Higher step count is associated with greater bone mass and strength in women but
not in men
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Summary

In this cross-sectional study, peripheral bone traits were examined relative to total daily steps measured
with pedometer. Higher number of steps was associated with greater bone values at the calcaneus and
tibia in women, but not in men. In women, dose-dependent associations at the radius were congruent with
the weight-bearing bones.

Abstract

Introduction Habitual physical activity measured as daily steps may contribute to bone density and strength
at the calcaneus and other weight-bearing bones.

Methods Subgroups of 705-837 women and 480-615 men aged 31-46 years from the Cardiovascular Risk in
Young Finns Study participated in the present study. Participants were instructed to use pedometer for one
week and the total daily steps, divided into tertiles, were evaluated relative to quantitative ultrasound-
measured bone traits at the calcaneus and peripheral quantitative computed tomography-measured bone
traits at the tibia and radius. Analysis of covariance was used to examine the between-group differences.



Results In women, significant dose-dependent between-group differences were found in the weight-
bearing bones and in non-weight-bearing radius. The differences in broadband ultrasound attenuation and
speed of sound at the calcaneus were 3.8% and 0.5% greater in women within the highest tertile of daily
steps compared to the lowest tertile (p-values for trend <0.04). In tibia, women in the highest tertile (>
8765 steps/day) had on average 1-5.4% greater bone cross-sectional area, bone mineral content (BMC),
trabecular density and bone strength index at the distal site and 1.6-2.7% greater bone areas, BMC and
strength strain index (SSI) at the shaft compared to women with less daily steps (p-values for trend <0.02).
Similarly, in radius, BMC and BSI at the distal site, and bone cross-sectional areas, BMC and SSI at the shaft
were 1.7-3.4% greater in women within the highest tertile of daily steps compared to their peers (p-values
for trend <0.04). In men, the differences in calcaneal, tibial and radial bone traits were mainly non-
significant between the tertiles of daily steps.

Conclusion Observed significant positive associations between daily steps and various bone traits at the
calcaneus, tibia and radius in women suggest that habitual physical activity may benefit skeletal health in
adulthood.

Keywords peripheral quantitative computed tomography (pQCT), quantitative ultrasound (QUS),
pedometer, step counts, physical activity.

Introduction

Bone structure adapts to regular exercise that includes greater loading than induced by habitual daily
activities. This is particularly well documented in the lower and upper extremities of athletes participating
in moderate-high impact sports that include e.g. vertical jumps, rapid turns and stops or repetitive impact
loading [1-4]. Among general population, adults are recommended to exercise 3-5 times per week
endurance sports like running and brisk walking to load their skeletal structure [5-6]. Also a combination of
strength training for a few times a week and a sufficient number of jumps daily are recommended as a part
of bone enhancing exercise.

Walking is the most common type of physical activity in humans. Indeed, daily steps have been suggested
to increase bone mass and strength. In two studies on elderly Japanese women, daily walking steps were
positively associated with the ultrasound parameters of calcaneus and negatively with bone resorption [7-
8]. In another study on 50-80 year old women and men, pedometer determined steps were positively
associated with areal bone mineral density (aBMD) at the hip especially in those over 65 years of age [9].
Also, in a Finnish exercise intervention trial on perimenopausal women, weekly endurance training
including mainly brisk walking resulted in better maintenance of femoral neck aBMD [10]. Additionally, in a
study comparing four different physical activity methods and two bone strength indices in young girls aged
8-13 years, pedometer steps were significantly associated with bone strength index (BSI) at the distal sites
of femur and tibia [11]. In another study of young boys and girls aged 7-9 years, estimates of cortical bone
and strength strain index (SSI) at the tibial mid-shaft were modestly higher in children who were in the
active group according to daily steps and fitness tests compared to children classified to the inactive group
[12]. So far the longest follow-up of daily steps was collected in a study of Japanese women and men aged
65-84 years during a period of five years [13]. These researchers concluded that it would be beneficial to



take at least 7000-8000 steps per day and noted also that habitual physical activity performed at higher
intensity than 3 metabolic equivalents (MET) was associated with calcaneal bone health.

In the present study, we examined if daily steps measured with pedometer were associated with various
bone traits determined at calcaneus, tibia and radius. To the best of our knowledge, there are no previous
studies that have investigated this association in a large sample of adults aged 31-46 years old.

