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Diabetes mellitus (DM) is a major public health concern and a leading cause of diabetic retinopathy (DR), a condition that can lead
to vision impairment and blindness. Early detection of retinal changes is essential in preventing vision loss. Purpose. This study investigates
the relationship between photo-stress recovery time (PSRT) and contrast sensitivity (CS) in diabetic patients with and without DR compared
to healthy controls. Material and methods. A hospital-based comparative cross-sectional study was conducted at Al-Shifa Trust Eye Hospital,
Rawalpindi, Pakistan. A total of 60 participants (age range: 40— 75 years) were included, comprising 40 diabetic individuals (20 with DR
and 20 without DR) and 20 healthy controls. Visual acuity, CS (using the Pelli — Robson chart), and PSRT (using a direct ophthalmoscope)
were assessed. The correlation between DR and PSRT/CS was analyzed using the Spearman’s correlation test, with a significance level set
at p < 0.05. Results. The study found significantly lower CS and prolonged PSRT in diabetic individuals compared to controls (p < 0.05).
Diabetic individuals with DR showed the most significant delay in PSRT. A weak negative correlation was observed between CS and DR,
and a moderate positive correlation was found between PSRT and DR (p < 0.05). Conclusions. PSRT is significantly prolonged in diabetic
patients, particularly those with DR, compared to non-diabetic controls. The results suggest that PSRT could serve as a reliable and simple
clinical tool for early detection of DR, potentially aiding in the prevention of vision loss. Further studies with larger sample sizes are needed
to explore mechanisms and therapeutic interventions to improve PSRT and CS in diabetic retinopathy patients.
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Diabetes mellitus (DM) is a major public health concern
associated with impaired metabolism of carbohydrates, proteins,
and fats [1, 2]. By 2030, an estimated 9.2 million individuals
in Pakistan are likely to have DM [3]. This metabolic disorder
primarily involves insulin, a hormone essential for blood glucose
regulation. In DM, glucose accumulates in the blood, leading
to microvascular complications in major organs, including
the retina [4]. Diabetic retinopathy (DR) is a leading cause of
avoidable blindness globally, with one in ten type 2 DM patients
at risk of vision-threatening retinopathy [5].

Photo-stress recovery time (PSRT) measures how long
the macula takes to recover normal function after exposure to bright
light. This process, disrupted by the bleaching of retinal pigments,
is evaluated in seconds using a stopwatch [6]. Factors such as
age, sex, and duration of light exposure influence PSRT, which is
prolonged in conditions like DR, central serous chorioretinopathy,
and age-related macular degeneration. Normative values for
males are 30—40 sec, increasing with age and higher in females
by 5—8 sec [6, 7].

Early detection of maculopathy in diabetes through simple
outpatient tests is crucial to prevent vision loss. This study explores
the relationship between PSRT and DR and its impact on contrast
sensitivity (CS) in diabetic and non-diabetic individuals.

MATERIAL AND METHODS

This hospital-based comparative cross-sectional study
was conducted in the Retina Department of Al-Shifa Trust Eye
Hospital, Rawalpindi, Pakistan.

After obtaining approval from the Institutional Review
Board (IRB), the study adhered to ethical guidelines outlined
in the Helsinki Declaration. Verbal informed consent was
obtained from the participants prior to their inclusion in
the study. A comprehensive history was recorded using a pre-
designed proforma, capturing details such as demographic
information, ocular and medical history, DM duration, and
treatment.

Eligible participants included diabetic patients with a disease
duration of 5 years or more, aged 40 to 75 years, and a best-
corrected visual acuity (BCVA) of at least 6/12 on Snellen chart, as
well as those with cataracts classified as grade-1 or less according to
the Lens Opacification Classification System (LOCS). Exclusion
criteria encompassed individuals with BCVA below 6/12 on

Snellen chart, raised intraocular pressure, glaucoma, maculopathy,
age-related macular degeneration, diabetic macular edema, or
retinal detachment.

Atotal of 60 individuals participated in the study. The mean
age of the subjects included in the study was found to be
55.40 £ 10.36 years ranging from 40 to 75 years. Moreover both
genders were included in the study in which 30% (n = 18) were
males and 70% (n = 42) were females.

