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Independent correlates of the toenail chromium level and the association between

the chromium level and dyslipidemia*

Kang, Yeji** - Lee, Yujin** - Son, Jakyung - Park, KyongT

Department of Food and Nutrition, Yeungnam University, Gyeongsan, Gyeongbuk 38541, Republic of Korea

ABSTRACT

Purpose: The number of patients with dyslipidemia have been increasing steadily over the past few decades in South Korea,
The association between the chromium level and chronic disease has attracted considerable interest, but few studies have
been conducted on the Korean population, The aim of this study was to identify the dietary and non—dietary correlates of
the toenail chromium level, and evaluate the association between the toenail chromium level and dyslipidemia, Methods: The
baseline data of an ongoing prospective cohort study in Yeungnam area in South Korea were analyzed, A total of 500
participants aged 35 years or older who completed questionnaires on their demographics, lifestyle characteristics, and
medical information were included, The toenail chromium level was analyzed by neutron activation analysis, The dietary intake
was assessed using a validated 146-item semi—quantitative food frequency questionnaire, The blood lipid profiles were
obtained from medical examinations conducted by the Korean National Health Insurance Service or medical institutions,
Results: Higher chromium levels were associated with the residential area (urban), higher education level, higher intakes of
noodles and vegetables, and lower intake of fruits, Multiple logistic regression analysis showed that the toenail chromium
levels were not associated significantly with the prevalence of dyslipidemia (odds ratio: 0.99, 95% confidence interval: 0.61
~1.60). Conclusion: This study is the first study in Korea to determine the independent correlates of the toenail chromium
levels and the association between chromium exposure and dyslipidemia, These findings provide useful scientific evidence
for the development of chromium intake guidelines for the Korean population,
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Table 1. General characteristics of the study participants according to tertiles of toenail chromium levels

m 2 13 .
(N = 166) (N =167) (N =167) P value
Range of toenail chromium levels, pg/g 0.003-0.12 0.13-0.23 0.24-5.76
Median of foenail chromium levels, ng/g 0.07 0.16 0.40
Age, years 44.8 £ 0.4 451 =04 44.6 + 0.4 NS
Sex NS
Men 82 (49.4) 71 (42.5) 79 (47.3)
Women 84 (50.6) 96 (57.5) 88 (52.7)
Residential area Hxx
Rural 86 (51.8) 70 (41.9) 56 (33.5)
Urban 80 (48.2) 97 (58.1) 111 (66.5)
Education level ool
High school graduation or less 74 (44.9) 49 (29.3) 39 (23.4)
University graduation or higher 91 (65.2) 118 (70.7) 128 (76.7)
Monthly household income, KRW NS
< 3,000,000 41 (24.7) 39 (23.4) 27 (16.2)
3- < 4,000,000 44 (26.5) 36 (21.6) 42 (25.2)
4- < 6,000,000 52 (31.3) 55 (32.9) 58 (34.7)
> 6,000,000 29 (17.5) 37 (22.2) 40 (24.0)
Body mass index?, kg/m? NS
Undemweight/normnal 84 (50.6) 80 (48.2) 79 (47.3)
Overweight 44 (26.5) 51 (30.7) 43 (25.8)
Obese 38 (22.9) 35 (21.1) 45 (27.0)
Physical activity®, METs-h/week NS
Low 80 (48.5) 91 (54.5) 89 (53.3)
Moderate 42 (25.5) 36 (21.6) 31 (18.6)
High 43 (26.1) 40 (24.0) 47 (28.1)
Smoking status NS
Non-smokers 101 (60.8) 115 (68.9) 110 (65.9)
Former smokers 29 (17.5) 24 (14.4) 27 (16.2)
Current smokers 36 (21.7) 28 (16.8) 30 (18.0)
Alcohol consumption NS
Non-drinkers 34 (20.5) 43 (25.8) 30 (18.0)
Drinkers 132 (79.5) 124 (74.3) 137 (82.0)
Total energy intake, kcal 1,846.6 = 44.0 1,773.7 £ 43.9 1,835.5 + 43.9 NS
Family history: yes NS
Hypertension 46 (27.7) 58 (34.7) 44 (26.4)
Diabetes 31 (18.7) 34 (20.4) 33 (19.8)
Blood lipid profiles”, mg/aL
Total cholesterol 196425 191.2+25 1922+ 2.5 NS
LDL cholesterol 118.7 2.2 116.3+22 1141 +22 NS
HDL cholesterol 56.6+1.0 54.6 1.0 56.0=1.0 NS
Triglyceride 111.7+5.2 1140=5.2 119.1+5.2 NS

Values are mean = SE or n (%). T, tertiles; KRW, Korea Republic Won; METs, metabolic equivalents; LDL, low density lipoprotein; HDL, high
density lipoprotein.

