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Abstract
Background

Diet has been closely associated with osteoporosis. Few studies have explored the
associated between dietary pattern and bone mineral density (BMD) and results were
inconsistent. It is well known that menopausal status has a great impact on BMD,
however, no study include both pre- and postmenopausal women and compare how
menopausal status affect the association between dietary pattern and BMD. Meanwhile,
it is unclear how some risk or protective factors modify the association above.
Material and Methods

This is a cross-sectional study. A total of 1,567 women aged 40 to 55 were
recruited from MJ Health Management Institution in Taipei, Taiwan (2009-2010).
Bone mineral density (BMD, g/cm?) was measured at lumbar spine by using
dual-energy X-ray absorptiometry. Based on a 25-question semi-quantitative food
frequency questionnaire, factor analysis was performed to identify dietary patterns that
can well explain the variation of BMD. Factor score of each food item was tertiled
(high, medium, low) to explore the association between factor score and BMD. In
addition, stratified analyses were performed to explore how menopausal status, other

risk or protective factors affect the association between dietary patterns and BMD.



Results

Medium “vegetables and fruits” pattern protects against low BMD in women
[adjusted OR (AOR) = 0.66, 95% confidence interval (Cl) = 0.46-0.94]. After
stratification, the association above remains significant among premenopausal women
(AOR = 0.58, 95% CI = 0.39-0.86), women with normal BMI (18.5 to < 24 kg/m?:
AOR =0.62, 95% CI = 0.41-0.93), women who are non-drinkers (AOR = 0.64, 95%
Cl =0.44-0.92), never-smokers (AOR = 0.67, 95% CI = 0.47-0.97) or lack of regular
exercise (< 30 minutes/time and < 3 days/week, AOR =0.43, 95% CI = 0.26-0.71). In
contrast, medium “salted pickles and instant noodles” pattern is associated with low
BMD among smoking women (AOR = 8.74, 95% CI = 1.43-53.43).
Conclusions

Medium “vegetables and fruits pattern” protects against low BMD. This
association remains in premenopausal women, women with normal BMI, or women
who are non-drinkers, never smokers, or lack of regular exercise. In contrast, medium
“salted pickles and instant noodles” pattern is associated with low BMD among

smoking women.

Keywords : dietary pattern, osteoporosis, women, menopause
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Chapter 1. Introduction

1.1 Importance of osteoporosis

According to reports from World Health Organization, osteoporosis is an important
public health issue that secondary to cardiovascular disease. Osteoporosis is a silent
disease and characterized by a low bone mineral density (BMD) and fragility of bone
tissue [1]. Taiwan has become an aging society (> 7% elderly in the population based
on the criteria of World Health Organization) since 1993 [2]. Osteoporotic fractures
have been related to disability, loss of quality of life and increasing mortality [3]. The
most common fractures happens in vertebrae and hip [3]. In the United States, more
than 2 million people have fractures, which cost nearly $17 billion in 2005, and this
number will increase 50% by 2025. In addition, the prevalence of osteoporosis among
women aged 50 years or older was highest in Mexican American (19.3%), followed by

non-Hispanic whites (9.7%) and non-Hispanic blacks (4.3%) between 2005 and 2008

[4]

Among non-whites, the burden of osteoporosis is growing up quickly as well [5].
In Taiwan, the prevalence of osteoporosis was 23.9% and 38.3% among men and
women aged 50 or older, respectively, in 2005-2008 [6]. In Korea, the prevalence of
osteoporosis was 13.1% and 24.3% among men and women aged 40 or older,
respectively [7]. Therefore, it is important to explore the risk of osteoporosis at an

early age of women.



1.2 Risk and protective factors for low bone mineral density

Several factors may influence the BMD and can be separated into modifiable and
non-modifiable factors [8]. Non-modifiable factors include gender, age, skeletal built,
genetics, menopausal status, and ethnicity. Modifiable factors include estrogen status
and lifestyle style factors (e.g., physical activity, smoking, alcohol consumption, and
diet, etc.). Among them, menopausal status has known to have great impact on BMD.
In addition, low body weight, sedentary life style, smoking and alcohol drinking have
also known to deteriorate BMD. The complex interactions between these factors may
change both the development to peak bone mass and age-related bone loss [8].
Therefore, it is important to consider the effect of these factors while doing research

related to BMD or osteoporosis.

1.3 Nutrients and phytochemical with bone health

Many nutrients and phytochemical could influence bone health, including calcium,
protein, manganese, copper, zinc, vitamin K, vitamin C, vitamin D and vitamins B12,
etc [9-16]. Among them, protein, calcium and vitamin D are important constituents for
bone tissue [13, 17]. It is known that dietary intake could affect directly or indirectly
bone metabolism and structure via different mechanisms [18]. An example of direct
effect is protein intake positively correlated with BMD as it is an important to the
growth of bone skeleton [19]. A Utah study found that increased protein intake was
associated with a decreased risk of hip fracture in both men and women aged 50 to 69
years old [20]. An example of indirect effect is calcium intake, which is associated
with the level of parathyroid hormone and thus affects bone remodeling rate [18].
Because calcium can facilitate optimal peak bone mass at early age and slow down

bone loss at later age, adequate dietary calcium intake is important to people at all age
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[21]. In postmenopausal women, decline of sex hormone levels and change of nutrition
status are correlated with bone remodeling, which is related to bone fragility and the
subsequent fracture risk [18]. In addition, vitamin D is an important factor to BMD as
it influences the mineralization of the skeleton. The activation of vitamin D metabolite
1,25(OH)?D can open calcium channels, stimulate the absorption of calcium from
gastrointestinal tract, and thus maintain BMD. In sum, previous studies found that
some nutrients, particularly calcium, vitamin D and protein, are related to bone health

[18].

1.4 Dietary pattern

Different approaches were used to analyze dietary pattern, e.g., factor analysis,
cluster analysis, and dietary indices [22]. This study adopted factor analysis to group
food items into different dietary patterns. Past studies focused on the association
between specific nutrients or phytochemical and BMD or osteoporosis and findings
were inconsistent. It is possible that the approach of using candidate nutrients or food
items may not be appropriate. This is because our daily diet is consisting of different
foods with mixed nutrients and thus a health issue is attributable to dietary pattern via
the integrated effects and interactions of nutrients and food items [22-25]. In addition,
test lots of food items or nutrients individually may lead to chance finding due to the
inflation of type I error [26]. In brief, dietary pattern includes a variety of foods and
nutrients, and thus allow us to give a global view on disease prediction, which is
difficulty to be explained by limited food items and nutrients [22].

Because osteoporosis is a complex disease, dietary patterns can not only identify a
group of food items and the corresponding nutrients [27], and can also give us a global

view on diet which offers a better explanation of the risk of osteoporosis.
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1.5 Dietary indices

Several dietary indices, e.g., DASH diet, Okinawa diet, and Mediterranean diet,
have been proposed to evaluate the overall diet quality [28]. These dietary indices are
created based on dietary recommendations [28]. Below is brief introduction of these

dietary patterns.

DASH diet includes high intake of fruit and vegetables, low intake of animal
protein, and sufficient amount of protein from legumes and nuts. This diet index is
established for decreasing both systolic and diastolic blood pressure among
hypertensive and normotensive people [29]. Okinawa diet, a traditional diet of
Okinawans from Japan, is a pattern with high intake of vegetables, legumes and
omega-3 fat, moderate intake of fish products and alcohol, low intake of dairy products,
meats, saturated fat, and high monounsaturated to saturated fat ratio [30]. This dietary
pattern can decrease the risk of cancer and cardiovascular disease [31]. Mediterranean
diet is protective against cardiovascular risk factors [32]. This diet is characterized by
high intake of fruits, vegetables, legumes, and complex carbohydrates, moderate intake

of fish and red wine, and using olive oil as the main source of fats [33].

