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Abstract

Objective: Osteoporosis can lead to bone fragility and an increased risk of bone fracture with

resultant high morbidity and mortality. Living alone has been associated with various mental and

physical health problems. However, the risk of osteoporosis among individuals with different

living conditions and changing living conditions is unclear. We examined the risk of osteoporosis

in different living conditions over a 3-year period in community-dwelling suburban elderly

Chinese.

Methods: This study involved 288 elderly Chinese suburb-dwelling participants with no docu-

mented history of osteoporosis. All were aged �60 years (mean, 65.6�3.75 years; 157 men).

A quantitative ultrasound scan of the calcaneus with a T score of <�2.5 was used to identify a

high risk of osteoporosis.

Results: In total, 54.2% of participants were determined to have a high risk of osteoporosis

(male, 51.6%; female, 57.3%). People who had always lived alone had a significantly higher risk of

osteoporosis, even after adjusting for potential confounders. A change from living alone to living

with others had no significant impact on the risk of osteoporosis.

Conclusion: Our results indicate that living alone is associated with a high risk of osteoporosis.

Thus, people who live alone may need regular bone tests to avoid adverse events.
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Introduction

Osteoporosis leads to many serious health
problems that severely decrease patients’
quality of life and inevitably increase mor-
bidity and mortality rates.1 In China,
osteoporosis affects more than one-third
of people aged �50 years, hereafter referred
to as the elderly population.2 Consequently,
osteoporosis is becoming a major public
health issue, and it is important to prevent
its development and occurrence. Research
has shown that many physiological and
pathological factors are related to the prev-
alence of osteoporosis, such as female sex,
estrogen deficiency, low body weight and
body mass index (BMI), and smoking
habits.3 One’s living arrangements are crit-
ical to his or her health in old age.4

However, the impact of environmental fac-
tors on osteoporosis remains unclear.
Therefore, we became interested in examin-
ing the relationship between environmental
factors and osteoporosis.

The number of elderly individuals living
alone is rapidly increasing in most develop-
ing countries, especially in rural areas.5

Elderly individuals living alone are more
likely to report poor health-related quality
of life, depression, smoking, drinking, and
poor nutrient intake, all of which may
increase the risk of osteoporosis.6,7

A cross-sectional Korean study showed
that residing in rural areas was significantly
associated with osteoporosis in women
living alone.8 Another cross-sectional
study showed that individuals living alone
in rural areas had significantly lower bone
mineral density (BMD) of the lumbar spine,

which may lead to an increased risk of oste-
oporosis, than individuals living in house-
holds with two or more people.7

Conversely, a cross-sectional study showed
that patients with dementia living alone had
significantly fewer impairments in their
activities of daily living than those living
with other people because they needed to
take on more housework, which may pre-
vent the occurrence of osteoporosis.9

Another cross-sectional study revealed
that elderly individuals living alone had a
better functional status, which may lead to
a decreased risk of osteoporosis, than elder-
ly individuals who were unmarried and
living with their children.10 Several studies
have shown no significant differences in
physical activity between individuals living
alone and those living with other people.7,8

Above all, the association between living
alone and osteoporosis remains inconsis-
tent, and few cohort studies have explored
the relationship between osteoporosis and
living alone among elderly populations in
China. Therefore, we investigated the
effects of living alone on the incidence of
osteoporosis among elderly individuals in
a suburban community of China.

Considering the lack of appropriate and
consistent evidence regarding the associa-
tion between living alone and osteoporosis,
the objective of this study was to determine
the risk of osteoporosis over a 3-year period
among community suburban-dwelling
elderly Chinese people who were living
alone. We conducted this survey in an elder-
ly Chinese community suburban-dwelling
population because >70% of Chinese
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elderly individuals have lived in suburban
areas since 2012.11

Methods

Study participants

Our study population comprised communi-

ty suburban-dwelling elderly individuals
from Chadian, Tianjin, China who had
joined the national free physical examina-

tion program. Participants with the follow-
ing conditions were excluded from the

study: (1) those whose medical record or
history showed diseases that may affect
bone or calcium metabolism (e.g., a previ-

ous diagnosis of osteoporosis, osteomala-
cia, or osteogenesis imperfecta), (2) those
with a foot injury that prevented BMD test-

ing, (3) those who were taking a drug that
may interfere with bone or calcium metab-

olism (e.g., estrogen, calcitonin, diphospho-
nate), (4) inability to communicate with
interviewers or to grant informed consent,

and (5) inability to stand for measurement
of body composition, weight, and height.

