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Summary

Prevention of fractures ia considerable public health challenge a population-based cohort of
French elderly peoples diet closer to a Mediterranean-type had a borderline significant deleterious
effect on the risk of fractures, in part linked to a low consumption of dairy pdunct a high

consumption of fruits.
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ABSTRACT

Purpose: Higher adherence to the Mediterranean diet (MeDi) is linked to a lower risk of several
chronic diseases, but its association with the risk of fractures is unclear. Our aiminveestigate the
association between MeDi adherence and the risk of fragtucdder persons.

Methods: The sample consisted of 1,482 individuals aged 67yrs +, from Bordeaux, France, included
in the Three-City Study in 2001-2002. Occurrences of hip, vertebral and wrist fractures fvere sel
reported every two years over 8 years and 155 incident fractures were recorded. Adbehence

MeDi was evaluated at baseline by a MeDi scoreg bd+point scale based @afood frequency
guestionnaire and a 24h recall. Multivariate Cox regression were performed to estimate risk of
fractures according to MeDi adherence.

Results: Higher MeDi adherence was associated with a non-significant increased risk of frattures
any site (HR per 1-point increase of MeDi score=1.10, P=0.08) in fully adjusted model. Among MeDi
components, higdr fruits consumption (>2 servings/day) was significantly associated with an
increased risk of hip fractures (HR=1.95, P=0.04), while low intake of dairy prodastassociated

with a doubled risk of wrist fractures (HR=2.03, P=0.007). An inverse U-shaped associatiearbetw
alcohol intake and risk of total fracture was observed (HR Vighoderate=0.61, P for trend 0.03).
Conclusions: Greater MeDi adherenaeas not associated with a decreased risk of fracturésench

older persons. The widely recognized beneficial effects of the MeDi do not seem to apply to bone

health in these people.
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TEXT
INTRODUCTION

Osteoporosis and osteoporotic fractures, the hallmarks of a long-term initiated process, are
responsible for a considerable public health challenge since they are associated with ad inskease
of disability, morbidity and mortality with a major economical imgae2]. The prevalence of
fractures among the elderly persamsstimated at 9 million worldwide, amongst which more than one
third are Europeaf8-4]. Therefore, effective strategies to prevent osteoporosis and related fractures
must be developed.

The prevention of fractures by modifiable factors including falls prevention andléfestigh as
physical activity and nutrition, has been well documented in older pg&s6iisAmong dietary
factors, much attention has been focused on the beneficial effects of calcium and vitamin D on bone
metabolisn7-8]. The role of macronutrients (mainly proteins) and other vitamins (A, B, C, E and K)
has also been examined, although their ability to reduce the risk of fractures remains caait{eyersi
One explanation of these discordant results could rely on potential additive, synergistagonist
effects between components of the diet which are ignored by studies based on single nutrient [10]
Thus, considering comprehensive dietary pasteyan appealing approach [11].

In this context, the Mediterranean diet (MeDi) combines several foods and nutrients alreadggrop
as potential protective factors against development and progression of severaltadedisdases [12-
13]. A limited number of cross-sectional studies have examined the relationship between MeDi
adherence and bone health, and they have reported conflicting results. On the one hand, adherence to a
traditional MeDi has been associated with higher bone mineral density (BMD) among 100 Spanish
postmenopausal women (54 years on average) [14] whereas on the other hand, among 196 Greek
women (48 years on average), Kontogianni et al. [15] failed to evidence any association between
adherence to the MeDi and indices of bone mass. To our knowledge, the potential protectioé effe
the MeDi against thask of hip fractures has been evaluated prospectively only once, in the European
Prospective Investigation into Cancer and Nutrition (EPIC) study [16]. In this large coladriltsf
(N=188,795, 49 years on average and followed for a median of 9 years), a greater MeDi adherence

was associated with a significant 7% reduced risk of hip fractures. This analysis wetedestrihe



49
50
51
52
53

54

Revised version OI-2013-01-0032, Féart et al.

risk of hip fracturs, although the risk factors of fractures are site specific [17]. Moreover, theraut
were restrained to develop a modified MeDi score, to better take into account the low consumption of
olive oil in non-Mediterranean populations [16].
The aim of the present study was to investigate prospectively the relationship betweencadioes
MeDi and risk of fractures of the hip, wrist or vertebrae over 8 years, in a large popbldied

sample of older community-dwellers of both genders living in south-western France.



55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

Revised version OI-2013-01-0032, Féart et al.

SUBJECTSAND METHODS
Participants

The data came from the Three-City (3C) study, a prospective cohort study of vascular nislofacto

dementia whose methodology has been described elsewhere [18]. The 3C study protocol was approved

by the Consultative Committee for the Protection of Persons participating in Biomedical Research at
Kremlin-Bicétre University Hospital (Paris). A sample of 9,294 community dwellers aged&5+
selected in 1999-2000 from the electoral rolls of three French cities (Bordeaux, Dijon and
Montpellier). All participants gave written informed consent. At baseline, data coll@atioded
socio-demographic information, lifestyle, symptoms and complaints, medical history, bdssdrer,
anthropometric data, neuropsychological testing, and blood sampling. Four follow-up examinations
were performed, two (wave 1, in 2001-2002), four (wave 2, in 2003-2004), seven (wave 3, in 2006-
2007) and ten years (wave 4, in 2009-2010) after baseline examination. The present study extends
between the wave 1 (baseline of this study) and wave 4 in Bordeaux, the only centre where the
standard data collection was completed with a comprehensive dietary survey at wave 1.

