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Abstract

Sedentary behavior (SB) or sitting is associated with multiple unfavorable health outcomes. Bone tissue responds to imposed gravitational and
muscular strain with there being some evidence suggesting a causal link between SB and poor bone health. However, there are no population-
based data on the longitudinal relationship between SB, bone change, and incidence of fragility fractures. This study aimed to examine the
associations of sitting/SB (defined as daily sitting time), areal BMD (by DXA), and incident low trauma (fragility) osteoporotic fractures (excluding
hands, feet, face, and head). We measured baseline (1995-7) and 10-yr self-reported SB, femoral neck (FN), total hip (TH), and lumbar spine (L1–
L4) BMD in 5708 women and 2564 men aged 25 to 80+ yr from the population-based, nationwide, 9-center Canadian Multicentre Osteoporosis
Study. Incident 10-yr fragility fracture data were obtained from 4624 participants; >80% of fractures were objectively confirmed by medical
records or radiology reports. Vertebral fractures were confirmed by qualitative morphological methods. All analyses were stratified by sex.
Multivariable regression models assessed SB-BMD relationships; Cox proportional models were fit for fracture risk. Models were adjusted for
age, height, BMI, physical activity, and sex-specific covariates. Women in third/fourth quartiles had lower adjusted FN BMD versus women with
the least SB (first quartile); women in the SB third quartile had lower adjusted TH BMD. Men in the SB third quartile had lower adjusted FN BMD
than those in SB first quartile. Neither baseline nor stable 10-yr SB was related to BMD change nor to incident fragility fractures. Increased sitting
(SB) in this large, population-based cohort was associated with lower baseline FN BMD. Stable SB was not associated with 10-yr BMD loss nor
increased fragility fracture. In conclusion, habitual adult SB was not associated with subsequent loss of BMD nor increased risk of fracture.

Keywords: sedentary behavior, areal BMD, population-based cohort, CaMos, incident fragility fractures

Lay Summary

The number of hours of sitting in a day (often called “sedentary behavior”) is currently understood to be “bad for bone health” both because of
increased bone loss and a higher risk for fractures.
Very few studies in randomly sampled men and women from a whole population have consistently asked about hours of sitting and examined
baseline bone density. Fewer still have compared hours of sitting and its changes over 10 yr with changes in bone density and the number of
new fractures that occurred.
The Canadian Multicentre Osteoporosis Study obtained sitting hours from 5708 women and 2564 men aged 25 to 80+ yr and compared it
with the spine, total hip (TH), and femoral neck (FN) bone density values. The average sitting at 7.4 h in men was associated with slightly lower
adjusted femoral neck bone density; in women, sitting 6.7 h/d was associated with slightly lower adjusted FN and TH bone density.
Ten-year follow-up data (now in about 5000 people) showed no relationship between the slightly longer sitting (an increase of 18% in men and
22% in women) and bone loss or new bone fractures.
In this large country-wide population-based study, hours of sitting each day were not associated with 10-yr BMD loss in women or men nor
did sitting more associate with new bone fractures. These data are reassuring; women and men who walk regularly and have some moderate-
vigorous physical activity each day, despite more sitting, do not seem to be at greater risk for osteoporosis.
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Introduction

Strong evidence links daytime, nonsleep sitting, or sedentary
behavior (SB) to unfavorable health outcomes such as all-
cause mortality,1 fatal2 and nonfatal cardiovascular disease,3

type 2 diabetes (T2DM),2 and certain cancers.4 Bone tissue
responds to imposed gravitational and muscular strain,5 thus
negative effects of a sedentary lifestyle on areal BMD and
fragility fracture also seem probable. Quick and continuous
loss of bone mass is observed in studies of bed rest, space
flight, or spinal injury in which inactivity is imposed.6 How-
ever, the effects of a habitual, long-term sedentary lifestyle on
bone health are not well known. Only two previous SB and
BMD investigations were population-based, but accelerome-
try data were collected from low percentages of participants
and for short durations of time; the results of these studies
provided conflicting results.7,8

The World Health Organization (WHO) recently high-
lighted the important association between SB and bone health
in their 2020 guidelines on physical activity (PA) and SB.9

There is, however, a lack of good quality studies on the issue,
as pointed out in a paper summarizing the scientific evidence
behind the SB guidelines.10 A 2021 systematic review further
highlighted the scarcity of studies on this issue in elderly
populations.11

The importance of PA is well established for the mainte-
nance of BMD and minimizing or preventing osteoporotic
fractures.12-16 Alternatively, few studies of SB related to bone
health have been performed in adult and elderly popula-
tions.17 Cross-sectional studies of SB have yielded inconsistent
results in any observed associations.7,18-20 Few longitudinal
population-based studies of SB and adult bone health are
published7,8; results are heterogeneous both for measurement
site and for sex/gender.

