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Abstract

Background: Evidence suggesting that a diet high in fruits and vegetables may be
beneficial to bone health has sparked interest in the potential benefit of a vege-
tarian diet. However, other studies have raised a question regarding the adequacy
of protein in such a diet.
Objective: The aim of the present study was to take a whole foods approach in
examining the effects of foods high in protein on the risk of wrist fracture (WF) in
a cohort with a significant proportion consuming a meat-free diet.
Design: A cohort study of women who completed two lifestyle surveys 25 years
apart.
Subjects: One thousand eight hundred and sixty-five peri- and postmenopausal
women at the time of the first survey.
Results: There was a significant interaction between meat consumption and foods
high in vegetable protein. Among vegetarians, those who consumed the least
vegetable protein intake were at highest risk for fracture. However, increasing
levels of plant-based high-protein foods decreased WF risk, with a 68% reduction
in risk (hazard ratio (HR) 5 0.32, 95% confidence interval (CI) 0.13–0.79) in the
highest intake group. Among those with lowest vegetable protein consumption,
increasing meat intake decreased the risk of WF, with the highest consumption
decreasing risk by 80% (HR 5 0.20, 95% CI 0.06–0.66).
Conclusions: The finding that higher consumption frequencies of foods rich in
protein were associated with reduced WF supports the importance of adequate
protein for bone health. The similarity in risk reduction by vegetable protein
foods compared with meat intake suggests that adequate protein intake is
attainable in a vegetarian diet.
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Wrist fracture (WF) is the most commonly occurring

fracture in women under 75 years of age in the USA and

northern Europe1. The estimated lifetime risk of WF in

women is 16%. Interestingly, this type of fracture occurs

typically in women who are in good health and active,

often reporting that they walk briskly1. Although the

medical sequelae and economic burden of WF are not as

serious as for hip fracture, the occurrence of WF is

associated with increased risk of a subsequent fracture at

the hip in both men and women2. Thus there is an

increasing interest in identifying modifiable risk factors, as

demonstrated by the growing number of studies on WF

over the past 15 years1,3–9.

The potential for diet to protect against low-energy

fractures has been investigated for more than 40 years10.

Most of the attention in research and public health efforts

has been directed towards the role of calcium, dairy foods

and vitamin D in bone health. More recently recom-

mendations to consume a diet rich in fruits and vege-

tables as a preventive measure against risk of low-energy

fractures has been given with increasing frequency in

reviews of diet and bone health11,12. Fruits and vegetables

are key dietary sources of magnesium, potassium, vitamin

C, vitamin K and folate, adequate quantities of which

have been associated with higher bone mineral density

(BMD), decreased bone loss with ageing or reduced risk
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of fracture12,13. Protein8,14, total fat15, monounsaturated

fat16, polyunsaturated fatty acids17, phyto-oestrogens18,

vitamin A19 and vitamin B12
20 have also been implicated

as factors affecting risk of osteoporosis and fragility

fractures.

Along with the health promotional message regarding

the importance of fruits and vegetables in the diet, there is

an increasing interest in the potential benefits of a vege-

tarian diet for bone health. However, little is known about

the effects of vegetarian diets on risk of a low-energy

fracture of any kind. Because a number of studies have

observed that vegetarians consume a diet lower in protein

than omnivores21–23, some have been concerned that a

vegetarian diet may not provide an adequate intake of

protein for bone health. Thus the focus of the present

study was to examine the effects of foods high in protein

and the effect of an absence of meat in the diet relative to

low-energy WF. The study participants were peri- and

postmenopausal women in a cohort of white female

Seventh-day Adventists (SDAs) who completed two life-

style questionnaires, the first of which was administered

in 1976 and the second being initiated in 2002.

