sl 81 BBt |, M|443 X253 (2018) PISSN: 1738-4087 elSSN: 2233-8616
J Environ Health Sci. 2018; 44(2): 188-195 https://doi.org/10.5668//JEHS.2018.44.2.188

|""-:'l J(‘||Original articles|

e delel HIEH Dot EizEo| 2y
§|-01|E.|*,**¢ - 24X *F . HE=* - &

VS Sl e el stat, oI sk who] Quberh st vhol @1t o3}

Vitamin D intake and Diabetes Mellitus in Korean Adults

Yerin Hwang**** Jung Hyun Kwak**, Junghoon Kim*, and Yoon-Hyeong Choi*"

*Department of Preventive Medicine, Gachon University College of Medicine, Incheon, Republic of Korea
**Department of BioNano Technology, Gachon University College of BioNano Technology, Sungnam,

Republic of Korea

ABSTRACT

Objectives: This study aimed to investigate the association between vitamin D deficiency and the risk of

diabetes mellitus, and also examined whether their association is differed by sex and age.

Methods: We analyzed the data from 28,135 subjects 220 years old who were registered for the Korea National
Health and Nutrition Examination Survey (KNHANES) 2008-2014. Vitamin D was measured using serum 25-

hydroxyvitamin D (25(OH)D) concentrations.

Results: After adjusting for potential confounders (age, sex, education, income, total energy intake, smoking,
physical activity, body mass index, and waist circumference), lower vitamin D was dose-dependently associated
with a higher risk of diabetes mellitus (p-trend=0.004). When compared with the sufficient group (25(OH)D >30
ng/mL), the severe deficient group (25(OH)D <10 ng/mL) had 1.46 (95% CI 1.11-1.94) odds ratio for the risk
of diabetes mellitus. This association was markedly strong in men and adults aged >40, whereas no significant

association was observed in women and adults aged <40.

Conclusions: We found that vitamin D deficiency may be associated with an increased risk for diabetes mellitus
in Korean adults. Our findings suggest that intake of higher vitamin D may help reduce the risk of diabetes

mellitus.
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Table 1. Participants characteristics (N=28,135)

Characteristics Distribution

Age [years] 44.50+0.16”
Waist circumference [cm] 80.95+0.10
Body mass index [kg/m’] 23.68+0.03
Total energy intake [kcal/day] 2057.88+8.41
Fasting glucose [mg/dL] 96.64+0.17
Sex [n(%)]

Males 11517 (50.9)”

Females 16618 (49.1)
Education level [n(%)]

<Elementary 7319 (17.2)

Middle school 3159 (9.9)

High school 9450 (39.2)

>College 8207 (33.8)
Household income [n(%)]

Low 5419 (14.5)

Low-middle 7150 (26.0)

High-middle 7743 (29.9)

High 7823 (29.6)
Smoking status [n(%)]

Never 17070 (53.5)

Former 3528 (13.9)

Current 7537 (32.5)

Physical activity [n(%)]
Low (<150 min/week)
High (=150 min/week)

Diabetes [n(%)]

No 25273 (91.8)
Yes 2862 (8.2)

YWeighted meantSE from survey mean (all such values).
YWeighted percentage from survey frequency (all such
values).

17987 (61.8)
10148 (38.2)
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Table 2. Participants characteristics by the vitamin D status

