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Background:  Smoking and sodium intake (SI) have been evaluated as risk factors for kidney disease; however, the data are incon-
sistent. We assessed the association between SI and cotinine-verified smoking status and the risk of albuminuria.
Methods:  An observational study using the Korea National Health and Nutrition Examination Survey (2008–2011 and 2014–
2018) was performed. We included 37,410 adults with an estimated glomerular filtration rate of ≥60 mL/min/1.73 m2. The smok-
ing status was assumed based on the urine cotinine/creatinine ratio (Ucot/Ucrea). SI was estimated from spot urine sodium using 
the Kawasaki formula. 
Results:  Ucot/Ucrea levels were significantly higher in current smokers (920.22 ± 9.00 ng/mg) than in ex-smokers and nonsmok-
ers (48.31 ± 2.47 and 23.84 ± 1.30 ng/mg) (p < 0.001). Ucot/Ucrea levels were significantly higher in second-hand smokers than 
in participants without a history of smoking (p < 0.001). Ucot/Ucrea levels were positively associated with SI (p for trend < 0.001). 
Smoking status was not associated with albuminuria. SI had a linear relationship with albuminuria (p < 0.001). In groups with the 
highest Ucot/Ucrea levels, the highest SI quartile indicated a significantly higher risk of albuminuria than that in the lowest quartile 
(risk ratio, 2.22; 95% confidence interval, 1.26–3.92; p = 0.006). The risk of albuminuria was not significant in groups with the low-
est and middle tertile adjusted for multiple risk factors.
Conclusion:  Smokers consume higher dietary sodium and dietary SI was positively related to the risk of albuminuria. Smoking is 
not associated with albuminuria as a single factor. The risk of albuminuria is the higher in participants with smoking and high SI.
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Introduction

Chronic kidney disease (CKD) is the leading cause of glob-

al public health problems. Mortality due to CKD has in-

creased globally by 41.5% since 1990 [1]. Identifying high-

risk patients who will progress to CKD is crucial, and these 

individuals need strict monitoring to improve outcomes 

in routine clinical practice [2]. The major risk factors for 

CKD are cardiovascular disease (CVD), diabetes mellitus 

(DM), hypertension (HTN), and atherosclerosis [2]. CVD is 

usually chronic, and individuals with these factors are fre-

quently found in a state of advanced CKD [2]. Dietary habit 

has been recognized as a modifiable factor for the develop-

ment of advanced CKD.

Smoking and dietary sodium intake have been reported 

as risk factors for HTN, CVD, and CKD [3]. However, data 

on the effect of smoking and sodium intake on renal out-

comes are conflicting. Smoking was significantly associat-

ed with CKD in a meta-analysis [4]. In some cohort studies, 

smoking was not related to CKD development [5,6]. The 

amount of smoking and sodium intake could be inaccurate 

because they largely depend on the subject’s answer to the 

questionnaire.

Smoking could be indirectly associated with CKD be-

cause smoking is also a risk factor for coronary artery dis-

ease, stroke, or male sex [7]. In addition, several studies 

have shown that smoking directly exerts a harmful effect on 

the kidney by worsening oxidative stress, endothelial dys-

function, and activation of fibrotic mediators [7,8]. On the 

other hand, smoking has been reported to influence sodi-

um intake and food habits through the altered perception 

of salty taste and socioeconomic and psychological factors 

[9]. However, it is largely unknown whether smoking could 

influence sodium intake, and this increased sodium intake 

could affect the progression of CKD.

Herein, we investigated whether 1) smoking is directly 

associated with albuminuria, 2) smoking is related to high 

sodium intake, and 3) smoking influences albuminuria 

through an increase in sodium intake by an objective 

marker of smoking and sodium intake: cotinine and esti-

mated urine sodium excretion.