In Taiwan, some tools were used to access dietary patterns. For example, one study
used overall dietary index-revised score and the dietary diversity score to predict
mortality of total cancers, diabetes, and pneumonia [34]. The other study revised a
global overall dietary quality index (ODI) based on the Taiwanese ‘Food Guides’ and
‘Dietary Guidelines’, and then developed the ODI-R(Revised). ODI-R added a quality
assessment for staples and protein-rich foods and reduced the impact of dietary fat

quality. After revision, ODI-R provided more sensitivity to assess the nutritional
4



quality of a diet [35].

The dietary indices above are created for specific health outcome(s) or based on
specific diet habit. Although the dietary recommendations are important, it is a global
recommendation and thus may not be effective more some specific health issues [22].
Therefore, we need to identify specific dietary pattern for a health concern and for

population with specific diet habit.

1.6 Factors modify the association between dietary pattern and bone mineral
density

Some factors have been related to bone mineral density (BMD) previously. They
are menopausal status, body mass index (BMI), smoking, alcohol drinking, and regular
exercise. Menopausal status has great impact on BMD as estrogen decline. BMD has
little change before menopause but its loss accelerated after menopause with a speed of
0.022 g/cm? at spine [36]. In addition, elevated BMI and weight are protective against
low BMD and fractures [37]. When BMI or weight increased, the prevalence of
osteoporosis and incident fractures decreased [37]. Body weight increased mechanical
stress, and the stress stimulated osteoblast activity to maintain BMD [38]. Furthermore,
smoking and alcohol drinking may increase the loss of BMD. For example, current
smokers showed higher risk of fracture than never-smokers [adjusted odds ratio (AOR)
= 2.32, 95% confidence interval (Cl) = 1.25-4.33] [39]. Besides, postmenopausal
women consuming > 2 drinks/day of alcohol or beer have higher hip and spine BMD.
However, men consumed > 2 drinks of liquor/day was associated with decreased hip
and spine BMD [40]. In addition, moderate exercise can avoid BMD loss in

postmenopausal women as exercise can affect bone turnover to improve bone strength
5



and inhibit bone loss by mechanical stress [41, 42]. The factors above affect BMD
differently and the assessment of interaction between these factors and dietary pattern

would help us to elucidate the association between dietary pattern and BMD.

1.7 Epidemiologic studies relating dietary pattern and bone mineral density
Previous studies exploring the associations between nutrition or dietary pattern and
BMD have been inconsistent [1, 43-45]. A Korean study in adolescents found that the
highest tertile of “milk and cereal” dietary pattern was protected against low BMD at
lumbar spine (1 vs. 3" tertile: AOR = 0.36; 95% CI = 0.14-0.93, Table 1) [46].
Although menopausal status has known to influence the level of BMD via the change
of sexual hormone, most previous studies included postmenopausal women only and
thus do not allow us to compare different association between pre- and postmenopausal
women. A co-twin study found that Traditional English dietary pattern, including high
intake of fried fish, fried potatoes, legumes, red meats, processed meats, savory pies
and cruciferous vegetables, was inversely associated with BMD of the hip neck (§ =
-0.055, p = 0.01, Table 1) [47]. Another study found that women with high intake of
“high acid-forming food”, including high-fat dairy products, organ meats, red and
processed meats and non-refined cereals, had increased risk of low spinal BMD (AOR
=2.29; 95% CI = 1.05-4.96, p = 0.04, Table 1) [45]. In addition, women with high
intake of French fries, mayonnaise, sweets, desserts and vegetable oil had increased

risk of low femoral neck BMD (AOR = 2.83, 95% CI = 1.31-6.09, Table 1) [45].



Most of previous studies have put emphasis on postmenopausal women, therefore,
only few studies explored dietary patterns in relation to BMD in premenopausal
women and the elderly. A study found that “healthy pattern”, which included green,
dark yellow vegetables, mushrooms, fishes ,and fruits, was positively associated with
BMD level in premenopausal women (p = 0.048) [48] (Table 1). Framingham study
found that “fruit, vegetables, and cereal” pattern was associated with better BMD in
men (p = 0.05) and “candy” pattern was associated with lower BMD in both old men

and women [49].

1.8 Aims

Nutrition status plays an important role in osteoporosis. As compared with specific
nutrients or food items, dietary patterns could capture the global nutrition status and
thus may be better predictor of BMD level as compared with nutrients or food items.
Previous studies have been inconsistent in relating dietary pattern to BMD. The
difference between dietary patterns may be due to different diet habit and different
food across geographic regions. Only few Asian studies and no Chinese studies have
been done before. In addition, menopausal status is an important predictor of BMD
level. However, only one past study explored dietary pattern and BMD in
premenopausal women alone, which does not allow the comparison between pre- and
post-menopausal women. Therefore, this study was aimed to explore the association of
dietary pattern and the risk of low BMD in middle-aged women. This study also tries
to clarify how different risk or protective factors affect this association, which has not

been wide explored.



Chapter 2. Material and Methods

2.1 Study population

This was a cross-sectional study. A total of 1,567 Taiwanese women, aged 40 to 55
years old, were recruited from MJ Health Management Institution, Taipei, Taiwan,
between October 2009 and August 2010. Each participant filled out a self-reported
questionnaire and provided a blood sample. The outcome of this study was BMD
(g/cm?) at lumbar spine. Participants with the following conditions or disease were
excluded (n = 279): (1) disease known to affect BMD levels (e.g., hyperparathyroidism,
hyperthyroidism, liver cirrhosis, n = 10), (2) take hormone or steroid that may affect
BMD (n = 67), (3) lack of BMD at lumbar spine (n = 85), (4) lack of data on
semi-quantitative food frequency questionnaire (FFQ, n = 55), (5) vegetarian (n = 48),
and (6) irrational daily energy consumption [50] (<500 or >3,500 kcal/day,
n = 14). A total of 1,288 women were included for data analysis (Figure 1).
Informed consent was obtained from each participant. The study protocol
was approved by the institutional review boards of MJ Health Management

Institution and College of Public Health, National Taiwan University.

2.2 Data collection

A self-report questionnaire was administered to collect information of
diet, life style (e.g., smoking, alcohol consumption, and calcium
supplement), menopausal status, disease history (e.g., hypertension, thyroid

disease and diabetes), and medication history (e.g., hormone and steroid).



Body weight (kg) was measured to the nearest 0.1 kg. Height was measured to the
nearest 0.1 cm. Then, body mass index (BMI) was estimated by body weight divided

by the square of height (kg/m?).

2.3 Measurement of bone mineral density

BMD (g/cm?) was measured at the lumbar spine by using dual-energy
X-ray absorptiometry (DXA, GE Lunar Health Care, DPX-L, USA), which
was calibrated by a standard automated test program provided by
manufacturer. BMD was tertiled (T1, T2, and T3) based on the whole
population. High BMD was defined as T2 plus T3 (reference group) and low

BMD was defined as T1 (comparison group).

2.4 Reproducibility and validity of MJ dietary questionnaire

The reproducibility of the questionnaire was evaluated by using diet data from
people who had health checkup at MJ Management Institution between 1996 and 1998.
The intake of nutrients was estimated by questionnaires (Appendix 1), and the
intraclass correlation coefficient (ICC) of nutrients are between 0.4 and 0.7 [51]. In
addition, the validity of this study was assessed by comparing our data with data from
Nutrition and Health Survey in Taiwan (NAHSIT) between 2005 and 2008. The
estimated dietary intake of protein, fat, carbohydrate, and calcium is 53.5, 31.8, 229
g/day and 487.8 mg/day, respectively, based on MJ dietary questionnaire, which is
approximately 75%, 55%, 105%, and 87% of the amount estimated in NAHSIT. This
questionnaire didn’t collect information on nuts, processed products and type of oil and
thus the intake of fat tend to be underestimated in this study. In addition, the intake of

protein and calcium, which are important to BMD, in this study, is about 75% and 87%,
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respectively, of the amount estimated in NAHSIT. Moreover, one study modified the
MJ dietary questionnaire into a semi-quantitative food frequency questionnaire with 31
items and validated dietary folate and vitamin B6 intakes by using their blood data.
The Spearman rank correlation coefficients were 0.34 and 0.31, respectively [52]. In
sum, the reproducibility and validity of the dietary questionnaire used in this study is

acceptable.