Results also vary for longitudinal analyses of SB and
fragility fractures. In menopausal women, increased SB hours
were associated with overall risk of any fracture.21 In elderly
men, each 90-min increase in SB/d was associated with a 20%
increase in fractures.22 SB has not yet been studied related
to incident fragility fractures in randomly sampled, large
cohorts prospectively documented. The Canadian Multicentre
Osteoporosis Study (CaMos) was designed to study BMD
and fracture risk in a population-based sample from across
Canada.23

The aims of the current study were first to explore the cross-
sectional relationship between SB and BMD in the population-
based CaMos cohort, and second to examine whether SB at
baseline and SB change during the 10-yr CaMos follow-up
predicted 10-yr BMD changes and/or fracture incidence.

Materials and methods

Study design and participants

We used CaMos data of noninstitutionalized adults (69%
women), aged 25 yr and older, randomly selected from the
general population living within 50 km of 9 Canadian cities.
Detailed study methods have been published previously,23 and
further information is available at www.camos.org.

Data collection

At baseline (1995–1997), participants completed a stan-
dardized interviewer-administered questionnaire (CaMos
questionnaire ©1995) including demographics; family,

reproductive, and health history; lifestyle; and any previous
fracture. Baseline clinical assessment included height, weight,
and BMD as well as vertebral radiographs if ≥50 yr old.
Participants attended follow-up visits and completed the
CaMos questionnaire again at year 10 (2005–2007). Postal
questionnaires queried fractures annually.

A total of 9423 individuals agreed to full participation.
Information on baseline SB and BMD was available for 8272
participants. At the 10-yr follow-up, information on SB and
BMD was available for 4624 participants as summarized
in Figure 1. Ethical approval was granted through McGill
University and ethics review boards for each of the 9 local
institutions. All participants provided signed informed con-
sent in accordance with the Helsinki Declaration.

Sedentary Behavior

Reported as hours/day of sitting, SB was assessed by self-
report questions regarding average time spent sitting (h/d)
during transit (car, bus, etc.), at work, watching television, at
meals, and in other sitting activities such as reading, playing
cards, and sewing, over the preceding 12 mo. Computer screen
time (for leisure) was added at the 10-yr follow-up. Response
options were “never,” “<1,” “1 to 2,” “3 to 4,” “5 to 6,” “7
to 10,” and “11 h or more.” The mid-point of the ranges for
each response option was used to summarize specific sitting
times into a “total sitting time.”24 All sitting activities were
summed to generate the total h/d spent in SB. Ten-year change
in SB (absolute change in total hours) was calculated for each
participant.

Baseline covariates

Information collected at baseline included date of birth, sex
and ethnicity, h/wk of walking, and h/wk of combined mod-
erate, vigorous, and strenuous PA. Average duration (h/d) of
sleep, including naps was also reported. Education was clas-
sified as the highest grade completed of <12 yr, high school
diploma, postsecondary education; smoking was classified as
current, prior, or never smoker. Daily total calcium (mg/d) and
vitamin D (IU/d) intakes were obtained from a semiquanti-
tative food frequency questionnaire of calcium-rich foods25

plus reported regularly taken supplements (total calcium and
total vitamin D). Alcohol consumption was classified as none,
moderate (<1 drink/d in women, <2 drink/d in men), or
high (≥1 drink/d in women, ≥2 drinks/d in men); caffeine
consumption was reported in mg/d.

Participants provided information on previous fragility
fractures (ie, without trauma or caused by a fall from
standing height or less), use of menopausal hormone therapy
(never, former, current), bisphosphonate therapy (current),
and weight cycling (ever lost/regained ≥10 pounds) and
immobilization (ie, confined to a bed, wheelchair, or by a
cast for more than 1 mo). Women also answered questions
regarding the use of combined hormonal contraceptives
(CHC, ever) and menopausal (1-yr without flow) status.
Comorbidities (including heart disease, hypertension, T2DM,
cancer) were recorded and classified as none, 1 to 2, ≥3. From
measured height and weight, BMI was calculated as kg/m2.

