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Background and Objective: Diabetic retinopathy, a microvascular complication of dia-
betes mellitus, is one of the most important causes of visual loss in developed countries. Our 
objective is to evaluate the efficacy of intensive versus conventional glycemic control of type 
1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) patients in terms of 
ophthalmologic outcome, pathogenesis of the early worsening of diabetic retinopathy, risk 
factors for early worsening and diabetic retinopathy progression.
Methods: A literature search on publications concerning glycaemic control in diabetic 
retinopathy and management of newly diagnosed diabetes mellitus by intensive versus 
conventional glycaemic control.
Results: A total of 22 articles were reviewed after curation by the authors for relevance. 
Nineteen articles are randomized control trial, 2 articles are observational studies and 1 is 
clinical trial. Fifteen articles investigated the glycaemic control in T1DM-related diabetic 
retinopathy and 8 on T2DM-related diabetic retinopathy. The level of glycemia (in terms of 
HbA1c level) is significantly related to the diabetic retinopathy progression in both T1DM 
and T2DM. Intensive glycemic control was found to reduce the development of severe 
diabetic retinopathy, including severe non-proliferative diabetic retinopathy, neovasculariza-
tion, clinically significant macular edema and loss of vision. Early worsening of diabetic 
retinopathy commonly occurs during the first year of intensive treatment, especially those 
initially present with proliferative or severe non-proliferative retinopathy. However, most 
patients with early worsening can recover and their long-term ophthalmologic outcomes are 
better when compared to conventional glycemic control.
Conclusion: The current guideline on HbA1c level is considered sufficient for the mini-
mization of diabetic retinopathy progression. More frequent monitoring for early worsening 
should be recommended for newly diagnosed diabetes cases already presenting with 
retinopathy.
Keywords: diabetic retinopathy, insulin dependent diabetes mellitus, non insulin dependent 
diabetes mellitus, intense glycemic control, conventional glycemic control

Introduction
Diabetic retinopathy is a microvascular complication of diabetes mellitus, that can 
result in significant visual loss.1 The prevalence of diabetes mellitus has been 
increasing worldwide, and diabetic retinopathy is one of the leading causes of 
visual loss in various countries.1,2 Microvascular complications of diabetes mellitus 
include diabetic neuropathy, diabetic retinopathy and diabetic nephropathy.3–5 

Correlation between diabetic neuropathy and diabetic retinopathy is well known 
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in patients with type 1 diabetes mellitus (T1DM) and type 
2 diabetes mellitus (T2DM).6,7 T1DM Patients with the 
development of diabetic nephropathy were found to have 
a higher risk of diabetic retinopathy progression and the 
severity of diabetic retinopathy was predictive of diabetic 
nephropathy.7–9 For T2DM patients, diabetic nephropathy 
was found to have a unidirectional correlation with dia-
betic retinopathy.6,7

Diabetic retinopathy is the most frequent cause of pre-
ventable blindness in adults.2 40% of patients with 
T1DMand 86% of patients with T2DM are estimated to 
develop diabetic retinopathy in the USA.2 The Wisconsin 
Epidemiologic Study of Diabetic Retinopathy has sug-
gested that the prevalence of diabetic retinopathy in 
patients diagnosed diabetes mellitus at 30 years old or 
older ranged from 28.8% (diagnosed less than five years) 
to 77.8% (diagnosed for 15 years or above)10 Various 
studies have shown that the control of blood glucose 
level can prevent the development of diabetic retinopathy, 
suggesting that hyperglycaemia is a major risk factor for 
the development of diabetic retinopathy.1,11

The comparison between intensive and conventional 
glycemic control in the reduction of diabetes complica-
tions is always an important topic in the field of diabetes 
treatments. However, the definition of intensive and con-
ventional glycemic control varies among different guide-
lines and clinical trials. Diabetes Control and 
Complications Trial (DCCT) defined intensive and con-
ventional therapy according to the quantity of insulin 
injection given,12 whereas Veterans Affairs Diabetes 
Trial (VADT) focused on the dose of oral antihypergly-
cemics administered.13 The definition in Action to 
Control Cardiovascular Risk in Diabetes (ACCORD) 
was based on target HbA1c level, with target HbA1c 
<6% and 7.0–7.9% in intensively and conventionally 
treated groups, respectively.14 In general, intensive gly-
cemic control refers to the use of insulin/oral antihyper-
glycemics to achieve a lower glycemic level (HbA1c 
<6.5% or <7%),15,16 whereas conventional glycemic con-
trol typically utilizes less diabetic medication with a less 
stringent requirement on target glycemic level. This 
review aims to summarize and compare the efficacy of 
intensive therapy versus conventional therapy in the man-
agement of T1DM and T2DM patients in terms of 
ophthalmologic outcome. This review also tries to under-
stand more about several phenomena related to intensive 
glycemic control and diabetic retinopathy, including the 
pathogenesis of early rapid development of diabetic 

retinopathy, the metabolic memory of intensive glycaemic 
control, and the risk factors for diabetic retinopathy pro-
gression. By using the results of this review, we hope to 
provide some insights on the current treatment of newly 
diagnosed diabetes mellitus to optimize the ophthalmolo-
gic outcomes.

