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Key summary points
Aim  To determine the prevalence and risk factors for osteoporosis in persons over 65 who live in nursing homes.
Findings  The prevalence of osteoporosis among residents in nursing homes, based on QUS bone measurements and defined 
as QUI-T score ≤ − 2.2, was 51.9% in women and 8.5% in men. Physical activity was a more important factor for preserving 
bone health than calcium intake.
Message  Regular screening for osteoporosis, together with nutrition assessment and physical activity promotion, should be 
implemented in nursing home settings.

Abstract
Purpose  Low bone mineral density has been reported in institutionalized old people, but limited data are available on the 
association between bone density and physical activity (PA) and calcium intake in that population. We explored the predic-
tors of bone density in old people living in nursing homes, focusing on PA and calcium intake.
Methods  In a cross-sectional study, we measured bone density with quantitative ultrasound (QUS) in 292 nursing homes 
residents (233 women and 59 men), mean age 82.4 ± 6.5 years. Information on lifestyle habits and calcium intake was 
obtained with questionnaires.
Results  All QUS bone parameters were significantly higher in men than in women (p < 0.001). A T score for quantitative 
ultrasound index (QUI) of − 2.2 or lower was found in 8.5% of men and 51.9% of women. Participants of both genders with 
low PA had a significantly lower QUI, QUI-T score compared to those with good/very good PA. When controlling for age, 
gender, body mass index and calcium intake, participants with good PA had better QUI than those with low PA (β = 7.12 
with 95% CI [2.51, 11.74]) The odds of QUI-T score < − 2.2 were lower (OR 0.49 with 95% CI [0.27, 0.90]) in participants 
with good PA compared to those with low PA.
Conclusions  The prevalence of osteoporosis measured by QUS was high in women but not in men. In our study sample, PA 
played a more important role than calcium intake in preserving bone density in old people.
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Introduction

Osteoporosis becomes more prevalent with age as bones pro-
gressively deteriorate throughout adult’s life. Osteoporotic 
fractures significantly affect the ability of people to carry 

out activities of daily living and that is one of the main rea-
sons why older people lose their independence. Many of 
them require long-term nursing care, and almost one in five 
people die in the first year after suffering a hip fracture [1]. 
It has been estimated that 85% of nursing home residents 
worldwide have osteoporosis and about 40% of all hip frac-
tures occur in this population. [2]. Therefore, it is of great 
importance to identify institutionalized older people at risk 
[3]. In order to diagnose osteoporosis in old institutionalized 
people, it is not always possible to perform a dual-energy 
x-ray densitometry since it requires transporting them to a 
radiological facility. A number of studies have reported QUS 
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parameters to be significantly associated with bone structure 
independently of BMD [4, 5]. QUS has been demonstrated 
to be sensitive to age-related changes in bone, and it can be 
useful as an indication of osteoporosis [6, 7].

Living in nursing homes usually includes some sort of 
change in life habits such as nutrition and physical activ-
ity, which are also the most important predictors of bone 
health. Nutrition is often a significant problem in nursing 
homes as evidenced by high percentage of old people suffer-
ing from malnutrition and consequently low calcium intake 
[8]. Many studies have shown the necessity for calcium and 
vitamin D supplementation in old institutionalized people 
due to their low intake [9–11]. However, studies on physical 
activity prevalence in institutionalized old people are rare, 
especially those which analyzed the association between 
the PA and bone mineral density. These studies estimated 
physical activity through the activities of daily living [12], 
weekly participation in physical activity [13] or through the 
present functional status [14] of institutionalized people. 
All found that systematic physical activity or independence 
in basic daily activities was significantly associated with 
better bone mass and lower fracture risk. Moreover, all of 
the studies agreed that old people in nursing homes have a 
predominantly sedentary life and that physical activity can 
improve not only physical functioning but also the overall 
quality of life.

The objectives of this research are to: (1) assess the bone 
mineral density in persons over 65 who live in nursing 
homes; (2) determine the correlation of physical activity 
(PA) and calcium intake with QUS bone parameters and 
osteoporotic fractures.