BMD and its changes over time

Areal BMD (g/cm2) was measured at the lumbar spine (L1–
L4), total hip (TH), and femoral neck (FN) by DXA. All cen-
ters performed recommended daily and weekly DXA quality
assurance tests, and all DXA scans were read centrally by the

www.camos.org
www.camos.org
www.camos.org
www.camos.org
www.camos.org
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Figure 1. Flow chart showing included Canadian Multicentre Osteoporosis Study participants aged ≥25 yr in cross-sectional and longitudinal analyses of
sitting time (sedentary behavior), BMD, and incident fragility fracture.

same two technologists. Details on BMD quality control and
national data integration are published elsewhere.26

Fragility fractures

Participants reported any incident fractures at all scheduled
interviews (baseline and years 3, 5, and 10) and in all other
years by annual postal questionnaire. These fractures are
referred to as clinical fractures. Confirmation and further
information regarding clinical fractures (eg, fracture site, date
and circumstances leading to fracture and its medical treat-
ment) were collected in a structured in-person (years 3, 5,
and 10) or telephone interview. Radiology or hospital reports
were obtained where possible (with participants’ written con-
sent); over 80% of fractures were objectively confirmed. We
included all fragility clinical fractures (excluding the skull,
face, hands, and feet) and examined major osteoporosis frac-
tures (hip, clinical spine, humerus, and forearm/wrist) and
fragility hip fracture.

As part of study protocol, participants aged 50 yr and older
underwent thoracic and lumbar spine radiographs at base-
line and year 10 follow-up. Morphologic vertebral fractures
(MVFs) were obtained from assessment of these radiographs
using a morphologic method as previously documented.27,28

Incident MVFs also included an increase in the severity or
grade of a given MVF within-person from baseline to year
10; no MVF means 0 severity change.

Statistical analysis

Statistical analyses were completed using SAS Studio release
3.8 (2012–2018, SAS Institute Inc.,). All statistical analyses
were a priori stratified by sex, based on known sex-related
differences in SB, BMD, and fracture occurrence. As our study
is an exploratory, descriptive study, we analyzed our data
without multiplicity adjustment.

Descriptive statistics are reported as mean (±SD) or number
(%). At baseline, univariate linear regression models of SB



234 Journal of Bone and Mineral Research, 2024, Volume 39 Issue 3

by BMD suggested a nonlinear relationship. We therefore
analyzed baseline SB according to quartiles, based on the sex-
specific distribution. Univariate linear regression models were
fit for each baseline covariable with each baseline BMD site.
Those variables reaching statistical significance (CI excluding
zero) were included in the linear multivariable regression
model used to assess the relationship between SB (quartiles)
and BMD. Due to the known nonlinear relationship between
BMD and age, we considered age as a polynomial of up to 3
degrees. Age, height, BMI, and time spent in walking and in
PA (moderate, vigorous, strenuous) were included, regardless
of their statistical significance, at the univariate step.

Multivariable regression models were fit in several steps.
First, we reported the association between SB and BMD (or
change thereof) in unadjusted models. Second, we adjusted
for age. Third, we further adjusted for significant covariates,
plus height, walking time, and hours of moderate, vigorous,
or strenuous PA. Finally, we further adjusted for BMI. Inter-
actions with SB of age, PA, and BMI were considered, but none
were statistically significant.

For the longitudinal analysis, baseline SB (quartiles) was
the main independent variable and change in BMD in each
measured site the dependent variable. We adopted a model-
ing strategy similar to that for cross-sectional analyses. We
first fitted unadjusted models, second adjusted for age, and
third adjusted for each of the baseline covariates specific
for BMD change at each measurement site based on uni-
variate regressions, and finally further adjusted for baseline
BMI. To study the influence of 10-yr change in SB on 10-yr
change in BMD, we then regressed the SB change (independent
variable) on the residuals of the previous model (dependent
variable; model including baseline SB, age, baseline covariates
and BMI) and further adjusted for change in walking time
and moderate, vigorous, or strenuous PA as well as changes
in BMI.

To examine the relationship between SB and incident clin-
ical fragility fractures (excluding MVF), person-time (years)
included the time from study enrolment to exit (earliest date
of: incident fracture, death, loss to follow up, 10-yr follow-up
interview) for participants aged ≥50 yr at baseline (n = 6712
participants; 1917 men, 4795 women). We used Cox models
to adjust for known important baseline covariables such
as age, height, BMI, walking and moderate to vigorous PA
time, FN BMD, and prevalent fragility clinical fractures. The
number of covariates included in the models for hip fractures
was limited by the number of events.

