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Background: Smoking can reduce taste sensitivity, the ability to sense various tastes, and diet quality and can in-
crease the incidence of diseases such as hypertension. This study aimed to analyze the association between the 
smoking amount, subjective salt preference, and salt-related eating behaviors.
Methods: Data of more than 16 million individuals from the Korean Community Health Survey were used. Forest 
plots were drawn to compare the cumulative odds ratios of salt taste preference and salt-related eating behaviors, 
adjusted for sex, age, body mass index, education level, household income, marital status, and drinking status at 
various smoking levels.
Results: Subjective salt preference and salt-related eating behaviors increased with smoking amount; the adjusted 
odds ratios (AORs) for smoking >20 cigarettes were higher than those for smoking <20 cigarettes. For daily smokers, 
the AOR was 1.27 (95% confidence interval [CI], 1.22–1.31) for 1–5 cigarettes per day and 1.68 (95% CI, 1.65–1.71) 
for 16–20 cigarettes per day (P<0.001). Smokers were more likely to have more frequent salt-related eating behav-
iors than nonsmokers.
Conclusion: The subjective salt preference of smokers was higher than that of nonsmokers. Additionally, smokers 
used salt or soy sauce and dipped fried food in soy sauce more frequently than nonsmokers, which was also related 
to smoking amount.
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INTRODUCTION

Excessive sodium intake is a major risk factor for hypertension, cardio-

vascular disease, stroke, and kidney diseases.1-5) In 2017, excessive so-

dium intake was the leading dietary risk factor for mortality and overall 

disease burden, as represented by disability-adjusted life-years in East 

Asia.6) In 2019, the average Korean consumed 142.9 mmol (3,286.7 mg) 

of sodium daily.7) To reduce the incidence of diseases such as hyper-

tension and cardiovascular disease, the World Health Organization 

recommended a 30% reduction in sodium intake in its Global Action 

Plan for the Prevention and Control of Noncommunicable Diseases 

2013–2020.8) In 2015, Bobowski9) suggested that a preference for salty 

foods depends on the average amount of sodium consumed per day, 

with higher salt consumption associated with a higher preference for 

salty flavors. However, another study showed that dietary salt intake 

was not associated with the function and perception of salty flavors, 

and that hedonic ratings (such as liking and preference) were more 

likely to be associated with dietary salt intake than thresholds and in-

tensity.10)

 Cigarette smoke is an independent risk factor for several diseases. It 

is associated with the onset of various diseases, including hyperten-

sion, cardiovascular disease, stroke, lung cancer, and type 2 diabe-

tes.11-14) Cigarette smoke significantly decreases taste sensitivity and af-

fects taste bud shape, abundance, and vascularization, which may re-

duce taste sensitivity.11) It also inhibits peroxidase activity in human 

saliva, indirectly decreasing taste sensitivity.15) Studies have reported 

that cigarette smoking can increase sodium intake and reduce dietary 

quality, making cigarette smokers more prone to certain diseases.16,17) 

Many cigarette smokers have taste disorders, the severity of which de-

pends on smoking frequency.18)

 Studies have found a relationship between smoking and salt taste 

sensitivity.11-18) However, the relationship between smoking and a pref-

erence for salty flavors remains unclear. Therefore, this study aimed to 

analyze the relationship between cigarette smoking, preference for 

salty flavors, and salt-related eating behaviors using data from two 

4-year Korean Community Health Survey (KCHS) cycles (2010–2013 

and 2014–2017).

METHODS

1. Study Population
This study combined data from two 4-year KCHS cycles (2010–2013 

and 2014–2017) obtained from the Korea Disease Control and Preven-

tion Agency (KDCA), formerly the Korea Centers for Disease Control 

and Prevention. The KCHS is a national cross-sectional study with a 

multistage probability sampling design that includes 227,770 adults 

every year from 254 community health centers in South Korea. This 

study was exempted from the ethics committee of Kyungpook Nation-

al University (IRB examination exemption approval). Because this 

study analyzed the raw data of the Community Health Survey, the re-

quirement for informed consent from individual patients was omitted. 

