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Objective: To investigate the effect of current, former and passive 
smoking status on degeneration of lumbar intervertebral discs. 

Method: Three hundred and sixty patients between the ages of 20 and 
70 years, who underwent lumbar spinal magnetic resonance imaging, 
were included in the study. The patients were grouped according to 
their smoking status as current, former, passive smokers and non-
smokers. The cumulative smoking dose for current and former smokers 
was calculated in terms of pack-years and categorized further into two 
subgroups: smoked ≤9 pack-years or >9 pack-years. Patients who had 
been exposed to cigarette smoke for more than one year and more than 
one hour a day were included in the passive smoker group. The lumbar 
intervertebral discs were evaluated by the Pfirrmann disc degeneration 
grading system using sagittal T2-weighted magnetic resonance images. 
Grades IV and V were considered as “severe disc degeneration”. 

Results: There was a statistically significant difference between 
smoking status and gender, age, body mass index and lumbar lordosis 
angle (p<0.05). There was a statistically significant  difference between  
smoking status and the presence of severe disc degeneration at L1-
2, L2-3, L5-S1 levels (p<0.05). The rate of severe intervertebral disc 
degeneration was low at L1-2 (15%) and gradually increased at other disc 
levels (L2-3: 20.3%, L3-4: 28.3%, L4-5: 47.2%, L5- S1: 53.6%). According 
to multivariate analysis, each unit increase in age was significantly 
associated with intervertebral disc degeneration at all levels (p<0.05). 
Passive smoking was found to be significantly associated with L2-3 and 
L3-4 disc degeneration; and >9 pack-years current smoking was found to 
be significantly associated with L5-S1 disc degeneration (p<0.05).

Amaç: Aktif, eski ve pasif sigara içme durumunun lomber intervertebral 
disklerin dejenerasyonuna etkisini araştırmaktır.

Yöntem: Çalışmaya lomber spinal manyetik rezonans görüntüleme 
yapılan 20-70 yaş aralığında olan 360 hasta dahil edildi. Hastalar 
sigara içme durumlarına göre aktif, eski, pasif içici ve içmeyen olarak 
gruplandırıldı. Aktif ve eski sigara içenler için kümülatif sigara dozu 
paket yılı cinsinden hesaplandı ve iki alt gruba ayrıldı: ≤9 paket-
yıl veya >9 paket-yıl. Bir yıldan fazla ve günde bir saatten fazla sigara 
dumanına maruz kalan hastalar pasif içici grubuna dahil edildi. Lomber 
intervertebral diskler, sagital T2 ağırlıklı manyetik rezonans görüntüleri 
kullanılarak Pfirrmann disk dejenerasyon derecelendirme sistemi ile 
değerlendirildi. Grade IV ve V olarak tanımlanan diskler, “ciddi disk 
dejenerasyonu” olarak kabul edildi.

Bulgular: Sigara içme durumu ile cinsiyet, yaş, vücut kitle indeksi ve 
lomber lordoz açısı arasında istatistiksel olarak anlamlı bir fark vardı 
(p<0,05). Sigara içme durumu ile L1-2, L2-3, L5-S1 seviyelerinde ciddi 
disk dejenerasyonu varlığı arasında istatistiksel olarak anlamlı fark vardı 
(p<0,05). Ciddi intervertebral disk dejenerasyonu oranı L1-2’de (%15) 
düşüktü ve diğer disk seviyelerinde kademeli olarak arttı (L2-3: %20,3, L3-
4: %28,3, L4-5: %47,2, L5- S1: %53,6). Çok değişkenli analize göre, yaştaki 
her bir birim artış tüm seviyelerde intervertebral disk dejenerasyonu 
ile anlamlı derecede ilişkiliydi (p<0,05). Pasif içicilik L2-3 ve L3-4 disk 
dejenerasyonu ile anlamlı derecede ilişkili bulunurken, >9 paket-yıl aktif 
sigara içimi L5-S1 disk dejenerasyonu ile anlamlı derecede ilişkili bulundu 
(p<0,05).
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 Introduction
Besides normal aging, genetic and environmental factors 
are important potential determinants of lumbar disc 
degeneration. The effect and importance of heredity on disc 
degeneration has been shown in some twin studies (1-3). 
Acquired factors such as obesity, diabetes mellitus, smoking, 
physical loading and bone mineral density were found 
to be associated with disc degeneration in the literature 
(4). There are also studies investigating the relationship 
between atherosclerosis and disc degeneration. Disruption 
of the blood supply due to atherosclerosis contributes to 
the degeneration process (5-7). The association between 
lumbar disc degeneration/herniation and cardiovascular 
risk factors was also investigated by Hangai et al. (4) and 
Jhawar et al. (8) considering the relationship between 
atherosclerosis and cardiovascular risk factors. 