Since incident MVF were ascertained from radiographs
every 5 yr, we used logistic regression to examine the asso-
ciation of baseline SB with 10-yr incident fragility fractures
including incident MVF.

Finally, to explore the potential impact of participant immo-
bilization on our findings, we conducted sensitivity analyses
after excluding participants who reported a period of immo-
bilization of 1 mo or longer in the year prior to baseline.

Results

Characteristics of all study participants with baseline
measures are presented in Table 1, and the flow of study
participants through both the cross-sectional and prospective
analyses is in Figure 1. Mean baseline age of the whole
sample (n = 8272) was 61.1 (±13.0) yr. Mean BMI was
27.0 kg/m2, and about half of the sample reported at least one

weight-cycling episode (10 pounds loss and regain). At
baseline, 72.4% of women were menopausal (≥1 yr since
final menstruation). Current or former use of menopausal
hormone therapy was reported by, respectively, 25.1% and
18.4% of women; 49.0% had ever used CHC. Moderate,
vigorous, and strenuous PA averaged 15.0 h/wk. Participants
reported 4.2 h/wk of walking, on average. More than a
third reported a parental history of fractures, and 18.5%
of all participants reported one or more prevalent or past
clinical fragility fractures. Thirteen women and 7 men were
immobilized for more than 1 mo in the year prior to baseline:
18 for <3 mon, 1 for 4 mon, and 1 for 6 mon.

For women, SB was categorized into quartiles with ≤4.5 h/d
being the first quartile, 5.0 to 6.0 h/d (second quartile), 6.5 to
8.0 h/d (third quartile), and 8.5 to 19.5 h/d (fourth quartile). In
men, SB quartiles were ≤5.0 h/d (first quartile), 5.5 to 7.0 h/d
(second quartile), 7.5 to 9.0 h/d (third quartile), and 9.5 to
19.0 h/d (fourth quartile).

The cross-sectional analysis of the baseline association
between SB and BMD is shown in Table 2. Significant
differences were observed in crude models across categories of
sedentary behavior for all BMD measurement sites in women
and TH and FN in men. However, most were no longer
present after adjusting for relevant factors in the analysis,
such as PA. (Additional models for analysis of Table 2 are
in Supplementary Table S1.) In adjusted analyses, FN BMD
was lower in women in the third and fourth quartiles versus
the first quartile. In addition, lower TH BMD was observed
in women in the third quartile of SB compared with the first
quartile. Men in the third quartile of SB had significantly
lower adjusted FN BMD than those in the first quartile of SB.

Those who participated in both baseline and year 10
(n = 4624) were younger than those who died or were lost
to follow-up (n = 2443) (Supplementary Table S2). Among
participants with measures of BMD at both baseline and year
10 (n = 4624), BMD decreased at all measurement sites in
both sexes except for the lumbar spine in men (Supplemen-
tal Table S3). Mean SB increased over 10 yr by 21.7% in
women and 17.5% in men.

In longitudinal analyses (Table 2, Supplementary Table S1),
unadjusted models indicated a significant difference in change
in lumbar spine BMD in both women and men. However,
baseline SB did not predict change in BMD after adjustment
for age, PA, and other covariates. Linear regression of the
residuals of those models with 10-yr change in SB (per 1
SD of change) showed no associations with change in BMD
at any site in women (L1–L4: 0.000 g/cm2 [−0.003; 0.002],
FN: 0.000 g/cm2 [−0.002; 0.002], TH: 0.000 g/cm2 [−0.002;
0.002]). Likewise, in men, there was no association of change
in SB with BMD change (L1–L4: −0.001 g/cm2 [−0.004;
0.003], FB: 0.001 g/cm2 [−0.002; 0.004], TH: 0.001 g/cm2

