J Nutr Health. 2020 Apr;53(2):155-174
https://doi.org/10.4163/jnh.2020.53.2.155
eISSN 2288-3959

IJNHS

Journal of Nutrition and Health

Research Article

'.) Check for updates

G OPEN ACCESS

Received: Mar 11, 2020
Revised: Mar 27, 2020
Accepted: Mar 30, 2020

Correspondence to

Jung Sug Lee

Department of Food and Nutrition, Kookmin
University, 77 Jeongneung-ro, Seongbuk-gu,
Seoul 02707, Korea.

Tel: +82-2-910-6438

E-mail: leejs1945@kookmin.ac.kr

© 2020 The Korean Nutrition Society

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Sehyug kwon ()
https://orcid.org/0000-0001-6195-9141
Jung sug Lee ©
https://orcid.org/0000-0001-8738-6409

Funding
This study has been supported by 2019
Research Fund of Hannam University.

Conflict of Interest
There are no financial or other issues that
might lead to conflict of interest.

https://e-jnh.org

2015-2017H DI HZLHATA XIR E
2t2510] JFA ME| et Alo|CiAdMo| ZH4

O|x delut eole] ECta 50 OjXl= de

P

Effect of nutrient intake and dietary
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ABSTRACT

Purpose: The purpose of this study was to investigate the effects of nutrient intake and
dietary diversity score (DDS) on osteoporosis after controlling for sex, age, socioeconomic
level, drinking, smoking, physical activity, and body mass index (BMI) as mediators using the
2015-2017 Korean National Health and Nutrition Examination Survey (KNHANES) data.
Methods: This study was focused on the age group of 50s and older by using the 2015-2017
KNHANES data. Subjects diagnosed with osteoporosis were classified as the osteoporosis
group, and the other subjects were classified as the normal group. Logistic regression was used
to assess the association between nutrient intake and DDS after controlling for mediators.
Results: The risk of osteoporosis was 2.38 times lower in the 50-65 age group than in the 75
years and older group. The mediators affecting the incidence of osteoporosis by age group
were sex, age, household income level, and education level in the 50-64 age group; sex,
education level, drinking, and BMI in the 65-74 age group; and sex, age, current smoking,
drinking, BMI, and energy intake in the 75 years and older group. The effect of nutrient intake
on osteoporosis, with the exception of vitamin B1, was fully mediated by these mediators.
The effect of vitamin B1 was partially mediated by mediators in the age group of 65-74 years,
and vitamin B1 was effective for preventing the risk of osteoporosis by 25% when consumed
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over EAR. The effect of DDS was partially mediated in the age group of 75 years and older,
and DDS of 2 or less increased the risk of osteoporosis by 2.59 times.

Conclusion: As a result of this study, it is necessary to recommend the balanced intake of various
foods including grains, meat-fish-legumes, vegetables, fruits, and dairy products as dietary
guidelines for the prevention of osteoporosis and promotion of bone health in the elderly.

Keywords: osteoporosis, mediator, nutrient, National Health and Nutrition Examination Survey
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Mediating variable
(Socioeconomic status, drinking,
smoking, physical activity)

(Step 2) (Step 3)

Independent variable (Step1) Dependent variable
(Nutrition and DDS) (Osteoporosis)

Fig. 1. Mediator model of nutrition, DDS, and prevalence of osteoporosis.
DDS, dietary diversity score.
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Table 1. General characteristics of subject