Methods

Participants

Participants in the present study, aged 31-46 years old, were participants of the Cardiovascular Risk in
Young Finns study which is an ongoing follow-up study of six age-cohorts born in 1962, 1965, 1968, 1971,
1974 and 1977 (Table 1.). At baseline in 1980, the study subjects were randomly chosen from the Finnish
national register in the areas of five university cities Helsinki, Kuopio, Oulu, Tampere and Turku (n=3596
participated, 83% of those invited). Later follow-up studies have been performed in 1983, 1986, 1989,
2001, 2007 and 2012 with the participation rates of 60-80% of the baseline cohort. Those who were lost in
the follow-up have been described elsewhere [14-15]. The study participants gave written informed
consent and the study protocol was reviewed and approved by the ethics committees of the participating
universities.

Assessment of steps

In 2007, the pedometer study was conducted among 1876 individuals. Daily steps were gathered with the
pedometer (Walking style One, HJ-152R-E, Omron Healthcare Co., LTD. Kyoto, Japan). Pedometers were
instructed to be attached on the waistband or belt in the same position for 7 consecutive days and to be
removed only while bathing or swimming [16]. Participants were asked to continue their habitual physical
activity during the one week monitoring period. At the end of the day, the number of total steps was
recorded in pedometer logs. Participants who had at least 4 monitoring days with at least 8 hours
pedometer wear time were included in all the analyses (n=1853, 98.8% of those who completed the
pedometer study). Sickness or injury status, exceptional step count recorded as an atypical day, or
problems with pedometer use, were imputed by the mean of other days. Pedometer accuracy for
measuring total steps over 1000 meters varied between 0.1-1.3 % in different walking situations [16] and
the Spearman’s rank correlation coefficient with steps measured by the accelometer (GT1M, ActiGraph,
Pensacola, FL, USA) was 0.966 (p<0.001) [17].

Bone measurements

In 2008, all those who had participated the Cardiovascular Risk in Young Finns baseline study, excluding
those who had died (n=77), moved abroad or forbid any further invitations, were invited to the peripheral
guantitative computed tomography (pQCT) and quantitative ultrasound (QUS) bone measurements



(n=3386, 94.2% of the baseline cohort). Altogether, 1884 individuals (55.6% of those who were invited)
from Turku, Helsinki, Tampere, Kuopio and Oulu attended the pQCT measurements between February and
December 2008 [18]. The corresponding number of the QUS measurements was 1953 (57.7% of the
invited).

Both distal and diaphyseal sites of two functionally different bones, non-weight-bearing radius and weight-
bearing tibia, were measured with pQCT (XCT 2000R, Stratec Medizintechnik GmbH, Pforzheim, Germany).
Pregnant women were excluded from the measurements. Radius was measured on the non-writing hand
and tibia on the left leg if no contraindication emerged, e.g. previous fracture of the given site. Distal sites
were 4 % for radius and 5 % for tibia relative to the distal cortical endplate. The diaphyseal sites were 30 %
for both bones. Approximately 98% of the pQCT measurements were successfully scanned and analyzed.
The main reasons for the failed pQCT investigation were missing scan images, inability to fit leg into the
pQCT gantry, inaccurate positioning of the forearm or leg, or movement artefacts during scanning. For the
distal sites, the contour and peel modes 2 were used according to the previously described procedures [19].
For the shafts, a density threshold of 710 mg/cm® was applied to separate the cortical bone from other
tissues. The pQCT measurements yielded the following bone traits: bone mineral content (BMC, mg),
trabecular and cortical bone mineral densities (mg/cm?), and total and cortical bone cross-sectional areas
(mm?). Additionally, three bone strength indices were calculated: SSI (mm?), BSI (g%/cm*) and cortical
strength index (CSl). The conventional SSI was calculated as a density-weighted polar section modulus. It
predicts the torsional bone strength and was determined for the diaphysis only. For the distal sites, BSI
reflecting the compressive bone strength was calculated as a product of squared total bone mineral density
and total cross-sectional area (total density” x total area) [1]. The value of CSI corresponded to the ratio of
cortical bone area and total bone area (cortical area/total area).

Additionally, the QUS technique (Sahara Clinical Bone Sonometer, Hologic Inc, Waltham, MA, USA) was
used to measure the speed of sound (SOS, m/s) and broadband ultrasound attenuation (BUA, dB/MHz) at
the calcaneus mainly from the left heel. Totally, ~23 % of the QUS measurements were unsuccessful since
there were problems in the propagation of ultrasound. The precision of the pQCT and QUS methods were
evaluated in a subgroup (n=39) with in vivo coefficients of variation (%), which varied between 0.3 % and
4.8 % [18].

