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Abstract
Background: Diabetes mellitus (DM) is a chronic metabolic disorder associated with retinal microvascular changes,
particularly affecting macular structure and function. Smoking further exacerbates oxidative stress and vascular
dysfunction, potentially influencing retinal integrity and visual performance.
Purpose: To evaluate the Influence of chronic smoking on macular morphology and contrast sensitivity in individuals
with controlled Diabetes Mellitus.
Methods:A case-control study was conducted on 126 participants divided into diabetic smokers (D-SM) and non-diabetic
non-smokers (ND-NS). Contrast sensitivity was assessed using the Pelli-Robson Contrast Sensitivity chart and macular
thickness was measured using optical coherence tomography at 1mm, 3mm and 6mm zones. Statistical analysis included
ANOVA, post-hoc t-tests, and regression analysis with significance kept at p < 0.05.
Results: Macular thickness showed no significant difference at 1mm and 6mm zones, while borderline significance was
observed at the 3mm parafoveal zone. Contrast sensitivity was significantly reduced in diabetic-smokers compared to
controls (p < 0.001). Strong negative correlations were found between contrast sensitivity and duration of diabetes,
smoking duration and daily cigarette consumption. Macular thickness showed weak and inconsistent associations with
these variables.
Conclusion: Smoking and diabetes majorly affect visual function rather than macular morphology. Contrast sensitivity is
a sensitive indicator of early retinal dysfunction and may detect changes before structural alterations become evident.
Incorporating functional assessment with structural evaluation could enhance early diagnosis and management of diabetic
retinal changes.
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Introduction: Diabetes mellitus (DM) is a chronic
metabolic disorder which leads to increased blood
glucose levels (hyperglycemia) and microvascular
alterations. Among various DM associated ocular
complications, the most common is diabetic macular
edema (DME), in which the macular thickness increases
above the normal levels and can also cause blood
hemorrhages.1 It is the leading cause of vision loss due
to impairment of macular functions. On the other hand,
smoking is one among the various lifestyle factor that
affects the systemic physiology and contributes to the
oxidative stress, blood vessel alterations and
inflammatory process, all of which can create an impact
on the retina and surrounding tissues.2 In the individuals
with controlled type 2 diabetes mellitus (T2DM), the
addictive effects of smoking can cause macular
structural and physiological changes including contrast
sensitivity (CS). Various optical coherence tomography
(OCT) and optical coherence tomography angiography
(OCTA) studies have indicated that smoking can change
the choroidal and retinal microvasculature and can also
reduce the macular thickness in certain regions that
eventually affects the macular functioning and contrast
sensitivity among the individuals with T2DM.3,4
However, smoking and T2DM may interact with the
antioxidant status and the density of macular pigments
and can affect the retinal adaptability and oxidative
stress. Due to the rising number of individuals with
T2DM and chronic smoking in various populations, it
has become an essential clinical risk factor for the ocular
health that need targeted counselling and early detection
to prevent ocular damages.5 Macula is specifically
vulnerable to the oxidative stress and smoking cigarette
add-on pro-oxidants and inflammatory mediators that
leads to compromise of retinal physiology and
endothelial dysfunction. As stated in various literature
that smoking is an essential factor that worsens the
ocular vascular functions and diabetic retinopathy (DR)
progression along with the potential effect on the
macula. The retinal changes associated with smoking
could be endothelial dysfunction, inflammatory
pathways and damage from oxidation to normal retinal
cells that further affects the macular thickness, vascular
blood flow, physiological outcomes like contrast
sensitivity.6,7
Chronic smoking has been linked to decreased retinal
blood circulation and increased microvascular
dysfunction in the individuals with DM, which may
further contribute to the progression of DR. However,
results do not remain uniform across types of DM and
effects. Although some studies indicated weak or
complicated correlations with central macular thickness
(CMT), others suggest that smoking could influence the
response to anti-VEGF treatment in DME. The
complex environment supports focused evaluation of
smoking’s