Out of 60 individuals who participated in the study, 66.7%
(n=40) were having DM whereas 33.3% (n = 20) were having no
history of DM. Out of 40 diabetics, 20 presented with DR (50%).
40% of the diabetics were having DM for less than 5 years whereas
60% had DM for more than 10 years duration.

Healthy controls aged 40 to 75 years with a BCVA of 6/6 on
Snellen chart in both eyes were recruited.

Participants underwent a series of assessments, beginning
with visual acuity measurement using a Snellen chart at a distance
of 6 m (Fig. 1). Refraction, slit-lamp examination, tonometry, and
posterior segment evaluation with a 90-D lens were performed.
CS was assessed using the Pelli — Robson chart at a 1-meter
distance in a controlled lighting environment. The lowest contrast
level at which the participants recognized the optotypes was
recorded (Fig. 2).

For PSRT assessment, a fully charged direct ophthalmoscope
set at maximum brightness was positioned 5 cm nasally from the eye
being tested. The ophthalmoscope’s light was projected onto
the macula for 30 sec in a dimly lit room. During the procedure,
fixation was ensured, and frequent blinking or dermatochalasis was
managed. After light removal, participants were instructed to read
the Pelli — Robson chart, and the time taken to return to baseline
contrast sensitivity was recorded using a stopwatch. The process
was repeated for both eyes (Fig. 3, A, B).

Statistics. The data was collected and analyzed to compare
the outcomes among the study groups. The mean and standard
deviation was reported for continuous variables whereas for
the categorical variables, frequencies and percentages were
reported. The data was not normally distributed, so to compare
the mean CS and PSRT of the groups (diabetics with controls,
and non-diabetics with controls) Mann — Whitney U-test was
used whereas to find the correlation of DR with CS and PSRT
Spearman’s correlation was used with p-value < 0.05 considered
as significant.
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RESULTS

The uncorrected visual acuity (UCVA) and BCVA among
cases was less as compared to control group in both the eyes.
The details are given in Table 1.

The contrast sensitivity among the cases was significantly
less as compared to that of controls in both the right and the left
eye (p = 0.000). On the other hand, PSRT was observed to be
significantly higher among cases than in controls (p = 0.000).
The details are given in Table 2.

A significant weak negative correlation was observed
between CS and DR (p = 0.000), whereas a significant weak

L[

Fig. 1. Measurement of visual acuity with Snellen chart Fig. 2. Contrast sensitivity measurement using Pelli-Robson chart
Puc. 1. VIamepeHune ocTpoThl 3peHns ¢ noMoLbio Tabnuusl CHenneHa  Puc. 2. MIamepeHne KOHTPacTHOW YyBCTBUTENBHOCTH C MCMOJIb30Ba-
Huem Tabnuupl Mennn — PobcoHa

Fig. 3. Potostress recovery time measurement. Explanation in the text

Puc. 3. OnpeneneHve BpeMeHn BOCCTaHOBNEHMS nocne poTocTpecca. A — NMOJIHOCTBIO 3aPSXKEHHBIV NPSMOI 0pTanbMOCKOM, YCTaHOBJIEHHBIN HA
MakCrMasbHYIO SPKOCTb, pacrnosiarasics Ha paccTosiHMM 5 CM OT nccnenyemoro rnasa c HoCOBOW CTOPOHbI. CBeT odpTanbMocKona npoeLpoBancs
Ha makyny B TedeHune 30 ¢ B cnabo ocBeLLEeHHOM NOMeLLLEHNN; B — nocne oTko4eHs ceBeTa y4acTH1Kkam npeabssnsanvi tabnuuy Mennn — Pobcona,
a BpeMsi, Heo6xoAMMOoe AJ19 BO3BPALLEHUS K UCXOAHOMY YPOBHIO KOHTPACTHOW YyBCTBUTENBHOCTH, PUKCMPOBAIOCh C MOMOLLbIO CeKyHAOoMepa
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Table 1. Descriptive statistics of visual acuity (VA, Snellen equivalent) of non-diabetic and diabetic group
Tao6mmua 1. Ocrpora 3perust (O3) mauneHTOB ¢ caxapHbiM aradetom (CII) u nnabetndeckoii peruHonaTueii (J1P) u 6e3 Hee