Smoking causes serious health problems, particularly lung 
and other cancers, heart disease and respiratory diseases, 
and is among the most common causes of death worldwide 
(9,10). These serious consequences of smoking affect not 
only smokers but also passive smokers (11). Besides these 
commonly known diseases related to smoking, numerous 
studies have shown that smoking has detrimental effects 
on the musculoskeletal system and worsens the prognosis 
and treatment of leukomotor diseases (12). Experimental 
studies investigating the association between smoking 
and disc degeneration have shown that the toxic effect 
of nicotine, increased degradation of collagen and disc 
malnutrition caused by decreased blood flow are the most 
accepted mechanisms explaining the disc degeneration 
process (12,13). 

In the literature, there are clinical (surgical and imaging) 
and experimental studies examining the effect of smoking 
status on disc degeneration (13). In some of the imaging 
studies, smoking was associated with disc degeneration 
and herniation (14-18), but the others did not find any 
relation (4,19-21). Only current smoker, former smoker 
and non-smoker groups were included in these studies. To 
the best of our knowledge, the effect of passive smoking on 

intervertebral disc degeneration in humans has not been 
investigated in previous studies. The aim of the study was 
to investigate the effect of current, former and passive 
smoking status on degeneration of lumbar intervertebral 
discs. 

Materials and Methods
This retrospective study was performed by obtaining 
medical records of patients who underwent lumbar spinal 
magnetic resonance imaging (MRI) between September 
2019 and February 2020. Patients with a history of spinal 
surgery or instrumentation, spinal fracture, trauma, 
congenital or acquired spinal deformity tumor or infection 
and those whose MRI data were unavailable were excluded 
from the study. After the application of exclusion criteria, 
955 patients were determined between the specified dates. 
These patients were called by phone to be questioned about 
their smoking status, demographic data (weight and height) 
and whether they were working in heavy work and whether 
they were athletes (22). Heavy workers and athletes were 
also excluded from the study and a total of 360 patients 
whose smoking status information could be obtained were 
included in the study. The patients were grouped according 
to their smoking status which was assessed by self-report 
using following questions: “Have you ever smoked?”, “Do 
you currently smoke?”, “Have you been exposed to cigarette 
smoke from other smokers?”. If a patient answered that he 
currently smoked, he was classified as “current smoker”. If 
a patient answered that he had a history of smoking but not 
smoking currently, he was classified as “former smoker”. If 
a patient answered that he did not currently smoke, did not 
have a history of smoking, and was not exposed to smoke, 
he was classified as “non-smoker”. If a patient never 
smoked and never had a history of smoking, but exposed 
to cigarette smoke due to a family member or a colleague 
to a minimum of one hour every day for more than one 
year, he was classified as “passive smoker” (11,23,24). The 
cumulative smoking dose for current and former smokers 
was calculated in terms of pack-years and categorized 

Conclusion: There is a significant relationship between passive smoking 
and severe disc degeneration at upper lumbar levels. Also it was 
thought that quitting smoking could reverse some of the negative effects 
associated with smoking contributing to disc degeneration.

