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Abstract: Several kinds of anti-diabetic medications (ADMs) are recommended for treatment of type 2 diabetes mel-
litus (T2DM). Association between use of ADMs and risk of macular edema is currently unclear. We reviewed the lit-
erature to quantify the effect of ADMs on the incidence of macular edema. A comprehensive search was conducted 
in MEDLINE, EMBASE, and Web of Science up through May 2016. The data of AMDs use and incidence of macular 
edema were pooled in a meta-analysis. A total of 13 (8 cohort studies, 4 case-control studies, and 1 randomized-
controlled trial) studies were included in this meta-analysis. Among all of the ADMs, insulin use increased macular 
edema risk (OR = 2.65; 95% CI = 1.70-4.14) whereas oral ADM intake was probably not associated with macular 
edema incidence (OR = 1.77; 95% CI = 0.93-3.37). The use of thiazolinedione (OR = 2.19; 95% CI = 1.49-3.21) 
and meglitinide (OR = 2.20; 95% CI = 1.15-4.20) were risk factors for macular edema and the use of sulfonylureas 
(OR = 0.83; 95% CI = 0.69-0.99) might be a protective factor while metformin (OR = 0.94; 95% CI = 0.79-1.13) 
demonstrated no significant effect. Use of rosiglitazone (OR = 3.12; 95% CI = 1.30-7.49) affected the incidence of 
macular edema. Our results show that insulin, meglitinide, and rosiglitazon will increase the risk of macular edema 
while sulfonylureas shows a prospective effect. A series of well-designed studies with large samples are required to 
confirm our existing conclusions.
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Introduction

The number of patients with diabetes mellitus 
(T2DM), caused by insulin resistance with a 
relative insulin deficiency, is presumed to dou-
ble by 2030 [1]. T2DM has caused enormous 
public health and economic loss, thus, it is cur-
rently one of the most challenging problems to 
all nations [2]. Diabetic retinopathy and/or dia-
betic macular edema are frequent and specific 
microvascular complications. Unlike diabetic 
retinopathy, which is usually asymptomatic in 
the early stage, macular edema is the leading 
cause of visual loss and legal blindness in 
patients with DM [3]. T2DM is usually treated 
with oral anti-diabetic medications (ADM) or 
insulin injection, however, there is currently no 
cure for DM. Several kinds of adverse effects 
including increased risk of cardiovascular mor-
tality [4], hypoglycemia [5], and so forth [6] 

have been reported in ADM use. Coincidentally, 
ADM use is regarded to be associated with risk 
of macular edema. Except for longstanding dia-
betes, poor glycemic control, and presence of 
diabetic retinopathy and hypertension, insulin 
use is one of the risk factors of macular edema 
[7]. Besides, thiazolinedione (TZD) use, which is 
thought to be associated with risk of bladder 
cancer [8] and bone fracture [9], could modify 
risk of macular edema as reported by Idris I 
[10]. However, in the Action to Control Car- 
diovascular Risk in Diabetes (ACCORD) study 
with a total of 3537 participants, no associa-
tion between TZD use and incidence of macular 
edema was detected [11]. At present, the rela-
tionship between ADM intake (including insulin 
injection and oral AMD) and incidence of macu-
lar edema is still unclear. Considering the limi-
tations of preclinical researches about associa-
tion between ADM use and risk of macular 
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edema and the absence of understanding of 
the pathogenesis of macular edema, a sum-
mary and quantitative synthesis of the existing 
clinical data would potentially provide impor-
tant understanding.

Meta-analysis is an effective statistical tool in 
uncovering inconspicuous trends in a single 
study by pooling independent but similar 
research, increasing the level of confidence of 
the conclusions. Herein, we conducted a meta-
analysis of all relevant studies to identify the 
association between ADM use and risk of mac-
ular edema.