Clinical measurements and lifestyle

In 2007, body weight, height and body mass index (kg/m?) were determined with standard methods [20].
On the same year, energy and nutrient intakes were assessed with a 131-item food frequency
guestionnaire developed by the Finnish National Institute for Health and Welfare [21]. The quantities of
nutrients were based on the Finnish Food Composition database, Fineli® [22]. Serum 25-hydroxy vitamin D
(later calcidiol) levels (in nmol/l) of the study subjects were determined using radioimmunoassay (DiaSorin,
Stillwater, Minnesota). Information on alcohol consumption (drinks during the previous week), smoking
habits (daily or less frequently) and oral corticosteroid medication for at least one month (yes/no) were
collected with self-administered questionnaires in 2007-2008. Maximal oxygen consumption (VO,max) and
work rate (WRmax) were obtained from the exercise tests performed on electronically braked cycle
ergometers during the years 2007-2009 in Tampere and Turku (Lode Corival 906900, Lode BV, Groningen,
Netherlands). During the tests, 12-lead electrocardiography was recorded (Corina ECG amplifier and
CardioSoft acquisition software ver. 4.2, GE Medical Systems, Freiburg, Germany) and breath-by-breath



measurements performed with ventilator gas analyzers (V-max 29C, SensorMedics, Yorba Linda, CA, USA
and Jaeger Oxycon Pro, VIASYS Healthcare GmbH, Hoechberg, Germany) . VO,max was determined as the
highest oxygen uptake during the last 30-second averaged interval and WRmax was calculated by adding
the work during the last full minute interval to the fraction of the work performed over the final,
interrupted interval. These tests and measurements have been described earlier in more detail [23].
Physical activity index in 2007 was calculated based on a self-report questionnaire which included items on
intensity of physical activity, frequency of vigorous physical activity, hours spent on vigorous physical
activity, average duration of a physical activity session and participation in organized exercise.

Statistical analyses

For the statistical dose-dependence association analyses, participants were divided into tertiles by their
mean daily steps. The following values were used as the cut-off values: < 6317 and > 8765 in women (min
1145, max 22879) and < 5514 and > 7962 in men (min 1548, max 19351). After the group classifications,
associations with the characteristic variables were analyzed with the analysis of variance (ANOVA) or
Brown-Forsythe-test for continuous and Chi square-test for categorical variables. In the main analyses,
pQCT and QUS bone parameters were compared between the daily step tertiles with the analysis of
covariance using age, height, weight, serum calcidiol level and physical activity index as covariates. We also
tested the linear trends with polynomial contrast because of an assumption of the dose-responsive effect
of daily steps on bone traits. Analyses were done separately for women and men because of different
endocrine profiles. Statistical analyses were carried out with IBM SPSS Statistics 24. P-values <0.05 were
considered statistically significant.

Results

The background characteristics of the study groups divided into tertiles by mean daily steps are shown in
Table 1. In women, differences were seen in body height, weight and body mass index (BMI) (p-values
<0.02). Body weight and BMI were the lowest among those women who had taken more than 8765 daily
steps. Women in the highest tertile of steps had also higher mean serum calcidiol level, physical activity
score and maximal work rate value compared to less active women (p-values < 0.002). On the contrary,
they smoked less than the other women (p-value 0.02). In men, similar differences as in women were seen
in body weight, BMI, physical activity score and maximal work rate value (Table 1, p-values <0.01). Mean
serum calcidiol level was, instead, the highest among men in the middle tertile of daily steps (p-value
<0.001). In addition, the VO,max value reflecting physical endurance capacity was the highest among men
in the third tertile of daily steps (p-value 0.001). On average, women had taken more daily steps than men
during the monitoring week (7827 vs. 7063 steps/day, p-value <0.001).