Methods
Eligibility Criteria
Clinical studies published between January 1 1975 and 
December 31 2019, in English language, comparing the 
retinopathy-related outcomes (including retinopathy inci-
dence, progression, development of severe non- 
proliferative diabetic retinopathy, proliferative diabetic 
retinopathy, need for diabetic-related ocular surgery, or 
vision loss) between intensive and standard glycemic con-
trol were included. The study samples were general popu-
lations with insulin-dependent or non-insulin-dependent 
diabetes. Baseline glycaemic control and severity of reti-
nopathy were stated.

Information Sources
The literature search was performed on PubMed by two of 
the authors (PYL and SCC) on 25 March 2020.

Search Strategy
Search terms used were “diabetic control”, “diabetes con-
trol”, “control of diabetes”, “glycaemic control”, “glyce-
mic control” and “diabetic retinopathy”. The search was 
limited to human and English studies.

Study Selection
A total of 7982 articles were yielded with the aforemen-
tioned search strategy. Figure 1 describes the selection 
process for identified studies. Two authors (PYL and 
SCC) then selected the papers. Papers were screened for 
eligibility by title and, if necessary, by examining the 
abstract. Only randomized controlled trials, prospective 
studies, or observational studies were included. Case 
reports, expert opinions, or case series were all excluded. 
Full text of one of the included articles was not available 
for purchase.17 As important study data were missing, we 
decided to exclude this paper from our review.

Data Analysis
The following information was extracted from the 
selected articles independently by the two 
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authors: year of publication, study type, sample size, 
interventions used, study arms, study duration, ocular 
efficacy outcomes, overall findings, risks of bias and 
participant characteristics (diabetes type, baseline reti-
nopathy status).

Results
A total of 22 articles were reviewed after manual cura-
tion, with 19 randomised controlled trials 
(RCTs),12,13,18–34 2 observational studies35,36 and 1 clin-
ical trial37 (Table 1). There were 15 articles which 

Figure 1 PRISMA chart, curation process for studies identified.  Notes: PRISMA figure adapted from Liberati A, Altman D, Tetzlaff J, et al. The PRISMA statement for 
reporting systematic reviews and meta-analyses of studies that evaluate health care interventions: explanation and elaboration. Journal of clinical epidemiology. 2009;62(10). 
Creative Commons.52
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investigated the glycaemic control in T1DM-related dia-
betic retinopathy,12,18–23,25,26,28–33 and 8 on T2DM- 
related diabetic retinopathy.1,13,24,33–37

Nine studies investigated the ophthalmologic efficacy 
in T1DM patients receiving either intensive treatment or 
conventional treatment,12,18–21,26,28,30,31 3 studies investi-
gated on T2DM patients receiving either intensive treat-
ment or conventional treatment.1,24,34 One study 
investigated the risk factors for early worsening of diabetic 
retinopathy21 and 8 studies investigated the risk factors for 
diabetic retinopathy progression.1,13,19,22,23,28,32,33

Ophthalmologic Outcomes in Intensive 
Treatment versus Conventional 
Treatment of Type 1 Diabetes Mellitus
A total of 9 studies investigated the efficacy in managing 
T1DM patients with intensive treatment or conventional treat-
ment in terms of ophthalmologic outcomes.12,18–21,26,28,30,31

Progression of Diabetic Retinopathy in 
T1DM Patients with or without Baseline 
Retinopathy Receiving Intensive 
Treatment or Convention Treatment
Nine studies have demonstrated ophthalmological outcome 
of intensive treatment versus conventional treatment in insu-
lin-dependent diabetes mellitus.12,18–21,26,28,30,31 All studies 
suggested that intensive therapy has a beneficial effect in 
long-term management of diabetic retinopathy when com-
pared with conventional therapy. Early worsening of diabetic 
retinopathy has been demonstrated in T1DM patients receiv-
ing intensive therapy; however, the short-term adverse effect 
is outweighed by the long-term benefits.

Five studies demonstrated the results based on the 
Diabetes Control and Complications Trial (DCCT study), 
with a total of 1441 participants.19–21,26,31 T1DM Patients 
were assigned to receive either conventional therapy or 
intensive therapy. Intensive treatment group received insu-
lin injection 3 times a day while conventional treatment 
group consisted of one or two daily injections. The pri-
mary prevention cohort studied patients without baseline 
retinopathy and a duration of diabetes of 1 to 5 years. The 
secondary prevention cohort studied patients with baseline 
of mild to moderate non-proliferative diabetic retinopathy 
and a duration of 1 to 15 years diabetes mellitus. The long- 
term effect of intensive therapy was shown to be more 

effective than conventional therapy in both prevention 
cohort.