Methods

Participants

The study comprised a population from six public nursing 
homes for older people in Zagreb. Prior to the measure-
ments, informative lectures were held in the nursing homes 
about the purpose and method of the investigation. All par-
ticipants were recruited on a voluntary basis. Participants 
who had been institutionalized for more than 1 year were 
included in the study. Informed consent was obtained from 
all individuals included in the study. The study was designed 
in accordance with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards and was 
approved by the Ethics Committee of the Institute of Medi-
cal Research and Occupational Health.

Measurements

Data were collected using an interviewer-administered ques-
tionnaire. History data included information of present or 
past diseases (including bone fractures), drug consumption, 
information on PA and smoking. An osteoporotic fracture 
was defined as either a fracture resulting from a low-impact 
fall in participants with diagnosis of osteoporosis or a fall 
resulting in a low-trauma fracture [15]. PA was assessed by 
time (hours/day) spent in recreational activities including 
outside walking and exercises. All nursing homes had organ-
ized exercises every morning in the duration of half an hour. 
Physical activity lessons in all nursing homes were quite uni-
form and included: (a) exercises in the sitting position: chest 
stretch, arm raises, neck rotation, neck stretch, upper body 
twist, hip marching and ankle stretch; (b) exercises in stand-
ing position: sideways bend and calf stretch, mini squats, 
sit to stand, sideways leg lift, leg extension and wall press 
up. Only one exercise for the biceps included light weights. 
According to duration, PA was categorized as: bad (less than 
150 min per week), good (between 150 and 420 min per 
week) and very good (more than 420 min per week or 1 h 
per day). A special category were people using invalid chairs 
but not paralyzed. Although the recommended PA in older 
adults varied across the studies, the minimum recommended 
PA level in the guidelines in most studies was 150 min of 
moderate or vigorous PA per week [16].

A validated, quantitative food frequency questionnaire 
was used to determine the average daily calcium intake [17]. 
The amount of calcium intake was calculated using national 
food composition tables [18].

Anthropometry

Height and weight were measured on a portable stadiometer 
and scale (Model TTM; Zagreb, Croatia) and were rounded 
to the nearest 0.1 cm and 0.1 kg, respectively, for each sub-
ject. The body mass index (BMI) was calculated as weight 
(kg) divided by the square of height (m2).

Quantitative ultrasonography

Quantitative ultrasound (QUS) measurements of the heel 
(non-dominant side) were performed on a Sahara sonom-
eter (Hologic, Bedford, MA). QUS parameters are useful 
as indicators of low bone density and osteoporosis. The pri-
mary parameters measured with ultrasound are broadband 
ultrasound attenuation (BUA; dB/MHz) and speed of sound 
(SOS; m/s). These two parameters are combined to give the 
quantitative ultrasound index (QUI), estimated heel bone 
mineral density (BMD) and BMD-T score. T scores for QUI 
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were calculated using Croatian QUS normative data [19] 
according to the formula: (P-YA)/SDya (P patient result, YA 
young adult mean value, SDya standard deviation of young 
adult population). Since World Health Organization (WHO) 
criteria [20] cannot be directly applied to the QUS, we used 
a QUI-T score ≤ − 2.2 as a criterion for diagnosing osteopo-
rosis, with the Croatian population as referential. A thresh-
old of − 2.2 was suggested for Sahara ultrasound devices to 
define participants as having osteoporosis at the hip or being 
at high risk of fracture [21]. We also used BMD-T scores 
for comparing our results to studies that used WHO criteria 
in QUS. Instrumental quality control was performed daily 
by scanning a manufacturer-provided, temperature-sensitive 
phantom.

Statistics

The results are shown as mean ± standard deviation for con-
tinuous variables and as percentages for categorical variable 
(physical activity). The distribution of variables was tested 
using the Kolmogorov–Smirnov test. Since most variables 
were distributed normally, parametric functions were used 
in data analyses. Differences between groups (means) were 
tested using the t test. For the categorical variable (physical 
activity), differences were tested using Chi-squared test or 
Fisher’s test (if any of the expected frequencies was 5 or 
less).

Association of QUI with age, gender, body mass index, 
PA and calcium intake was estimated using a linear regres-
sion model. Associations of low QUI (defined as QUI-T 
score lower than − 2.2) with the same predictors were esti-
mated using a logistic regression model. The logistic regres-
sion model predicting osteoporotic fractures additionally 
included a low QUI as a predictor. Since there were only 
four male participants in the low QUI model, coefficients 
and standard errors for this model were estimated using 
Firth’s correction [22]. For all regression analyses, the unit 
of calcium intake was set to 100 mg. Since there were no 
underweight participants, body mass index was included 
as a continuous variable, while physically disabled partici-
pants were excluded from the analyses. All analyses were 
performed in R, version 3.4.3. (R Foundation for Statistical 
Computing, Vienna, Austria [23].