2. Measurements and Variables
The KCHS has been conducting computer-assisted personal interview 

surveys, including household and individual surveys, since 2010. The 

individual survey included health-related information about cigarette 

Table 1. Unweighted demographic characteristics of daily cigarette smokers, Korean Community Health Survey 2010–2017 (total=1,390,798)

Characteristic Nonsmoker Daily smoker Occasional smoker P-value

No. of participants 1,047,527 (75.3) 316,187 (22.7) 27,084 (2.0)
Male sex 195,963 (18.7) 294,206 (93.0) 21,581 (79.7)
Age (y) 50.5±17.2 47.3±14.5 45.9±15.7 <0.001
Body mass index (kg/m2) 22.9±3.2 23.6±3.3 23.5±3.2 <0.001
Education
   <High school 388,922 (82.7) 76,089 (16.2) 5,358 (1.1) <0.001
   High school 281,568 (68.2) 122,520 (29.7) 8,468 (2.1)
   >High school 377,037 (74.2) 117,578 (23.2) 13,258 (2.6)
Marital status
   Married 696,708 (75.2) 212,582 (22.9) 17,258 (1.9) <0.001
   Separated, widowed, or divorced 182,460 (82.0) 36,644 (16.5) 3,353 (1.5)
   Not married 168,359 (69.6) 66,961 (27.7) 6,473 (2.7)
Household income (monthly, 1,000 won)
   ≤1,000 227,492 (79.4) 54,277 (18.9) 4,740 (1.7) <0.001
   >1,000–3,000 385,725 (72.9) 133,318 (25.2) 10,148 (1.9)
   >3,000–5,000 275,968 (74.4) 87,191 (23.5) 7,608 (2.1)
   >5,000 153,232 (77.6) 39,870 (20.2) 4,442 (2.2)
Drinking status
   Non-drinker 266,171 (92.1) 21,251 (7.3) 1,713 (0.6) <0.001
   Drinker 781,356 (70.9) 294,936 (26.8) 25,371 (2.3)
   Annual drinker 642,650 (68.6) 270,966 (28.9) 23,408 (2.5) <0.001
   Past drinker 138,706 (84.2) 23,970 (14.6) 1,963 (1.2)

Values are presented as number (%) or mean±standard deviation.
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smoking habits, alcohol consumption, safety awareness, exercise and 

physical activities, nutrition, obesity and weight control, oral health, 

mental health, physical checkups and vaccinations, morbidity, and 

use of medical services. This survey also asked for information about 

accidents and addictions, movement restrictions, quality of life, use of 

public health institutions, education, and economic activities. In addi-

tion, survey questions may vary across years.

 The survey contained three questions on salt taste preferences. The 

first question was “How high is your usual salt intake level?” for which 

the respondents were instructed to choose one of the following an-

swers: “very high,” “slightly high,” “average,” “slightly low,” and “very 

low.”

 The second and third questions pertained to salt-related eating hab-

its. The second question was, “Do you add additional salt or soy sauce 

to meals?” for which the available answers were “always,” “often,” 

“rarely,” and “not at all.” The third question was “How often do you dip 

fried foods in soy sauce?” and the available options were “always,” “of-

ten,” and “not at all.”

 For cigarette smoking variables, the population was divided into ev-

er-smokers and nonsmokers. Ever-smokers included those who 

smoked >100 cigarettes throughout their lives and were further catego-

rized as daily, occasional, or ex-smokers. Considering that the partici-

pants tended to answer in multiples of five for questions regarding the 

number of days smoked per month and number of cigarettes smoked 

per day, we divided the daily smoking frequency of daily smokers into 

nine groups: 1–5, 6–10, 11–15, 16–20, 21–25, 26–30, 31–35, 36–40, and 

>40 cigarettes per day. For occasional smokers, we used the 5-day 

smoking frequency as a variable and classified it into the same groups 

as described above.

3. Data Analysis
Data analysis was performed using the IBM SPSS ver. 25.0 (IBM Corp., 

Armonk, NY, USA), and strata, clusters, and weights were applied to 

account for the complex design of the KCHS. The data were cross-ana-

lyzed to compare the unweighted general characteristics of the differ-

ent groups. Additionally, a complex sample ordinal regression analysis 

was performed to understand the relationship between smoking fre-

quency, typical salt intake, and salt-related eating behaviors. Further-

more, the crude model was not adjusted for any variables. The fully 

adjusted model was modified based on respondents’ sex, age, body 

mass index (BMI), educational level, marital status, monthly house-

hold income, and drinking status.19) Forest plots were constructed us-

ing R software ver. 4.2.2 (The R Foundation for Statistical Computing, 

Vienna, Austria).

