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Abstract

Summary In the present population-based study including 70-year-old men and women, total dairy product intake was associated
with a weak positive association with tibia trabecular and cortical cross-sectional areas.

Purpose Milk consumption has recently been suggested to increase fracture risk. Therefore, we aimed to investigate associations
between dairy product consumption and peripheral bone properties. Furthermore, we explored whether consumption of milk and
fermented dairy products affected bone properties differently.

Methods The Healthy Aging Initiative is a population-based, cross-sectional study investigating the health of 70-year-old men
and women. Out of the 2904 individuals who met the inclusion criteria, data on self-reported daily dairy product consumption (dl/
day), peripheral quantitative computed tomography (pQCT) examinations at the 4 and 66% scan sites of the tibia and radius, and
dual-energy X-ray absorptiometry (DXA) scans were collected from 2040 participants. Associations between dairy product
consumption and bone properties were examined using multiple linear regression models adjusted for sex, muscle area, meal
size, dietary protein proportion, current smoking status, and objectively measured physical activity.

Results Total dairy product intake was associated with larger trabecular (2.296 (95% CI, 0.552—4.039) mm?, per dl/day increase,
p=0.01) and cortical cross-sectional areas (CSAs) in the tibia (1.757 (95% ClI, 0.683-2.830 mm?, p=0.001) as measured by
pQCT and higher areal bone mineral density (aBMD) of the radius (3.231 (95% CI, 0.764-5.698) mg/cmz, p=0.01) as measured
by DXA. No other measurement in the tibia, radius, femoral neck, or lower spine was associated significantly with dairy product
intake. Bone properties did not differ according to the type of dairy product consumed.

Conclusion No evidence of a negative association between dairy product consumption and bone health was found. Furthermore,
total dairy product consumption was associated with increased CSAs in the tibia, regardless of dairy product type. Collectively,
our findings indicate the existence of a weak but significant positive association between dairy product consumption bone
properties in older adults.
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Introduction century. By 2050, projections suggest that there will be

more old than young persons for the first time in history

The number of elderly adults in the population is increas-
ing steadily as a consequence of the economic, social,
medical, and technological improvements of the past
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[1]. Aging is associated with the deterioration of physio-
logical capacity, including poorer bone health [2]. The
body constantly remodels bone to repair breaks and other
damage and to strengthen the skeleton in the presence of
greater mechanical loads [3]. Bone mass peaks after the
second decade of life [4] and then begins to decline [2, 5],
resulting in frailty in some individuals over time, which,
in turn, is associated with an increased risk of fracture [4].

Several intervention studies have been conducted with
the aim of reducing the incidence of age-related frailty
fractures. Increased dietary calcium intake, particularly
the intake of dairy products (which contain large amounts
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of calcium [6]), has been investigated, although evidence
for its positive effects on bone health and fracture risk has
been inconclusive [4, 7-9], and it has even been associated
with increased fracture risk and mortality [10].

Most studies investigating the effect of dairy product
intake on bone health have used dual-energy X-ray ab-
sorptiometry (DXA) to measure bone properties [9, 11].
These studies have thus been limited to two-dimensional
measurements of areal bone mineral density (aBMD) and
bone mineral content. Peripheral quantitative computed
tomography (pQCT) enables volumetric (v) measurement
of peripheral bone properties (including vBMD) and the
distinction between cortical and trabecular bone [12], oth-
erwise unattainable in the standard aBMD quantification
by DXA. Few studies investigating the effects of dairy
product intake, however, have used pQCT for bone mea-
surement [13, 14].

The primary aims of this study were to investigate the as-
sociations between dairy product intake and bone properties
measured by DXA and pQCT and to determine whether these
relationships differed between the upper and lower extremi-
ties, in men and women aged 70 years. A secondary aim of the
study was to investigate whether bone properties differed de-
pending on the type of dairy product consumed.

Materials and methods
Study population

The Healthy Aging Initiative (HAI) is an ongoing
population-based study with the aim of investigating tradi-
tional and new potential risk factors for cardiovascular dis-
ease, injurious falls, and related fractures among 70-year-
old men and women. Between June 2012 and December
2015, 2904 individuals met the inclusion criteria: 70 years
old and living in the Umed municipality of northern
Sweden (latitude 64° N) with an identifiable postal ad-
dress. In the present cross-sectional study, we analyzed
data collected from the first 2040 HAI participants
(51.0% men) for whom complete pQCT bone measure-
ments were available. All potentially eligible individuals
were sent written information about the study using contact
information from population registers. These individuals
were then contacted by telephone and invited to partici-
pate. The participation rate of the HAI study, calculated
as the percentage of individuals who had received the ini-
tial information and then completed testing, was 69%.
Those who had not participated when this compilation
was made were not contactable, planned to participate at
a later date, or declined participation upon contact by tele-
phone (see Fig. 1 for participation flow chart).
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Participant flow chart of Healthy Ageing Initiative (HAI)
June 2012-December 2015

2904 persons met the inclusion criteria
(70-year-old, living in the Umea
municipality of Sweden with an
identifiable postal address) and were
contacted by mail with information
regarding the study. Potential participants
were then contacted by telephone.