Methods

Study population

We collected data from the Korea National Health and 

Nutrition Examination Survey (KNHANES) conducted in 

2008–2011 and 2014–2018 (conducted by the Korea Cen-

ters for Disease Control and Prevention since 1998). The 

KNHANES is a nationwide health examination survey that 

applies a stratified multistage probability sampling design 

to select a representative sample of the Korean population. 

Among 84,332 participants, we excluded 46,297 partici-

pants aged <18 years, those with an estimated glomerular 

filtration rate (eGFR) of <60 mL/min/1.73 m2, those with 

missing data on urine cotinine (Ucot), and those with 

self-reported smoking status. Finally, 37,410 individuals 

were included in the present study. The urine albumin-cre-

atinine ratio (UACR) was available for 6,361 participants 

(Fig. 1). We divided participants into quartile groups ac-

cording to the dietary sodium intake and tertile groups ac-

cording to Ucot/urine creatinine ratio (Ucrea).

Participants in KNHANES provided informed consent. 

The survey was approved by the Institutional Review 

Board of the Centers for Disease Control and Prevention 

in Korea (IRB No. 2008-04EXP-01-C, 2010-02CON-21-C, 

2011-02CON-06-C, 2013-12EXP-03-5C, 2015-01-02-6C, 

2018-01-03-P-A).

Measurement of urine cotinine/creatinine ratio

Spot urine samples were collected from the participants 

in the morning from a midstream void. Ucot levels were 

measured by gas chromatography-mass spectrometry with 

a PerkinElmer Clarus 600 T gas chromatograph/mass spec-

trometer (PerkinElmer) between 2008 and 2015 or by liquid 

chromatography-mass spectrometry with an Agilent 1100 

series coupled with API 4000 liquid chromatography/mass 

spectrometer (AB Sciex) between 2016 and 2018. Ucrea 

levels were measured by the Jaffé rate-blanked compensat-

ed method using a Hitachi Automatic Analyzer 7600-210 

(Hitachi). Ucot/Ucrea was expressed as nanograms of Ucot 

per milligram of Ucrea (ng/mg).
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Measurement and definition of dietary sodium intake

Sodium intake was assessed using the spot urine sodium 

concentration with two formulas proposed by Kawasaki 

and Tanaka and assumed from the food intake question-

naire. The calculations of sodium intake are described in a 

previous study [10,11]. Urinary sodium (UNa) levels were 

measured by the ion-selective electrode method using a 

Hitachi Automatic Analyzer 7600-210. For the estimation 

of sodium intake by the 24-hour recall, we adapted sodium 

intake calculated from the food intake frequency survey of 

KNHANES data.

Measurement and definition of albuminuria

Spot urine samples were collected from the subjects in the 

morning from a midstream void. Urinary albumin levels 

were measured by the turbidimetric assay using the Hi-

tachi Automatic Analyzer 7600. UACR was expressed as 

milligrams of urinary albumin per gram of Ucrea (mg/g). 

Albuminuria was defined as a UACR of ≥30 mg/g.

