
Table 1. Inclusion criteria of the systematic review

Inclusion criteria Exclusion criteria

Population Type 1 diabetes mellitus. Other types of diabetes

Intervention Diet intervention or lifestyle modiÞ cation, oral antidiabetic 
medications, insulin therapy (conventional, intensive, con-
tinuous subcutaneous insulin infusion).

experimental therapies

Methodology RCTs or observational studies cross-sectional studies

Observation 
period

≥ 1 year None

Clinically 
important 
endpoint

Retinopathy deÞ ned as:
lesions identifi ed by means of dilated fundus 
examination, fundus photography or fl uorescein 
angiography, or
visual acuity disturbances due to DR, or
blindness due to DR, or
macular disorders due to DR.

•

•
•
•

visual acuity disturbances or 
blindness due to causes other 
than DR or imprecisely defi ned
a history of vitrectomy
evaluation of progression or 
regression of the lesions follo-
wing ophthalmic surgery
results expressed as the num-
ber of eyes involved and not 
the number of patients with DR

•

•
•

•

Surrogate 
endpoint

Changes in the HbA1c level deÞ ned as:
glycated haemoglobin level expressed as the le-
vel of the HbA1c fraction; 
the level of glycated haemoglobin other than the 
HbA1c fraction (HbA1 or total glycated haemo-
globin) if a method (e.g. formulation) making it 
possible to convert the reported values into the 
HbA1c level was provided in the publication;
glycated haemoglobin as measured by means 
of the HPLC method, ion-exchange chromato-
graphy or another method allowing for compari-
son of the results according to standards assu-
med in the DCCT study
Data available in the form of:

at least two HbA1c measurements (baseli-
ne and at the end of the follow-up period) 
making it possible to calculate the change 
in the HbA1c level during follow-up, or
the mean change in the HbA1c level du-
ring the study, or
the mean HbA1c level during the study.

•

•

•

•
•

•

•

None

Table 2. Summary of the results concerning the relationship between the HbA1c level and DR in T1DM

Endpoint Number 
of studies

Number 
of patients

Study 
design Parameter Parameter 

value [CI95%] 

DR progression 3 156
RCT

RR 1.10 [0.55. 2.19]

4a (5)b 1.597 RR 1.24 [1.01; 1.52]

5 1.415 OS WMD 1.05 [0.37; 1.72]

Progression from non-proliferative 
to proliferative DR

1 352
RCT

HR 1.69 [1.42; 2.02]

1 363 HR 1.49 [1.14; 1.96]

Occurrence of DR 4 910
OS

RR 1.59 [1.34; 1.89]

8 1.171 WMD 0.82 [0.69; 0.96]

Visual acuity deterioration due to DR 1 102 RCT OR 2.2 [1.2; 3.9]

Macular oedema  (with concomitant proliferative DR) 1 91c (102)d RCT RR 1.81 [1.17; 2.81]
a) the number of studies included in meta-analysis; b) the number of independent results pooled in meta-analysis; c) the number, for which the parameter value was calculated; 
d) the number of patients enrolled; Values of the RR, OR and HR were converted to refl ect an increase in the HbA1c level by 1 pp.

Figure 1. Relative risk of DR progression with an increase in the HbA1c level by 1 pp in patients with T1DM – meta-analysis 
of RCTs 

Study Total %

ID Year N RR (95% CI) Weight

Beck-Nielsen et al. 1985 24 1.28 (0.43; 3.86) 3.14

DCCT A 1995 730 1.24 (1.09; 1.41) 37.35

DCCT B 1995 711 1.36 (1.12; 1.65) 31.42

Lauritzen et al. 1983 30 0.65 (0.39; 1.07) 11.90

SDIS Reichard et al. 1988/93/94 102 1.64 (1.10; 2.44) 16.20

Overall (Heterogeneity: I-squared=56.3%; p=0.058) 1.24 (1.01; 1.52) 100.00

NOTE: Weights are from random effects analysis
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Study Total %

ID Year N RR (95% CI) Weight

d�Annunzio et al. 1997 100 2.58 (1.47; 4.52) 9.63

Svensson et al. 2004 94 1.43 (1.06; 1.93) 33.24

WESDR LeCaire et al. 2006 474 1.31 (0.92; 1.87) 24.53

Yokoyama et al. 1995 242 1.78 (1.31; 2.41) 32.60

Overall (Heterogeneity: I-squared=39.5%; p=0.175) 1.59 (1.34; 1.89) 100.00
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Figure 2. Relative risk of DR occurrence with an increase in the HbA1c level by 1 pp in patients with T1DM – meta-analysis 
of observational studies