Declined participation, n =593

4

No telephone number could be
g found, n =313

S Did not answer the telephone
n =180

N Suggested participation at a
later time point, n = 107

A 4

Agreed participation in the HAI
n=2025

Did not complete all tests
n=21

Y
Persons with complete test data
n =2004

Fig. 1 Participant flow chart of individuals meeting the inclusion criteria
of the Healthy Aging Initiative study between June 2012 and December
2015

Measurements
Anthropometrics

Body height (m) was determined with a height-measuring
gauge (Holtain Limited, Crymych, Dyfed, Britain). Body
weight (kg) was determined using a scale (HL 120; Avery
Berkel, Smethwick, UK). Body mass index was calculated
as weight divided by height squared. Waist and hip circum-
ferences (in centimeters) were measured using a measuring
tape. Experienced research nurses performed all anthropomet-
ric measurements.

pQCT

Bone properties were measured with a pQCT device (XCT-
2000; Stratec Medizintechnik, Pforzheim, Germany). The fol-
lowing measurements were taken on participants’ non-
dominant tibiae and radii: trabecular and cortical cross-
sectional areas (CSAs, mm?), vVBMD (mg/cm3), and cortical
thickness (mm). During each examination, a digital scout
view was first acquired to visualize the joint space, and a
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reference point was set electronically at the distal end of each
bone (tibia and radius) as described previously [2]. The
vBMD and CSA of trabecular bone were measured at scan
sites located at 4% of the total bone length in the distal-
proximal direction. The vBMD, CSA, and thickness of corti-
cal bone were measured at scan sites located at 66% of the
total bone length in the same direction. The scans had a slice
thickness of 2.0 mm and a voxel size of 0.5 mm. Thresholds
for analysis were set at 180 mg/cm” for trabecular scans and
280 mg/em® for cortical scans. When motion artifacts were
detected, measurements were repeated. In vivo coefficients
of variance (CVs) for the Stratec XCT-2000 pQCT device
are 1.6% for trabecular density and 0.3% for cortical density
[15]. Three technicians performed the scans using the same
machine.

iDXA

aBMD (g/cmz) was measured in the left femoral neck, lumbar
spine (L1-L4), and the left radius using a Lunar iDXA device
(GE Healthcare Lunar, Madison, WI, USA). The aBMD of'the
radius was measured at 33% of the total bone length in the
distal-proximal direction. Standard DXA units of aBBMD were
transformed (g/cm? to mg/cm?) in order to facilitate compar-
ison between iDXA data and pQCT data. The coefficient of
variation (standard deviation/mean) for repeated measure-
ments at our facility is less than 2% for all iDXA
measurements.

Food frequency questionnaire

The participants completed a food frequency questionnaire
(FFQ) used to evaluate their current usual food habits. Daily
liquid dairy product consumption was assessed by estimation
of the volume of dairy products consumed (dl/day). Calcium-
and vitamin D-enriched soy/oat/rice beverages were included
in this category, in addition to milk and liquid-fermented dairy
products. Additional questions concerning dairy intake in-
cluded a question whether the liquid dairy intake consisted
of milk, fermented dairy, both or neither, and a question
assessing cheese consumption by asking how many slices of
cheese the participants ate per day. Other included questions
relevant for the study assessed estimated total meal size (5
grade scale from less than one half portion size to large portion
size) and estimation of serving size of protein (represented as
meat/fish) from photos showing one half portion size, three
fourths portion size, normal portion size, and large portion
size. The questionnaire also contained questions about partic-
ipants’ tobacco habits. The participants were asked to fill out
the questionnaire to the best of their abilities and on their own,
unless they had questions. FFQ responses were recoded and
used to evaluate total dairy product intake and types of dairy
product consumed. Participants were assigned to the

following four groups: milk only (MG), fermented dairy prod-
ucts only (FG), all dairy products (both milk and fermented
dairy, ADG), and no milk or fermented dairy product (NDG).

Objective measurement of physical activity

At the end of the testing session, each participant was asked to
wear a triaxial accelerometer (GT3X+; ActiGraph, Pensacola,
FL, USA) for seven consecutive days, as described previously
[16]. When participants returned with the accelerometers, the
data were downloaded and wear time was validated using the
ActiLife software (version 6.11.2; ActiGraph). Participants
were required to accumulate at least 10 h of physical activity
per day, for a total of 4 days, to be eligible for further analysis.
Physical activity of 100-1951 counts per minute (CPM) was
classified as light, and > 1952 CPM was classified as moderate
to very vigorous, in accordance with previous studies [17, 18].
Total counts from the three axes of the accelerometer were
combined and divided by total wear time to generate a stan-
dardized measure of physical activity. The validity [19, 20]
and reliability [21] of ActiGraph data have been tested thor-
oughly in previous studies.

Ethics

The Umeda University Research Ethics Committee approved
this study (Dnr 07-031M, with extensions). The study was
conducted in accordance with the Declaration of Helsinki of
the World Medical Association, and all participants provided
written informed consent.