Demographic and biological measurements

Information on age, sex, smoking status, and comorbidi-

ties was obtained using a health questionnaire. Pack-years 

of smoking was calculated by multiplying the number of 

cigarette packs smoked per day by the number of years the 

person has smoked. Body mass index (BMI) was calculated 

as body weight in kilograms divided by height in meters 

squared, both of which were measured by trained medical 

technicians following standardized protocols. Obesity was 

defined as a BMI of ≥25 kg/m2. Blood pressure (BP) was 

measured using a mercury sphygmomanometer, with the 

participants in a sitting position, having rested for 5 min-

utes. After three measurements, the average of the latter 

two measurements was used as the final data. HTN was 

defined as a systolic BP of ≥140 mmHg or diastolic BP of 

≥90 mmHg or those following a course of antihypertensive 

medication at the time of the interview. DM was defined as 

participants who fulfilled at least one of the following four 

criteria: fasting blood glucose of ≥126 mg/dL; those follow-

ing a course of medication or insulin to decrease blood glu-

cose level at the time of interview; and self-report of having 

received a physician’s diagnosis of DM. Dyslipidemia was 

defined as a fasting total cholesterol level of ≥240 mg/dL or 

when participants were taking lipid-lowering agents. Myo-

cardial infarction, angina, and stroke were defined based 

on self-reported history. Blood samples were obtained after 

≥8 hours of fasting, transported in cold storage to the Cen-

tral Testing Institute, and analyzed within 24 hours. Serum 

creatinine levels were measured by the Jaffé rate-blanked 

compensated method using the Hitachi Automatic Analyz-

er 7600-210 (Hitachi). The eGFR was estimated using the 

CKD Epidemiology Collaboration equation [12].

Figure 1. Selection of study population.
eGFR, estimated glomerular filtration rate; KNHANES, Korea 
National Health and Nutrition Examination Survey; UACR, urine 
albumin-creatinine ratio; Ucot/Ucrea, urine cotinine/creatinine 
ratio.

Total populatipn: KNHANES 2008–2011 and 2014–2018
(n = 84,332)

Eligible forthe analysis of association of
Ucot/Ucrea with sodiumintake

(n = 37,410)

Not available UACR
(n = 31,049)

Age <18 yr 
(n = 17,883)

eGFR not available or < 60 mL/min/1.73 m2

(n = 8,878)

Self-reported smoking state was not available
(n = 636)

Ucot/Ucreawas not available
(n = 18,774)

Urine sodiumwas not was not available
(n = 751)

Eligible for the analysis of association of
Ucot/Ucrea with albuminuria

(n = 6,361)
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Statistical analysis

All analyses were performed using IBM SPSS version 25.0 

(IBM Corp.). Data are presented as mean ± standard devi-

ation or standard error for continuous variables and num-

bers with percentages for categorical variables. Differences 

were analyzed using the chi-square test for categorical vari-

ables and analysis of variance for continuous variables. The 

R coefficient was estimated to measure the degree of asso-

ciation between the amount of smoking and Ucot/Ucrea. 

Multivariable logistic regression analysis was performed to 

evaluate the relationship between dietary sodium intake 

and albuminuria. Odds ratios (ORs) and 95% confidence 

intervals (CIs) were assessed after adjusting for multiple 

covariates. A p-value of <0.05 was considered significant.

Results

Baseline characteristics

A total of 37,410 participants were included in the study. 

