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Abstract

Summary—Studying dietary patterns is often more informative than individual nutrients or 

foods. We found that a Prudent dietary pattern (rich in vegetables and fish) was associated with 

reduced loss of total hip BMD in older men. A Prudent dietary pattern may be a potential lifestyle 

strategy for minimizing bone loss.

Introduction—This study aimed to identify baseline dietary patterns using factor analysis in a 

cohort of older men and to evaluate whether the dietary patterns were associated with bone 

mineral density change (%ΔBMD) at the total hip and femoral neck over time.

Methods—Participants (n = 4379; mean age 72.9 ±5.5 years) were from the Osteoporotic 

Fractures in Men (MrOS) prospective cohort study and had dietary data collected at baseline 

(March 2000-April 2002) and BMD measured at baseline and Visit 2 (March 2005-May 2006). 

Dietary intake was assessed with a brief Block food frequency questionnaire (FFQ); factor 

analysis was used to derive dietary patterns. BMD was measured by dual-energy x-ray 

absorptiometry (DXA); %ΔBMD was calculated from baseline to Visit 2. We used generalized 

linear regression to estimate least square (LS) means of %ΔBMD in quartiles of the dietary pattern 

scores adjusted for potential confounding factors.
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Results—Two major dietary patterns were derived: Prudent (abundant in vegetables, salad, and 

non-fried fish) and Western (rich in hamburger, fries, processed meats, cheese, and sweets/

desserts). There was an inverse association between adherence to the Prudent pattern and total hip 

%ΔBMD (p-trend = 0.028 after adjusting for age and clinical site; p-trend = 0.033 after further 

adjustment for smoking, calcium supplement use, diabetes, hypertension, and total energy intake). 

No other consistent associations between dietary patterns and %ΔBMD were observed.

Conclusions—Greater adherence to a Prudent dietary pattern may attenuate total hip BMD loss 

(%ΔBMD) in older men.
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Introduction

Many nutrients work synergistically and are present together in foods, and free-living people 

generally eat a variety of foods in combination. Moreover, it is challenging to isolate the 

effects of a single nutrient or food on a health outcome such as bone mineral density (BMD), 

which is an established risk factor for fracture [1–3]. Therefore, an approach that examines 

diet as a whole may be more informative than studying single nutrients or individual foods 

alone [4]. Additionally, studies of dietary patterns, rather than individual nutrients, are more 

easily translated into public health messages [5].

Dietary patterns can be described in a variety of terms, though exact definitions may vary by 

study. In general, Prudent (or “nutrient dense”) and Western (or “energy-dense”) are the 

most reproducible dietary patterns across studies [6]. Prudent dietary patterns are typically 

characterized by intakes of fruit, vegetables, whole grains, poultry, fish, nuts, legumes, and 

low-fat dairy. In contrast, Western dietary patterns are usually characterized by a higher 

proportion of foods of poor nutritional value, such as sugar-sweetened beverages, high-fat 

processed meats, and sweets [6, 7]. Additionally, different statistical methods can be used to 

examine relationships between dietary patterns and health outcomes. The most common 

approaches include a priori methods, which assess how closely participants follow 

predefined dietary patterns such as the Mediterranean or Baltic Sea diets [8], and a posteriori 

or data-driven approaches, which derive patterns empirically from dietary intake data using 

post hoc techniques [6, 9, 10]. Our group has expertise in using an a posteriori approach 

with factor analysis to derive dietary patterns [10–13]. In contrast to a priori methods, which 

are based on preconceived ideas of established dietary patterns, factor analysis allows for 

exploration and quantification of real-world dietary data in a scientific manner. When factor 

analysis is used to derive dietary patterns, the dietary patterns are named based on factor 

loadings that contribute the most to each pattern [10, 13].

The current literature predominately supports a beneficial effect of Prudent dietary patterns 

on bone-related outcomes [6, 11], but some studies have found no consistent associations 

between dietary patterns and risk of fracture [14] or BMD loss [12]. Additionally, since most 

studies have been conducted in female populations [6], further work is needed to elucidate 

associations between dietary patterns and bone outcomes in men.
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The Osteoporotic Fractures in Men (MrOS) is an ongoing prospective cohort study that has 

followed ambulatory community-dwelling US men ≥ 65 years old since 2000 and has 

generated a rich dataset with which to examine multiple health outcomes in older men [15]. 