Characteristics Normal Osteoporosis ¥*/t-value p-value
Total 4,933 (81.4) 1,126 (18.6)
Height (cm) 160.10 = 0.12 153.10 + 0.19 30.72 <0.0001
Weight (kg) 61.54 = 0.15 56.24 + 0.26 17.93 <0.0001
BMI (kg/m?) 93.95 + 0.04 93.99 = 0.10 -0.32 0.7462
Sex 668.59 <0.0001
Male 2,368 (97.2) 69 (2.8)
Female 2,565 (70.8) 1,057 (29.2)
Age (yrs) 147.31 <0.0001
50-64 2,339 (88.3) 310 (11.7)
65-74 1,552 (76.1) 488 (23.9)
>75 1,042 (76.1) 328 (23.9)
Household income 148.28 <0.0001
Low 1,385 (72.9) 514 (27.1)
Middle-Low 1,349 (82.7) 283 (17.3)
Middle-High 1,118 (85.4) 191 (14.6)
High 1,081 (88.7) 138 (11.3)
Education 252.33 < 0.0001
Elementary school 1,970 (73.6) 705 (26.4)
Middle school 710 (79.1) 188 (20.9)
High school 1,377 (89.6) 160 (10.4)
University and above 876 (92.3) 73 (7.7)
Current smoking” 138.17 <0.0001
No 4,099 (79.0) 1,089 (21.0)
Yes 834 (95.8) 37 (4.2)
Alcohol drinking? 233.50 <0.0001
No 2,669 (75.0) 889 (25.0)
Yes 2,964 (90.5) 937 (9.5)
Aerobic physical activity? 15.29 <0.0001
No 3,089 (79.9) 775 (20.1)
Yes 1,844 (84.0) 351 (16.0)

BMI, body mass index.

YNo: Past smoking, non-smoking, Yes: People who smoked more than 5 packs (100 cigarettes) in their lifetime
and currently smoke. ?No: Lifelong non-drinkers, people who have drunk less than 1 glass per month in the last
years, Yes: People who have drunk more than 1 glass per month in the last year. Those who have practiced at
least 2 hours 30 minutes of moderate physical activity or more than 1 hour 15 minutes of high intensity physical
activity or have mixed time with moderate intensity and high intensity physical activity.
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Table 2. Logistic regression results of prevalence of osteoporosis by age group

Group Prevalence ratio of osteoporosis (%) ORs (95% CI) Wald 2
50-64 yrs 1.7% 0.421 (0.355-0.500) 141.99**
65-74 yrs 93.9% 0.999 (0.851-1.173)

>75yrs 23.9% 1

ORs, odds ratio; 95% CI, 95% confidence interval.

dekk

p < 0.001.
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Table 3. Logistic regression results of prevalence of osteoporosis on socioeconomic factors, BMI and energy by age group
Characteristics 50-64 yrs 65-74 yrs >75yrs
ORs (95% Cl) wald 2 ORs (95% Cl) wald 2 ORs (95% Cl) wald 2
Sex 69.26™" 143.27* 83.07"
Male vs. Female 0.078 (0.042-0.142) 0.073 (0.047-0.112) 0.113 (0.071-0.181)
Household income 9.47™ 0.98 5.66
Low vs. High 1.817 (1.203-2.743) 1.153 (0.756-1.760) 1.314 (0.729-2.369)
Middle-low vs. High 1100 (0.761-1.591) 1.039 (0.681-1.587) 0.903 (0.473-1.724)
Middle-high vs. High 1.148 (0.814-1.618) 1.009 (0.635-1.601) 0.896 (0.439-1.829)
Education 9.50™" 8.91" 3.82
Elementary vs. University 1.372 (0.885-2.128) 1.598 (0.948-2.693) 1.849 (0.741-4.612)
Middle vs. University 1.650 (1.079-2.522) 1.762 (1.000-3.106) 92.436 (0.884-6.711)
High vs. University 0.999 (0.668-1.496) 1.051 (0.594-1.859) 9.335 (0.849-6.423)
Current smoking 0.41 0.44 4.97°
No vs. Yes 1.205 (0.680-2.137) 1.239 (0.658-2.333) 2.679 (1.102-6.511)
Alcohol drinking 0.38 4.08" 6.89""
No vs. Yes 1.092 (0.825-1.447) 1.321 (1.008-1.731) 1.704 (1.144-2.538)
Aerobic physical activity 0.16 0.23 0.10
No vs. Yes 1.054 (0.815-1.363) 0.943 (0.743-1.197) 1.056 (0.747-1.495)
Age 1.043 (1.004-1.084) 4.62™ 1.030 (0.989-1.072) 2.07 0.911 (0.845-0.981) 6.08™
BMI 0.999 (0.956-1.045) 0.00 0.950 (0.916-0.984) 7.93™ 0.948 (0.910-0.988) 6.44™"
Energy 1.000 (1.000-1.000) 0.02 1.000 (1.000-1.000) 0.00 1.000 (0.999-1.000) 2.78"
BMI, body mass index.
*p < 0.1, *p < 0.05, **p < 0.01.
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Table 4. DDS and nutrient intake according to osteoporosis by age group

