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Retinitis pigmentosa is an inherited neurodegenerative disease of the retina. We investigated smoking as a modifiable environmental

factor for the progression of this currently untreatable disease. Clinical data, smoking history, macular function and morphology

including visual acuity, visual field sensitivity, ellipsoid zone width and central retinal thickness were investigated. Association be-

tween pack� years and these parameters were evaluated using generalized estimating equation models to adjust confounding fac-

tors such as age and sex. A total of 410 patients with retinitis pigmentosa (�20 years old; 209 female) were included, 164 had a

smoking history. Patients without smoking history revealed a better visual acuity than smokers (0.39 versus 0.57, P¼ 0.001). The

pack� years index was associated with worse visual acuity and thinner central retinal thickness after adjusting for age and sex

(P¼ 0.0047 and 0.0099, respectively). Visual field and ellipsoid zone width showed a non-significant decline with increasing

pack� years. This study indicates an association of smoking with worse macular function and structural integrity in retinitis pig-

mentosa patients, and hence a potential detrimental effect of smoking on the disease course.
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Introduction
Retinitis pigmentosa refers to a group of inherited neuro-

degenerative diseases affecting the retina (Hartong et al.,

2006). Retinitis pigmentosa typically starts with night

blindness in young age, progresses to visual field defects

and leads to legal blindness in the majority of patients.

In the working-age population, retinitis pigmentosa is a

leading cause of severe visual impairment and blindness

with currently limited treatment options (Scholl et al.,

2016; Verbakel et al., 2018).

The age of first symptom and the disease progression

are highly variable in retinitis pigmentosa even if patients

share the same or a similar mutational background

(Mathijssen et al., 2017), indicating an essential role for

additional genetic and/or environmental disease modifiers.

This is supported by animal models in which anti-oxidant

(Komeima et al., 2006), docosahexanoic acid (German

et al., 2006), environmental enrichment (Barone et al.,

2012) or mutations in a second gene may affect the

course of retinal degeneration (Samardzija et al., 2006).

In fact, clinical trials were conducted to investigate bene-

ficial effects of medical treatment (exogenous disease

modifiers), and some indicated significant benefit

(Sacchetti et al., 2015).

Smoking is amongst the most prevalent and important

environmental factors influencing human health. Smoking

is associated with various types of cancer, cardiovascular,

pulmonary diseases and accounts for millions of deaths

worldwide (Mathers and Loncar, 2006). Smoking may

also induce or increase the risk for many eye conditions,

including highly prevalent diseases such as cataract or

age-related macular degeneration, and rare genetic disor-

ders such as Leber hereditary optic neuropathy (Nita and

Grzybowski, 2017). In addition, smoking has been associ-

ated with various neurodegenerative diseases including

Alzheimer’s disease (Larsson et al., 2017).

It has been shown that oxidative stress is associated

with cone photoreceptor cell death (Campochiaro and

Mir, 2018). Thus, we hypothesized that smoking which

exacerbates oxidative stress may also affect the clinical

course of retinitis pigmentosa, in particular at a disease

stage when the cone-rich macular area is also affected.

Consequently, we investigated possible associations be-

tween smoking, macular functional and structural integ-

rity in patients with retinitis pigmentosa.

Materials and methods

Patients

This retrospective study was approved by the local ethics

committees in Kyoto, Japan and Bonn, Germany. The

study protocols adhered to the tenets of the Declaration

of Helsinki. Part of the patients also underwent genetic

testing with written informed consent.

Patient data were collected from 2012 to 2017. The

diagnosis of retinitis pigmentosa was based on the presence

of night blindness, visual field defects and characteristic ret-

initis pigmentosa fundus appearance. Non-recordable or

reduced amplitude on electroretinography confirmed the

clinical diagnosis unless patients refused or were unable to

perform this examination. Genetic testing including next-

generation sequencing was performed as previously

reported (Oishi et al., 2014; Birtel et al., 2018).