Dietary data at baseline (MrOS Visit 1) have been used to examine demographic factors and 

dietary quality [16] and macronutrients, diet quality, and frailty status [17], but associations 

between dietary patterns and BMD have not been investigated in this cohort.

The aims of the present study were to derive baseline dietary patterns among MrOS 

participants using factor analysis and to evaluate associations of dietary pattern scores with 

percent change in total hip and femoral neck BMD (%ΔBMD) from baseline to MrOS Visit 

2 (approximately 4–5 years). Based on previous work in the MrOS cohort [16] and 

elsewhere [11, 12], we hypothesized that we would observe dietary patterns similar to the 

Prudent and Western patterns described in previous studies. Further, we hypothesized that 

greater adherence to a Prudent dietary pattern would be associated with reduced BMD loss 

(as measured by %ΔBMD) and that greater adherence to a Western dietary pattern would be 

associated with increased BMD loss over time.

Materials and methods

Study participants

Participants in the MrOS cohort study include community-dwelling ambulatory men ≥ 65 

years old recruited at six sites in the USA (Birmingham, AL; Minneapolis, MN; Palo Alto, 

CA; Pittsburgh, PA; Portland, OR; and San Diego, CA). Men were enrolled from March 

2000 through April 2002 (n = 5994), and Visit 2 took place from March 2005 through May 

2006 (n = 5202). Men who were unable to walk without assistance, as well as those with a 

history of bilateral hip replacement, which precludes hip BMD measurement, were ineligible 

to participate [15, 18]. For the present analysis, we included data from men with complete 

dietary data at baseline and BMD measurements at baseline and MrOS Visit 2. Men with 

implausibly low energy intake (≤ 400 kcal; n =19) were excluded from this analysis. The 

final sample size was 4379 participants for this analytic cohort; additionally, 4218 

participants had complete covariate data for multivariate analysis (Fig. 1). All participants 

provided written informed consent, and the Institutional Review Board at each clinic site 

approved the study.

Dietary intake patterns

Dietary assessment—Dietary data were collected using the Block 98.2 food frequency 

questionnaire (FFQ), which was a brief FFQ modified for the MrOS study to capture the 

most frequently consumed sources of calcium, vitamin D, and other selected nutrients 

influencing risk of osteoporosis and prostate cancer in US men. The Block 98.2 FFQ was 

also used to collect dietary data during MrOS Visit 1, and though this specific instrument did 

not undergo validation, other similar abbreviated Block questionnaires have been validated 

against two 7-day food records in older men [16, 19, 20]. The FFQs were analyzed by Block 

Dietary Data Systems (NutritionQuest, Berkeley, CA, USA). Details of this nutritional 

assessment have been described elsewhere [16]. Briefly, there were 69 individual food item 

questions, 14 questions pertaining to nutritional supplements and 13 questions about food 

Rogers et al. Page 3

Osteoporos Int. Author manuscript; available in PMC 2019 November 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



preparation and low-fat foods. For each type of food or beverage, there were nine response 

categories for frequency (i.e., how often in the past year the participant consumed each 

item), and there were four response categories for portion sizes; participants were provided 

with a graphic representation of standard portion sizes to aid their responses [20].

Dietary pattern derivation—Using dietary data from the FFQs, food groups were 

constructed using individual food variables based on nutrient similarities, culinary use, and 

previous studies. To derive dietary patterns, the PROC FACTOR procedure in SAS was used 

to determine the number of dietary factors, which was based on robustness, interpretability, 

and eigenvalues on a scree plot. An eigenvalue cut-point of 3 was employed, and varimax 

(orthogonal) rotation of the data as performed in order to obtain uncorrelated factors with 

better interpretability. Factor loadings for each food group were calculated across the dietary 

patterns, and factor scores were calculated for each participant for the dietary patterns. The 

factor score is a measure of common variation and indicates strength and direction of 

association; a higher factor score indicates a higher correlation of foods with high factor 

loadings. Dietary patterns were named based on factor loadings that contributed the most to 

each pattern.

In this report, we use the term “adherence” to describe how closely participants’ usual 

intakes aligned with the derived dietary patterns. Dietary patterns were divided into 

quartiles, with quartile 1 representing the lowest adherence and quartile 4 representing the 

greatest adherence to the pattern [7, 10, 12, 13].