impact on retinal anatomy and vision-related functions
in the individuals with well-controlled T2DM.8,9
Beyond high resolution visual acuity, CS captures retinal
performance in less than-ideal circumstances. CS has
been investigated with respect to macular edema,
severity of DR and retinal perfusion indices and it can be
decreased in the individuals with DM even when the
visual acuity is maintained. In various circumstances,
assessment includes Pelli-Robson Contrast Sensitivity
Chart and other CS assessments have shown a
responsiveness to the changes in diabetic macula and
correspond with macular thickness measurements.10,11
The purpose of this study was to determine that how
smoking affects macular morphology and physiology
specifically contrast sensitivity in the adults with
controlled T2DM. The study aimed for dividing the
incremental effect of smoking on macular health,
irrespective of poorly managed metabolic variables by
concentrating on a controlled diabetic population.

Methodology: It was a case-control study to assess the
effect of smoking on macular thickness and contrast
sensitivity in adults with controlled T2DM. After
obtaining the ethical clearance from Sumandeep
Vidyapeeth Institutional Ethics Committee (SVIEC), the
study was conducted at the Department of Optometry,
Sumandeep Vidyapeeth deemed to be University,
Vadodara, Gujarat. It included 126 participants who
were divided into two groups i.e. diabetic smokers (D-
SM) and non-diabetic non-smokers (ND-NS). The ND-
NS participants were the controls used to assess the
changes in the other group.
Participants aged 25-70 years with the confirmed history
of controlled T2DM for 5 years or more and/or smoking
history (depending upon group allocation) were included
in the research study. Any participant with the history of
any ocular surgery, trauma or illness other than diabetes
were excluded from the study. After obtaining the
informed consent from the included participants, the
measurement of post-prandial blood sugar using Dr.
Morepen Gluco One digital glucometer (Model: BG-03)
was performed followed by comprehensive eye
examination.12Demographic data and clinical data were
recorded that included duration of DM, smoking
duration, cigarettes per day. For contrast sensitivity
measurement Pelli-Robson Contrast Sensitivity Chart
was used at the distance of 1 meter under the appropriate
illumination. To assess the macular morphology,
patients’ eyes were dilated using topical mydriatic agent
and post-dilatation, Topcon Maestro 2 OCT was used
and values for 1mm, 3mm and 6mm zones were
documented. Macular thickness in various zones and
contrast sensitivity were the major measurements, their
correlation with the duration of DM and smoking-related
factors were the secondary outcomes.
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Statistical analysis was done using Microsoft excel
2024. Categorical variables were represented by
frequency and percentage, whereas continuous variables
were represented by mean ± standard deviation.
Intergroup comparison was conducted using one-way
analysis of variance (ANOVA) and pairwise analysis
was conducted using post-hoc independent t-test.
Statistical significance was defined as a p-value of less

than 0.05. The Declaration of Helsinki principals were
followed in the study.
Results: There were 48 females and 78 men from the
126 subjects (as shown in Fig.1) with the mean age of
42.9 ± 16.2 years among both the genders. The two
groups D-SM and ND-NS were compared for mean
macular thickness at 1mm, 3mm and 6mm zones and
contrast sensitivity.

Distribution of Gender
Males Females

Fig. 1: Distribution of Gender.

Table 1: Mean ± SD and p-value of Macular Thickness at 1mm, 3mm and 6mm zone.

Groups
Mean ± SD (within groups)

MT-1mm MT-3mm MT-6mm

D + SM 257.10 ± 27.8 296.50 ± 13.0 274.73 ± 14.7

ND + NS 262.30 ± 66.0 285.38 ± 28.6 270.73 ± 19.8

p-value 0.453 0.055* 0.482

*Statistical significance was considered at p < 0.05.

