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Introduction

Female sexual dysfunction (FSD) is defined as recurrent or 
persistent deficiency in sexual desire and arousal, difficulty or 
absence of reaching orgasm and genital pain [1]. FSD is af-
fected by multiple factors such as anatomical, physiological, 
psychological and social factor, and in consequence, it can lead 
to decreased quality of life [2]. In United States, the prevalence 
of FSD is 43% in 18- to 59-year-old women, based on a popu-
lation study [3]. The prevalence of FSD in 18- to 52-year-old 
Korean women is reported as 43.5% [4], and in a study, 37% 
of 40- to 80-year-old women had decreased sexual pleasure 
and 31% had difficulty in achieving an orgasm [5, 6]. 

Cigarette smoking is a worldwide public health problem, 
which is related to cardiovascular disease (e.g., peripheral vas-

cular disease, stroke, coronary heart disease, hypertension), 
respiratory disease, and cancer [7]. In terms of sexual dysfunc-
tion, smoking is well known as one of the risk factors of male 
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sexual dysfunction [6, 8, 9]. In men, the association between 
smoking and impairment of sexual function, especially erectile 
dysfunction, has been extensively studied, and the positive 
dose-dependent relationship between smoking and erectile 
dysfunction has been consistently reported [10,11]. However, 
relatively few studies have addressed the relationship between 
smoking and sexual dysfunction in women, and the results 
were inconsistent [12-14]. In addition, there is a paucity of in-
formation on dose-dependent relationship between cigarette 
smoking and FSD. 

The objective of this study was to evaluate whether smoking 
is a risk factor for FSD and to determine the relationship be-
tween the cumulative smoking dose and sexual dysfunction in 
Korean premenopausal women.

Materials and methods 

1. Study population
The study population consisted of consecutive women who 
visited Seoul National University Hospital Center for Health Pro-
motion and Optimal Aging for medical check-up, from January 
2010 to December 2011. The inclusion criteria of this study 
were as follows: (1) premenopausal women, (2) sexually active 
women (sexual intercourse ≥1 per month), and (3) who com-
pleted the questionnaires on female sexual function and the 
smoking status. The institutional review board of Seoul National 
University Hospital approved the study (no. 1102-041-351).

The subjects completed the questionnaire regarding their 
medical/surgical history and socio-demographic characteristics: 
alcohol consumption, academic career status, and financial 
status. Alcohol consumption status was divided into two sub-
groups as never (never drank before) or former (had drank in 
the past but not currently drinking) and current (drinking at 
present). The highest level of educational attainment of each 
individual was regarded as the academic career status and the 
individual’s monthly household income as the financial status. 
Household income was collected in Korean won.

2. Smoking status
The female sexual function was compared according to the 
smoking status, and the smoking status was categorized into 
two groups: never (never smoked before) or former smokers 
(had smoked in the past but not currently smoking) and cur-
rent smokers (smoking at present). The smoking status was 
determined according to the response to the questionnaire. In 

current smokers, the sexual function was also evaluated accord-
ing to the cumulative smoking dose and nicotine dependency. 
The cumulative smoking dose was calculated in pack-years by 
multiplying the number of packs smoked per day by the num-
ber of years of smoking. Nicotine dependence was assessed 
using Heaviness Smoking Index (HSI, range 0–6),which is calcu-
lated by the sum of two categorical score: number of cigarettes 
smoked per day (score of 0, 1–10 cigarettes; score of 1, 11–20 
cigarettes; score of 2, 21–30 cigarettes; score of 3, >31 ciga-
rettes) and time to first cigarette (score of 0, >60 minutes; score 
of 1, 31–60 minutes; score of 2, 6–30 minutes; score of 3, ≤5 
minutes) [15]. The level of nicotine dependency was divided 
into two groups based on HSI score: low (HSI score of 0–1) 
and moderate to high (HSI score of 2–3 and 4–6) dependency 
[16,17].

3. Female sexual dysfunction
Female sexual function was assessed using Korean version of 
female sexual function index (FSFI, range 2–36) [18]. A well-
structured questionnaire, FSFI is comprised of 19 items, in 
which sexual function or problems are evaluated. Sexual func-
tion or problem is categorized into 6 domains (desire, arousal, 
lubrication, orgasm, satisfaction, and pain) and the subjects 
are allowed to answer in the base of sexual activity within 4 
weeks. In each domain, the score ranges from 1 to 5 or 0 to 5, 
and the sum of score is multiplied by the domain factor (0.3–
0.6) to obtain the total score. FSD was defined as the total FSFI 
score of 26.55 or less [19].