Among the 1,811 individuals from 3C-Bordeaux who accepted to participate at wave 1, 1,774
completed the dietary survey. We first excluded 62 participants who had two missing data or more
among dietary items and subsequently excluded 230 participants who were never visited between
wave 1 and wave 4 or who never completed history of fractures at visits; leaving 1,482 indfeiduals

the present analyses.

Fractures

Occurrence of new fractures since the previous examination was self-reported at eazh visit
previously described [19]. Hip, vertebrae, wrist, upper member (shoulder, collarbone) and lower
member (excluding hip) fractures were recorded. The outcome of interest was incidence ofe fract
since wave 1. Because the risk factors of fractures are specific to the site o frficjuwe studied
separately the three main sites of osteoporosis-related fractures: hip fractutdsaetuies and
vertebral fractures. We also created a composite endpoint defined as incidence of a fractuee whatev

the type among the three sites: hip or wrist or vertebrae.
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Dietary assessment and MeDi score

Participants were visited at home by a trained dietician who administered a food frequency
guestionnaireKFQ), not semi-quantitative, and a 24H dietary recall at wave 1 [20-21]. The 24H recall
was used to estimate nutrient intake in g/d, total energy intake in kcal/d and to compute tie rat
monounsaturated to saturated fat (MUt©ASFA). Based on the FFQ, frequency of consumption of
40 categories of foods and beverages for each of the 3 main meals and 3 between-meals snhacks was
recorded in 11 classes (from never to every days). The food items were aggregated into 20 food and
beverage groups as described elsewhere [21]. We identified the food groups considered to be part of
the MeDi: vegetables, fruits, legumes, cereals including bread, pasta and rice (wholaadd ref
grains), fish and seafood, meat, dairy products including yoghurts, milk and cheese, and alcohol.
Intake of each food group was determined in servings/week. Adherence to the traditional
Mediterranean-type diet was assessed by the MeDi score, a 10-point Mediterranean-digiescale.
MeDi score was computed as follows: a value of 0 or 1 was assigned to each food group using sex-
specific medians of the population as cut-offs, as suggested earlier by Trichopoulou et hr[22]
presumed beneficial components for health (ie vegetables, fruits, legumes, cereals and fish),
individuals whose consumption was above the median were assigned a value of 1, vs 0 for the others.
For components presumed to be detrimental for health (ie meat and dairy products), individuals whose
consumption was below the median were assigned 1, vs. 0 for the others. For alcoholvaspoint
assigned to men if their consumption was withito-14 glasses/week (10-20g/d) and to women if
their consumption was withintb-4 glasses/week (1#-5.79g/d). These cut-offs, corresponding to the
second quartile of distribution of total alcohol intake in this population, were chosemeasergpmild-
to-moderate consumption. Finally, participants with a MUBASFA ratio above the sex-specific
median were assigned a value of 1, vs. O for those below the median. The MeDi score was generated
by adding the scores (0 or 1) for each food category. Thus, the MeDi score could range from O to 9 for

each participant, with higher scores indicating greater adherence [22].

Covariates
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Socio-demographic information recorded at baseline included age, gender and education (six
educational levels grouped into four classes: no education or primary school only, secondary (middle)
school, high school or vocational school and university). Socio-demographic charactasstics
included marital status (married, divorced or separated, widowed, single) and income in four
categories< 750 euros, 750 to 1500 euros, 1500 to 2250 euros, > 2250 euros per month). Height (in
m) and weight (in kg) were measured by the interviewers at wave 1. BMI was computed as the
weight/height? ratio and considered in four categories (< 21 kg/m?, 21 to 25 kg/m?, 255fan30>k
30 kg/m?). Diabetes was defined as sefforted or as having an anti-diabetic medication at wave 1.
Smoking status (never, ex-smoker or current smoker) and regular practice of phyisital act
doing sport regularly or having at least 1 hour of leisure or household activity per day) were also
recorded. Self-reported history of osteoporosis was recorded at each wave. All drugs consunted at leas
once a week during the last month were collected and prevention or treatment for osteoporosis was
recorded, including biphosphonates, raloxifene, strontium ranelate, teriparitide, cadgitord
supplementation with calcium and/or vitamin D. Long-term corticotherapy was defined as declaring

systemic or inhalation corticoid use at both baseline of the 3C study and at wave 1.

Statistical analyses

In a previous report on the same study sample (N=1,482), baseline demographic and clinical
characteristics have been compared between individuals who reported an incident(frad&Bg and
those who remained free from fracture during follow-up [19]. In the present study, we alsoediescrib
the demographic, clinical and dietary characteristics of individuals who reported anftificdeme
of the hip, the wrist or the vertebrae separately.

The frequency of consumption of each food group composing the MeDi score, expressed as mean
number of servings/week, was compared between men and worSeriéyt’s t test.

We then explored associations between MeDi score and incidence of fractures using Cox
proportional hazards models taking age as the time scale. Hazard ratios (HR) and 95% confidence
intervals (95% CI) were estimated for 1-point increase of the MeDi score considered aswasnt

variable.
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These analyses were also performed for each individual MeDi component, adjusted for all other
components. For these analyses, MeDi components were considered dichotomously, as defined for the
computation of the MeDi score, and a three-level variable was generated to better describe the
consumption of alcohol. Indeed, a milshnmoderate consumption of alcohol, corresponding to the
second quartile of distribution of total alcohol intake, was defined by a consumption withi 7-
glasses/week for men, and withindt4 glasses/week for women and chosen as reference. The first
guartile of distribution of total alcohol intake (<7 or 4 glasses/week for men and women redpectiv
was therefore defined as "no or low consumption”, whea&agh consumption” corresponded to the
third and fourth quartiles of distribution (>14 or 4 glasses/week for men and women resgectivel

Since dairy products constitute a MeDi component of primary interest for bone healtbhpaddit
Cox proportional hazards analyses were performed considering yoghurts, milk and cheese
consumption as individual food categories (1 was assigneach individual whose consumption of
milk, yoghurts or cheese was lower than the respestix¥specific medians of consumption of the
sample, otherwise 0). These models were also adjusted for all other dietary components.