Results

The mean age of participants was 82.6 ± 6.4 years for men 
and 82.4 ± 6.6 years for women (Table 1). The mean time 
spent in nursing homes was around 10 years. Women had 
a significantly higher BMI than men (p = 0.001). Accord-
ing to the BMI, the majority of men (51.7%) and women 
(61.6%) were overweight. Only 41.4% of men and 19.8% 

of women had normal weight. Men had significantly higher 
food calcium intake (p = 0.003) than women. Around 15% of 
men and 2.6% of women were current smokers (p < 0.001). 
The majority of past smokers (63.2%) had stopped smoking 
more than 10 years earlier. All bone density parameters were 
significantly higher in men than in women (p < 0.001). Five 
men (8.5%) had a QUI-T score of − 2.2 or lower, and five 
men (8.5%) had a QUI-T score and BMD-T score of − 2.5 or 
lower. Among the women, 120 (51.9%) had a QUI-T score of 
− 2.2 or lower, while 92 women (39.8%) had a QUI-T score 
of − 2.5 or lower and 123 women (52.8%) had a BMD-T 
score of − 2.5 or lower.

At the time of measurement, 14% of women were taking 
osteoporosis therapy during 1 year or longer; 10% were tak-
ing calcium supplements and 15% vitamin D3. No man was 
taking osteoporosis therapy, calcium supplements or vitamin 
D. Nine women (3.9%) and one man were taking anticoagu-
lant therapy, and also 11 women (4.7%) and one man were 
taking thyroxine therapy. There were no significant differ-
ences in QUS parameters between participants who were 
taking any of these therapies and those who were not taking 
the therapy (results not presented in tables).

Significantly more women than men had experienced 
osteoporotic fracture (p = 0.006). Those women had signifi-
cantly lower QUS parameters as well as BMI (p = 0.011) 
compared to women without an osteoporotic fracture 
(Table 2). There were no significant differences in QUS bone 
parameters or BMI between men with or without osteoporo-
tic fracture.

The majority of women (54.3%) and 42.4% of men had 
a calcium intake below 600 mg/day, which is half of the 

Table 1   Characteristics of the study group

Differences were tested with Student’s t test (continuous variables) 
and Chi-squared or Fisher’s test (categorical variable)
BMI body mass index, BUA broadband ultrasound attenuation, SOS 
speed of sound, QUI quantitative ultrasound index, BMD bone min-
eral density

Variable Men (N 59) Women (N 233) p

Age (years) 82.6 ± 6.4 82.4 ± 6.6 n.s.
Postmenopause (years) – 32.9 ± 6.8 –
Years since admission 10.4 ± 8.1 8.7 ± 5.9 n.s.
BMI (kg/m2) 25.8 ± 3.2 27.4 ± 3.4 0.001
Calcium intake (mg/day) 663.4 ± 289.6 528.4 ± 279.0 0.003
Low physical activity 

(N %)
16 (27.1%) 91 (39.1%) n.s.

BUA (m/s) 82.4 ± 16.7 64.5 ± 16.0 < 0.001
SOS (dB/MHz) 1513.7 ± 39.4 1476.7 ± 28.3 < 0.001
QUI 83.8 ± 20.9 61.1 ± 16.4 < 0.001
QUI-T score − 0.9 ± 1.2 − 2.2 ± 0.9 < 0.001
BMD (g/cm2) 0.5 ± 0.1 0.3 ± 0.1 < 0.001
BMD-T score − 1.2 ± 1.2 − 2.4 ± 1.0 < 0.001
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DRI (Table 3). These women had a significantly lower QUI 
(p = 0.039), QUI-T score (p = 0.022), BMD (p = 0.033) and 
BMD-T score (p = 0.043) and were less physically active 
(p = 0.001), but were also significantly older (p = 0.009) 
compared to women with higher calcium intake. There were 
no significant differences in QUS parameters between men 
with calcium intake lower or higher than 600 mg/day.