Statistical analyses

Descriptive data were presented as means and standard devi-
ations for continuous variables and percentages for categorical
variables. Differences between men and women were investi-
gated using independent ¢ tests for continuous data and chi-
squared tests for categorical data. Multiple linear regression
models were used to examine associations of total intake of
milk and fermented dairy products with bone properties. The
first model was adjusted for sex, and the second model was
additionally adjusted for sex, average portion size, dietary
protein content, cross-sectional muscle area measured by
pQCT, smoking, and physical activity. Potential associations
between bone properties and total dairy product intake were
presented using standardized /3 coefficients and associated p-
values. A linear regression analysis was performed to rule out
any possible interaction between sex and dairy product intake
in relation to bone properties, by including sex x dairy intake
as an independent variable. Additionally, a sensitivity analysis
was completed in which other items from the FFQ (e.g.,
sweets, root vegetables) were substituted for dairy in the re-
gression models in order to assess systematic bias between
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reported dietary habits and bone properties. One-way analysis
of covariance (ANCOVA) adjusted for sex, average portion
size, dietary protein content, cross-sectional muscle area mea-
sured by pQCT, smoking, and physical activity was used to
investigate differences in the effects of different dairy product
types on bone properties. Two-sided p values < 0.05 were

considered to indicate significant differences for all analyses.
A Bonferroni correction was also carried out in relation to the
regression analyses between dairy consumption and bone pa-
rameters in which the significance threshold was divided by
the number of analyses (n =13, 0.05/13 =0.0038). Statistical
analyses were performed using the SPSS software (version

Table 1 Characteristics of the

study cohort All (n=2040) Women (n = 1000) Men (n = 1040)
Age (years) 70 70 70
Height (m) 1.70+0.09 1.63+0.06 1.77 +£0.06%*
Weight (kg) 77.1+14.5 70.2+12.9 83.7+12.8%*
BMI (kg/m?) 26.6+4.2 26.3+4.6 26.8+3.7*%
Smoker, yes (%) 6.0 7.0 52
Dairy intake
Total amount of dairy consumed (dl) 33+19 3.0+1.7 3.6£2.2%*
MG (%) 10.0 7.7 12.1%%
FDG (%) 133 15.2 11.5%
ADG (%) 66.8 68.3 65.3
NDG (%) 38 34 43
Accelerometer measurements
LPA (min/day) 201.7+52.1 212.0+52.4 191.81 +£49.9%:*
MVPA (min/day) 32.7+26.1 30.4+232 35.0+£28.6%*
Total activity/total wear time (counts/min) 921.6+340.9 914.9+304.6 928.1+372.6
pQCT measurements
Tibia
Trabecular CSA>® (mm?) 537.6+91.6 481.3+£69.6 591.7+£76.5%%*
Trabecular BMD® (mg/cm®) 218.6+41.0 203.1+40.0 233.6 £36.2%*
Cortical CSA® (mm?) 296.7+69.9 243.1+40.6 348.2 +£50.9%
Cortical BMD® (mg/cm?) 1088.8 +38.7 1077.8 £40.4 1099.3 +33.7#%*
Cortical thickness® (mm) 3.7+0.8 33+0.7 4240.7%*
Radius
Trabecular CSA® (mm?) 199.7 +40.8 171.3+£24.2 226.9 +34.5%*
Trabecular vVBMD? (mg/cm3) 181.4+43.9 158.2+37.7 203.6 £37.5%*
Cortical CSA® (mm?) 82.5+24.8 62.3+13.1 101.8 + 16.8%**
Cortical vBMD® (mg/cm®) 1104.9+49.3 1090.7 £50.1 1118.5 £44.6%*
Cortical thickness® (mm) 22+0.6 1.8+0.4 2.6 £0.4%*
DXA measurements
Femoral neck aBMD (mg/cmz) 871.6+133.8 816.7+112.8 924 +13].2%*
L1-L4 vertabrac aBMD (mg/cm?) 1151.4+2143 1052.9+180.3 1246.3 £201.3%*
Radius aBMD® (mg/cm?) 847.6+160.3 721.7+111.6 967.7 +£93.8%*

Values are presented as means + Standard deviations, except for smoking, intake of milk, and intake of fermented
dairy products which are presented as percentages

LPA light physical activity, MVPA moderate and vigorous physical activity, vBMD volumetric bone mineral
density, aBMD areal BMD, CSA cross-sectional area, MG milk group (milk only, no fermented dairy products),
FDG fermented dairy group (fermented dairy products only, no milk), ADG all dairy group (consumes both milk
and fermented dairy products), NDG no dairy group (consumes neither milk nor fermented dairy products)

# Measured at the 4% site
® Measured at the 66% site
¢ Measured at the 33% site

*p <0.05 significant difference between men and women

*#p <0.001 significant difference between men and women
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23; IBM, Armonk, NY, USA). Normal distribution was as-
sumed for all bone measurements.