Inclusion criteria for this study were age above 20 years,

detailed smoking history and absence of visually significant

cataract (Emery-Little grade � 3; posterior subcapsular

opacity). Patients with other ocular conditions that may af-

fect the outcome measures, such as corneal opacities, ret-

inal vein occlusions, history of major ocular trauma and

history of retinal surgery, were excluded. Posterior vitreous

adhesions, epiretinal membranes without significant retinal

distortion and minor cystoid spaces in the retina were not
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excluded because they are common findings in retinitis pig-

mentosa and an exclusion would critically undermine the

applicability of our findings.

Clinical examination and image

acquisition

The primary outcome measure was best corrected visual

acuity, measured with Landolt C chart or Snellen chart

that was converted to logarithm of minimum angle of

resolution (logMAR).

Further parameters included, average central retinal

thickness (CRT, inner surface of the internal limiting

membrane to outer surface of the retinal pigment epithe-

lium) and width of the ellipsoid zone, which represents

structural photoreceptor integrity. These measurements

were performed manually on horizontal and vertical op-

tical coherence tomography scans through the fovea

(Spectralis HRA þ OCT, Heidelberg Engineering,

Heidelberg, Germany) (Fig. 1). In addition, mean devi-

ation by visual field testing, measured with Humphrey

visual field analyser (Carl Zeiss Meditec, Dublin, CA,

USA) using SITA-standard 10-2 programme, was ana-

lysed. Smoking was measured by packs (20 cigarettes)

consumed per day � years. All previous mentioned

examinations were performed when smoking history was

evaluated. Electronic cigarettes were not included.

Sample size calculation and

statistical methods

More than 5 pack� years of smoking were regarded as

significant smoking history (Moore et al., 2010). We con-

sidered that more than 0.1 logarithm of minimum angle

of resolution unit of difference between those with and

without significant smoking history can be clinically

Figure 1 Comparison of ever-smoker and non-smoker in patients with retinitis pigmentosa. Measurements are shown as mean and

95% confidence intervals. Measured items are illustrated in the right column. Smokers tended to have worse vision and retinal integrity.
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significant. On the assumption of 0.5 Unit standard devi-

ation and that smoking will never have beneficial effect

(one-sided comparison), sample size required to detect 0.1

unit difference with statistical power 80% and alpha

error 5% was calculated as 197 for each group.

Statistical analysis

Because the data showed deviation from normal distri-

bution with Kolmogorov�Smirnov test, clinical charac-

teristics of smokers and non-smokers were compared

using Mann�Whitney test. Chi-square test was used to

compare distribution of sex. Patients were categorized

based on pack� year: Category 0, no smoking history;

Category 1, pack� year> 0 and �15; Category 2,

pack� year> 15 and �30; Category 3, pack� year >30.

Clinical parameters were examined among groups using

Dunnett test. The associations between logarithm of

minimum angle of resolution and pack� year, as well as

the retinal structure and pack� year, were further ana-

lysed; age- and gender-adjusted effect sizes were esti-

mated for right and left eyes combined, using

generalized estimating equation (GEE) models to account

for the correlation between eyes (Hanley et al., 2003).

Pack� year was treated as continuous variable. These

statistical analyses were conducted using R software

(Version 3.4.1). For GEE, the CRAN package ‘gee’ was

employed.

Data availability

The data that support the findings of this study are avail-

able from the corresponding author, upon reasonable

request.

Results
This study included 410 retinitis pigmentosa patients

(201 men and 209 women) with a mean age of

53.6 years (95% confidence interval 52.2� 55.1).

Thirteen eyes were excluded because of retinal detach-

ment, macular hole, major trauma, corneal opacity, acute

angle closure glaucoma, phthisis bulbi and enucleation.

Thus, the study cohort consisted of 807 eyes. Genetic

testing was performed in 366 patients and identified

causative genes in 184 patients (50.3%). Causative genes

are provided in Table 1. Visual field testing was available

from 324 patients (648 eyes).

Totally, 164 patients had a history of smoking, with

mean pack� years of 19.7 (95% confidence interval:

17.8� 21.6). Age was not significantly different between

smokers and non-smokers (53.2 versus 54.3 years old,

P¼ 0.295). Male patients were more likely to have a

smoking history than female (117/201, 58.2% versus

47/209, 22.5%, P¼ 1.92� 10�13). Sixteen patients car-

ried mutations in X-linked genes (RP2 and RPGR), and

nine of them were smoker (56.3%).

