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Abstract: Background: This study was aimed at evaluating the associations between frequency of meat food in-
take and osteoporosis (OP) in general Chinese postmenopausal women. Methods: We conducted a large-scale,
community-based, cross-sectional study to investigate the associations by using self-report questionnaire to access
frequency of meat food intake. The total of 1905 participants was available to data analysis in this study. Multiple
regression models controlling for confounding factors to include frequency of meat food intake variable were per-
formed to investigate the relationships for OP. Results: Positive correlations between frequency of meat food intake
and T-score were reported (B = 0.12, P value < 0.001). Multiple regression analysis indicated that the frequency
of meat food intake was significantly associated with OP (P < 0.1 for model 1 and model 2). The postmenopausal
women with high frequency of meat food intake had a lower prevalence of OP. Conclusion: The findings indicated
that frequency of meat food intake was independently and significantly associated with OP. The prevalence of OP

was less frequent in Chinese postmenopausal women preferring meat food habits.
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Introduction

Osteoporosis (OP) is a progressive systemic
bone disease characterized by low bone mass
and micro-architecture deterioration of bone
tissue. Decreased bone mass and bone dam-
age lead to increased bone fragility and facture
[1]. As the global older population increases,
the prevalence of OP and the incidence of
osteoporosis-related fractures is becoming a
major social and medical concern [2]. There is
higher prevalence of OP among postmenopaus-
al women and the elderly [3]. In the United
States and Europe, more than 30% of post-
menopausal women have OP [4]. Ho et al.
reported that the prevalence of OP was as high
as 60% in Chinese postmenopausal women
[5].

Generally, primary prevention is the most cost-
effective approach for managing common dis-
eases. Modifiable lifestyle factors such as diet,
exercise, smoking, and alcohol consumption
are important in preventing or deterring the

development of OP and reducing the risk of
osteoporosis-related fractures [6, 7]. Diet fac-
tors play a key role in the maintenance of opti-
mal bone health [8]. Numerous studies have
shown meat consumption is associated with
cardiovascular diseases [9, 10] and certain can-
cers [11]. Several studies indicated that fre-
quency of meat consumption was associated
with bone mass and fracture rates in humans
[12-14]. However, other studies reported no sig-
nificant associations between meat consump-
tion and the outcome [15, 16]. The associations
between meat consumption and OP are con-
troversial.

Moreover, little is known about the relationship
between meat consumption and outcomes in
Chinese postmenopausal women. Thus, the
main purpose of the present study was to evalu-
ate the extent to which meat consumption was
associated with OP among Chinese postmeno-
pausal women by using self-reported question-
naire applied to a large-scale sample.
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Table 1. Baseline characteristics of subjects

Frequency of meat food intake”

Variable Total sample P value
Group 1 Group 2 Group 3 Group 4
Demographical information
N 1905 199 857 527 322
Age 62.39+8.99 63.96+9.59 62.93+8.99 61.92+8.96 60.76+8.34 < 0.001
Height 156.35+5.71 155.64+4.96  156.941+5.67 155.07+6.46 156.2+5.94 0.714
Weight 58.85+8.47 57.82+7.91 58.9+7.07 60.5+£12.37 57.9+9.2 0.834
Lifestyle
Education 254 (13.33%) 19 (9.55%) 120 (14%) 55 (10.44%) 60 (18.63%) < 0.001
Exercise 1364 (71.6%) 134 (67.34%) 630 (73.51%) 375(71.16%) 225(69.88%) 0.279
Smoking 15 (0.79%) 2 (1.01%) 8 (0.93%) 4 (0.76%) 1 (0.31%) 0.572
Drink 40 (2.1%) 5(2.51%) 25 (2.92%) 6 (1.14%) 4 (1.24%) 0.210
Oil 19.14+9.05 18.37+8.07 19.14+9.11 19.04+9.05 19.78+9.45 0.375
Medical history
HTN 837 (44.57%) 89 (45.41%) 391 (46.27%) 228(43.93%) 129(40.57%) 0.362
CAD 183 (10.03%) 13 (6.67%) 89 (10.8%) 48 (9.6%) 33 (10.78%) 0.350
DM 214 (11.47%) 25 (12.63%) 86 (10.29%) 61 (11.91%) 42 (13.17%) 0.491
RA 105 (5.71%) 16 (8.12%) 43 (5.19%) 30 (5.95%) 16 (5.18%) 0.431
Therapy history
Vitamin C 247 (12.97%) 30 (15.08%) 121 (14.12%) 50 (9.49%) 46 (14.29%) 0.045
Vitamin D 78 (4.09%) 6 (3.02%) 35 (4.08%) 22 (4.17%) 15 (4.66%) 0.912
Outcome
T-score -1.86+0.74 -1.97+0.74 -1.9+0.74 -1.81+0.72 -1.78+0.78 0.003
OoP 539 (28.29%) 61 (30.65%) 262 (30.57%) 127 (24.1%) 89 (27.64%) 0.061