DM patients receiving intensive therapy tend to have 
an early worsening of retinopathy. Two studies showed 
that in general, there were early worsening of retinopathy 
in the intensive therapy patients at the 6 and 12 month 
visits.19,21 In the primary prevention cohort of the DCCT 
study, intensive therapy showed a slightly higher mean of 
progression steps at one-year time (0.32 progression 
steps), when compared to that of the conventional therapy 
(0.24 progression steps). After one year, they started to 
have a beneficial effect.21 The risk of progression by 3 or 
more steps with regard to Early Treatment Diabetic 
Retinopathy Study (ETDRS) retinopathy severity scale 
was found to be five times lower in the intensive treatment 
group, compared with the conventional therapy group after 
3.5 years.21 Another study performed by the DCCT 
research group showed a similar trend in adolescent sub-
jects with type one diabetes mellitus.26

In the primary prevention cohort, the cumulative inci-
dence of retinopathy was similar in two groups until 3 
years.31 The estimated 5-year cumulative incidence rate in 
patients receiving intensive therapy was 50% less than 
those receiving conventional therapy.31 The estimated 
8.5 year cumulative incidence rate of progression of 
patients receiving conventional therapy was much higher 
than patients receiving intensive treatment (54.1% vs 
11.5%).19 The 9 year cumulative incidence rate was 
found to be 13% in the intensive treatment group and 
55% in the conventional treatment group.20 In the second-
ary prevention cohort, patients receiving intensive therapy 
showed a higher incidence of progression during the 
first year.31 After 3 years, the cumulative incidence rate 
in intensive therapy group became lower than the conven-
tional therapy group.31 The estimated 8.5 cumulative inci-
dence rate of progression showed a similar result as the 
primary prevention cohort, conventional treatment group 
had a higher rate than intensive treatment group. (49.2% 
vs 17.1%)19 The 9 year cumulative incidence rate was 
found to be 56% in intensive treatment patient and 78% 
in those treated conventionally.20

White and Lachin demonstrated results based on the 
Epidemiology of Diabetes Interventions and 
Complications (EDIC) study, which is an observational 
study, recruited from 97% of patients who completed the 
DCCT study.28,30 By comparing the EDIC baseline with 
EDIC year 4, patients receiving intensive therapy had 71% 
odds reduction of prevalence of retinopathy when 
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compared with conventional therapy (6.6% vs 21.8%, 
respectively). The odds reduction comparing the two 
groups lowers to 50% after ten years (24.2% vs 40.8%, 
respectively).28 The cumulative incidence rate of progres-
sion in the intensive therapy was 70% lower than the 
conventional therapy group at the EDIC year 4 
(P<0.001).12

The study by Kroc Collaborative study group demon-
strated deterioration of mean retinopathy level in T1DM 
patients, baseline mild to moderate diabetic retinopathy, 
receiving intensified diabetic control in the first 8 months, 
when compared with conventional injection treatment.18 

The trend reversed after 8 months. Patients with intensified 
diabetic control had a significantly better mean retinopathy 
level when compared with the conventional group.

Development of Severe Non-Proliferative 
Diabetic Retinopathy in T1DM Patients 
with Intensive Therapy or Conventional 
Therapy
In general, T1DM patients treated with intensive therapy 
had a lower incidence rate of developing severe non- 
proliferative diabetic retinopathy, when compared with 
patients treated with conventional therapy.

Three studies investigated about the development of 
severe non-proliferative diabetic retinopathy based on the 
results of DCCT and EDIC clinical trial. Two studies 
presented data based on the DCCT.19,20 In the secondary 
intervention cohort, which included patients with mild or 
moderate diabetic retinopathy, it showed that the 9 year 
cumulative incidence rate of severe non-proliferative dia-
betic retinopathy (NPDR) was significantly lower with 
9.2% in the intensive therapy group and 26% in the con-
ventional treatment (P<0.001), an average risk reduction 
of 47%.19,20 For patients in the primary intervention 
cohort, the development of severe NPDR was too infre-
quent to compare. Only four cases in the conventional 
group and two cases in the intensive therapy group devel-
oped NPDR.19

In the EDIC trial, after 4 years, the prevalence of severe 
NPDR in patients receiving intensive therapy or conven-
tional therapy was found to be 4.6% and 17.4%, respectively 
(P<0.001).28 The adjusted odds reduction (intensive therapy 
compared with conventional therapy) was 68%. After 10 
years, the prevalence of severe NPDR was 9.1% in intensive 
therapy and 23% in conventional therapy (P<0.001). The 
adjusted off reduction was 58%.