Smokers, when compared to non-smokers, had signifi-

cantly worse visual acuity (logMAR mean 6 standard de-

viation, 0.57 6 0.78 versus 0.39 6 0.66; P ¼ 4.53 �
10�4; Snellen equivalent of the means: 20/74 versus 20/

49) and shorter width of the ellipsoid zone (1758 6

2215 mm versus 2000 6 2286 mm; P ¼ 0.019). Visual

field testing was performed in 324 patients of whom 195

were non-smokers and 129 smokers, and revealed the

same trend despite non-significant P-values (–19.9 6 10.5

dB versus –19.0 6 10.7 dB, P ¼ 0.30). Central retinal

thickness measures were not different (200.1 6 79.2 ver-

sus 200.8 6 81.7 mm, P ¼ 0.53) (Fig. 1).

Visual acuity, visual field sensitivity and CRT deterio-

rated with increasing pack� years (Fig. 2). Particularly,

Category 3 patients (pack� year> 30) showed worse VA

(P¼ 1.14� 10�4), worse visual field (P¼ 4.50� 10�2)

and smaller CRT (P¼ 4.33� 10�2) compared with

Category 0 (no smoking history). This association was

confirmed after an adjustment for age, gender and bilat-

eral eyes using GEE (P¼ 0.0047 for visual acuity and

0.0099 for CRT, respectively). Visual field sensitivity and

ellipsoid zone also declined as the pack� year increases,

though it was not statistically significant after adjustment

with GEE (Table 2).

Discussion
In this study, visual acuity in patients with retinitis pig-

mentosa was worse amongst smokers compared with

non-smokers. As age and sex (patients with X-linked ret-

initis pigmentosa tend to have worse phenotype) can be

confounding factors, we performed GEE to adjust for

these parameters; however, pack� year was independently

associated with worse visual acuity. This is the first

Table 1 Causative genes and number of patients in the

present study

C2orf71 1 PDE6B 7

CEP78 1 PRCD 1

CEP290 1 PRPF6 1

CNGA1 7 PRPF8 3

CNGB1 3 PRPF31 8

CRB1 1 PRPH2 4

CRX 3 RDH12 2

EYS 62 RHO 9

FAF161A 1 RP1 4

GUCY2D 1 RP1L1 6

IFT140 1 RP2 2

IMPG2 2 RPE65 1

MAK 1 RPGR 14

MERTK 1 RPGRIP1 1

MFSD8 1 SAG 1

MYO7A 1 SNRNP200 4

NR2E3 3 TOPORS 2

NRL 1 TULP1 1

PDE6A 2 USH2A 18
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clinical evidence that smoking, as a modifiable environ-

mental factor, may have a negative effect on the disease

course of retinitis pigmentosa.

Structural changes of the retina were more advanced in

smokers who had a shorter EZ width and thinner CRT

compared with non-smokers. A consistent trend was

observed in each analysis; however, P-values were not

consistently significant probably due to the large vari-

ation within groups. Previously, tobacco-associated retinal

changes were also observed in otherwise healthy subjects

(Yang et al., 2019). However, the change was observed

as thinning of retinal nerve fibre layer and ganglion cell

layer. We consider that the outer retinal changes seen in

the present study are specific to patients with retinitis

pigmentosa.

The potentially detrimental effect of smoking on ret-

inal integrity could be explained by diverse mecha-

nisms: First, tobacco contains numerous oxidative

components (Smith and Hansch, 2000) and reduces

macular pigment making the retina more susceptible to

oxidative stress (Hammond et al., 1996). Oxidative

stress was associated with cone cell death

Figure 2 Relationship between increasing pack2years and retinal function/morphology. Retinitis pigmentosa patients were

categorized based on pack� year: Category 0, no smoking history; Category 1, pack� year> 0 and �15; Category 2, pack� year> 15 and �30;

Category 3, pack� year> 30. Visual acuity (A), visual field sensitivity (B), width of ellipsoid zone (C) and central foveal thickness (D) tended to

decline as the pack� year increases. HFA, Humphrey visual field analyser. *P< 0.05 and **P< 1� 10�4 compared to category 0 after Dunnett

correction.
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(Campochiaro and Mir, 2018) and may explain macu-

lar functional deficit seen in the present study. Second,

smoking may cause chronic inflammation; smoking dir-

ectly affects immune cells, increases proinflammatory

cytokine and exacerbates local and systemic inflamma-

tion (Lee et al., 2012). Previously, it has been shown

that smoking-induced chronic inflammation plays a

role in age-related macular degeneration (Anderson

et al., 2002). These mechanisms may accelerate photo-

receptor cell death although the present study design

cannot state which one is involved in the findings.