Methods and materials

Adventist Health Study 1 (1976–1988)

The first Adventist Health Study (AHS-1) was a pro-

spective cohort study designed to examine the risk of

cancer, coronary heart disease and mortality among non-

Hispanic white SDAs, a population that encourages

adoption of a healthy lifestyle. A census of the SDA

membership was undertaken to identify all non-Hispanic

whites residing in California in 1974, to which 59 081

members responded. In 1976–1977, a lifestyle ques-

tionnaire (I) was sent to the census respondents who

were 25 years and older. The 34 198 respondents to the

questionnaire formed the cohort, which was followed for

12 years. The details of the census and the AHS-1 have

been described elsewhere24. This study cohort includes a

fairly wide range of meat intake as well as a substantial

segment (approximately 50%) that adheres to a vege-

tarian diet, which offers a unique opportunity to study

bone health relative to a wide range of dietary practices.

Adventist Health Study 2 (2002–date)

The purpose of the second Adventist Health Study (AHS-

2) is to extend the investigation of the effects of lifestyle

choices on health in black as well as a larger number of

white members of the SDA church throughout the USA

and Canada. Recruitment efforts among the church

membership have included announcements and media

presentations at weekly church services, advertisements

in SDA periodicals, brochures, and interviews on SDA

television networks. Interested members who turned in

an enrolment card and were 35 years or older received

the lifestyle questionnaire (II). The 5-year (2002–2006)

recruitment campaign was to be carried out across the

country in phases, with the earliest phase including the

churches in the state of California. By the summer of

2004, it was determined that the campaign in California

was largely complete.

Record linkage

In an effort to identify respondents who may have parti-

cipated in both the first and second lifestyle surveys, the

AHS-2 lifestyle questionnaire asked if the respondent

recalled participating in the 1976 survey. A request for a

maiden name and the last name that was used in 1983

(the last annual follow-up of AHS-1) was also made of

female respondents. A matching process involving several

steps was developed to link the appropriate records from

the AHS-1 and AHS-2 surveys, since the AHS-1 survey did

not have a common numerical identifier such as a social

security number. Ultimately 14 variables were used to

determine a match of records: first, middle and last name;

month, day and year of birth; state or country of birth;

recalled age at baptism into the church; recalled partici-

pation in AHS-1; marital status; maiden name; last name

used in 1982; birth year of first child; and last name of

contact person. A number of computerised algorithms

using the first 10 of these variables were developed and

employed to identify potential matches of women parti-

cipating in the two studies. All lists of potential matches

identified in this manner were individually reviewed by

one of the authors (D.L.T.) to identify highly probable

matches. Pairs differing on more than one critical variable

were subsequently reviewed by a panel of three mem-

bers. The final determination by consensus was reached

with the aid of information on the last five variables. The

final number of matching records on females who

responded to both the AHS-1 and AHS-2 questionnaires

was 3209.

In this cohort of women, 1406 were menopausal at

baseline (1976). This included women who experienced

surgical menopause as early as age 25 years, as well as

those experiencing early but natural menopause. Another

459 women were not yet menopausal but were 45 years

of age or older. They were considered perimenopausal in

that age 45 was two standard deviations below the cur-

rent mean age for menopause in AHS-2. This is consistent

with the definition for the perimenopausal period used in

other studies1,5. Together, the total of 1865 women

comprised the study population.

Baseline data collection

The AHS-1 lifestyle questionnaire provided baseline

demographic and lifestyle data on education, body mass

index (BMI), practitioner-diagnosed medical conditions

Effects of meat consumption and vegetarian diet on wrist fracture risk 565

Downloaded from https://www.cambridge.org/core. 09 Mar 2022 at 15:51:37, subject to the Cambridge Core terms of use.

https://www.cambridge.org/core


(coronary heart disease, stroke, high blood pressure,

diabetes, diverticulitis, cancer, rheumatoid arthritis, other

arthritis), alcohol use, smoking, nulliparity, menopausal

status, age at menopause, hormone use and physical

activity. Menopausal status for women aged less than 60

years who indicated they were still menstruating regularly

or irregularly was accepted as perimenopausal. Women

older than 59 years who still reported menstruating were

considered postmenopausal. Women who failed to

respond to questions regarding menopausal status at

baseline were considered menopausal at 60 years, unless

they indicated an earlier age of menopause on the AHS-2

lifestyle questionnaire. Baseline hormone use, alcohol

use and smoking were assessed as never, past or current.