Keywords: Current smoker, former smoker, intervertebral disc 
degeneration, magnetic resonance imaging, passive smoker, smoking

Sonuç: Üst lomber seviyelerde pasif sigara içimi ile ciddi disk 
dejenerasyonu arasında anlamlı bir ilişki vardır. Ayrıca sigarayı bırakmanın, 
disk dejenerasyonuna katkıda bulunan bazı sigara ile ilgili olumsuz etkileri 
tersine çevirebileceği düşünülmüştür.

Anahtar kelimeler: Aktif sigara içen, eski sigara içen, intervertebral disk 
dejenerasyonu, manyetik rezonans görüntüleme, pasif içicilik, sigara içme
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further into two subgroups: smoked ≤9 pack-years or >9 
pack-years (25). The number of pack-years was calculated 
by dividing the number of cigarettes consumed per day by 
20 and multiplying by the years that the patient had smoked 
(19). Age and gender were recorded. Body mass index (BMI) 
was calculated as weight/(height)2.

Lumbar spinal MRI was performed  using a 1.5 Tesla 
imaging system  (General Electric Healthcare, Milwaukee, 
WI), using the following settings: amplitude: 44 mT/m; 
slew rate gradient configuration: 200 T/m/s. MRI images 
were evaluated using a GE advantage workstation (GE 
Healthcare, Buc, France) and volume share software v.7.0. 
The lumbar lordosis angle was measured and the lumbar 
intervertebral discs were evaluated by the Pfirrmann disc 
degeneration grading system using sagittal T2-weighted 
MR images (TR/TE: 2500/85 ms, matrix: 320x224, slice 
thickness: 4 mm, FOV: 32) (26). 

According to the Pfirrmann disc degeneration grading 
system, the degree of degeneration was classified into 
five grades. In accordance with the literature, grades IV 
and V were accepted as severe disc degeneration (4,27). 
In this classification, grade IV identification is used for 
discs with inhomogeneous structures, where nucleus and 
annulus distinction cannot be made, with intermediate to 
hypointense signal intensity, normal or slightly decreased 
height. Grade V identification is used for discs with 
inhomogeneous structures, where nucleus and annulus 
distinction cannot be made, with hypointense signal 
intensity, collapsed disc space (Figure 1). We accepted the 
dependent variable in logistic regression as patients with 
severe disc degeneration. When evaluating the factors 
affecting severe disc degeneration, the non-smoker group 
was considered as a reference and the effect of other 
smoking status on severe disc degeneration compared to 
non-smokers was examined. 

MRI evaluations were made by the same experienced 
radiologist who was blinded to the smoking status of the 
participants. The Institutional Review Board approved 
the study protocol (24.02.2020-17073117-050.06-E.65) 
Informed consent for lumbar spinal MRI was obtained 
from all individual participants included in the study.

Statistical Analysis 

Statistical analysis was performed using IBM SPSS 
Statistics for Windows v.21.0 (IBM Corp., Armonk, NY, 
USA). Frequency and percentage for discrete data, mean ± 
standard deviation and median for continuous data were 
given as descriptive values. The ‘‘ANOVA test’’ was used for 

comparing the means between the groups and comparing 
the means of more than two groups. The ‘‘Logistic 
Regression Analysis’’ was used to evaluate the severe disc 
degeneration at each lumbar level. Results were considered 
statistically significant when p-value was less than 0.05.

Results
The mean age of the participants was 47.17±12.65 years 
(range: 20-70 years). Among the 360 participants, 134 were 
male (37.2%) and 226 were female (62.8%). The mean BMI 
of the participants was 27.40±4.92 kg/m2 (range: 15.9-47.8 
kg/m2), and the mean lordosis angle of the participants 
was 42.69±12.90° (range: 9.8-82.5°). The rate of severe 
intervertebral disc degeneration was 15% at L1-2, 20.3% at 
L2-3, 28.3% at L3-4, 47.2% at L4-5, and 53.6% at L5-S1 disc 
level (Table 1). 

Distributions of demographic variables according to 
smoking status are given in Table 2. There was a statistically 
significant difference between smoking status and gender, 
age, BMI and lumbar lordosis angle (p<0.05). The vast 
majority of passive smokers were women, and former 
smokers had the highest values in terms of age and BMI.