Most men had a good PA (59.3%) or very good PA 
(13.6%). That prevalence was much lower in women (46.3% 
and 11.2% respectively). Participants of both genders with 
low PA had a significantly lower QUI, QUI-T score, BUA 
and BMD compared to those with a good/very good PA 
(Table 4). Men with low PA also had a significantly lower 

SOS (p = 0.0029) compared to men with good/very good 
PA. Women with low PA were also a significantly older 
compared to those with good PA (p = 0.002) and had 
lower BMD-T score (p = 0.007) and lower calcium intake 
(p < 0.001).

Linear regression showed that, when controlling for 
age, gender, body mass index and calcium intake, partici-
pants with good PA had better QUI than those with low 
PA (β = 7.12 with 95% confidence interval [2.51, 11.74]) 
(Table 5). Although participants with very good PA had 
higher QUI compared to participants with low PA as well 
(β  =  6.63 [− 0.68, 13.95], this effect was not statistically 
significant.

Table 2   Differences between participants according to osteoporotic (OP) fractures

Differences were tested with Student’s t test (continuous variables) and Chi-squared or Fisher’s test (categorical variable)
BMI body mass index, BUA broadband ultrasound attenuation, SOS speed of sound, QUI quantitative ultrasound index, BMD bone mineral den-
sity

Variable Men Women

With OP fracture (N 6) Without OP 
fracture (N 53)

p With OP fracture (N 63) Without OP frac-
ture (N 169)

p

Age (years) 83.3 ± 3.9 82.6 ± 6.6 n.s. 82.6 ± 6.3 82.3 ± 6.8 n.s.
Postmenopause (years) 33.2 ± 6.4 32.8 ± 6.9 n.s.
BMI (kg/m2) 26.6 ± 4.8 25.7 ± 3.0 n.s. 26.5 ± 3.2 27.7 ± 3.4 0.011
Calcium intake (mg/day) 694.8 ± 307.6 660.2 ± 290.9 n.s. 527.7 ± 269.9 528.7 ± 283.1 n.s.
Low physical activity (N, %) 2 (33.3%) 14 (26.4%) n.s. 30 (47.6%) 61 (36.1%) n.s.
BUA (m/s) 81.4 ± 21.7 82.5 ± 16.3 n.s. 60.6 ± 15.1 65.9 ± 16.1 0.022
SOS (dB/MHz) 1511.6 ± 50.3 1513.9 ± 38.6 n.s. 1467.8 ± 26.3 1480.0 ± 28.4 0.003
QUI 81.7 ± 28.9 84.1 ± 20.2 n.s. 55.5 ± 14.6 63.1 ± 16.7 < 0.001
QUI-T score − 1.0 ± 1.7 − 0.9 ± 1.2 n.s. − 2.5 ± 0.8 − 2.1 ± 1.0 < 0.001
BMD 0.4 ± 0.2 0.5 ± 0.1 n.s. 0.3 ± 0.1 0.3 ± 0.1 0.001
BMD-T score − 0.9 ± 2.1 − 1.2 ± 1.1 n.s. − 2.8 ± 0.9 − 2.3 ± 1.0 0.001

Table 3   Differences between participants according to calcium intake

Differences were tested with Student’s t test (continuous variables) and Chi-squared or Fisher’s test (categorical variable)
BMI body mass index, BUA broadband ultrasound attenuation, SOS speed of sound, QUI quantitative ultrasound index, BMD bone mineral den-
sity

