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ABSTRACT

Diabetes complicates a significant proportion of pregnancies, with gestational diabetes mellitus (GDM) posing a considerable 
health concern. While the incidence of GDM is rising, its implications extend beyond pregnancy, affecting both maternal 
and fetal health. Notably, diabetic retinopathy (DR) presents a substantial risk, particularly in women with pre-existing 
diabetes. However, there remains a dearth of data on retinal vascular changes in pregnant women with GDM managed with 
medication, particularly in the South Indian population. This study aims to address this gap by evaluating retinal vascular 
changes in pregnant women with GDM managed with medication, focusing specifically on GDM type A2. We conducted a 
comprehensive assessment of retinopathy prevalence and associated factors in this population, employing various imaging 
modalities including fundus photography, optical coherence tomography angiography and Doppler sonography.
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of GDM is on the rise because of higher rates of obesity 
in the population and more pregnancies occurring in 
older women.3

Metabolic and cardiovascular complications of hyper
glycemia during  pregnancy  for mother and child are 
now generally recognized with major implications 
for public health. Women with GDM are not only at 
risk of short-term pregnancy adverse effects such as 
pre-eclampsia, but they also have increased long-term 
risk of obesity, dyslipidemia and T2DM. Women with 
history of GDM are at 10 times higher risk of developing 
T2DM in the 1 year after delivery.4 Defects in insulin 
secretory response and decreased insulin sensitivity, 
have been observed in GDM mothers similar to that of 
T2DM which is a major risk factor for cardiovascular 
disease (CVD), perhaps through endothelial and small 
vessel dysfunction.5

Diabetic retinopathy (DR) is a microvascular compli
cation and is the leading cause of blindness in women 
during childbearing years.6 The prevalence of DR in 
early pregnancy in T2DM is approximately 14% and for 
T1DM, the estimates range from 43% to 56%.7,8

Chronic hyperglycemia in overt diabetes leads to vaso
constriction, which reduces the blood flow and increases 
tissue hypoxia. In pregnancy, the pregnant state itself is 
a risk factor for progression in addition to duration of 

Diabetes in pregnancy, gestational diabetes or 
pre-existing diabetes, complicates up to 5% of 
all pregnancies.1 Gestational diabetes mellitus 

(GDM) is defined as any degree of glucose intolerance 
developing or first detected during pregnancy.2 GDM 
can be classified as GDMA1 and GDMA2 by White’s 
classification system. Gestational diabetes managed 
without medication and that is responsive to medical 
nutritional therapy is diet-controlled gestational diabetes 
or GDMA1. On the other hand, gestational diabetes 
managed with medication is GDMA2. 

Out of all pregnant women with diabetes, 87.5% have 
GDM, 7.5% have type 1 diabetes mellitus (T1DM) and 
5% have type 2 diabetes mellitus (T2DM).1 The incidence 
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diabetes, severity of retinopathy at conception, glycemic 
control, anemia and coexisting hypertension.6

As the glucose intolerance in GDM in most cases is 
transient, these women are not generally at risk of 
developing DR in pregnancy. However, some women 
with GDM have undiagnosed T2DM; this subgroup 
may develop DR during or following pregnancy. 
Retinal vascular imaging is a noninvasive tool to study 
the small vessel dysfunction in overt diabetes. 

Due to lack of data on fundus changes in women 
with GDM, a few studies9-15 over the last decade have 
attempted to assess the fundus in women with GDM 
during pregnancy as well as postpartum using different 
modalities. 

A wide range of retinal vascular changes have been 
described in GDM women in these studies.9-15 Arterial 
changes such as narrower arteriolar caliber, reduced 
fractal dimension and larger arteriolar branching angle 
have been observed. Changes in veins seen were decreased 
venular caliber and fractal dimension.9 In contrast, 
another study showed retinal venular widening in 
GDM mothers to be associated with 5-year metabolic 
syndrome.12 Hence, there is no clarity about which 
venular changes are actually associated with GDM on 
digital retinal photograph images.