Results
Study cohort

The characteristics of the study cohort are presented in
Table 1. Men reported a higher milk only consumption than
women (p <0.001) and a lower fermented dairy consumption
(p <0.05) than women. Smoking habits and total physical
activity did not differ significantly between men and women.
Values for all measured bone parameters were greater among
men than among women (p < 0.001 for all). The combined sex
x dairy intake variable was not associated significantly with
any bone parameter, indicating the absence of an interaction
effect. Thus, data from men and women were combined in all
further analyses.

Total dairy product intake and bone properties

Descriptive analysis indicated a positive linear association be-
tween the amount of dairy product consumed and CSA in the
tibia as shown in Fig. 2. The associations between total dairy
product intake and bone properties in two models are present-
ed in Table 2. In the first model, adjusted for sex only, the
amount of dairy products consumed showed weak positive
associations with trabecular and cortical CSAs in the tibia.
No association was observed between the amount of dairy
products consumed and trabecular vBMD, cortical vBMD,
or cortical thickness in the tibia or any property in the radius
as assessed by pQCT. The observed associations remained in
the fully adjusted model for trabecular CSA (6=0.049, p =
0.01 representing 2.296 (95% CI 0.552-4.039) mm? increase
per dl dairy product) and cortical CSA (6= 0.049, p=0.001,
representing 1.757 (95% CI 0.683-2.830 mm?) increase per dl
dairy product). Furthermore, femoral neck aBMD and L1-L4
vertebrae aBMD as assessed by DXA were not significantly
associated with diary consumption in any of the models.
However, radius BMD as measured at the 33% distal site
showed a weak but significant association to dairy consump-
tion (6= 0.039, p =0.01, representing 3.231 (95% CI 0.764—
5.698) mg/cm? increase per dl dairy product). After
Bonferroni corrections of multiple comparisons (# = 13), only
cortical CSA area remained significantly associated to dairy
consumption. Sex, followed by cross-sectional muscle area,
showed the strongest associations with all bone measurements
(data not presented). Additionally, none of the other FFQ
items included in the sensitivity analysis was significantly
correlated to any of the investigated bone parameters in the
regression model. Finally, inclusion of cheese consumption in
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Fig. 2 The linear relationship between dairy product consumption and a
trabecular or b cortical cross-sectional area (CSA) in the tibia. Error bars
represent standard deviations

the adjusted regression model did not significantly alter the
results (data not presented).

Type of dairy product and bone properties

Covariate-adjusted means (adjusted for sex, muscle area, av-
erage portion size, dietary protein content, smoking, and phys-
ical activity) for bone parameters stratified by type of dairy
consumption are given in Table 3. Statistical differences be-
tween dairy product groups were investigated with ANCOVA
using the same adjusting variables as stated above. None of
the dairy product groups were significantly different from the
other in any of the investigated bone parameters.

Discussion

In the present investigation of 2040 elderly men and women,
we explored the relationships between dairy product con-
sumption and bone properties, as measured by pQCT and
DXA. Our findings suggest the existence of weak but signif-
icant positive associations of dairy product intake with the
properties of predominantly bone area, expressed as higher
cortical and trabecular CSAs in the tibia. We found no
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Table 2 Results of linear

regression models examining Measurement site Model 1 Model 2 Unstandardized
self-reported dairy product con-
sumption as an independent pre- Stand. 3 p Stand. 3 p B 95% CI1
dictor of the investigated bone pQCT
properties Tibia
Trabecular CSA (mm?) 0.041 0.024  0.049 0.010 2.296 0.552-4.039
Trabecular vVBMD (mg/cm®) 0.007 0.733  0.013 0.575  0.263 —0.670-1.260
Cortical CSA (mm?) 0.043 0.005  0.049 0.001  1.757 0.683-2.830
Cortical vBMD (mg/cm®) —-0.012 0.600  0.014 0.555  0.283 —0.353-1.221
Cortical thickness (mm) 0.031 0.099  0.037 0.057  0.015 —0.000-0.031
Radius
Trabecular CSA (mm?) 0.001 0.935  0.013 0453  0.282 —0.455-1.019
Trabecular vVBMD (mg/cm®) 0.018 0.357  0.028 0.177  0.649 —0.294-1592
Cortical CSA (mm?) 0.015 0273 0.025 0.087  0.324 —0.047-0.695
Cortical vVBMD (mg/cm3) —0.01 0.657 0.014 0.545 0.374 —0.837-1.585
Cortical thickness (mm) 0.011 0.536  0.028 0.128  0.008 —0.002-0.019
iDXA
Femoral neck aBMD (mg/cmz) 0.024 0.262 0.027 0.237 1.844 —1.217-4-905
L1-L4 vertabrac aBMD (mg/cm?®)  —0.007 0.742  -0.008 0.691 —-0925 —5.554-3.684
Radius aBMD (mg/cm?) 0.028 0.054  0.039 0.010 3.231 0.764-5.698