Other measurements

In a comprehensive questionnaire administered at the baseline visit, participants self-

reported demographic information (race, education, marital status), medical diagnoses 

(stroke, diabetes mellitus, myocardial infarction, Parkinson’s disease, congestive heart 

failure (CHF), chronic obstructive pulmonary disorder (COPD), hypertension, osteoporosis), 

and lifestyle habits (smoking and alcohol use). Prescription and over-the-counter 

medications (including dietary supplements) used in the past 30 days were assessed with a 

computerized medication coding directory [21], and prescription medication data were 

stored electronically in a medication inventory database (San Francisco Coordinating Center, 

San Francisco, CA). The Iowa Drug Information Service (IDIS) Drug Vocabulary (College 

of Pharmacy, University of Iowa, Iowa City, IA) was used to match each medication to its 

ingredients. The Physical Activity Scale for the Elderly (PASE) was administered to assess 

physical activity [22]. A wall-mounted stadiometer was used to measure each participant’s 

height without shoes, and body weight was measured with a standard, regularly calibrated 

balance beam scale or digital scale. Body mass index (BMI; kg/m2) was calculated for each 

participant based on weight and height measurements.

Estimation of change in BMD

Dual-energy x-ray absorptiometry (DXA) (QDR 4500W; Hologic Inc., Bedford, MA) was 

used to measure BMD (g/cm2) of the total hip and femoral neck at baseline and MrOS Visit 

2. Percentage change in BMD (%ΔBMD) was calculated by subtracting BMD at baseline 

from BMD at Visit 2 and dividing by BMD at baseline. A central quality control lab, 
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certification of DXA operators, and standardized procedures for scanning were used to 

insure reproducibility of DXA measurements. At baseline, a set of hip and linearity 

phantoms were circulated and measured at the six clinical sites. The variability across clinics 

was within acceptable limits, and cross-calibration correction factors were not required. 

However, to adjust for inter-clinic differences, statistical models include indicator variables 

for the individual scanners. Each clinic scanned a hip phantom throughout the study to 

monitor longitudinal changes, and correction factors for longitudinal changes were applied 

to participant data as appropriate. For scans at the San Diego clinic, a correction factor of 

1.0179 was applied to scans performed between 12/9/03 and 1/4/2005, and a correction 

factor of 1.0112 was applied to scans performed on or after 1/5/2005 [23]. The precision of 

DXA scans of the total hip and femoral neck is 1–2% [24, 25].

Statistical analyses

Participant characteristics were compared across quartiles of consumption of each major 

dietary pattern using analysis of variance (ANOVA) for continuous normally distributed 

variables, Kruskal-Wallis tests for skewed continuous variables, and chi-square tests for 

categorical variables. These results later guided covariate selection in multivariable models. 

Additionally, intake of energy, macronutrients, selected micronutrients (calcium and vitamin 

D), and servings of vegetables, fruits, and dairy products were compared across quartiles of 

consumption of each major dietary pattern using ANOVA.

Box plots were constructed in order to visualize the shape of associations between quartiles 

of each dietary pattern and distribution of %ΔBMD before adjustment for other variables. 

Generalized linear regression models were then used to estimate least square (LS) means of 

% ΔBMD in quartiles of dietary pattern factor scores adjusted for potential confounding 

factors. p for trend was calculated. Models were initially adjusted for age and clinical center, 

and multivariate models were further adjusted for smoking (yes/no) calcium supplement use 

(yes/no), self-reported hypertension (yes/no), and self-reported diabetes (yes/no). These 

covariates were chosen using backward selection by selecting participant characteristic 

variables that were significantly different across quartiles of dietary pattern at p <0.10 (Table 

1). Variables that remained in the model at p < 0.05 were included in the multivariate 

models. Although we anticipated that BMI might be an important covariate [12], in this 

approach, BMI did not remain in the model after backward selection and therefore was not 

included in the multivariate models. Furthermore, because adjustment for baseline health 

status may introduce bias and lead to spurious results [26], we did not adjust for baseline 

BMD in this analysis. Additionally, because both dietary patterns were correlated with total 

energy intake (r =0.39, p <0.001 for Prudent; r = 0.78, p <0.001 for Western; data not 

shown), we also added total energy intake (TEI) to the multivariate models.

