (69) -1.4 (15.3) n.s. n.s. n.s. <3.1 w symp HTP

Data are presented as mean, unless otherwise stated. T2DM=type 2 diabetes mellitus, OHA=oral hypoglycaemic 
agent, n.s.=not specified, symp=symptoms, w=with, w/o=without, end=endpoint, bas=baseline, HTP=help of a third party,  
FPG= fasting plasma glucose, SU = sulfonylurea derivatives, IU=international units, hypo=hypoglycaemia
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Seino et al 26 2010 glibenclamide n.s. T2DM, with and without OHA 58.5 8.5 24.4 8.8 (73) -1.2 (13.1) 7.5 (58) n.s. n.s. <3.1 HTP

Yang et al 27 2010 glimepiride n.s. metformin (2000) T2DM, at least 1 OHA 53.6 7.8 25.3 8.5 (69) -1.4 (15.3) n.s. n.s. n.s. <3.1 w symp HTP

Data are presented as mean, unless otherwise stated. T2DM=type 2 diabetes mellitus, OHA=oral hypoglycaemic 
agent, n.s.=not specified, symp=symptoms, w=with, w/o=without, end=endpoint, bas=baseline, HTP=help of a third party,  
FPG= fasting plasma glucose, SU = sulfonylurea derivatives, IU=international units, hypo=hypoglycaemia
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The average number of mild hypoglycaemic episodes per patient per year for various cut-off 

values are presented in Table 2.

Incidence of severe hypoglycaemia with sulfonylureas

The analysis of severe hypoglycaemia contained 6,500 patients and 0.8% experienced 

hypoglycaemia (95% CI 0.5-1.3%; I2= 50%, Figure 2C). One small study solely included 

patients with chronic renal insufficiently and found a relatively high incidence of severe 

hypoglycaemia 8. However, only 1 episode of severe hypoglycaemia was observed during 

the course of this study and the pooled estimate of hypoglycaemia remained identical 

when this study was left out of the analysis.  

A lower proportion of patients experienced hypoglycaemia when taking gliclazide (n=1,040) 

0.1% (95% CI 0-0.7%) than patients taking glipizide (n=1,014) 2.1% (95% CI 0.9-5.1%; test for 

subgroup differences: I²=87%, p<0.01) and a trend was noted for a lower proportion of 

hypoglycaemia for gliclazide vs. glimepiride therapy (n=3,861) 0.9% (95% CI 0.6-1.3%; test for 

subgroup differences: I²=74%, p=0.05, Figure 3). The proportion of patients with hypoglycaemia 

did not differ between gliclazide and glibenclamide use (n=488) 0.5% (95% CI 0.1-2.0%; test for 

subgroup differences: I²=47%, p=0.17).  

The average numbers of episodes of severe hypoglycaemia per patient per year for various 

cut-off values are presented in Table 2. 

Incidence of mild and severe hypoglycaemia with insulin therapy

Too few studies had insulin as comparator so these could not be meta-analysed 28-30 (Table 1, 

Table 2). 

Regression analyses

Table 3 presents the odds-ratios for each predictor and the risk for hypoglycaemia. With 

univariate meta-regression analysis no significant associations were found between the 

proportion of subjects with at least one mild hypoglycaemic event (glucose <3.1 mmol/L) 

and baseline HbA1c, HbA1c change during the study, age at inclusion, study duration and 

diabetes duration. Therefore, multivariate regression analysis was not performed. Two 

significant associations with univariate meta-regression analysis were found for severe 

hypoglycaemia. HbA1c baseline was inversely related with the proportion of patients with 

severe hypoglycaemia, an effect corresponding to an odds ratio of 0.33 (CI 95% 0.13-0.85, 

p=0.03) per 1 % HbA1c. Study duration was associated with an increased proportion of 

patients with severe hypoglycaemia, corresponding to an odds ratio of 1.95 (CI 95% 1.12-

HYPOGLYCAEMIA WITH SULFONYLUREAS
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Figure 2 - Meta-analyses of the occurrence of hypoglycaemia