Variables 50-64 yrs 65-74 yrs >75yrs
Normal Osteoporosis T value Normal Osteoporosis T value Normal Osteoporosis T value

DDS 3.61+0.02 3.56+0.05 0.90 3.43 £ 0.02 3.37+0.04 1.29 312+ 0.03 2.91+0.05  3.57"
Energy (kcal) 1,985.3+18.9  1,682.5 + 36.7 7.347  1,812.4+19.6 1,546.7+31.4 718" 1,518.8 £18.4  1,269.3+25.5  7.93™
Carbohydrate (g) 318.6 £ 2.7 289.5 £ 6.5 415" 314.3+3.4 284.4 5.8 430" 2741+3.3 240.0 £ 4.8 5.83"
Fat (g) 39.8+0.7 32.8+1.3 4.84™* 31.8+0.6 24.4 +1.0 6.48"" 99.5+ 0.6 17.7+0.8  4.83"™
Protein (g) 70.4 £1.2 57.2+1.5 6.84" 61.3+0.8 50.2+1.2 7747 49.0+0.8 39.4+1.0 7.48™*

Animal protein (g) 38.6+ 0.4 34.3+0.9 444" 37.8+0.5 331+0.7 5.35"" 321£0.5 27.4 £ 0.6 6.21""

Vegetable protein (g)  31.8 1.1 23.0 £1.1 5.81"* 93.6 = 0.6 17.0+0.8 677" 16.9 + 0.6 12.0 = 0.7 5.4
Fiber (g) 28.5+ 0.3 26.6 + 0.8 213" 26.9 + 0.4 24.4 + 0.7 313" 20.8 + 0.4 17.8+0.6  4.31"
Ca (mg) 529.1+ 6.2 471.3£15.5 3.47 469.9 + 7.6 403.4+11.8 474" 363.5+7.6 326.6+15.0 219"
Phosphorus (mg) 1,171 £13.7 955.0 + 24.1 5.86"" 991.8 +£12.3 837.6+19.6  6.68™" 785.5 +11.8 655.9+16.7  6.33"
Sodium (mg) 3,764.4+84.6 2,956.2+98.0 6.24™  3,403.0+587 2,756.4+95.0 579"  2,816.7+611 2,309.9+86.0 4.81""
Potassium (mg) 3,291.6 +35.8 3,043.5+94.3  2.38" 2,974.0 +40.0 2,693.4+80.1 313" 2,298.0 £38.2  1,955.9 £ 57.1 4.98™"
Iron (mg) 171+ 0.3 14.5+0.5 4.60™ 15.5 0.2 14.0 £ 0.5 2.60™ 12.6 + 0.2 10.7+0.4  4.55™
Vitamin A (RAE) 627.2+20.8  602.7+43.9  0.50 572.4 £ 21.4 475.9+953  2.97 422.7+201  400.6+39.4 0.50
Vitamin B, (mg) 1.81+0.02 1.55+0.04  5.40"" 1.68 = 0.02 1.44+0.03 5.88™ 1.34 + 0.02 117+ 0.03  4.42"
Vitamin B, (mg) 1.43 £ 0.02 1.26+0.04  3.80"™" 1.21 + 0.02 1.03+0.03  4.94™" 0.95 = 0.02 0.77+0.03  5.34™"
Niacin (mg) 157+ 0.3 13.2+0.5 4,62 13.3+0.2 1.3+0.3 5.48"" 10.5+0.2 8.5+0.3 5.91™"
Vitamin C (mg) 1.9 +3.1 124.5 = 8.0 -1.40 96.8 2.9 107.3£6.2 -1.52 70.4+2.8 59.7+3.9 2.95%
Cholesterol (mg) 296.6 + 5.3 184.2 +11.8 3.27" 170.3 = 4.6 198.9+6.9  4.97™ 115.7 £ 4.5 90.6 = 7.0 3.02"

Values are presented as mean = SE.
DDS, dietary diversity score.
*p < 0.05, **p < 0.01, **p < 0.001.