Methods

Literature search and data extraction

This current meta-analysis was reported ac- 
cording to Preferred Reporting Items for Sy- 
stematic Reviews and Meta-Analyses (PRISMA) 
[12] and Meta-analysis Of Observational Stu- 
dies in Epidemiology (MOOSE) guidelines [13]. 
A comprehensive search was conducted in 
MEDLINE, EMBASE, and Web of Science up 
through May 2016. The search terms (“hypogly-
cemic agents” OR “insulin” OR “thiazolidinedio-
nes” OR “pioglitazone” OR “rosiglitazone” OR 
“glitazone” OR “metformin” OR “sulfonylurea 
compounds”) AND (“macular edema” OR “mac-
ular oedema”) were obtained. References of 
relevant articles were detected for additional 
publications. No language restriction was set 
for this meta-analysis. Contacting correspond-
ing authors was conducted when additional 
information was needed. Studies would be 
included in this meta-analysis when the follow-
ing inclusion criteria were met: 1) a cohort, 
case-control, or randomized controlled trials 
(RCT) design; 2) evaluated the relationship 
between any ADM and risk of macular edema; 
3) provided the odds ratios (ORs) or relative 
risks (RRs) or hazard ratios with 95% confi-
dence intervals (CI), standard errors or suffi-
cient data to calculate them.

The following data was extracted from each 
included study: name of the first author, study 
design, country where the study was conduct-
ed, study period, follow up time, amount of all 
participants, detailed settings of case and con-
trol groups, matching or adjusted items, and 
ORs with 95% CI evaluating the relationship 
between ADM use and risk of macular edema. 

When ORs were not provided in the studies, the 
initial data was obtained to evaluate them. The 
extractions were conducted by two reviewers 
(W. Zhu and Y. Wu), independently, and checked 
after the first extraction. Any disagreement 
regarding data extraction was resolved by the 
two reviewers.

Quality assessment

The methodological quality of each included 
study was also evaluated by two reviewers (W. 
Zhu and Y. Wu), independently. The Newcastle-
Ottawa Quality Assessment Scale (NOS) was 
obtained for cohort and case-control studies 
[14] while the Cochrane collaboration tool was 
obtained for assessment of bias of the RCT 
[15]. NOS was used to evaluate selection, com-
parability, and outcome or expose cohort or 
case-control studies. The maximum score of 
NOS was 9* and studies with over 6* were con-
sidered to be of relatively higher quality. The 
Cochrane collaboration tool contains a total of 
7 domains including random sequence genera-
tion, allocation concealment, blinding of partici-
pants, blinding of outcome assessment, follow 
up, selective reporting, and other bias.

Statistical analysis

The ORs and 95% CI were extracted or calcu-
lated from each study and then used in this 
quantitative meta-analysis. Expected heteroge-
neity of various study designs, case group set-
tings, and population differences existed, so 
we used the random-effects model to calculate 
ORs through pooling the data together. Sta- 
tistical heterogeneity among the included stud-
ies was evaluated by both X2 and I2 tests. When 
P<0.1 or I2>50%, heterogeneity was consid-
ered statistically significant. To detect possible 
sources of heterogeneity and deepen the 
understanding of association between ADM 
and risk of macular edema, subgroup analysis 
by study design, region, follow up duration, and 
adjustment status was also conducted. For oral 
ADM, relationship between each type of ADM 
use and risk of macular edema was detected 
independently and more detailed analyses 
were conducted on a certain drug (TZD in this 
study).

To detect the robustness of conclusions in this 
study, sensitivity analyses were conducted by 
two different methods. First, we conducted a 
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sensitivity analysis by excluding the included 
studies one by one. Second, studies with rela-
tive poorer methodological quality (NOS scale 
<6*) were excluded from the meta-analysis. 
Potential publication bias was assessed th- 
rough visually evaluating Begg’s funnel plot and 
Egger’s test. In this meta-analysis, all analyses 
were conducted using Stata software package 
(version 11.0; Stata Corp., College Station, TX).