Distributions of severe disc degeneration at lumbar 
intervertebral disc levels according to smoking status 

Figure 1. T2-weighted sagittal MR images of the lumbar 
intervertebral discs graded according to the Pfirrmann’s 
classification (a-e). Grades IV and V were considered as 
“severe disc degeneration”

MR: Magnetic resonance
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are given in Table 3. There was a statistically significant 

difference between smoking status and the presence of 

severe disc degeneration at L1-2, L2-3, L5-S1 levels (p<0.05). 

It was determined that severe disc degeneration at the L1-2 

level was mostly in the passive and >9 pack/year former 

smoker groups. At the L2-3 level, severe disc degeneration 

was found mostly in the passive smoker group. At the L5-

S1 level, the most severe disc degeneration was detected 

in the >9 pack/year current smoker group. There was no 

statistically significant difference between smoking status 

and the presence of severe disc degeneration at L3-4, L4-5 

levels.

The results of univariate and multivariate analysis examining 
the relationship between demographic data and smoking 
status in terms of severe lumbar disc degeneration are given 
in Table 4 and 5. In univariate analysis, age, BMI and >9 pack/
year former smokers were found statistically significant 
in terms of disc degeneration at L1-2 and L4-5 disc levels; 
age, BMI, lordosis angle and passive smokers were found 
statistically significant in terms of disc degeneration at 
L2-3 and L3-4 disc levels; age, lordosis angle, >9 pack/year 
current smokers, ≤9 pack/year former smokers, and >9 pack/
year former smokers were found statistically significant in 
terms of disc degeneration at L5-S1 disc level (p<0.05). For 
example, at L1-2 disc level for every 1 year increase in age, 
L1-2 disc degeneration increased 1.15 times, for every 1 unit 
change in BMI L1-2 disc degeneration increased 1.10 times, 
and former smokers had L1-2 disc degeneration 5.16 times 
more than non-smokers (Table 4).

According to multivariate analysis, age, and BMI were 
found statistically significant in terms of disc degeneration 
at L1-2 and L4-5 disc levels; age, and passive smokers were 
found statistically significant in terms of disc degeneration 
at L2-3 disc levels; age, BMI and passive smokers were 
found statistically significant in terms of disc degeneration 
at L3-4 disc levels; age, lordosis angle, and >9 pack/year 
current smokers were found statistically significant in 
terms of disc degeneration at L5-S1 disc levels (p<0.05). 
For instance, at L1-2 disc level for every 1 year increase in 
age, L1-2 disc degeneration increased 1.16 times, for every 
1 unit change in BMI L1-2 disc degeneration increased 1.07 
times. According to multivariate analysis gender, ≤9 pack/
year current smoker, ≤9 pack/year former smoker and >9 
pack/year former smoker were not associated with disc 
degeneration at any level (Table 5).

Discussion
In the present study, the rate of severe intervertebral 
disc degeneration was low at L1-2 (15%), and increased 
gradually at more inferior intervertebral disc levels (L2-3: 
20.3%, L3-4: 28.3%, L4-5: 47.2%, L5-S1: 53.6%) (Table 1). 
The vast majority of passive smokers were women, and 
former smokers had the highest values in terms of age and 
BMI. According to multivariate analysis, each unit increase 
in age was significantly associated with intervertebral disc 
degeneration at all levels (p<0.05). Passive smoking was 
found to be significantly associated with L2-3 and L3-4 
disc degeneration, and >9 pack-years current smoking 
was found to be significantly associated with L5-S1 disc 
degeneration (p<0.05) (Table 5).