=70.4
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Table 5. Percentage of nutrient intake less than Korean dietary reference intake (EAR) according to osteoporosis by age group

FF YYHA7IE F

T}= Table 59F Z2th &
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>75yrs

Osteoporosis ORs (95% CI) Wald x?

Variables 50-64 yrs 65-74 yrs
Normal Osteoporosis ORs (95% CI)” Waldy?> Normal Osteoporosis ORs (95% Cl) Waldy?> Normal
Protein 510 86 0.726 5.51" 460 200 0.607 21.62"*
(21.8) (27.7) (0.556-0.949) (29.6) (41.0) (0.491-0.749)
Ca 1,560 221 0.806 2.62 1,128 388 0.686 8.99™
(66.7) (71.3) (0.621-1.047) (72.7) (79.5) (0.536-0.877)
Phosphorus 263 53 0.614 8.78"* 272 144 0.508 32.19™*
1.9) (7.) (0.445-0.848) (17.5) (29.5) (0.402-0.642)
Iron 144 30 0.612 5.43" 159 57 0.863 0.81
(6.2) 9.7) (0.405-0.925) (10.9) M.7) (0.626-1.190)
Vitamin A 1,309 174 0.993 0.00 982 303 1.052 0.22
(56.0) (56.1) (0.782-1.261) (63.3) (62.1) (0.853-1.298)
Vitamin B, 315 62 0.623 9.43™ 274 131 0.584 19.45"*
(13.5) (20.0)  (0.460-0.842) (17.7) (26.8) (0.460-0.742)
Vitamin B, 948 130 0.944 0.22 816 287 0.776 5.80"
(40.5) (41.9) (0.742-1.200) (52.6) (58.8) (0.632-0.954)
Niacin 0 (0.0) 0 (0.0) - - 0 (0.0) 0 (0.0) - -
vitaminC  1(0.0) 0 (0.0) - - 0 (0.0) 0 (0.0) - -

483
(46.4)
893
(85.7)
337
(32.3)
171
(16.4)
766
(73.5)
287
(27.5)
797
(70.7)
0(0.0)
0(0.0)

199
(60.7)
295
(89.9)
163
(49.7)
80
(24.4)
248
(75.6)
124
(37.8)
953
(779)
0(0.0)
0(0.0)

0.560 20.19"**
(0.435-0.721)

0.671 3.84"
(0.450-1.000)

0.484 3178
(0.376-0.623)

0.608 10.49™
(0.450-0.822)

0.895 0.57
(0.672-1.193)

0.625 12.40
(0.482-0.812)

0.716 5.08"
(0.536-0.958)

kkk

Hekk

Values are presented as number (%) of frequency and rate of intake less than EAR.
EAR, estimated average requirement; OR, odds ratio; 95% Cl, 95% confidence interval.
YORs were calculated based on less than EAR for each nutrient (> EAR vs. < EAR).

*p < 0.05, *p < 0.01, *p < 0.001.
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Table 6. Logistic regression results of prevalence of osteoporosis on nutrient intakes by age groups