. Severe deficiency Deficiency Insufficiency Sufficiency
Characteristics p-value”
<10.0 ng/mL 10.0-19.9 ng/mL  20.0-29.9 ng/mL.  >30.0 ng/mL
Age [years] 40.81+0.43" 42.9440.18 48.14+0.29 51.61+0.55 <.001
Waist circumference [cm] 78.36+0.28 80.68+0.12 82.28+0.16 82.00+0.30 <.001
Body mass index [kg/m?] 23.11£0.10 23.69+0.04 23.88+0.05 23.4440.10 <.001
Total energy intake [kcal/day]  1867.80+22.84 2043.17+10.32 2139.50+14.94 2146.40+33.33 <.001
Fasting glucose [mg/dL] 95.57+0.66 96.22+0.21 97.76+0.29 98.06+0.56 <.001
Sex [n(%)]
Males 569 (36.3)? 6185 (47.9) 3896 (60.7) 867 (63.5) <001
Females 1624 (63.7) 10509 (52.1) 3778 (39.3) 707 (36.5)
Education level [n(%)]
<Elementary 462 (13.6) 3748 (14.7) 2463 (22.1) 646 (29.4)
Middle school 201 (7.6) 1681 (8.7) 1018 (12.1) 259 (16.6) <001
High school 819 (43.3) 5901 (40.5) 2330 (36.5) 400 (30.5)
>College 711 (35.5) 5364 (36.2) 1863 (29.3) 269 (23.5)
Household income [n(%)]
Low 382 (15.0) 2846 (13.2) 1754 (16.5) 437 (19.3)
Low-middle 602 (27.9) 4215 (25.9) 1925 (25.4) 408 (27.1) <001
High-middle 633 (30.4) 4757 (30.6) 1977 (28.5) 376 (27.8)
High 576 (26.8) 4876 (30.3) 2018 (29.6) 353 (25.9)
Smoking status [n(%)]
Never 1529 (61.7) 10596 (55.9) 4157 (47.0) 788 (44.1)
Former 184 (9.2) 2012 (13.4) 1159 (17.2) 173 (12.1) <.001
Current 480 (29.0) 4086 (30.8) 2358 (35.9) 613 (43.8)
Physical activity [n(%)]
Low (<150 min/week) 1597 (70.3) 10929 (63.3) 4602 (57.3) 859 (52.1) <001
High (=150 min/week) 596 (29.7) 5765 (36.7) 3072 (42.7) 715 (47.9)
Diabetes [n(%)]
No 1962 (92.0) 15122 (92.5) 6811 (90.6) 1378 (89.5) <001
Yes 231 (8.0) 1572 (7.5) 863 (9.4) 196 (10.5)

“P-values were calculated using chi-square tests for categorical variables and trend test based on linear regression for continuous

variables according to survey procedures.
YWeighted meantSE from survey mean (all such values).

9Weighted percentages from survey frequency (all such values).
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Table 3. OR (95% CI) for diabetes by vitamin D status

No. Diabetes

itamin D ..
Vitamin D status /No. participants

Model A

Model B Model C

Sufficiency 196/1574
Insufficiency 863/7674
Deficiency 1572/16694
Severe deficiency 231/2193

p-trend

1.00 (Reference)
1.08 (0.86-1.35)
1.21 (0.98-1.49)
1.51 (1.15-1.99)

0.001 0.001 0.004

1.00 (Reference)
1.08 (0.87-1.35)
1.21 (0.98-1.49)
1.50 (1.14-1.97)

1.00 (Reference)
1.01 (0.81-1.26)
1.11 (0.90-1.36)
1.46 (1.11-1.94)

Model A was adjusted for age, sex, education level and household income.
Model B: model A+ further adjusted for total energy intake, smoking status and physical activity.
Model C: model B+ further adjusted for BMI and waist circumference.

Table 4. OR (95% CI) for diabetes by vitamin D status according to sex and age groups

No. . No.
Vitamin D status Diabetes/No. OR (95% CI) Diabetes/No. OR (95% CI) Diabetes/No. OR (95% CI)
participants participants participants

Male (n=11517) Female (n=16618)
Sufficiency 102/867 1.00 (Reference)  94/707 1.00 (Reference)
Insufficiency 494/3896 1.18 (0.87-1.60)  369/3778 0.77 (0.56-1.05)
Deficiency 746/6185 1.30 (0.97-1.76)  826/10509  0.84 (0.62-1.13)
Severe deficiency 76/569 1.73 (1.12-2.69)  155/1624 1.12 (0.78-1.60)
p-trend 0.012 0.192

Age: 20-39 years Age: 40-59 years Age: 260 years

(n=8673) (n=10679) (n=8783)

Sufficiency 2/221 1.00 (Reference)  54/578 1.00 (Reference)  140/775 1.00 (Reference)
Insufficiency 31/1707 0.85 (0.15-4.84)  263/2954 1.10 (0.76-1.59)  569/3013 1.00 (0.77-1.29)
Deficiency 101/5841 1.08 (0.20-5.90)  554/6396 1.24 (0.88-1.74)  917/4457 1.08 (0.84-1.39)
Severe deficiency 10/904 0.70 (0.12-4.27) 79/751 2.00 (1.28-3.12)  142/538 1.48 (1.04-2.10)
p-trend 0.913 0.003 0.039

Models were adjusted for age, sex, education level, household income, total energy intake, smoking status, physical activity, BMI

and waist circumference.
P for interaction by sex=0.245; age=0.483
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