Table 1. Characteristics of participants
Total By 

category

Variables N Mean SD N %

Age 360 47.17 12.646 - -

BMI 360 27.40 4.924 - -

Gender 360 - - - -

Male - - - 134 37.2

Female - - - 226 62.8

Smoking status 360 - -

Current smoker ≤9 pack/
year

- - - 49 13.6

Current smoker >9 pack/
year

- - - 79 21.9

Passive smoker - - - 77 21.4

Non-smoker - - - 96 26.7

Former smoker ≤9 pack/
year

- - - 25 6.9

Former smoker >9 pack/
year

- - - 34 9.4

Lordosis angle 360 42.69 12.897 - -

L1-2 360 2.03 1.16 - -

Severe disc degeneration 
(grade 4-5)

- - - 54 15

L2-3 360 2.26 1.244 - -

Severe disc degeneration 
(grade 4-5) 

- - - 73 20.3

L3-4 360 2.57 1.28 - -

Severe disc degeneration 
(grade 4-5)

- - - 102 28.3

L4-5 360 3.14 1.234 - -

Severe disc degeneration 
(grade 4-5)

- - - 170 47.2

L5-S1 360 3.34 1.325 - -

Severe disc degeneration 
(grade 4-5)

- - - 193 53.6

BMI: Body mass index, SD: Standard deviation
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Considering the socioeconomic burden caused by low back 

pain due to intervertebral disc degeneration in societies, 

it can be understood that a great interest was paid on 

the investigation of the factors in the etiology of disc 

degeneration (28). Various factors such as age, mechanical 

factors, genetics, nutrition, metabolic disorders, infection, 

and toxic factors like nicotine have been found to have 

detrimental effects on intervertebral discs (22). 

In addition to the negative effects of smoking on the lung 

and cardiovascular system, the harmful effects of smoking 

on the musculoskeletal system have also been the subject 

of research (12,23). Studies on this issue have shown that 

smoking delays fracture healing, decreases bone mineral 

density, increases fracture risk, and causes bone graft non-

union in spinal fusion surgeries (29). Another area of ​​interest 

in this subject is the effect of smoking on intervertebral disc 

degeneration. Disc malnutrition, caused by both tobacco-

induced anoxia and vascular disease and the direct effects 

of chemical substances on disc cell viability are the most 

accepted mechanisms that explain smoking related disc 

degeneration (13,28). In addition, chronic cough, which is 

common in smokers, can cause an increase in intradiscal 

pressure and mechanically induce degeneration negatively 

(30). 

In the literature, there are studies showing the negative 

effect of smoking on lumbar disc degeneration, as well as 

others with different results. Battié et al. (14) found that 

smokers had 18% greater mean disc degeneration scores in 

the lumbar spine compared to non-smokers in a population 

consisting of identical twins. Jakoi et al. (28) reported a strong 

correlation between lumbar disc degenerative disease and 

tobacco use. They found a nearly 6-fold increase in the 

prevalence of smokers’ lumbar disc degenerative disease 

compared to non-smokers. In a systematic review, Huang et 

al. (31) reported that current smokers showed a higher risk 

of developing lumbar disc herniation than former smokers 

and both male and female smokers had a similar risk of 

lumbar disc herniation. Schumann et al. (32) concluded that 

smoking 20-40 pack/years significantly increased the rate 

of lumbar disc herniation in men and smoking 8-20 packs/

year increased the risk of lumbar disc herniation in women. 

Livshits et al. (15) found that smoking showed statistically 

significant relationships with risk of disc herniation. On the 

other hand, there have been studies that found opposing 

results. Hangai et al. (4) could not find a correlation between 

smoking and disc degeneration in their study. However, 

they thought that this might be due to the insufficient 

number of patients who actively smoked (4). Kuisma et al. 

(19) reported that smoking was not significantly associated 

Table 2. Distribution of demographic variables according to smoking status
Smoking status p

Passive Current ≤9 
pack/year

Current >9 
pack/year

Former smoker  
≤9 pack/year

Former smoker 
>9 pack/year

Non-smoker Total

N (%) 77 (21.4) 49 (13.6) 79 (21.9) 25 (6.9) 34 (9.4) 96 (26.7) 360 (100)

Females, n (%) 64 (83.1) 33 (67.3) 35 (44.3) 17 (68.0) 9 (26.5) 68 (70.8) 226 (62.8) <0.0001*