Variables 50-64 yrs 65-74 yrs >75yrs
Wald y* ORs Effect ORs  Effect Waldy? ORs Effect ORs  Effect Waldy* ORs Effect ORs  Effect
(95% Cl) (95% CI) (95% Cl) (95% ClI) (95% Cl) (95% ClI)
Carbohydrate 14.20™ 0.998 1.000 FM  18.40™" 0.998 1.000 FM  26.94™" 0.996 1.001 FM
(0.997-0.999)  (0.999-1.001) (0.997-0.999)  (0.999-1.001) (0.995-0.998)  (0.997-1.005)
Fat 15.86™* 0.990 1.000 FM 3412 0.984 0.996 FM  18.32"" 0.981 1.000 FM
(0.984-0.995)  (0.995-1.005) (0.979-0.989)  (0.990-1.001) (0.973-0.990)  (0.990-1.011)
Protein 34.76"* 0.987 0.998 FM  47.55"* 0.986 0.998 FM  38.52"** 0.980 0.996 FM
(0.983-0.991)  (0.994-1.003) (0.982-0.990)  (0.993-1.002) (0.974-0.986)  (0.985-1.007)
Animal 93.97* 0.985 0.998 FM  32.63"™ 0.983 0.995 FM  18.90* 0.980 0.996 FM
protein (0.979-0.991)  (0.992-1.004) (0.977-0.989)  (0.988-1.002) (0.972-0.989)  (0.986-1.007)
Vegetable 16.95"" 0.984 0.997 FM  25.30™* 0.983 1.001 FM  28.70"* 0.972 1.002 FM
protein (0.976-0.991)  (0.990-1.005) (0.977-0.990)  (0.994-1.008) (0.962-0.982)  (0.982-1.022)
Fiber 4.52" 0.991 0.998 FM 9.64™ 0.989 1.000 FM  14.99™ 0.977 1.000 FM
(0.983-0.999)  (0.990-1.006) (0.982-0.996)  (0.992-1.008) (0.966-0.989)  (0.985-1.015)
Ca 10.53™ 0.999 1.000 FM  19.13™ 0.999 1.000 FM  5.29% 0.999 1.000 FM
(0.999-1.000)  (0.999-1.000) (0.999-0.999) (0.999-1.000) (0.999-1.000)  (1.000-1.001)
Phosphorus ~ 26.16™* 0.999 1.000 FM  38.16™" 0.999 1.000 FM  30.41" 0.999 1.000 FM
(0.999-1.000)  (1.000-1.000) (0.999-0.999)  (1.000-1.000) (0.998-0.999)  (0.999-1.0071)
Sodium 31.44™* 1.000 1.000 29.65* 1.000 1.000 17.61° 1.000 1.000
(1.000-1.000)  (1.000-1.000) (1.000-1.000)  (1.000-1.000) (1.000-1.000)  (1.000-1.000)
Potassium 5.74" 1.000 1.000 10.99"** 1.000 1.000 28.19"** 1.000 1.000
(1.000-1.000)  (1.000-1.000) (1.000-1.000)  (1.000-1.000) (1.000-1.000)  (1.000-1.000)
Iron 16.10™* 0.969 0.991 FM 8.35" 0.982 1.005 M 17.49" 0.957 0.999 FM
(0.954-0.984)  (0.977-1.006) (0.970-0.994)  (0.993-1.016) (0.938-0.977)  (0.975-1.025)
Vitamin A 0.17 1.000 1.000 5.51" 1.000 1.000 0.275 1.000 1.000
(1.000-1.000)  (1.000-1.000) (1.000-1.000)  (1.000-1.000) (1.000-1.000)  (1.000-1.000)
Vitamin B, 29.35"* 0.684 0.964 FM  27.80" 0.697 0.958 FM  17.25" 0.628 1.280 FM
(0.584-0.800)  (0.818-1.136) (0.609-0.797)  (0.829-1.106) (0.505-0.782)  (0.910-1.802)
Vitamin B, n.47 0.739 1.066 FM 2374 0.670 0.986 FM  20.82"** 0.569 0.891 FM
(0.621-0.881)  (0.899-1.264) (0.570-0.787)  (0.823-1.181) (0.447-0.725)  (0.678-1.173)
Niacin 19.56™" 0.962 0.999 FM  26.49™ 0.958 1.000 FM 2570 0.933 0.994 FM
(0.946-0.979)  (0.982-1.015) (0.943-0.974)  (0.983-1.018) (0.908-0.958)  (0.958-1.031)
Vitamin C 1.80 1.000 1.000 272 1.001 1.001 3.86* 0.998 0.999 FM
(1.000-1.00T)  (1.000-1.001) (1.000-1.001)  (1.000-1.002) (0.997-1.000)  (0.998-1.001)
Cholesterol ~ 9.09™ 0.999 1.000 FM  19.98"* 0.998 0.999 M 7.81"* 0.999 1.000 FM
(0.998-1.000)  (1.000-1.001) (0.998-0.999) (0.999-1.000) (0.998-1.000)  (0.999-1.001)

Mediating variables: 50-64 yrs - sex, age, household income, and education; 65-74 yrs - sex, education, alcohol drinking, and BMI; > 75 yrs - sex, age, current

smoking, alcohol drinking, BMI, and energy.