Results

Search results and study characteristics

Figure 1 shows the flow diagram for selection 
of included studies. The initial 1,641 articles 
(892 from MEDLINE, 648 from Emabse, and 
101 from Web of Science) were identified 
through systemic search. After excluding 286 
duplicates and 684 unrelated studies, 71 full-
text articles were assessed for eligibility. Among 
the 59 excluded full-text articles, 56 studies 
provided unusable data and 3 studies were 
about both T1DM and T2DM. One more paper 
was identified from the reference lists and, ulti-
mately a total of 13 studies were included in 
this meta-analysis [10, 16-27].

Detailed characteristics of included studies are 
shown in Table 1. A total of 305,809 individu-
als were included in this current meta-analysis. 
Among the 13 included studies, there were 8 
cohort studies, 4 case-control studies, and 1 
RCT. Ten studies demonstrated a prospective 
design and the remaining 3 studies demon-
strated a retrospective design. Geographic dis-
tributions of the study sites were 5 studies in 
Europe, 6 studies in the America, and 2 studies 
in Asia. The follow up durations of included 
studies were different. The longest period was 
over 20 years while the shortest was less than 
1 year. Among the 12 cohort or case-control 
studies, 8 studies showed a relative higher 
quality and the mean sacle of all the non-RCT 
studies was 6.41 (standard deviation: 1.56). 
The included RCT didn’t show high risk of bias 
in any domain, according to the Cochrane col-
laboration tool.

Quantitative synthesis

Insulin use and macular edema: Meta-analysis 
of all relevant studies on the risk of macular 
edema in patients with T2DM, use of insulin 

Figure 1. Flow chart of the litera-
ture search. The literature search 
was conducted in MEDLINE, EM-
BASE, and Web of Science.
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Table 1. Characteristics of included studies
Study, Publication 
yera Country Follow-up 

(year)
Sample 

size Study design Setting Case group (Percentage 
of all participants) Control group Adjusted/matched Study 

Quality*

Bertram B, 1997 German <1 496 Cohort Prospective Hospital based Insulin (30.53%) Oral ADM 
(40.57)

Diet NA 6

Leske MC, 2003 Barbados 4 410 Cohort Prospective Population based Insulin (2.92%) Oral ADM 
(46.10%)

Diet NA 5

Klein R, 1995 USA 10 773 Cohort Prospective Population based Insulin (43.86%) Oral ADM 
(37.26%)

Diet Age, sex, age of diagnosis, smoking, 
history of aspirin use, cardiovascular 
disease

8

Aroca PR, 2004 Spain 4 93 C-C Prospective Hospital based Insulin (NA) No insulin Age, sex, duration of DM 4

Romero-Aroca P, 2006 Spain <1 132 Cohort Prospective Hospital based Insulin (35.36%) Oral ADM 
(63.63%)

Diet Age, sex, duration of DM, arterial 
hypertension

7

Lee SJ, 2006 Korea <1 496 C-C Prospective Population based Insulin (11.51%) Oral ADM 
(72.37%)

Diet Age, sex, BMI, hypertension 5

Hirai FE, 2008 USA 20 2366 Cohort Prospective Population based Insulin (49.26%) No insulin Age, sex, BMI, HbAlc, CVD history, 
hypertension

8

Shen LQ, 2008 USA 3 282 C-C Retrospective Hospital based Rosiglitazone (43.97%) No glitazone Age, sex, race, duration of DM, 
HbA1c, blood pressure, use of  
antihypertensive drugs, pedal edema

7

Fong DS, 2009 USA 1 143257 Cohort Prospective Population based TZD (8.37%) Insulin, other 
oral ADM (NA)

No relevant drug Age and HbA1c, and excludes 
patients without drug benefit, no eye 
exam and HbA1c<7.0

8

Home PD, 2009 International 7 4447 RCT Prospective Population based Metformin or sulfonylurea
with rosiglitazone (49.92%)

Metformin and 
sulfonylurea

NR -

Motola D, 2012 USA 4 49589 C-C Retrospective Population based Biguanides (26%), Ulfo-
nylureas (22%), Exenatide 
(18%) TZDs (16%)