[−0.002; 0.004]).
Survival analyses for incident clinical fragility fractures

(not including MVFs) were performed on participants aged
≥50 yr at baseline (n = 6712 participants; 1917 men, 4795
women). Women’s person-years were 37 895 to 40 689 for the
various fracture sites. Incident clinical fragility fractures were
observed in 673 women, 17.8 (95% CI, 16.5–19.2) per 1000
person-years. In men, this was 14 917 to 15 419 person-years
with 128 having incident clinical fragility fractures, a rate
of 8.6 (95% CI, 7.2–10.2) per 1000 person-years. Incident
major osteoporotic fractures (including only clinical fractures)
occurred in 420 women with a rate of 10.7 (9.8–11.8) per

https://academic.oup.com/jbmr/article-lookup/doi/10.1093/jbmr/zjae004#supplementary-data
https://academic.oup.com/jbmr/article-lookup/doi/10.1093/jbmr/zjae004#supplementary-data
https://academic.oup.com/jbmr/article-lookup/doi/10.1093/jbmr/zjae004#supplementary-data
https://academic.oup.com/jbmr/article-lookup/doi/10.1093/jbmr/zjae004#supplementary-data
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Table 1. Characteristics for all CaMos participants ≥ 25 yr with sedentary time data (sitting h/d) at baseline.

All (n = 8272) Men (n = 2564) Women (n = 5708)

Age (yr) 61.1 (13.0) 59.0 (14.1) 62.0 (12.4)
White, n (%) 7856 (95.0) 2392 (93.3) 5464 (95.7)
Weight (kg) 72.8 (14.7) 81.7 (13.3) 68.8 (13.5)
Height (cm) 164.1 (9.2) 173.6 (7.1) 159.8 (6.4)
BMI (kg/m2) 27.0 (4.7) 27.1 (3.9) 26.9 (5.0)
Weight cycling >10 pounds (%) 4253 (51.4) 1226 (47.8) 3027 (53.0)
Education (% within sex)

<12 yr 2884 (34.9) 798 (30.8) 2095 (36.7)
High school 1214 (14.7) 332 (13.0) 882 (15.5)
≥Postsecondary diploma 4174 (50.5) 1443 (56.3) 2731 (47.9)

Smoking (%)
Never 3888 (47.0) 860 (33.6) 3028 (53.1)
Former 3118 (37.7) 1238 (48.3) 1880 (32.9)
Current 1265 (15.3) 465 (18.1) 800 (14.0)

Caffeine consumption (mg/d) 295.2 (274.2) 345.2 (322.8) 272.7 (246.0)
Alcohol consumptiona

Nondrinker 3065 (37.1) 643 (25.1) 2422 (42.5)
Moderate 4060 (49.2) 1536 (60.0) 2524 (44.3)
High 1132 (13.7) 380 (14.9) 752 (13.2)

Total calcium intake (mg/d) 1018.3 (614.7) 928.3 (590.9) 1058.6 (620.9)
Total vitamin D intake (μg/d) 6.9 (22.5) 5.4 (14.0) 7.5 (25.4)
Osteoporosis diagnosis (self-report) (%) 579 (7.1) 27 (1.1) 552 (9.9)
History of clinical fragility fracture (%) 1526 (18.5) 412 (16.1) 114 (19.6)
Parental history of fractures (%) 2680 (35.2) 769 (33.4) 1911 (36.0)
Current use of antiresorptive medication (%) 1475 (17.8) 3 (0.1) 1472 (25.8)
Current use of corticosteroids (%) 99 (1.2) 27 (1.1) 72 (1.3)
Comorbidities

0 4514 (54.6) 1454 (56.7) 3060 (53.6)
1–2 3418 (41.3) 1002 (39.1) 2416 (42.3)
≥3 340 (4.1) 108 (4.2) 232 (4.1)

Reproductive status (women only) (%) N/A N/A
Premenopausal 1001 (17.5)
Menopausal 4133 (72.4)
Bilateral oophorectomy 573 (10.0)

Menopausal hormone therapy (%) N/A N/A
Never 3225 (56.5)
Former 1050 (18.4)
Current 1433 (25.1)

Combined hormonal contraceptives, ever (%) N/A N/A 2796 (49.0)
Sleep (h/night) 7.1 (1.4) 7.1 (1.4) 7.1 (1.5)
Moderate, vigorous, strenuous physical activity (h/wk) 15.0 (10.8) 14.3 (11.3) 15.3 (10.6)
Walking (h/wk) 4.2 (4.4) 4.1 (4.6) 4.2 (4.2)
Study center

