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Purpose: The purpose of this study was to assess contrast sensitivity and macular function 
test in prediabetes.
Methods: Participants aged 25–45 years with or without diabetes were enrolled and 
classified as normal, prediabetic, and diabetic based on their HbA1C values. They underwent 
a comprehensive eye examination, and those with diabetic retinopathy, cataract, glaucoma, 
and high myopia were excluded. Participants with best-corrected visual acuity of 0 logMAR 
were included. Contrast-sensitivity function (CSF) was measured using a Pelli–Robson chart, 
and photo stress–recovery time (PSRT) assessed using direct ophthalmoscopy for the 70 eli-
gible participants. Mean values were compared among the three groups.
Design: This was a cross-sectional observational study.
Results: In the 70 participants, mean CSF was 1.71±0.10, 1.64±0.11, and 1.61±0.08 log 
units in the normal, prediabetic, and diabetic groups, respectively (p<0.001). Similarly, PSRT 
was found to be 35.80 seconds, 41.63 seconds, and 47.77 seconds in the normal, prediabetic, 
and diabetic groups, respectively (p<0.001).
Conclusion: The data suggested that reduced CSF and delayed PSRT seen in subjects with 
prediabetes could give valuable clinical insight into early changes before diabetes and 
microvascular damage is incurred. A future study with a larger sample could help substanti-
ate the results.
Keywords: contrast-sensitivity function, prediabetes, diabetes, HbA1C, photo stress– 
recovery test

Background
The International Diabetes Federation estimated in their 2019 atlas that India had -
77 million adults aged 20–79 years with diabetes and that this number 
was estimated to grow to 134.2 million by 2045. Age-adjusted prevalence is 
estimated to be 8.8%.1,2 People with diabetes are known to develop systemic and 
ocular complications, and the onset of these complications is associated with 
prolonged disease.3,5 The prevalence of diabetes and prediabetes in India reported 
by the Indian Council of Medical Research INDIAB group in 2017 was 7.3% and 
10.3%, respectively.6

The Chennai Urban Rural Epidemiological Study showed that among those with 
prediabetes at baseline, 58.9% converted to diabetes over a mean follow-up of 9.1 
years, whereas among the normal individuals, 19.4% converted to diabetes during 
a follow-up of 10 years.7 Ganglion cell–layer changes and inner retinal neurons 
have been reported in studies in subjects with no clinical signs of retinopathy. 
Reduced contrast-sensitivity function (CSF) has also been reported in patients with 
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no diabetic retinopathy.8,9 The purpose of this study was to 
assess macular functional measures in subjects with pre-
diabetes. The study outcomes may help to further under-
standing of screening methods in early detection of 
diabetes in the prediabetic stage and in timely referral.10

Methods
This was a cross-sectional observational study to record and 
analyze macular functional assessment, namely CSF and 
photo stress–recovery time (PSRT) in those who had no 
diabetes, prediabetes, and diabetes. Subjects with or with-
out known diabetes aged 25–45 years were enrolled. Anjana 
et al7 included adults with a cutoff of 25 years of age, and 
found that the mean age of becoming diabetic was 40 years; 
therefore, the age-group 25–45 years was chosen in this 
study. Patients, attendees, and volunteers at the outpatient 
department of a tertiary eye-care hospital aged 25–45 years 
were randomly invited to participate. Sample size was cal-
culated based on the prevalence of diabetic retinopathy 
among prediabetics or the impaired fasting-glucose group 
reported as 7.9% (by the Diabetes Prevention Program 
group in 2007).11 The study obtained ethical approval 
from the Institutional Review Board of Lotus College of 
Optometry and was in accordance with the Declaration of 
Helsinki. After providing written informed consent, parti-
cipants underwent HbA1c testing using the Bayer A1CNow 
point-of-care device test (Bayer HealthCare, Sunnyvale, 
CA, USA).12

Individuals were classified as normal or prediabetic based 
on their HbA1C values. The definition to diagnose them was 
based on the guidelines provided by the American Diabetic 
Association of A1C values of 5.7%–6.4%. Those with known 
diabetes were classified as such by either self-report or 
HbA1C >6.5%. Following this, body-fat mass and body- 
mass index were assessed. Participants then underwent 
a comprehensive eye examination that included history, 
visual acuity assessment, refraction, slit-lamp examination, 
tonometry using pneumotonometry, and posterior-segment 
evaluation with 90 D lenses. Slit-lamp examinations and 
90 D tests were done by an ophthalmologist.