Study N; mean M; mean %

ID Year WMD (95% CI) (SD); Treatment (SD); Control Weight

Agardh et al. 1997 0.70 (0.27; 1.13) 57; 8.2 (1.1) 64; 7.5 (1.3) 9.77

d�Annunzio et al. 1997 0.80 (0.49; 1.11) 28; 8.3 (0.7) 72; 7.5 (0.7) 19.14

Dorchy 1994 0.10 (-0.53; 0.73) 39; 7.1 (1.6) 62; 7.0 (1.5) 4.56

Florkowski et al. 2001 0.40 (-0.10; 0.90) 63; 7.9 (1.6) 116; 7.5 (1.7) 7.10

Kullberg CE 1993 1.01 (0.68; 1.34) 112; 7.41 (1.09) 60; 6.4 (1.01) 16.85

Lovestam-Adrian et al. 2001 0.88 (0.42; 1.34) 69; 8.18 (1.12) 45; 7.3 (1.3) 8.35

Svensson et al. 2004 0.80 (0.35; 1.25) 45; 7.9 (1.1) 49; 7.1 (1.1) 9.02

WESDR LeCaire et al. 2006 1.00 (0.73; 1.27) 136; 9.2 (1.2) 154; 8.2 (1.1) 25.22

Overall
(Heterogeneity:
I-squared=37.7%; p=0.129)

0.82 (0.69; 0.96) 549 622 100.00
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Figure 3. Weighted mean difference in the HbA1c level between T1DM patients with DR and those without DR – meta-analysis 
of observational studies

Study N; mean M; mean %

ID Year WMD (95% CI) (SD); Treatment (SD); Control Weight

Agardh et al. 1997 1.10 (0.72; 1.48) 51; 9.0 (1.0) 69; 7.9 (1.1) 20.33

EURODIAB Potra et al. 2001 2.00 (1.56; 2.44) 157; 8.3 (2.51) 732; 6.3 (2.71) 19.88

Janka et al. 1989 1.09 (0.57; 1.61) 74; 9.69 (1.85) 79; 8.6 (1.4) 19.21

Lovestam-Adrian et al. 2001 1.00 (0.53; 1.47) 73; 8.7 (1.4) 56; 7.7 (1.3) 19.66

Maca et al. 1996 0.10 (-0.18; 0.38) 30; 6.3 (0.6) 94; 6.2 (0.9) 20.92

Overall
(Heterogeneity:
I-squared=92.9%; p=0.000)

1.05 (0.37; 1.72) 385 1030 100.00

NOTE: Weights are from random effects analysis

-1 0 2.44

Figure 4. Weighted mean difference in the HbA1c level between T1DM patients with progression of DR and those without 
progression of DR – meta-analysis of observational studies.
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GLYCATED HAEMOGLOBIN
AS A SURROGATE MARKER FOR THE APPEARANCE 

AND PROGRESSION OF RETINOPATHY IN TYPE 1 DIABETES MELLITUS
SYSTEMATIC REVIEW AND META-ANALYSIS

Introduction
Glycated haemoglobin (HbA1c) is commonly employed in clinical trials as a surrogate marker 
of diabetes control and the risk of diabetic complications in type 1 diabetes mellitus (T1DM). 
The efÞ cacy of many glucose-controlling agents has been characterised with respect to 
HbA1c, without their effects on clinically important endpoints being demonstrated. 

To date, several trials have examined the relationship between the HbA1c level and microva-
scular complications in T1DM, but no systematic review has been published. 

The aim of our study was to perform a systematic review and meta-analysis of observational 
studies (OS) and randomized controlled trials (RCTs) to examine the association between 
HbA1c and the appearance and progression of diabetic retinopathy (DR) in T1DM.

Methods
Relevant articles were identiÞ ed by means of a systematic literature search conducted in two 
electronic medical databases (MEDLINE and The Cochrane Library) to identify all papers re-
porting HbA1c level and DR. A very sensitive search strategy was applied, using more than 100 
terms grouped in 3 categories: population (i.e. diabetes mellitus, IDDM, etc), surrogate (i.e. glyca-
ted haemoglobin, HbA1c) and clinically important outcome (i.e. retinopathy). The date of the last 
search was June 2007.

Observational studies and randomized controlled trials (RCTs) that reported HbA1c level in T1DM 
patients were included. Estimates were made of the adjusted relative risk (RR) of complications 
for an increase in HbA1c by 1 percentage point (pp). Where necessary, results of the included 
trials were converted accordingly. The parameter thus calculated reß ects how many times the risk 
increases with the HbA1c level increasing by 1 pp. If available data were not sufÞ cient to calcula-
te the RR, the odds ratio (OR) was estimated instead. Weighted mean differences (WMD) in the 
HbA1c level (mean value during the observation period) between the case group (i.e. with DR) 
and the control group (i.e. without DR) were also calculated.
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Results
We identiÞ ed 16 trials that fulÞ lled the inclusion criteria, involving a total of 4,176 patients. 