VA Controls Diabetics without DR Diabetics with DR
03 KoHTtpoib CJI 6e3 1P CHoc AP
oD (O} oD (0N oD (O}
f % f [ % f | % f | % f [ % f [ %
Uncorrected
HexkoppurupoBaHHasi
6/6—6/9 18 90 19 95 11 55 8 40 3 15 3 15
6/12—6/24 2 10 1 5 9 45 12 60 16 80 16 80
6/36—6/60 — - - - - - - - 1 5 1 5
Best corrected
MakcuMaibHast KOppUTHpOBaHHAS

6/6—6/9 20 100 20 100 16 80 16 80 6 30 5 25
6/12—6/24 — - - - 4 20 4 20 14 70 15 75
6/36—6/60 — - — - — — - — — - — —

positive correlation was found between
PSRT and DR (p =0.000). The details are
given in Table 3.

Table 2. Contrast sensitivity and photostress recovery time in diabetics and controls
Tabmmma 2. KoHTpacTHast 9yBCTBUTEIBHOCTD M BPEMST BOCCTAHOBIICHUS TTocIte (hoTocTpecca y
nauureHToB ¢ CII ¥ B rpyrire KOHTPOJIst

Eye Diabetics/Control Mean = SD Mann — Whitney p-value
DISCUSSION I'na3 CJ1/KonTponb U-test
This study was conducted on a total Contrast Sensitivity
of 60 individuals including 20 non- KonTpacTHast 4yBCTBUTEILHOCTD
diabetics and 40 diabetics evenly divided |OD Controls 1.64+0.10
into two groups (with and without DR). Kowntposs
The mean age of the individuals included Diabetics with no DR 1.33£0.15 14.000 0.000
in the study was 55.40 = 10.36 years CA Ges 1P
(range = 40-75 years). The mean CS Diabetics with DR 1.22£0.19 2.500
and PSRT of the cases was significantly CAcaP
different from that of control group |OS Controls 1.65 £ 0.08
(p=0.000). In the present study, K‘?HTpfm’ :
the contrast sensitivity measurements glabetlcs with no DR 1.33£0.12 3.500 0.000
were found to be less in diabetics with ),1663, HP,
and without DR in comparison to 81abetlcsw1th DR 1.16 £0.16 0.500
I Hc AP
controls (p = 0.000)..The findings Photostress Recovery Time
Of the StUdy were (.:OHSISter.lt to thOSC BDCMH BOCCTAaHOBJICHUSI ITOCJIC (bOTOCTpeCCB.
reported in the previous studies. S. Safi,
. oD Controls 36.30 £6.10
et al. [8] reported a uniform loss of KoHTpoms
CS at all frequencies among diabetics Diabetics with no DR 58.85+ 10.24 389.000 0.000
without DR (p < 0.05). M. Firdous, CJ1 6e3 JIP
et al. [9] also found similar results and Diabetics with DR 77.00 % 18.35 400.000
reported a reduced CS in early non- CllcIP
proliferative diabetic retinopathy cases 0s Controls 36.75 + 5.50
in comparison to healthy controls KoHTpob
(p = 0.001). P. Chande, et al. [10] Diabetics with no DR 61.70 + 10.63 396.500 0.000
also observed contrast sensitivity in CJ1 6e3 1P
diabetics to be less than non-diabetics Diabetics with DR 83.25+20.86 400.000
(p < 0.001). Similar findings were CHc P

reported by S. Pramanik, et al. [11] who
observed reduced CS among diabetics

with and without DR in comparison to healthy non-diabetics
(p < 0.05). S. Sooryanarayana, M. Hairol [12] also reported
similar results. A lower contrast sensitivity function was found
in diabetics with DR as compared to those without any evident
retinopathy (p = 0.004).