1) p values were derived from a chi-square test for categorical variables, and p for frends was derived from generalized linear regression
analysis for continuous variobles.  2) Body mass index was cafegorized info < 23 kg/m2 as underweight/normal, 23-24.9 kg/m2 as
overweight, and > 25 kg/m? as obese based on BMI cut-offs for Asians by the World Health Organization.?’  3) Physical activity level was
calculated as a weekly METs-hour, and it was categorized into < 20 METs-h/week as low, 20-39 METs-h/week as moderate, and > 40
METs-h/week as high.  4) Values are age and sex-adjusted mean = SE.

Statistical significance is defined as *p < 0.05, **p < 0.01, ***p < 0.001, and NS stands for not significant.
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Table 2. General characteristics of the study participants with and without dyslipidemia

D}/:lllpicﬁr;]la Non{gyillgléj;mlo b value!
Range of toenail chromium levels, pg/g 0.01-56.76 0.003-4.37
Toenail chromium levels, ng/g 0.29 = 0.04 0.30 = 0.03
Age, years 45.4+0.4 44.5+0.3 NS
Sex NS
Men 82 (46.3) 150 (46.4)
Women 95 (53.7) 173 (53.6)
Residential area NS
Rural 74 (41.8) 138 (42.7)
Urban 103 (58.2) 185 (57.3)
Education level NS
High school graduation or less 60 (33.9) 102 (31.7)
University graduation or higher 117 (66.1) 220 (68.3)
Monthly household income, KRW NS
< 3,000,000 33 (18.6) 74 (22.9)
3- < 4,000,000 44 (24.9) 78 (24.2)
4- < 6,000,000 67 (37.9) 98 (30.3)
> 6,000,000 33 (18.6) 73 (22.6)
Body mass index?, kg/m? rx
Underweight/normal 69 (39.0) 174 (54.0)
Overweight 55 (31.1) 83 (25.8)
Obese 53 (29.9) 65 (20.2)
Physical activity”, METs-h/week NS
Low 85 (48.3) 175 (54.2)
Moderate 43 (24.4) 66 (20.4)
High 48 (27.3) 82 (25.4)
Smoking status NS
Non-smokers 113 (63.8) 213 (65.9)
Former smokers 29 (16.4) 51 (15.8)
Current smokers 35 (19.8) 59 (18.3)
Alcohol consumption NS
Non-drinkers 41 (23.2) 66 (20.4)
Drinkers 136 (76.8) 257 (79.6)
Total energy intake, kcal 1,774.8 + 41.1 1,842.5 + 32.1 NS
Family history: yes NS
Hypertension 60 (33.9) 88 (27.2)
Diabetes 40 (22.6) 58 (18.0)

Values are mean = SE or n (%). KRW, Korea Republic Won; METs, metabolic equivalents.
1) p values were derived from a chi-square test for categorical variables, and p for frends was derived from generalized linear regression

analysis for continuous variables.

2) Body mass index was into < 23 I<g/m2 as underweight/normal, 23-24.9 kg/m2 as overweight, and
>25 kg/m?® as obese based on BMI cut-offs for Asians by the World Health Organization.?'

3) Physical activity level was calculated as

a weekly METs-hour, and it was categorized info < 20 METs-h/week as low, 20-39 METs-h/week as moderate, and > 40 METs-h/week as high.

Statistical significance level is defined as *p < 0.05, **p < 0.01,
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Table 3. Dietary and non-dietary correlates of toenail chromium levels

Variables % Difference in toenail chromium levels p value
Non-dietary factors

Age (years) 0.14 NS
Sex, man -4.67 NS
Residential area, urban 23.28 **
Education level, university graduation or higher 36.53 xxx
Body mass index' (kg/m?)

