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Abstract

Objective: To evaluate the deviation of Optic Cup to 
Disc Ratio with refractive errors and smoking status. 
Methodology: This was a cross-sectional observa-
tional study carried out from January to October, 
2016 at Dr Akil bin Abdul Kadir Institute of Oph-
thalmology, Karachi, Pakistan. A total of 300 eyes of 
300 patients were included in the study and divided 
according to the error of refraction into emmetropic 
(n=135), hypermetropic (n=77) and myopic (n=88) 
eyes for Cup to Disc Ratio measurements. To assess 
the effect of smoking, emmetropic eyes were fur-
ther divided into smokers (n=23) and nonsmokers 
(n=112). Independent T test and ANOVA was used 
to analyze the differences in the mentioned groups. P 
value <0.05 was taken as significant.
Results: The optic Cup to Disc Ratio in emmetropic 
eyes was found to be 0.27 ± 0.03. It was found to be 
significantly decreased in myopic eyes (0.24 ± 0.05) 
and significantly increased in hypermetropic eyes 
(0.31 ± 0.07) with p value = 0.01. CDR was signifi-
cantly increased in smokers (0.31 ± 0.07) than non-
smokers (0.26 ± 0.01) with p value of 0.01. These find-
ings will aid the clinicians in diagnosing and treating 
different ophthalmic diseases involving the optic cup.  
Conclusion: Cup to Disc Ratio was significantly in-
creased in myopic eyes and significantly decreased in 
hypermetropic eyes compared to emmetropic eyes. 
Smokers and nonsmokers also showed significant 
variations in CDR. This study concludes that the cup 
to disc ratio is significantly affected by the refractive 
errors and smoking status.

Keywords: Optic Disc, Refractive Errors, Smokers, 
Cup to Disc Ratio.
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Introduction

The optic Cup-to-Disc Ratio (CDR) is a funda-
mental, ophthalmologic, parametric test used in 
the clinical setting for evaluation of various eye 
conditions and progression of ocular diseases. It 
shows the proportion of the optic cup's diameter 
to that of the optic disc and is crucial in assessing 
the health and integrity of the optic nerve head.  
The optic cup and disc are located at the poste-
rior pole of the eye globe, appearing as a pale, 
circular structure, visible through fundoscopy.1 

The optic disc is a slightly vertical oval area which 
marks the region from where retinal nerve fibers 
exit the eyeball to form the optic nerve. The op-
tic cup is a central depression within the optic 
disc. The vertical dimensions of both are critical 
for assessing the anatomical and physiological 
conditions of the optic nerve head. The CDR is 
expressed as a ratio, quantifying the relative siz-
es of the cup and disc. The size of the optic disc 
effects the measurements of CDR. Eyes having 

larger optic discs tend to have larger cups, ensu-
ing relatively smaller CDR, while smaller discs 
have higher CDR values because of proportion-
ately larger cup size.2 

Examination and measurement of CDR helps 
clinicians to get valuable insights into underly-
ing ocular conditions.3 Any deviation in CDR 
from the normal may suggest optic nerve dam-
age due to various ophthalmic or systemic pa-
thologies, especially glaucoma and also indicate 
the progression of the disease.4,5 Understanding 
the link between CDR and different eye condi-
tions is important for accurate diagnosis, timely 
intervention and planning of effective manage-
ment strategies. The CDR is commonly influ-
enced by factors that include anatomical features 
and physiological deviations besides pathologi-
cal conditions. Studies have shown that the CDR 
increased with increase in age,6,7 as changes in 
connective tissues and vascular supply contrib-
ute to alterations in optic disc morphology with 
advancement in age.8  The CDR measurements 
have also shown to be impacted by gender, with 
males exhibiting increased CDR compared to 
females.6 Ethnicity is also known to influence 
retinal thickness and optic disc morphology, 
showing variations in disc size, shape, and CDR 
among different racial groups.9 Axial length has 
proven to alter CDR because the changes in the 
eye globe tend to change the size and shape of 
the optic disc.10 In myopia, eyes with longer ax-
ial lengths, are likely to have larger optic discs 
and cups, leading to a potentially higher CDR. 
In hypermetropia, CDR tends to decrease.11-13 
Elevated intraocular pressure is also known to 
have mechanical stress on the retinal layers, re-
sulting in retinal thinning leading to cupping 
and raised CDR. Glaucoma is commonly related 
with raised (IOP) resulting in progressive en-
largement of the cup and hence, the increased 
CDR.14 Smoking has been attributed with sev-
eral ocular pathologies, including retinopathies, 
ischemic optic neuropathy and macular degen-
eration.15 It has also been implemented in early 
cataract formation secondary to accumulation 
of toxins in the lens. Retinal scans obtained by 
Optical Coherence Tomography (OCT) has also 
shown to cause thinning in the retinal nerve fi-
ber layer in smokers.16 This study was formulat-
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ed to investigate the relationship between CDR, refractive errors 
and smoking in our population. Understanding this relationship 
will aid ophthalmologists in diagnosis, evaluation and manage-
ment of existing and prevention of potential ocular diseases.  