The cohort was invited to attend repeat
questionnaire interviews and physical meas-
urements at 12, 24, and 36 months during

the 3-year period following the baseline
investigation. All participants provided

informed consent prior to participation.
Our study was approved by the ethics com-
mittee of our university (approval no.

ChiCTR1800016308), and all participants
agreed to participate in the survey and
gave informed written consent for data

collection.

Covariates

We interviewed all participants in person
using a questionnaire from our previous
study.12 We collected data on the partici-

pants’ sociodemographics and behavioral
characteristics, including age, sex, education
level, smoking and drinking habits, living

conditions, history of falls, and depression.

Depressive symptoms were assessed using

the Geriatric Depression Scale.13 We also

reviewed whether the participants had

chronic medical conditions (e.g., osteoarthri-

tis). Physical activity was assessed using the

short version of the International Physical

Activity Questionnaire (IPAQ)14 and is rep-

resented by 75% quartiles. Performance-

based assessments, including the 4-meter

walk test and the Timed Up and Go Test

(TUGT), were also conducted. The preva-

lence of specific medical conditions such as

hypertension, hyperlipidemia, stroke, coro-

nary heart disease, and kidney disease was

established using standardized criteria that

combined information from the participant’s

history of physical illness evaluated by his or

her response (yes or no) to questions, the

physician’s diagnosis, and whether the par-

ticipant was taking corresponding medica-

tion or undergoing other treatment now or

in the past.

Assessment of high risk of osteoporosis

Bone health was assessed using a gel-based

quantitative ultrasound device (OsteoPro

UBD2002A; B.M.Tech Worldwide Co.,

Ltd., Seoul, Korea) to determine the T

score of the calcaneus based on the World

Health Organization criteria.15 The short-

term in vivo coefficient of variation for the

device was <2.5%. Three measurements with

repositioning were taken, and the averaged

values were used in the analysis. Calibration

was performed at the beginning of each

screening session. The measurement was

able to be started when the SOS error was

within the range of �10. A T score of <�2.5

was considered to indicate high risk of

osteoporosis.16

Statistical analysis

The participants’ baseline characteristics

are reported as median (25th–75th
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percentiles) for the IPAQ; all other contin-
uous variables are presented as mean and
standard deviation. Classification variables
are reported as percentages. Differences in
the participants’ characteristics according
to their osteoporosis status were analyzed
using the t-test, v2 test, and rank sum test.
Continuous variables were compared using
analysis of variance, and each P-value
reflecting the significance of each head-to-
head comparison was obtained by the
Student–Newman–Keuls test. Differences
in categorical variables and differences
between groups were assessed by the v2

test, and the test standard was corrected.
According to the trend test of Schoenfeld

residuals, the correlation between partial
residuals and time rank was not significant
(Pearson correlation, 0.074); therefore, this
study was suitable for Cox analysis.
Multivariable Cox proportional regression
was used to examine the effect of different
living conditions on the risk of osteoporosis
during the 3-year follow-up. Crude rates
were not adjusted. Model 1 was adjusted
for sex, age, and BMI. Model 2 was adjust-
ed for Model 1 variables in addition to grip,
walking speed, TUGT, IPAQ, cardiovascu-
lar diseases, marital status, illiteracy, histo-
ry of smoking and drinking habits, and
depression. All statistical analyses were per-
formed using SPSS version 19.0 (IBM
Corp., Armonk, NY, USA), and P-values
of <0.05 were considered statistically
significant.

Results

Baseline characteristics

A total of 1036 individuals aged �60 years
in the study area joined the national free
physical examination program from May
2013. Forty-four individuals were excluded
(15 with underlying diseases that were likely
to affect bone or calcium metabolism and
29 who failed to undergo a physical

examination). During the 3-year follow-
up, 3 participants died, 4 became bedrid-
den, and 61 were lost to follow-up; these
68 participants were excluded from the
study, as shown in Figure 1. The final
study population comprised 288
participants.

Table 1 presents the characteristics of all
288 participants according to their osteopo-
rosis risk status at the 3-year follow-up.
Compared with participants who had devel-
oped a new-onset high risk of osteoporosis
after 3 years, participants without a risk of
osteoporosis were more likely to live alone
(P< 0.001) and have a lower BMI
(P¼ 0.047), while people with a high risk
of osteoporosis were more likely to have
depression (P¼ 0.014), lower physical activ-
ity (P¼ 0.013), and more sedentary time
(P¼ 0.046).