Note: “Frequency of meat food intake were categorized by group 1: seldom, group 2: once or twice per week, group 3: once per 2 days, and group
4: always; HTN-hypertension, CAD-coronary artery disease, DM-diabetes mellitus, RA-Rheumatoid arthritis, OP-Osteoporosis.

Methods
Study population

We performed a risk-factor study for OP using a
random sample of the Chinese population.
Participants were recruited from rural and
urban communities in Shanghai. Participants
aged 30-90 years were included in this study.
More than 2,000 postmenopausal women
were invited to a screening visit between 2011
and 2014. Written consent was obtained from
all patients before the study, which was perfor-
med in accordance with the ethical standards
in the Declaration of Helsinki, and approved by
the Medicine Ethical Committee of the Chang-
feng Healthcare Center. Some participants with
chronic diseases and conditions that might po-
tentially affect bone mass, structure, or metab-
olism were excluded. Briefly, the exclusion crite-
ria were as follows: a history of 1) serious resid-
ual effects of cerebral vascular disease; 2)
serious chronic renal disease (Glomerular
filtration rate-GFR < 30 mL/min/1.73 m?); 3)
serious chronic liver disease or alcoholism; 4)

21131

significant chronic lung disease; 5) corticoste-
roid therapy at pharmacologic levels; 6) evi-
dence of other metabolic or inherited bone dis-
ease, such as hyper- or hypoparathyroidism,
Paget disease, osteomalacia, or osteogenesis
imperfecta; 7) recent (within the past year)
major gastrointestinal disease, such as peptic
ulcer, malabsorption, chronic ulcerative colitis,
regional enteritis, or significant chronic diar-
rhea; 8) Cushing syndrome; 9) hyperthyroidism;
and 10) any neurologic or musculoskeletal con-
dition that would be a non-genetic cause of low
bone mass.

Data collection

All study subjects underwent complete clinical
baseline characteristics evaluation, which
included a physical examination and response
to a structured, nurse-assisted, self-adminis-
trated questionnaire to collect information on
age, gender, residential region, visit date, family
history, lifestyle, dietary habits, physical activi-
ty level during leisure time, use of vitamins and
medications, smoking, alcohol consumption,
and self-reported medical history. Body weight
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Table 2. Univariate linear regression analysis for associations

among variables and T-score

issues based on their impressions:
1) whether or not the consumed
meat were actually fish; and 2) the

Variable B SE Pvalue 95% Cl for

Age 10.033 0002 <0001 -0.036-0.020  (requency with which they con-
Height 0.019 0015 0195 -0.01-0.048 sumed meat foods.

Weight -0.002 0.01 0.836 -0.022-0.018 The study outcomes

Education 0.088 0.014 <0.001 0.06-0.116

Exercise 0.063 0.038 0.096 -0.011-0.137 The bone mineral density (BMD g/
Smoking -0.09 0.093 0.333 -0.273-0.093 cm?) was measured at calcaneus
Drink 0.031 0.059 0.592 -0.084-0.147 by standardized quantitative ultra-
HTN -0.045 0.035 0.196 -0.112-0.023 sound (QUS, Hologic Inc., Bedford,
CAD -0.116 0.058 0.048 -0.23-0.001 MA, USA) utilizing T-scores based
DM 0.039 0.054 0.467 -0.067-0.146 on WHO criteria [17], which were
Gout 0235 0249 0346 -0.723-0.253  obtained from the automated
RA 0433 0075 0075 -0.2790013  °duipment. T-score refers to the
Vitamin C 0114 0.051 0.024 -0.213-0.015 ratio between patient’s BMD and
o that of young adult population of
Vitamin D -0.058 0.085 0.5 -0.225-0.11 same sex and ethnicity. T-score of
Frequency of meat intake 0.12 0.034 <0.001 0.053-0.187