Variable Men Women

< 600 mg (N 25) ≥ 600 mg (N 30) p < 600 mg (N 126) ≥ 600 mg (N 76) p

Age (years) 84.7 ± 6.1 81.8 ± 6.2 n.s. 83.8 ± 6.3 81.4 ± 6.1 0.009
Postmenopause (years) 34.4 ± 6.2 31.7 ± 6.2 0.003
BMI (kg/m2) 25.5 ± 2.4 26.0 ± 3.9 n.s. 27.2 ± 3.4 27.7 ± 3.6 n.s.
Low physical activity (N %) 9 (36.0%) 6 (20%) n.s. 65 (51.6%) 21 (27.6%) 0.001
BUA (m/s) 84.7 ± 19.9 81.2 ± 12.6 n.s. 62.8 ± 15.0 67.2 ± 16.6 n.s.
SOS (dB/MHz) 1508.3 ± 37.8 1515.6 ± 37.0 n.s. 1474.8 ± 26.8 1480.9 ± 31.1 n.s.
QUI 83.4 ± 20.9 84.0 ± 19.0 n.s. 59.4 ± 15.2 64.5 ± 17.8 0.039
QUI-T score − 0.9 ± 1.2 − 0.9 ± 1.1 n.s. − 2.3 ± 0.9 − 2.0 ± 1.0 0.022
BMD 0.4 ± 0.1 0.5 ± 0.1 n.s. 0.3 ± 0.1 0.3 ± 0.1 0.033
BMD-T score − 1.2 ± 1.3 − 1.1 ± 1.2 n.s. − 2.5 ± 1.0 − 2.2 ± 1.1 0.043
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When controlling for age, gender, body mass index and 
calcium intake, odds of QUI-T score ≤ − 2.2 were lower 
(odds ratio 0.49 with 95% confidence interval [0.27, 0.90]) 
in participants with good PA compared to those with low PA 
(Table 5), meaning that participants with better PA had better 
QUI. Although participants with very good PA had even lower 
odds of a T score < − 2.5 (odds ratio 0.46 [0.17, 1.20]), this 
effect was not statistically significant. Participants with osteo-
porosis had twice as high odds of osteoporotic fracture (odds 
ratio 2.16 [1.11, 4.19]) as those with higher QUI-T scores.

Discussion

The results of our study showed that the prevalence of 
osteoporosis, based on QUS bone measurements and 
defined as QUI-T score ≤ − 2.2, was high among old 
women in nursing homes, but not in men. Our participants 
had lower QUS parameters compared to their non-institu-
tionalized Croatian counterparts, where the prevalence of 
osteoporosis using a QUI-T score threshold of –2.5 was 

Table 4   Differences between participants according to physical activity (PA)

Differences were tested with Student’s t test
BMI body mass index, BUA broadband ultrasound attenuation, SOS speed of sound, QUI quantitative ultrasound index, BMD bone mineral den-
sity

Variable Men Women

Good PA (N 43) Low PA (N 16) p Good PA (N 133) Low PA (N 91) p

Age (years) 82.4 ± 6.4 83.3 ± 6.5 n.s. 81.4 ± 6.5 84.1 ± 6.4 0.002
Postmenopause (years) 31.8 ± 6.7 34.8 ± 6.2 n.s.
BMI (kg/m2) 26.0 ± 3.1 25.2 ± 3.5 n.s. 27.5 ± 3.6 27.1 ± 3.0 n.s.
Calcium intake (mg/day) 688.8 ± 308.1 597.3 ± 230.8 n.s. 588.6 ± 286.8 453.0 ± 258.0 < 0.001
BUA (m/s) 86.5 ± 15.9 71.3 ± 14.0 0.001 67.5 ± 15.8 60.4 ± 15.6 0.001
SOS (dB/MHz) 1520.7 ± 38.0 1495.0 ± 38.0 0.029 1479.7 ± 28.1 1472.5 ± 29.1 n.s.
QUI 88.3 ± 20.1 71.9 ± 18.8 0.007 63.4 ± 16.6 58.1 ± 16.2 0.019
QUI-T score − 0.6 + 1.2 − 1.6 + 1.1 0.007 − 2.1 + 0.9 − 2.4 + 1.0 0.019
BMD 0.5 + 0.1 0.4 + 0.1 0.006 0.3 + 0.1 0.3 + 0.1 0.015
BMD-T score − 1.0 + 1.2 − 1.7 + 1.4 n.s. − 2.3 + 1.1 − 2.7 + 1.0 0.007

Table 5   Associations of QUI, 
osteoporosis and osteoporotic 
fractures with different 
predictors

OR odds ratio, CI confidence interval. For logistic regression results (outcomes of osteoporosis and osteo-
porotic fractures), the intercept is shown in original form
a Reference group; *p < 0.05

Predictor QUI β (95% CI) Osteoporosis OR (95% CI) Osteoporotic frac-
tures OR (95% 
CI)