We divided the participants into tertiles based on the Ucot/

Ucrea. The characteristics of the study participants are 

listed in Table 1. Participants in the highest tertile were pre-

dominantly male and the youngest (p < 0.001). This group 

had the highest BMI, fasting glucose, hemoglobin A1c, 

aspartate transaminase, alanine aminotransferase, and 

triglyceride (p < 0.001). In addition, the participants in the 

highest tertile had the highest hemoglobin and eGFR. Par-

ticipants in the second tertile were the oldest and exhibited 

the highest prevalence of HTN DM, angina, and malignan-

Table 1. Baseline characteristics of the participants

Characteristic
Urine cotinine/creatinine ratio

1st tertile 2nd tertile 3rd tertile p-value
No. of participants 12,470 12,470 12,470
Age (yr) 48.77 ± 16.75 51.83 ± 15.95 46.64 ± 15.40 <0.001
Male sex 4,868 (39.0) 4,145 (33.2) 8,373 (67.1) <0.001
Hypertension 3,519 (28.9) 3,804 (31.5) 3,595 (29.6) <0.001
Diabetes mellitus 1,077 (9.0) 1,356 (11.5) 1,304 (11.1) <0.001
Obesity 4,014 (32.2) 4,188 (33.6) 4,423 (35.5) <0.001
Stroke 201 (1.7) 223 (1.9) 245 (2.0) 0.09
Angina 235 (1.9) 313 (2.6) 253 (2.1) 0.001
Malignancy 544 (4.5) 644 (5.3) 310 (2.6) <0.001
Smoking amount (pack-yr) 4.21 ± 12.15 4.29 ± 12.43 13.80 ± 16.44 <0.001
SBP (mmHg) 117.20 ± 16.39 119.31 ± 17.23 118.93 ± 16.14 <0.001
DBP (mmHg) 75.12 ± 9.97 75.38 ± 10.03 77.21 ± 10.70 <0.001
BMI (kg/m2) 23.72 ± 3.50 23.87 ± 3.35 23.97 ± 3.49 <0.001
Fasting glucose (mg/dL) 98.68 ± 21.69 100.10 ± 23.08 100.51 ± 25.57 <0.001
HbA1c (%) 5.64 ± 0.76 5.75 ± 0.80 5.81 ± 0.97 <0.001
Total cholesterol (mg/dL) 190.90 ± 35.84 190.27 ± 36.41 189.90 ± 36.94 0.09
LDL-cholesterol (mg/dL) 114.50 ± 31.74 114.12 ± 32.02 113.75 ± 33.42 0.48
Triglyceride (mg/dL) 123.63 ± 91.57 126.83 ± 95.80 159.13 ± 140.21 <0.001
Hb (mg/dL) 13.93 ± 1.54 13.78 ± 1.49 14.69 ± 1.57 <0.001
WBC (×103/μL) 6.01 ± 1.57 5.97 ± 1.61 6.80 ± 1.91 <0.001
AST (IU/L) 22.33 ± 10.94 22.53 ± 11.78 23.98 ± 17.87 <0.001
ALT (IU/L) 21.32 ± 18.17 20.81 ± 14.86 24.60 ± 20.83 <0.001
BUN (mg/dL) 14.25 ± 4.05 14.56 ± 4.10 14.19 ± 4.00 <0.001
Serum creatinine (mg/dL) 0.80 ± 0.16 0.78 ± 0.16 0.85 ± 0.16 <0.001
eGFR (mL/min/1.73 m2) 96.63 ± 15.99 95.41 ± 15.31 98.23 ± 15.01 <0.001
Data are expressed as number only, number (%), or mean ± standard deviation.
ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; BUN, blood urea nitrogen; DBP, diastolic blood pressure; eGFR, 
estimated glomerular filtration rate; Hb, hemoglobin; LDL, low-density lipoprotein; SBP, systolic blood pressure; WBC, white blood cell.
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cy (p < 0.001) (Table 1; Supplementary Table 1, available 

online).

Association of smoking with urine cotinine/creatinine ra-
tio and urine cotinine concentration

Associations of Ucot/Ucrea and Ucot with the amount of 

smoking in pack-years were evaluated. There was a mod-

erate correlation between Ucot/Ucrea and the amount of 

self-reported smoking expressed in pack-years (r = 0.44, p < 

0.001). The mean values of Ucot/Ucrea and Ucot were sig-

nificantly higher in current smokers than in ex-smokers and 

nonsmokers (918.18 ± 9.08 ng/mg vs. 48.10 ± 2.48 ng/mg, 

23.18 ± 1.28 ng/mg, p < 0.001; 1,308.62 ± 10.01 ng/mL vs. 

68.55 ± 3.28 ng/mL, 25.70 ± 1.18 ng/mL, p < 0.001) (Fig. 2).

Association of passive smoking with urine cotinine/creat-
inine ratio and urine cotinine

Those who were exposed to second-hand smoke (SHS) 

presented with significantly higher Ucot/Ucrea and Ucot 

levels compared with those who were not exposed to SHS 

(345.47 ± 6.93 ng/mg vs. 174.20 ± 3.00 ng/mg, p < 0.001 and 

492.30 ± 8.68 ng/mL vs. 243.60 ± 3.77 ng/mL, p < 0.001). 

Nonsmokers who were exposed to SHS showed significant-

ly higher Ucot/Ucrea and Ucot levels than those who were 

not exposed to SHS (41.83 ± 4.01 ng/mg vs. 17.64 ± 1.28 ng/

mg, p < 0.001 and 43.32 ± 3.39 ng/mL vs. 20.09 ± 1.22 ng/

mL, p < 0.001).