Methodology

This cross-sectional research included 300 eyes from 300 indi-
viduals from an eye clinic of Karachi, Pakistan. Convenient sam-
pling method was used. Sample size was calculated to be 300, us-
ing WHO sample size calculator. Ethical approval was taken from 
Ziauddin University, Karachi, Pakistan. (Ref. # 0271214SMA-
NA) and samples were obtained from the ophthalmology OPD 
at Akil bin Abdul Qadir Institute  because the facility of Optical 
Coherence Tomography was not available at Ziauddin Hospital. 
Participants of both sexes, more than 40 years of age and having 
apparently normal eyes were selected for the study. To rule out 
glaucoma, eyes with controlled intraocular pressure (IOP) were 
included only. Those eyes with any other retinal pathologies, di-
abetic and hypertensive retinopathies, history of laser therapy 
or intraocular surgery, diseases such as parkinsonism or multi-
ple sclerosis, high refractive errors were also not included. After 
getting the informed consent, participants underwent a detailed 
ophthalmic examination which included slit-lamp bio-micros-
copy, refractive error testing and visual acuity. As the internal 
environment is the same for both the eyes, a single eye was ran-
domly selected from each participant. The selected participants’ 
eyes were first grouped according to the error of refraction into 
emmetropic (n=135), hypermetropic (n=77) and myopic (n=88) 
eyes. Then these participants were sent for further examination 
and CDR and IOP measurement.  The emmetropic eyes were 
further evaluated to see the effects of smoking on CDR measure-
ments. Two groups were made: Smokers (n=23) & Nonsmokers 
(n=112) and their CDR measurements were compared.Statisti-
cal analysis was done by SPSS, version 20. Mean and standard 
deviation were used for the quantitative variables. For the qual-
itative variables, percentages and frequencies were used. Inde-
pendent T test and ANOVA was used to analyze the differences 
in the mentioned groups. P= <0.05 was taken as significant.

Results

A set of 300 eyes from 300 individuals were involved in this 
study. The mean age of the participants was 57.67 ± 11.42 years. 
The distribution of study participants according to gender and 
error of refraction is shown in Table 1. 

Table 1: Basic distribution of Study Participants According to 
Gender & Error of Refraction.

Error of Refraction
Gender (N)

Total (N)
Males Females

Emmetropia (N) 67 68 135

Hypermetropia (N) 35 42 77

Myopia (N) 48 40 88

Total (N) 150 150 300
N = number of eyes 

Table 2 shows the CDR measurements in each group of refrac-
tive errors that include Emmetropic eyes, Hypermetropic eyes 
& Myopic eyes. Hypermetropic eyes show significant decrease 
in CDR whereas Myopic eyes show significant increase in CDR 
as compared to Emmetropic eyes Table 2, Figure 2.

Table 2: CDR Measurements in Eyes with Refractive Errors

Error of  
Refraction N=300 CDR Mean ± S.D P Value

Emmetropia 135 0.27 ± 0.03
0.01*

Hypermetropia 77 0.24 ± 0.05

Myopia 88 0.31 ± 0.07

 
N = number of eyes, S.D.= standard deviation *highly significant 
 
It was observed that smoking affected the retina, involving its 
layers specially the retinal nerve fiber layer leading to visual dis-
turbances. Keeping this in mind, we assessed the emmetropic 
eyes using the history of smoking as a variable. Out of 135 em-
metropic eyes, we found that 23 eyes were of smokers and 112 
eyes belonged to nonsmokers. The CDR was measured and it 
was found to be significantly different in between the two groups 
Table 3, Figure 3.

Table 3: CDR Measurements in Smokers and Non-Smokers 

Smoking Status N=135 CDR Mean ± S.D. P Value

Smokers 23 0.31 ± 0.07 0.01*

Nonsmokers 112 0.26 ± 0.01

 
N=number of eyes, S.D.= standard deviation, *highly signifi-
cant

 
Figure 1: Optic Nerve Head in a 55 year old emmetropic male  
eye when observed through Optical Coherence Tomography.