Macular Thickness Comparison Among Study Groups:
One-way ANOVA was used to compare the mean
thickness of the macula at 1mm, 3mm and 6mm zones
across both the groups: D-SM and ND-NS. As shownin
Table 1, the mean macular thickness at 1mm zone was
257.10 ± 27.8 and 262.30 ± 66.0 among D-SM andND-
NS groups respectively, which was not statistically
significant. In 3mm zone, the mean macular thickness
was 296.50 ± 13.0 among D-SM and 285.38 ± 28.6 in
ND-NS group, which was statistically significant (p =
0.055). In 6mm zone, the mean thickness of maculawas
274.73 ± 14.7 among D-SM group and 270.73 ± 19.8

among ND-NS group, which was not statistically
significant. Overall, significance of macular thickness
was observed in 3mm zone (para-foveal zone), whereas
there was no statistically significance in 1mm and 6mm
zone.
Comparison of Contrast Sensitivity Across Study
Groups: The mean contrast sensitivity was observed
highest in ND + NS group (1.53 ± 0.08) and in the D +
SM group, the mean contrast sensitivity was (1.08 ±
0.40). The difference between both the groups was
highly statistically significant (p = < 0.001), as shown in
Table 2.
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Table 2: Mean±SD and p-value of Contrast Sensitivity Parameters.

Groups
Mean ± SD

Contrast Sensitivity

D + SM 1.08 ± 0.40

ND + NS 1.53 ± 0.08

p-value < 0.001*

*Statistical significance was considered at p < 0.05.

1. Pair-wise Post-hoc Analysis of Contrast Sensitivity
and Macular Thickness: The ND+NS group served as
control group for post-hoc pairwise comparisons
utilizing independent two-tailed t-tests. There was no
statistically significant (p = 0.453) difference seen
between control group and DM+SM group for macular
thickness in the 1mm zone. The control group and
DM+SM showed statistically significant (p = 0.047)
variations in the 3mm zone. At 6mm zone, there was no
statistically significant variation seen between DM+SM
and the control group.
For the contrast sensitivity, there was statistically
significant (p = <0.001) changes seen in DM+SM group
when compared to the control group. Overall, our results
indicate that smoking status is strongly associated with
increased macular thickness, even in non-diabetic
individual and both smoking and DM have a
considerable impact on the contrast sensitivity when
compared to the controls group.
2. Macular Thickness and Contrast Sensitivity
Parameters in Relation to Smoking and DM: Macular
thickness parameters shown slight and inconsistent
connections with smoking and diabetes variables but
contrast sensitivity showed moderate and clinically

significant association as per correlation and regression
analysis. Regression analysis revealed that duration of
smoking is a significant independent indicator (p =
0.049) and central macular thickness i.e. at 1mm zone
showed a slight unfavourable correlation with smoking
duration (r = -0.219). Similar association were seen in
the 6mm zone, although duration of smoking
subsequently revealed as a significant indicator (p =
0.033) that indicates a minor impact of long-term
smoking on macular morphology. For 3mm zone, no
significant predictors were recorded.
Whereas, a strong negative correlation was seen between
CS and the duration of DM (r = -0.697), duration of
smoking (r = -0.582) and daily cigarette consumption (r
= -0.778). These correlations were statistically
significant in regression analysis (p = 0.014, p < 0.001
and p = < 0.001, respectively). These results indicate that
impairment of contrast sensitivity is strongly correlated
with the duration and severity of DM and smoking, even
though macular morphological changes were small and
unreliable. This suggests that functional defects may
occur before visible morphological changes in the
macula. As shown in Table 3.

Table 3: Correlation and Regression Analysis of Macular Thickness and Contrast Sensitivity with Diabetes and
Smoking Variables

Parameter Diabetes Duration
(r)

Smoking Duration
(r)

Cigarettes/day
(r)

Regression

MT 1 mm - 0.081 - 0.219 0.026 SM
(p=0.049)

Duration

MT 3 mm - 0.166 0.267 0.246 None
MT 6 mm - 0.005 0.112 0.018 SM

(p=0.033)
Duration

Contrast - 0.697 - 0.582 - 0.778 DM Duration
Sensitivity (p = 0.014),

SM Duration
(p <0.001),
Cigarettes/day
(p <0.001)

r = Pearson correlation coefficient.

