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Background: Previous studies have established an association between smoking and increased
hemoglobin or white blood cell counts. However, the sex-based difference in the association
is unknown although female smokers are known to have a higher risk of cardiovascular disease
than male smokers. We evaluated the association between smoking and hematologic
parameters in male and female participants separately.

Methods: Data of 22,501 adults from the seventh and eighth Korea National Health and
Nutrition Examination Surveys (2016-2019) were analyzed. Smoking status was evaluated by
self-reports or urine cotinine. Four hematologic parameters of hemoglobin, hematocrit, white
blood cell counts, and platelet counts were measured. Polycythemia was defined by the World
Health Organization criteria of increased hemoglobin level (> 16.5 g/dL in men, >16.0 g/dL
in women). The association between smoking and hematologic parameters was assessed using
multivariate regression analysis or logistic regression analysis. Adjusted variables were age,
education, income, body mass index, exercise, alcohol, and chronic disease. All analyses were
performed on each male and female participant.

Results: All hematologic parameters were highest in current smokers, both male and female.
The hemoglobin and WBC count levels increased linearly with increasing smoking amounts
in male and female participants. However, only men were found to have an association
between polycythemia and smoking (odds ratio, 1.567; 95% confidence interval,
1.334-1.841).

Conclusion: The level of hemoglobin and WBC counts increased with the amount of smoking
in current smokers, which is a consistent finding in both sexes. However, the polycythemia risk
of smoking differs by sex.

Key Words: Smoking; Hematologic parameter; Hemoglobin; WBC counts; Sex-based
difference
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Table 1. General characteristics of participants according to smoking status (unweighted number and weighted percent).

Male Female
Current smoker Ex-smoker I:I;r:szmaoalger Pyalue Current smoker  Ex-smoker (’\:\10218 T?Egr Pyalue
(N=3,429, 36.8%) (N=4,181, 37.5%) 25.7'%] ' (N=662, 6.1%) (N=763, 6.3%) 87.BI%) '

Age lyears) 46.8+15.0° 56.9+152°  454+186° <0001 442:153°  444:167°  524+164° <0.001
19-39 1,197 (42.3) 648 (21.3) 1,083 (56.4)  <0.001  2791(49.3) 341 (53.4) 2,696 (30.8) < 0.001
40-59 1,505 (44.5) 1,615 (45.5) 633 (27.5) 259 (38.2) 275 (33.1) 4,368 (41.3)
>60 727 113.2) 2,018 (39.2) 547 116.1) 124 (12.5) 147 (13.5) 4,039(27.9)

Body mass index (kg/m’) 24.4+35 24.6+3.1 245+35 0125 23.5+43 23.5+4.0 23.5+3.6 0.910

Obesity (%) 2,014 (59.0) 2,616 (64.1) 1,388(59.1) <0.001  2781(39.4) 334 (40.8) 5,072 (43.0) 0.007

Education <0.001 <0.001
<12 years 684 (15.2) 1,244 22.2) 416 (11.0) 203 (24.9) 172 (16.7) 3,906 (28.6)
>12 years 2,745 (84.8) 2,937 (77.8) 1,947 (89.0) 459 (75.1) 591 (83.3) 7,197 (71.4)

Income™
High 1,025 (31.6) 1,283 (34.0) 808(36.1) <0.001 129(19.9) 209 (27.6) 3,469 (31.2)  <0.001
Middle-High 1,026 (31.8) 1,096 (29.3) 6611(28.9) 214(30.7) 253 (31.6) 3,100 (27.6)
Middle-Low 847 (23.9) 1,084 (23.2) 538 (22.8) 207(29.4) 225(25.7) 2,983 (23.9)

Low 531 (12.7) 768 (13.5) 356 (12.2) 175120.0) 167 (15.1) 2,558 (17.3)
Menopause state (%) 243 (31.2) 246 (25.0) 6,138 (47.2)  <0.001
Chronic disease 449 (10.0) 1,025(19.1) 280(7.9)  <0.001 7319.1) 93 (8.6) 1,749 (13.8)  <0.001

Chronic obstructive 1610.3) 4710.9) 610.2) <0.001 210.2) 310.3) 351(0.3) 0.787

pulmonary disease
(COPD)
Cancer 65 (1.4) 304 (5.3) 8312.3) <0.001 19(3.1) 39 (3.5) 659 (5.6) < 0.001
Ischemic heart disease 104 12.0) 238 (4.1) 61(1.6) <0.001 12(1.0) 16 (1.6) 225 (1.6) 0.587
(angina, MI)