Model 1 is adjusted for sex. Model 2 is adjusted for sex, average portion size, dietary protein content, cross-
sectional muscle area measured by pQCT, smoking, and physical activity. Values are presented as standardized 3
coefficients in models 1 and 2. The unstandardized {3 coefficients with the 95% confidence interval from model 2
is also given, quantified to 1 dl of dairy product consumed. Values in bold font indicate p < 0.05

vBMD volumetric bone mineral density, aBMD areal BMD, CSA cross-sectional area, C/ confidence interval

Table 3 Adjusted means of bone
properties categorized by type of

Dairy group

dairy product consumed
Measurement site

pQCT
Tibia
Trabecular CSA (mm?)
Trabecular vBMD (mg/cm3)
Cortical CSA (mm?)
Cortical vVBMD (mg/cm3 )
Cortical thickness (mm)
Radius
Trabecular CSA (mm?)
Trabecular vBMD (mg/cm3 )
Cortical CSA (mm?)
Cortical vVBMD (mg/cm3)
Cortical thickness (mm)
iDXA
Femoral neck aBMD (mg/cmz)
L1-L4 vertabrac aBBMD (mg/cm?)
Radius aBMD (mg/cmz)

MG (n=203) FDG (n=274) ADG (n=1373) NDG (n=79)

535+4
219+3
293+3
1088 +3
3.7+0

197+2
180+3
811
1103+3
2.1+0

882+9
1162+ 14
8387

545+4 536+2 535+9
220+2 218 +1 213+£5
295+3 297+1 293+5
1090+3 1089+ 1 1077+4
3740 3.7+0 3740
201 £2 198 +1 201 +4
182+3 181+1 180 +4
82+1 82+0 81+2
1108 +3 1105+ 1 1096 +6
2.1+£0 2.1£0 2.1+£0
873+8 871 +4 852+ 14
1165+13 1142 +5 1140 +£22
841+7 845+3 840+12

Values are presented as adjusted means + standard errors (adjusted for sex, average portion size, dietary protein
content, cross-sectional muscle area measured by pQCT, smoking, and physical activity)

MG milk group (milk only, no fermented dairy products), FDG fermented dairy group (fermented dairy products
only, no milk), ADG all dairy group (milk and fermented dairy products), NDG no dairy group (no milk or
fermented dairy products), vBMD volumetric bone mineral density, CSA cross-sectional area, aBMD areal bone

mineral density
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indication of a negative effect of dairy product consumption
on any investigated bone measurement.

The mineralization of the skeleton undeniably decreases
with age [22], and low BMD has been linked to an increased
risk of fracture in elderly men and women [23-29], as well as
in very elderly women [30, 31]. Calcium supplementation has
been shown to reduce the loss of bone [32], and increased
consumption of calcium-rich dairy products (e.g., milk) has
been found to provide an adequate source of dietary calcium,
comparable to the results of other calcium supplementation
strategies [33]. Even so, the association between dairy product
consumption and bone health in elderly adults has not been
firmly established [4, 7-9, 34], and further investigation is
warranted. Although the majority of studies point to a positive
relationship, some findings suggest that dairy product con-
sumption has detrimental effects. Specifically, a recent study
by Michaelsson et al. [10] showed that milk intake was asso-
ciated with higher mortality and fracture rates, which led the
authors to question the recommendation of milk intake to
counter fragility fractures. Although we did not investigate
the relationship between dairy product consumption and frac-
ture per se, our finding of no negative association with bone
parameters suggest that dairy consumption is not detrimental
for bone health, at least in our population. Furthermore, other
authors have reported the lack of association of milk intake
with mortality [35, 36] and fracture risk [7, 8, 37], further
challenging the findings relating milk to unfavorable health
effects. In the same study, Michaelsson et al. [10] found that
the consumption of fermented dairy products was associated
with lower rates of fractures and mortality. We found no sup-
port for this discrepancy in the present study, as the consump-
tion of milk and fermented products did not have significantly
different impacts on the investigated bone properties.

In the present study, we used pQCT together with the
more commonly employed DXA, to evaluate different as-
pects of the bone [24, 25, 28, 30]. pQCT enables measure-
ment of cortical and trabecular bone, as well as CSAs, there-
by enabling more in-depth examination of bone properties.
To our knowledge, our study is the first to investigate the
associations between dairy product intake and bone proper-
ties measured by pQCT in both elderly men and women.
Given the demonstrated association with CSA of the tibia
(which cannot be measured with DXA), the inclusion of
pQCT data was relevant. Overall, dairy intake showed weak
positive associations with bone properties at some sites in-
vestigated. Furthermore, based on confidence limits, the
associations were similar for weight-bearing bone and
non-weight bearing bone, similar for peripheral and axial
bone sites, and similar for bone properties measured by
pQCT and DXA. In summary, none of the associations in-
dicate a negative influence of higher milk intake on different
estimates of bone strength in this cohort of 70-year-old men
and women.