Development of Neovascularization in 
T1DM Patients with Intensive Therapy or 
Conventional Therapy
IDDM patients treated with intensive therapy generally 
have a lower incidence rate of neovascularization in the 
retina when compared with those treated with conven-
tional therapy. In the DCCT trial, in the primary preven-
tion cohort, the nine-year incidence rate of developing 
neovascularization is significantly lower in patients treated 
with intensive therapy, when compared with patients 
receiving conventional treatment. (24% vs 8%) 
(P<0.02).19,20 The risk reduction was 48% in patients 
receiving intensive therapy.20 The number of patients 
developed neovascularization was too infrequent in the 
primary cohort for comparison between intensive therapy 
and conventional therapy group.19

The prevalence of proliferative diabetic retinopathy in 
the EDIC trial was found to be significantly lower in 
T1DM patients receiving intensive therapy (P,0.001) after 
4 years of the trial, when compared with patients receiving 
conventional therapy (4.3% vs 15.7%).28 The adjusted 
odds reduction was 65%. After 10 years, the prevalence 
was 8.9% in the intensive therapy group and 24.7% in the 
conventional therapy group, with 58% reduction.28

Development of Clinically Significant 
Macular Edema in T1DM Patients with 
Intensive Therapy or Conventional 
Therapy
Four studies demonstrated the development of clinically 
significant macular edema (CSME) in T1DM patients 
treated with either intensive therapy or conventional ther-
apy. The EDIC study suggested that the prevalence of 
CSME is significantly lower in the intensive treatment 
group, when compared with the conventional treatment 
group after 4 and 10 years of the trial.

Two studies based on the DCCT trial19,20 showed that 
the incidence rate curves in the two groups (intensive 
treatment group and conventional treatment group) 
increased rapidly within the first 5 years, reaching 12% 
in primary prevention cohort. After 5 years, the rate in the 
intensive treatment group decreased while the conven-
tional treatment remained the same. However, no signifi-
cant decrease in the 9 year cumulative incidence rate was 
found between the two groups (P=0.215).19,20 CSME is 
too infrequent for the comparison between two groups.
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In the EDIC study, the prevalence of CSME was sig-
nificantly lower in intensive therapy group, when com-
pared with conventional therapy group at 4 years and 10 
years after the start of the trial.28,30 The prevalence rate 
was 3.8% in patients who received intensive therapy and 
13.3% in patients who received conventional therapy after 
4 years. After 10 years, the prevalence was 9% in the 
intensive therapy group and 19% in the conventional ther-
apy group. The adjusted off reduction was 38% 
(P<0.009).30

Requirement of Diabetic Related Ocular 
Surgery in T1DM Patients with Intensive 
Therapy or Conventional Therapy
Panretinal photocoagulation is a type of laser treatment, recom-
mended for patients with high risk proliferative diabetic 
retinopathy.20 Study by Davis performed a life table analysis 
in T1DM patients, with 9 years of follow up, showing that 
about 7.9% subjects with intensive treatment and 30% subjects 
with conventional treatment would require at least one episode 
of laser treatment.20 The risk reduction in patients with inten-
sive therapy was found to be 59%.

Lachin showed that after the first 4 years of the EDIC 
study, only 1% of patients with intensive therapy group 
require laser therapy, which is much lower than the 6% 
patients with conventional therapy require laser therapy.30 

The adjusted odds reduction was 77%, comparing inten-
sive therapy group with conventional therapy group.30 

Another study, based on the DCCT/EDIC trial, showed 
that 8.9% of patients with intensive therapy and 13.4% of 
patients with conventional therapy performed diabetic 
related ocular operations (cataract extraction, vitrectomy, 
retinal detachment surgery), after a follow up of 23 years. 
A significantly lower rate was found in patients who 
received intensive therapy, when compared with conven-
tional therapy (P=0.001).22

These findings show that patients with intensive ther-
apy tend to require less diabetic-related ocular surgery, 
when compared with conventional therapy group.

Visual Loss in T1DM Patients with 
Intensive Therapy or Conventional 
Therapy
Three studies compared the visual acuity in patients with 
intensive therapy or conventional therapy.20,28,30 By com-
bining DCCT and EDIC, patients with best corrected 
visual acuity (BCVA) worse than 0.2 were observed in 

intensive therapy group and conventional therapy group 
(20 vs 21).20,38 Fourteen patients with BCVA worse than 
0.1 were found in the intensive therapy group and conven-
tional therapy group.20 After 10 years of EDIC follow up, 
only 4 former intensive therapy patients had a BCVA 
worse than 0.1 in 1 eye, none was so affected in both 
eyes.28,39 Only 1 of these 4 patients lost vision owing to 
diabetic retinopathy. One former conventional therapy 
group patient had a visual acuity worse than 0.1 in 1 eye 
at EDIC year 10 owing to proliferative diabetic retinopa-
thy (PDR). No significant difference is found in terms of 
the development of poor visual acuity when comparing the 
two treatment groups.

Ophthalmological Outcome in Intensive 
Treatment versus Conventional 
Treatment of Type 2 Diabetes Mellitus
A total of three studies investigated in the ophthalmologic 
outcome of the usage of intensive therapy or conventional 
therapy in the management of T2DM. Further studies are 
needed to investigate the efficacy of intensive therapy in 
T2DM patients.