2.5 Dietary assessment

Dietary intake was assessed by a self-reported semi-quantitative food frequency
questionnaire (25 questions) based on regular dietary habit. The information of united
serving, e.g., 1 cup of milk is equal to 240 c.c. and the width of a bow is 16 cm, which
is defined by MJ questionnaire. Participants recorded their frequency of consumption
for each food item on daily or weekly basis. After data collection, these dietary data
were transformed into daily unit serving and daily macronutrients intake for further
analyses and validation purpose. Nutrient intakes were estimated from the dietary
questionnaire by using the food composition database of Food and Drug
Administration in Taiwan (http://consumer.fda.gov.tw/FoodAnalysis/index.htm). The
amount of one portion of food or macronutrient (unit: gram) is estimated by summing
up each food item in grams [53]. An examples of estimating daily unit serving and
daily macronutrients intake is as below.
Question: How often did you eat an egg?
Answer: 1-3 times per week.
Daily unit serving = (2 serving/week) * (52 weekl/year) / (365 day/year) = 0.28
serving/day

Protein per 100 grams of egg = 12.1 g (i.e., 1 gram of egg contains 0.12 g protein)
10



One portion of anegg =65 g

Daily protein intake from an egg = 0.28 * 0.12 * 65 = 2.2 g/day

2.6 Statistical analyses

Student’s t test (for normally-distributed continuous variable), Mann-Whitney U
test (for non-normally-distributed continuous variable) and Pearson’s chi square test
(for categorical variables) were performed to compare the distribution of potential

confounders by high and low BMD levels (T2 plus T3 vs. T1).

The scree plot was used to determine the number of components retained for
further analyses. After factor analysis with varimax orthogonal rotation, these
components become a simple structure with greater interpretability. Factor loading
indicates the correlation between individual food groups and dietary patterns [48]. A

food item with | factor loading | > 0.40 indicates significant contribution to specific

dietary pattern. A high factor score for a given pattern showed high intake of the foods,
and vice versa [54]. Each pattern was named by food items with high factor loading.
Factor scores were tertiled (high, medium, and low) based on the distribution of each

dietary pattern in the whole population.

After the determination of dietary patterns by factor analysis, ANOVA test (for
normally-distributed continuous variable), Kruskal-Wallis H test (for
non-normally-distributed continuous variable) and Pearson’s chi square test (for
categorical variables) were performed to compare the distribution of potential

confounders across different dietary patterns.

11



For multivariable analysis, logistic regression model was used to estimate odds
ratio (OR) and 95% confidence intervals (CIs) in women with low BMD (T1) versus
high BMD (T2 plus T3) for dietary pattern. Potential confounders [e.g., age,
menopausal status (yes/no), BMI (kg/m?), smoking (yes/no), alcohol consumption
(yes/no), calcium supplement (yes/no), regular exercise (> 30 minutes/time and > 3
days/week), serum alkaline phosphatase (ALP, 1U), and occupation-based
socioeconomic status (retired or no job/blue-collar/white-collar/self-employed and
academic or professional/lifetime housekeeping/others) were adjusted in the models.
To analyze if any trend exist as the factor score increase one unit, the medium of factor

score in each tertile were used in the logistic regression model.

Effect modification by menopausal status (yes/no) was explored by comparing a
model with terms for main effects and interaction terms to the model for main effect
only using the likelihood ratio test. Stratified analysis was performed to assess the
relationship between dietary pattern and BMD by menopausal status, BMI groups and
potential confounders. All analyses were performed with SAS 9.2 (SAS Institute, Cary,
NC). All statistical tests were two-sided and a p value less than 0.05 were considered

statistically significant.
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Chapter 3. Results

3.1 Characteristics of the study population

This study included 1,288 women. The distribution of BMD and BMI were
approximately normal (Figure 2 and 3), but the distribution of age was non-normal
(Figure 4). As compared with women with high BMD, women with low BMD were
older (47.7 vs. 45.6 years old), had a lower BMI (21.6 vs. 22.8 kg/m?), higher ALP
(64.5 vs. 56.6 1U), and included more postmenopausal women (35% vs. 12%, Table 2).
The status of smoking, alcohol drinking, regular exercise, calcium supplement, and

occupation-based socioeconomic status was similar between high and low BMD.

3.2 Determination of dietary pattern

Factor analysis was not performed by menopausal status separately because the
number of postmenopausal women is relatively small (n=257). Scree plot showed a
turning point when the number of component is 3 (Figure 5). Table 3 demonstrated
factor loadings for food or food group of the first 3 components. Dietary pattern 1
“vegetables and fruits” included dark-green and light-green vegetables, fruits, tubers,
and whole grains. Dietary pattern 2 “meats, seafood, and oil”” included meats, seafood,
oil, and eggs. Dietary pattern 3 “salted pickles and instant noodles” included salted
pickles, instant noodles, condiments, and organ meats. These dietary patterns explained

30.3% of total variance of dietary intakes (Table 3).
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The distribution of pattern 1 was approximately normal (Figure 6-1). This dietary
pattern was significantly correlated with daily kilocalorie intake, ever smoking, alcohol
consumption, and occupation-based socioeconomic status (age and BMI adjusted
Spearman correlation coefficient: 0.55, -0.10, -0.08, and 0.08 respectively, Table 4 and
Figure 7). In contrast, the distributions of pattern 2 and 3 were skew to the left (Figure
6-2 and 6-3). These two dietary patterns were significantly correlated with total
kilocalorie (age and BMI adjusted Spearman correlation coefficient: 0.54 and 0.42,

respectively, Table 4 and Figure 7).

3.3 Dietary pattern and bone mineral density
For pattern 1, BMD is fluctuated as factor score increases (Figure 8). In contrast,

for pattern 2 and 3, BMD remain stable as the factor scores of increased (Figure 8).

The characteristics of study participants for each dietary pattern were stratified by
tertiles (high, medium, and low) of factor score (Table 5, Table 6, and Table 7).
Average age and BMI differed significantly over 3 categories of factor scores for
pattern 2 and 3. Average ALP, menopausal status, and occupation-based
socioeconomic status showed significant difference for pattern 2 only. Smoking status
was significantly different for pattern 1. Alcohol consumption was significantly

different for patterns 3 only.

Before adjusting other variables, we found that medium intake of pattern 1 and
high intake of pattern 2 significantly protect against low BMD (crude OR = 0.69, 95%
Cl =0.52-0.93; crude OR =0.73, 95% CI = 0.55-0.97, respectively, Table 8). After

adjusting for age, menopausal status, and BMI, result remained significant for medium
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intake of pattern 1 only (AOR =0.62, 95% CI = 0.45-0.84, Table 8). Further
adjustment for alcohol drinking, ever smoking status, calcium supplement, regular
exercise, ALP, and occupation-based socioeconomic status has minor effect on the
association (AOR = 0.66, 95% CI = 0.46-0.94, Table 8). No significant association was

observed for pattern 2 or 3 and low BMD.

For pattern 1, high intake of pattern 1 was proportional to increased intake of
other food groups (Figure 9). In addition, high intake of pattern 1 was also related to
high intake of daily protein (g/day) and calcium (mg/day), and showed a positive trend

with the different groups (Figure 10).

3.4 Effect modification by menopausal status

Postmenopause significantly increased the risk of low BMD (AOR = 2.71, 95% ClI
= 1.76-4.19, Table 9). No interaction was found between menopausal status and dietary
pattern on the risk of low BMD (Table 9). However, significant association was found
in one subgroup after stratification by menopausal status. Among premenopausal
women, medium intake of pattern 1 was protective against low BMD (AOR = 0.58,

95% CI = 0.39-0.86, Table 9). No significant association was observed in other strata.