Covariates were selected for multivariate models when associated with either incidence of hip o
wrist or vertebralifacture at a statistical level a < 0.20 in univariate analyses, as described elsewhere
[19]. Two models were performed. First, we adjusted for age, gender, physical activity and total
energy intake (model 1). Then, we considered additional adjustment for educational level, marital
status, BMI, self-reported osteoporosis, osteoporosis treatment, and intake of calcium andfor vitam
D supplements (model 2).

All statistical analyses were performed with SAS Statistical package (Version 9.1 SAfenst
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160 RESULTS

161 At baseline, the mean age of the participants (N=1,482, 550 men, 932 Wwaasert.9y (range

162 67.7-94.9). Over the 8-y follow-up, 155 individuals reported a fracture at any of the three sites,

163 including 57 hip fractures (46 among women), 43 vertebral fractures (37 among women) and 73 wrist
164 fractures (65 among women). Among men (N=550), 23 (4.2%) incident fractures wetedever 8

165 years: 11 (2.0%) hip fractures, 8 (1.5%) wrist fractures and 6 (1.1%) vertebral fractuoes) 832

166 women of the study sample, 132 (14.1%) incident fractures were reported over 8 years, divided as 46
167 (4.9%) of hip fractures, 65 (7.0%) wrist fractures and 37 (4.0%) vertebral fraclime

168 sociodemographic and health characteristics of all participants are described in Table 1n&egardi

169 MeDi adherence, individuals with an incident fracture at any of the three sites had a higher mean
170 MeDi score at baseline than those who remained free of fracture during follow-up (4.64, (standard
171 deviation (sd) 1.72) vs. 4.35 (sd 1.67), P=0.04).

172

173 The sex-specific medians of consumption of food groups used to compute the MeDi score are

174 presented in Table 2. Mean consumption of cheese, meat, legumes and alcohol was significantly lower
175 in women, while mean consumption of yoghurts was significantly higher in women than in men. Mean
176 consumption of vegetables, fruits, fish, milk and of the MUB/ASFA ratio was not significantly

177 different between both gendei&aple 2).

178

179 In multivariate analyses adjusted for age, gender, physical activity, total emigy, ieducational

180 level, marital status, BMI, self-reported osteoporosis, osteoporosis treatment, calcium azhar vit

181 D treatment, a borderline significant association between MeDi score and an increased risk of

182 fracture at any site (HR = 1.10, 95% CI 0.99-1.21, P=0.08), and, specifically of hip fracture (HR

183 1.18, 95% CI 0.99-1.39, P=0.06) was observaable 3, model 2). Conversely, adherence to the

184 MeDi was not significantly associated with the risk of vertebral or wrist fractu

185

186 In secondary analysesewxamined whether associations between MeDi adherence and risk of

187 fractures were driven by particular food categorieab(e 4). In fully adjusted models, greater fruit

1C
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consumption (i.e. >14 servings/week in men and women combined) was significantly assathiated w
adoubled 8-y risk of hip fracture (HR higls low = 1.95, 95% CI 1.04-3.66, P=0.04). Furthermore,
lower intake of dairy produci$.e. <17.0 servings/week in men and <17.9 servings/imeakmen)
was significantly associated with an increased risk of fracture at any site (HR hogh = 1.51, 95%
Cl11.07-2.11, P=0.02), and, specifically, with a doubled risk of wrist fracture (HRdtvgh = 2.03,
95% CI 1.22-3.39, P=0.007), but not other sites. Higher levels of alcohol {(ptekglasses/week in
men and >4 glasses/week in women) and marginally, low alcohol intake were associated with a
significant reduction (39% for high intake, 33% for low intake, P for trend=0.03) of riskaitife at
any site. A MUFAto-SFA ratio higher than 0.8 was significantly associated with a reduced risk of
vertebral fracture in the model adjusted for age, gender, physical activity, total inakgyand all
other dietary components the MeDi score. However, this association was no longer signifidgnt in

adjusted models.

We further analyedthe association between the type of dairy product and the risk of fraCalnie (
5). Elderly subjects who declared a consumption of yoghurts lower than the median, i.e. <6
servings/week in men and <7 in women, were at increased risk of wrist fracture onlywk&high
=1.98, 95% CI 1.22-3.21, P=0.005). By contrast, a low consumption of milk or cheese was not
associated with the risk of fracture of the hip, the wrist or the vertebrae, in fuitedtimodels
(Table5). When considering the risk of fracture whatever the type among the three sites, the low

consumption of yoghurts, milk or cheese was not associated with the overall riskwkfract

11
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208 DISCUSSION

209

210 In this longitudinal population-based study of French older adults, a greater adherence to a

211 Mediterranean-type diet was significantly associated with an increased risk ofefradter

212 adjustment for age, gender, physical activity and total energy intake. Two MeDi componentscappea
213 toindependently drive this association: a high consumption of fruits (>2 servings/day) and a low
214  consumption of yoghurts (<1 serving/day) were significantly associated with a dosklefl fracture

215 of the hip and the wrist respectively, in fully adjusted models. Moreover, a consumptioatafi al

216 higher than 14 glasses/week for men or 4 glasses/week for women was significantly assithiated w
217 39% reduced risk of fracture at any site over time.