(Intercept) 56.83 − 1.99 − 0.59
Age − 0.02 (− 0.38, 0.34) 1.03 (0.98, 1.08) 1.00 (0.95, 1.06)
Female gender − 21.76 (− 27.09, − 16.43)* 11.38 (4.45, 36.78)* 2.85 (0.99, 8.19)
Body mass index 0.82 (0.20, 1.44)* 0.93 (0.85, 1.01) 0.92 (0.84, 1.02)
Physical activity
 Lowa (Ref.) (Ref.) (Ref.)
 Good 7.12 (2.51, 11.74)* 0.49 (0.27, 0.90)* 0.60 (0.30, 1.19)
 Very good 6.63 (− 0.68, 13.95) 0.46 (0.17, 1.20) 0.84 (0.28, 2.49)

Calcium intake (FFQ) 0.29 (− 0.48, 1.07) 0.98 (0.88, 1.08) 1.04 (0.92, 1.16)
T-QUI < − 2.2 – – 2.16 (1.11, 4.19)*
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39.0% in women [19]. When the criteria for definition of 
osteoporosis were equalized within that population, the 
prevalence in our institutionalized female participants was 
slightly higher. In another sample of old healthy Croatian 
people, with a mean age around 78 years, the prevalence 
of osteoporosis using the same threshold of T < − 2.5 was 
4.0% in men and 18.6% in women [24], which was signifi-
cantly lower than in our participants from nursing homes. 
When comparing our results with older community-dwell-
ing people from non-Croatian populations, the osteoporo-
sis prevalence, based on QUS measurement, was higher in 
our female participants [25–27]. That difference was not 
as pronounced in our male participants.

Studies on osteoporosis in institutionalized old people 
are rare. To the best of our knowledge, there are three stud-
ies that were based on ultrasound bone densitometry and to 
which we have been able to compare our results directly. In 
one study on institutionalized older Thai people (mean age 
77.3 years), the cutoff value for defining osteoporosis was 
set much lower (BMD-T score < 1.6), so the prevalence of 
osteoporosis was 71.4% in men and 81.6% in women [12]. 
If the same criteria were applied to our study population, the 
prevalence of osteoporosis would be 94.9% in men and 100% 
in women, which is much higher than in the Thais. A study 
from Ekman [28] showed that 95% women and 51% of men, 
nursing home residents from Sweden, aged 84 years, had 
osteoporosis, which is a higher prevalence than in our study. 
The third study on 49 women from the USA, aged 89 years, 
showed a prevalence of osteoporosis of 59% [29]. Studies 
on institutionalized people based on DXA measurements are 
also relatively uncommon. They showed a prevalence of T 
score < 2.5 between 67% and 92% in nursing home residents, 
older than 80 years [14, 30, 31]. Two studies [32, 33] com-
prised a relatively low number of institutionalized adults, but 
with intellectual or developmental disability and much lower 
age (mid-40s). In most of those participants (between 50 and 
89%), a low BMD, defined as T score < − 1.0, was found.

In our study group, the strongest lifestyle predictor 
of bone density and osteoporotic fractures was PA. It is 
expected that older age groups are less likely to be regu-
larly active. Nursing homes in our study provided their resi-
dents the opportunity for low-intensity exercises, focused 
on strength and balance, in the duration of half an hour, 
5 days a week and under the supervision of a physiothera-
pist. Approximately one-third of our participants (36.6%) 
attended these exercises on a daily basis. That is similar 
to a study by Almeida [34], where nearly 41% participants 
from nursing homes always attended exercises. Moreover, 
four of six nursing homes from our study were surrounded 
with quite large landscaped green areas, which allowed their 
users to walk around the nursing homes. So, our partici-
pants had relatively good settings for appropriate PA, but 
a relatively small number of residents used them routinely. 

In general, PA in old people, especially in those from nurs-
ing homes, does not attract great interest so limited data 
are available. Most studies proved that regular exercises 
in institutionalized old people were well tolerated and that 
they also improved their strength and mobility in different 
ranges [16, 35, 36]. Considering bone density, it is known 
that PA and mechanical forces created by muscle contrac-
tion exert the load to bones which impacts bone density, 
strength and architecture. However, the bone–muscle inter-
action changes with aging. In old people, osteoporosis often 
coexists with sarcopenia, and there is more evidence about 
common pathogenic pathways between those two condi-
tions, which include reduced anabolic hormone secretion, 
increased inflammatory cytokine activity and reduced physi-
cal activity. It is therefore suggested that regular physical 
activity is considered as the main treatment to improve both 
muscle health and bone density [37]. Although no specific 
study included nursing home residents, interventional stud-
ies generally showed positive effects of physical activity on 
bone density and fracture incidence in old people of both 
genders [38–40] or only in men [41].

