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Introduction: We conducted a study to examine whether adherence to the Taiwan Daily Food Guide was associated with bone
mineral density (BMD).

Methods: A population-based cross-sectional study was conducted utilizing data from the Nutrition and Health Survey in Taiwan
(NAHSIT) 2013-2016. A total of seven BMD sites were evaluated, including the head, arms, legs, trunk, ribs, pelvis, and spine BMD.
Besides, we further examined the association between the Daily Food Guide adherence score and osteoporosis (T-score of < —2.5
standard deviation (SD) of a measured total BMD). A validated food-frequency questionnaire (FFQ) was used for dietary assessment.
Results: We included a total of 555 participants with osteoporosis and 1977 without osteoporosis in the final analysis. We found
negative associations between levels of adherence to the Daily Food Guide and the risk of osteoporosis. The odds ratio (OR) for
participants in the highest quartile of the adherence level was 0.61 (95% CI = 0.42-0.88), compared with those in the lowest quartile.
When participants had total servings of six food groups higher than the recommendation, the protective effect still existed (OR = 0.59,
95% CI = 0.42-0.84).

Conclusion: Better adherence to the Taiwan Daily Food Guide is associated with a lower risk of osteoporosis.
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Introduction

Decreased bone mineral density (BMD), resulting in osteopenia or osteoporosis, might weaken bone architecture, which
leads to an increased risk of bone fragility and fracture.' Studies have shown that osteoporotic fractures are one of the
most common causes of disability, medical costs, and mortality.>* Unfortunately, patients might not experience any
symptoms of low BMD until a fracture occurs, thus identifying preventive strategy is needed.

The loss of BMD has been associated with various factors, including age, sex, lifestyle, family history, disease status,
and nutritional status.* Diet has been considered one of the major determinants in the acquisition of peak bone mass in
early adults.>® Some studies identified important roles of specific nutrients, such as calcium and vitamin D, on bone
health.”* Some studies have focused on specific food groups, including dairy products, fruits, vegetables, and whole
grains, that are beneficial to bone health.” ' Recent studies have focused on different dietary patterns, but not a specific
nutrient or food group, on bone health. For example, a recent systematic review and meta-analysis concluded that
a Prudent dietary pattern was associated with a lower risk of fracture, whereas a Western dietary pattern was associated
with a higher risk of fracture.'> Another meta-analysis also found that a healthy diet, characterized by higher intakes of
vegetables and fruits, poultry, fish, and whole grains, was associated with a reduced risk of low BMD and fracture.'*

Although previous studies have identified the potential beneficial effects of a single nutrient, food groups, or
certain dietary patterns on bone health, policymakers rarely declared to adopt specific one as a national dietary
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guideline. Alternatively, the policymakers release a general dietary guideline or Daily Food Guide for health
promotion.'>'® Similarly, a new Taiwan Daily Food Guide has been released in 2018."7 Although some studies in
Taiwan have identified the associations between specific dietary patterns and health outcomes,'®2° little is known
about how adherence to the Taiwan Daily Food Guide relates to disease status. Because different diseases might be
associated with various nutritional statuses, it is possible that the adoption of the recommendation from the Daily
Food Guide is beneficial for some diseases but not for others. Some experts have further argued that a dietary
guideline might be more harmful than helpful.?'** Therefore, instead of identifying certain dietary patterns that relate
to BMD, here we conducted a study to examine whether adherence to the Taiwan Daily Food Guide was associated
with BMD.

Methods

We conducted a population-based cross-sectional study utilizing data from the Nutrition and Health Survey in Taiwan
(NAHSIT) 2013-2016, which was established to monitor and investigate the nutritional status of Taiwan’s general
population. The details of the survey method could be found elsewhere.'”'®?* The sampling strategy was as follows:
study samples were selected via three-stage probability sampling covering 359 townships or city districts. First, the
probability proportional to size sampling method was used to select eight primary sampling units (townships and city
districts) and a total of 160 townships or city districts. The second stage was to select starting households randomly and
construct sampling clusters within each selected primary sampling unit. The final stage was to conduct door-to-door
interviews until the required number of the age and sex groups was reached. To avoid seasonal variations that may affect
dietary consumption and nutritional status, the Latin square design was utilized to allocate data collection times evenly
over the four seasons. To avoid bias due to the age factor, the present study restricted participants to adults aged 19 and
above according to the definition of the newest version of the Taiwan Daily Food Guide. Participants underwent
a physical examination at a temporary health examination station. Face-to-face interviews were conducted to obtain
demographic data, including age, sex, education, marital status, smoking status, alcohol drinking, exercise, and self-
reported medical history.