No relevant drug NA 5

Idris I, 2012 UK 10 103368 Cohort Retrospective Population based TZD (3.12%) No TZD Age, sex, BMI, blood pressure, HbA1c, 
HDL, LDL

8

Arulanandham A, 2012 India 3 100 Cohort Prospective Hospital based TZD (50%) No glitazone NA 6
C-C: case-control; RCT: randomized-controlled trials; Y: year; M: month; ADM: anti-diabetic medication; TZD: thiazolinedione; NA: not available; DM: diabetes mellitus; BMI: body mass index; HDL: high densitv lipoprotein; LDL: low-density 
lipoprotein. *The study quality was assessed by the Newcastle-Ottawa Quality Assessment Scale (nine stars).
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showed certain relation with risk of macular 
edema (OR = 2.65; 95% CI = 1.70-4.14; P< 
0.001) (Figure 2A). This result was permanent 
across different study designs, follow up peri-
ods, and adjusted status of DM duration and 
HbA1c. However, significant heterogeneity was 
detected (I2 = 88.0%; P<0.001). A subgroup an- 
alysis was conducted to avoid the influence of 

inter-study heterogeneity (Table 2). Association 
between insulin use and risk of macular edema 
was not significant when retrospective studies 
(1.23 [0.10 to 15.15]), hospital based studies 
(2.99 [0.87 to 10.34]), and studies in America 
(1.57 [0.70 to 3.54]) were summarized. The 
entities of different study designs and geo-
graphic and ethnic differences could contribute 

Figure 2. A. Forest plot of the association between insulin use and risk of macular edema. B. Forest plot of the as-
sociation between oral anti-diabetic medications use and risk of macular edema.
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to the result of non-significant association in 
the three subgroups above. The differential 
results of subgroup analysis might also partially 
explain the source of heterogeneity in this 
meta-analysis. However, heterogeneity in most 
subgroup analysis was statistically significant 
except the two adjusted subgroups. However, 
use of insulin was also significantly associated 
with risk of macular edema and the pooled OR 
value of 3 independent studies was 2.61 (95% 
CI = 1.67-4.06).

Oral ADM and macular edema: The pooled data 
of 7 studies demonstrated that oral ADM was 
not associated with risk of macular edema (OR 
= 1.77; 95% CI = 0.93-3.37) as shown in Figure 
2B. However, significant heterogeneity was 
detected (I2 = 91.1%, P<0.001) as well. Detailed 
results of subgroup analysis are presented in 
Table 2. In general, subgroup meta-analysis 
demonstrated no significant results, however, 

results of the pooled data are: from retrospec-
tive studies (OR = 2.67; 95% CI = 1.73-4.10), 
population based studies (OR = 3.01; 95% CI = 
1.19-7.61), and studies adjusted for HbA1c (OR 
= 2.67; 95% CI = 1.73-4.10). Three subgroups 
showed non-significant heterogeneity and 
detailed results are presented in Table 2.

When types of oral ADM were considered, the 
use of TZD (OR 2.19; [95% CI 1.49 to 3.21]) and 
meglitinide (OR = 2.20; 95% CI = 1.15-4.20) 
were risk factors for macular edema, use of sul-
fonylureas (OR = 0.83; 95% CI = 0.69-0.99) 
might be a protective factor while metformin 
(OR = 0.94; 95% CI = 0.79-1.13), and acarbose 
(OR = 1.30; 95% CI = 0.92-1.84) use were unre-
lated with risk of macular edema (Figure 3). 
However, except for the TZD, the number of 
studies about the remaining 4 ADM was quite 
limited (1 or 2), therefore, the results should be 
considered with caution.