Characteristics according to living status
at 3-year follow-up

Table 2 shows the characteristics of partic-
ipants with different living statuses during
the 3-year follow-up. People who had
always lived alone (PA) were significantly
older (P< 0.001), had a lower balance abil-
ity as estimated by the TUGT (P< 0.001),
and were more likely to have depression
than people who had always or ever lived
with others (PO and PA-PO, respectively).
Additionally, the PA group had lower grip
strength (P¼ 0.045) than the PO group and
had a lower walking speed (P¼ 0.023), had
a higher risk of osteoporosis (P¼ 0.023),
and were more likely to be widowed
(P< 0.001) than the PA-PO group.

Table 3 shows the results of the Cox
analysis that was performed to examine
the effects of different living conditions on
the risk of osteoporosis. In the adjusted
Model 2, the change from living alone to
living with others did not significantly
increase the risk of osteoporosis (hazard
ratio (HR), 0.755; 95% confidence interval
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(CI), 0.179–9.804). However, individuals

who had always lived alone (HR, 2.659;

95% CI, 1.124–6.283; P¼ 0.026) or who

had transitioned from living with others to

living alone (HR, 1.988; 95% CI, 1.015–

3.891; P¼ 0.045) had a significantly

increased risk of osteoporosis.

Discussion

We assessed the differences in the baseline

characteristics of individuals with a high

risk of osteoporosis after 3 years among

an elderly population living in the suburbs

in China. The proportions of participants

with osteoporosis were 22.2% after 1 year,

38.8% after 2 years, and 54.2% after 3

years. The risk of osteoporosis after 1 to 2

years was about 20% to 40%, which is con-

sistent with previous research, and the risk

of osteoporosis was higher in women than

in men, which is also consistent with previ-

ous research.2,7,8 A possible reason for the

higher rates in women than men is that the

estrogen deficiency associated with meno-

pause or oophorectomy may lead to a

rapid reduction of BMD in women, while

the mechanisms of age-related testosterone

deficiency and bone loss are not sudden and

the amount of total testosterone does not

change drastically in men; additionally,

the changes in bioavailability of testoster-

one have a less pronounced effect on bone

mass than in women.2,17 Our baseline data

showed that patients with a high risk of

osteoporosis had lower physical activity

Figure 1. Flow chart of selection of study participants.
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levels, a higher sedentary time, and a higher
prevalence of depression, which is consis-
tent with previous studies that these risk
factors may increase the prevalence of
osteoporosis.18,19

We assessed the risk of osteoporosis
among elderly Chinese individuals living
alone over a 3-year period in a
community-dwelling suburban population,
and we found that individuals who were
living alone at baseline had a lower risk of

osteoporosis than people living with others.
However, this is inconsistent with previous
research.7,8 To analyze the relationship
between different living conditions and the
risk of osteoporosis in detail, we compared
the characteristics of different living state
parameters 3 years later by grouping. We
found that many people changed their
living status during the 3 years. Some
people changed from living alone to living
with others, while others changed from

Table 1. Baseline characteristics of study participants according to presence of osteoporosis at 3-year
follow-up.

Characteristic Normal (n¼ 132) Osteoporosis (n¼ 156) P-value

Male/female 76/56 81/75 0.337

Age, years 66.19� 4.88 65.15� 3.10 0.334

BMI, kg/m2 25.55� 2.79 26.73� 3.75 0.047

Grip, kg 28.33� 8.85 26.47� 8.19 0.379

4MWT, m/s 1.10� 0.31 1.10� 0.28 0.986

TUGT, seconds 9.11� 4.67 7.78� 4.11 0.099

IPAQ, MET-minutes/week 2394 (894, 6132) 1848 (644, 4185) 0.245

High level, % 43.4 19.8 0.015

Moderate level, % 30.5 11.9 0.043

Low level, % 26.1 68.3 0.013

Sedentary time, hours 3.05� 1.75 3.68� 2.02 0.046

Fall history, % 10.1 10.3 0.970

Smoking, % 33.3 31.6 0.789

Drinking, % 14.1 16.2 0.669

Widowed, % 22.7 31.9 0.546

Living alone, % 58.6 17.1 <0.001

Illiteracy, % 40.4 39.3 0.871

Farming, % 84.8 83.8 0.827

Diabetes, % 23.2 13.7 0.069

Hypertension, % 50.5 39.3 0.099

Hyperlipidemia, % 9.1 4.3 0.152

Heart disease, % 17.2 19.7 0.639

Peptic ulcer, % 6.1 4.3 0.552

Stroke, % 3.0 6.8 0.205

Gout, % 1.0 2.6 0.399

Osteoarthritis, % 23.2 27.4 0.489

Kidney disease, % 3.0 3.4 0.872

Thyroid disease, % 0.0 0.9 0.357

Depression, % 2.0 10.3 0.014

BMI, body mass index; 4MWT, 4-meter walk test; TUGT, Timed Up and Go Test; IPAQ, International Physical Activity