Unless otherwise noted, two-sided significance levels were set at p < 0.05, and all analyses 

were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC).
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Results

The analysis cohort was comprised of 4379 primarily Caucasian (97%) men with an average 

age of 72.9 ± 5.5 years at baseline and an average BMI of 27.4± 3.8 kg/m2. Mean follow-up 

was 4.57 ± 0.35 years.

With an eigenvalue cut-point of 3, results of the scree plot suggested two major dietary 

patterns (Online Resource 1). The first dietary pattern, which we named “Western,” was 

characterized by high factor loadings for hamburger, fries, processed meats, gravy, cheese 

and cheese dishes, ice cream, butter, doughnuts/pastries, mayonnaise, and white bread. The 

second dietary pattern, which we named “Prudent,” had the highest factor loadings for 

carrots, broccoli, spinach, green beans, green salad, cabbage, baked beans, tomatoes, non-

fried fish, and vegetable soup (Online Resource 2). Since dairy products are rich in many 

nutrients beneficial to bone [27], we also compared the factor loadings specifically for dairy 

products by dietary pattern. The Western pattern loaded highest in ice cream, cheese dishes, 

butter, cheese, whole milk, and 2% milk. The Prudent pattern loaded highest in yogurt/

frozen yogurt non-fat milk and cheese dishes (Online Resource 3).

Participant characteristics were stratified by quartile of scores of the Prudent dietary pattern 

(Table 1 (a)) and Western dietary pattern (Table 1 (b)). Compared to men with lower 

adherence (quartile 1), men with greater adherence (quartile 4) to the Prudent dietary pattern 

were more likely to be married and users of calcium supplements and have lower BMI and a 

higher PASE score; they were less likely to be current smokers, consume more than two 

alcoholic drinks per day, or to have self-reported COPD. Men did not differ across quartiles 

of the Prudent dietary pattern in age, race, education, glucocorticoid use, or other self-

reported medical conditions (Table 1 (a)). Compared to men with lower adherence to the 

Western dietary pattern, men with greater adherence were more likely to be younger, less 

educated, have a higher BMI and PASE score, and more likely to currently smoke. 

Additionally, men with greater adherence to the Western dietary pattern were more likely to 

report diabetes, COPD, and hypertension and were less likely to use calcium supplements or 

to report a myocardial infarction compared to men with lower adherence to the Western 

dietary pattern. There were no differences across quartiles of Western dietary pattern scores 

in race, marital status, glucocorticoid use, alcoholic drinks per day, stroke, Parkinson’s 

disease, CHF, and osteoporosis.

Significant differences across quartiles of dietary patterns for selected nutritional variables 

were observed for both dietary patterns (Table 2). Men with greater adherence to the Prudent 

dietary pattern had lower intakes of energy from fat and greater intakes of energy from 

carbohydrate and protein, calcium, vitamin D and servings of vegetables, fruit, and (mostly 

lower fat) dairy products compared to men with lower adherence to the Prudent dietary 

pattern (Table 2 (a) and Online Resource 3). Men with greater adherence to the Western 

dietary pattern had lower intakes of energy from carbohydrate and protein and lower intake 

of fruit, but greater intakes of energy from fat, calcium, vitamin D, vegetables, and (mostly 

higher-fat) dairy products compared to men with lower adherence to the Western dietary 

pattern (Table 2 (b) and Online Resource 3). In addition, there were significant differences in 
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TEI across quartiles of both dietary patterns, with the highest quartiles consuming 

significantly more energy than the lowest quartiles (Table 2).

Box plots depicting unadjusted associations between BMD and quartiles of each dietary 

pattern are presented in Fig. 2. Adjusted associations between quartiles of the Prudent 

dietary pattern and %ΔBMD at the total hip are presented in Table 3 (a). There was a 

significant inverse association between adherence to the Prudent pattern and total hip 

%ΔBMD in model 1, which adjusted for age and clinic site. This association was attenuated 

after further adjustment for smoking calcium supplement use, self-reported hypertension, 

and self-reported diabetes (model 2) but regained significance when the multivariate model 

was adjusted for TEI (model 3). Associations between quartiles of the Prudent dietary 

pattern and femoral neck %ΔBMD are presented in Table 3 (b), and associations between 

quartiles of the Western dietary pattern and %ΔBMD are presented in Table 4. These 

associations were inconsistent and did not reach statistical significance.