For physical activity, the questionnaire included 10

items on work-, recreational- and leisure-related physical

activity. Eight of these items asked respondents if they

participated in any of the listed vigorous leisure activities

such as cycling and gardening for at least 15 minutes on

three or more occasions per week, or any other activity

for the same duration and frequency. The last two items

assessed participation in regular vigorous activity for less

than 15 minutes and the frequency of work-related vigo-

rous activity. From these items a three-level index for

occupational and leisure exercise was developed. Low,

moderate and high level of physical activity corresponded

to any leisure exercise of ,15 min 3 3 /week; moderate-

intensity leisure such as tennis and gardening .15 min

3 3 /week; and $15 min of high-intensity exercise (e.g.

cycling, swimming) $3 3 /week, respectively. Daily work

involving vigorous activity ‘very often’ also qualified as a

high level of physical activity.

The dietary portion of the questionnaire consisted of 65

semi-quantitative food items with the following eight-

level food frequency response format for most items:

never, ,1 3 /month, 1–2 3 /month, 1–2 3 /week, 3–4 3 /

week, 5–6 3 /week, daily, .1 3 /daily. For the four milk

items, the response format was modified as follows:

never, ,1 3 /week, several times/week, 1 3 /day, 2–3 3 /

day, 4–5 3 /day, .5 3 /day. The validity of the food fre-

quency portion of the questionnaire was tested in a group

of 147 members of the cohort who provided dietary

information on five 24-hour dietary recalls on random

days over a 3-month period, but which included both

weekdays and weekends. The validity study has been

described in detail elsewhere25. The lifestyle ques-

tionnaire generally did not ask for the portion size of a

particular food item ingested.

Follow-up data collection

The AHS-2 lifestyle questionnaire provided data on frac-

tures due to minor trauma at the wrist, humerus, hip,

thigh, leg and ankle experienced since 35 years of age.

Respondents who indicated that they had experienced

any of these fractures due to minor trauma since age 35

were asked to specify the approximate time frame for the

first occurrence of each of the six categories of fracture.

The seven closed-ended responses for how long ago the

fracture occurred were: ,1 year, 1–4 years, 5–9 years,

10–14 years, 15–19 years, 20–25 years, .25 years. Frac-

tures that were reported to have occurred more than 25

years ago were considered prevalent fractures at baseline

(i.e. 1976).

Statistical methods

The dietary analysis included individual food items from

the questionnaire. In addition, five indices representing

different food groups were used. Four of the five indices

were constructed by summing the frequency of intake for

foods in the group using midpoint frequencies for parti-

cular categories. Then those sums were again categorised.

The fifth index, meat intake, was constructed using the

summed frequency of five items on beef, poultry, fish and

pork consumption and the response to a single question

on frequency of overall meat consumption. The meat

intake index reflected the higher meat intake if the sum-

med frequency of various meat intake differed from the

single question on meat consumption. Three levels of

intake were specified for each of the selected foods

(cheese, cottage cheese, eggs, milk, salad, green vege-

tables, nuts, beans, vegetarian meat substitute products

typically made from wheat gluten or soybean textured

protein) and food groups (meat, fruit, fruits and vege-

tables, vegetable-protein foods, animal-protein foods). In

most cases, the low, medium and high categories corre-

sponded to approximately the 20th, 50th and 80th per-

centiles of intake, respectively.