OR, odds ratio; 95% Cl, 95% confidence interval; effect OR, odds ratio after mediating variables apply; FM, fully mediated; PM, partly mediated; BMI, body mass index.

*kk

*p < 0.05, p < 0.01, **p < 0.001.
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Table 7. Logistic regression results of prevalence of osteoporosis on DDS and dietary reference intake (EAR) by age group

Variables 50-64 yrs 65-74 yrs >75yrs
Wald y* ORs Effect ORs  Effect Wald ? ORs Effect ORs  Effect Wald y? ORs Effect ORs  Effect
(95% Cly? (95% Cl) (95% CI) (95% Cl) (95% Cl) (95% ClI)
DDS
<2vs5 16.21™ 1.765 1.312 FM 8.40" 1191 0.805 13.98™ 3.595 2.591 PM
(1.072-2.907)  (0.770-2.236) (0.784-1.810)  (0.500-1.297) (1.496-8.637)  (1.002-6.697)
3vs5 0.782 0.803 0.787 0.648 2.515 2.417 FM
(0.505-1.212)  (0.505-1.277) (0.538-1.152)  (0.420-1.000) (1.054-6.001)  (0.960-6.088)
4vs5 1172 1152 0.825 0.701 2.965 2.460
(0.784-1.752)  (0.757-1.754) (0.568-1.198)  (0.460-1.067) (0.940-5.457)  (0.973-6.223)
Protein 5.51% 0.726 0.955 FM  21.62" 0.607 0.828 FM 209" 0.560 0.895 FM
(0.556-0.949)  (0.718-1.270) (0.491-0.749)  (0.656-1.046) (0.435-0.721)  (0.626-1.280)
Ca 2.62 0.806 1.070 8.99** 0.686 1.046 FM 3.84* 0.671 112 FM
(0.621-1.047)  (0.810-1.414) (0.536-0.877)  (0.791-1.384) (0.450-1.000)  (0.693-1.785)
Phosphorus  8.78™ 0.614 0.968 FM 322" 0.508 0.790 FM 3178 0.484 0.833 FM
(0.445-0.848)  (0.689-1.359) (0.402-0.642)  (0.611-1.021) (0.376-0.623)  (0.592-1.171)
Iron 5.43% 0.612 0.771 M 0.81 0.863 1.089 FM  10.49" 0.608 0.861 FM
(0.405-0.925)  (0.497-1.196) (0.626-1.190)  (0.770-1.540) (0.450-0.822)  (0.587-1.263)
Vitamin A 0.00 0.993 1.098 0.22 1.052 116 0.57 0.895 1.038
(0.782-1.261)  (0.851-1.417) (0.853-1.298)  (0.884-1.408) (0.672-1193)  (0.749-1.438)
Vitamin B,  9.43™ 0.623 0.879 FM  19.45™" 0.584 0.747 PM  12.40™" 0.625 0.894 FM
(0.460-0.842) (0.640-1.207) (0.460-0.742)  (0.576-0.971) (0.482-0.812)  (0.632-1.265)
VitaminB,  0.22 0.944 1.079 5.80" 0.776 0.842 FM 5.08" 0.716 0.820 FM
(0.742-1.200)  (0.832-1.399) (0.632-0.954)  (0.668-1.061) (0.536-0.958)  (0.576-1.168)

Mediating variables: 50-64 yrs - sex, age, household income, and education; 65-74 yrs - sex, education, alcohol drinking, and BMI; >75 yrs - sex, age, current

smoking, alcohol drinking, BMI, and energy.

DDS, dietary diversity score; EAR, estimated average requirement; OR, odds ratio; 95% Cl, 95% confidence interval; effect OR, odds ratio after mediating
variables apply; FM, fully mediated; PM, partly mediated.
YORs were calculated based on less than EAR for each nutrient (> EAR vs. < EAR).

Hek

*p < 0.05, *p < 0.01, **p < 0.001.
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