Discussion

As we hypothesized, the two major dietary patterns derived from this cohort were similar to 

the Prudent and Western dietary patterns described in previous studies [11, 12]. In the 

present study, the Prudent dietary pattern loaded most heavily in vegetables and non-fried 

fish, and the Western dietary pattern had highest factor loadings for red and processed meats, 

cheese, fats, and sweets. In partial support of our hypothesis, there was a modest association 

between adherence to the Prudent dietary pattern and attenuated total hip BMD loss 

(%ΔBMD). Contrary to our hypothesis, the Prudent dietary pattern was not significantly 

associated with %ΔBMD at the femoral neck, and the Western dietary pattern was not 

associated with %ΔBMD at the total hip or femoral neck. The observational nature of these 

data preclude establishment of a causative relationship, but our results support adherence to 

a Prudent dietary pattern as a potential lifestyle strategy for minimizing total hip bone loss in 

older men.

The synergistic effects of antioxidants in fruit and vegetables [28] and other nutrients for 

bone health [29] have been previously described; therefore, we speculate that the high factor 

loadings of vegetables and non-fried fish in the Prudent dietary pattern may have contributed 

to reduced total hip BMD decline in the present analysis in a multifactorial manner. Key 

micronutrients for bone health that are found in vegetables include potassium, magnesium, 

vitamin C, vitamin K, lycopene, folate, and carotenoids [6, 30]. Antioxidants in vegetables 

reduce oxidative stress, which has been shown to increase bone turnover and to be negatively 

associated with BMD [31]. Intake of vegetables may also provide potassium and bicarbonate 

to buffer excess dietary metabolic acids, promote a pH range conducive to calcium balance, 

reduce bone turnover, and improve bone mineral accretion and BMD [32–35]. Additionally, 

high-fiber foods such as vegetables may enhance the diversity of gut microbiota and 

subsequently increase absorption of calcium and magnesium [36]. Calcium is also present in 

vegetables such as spinach but may have limited bioavailability due to binding by oxalates 

[37, 38]. The polyunsaturated fatty acids (PUFA) present in fish have known anti-

inflammatory effects and are involved in calcium homeostasis and bone metabolism [39]; 
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PUFA intake has also been associated with lower risk of fracture in some [40, 41] but not all 

studies [42].

To our knowledge, the present study is the first to report associations between dietary 

patterns derived by factor analysis with %ΔBMD in a cohort of older men in the USA. Our 

results are in alignment with a recent scoping review which concluded that a “healthy” 

dietary pattern (rich in fruit, vegetables, whole grains, poultry, fish, nuts, legumes, and low-

fat dairy and low in soda, fried food, meat, processed foods, refined grains, and sweets) 

appears beneficial to bone health [6]. However, in contrast to the null results between the 

Western dietary pattern and % ΔBMD in our analysis, this review concluded that a Western 

dietary pattern is potentially detrimental to bone [6]. Differences in statistical methodology 

and participant populations make it challenging to directly compare results of the present 

analysis with other studies that have examined dietary patterns and bone outcomes.

Among other studies using factor analysis, a dietary pattern high in fruit and vegetables, 

whole grains, dairy, and nuts was positively associated with BMD of the whole leg, whole 

pelvis, lumbar spine, and whole body in middle-aged Korean men [9], and a dietary pattern 

rich in legumes, seafood, seeds, nuts, wine rice, and vegetables was positively associated 

with BMD at the lumbar spine and total hip in Australian women [43]. In the Canadian 

Multicenter Osteoporosis Study, greater adherence to a nutrient-dense (Prudent) dietary 

pattern was associated with higher BMD in younger men after adjustment for BMI; 

however, there were no consistent relationships between dietary patterns and BMD without 

adjusting for BMI [12].