Diabetes 320 (7.0 588 (11.2) 168 (4.9) <0.001 44(5.1) 48 (4.0) 979(7.4)  <0.001

Renal disease 101(0.3) 1010.2) 15(0.4) 0.705 210.2) 310.3) 281(0.2) 0.812
Alcohol drinking™ (unithwk) ~ 14.5£17.4° 91127 50£95 <0001 102+13.9° 5:10.8  1.9:49  <0.001

Yes 2,740 (80.8) 2,929 (73.1) 1,415(60.8)  <0.001  449(70.4) 463 (63.8) 4,325(42.6) <0.001

No 689 (19.2) 1,252 (26.9) 1,040 (39.2) 213 129.6) 300 (36.2) 6,778 (57.4)

Aerobic exercise
Yes 1,898 (48.6) 1,619 (47.0) 1,262 (56.1)  <0.001  2611(42.7) 316 (43.5) 4,520 (42.9) 0.738
No 2,283 (51.4) 1,910 (53.0) 1,101 (43.9) 401 (57.3) 447 (56.5) 6,583 (67.1)

Smoking amount (cig/d) 14.02+7.30 16.03+11.00 <0.001 8.45+6.45 6.75+6.66 <0.001
0-10 1,493 (43.8) 1,787 (45.4) <0.001 530 (80.9) 668 (89.9) <0.001
11-20 1,708 (49.6) 1,859 (43.1) 122 (17.8) 78 (8.5)
>0 227 (6.6) 531 (11.5) 10(1.3) 17(1.6)

Smoking status verified N=3,328 N=2,868 N=1,513 N=610 N =492 N=6,682

by u-cotinine

Yes (N=4,809) 3,189 (96.00) 317 (12.30) 36(2.29) <0.001  564(90.55) 102 (20.05) 224(3.42)  <0.001

No (N=12,005) 139 (4.02) 2,551 (87.70)  1,478(97.70) 46 (9.45) 390(79.95) 6,458 (96.58)

Chi-squared tests were conducted to compare characteristics of ever smokers and ever users. ANOVA with post hoc analysis were done for continous variables like
age or weekly alcohol drinking amount.

*Income: household income level. This was categorized as quartile group of house monthly income according to age and sex among standardized population.
*Alcohol drinking means amount of weekly alcohol consumption. 1 Unit means 1 cup of any type of alcohol. Responding “Yes“means proportion of person who
regularly drink 1 time and above per month during previous 1 year.
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Table 2. Hematologic parameters according to smoking status by self-report or urine-cotinine in each male and female.

Male Female
Current smoker Ex-smoker Non-smaker . Current smoker Ex-smoker Non-smaker N
P-value P-value
(N=3,429) (N=4,181) (N=2,363) (N=662) (N=763) (N=11,103)

Hemoglobin (g/dL) 16.49+1.23° 14.98:130°  15.24+122° <0001 13.46+1.19°  13.12+1.31"  13.10+1.15°  <0.001
Hematacrit (%) 46.59+3.57° 45.20+3.73"  45.88+3.53° <0.001 4115335  40.32+3.49°  40.29+3.19°  <0.001
WBC counts (K/uL} 7.26+1.93° 6.28+1.69" 6.19+1.54"  <0.001 7.00+2.03° 6.10+1.77" 5.84+161°  <0.001
Platelet counts (K/uL)  263.48+67.40° 244.08+60.62° 250.07+58.30° <0.001 281.99+63.15° 271.67+63.28" 264.53+64.97° <0.001

Smoker Nonsmoker Smoker Nonsmaker

(N=3,541) (N=4,168) (N=890) (N=6,894)
Hemoglobin (g/dL) 15.48+1.22 15.09£1.27 <0.001 13.40+1.23 13.10£1.15 <0.001
Hematocrit (%) 46.56+3.56 45.61+3.63 <0.001 40.99+3.42 40.41+£3.20 < 0.001
WBC counts (K/uL} 7.26+1.92 6.22+1.64 <0.001 6.83+£2.04 5.87+1.61 <0.001
Platelet counts(K/ul) ~ 263.51+66.29  245.33+59.01 <0.001 279.44:62.69 265.30+64.67 <0.001

*All P-value was based by ANOVA test with post hoc analysis or student t-test.
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Table 3. Multivariate regression analysis for change of Hematologic parameter according to smoking status and smoking amounts™.