Results from randomized controlled trials
Based on four RCTs (n=1597), pooled RR for progression of DR was calculated as 1.24 (95%CI: 1.01-1.52; 
p=0.039) for an increase in HbA1c of 1%. This correlation was statistically signiÞ cant (Fig. 1). 

In one study it was shown that an increase in the HbA1c level by 1 pp was associated with an increased HR for 
progression of DR from non-proliferative to proliferative (HR=1.49 [95%CI: 1.14; 1.96])

One RCT included data on visual deterioration and macular oedema; the analysis demonstrated that an 
increase in the HbA1c level by 1 pp increased the risk of both macular oedema (RR=1.81 [95%CI: 1.17�2.81]; 
p=0.008) and visual deterioration (OR=2.2 [95%CI: 1.2�3.9]; p=0.001).

Results from observational studies
Pooled data from four observational studies (n=910) showed that RR of the incidence of DR was 1.59 
(95%CI: 1.34�1.89; p<0.0001) for an increase in the HbA1c level by 1 pp (Fig. 2). 

Meta-analysis of the results of eight observational studies (Fig. 3) indicated that the weighted mean difference in 
the HbA1c level in the group of patients with DR was higher than that in the group without DR (WMD = 0.82 
[95%CI: 0.69; 0.96]).

Meta-analysis of the results of the Þ ve observational studies (Fig. 4) indicated that the weighted mean differen-
ce in the HbA1c level in the group of patients with progression of DR was higher than that in the group without 
progression of DR (WMD= 1.05 [95%CI [0.37; 1.72]).

Conclusions
The results of RCTs indicate a statistically signiÞ cant correlation between increa-
sing HbA1c level and rising risk of progression of DR, progression from non-proli-
ferative to proliferative DR, or deterioration of visual acuity. 

The results of observational studies also indicate a statistically signiÞ cant correla-
tion between increasing HbA1c level and rising risk of DR in T1DM.

The results of observational study showed that the HbA1c level was higher in pa-
tients with DR than in patients without DR.

Our systematic review indicate a strong correlation between the HbA1c le-
vel and occurrence and progression of DR in T1DM. Thus, the level of HbA1c 
may be considered an excellent surrogate endpoint for DR in T1DM.
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Summary
Aims: We performed a systematic review and meta-analysis to examine the association be-
tween HbA1c and the appearance and progression of diabetic retinopathy (DR) in T1DM.

Materials and methods: The two electronic medical databases (MEDLINE, CENTRAL) were 
searched to identify all papers reporting HbA1c level and retinopathy in T1DM. Observational 
and randomized, controlled trials (RCTs) with at least 1 year of follow-up were included. Esti-
mates were made of the adjusted relative risk (RR) of complications for an increase in HbA1c 
of 1%. If available data were insufÞ cient to calculate RR, the odds ratio (OR) was estimated. 
Weighted mean differences (WMD) in HbA1c level  between the case group (i.e. with DR) and 
the control group (i.e. without DR) were also calculated. 

Results: We identiÞ ed 16 trials (4176 patients) that fulÞ lled the inclusion criteria. Based on four 
RCTs (n=1597), pooled RR for progression of DR was calculated as 1.24 (95%CI:1.01�1.52) 
for an increase in HbA1c of 1%. Pooled data from four observational studies (n=910) showed 
that RR of the incidence of DR was 1.59 (CI:1.34�1.89) for HbA1c increase of 1%. A meta-
analysis of eight observational studies (n=1171) demonstrated a lower HbA1c level in pa-
tients without DR compared with patients with DR (WMD=0.82 [CI:0.69�0.96]). In addition, 
a meta-analysis of Þ ve observational studies revealed that mean HbA1c values were signiÞ -
cantly lower in the group without progression of DR relative to the group with DR (WMD=1.05 
[CI:0.37�1.72]). One RCT included data on visual deterioration and macular oedema; analysis 
demonstrated that an increase in HbA1c level of 1% increased the risk of both macular oe-
dema (RR=1.81 [CI:1.17�2.81]) and visual deterioration (OR=2.2 [CI:1.2�3.9]).

Conclusion: The results of our systematic review indicate a strong correlation between HbA1c 
level and appearance and progression of DR in T1DM. Thus, HbA1c may be considered 
an excellent surrogate endpoint for DR in T1DM.