218

219 To our knowledge, a single study reported an inverse association between adherence to a

220 Mediterranean-type diet and the risk of hip fraciarEuropean older persons [16], which was not in
221 agreement with the present results. Indeed, in this large cohort of adults enrthiedEPIC study

222 (N=188,795 participants, 802 incident hip fractures), higher adherence to the MeDi wagexbsocia
223 with a 7% decrease in hip fracture incidence, notably among participants aged 60y + and among men
224  in the model adjusted only for age [16]. In analyses where the dietary components of the MeDi were
225 mutually adjusted, as in the present study, the components that were significantly assdbidbed w
226 risk of hip fracture in the overall sample were vegetables, meat and ethanol intake. Heexsarai

227 differences between the EPIC study and the present one could explain such discrepancies. First,the
228  statistical power of this French study (only 57 incident hip fractures in the pstséy) was greatly

229 lower than that of the European study. This may have reduce our chance to evidence stronger or
230 additional associations between MeDi adherence and risk of fracture at any site (or at sggcific sit
231 among French peopl8econd, the results from the EPIC study suggested that the prevention of hip
232 fracture might be more challenging in women than in men. Only 11 men (among 57) were identified
233 with an incident hip fracture in the present study which prevented us to stratify our abalysé®n

234  gender. Third, country specific characteristics of the dietary patterns may partly eékplai

235 discrepancies between the French and the EPIC studies. Indeed, a modified MeDi score has been

12
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defined in the EPIC cohort, by substituting the monounsaturated lipids (MUFA) with the sum of
mono- and poly- unsaturated fatty acids in the numerator of the lipid ratio, to better tadezmiot

the low consumption of olive oil and MUFA in hon-Mediterranean populations [16]. Among the eight
countries participating in the EPIC study, only three have Mediterranean origins (Giag@nd

Spain) but there were no data from Frarfeaditionally, even among Mediterranean countries,

distinct dietary habits exist, as already described by Sofi @8je importantly, the MeDi score was
computed according to sex-specific medians of consumption of only 9 food groups of each study
sample, which limited the generalization of the results and prevented definite conclusiogeth&it,
these differences could in part explain the lack of homogeneous results of the associatiandetwee
Mediterranean-type diet and risk of hip fracture among European and French elderly. Finally,
adherence to the MeDi may be considered as lifestyle and may reflect specific health concerns and
behaviors that may differ between countries, particularly regarding practice of physicaereuse

of supplements, part of lifestyle but not considered in the diet score computation.

Besides, the impact of MeDi adherence on bone health remains unclear. Indeed, of the existing
literature, only two cross-sectional studies, including small samples of women, youngeethan th
participants of the present study, were available and yielded mixed results [14-15]. Maeoss;
sectional study using another diet quality assessment tool failed to report any sigréfation
between the Healthy Eating Index (HEI-2005) and several bone turnover markers among post-

menopausal women aged 45y + [24].

A posteriori derived dietary patterns, independent of any assumption on the beneficial or harmful
effects of food intakes, have also been examined in association with bone health, but less often with
fracture risk. For instance, a pattern characterized by a high consumption of fruits, vegeigbles
whole grains might be an optimal dietary strategy to avoid fractures, particularly imoloen, in a
Canadian study [25]. However, among Japanese adult women, a pattern characterized by high
consumption of vegetables was associated with an increased risk of fractures, and another one
characterized by a high consumption of meat was associated with a reduced risk of fractures [26].

Finally, in the 3C study, we previously reported that dietary patterns rich in cheese, milk and

13
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charcuteries derived from principal component analysis, were related to a lower risk of hip and wris

fractures over 8-y of follow-up [19].

Among the food groups composing the MeDi score,and unlike most previous studies, we identified
an increased risk of hip fractures in participants with a high consumption of inuitg fully adjusted
model. The association betwefenit intake and risk of fractures has scarcely been assessed
independently of that of vegetables, which were not associated with the risk of fractures inethie pres
study [27]. A higher fruit consumption was not associated with a significant reduced rigk of hi
fractures, in the overall sample, in analyses mutually adjusted for the food groups coniposing t
MeDi score in different reports from the EPIC cohort [16][28], suggesting that the refiions
between fruit intake and risk of hip fracture remains questionable. The potential befrafis @nd
vegetabless based on their ability to emphasize alkaline status, therefore counterbalancingithe acid
load that mightead to osteoporosis [27, 29]; however, conflicting results have also been reported [30].
A meta-analysis, which has called the dietary acid-ash hypothesis on bone loss into question,
concluded that there is no evidence that an alkaline diet is protective of bone health [29]h&iven t
lack of biological plausibility for an adverse effect of fruits on bone health, another exmhamégit
be that older adults consuming high amounts of fruits have specific behaviours or health conditions
associated with an increased risk of hip fracture, acting as confounding factors that camtadiybe t
ruled out here despite multivariate adjustment. Finally, we cannot exclude that our unexpected result

may be due to chance finding.