Progression of Diabetic Retinopathy in 
T2DM Patients Receiving Intensive 
Treatment or Convention Treatment
Three studies investigated the progression of diabetic reti-
nopathy in T2DM patients. Results varied in the limited 
number of studies. A long-term benefit of intensive ther-
apy is demonstrated in the study by Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) study 
group, showing a lower prevalence of diabetic retinopathy 
in T2DM patients treated with intensive therapy.24 

However, the short-term effect of intensive therapy varied 
in the two studies performed by Pettitt and Emanuele.1,34

Study by Pettitt demonstrated that there was no signif-
icant difference in the progression of retinopathy between 
the intensive diabetes case management group and tradi-
tional conventional treatment group after two years of 
intervention in T2DM patients with or without baseline 
diabetic retinopathy.1 The odds ratio for progression was 
found to be −0.65 by comparing the two groups (P=0.226). 
However, by comparing patients without baseline retino-
pathy while receiving either intensive management or con-
ventional treatment, the former showed a significantly 
lower chance of progression of diabetic retinopathy after 
2 years (P=0.028).1 Emanuele defined progression of 
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retinopathy as two steps or more deterioration in retino-
pathy status. When considering patients without baseline 
retinopathy after 12 months of follow up, 18.5% of 
patients treated with standard therapy and 26.9% of 
patients treated with intensive therapy had worsened 
retinopathy.34 After two months, 20% of patients with 
standard therapy and 29.6% of patients treated with inten-
sive therapy had progression of retinopathy. No significant 
difference was found between the two treatment groups. In 
patients with baseline retinopathy, the prevalence was 
20.5% and 35.1% in standard and intensive therapy 
group, respectively, after 12 months. After two years, the 
prevalence of progression of retinopathy was 40.5% vs 
36.1%. No significant difference was found between the 
two groups.

For the long-term benefit, the ACCORD study showed 
that by comparing T2DM patients receiving either inten-
sive or standard glycemia therapy, patients with intensive 
glycaemia therapy have a significantly lower prevalence of 
development of diabetic retinopathy when compared with 
standard glycemia therapy group after 4 years of follow up 
(7.3% vs 10.4%) (P=0.003).24

Visual Loss in T2DM Patients with 
Intensive Therapy or Conventional 
Therapy
For the visual loss, ACCORD study group demonstrated 
that after 4 years of follow-up in patients with T2DM 
receiving either intensive therapy or standard therapy, 
23.8% of the intensive therapy group had moderate vision 
loss while 26.3% patients receiving standard glycemia 
therapy had moderate vision loss, approaching 
a significant difference (P=0.06).24

Emanuele demonstrated that 9% of patients in the 
standard group and 6.7% of patients in the intensive 
group developed unilateral or bilateral impairment after 2 
years of follow up.34

Development of Clinically Significant 
Macular Edema in T2DM Patients with 
Intensive Therapy or Conventional 
Therapy
Limited study has investigated the development of CSME 
in T2DM patients. Emanuele reported that a non- 
significant trend towards the development of macular 
edema in patients receiving standard therapy. In patients 

receiving intensive therapy, a non-significant decreasing 
trend is observed.34

Pathophysiology of Several Phenomena 
Associated with Intensive Glycemic Control
Early worsening of retinopathy has long been a unique 
phenomenon associated with intensive glycemic control, 
yet its pathogenesis still remains debatable Jingi gave 
a preliminary suggestion to the possible mechanism of 
early worsening.40 A significant reduction in HbA1c 
level lowers the intravascular osmotic pressure. This 
leads to a flow of water into the intravascular compart-
ment, with the retinal vessels being a susceptible region. 
A few other possible mechanisms of early worsening were 
mentioned in DCCT, including the reduction in nutrient 
substrate, increase in growth factors and weakened ability 
of the retinal circulation to autoregulate.21 Recent in vitro 
studies also shed light on the pathogenesis of early wor-
sening. Bain S.C. summarized numerous hypotheses, 
including the synergistic action of insulin and vascular 
endothelial growth factor (VEGF) on retinal vessels, the 
blood-retinal barrier breakdown theory and the VEGF 
upregulation theory.41 However, these hypotheses are all 
tentative and inconclusive.

As mentioned in the previous section, intensive glyce-
mic control was associated with at least 5-fold risk reduc-
tion in the long term.19 It was postulated that this 
significant risk reduction was related to patients’ better 
recovery from retinopathy if they are under intensive gly-
cemic control. For patients who experienced 3-step pro-
gression in DCCT, those in the intensive treatment group 
would have more frequent recovery when compared to the 
conventional treatment group. The importance of the 
recovery factor was highlighted in the subgroup with 
more advanced retinopathy (ETDRS level 43/43+). 
Judging from the cumulative incidence of 3-step retino-
pathy progression, this subgroup showed similar results 
regardless of which treatment arms they were in.20 

However, when considering the final retinopathy status 
of this subgroup, the proportion of patients with no retino-
pathy worsening was significantly lower with intensive 
therapy than with conventional treatment. This showed 
that recovery is an important factor in determining the 
final outcome of patients. Within the advanced retinopathy 
subgroup, despite having similar incidence of retinopathy 
progression with both treatments, the group with intensive 
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therapy was able to recover better, leading to a more 
favourable final retinopathy status.