In women, the differences in calcaneal BUA and SOS values were 3.8% and 0.5% greater in women in the
highest tertile of daily steps compared to the lowest tertile (Table 2, p-values for trend <0.04). Similarly in
distal tibia, women with over 8765 daily steps had 1.1% larger total cross-sectional area, 3.2% higher BMC,
3.7% higher trabecular density and 5.4% greater BSI than women in the lowest tertile of steps (Table 3, p-
values for trend <0.02). In tibial shaft, bone area was 1.7%, cortical bone area 1.6%, BMC 1.7% and SSI 2.7%



greater among women in the highest tertile of daily steps compared to the other women (Table 3, p-values
for trend <0.02). In radius, women in the highest tertile of daily steps had 2.2% higher BMC and 3.4%
greater BSI at the distal site compared to women in the lowest tertile (Table 4, p-values for trend <0.04). In
radial shaft, total cross-sectional area was 2.3%, cortical area 1.7%, BMC 1.7% and SSI 2.4% greater among
women in the highest tertile of daily steps than in the lowest or middle tertile of steps (Table 4, p-values for
trend <0.03).

In men, the differences in calcaneal and radial bone traits were non-significant between the tertiles of daily
steps (Table 2 and 4). In distal tibia, total cross-sectional area and BMC were the highest in men within the
middle tertile of steps (Table 3, p-values for trend <0.03). In tibial shaft, bone area and SSI were, however,
the greatest in men with least daily steps (Table 3, p-values for trend <0.04). The differences between the
highest and the lowest values ranged from 0.8% to 2%.

Discussion

In the present study, women aged 31-46 years whose mean daily steps exceeded 8765 had larger total and
cortical bone cross-sectional areas, higher bone mineral mass and density, and greater proximal BSI and
diaphyseal SSI at the weight-bearing tibia compared to their peers. Also, the calcaneal ultrasound
parameters were higher among these more walking women. Similarly, in the non-weight bearing radius,
greater number of steps was associated with larger bone areas, higher bone mineral mass and greater
strength indices in women. In men, on the contrary, the results were non-significant at the calcaneus and
radius. In tibia, some statistically significant but conflicting associations of daily steps with bone areas, BMC
and SSI were found in men. These results may reflect different physical activity habits between women and
men in the present population. On an average, women had taken more daily steps than men during the
monitoring week (difference 764 steps/day). Thus, women may have also exercised more frequently so-
called Nordic walking which was a popular leisure time activity at that time in Finland. In Nordic walking,
sticks are used along with walking which makes it a good exercise for the arms and upper body too. This
may explain the higher values in women’s radii with the highest number of daily steps compared to the
other less walking women. In men, the associations between daily steps and studied bone traits were
mainly non-significant why they should be interpreted cautiously. It may be, for instance, that men in the
lowest tertile of daily steps took their steps at higher intensity which then contributed to slightly higher
total area and SSI at the tibial shaft compared to the other men with more steps. This explanation cannot
be, however, verified with pedometer which was used here to assess usual ambulatory activity.

Although, the loading effect of habitual daily steps on calcaneal, tibial and radial bone traits seemed to be
relatively small in women, it may have some clinical relevance. In a study where walking was the primary
activity, four hours per week of walking was associated with 41% lower hip fracture risk in postmenopausal
women compared to peers with less than one hour of walking per week [24]. Also the walking pace seemed
to influence the risk of hip fractures among these women, so that those who walked briskly were in the
lowest fracture risk. However, in the meta-analysis of eight randomized controlled trials including
postmenopausal women, no effect of walking interventions on lumbar spine BMD was found while the
effect on femoral neck was modest [25]. The researchers concluded that the effect of walking on bone
density as a sole exercise may be too small that it would reduce the fracture risk in these older women.



Previously, the positive association between daily steps and bone traits has been found in older women
and men [7-9, 13] and in children [11-12]. However, in a study of young students, no correlation was found
between daily steps and ultrasound bone parameters [26]. Scheffler and others discussed that the reason
behind this was too a homogenous population and that students may have been more health-conscious
than the average population. It is also possible that the associations between different bone traits and
habitual physical activity measured as total steps may vary with age as the total amount of physical activity
may decrease or increase in different phases of life. The mean number of steps in the aforementioned
studies varied from 6896 to 15495 steps per day which is almost the same range as recommended for
relatively healthy, younger adults [27].