As expected, we found that a low consumption of dairy products was significantly associated with an
increased risk of fractures. Less attention has been paid in the literature to speciicesatdéglairy
products. In our study, consuming less than one serving of yoghurt/day was associated witlkda doubl
risk of wrist fracture. Dairy products are the main dietary providers of calauanpievious paper,
we reported that higher MeDi adherents of the 3C study are those with the lowest calciun3ijtake [
Calcium homeostasis and vitamin D status are closely related, particularly with tedpacture risk

[7], although the impact of calcium and/or vitamin D supplementation on the prevention o&fractur

14
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risk remains questionable [32-33]. Regarding milk consumption, our results are in agregment wi
those of two meta-analyses in which a low intake of milk was not associated with amey inarease

in fracture risk, notably hip fracture risk [34-35].

Alcoholism is known to have negative effects on bone [16, 36], but an inverse U-shaped association
between alcohol intake and risk of fracture at any site was observed in the present study. I oaverse
J-shaped relationship between alcohol consumption and hip fracture risk has already been reported
[37] and a threshold effect (2 units per day or more) has been defined [38]. . Several explamations f
these results could be evoked. A first interpretation would be the relevance of usingikensdis a
reference group, unlike in the current study. Indeed, present non-drinkers may have given up alcohol
for medical reasons and be in poorer health status than drinkers. A second interpretation would be that
adjustment for major potential confounders was missing in most studies of the existigrétEs7],
while our models are fully adjusted, including other food groups composing the MeDi sdore a
energy intake. Finally, high alcohol consumers of the current study, identified as men with a
consumption >2 glasses/day and women with a consumption >4 glasses/week, should not be
considered as excessive drinkers but as ordinary elderly consumers with French culturaslifestyle
including regular alcohol drinking [20].

Among the other food groups composing the MeDi score, we did not observe any association with
the risk of fractures, whereas some relationships could have been expected. For instanedefish int
as main provider of dietary vitamin D, has been suggested to be protective against bone loss if
consumption was at or over 3 servings/week, while some opposite results exist as well [39-40], and we
previously reported that high MeDi adherents of the 3C study had a mean consumption of 3.7 servings
of fish a week [41]. Although still debated, many epidemiological studies, but not the EPIC study,
have suggested a positive impact of diets rich in preteirbone health, especially on the risk of

fracture [16, 42-43].

There are nevertheless some potential limitations to our findings. First, the FFQ used iretite pres

study did not allow estimation of portion sizes. The lack of estimation of portion size may lead to
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320 consider people with the same frequency of intake of each food group of the MeDi score as

321 comparable, although they may have different quantitative food consumptions [31, 44]. Regarding
322 outcomes, the self-reported history of fractures could induce an information bias whichbannot

323 checledagainst objective measures of osteoporosis in this cohort. This could be a major issue

324  especially for vertebral fractures which are initially asymptomatic and thus d@sgagrsonal and

325 clinical detection. The lack of association between MeDi adherence, or a component of the MeDi
326  score, with vertebral fractures in fully adjusted models could be in part attributed to the

327 underdiagnosis. Third, a selection bias cannot be dismissed and could have limited ouo éibiity t

328 additional or stronger associations. Not included individuals (n=230) were significatety with

329 lower BMI, were more often sedentary, and had less often diabetes (data not shown). They took less
330 often calcium and/or vitamin D supplements, and had less often treatment for osteoporosis and long-
331 term corticotherapy. Moreover, not included individuals had a lower mean MeDi score than included
332 participants (4.1 (sd 1.5) vs. 4.4 (sd 1.7), P=0.02). However, the frequency of reported events among
333 participants included in the present study was slightly lower than that expected among Eudgrean ol
334 people [4].

335 Despite these limitations, the strengths of the present study are the population-based design,

336 including both gendst with long follow-up, the respective account of hip, wrist and vertebrae fracture
337 risk, and the accuracy of food-intake assessment [31]. Moreover, we controlled our analyses for

338 numerous potential confounders including energy intake, BMI, and physical activity. There is a very
339 few vitamin D fortificationin most food groups in France, and the calcium and/or vitamin D

340 supplementation and the osteoporosis treatment were also considered as confounders, since they could
341 influence bone health, unlike in the EPIC study.

342

343 In conclusion, we found in this large cohort of French elderly community dwellesdigtcloser

344  to a Mediterranean-type diet had a borderline significant deleterious effect on thifraskures, in

345 part linked to a low consumption of dairy products and a high consumption of fruits, for which the
346 explanation remains uncled.high adherence to this French MeDi, as assessed by the MeDi score in

347 the current study, seems not to be beneficial to the prevention of fractures and consequently to bone
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348 health in French elderly adults [16]. The present results suggested that the widetizestog
349 beneficial effects of the MeDi on health could be reviewed, although more studies are needed to

350 disentangle these results.
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Table 1. Baseline demographic, health and dietary characteristics of the participants at baseline according to 8-year incicestaecoirathe
Bordeaux sample of the Three-City study (2001-2009) (N=1482)