Questionnaire; MET, metabolic equivalent of task. Data are presented as n, mean� standard deviation, or median (25th–

75th percentiles).
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living with others to living alone. People
who changed from living with others to
living alone had a higher prevalence of
depression (P¼ 0.017) and were more
likely to be widowed (P< 0.001) than
those who lived with others. People who
changed from living alone to living with
others were younger (P< 0.001), had a
higher walking speed (P¼ 0.023), had great-
er balance ability (P< 0.001), and had a
lower prevalence of depression (P¼ 0.017)
than those who had been living alone. This
may indicate that many people who were
living alone at baseline had the ability to

take on their own living situation and there-
fore have a higher physical activity
(P¼ 0.015) and thus a lower risk of osteo-
porosis.20 The influence of living alone in
the short term was no longer obvious with
the change of living conditions, which is
similar to previous research.21 Therefore,
timely adjustments to the negative impact
of living conditions, such as bad habits
and other adverse effects that may occur
when living alone, can improve morbidity.

The Cox analysis that was performed to
examine the effects of different living con-
ditions on the risk of osteoporosis showed

Table 2. Characteristics of participants with different living statuses at 3-year follow-up.

Characteristic PO (n¼ 108) PA-PO (n¼ 80) PO-PA (n¼ 76) PA (n¼ 24) P-value

Male/female, % 45.8/27.5 27.4/28.2 21.6/32.1a 5.1/12.2a 0.003

Age, years 68.09� 5.24 67.17� 4.45 69.11� 5.57 73.63� 6.46a,b,c <0.001

BMI, kg/m2 24.78� 3.53 23.61� 4.55 23.64� 2.96 23.45� 4.25 0.126

Grip, kg 25.34� 8.38d 21.80� 2.92 24.02� 9.08 20.21� 8.75a 0.045

4MWT, m/s 0.98� 0.19 1.10� 0.15 0.95� 0.20 0.87� 0.20a,b 0.023

TUGT, seconds 8.67� 2 .28 7.73� 1.21 9.38� 2.62 10.98� 4.15a,b,c <0.001

IPAQ, MET-minutes/week 2196 (896, 6492) 2053 (791, 5932) 1915 (581, 4704) 1385 (595, 4053) 0.339

High level 73.5 67.2 51.9 41.1 0.291

Moderate level 9.2 17.5 29.6 29.4 0.134

Low level 17.3 15.3 18.5 29.4 0.233

Widowed, % 2.4 3.5 67.8a,b 100a,b <0.001

Osteoporosis, % 45.9 44.7 68.3 78.9a,b 0.023

Fall history, % 15.2 0.0 19.4 10.5 0.593

Smoking, % 26.9 50.0 33.3 31.6 0.511

Drinking status, % 25.6 16.7 30.6 15.8 0.551

Illiteracy, % 57.5 50.0 61.1 47.4 0.774

Farming, % 64.4 83.3 75.0 64.8 0.467

Diabetes, % 11.9 0.0 8.3 0.0 0.296

Hypertension, % 48.7 16.7 47.2 47.4 0.484

Hyperlipidemia, % 13.5 0.0 19.4 5.3 0.370

Heart disease, % 23.4 33.3 22.2 31.6 0.794

Peptic ulcer, % 3.6 16.7 2.8 10.5 0.171

Stroke, % 5.3 0.0 2.8 10.5 0.607

Gout, % 0.5 16.7 0.0 0.0 0.428

Osteoarthritis, % 10.9 33.3 8.3 15.8 0.298

Kidney disease, % 2.3 0.0 2.8 0.0 0.889

Thyroid disease, % 1.3 0.0 0.0 0.0 0.854

Depression, % 4.8 0.0c 8.3b 33.3a,b,c 0.017

BMI, body mass index; 4MWT, 4-meter walk test; TUGT, Timed Up and Go Test; IPAQ, International Physical Activity