Those with diabetic retinopathy, cataracts that 
decreased visual acuity or equal to or worse than 
grade 1, glaucoma, myopia >6 DS and visual acuity poorer 
than 0.1 LogMAR (Snellen equivalent 20/25 or 6/7.5), and 
other ocular diseases were excluded from the study.11,13 

Participants underwent CSF assessment using a Pelli– 
Robson chart.14 Tests were performed in the low-vision 
clinic with standard room illumination with the 

recommended 1 m test distance for all subjects. 
Scores were recorded for all three optotypes identified by 
the participant with least contrast.

For measuring PSRT, the macular spot of a direct 
ophthalmoscope (professional model, Keeler, UK; 
adjusted to full intensity) was projected directly onto the 
macula for 30 seconds from a distance of 5 cm nasally, 
while the other eye was covered. After 30 seconds, the 
participant was instructed to read the Pelli–Robson chart. 
The time taken by the participant to reach baseline CS 
levels was noted. The procedure was repeated for the other 
eye. Data were then analyzed for both eyes and compared 
among the three groups.15,16

Statistical Analysis
Statistical analysis was done using the Statistical Package 
for Social Sciences (IBM SPSS Statistics for Windows, 
Verion 25.0, Armonk, NY, USA) SPSS to estimate mean-
s and SD. Continuous data were assessed for normality of 
distribution. Since these were not normally distributed, 
Kruskal–Wallis tests followed by Mann–Whitney 
U tests were performed to compare significant differences 
among groups. Proportions were compared with a χ2 test 
of independence. Spearman correlations were assessed 
between age and HbA1c values with the CS and PSRT 
values.

Results
Of the 118 subjects enrolled in the study, 43 (36%) had 
been diagnosed with diabetes. Of the 75 individuals who 
were not known diabetics, 41 (55%) were identified as 
having prediabetes and 34 (29%) had no diabetes (nor-
mal). Data for CSF and PSRT were analysed for 70 parti-
cipants. In sum, 48 of 118 participants were excluded 
based on visual, myopia more than 6 DS or did not want 
to proceed with further tests due to lack of time.17

Demographic and clinical characteristics of the study 
groups are shown in Table 1. The mean age of the study 
group was 36.89±6.30 years, and 46% were men. Mean 
HbA1C values in the normal, prediabetes, and diabetes 
groups were 5.3%±0.2%, 5.9%±0.2%, and 8.3%±2.6%, 
respectively, and were significantly different among the 
groups (p<0.001). Mean body mass index (BMI) was 
24.32±3.19, 24.51±4.77, and 25.69±3.57, (p<0.001), and 
body-fat mass 29.57±6.27, 31.42±7.89, and 28.90±5.51 
(p<0.001) in normal, prediabetes, and diabetes groups, 
respectively. Based on inclusion criteria, data for CSF 
and PSRT were analyzed for 70 subjects. Mean CSF 
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values for the normal, prediabetes and diabetes groups 
were 1.71±0.10, 1.64±0.11 and 1.61±0.08 log units, 
respectively. Mean PSRT for the normal, prediabetic, and 
diabetic groups was 35.8 seconds, 41.63 seconds, and 
47.77 seconds, respectively.

Table 2 shows the CSF and PSRT in the three groups. 
The difference in CSF among the three groups was sig-
nificant (p<0.001). CSF differed between the groups with 
prediabetes and diabetes compared with the normal group. 
PSRT showed a statistically significant difference among 
the three groups (p<0.001) and differed between any two- 
group comparison.The correlation between age and CSF in 
the prediabetes group was rs=−0.258(p=0.245), normal 
group rs=−0.412(p=0.056), diabetes group rs=0.040 
(p=0.848). Correlations between HbA1c and CSF were rs 

=-0.070(p=0.713) in the prediabetes group, rs=−0.026 
(p=0.909) in the normal group, and rs=−0.204(p=0.362) 
in the diabetic group. The correlation between age and 
PSRT in the normal group was rs=0.152 (p=0.523), in 
the prediabetes group rs=0.416 (p=0.68 and in the diabetes 
group rs=−0.126 (p=0.682). Similarly, 
correlations between HbA1c and PSRT were rs=0.24 
(p=0.922), rs=0.197 (p=0.406), and rs=0.421 (p= 0.152) 
in the normal, prediabetes, and diabetes groups, respec-
tively. Neither age nor HbA1c showed any significant 
correlations with CSF or PSRT.