Discussion: The combined effects of smoking and DM
on the thickness of macula and contrast sensitivity were
assessed in this study, which found a unique pattern

between morphology and physiology of the macular
parameters. CS revealed a clear and consistent reduction
whereas macular thickness showed limited and region-
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specific changes that indicate that physiological
impairment may occur before obvious anatomical
abnormalities in the retina.
Garcia-Domene et al. (2022) noted that smoking causes
functional visual deficiencies like color vision defect
and contrast sensitivity, which are probably caused by
the lack of oxygen and harmful effects of components of
cigarette. The significant link found in the current study
between contrast sensitivity and cigarette intake is
similar to the dose-dependent association between
cigarette intake and visual impairment revealed in their
investigation. This supports to the theory that smoking
damages the retinal nerve cells and visual system over
the time.13
Eris et al. (2019) examined the impact of smoking on
retinal perfusion and choroidal thickness and found that
although alterations in macular vascular perfusion were
not statistically significant, smoking significantly
impacted the thickness of choroid. This suggests that
smoking may have greater impact on deeper vascular
systems than superficial layers of retina. The current
study showed a similar pattern, with only para-foveal
area showing borderline significance and macular
thickness changes being small and unequal between
zones. The concept that macular changes brought on by
smoking and systemic variables are not evenly
distributed, which could be a possible result of
differences in the density of blood vessels and metabolic
requirement among macular regions which is supported
by this selective regional involvement.14
According to Ucgul Atilgan et al. (2018), macular
thickness was associated with systemic metabolic
indicators including HbA1c and duration of the disease
and parafoveal macular thickness was dramatically
decreased in the individuals with DR and
microalbuminuria. The results are consistent with the
current study, which found slight association between
the duration of DM and macular thickness. The lack of
significant correlations in the present study suggests that
structural macular changes could be dependent on other
systemic or capillary parameters such as inflammatory
state and metabolic management, rather than just
duration.15

The current study showed a significant reduction in the
contrast sensitivity in diabetic smokers as compared to
controls despite contradiction to the mild structural
results. The conclusion is in line with a study by Tsai et
al. (2016), who found that retinal degeneration causes
reduction in contrast sensitivity in early DM, even
before obvious vascular or morphological changes
become visible. The concept that impairment of function
is strongly related to both disease severity and degreeof
exposure is further supported by the significant negative
correlations shown in the current study between contrast
sensitivity and the length of diabetes, duration of
smoking and daily cigarette consumption.10
These findings are further supported by the current
study’s regression analysis, which found that duration of
smoking was an independent indicator of macular

thickness in specific regions and CS reduction was
independently predicted by the duration of DM, duration
of smoking and intake of cigarette. This indicates that
physiological dysfunction is more susceptible to both
metabolic and toxic factors, whereas structural changes
may need sustained or multiple damages to be effective.

Conclusion: The study concludes that a considerable
and statistically significant reduction in contrast
sensitivity, DM and smoking primarily influence visual
function rather than macular morphological changes, as
shown by small and irregular changes in the thickness of
macula. A progressive and dose-dependent impact of
these risk factors on macular function is suggested by
high negative correlations between contrast sensitivity
and the duration of DM, smoking and cigarette use, as
well as their importance in regression analysis. These
results highlight the importance of CS as a critical
precursor of visual dysfunction in diabetic smokers and
indicate that functional impairment might occur before
visible morphological changes in the macula.
Clinically, early diagnosis and treatment techniques may
be improved by combining functional assessment with
structural assessment. The small sample size of this
study is a limitation that may restrict the applicability of
the results and requires confirmation through larger and
longitudinal study in future.
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