Another interesting phenomenon was observed in the 
DCCT/EDIC study.12,28 After being allocated to one treat-
ment group (either intensive or conventional glucose con-
trol) for an average of 6.5 years in DCCT, even though 
they were allowed to freely switch treatments afterwards 
in EDIC, prolonged beneficial effects were demonstrated 
in the intensively treated group with continuous reduction 
in 3-step progression. This phenomenon was known as 
metabolic memory and could last for 10 years after 
DCCT. Metabolic memory existed in all microvascular 
complications of diabetes including retinopathy. The slow 
accumulation and degradation of advanced glycation end 
products (AGEs) may explain the concept of metabolic 
memory. Intensively treated patients were found to have 
had lower AGEs concentrations in skin collagen than 
patients in the conventional therapy group. Moreover, the 
AGEs concentrations in skin collagen continued to corre-
late with the subsequent incidence of retinopathy progres-
sion during the first 10 years of EDIC. However, the 
waning of the metabolic memory effect appeared starting 
from the fourth year of EDIC, possibly due to the clear-
ance of the long-lasting AGEs in the former conventional 
group and the accumulation of AGEs in the former inten-
sive treatment group, after patients were allowed to switch 
treatments freely.

The lower AGEs concentration after intensive therapy 
was also associated with reduced need for cataract surgery 
as suggested by Aiello.22 Cataractous lenses had 
a generally higher level of AGEs than normal lenses. 
Thus, intensive glycemic control may delay the pathogen-
esis of cataract via reduction in AGEs production.

Even though intensive therapy is effective in slowing 
down retinopathy progression, ophthalmologists should 
keep in mind that the retinopathic process can only be 
stopped or reversed by intensive therapy only after 
a considerable delay. The retinopathic process appeared 
to extend through the first 3 years of follow-up for severe 
NPDR or PDR and the first 5 years for macular edema.19 

Thus, only sustained intensive therapy can benefit patients, 
especially those with advanced retinopathy.

Risk Factors for Early Worsening
Although the early worsening of retinopathy can be largely 
mitigated by long-term intensive glycemic control, we 
would still like to explore the risk factors associated with 
early worsening. There have been beliefs that early 

worsening is caused by a sudden significant reduction in 
hyperglycemia. To be specific, the degree of HbA1c reduc-
tion can be assessed by either the magnitude or rapidity of 
reduction. DCCT suggested that the magnitude, but not the 
rapidity, of reduction to be associated with increased inci-
dence of early worsening. DCCT compared the retinopathy 
status of patients who achieved all reduction of HbA1c in 
3 months and those who achieved gradually within 6–9 
months.21 The incidences of early worsening were similar 
in both groups. Thus, HbA1c reduction across a longer 
interval was not associated with lower risk of early wor-
sening, when compared to a reduction across a shorter 
interval.

On the contrary, the screening level of HbA1c and the 
magnitude of reduction in the first six monthly HbA1c 
levels were among the most important predictors of early 
worsening.21 The magnitude of reduction at month 4–5 
demonstrated the most significant effect on risk of early 
worsening. For every unit reduction in mean HbA1c per-
centage at month 4–5, there is a 1.6-fold increase in the 
risk of any form of early worsening.21 The risk also 
increased with a longer duration of diabetes in both treat-
ment arms and decrease in women in the conventional 
therapy group. However, there is currently no specific 
guideline on the reasonable magnitude of reduction to 
avoid early worsening.

Risk Factors for Diabetic Retinopathy 
Progression
The level of glycemia is a well-recognized risk factor for 
diabetic retinopathy progression. Aiello, Pettitt, 
Brinchmann-Hansen O, Molyneaux, Service and Brein, 
White, ETDRS and Veterans Affairs Diabetes Trial 
(VADT) all attributed the reduction in HbA1c level as 
the single most important factor contributing to the 
decreased risk of retinopathy.1,13,22,23,28,32,33,36 In DCCT, 
the risk reduction (in terms of the reduced need for ocular 
surgery) after intensive treatment was completely elimi-
nated after adjustment for the HbA1c level, showing that 
a better glycemic control can largely explain the benefit of 
intensive therapy. In ETDRS, the beneficial effect of better 
glycemic control was found to extend across all ages, both 
diabetes types, and all retinopathy stages including the 
severe non-proliferative and early proliferative stages.33 

Service and Brien showed significant associations of all 
the seven measured glycemic parameters with sustained 
3-step retinopathy progression (p<0.01).32 In VADT, after 
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adjustment for all covariates, risk of progression of DR 
increased by 30% for each unit increase in baseline HbA1c 
(p = 0.0004).33 In the study by Molyneaux, for every 10% 
decrease in HbA1c, the relative risk of retinopathy devel-
opment diminished by 24%, about 2/3 of that reported for 
T1DM patients in DCCT.36 White even indicated a 1.9 
time risk increase for every 10% increase in HbA1c.28 

Furthermore, the study by Brinchmann-Hansen 
O. provided some hints on the target HbA1c to minimize 
retinopathy progression.23 HbA1c of over 10% was asso-
ciated with increased risk of progression to NPSDR or 
PDR (p=0.0014). In contrast, a mean value <8–7% was 
associated with a diminished risk.