The present population-based investigation has
strengths and limitations that should be considered when
interpreting the results. Firstly, due to the cross-sectional
design, any claim of a causal relationship cannot be
established. Information on participants’ use of calcium
and vitamin D supplements was not acquired and could
thus not be added to the adjustments in the regression anal-
yses. The assessment of participants’ dairy product intake
was based only on FFQ responses about participants’ usual
food habits, which may have changed during their life-
times. Also, although the questions on dairy consumption
have not been internally validated, the use of quantified,
self-reported dairy intake have previously been validated
by others against 7-day weighted intake records [38] show-
ing close to identical results. In addition, FFQ responses
are subject to systematic and random errors, which may
have affected the results [39], although our sensitivity anal-
ysis did not indicate a systematic error which, together
with the use of meal size and protein proportion as
adjusting variables, gives additional strength to our find-
ings. Furthermore, the chosen method was logistically
preferable to the use of interview-based assessments, due
to the large number of participants [40]. The use of accel-
erometers to objectively measure physical activity allowed
data collection for only 1 week, although this approach
may be preferable to the assessment of self-recalled phys-
ical activity, considering the effects of recall bias [16].
Although we had access to a large number of covariates,
there is likely residual confounding in the associations
found. Lastly, the participants were all 70 years of age
and lived in northern Sweden; thus, they represent a well-
defined homogenous reference group, but the findings are
not necessarily generalizable to younger or older individ-
uals. Future studies should investigate whether similar as-
sociations between bone health and dairy product con-
sumption to that found in this study can be detected in
other age groups.

In conclusion, this study revealed no negative association
between dairy product consumption and bone health. Instead,
we found a weak positive association between dairy product
consumption and some of the bone sites, regardless of the type
of dairy product consumed. Our findings do not suggest that
higher dairy product intake has negative effects on various
bone properties in 70-year-old men and women.

Acknowledgments The authors would like to acknowledge the Healthy
Aging Initiative laboratory personnel who were involved in testing and
data collection for this study: Magnus Lindblom, David Lapveteldinen,
Jim Wiklund, and Roger Andersson.

Funding information The present study was funded by the Swedish
Research Council, the Kamprad Family Foundation, and the Kempe
Foundations.

@ Springer



9 Page8of9

Arch Osteoporos (2018) 13: 9

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

10.

11.

12.

13.

United Nations (2002) World population ageing 1950-2050. New
York Uniled Nations 26:11-13

Riggs BL, Melton lii LJ, R a R et al (2004) Population-based study
of age and sex differences in bone volumetric density, size, geom-
etry, and structure at different skeletal sites. ] Bone Miner Res
19(12):1945-1954. https://doi.org/10.1359/JBMR.040916

Wolff'J (2012) The law of bone remodelling, English ed. Springer
Science & Business Media

Heaney RP (2009) Dairy and bone health. J Am Coll Nutr 28(Suppl
1):82S-90S. https://doi.org/10.1080/07315724.2009.10719808
Frost HM (1997) On our age-related bone loss: insights from a new
paradigm. J Bone Miner Res 12(10):1539-1546. https://doi.org/10.
1359/jbmr.1997.12.10.1539

Gaucheron F (2011) Milk and dairy products: a unique micronutri-
ent combination. J Am Coll Nutr 30(sup5):400S—409S. https://doi.
org/10.1080/07315724.2011.10719983

Kanis JA, Johansson H, Oden A et al (2005) A meta-analysis of
milk intake and fracture risk: low utility for case finding.
Osteoporos Int 16(7):799-804. https://doi.org/10.1007/s00198-
004-1755-6

Bischoff-Ferrari HA, Dawson-Hughes B, Baron JA et al (2011)
Milk intake and risk of hip fracture in men and women: a meta-
analysis of prospective cohort studies. ] Bone Miner Res 26(4):
833-839. https://doi.org/10.1002/jbmr.279

Murphy S, Khaw K-T, May H, Compston JE (1994) Milk con-
sumption and bone mineral density in middle aged and elderly
women. BMJ 308(6934):939-941. https://doi.org/10.1136/bmj.
308.6934.939

Michaelsson K, Wolk A, Langenskiold S et al (2014) Milk intake
and risk of mortality and fractures in women and men: cohort stud-
ies. BMJ 349(oct27 1):1756-1833. https://doi.org/10.1136/bmj.
26015

Cadogan J, Eastell R, Jones N, Barker ME (1997) Milk intake and
bone mineral acquisition in adolescent girls: randomised, controlled
intervention trial. BMJ 315(7118):1255-1260. https://doi.org/10.
1136/bmj.315.7118.1255

Genant HK, Engelke K, Fuerst T et al (1996) Noninvasive assess-
ment of bone mineral and structure: state of the art. J Bone Miner
Res 11(6):707-730. https:/doi.org/10.1002/jbmr.5650110602
Cheng S, Lyytikdinen A, Kroger H et al (2005) Effects of calcium,
dairy product, and vitamin D supplementation on bone mass accrual
and body composition in 10-12-y-old girls : a 2-y. Am J Clin Nutr
82:1115-1126

Radavelli-Bagatini S, Zhu K, Lewis JR, Prince RL (2014) Dairy
food intake, peripheral bone structure, and muscle mass in elderly
ambulatory women. J Bone Miner Res 29(7):1691-1700. https:/
doi.org/10.1002/jbmr.2181