Our results indicate that bone mineral density in old 
people was more influenced by PA than by calcium intake. 
The dietary calcium intake in our participants was very low, 
approximately half of the recommended dairy intake. All 
nursing homes from our study had similar menus and nurs-
ing home residents usually consumed very similar foods. 
Only a small proportion of our participants supplemented 
their diet with dairy products. These findings are consist-
ent with previous research on diet quality in nursing home 
residents in Zagreb, which showed that their entire diet 
needed improvement [42]. In that study, only 3.2% of par-
ticipants had an adequate calcium intake (6.5% men and 
2.5% women) and approximately 53% of residents had cal-
cium intake below 50% of adequate intake value, which is 
similar to our results.

We confirmed in regression analysis that better QUS 
parameters were more associated with better PA than with 
greater calcium intake. Since our participants, but probably 
most older people, consume insufficient amounts of calcium, 
physical activities in older age may be dominant as a positive 
factor in preserving an adequate bone mass. Although there 
is a lack of data on old institutionalized people, results from 
other studies commonly suggest a positive and interactive 
association of bone density with dietary calcium intake and 
PA. Some studies have shown a greater influence of calcium 
intake than PA [43] while others have shown the opposite 
[13, 44]. Only one study [45] included institutionalized older 
people and showed that calcium and vitamin D supplementa-
tion resulted in a moderate reduction in femoral neck bone 
loss. However, it should be considered that the association 
between calcium and PA with bone is influenced by com-
plex genetic and environmental interaction and that the 
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measurements of dietary calcium intake and PA at a single 
time point may not reflect long-term exposure. It is expected 
that people from nursing homes change their usual domestic 
habits when they enter an institution. Our participants were 
mostly over 80 years old and had spent a relatively long 
time in nursing homes. Therefore, they had been “exposed” 
to living conditions in nursing homes long enough for us 
to presume that their lifestyle, including PA and nutrition, 
could have had an impact on their bone health.

There are several limitations to this study. Firstly, the 
cross-sectional design and retrospective data collection did 
not permit reliable conclusions about the causality. However, 
the data on QUS bone parameters in older people from previ-
ous studies in Croatia enabled us to compare our results with 
non-institutionalized peers, which made it possible to make 
conclusions about the differences in QUS parameters. The 
second limitation is the lack of DXA measurements. Though 
many studies found a good correlation between QUS and 
DXA measurements, it is mainly used as a pre-screening tool 
for osteoporosis due to lower precision of the QUS method 
and also due to different skeletal regions. Our study took 
place in nursing homes, since we assume that old people 
would not respond to DXA measurements which should be 
performed in medical institutions. We also had to compare 
our results of ultrasound densitometry to DXA bone den-
sity results from other studies, since published studies on 
ultrasound bone stiffness in old people from nursing homes 
are rare. Another limitation to this study is the relatively 
small number of participants. However, our study sample 
was uniform according to age and therefore comparable to 
other studies that comprised participants of a similar age. It 
should also be noted that most studies on old people over 
80 also comprised a small number of respondents. The lack 
of a structured questionnaire for assessing physical activity, 
which could probably have included the period before enter-
ing nursing homes, and also a relatively low recruitment rate 
(around 33%) are also among the limitations of the study.

Conclusions

The prevalence of osteoporosis, estimated by QUS, was high 
in old female nursing home residents who participated in 
this study. Although men did not have a high prevalence 
of osteoporosis, in both genders the prevalence was higher 
than in other national studies on old people who did not 
live in nursing homes. Therefore, we presume that living 
in an institutionalized place was an independent risk factor 
for losing bone density in our study sample. Our nursing 
home residents had low mean calcium intake and inad-
equate PA. However, the PA showed to be a more impor-
tant factor for preserving bone health than calcium intake. 
Together with regular screening for osteoporosis, which 

could be performed by QUS, it is necessary to implement 
other screenings and preventive measures for osteoporosis 
in nursing home settings, like nutrition assessment and PA 
promotion.
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