A limitation of this study is the cross-sectional design that

can only show an association but no causal relationship.

The study design is a compromise, as randomized studies

are essentially impossible and longitudinal observational

study may include ethical concerns if patients are not

encouraged to stop smoking. An alternative explanation for

a worse disease course in smoking retinitis pigmentosa

patients would be that those with a more severe disease

course may start smoking as a coping strategy. However, a

previous report showed that retinitis pigmentosa patients are

less likely be smokers compared with controls indicating

that those who care about their disease condition tend to re-

frain from potentially harmful habit (An et al., 2014).

Inclusion of both eyes might have brought potential bias

despite we adjusted the effect with GEE. Lastly, we could

not investigate the effect of specific gene mutations because

most genes account for only a few patients which would

not allow meaningful comparisons. Instead, we included a

considerable number of retinitis pigmentosa patients, making

the conclusions more generalizable.

In summary, the presented data suggest potential detri-

mental effects of smoking on retinal integrity in retinitis

pigmentosa. Additional studies with larger sample or ani-

mal experiments are warranted to confirm these initial

findings.
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Wuppertal, Germany (grant S0134-10.22 to J.B.). The fund-

ing organizations had no role in the design and conduct of

the study; collection, management, analysis and interpret-

ation of the data; preparation, review or approval of the

manuscript; and decision to submit the manuscript for publi-

cation. The authors alone are responsible for the content and

writing of the paper. The views expressed are those of the

authors and not necessarily those of the NHS, the NIHR or

the Department of Health.

Competing interests
The authors report no competing interests.

References
An AR, Shin DW, Kim S, Lee CH, Park JH, Oh MK, et al. Health

behaviors of people with retinitis pigmentosa in the republic of

Korea. Ophthalmic Epidemiol 2014; 21: 279–86.

Anderson DH, Mullins RF, Hageman GS, Johnson LV. A role for local

inflammation in the formation of drusen in the aging eye. Am J

Ophthalmol 2002; 134: 411–31.

Barone I, Novelli E, Piano I, Gargini C, Strettoi E. Environmental en-

richment extends photoreceptor survival and visual function in a

mouse model of retinitis pigmentosa. PLoS One 2012; 7: e50726.
Birtel J, Gliem M, Mangold E, Muller PL, Holz FG, Neuhaus C, et al.

Next-generation sequencing identifies unexpected genotype-pheno-

type correlations in patients with retinitis pigmentosa. PLoS One

2018; 13: e0207958.
Campochiaro PA, Mir TA. The mechanism of cone cell death in retin-

itis pigmentosa. Prog Retin Eye Res 2018; 62: 24–37.
German OL, Insua MF, Gentili C, Rotstein NP, Politi LE.

Docosahexaenoic acid prevents apoptosis of retina photoreceptors

by activating the ERK/MAPK pathway. J Neurochem 2006; 98:

1507–20.
Hammond BR Jr, Wooten BR, Snodderly DM. Cigarette smoking and

retinal carotenoids: implications for age-related macular degener-

ation. Vision Res 1996; 36: 3003–9.
Hanley JA, Negassa A, Edwardes MD, Forrester JE. Statistical analysis

of correlated data using generalized estimating equations: an orienta-

tion. Am J Epidemiol 2003; 157: 364–75.

Hartong DT, Berson EL, Dryja TP. Retinitis pigmentosa. Lancet 2006;

368: 1795–809.