Advanced imaging techniques like optical coherence 
tomography angiography (OCT-A) have shown redu
ction in vascular density in superficial capillary layer 
and increase in density in deep capillary layer in 
pregnant women including mothers with GDM.10 
Doppler sonography has also been used, which found 
a decreased velocity in central retinal artery and ciliary 
artery in GDM women.11

On the other hand, a cross-sectional study conducted in 
UK, studied retina using fundus photographs in GDM 
women, who were on both diet and insulin and found 
only 2 patients (1.3%) with a single microaneurysm, 
thereby questioning the utility of routine retinal 
screening.15 There is a paucity of data regarding changes 
in  the maternal retinal vasculature during pregnancy 
specifically in women with GDMA2. This is the first 
study in South Indian population to evaluate retinal 
vascular changes and contributing factors in pregnant 
women with diabetes mellitus with specific focus on 
GDMA2.

The primary objective of the study was to estimate the 
proportion of retinopathy in pregnant women with 
GDMA2. The secondary objective was to assess the 
factors contributing to retinopathy in pregnant women 
with GDMA2.

MATERIALS AND METHODS

Sampling Population

Pregnant women with GDMA2 were recruited from 
the antenatal OPD or antenatal ward of Women and 
Children Hospital, JIPMER, Pondicherry, India

Sample Size Calculation

Sample size was calculated using OpenEpi software 
version 3.1. The expected proportion of pregnant 
women with DR in T2DM is 14% and GDM is 1.3%.15 

Assuming the proportion of DR in GDMA2 to be 10%, 
with absolute precision of 3.5% and confidence level of 
90%, the minimum required sample size was 196.

Parameters Assessed

Primary outcome

	Â Proportion having retinopathy
	Â Grade of retinopathy

Secondary outcome

	Â Factors contributing to retinopathy

Statistical Analysis

Continuous variables (age, body mass index [BMI], 
glucose tolerance test [GTT] values, fasting blood 
glucose [FBG]/postprandial blood glucose [PPBG]) were 
analyzed by mean (± SD) or median (IQR) depending 
on the normality of data. Categorical values (parity, 
education, socioeconomic status, gestational age at 
diagnosis of GDM, coexisting medical disorders, anti
diabetic drugs) were calculated as proportion. 

The primary outcome variables (proportion of retinopathy 
and grade of retinopathy) were calculated as proportion 
along with 95% confidence interval. Contributing factors 
for retinopathy were assessed using Chi-square test (for 
categorical variables) and Students t-test (for continuous 
variables). P value <0.05 was taken as statistically 
significant.

RESULTS

Baseline Characteristics

Age

The age distribution of the study population is shown 
in Table 1 and Figure 1.

The mean age of the study population was 27 ± 3.97 
years.
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Educational status

The educational status of the study participants is given 
below in Table 2 and Figure 2.

Majority of the study population had completed gradua
tion (48.48%) followed by higher secondary schooling 
(33.16%).

Socioeconomic status

The socioeconomic status of the participants in the 
study is described in Table 3 and Figure 3.

Most of the women belonged to low socioeconomic 
status, mainly lower middle class (66.33%).

BMI

BMI status of the study participants is shown in Table 4 
and Figure 4.

Among the study participants, 60.2% of the women 
were overweight and 36.23% had obesity.

Obstetric Characteristics

Parity

The parity of the participants in the study is depicted in 
Table 5 and Figure 5.

There was equal distribution of primiparous and multi
parous women amongst the study population.

Table 1. Age Distribution

Age (years) n = 196 Percentage (%)

19-34 190 96.94

≥35 6 3.06

Figure 1. Age distribution.
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Table 2. Educational Status

Educational status n = 196 Percentage (%)

Primary 2 1.02

High school 19 9.69

Higher secondary 65 33.16

Graduate 95 48.48

Professional 15 7.65

Table 3. Socioeconomic Status

Socioeconomic status n = 196 Percentage (%)

Upper 0 0

Upper middle 39 19.97

Lower middle 130 66.33

Upper lower 27 13.70

Lower 0 0

Figure 2. Educational status.

Pe
rc

en
ta

ge
 (%

)

0

20

40

60

80

Educational status

Primary High 
school

Higher 
secondary

Graduate Professional

1.02
7.65

48.48

9.69

33.16

Coexisting medical disorders

Coexisting medical disorders in pregnancy among the 
study participants are depicted in Table 6.