The independent t-test for means and Pearson’s x2 test

for categorical data were used to test for differences in

demographic and lifestyle variables between cases and

non-cases. The effects of foods high in protein and other

covariates on WF risk were assessed using Cox propor-

tional-hazard regression with attained age as the time

variable26. Attained age for WF cases was estimated at the

midpoint of the time interval specified for the event on

the AHS-2 questionnaire. Covariates were entered into

univariate and multivariable models as dummy variables

except for years since menopause, which was entered as

a time-dependent covariate. In univariate models these

included age, BMI, height, weight, education, any fracture

since age 35, parity, smoking status, alcohol use, presence

of diabetes mellitus, presence of rheumatoid arthritis and

physical activity. All variables were measured at baseline

except for fracture since age 35 and years since meno-

pause. For multivariable modelling of main effects, a base

model was constructed with the three food variables high

in protein (nuts, beans, meat substitutes), physical acti-

vity, hormone use and BMI (covariates often shown in the

literature to be strongly associated with risk of fracture),

and education. The last variable was forced into the
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model to control for socio-economic status. Correlates

that altered the main effect of vegetarian status (vege-

tarian, semi-vegetarian, non-vegetarian) by 10% or that

showed an independent effect on WF (P , 0.05) were

retained in the final multivariable model for all subjects.

Multivariable high-protein foods-only models with inter-

actions between the food variables were also explored.

Lastly, significant food interaction terms were added to

the final multivariable model. SAS (Statistical Analysis

System, version 8.0) was used for all analyses. Visual

inspection of the log–log survival plot, and also a non-

significant interaction term between the three-level

vegetarian status and log time temporarily added to the

final model, confirmed that the proportional hazards

assumption for the Cox regression model was met.

Results

A total of 216 WFs occurred after the age of 35 in this

peri- and postmenopausal cohort. Of these, 45 were con-

sidered prevalent fractures as they were reported as

occurring more than 25 years earlier (i.e. before comple-

tion of the AHS-1 lifestyle questionnaire). Five individuals

sustained two incident WFs. The 25-year period-inci-

dence rate for WF was 3.7/1000 person-years. The

incidence rate by age group detailed in Table 1 shows a

continuously increasing risk with age. Table 2 compares

cases with non-cases on selected variables. Cases were

more likely to be older, have a history of fractures, report

low or no vigorous physical activity, have experienced

menopause more than 15 years earlier, have never used

hormones, and to be nulliparous. There were no sig-

nificant differences on baseline height, weight, BMI, level

of education, prevalence of any co-morbidity, alcohol use

or smoking. Comparisons were also made between cases

and non-cases on selected foods high in protein (cheese,

cottage cheese, eggs, milk, meat, beans, nuts, vegetarian

meat analogues, soy milk) and on fruit, green vegetables

and salad (data not shown). Cases and non-cases differed

in intake of three food items: cottage cheese, cheese and

meat, with cases consuming cheese and meat less

frequently. The relationship with cottage cheese was less

clear.

Multivariable effects of single high-protein foods and

food groups on WF risk at time of fracture and attained

age, as well as effects of established confounders, are

examined in Table 3. In this model without interaction

terms, cheese and meat intake were strongly protective in

a dose–response manner against risk of WF (P for

trend 5 0.05 for cheese, 0.02 for meat). Cheese intake

.3 3 /week reduced the risk of fracture by 58% (95%

confidence interval (CI) 0.18–0.98), while meat con-

sumption .4 3 /week reduced the risk by 56% (95% CI

0.23–0.84). The vegetable protein food group did not

show an independent effect on fracture risk. Four non-

dietary factors that showed important effects on fracture

risk were hormone use, physical activity, any fracture

since age 35 and years since menopause. Hormone use

and physical activity were significantly associated with

decreased risk, whereas years since menopause sig-

nificantly increased risk. The elevated risk related to any

fracture since age 35 did not reach significance. Since

multivariable model effects differed little from univariate

effects, data from univariate analyses are not shown.