For pattern 1 by menopausal status, high intake of pattern 1 was proportional to
increased intake of other food groups (Figure 11). In addition, high intake of pattern 1
was also related to high intake of daily protein (g/day) and calcium (mg/day), and

showed a positive trend with the different groups (Figure 12).
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3.5 Effect modification by BMI groups

As compare to the normal BMI range, low BMI (< 18.5 kg/m?) significantly
increased the risk of low BMD (AOR = 2.98, 95% CI = 1.64-5.42, Table 10). In
contrast, high BMI (> 24 kg/m?) protected against low BMD (AOR = 0.38, 95% CI =
0.26-0.56, Table 12). BMI groups did not significantly modify the association between
any dietary pattern and the risk of low BMD. However, significant association was
found in one subgroup after stratification by BMI. For women with normal BMI (18.5
to < 24 kg/m?), medium intake of pattern 1 significantly protected against low BMD
(AOR =0.62, 95% CI = 0.41-0.93, Table 10). No significant association was observed

in other strata.

For pattern 1 by BMI groups, high intake of pattern 1 was proportional to increased
intake of other food groups (Figure 13). In addition, high intake of pattern 1 was also
related to high intake of daily protein (g/day) and calcium (mg/day), and showed a

positive trend with the different groups (Figure 14).

3.6 Effect modification by the status of alcohol drinking

Alcohol drinking was not associated with low BMD risk. No interaction was
observed between alcohol drinking and dietary pattern on the risk of low BMD (Table
11). However, significant association was found in one subgroup after stratification.
Among no alcohol drinkers, medium intake of pattern 1 significantly protected against
low BMD (AOR = 0.64, 95% CI = 0.44-0.92, Table 11). No significant association was

found for other dietary patterns.
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For pattern 1 by the status of alcohol drinking, high intake of pattern 1 was
proportional to increased intake of other food groups (Figure 15). In addition, high
intake of pattern 1 was also related to high intake of daily protein (g/day) and calcium

(mg/day), and showed a positive trend with the different groups (Figure 16).

3.7 Effect modification by the status of ever smoking

Ever smoking was not associated with low BMD risk. Significant interaction was
found between ever smoking and pattern 3 on the risk of low BMD (p interaction =
0.03, Table 12). However, significant association was found in some subgroups after
stratification by smoking status. Among never smokers, medium intake of pattern 1
significantly protected against low BMD (AOR =0.67, 95% CI = 0.47-0.97, Table 12).
In addition, among smokers, medium intake of pattern 3 significantly increased the risk

of low BMD (AOR = 8.74, 95% CI = 1.43-53.43, Table 12).

For pattern 1 by the status of ever smoking, high intake of pattern 1 was
proportional to increased intake of other food groups (Figure 17). High intake of
pattern 1 was also related to high intake of daily protein (g/day) and calcium (mg/day),
and showed a positive trend with the different groups (Figure 18). In addition, high
intake of pattern 3 was proportional to increased intake of other food groups except for
vegetables and fruits intake (Figure 19). High intake of pattern 3 was also related to
high intake of daily protein (g/day) and calcium (mg/day), and showed a positive trend

with the different groups (Figure 20).
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3.8 Effect modification by regular exercise

Regular exercise (> least 30 minutes/time and > 3 days/week) was not associated
with the risk of low BMD. Significant interaction was found between regular exercise
and pattern 1 on the risk of low BMD (p interaction = 0.02, Table 13). No significant
interaction was observed for other patterns. After stratification by regular exercise,
among women lack of regular exercise, medium intake of pattern 1 showed significant
protective effect on low BMD (AOR =0.43, 95% CI = 0.26-0.71, Table 13). No

significant association was found for other dietary patterns.

For pattern 1by regular exercise, high intake of pattern 1 was proportional to
increased intake of other food groups (Figure 21). In addition, high intake of pattern 1
was also related to high intake of daily protein (g/day) and calcium (mg/day), and

showed a positive trend with the different groups (Figure 22).
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Chapter 4. Discussions

4.1 Main findings and comparisons with previous studies

This study identified three dietary patterns for predicting the risk of low among
mid-age Chinese women. These patterns are (1) vegetables and fruits pattern, (2) meats,
seafood, and oil pattern, and (3) salted pickles and instant noodles pattern. Medium
intake of pattern 1 significantly protects against low BMD. Because only part of the
food items were overlapped between our study and the previous one, our finding is
partially consistent with two cross-sectional studies [48, 49]. One study reported
that health” dietary pattern (includes high intakes of green and dark yellow vegetables,
mushrooms, fish, and fruits) possitively correlated with BMD among Japanese
premenpausal women [48]. The other study found that high intakes of fruits,

vegetables, and cereals had significantly elevated hip BMD in old men [49].

In this study, pattern 1 is consisted of dark-green and light-green vegetables, fruits,
tubers, and whole grains. Because the intake of these food is associated with high
intakes of dietary potassium and magnesium, which could provide an alkaline
environment via decreasing renal acid load [55] and thus decreases bone resorption [56]
(Figure 23). Therefore, pattern 1 could protect against low BMD. However, we did not
observe a dose-response relationship between pattern 1 and low BMD (Table 8). It
maybe because the medium intake of pattern 1 has already reached the daily
recommendated amount of intake. In addition, the high intake of pattern 1 reflected the
increased intake of other unhealthy food (Figure 24), which may also support the

U-shape association observed for pattern 1.
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4.2 Effect modification by menopausal status, BMI groups, ever smoking, and
alcohol drinking

To the best of our knowledge, this is the first study including both pre- and
postmenopausal women to explore the association between dietary pattern and BMD.
After stratification, we found dietary patterns were quite similar between pre- and
postmenopausal women. This study found that medium intake of pattern 1 protects
against low BMD among premenopausal women. It is possible that estrogen stimulates
the apoptosis of osteoclast [57] and thus protects adults’ skeleton and maintains the
balance between bone formation and resorption (Figure 23) [58]. Because estrogen
deficiency leads to bone loss, this may explain non-significant association among

postmenopausal women.

Body weight could generate mechanical stress, which increases osteoblast activity
[38], to the skeleton. Pattern 1 also protects against low BMD among women with
normal BMI (18.5 to < 24 kg/m?). Low body weight was an important risk factor for
low BMD and increased bone loss [59], however, this study did not observe this
association. This study also not observed the protective effect of high BMI on low
BMD. This may be due to the large amount of postmenopausal women and thus the

decline of estrogen counteracts the protective effect of high BMI (Figure 25).

Similar protective effect was observed among non-drinkers for pattern 1. Alcohol
consumption could also induce bone loss via osteocyte apoptosis [60]. Therefore,
healthy lifestyle may decrease low BMD risk and prevent osteoporosis. In contrast,
pattern 3 increases the risk of low BMD among smokers. Because nicotine could

decrease BMD via its effect on osteoblast differentiation, this may explain the
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increased risk of low BMD among smokers [61]. Smoking has shown to decrease
serum osteocalcin concentrations [62] and then increase bone resorption [63]. Due to
genetically determined perception of flavors, smokers tend to take salty foods [64]. In
addition, high intake of salt decreases renal sodium reabsorption and thus increases the
excretion of urinary calcium (Figure 23) [56, 65]. Therefore, the joint effects of

smoking and salty foods lead to increased risk of low BMD.

4.3 Effect modification by regular exercise

Mechanical factors (e.g. exercise and weight) can stimulate bone cell and thus
improve bone strength and decrease bone loss [42]. In this study, medium intake of
pattern 1 protects against low BMD among women without regular exercise, which
seems contradictory to general perception. It is possible that for women who reporting
exercise our population actually involved in very mild exercise. However, for women
who did not report regular exercise may actually do a lot of moderate-intensity work
(Figure 26). Therefore, limited beneficial effect was observed for regular exercise on

BMD.