About 20.41% of women had other medical disorders, 
mainly hypertension and CVD.

GDM Characteristics

Gestational age at diagnosis of GDM

The distribution of study participants based on gesta
tional age at the time of testing 75 g GTT is given in 
Table 7 and Figure 6.
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Figure 3. Socioeconomic status.
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Figure 5. Distribution of parity.
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Figure 4. BMI distribution.
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Table 4. BMI Distribution

BMI category n = 196 Percentage (%)

Normal (18.5- 24.9 kg/m2) 7 3.57

Overweight (25-29.9 kg/m2) 118 60.20

Obese (≥30 kg/m2) 71 36.23

Table 5. Distribution of Parity

Parity n = 196 Percentage (%)

Primiparous 91 46.43

Multiparous 105 53.57

Table 6. Coexisting Medical Disorders in Pregnancy

Medical disorder n = 196 Percentage (%)

Hypertensive disorder of 
pregnancy (HDP)

26 13.27

Cardiovascular disease (CVD) 14 7.14

Eye disease 0 0

Renal disorders 0 0

Table 7. Gestational Age at Diagnosis of GDM

Gestational age (weeks) n = 196 Percentage (%)

20-23+6 107 54.49

24-28 80 40.82

>28 weeks 9 4.69

Figure 6. Gestational age at diagnosis of GDM.
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Half of the participants, 54.49% had their 75-g GTT 
performed at 20-23+6 weeks of gestation, followed by 
40.82% who had GTT between 24-28 weeks and another 
9 women had GTT after 28 weeks.

GTT values

Distribution of study participants based on the number 
of abnormal 75 g GTT values is showed in Table 8.

About 2.55% of the patients had one abnormal value, 
27.03% had two abnormal values and 70.40% had all 
three values abnormal on 75 g GTT.

Antidiabetic drugs

The distribution of different antidiabetic drugs use among 
study participants is given in Table 9 and Figure 7.

Approximately two-thirds of the women were on 
metformin therapy in addition to diet and exercise; 
one-third were on insulin and only 2 patients required 
combination of insulin and metformin.

Blood sugar profile

Fasting and postprandial blood glucose values are 
summarized in Tables 10 and 11, respectively.

Around 61% to 63% of study participants had   their 
blood sugar levels within normal range with medi
cation, diet and exercise at the time of fundus 
examination.

Table 8. Distribution of Abnormal GTT Values

Blood glucose n = 196 Percentage (%)

One abnormal value
Fasting
1 hour
2 hour

2
1
2

1.02
0.51
1.02

Two abnormal values
Fasting & 1st hour
Fasting & 2nd hour
1st & 2nd hour
Three abnormal values

8
9

36
138

4.08
4.59

18.36
70.40

Table 9. Distribution of Antidiabetic Drugs

Antidiabetic drugs n = 196 Percentage (%)

Insulin 56 28.70

Metformin 138 70.00

Insulin and metformin 2 1.30

Figure 7. Distribution of antidiabetic drugs.
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Figure 8. Proportion of diabetic retinopathy.
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Table 10. Fasting Blood Glucose

Fasting blood glucose (mg/dL) n = 196 Percentage (%)

<95 124 63.27

≥95 72 36.73

Table 11. Postprandial (2-hour) Blood Glucose

Postprandial blood glucose 
(2‑hour) (mg/dL)

n = 196 Percentage (%)

<120 120 61.22

≥120 76 38.78

Retinal Vascular Changes in Pregnant Women 
with GDMA2

The proportion and grade of DR are shown in Figure 8 
and Table 12, respectively.
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Figure 9. Dot-blot hemorrhages (black arrow).

Figure 11. Evidence of microaneurysm (green arrow).

Figure 12. Hard exudates (green arrow) along with micro
aneurysms (black arrow) over entire retina.

Figure 13. Microaneurysm (green arrow) at 10 O'clock 
position to foveal reflex.

Figure 10. Multiple microaneurysms (green arrows) at 
7 O'clock and 11 O'clock positions.

Table 12. Grade of Diabetic Retinopathy

Grade of DR n Percentage (%)

Stage 2 DR 5 2.55

Proportion of retinopathy

Five women (2.5%) with GDMA2 had DR.