In the present study, the PSRT was observed to be delayed
in diabetics with and without DR when compared to healthy
controls. The results were found to be comparable to those
reported in other studies. U. Ubani, et al. [13] reported that
the PSRT was longer in diabetics with DR when compared
to healthy individuals (p = 0.000). The results of our study
are in accordance with the results reported in a recent study.

The diabetics showed a significantly longer PSRT than in
emmetropic controls (p < 0.05) [14].

The results of the present study were found to be different
from those reported by A. Baptista, et al. [15], J. Loughman,
et al. [16]. A. Baptista, et al. [15] reported faster recovery time
as compared to controls (p = 0.012), while J. Loughman,
et al. [16] observed no significant difference in PSRT values
between both groups.

PSRT has been reported to be a reliable test for macular
function [17]. In 2001, R. Grott, S. Chung [18] demonstrated
that using low-contrast charts to measure PSRT could be a useful
clinical tool for assessing macular function. The present study
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Table 3. Correlation of contrast sensitivity and photostress recovery time
with diabetic retinopathy

Ta6mna 3. Koppesiiyy KOHTPACTHOM YyBCTBUTEILHOCTH M BpEMEHHU
BOCCTAaHOBJIEHMsI TTOC/Ie (DOTOCTpecca ¢ HATMIMEeM TUabeTHIeCKOn
pETUHONATHY

Eye r p-value
I'nas
Contrast Sensitivity
KoHTpacTHast 4yBCTBUTEIBHOCTD
oD -0.534 0.00
oS -0.654 0.00

Photostress recovery time
Bpewms BoccTaHoBIeHUS 1Tociie (poTocTpecca

oD 0.647 0.00
OS 0.657 0.00

data showed significant reduction in PSRT in those with diabetic
retinopathy as compared to non-diabetics. The standard measure
for PSRT through direct ophthalmoscopy in individuals aged
50 years or younger is established at 35 sec [18]. Our findings in
the control group align with this norm, while our study indicates
aprolonged PSRT in diabetic group. The data reveals a noteworthy
delay of 31.63 sec in right eye and 36.04 sec in left eye in macular
recovery time among individuals with diabetes in comparison
to the control group with the same age.The present study shows
positive moderate significant correlation (p = 0.00, p < 0.05)
between PSRT and DR with correlation coefficient 0.647 for
right eye and 0.657 for left eye. It is postulated that if a diabetic
individual responds to the PSRT less than 47 sec, that person
behaves similarly to a normal individual and is consequently at
minimal risk of developing retinopathy. Conversely, if the response
time exceeds 47 sec, the individual is considered at a high risk of
developing retinopathy [6].

This study aimed to identify whether PSRT can serve as
a useful clinical marker for evaluating retinal health in diabetic
individuals with and without retinopathy. The outcomes of
this research could have implications for the early detection
and management of DR. The study's findings will contribute
to a better understanding of the relationship between PSRT,
contrast sensitivity, and retinal health. If a strong correlation is
established, PSRT may become a valuable tool for clinicians in
monitoring diabetic individuals and potentially aiding in early
intervention to prevent or mitigate retinopathy-related vision loss.
Additionally, the results may contribute to the development of
better diagnostic and therapeutic strategies for managing diabetic
eye complications.

The strength of this study is that the tests utilized are easily
available in ophthalmic and optometric centers. Future studies
could develop deeper into the underlying mechanisms and explore
novel interventions to enhance PSRT and CS in DR patients,
ultimately improving their quality of life.

This study had certain limitations. The study's sample size
may be limited due to constraints such as time and resources,
which could impact the generalizability of the findings.
The study may not account for environmental factors such as
ambient light conditions, which could impact both PSRT and
CS function outcomes. The study may focus primarily on DM
and retinopathy, potentially overlooking the impact of other
ocular conditions that could contribute to variations in PSRT
and CS function.

CONCLUSION

The current study concluded that PSRT is prolonged in
patients having DR as compared to diabetics without retinopathy
and non-diabetic subjects. Moreover, the findings of this study
can lead to improved clinical assessments and interventions for
individuals at risk of DR, ultimately contributing to better eye
health and quality of life for diabetic patients.
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