Calgary 1002 (12.1) 300 (11.7) 702 (12.3)
Hamilton 937 (11.3) 301 (11.7) 636 (11.1)
Halifax 920 (11.1) 281 (11.0) 639 (11.2)
Kingston 821 (9.9) 251 (9.8) 570 (10.0)
Quebec 924 (11.2) 281 (11.0) 643 (11.3)
Saskatoon 1017 (12.3) 314 (12.3) 703 (12.3)
St-John’s 860 (10.4) 259 (10.1) 601 (10.5)
Toronto 767 (9.3) 257 (10.0) 510 (8.9)
Vancouver 1024 (12.4) 320 (12.5) 704 (12.3)

Sedentary behavior (sitting h/d) 6.9 (2.7) 7.4 (2.8) 6.7 (2.6)
Lumbar spine L1–L4 BMD (g/cm2) 0.971 (0.178) 1.047 (0.169) 0.937 (0.172)
Femoral neck BMD (g/cm2) 0.725 (0.124) 0.789 (0.122) 0.699 (0.115)
Total hip BMD (g/cm2) 0.903 (0.162) 1.009 (0.149) 0.855 (0.144)

Results presented as mean (SD) for continuous variables and n (% of all or within sex) for categorical variables. aModerate alcohol consumption was defined
as <1 drink/d in women, <2 drink/d in men and high consumption as ≥1 drink/d in women, ≥2 drinks/d in men. N/A, not applicable.

1000 person-years and in 68 men, with a rate of 4.5 (3.5–5.7)
per 1000 person-years. Hip fractures were documented in 95
women, a rate of 2.3 (1.9–2.9) per 1000 person-years versus
29 men with a rate of 1.9 (1.3–2.7) per 1000 person-years.

Table 3 presents hazard ratios for clinical fragility fractures
during the 10-yr follow-up. Fracture risk did not differ across
quartiles of SB for either women or men. In logistic regression

models (Supplementary Table S4), fracture risk did not differ
across quartiles of SB for any incident fragility fractures
(including incident morphometric vertebral fractures) after
adjustment for confounding variables.

Finally, excluding the 20 participants who were immobi-
lized for 1 to 6 mo in the year prior to baseline did not modify
any of our results, whether they were from cross-sectional or

https://academic.oup.com/jbmr/article-lookup/doi/10.1093/jbmr/zjae004#supplementary-data
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Table 3. Hazard ratios (95% CIs) for 10-yr incident clinical fragility fracture, MOF, and hip fracture by sedentary behavior in the CaMos cohort ≥50 yr old.

Hazard ratios
(ref = First quartile)

Womena Menb

Second quartile Third quartile Fourth quartile Second quartile Third quartile Fourth quartile
5.0–6.0 h/d 6.5–8.0 h/d >8.5 h/d 5.5–7.0 h/d 7.5–9.0 h/d >9.5 h/d

Any clinical fragility fracture
Unadjusted 1.01 (0.81–1.25) 1.12 (0.90–1.39) 0.97 (0.77–1.23) 1.08 (0.69–1.68) 1.08 (0.67–1.75) 0.75 (0.43–1.29)
Fully adjustedc,d 0.92 (0.74–1.15) 0.98 (0.79–1.23) 0.98 (0.77–1.25) 1.13 (0.72–1.77) 1.14 (0.70–1.86) 0.99 (0.57–1.75)
MOF
Unadjusted 1.03 (0.78–1.35) 1.22 (0.93–1.60) 1.01 (0.74; 1.36) 1.11 (0.61–2.04) 1.07 (0.55–2.09) 0.71 (0.33–1.52)
Fully adjustede,f 0.93 (0.70–1.23) 1.06 (0.80–1.41) 1.05 (0.77; 1.43) 1.09 (0.59–2.02) 1.06 (0.54–2.07) 1.01 (0.46–2.21)
Fragility hip fracture
Unadjusted 0.80 (0.45–1.40) 1.05 (0.61–1.82) 0.86 (0.47–1.60) 0.91 (0.36–2.30) 0.99 (0.37–2.66) 0.59 (0.18–1.91)
Fully adjustedg,h 0.64 (0.36–1.14) 0.83 (0.47–1.45) 0.93 (0.50–1.73) 0.97 (0.39–2.45) 1.07 (0.40–2.88) 1.05 (0.32–3.42)

aQuartile 1 women: <4.5 h/d of sitting. bQuartile 1 men: <5.0 h/d. Covariates: cWomen: age, height, BMI, White, education, center, smoking, physical
activity, walking, osteoporosis diagnosis, prior clinical fragility fracture, antiresorptives use, corticosteroids use, CHC, comorbidities. dMen: age, height, BMI,
physical activity, walking, comorbidities. eWomen: age, height, BMI, smoking, physical activity, walking, osteoporosis diagnosis, prior clinical fragility fracture,
antiresorptives use, corticosteroids use, hours of sleep, smoking, comorbidities, CHC. fMen: age, height, BMI, smoking, physical activity, walking, alcohol,
hours of sleep, comorbidities. gWomen: age, height, BMI, physical activity, osteoporosis diagnosis, prior clinical fragility fracture, comorbidities, CHC. hMen:
age, BMI. MOF, major osteoporotic fracture; CHC, combined hormonal contraceptives.

longitudinal models for BMD or from Cox or logistic models
for incident fractures (with or without MVF).