In studies of other bone outcomes besides BMD, greater adherence to a Prudent diet was 

associated with reduced bone resorption (C-telopeptide of type 1 collagen, CTX) in 

Canadian women, as well as increased 25-hydroxy vitamin D (25[OH]D) and reduced 

parathyroid hormone (PTH) in Canadian men, whereas greater adherence to a Western diet 

was associated with increased bone-specific alkaline phosphatase (BSAP) and reduced 

25(OH)D in women and increased CTX in men [7]. Also in the Canadian population, the 

Prudent dietary pattern was associated with reduced risk of fractures in men and women, 

independent of BMI, BMD, falls, and demographics, but the Western pattern was not related 

to fracture risk [11]. Interestingly, among elderly Japanese men and women, a dietary pattern 

high in vegetables, seaweed, mushrooms, and soy was associated with an increased risk of 

fracture, and a there was a trend for reduced fracture risk with a dietary pattern high in 

chicken, pork, beef, processed meat, and seafood [44]. Furthermore, there were no 

associations between the Prudent or Western dietary patterns and risk of hip fractures study 

in women enrolled in the Nurses’ Health Study and men in the Health Professionals Follow-

up Study [14].

In the present analysis, after adjustment for covariates related to lifestyle (smoking and 

calcium supplement use) and comorbidities (self-reported hypertension and diabetes), the 

association between adherence to the Prudent dietary pattern and total hip %ΔBMD was 

attenuated (Table 3 (a), model 2) but regained significance when TEI was added to the 

model (Table 3 (a), model 3). Supplement use is a marker of positive health behaviors [45], 

and calcium supplement use has been shown to attenuate BMD loss in older men [46], while 
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smoking has been established as a risk factor for bone loss and is likely a proxy of other 

unhealthy and unmeasured risk factors [47–50]. Associations between hypertension and 

bone loss [51], as well as diabetes and osteoporosis [52], have also been reported. Further 

research is needed to corroborate our observations and to elucidate potential biological 

mechanisms.

Our findings, particularly in light of the conflicting results reported in the literature, 

illustrate the complexity of studying diet-disease relationships in the context of realistic 

(rather than recommended) dietary patterns, the intricacy of nutrition and lifestyle factors in 

relation to health outcomes, the necessity of interpreting data with regard to population 

differences, and the need for additional research. The present analysis advances the field by 

informing of the associations between dietary intake patterns and %ΔBMD at the total hip 

and femoral neck over approximately 4 years in older, predominately white, American men. 

Furthermore, results support adherence to a Prudent dietary pattern for improved bone health 

in this population [6].

This study has a number of strengths. The MrOS cohort is well-characterized for dietary 

patterns, BMD, and numerous potentially confounding factors such as comorbidities and 

lifestyle habits. The same DXA machines were used at each visit, thus providing good 

quality control for BMD measurements. Advantages of factor analysis include the creation 

of a continuous variable, which provides increased power to examine diet-disease 

relationships, and the ability to examine dietary patterns that exist in free-living subjects 

without depending on preconceived ideas of diet-disease relationships [6, 43, 53]. However, 

factor analysis is exploratory and involves subjective decisions on handling the data, such as 

the eigenvalue cut-point, adjustment for BMI or total energy, and transformation of the data 

[53]. In addition, the factor analysis method is more difficult to reproduce compared to diet 

indices and scoring [6]. This study was also limited by the underrepresentation of minorities 

in MrOS cohort, as well as the use of a brief FFQ, which was approximately two thirds the 

length of a standard FFQ [44] and may have underestimated energy and macronutrients [14]. 

Despite these limitations, the present analysis addresses a current knowledge gap [54] as one 

of the few longitudinal, data-driven studies of dietary patterns and bone outcomes using 

factor analysis with exclusively older male participants.

In the future, dietary data from MrOS and other cohorts could be used to examine 

longitudinal associations with other musculoskeletal outcomes such as fracture incidence, 

bone turnover, muscle mass, and BMD ofthe hip (as well as lumbar spine) assessed by high-

resolution peripheral quantitative computed tomography (HRpQCT), rather than DXA. 

Direct, as well as indirect, causal pathways should also be further explored.

Conclusions

These results suggest that greater adherence to a Prudent dietary pattern (rich in vegetables 

and non-fried fish) is modestly associated with attenuated BMD loss (as measured by 

%ΔBMD) at the total hip in older men.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Recruitment and inclusion of participants. BMD, bone mineral density; TEI, total energy 

intake
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Fig. 2. 
Box plots of BMD and dietary patterns, unadjusted (n = 4379). a Percent change in total hip 

BMD by quartile of Western dietary pattern. b Percent change in total hip BMD by quartile 

of Prudent dietary pattern. c Percent change in femoral neck BMD by quartile of Western 

dietary pattern. d Percent change in femoral neck BMD by quartile of Prudent dietary 

pattern
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