> -1 was taken as normal, between

Note: HTN-hypertension, CAD-coronary artery disease, DM-diabetes mellitus,

RA-Rheumatoid arthritis.

and height were measured according to a stan-
dard protocol. Smoking and alcohol consump-
tion were categorized as never, current (smok-
ing or consuming alcohol regularly in the past 6
months), or ever (cessation of smoking or alco-
hol consumption for more than 6 months).
Regular exercise was defined as any kind of
physical activity 3 or more times per week.
Education was commonly divided into four stag-
es: preschool, primary school, secondary
school, and college. Self-reported medical and
therapy history was categorized as “no” or
“yes.” HTN was defined as blood pressure >
140/90 mmHg, or a history of hypertension
medication. Diabetes mellitus (DM) was defined
by oral glucose tolerance test (OGTT) and either
HbAlc > 6.5% or the use of insulin or hypoglyce-
mic medications.

Dietary habits, including consumption of meat
food was evaluated by a semi-quantitative food
frequency questionnaire (group 1: seldom, grou-
p 2: once or twice per week, group 3: once per
2 days, and group 4: always). To determine fre-
quency of fish food preference, the participants
were asked, “How often you eat meat food?”
The possible answers were: “seldom,” “once or
twice per week,” “once every 2 days,” or
“always,” and the answers were taken as a sub-
jective assessment. To answer the question,
the participants were required to decide two
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-1 and -2.5 osteopenic and < -2.5
as osteoporotic. Daily calibration
was performed during the entire
study period by a trained technician. The coef-
ficients of variation of the accuracy of the QUS
measurement were 0.9%. The QUS technology
is less expensive, portable and also has the
advantage of not using ionising radiation, so it
is safer than dualenergy X-ray absorptiometry
(DEXA).

Statistical analysis

Continuous variables were analyzed to deter-
mine whether they followed normal distribu-
tions, using the Kolmogorov-Smirnov Test.
Variables that were not normally distributed
were log-transformed to approximate a normal
distribution for analysis. Results are described
as mean * SD or median, unless stated other-
wise. Differences in variables among subjects
grouped by frequency of meat food intake were
determined by one way analysis of variance.
Among groups, differences in properties were
detected by x? analysis. Univariate regression
analysis was performed to determine variables
associated with outcomes (T-score or OP), and
to estimate confounding factors possibly dis-
turbing the relation of frequency of fish food
intake to outcomes (T-score or OP). For the
associations analysis, there model have been
developed. In model 1, frequency of meat food
intake was categorized by group 1: seldom,
group 2: once or twice per week, group 3: once

Int J Clin Exp Med 2015;8(11):21130-21137
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Figure 1. Comparison of T score among groups according to frequency of meat food intake. A: The results of com-
parison of T-score among groups according to Model 1 (Model 1: frequency of meat food intake were categorized by
group 1: seldom, group 2: once or twice per week, group 3: once per 2 days, and group 4: always). The mean T-score
was -1.96, -1.90, -1.81 and -1.78 in the four groups, respectively. There were significantly differences among the
four groups (P value = 0.003). B: The results of comparison of T-score between groups according to Model 2 (Model
2: frequency of meat food intake was categorized by low frequency and high frequency groups). The mean T-score
was -1.92 and -1.80 in the two groups, respectively. There were no significantly differences between the two groups

(P value < 0.001).

per 2 days, and group 4: always. In model 2:
frequency of meat food intake was categorized
by low frequency and high frequency groups.
Tests were two-sided, and a P-value of < 0.05
was considered significant. Multivariable
regression (MR) was performed to control
potential confounding factors and determine
the independent contribution of variables to
outcomes (T-score or OP). Under MR models,
tests were two-sided, and a P-value of < 0.1
was considered significant. Results were ana-
lyzed using the Statistical Package for Social
Sciences for Windows, version 16.0 (SPSS,
Chicago, IL, USA). Odds ratios (OR) with 95%
confidence intervals (Cl) were calculated for the
relative risk of frequency of fish food intake
with the outcome of OP.