4. Statistical analysis
The proportions were compared with Fisher’s exact test or 
chi-square test, and the comparison of continuous variables 
between each groups were performed with Mann-Whitney U-
test. Logistic regression was conducted for multivariate analy-
sis. The results were analyzed using IBM SPSS ver. 21.0 (IBM 
Corp., Armonk, NY, USA). A P-value <0.05 was considered to 
be significant.

Results

During this study period, 1,800 sexually active women were 
approached, and among them, 1,571 (87%) answered the 
questionnaire. After excluding postmenopausal women or 
cases with prior hysterectomy, a total of 900 (57%) premeno-
pausal women were enrolled in the analysis. Cases were di-
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vided into two groups according to the smoking status: 838 
cases of never/former smokers (93.1%, 799 cases of never 
smokers and 39 cases with former smokers) and 62 cases of 
current smokers (6.9%).

Table 1 demonstrates the demographics and characteristics 
of study population according to the smoking status. The 
median age and the frequency of married or multiparous 
women were significantly lower in current smokers compared 
to those of never/former smokers. However, the frequency 
of current alcohol consumer was significantly higher in cases 
of current smokers than those of never/former smokers. The 
median body mass index, the frequency of diabetes and hy-
pertension, and the level of education or income were not 
different between the two groups.

Among the total study population, 496 (55.1%) women 
were diagnosed with FSD. Significantly higher frequency of 
current smokers was observed in cases with FSD than in nor-
mal cases (frequency of current smokers: 8.9% in women 
with FSD and 4.5% in normal women, P=0.011). Table 2 
compared the frequency of FSD and total FSFI score between 

never/former smokers and current smokers. The frequency of 
FSD was significantly higher in current smokers than in never/
former smokers (71.0% in current smokers and 53.9% in 
never/former smokers, P<0.05), and cases of current smok-
ers had higher frequency of sexual difficulties related to the 
arousal, lubrication, orgasm, and sexual pain domains than 
those of never/former smokers. In addition, the total FSFI 
score was significantly lower in current smokers than in never/
former smokers (median total FSFI score [interquartile range]: 
24.6 [20.4–27.0] vs. 26.1 [22.8–29.1] in current-smokers vs. 
never/former smokers, P<0.005), and cases of current smok-
ers also had significantly lower scores in arousal, lubrication, 
orgasm, and satisfaction domains than those of never/former 
smokers. This relationship between smoking status and the 
frequency of FSD remained significant after adjustment for 
confounding variables (Table 3).

Among 62 current smokers, 53 subjects (85%) completed 
the questionnaire regarding the number of cigarettes smoked 
per day and age at first cigarette. Fig. 1 shows the correlation 
between the cumulative smoking dose (pack-years) and the 

Table 1. Characteristics of study population according to the smoking status

Characteristics Never/former (n=838) Current (n=62) P-value

Age (yr)a) 44 (38–48) 39 (30–47) 0.001

Body mass indexa) 21.8 (20.1–23.6) 21.6 (19.3–23.6) 0.651

Marriedb) 729/806 (90.4) 35/58 (60.3) <0.001

Parity ≥1b) 726/833 (87.2) 36/58 (62.1) <0.001

Diabetesb) 15 (1.8) 0 (0) 0.616

Hypertensionb) 57/838 (6.8) 3/62 (4.8) 0.791

Alcohol consumptionb) 0.007

Never/former 456 (54.4) 22/61 (36.1)

Current 382 (45.6) 39/61 (63.9)

Educationb) 0.889

≤High school graduate 284/818 (34.7) 22/61 (36.1)

≥College graduate 534/818 (65.3) 39/61 (63.9)

Income (Korean won/mo)b) 0.768

<6,000,000 388/746 (52.0) 27/49 (55.1)

≥6,000,000 358/746 (48.0) 22/49 (44.9)

Values are presented as median (interquartile range) or n (%).
a)Compared with Mann-Whitney U-test; b)Compared with Fisher’s exact test.
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total FSFI score in current smokers. The cumulative smok-
ing dose (pack-years) and the total FSFI score had a dose-
response relationship in which higher cumulative smoking 
dose was related to the lower total FSFI score (r=-0.278, 
P<0.05). This negative correlation remained significant after 
adjustment for confounding variables. The number of packs 
smoked per day was also associated with the total FSFI score 
(r=-0.293, P<0.05) and this relationship remained significant 
after adjustment, whereas the number of years of smoking 
was not significantly correlated with the total FSFI score (r=-
0.153, P=0.260).