Grade of retinopathy 

All the 5 women with DR had mild nonprolifera
tive diabetic retinopathy (NPDR) changes and the 
fundoscopy images in these women are shown in 
Figures 9-13.

Other Retinal Vascular Changes

One patient, who had coexisting hypertension along 
with GDMA2, had Grade 1 hypertensive retinopathy 
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(Keith and Wagner classification) on fundus examination, 
but no DR changes were observed.

Factors Contributing to Retinal Vascular Changes 
in Pregnant Women with GDMA2

Factors contributing to retinal vascular changes are 
shown in Table 13 and Table 14.

There was equal distribution of DR across all age 
groups. All the cases of DR were found in women with 
obesity and multiparous women. Significant association 
was found with respect to parity. One patient with 
coexisting hypertensive disease had DR changes. 

Three women who developed DR were diagnosed 
with abnormal GTT at 24-28 weeks of gestation. Out of 
138 women who had all three abnormal values, 4 had 
developed DR and 1 woman with 2 abnormal values 
had DR. Three cases of DR were seen in women who 
were on insulin and 2 cases were reported in women 

Table 13. Baseline and Obstetric Factors Contributing 
to Retinal Vascular Changes

Characteristics Frequency P value

Age category (years)

19-34 No DR
DR

178
3

0.76

≥35 No DR
DR

13
2

BMI

Overweight No DR 7 0.663

DR 0

Obese No DR 184

DR 5

Coexisting medical disorders

HDP No DR 25 0.653

DR 1

CVD No DR 14 0.53

DR 0

Parity

Nulliparous No DR 91 0.744

DR 0

Multiparous No DR 100 0.034

DR 5

Table 14. GDM Factors Contributing to Retinal Vascular 
Changes

Factors Frequency P value

Gestational age at diagnosis of GDM (weeks)

20-23+6 No DR 106 0.65

DR 1

24-28 No DR 77 0.88

DR 3

>28 No DR 8 0.66

DR 1

GTT values
One abnormal value

Fasting No DR 2 0.23

DR 0

1st hour No DR 1 0.36

DR 0

2nd hour No DR 2 0.27

DR 0

Two abnormal values

Fasting and1st hour No DR 8 0.56

DR 0

Fasting and 2nd hour No DR 9 0.26

DR 0

1st and 2nd hour No DR 35 0.38

DR 1

Three abnormal 
values

No DR 134 0.30

DR 4

Antidiabetic drugs 

Insulin No DR 53 0.295

DR 3

Metformin No DR 134

DR 2

Insulin + Metformin No DR 2

DR 0

Blood glucose profile (mg/dL)

Fasting glucose ≥95 No DR 71 0.43

DR 1

Postprandial glucose 
(2-hour) ≥120

No DR 73 0.32

DR 3
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on metformin. No cases of DR were observed in women 
who were on both insulin and metformin. Three cases 
of DR were reported in women with uncontrolled 
postprandial blood sugar compared to one case of DR 
with uncontrolled fasting blood sugar.

DISCUSSION

Gestational diabetes mellitus with its onset or first 
recognition during pregnancy is one of the most 
common pregnancy complications. The prevalence of 
GDM has considerably increased all over the globe 
across several racial and ethnic groups. It has been 
observed that Asian women are at a relatively higher 
risk of developing GDM even at low BMI cut-offs. We, 
at a tertiary care center, studied the primary outcomes 
of proportion and grade of retinopathy in 196 women 
with GDMA2, and secondary outcome related to the 
factors contributing to the development of diabetic 
retinopathy.

Primary Outcomes

Proportion and grade of retinopathy

In our study population, 2.5% of our study participants 
had mild NPDR on dilated fundus examination. This 
is similar to a UK based study15 done in 222 women 
with GDM, which found a prevalence of 1.3% on fundal 
imaging. However, the participants of this study differed 
from ours as the 61 women (27.47%) included in their 
study had GDMA1. Although only microaneurysms 
were observed in the index study, other changes have 
been observed in women with GDM in other studies.