Table 2. Summary RRs of subgroup analyses of the effects of insulin or oral ADM on the incidence of 
macular edema*

Subgroups Insulin Oral ADM

N OR 95% CI
Heterogeneity

N OR 95% CI
Heterogeneity

P I2 P I2

Study design
    Cohort 6 3.34 2.15-5.15 0.003 72.3 4 1.13 0.53-2.40 0 93.8
    C-C 3 2.21 1.83-4.06 0 93.6 2 4.97 0.60-41.15 0.001 90.8
    RCT 0 1 2.35 0.60-41.15 0 91.1
Setting
    Prospective 7 3.14 2.07-4.75 0 82.4 5 1.61 0.66-3.96 0 90.8
    Retrospective 2 1.23 0.10-15.15 0 96.5 2 2.67 1.73-4.10 0.235 29.1
Setting
    Population 6 2.56 1.32-4.99 0 88.6 4 3.01 1.19-7.61 0 86.2
    Hospital 3 2.99 0.87-10.34 0 86.7 3 0.91 0.34-2.46 0 90.9
Region
    Europe 4 3.38 1.43-7.9 0 87.8 3 1.27 0.25-6.45 0 93.8
    America 4 1.57 0.70-3.54 0 88 2 1.12 0.71-1.78 0.281 13.9
    Asia 1 28.56 5.98-138.45 - - 2 4.38 0.45-43.02 0 95.5
Follow-up
    <10 Y 7 2.6 1.46-4.63 0 90.3 5 1.85 0.63-5.37 0 90.3
    >10 Y 2 2.9 1.38-6.21 0.035 77.6 2 1.73 0.59-5.13 0 94.6
DM duration
    Adjusted 2 1.85 1.46-2.33 0.569 0 1 1.7 0.70-4.14 0 91.1
    Non-adjusted 7 3.17 1.68-6.01 0 87.8 6 1.79 0.83-3.65 0 92.6
HbA1c
    Adjusted 2 3.2 2.14-4.77 0.137 54.8 2 2.67 1.73-4.10 0.235 29.1
    Non-adjusted 7 2.57 1.21-5.47 0 88.9 5 1.61 0.66-3.95 0 90.8
ADM: anti-diabetic medication. *The results which were statistically significant were in bold.
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Since data regarding the use of TZD and risk of 
macular edema was relatively more abundant, 
subgroup analysis was conducted. TZD use 
was associated with risk of macular edema in 
both cohort (OR = 1.90; 95% CI = 1.24-2.90]) 
and case-control studies (OR = 2.88; 95% CI = 
1.31-6.25), while association was not signifi-
cant in RCT (OR = 2.35; 95% CI = 0.81-9.08) 
(Figure 4A). Through advanced analyses, it was 
the use of rosiglitazone (OR = 3.12; 95% CI = 
1.30-7.49) rather than the use of pioglitazone 
(OR = 1.72; 95% CI = 0.65-4.55) that affected 
the incidence of macular edema. Significant 
heterogeneity was detected in each subgroup 
in the stratified analyses of TZD use and risk of 
macular edema.

Sensitivity analysis and publication bias

After included studies in this meta-analysis 
were excluded one by one, association between 
insulin or oral ADM use and risk of macular 
edema was not statistically altered. Meanwhile, 
after removing studies with relatively poor 
methodological quality, the pooled ORs about 
insulin and oral ADM use were 3.32 (95% CI = 
2.09-5.27) and 1.302 (95% CI = 0.71-2.40), 
respectively.

No significant publication bias was found in the 
effect of insulin use (Egger’s test, P = 0.967) 
and oral ADM (Egger’s test, P = 0.688) on the 
risk of macular edema. Figures 5 and 6 show 

Figure 3. Subgroup analyses by the types of the oral anti-diabetic medications. Associations between the types of 
the medications (TZD, meglitinide, sulfonylureas, metformin, and acarbose) and risk of macular edema are pre-
sented. The size of the shaded square is proportional to the percent weight o f each study. TZD: thiazolinedione.
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Figure 4. Subgroup analyses of the association between TZD use and risk of macular edema. A. Subgroup analyses 
stratified by the study designs (cohort, case-control, and RCT). B. Subgroup analyses stratified by the subtypes of the 
TZD (rosiglitazone and pioglitazone). TZD: thiazolinedione; RCT: randomized-controlled trials.
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that, by funnel plot, no publication bias was 
detected.