We also found that daily steps were inversely associated with body weight in both genders and positively
with serum calcidiol levels in women. Participants in the highest tertile of daily steps had on average 6.8-7.4
% lower body weight and also 4.6-5.7% lower BMI than their study peers in the lowest tertile. In women,
mean serum calcidiol level was on average 9.3% higher within the highest tertile of daily steps compared to
the lowest tertile. In addition, the proportion of participants who smoked daily was the lowest in the
highest tertile of daily steps in both genders. Participants with more daily steps had also higher physical
activity score in general and better maximal work output in the cycle ergometer exercise test than their less
walking counterparts. These health-related differences between the daily step groups may have also
influenced the studied bone traits. For instance, vitamin D has many known effects on the physiological
pathways relevant to bone mineral homeostasis and it is also a common supplement along with calcium in
patients with osteoporosis [28]. Also the differences in mean body weight and general physical activity may
have confounded the results to some extent. In the earlier study from the Young Finns study Cohort,
overweight in childhood was associated with greater bone size later in adulthood [29]. Also obesity in
adulthood seemed to decrease the risk of low trabecular bone density at the distal sites of radius and tibia
in the Young Finns cohort [18].

When considering the strengths of the present study, the observations were drawn from a large cohort
including both women and men aged 31-46 years. To our knowledge, no similar studies in this age group
have been done previously. In addition, three different peripheral bones, calcaneus, tibia and radius were
studied relative to objectively measured step counts which make our congruent results more reliable.
Additionally, many health-related factors known to affect bone mass were examined in the present
population and considered when interpreting the results.

There are some limitations in relation to the studied associations of step counts and peripheral bone
parameters. The present study was a cross-sectional in design and therefore we do not know the outcomes
between accumulated lifetime steps and different bone traits. However, prospective data on physical
activity estimated with a self-report questionnaire from the present population was earlier shown to
predict the level of physical activity in adulthood since childhood [30]. This same physical activity index was
also used in our previous pQCT study where frequent habitual physical activity at the age of 9-18-years was
associated with higher tibial bone size and strength indices in adulthood [31]. One limitation is also that
steps were collected for a quite short period of time and can therefore be confounded by varying weather
or participants’ health conditions. As earlier reported, the main reasons for non-participation and
interruption of pedometer use were lost or broken pedometer (n=75), iliness (n=30) and other reasons like
untypical day (n=22) [16]. In addition, subjects who participated the pedometer sub-study were more likely
to have a higher socioeconomic position than all those who participated in the examinations of follow-up
2007. This may have resulted in higher number of reported steps compared to the general Finnish



population. Pedometer itself has also some shortcomings since it cannot measure accurately the intensity
of training or other types of exercises than locomotion e.g. cycling, swimming, weight training, yoga, skiing
and similar exercises. These exercises can, however, be useful in promoting both general and bone health
through developing the muscle strength. Despite these limitations, the objectively measured step data
provided a relevant estimate of habitual physical activity in this population.

Conclusion

In conclusion, women aged 31-46 years who had taken more than 8765 daily steps had on average 1-5.4 %
greater bone cross-sectional areas, bone mineral content, trabecular density, and strength indices at the
weight-bearing tibia compared to their study peers. Also the calcaneal ultrasound parameters were 0.5-3.8
% greater among more walking women. In non-weight bearing radius, the results were similar as in the
weight-bearing bones. In men, the associations of daily steps and peripheral bone traits were mainly non-
significant. These results suggest that habitual daily steps may preserve bone mass and strength in women,
but not in men. Obviously, more studies are needed to confirm these results.
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Table 1. Subject characteristics as mean values and standard deviations (SD) or frequencies (%, n) in the groups of daily steps.

Women Men
N=295-353 N=304-355 N=299-354 N=206-263 N=221-265 N=221-263
<6317 6317-8765 > 8765 <5514 5514-7962 > 7962