4.4 Strengths and limitations

This study has some strengths. First, the sample size is relatively large as
compared with previous studies. Second, this study includes both pre- and
postmenopausal women and thus allows us to compare the effect of menopausal status
on the association between dietary pattern and low BMD. Importantly, specific dietary
pattern (e.g., salted pickles and instant noodles) were identified in this Taiwanese
population. This reflects different diet habit exists across ethnic groups, which has not

been reported previously.
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This study had some limitations. First, this is a cross-sectional study and thus
does not allow causal inference for the association between dietary pattern and BMD.
In addition, fat is underestimated in the MJ semi-quantitative FFQ as limited questions

were included to collect information on fat.

4.5 Conclusions

This study found that pattern 1 “vegetables and fruits pattern” protects against
BMD. Medium pattern 1 protects against low BMD risk among premenopausal women,
women with normal BMI, women who are non-drinkers, never smokers or without
regular exercise. Future prospective studies are warranted to explore the causal

inferences and to confirm our findings.
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Figure 1. Flowchart of participant recruitment

Abbreviations: BMD, bone mineral density; FFQ, food frequency questionnaire.
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Figure 2. The distribution of bone mineral density of the study population
Bone mineral density was dichotomized into low (1% tertile) and high BMD (2" and 3™
tertiles, reference group) groups.
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Figure 3. The distribution of body mass index (kg/m?) of the study population
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Figure 4. The distribution of age of the study population
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Figure 5. Scree plot from factor analysis
A scree plot shows the trend of eigenvalue. The turning point indicates the maximum
number of dietary patterns (n=3) to choose.
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Figure 7. Scatter plots between important variables

Abbreviations: BMD, bone mineral density; Pattern 1, vegetables and fruits dietary
pattern; Pattern 2, meat, seafood, and oil dietary pattern; Pattern 3, salted pickles and
instant noodles dietary pattern; ALP, alkaline phosphatase; kilocalorie/day, daily
kilocalorie intake.
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Figure 8. Spline curves of each dietary pattern

Abbreviations: BMD, bone mineral density; Pattern 1, vegetables and fruits dietary
pattern; Pattern 2, meat, seafood, and oil dietary pattern; Pattern 3, salted pickles and
instant noodles dietary pattern.
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Figure 9. Daily number of servings on pattern 1 by different food groups
Abbreviations: Pattern 1, vegetables and fruits dietary pattern.
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Figure 11. Daily number of servings on pattern 1 by the menopausal status by
different food groups
Abbreviations: Pattern 1, vegetables and fruits dietary pattern.
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Figure 12. Dietary protein and calcium on pattern 1 by the menopausal status
Abbreviations: Pattern 1, vegetables and fruits dietary pattern.
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Figure 13. Daily number of servings on pattern 1 by the BMI groups by different
food groups

Abbreviations: Pattern 1, vegetables and fruits dietary pattern; BMI, body mass
index.
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Figure 14. Dietary protein and calcium on pattern 1 by the BMI groups
Abbreviations: Pattern 1, vegetables and fruits dietary pattern; BMI, body mass index.
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Figure 15. Daily number of servings on pattern 1 by the status of alcohol drinking
by different food groups
Abbreviations: Pattern 1, vegetables and fruits dietary pattern.
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Figure 16. Dietary protein and calcium on pattern 1 by the status of alcohol
drinking
Abbreviations: Pattern 1, vegetables and fruits dietary pattern.
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Figure 17. Daily number of servings on pattern 1 by the status of ever smoking
by different food groups
Abbreviations: Pattern 1, vegetables and fruits dietary pattern.
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Figure 18. Dietary protein and calcium on pattern 1 by the status of ever
smoking
Abbreviations: Pattern 1, vegetables and fruits dietary pattern.
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Figure 19. Daily number of servings on pattern 3 by the status of ever smoking by

different food groups

Abbreviations: Pattern 3, Salted pickles and instant noodles dietary pattern.
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Figure 20. Dietary protein and calcium on pattern 3 by the status of ever smoking
Abbreviations: Pattern 3, Salted pickles and instant noodles dietary pattern.
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Figure 21. Daily number of servings on pattern 1 by regular exercise
Abbreviations: Pattern 1, vegetables and fruits dietary pattern.
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Figure 22. Dietary protein and calcium on pattern 1 by the regular exercise
Abbreviations: Pattern 1, vegetables and fruits dietary pattern.
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Figure 26. The status of intensity of work in different exercise groups on pattern 1
Abbreviations: pattern 1, vegetables and fruits pattern.
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Table 1. Literature review on dietary pattern and bone mineral density

Study Study type Outcome (Y) / Diet Dietary Result Adjustment Limitations
BMD Site X) assessment
& Machine
Shin, S. etal. (2013)  + Cross-sectional BMD Dietary ¢ 6-days food + “Milk & cereal “ pattern Age, BMI percentiles, + No causal
+ 95 boys and Lumbar spine patterns records — In highest tertile of sex, weight loss relationship
101 girls (L1-L4) and (5 weekdays, dietary pattern score attempts, pubertal + No vitamin
+ 12-15y/o femoral neck 1 weekend day) High vs. the lowest BMD  status, and regular D data
+ Korean DXA at lumbar spine exercise
(AOR =0.36, p = 0.0486,
95% CI =0.14-0.93)
Karamati, M. et al. + Cross-sectional BMD Dietary + Semi quantitative ¢ 1% pattern Age, BMI, physical + No causal
(2012) + 160 subjects Lumbar spine patterns FFQ of 168 food (high consumption of activity, smoking, relationship
+ 50-85y/o (L1-L4) and items high-fat dairy products, education, fragility + Not general
women left femoral + Past 12 months organ meats, red and fracture history, population
+ Menopausal neck processed meats and history of hormone ¢+ Different
+ Iranian DXA nonrefined cereals) replacement therapy, socio-
— BMD below the supplement intake, economic
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median in lumbar spine
(AOR =2.29,95% Cl =
1.05-4.96, p = 0.04)

¢ 2" pattern

(high in French fries,

age at menarche,
antiresorptive drug
and relative accuracy

of energy appropriate



Study Study type Outcome (Y) / Diet Dietary Result Adjustment Limitations
BMD Site X) assessment
& Machine
mayonnaise, sweets,
desserts and vegetable oil)
— BMD below the
median in femoral spine
(AOR =2.83,95% CI =
1.31-6.09, p < 0.01)
Fairweather-Tait, S. J. ¢+ Co-twin ¢+ BMD Dietary ¢ 131-item Traditional English dietary ~ Age, age square, BMI, ¢+ No causal
etal. control study + Total hip, patterns food-frequency pattern smoking, and physical relationship
(2011) + 2,464 women femoral neck questionnaire (high intakes of fried fish,  activity
+ Menopausal and lumbar fried potatoes, legumes,
+ United spine red and processed meats,
Kingdom ¢+ DXA savory pies and
cruciferous vegetables)
— negative association at
the hip neck
(B =-0.055, p = 0.01)
Okubo, H. et al. + Cross-sectional ¢+ BMD Dietary ¢ 16-page “Healthy” pattern Age, BMI, grasping + No causal
(2006) + 291 subjects ¢+ Forearm patterns self-administered (high intakes of green and  power, current relationship
+ 40-55y/o + DXA diet history dark yellow vegetable, smoking, fracture
+ Premenopausal questionnaire mushrooms, fish, and history, hormone
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Study Study type Outcome (Y) / Diet Dietary Result Adjustment Limitations
BMD Site X) assessment
& Machine
+ Japanese + Previous month fruit) replacement therapy,
women — positively correlated age at menarche,
with BMD (p = 0.048) parity, use of calcium
and multivitamin
supplements
Tucker, K. L. etal. + Cross-sectional ¢+ BMD Dietary ¢ 126-item “Fruit, vegetables and Age, BMI, height, + No causal
(2002) + 907 subjects ¢+ Proximal right  patterns food-frequency cereal” group energy intake, relationship

(345 men and
562 women)
69-93 y/o
Framingham

study

femur questionnaire
(femoral neck,
trochanter and
Ward’s area)
¢+ Lunar
dualphoton

absorptiometer

Men: Greater BMD than
other group at hip (p =
0.05)

“Candy group”

Men:

Lower BMD than other
group at the radius (p <
0.05)

Women:

Lower BMD than other
group (p <0.01)

physical activity
score, smoking,
vitamin D supplement
use, calcium
supplement use, and

season

Abbreviations: BMD, bone mineral density; AOR, adjusted odds ratio; Cl, confidence interval; y/o, years old; BMI, body mass

index; DXA, dual-energy X-ray absorptiometry; FFQ, food frequency questionnaire.
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Table 2. Characteristics of the study population

Variable BMD (g/cm?)
High Low p value
n =859 n =429
Mean t S.E.
Age (year)? 45.6 £ 3.9 477+4.6  <0.0001
BMI (kg/m?) 22.8+3.2 21.6+29  <0.0001
ALP (1U) 56.6 £ 16.0 645+ 185  0.0007
n (%)
Menopause <0.0001
Post- 105 (12) 152 (35)
Pre- 746 (87) 273 (64)
Missing data 8 (1) 4 (1)
Ever smoker 0.36
Yes 76 (9) 31(7)
No 765 (89) 382 (89)
Missing data 18 (2) 16 (4)
Alcohol drinking 0.46
Yes 52 (6) 30 (7)
No 776 (90) 375 (87)
Missing data 31 (4) 24 (6)
Calcium supplement 0.33
Yes 444 (52) 234 (55)
No 415 (48) 195 (45)
Regular exercise®
Yes 387 (45) 190 (44) 0.79
No 404 (47) 192 (45)
Missing data 68 (8) 47 (11)
Occupation-based
socioeconomic status
Retired or no job 22 (2) 17 (4) 041
Blue-collar worker 134 (15) 65 (15)
White-collar employee 229 (27) 129 (30)
Self-employed/academic
: 187 (22) 79 (18)
profession
Lifetime housewife 174 (21) 89 (21)
Other jobs ° 58 (7) 25 (6)
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Missing data 55 (6) 25 (6)
Abbreviations: BMD, bone mineral density; S.E., standard error; BMI, body
mass index, ALP, alkaline phosphatase.
Bold numbers indicate significant findings.
%P value was obtained from Mann-Whitney U tests for continuous variables.
® Regular exercise indicates at least 30 minutes at a time and 3 days per week.
¢ Other jobs included students and part-time job.
P value was obtained from t tests and chi-square tests for categorical variables.
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Table 3. Factor loading matrix for each of the identified dietary pattern

Food or Pattern1?® Pattern 2° Pattern 3?
food group Vegetables Meat, seafood, Salted pickles and
and fruits and oil instant noodles

Dark-green vegetables 0.75

Light-green vegetables 0.75

Fruits 0.61

Tubers 0.50

Whole grains 0.45

Meats 0.72

Seafood 0.65

Oil 0.60

Eggs 0.50

Salted pickles 0.66
Instant noodles 0.66
Condiments 0.62
Organ meats 0.54

Sugary beverages
Jellies and honey
Milk

Dairy products
Rice and noodle

Bread

Soybeans

Explained variance (%) 11.1 10.1 9.2
Cumulative variance (%) 11.1 21.2 30.3

®Food items with | factor loading | of >0.4were kept in each pattern.
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Table 4. Age and BMI adjusted spearman correlation coefficients between major factors

BMD Pattern 1 Pattern 2 Pattern 3 Total ALP Menopause Ever Alcohol Calcium Regular Occupation-
kilocalorie status smoking drinking supplement exercise based SES

BMD 1 0.02 0.01 0.03 0.06 -0.23*** -0.22%** 0.02 0.01 0.02 0.02 0.04
Pattern 1 1 0.41%** 0.06 0.55%** 0.001 -0.002 -0.10** -0.08** 0.04 0.03 0.08*
Pattern 2 1 0.55%** 0.54*** -0.03 -0.04 -0.01 -0.04 0.02 0.03 -0.03
Pattern 3 1 0.42%** 0.01 0.04 0.03 0.03 -0.01 0.0001 -0.02
Total kilocalorie 1 0.01 -0.02 -0.11** -0.13*** 0.02 0.003 0.06
ALP 1 0.21*** -0.0001 -0.06* -0.04 -0.07* -0.01
Menopause status 1 -0.01 -0.01 0.004 -0.02 0.05
Ever smoking 1 0.22%** 0.003 -0.05 0.02
Alcohol drinking 1 -0.01 0.02 0.007
Calcium

1 -0.01 0.02
supplement
Regular exercise 1 -0.004

1

Occupation-based

SES

*p<0.05 **p<0.01 ***p<0.0001

Abbreviation: BMD, bone mineral density; BMI, body mass index; ALP, alkaline phosphatase; Pattern 1, vegetables and fruits dietary pattern;

Pattern 2, meat, seafood, and oil dietary pattern; Pattern 3, salted pickles and instant noodles dietary pattern; SES, socioeconomic status.
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Table 5. Characteristics of the study population according to different categories
of the dietary pattern 1

Variable Pattern 1:
Vegetables and fruits

Low Medium High p value
Mean t S.E.
Age (year)? 46.1+43 462+43 46.6+4.3 0.27
BMI (kg/m?) 226134 223+32 224+3.0 0.42
ALP (1U) 505+16.6 585+169 60.0+186 0.45
n (%)
Menopause
Post- 81 (19) 81 (19) 95 (22) 0.41
Pre- 340 (79) 347 (80) 332 (77)
Missing 8(2) 2 (1) 2 (1)
Ever smoking
Yes 53 (12) 29 (7) 25 (6) <0.01
No 362 (84) 395 (92) 390 (91)
Missing 14 (4) 6 (1) 14 (3)
Alcohol consumption
Yes 34 (8) 23 (5) 25 (6) 0.20
No 368 (86) 392 (91) 391 (91)
Missing 27 (6) 15 (4) 13 (3)
Calcium supplement
Yes 209 (49) 233 (54) 236 (55) 0.13
No 220 (51) 197 (46) 193 (45)
Regular exercise®
Yes 185 (43) 194 (45) 198 (46) 0.55
No 209 (49) 193 (45) 194 (45)
Missing 35 (8) 43 (10) 37 (9)
Occupation-based
socioeconomic status
Retired or no job 14 (3) 12 (3) 13 (3) 0.28
Blue-collar worker 81 (19) 62 (14) 56 (13)

White-collar employee 119 (28) 128 (30) 111 (26)
Self-employed/

academic profession

Lifetime housewife 77 (18) 86 (20) 100 (23)

78 (18) 89 (21) 99 (23)
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Other jobs® 29 (7) 26 (6) 28 (7)
Missing data 31 (7) 27 (6) 22 (5)

Abbreviations: BMD, bone mineral density; ALP, alkaline phosphatase; S.E.,
standard error; BMI, body mass index.

%P value was obtained from Mann-Whitney U tests for continuous variables.

® Regular exercise indicates least 30 minutes at time and 3 days per week.

¢ Other jobs included students and part-time job.

P value was obtained from t tests and chi-square tests for categorical variables.
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Table 6. Characteristics of the study population according to different categories
of the dietary pattern 2

Variable Pattern 2:
Meat, seafood, and oil

Low Medium High p value
Mean t S.E.
Age (year)? 470+43 462+43 457+41 <0.0001
BMI (kg/m?) 221+29 222+30 229+35 <0.01
ALP (1U) 60.8+17.3 57.7+16.0 59.1+182 0.04
n (%)
Menopause
Post- 105 (24) 87 (20) 65 (15) <0.01
Pre- 317 (74) 343 (80) 359 (84)
Missing 7(2) 0 (0) 5(1)
Ever smoking
Yes 39 (9) 35(8) 33 (8) 0.74
No 379 (88) 381 (89) 387 (90)
Missing 11 (3) 14 (3) 9(2)
Alcohol consumption
Yes 30 (7) 28 (7) 24 (6) 0.58
No 371 (87) 383 (89) 397 (93)
Missing 28 (6) 19 (4) 8(1)
Calcium supplement
Yes 225 (52) 229 (53) 224 (52) 0.95
No 204 (48) 201 (47) 205 (48)
Regular exercise®
Yes 192 (45) 182 (42) 203 (47) 0.43
No 196 (46) 206 (48) 194 (45)
Missing 41 (9) 42 (10) 32 (8)
Occupation-based
socioeconomic status
Retired or no job 19 (4) 14 (3) 6 (3) 0.02
Blue-collar worker 60 (14) 68 (16) 71 (16)

White-collar employee 109 (25) 124 (29) 125 (29)
Self-employed/

academic profession

Lifetime housewife 92 (22) 89 (21) 82 (21)

77 (18) 88 (20) 101 (20)
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Other jobs® 39 (9) 27 (6) 17 (6)
Missing data 33 (8) 20 (5) 27 (5)

Abbreviations: BMD, bone mineral density; ALP, alkaline phosphatase; S.E.,
standard error; BMI, body mass index.