The proportions were pooled using a random effects model. Heterogeneity was assessed using the I2 statistic 
and the Cochran Q. The I2 statistic describes the percentage of the variability due to differences between studies 
where 0% indicates absence of heterogeneity and 100% all variance due to heterogeneity. If Q is significant the 
homogeneity hypothesis is rejected.
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A. Mild hypoglycaemia: <56 mg/dL (3.1 mmol/L)

Study N Proportion 95% CI Weight

Ferrannini (2009) 1383 16.2% [14.4%,18.2%] 28.19%

Filozof (2010) 494 1.0% [0.4%,2.4%] 0.73%

Foley (2009) 546 1.7% [0.9%,3.2%] 1.37%

Gallwitz (2012) 775 13.0% [10.8%,15.6%] 13.16%

Garber (2008) 144 0.7% [0.1%,4.8%] 0.15%

Garber (LEAD- 3) (2011) 248 26.0% [20.9%,31.8%] 7.16%

Kikuchi (2010) 100 1.0% [0.1%,6.8%] 0.15%

Marre (LEAD-1) (2008) 114 2.6% [0.8%,7.8%] 0.43%

Matthews (2010) 1556 18.2% [16.4%,20.2%] 34.78%

Nauck (LEAD-2) (2009) 242 17.0% [12.8%,22.3%] 5.13%

Seino (2010) 132 22.0% [15.7%,29.9%] 3.40%

Yang (2010) 231 19.0% [14.4%,24.6%] 5.34%

Overall 5965 10.1% [7.3%,13.8%]

Heterogeneity: Q=158.7, p<0.001; I2=93%

B. Mild hypoglycaemia: <50 mg/dL (2.8 mmol/L)

Study N Proportion 95% CI Weight

Chacra (2009) 267 0.7% [0.2%,2.9%] 4.09%

Goke (2010) 430 8.8% [6.5%,11.9%] 75.97%

Madsbad (2004) 26 15.4% [5.9%,34.6%] 7.46%

Pratley (2009) 99 6.1% [2.8%,12.9%] 12.48%

Overall 822 5.9% [2.5%,13.4%]

Heterogeneity: Q=14.4, p<0.01; I2=79%

C. Severe hypoglycaemia

Study N Proportion 95% CI Weight

Arechavaleta (2011) 518 0.6% [0.2%,1.8%] 5.42%

Chacra (2009) 267 0.2% [0%,2.9%] 0.91%

Chan (2008) 25 4.0% [0.6%,23.5%] 1.74%

Ferrannini (2009) 1383 0.7% [0.4%,1.3%] 18.02%

Filozof (2010) 494 0.1% [0%,1.6%] 0.91%

Foley (2009) 545 0.1% [0%,1.4%] 0.91%

Gallwitz (2012) 775 1.5% [0.9%,2.7%] 21.45%

Garber (2008) 144 0.7% [0.1%,4.8%] 1.80%

Garber (LEAD-3) (2011) 248 0.2% [0%,3.1%] 0.91%

Goke (2010) 430 0.9% [0.3%,2.5%] 7.19%

Hermansen (2007) 106 0.5% [0%,7%] 0.90%

Kaku (2010) 88 0.6% [0%,8.3%] 0.90%

Kikuchi (2010) 100 0.5% [0%,7.4%] 0.90%

Marre (LEAD-1) (2008) 114 0.4% [0%,6.6%] 0.90%

Nauck (LEAD-2) (2009) 242 0.2% [0%,3.2%] 0.91%

Pratley (2009) 99 1.0% [0.1%,6.8%] 1.80%

Seck (2010) 559 3.0% [1.9%,4.8%] 29.93%

Seino (2010) 132 0.4% [0%,5.7%] 0.90%

Yang (2010) 231 0.9% [0.2%,3.4%] 3.60%

Overall 6500 0.8% [0.5%,1.3%]

Heterogeneity: Q=35.67, p=0.008; I2=50%
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Figure 3 - Subgroup analyses
 