steps/day steps/day steps/day P-value* steps/day steps/day steps/day P-value*
Age, years 37.4(4.9) 37.9(5.1) 38.0(5.0) 0.21 37.5(5.1) 37.6(5.2) 37.8(4.9) 0.74
Height, cm 166 (5.9) 166.4 (6.2)  165.1(5.9) 0.02 1809 (6.7)  179.6 (6.9) 178.7 (6.5) 0.001
Weight, kg 71.9(15.9)  69.5(13.9) 67.3(11.8)  <0.001 89.0(17.3)  85.8(14.4)  82.9(14.3)  <0.001
Body mass index, kg/m? 26.1 (5.5) 25.1(5.0) 24.7 (4.1) 0.001 27.1(4.6) 26.5(3.9) 25.9(3.9) 0.003
Energy intake, kcal/day 2144 (701) 2157 (689) 2177 (615) 0.82 2683 (900) 2635 (864) 2763 (812) 0.27
Protein intake, g/day 94 (32.8) 93 (32.9) 94 (28.5) 0.92 116 (39.2) 116 (39.8) 117 (32.6) 0.91
Protein intake, E% 17.7 (2.4) 17.4 (2.3) 17.4 (2.3) 0.21 17.5 (2.6) 17.7 (2.5) 17.2 (2.2) 0.06
Dietary calcium intake, 1333 (573)  1361(545) 1391 (525) 0.41 1454 (631) 1574 (664) 1575 (600) 0.06
mg/day
Serum calcidiol, nmol/I 57.5(19.3)  61.3(21.7) 63.4(19.6)  <0.001 52.3(17.2)  59.4(16.4)  58.4(16.2)  <0.001
Alcohol consumption, 0.6 (0.7) 0.5(0.7) 0.5(0.7) 0.84 1.5 (2.0) 1.4 (1.5) 1.2 (2.1) 0.27
drinks/day
Current daily smokers, % 18.8 % 12.8% 11.9% 0.02 22.1% 242 % 16 % 0.05

(66 women) (45) (42) (58 men) (64) (42)
Oral corticosteroid 6.4% 6.9 % 8.4 % 0.64 3.9% 1.4 % 2.7 % 0.26
medication = 1 month, % (19 women) (21) (25) (8 men) (3) (6)
Physical activity index® 8.3 (1.6) 9.0 (1.6) 9.2 (1.8) <0.001 8.1(1.8) 8.9 (1.8) 9.2 (2.0) <0.001
VO,max, mI/kg/minb 25.8 (6.9) 26.9 (6.7) 27.3(7) 0.35 32.3(7.3) 35.4 (7.6) 37.3(8.4) 0.001
WRmax, we 154 (26.8) 163 (26.3) 170 (30.2) 0.002 246 (45.6) 260 (39.1) 269 (52.1) 0.01

* Tested with ANOVA, Brown-Forsythe-test or Chi square-test.

®Physical activity scores ranged from 5 to 15, where 5 is indicating low activity. bVOZmax, maximal oxygen consumption; WRmax, maximal work rate. VO,max and WRmax were

measured with maximal cycle ergometer exercise test in a subpopulation of Young Finns (women, N (total)=237-243 and men, N (total)=211).



Table 2. Unadjusted mean values (SD) of quantitative ultrasound (QUS) bone parameters separately for women and men in the groups of daily steps.

Women Men
ANCOVA® ANCOVA®
N=223 N=231 N=251 N=151 N=168 N=161
QUS parameters of <6317 6317-8765 > 8765 P-value P-value <5514 5514-7962 > 7962 P-value P-value
calcaneus® steps/day steps/day steps/day for trend steps/day steps/day steps/day for trend
BUA, dB/MHz 77.6 (14.3) 78.8 (15.6) 80.7 (16.6) 0.10 0.04 80.1 (15.7) 83.6 (16.3) 82.6 (16.8) 0.40 0.40
SOS, m/s 1555 (28.7) 1557 (27.9) 1563 (30.2) 0.02 0.01 1555 (27.6) 1561 (28.8) 1562 (29.7) 0.57 0.32

®BUA, broadband ultrasound attenuation; SOS, speed of sound. ®Covariates used in the model: age, height, weight, serum calcidiol level and physical activity index.



Table 3. Unadjusted mean values (SD) of tibial peripheral quantitative computed tomography (pQCT) bone parameters separately for women and men in the groups of