Results
Clinical characteristics of subjects

The clinical baseline characteristics of the
1905 Chinese postmenopausal women are
listed in Table 1. In the total sample, the mean
age was 62.39 years. The minority proportions
of subjects having current smoking and alcohol
habits were reported (0.79% and 2.10% for
smoking and drink intake, respectively). The
prevalence of HTN, coronary artery disease
(CAD), DM and Rheumatoid arthritis (RA) were
45.57%, 10.03%, 11.47%, and 5.71%, respec-
tively. An average T-score of -1.86 was reported
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and the prevalence of OP was 28.29% in our
study sample. There were significant differenc-
es in age and education among groups accord-
ing to frequency of fish food intake (P value <
0.05 for all). Significant differences in T-Score
and the prevalence of OP among the four
groups were reported (P value = 0.003 for
T-score and 0.045 for the prevalence of OP).

Univariate analysis for T-score and OP

Univariate linear regression analyses were
developed to include demographical informa-
tion, medical history, and lifestyle to estimate
the association of various clinical factors and
Tscore (Table 2). The variables age, education,
Vitamin C supplement and meat food prefer-
ence were significantly associated with the
T-score (P < 0.05 for all).

The comparison of T-scores among groups
according to Model 1 revealed that the mean
T-score was -1.96, -1.90, -1.81 and -1.78 in the
four groups, respectively (Figure 1A). There
were significant differences among the four
groups (P value = 0.003). Additionally, there
were significant differences among groups
according to model 2 (Figure 1B, P value <
0.001), univariate analysis demonstrated a
positive correlation between frequency of meat
food intake and T-score. Univariate logistic
analyses were performed to evaluate associa-
tions with OP. The results indicate that age,

Int J Clin Exp Med 2015;8(11):21130-21137
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Table 3. Univariate logistic regression analysis for associations

confounding factors, the mul-

among variables and osteoporosis tivariate logistic regression
Variable B SE Pvalue OR  95.0%Cl analyses detected significant
Age 0.099 0007 0 1104 1.09-1.119 associations (P-value = 0.087
Height 0.008 0.05 0.871 1.008 0.914-1.112 gfggnloffr' nfo daenlePT;ab'IZes;
Weight 0.005 0.033 0.886 1.005 0.941-1.073 In participants with high fre-
BMI 0 008 1 1 0847118 quency of meat food intake,
Education -0.24 0.044 0 0.787 0.722-0.858 the OR for OP was 0.827 in
Exercise -0.236 0111 0.033 0.79 0.636-0.981 model 1 (95% Cl: 0.669-
Smoking 0.03 0.276 0.913 1.031 0.601-1.769 1.024).

Drink 0193 0.192 0.315 0.824 0.565-1.202 _ _

HTN 0.31 0.103 0.003 1.364 1.114-1.668 Discussion

CAD 0.498 0.162 0.002 1.646 1.1982.26 This is a large-scale, commu-
DM 0178 0.157 0.255 1195 0.879-1.625 nity-based, cross-sectionalstu-
Gout 0.705 0.673 0.295 2.023 0.541-7.562 dy to investigate associations
RA 0.48 0.208 0.021 1.616 1.075-2.429 between meat consumption
Vitamin C 0.314 0145 0.03 1369 1.03-1.817 and OP in Chinese postmeno-
Vitamin D 0.492 0.237 0.038 1.636 1.0282.603 pausal women. We examined
Frequency of meat intake -0.256 0.103 0.013 0.774 0.632-0.948  more than 2000 Chinese

Note: HTN-hypertension, CAD-coronary artery disease, DM-diabetes mellitus, RA-

Rheumatoid arthritis.