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Szabo KA, Webber CE, Gordon C, Adachi JD, Tozer R,
Papaioannou A (2011) Reproducibility of peripheral quantitative
computed tomography measurements at the radius and tibia in
healthy pre- and postmenopausal women. Can Assoc Radiol J
62(3):183-189. https://doi.org/10.1016/j.carj.2010.04.011
Johansson J, Nordstrom A, Nordstrom P (2015) Objectively mea-
sured physical activity is associated with parameters of bone in 70-
year-old men and women. Bone 81:72-79. https://doi.org/10.1016/
j-bone.2015.07.001

Freedson PS, Melanson E, Sirard J (1998) Calibration of the com-
puter science and applications, Inc. accelerometer. Med Sci Sports
Exerc 30(5):777-781. https://doi.org/10.1097/00005768-
199805000-00021

Jarrett H, Fitzgerald L, Routen AC (2015) Interinstrument reliabil-
ity of the ActiGraph GT3X+ ambulatory activity monitor during
free-living conditions in adults. J Phys Act Health 12(3):382-387.
https://doi.org/10.1123/jpah.2013-0070

Sasaki JE, John D, Freedson PS (2011) Validation and comparison
of ActiGraph activity monitors. J Sci Med Sport 14(5):411-416.
https://doi.org/10.1016/j.jsams.2011.04.003

van Remoortel H, Raste Y, Louvaris Z et al (2012) Validity of six
activity monitors in chronic obstructive pulmonary disease: a com-
parison with indirect calorimetry. PLoS One 7(6):1-11. https://doi.
org/10.1371/journal.pone.0039198

Aadland E, Ylviséker E (2015) Reliability of the actigraph GT3X+
accelerometer in adults under free-living conditions. PLoS One
10(8):1-10. https://doi.org/10.1371/journal.pone.0134606
Bouxsein ML, Myburgh KH, van der Meulen MCH, Lindenberger
E, Marcus R (1994) Age-related differences in cross-sectional ge-
ometry of the forearm bones in healthy women. Calcif Tissue Int
54(2):113-118. https://doi.org/10.1007/BF00296061

West SL, Lok CE, Langsetmo L, Cheung AM, Szabo E, Pearce D,
Fusaro M, Wald R, Weinstein J, Jamal SA (2015) Bone mineral
density predicts fractures in chronic kidney disease. J Bone Miner
Res 30(5):913-919. https://doi.org/10.1002/jbmr.2406

Schuit SCE, Van Der Klift M, Weel AEAM et al (2004) Fracture
incidence and association with bone mineral density in elderly men
and women: the Rotterdam study. Bone 34(1):195-202. https://doi.
org/10.1016/j.bone.2003.10.001

Szulc P, Munoz F, Duboeuf F et al (2005) Bone mineral density
predicts osteoporotic fractures in elderly men: the MINOS study.
Osteoporos Int 16(10):1184—1192. https://doi.org/10.1007/s00198-
005-1970-9

Nguyen TV, Center JR, Sambrook PN, Eisman JA (2001) Risk
factors for proximal humerus, forearm, and wrist fractures in elder-
ly. Am J Epidemiol 153:587-595

van der Klift M, de Lact CEDH, McCloskey EV, Johnell O, Kanis
JA, Hofman A, Pols HAP (2004) Risk factors for incident vertebral
fractures in men and women: the Rotterdam study. J Bone Miner
Res 19(7):1172-1180. https://doi.org/10.1359/JBMR.040215
Bucur RC, Panjwani DD, Turner L, Rader T, West SL, Jamal SA
(2014) Low bone mineral density and fractures in stages 3—5 CKD:
an updated systematic review and meta-analysis. Osteoporos Int
26(2):449-458. https://doi.org/10.1007/s00198-014-2813-3

World Health Organization (1994) Assessment of fracture risk and
its application to screening for postmenopausal osteoporosis.
Osteoporos Int 4(6):368-381. https://doi.org/10.1007/BF01622200
Nevitt MC, Johnell O, Black DM et al (1994) Bone mineral density
predicts non-spine fractures in very elderly women. Osteoporos Int
4(6):325-331. https://doi.org/10.1007/BF01622192

Schott AM, Cormier C, Hans D et al (1998) How hip and whole-
body bone mineral density predict hip fracture in elderly women:
the EPIDOS prospective study. Osteoporos Int 8(3):247-254.
https://doi.org/10.1007/s001980050061