RESULTS

1. Unweighted Characteristics of Cigarette Smokers
Table 1 shows the unweighted characteristics of cigarette smokers. The 

total number of daily smokers and nonsmokers after removing miss-

ing values was 1,390,798. Among the participants, 75.3% were non-

smokers. Among smokers, 22.7% were daily smokers and 1.9% were 

occasional smokers. Men accounted for 93.0% of daily smokers. The 

average age of nonsmokers was 50.5 years, which was significantly 

higher than that of smokers (P<0.001). Daily and occasional smokers 

had an average BMI of 23.6 kg/m2 and 23.5 kg/m2, respectively, both of 

which were higher than that of nonsmokers (P<0.001).

2. Smoking Frequency and Typical Salt Intake of Daily 
Smokers

Figure 1 shows the unadjusted and adjusted odds ratios (AORs) be-

tween daily smoking amount and salt taste preference. After account-

ing for various possible confounders, the AORs for daily smokers who 

smoked 1–20 cigarettes per day were 1.27 (95% confidence interval 

[CI], 1.22–1.31), 1.41 (95% CI, 1.39–1.44), 1.63 (95% CI, 1.59–1.68), and 

1.68 (95% CI, 1.65–1.71; P<0.001). The AORs for those who smoked >20 

cigarettes per day were 2.03 (95% CI, 1.84–2.23), 2.12 (95% CI, 2.02–

2.22), 1.94 (95% CI, 1.49–2.52), 2.00 (95% CI, 1.88–2.13), and 2.07 (95% 

CI, 1.73–2.49; P<0.001).

3. Smoking Frequency and Salt-Related Eating Behavior of 
Daily Smokers

Table 2 shows the ORs between the daily smoking amount and salt-re-

lated eating behavior after adding salt to foods. Regarding adding ad-

ditional salt or soy sauce to foods, based on the fully adjusted model, 

the AORs for daily smokers who smoked 1–20 cigarettes per day were 

1.11 (95% CI, 1.07–1.16), 1.13 (95% CI, 1.11–1.16), 1.23 (95% CI, 1.20–

1.27), and 1.22 (95% CI, 1.19–1.24; P<0.001). The AORs for those who 

smoked >20 cigarettes per day were 1.54 (95% CI, 1.39–1.70), 1.39 (95% 
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Figure 1. Forest plot of odds ratios (ORs) of the salt taste preference associated with 
the smoking amount of daily smokers. ORs and 95% confidence interval (CI) of salty 
taste preference for each smoking volume interval are represented by a square and 
segments, respectively.
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CI, 1.30–1.44), 1.43 (95% CI, 1.09–1.87), 1.42 (95% CI, 1.33–1.51), and 

1.37 (95% CI, 1.15–1.64; P<0.001).

 Table 2 shows the ORs between the daily smoking amount and salt-

related eating behavior of dipping fried food into soy sauce. The AORs 

for daily smokers who smoked 1–20 cigarettes per day were 1.23 (95% 

CI, 1.19–1.28), 1.41 (95% CI, 1.38–1.43), 1.60 (95% CI, 1.55–1.64), and 

1.65 (95% CI, 1.62–1.68; P<0.001). The AORs for those who smoked >20 

cigarettes were 1.77 (95% CI, 1.62–1.94), 1.84 (95% CI, 1.75–1.92), 1.77 

(95% CI, 1.42–2.20), 1.81 (95% CI, 1.70–1.93), and 1.72 (95% CI, 1.44–

2.05; P<0.001).

4. Five-Day Smoking Frequency and Salty Flavor Preference 
of Occasional Smokers

Figure 2 shows the ORs between the 5-day smoking frequency and 

preference for salty flavors of occasional smokers based on the unad-

justed and fully adjusted models. After accounting for various possible 

confounders, the AORs for occasional smokers who smoked 1–20 ciga-

rettes per 5 days were 1.19 (95% CI, 1.13–1.26), 1.21 (95% CI, 1.13–

1.29), 1.34 (95% CI, 1.23–1.47), and 1.27 (95% CI, 1.15–1.41; P<0.001). 