Discussion

This is the largest and longest study of SB and bone health in
population-based data to our knowledge. These robust data
are reassuring. Our results provide no evidence for negative
effects of SB on 10-yr BMD change or incident fractures.
Cross-sectional analyses did show higher adjusted FN BMD
in women and men with the lowest self-reported sitting time
(<4.5 and < 5 h/d, respectively), a proxy for SB, versus women
and men with higher (third quartile) sitting times. In longi-
tudinal analyses, however, SB that increased very little over
time was not associated with the nonsignificant 10-yr BMD
change nor with 10-yr incident fragility fractures. It is worth
noting that these data do not necessarily apply to individuals
who experience a marked increase in SB, such as becoming
bedridden or wheelchair bound.

Our proxy for SB, mean time per day spent sitting, was
slightly lower in the CaMos cohort than is often reported
for adults of this age range. Most studies find that healthy
individuals around the age of 60 yr spend 7–8 h/d being seden-
tary.18,29 Ideally, studies should combine the use of objective
and subjective methods in assessment of SB, since participants
may underestimate their sedentary time when responding to
a questionnaire. At the same time, questionnaires can cap-
ture domain-specific SB, information that cannot be retrieved
from objective measures.30 However, CaMos data collection
occurred before accelerometers became a readily available
research tool. Therefore, this study is limited to subjective
SB assessment, although similar questions on a Workforce
Sitting Questionnaire had acceptable criterion validity against
accelerometry in women (r = 0.22–0.46) and men (r = 0.18–
0.29).31 The new WHO guidelines for PA and SB stated that,
“There are no standardized measures or analytical protocols
for SB.”9 Our questionnaire included several subcategories of
sitting thus covering a wide range of sitting behaviors. Our
cross-sectional findings indicate that higher amounts of base-
line SB may be associated with lower FN BMD values in both
women and men. This aligns, in part, with previously pub-
lished research on middle-aged and elderly women.19,32,33 No

association between SB and FN BMD had previously been
observed in men.19,32,33 However, the significant association
we found may not be of clinical importance. In addition, the
trend we observed toward lower BMD with more SB was not
observed in the highest quartile of SB.

Although we have done our best to mitigate any confound-
ing in our analyses, some confounding factors that were not
included in our study may contribute to this observation.
Genetics, hormonal changes (other than menopause), socioe-
conomic status, body composition, and differences in medi-
cation use are some potential factors. Additional prospective
studies using objective measures of SB and PA, coupled with
questionnaire data and including an even wider range of
potential confounders such as activity intensity may help to
clarify this relationship. These data might then be suitable for
compositional analyses.8

Although questionnaire data resulting in self-reported SB
lack objective confirmation, the evidence that accelerometer
data, of necessity over shorter time frames and often in
fewer participants, are more reflective of actual sitting are
currently equivocal. Two previous population-based cross-
sectional studies that used accelerometers to measure SB
found contradictory results.7,20 McMillan et al. studied 209
community-dwelling men and women with a mean age of
64.4 yr and found lower BMC with more SB in women but
not in men.7 In contrast, Rodríguez-Gómez et al. found that,
in 776 participants aged 65 yr and older, men with more SB
had lower arm and pelvic BMC; in women, more SB was
associated with higher BMC in the leg and whole body.20