Retinal assessment by fundoscopic examination carried 
out in 88 women with GDM at 26-28 weeks of gestation 
has shown arteriolar changes, such as narrow caliber, 
decreased fractal dimension and larger branching angle 
when compared to non-GDM group suggesting that 
small vessel dysfunction might be caused by transient 
hyperglycemia during pregnancy.9 Specifically, larger 
branching angle present in diabetic women has been 
linked to atherosclerosis and endothelial damage.6

Preclinical changes of retinopathy have been observed 
using OCT-A10 including significant reduction of 
vascular density in superficial capillary layer, but an 
increased density in deep capillary layer in pregnant 
women compared to nonpregnant women. In spite of 
the similar changes in both GDM and non-GDM groups, 
capillary “dropout” changes in superficial capillary 
layer were found more in GDM group, but there were 
no other abnormal microvascular changes pertaining to 
DR. Also, central macular thinning and foveal avascular 

zone enlargement was found to be better in GDM 
mothers when compared to non-GDM mothers. 

Apart from fundus imaging and OCT-A, Doppler blood 
flow of retinal vessels can add further information 
about microvascular changes such as seen in a cross-
sectional study of 65 GDM women of which 10 were 
GDMA2 and 55 were GDMA1. It was observed that 
the GDMA2 group had significant reduction of flow 
velocity in central retinal artery and ciliary artery and 
higher resistance index in ciliary artery compared to 
GDMA1.11

However, whether these changes persist after pregnancy 
and their association with long-term risk of developing 
T2DM has not been well studied. Addressing this, a 
prospective cohort study found that second trimester 
retinal venular widening in digital retinal photographs 
was associated with a 9.2% incidence of 5-year metabolic 
syndrome in 142 mothers with GDM independent of 
the obesity status and maternal sugar control.12 Another 
study13 used fundus images to study the structure and 
function of retinal vessels in 127 women with history of 
GDM at a 5-year follow-up visit. When compared to non-
GDM group, they found a reduction in retinal venular 
dilation in GDM group. This was more significant in 
women with recurrent GDM than in women who had 
history of single episode of GDM. A population-based 
cohort study observed 9,888 women with history of 
GDM and found more ophthalmic morbidities such as 
glaucoma, DR and retinal detachment in a mean follow 
up of 12 years.14

Other retinal vascular changes seen in our study 
was Grade 1 hypertensive retinopathy in a woman 
with GDMA2 on insulin with coexisting gestational 
hypertension although there were no DR changes.

Secondary Outcomes

Factors contributing to retinal vascular changes

Baseline factors

The mean age of our study population was 27 years, 
which is lesser than the participants in other studies9,10,12,15 
in which mean age was above 30 years. The lesser age 
of our participants could be because of younger age at 
marriage in Indian population.

Almost half of our study population had completed 
graduation, which was similar to a study assessing the 
5-year incidence of metabolic syndrome in women with 
GDM.12 

However, another study showed a lower proportion of 
graduates (25%) in their study.9
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In our study, we had no patients belonging to the 
upper socioeconomic class and majority of the study 
population (66.33%) belonged to lower middle class. Two 
studies done in Singapore analyzed the socioeconomic 
status of their study population as a risk factor for 
retinal vascular changes in GDM women and found 
that 26% to 30% of them belonged to upper class.9,12 The 
significance of the socioeconomic status is that obesity 
is generally prevalent in upper class population, which 
in turn is a risk factor for diabetes. 

Majority of our study population (96%) were either 
overweight or obese in spite of belonging to lower 
middle class. This can be attributed to ethnicity of Indian 
population that predisposes to higher BMI despite low 
socioeconomic status. In two other studies,9,12 which 
analyzed BMI as a risk factor for retinal vascular changes; 
only about 4% of their population were overweight. 
Higher BMI has been associated with increase in 
the 5-year incidence of metabolic syndrome in GDM 
women.12 In contrast, the higher prevalence of obesity 
in our population was not significantly associated with 
retinal vascular changes.

Obstetric factors 

There was equal distribution of nulliparous and multi
parous women similar to one prospective cohort study.12 
Nevertheless, all cases of DR (n = 5) were found in 
multiparous women in our study, out of which, 3 had 
history of GDM in previous pregnancy, which suggests 
that recurrent GDM might be a major risk factor for 
development of DR. This finding of our study is consistent 
with a prospective cohort study done in Singapore,13 
which concluded that women with recurrent GDM had 
significant reduction in retinal venular vasodilatory 
response and lower retinal venular dilation (4.5%) when 
compared to a single episode of GDM. 