education, HTN, CAD, RA, Vitamin C, Vitamin D
and frequency of meat intake were significantly
associated with OP (P value < 0.05 for all, Table
3). The comparison of prevalence of OP among
groups according to model 1 reported that the
prevalence of OP was 31.16%, 30.57%, 23.91%
and 27.64% in the four groups, respectively
(Figure 2A). There were significant differences
among the four groups (P value = 0.045).
Significant differences among groups accord-
ing to model 2 were also reported (Figure 2B, P
value = 0.013 for model 2). Univariate analysis
demonstrates a negative correlation between
frequency of meat food intake and OP.

Multiple variable analyses for T-score and OP

Multivariate linear regression analyses were
developed to include frequency of meat food
intake and the outcome of T-score. After adjust-
ment for relevant potential confounding fac-
tors, the multivariate linear regression analy-
ses detected significant associations (B =
0.032, P-value = 0.090, 95% ClI: -0.005-0.069
for model 1; and B = 0.060, P-value = 0.068,
95% CI: 0.004-0.124 for model 2, Table 4).
Multivariate logistic regression analyses were
employed to evaluate the association between
frequency of meat food intake and the OP out-
come. After adjustment for relevant potential
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postmenopausal women with
varying meat consumption to
investigate whether frequen-
cy of meat consumption
affects OP. The results showed a moderate
prevalence of OP inadequacy across all age
groups among women with high meat con-
sumption. Some studies have shown that more
than 60% of Chinese postmenopausal women
have OP leading to low bone mass and bone
fragility and facture, which increased mortality
and concomitant morbidity and reduced quality
of life [B].

In this study, we found that meat consumption
was strongly, independently, and significantly
associated with OP in Chinese postmenopaus-
al women. Results of univariate and multiple
variable analysis provided evidence to support
this finding (P-value < 0.01 for all analyses). Our
findings were consistent with other studies that
reported meat was associated with OP. Zalloua
et al. investigated environmental determinants
of BMD by using multiple regression models in
a rural Chinese population and revealed the
role of dietary intake in general [14]. They
showed that specific foods, such as fruits and
seafood, can positively impact BMD. A 3-year,
randomized, placebo-controlled trial was con-
ducted among 342 healthy men and women to
determine whether supplemental calcium citra-
te malate and vitamin D influence associations
between protein intake and change in BMD
[18]. The findings indicated that increasing pro-

Int J Clin Exp Med 2015;8(11):21130-21137
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Figure 2. Comparison of prevalence of osteoporosis among groups according to frequency of meat food intake. A:
The results of comparison of prevalence of osteoporosis among groups according to Model 1 (Model 1: frequency
of meat food intake were categorized by group 1: seldom, group 2: once or twice per week, group 3: once per 2
days, and group 4: always). The prevalence of osteoporosis was 31.16%, 30.57%, 23.91% and 27.64% in the four
groups, respectively. There were significantly differences among the four groups (P value = 0.045). B: The results of
comparison of prevalence of osteoporosis between groups according to Model 2 (Model 2: frequency of meat food
intake was categorized by low frequency and high frequency groups). The prevalence of osteoporosis was 30.68%
and 25.32% between the two groups, respectively. There were significantly differences between the two groups (P

value = 0.013).

Table 4. Multiple variables linear regression analysis for the associations between frequency of meat

food intake and T score

Model Variable B SE P value 95% Cl for B
Model 1 Frequency of meat food intake 0.032 0.019 0.090 -0.005-0.069
Model 2 Frequency of meat food intake 0.060 0.033 0.068 0.004-0.124

Note: Model 1: frequency of meat food intake were categorized by group 1: seldom, group 2: once or twice per week, group 3:
once every 2 days, and group 4: always; Model 2: frequency of meat food intake were categorized by low frequency and high
frequency groups; and all models adjusted for age, smoking, alcohol intake, education, exercise and medical history.