%P value was obtained from Mann-Whitney U tests for continuous variables.

® Regular exercise indicates least 30 minutes at time and 3 days per week.

¢ Other jobs included students and part-time job.

P value was obtained from t tests and chi-square tests for categorical variables
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Table 7. Characteristics of the study population according to different categories
of the dietary pattern 3

Variable Pattern 3:
Salted pickles and instant noodles

Low Medium High p value
Mean t S.E.
Age (year)? 469+43 46.6+43 455+4.2 <0.0001
BMI (kg/m?) 222+30 221+30 229+35 <0.0001
ALP (1U) 59.1+16.7 59.8+17.7 59.4+179  0.96
n (%)
Menopause
Post- 98 (23) 76 (18) 83 (19) 0.17
Pre- 329 (76) 349 (81) 341 (80)
Missing 2 (1) 5(1) 5(1)
Ever smoking
Yes 30 (7) 32 (7) 45 (11) 0.11
No 388 (90) 390 (91) 369 (86)
Missing 11 (3) 8(2) 15(3)
Alcohol consumption
Yes 29 (7) 16 (4) 37 (9) 0.01
No 375 (87) 399 (93) 377 (88)
Missing 25 (6) 15 (3) 15(3)
Calcium supplement
Yes 231 (54) 227 (53) 220 (51) 0.75
No 198 (46) 203 (47) 209 (49)
Regular exercise®
Yes 190 (44) 202 (47) 185 (43) 0.43
No 199 (46) 189 (44) 208 (48)
Missing 40 (10) 39 (9) 36 (9)
Occupation-based
socioeconomic status
Retired or no job 20 (5) 13 (3) 6 (1) 0.06
Blue-collar worker 50 (12) 72 (17) 77 (18)

White-collar employee 129 (30) 113 (26) 116 (27)
Self-employed/

academic profession

Lifetime housewife 86 (20) 97 (23) 80 (19)

86 (20) 84 (20) 96 (23)
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Other jobs® 28 (6) 28 (6) 27 (6)
Missing data 30 (7) 23 (5) 27 (6)

Abbreviations: BMD, bone mineral density; ALP, alkaline phosphatase; S.E.,
standard error; BMI, body mass index.

%P value was obtained from Mann-Whitney U tests for continuous variables.

® Regular exercise indicates least 30 minutes at time and 3 days per week.

¢ Other jobs included students and part-time jobs.

P value was obtained from t tests and chi-square tests for categorical variables.
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Table 8. Association between dietary pattern score (tertile) and BMD (high vs. low)

Pattern High/Low Crude OR AOR? AOR"
1. Vegetables and fruits
Low (ref) 272/157  1.00 1.00 1.00
Medium 307/123  0.69 (0.52-0.93) 0.62 (0.45-0.84) 0.66 (0.46-0.94)
High 280/149  0.92 (0.70-1.22) 0.81(0.60-1.10) 0.76 (0.54-1.07)
p for trend 0.71 0.26 0.17
2. Meat, seafood, and oil
Low (ref) 273/156  1.00 1.00 1.00
Medium 283/147  0.91(0.69-1.20) 1.01 (0.75-1.37) 1.04 (0.73-1.47)
High 303/126  0.73 (0.55-0.97) 0.97 (0.71-1.32) 1.03(0.72-1.46)
p for trend 0.03 0.82 0.90
3. Salted pickles and instant noodles
Low (ref) 277/152  1.00 1.00 1.00
Medium 279/151  0.99 (0.75-1.31) 1.05(0.78-1.42) 0.99 (0.70-1.39)
High 303/126  0.76 (0.57-1.01) 0.95(0.70-1.30) 0.86 (0.60-1.23)
p for trend 0.04 0.71 0.38

Abbreviations: BMD, bone mineral density; AOR, adjusted odds ratio; BMI, body mass index; ClI, confidence interval; ref, reference

group; SES, socioeconomic status.

All models were adjusted for age (years), BMI (kg/m?), and menopausal status (yes/no).

PAll models were adjusted for variables above plus alcohol drinking (yes/no), ever smoking status (yes/no), calcium supplement (yes/no),
regular exercise (> 30 minutes/times and > 3 days/week / < 30 minutes/times and < 3 days/week), and alkaline phosphatase (1U),
occupation-based SES (retired or no job/blue-collar worker/white-collar employee/self-employed and academic profession/lifetime

housewife/other jobs).
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Table 9. Association between dietary pattern and BMD by menopausal status

Premenopausal (n = 1,019) Postmenopausal (n = 257)
BMD group High/Low  AOR® High/Low  AOR?® (95% CI)
746/273 1.00 105/152 2.71 (1.76-4.19)
Pattern Premenopausal (n = 1,019) Postmenopausal (n = 257) p for
H/L AOR? (95% CI) H/L AOR? (95% Cl) interaction
1. Vegetables and fruits
Low (ref) 233/107  1.00 33/48  1.00 0.06
Medium 276/71 0.58 (0.39-0.86) 30/51  0.81(0.33-1.97)
High 237/95 0.80 (0.55-1.18) 42/53  0.48 (0.20-1.15)
p for trend 0.35 0.08
2. Meat, seafood, and oil
Low (ref) 226/91 1.00 42/63  1.00 0.17
Medium 250/93 0.96 (0.64-1.43) 33/54  1.21 (0.55-2.65)
High 270/89 1.06 (0.71-1.57) 30/35  0.87 (0.37-2.05)
p for trend 0.75 0.79
3. Salted pickles and instant
noodles
Low (ref) 236/93 1.00 40/58  1.00 0.22
Medium 245/104  1.07 (0.73-1.57) 32/44  0.68 (0.30-1.55)
High 265/76 0.81 (0.54-1.22) 33/50  1.13(0.49-2.60)

p for trend 0.24 0.65
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Abbreviations: BMD, bone mineral density; AOR, adjusted odds ratio; BMI, body mass index; ClI, confidence interval; ref, reference
group; H/L, High BMD group / Low BMD group; SES, socioeconomic status.