Conclusions

In this current meta-analysis, enrolling 13 inde-
pendent studies on the association between 

studies might be explained by the relative poor-
er methodological quality and shortage in the 
amount of included studies. Geographic and 
ethnic differences might partly explain the non-
significant association in subgroup analysis of 
studies in America.

Figure 5. Funnel plot showing insulin use and risk of macular edema. On the 
Y axis, the log relative risk (RR) are shown for each trial; on the X axis, the 
standard error (SE) for each log relative risk is shown as a proxy for study size.

Figure 6. Funnel plot showing TZD use and risk of macular edema. On the 
Y axis, the log relative risk (RR) are shown for each trial; on the X axis, the 
standard error (SE) for each log relative risk is shown as a proxy for study size.

ADM use and risk of macular 
edema, we found that insulin 
use shows over 2.5 times 
increased association with 
incidence of macular edema 
whereas oral ADM intake is 
probably not associated with 
macular edema incidence. 
Among oral AMDs, TZD and 
meglitinide are associated 
with double increase in the 
risk of macular edema while 
sulfonylureas use is associ-
ated with a fifth reduction in 
that. However, the relatively 
lacking number of included 
studies on ADM subtypes 
(apart from the TZD) weak-
ens the stability of our con-
clusions. According to ad- 
vanced subgroup analysis, 
among the TZD subtypes, it 
is the use of rosiglitazone 
rather than the use of piogli-
tazone that modifies inci-
dence of macular edema. 
The robustness of the con-
clusions in this current meta-
analysis is proven by sensi-
tivity analysis through two 
independent methods. Fur- 
thermore, there was no sig-
nificant publication bias de- 
tected in any of the analy- 
ses.

In this meta-analysis, we 
found that insulin use is 
associated with risk of ma- 
cular edema., however, the 
association is not significant 
in respective (number of 
studies = 2), hospital based 
(number of studies = 3) stud-
ies, and studies in America 
(n = 4). The difference in res- 
pective and hospital based 
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Insulin use has been regarded as a risk factor 
of macular edema by several large sample 
cohort studies [10, 24], consistent with this 
meta-analysis. However, the understanding of 
etiological and physiopathological mechanisms 
of insulin in the incidence of macular edema is 
not completely clear. We hypothesize that insu-
lin use is more frequently adopted by patients 
with longer duration of DM and poorer glycemic 
control, which are risk factors for macular 
edema. However, even intensive insulin therapy 
is associated with long-term benefits in the pre-
vention and control of diabetic retinopathy. 
Several studies have demonstrated that in the 
first two years after initiation of intensive insu-
lin therapy, diabetic retinopathy would tran-
siently worsen. Macular edema, as a more 
rapid complication, is significantly associated 
with the severity of diabetic retinopathy [18] 
and the early worsening effect couldn’t be 
excluded from possible contribution on the 
development and progression of macular 
edema. When physiopathological mechanisms 
are considered, insulin could influence retinal 
blood flow, angiogenesis, and vascular tone, 
perhaps modifying the risk of macular edema 
[28]. Besides, insulin use could induce the 
expression of vascular endothelial growth fac-
tor (VEGF) and insulin and insulin-like growth 
factor-1 (IGF-1) [29, 30]. VEGF could break 
down the blood-retina barrier and effect central 
subfield thickness measurements [31, 32]. 
IGF-1 might not be associated with the progres-
sion of macular edema directly but it could 
have an effect through inducing expression of 
VEGF [31, 33].