Exploration of foods-only models with interaction

terms between foods revealed a significant interaction

between the three-level meat intake and vegetable pro-

tein variables (P 5 0.004). The group at highest risk for

fracture were those who never consume meat (vegetar-

ians) and in the lowest category of vegetable protein

intake (Table 4). Among vegetarians, increasing vegetable

protein clearly reduced risk of fracture, with a reduction

in risk of 68% (hazard ratio (HR) 5 0.32, 95% CI

0.13–0.79) in the highest intake group. Similarly, among

those with the lowest vegetable protein consumption,

increasing meat intake decreased the risk of WF, with the

highest consumption decreasing risk by 80% (HR 5 0.20,

95% CI 0.06–0.66). The basis of the interaction seems to

be that, in contrast, in medium or high meat consumers,

higher vegetable protein appeared to increase risk. As

might be expected, there were very few subjects in the

highest category of meat and vegetable protein intake,

which produced a very unstable estimate. When the food

model with interaction terms was adjusted for the four

non-dietary variables in the base model of main effects

and for fruit and vegetable intake, diabetes, rheumatoid

arthritis, ever pregnant, smoking and alcohol intake, the

interaction term remained significant (P 5 0.005).

Examination of the diets of vegetarians and non-

vegetarians for the six foods high in protein revealed very

different consumption patterns (Table 5). Vegetarians

Table 1 Incidence of first wrist fracture per 1000 person-years by age group among women who were either 45 years of age and older or
postmenopausal at baseline

Age group (years) No. of subjects Person-years No. of fractures Incidence per 1000 person-years

,50 733 18 398 57 3.1
50–59 869 21 632 85 3.9
.59 263 6505 29 4.4
Overall 1865 46 535 171 3.7
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consumed beans, nuts and meat analogues more fre-

quently than non-vegetarians whereas the frequency of

cheese intake was higher for non-vegetarians. In vege-

tarians, the risk of WF decreased with the frequency of

consumption for each of the foods high in protein. For

non-vegetarians the risk tended to decrease with meat

consumption and increase with intake of each of the

plant-based protein foods.

Discussion

The incidence of low-trauma WF of 3.7/1000 in this

cohort appears to be low, although an appropriate basis

for comparison is difficult to find. Regional statistics do

not differentiate between low and high trauma cases.

Cohort studies that have identified low-energy WF have

reported incidences that range from 1.2 to 12.5/1000

person-years3,5,6,27. In part, this range of incidence values

reflects the age of the cohort studied. Two studies that

included women as young as 28 and 34 years reported

WF incidences of 3.40 and 1.22/1000 person-years,

respectively3,27. A study of perimenopausal women aged

45–57 years at baseline reported a WF incidence of

6.5/1000 person-years5. The years of follow-up in these

three studies3,5,27 ranged from 4.7 to 8 years, a relatively

short follow-up compared with the 25.2 years in the

present study. The National Osteoporosis Risk Assess-

ment (NORA) study, which has the largest cohort of white

women in the USA to date for the study of osteoporosis,

may provide the best age, ethnic and national compar-

ison28. When both study populations are directly age-

standardised to the 2000 US population structure, the

incidence of WF in women aged 50–80 years is 6.7/1000

in NORA and 4.5/1000 in the present study.

The relatively low incidence may be related to the high

and long-term use of hormones in this study population,

a practice consistently shown to have a protective bene-

fit1,5–7,9,29. Less than 42% had never used hormones. The

estimate for mean duration for hormone use among past

or current users at baseline was 5.1 years. In addition, use

has increased over the 25-year period, with recalled use

averaging more than 15 years for ever users.

Alternatively, the low incidence may represent

underreporting of WF, but this is not likely. WF has been

shown to be reliably recalled and is deemed useful for

epidemiological studies27,30,31. Honkanen et al.30 reported

sensitivity and specificity of 95% and 99.5%, respectively.