Definition of Osteoporosis

Participants were invited to a temporary health examination station and a mobile dual-energy X-ray absorptiometry
(DXA) was used to measure the BMD in each specific body region.'?**> A total of seven BMD sites were evaluated,
including the head, arms, legs, trunk, ribs, pelvis, and spine BMD. The median value of BMD at different BMD sites was
used as the cut-off point when evaluating the associations between adherence to Daily Food Guide and BMD. In addition,
we further examined the association between adherence to the Daily Food Guide and osteoporosis. Osteoporosis was
defined as a T-score of < —2.5 standard deviation (SD) of a measured total BMD using the World Health Organization

criteria.®

Measurement of the Levels of Adherence to the Daily Food Guide
Trained interviewers conducted face-to-face interviews to assess participants’ dietary intake using a validated 79-item
food-frequency questionnaire (FFQ).'*72°

To prevent nutrient deficiencies (70% Dietary Reference Intakes), the Taiwan Ministry of Health and Welfare released
the most updated Daily Food Guide in 2018. The Taiwan Daily Food Guide was constructed based on evidence from
epidemiologic studies and also to reduce the risk of metabolic and cardiovascular diseases.'” The Daily Food Guide
contains six food groups as follows: 1) cereals and whole grains; 2) protein-rich foods (soybean, fish, egg, and meat); 3)
dairy products; 4) vegetables; 5) fruits; and 6) fats, oils, and nuts. The Daily Food Guide recommends minimal servings
for the above six food groups according to the individual daily energy needs.

We have then constructed a Daily Food Guide index to measure the levels of adherence to the Daily Food Guide."’

Supplemental Table S1, outlines the components of the index used to calculate a single score for each study participant,

allowing for the ranking of individuals according to their adherence levels.>® We did not assess levels of adherence to fat
and oil intake because fat and oil intake levels were not adequately assessed by FFQ.
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For each participant, the appropriate quantity of each food group they should be consuming was estimated on the
basis of their likely energy needs. The energy needs were calculated based on healthy weight, resting metabolic rate, and
level of physical activity.***' Healthy weight was calculated for each participant using the standard body mass index
(BMI) of 22. The score that a person received in any of the food categories is determined by the appropriate number of
servings for given daily energy needs. For instance, a person who consumed the recommended number of servings from
any food group would receive a score of 1 for that food group; a person consuming no serving from a food group would
receive a score of 0. The score is calculated proportionately between 0 and 1.

Statistical Analysis

Only participants with complete data were included in the final analysis. We categorized participants by quartile of Daily
Food Guide index score. We divided all participants into five groups according to the Daily Food Guide index score. If
a person received a total score higher than 6, she/he was grouped into group 5, indicating that she/he had consumed more
than recommended servings in total. The rest participants who receive scores equal to or less than 6, were then divided by
quartile of the Daily Food Guide index score. The associations between baseline personal characteristics and osteoporosis
status were evaluated using Chi-square or Fisher’s Exact tests. Potential confounding factors were evaluated on the basis
of previous knowledge and also taking into consideration the associations of baseline characteristics with Daily Food
Guide index scores and osteoporosis status. Logistic regression models were utilized to examine whether the Daily Food
Guide index score was related to the osteoporosis status (present or not present) for each BMD site. All the logistic
models were adjusted for age, sex, BMI, education level, alcohol drinking, smoking status, physical activity, marital
status, and family income. High physical activity was defined as having high-intensity activity > 30 minutes per day (eg,
lifting heavy objects 10 kg or above; jogging); Medium physical activity was defined as having medium-intensity activity
> 30 minutes per day (eg, lifting objects 4.5 to 9 kg; brisk walking). Frequent alcohol consumption was defined as
alcohol drinking three or more times a week. Smoking status was defined as never, ever smoke, or current smoke. All
analyses were performed by SAS 9.4 (SAS Institute, Cary, NC).