Those studies also tried to assess the relation of other 
factors with retinopathy progression. ETDRS pointed out 
that the duration of diabetes appeared to be a less signifi-
cant determinant for retinopathy progression, especially 
when retinopathy was present initially.33 ETDRS also 
mentioned specific risk factors for the development of 
high-risk PDR, including baseline retinopathy, low visual 
acuity, higher HbA1c level, history of diabetic neuropathy, 
elevated triglycerides, low serum albumin and lower 
hematocrit.33 Henricsson pointed out that retinopathy pro-
gression was not associated with insulin growth factor-1 
(IGF-1) level, but instead associated with hematological 
parameters, such as a higher prothrombin fragment 1+2 
levels and factor VIII activity.35 Kilpatrick indicated that 
the occurrence and frequency of severe hypoglycemia was 
unrelated to the development of retinopathy.29 VADT 
found that pancreatic reserve capacity was inversely 
related to the incidence of retinopathy. Incidence reduced 
by 67.2% with each 1 pmol/mL increment in baseline 
C-peptide (p=0.0037).13 Age is also another risk factor 
pointed out by the same study, with the incidence of 
retinopathy greatest in those ≥70 years old (p=0.0043). 
On the contrary, the study by Brinchmann-Hansen 
O. claimed that age, urinary albumin excretion and blood 
pressure were not related to the incidence or progression 
of retinopathy.33 However, it is important to note that the 
study by Brinchmann-Hansen O. only had a sample size of 
45 patients and may not be representative.

The ACCORD Eye Study is a recent multicenter RCT on 
whether intensive glycemic/lipid/blood pressure control can 
reduce retinopathy progression. At 4 years, the rates of 3-step 
progression of diabetic retinopathy were 7.3% with intensive 
glycemic control, versus 10.4% with standard therapy (odds 
ratio: 0.67; p=0.003); 6.5% with fenofibrate and simvastatin 
for intensive lipid control, versus 10.2% with simvastatin 

only (odds ratio: 0.60; p=0.006); and 10.4% with intensive 
blood pressure control, versus 8.8% with standard therapy 
(odds ratio: 1.23; p=0.29).24 In other words, intensive glyce-
mic and lipid control, but not intensive blood pressure con-
trol, would result in better ocular outcomes for diabetic 
patients. The efficacy of fenofibrate in slowing retinopathy 
progression is also supplemented by Keech, which showed 
fenofibrate monotherapy significantly reduced the need for 
laser therapy for either macular edema or proliferative reti-
nopathy (p<0.001).42 The mechanism of action of fenofibrate 
in controlling retinopathy is mainly via the reduction of high 
triglyceride level, which is a risk factor for high-risk PDR as 
previously pointed out by ETDRS.33

Discussion
According to the latest Consensus Statement by the 
American Association of Clinical Endocrinologists and 
American College of Endocrinology in 2020 and 
the American Diabetes Association guidelines in 2020, 
the optimal diabetes control target would be an HbA1c 
level of ≤6.5%, given if it can be achieved in a safe and 
affordable manner.43 It was believed that HbA1c level of 
≤6.5% can reduce the lifetime risk of micro- and macro-
vascular complications in adults with recent T2DM onset 
and no clinically significant atherosclerotic cardiovascular 
disease (ASCVD).44,45 If a HbA1c target of ≤6.5% cannot 
be achieved, a level of 7% would be considered appro-
priate for most nonpregnant adults. The HbA1c target 
should be individualized and be less stringent according 
to numerous factors, such as advanced age, limited life 
expectancy, comorbidities (especially ASCVD), longer 
duration of diabetes and higher risk of hypoglycemia.

A stepwise approach should be implemented based on 
the level of hyperglycemia according to the current guide-
line. For patients with newly diagnosed T2DM or mild 
hyperglycemia (HbA1c <7.5%), lifestyle modification and 
antihyperglycemic monotherapy (preferably with metfor-
min) are recommended. Patients with an HbA1c >7.5% 
should be started initially on metformin plus another anti-
hyperglycemic agent apart from lifestyle modification. 
Symptomatic patients with A1C >9.0% would likely 
require insulin therapy for maximized relief and control.

The studies included in our review are consistent with 
the current guidelines on diabetes management that 
intensive therapy should be implemented to achieve an 
optimal HbA1c of 6.5%. The findings in DCCT strongly 
support the implementation of early intensive therapy for 
an extended period.30,31 It was expected that a prolonged 
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period of nearly normoglycemia can minimize the risk of 
complications in patients with T1DM. Risk reduction in 
the development of severe diabetic retinopathy, including 
severe non-proliferative diabetic retinopathy, neovascu-
larization, clinically significant macular edema and loss 
of vision, was observed in the intensively treated group. 
DCCT also advised ophthalmologists to closely monitor 
intensively treated patients’ retinopathy status for early 
worsening during the first year of treatment, especially 
those initially present with proliferative or severe non- 
proliferative retinopathy.19,21 Despite having an 
increased risk of early worsening with intensive therapy, 
many of these patients can recover from it. It is also 
important to note that apart from insulin used in DCCT, 
some other antihyperglycemic agents, such as semaglu-
tide (GLP-1 receptor agonist), may cause early worsen-
ing of diabetic retinopathy if used to reduce HbA1c 
intensively.46