Table 4 shows the frequency of FSD and the total FSFI score 
according to the nicotine dependence in current smokers. The 
frequency of FSD was higher in moderately to heavily nicotine 
dependent smokers than in lightly dependent smokers, but 
was not statistically significant (58% in light dependence and 
78% in moderate/heavy dependence P=0.148). However, the 
frequencies of sexual difficulty in desire and arousal domains 
were significantly higher in cases of moderate to heavy de-
pendence than in those of light dependence. The total FSFI 
score of moderately to heavily nicotine dependent smokers 
was significantly lower than that of lightly nicotine dependent 

Table 3. Relationship of significant variables in female sexual dysfunction by multiple regression analysis

Variable Adjust OR 95% CI P-value

Smoking status 2.306 1.225–4.343 0.010

Age 1.027 1.002–1.053 0.032

Marital status (married) 0.888 0.527–1.495 0.655

Parity (≥1) 1.063 0.641–1.764 0.813

Hypertension 1.386 0.770–2.493 0.277

Current alcohol consumption 0.859 0.648–1.140 0.293

High education (college graduate or higher) 0.855 0.625–1.168 0.325

OR, odd ratio; CI, confidence interval.

Table 2. Comparison of FSFI scores and frequency of FSD according to the smoking status 

Characteristics Never/former (n=838) Current (n=62) P-value

FSD (FSFI total score ≤26.55)a) 452 (53.9) 44 (71.0) 0.011

Low desire (≤2.4)a) 325 (38.8) 31 (50.0) 0.106

Low arousal (<3.6)a) 222 (26.5) 25 (40.3) 0.026

Low lubrication (<3.6)a) 47 (5.6) 10 (16.1) 0.004

Low orgasm (<3.6)a) 133 (15.9) 19 (30.6) 0.005

Low satisfaction (<3.6)a) 78 (9.3) 9 (14.5) 0.181

Sexual pain (<3.6)a) 37 (4.4) 7 (11.3) 0.026

Total FSFI score b) 26.1 (22.8–29.1) 24.6 (20.4–27.0) 0.003

Desireb) 3.0 (2.4–3.6) 2.7 (2.3–3.6) 0.060

Arousalb) 3.9 (3.3–4.8) 3.6 (3.0–4.3) 0.010

Lubricationb) 5.1 (4.2–5.7) 4.8 (3.8–5.4) 0.015

Orgasmb) 4.4 (3.6–5.2) 4.0 (2.8–4.5) 0.002

Satisfactionb) 4.8 (3.6–4.8) 4.0 (3.6–4.8) 0.027

Painb) 5.6 (4.4–6.0) 5.4 (4.7–6.0) 0.590

Values are presented as n (%) or median (interquartile range).
FSFI, female sexual function index; FSD, female sexual dysfunction.
a)Compared with Fisher’s exact test; b)Compared with Mann-Whitney U-test.
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smokers (median total FSFI score [interquartile range]: 21.6 
[19.9–26.5] vs. 25.7 [23.9–29.0] in moderate to heavy depen-
dence vs. light dependence, P<0.05), and the cases of mod-
erate to heavy dependence also had lower scores in desire, 
arousal and pain domains than those of light dependence.

Discussion

The principal findings of the current study were (1) smoking 
was an independent risk factor of FSD; (2) there was a dose-
related association between smoking and female sexual func-
tion in current smokers; (3) nicotine dependence was also 
correlated with sexual function in current smokers.