The AORs for occasional smokers who smoked 21–30 cigarettes per 5 

days were 1.29 (95% CI, 1.07–1.56) and 1.22 (95% CI, 1.08–1.38; 

P<0.001). Finally, the AORs for those who smoked >30 cigarettes per 5 

days were 1.28 (95% CI, 1.10–1.47) and 1.34 (95% CI, 1.20–1.50; 

P<0.001).

5. Five-Day Smoking Frequency and Salt-Related Eating 
Behaviors of Occasional Smokers

Table 3 shows the ORs for the smoking frequency and salt-related eat-

ing behaviors of occasional smokers of adding additional salt or soy 

sauce to meals. After accounting for various possible confounders, the 

AORs for occasional smokers who smoked 1–20 cigarettes per 5 days 

were 1.09 (95% CI, 1.03–1.16; P<0.01), 1.12 (95% CI, 1.04–1.20; P<0.01), 

1.28 (95% CI, 1.16–1.41; P<0.001), and 1.35 (95% CI, 1.21–1.50; 

P<0.001). The AORs for occasional smokers who smoked 21–30 ciga-

rettes per 5 days were 1.41 (95% CI, 1.16–1.72; P<0.01) and 1.31 (95% 

CI, 1.16–1.48; P<0.001). Finally, the AORs for those who smoked >30 
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Figure 2. Forest plot of odds ratios (ORs) of salty taste preference associated with 
the 5-day smoking amount of occasional smokers. ORs and 95% confidence interval 
(CI) of salt taste preference for each smoking volume interval are represented by a 
square and segments, respectively.

Table 2. Ordinal regression analysis of daily smokers’ smoking amount and salty eating habits

Model Daily smoking amount Adding salt or soy sauce at the table Dipping the soy sauce when eating fried food

Unadjusted model 1–5 1.37 (1.32–1.43)*** 1.75 (1.70–1.81)***
6–10 1.43 (1.40–1.46)*** 2.15 (2.11–2.18)***
11–15 1.53 (1.49–1.58)*** 2.43 (2.38–2.49)***
16–20 1.51 (1.48–1.53)*** 2.34 (2.31–2.38)***
21–25 1.90 (1.72–2.11)*** 2.46 (2.25–2.68)***
26–30 1.68 (1.60–1.77)*** 2.47 (2.37–2.59)***
31–35 1.78 (1.36–2.33)*** 2.43 (1.96–3.00)***
36–40 1.75 (1.65–1.87)*** 2.38 (2.24–2.53)***
>40 1.72 (1.45–2.05)*** 2.23 (1.89–2.65)***

Fully adjusted model 1–5 1.11 (1.07–1.16)** 1.23 (1.19–1.28)***
6–10 1.13 (1.11–1.16)*** 1.41 (1.38–1.43)***
11–15 1.23 (1.20–1.27)*** 1.60 (1.55–1.64)***
16–20 1.22 (1.19–1.24)*** 1.65 (1.23–1.68)***
21–25 1.54 (1.39–1.70)*** 1.77 (1.62–1.94)***
26–30 1.39 (1.30–1.44)*** 1.84 (1.75–1.92)***
31–35 1.43 (1.09–1.87)* 1.77 (1.42 –2.20)***
36–40 1.42 (1.33–1.51)*** 1.81 (1.70–1.93)***
>40 1.37 (1.15–1.64)*** 1.72 (1.44–2.05)***

Values are presented as odds ratio (95% confidence interval). Unadjusted model: crude odds ratios are calculated from logistic regression models. Fully adjusted model: 
multivariable adjusted odds ratios are from ordinal regression models adjusted for age, sex, body mass index, education, family income, marital status, and drinking status.
*P<0.05. **P<0.01. ***P<0.001.
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cigarettes per 5 days were 1.47 (95% CI, 1.28–1.70) and 1.55 (95% CI, 

1.38–1.74; P<0.001).