Horsman A, Gallagher JC, Simpson M, Nordin BEC (1977)
Prospective trial of oestrogen and calcium in postmenopausal


https://doi.org/10.1359/JBMR.040916
https://doi.org/10.1080/07315724.2009.10719808
https://doi.org/10.1359/jbmr.1997.12.10.1539
https://doi.org/10.1359/jbmr.1997.12.10.1539
https://doi.org/10.1080/07315724.2011.10719983
https://doi.org/10.1080/07315724.2011.10719983
https://doi.org/10.1007/s00198-004-1755-6
https://doi.org/10.1007/s00198-004-1755-6
https://doi.org/10.1002/jbmr.279
https://doi.org/10.1136/bmj.308.6934.939
https://doi.org/10.1136/bmj.308.6934.939
https://doi.org/10.1136/bmj.g6015
https://doi.org/10.1136/bmj.g6015
https://doi.org/10.1136/bmj.315.7118.1255
https://doi.org/10.1136/bmj.315.7118.1255
https://doi.org/10.1002/jbmr.5650110602
https://doi.org/10.1002/jbmr.2181
https://doi.org/10.1002/jbmr.2181
https://doi.org/10.1016/j.carj.2010.04.011
https://doi.org/10.1016/j.bone.2015.07.001
https://doi.org/10.1016/j.bone.2015.07.001
https://doi.org/10.1097/00005768-199805000-00021
https://doi.org/10.1097/00005768-199805000-00021
https://doi.org/10.1123/jpah.2013-0070
https://doi.org/10.1016/j.jsams.2011.04.003
https://doi.org/10.1371/journal.pone.0039198
https://doi.org/10.1371/journal.pone.0039198
https://doi.org/10.1371/journal.pone.0134606
https://doi.org/10.1007/BF00296061
https://doi.org/10.1002/jbmr.2406
https://doi.org/10.1016/j.bone.2003.10.001
https://doi.org/10.1016/j.bone.2003.10.001
https://doi.org/10.1007/s00198-005-1970-9
https://doi.org/10.1007/s00198-005-1970-9
https://doi.org/10.1359/JBMR.040215
https://doi.org/10.1007/s00198-014-2813-3
https://doi.org/10.1007/BF01622200
https://doi.org/10.1007/BF01622192
https://doi.org/10.1007/s001980050061

Arch Osteoporos (2018) 13: 9

Page 90f9 9

33.

34.

35.

36.

women. Br Med J 2(6090):789—792. https://doi.org/10.1136/bmj.2.
6090.789

Recker R, Heaney P (1985) The effect of milk supplements on
calcium metabolism, bone metabolism and calcium balance. Am J
Clin Nutr 41(2):254-263. https://doi.org/10.1093/ajcn/41.2.254
Caroli A, Poli A, Ricotta D etal (2011) Invited review: dairy intake
and bone health: a viewpoint from the state of the art. J Dairy Sci
94(11):5249-5262. https://doi.org/10.3168/jds.2011-4578

Larsson SC, Crippa A, Orsini N et al (2015) Milk consumption and
mortality from all causes, cardiovascular disease, and cancer: a
systematic review and meta-analysis. Nutrients 7(9):7749-7763.
https://doi.org/10.3390/nu7095363

Soedamah-muthu SS, Ding EL, Al-delaimy WK et al (2011) Milk
and dairy consumption and incidence of cardiovascular diseases
and all-cause mortality : dose-response meta-analysis of prospec-
tive cohort studies. Am J Clin Nutr 93(1):158-171. https://doi.org/
10.3945/ajcn.2010.29866.1

37.

38.

39.

40.

Bolland MJ, Leung W, Tai V, Bastin S, Gamble GD, Grey A, Reid
IR (2015) Calcium intake and risk of fracture: systematic review.
BMJ 351:h4580. https://doi.org/10.1136/bmj.h4580

Elwood PC, Pickering JE, Fehily AM (2007) Milk and dairy con-
sumption, diabetes and the metabolic syndrome: the Caerphilly
prospective study. J Epidemiol Community Health 61(8):695—
698. https://doi.org/10.1136/jech.2006.053157

Johansson G, Wikman A, Ahrén AM et al (2001) Underreporting of
energy intake in repeated 24-hour recalls related to gender, age,
weight status, day of interview, educational level, reported food
intake, smoking habits and area of living. Public Health Nutr
4(04):919-927. https://doi.org/10.1079/PHN2001124

Shim J-S, Oh K, Kim HC (2014) Dietary assessment methods in
epidemiologic studies. Epidemiol Health 36:¢2014009. https://doi.
org/10.4178/epih/e2014009

@ Springer


https://doi.org/10.1136/bmj.2.6090.789
https://doi.org/10.1136/bmj.2.6090.789
https://doi.org/10.1093/ajcn/41.2.254
https://doi.org/10.3168/jds.2011-4578
https://doi.org/10.3390/nu7095363
https://doi.org/10.3945/ajcn.2010.29866.1
https://doi.org/10.3945/ajcn.2010.29866.1
https://doi.org/10.1136/bmj.h4580
https://doi.org/10.1136/jech.2006.053157
https://doi.org/10.1079/PHN2001124
https://doi.org/10.4178/epih/e2014009
https://doi.org/10.4178/epih/e2014009

	Dairy product intake and bone properties in 70-year-old men and women
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Study population
	Measurements
	Anthropometrics
	pQCT
	iDXA
	Food frequency questionnaire
	Objective measurement of physical activity

	Ethics
	Statistical analyses

	Results
	Study cohort
	Total dairy product intake and bone properties
	Type of dairy product and bone properties

	Discussion
	References