In general, oral ADM may not be associated 
with risk of macular edema, according to our 
meta-analysis. However, each kind of oral ADM 
has a specific effect. TZD is the most frequently 
discussed to be associated with risk of macular 
edema. Several cases reports of macular 
edema induced by TZD use have been reported 
[34, 35] while a further case reported a sponta-
neous resolution of CSME and visual acuity 
improvement on discontinuation of TZD [36]. 
However, the following retrospective analyses 
of patients with T2DM tend to exclude associa-
tion between TZD use and risk of macular 
edema or central subfield retinal thickness of 
[37, 38]. The conclusions of these studies were 
suggestive, limited by the retrospective and 
small sample size. In 2009, a prospective co- 

hort study with over 100,000 participants dem-
onstrated that TZD use would modify risk of 
macular edema [24]. This conclusion is con-
firmed by this current meta-analysis. However, 
in our meta-analysis, we found that only rosigli-
tazone use affected as a modifier. It was pretty 
interesting and potentially important and 
should be further studied by advanced studies. 
To our knowledge, no specialized designed 
studies on the effect of other oral ADMs have 
been identified. Summarizing all of the existing 
data, meglitinide and sulfonylureas have shown 
harmful and protective effects, respectively. 
The results were quite questionable consider-
ing the absence of adequate study numbers, 
however, some significant suggestions regard-
ing association between oral ADMs and macu-
lar edema are provided in this meta-analysis.

The independent etiological and physiopatho-
logical mechanisms of oral ADMs on risk of 
macular edema were insufficient. Use of TZD, 
regarded as a risk factor of macular edema, 
could induce edema as well. This side effect 
might contribute to the development of macu-
lar edema. Furthermore, induced VEGF expres-
sion in TZD users could partially explain the 
mechanism [39]. Considering the lack of atten-
tion on other oral ADMs on macular edema, rel-
evant preclinical studies are absent. A series of 
laboratory studies are needed, perhaps provid-
ing a new view of the issues.

To the best of our knowledge, this is the first 
meta-analysis identifying association between 
ADMs and risk of macular edema. Strengths of 
this meta-analysis include the comprehensive 
search of literatures and simultaneous assess-
ment of all ADMs (including insulin and oral 
ADMs) on risk of macular edema. Compre- 
hensive search of literatures and a detailed 
check of the relevant references provide an 
integral inclusion of all possible studies. 
Through analyzing the effect of all ADMs, the 
difference between the effects of insulin use 
and oral ADMs on risk of macular edema was 
identified. Furthermore, the respective role of 
each subtype of ADMs was also studied and 
our understanding was further detailed.

However, there are several limitations of our 
meta-analysis. First, as the effects of oral ADM 
subtypes are different, pooling subtypes 
together might result in certain heterogeneity. 
We adopted oral ADM as an independent influ-
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encing factor because the oral ADM is a term 
independent of insulin injection and the effect 
of oral ADM on risk macular edema were report-
ed in several studies. Insulin use is now regard-
ed as a risk factor of macular edema. This is 
meaningful in studying the modifying effects of 
oral ADMs. In this meta-analysis, effects of the 
subtypes of oral ADMs were studied as well 
and, thus, the analysis is abundant and com-
plete. Second, as we know, the RCT design 
could exclude potential biases and get confi-
dent conclusions. However, in this meta-analy-
sis, only 1 RCT was identified through a com-
prehensive search of the literature. Besides, in 
the only RCT, incidence of macular edema was 
not included in the main outcomes and it would 
provide less persuasive results. Well-designed 
RCTs reporting the association of ADMs and 
risk of macular edema are wanted, intensively. 
Third, although adequate studies were included 
in this meta-analysis, the sample sizes of some 
of the included studies were insufficient and 
the results may be unreliable.

In conclusion, insulin use is a risk factor of mac-
ular edema while oral ADM use isn’t a modify-
ing factor. Rosiglitazon, a subtype of TZDs, is 
associated with increased risk of macular 
edema. The effects of other types of oral ADMs 
were specified and the results should be con-
sidered with great caution. Considering the 
existing limitations of this meta-analysis, a 
series of well-designed studies with large sam-
ples are required to confirm the existing 
conclusions.
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