 Table 3 shows the ORs for the smoking frequency and salt-related 

eating behaviors of occasional smokers when dipping fried food into 

soy sauce. After accounting for various possible confounders, the 

AORs for occasional smokers who smoked 1–20 cigarettes per 5 days 

were 1.37 (95% CI, 1.30–1.44; P<0.001), 1.29 (95% CI, 1.21–1.38; 

P<0.001), 1.35 (95% CI, 1.24–1.47; P<0.001), and 1.14 (95% CI, 1.04–

1.25; P<0.01). The AORs for occasional smokers who smoked 21–30 

cigarettes per 5 days were 1.37 (95% CI, 1.17–1.60; P<0.001) and 1.37 

(95% CI, 1.23–1.53; P<0.001). Finally, the AORs for those who smoked 

>30 cigarettes were 1.39 (95% CI, 1.22–1.58) and 1.44 (95% CI, 1.31–

1.59; P<0.001).

DISCUSSION

This study used data from the KDCA to determine the relationship be-

tween the smoking frequency and salt preferences of current Korean 

cigarette smokers (daily and occasional smokers). The normal salt in-

take level of daily smokers was higher than that of nonsmokers and in-

creased according to the daily smoking amount. Daily smokers tended 

to add salt or soy sauce to foods and dip fried foods in soy sauce more 

frequently than non-smokers. Furthermore, as the 5-day smoking fre-

quency of occasional smokers increased, their preference for salty 

foods increased, and they tended to add additional salt or soy sauce to 

meals and dip fried foods into soy sauce.

 Based on our results, smokers tended to prefer a salty taste more 

than nonsmokers. For daily smokers, the OR increased in accordance 

with the smoking frequency, making the slope gentler. It is assumed 

that there is no difference when the smoking frequency exceeds a cer-

tain level, dulling the sense of taste. Previous studies have suggested a 

relationship between smoking habits and decreased ability to taste. 

For instance, a study analyzing the 2013–2014 National Health and 

Nutrition Examination Survey data showed that current smokers have 

weaker salt taste perception than nonsmokers in taste tests.18) A re-

gional taste-testing study conducted using electrogustometry also 

showed that smokers have a higher taste threshold than nonsmok-

ers.17,20) Smoking reduces the number of taste cells and affects the vas-

cularization, size, and density of fungiform taste buds, thereby reduc-

ing taste sensitivity.11,21) Furthermore, exposure to nicotine during 

smoking affects saliva secretion and quality, which plays an important 

role in taste sensation and can indirectly affect orosensation.15,22) Neu-

rologically, in rats nicotine modulates the response of the chorda tym-

pani to salty stimuli by interacting with both the amiloride-sensitive 

pathway involving the epithelial sodium channel and the amiloride-

insensitive pathway involving the TRPV1t (a variant of the transient re-

ceptor potential vanilloid-1) channel.23) Nicotine also affects taste by 

changing the response of neurons in the nucleus of the solitary tract, 

which is the principal central relay in the gustatory pathway of taste 

buds on the tongue.24) Oliveira-Maia et al.25) reported that nicotine af-

fects taste by activating the nicotinic acetylcholine receptors present in 

the taste buds. Nicotine exposure can also alter saliva quality and se-

cretion, which plays a vital role in taste sensation, thereby possibly af-

fecting taste sensation.

 In this study, it was found that, current smokers have a habit of add-

ing salt or soy sauce to meals and dipping fried foods into soy sauce. 

Smokers are believed to have lower quality sodium-related eating 

habits than nonsmokers and prefer salty foods. The AOR increased 

with the smoking frequency. According to a 1994 study conducted in 

the United Kingdom, smokers consumed fewer antioxidant vitamins 

Table 3. Ordinal regression analysis of occasional smokers’ 5-day smoking amount and salty eating habits

Model 5-Day smoking amount Adding salt or soy sauce at the table Dipping the soy sauce when eating fried food

Unadjusted model 1–5 1.28 (1.21–1.36)*** 1.93 (1.84–2.03)***
6–10 1.36 (1.26–1.46)*** 1.88 (1.76–2.00)***
11–15 1.56 (1.42–1.71)*** 1.99 (1.83–2.15)***
16–20 1.66 (1.50–1.85)*** 1.77 (1.62–1.93)***
21–25 1.76 (1.45–2.13)*** 2.05 (1.76–2.38)***
26–30 1.63 (1.44–1.84)*** 2.06 (1.86–2.29)***
31–35 1.56 (1.09–2.23)* 1.88 (1.45–2.43)***
36–40 1.84 (1.60–2.13)*** 2.13 (1.88–2.41)***
>40 1.92 (1.71–2.15)*** 2.07 (1.88–2.27)***