Hip fracture Vertebral fracture Wrist fracture Fractureat any site* No incident fracture
(n=57) (n=43) (n=73) (N=155) (N=1327)
Sociodemographic
characteristics
Age, y, mean (SD) 78.1 (4.6) 76.6 (4.5) 76.0 4.7) 769 (4.6) 75.9 (4.9)
Male sex, n (%) 11 (29.3) 6 (14.0) 8 (11.0) 23 (14.8) 527 (39.7)
Education, n (%)
None or primary 20 (35.1) 13 (30.2) 23 (31.5) 50 (32.3) 441 (33.2)
Secondary 16 (28.1) 11 (25.6) 19 (26.0) 41 (265) 358 (27.0)
High school 11 (19.3) 11 (25.6) 25 (34.3) 42 (27.1) 273 (20.6)
University 9 (15.8) 8 (18.6) 5 (6.9) 21 (13.6) 247 (18.6)
Refused to answe 1 (1.8) 0 (0.0) 1 (1.4) 1 (0.7) 8 (0.6)
Income, n (%)
<750 € 7 (12.3) 3 (7.0) 5 (6.9) 13 (8.4) 92 (6.9)
[750-1500[ € 12 (21.) 15 (34.9) 27 (37.0) 47 (30.3) 392 (29.5)
[15002250] € 15 (26.3) 13 (30.2) 18 (24.7) 42 (27.1) 334 (25.2)
>2250€ 19 (33.3) 8 (18.6) 14 (19.2) 38 (24.5) 412 (31.1)
Refused to answe 4 (7.0) 4 (9.3) 9 (12.3) 15 9.7) 97 (7.3)
Marital status, n (%)
Married 30 (52.6) 15 (34.9) 28 (38.4) 69 (44.5) 732 (55.2)
Divorced / 3 (5.3) 3 (7.0) 3 (4.2) 9 (5.8) 105 (7.9)
separated
Widowed 21 (36.8) 18 (42.0) 33 (45.2) 63 (40.7) 408 (30.7)
Single 3 (5.3) 7 (16.3) 9 (12.3) 14 (9.0 82 (6.2)
Health indicators
BMI, n (%)
<21 4 (7.0) 7 (16.3) 10 (13.7) 17 (11.0) 82 (6.2)
[21-25] 23 (40.4) 10 (23.3) 25 (34.3) 53 (34.2) 389 (29.3)
[25-30] 22 (38.6) 21 (48.8) 24 (32.9) 61 (39.4) 590 (44.5)
> 30 6 (10.5) 3 (7.0) 13 (17.8) 21 (13.6) 232 (17.5)
Refused to answe 2 (3.5) 2 4.7) 1 (1.4) 3 (1.9) 34 (2.6)

23



Revised version OI-2013-01-0032, Féart et al.

Hip fracture Vertebral fracture Wrist fracture Fractureat any site* Noincident fracture
(n=57) (n=43) (n=73) (N=155) (N=1327)
Diabetes, n (%) 5 (8.8) 4 (9.3) 4 (5.5) 13 (8.4) 138 (10.4)
Smoking, n (%)
Never 34 (59.7) 26 (60.5) 59 (80.8) 108 (69.7) 812 (61.2)
Former 18 (31.6) 10 (23.3) 11 (15.1) 37 (23.9) 429 (32.3)
Current 5 (8.8) 6 (14.0) 2 2.7) 9 (5.8) 85 (6.4)
Physical activity, n
(%)
Yes 12 (21.1) 10 (23.3) 17 (23.3) 38 (24.5) 375 (28.3)
No 27 (47.4) 23 (53.5) 44 (60.3) 82 (52.9) 731 (55.1)
Refused to answe 18 (31.6) 10 (23.3) 12 (16.4) 35 (22.6) 221 (16.6)
Calcium and/or 8 (14.0) 11 (25.3) 11 (15.1) 27 (17.4) 104 (7.8)
vitamin D treatment,
n (%)
Osteoporosis 5 (8.8) 8 (18.6) 2 2.7) 11 (7.2) 47 (3.5)
treatment, n (%)
Long-term 1 (1.8) 0 (0.0) 3 (4.1) 4 (2.6) 35 (2.6)
corticotherap§, n
(%)
Dietary
characteristic
MeDi score, mean 4,72 (1.51) 4.49 1.72) 4.66 (1.80) 4.64 (1.72) 4.35 (1.67)
(SD)

Abbreviations: BMI: Body Mass Index.
&systemic or inhalatiocorticoid use both at baseline of the 3C study and at wave 1

* Fracture at any sites among the hip, the wrist and the vertebrae
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Table 2. Baselinemedian and mean number of servings per week for individual MeDi components and meartdA&F#\ratio by gender,
among older persons living in Bordeaux, The Three-City study (2001-2002) (N=1482)

Men Women
n=550 n=932
Food categories, servings per we Median Mean SD Median Mean SD p*
Dairy products 17.0 180 7.8 17.9 186 7.8 0.15
Yoghurt 6.0 58 49 7.0 8.0 5.2 <0.0001
Milk 0.25 3.7 4.4 0.25 34 45 0.13
Cheese 7.0 84 47 7.0 7.2 4.5 <0.0001
Meat 5.0 53 26 4.0 45 2.3 <0.0001
Vegetables 19.1 196 7.3 18.0 19.0 7.2 0.13
Fruits 14.0 13.2 6.7 14.0 13.7 7.0 0.17
Legumes 0.5 0.8 0.8 05 0.5 0.5 <0.0001
Cereals 23.6 23.2 5.2 23.0 21.3 6.5 <0.0001
Fish 2.8 29 17 25 28 18 0.35
MUFA-to-SFA ratio® 0.8 09 03 038 09 03 0.99
Alcohol 16.9 14.6 59 6.8 <0.0001
No or low 1.8 1.8 0.0 0.0 <0.0001
Mild-to-moderate 9.7 3.0 2.0 1.1 <0.0001
High 27.9 129 11.2 6.4 <0.0001

Abbreviations: MUFAto-SFA Monounsaturated fatty acid-saturated fatty acid ratio

& Cereals included consumption of cereals, bread, pasta and rice (whole and refined grains)

P The 24H recall was used to compute the MUIBASFA ratio (intake g/d)

“ Number of glasses per week. For the computation of the MeDi score, we attributed a value of 1 for people whose consumption was mild-to
moderate, corresponding to the second quartile of distribution of total alcohol intake. One point was given to men if their consumption was
within 740-14 glasses per week (16-20g/d) (N=150) and to women if consumption was withio-#-(1.4t0-5.7g/d) glasses per week

(N=238). "No or low consumption” corresponded to the first quartile of distribution of total alcohol intake (less than 7 or 4 glasses per week for
men (N=126) and women (N=244) respectively). "High consumption” corresponded to the third and fourth quartiles of distribution (over 14 or 4
glasses per week for men (N=274) and women (N=450) respectively).