Table 2 Result of generalized estimating equations

Estimate Robust SE Robust z P-value

Visual acuity

Age 0.01 1.73E�3 6.82 8.70E�12

Sex �0.06 0.05 �1.19 0.23

Pack� year 0.01 1.85E�3 2.83 4.69E�3

Visual field

Age �0.12 003 �4.61 3.97E6

Sex 2.73 0.84 3.25 1.17E�3

Pack� year �0.02 0.03 �0.69 0.49

Ellipsoid zone width

Age �11.6 5.5 �2.1 0.04

Sex 669.2 172.2 3.9 1.02E�4

Pack� year �3.1 6.0 �0.5 0.60

CRT

Age �0.4 0.2 �2.0 4.95E�2

Sex �8.6 7.4 �1.2 0.24

Pack� year �0.6 0.2 �2.6 9.92E�3

CRT, central retinal thickness; SE, standard error; visual acuity, measured with loga-

rithm of minimum angle of resolution; visual field, measured with Humphrey visual

field analyser 10-2 mean deviation.

6 | BRAIN COMMUNICATIONS 2020: Page 6 of 7 A. Oishi et al.



Komeima K, Rogers BS, Lu L, Campochiaro PA. Antioxidants reduce

cone cell death in a model of retinitis pigmentosa. Proc Natl Acad
Sci USA 2006; 103: 11300–5.

Larsson SC, Traylor M, Malik R, Dichgans M, Burgess S, Markus HS.

Modifiable pathways in Alzheimer’s disease: Mendelian randomisa-
tion analysis. BMJ 2017; 359: j5375.

Lee J, Taneja V, Vassallo R. Cigarette smoking and inflammation: cel-
lular and molecular mechanisms. J Dent Res 2012; 91: 142–9.

Mathers CD, Loncar D. Projections of global mortality and burden of

disease from 2002 to 2030. PLoS Med 2006; 3: e442.
Mathijssen IB, Florijn RJ, van den Born LI, Zekveld-Vroon RC, Ten

Brink JB, Plomp AS, et al. Long-term follow-up of patients with ret-

initis pigmentosa type 12 caused by CRB1 mutations: a severe
phenotype with considerable interindividual variability. Retina

2017; 37: 161–72.
Moore WC, Meyers DA, Wenzel SE, Teague WG, Li H, Li X, et al.

Identification of asthma phenotypes using cluster analysis in the se-

vere asthma research program. Am J Respir Crit Care Med 2010;
181: 315–23.

Nita M, Grzybowski A. Smoking and eye pathologies. A systemic re-
view. Part II. Retina diseases, uveitis, optic neuropathies, thyroid-
associated orbitopathy. Cpd 2017; 23: 639–54.

Oishi M, Oishi A, Gotoh N, Ogino K, Higasa K, Iida K, et al.
Comprehensive molecular diagnosis of a large cohort of Japanese

retinitis pigmentosa and usher syndrome patients by next-generation

sequencing. Invest Ophthalmol Vis Sci 2014; 55: 7369–75.
Sacchetti M, Mantelli F, Merlo D, Lambiase A. Systematic review of

randomized clinical trials on safety and efficacy of pharmacological

and nonpharmacological treatments for retinitis pigmentosa.
J Ophthalmol 2015; 2015: 1–11.

Samardzija M, Wenzel A, Naash M, Reme CE, Grimm C. Rpe65 as a
modifier gene for inherited retinal degeneration. Eur J Neurosci
2006; 23: 1028–34.

Scholl HP, Strauss RW, Singh MS, Dalkara D, Roska B, Picaud S,
et al. Emerging therapies for inherited retinal degeneration. Sci
Transl Med 2016; 8: 368rv6.

Smith CJ, Hansch C. The relative toxicity of compounds in main-
stream cigarette smoke condensate. Food and chemical toxicology:

an international journal published for the British Industrial. Biol Res
Assoc 2000; 38: 637–46.

Verbakel SK, van Huet RAC, Boon CJF, den Hollander AI, Collin

RWJ, Klaver CCW, et al. Non-syndromic retinitis pigmentosa. Prog
Retin Eye Res 2018; 66: 157–86.

Yang TK, Huang XG, Yao JY. Effects of cigarette smoking on retinal
and choroidal thickness: a systematic review and meta-analysis.
J Ophthalmol 2019; 2019: 1–8.

Tobacco exposure in retinitis pigmentosa BRAIN COMMUNICATIONS 2020: Page 7 of 7 | 7


	tblfn1