Fully adjusted model 1–5 1.09 (1.03–1.16)** 1.37 (1.30–1.44)***
6–10 1.12 (1.04–1.20)** 1.29 (1.21–1.38)***
11–15 1.28 (1.16–1.41)*** 1.35 (1.24–1.47)***
16–20 1.35 (1.21–1.50)*** 1.14 (1.04–1.25)**
21–25 1.41 (1.16–1.72)** 1.37 (1.17–1.60)***
26–30 1.31 (1.16–1.48)*** 1.37 (1.23–1.53)***
31–35 1.20 (0.84–1.72) 1.17 (0.89 –1.53)
36–40 1.47 (1.28–1.70)*** 1.39 (1.22–1.58)***
>40 1.55 (1.38–1.74)*** 1.44 (1.31–1.59)***

Values are presented as odds ratio (95% confidence interval). Unadjusted model: crude odds ratios are calculated from logistic regression models. Fully adjusted model: 
multivariable adjusted odds ratios are from ordinal regression models adjusted for age, sex, body mass index, education, family income, marital status, and drinking status.
*P<0.05. **P<0.01. ***P<0.001.
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and dietary fiber; more dietary cholesterol and alcohol; more saturat-

ed fat, butter, and full-fat milk; and preferred salty foods; however, 

their nutritional knowledge was lower than that of nonsmokers.26) Ac-

cording to a 2000 study conducted in Japan, smokers consumed fewer 

vegetables, fruits, and beans, and consumed more salty foods and al-

cohol than nonsmokers.27) According to a 2011 study conducted in 

France, smoking was associated with a preference for high-fat salty 

and sweet foods.28) Moreover, the 2020 US Coronary Artery Risk Devel-

opment in Young Adults study reported that current and ex-smokers 

had a higher abdominal muscle component adipose tissue volume 

than nonsmokers, which may be associated with a higher risk of devel-

oping cardiovascular and cerebrovascular diseases.29)

 The findings from this national representative survey suggest that 

smoking frequency is positively correlated with a preference for salty 

foods and salt-related eating behaviors in South Korea. After adjusting 

for several variables, we found that smokers prefer salty taste/food and 

that the salt preference increases as the number of cigarettes and fre-

quency of smoking increases. A limitation of this study was that the 

self-reported number of smoking days and amount were inaccurate, 

and most were answered in multiples of five. Among the self-reported 

salt taste preferences, the degree of normal salt intake cannot be mea-

sured, and those who prefer a salty taste may report a lower degree of 

salt intake when eating bland food than their preferred saltiness. A 

limitation of this study is that it is not possible to confirm how accu-

rately reflected the actual salt intake is because salt intake was mea-

sured as a salty taste preference. This study did not consider the possi-

bility that female smokers might have concealed their smoking status 

because of societal perceptions of women who smoked. Data, such as 

the proportion of smokers drinking alcohol and male daily smokers, 

reached more than 90%, which may have led to biased results. Diseas-

es that affect salt intake, such as high blood pressure, were not includ-

ed in the confounding variables. Moreover, in this study, smokers were 

considered current smokers who had smoked >100 cigarettes in their 

lifetime; those who had quit smoking in the past could not be analyzed 

because investigating their smoking amount was difficult.

 As a result of analyzing the data from the KCHS conducted during 

2010–2013 and 2014–2017, the normal salty taste preferences of cur-

rent smokers were found to be higher than that of nonsmokers, and 

the degree of salty taste preference increased as the smoking frequen-

cy increased. Furthermore, smokers more frequently added additional 

salt or soy sauce to meals and dipped fried foods into soy sauce than 

nonsmokers, which was also positively correlated with smoking 

amount. Our findings suggest that smokers must be cautious about 

potential excessive sodium intake and that the amount of smoking 

must be considered when reducing sodium intake.
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