2All models were adjusted for age (years), BMI(kg/m?), alcohol drinking (yes/no), ever smoking status (yes/no), calcium supplement
(yes/no), regular exercise (> 30 minutes/times and > 3 days/week / < 30 minutes/times and < 3 days/week), and alkaline phosphatase

(IU), occupation-based SES (retired or no job/blue-collar worker/white-collar employee/self-employed and academic profession/lifetime
housewife/other jobs)..
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Table 10. Association between dietary pattern and BMD by BMI groups

BMI < 18.5 kg/m? (n = 67)

185 < BMI < 24 kg/m? (n = 919)

BMI = 24 kg/m?(n = 301)

BMD group High/Low AOR?(95% CI) High/Low AOR? High/Low  AOR?®(95% CI)
30/37 2.98 (1.64-5.42) 593/326 1.00 235/66 0.38 (0.26-0.56)
BMI < 18.5 kg/m? 185 < BMI < 24 kg/m? BMI = 24 kg/m?
Pattern p for
(n=67) (n=919) (n=301) . .
interaction
H/L AOR?®(95% CI) H/L AOR? (95% CI) H/L  AOR?®(95% CI)
1. Vegetables and fruits
Low (ref) 8/17 1.00 173/115 1.00 90/25 1.00 0.06
Medium 16/9 0.15 (0.02-1.33) 218/94 0.62 (0.41-0.93) 73/20 1.19 (0.52-2.74)
High 6/11 1.32(0.16-11.04) 202/117 0.71 (0.48-1.07) 72/21 1.19 (0.52-2.74)
p for trend 0.69 0.15 0.70
2. Meat, seafood, and oil
Low (ref) 13/16 1.00 196/119 1.00 63/21 1.00 0.58
Medium 9/10 1.05 (0.16-6.74) 199/115 1.06 (0.71-1.58) 75/22 1.12 (0.46-2.73)
High 8/11 2.97 (0.46-19.13) 198/92 0.97 (0.64-1.47) 97/23 1.23(0.52-2.90)
p for trend 0.26 0.86
3. Salted pickles and
instant noodles
Low (ref) 11/13 1.00 199/114 1.00 67/25 1.00 0.14
Medium 12/16 2.28 (0.33-15.95) 202/114 0.99 (0.67-1.47) 64/21 0.96 (0.43-2.17)

High

12/16 0.92 (0.11-7.81)

192/98 0.95 (0.63-1.44)

104/20 0.56 (0.25-1.26)
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p for trend 0.87 0.80 0.13

Abbreviations: BMD, bone mineral density; AOR, adjusted odds ratio; BMI, body mass index; ClI, confidence interval; ref, reference
group; H/L, High BMD group / Low BMD group; SES, socioeconomic status.

%All models were adjusted for age (years), menopausal status (yes/no), alcohol drinking (yes/no), ever smoking status (yes/no), calcium
supplement (yes/no), regular exercise (> 30 minutes/times and > 3 days/week / < 30 minutes/times and < 3 days/week), and alkaline
phosphatase (1U), occupation-based SES (retired or no job/blue-collar worker/white-collar employee/self-employed and academic
profession/lifetime housewife/other jobs).
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Table 11. Association between dietary pattern and BMD by the status of alcohol drinking

No alcohol drinking (n = 1151) Alcohol drinking (n = 82)
BMD group High/Low AOR® High/Low AOR? (95% CI)
776/375 1.00 52/30 1.35 (0.75-2.41)
Pattern No alcohol drinking (n = 1151) Alcohol drinking (n = 82) p for
H/L AOR? (95% CI) H/L  AOR?(95% CI) interaction
1. Vegetables and fruits
Low (ref) 237/131  1.00 19/15 1.00 0.65
Medium 281/111  0.64 (0.44-0.92) 17/16  0.90 (0.19-4.21)
High 258/133  0.73 (0.51-1.05) 16/9  1.16 (0.29-4.62)
p for trend 0.14 0.85
2. Meat, seafood, and oil
Low (ref) 241/130  1.00 18/12 1.00 0.80
Medium 255/128  1.03 (0.72-1.48) 17/11  1.94 (0.44-8.61)
High 280/117  1.02 (0.70-1.47) 17/7  1.16 (0.26-5.16)
p for trend 0.95 0.81
3. Salted pickles and instant noodles
Low (ref) 245/130  1.00 20/9  1.00 0.11
Medium 259/140  0.98 (0.69-1.34) 11/5  1.54 (0.28-8.42)
High 272/105  0.80 (0.55-1.16) 21/16  2.63 (0.62-11.11)
p for trend 0.21 0.19

Abbreviations: BMD, bone mineral density; AOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; ref, reference
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group; H/L, High BMD group / Low BMD group, SES, socioeconomic status.
2All models were adjusted for age (years), BMI(kg/m?), menopausal status (yes/no), ever smoking status (yes/no), calcium supplement
(yes/no), regular exercise (> 30 minutes/times and > 3 days/week / < 30 minutes/times and < 3 days/week), and alkaline phosphatase

(IU), occupation-based SES (retired or no job/blue-collar worker/white-collar employee/self-employed and academic profession/lifetime
housewife/other jobs).

68



Table 12. Association between dietary pattern and BMD by the status of ever smoking

Never-smoking (n = 1,147)

Ever-smoking (n = 107)

BMD group High/Low AOR® High/Low AOR? (95% CI)
765/382 1.00 76/31 0.79 (0.46-1.35)
Pattern Never-smoking (n = 1,147) Ever-smoking (n = 107) . .
3 " p for interaction
H/L AOR® (95% CI) H/L AOR*® (95% CI)
1. Vegetables and fruits
Low (ref) 230/132  1.00 36/17 1.00 0.26
Medium 278/117  0.67 (0.47-0.97) 24/5  0.38 (0.09-1.63)
High 257/133  0.74 (0.51-1.06) 16/9  1.48 (0.42-5.27)
p for trend 0.14 0.67
2. Meat, seafood, and oil
Low (ref) 244/138  1.00 24/15 1.00 0.67
Medium 248/133  1.03 (0.72-1.48) 27/8  1.93 (0.43-8.62)
High 273/114  1.00 (0.69-1.44) 25/8  1.54 (0.36-6.65)
p for trend 0.97 0.61
3. Salted pickles and instant noodles
Low (ref) 248/140  1.00 24/6  1.00 0.03
Medium 256/134  0.88 (0.62-1.26) 18/14 8.74 (1.43-53.43)
High 261/108  0.82 (0.56-1.18) 34/11 3.53(0.66-18.98)
p for trend 0.30 0.53

Abbreviations: BMD, bone mineral density; AOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; ref, reference



group; H/L, High BMD group / Low BMD group, SES, socioeconomic status.
2All models were adjusted for age (years), BMI(kg/m?), menopausal status (yes/no), alcohol drinking (yes/no), calcium supplement
(yes/no), regular exercise (> 30 minutes/times and > 3 days/week / < 30 minutes/times and < 3 days/week), and alkaline phosphatase

(IU), occupation-based SES (retired or no job/blue-collar worker/white-collar employee/ self-employed and academic profession/lifetime
housewife/other jobs).
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Table 13. Association between dietary pattern and BMD by regular exercise

No regular exercise (n = 596) Regular exercise® (n = 577)
BMD group High/Low AOR" High/Low AOR" (95% ClI)
404/192 1.00 387/190 1.05 (0.79-1.40)
Pattern No regular exercise (n = 596) Regular exercise (n = 577) p for
H/L AOR" (95% CI) H/L AOR” (95% ClI) interaction
1. Vegetables and fruits
Low (ref) 132/77  1.00 122/63  1.00 0.02
Medium 142/52  0.43 (0.26-0.71) 133/61  0.97 (0.58-1.60)
High 130/64  0.63 (0.39-1.02) 132/66  0.92 (0.55-1.54)
p for trend 0.09 0.76
2. Meat, seafood, and oil
Low (ref) 123/78  1.00 123/69  1.00 0.56
Medium 143/63  1.03 (0.63-1.68) 122/60  1.01(0.61-1.67)
High 138/56  1.11 (0.66-1.85) 142/61  0.91 (0.55-1.51)
p for trend 0.69 0.70
3. Salted pickles and instant noodles
Low (ref) 135/64  1.00 118/72  1.00 0.07
Medium 122/67  1.35(0.83-2.20) 137/65  0.74 (0.46-1.20)
High 147/61  1.03 (0.62-1.71) 132/53  0.70(0.42-1.17)
p for trend 0.91 0.22

Abbreviations: BMD, bone mineral density; AOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; ref, reference
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group; H/L, High BMD group / Low BMD group, SES, socioeconomic status..

®Regular exercise is defined as 3 times per week and each time last for 30 minutes.

PAll models were adjusted for age (years), BMI(kg/m?), menopausal status (yes/no), alcohol drinking (yes/no), ever smoking status
(yes/no), calcium supplement (yes/no), and alkaline phosphatase (1U), occupation-based SES (retired or no job/blue-collar
worker/white-collar employee/ self-employed and academic profession/lifetime housewife/other jobs).
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