Although DCCT only studied T1DM, the general princi-
ples of glycemic control can be applied to T2DM as both types 
of diabetes share a common pathogenic mechanism of hyper-
glycemia. Later studies on T2DM, such as VADT, ACCORD 
and Molyneaux, also showed that the level of glycemia sig-
nificantly affect retinopathy progression,13,24,36 and intensive 
therapy can reduce retinopathy progression in T2DM. In 
ACCORD Eye Study, keeping patients with a HbA1c <6.0% 
significantly reduced retinopathy progression, when compared 
to HbA1c of 7.0–7.9% in the standard treatment group. Hence, 
to optimize the ocular benefits, clinicians should adhere to the 
optimal target of 6.5%. Using a slightly higher target of 7% (the 
appropriate level as mentioned by American Diabetes 
Association 2020) may slightly worsen the retinopathic prog-
nosis. However, in view of increased hypoglycemic episodes 
associated with intensive glycemic control,47 the target of 
HbA1c<7% may be acceptable if the diabetic retinopathy 
progression is well controlled and the glycemic control is 
associated with fewer adverse effects. Regarding whether 
intensive therapy leads to early worsening in T2DM, two 
studies demonstrated contrasting results. Further study is 
needed to conclude on the short-term efficacy of intensive 
therapy and conventional therapy in T2DM patients. 
Moreover, only a limited number of studies have investigated 
the development of severe outcomes such as neovasculariza-
tion, CSME, and visual loss. Further study is needed to eval-
uate the likelihood of development of severe retinal outcome in 
the usage of intensive therapy versus conventional therapy in 
T2DM patients.

The United Kingdom Prospective Diabetes Study 
(UKPDS) has compared the outcome of T2DM patients 
who received intensive therapy (sulfonylurea or insulin or 
metformin) and patients who received conventional 
therapy.48 The conventional therapy is defined to be diet-
ary restriction, which is different from our study’s defini-
tion. The study showed that intensive treatment was 
associated with a reduction of microvascular complica-
tions. Study by Holman investigated the 10 years post 
UKPDS trial follow up and showed a continued reduction 
in microvascular risk in patients receiving intensive ther-
apy and the benefits of intensive therapy sustained for up 
to 10 years after the cessation of the treatment in the 
randomized trial.48 Extended effects of improved glycemic 
control are found in patients treated with intensive therapy. 
Similar results are also demonstrated by DCCT and EDIC, 
showing that intensive therapy received by T1DM patients 
had less microvascular complications development in 
long-term follow up. The concept of metabolic memory 
can explain the phenomenon. Recent studies have shown 
that metabolic memory may be related to oxidative stress, 
glycation of mitochondrial proteins, epigenetic changes 
and non-enzymatic glycation of proteins.49

The current management algorithm also advocated 
a multifaceted approach for T2DM control, including obe-
sity care, blood pressure and lipid control.43 Regarding 
lipid control, a subgroup of participants in the ACCORD 
Eye study investigated the progression of diabetic retino-
pathy at 4 years, showing that fenofibrate plus simvastatin 
can reduce the progression in patients with mild non pro-
liferative diabetic retinopathy, but have no effect in 
patients without diabetic retinopathy, moderate or severe 
non proliferative disease.50,51 For the FIELD study, feno-
fibrate was found to be able to lower the incidence of laser 
therapy for diabetic macular edema,42 however, this is not 
supported by ACCORD Eye study.24 The current AACE/ 
ACE consensus does not recommend the routine combined 
use of fibrate and statin. The beneficial effects of the use of 
fibrate in diabetic retinopathy need to be further studied to 
make the conclusion.14,43

Conclusion
This review analysed 22 articles concerning the ophthalmo-
logic outcomes of intensive versus standard glycemic control 
for newly diagnosed diabetes mellitus, with 19 of them being 
RCTs. The current guideline is considered adequate for the 
minimization of diabetic retinopathy progression. More fre-
quent monitoring for early worsening should be required for 
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newly diagnosed diabetes cases already presenting with reti-
nopathy, with clear evidence showing association between 
early worsening and intensive therapy in T1DM.
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diabetes mellitus; RCT, randomized controlled trial; DCCT, 
diabetes control and complications trial; ETDRS, early 
treatment diabetic retinopathy study; EDIC, epidemiology 
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non-proliferative diabetic retinopathy; CSME, clinically 
significant macular edema; BCVA, best corrected visual 
acuity; PDR, proliferative diabetic retinopathy; ACCORD, 
Action to Control Cardiovascular Risk in Diabetes; VEGF, 
vascular endothelial growth factor; AGE, advanced glyca-
tion end products; VADT, Veterans Affairs Diabetes Trial; 
ASCVD, atherosclerotic cardiovascular disease.
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