* P-value for Student’s t test comparing mean consumption of individual food intake or ratios between men and women.
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Table 3. Multivariate associations between adherence to a Mediterranean diet, as assessed by the MeDi Score (continuous) at baseline, and
incidence of fracture among older persons living in Bordeaux, The Three-City study (2001-2009

Hip fracture  Vertebral fracture Wrist fracture Fractureat any site*

HR P HR P HR P HR P
(95% CI) (95% Cl) (95% ClI) (95% ClI)
Model 1 (N=1,482)
. 1.18 1.06 1.12 1.12
MeDi Score (1.00-1.39) % (0.88-1.28) 9°% (0.97-1.20) O3 (1.02:1.24) 002
Model 2 (N=1,435)
. 1.18 1.06 1.09 1.10
MeDi Score 0.99-1.39) 99 (0.87-1.209) % (0.04-1.26) ©%° (0.99-1.21) 008

Abbreviations: MeDi Mediterranean diet; HR Hazard ratio; Cl Confidence Intervals
Hazard ratios (HR) and 95% confidence intervals (95% CI) were estimated for 1-unit increase of the MeDi score

P -value for Cox proportional hazard models

* Fracture at any sites among the hip, the wrist and the vertebrae
Model 1 was adjusted for age, gender, physical activity and total energy intake

Model 2 as Model 1 plus additional adjustment for educational level, marital status, BMI, self-reported osteoporosis, osteoporosis treatment,
calcium and/or vitamin D treatment
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Table 4. Multivariate associations between individual food groups component of the Mediterranean diet score at baseline and incidence of
fracture among older persons living in Bordeaux, The Three-City study (2001-2009)

Hip fracture

Vertebral fracture

Wrist fracture

Fractureat any site*

HR P
(95%CI)

HR P
(95%CI)

HR P
(95%CI)

HR P
(95%CI)

Model 1 (N=1,482)1
Low dairy products
Low meats
High vegetables
High fruits
High legumes
High cereal8
High fish

High MUFA-+0-SFA ratio

Alcohol®
No or low
Mild-to-moderate
High
Model 2 (N=1,435)
Low dairy products
Low meats
High vegetables
High fruits
High legumes
High cereald
High fish

High MUFA-+o-SFA ratio

Alcohol®
No or low
Mild-to-moderate
High

1.03 (0.60-1.76) 0.92
0.96 (0.55-1.68) 0.88
1.51 (0.86-2.68 0.15
1.74 (0.96-3.16) 0.07
0.93 (0.54-1.59' 0.78
1.09 (0.62-1.90' 0.77
1.07 (0.62-1.85 0.81
0.98 (0.57-1.67, 0.94

0.48 (0.23-1.03) 0.15
1
0.69 (0.38-1.25)

0.95 (0.54-1.68) 0.86
0.99 (0.55-1.78) 0.96
1.52 (0.84-2.74) 0.17
1.95 (1.04-3.66) 0.04
0.84 (0.47-1.48) 0.54
0.98 (0.55-1.75 0.94
1.18 (0.67-2.09' 0.57
1.00 (0.57-1.75' 0.99

0.45 (0.20-1.00° 0.12
1
0.64 (0.35-1.18,

1.73 (0.91-3.27) 0.09
0.71 (0.37-1.39) 0.32
1.45 (0.75-2.77) 0.27
0.75 (0.40-1.39) 0.36
1.06 (0.56-2.00) 0.85
0.95 (0.51-1.80) 0.88
1.54 (0.82-2.91) 0.18
0.48 (0.25-0.91) 0.02

0.46 (0.19-1.13) 0.17
1
0.60 (0.31-1.18

1.53 (0.79-2.95) 0.21
0.70 (0.35-1.40) 0.31
1.40 (0.70-2.79 0.34
0.70 (0.36-1.36) 0.29
0.92 (0.47-1.80) 0.80
1.05 (0.54-2.06) 0.88
1.58 (0.81-3.08) 0.18
0.61 (0.31-1.18) 0.14

0.46 (0.18-1.22) 0.24
1
0.64 (0.32-1.30

1.97 (1.20-3.24) 0.008
0.74 (0.44-1.22) 0.23
0.69 (0.43-1.11) 0.12
1.15 (0.71-1.85) 0.58
0.93 (0.58-1.50) 0.76
1.41 (0.86-2.31) 0.18
1.05 (0.65-1.70) 0.83
1.47 (0.90-2.38) 0.12
0.94 (0.52-1.69) 0.13
1
0.59 (0.34-1.03)

2.03 (1.22-3.39) 0.007
0.62 (0.36-1.05) 0.08
0.70 (0.42-1.14) 0.15
1.13 (0.69-1.86) 0.63
1.02 (0.62-1.70) 0.93
1.25 (0.76-2.07) 0.39
0.98 (0.60-1.61) 0.94
1.40 (0.85-2.31) 0.19
1.01 (0.55-1.86) 0.07
1
0.55 (0.31-0.98)