Age (years),  
mean ± SD 

47.0±13.0 39.0±11.9 46.0±11.2 49.0±14.2 57.0±8.6 48.0±12.2 47.0±12.6 <0.0001**

BMI (kg m-2),  
mean ± SD

28.0±5.1 25.9±4.7 26.2±4.1 28.9±4.9 29.0±4.5 27.7±5.3 27.4±4.9 0.003**

LLA (°), mean ± SD 42.5±13.6 42.3±13.6 39.8±12.5 39.3±12.9 44.9±12.6 45.5±11.8 42.7±12.9 0.044**
BMI: Body mass index, LLA: Lumbar lordosis angle, SD: Standard deviation, *chi-square test, **ANOVA test

Table 3. Distribution of severe disc degeneration at lumbar intervertebral disc levels according to smoking status
Smoking status p*

Severe disc 
degeneration at 
lumbar disc levels

Passive Current ≤9 
pack/year

Current >9 
pack/year

Former smoker 
≤9 pack/year

Former smoker 
>9 pack/year

Non- smoker Total

P L1-2, n (%) 12 (22.2) 5 (9.3) 11 (20.4) 3 (5.6) 12 (22.2) 11 (20.4) 54 (100) 0.023

P L2-3, n (%) 24 (32.9) 5 (6.8) 12 (16.4) 6 (8.2) 10 (13.7) 16 (21.9) 73 (100) 0.026

P L3-4, n (%) 30 (29.4) 10 (9.8) 18 (17.6) 9 (8.8) 13 (12.7) 22 (21.6) 102 (100) 0.057

P L4-5, n (%) 42 (24.7) 21 (12.4) 35 (20.6) 14 (8.2) 20 (11.8) 38 (22.4) 170 (100) 0.209

P L5-S1, n (%) 40 (20.7) 23 (11.9) 51 (26.4) 16 (8.3) 22 (11.4) 41 (21.2) 193 (100) 0.033
P Pfirrmann grade, *chi-square test
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Table 4. Univariate analysis for severe disc degeneration at lumbar intervertebral disc levels 

Univariate 
analysis*

P L1-2 P L2-3 P L3-4 P L4-5 P L5-S1

OR 
(95% Cl)

p OR 
(95% Cl)

p OR 
(95% Cl)

p OR 
(95% Cl)

p OR 
(95% Cl)

p

Age 1.15 
(1.10-1.19)

<0.0001 1.15 
(1.11-1.19)

<0.0001 1.12 
(1.09-1.15)

<0.0001 1.08 
(1.06-1.10)

<0.0001 1.07 
(1.05-1.09)

<0.0001

Female 1.01 
(0.55-1.84)

0.976 1.75 
(0.99-3.07)

0.054 1.34 
(0.83-2.18)

0.230 1.42 
(0.92-2.18)

0.113 1.11 
(0.72-1.70)

0.637

BMI 1.10 
(1.04-1.16)

0.001 1.08 
(1.03-1.14)

0.003 1.15 
(1.09-1.21)

<0.0001 1.12 
(1.06-1.17)

<0.0001 1.02 
(0.97-1.06)

0.368

LLA 1.02 
(1.00-1.04)

0.116 1.02 
(1.00-1.04)

0.027 1.02 
(1.0-1.04)

0.024 1.01 
(0.99-1.03)

0.140 1.02 
(1.01-1.04)

0.005

Smoking status 

Non-smoker 1.0 - 1.0 - 1.0 - 1.0 - 1.0 -

Current ≤9 1.30 
(0.38-4.22)

0.719 1.68 
(0.58-4.90)

0.343 1.16 
(0.49-2.83)

0.707 1.13 
(0.56-2.29)

0.734 1.04 
(0.51-2.10)

0.920

Current >9 1.21 
(0.48-3.07)

0.687 1.15 
(0.51-2.60)

0.737 1.02 
(0.50-2.08)

0.956 1.16 
(0.64-2.12)

0.625 2.80 
(1.51-5.18)

0.001

Passive 1.93 
(0.81-4.56)

0.136 2.07 
(1.01-4.24)

0.047 2.41 
(1.25-4.63)

0.009 1.68 
(0.93-3.05)