WBC counts Platelet counts

Hemoglobin (95%Cl) P for trend Hematocrit (95% CI) P for trend (95% Cl) P for trend (95% Cl] P for trend
Male (N=9,973)
Ex-smokers —0.034 0.001 0.140 2.634
(—0.096-0.027) (—0.178-0.181) (0.049-0.232) (—0.592-5.859)
Current smokers 0.228 0.691 1.114 13.630
(0.165-0.291) (0.508-0.874) (1.020-1.207) (10.339-16.920)
0-10 0.134 <0.001 0.463 <0.001 0.774 <0.001 9.823 <0.001
(0.058-0.211) (0.241-0.685) (0.661-0.888) (5.822-13.824)
11-20 0.284 0.824 1.349 17.057
(0.210-0.359) (0.607-1.041) (1.238-1.459) (13.147-20.966)
>0 0.458 1.284 1.744 14.760
(0.298-0.618) (0.817-1.751) (1.507-1.982) (6.357-23.162)
Smokers™ 0.228 0.514 1.042 13.951
(0.174-0.281) (0.360-0.669) (0.961-1.123) (11.129-16.781)
Female (N=12,528)
Ex-smokers 0.024 0.020 0.222 1.951
(—0.061-0.110) (—0.217-0.257) (0.102-0.342) (—2.772-6.674)
Current smokers 0.368 0.879 1.125 12.087
(0.277-0.460) (0.624-1.133) (0.996-1.254) (7.017-17.157)
0-10 0.322 0.173 0.757 0.166 0.876 < 0.001 10.402 0.058
(0.220-0.424) (0.475-1.038) (0.734-1.018) (4.788-16.017)
11-20 0.583 1.420 2.149 17.993
(0.377-0.790) (0.848-1.992) (1.860-2.437) (6.594-29.392)
>20 0.221 0.714 1.845 30.660
(—0.494-0.936) (—1.268-2.695) (0.846-2.844) (—8.808-70.127)
Smokers® 0.302 0.583 0.955 10.351
(0.221-0.383) (0.357-0.808) (0.839-1.070) (5.861-14.840)

*In multivariate regression analysis, adjusting variables was age, obesity, house income, education, drinking alcohol, physical activity, having chronic disease. The
reference group was non-smokers. TSmoking was verified by level of urine-cotinine (100 meg/dL).

Table 4. Multivariate logistic regression analysis for polycythemia according to smoking amounts™.

Male (N=9,973) Female (N=12,528)
Smoking status Polycythemia (%) P for trend Polycythemia (%)
P-value  OR for polycythemia P-value OR for polycythemia"{"
Yes No Yes No
By self-report <0.001 0.092
Non-smoker 272 (12.6) 2,091 (87.4) 1 22{0.15) 11,081 (99.85) 1
Ex-smoker 377 (10.00 3,804 (90.0 0.924 (0.777-1.099) 4(0.47)  7591(99.53) 2.089 (0.600-7.272)
Current smoker ~ 586 (18.0) 2,843 (82.0) 1.567 (1.334-1.841) 3(0.50) 659 (99.50) 2.666 (0.896-7.929)
0-10 228 (16.1) 1,265 1(83.9) 1.354(1.115-1.644) <0.001  2(0.33) 528 (99.67) 1.856 (0.420-8.207)
11-20 307 (19.0) 1,401 (81.0) 1.699 (1.412-2.044) 11(1.29) 121(98.71) 2.921(0.379-22.495)
>20 50(23.5)  177(76.5) 2.219 (1.566-3.146) 0 10(100.0) -
By urine cotinine <0.001 0.102
Nonsmoker 444(11.4) 3,929 (88.6) 1 171(0.16) 7,245 (99.84) 1
Smoker 631117.9) 3,139 (82.1) 1.559 (1.358-1.791) 5(0.57) 947 (99.43) 2.681(0.928-7.748)

*Logistic regression analysis was adopted to evaluate risk of polycythemia among smokers. *Adjusting variables was age, obesity, house income, education, drinking
alcohol, physical activity, having chronic disease.
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