Table 2 Selected demographic and lifestyle characteristics of wrist fracture cases and non-cases at baseline in 1976 among women in the
Adventist Health Study who were menopausal or 45 years of age and older

Cases (n 5 171) Non-cases (n 5 1694) P

Age (years), mean (SD) 53.9 (7.2) 52.0 (7.3) ,0.0001*
Height (in), mean (SD) 64.3 (2.5) 64.5 (2.6) 0.21*
Weight (lb), mean (SD) 140.1 (25.2) 142.1 (24.0) 0.82*
BMI (kg m22), mean (SD) 23.9 (4.1) 24.0 (3.9) 0.13*
Education

High school graduate or less 44 (25.7) 409 (24.1) 0.88-
Some college 84 (49.1) 831 (49.1)
College graduate or higher 43 (23.2) 448 (26.4)

Hormone use, n (%)
Never 82 (48.0) 676 (39.9) 0.03-
Past 34 (19.9) 353 (20.8)
Current 46 (26.9) 635 (37.5)

Years since menopause, n (%)
Perimenopausal 41 (24.0) 418 (24.7) 0.006-
1–15 years 88 (51.5) 1010 (59.6)
.15 years 42 (24.6) 256 (15.1)

Physical activity index, n (%)
Low or none 91 (53.2) 744 (43.9) 0.06-
Moderate 27 (15.8) 293 (17.3)
High 52 (30.4) 641 (37.8)

History of fractures, n (%) 18 (10.5) 98 (5.8) 0.01-
Nulliparity, n (%) 25 (14.6) 190 (11.2) 0.19-
Co-morbidities, n (%)

Asthma 10 (5.8) 100 (5.9) 0.97-
Coronary heart disease 1 (0.6) 19 (1.1) 0.52-
Cancer 11 (6.4) 87 (5.1) 0.41-
Hypertension 30 (18.2) 268 (16.4) 0.55-
Rheumatoid arthritis 5 (2.9) 69 (4.1) 0.46-
Stroke 0 (0.0) 1 (0.06) 0.75-

Use alcohol, n (%) 6 (3.5) 91 (5.4) 0.30-
Smoker, n (%) 20 (11.7) 199 (11.8) 0.98-

SD – standard deviation; BMI – body mass index.
*Independent t-test.
-x2 test.
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In a study of 251 fracture cases, only 3% of hip and wrist

fractures were not reported.

The study finding that higher frequencies of foods rich

in protein in the diet were associated with reduced WF

risk for vegetarian and non-vegetarian dietary patterns

supports the growing evidence of the importance of

adequate protein for bone health. Strong correlations

between intake of protein and spine, total body and mid-

radius BMD have been noted in premenopausal vege-

tarians and omnivores in the USA and to a lesser extent

in postmenopausal women32–34. Similarly, at least four

cohort studies35–38 and one clinical trial39 have demon-

strated a dose–response relationship between total pro-

tein intake and either increased BMD or decreased bone

loss. Risk of hip fracture was also negatively associated

with total dietary protein in the Iowa Women’s Study40.

Low protein intake has frequently been noted among

patients admitted with a hip fracture and is associated

Table 3 Multivariate adjusted model for the effects of foods and known covariates without interaction terms on the risk of wrist fracture
among women in the Adventist Health Study who were postmenopausal or 45 years and older at baseline

Covariate No. of women No. of fractures HR (95% CI) P for trend*

Physical activity index
Low or none 835 91 1.00 0.003
Moderate 320 27 0.73 (0.47–1.15)
High 693 52 0.59 (0.41–0.84)

Hormone use
Never 758 82 1.00 0.0002
Past 387 34 0.61 (0.40–0.93)
Current 681 46 0.49 (0.33–0.71)

Any fracture* since age 35
No 1511 98 1.00
Yes 354 18 1.43 (0.84–2.41)

Years since menopause- 1.02 (1.00–1.05)
Cheese

,1 3 /week 206 34 1.00 0.05
1–3 3 /week 1328 130 0.71 (0.46–1.09)
.3 3 /week 160 7 0.42 (0.18–0.98)

Meat-

-

Never 718 81 1.00 0.02
,1–4 3 /week 840 74 0.87 (0.62–1.24)
.4 3 /week 299 14 0.44 (0.23–0.84)