0.087 1.54 
(0.85-2.80)

0.152

Former ≤9 1.36 
(0.34-5.41)

0.665 1.88 
(0.64-5.53)

0.254 2.47 
(0.93-6.58)

0.070 1.83 
(0.72-4.66)

0.204 3.00 
(1.12-8.03)

0.029

Former >9 5.16 
(1.96-13.61)

0.001 2.27 
(0.91-5.70)

0.080 2.14 
(0.90-5.08)

0.084 3.36 
(1.43-7.87)

0.005 2.67 
(1.16-6.16)

0.021

BMI: Body mass index, LLA: Lumbar lordosis angle, P Pfirrman grade, *Logistic Regression Analysis, CI: Confidence interval, OR: Odds ratio

Table 5. Multivariate analysis for severe disc degeneration at lumbar intervertebral disc levels

Multivariate 
analysis*

P L1-2 P L2-3 P L3-4 P L4-5 P L5-S1

OR 
(95% Cl)

p OR 
(95% Cl)

p OR 
(95% Cl)

p OR 
(95% Cl)

p OR 
(95% Cl)

p

Age 1.16 
(1.10-1.20)

<0.0001 1.17 
(1.12-1.21)

<0.0001 1.13 
(1.09-1.16)

<0.0001 1.08 
(1.06-1.10)

<0.0001 1.09 
(1.07-1.12)

<0.0001

Female 1.16 
(0.50-2.21)

0.704 2.14 
(1.08-4.62)

0.043 1.12 
(0.65-2.30)

0.719 1.55 
(0.92-2.62)

0.099 1.40 
(0.82-2.39)

0.219

BMI 1.07 
(0.99-1.14)

0.049 1.03 
(0.96-1.09)

0.454 1.13 
(1.05-1.19)

<0.0001 1.07 
(1.02-1.13)

0.009 1.02 
(0.97-1.08)

0.481

LLA 1.01 
(0.98-1.04)

0.613 1.01 
(0.98-1.03)

0.656 1.01 
(0.98-1.03)

0.813 1.01 
(0.99-1.03)

0.504 1.04 
(1.03-1.07)

<0.0001

Smoking status 

Non-smoker 1.0 - 1.0 - 1.0 - 1.0 - 1.0 -

Current ≤9 3.17 
(0.75-13.51)

0.118 2.13 
(0.55-8.22)

0.275 3.42 
(1.15-10.14)

0.127 2.74 
(1.19-6.29)

0.118 2.08 
(0.89-4.83)

0.090

Current >9 2.19 
(0.73-6.55)

0.163 1.45 
(0.54-3.91)

0.463 1.87 
(0.79-4.46)

0.156 1.65 
(0.83-3.27)

0.154 3.24 
(1.59-6.57)

0.001

Passive 2.35 
(0.88-6.27)

0.088 2.82 
(1.17-6.80)

0.021 3.42 
(1.53-7.67)

0.003 1.81 
(0.92-3.55)

0.087 1.54 
(0.79-3.01)

0.210

Former ≤9 1.09 
(0.23-5.24)

0.910 1.48 
(0.40-5.59)

0.558 2.54 
(0.74-8.70)

0.137 1.58 
(0.55-4.51)

0.394 2.52 
(0.86-7.41)

0.093

Former >9 3.01 
(0.97-9.37)

0.057 1.33 
(0.45-3.97)

0.605 1.01 
(0.36-2.80)

0.982 2.13 
(0.83-5.47)

0.115 1.46 
(0.58-3.68)

0.423

BMI: Body mass index, LLA: Lumbar lordosis angle, P Pfirrman grade, *Logistic Regression Analysis, CI: Confidence interval, OR: Odds ratio
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with severe disc degeneration in a population consisting of 
middle-aged male workers. Kanayama et al. (20) concluded 
that smoking status was not a significant risk factor for the 
prevalence of disc degeneration and herniation. Schistad et 
al. (33) found that smoking status had no significant impact 
on 5-year disc degeneration development. 