Figure 1 shows the appearance of Optic Nerve Head for mea-
surements of CDR when observed through Optical Coherence 
Tomography.
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Figure 2: Retinal Nerve Fiber Layer (RNFL) thickness in each 
quadrant of Optic Nerve Head (ONH) in 58 years old males 
having (a) emmetropic eye  (b) myopic eye & (c) hyperme-
tropic eye by using OCT where G= mean global thickness at 
ONH, NS= Nasal Superior, TS=Temporal Superior, T=Tem-
poral, NI= Nasal Inferior, TI=Temporal Inferior, N= Nasal 

Figure 3: Retinal Nerve Fiber Layer (RNFL) thickness in each 
quadrant of Optic Nerve Head (ONH) in 55 years old males with 
(a) smoking & (b) non-smoking status by using OCT where G= 
mean global thickness at ONH, NS= Nasal Superior, TS=Tem-
poral Superior, T=Temporal, NI= Nasal Inferior, TI=Temporal 
Inferior, N= Nasal

Discussion

A total of 300 eyes from 300 patients were examined in this study. 
The eyes were initially divided according to refractive errors. Af-
ter examination, the division was: 135 eyes in the emmetropic 
group, 77 eyes in the hypermetropic group and 88 eyes in the 
myopic group. Based on the fact that retinal thickness ultimately 
effects the CDR,2 CDR was measured of each group. The pro-
cess of aging precedes ophthalmological complications, so only 
those subjects who were 40 years and above were selected, and 
the mean age of the participants that were included in our study 
was 57.67 ± 11. 42 years. CDR measurements in myopic group 
were significantly increased while in hypermetropic group CDR 
was significantly decreased in comparison to emmetropic group. 
[Table 2, Figure 2] These observed alterations could be related 
to difference in axial lengths which influences optic disc size. 
Significant increase in CDR of myopic eyes supports the fact that 
retinal thickness is reduced by short sightedness. When retina 
gets thinner the CDR increases.12 It is postulated that the degree 
of elongation of the globe is related to the extent of retinal thin-
ning, leading to reflex stretching and increased CDR.17,18 This 
theory is also supported by Ganekal et al.(2021) in their study 
done in 2020.19 Other studies done by Tai et al. (2018) Hamed et 
al. (2019) Ibrahim et al.(2020) and Oishi et al.(2020) also found 
the same effect of myopia and axial length on Retinal nerve fiber 

layer (RNFL) thickness and subsequently on CDR.20-23 Previous 
research was conducted which showed smoking to cause a sig-
nificant decrease in retinal nerve fiber and ganglionic cell lay-
ers.23 To avoid any confounding effects of refractive errors, we 
analyzed the difference in the CDR of smokers and non-smok-
ers in emmetropic group only. The smokers showed significant 
increased CDR compared to non-smokers which could be due 
to decrease in retinal thickness (Figure 3). A study conducted 
by Dervişoğulları et al.(2015) confirmed the results of our study 
and proposed that smoking history of a patient should be con-
sidered when inferring the results of ophthalmic examinations.24 
Liu et al.(2015) has suggested that smoking caused decreased 
optic disc perfusion, leading to disruption in retinal thickness 
and CDR.15 The harmful effects of cigarette smoking on deep 
retinal vascular density were also seen by Dogan et al.(2020)25 
In another study, Abdelshafy observed functional and structural 
changes in the RNF and ganglionic cell layers in heavy smok-
ers.26 Kaymaz et al.(2020) demonstrated that even after smoking 
a single cigarette, the vessel density parameters were markedly 
decreased.27 The onset of age-related macular degeneration is 
also augmented with smoking exposure as shown in mice by 
Feng et al.(2020)28 Using the results of our study as a forerunner, 
further studies using a larger sample size should be designed to 
achieve a normative data base for our population, which would 
help in screening of high-risk people with diseases involving 
ONH.  

Limitations

Our study was conducted in Karachi, which is a multicultural 
metropolis; hence, ethnicity may pose to be a significant limita-
tion as a confounding factor. 

Conclusion

This study concludes that CDR was significantly affected by re-
fractive errors and smoking. CDR significantly increased in my-
opic eyes while decreased in hypermetropic eyes compared to 
eyes with no refractive errors. The CDR measured in smokers 
was significantly raised compared to non-smokers’ eyes. These 
parameters are important to consider while assessing ophthal-
mic diseases involving the retina. 

Authors' Contribution: SM idea conception, data collection and 
analysis, literature search & manuscript writing; ABA literature 
search; NY data analysis; MS Data collection & literature search; 
AA data collection; NH supervision of the whole process.

Conflict of Interest: Authors have declared that no competing 
interests exist.  

Funding: Partially funded by Zia-uddin University, Karachi.