Association of dietary sodium intake and urine co-
tinine-verified smoking status

The association between dietary sodium intake and Ucot/

Ucrea levels was analyzed. Ucot/Ucrea levels were posi-

tively associated with sodium intake (p for trend < 0.001). 

The second and third tertiles of Ucot/Ucrea showed sig-

nificantly higher dietary sodium intake assessed by various 

methods (Kawasaki formula: 4.34 ± 1.31 g, 3.91 ± 1.37 g vs. 

3.75 ± 1.18 g, p < 0.001; Tanaka formula: 3.33 ± 0.80 g, 3.21 ± 

0.84 g vs. 2.99 ± 0.74 g, p < 0.001; and 24-hour recall: 3.85 ± 

3.40 g, 4.54 ± 2.96 g vs. 3.64 ± 2.48 g, p < 0.001) (Table 2).

Association of urine cotinine-verified smoking status with 
albuminuria

The prevalence of albuminuria was not associated with 

Ucot/Ucrea (p = 0.87) or self-reported smoking status (p = 

0.37). Unadjusted and multivariate analyses showed that 

the risk of albuminuria was not associated with the levels 

of Ucot/Ucrea (Supplementary Table 2, available online).

Association of dietary sodium intake and albuminuria

The sodium intake quartile group had a linear relationship 

with the UACR (p for trend < 0.001) (n = 6,361). The prev-

alence of albuminuria increased according to the sodium 

intake quartiles (5.3%, 5.7%, 7.1%, and 9.9%; p < 0.001). The 

highest quartile of sodium intake was significantly associ-

ated with an increased risk of albuminuria in the unadjust-

ed analysis (OR, 1.97; 95% CI, 1.50–2.56; p < 0.001). When 

risks were adjusted by multiple factors, the highest quartile 

of sodium intake showed a significant 1.49-fold risk in the 

presence of albuminuria compared with the correspond-

ing risk in the lowest quartile (95% CI, 1.09–2.04; p = 0.01) 

(Supplementary Table 3, available online). We investigated 

the interaction between sodium intake and Ucot/Ucr for 

the risk of albuminuria. The interaction was not significant 

(p = 0.88).

Figure 2. Urine cotinine/creatinine ratio and cotinine 
concentration according to self-reported smoking status. 
Data are presented as mean ± standard error. The values of 
urine cotinine/creatinine and cotinine in current smokers are 
significantly higher than those in ex-smokers and nonsmokers by 
the analysis of variance test (p < 0.001).
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https://www.krcp-ksn.org/upload/media/j-krcp-22-133-Supplementary-Table-1.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-22-133-Supplementary-Table-2.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-22-133-Supplementary-Table-3.pdf
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Association of dietary sodium intake and albuminuria 
according to urine cotinine-verified smoking status

Stratified analysis was conducted using the Ucot/Ucrea 

tertile. The prevalence of albuminuria increased in all the 

Ucot/Ucrea tertile groups according to the sodium intake 

quartile (Supplementary Table 4, available online). In the 

second and third Ucot/Ucrea tertile groups, the highest 

sodium intake quartile indicated a significantly higher risk 

of albuminuria compared with that in the lowest quartile 

in the unadjusted analysis (OR, 2.18; 95% CI, 1.24–3.83; p = 

0.007 and OR, 2.65; 95% CI, 1.65–4.25; p < 0.001), whereas 

there was no significant difference in the risk of albumin-

uria in the first Ucot/Ucrea tertile. When risks were adjust-

ed by multiple factors, only the highest quartile of sodium 

intake showed a significant risk of albuminuria compared 

with the corresponding risk in the lowest quartile (OR, 2.22; 

95% CI, 1.26–3.91; p = 0.006) (Table 3).