Questionnaire; MET, metabolic equivalent of task; PO, people living with others; PA-PO, people living alone at baseline,

living with others 3 years later; PO-PA, people living with others at baseline, living alone 3 years later; PA, people living

alone.
aP< 0.05 versus group PO, bP< 0.05 versus group PA-PO, cP< 0.05 versus group PO-PA.
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that a change from living alone to living

with others did not have a significant nega-
tive impact on the risk of osteoporosis.
However, individuals who had been living

alone (P¼ 0.026) or who had transitioned
from living with others to living alone
(P¼ 0.045) had a significantly increased

risk of osteoporosis, suggesting that living
alone seems to increase the risk of osteopo-
rosis, which is consistent with previous
studies.7,8 People who had been living

alone had a higher incidence of depression
than others (P¼ 0.017), which may have
been due to a lack of social activities, a

lack of social support, and malnutrition.7,17

In contrast, people who changed from
living alone to living with other people

had better physical conditions and a lower
incidence of depression (0.0% vs. 33.3%,
respectively; P¼ 0.017), probably because

those who had always lived alone had to
live alone because of widowhood. People
who changed from living alone to living

with other people had a lower incidence of
depression than those who had always lived
alone, indicating that the state of residence

may affect the incidence of depression
through the nutritional status and social
support, thus affecting the risk of osteopo-
rosis. These findings are consistent with

previous studies.7,8,22 Widowhood has

been previously associated with an
increased risk of adverse cardiovascular

events and mortality because of living
alone and having reduced social sup-

port.23–25

We compared the participants’ baseline

characteristics by grouping those living
alone and found that people who lived

alone were older and more likely to develop
diabetes. A model study predicting the risk
of osteoporosis through BMI and age

showed that these age groups had the
same level of risk26 (living alone vs. living

with someone, 67.22� 5.98 vs. 65.77� 4.3,
respectively; P¼ 0.06). In the baseline

grouping of BMD status after 3 years, the
difference between these two age groups

was not significant. In some studies that
investigated the relationship between
BMD and diabetes, type 2 diabetes

showed a possible association with spongy
bone lesions, but local BMD was elevat-

ed.27,28 According to the current status of
living in rural China, people with better

physical conditions might feel more com-
fortable living alone, especially when the

elderly in the community engage in more
physical and social activities,9 which will
reduce the risk of osteoporosis.30,31

Table 3. Multivariate Cox proportional regression of different living statuses of participants with
osteoporosis.

Variable

Crude

HR (95% CI) P

Adjusted Model 1

HR (95% CI) P

Adjusted Model 2

HR (95% CI) P

PO Reference Reference Reference

PA-PO 1.416 (0.350–5.757) 0.626 1.325 (0.179–9.804) 0.783 0.755 (0.179–9.804) 0.782

PO-PA 2.110 (1.104–4.032) 0.024 2.033 (1.035–3.984) 0.039 1.988 (1.015–3.891) 0.045

PA 3.003 (1.319–6.849) 0.009 2.907 (1.274–6.622) 0.011 2.659 (1.124–6.283) 0.026

Crude rates were unadjusted.

HR, hazard ratio; CI, confidence interval; PO, people living with others; PA-PO, people living alone at baseline, living with

others 3 years later; PO-PA, people living with others at baseline, living alone 3 years later; PA, people living alone.

Model 1 was adjusted for sex, age, and body mass index.

Model 2 was adjusted for Model 1 variables in addition to grip, walking speed, Timed Up and Go Test, International

Physical Activity Questionnaire, cardiovascular diseases, marital status, illiteracy, history of smoking and drinking habits,

and depression.
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This study was conducted by investigat-

ing a uniquely defined suburban population

of elderly individuals living in an indepen-

dent geographic area with small population

mobility, and the characteristics of this pop-

ulation may therefore differ from those in

other areas. This study had some limita-

tions. All participants in this study were rel-

atively healthy because we did not include

participants who were unable to participate

in the free annual national medical exami-

nation (such as those who were bedridden

or had serious illness). Therefore, our

results may actually underestimate the risk

of osteoporosis and its associated health

effects. However, statistically significant

differences between participants with and

without a high risk of osteoporosis were

still observed, indicating that the low statis-

tical power was not a serious problem. Even

so, we will increase the sample sizes and

years of follow-up to increase the statistical

power to evaluate risk factors in future

research.

Conclusion

We found that different living conditions

may have different effects on the health of

the elderly. Our results indicate that people

who have always lived alone are at high risk

of osteoporosis and suggest that such

people may need regular bone tests and

more care to avoid adverse events.
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