1.58 (1.13-2.20) 0.007
0.78 (0.56-1.10) 0.16
1.01 (0.72-1.40 0.97
1.16 (0.83-1.62) 0.38
0.96 (0.69-1.33) 0.78
1.11 (0.79-1.55' 0.56
1.33 (0.95-1.85 0.10
0.94 (0.68-1.31 0.73
0.66 (0.43-1.02) 0.03
1
0.63 (0.43-0.90)

0.02
0.10
0.99
0.42
0.62
0.81
0.14
0.72
0.03
0.67 (0.43-1.05)
1
0.61 (0.42-0.88)

1.51 (1.07-2.11)

0.74 (0.52-1.06
1.00 (0.71-1.41
1.15 (0.82-1.63
0.92 (0.65-1.29
1.04 (0.74-1.47
1.29 (0.92-1.81
0.94 (0.67-1.31
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Abbreviations: HR Hazard ratio; Cl Confidence Intervals
Hazard ratios (HR) and 95% confidence intervals (95% CI) were estimated for 1-unit increase of the MeDi score

P -value for Cox proportional hazard models

* Fracture at any sites among the hip, the wrist and the vertebrae

+ These consumptions corresponded to one point attributed in the computation of the Mediterranean diet score. A low consumption of dairy

products corresponded to less than 17.0 servings/week for men and 17.9 for women. A low consumption of meats corresponded to less than 5.0
servings/week for men and 4.0 for women. A high consumption of vegetables corresponded to more than 19.1 servings/week for men and 18.0
for women. A high consumption of fruits corresponded to more than 14.0 servings/week for men and women. A high consumption of legumes
corresponded to more than 0.5 serving/week for men and women. A high consumption of cereals corresponded to more than 23.6 servings/week
for men and 23.0 for women. A high consumption of fish corresponded to more than 2.8 servings/week for men and 2.5 for women. A high
MUFA-to-SFA ratio corresponded to a ratio higher than 0.8 for men and women.

& Cereals included consumption of cereals, bread, pasta and rice (whole and refined grains)

P For the computation of the MeDi score, we attributed a value of 1 for people whose consumption was mild-to moderate, corresponding to the
second quartile of distribution of total alcohol intake. One point was given to men if their consumption was teithtingfasses per week and

to women if consumption was withintd-4 glasses per week. This category was chosen as reference in this analysis. "No or low consumption”
corresponded to the first quartile of distribution of total alcohol intake (less than 7 or 4 glasses per week for men and women respectively). "High
consumption” corresponded to the third and fourth quartiles of distribution (over 14 or 4 glasses per week for men and women respectively).

Model 1 was adjusted for each individual food group component of the Mediterranean diet score, age, gender, physical activity and total energy
intake

Model 2asModel 1 plus additional adjustment for educational level, marital status, BMI, self-reported osteoporosis, osteoporosis treatment,
calcium and/or vitamin D treatment
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Table 5. Multivariate association between dairy products consumption at baseline and incidence of fracture among older persons living in
Bordeaux, The Three-City study (2001-2009)

Hip fracture

Vertebral fracture

Wrist fracture

Fractureat any site*

HR P HR P HR P HR P
(95%ClI) (95%ClI) (95%ClI) (95%Cl)
Model 1 (N=1,482)
Low yoghurts 1.06 (0.61-1.87) 0.82 0.87 (0.45-1.70, 0.68 1.85(116-2.94) 0.01 1.25(0.90-1.75) 0.18
Low milk 1.23 (0.72-2.10 0.45 1.26 (0.68-2.36) 0.46 0.99 (0.62-1.58) 0.95 1.16 (0.84-1.60 0.38
Low cheese 1.44 (0.84-2.49 0.19 1.49 (0.80-2.78 0.21 1.08 (0.67-1.76) 0.75 1.23 (0.88-1.71) 0.23

Model 2 (N=1,435)
Low yoghurts
Low milk
Low cheese

1.11 (0.62-1.99) 0.72
1.16 (0.67-2.02) 0.60
1.28 (0.72-2.28) 0.40

0.85 (0.42-1.70' 0.64
1.15 (0.60-2.20' 0.68
1.55 (0.80-2.99' 0.19

1.98 (1.22-3.21) 0.005
0.96 (0.59-1.56) 0.88
0.98 (0.59-1.62) 0.93

1.29 (0.92-1.81) 0.15
1.10 (0.79-1.53) 0.57
1.14 (0.81-1.61) 0.46

Abbreviations: HR Hazard ratio; Cl Confidence Intervals
Hazard ratios (HR) and 95% confidence intervals (95% CI) were estimated for 1-unit increase of the MeDi score
* Fracture at any sites among the hip, the wrist and the vertebrae

+ These consumptions corresponded to one point attributed for the considered food group in the computation of the Mediterranean diet score.
Participants received 1 point if their intake of yoghurts was lower than 6 servings/week for men and 7 servings/week for women; if their intake of
milk was lower than 0.25 serving/week for men and women; and if their intake of cheese was lower than 7 servings/week for men and women.

Model 1 was adjusted for each individual food group component of the Mediterranean diet score, age, gender, physical activity and total energy

intake

Model 2asModel 1 plus additional adjustment for educational level, marital status, BMI, self-reported osteoporosis, osteoporosis treatment,
calcium and/or vitamin D treatment
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