Until now, there is a controversy on the association between 
smoking and FSD. In addition to age, menopausal status, and 
marital status, smoking is an independent risk factor for FSD 
in several studies [14,20,21]. However, other studies have not 
found that association [4,6,12,13,22,23]. In the current study, 
smoking was an independent risk factor for FSD in Korean pre-
menopausal women, and dose-response association was present 
between cumulative smoking dose and FSD in current smokers. 
This is an important issue as smoking can lead to impairment of 
sexual function, which create a major impact on quality of life 
by damaging self-esteem and interpersonal relationship [3,24]. 
Thus, this information could be used in counseling for smok-
ing cessation. Moreover, in this study, nicotine dependency was 
associated with the risk of FSD in current smokers. This finding 
was consistent with the report of Harte and Meston [25] who 

Table 4. Comparison of FSFI scores and frequency of FSD according to the nicotine dependence

Characteristics
Light nicotine dependence

(n= 26)
Moderate to heavy nicotine dependence 

(n=27)
P-value

FSD (FSFI total score ≤26.55)a) 15 (57.7) 21 (77.8) 0.148

Low desire (≤2.4)a) 6 (23.1) 20 (74.1) <0.001

Low arousal (<3.6)a) 7 (26.9) 16 (59.3) 0.027

Low lubrication (<3.6)a) 3 (11.5) 5 (18.5) 0.704

Low orgasm (<3.6)a) 4 (15.4) 11 (40.7) 0.066

Low satisfaction (<3.6)a) 3 (11.5) 4 (14.8) 1.000

Sexual pain (<3.6)a) 1 (3.8) 5 (18.5) 0.192

Total FSFI score b) 25.7 (23.9–29.0) 21.6 (19.9–26.5) 0.016

Desireb) 3.0 (2.9–3.8) 2.4 (1.8–3.0) 0.001

Arousalb) 3.9 (3.3–4.6) 3.3 (2.4–3.9) 0.014

Lubricationb) 4.8 (4.1–5.7) 4.8 (3.6–5.4) 0.385

Orgasmb) 4.0 (3.6–5.2) 3.6 (2.8–4.4) 0.099

Satisfactionb) 4.6 (3.6–4.9) 4.0 (3.6–4.8) 0.170

Painb) 5.6 (5.1–6.0) 5.2 (4.0–5.6) 0.042

Values are presented as n (%) or median (interquartile range).
FSFI, female sexual function index; FSD, female sexual dysfunction. 
a)Compared with Fisher’s exact test; b)Compared with Mann-Whitney U-test.

Fig. 1. The relationship between cumulative smoking dose and female sex-
ual function index (FSFI) score among current smokers (r=-0.278, P<0.05).
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examined the effect of acute nicotine administration on sexual 
arousal in 20 nonsmoking women, and addressed that nicotine 
significantly decreased physiologic sexual arousal. Diehl et al. 
[26] also reported the association between FSD and substance-
related disorders, including nicotine dependency.

The current findings can be interpreted according to various 
mechanisms proposed. First, it can be postulated that smoking 
itself can inhibit ovarian function and has an anti-estrogenic 
effect by increasing formation of catechol estrogen metabo-
lites [27]. Estrogen level is an important factor affecting female 
sexual function, and it is well known that low estrogen level 
is related to higher prevalence of FSD [28]. In addition, genital 
vascularization is estrogen sensitive [29]. Anti-estrogenic ef-
fect of cigarette smoking results in decreased blood flow into 
female genital tract [27]. Resistance of uterine, clitoral and 
labium minus arteries was reported to be significantly higher 
in smoking women [29]. Pulsatility index of dorsal clitoral 
artery was inversely correlated to orgasm frequency, and the 
incidence of vaginal orgasm was significantly lower in heavy 
smokers than in never smokers [29]. Second, genital engorge-
ment and vascularization may be reduced because of the pro-
atherogenic and vasoconstrictive effect of cigarette smoke 
components, resulting in stiffness of genital vessel in long 
term smokers. This could be an explanation for dose-response 
relationship between smoking and FSD. Decreased nitric 
oxide level, enhanced b-adrenergic receptor formation and 
increased anticholinergic effect due to nicotine and/or other 
cigarette constituents are also responsible for the impaired 
genital blood flow, which may result in decrease of vaginal 
lubrication and frequency of sexual intercourse [29]. This ad-
verse effect of nicotine on sexual function corresponds to the 
result of this study.

There were several limitations of this study. First, the study 
population consisted of women who visited health promotion 
center for routine health check-up, and this population may 
not represent the general premenopausal women. Second, 
there can be response and social desirability bias due to the 
utilization of FSFI and questionnaire to assess smoking habits. 
Third, social factors such as partner factors and sex-related 
distress could influence sexual function, and these were not 
considered in this study. Further studies are required for valida-
tion including those factors. 

In conclusion, current smoking was an independent risk 
factor for FSD. And cumulative smoking dose and nicotine 
dependency were associated with higher risk of FSD in Korean 
premenopausal women.
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