References

1. Drake R, Vogl AW, Mitchell AW. Head and Neck. In: Schmitt W, 
Gruliow R, editors. Gray's anatomy for students E-book. 2nd ed. Phila-
delphia: Elsevier Health Sciences; 2010.p.898-901.

2. Carmichael TR, Soma D, McLaren GD. Large discs with large cups: a 
diagnostic challenge in Black African patients. South African 

JUCMD, 2024, Vol. 3(2). 											                                83



J O U R N A L  O F  U N I V E R S I T Y  C O L L E G E  O F  M E D I C I N E  &  D E N T I S T R Y

OphthalmologyJournal.2020;15(2):26-30https://doi.org/10520/EJC-
1e625e3111

3. Park K, Kim J, Lee J. Automatic optic nerve head localization and 
cup-to-disc ratio detection using state-of-the-art deep-learning archi-
tectures. Scientific reports.2020;10(1):5025. https://doi.org/10.1038/
s41598-020-62022-x. 

4. Qureshi I, Khan MA, Sharif M, Saba T, Ma J. Detection of glaucoma 
based on cup-to-disc ratio using fundus images. International Journal 
of Intelligent Systems Technologies and Applications.2020;19(1):1-6. 
https://doi.org/10.1504/IJISTA.2020.105172

5. Mukhtar S, Kamran M, Raza I, Zehra N. Family History of Glauco-
ma: A Predictive Factor? Ophthalmology Research: An International 
Journal. 2016;6(4):1-6. https://doi.org/10.9734/OR/2016/30050

6. Kim YJ, Kim JM, Shim SH, Bae JH, Park KH, Epidemiologic Survey 
Committee of the Korean Ophthalmological Society. Associations be-
tween optic cup-to-disc ratio and systemic factors in the healthy Ko-
rean population. Korean Journal of Ophthalmology.2015;29(5):336-43. 
https://doi.org/10.3341/kjo.2015.29.5.336 

7. Dastiridou A, Kassos I, Samouilidou M, Koutali D, Mataftsi A, An-
droudi S, et al. Age and signal strength‐related changes in vessel density 
in the choroid and the retina: an OCT angiography study of the macula 
and optic disc. Acta Ophthalmologica.2022;100(5):e1095-102. https://
doi.org/10.1111/aos.15028 

8. Mukhtar S, Hassan N, Dawood Z, Zehra N. Retinal nerve fiber layer 
thickness in a subset of Karachi (Pakistan) population. British Jour-
nal of Medicine and Medical Research.2015;10(9):1-7. https://doi.
org/10.9734/BJMMR/2015/20525

9. Nousome D, Mckean-Cowdin R, Richter GM, Burkemper B, Tor-
res M, Varma R, Jiang X. Retinal nerve fiber layer thickness in healthy 
eyes of black, Chinese, and Latino Americans: a population-based 
multiethnic study. Ophthalmology.2021;128(7):1005-1015.https://doi.
org/10.1016/j.ophtha.2020.11.015

10. Wagner FM, Hoffmann EM, Nickels S, Fiess A, Münzel T, Wild PS, 
et al. Peripapillary retinal nerve fiber layer profile in relation to refrac-
tive error and axial length: results from the Gutenberg Health Study. 
Translational Vision Science Technology. 2020;9(9):35-https://doi.
org/10.1167/tvst.9.9.35

11. Lamia Se, Abd Allah Ne, Elsrougy Aa, Rashed Hm. Evaluation of 
the Relationship between Retinal Nerve Fibres Layer (RNFL) Thickness 
in Myopia versus Hypermetropia. The Medical Journal of Cairo Uni-
versity.2021;89:1651-8.https://dx.doi.org/10.21608/mjcu.2021.194981 

12. Salehi MA, Nowroozi A, Gouravani M, Mohammadi S, Arevalo JF. 
Associations of refractive errors and retinal changes measured by op-
tical coherence tomography: A systematic review and meta-analysis. 
Survey of Ophthalmology. 2022; 67(2):591-607. doi: 10.1016/j.survoph-
thal.2021.07.007

13. Choudhary A, Venkatesh RH, Jayashree M, Surendrappa HD, Divya 
R, Darshini LJ, et al. Effect of high myopia on macular thickness: An op-
tical coherence tomography study in a tertiary care hospital, Karnataka, 
India. Journal of Clinical Ophthalmology and Research. 2021;9(1): 14-
7. https://doi.org/10.4103/jcor.jcor_80_20   

