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Legumes and meat analogues consumption are associated
with hip fracture risk independently of meat intake among
Caucasian men and women: the Adventist Health Study-2
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Abstract
Objective: In contrast to non-vegetarians, vegetarians consume more legumes and
meat analogues as sources of protein to substitute for meat intake. The present
study aimed to assess the association between foods with high protein content
(legumes, meat, meat analogues) by dietary pattern (vegetarians, non-vegetarians)
and hip fracture incidence, adjusted for selected lifestyle factors.
Design: A prospective cohort of Adventist Health Study-2 (AHS-2) enrollees who
completed a comprehensive lifestyle and dietary questionnaire between 2002
and 2007.
Setting: Every two years after enrolment, a short questionnaire on hospitalizations
and selected disease outcomes including hip fractures was sent to these
members.
Subjects: Respondents (n 33 208) to a baseline and a follow-up questionnaire.
Results: In a multivariable model, legumes intake of once daily or more reduced
the risk of hip fracture by 64 % (hazard ratio 5 0?36, 95 % CI 0?21, 0?61) compared
with those with legumes intake of less than once weekly. Similarly, meat intake of
four or more times weekly was associated with a 40 % reduced risk of hip fracture
(hazard ratio 5 0?60, 95 % CI 0?41, 0?87) compared with those whose meat intake
was less than once weekly. Furthermore, consumption of meat analogues once
daily or more was associated with a 49 % reduced risk of hip fracture (hazard
ratio 5 0?51, 95 % CI 0?27, 0?98) compared with an intake of less than once
weekly.
Conclusions: Hip fracture incidence was inversely associated with legumes intake
and, to a lesser extent, meat intake, after accounting for other food groups and
important covariates. Similarly, a high intake of meat analogues was associated
with a significantly reduced risk of hip fracture.
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In 2009, the rate of hip fracture per 100 000 person-years
among US Caucasian men and women 651 years of age
was 524?9 and 1088?7, respectively(1). However, while hip
fracture accounts for about 14 % of all fractures, it
accounts for nearly 75 % of total fracture costs(1). By 2025,
the burden of incident osteoporosis-related fractures and
costs are projected to increase by almost 50 %(2).

Findings from a meta-analysis suggest that the pro-
portion of bone mineral density attributable to dietary
protein intake is 1–2 %(3). A slight positive association
between protein supplement and lumbar bone mineral
density was observed from this pooled analysis. However,
there was no significant association between dietary
protein and hip fracture(3). Up until now, the association

between dietary protein and the risk of hip fracture
remains inconclusive(3–6).

According to the food guide pyramid, two or three
daily servings of legumes or meat intake are recom-
mended as sources of protein(7). The source of dietary
protein differs significantly between vegetarians and
non-vegetarians. Vegetarians acquire protein from foods
such as meat analogues (i.e. gluten, soya products),
legumes and dairy. Among omnivores, a high percentage
of protein comes from meat, poultry and fish. The fact
that one-half of our study population in the Adventist
Health Study-2 (AHS-2) are vegetarians (meat/fish less
than once weekly) provides a unique opportunity to
examine the influence of two food patterns (vegetarian or
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