As mentioned above, numerous studies in the literature 
have found results that current smokers and former smokers 
have increased the risk of intervertebral disc degeneration. 
The effect of passive smoking, another subgroup in terms 
of exposure to smoking, on disc degeneration has been 
investigated in experimental studies using animal models 
(34-36). However, as far as we know, there is no study 
investigating the relationship between passive smoking 
and intervertebral disc degeneration in humans. 

Passive smoking poses a considerable risk of associated 
diseases compared to active smokers, and the serious 
consequences of smoking affect not only smokers but 
also passive smokers (37,38). Smoking is blamed for an 
estimated 480,320 deaths per year in the United States, 
of which 41.280 are due to lung cancer and coronary 
heart disease in individuals exposed to passive smoking 
(39). Considering the systemic proposed mechanisms of 
smoking on disc degeneration, the relationship between 
passive smoking and lumbar disc degeneration was also 
aimed to be investigated in this study.

Mechanical stress due to physical loading is expected to 
cause degeneration at lower lumbar levels (14). Since the 
effect of smoking is systemic, as previously described, it 
may cause higher degeneration grades in the upper and/
or lower lumbar levels. Saberi et al. (17) found that after 
eliminating the effect of other factors, cigarette smoking 
was associated with nucleus pulposus dislodgement only 
in upper lumbar levels (p=0.038). According to the results 
of this study, the significant relationship between disc 
degeneration at the upper (L2-3 and L3-4) lumbar levels 
and passive smoking suggests that passive smoking may 
cause more degeneration in the upper lumbar levels than 
mechanical stress.

Another remarkable topic from the results of the studies in 
the literature is whether there is a change in the degeneration 
findings after quitting smoking. In a review by Huang et al. 
(31), it was found that current smokers had a higher risk 
of developing lumbar disc herniation compared to former 
smokers. In an experimental study, Nemoto et al. (34) 
found that intervertebral disc degeneration due to smoking 
could be repaired to some extent after quitting smoking. 

While investigating the relationship between smoking and 
surgical disc disease in their study, An et al. (40) stated that 
smoking cessation might have beneficial effects since there 
was no significant difference between former smokers and 
non-smokers. One of the results of the large-scale study 
by Knuttson et al. (41) was that quitting smoking reduced 
surgery. In the present study, when the current smokers 
and former smokers were compared in terms of severe disc 
degeneration, although current smoker’s age and BMI were 
lower, >9 pack/year current smokers were found statistically 
significant in terms of disc degeneration at L5-S1 disc levels 
according to multivariate analysis. This result is thought to 
be a supportive finding that some of the negative effects of 
smoking may be reversed after quitting smoking.

Study Limitations
The present study has some limitations. Although those 
who did heavy physical work and athletes were excluded 
from the study, one of the limitations was that the subjects 
were not evaluated in terms of other risk factors that might 
cause lumbar disc degeneration, such as family history, daily 
physical activity and habits (long-term sitting, poor posture, 
alcohol use, etc.), diabetes and cardiovascular diseases, and 
musculoskeletal system diseases that increased the burden 
on the lumbar region. However, this was a retrospective 
study and it was not possible to retrospectively collect 
accurate information about the patient’s daily activities and 
habits of previous days and other risk factors. Self-reporting 
on smoking status and smoking exposure may have led to 
misclassification of patients. However, self-questionnaire 
has been used in studies on this subject in the literature. 
Studies that are confident about the amount of exposure to 
smoking may only be available in experimental studies with 
animal models or in prospective studies. 

Conclusion
Breathing cigarette smoke can systemically affect 
many organs/parts of the body negatively regardless of 
active smoking. Based on the significant relationship 
found between passive smoking and intervertebral disc 
degeneration at upper lumbar levels, which are less 
affected by mechanical factors, it has been considered as 
a finding supporting that cigarette smoke exposure may 
have an effect on disc degeneration. The study supports 
the view that some negative effects on disc degeneration 
may be reversible after smoking cessation. The longer we 
stay away from smoking or its smoke, the more we keep 
a preventable risk factor for disc degeneration away from 
our lives. 
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