14. Qureshi I, Khan MA, Sharif M, Saba T, Ma J. Detection of glau-
coma based on cup-to-disc ratio using fundus images. Interna-
tional Journal of Intelligent Systems Technologies and Applica-
tions.2020;19(1):1-6.https://doi.org/10.1504/IJISTA.2020.105172  
 
15. Liu DW, Haq Z, Yang D, Stewart JM. Association between smok-
ing history and optical coherence tomography angiography find-

ings in diabetic patients without diabetic retinopathy. PloS One.2021 
;16(7):e0253928. https://doi.org/10.1371/journal.pone.0253928 

16. Mukhtar S, Shaheen S, Yonus N, Basharat A, Raza I, Kamran M. 
Association of retinal nerve fiber layer (RNFL) thickness with smoking 
using optical coherence tomography (OCT) in Pakistani population. 
Pakistan Journal of Medicine and Dentistry.2020; 9(4):27-32. https://
doi.org/10.36283/PJMD9-4/006

17. Zereid FM, Osuagwu UL. Myopia and regional variations in retinal 
thickness in healthy eyes. Journal of Ophthalmic & Vision Research. 
2020;15(2):178. doi: 10.18502/jovr.v15i2.6735

18. Yaprak AC, Yaprak L. Retinal microvasculature and optic disc al-
terations in non-pathological high myopia with optical coherence 
tomography angiography. Graefe's Archive for Clinical and Experi-
mental Ophthalmology.2021; 259(11): 3221-7. doi: 10.1007/s00417-
021-05216-x

19. Ganekal S, Sadhwini MH, Kagathur S. Effect of myopia and optic 
disc area on ganglion cell-inner plexiform layer and retinal nerve fiber 
layer thickness. Indian Journal of Ophthalmology.2021;69(7):1820-4. 
https://doi.org/10.4103/ijo.IJO_2818_20  

20. Tai ELM, Ling JL, Gan EH, Adil H, Wan-Hazabbah WH. Compari-
son of peripapillary retinal nerve fiber layer thickness between myopia 
severity groups and controls. International journal of Ophthalmology. 
2018;11(2): 274-278. doi: 10.18240/ijo.2018.02.16

21. Hamed SOWH, Qureshi NMFMA. Analysis of RNFL Thickness 
among Different Refractive States Using OCT. Pakistan Journal of Oph-
thalmology. 2019; 34(2): 139-143. doi: 10.36351/pjo.v34i2.957

22. Ibrahim A, El Gohary EN, El Sobky HM. Hyperopic peripapillary 
retinal nerve fiber layer thickness and foveal thickness using optical co-
herence tomography. Menoufia Medical Journal.2020;33(2):581-7. doi: 
10.4103/mmj.mmj_285_19

23. Oishi A, Noda K, Birtel J, Miyake M, Sato A, Hasegawa T, Miyata 
M, Numa S, Charbel Issa P, Tsujikawa A. Effect of smoking on macu-
lar function and retinal structure in retinitis pigmentosa. Brain Com-
munications.2020;2(2):fcaa117. https://doi.org/10.1093/braincomms/
fcaa117 

24. Dervişoğulları MS, Totan Y, Tenlik A, Yüce A, Güler E. Effect of 
smoking on retina nerve fiber layer and ganglion cell-inner plexiform 
layer complex. Cutaneous and ocular toxicology.2015;34(4):282-285. 
https://doi.org/10.3109/15569527.2014.975240 

25. Dogan M, Akdogan M, Gulyesil FF, Sabaner MC, Gobeka HH. Cig-
arette smoking reduces deep retinal vascular density. Clinical and Ex-
perimental Optometry.2020;103(6):838-842 .https://doi.org/10.1111/
cxo.13070

26. Abdelshafy M, Abdelshafy A. Functional and Structural Changes 
of the Retinal Nerve Fiber Layer and Ganglion Cell Complex in Heavy 
Smokers. Clinical Ophthalmology. 2020;14(2020):397-404. https://doi.
org/10.2147/OPTH.S235892

27. Kaymaz A, Ulaş F, Toprak G, Uyar E, Çelebi S. Evaluation of the 
acute effects of cigarette smoking on the eye of non-Smoking healthy 
young male subjects by optical coherence tomography angiography. 
Cutaneous and Ocular Toxicology.2020;39(2):165-170.https://doi.org/
10.1080/15569527.2020.1753762

28. Feng L, Nie K, Fan W. Effects of smoking on retina in wild type 
and cfh+/-mice: A new model for non-exudative AMD? Investigative 
Ophthalmology & Visual Science.2020;61(7):2267.https://iovs.arvo-
journals.org/article.aspx?articleid=2767441 

JUCMD, 2024, Vol. 3(2). 											                                84