Overweight -2.68 NS

Obesity 7.71 NS
Smoking status

Former smokers -10.91 NS

Current smokers -12.65 NS
Monthly household income (KRW)

3- < 4,000,000 -12.09 NS

4- < 6,000,000 -13.28 NS

> 6,000,000 3.60 NS
Physical activity? (METs-h/week)

Moderate -6.73 NS

High 17.44 NS

Dietary factors

Noodles (servings/week) 9.56 *
Vegetables (servings/week) 0.48 xxx
Fruits (servings/week) -0.98 *
Sweets (servings/week) -0.57 NS
Fats (servings/week) 3.89 NS
Fish and shellfish (servings/week) -1.83 NS
Alcohol (servings/week) 0.21 NS

Multivariable-adjusted findings including each of the variables in the table. Independent diefary predictors were identified using stepwise

regression. KRW, Korea Republic Won; METs, metabolic equivalents.

1) Body mass index was info < 23 kg/m2 as undemweight/normal, 23-24.9 kg/m2 as overweight, and > 25 kg/m2 as obese based on BMI

cut-offs for Asians by the World Health Organization.?'

2) Physical activity level was calculated as a weekly METs-hour, and it was

categorized info < 20 METs-h/week as low, 20-39 METs-h/week as moderate, and >40 METs-h/week as high.

Statistical significance level is defined as *p < 0.05, **p < 0.01, ***p < 0.001, and NS stands for not significant.
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Table 4. Odds ratio and 95% confidence interval for dyslipidemia and its components according to toenail chromium levels

T 12 T3
(N = 166) (N =167) (N =167) P value

Dyslipidemia

Case, n (%) 61 (36.8) 55 (32.9) 61 (36.5)

Model 1 1 0.85 (0.54-1.33) 0.99 (0.63-1.55) NS
Model 2 1 0.82 (0.52-1.30) 0.96 (0.61-1.52) NS
Model 3 1 0.82 (0.51-1.31) 0.97 (0.60-1.5¢) NS
Model 4 1 0.81 (0.50-1.30) 0.99 (0.61-1.60) NS
Hypercholesterolemia

Case, n (%) 19 (11.5) 17 (10.2) 12 (7.2)

Model 1 1 0.88 (0.44-1.75) 0.60 (0.28-1.28) NS
Model 2 1 0.86 (0.43-1.74) 0.58 (0.27-1.24) NS
Model 3 1 0.83 (0.40-1.72) 0.53 (0.23-1.19) NS
Model 4 1 0.82 (0.39-1.71) 0.55 (0.24-1.26) NS
HyperLDL cholesterolemia

Case, n (%) 15 (9.1) 11 (6.8) 7 (4.4)

Model 1 1 0.73 (0.33-1.65) 0.46 (0.18-1.15) NS
Model 2 1 0.71 (0.31-1.61) 0.45 (0.18-1.14) NS
Model 3 1 0.68 (0.29-1.61) 0.39 (0.15-1.0¢) NS
Model 4 1 0.69 (0.29-1.62) 0.40 (0.15-1.09) NS
Hypo-HDL cholesterolemia

Case, n (%) 25 (15.1) 30 (18.0) 35 (21.0)

Model 1 1 1.24 (0.69-2.21) 1.50 (0.85-2.63) NS
Model 2 1 1.13 (0.62-2.06) 1.45 (0.81-2.60) NS
Model 3 1 1.13 (0.61-2.11) 1.62 (0.87-3.01) NS
Model 4 1 1.12 (0.60-2.10) 1.62 (0.87-3.01) NS
Hypertriglyceridemia

Case, n (%) 16 (9.7) 15 (9.1) 21 (12.7)

Model 1 1 0.93 (0.44-1.95) 1.36 (0.68-2.71) NS
Model 2 1 1.00 (0.47-2.16) 1.39 (0.68-2.84) NS
Model 3 1 1.08 (0.49-2.38) 1.39 (0.65-2.96) NS
Model 4 1 1.07 (0.48-2.37) 1.45 (0.68-3.09) NS

T, tertiles; LDL, low density lipoprotein; HDL, high density lipoprotein. Model 1: unadjusted; Model 2: adjusted age, sex, and body mass
index; Model 3: additionally adjusted for education level, smoking status, alcohol consumption, physical activity, monthly household
income, residential area, and total energy intake; Model 4. additionally adjusted for family history of hypertension and diabetes.

Statistical significance level is defined as *p < 0.05, **p < 0.01,
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