Vegetable proteiny
,3 3 /week 304 22 1.00 0.31
3–7 3 /week 1218 120 1.04 (0.63–1.71)
.1 3 /day 343 29 0.79 (0.43–1.46)

BMI (kg m22)
,21.6 627 54 1.00 0.92
21.6–25.0 714 74 1.19 (0.82–1.73)
.25.0 524 43 1.06 (0.67–1.66)

Education
High school graduate or less 453 44 1.00 0.77
Some college 915 84 1.07 (0.68–1.68)
College graduate or higher 491 43 1.10 (0.75–1.61)

HR – hazard ratio; CI – confidence interval; BMI – body mass index.
* Time-dependent covariate.
-Any fracture of arm, elbow, forearm, hip, thigh, leg or ankle.
-

-

Beef, pork, poultry, fish.
yBeans, nuts, vegetarian meat analogues.

Table 4 Interaction of effects of vegetable protein and meat intake on risk of a wrist fracture among women in the Adventist Health Study
who were postmenopausal or 45 years and older at baseline

Meat intake

None ,1–4 3 /week .4 3 /week

Vegetable protein No. of women No. of fractures HR (95% CI) HR (95% CI) HR (95% CI) P for interaction

,3 3 /week 304 22 1.00 0.39 (0.15–1.07) 0.20 (0.06–0.66) 0.005
3 3 /week–1 3 /day 1218 120 0.62 (0.30–1.32) 0.49 (0.23–1.06) 0.32 (0.12–0.86)
.1 3 /day 343 29 0.32 (0.13–0.79) 0.66 (0.27–1.60) –

HR – hazard ratio; CI – confidence interval.
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with bone loss41. Protein supplements were found to

attenuate proximal femoral bone loss in a randomised,

double-blind, placebo-controlled study of patients with a

recent hip fracture42.

Despite the fact that vegetarians with the lowest intake

of foods high in vegetable protein were at the highest risk

for WF, it is important to note that being a vegetarian in

this cohort was not a risk factor when risk was adjusted

for all covariates. Among vegetarians it is clear that each

of the three vegetable sources high in protein separately

and together are effectively associated with reduced

fracture risk. The similarity in risk reduction by these

protein foods compared with the risk reduction asso-

ciated with meat intake suggests that adequate

protein intake is quite attainable in a vegetarian diet.

The observation that increasing vegetable protein

intake among meat-eaters appeared to be hazardous in

the presence of meat is puzzling, but not without

precedent. Increased risk of hip fracture was also noted in

the Iowa Women’s Study40 with increasing vegetable

protein intake. We can only speculate on the reason for

this finding. Many of the processed gluten-based protein

foods consumed are high in sodium which competes with

calcium for renal resorption. Alternatively, if vegetable

and fruit intake is inadequate among meat consumers,

adding nuts and grains – many of which have high

potential renal acid loads – to an otherwise already ade-

quate protein intake from meat may enhance risk through

chronic low-level metabolic acidosis41. However, this

explanation is not compelling as there were no interac-

tions between intake of either meat or vegetable protein

foods and intake of fruits and vegetables.

To assess the role of diet in bone health, the need for

research at the level of whole foods and dietary patterns

is becoming increasingly apparent43–45. The present

study, in a population with a wide diversity in dietary

patterns and a substantial proportion of vegetarians,

offers a unique opportunity to compare the long-term

effects of foods high in protein from animal and vegetable

sources. Several implications relative to diet and fracture

risk may be drawn. First, in light of the relatively low

incidence of WF in this study, a vegetarian diet or diet

relatively low in meat consumption does not appear to

increase the risk of WF relative to the general population

and it may in fact lower the risk of fracture relative to the

general population, so long as the diet is high in protein.