Results of meta-analyses within subgroups presenting the summary estimates of the percentage and 95% 
confidence intervals of patients with hypoglycaemia that use sulfonylureas.
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Mild hypoglycaemia ≤56 mg/dL (3.1 mmol/L)

Proportion 95% CI

All studies (n=12) 10.1% [7.3%,13.8%]

Low risk of bias (n=6) 11.0% [7%,16.9%]

Glimepiride (n=9) 15.5% [12.3%,19.2%]

Gliclazide (n=2) 1.4% [0.8%,2.4%]

Severe hypoglycaemia 

Proportion 95% CI

All studies (n=19) 0.8% [0.5%,1.3%]

Glimepiride (n=10) 0.9% [0.6%,1.3%]

Glibenclamide (n=3) 0.5% [0.1%,2%]

Glipizide (n=3) 2.1% [0.9%,5.1%]

Gliclazide (n=2) 0.1% [0%,0.7%]

0% 5% 10% 15% 20%

0% 5% 10% 15% 20%

Table 3 - Regression analysis

Predictor Mild hypoglycaemia Severe hypoglycaemia

Odds Ratio 95% C.I. for Odds Ratio p Odds Ratio 95% C.I. for Odds Ratio p
Lower Upper Lower Upper

Univariate analysis

HbA1c baseline (per 1%) 0.41 0.06 2.67 0.32 0.33 0.13 0.85 0.03

HbA1c change (per 1%) 0.4 0.05 3.39 0.34 0.88 0.2 3.89 0.86

Age (per year) 0.86 0.57 1.29 0.43 1.18 0.95 1.45 0.12
Study duration (per year) 1.47 0.4 5.48 0.53 1.95 1.12 3.38 0.02
Duration of diabetes (per year) 1.04 0.57 1.9 0.88 1.13 0.85 1.51 0.37

Multivariate analysis

HbA1c baseline (per 1%) - - - - 0.44 0.15 1.3 0.13

HbA1c change (per 1%) - - - - - - - -

Age (per year) - - - - 1.11 0.91 1.35 0.29
Study duration (per year) - - - - 1.31 0.63 2.73 0.44
Duration of diabetes (per year) - - - - - - - -

Results of univariate and stepwise multivariate meta-regression analyses of the influence of potential risk factors 
on the proportion of patients with mild or severe hypoglycaemia in patients with type 2 diabetes mellitus on sulfo-
nylurea therapy. Predictors with a p-value <0.25 were entered in a stepwise multivariate meta-regression analysis 
C.I. =confidence interval.
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3.38, p=0.02) per study year). All predictors with a p-value <0.25 were entered in a stepwise 

multivariate meta-regression analysis and none were found significant.

Sensitivity analyses

Details on hypoglycaemia assessment per study are provided in Table 1.  Of the twelve 

studies 10-12, 14, 15, 19, 21-23, 26, 27, 30 that were selected for the meta-analyses of mild hypoglycaemia 

(<3.1 mmol/L), 6 studies 10, 11, 14, 19, 23, 30 were assessed having a low risk of bias for the incidence 

of hypoglycaemia. One study 15 was considered to have a high risk of bias, because 

hypoglycaemia was retrospectively assessed. The 5 remaining studies 12, 21, 22, 26, 27 had an 

uncertain risk of bias. Subgroup analyses showed no significant difference in the incidence 

of mild hypoglycaemia (<3.1 mmol/L) for the studies with a low risk of bias 11.0% (95% CI 7.0-

16.9%) and for all studies 10.1% (95% CI 7.3-13.8%) (Figure 3). 

Three studies had a more stringent definition of severe hypoglycaemia (i.e. medical 

assistance) 7, 16, 17. The analysis of severe hypoglycaemia was therefore repeated without 

these studies. The incidence of severe hypoglycaemia with third party assistance was 0.8% 

(95% CI 0.5-1.4%) and showed no significant difference when compared to all studies 0.8% 

(95% CI 0.5-1.3%).