One-fifth of our study participants had coexisting 
medical disorders (HDP and CVD). No significant asso
ciation has been found with coexisting hypertension 
and GDM associated retinal vascular changes similar to 
other studies.9,10

GDM factors

In our study, 54% of the study population underwent 
the 75 g GTT between 20-24 weeks in contrast with 
all other studies where 75 g GTT was done later at 
27‑28 weeks.9,11,12,15 It is because of the current practice 
in India due to high prevalence of GDM to offer testing 
at 1st visit, 24-28 weeks and 32-34 weeks. There was no 
significant association of gestational age of diagnosis of 
GDM with DR.

We analyzed number of abnormal GTT values in our 
study and found that two-thirds of women had all three 
values abnormal. We found there was no significant 
association between these values and the development 
of DR. Individual GTT values has not been mentioned 
in the aforementioned studies.9-15 However, higher 
FBG was proposed to be risk factor for development 
of 5-year metabolic syndrome in women with history 
of GDM.12 In our study, the 2 women who had only 
abnormal FBG did not develop DR, though the number 
is not high enough to draw a conclusion in this regard.

About 70.4% and 28.7% women in our study on metfor
min and insulin respectively had developed DR, while 
the 2 participants taking both metformin and insulin did 
not develop DR. There was no significant association 
between the treatment modality and the development 
of DR (p = 0.29). 

Around 62% of study participants had their blood sugar 
levels within normal range with medication, diet and 
exercise at the time of fundus examination in our study. 
There is no mention of blood sugar profile in the other 
studies except for one study,9 which found no association 
of FBG with retinal vascular changes. Overall, we 
found significant association between parity and DR, 
all 5 women with DR were multiparous (p = 0.034).  
However, there was no significant association between 
age, BMI, coexisting medical disorders, gestational age 
at diagnosis of GDM, number of abnormal GTT values, 
antidiabetic drugs, blood sugar control at fundus 
examination and DR in our study. Other studies have 
not examined the association of these risk factors with 
retinal vascular changes in women with GDM.9-15

CONCLUSION

This is the first study in South Indian population to 
evaluate retinal vascular changes and contributing 
factors in pregnant women with GDMA2 where there 
is lack of published data. Mild proliferative diabetic 
retinopathy was seen in 2.5% of pregnant women with 
gestational diabetes on treatment with either metformin 
or insulin but not on combination of metformin and 
insulin. One woman with gestational diabetes on insulin 
and coexisting gestational hypertension had Grade 1 
hypertensive retinopathy with no DR changes.

Multiparity was the only factor significantly contributing 
to DR. There was no association of age, BMI, 75-g GTT 
values and glycemic control with DR. Future prospective 
studies with larger sample size incorporating baseline 
and frequent assessments will help to understand better 
about the retinal vascular changes in pregnant women 
with GDMA2.
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■ ■ ■ ■

Smartwatch Therapy: A Boost for Depression Treatment

A Northeastern University study in the New England Journal of Medicine revealed the potential of wearable tech, 
like smartwatches, to monitor depression symptoms.

The study aimed to gauge if passive sensor data could anticipate shifts in depression severity or symptomatology. 
Experts stated that the study showed very individualized ways depression manifests in people.

Leveraging anonymized patient data from Massachusetts General Hospital, participants wore Empatica E3 
wristbands, tracking sleep, movement and heart rate variability.

Results showed shifts in sleep patterns, decreased physical activity and social withdrawal as potential indicators 
of depression. Additionally, clinicians could monitor text messaging app usage through the gathered data. While 
passive sensor data enhances information acquisition, it's stressed that clinical judgment remains essential.

Furthermore, the study emphasized how passive sensor data alleviates the need for extensive patient self-
reporting, streamlining symptom assessment and facilitating rapid evaluation of new patients' mental health 
status.

(Source: https://www.tribuneindia.com/news/health/smartwatch-may-help-boost-treatment-for-depression-593787)