Discussion

In this study, smoking was not directly related to albumin-

uria. However, smoking was associated with a high sodium 

intake. In individuals with higher cotinine excretion, high 

sodium intake was associated with an increased risk of 

albuminuria, although sodium intake was not associated 

with albuminuria in individuals with lower excretion of co-

tinine. Smoking acts as a risk amplifier for the association 

between sodium intake and albuminuria.

Smoking causes more than 480,000 deaths annually in 

Table 2. Sodium intake according to the tertiles of urine cotinine/creatinine ratio

Variable
Urine cotinine/creatinine (ng/mg)

1st tertile (n = 12,740) 2nd tertile (n = 12,740) 3rd tertile (n = 12,740) p for trend
Sodium intake 0.29 ± 0.17 1.78 ± 1.17 650.84 ± 787.14
Kawasaki formula (g/day) 3.75 ± 1.18 4.34 ± 1.31 3.91 ± 1.37 <0.001
Tanaka formula (g/day) 2.99 ± 0.74 3.3 3 ± 0.80 3.21 ± 0.84 <0.001
24-hr recall (g/day) 3.64 ± 2.48 3.85 ± 3.40 4.54 ± 2.96 <0.001
Data are expressed as mean ± standard deviation.

Table 3. Risks of albuminuria according to sodium intake stratified by smoking status assessed by urine cotinine excretion

Ucot/Ucrea
Model 1a Model 2b Model 3c

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
1st tertile
  1st Reference Reference Reference
  2nd 0.641 (0.387–1.061) 0.08 0.599 (0.359–0.999) 0.049 0.688 (0.401–1.181) 0.18
  3rd 1.220 (0.778–1.912) 0.39 1.034 (0.653–1.638) 0.89 1.131 (0.686–1.864) 0.63
  4th 1.464 (0.914–2.343) 0.11 1.097 (0.672–1.792) 0.71 1.104 (0.643–1.896) 0.72
2nd tertile
  1st Reference Reference Reference
  2nd 1.462 (0.787–2.717) 0.23 1.312 (0.703–2.449) 0.39 1.497 (0.778–2.882) 0.23
  3rd 1.403 (0.770–2.556) 0.27 1.247 (0.681–2.282) 0.48 1.254 (0.660–2.384) 0.49
  4th 2.181 (1.242–3.829) 0.007 1.885 (1.060–3.353) 0.03 1.647 (0.891–3.045) 0.11
3rd tertile
  1st Reference Reference Reference
  2nd 1.500 (0.890–2.531) 0.13 1.470 (0.866–2.496) 0.15 1.715 (0.967–3.042) 0.07
  3rd 1.710 (1.016–2.877) 0.04 1.442 (0.848–2.454) 0.18 1.411 (0.776–2.564) 0.26
  4th 2.647 (1.648–4.251) <0.001 2.325 (1.408–3.842) 0.001 2.224 (1.262–3.916) 0.006
CI, confidence interval; OR, odds ratio.
aUnadjusted. bAdjusted by age and sex. cAdjusted by age, sex, hypertension, diabetes mellitus, hemoglobin, white blood cell, platelet, aspartate 
transaminase, alanine aminotransferase, blood urea nitrogen, and estimated glomerular filtration rate.

https://www.krcp-ksn.org/upload/media/j-krcp-22-133-Supplementary-Table-4.pdf
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the United States. It increases the risk of coronary artery 

disease and stroke by 2 to 4 times [3]. It leads to the devel-

opment of atherosclerosis with narrowing of the vascular 

lumen and a hypercoagulable state, which increases the 

risk of acute thrombosis [7,8]. Smoking can cause endo-

thelial damage and is associated with the development of 

HTN and type 2 DM. Nicotine has vasoconstrictive, proin-

flammatory, and prooxidant properties and promotes the 

development of kidney fibrosis [13]. However, data regard-

ing the association between smoking and CKD showed 

conflicting results. Current smokers were associated with 

an increased risk of albuminuria in a cross-sectional study 

[14]. Smokers had significantly higher risk factor for the 

development of CKD [4,15,16]. In contrast, smoking status 

was the only significant risk factor for the development of 

end-stage kidney disease (ESKD) in men, not in women 

[17]. Smoking status was not associated with incident pro-

teinuria [6,18]. Among 1,306 patients with stage III–V CKD, 

current and former smokers were not independently relat-

ed to the development of ESKD or 50% eGFR decline [5]. 