Discussion
Loss of visual function in individuals with diabetes with 
and without retinopathy has been extensively reported in 
the literature.18,20 The present study results showed that 
those with prediabetes had loss of CSF in comparison to 
participants with no diabetes. The normative datum as per 

the Pelli–Robson chart for CSF for the age-group <50 
years is 1.80 log units.17 In the present study, CSF was 
1.64 log units in the prediabetes group and 1.61 log units 
in those with known diabetes, both being much lower than 
the nondiabetic groups and also below the age-related 
normative data reported by Elliot et al.17

Safi et al18 assessed CSF with spatial gratings in mod-
erate and dim light in patients with diabetes in the absence 
of diabetic retinopathy. They concluded that those with 
diabetes without clinical signs of retinopathy exhibit 
a uniform loss in CSF across all spatial frequencies. The 
present study is in agreement with this, as those with 
diabetes had CS of 1.61 log units, with a mean age of 43 
years. Joltikov et al19 and Neriyanuri et al20 reported that 
visual functional measures like CS and retinal sensitivity 
are affected in those with diabetes with no retinopathy. 
The results of the present study concur with this for the 
group with diabetes, and the data further showed that when 
comparing intergroup values, the difference was statisti-
cally significant. Parvocellular pathways have been 
reported to be responsible for higher spatial frequencies, 
and Gualtieri et al reported reduced CS in cases with no 
diabetic retinopathy with inferred magno- and parvocellu-
lar pathways.21,23 The present study data showed reduced 
CS in prediabetes, indicating that magnocellular and par-
vocellular pathways could be affected due to impaired 
fasting glucose values in prediabetes.

PSRT has been reported to be a reliable test for macular 
function.24,26 In 2001, Grott demonstrated that using low- 
contrast charts to measure PSRT could be a useful clinical 
tool for assessing macular function.16 The present study 
data showed significant reduction in PSRT time in those 
with prediabetes. The normative datum for PSRT measured 

Table 1 Clinical characteristics of the participants in normal, prediabetic, and diabetic groups

Normal (A) Prediabetes (B) Diabetes (C) p-values Post hoc p-values

Age, (years) mean ± SD 32.9±5.9 35.6±5.9 40.9±4.3 <0.001 A vs B 0.016, B vs C 0.069, A vs C <0.001
HbA1C, mean ± SD (%) 5.3±0.2 5.9±0.2 8.3±2.6 <0.001 A vs B <0.001 B vs C <0.001 A vs C <0.001

Table 2 Contrast-sensitivity and photo stress–recovery test in normal, prediabetic, and diabetic groups

Mean CS ± SD (log 
units)

Group 
p-value

Post hoc 
p-values

Mean PSRT ± SD 
(seconds)

Group 
p-value

Post hoc p- 
values

Normal (A) 1.71±0.10 <0.001 A vs B 0.005.  

B vs C 0.157  

A vs C <0.001

35.80±7.73 <0.001 A vs B <0.001  

B vs C <0.001  

A vs C 0.001

Prediabetic (B) 1.64±0.11 41.63±6.89

Diabetic (C) 1.61±0.08 47.77±7.52

Abbreviations: CS, contrast sensitivity; PSRT, photo stress–recovery test.
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using direct ophthalmoscopy for age-group ≤50 years is 35 
seconds.16 Our normal-group results concurred with this, 
and the present study data showed that in the group with 
prediabetes, recovery time was delayed by 6.1 seconds. 
Further, the data showed a significant delay of 11.97 sec-
onds in macular recovery time in the group with diabetes 
compared to the normal group. Zingirian et al27 also 
reported delayed PSRT in individuals with diabetes. Khan 
et al28 also reported loss of CSF and presence of glare in 
individuals with no diabetic retinopathy among those 
known to have type 2 diabetes (T2DM). They also reported 
that in early cases with no retinopathy, the condition is 
reversible with glycemic control. If CSF and PSRT become 
a part of the routine eye examination, individuals in the 
prediabetic stage could be counseled for lifestyle correction 
and thereby improve their quality of vision.28

The current study observed a high prevalence of 
undiagnosed prediabetes (55%). In India, a multicenter 
study done in 15 states documented a prevalence of pre-
diabetes compared to T2DM (7%–24.7%),6 less than what 
was observed in the current study. A likely explanation for 
the higher prevalence in our study could be related to the 
selection of participants from a tertiary eye hospital, rather 
than from the general population. The strength of this 
study is that the tests utilized are easily available in 
ophthalmic centers. A potential limitation of this study 
could be that the three groups could not be age-matched. 
In addition, we do not have information on the duration of 
diabetes for the group with known diabetes and thus are 
unable to comment on this.

Conclusion
The study data suggest that reduced CSF and delayed 
PSRT seen in subjects with prediabetes could give valu-
able clinical insight into early changes before diabetes and 
microvascular damage is incurred. A future study with 
a larger sample could help substantiate the results.

Study Settings
Data were collected in the outpatient department of Lotus 
Eye Hospital, Mumbai, India.

Study Participants
Staff, patients, and attendants who visited the hospital 
were enrolled in the study. Contrast-sensitivity function 
(CSF) and photo stress–recovery time (PSRT) were 
assessed for 70 participants.
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