daily steps.
Women Men
ANCOVA® ANCOVA®
N=267 N=285 N=285 N=195 N=213 N=207
pQCT bone traits® <6317 6317-8765 > 8765 P-value P-value <5514 5514-7962 > 7962 P-value P-value
steps/day steps/day steps/day for trend steps/day steps/day steps/day for trend
Distal tibia (5% from
the cortical endplate)
Total area, mm?® 809.8 815 (118) 818.7 0.04 0.02 993.4 997.8 990.1 0.08 0.03
(101.3) (103.8) (136.7) (128.7) (147.6)
BMC, mg 511.1(69.4) 521.1(71.7) 527.8(70.6) <0.001 <0.001 698.8 712.8 708.4 0.04 0.01
(103.4) (104.4) (102.2)
Trabecular density, 224.2 (28.4) 229.6(31.1) 232.7(30.7) 0.001 <0.001 252.3(33.3) 257.3(33.4) 256.9(32.1) 0.75 0.51
mg/cm’
BSI, gz/cm4 0.819 0.848 0.866 0.002 0.001 1.25(0.29) 1.30(0.32) 1.29(0.30) 0.24 0.10
(0.189) (0.196) (0.208)
Tibial shaft (30%)
Total area, mm® 341 (44.6) 338.9(42.1) 344.9(41.9) 0.001 0.01 438.8 (55.9) 433.9(49.2) 434.8(54.1) 0.04 0.04
Cortical area, mm’ 245.3(30.7) 245.9(30) 249.2 (30.3) 0.02 0.01 321.3 (42.1) 320 (40.3) 319.9 (43) 0.19 0.13
Cortical density, 1168 (21.6) 1169 (17.5) 1170 (19.3) 0.90 0.65 1144 (21.9) 1147 (22.5) 1148 (22.2) 0.62 0.54
mg/cm’
BMC, mg 572.8(69.2) 574.7 (68.7) 582.5(68.3) 0.02 0.02 734.2(89.9) 733.2(88.9) 733.7(94.2) 0.17 0.09
Csl 0.72 (0.05)  0.73(0.05)  0.72 (0.05) 0.36 0.93 0.73(0.05)  0.74(0.05)  0.74 (0.05) 0.77 0.68
SSl, mm? 1296 1287 1322 0.002 0.01 1842 (325.6) 1818 (301.7) 1830 (329.9) 0.02 0.02
(241.9) (234.3) (225.3)

®BMC, bone mineral content; BSI, bone strength index; CSl, cortical strength index; SSI, stress-strain index. ®Covariates used in the model: age, height, weight, serum calcidiol
level and physical activity index.



Table 4. Unadjusted mean values (SD) of radial peripheral quantitative computed tomography (pQCT) bone parameters separately for women and men in the groups

of daily steps.

Women Men
ANCOVA® ANCOVA®
N=267 N=284 N=281 N=193 N=213 N=205
pQCT bone traits® <6317 6317-8765 > 8765 P-value P-value <5514 5514-7962 > 7962 P-value P-value
steps/day steps/day steps/day for trend steps/day steps/day steps/day for trend
Distal radius (4% from
the cortical endplate)
Total area, mm> 310.9 312.2 314.7 0.25 0.12 418.7 (63.2) 418 (66.1) 420.9 (67.9) 0.26 0.11
(42.2) (47.5) (46.7)
BMC, mg 195.2 197.9 199.6 0.04 0.01 305.2 (43.4) 303.3(46.2) 305.3(46.7) 0.27 0.17
(28.9) (28.4) (30.6)
Trabecular density, 205.8 206.8 208.5 0.48 0.22 246.8 (31) 249.5(33.1) 247.2(31.5) 0.84 0.96
mg/cm’ (27.8) (28.3) (30.2)
BSI, gz/cm4 0.314 0.321 0.325 0.13 0.04 0.565 0.561 0.565 0.58 0.42
(0.085) (0.080) (0.090) (0.125) (0.138) (0.137)
Radial shaft (30%)
Total area, mm? 92.8(13.2) 92.6(14.2) 94.8(13.8) 0.008 0.01 140.1 (19.7) 138.7(19.4) 138.1(20.1) 0.65 0.42
Cortical area, mm? 74.4 (8.4) 74.7 (8.4) 75.7 (8.2) 0.01 0.006 109.7 (12.7) 108.7(13.2) 108.3(13.4) 0.73 0.56
Cortical density, 1211 (19.5) 1213 (21) 1210 (20) 0.16 0.19 1178 (23.2) 1182 (23) 1183 (20) 0.19 0.17
mg/cm’
BMC, mg 180.1 181.2 183.2 0.03 0.01 258.3(29.6) 256.8(30.3) 256.2(31.5) 0.68 0.42
(20.2) (20.2) (19.6)
Csl 0.81(0.06) 0.81(0.06) 0.81(0.06) 0.12 0.50 0.79 (0.05) 0.79 (0.05) 0.79 (0.05) 0.77 0.48
SSl, mm? 203.8 203.9 208.8 (39) 0.03 0.03 350.3 (67.6) 345.7 (63.8) 344.2 (68.5) 0.60 0.38
(38.4) (42.1)

®BMC, bone mineral content; BSI, bone strength index; CSl, cortical strength index; SSI, stress-strain index. ®Covariates used in the model: age, height, weight, serum calcidiol
level and physical activity index.