These conflicting results could be explained by several fac-

tors such as patient demographics, inaccuracy of question-

naire-based smoking status, heterogeneous measurement 

of albuminuria, or adjusted confounding factors.

Cotinine is the major metabolite of nicotine that has a 

long biological half-life of 18 hours in the body and is con-

sidered the gold standard measure of smoking exposure 

[19–21]. Cotinine was effective in evaluating exposure to 

SHS [22]. A previous study reported high Ucot levels in 

participants with SHS exposure. In this study, we noted 

a significantly high level of Ucot or Ucot/Ucrea in partic-

ipants without a smoking history. The association of the 

cotinine-verified smoking status with albuminuria was 

analyzed; however, this association was significant in mid-

dle-aged and older populations [23]. We evaluated the 

association between the cotinine-verified smoking status 

and albuminuria in a large general population with central 

laboratory measurements.

Food habits change in individuals who smoke. Current 

smokers were more likely to have a higher salt concen-

tration than nonsmokers [9]. In an experimental study, 

smokers showed a higher tendency to eat salty food [24]. 

Nicotine plays a role in the modulation of taste signals [25]. 

In addition, emotional and uncontrolled eating is related 

to a high intake of salty food [26]. In this study, higher ter-

tile of cotinine excretion was significantly associated with 

higher sodium intake. High salt intake was associated with 

an increased risk of CKD progression in patients with CKD 

[27]. The adverse effects of increased sodium intake on 

target organs are thought to be linked to elevated BP. High 

dietary sodium increases oxidative stress and intrarenal ex-

pression of transforming growth factor-β and decreases ni-

tric oxide, thereby having direct effects on the endothelium 

[28,29]. Moreover, studies have shown that dietary sodium 

influences insulin resistance and metabolic syndrome [11]. 

Therefore, smokers who eat salty food are at double the risk 

for kidney damage.

Salt intake more than two-fold increases the risk of rheu-

matoid arthritis in smokers; however, this finding was not 

significant in nonsmokers [30]. Smoking was not directly 

related to renal outcomes but served as a risk amplifier for 

the association between renal outcomes and other risk fac-

tors [5]. In this study, we revealed that smokers who con-

sumed a high-sodium diet were associated with a 2.22-fold 

increase in the risk of albuminuria (95% CI, 1.26–3.92). This 

was not significant among participants in the middle and 

lowest tertiles of Ucot/Ucrea after adjustment for multiple 

risk factors.

The strength of this study is that we used a large, nation-

wide dataset representative of the general population, and 

UNa, cotinine excretion, and other values were measured 

consistently among all participants using an identical 

method. Second, we defined sodium intake and smoking 

status based on objective laboratory parameters. Finally, 

we adjusted the data for multiple confounding variables, 

including major comorbidities.

Despite its strengths, this study has certain limitations. 

First, the study population comprised only Koreans, and 

race differences were not assessed in this study. Second, 

the data were not adjusted for the participants’ medication 

histories. Sodium excretion can be affected by antihyper-

tensive medications such as diuretics. Third, the interac-

tion between smoking and sodium intake was not statis-

tically significant. Therefore, the additive effect between 

smoking and sodium intake could not be concluded in this 

study. Finally, this was a cross-sectional study; therefore, 

causality could not be assessed.

Smokers consume higher dietary sodium, and dietary 

sodium intake is positively related to the risk of albumin-

uria. Smoking is not a direct risk factor for albuminuria. 
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The risk of albuminuria is doubled in smokers who have a 

high sodium intake. The results shed light on smoking and 

high sodium intake as significant modifiable risk factors for 

renal outcome.
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