Quartiles of baseline SB were not associated with 10-yr
change in BMD nor with clinical fragility fracture or MVF
risk in our 10-yr longitudinal analysis. The small changes
we observed are also likely not of clinical importance. Other
population-based longitudinal studies with smaller cohorts
and of shorter durations found no associations between SB
and BMD change for men7,8 and contradictory results for
women in which TH BMD increased in participants with
more versus fewer sedentary hours.7 However, a slower rate
of BMD loss was observed in women who reduced their
sedentary time.8 Shorter follow-up, older participants having
higher BMI and lower education compared with our partici-
pants may explain the differences in our results as well as the
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varying methods of accounting for participants’ activity levels.
Our observed association between SB and the FN BMD was
independent of participants’ time spent walking and doing
moderate to vigorous PA. However, PA and increases therein
may have counteracted negative effects of SB in our cohort.
In the fourth quartile of SB, 99.5% of men and 99.3% of
women were engaged in some level of walking, strenuous,
vigorous, or moderate PA. Specific light activities such as very
light household activities may not have been picked up by
the questionnaires used in the study and thus a change in
those may not have been identified and/or controlled for. The
overall PA participation rates for any activity were 99.5%
for men and 99.6% for women. However, the absence of
change in the estimated relationship between SB and BMD
after including PA in the models suggests that PA does not
mediate the relationship between SB and BMD. This could
also be explained by the fact that the model adequately
controls for potential confounding factors related to both SB
and PA such as age. However, the absence of change in the
estimated relationship between SB and BMD after including
PA in the models suggests that PA and SB are concurrent but
independent variables associated with BMD after adjusting
for other common confounders. Consequently, the estimates
for SB’s impact on BMD remain stable despite the inclusion
of PA. Finally, it cannot be ruled out that a more diverse or
varied sample might yield different results. To confirm these
results, the hypothesis that SB does (or does not) affect bone
health should be tested in future confirmatory studies.

As suggested in a very recent systematic review on the asso-
ciation between SB and BMD,11 the role of BMI needs careful
consideration. In our cohort, the cross-sectional association
between SB and BMD at the FN in women and men and at
the TH in women became significant after BMI was added to
statistical models, indicating that BMI is of key importance.
Individuals with very high or very low BMI may be either
more or less likely to be sedentary. However, as SB could also
affect BMI and, secondarily, BMD, we did not include BMI as
an independent variable in the primary (a priori) analyses. The
slight overweight (a mean characteristic of our participants)
may serve as a protective factor for loss of BMD.

In the cross-sectional analysis, we included all participants
with available data on our key outcomes, SB and BMD, includ-
ing those individuals who, over the next 10 yr, died or were
lost to follow-up. Thus, increased SB and lower BMD may,
in some cases, have been proxy measures for declining health
and functionality. We found that individuals who died during
follow-up were older and had lower BMD at baseline than did
continuing participants, implying a “healthy cohort” effect.
The majority of those who moved to institutional care did not
continue to participate, so some of the most frail may have
been lost to follow-up. As opposed to many prior studies,11

we did not exclude any participants with comorbidities, but
assessed the potential confounding effects of their inclusion.
Thus, our findings have good generalizability to the Canadian
elderly population.

True population effect sizes are difficult to reach in a diverse
population, and this is reflected in quite wide CIs in some of
our estimates such as for hip fragility fractures. We carefully
considered a variety of confounders in this study including
sex, age, weight, menopausal status, and prevalent clinical
fragility fractures. We also adjusted for several modifiable risk
factors, such as high alcohol consumption, total vitamin D and
calcium intakes, and smoking. Thus, we have attempted to

avoid bias related to unmeasured or not considered variables.
Additional confounding, however, cannot be ruled out.

One additional strength of this study, besides its random
sampling, large numbers, and 10-yr documentation, is our low
number of nonresponders to questions on SB. In studies using
accelerometers to assess SB and bone health, 37%, 40%, and
76% of participants, respectively, were excluded due to invalid
or missing data.7,18,19 We note 3 key limitations of our study:
(1) data from only 56% of the baseline cohort were available
for study at year 10; (2) we could not identify participants who
were immobilized in the year prior to the year 10 follow-up
interview; and (3) we had only self-report data on h/d of sitting
via questionnaire rather than accelerometer measurements.
However, questionnaires are useful for ranking sitting time
in large observational studies. As the same questionnaire
was used at baseline and year 10, systematic bias unlikely
affected results for change in sitting time during follow-up.
The hypotheses generated in this exploratory epidemiological
investigation need to be tested in further studies.

Public health implications

In this large country-wide population-based study, SB was not
associated with 10-yr BMD loss in women and men nor did
it associate with incident fragility fractures. These data are
reassuring. Women and men who walk regularly and have
some moderate-vigorous PA per day, despite more daily sitting
time, seem to be at no greater long-term osteoporosis risk
compared with those with fewer sitting hours.
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