Results

We included a total of 555 participants with osteoporosis and 1977 without osteoporosis in the final analysis. Table 1
shows the comparisons of demographic characteristics between the two groups. Compared with participants without
osteoporosis, participants with osteoporosis were more likely to be women (68.83% vs 46.54%); to be older (age > 65:
55.14% vs 21.96%); to have lower BMI (BMI < 24: 65.95% vs 46.79%); to have lower education level (college or above:
10.27% vs 24.78%); to be non-drinker (61.08% vs 42.84%); to be non-smoker (78.74% vs 68.54%); to have lower
physical activity (57.66% vs 33.64%); to be not married or not live together with partner (62.70% vs 70.11%); to have
lower family income (family income < New Taiwan dollar (NT) $40,000: 39.46% vs 26.50%).

Table 2 displays the associations of the Daily Food Guide adherence score with BMD at different BMD sites. We found
positive associations of the Daily Food Guide adherence score with head, ribs, and pelvis BMD, after adjusting for age, sex, BMI,
education level, alcohol drinking, smoking status, physical activity, marital status, and family income. The odds ratio (OR) for
participants who were in the highest quartile for recommended total serving consumption were 1.37 (95% confidence interval
(CI) = 1.03-1.83) for Head BMD, 1.42 (95% CI = 1.01-2.01) for rib BMD, and 1.42 (95% CI = 1.03-1.95) for pelvis BMD,
compared with those in the lowest quartile. Participants consuming a higher number of total servings than recommended were
associated with increased BMD for head (OR = 1.42, 95% CI = 1.08-1.86), ribs (OR = 1.43, 95% CI = 1.03-2.00), pelvis (OR =
1.57, 95% CI = 1.16-2.13), spine (OR = 1.41, 95% CI = 1.05-1.89), and total BMD (OR = 1.59, 95% CI = 1.16-2.16).

Table 3 shows the associations between the Daily Food Guide adherence score and the risk of osteoporosis. We
found a negative association between the Daily Food Guide adherence score and the risk of having osteoporosis, after
adjusting for age, sex, BMI, education level, alcohol drinking, smoking status, physical activity, marital status, and
family income. The OR for participants who were in the highest quartile for recommended total serving consumption
was 0.61 (95% CI = 0.42—-0.88), compared with those in the lowest quartile. Participants consuming a higher number of
total servings than recommended were at reduced risk of osteoporosis (OR = 0.59, 95% CI = 0.42—0.84). We performed
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Table 1 Demographic Characteristics of Study Participants (n=2532)

Variables Non-Osteoporosis Osteoporosis p-value
N=1977 N=555
Sex
Men 1057 (53.46) 173 31.17) <0.0001
Women 920 (46.54) 382 (68.83)
Age
Age < 30 310 (15.68) 43 (7.75) <0.0001
40 = age > 30 262 (13.25) 16 (2.88)
50 = age > 40 333 (16.84) 18 (3.24)
65 = age > 50 638 (32.27) 172 (30.99)
Age > 65 434 (21.96) 306 (55.14)
BMI
BMI < 24 925 (46.79) 366 (65.95) <0.0001
27 > BMI =2 24 533 (26.96) 109 (19.64)
BMI = 27 519 (26.25) 80 (14.41)
Education
Elementary school 1058 (53.52) 212 (38.20) <0.0001
Junior high and high school 429 (21.70) 286 (51.53)
College or above 490 (24.78) 57 (10.27)
Alcohol drinking
Non 847 (42.84) 339 (61.08) <0.0001
Rarely 847 (42.84) 169 (30.45)
Frequently 283 (14.32) 47 (8.47)
Smoking status
Never 1355 (68.54) 437 (78.74) <0.0001
Ever smoke 309 (15.63) 57 (10.27)
Current smoke 313 (15.83) 61 (10.99)
Physical activity
Low 665 (33.64) 320 (57.66) <0.0001
Medium 1254 (63.43) 227 (40.90)
High 58 (2.93) 8 (1.44)
Marital status
Single 364 (18.41) 57 (10.27) <0.0001
Married or lived together 1386 (70.11) 348 (62.70)
Divorced, separated, widowed, or refused to answer 227 (11.48) 150 (27.03)
Family income
Income < NT $10,000 126 (6.37) 84 (15.14) <0.0001
NT $40,000 > income 2 NT $10,000 398 (20.13) 135 (24.32)
NT $80,000 > income = NT $40,000 528 (26.71) 99 (17.84)
Income 2 NT $80,000 488 (24.68) 96 (17.30)
Do not know or refuse 437 (22.11) 141 (25.40)