DISCUSSION

This meta-analysis of patients with type 2 diabetes mellitus shows that out of 100 patients 

treated with sulfonylurea therapy 10 experienced mild hypoglycaemia with a blood glucose 

<3.1 mmol/L, 6 experienced mild hypoglycaemia with a blood glucose <2.8 mmol/L and only 

0.8 experienced severe hypoglycaemia with 12 to 104 weeks treatment. This means that 

90% of patients do not experience any relevant hypoglycaemia. A similar observation was 

recently made in the ORIGIN trial: 75% of the patients in the standard-care group and 43% 

in the insulin-glargine group did not have any symptomatic hypoglycaemia over a study 

period of 6 years 32. 

The patients of the included studies in this meta-analysis experienced between 0.01 and 

1.75 and between 0 and 0.1 episodes of hypoglycaemia per patient per year with a glucose 

≤3.1 mmol/L and severe hypoglycaemia, respectively. This is less than was reported in a 

prospective British study that investigated self-reported hypoglycaemia in type 2 diabetes 

patients with good glycaemic control (HbA1c 7.5%) 33. In this study subjects were asked to 

record episodes of hypoglycaemia if plasma glucose was <3.0 mmol/L over an average period 

of approximately nine months. Of the 103 sulfonylurea-treated patients, 39% experienced at 

least one episode of mild hypoglycaemia and an average number of 1.92 episodes of mild 

HYPOGLYCAEMIA WITH SULFONYLUREAS
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hypoglycaemia per patient per year. Severe hypoglycaemia which required the help of a third 

party was estimated at 0.1 episodes per patient per year and affected 7%. More consistent 

with our findings are the results of another British study:  self-reported mild hypoglycaemia 

was reported by 17% of 922 sulfonylurea-treated patients 34. Severe hypoglycaemia which 

required medical assistance affected 0.8% of the trial participants and the average number of 

severe hypoglycaemic episodes per patient per year was 0.009 35.  

One should remember that changing the glucose cut-off value that defines hypoglycaemia 

has a major effect on the reported frequency of hypoglycaemia 36. To enable comparison 

of hypoglycaemia incidence between studies, subcategories were created. However, vast 

heterogeneity between studies remained. 

HbA1c at baseline and study duration were significantly associated with the proportion of 

patients with severe hypoglycaemia in a univariate meta-regression analysis, but neither was 

found significant in a multivariate meta-regression analysis. A lower proportion of patients 

taking gliclazide experienced a mild hypoglycaemic event (1.4%) compared to glimepiride 

(15.5%). Furthermore, a lower proportion of patients taking gliclazide (0.1%) experienced 

severe hypoglycaemia compared to glipizide (2.1%) and a similar trend was observed for 

gliclazide vs. glimepiride (0.9%). Thus our meta-analysis confirms previous observations of a 

lower hypoglycaemia risk with gliclazide vs. glimepiride 37 and glipizide 38. Similar observations 

have been found for gliclazide vs. glibenclamide, but were not confirmed in this meta-analysis 
38, 39. 

Our study has some limitations. Selected participants in randomised controlled trials differ 

from the general population with type 2 diabetes mellitus. Often, subjects are excluded from 

participation if they are older, have cognitive or renal impairment or other comorbidities that 

may increase the risk of hypoglycaemia. The estimated incidence of hypoglycaemia in this 

meta-analysis can therefore not directly be extrapolated to the entire type 2 diabetes mellitus 

population. While we acknowledge these limitations, these trials provide the only large pool 

of recent hypoglycaemia data. Besides, the methodology used to detect hypoglycaemia was 

overall prospective, well-documented and based on episodes confirmed by a blood glucose 

test.

In conclusion, approximately 90% of type 2 diabetes mellitus patients, in randomised 

controlled trials on sulfonylurea therapy in combination with or without metformin therapy, 

remain free of relevant hypoglycaemia during 12 to 114 weeks treatment. Gliclazide therapy is 

accompanied by a lower risk of hypoglycaemia when compared to glimepiride.
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