Table 5 Hazard ratios for selected high-protein foods and forearm fracture, stratified by vegetarian status, among women in the Adventist
Health Study who were postmenopausal or 45 and older at baseline

Vegetarians (n 5 718) Non-vegetarians (n 5 1142)

Food/Food index % of women HR (95% CI) P for trend* % of women HR (95% CI) P for trend*

Food
Cheese

,1 3 /week 22.4 1.00 0.03 6.5 1.00 0.10
1–3 3 /week 72.4 0.63 (0.38–1.05) 82.1 0.79 (0.37–1.72)
.3 3 /week 5.2 0.31 (0.07–1.38) 11.4 0.38 (0.12–1.23)

Beans
,1 3 /month 5.7 1.00 0.01 17.1 1.00 0.58
1 3 /month to 1–2 3 /week 65.6 0.57 (0.27–1.19) 67.3 1.01 (0.56–1.83)
.2 3 /week 28.7 0.35 (0.15–0.82) 15.6 1.24 (0.59–2.60)

Nuts
,1 3 /month 7.5 1.00 0.19 16.9 1.00 0.22
1 3 /month to 6 3 /week 67.8 0.60 (0.30–1.22) 70.2 1.25 (0.66–2.37)
.1 3 /day 24.7 0.47 (0.21–1.05) 12.9 1.64 (0.74–3.63)

Meat analogues
,1 3 /month 17.2 1.00 0.05 42.2 1.00 0.01
1–4 3 /week 57.8 0.79 (0.47–1.35) 45.8 1.63 (1.02–2.61)
.4 3 /week 24.8 0.54 (0.27–1.08) 12.0 2.22 (1.18–4.17)

Food index
Vegetable protein-

,3 3 /week 6.0 1.00 0.04 22.4 1.00 0.009
3–7 3 /week 65.7 0.66 (0.32–1.39) 65.3 2.19 (1.16–4.15)
.1 3 /day 28.3 0.32 (0.13–0.76) 12.3 2.51 (1.29–4.87)

Meat
,1 3 /month 40.8 1.00 0.15
1–4 3 /week 32.9 1.17 (0.72–1.89)
.4 3 /week 26.3 0.57 (0.30–1.07)

Fruits & vegetables
,2 3 /day 11.4 1.00 0.76 18.3 1.00 0.74
2–5 3 /day 68.1 0.51 (0.27–0.98) 68.8 1.68 (0.87–3.25)
.5 3 /day 20.5 0.76 (0.36–1.60) 12.9 1.07 (0.43–2.66)

HR – hazard ratio; CI – confidence interval.
*Log likelihood x2 test.
-Beans, nuts, soy milk, vegetarian meat analogues.
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Second, those who consume a vegan or vegetarian diet

may be at increased risk of fracture unless care is taken

to ensure that an adequate quantity and variety of

foods high in protein, such as grains, nuts and legumes,

are in the diet in addition to plenty of fruits and

vegetables.

The inference of causal relationships between diet and

risk of distal forearm fracture is limited by the observa-

tional nature of this study, the measurement error inher-

ent in a questionnaire of dietary intake assessed only

once in 25 years, and the fact that intake of cereals and

grains was largely not assessed. However, differential

misclassification of dietary intake of foods in relation to

outcome is unlikely as exposure was assessed pro-

spectively. The resulting assumed non-differential mis-

classification of dietary exposures in the study is likely to

attenuate the true relationships between dietary intake

patterns and fracture risk. It is also possible that the

subjects who survived and chose to participate in AHS-2

were healthier and genetically better endowed than

subjects who did not, but there is no evidence that this is

so. And finally, the findings in this study population of

Caucasian women may not be broadly generalisable to

women of other ethnicities.

In conclusion, in this 25-year span of dietary effects of

whole foods on risk of fracture, foods high in protein –

including beans, nuts, vegetarian meat analogues and

cheese – reduced the risk of distal forearm fractures in

peri- and postmenopausal vegetarian women. When all

subjects were analysed together, vegetarian women were

not at higher risk for WF than non-vegetarian women.

More research is needed to identify salutary and detri-

mental dietary patterns relative to fracture risk and to

clarify the role of high-protein foods from animal and

plant sources in bone health.
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