Abbreviations: NT, The New Taiwan dollars; BMI, body mass index.

a sensitivity analysis adjusting all the models for the presence of type 2 diabetes and the findings did not change (data
not shown).
Supplemental Table S2 displays the associations between adherence to individual food group index recommendations

and the presence of osteoporosis. After adjusting for potential confounding factors, participants consumed half of the
recommended servings or higher and did not higher than the recommended servings of each individual food group
showed a protective effect on the risk of having osteoporosis. However, none of them reached statistically significant.
Participants who consumed higher than the recommended servings of vegetables showed a significant protective effect on

the risk of having osteoporosis.
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Table 2 Associations of Adherence to the Daily Food Guide Scores with BMD at Different BMD Sites
BMD Levels of Adherence to the Daily Food Guide Excess (N=724)
QI (N=453) Q2 (N=452) Q3 (N=451) Q4 (N=452)
Head BMD Reference I.15 (0.87-1.51) 1.14 (0.86—1.50) 1.37 (1.03-1.83) 1.42 (1.08-1.86)
Arm BMD Reference 0.88 (0.62—-1.23) 1.07 (0.75-1.50) 0.83 (0.59-1.17) 1.09 (0.78-1.51)
Leg BMD Reference 0.97 (0.68-1.37) 1.26 (0.89-1.79) 1.19 (0.84-1.69) 1.33 (0.95-1.87)
Trunk BMD Reference 1.02 (0.74-1.40) 1.08 (0.79-1.49) 1.14 (0.82-1.58) 1.25 (0.92-1.71)
Rib BMD Reference 1.10 (0.78-1.53) 1.14 (0.81-1.60) 1.42 (1.01-2.01) 1.43 (1.03-2.00)
Pelvis BMD Reference 1.12 (0.82—1.53) 1.35 (0.99-1.84) 1.42 (1.03-1.95) 1.57 (1.16-2.13)
Spine BMD Reference 1.16 (0.87-1.57) 1.21 (0.90-1.64) 1.28 (0.94-1.73) 1.41 (1.05-1.89)
Total BMD Reference 1.03 (0.75-1.41) 1.21 (0.88-1.66) 1.32 (0.96-1.82) 1.59 (1.16-2.16)
Notes: The cut-off value for each BMD site is median value; All logistic models were adjusted for age, sex, BMI, education level, alcohol drinking, smoking
status, physical activity, marital status, and family income.
Abbreviation: Q, quartile.
Table 3 Associations Between the Daily Food Guide Adherence Score and Risk
of Having Osteoporosis
Variables n=2532
Diet score
Total scores equal to or lower than recommendation
Group | Reference
Group 2 0.90 (0.62-1.29)
Group 3 0.75 (0.51-1.10)
Group 4 0.61 (0.42-0.88)
Total scores higher than recommendation
Group 5 0.59 (0.42-0.84)
Sex
Female Reference
Male 0.32 (0.24-0.43)
Age
Age < 30 Reference
40 = age > 30 0.60 (0.31-1.17)
50 = age > 40 0.62 (0.31-1.24)
65 = age > 50 4.19 (2.35-7.49)
Age > 65 11.66 (6.02-22.61)
BMI
BMI < 24 Reference
27 > BMI 2 24 0.37 (0.28-0.49)
BMI = 27 0.24 (0.18-0.32)
Education
College or above Reference
Junior high and high school 2.20 (1.42-3.41)
Elementary school 1.58 (1.09-2.31)
Drink
No Reference
Rarely 0.78 (0.61-1.00)
Frequently 0.52 (0.35-0.78)
Smoke
No Reference
Ever smoke 1.09 (0.73-1.62)
Current smoke 1.36 (0.92-1.99)
(Continued)
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Table 3 (Continued).