Table 5. Multiple variables logistic regression analysis for associations between frequency of meat

food intake and osteoporosis

Model Variable B S.E. P value OR 95% Cl
Model 1 Frequency of meat food intake -0.103 0.060 0.087 0.902 0.802-1.015
Model 2 Frequency of meat food intake -0.189 0.109 0.081 0.827 0.669-1.024

Note: Model 1: frequency of meat food intake were categorized by group 1: seldom, group 2: once or twice per week, group
3: once per 2 days, and group 4: always; Model 2: frequency of fish meat intake were categorized by low frequency and high
frequency groups; and all models adjusted for age, smoking, alcohol intake, education, exercise, medical and therapy history.

tein intake may have a favorable effect on
change in BMD in older subjects who were sup-
plemented with calcium citrate malate and vita-
min D. Promislow et al. investigated the asso-
ciations of total animal and vegetable protein
with BMD and variations in these associations
with calcium intake in a community-dwelling
cohort [19]. The data suggested a protective
role for dietary animal protein in the skeletal
health of elderly women. Devine and his col-
leagues conducted a cross-sectional and longi-
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tudinal study of a population-based sample of
1077 elderly women to study the relation
between protein consumption and bone mass
in elderly women with allowance for other life-
style factors that affect bone metabolism [20].
The findings suggested that protein intake for
elderly women above the current recommenda-
tions may be necessary to optimize bone mass.

In contrast, other studies have shown different
results. Sellmeyer et al. conducted a prospec-

Int J Clin Exp Med 2015;8(11):21130-21137
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tive cohort study with a mean of 7.0 years of
follow-up to explore whether a high dietary ratio
of animal to vegetable foods increases bone
loss and the risk of fracture among 1035 com-
munity-dwelling white women [16]. This study
revealed that an increase in vegetable protein
intake and a decrease in animal protein intake
may decrease bone loss and the risk of hip
fracture. Hannan et al. examined the relation
between baseline dietary protein and a subse-
quent 4-year change in BMD for 391 women
and 224 men from the population-based
Framingham Osteoporosis Study [15]. This
study suggested that protein intake was impor-
tant in maintaining bone or minimizing bone
loss in older individuals; however, higher animal
protein intake does not appear to affect the
skeleton adversely in this older population. This
possibility should be confirmed in other pro-
spective studies and tested in a randomized
trial. Although there was debate about whether
meat consumption has correlations with OP,
our study offered evidence that meat consump-
tion was strongly, independently, and signifi-
cantly associated with OP in Chinese post-
menopausal women. Our findings can help phy-
sicians understand more about the importance
of diet for the prevention of OP, especially the
consumption of meat. In addition, our findings
suggest that moderate increased meat con-
sumption may be an efficient method for pre-
venting OP.

Meat foods include not only protein but are also
richin phosphorus and magnesium. Prospective
studies showed that individuals with the high-
est protein intake have the slowest rate of bone
loss [15, 19]. An increase in dietary protein is
also known to increase circulating levels of
insulin-like growth factor 1 (IGF-1), and con-
versely, a low-protein diet decreases IGF-1 [21].
IGF-1 is a key mediator of bone growth [22].
Magnesium (Mg) influences mineral metabo-
lism indirectly through a role in ATP metabolism
and as a cofactor for more than 300 proteins,
the calciotropic hormones and 1,25(0H)2D. Mg
also influences bone health with direct effects
on bone quality, such as decreasing hydroxy-
apatite crystal size and thus preventing larger,
more perfect mineral crystals that can lead to
brittle bone [23]. Higher meat consumption
was associated with improvements in BMD and
skeletal metabolism in older individuals [24].

This study has several limitations. First, our
analysis was restricted to postmenopausal
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women; thus, the findings are not generalizable
to premenopausal women. Additionally, our
study, based on a community-based data from
eastern China between 2011 and 2014,
requires more geographic representations in a
larger sample. Finally, the study’s sample was
composed entirely of Chinese postmenopausal
women, which thus limits the generalizability of
our results.

In conclusion, our findings suggested that fre-
quency of meat consumption was independent-
ly and significantly associated with OP. The
prevalence of OP was less frequent in Chinese
postmenopausal women who preferred meat
food. This study suggests that a change in meat
consumption might be beneficial in the preven-
tion of OP in Chinese postmenopausal women.
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