Variables n=2532

Physical activity

Low Reference

Medium 1.10 (0.80-1.53)

High 1.56 (0.67-3.64)
Marital status

Married or lived together Reference

Single 2.14 (1.28-3.55)

Divorced, separated, widowed, or refused to answer 1.38 (1.04-1.84)

Family income

Income < NT $10,000 Reference

NT $40,000 > income = NT $10,000 0.71 (0.48-1.06)
NT $80,000 > income = NT $40,000 0.76 (0.50-1.16)
Income = NT $80,000 1.07 (0.68-1.67)
Do not know or refuse 0.73 (0.49-1.08)

Notes: All logistic models were adjusted for age, sex, BMI, education level, alcohol drinking, smoking
status, physical activity, marital status, and family income.
Abbreviations: NT, The New Taiwan dollars; BMI, body mass index.

Discussion

The current study suggested that participants reporting better adherence to the Taiwan Daily Food Guide, but not to
recommended servings from a certain individual food group, was associated with increased BMD at several BMD sites,
as well as a reduced risk of osteoporosis. Even though participants had consumed more than recommended total servings,
the beneficial effects still existed. Unlike most previous studies, which examined the associations of a certain nutrient,
food group, or dietary pattern with bone health, we examined how adherence to the government-published Daily Food
Guide affected BMD. This might be a more useful approach because a government-published Daily Food Guide was
more likely to be adopted by the public. Our study showed preliminary evidence that the Taiwan Daily Food Guide offers
a potential benefit for bone health.

To our knowledge, limited studies have examined the associations between adherence to a general dietary guideline and
bone health. Only one study conducted in the US examined if a diet consistent with the 2005 Dietary Guidelines for
Americans was associated with higher BMD in men and women. However, they only presented the findings in an abstract.
They found no association between adherence to the 2005 Dietary Guidelines and BMD sites in men or women.>> Most
previous studies focused on the associations between dietary patterns and bone health.*> A scoping review concluded that
better adherence to “healthy” dietary patterns, including the Mediterranean diet and the Healthy Eating Index (HEI), etc.,
were beneficial to BMD. On the contrary, the western dietary pattern might negatively impact bone health. A dietary pattern
characterized by a high intake of fruit, vegetables, whole grains, poultry and fish, nuts and legumes, and low-fat dairy
products was positively associated with bone health. The Taiwan Daily Food Guide also emphasized the intake of fruits and
vegetables, whole grains, nuts, and dairy products. Our findings were generally consistent with previous studies.

Although examining the effects of individual food groups is not the main purpose of this study, we found that participants
with higher vegetable intakes than recommended servings had a significant lower risk of osteoporosis. The finding was
consistent with some previous studies, which suggested that a higher vegetable intake was associated with a lower risk of
osteoporosis or osteopenia.”!'***> However, some studies also identified no effect of vegetable intake.’** A systematic
review and meta-analysis found a protective effect between fruit and vegetable intake and the risk of fractures. However, the
meta-analysis did not differentiate the effects of vegetables and fruits.>* The possible mechanisms of the protective effect of
vegetables are as follows:* 1) Fruit and vegetable intakes lead to mild alkalization of the body, increased calcium
reabsorption, and resulted in reduced risk of bone loss.*® 2) Intakes of fruits and vegetables have been associated with
lower oxidative stress, which in turn increased the capacity of bone remodeling and improved bone repair capacity.*! 3) Lower
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intakes of fruits and vegetables were linked to chronic inflammation, which has been associated with an increased risk of
osteoporosis.**

This study has some limitations and strengths. The limitations are as follows: 1) We cannot establish causality due to
the cross-sectional study design. 2) A one-time assessment of the dietary assessment might introduce misclassification of
exposures and outcomes. However, if the misclassification is nondifferential, it usually leads to a bias toward the null and
minimizes the associations. 3) We did not assess the fats and oils intakes because they were not adequately assessed by
FFQ. How the fats and oils intakes affected the results was unclear. The strengths of this study are as follows: 1) The
current study included a fair sample size so that we could better assess the possible associations. 2) The population-based
design might allow us to generalize the findings to the general population.

Conclusion
In conclusion, adherence to the Taiwan Daily Food Guide shows positive associations with BMD. It could be a reference for
developing national food guide for bone health. However, more prospective studies are still warranted to verify our findings.
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