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Purpose: Inconsistent outcome about association between insufficient sleep and bone mineral 

density (BMD) has been reported. The present study aimed to determine whether BMD was 

associated with score of Pittsburgh Sleep Quality Index (PSQI).

Methods: A total of 410 patients (mean age 81.6±5.9 years) attending our hospital for evalu-

ation of sleep were retrospectively studied. Dual-Energy X-ray Absorptiometry was used to 

measure BMD and T-score at femoral neck and lumbar spines over L2–L4 regions. Subjective 

sleep status was evaluated by the PSQI questionnaires. The Mann–Whitney U test and chi-square 

analysis were used to compare continuous variables and categorical variables, respectively. 

Spearman correlation test was conducted to find the relationship between BMD and other clini-

cal factors. Multinomial logistic regressions analysis was performed to analyze independent 

factors predicting BMD.

Results: Majority of the participants with osteoporosis (OP) were female and had lower body 

mass index (BMI) and higher sleep onset latency score. Spearman correlation test showed that 

gender, BMI, score of total PSQI, and sleep onset latency were significantly related to BMD 

and T-score in femoral neck and lumbar region L2–L4. Finally, multinomial logistic regression 

analysis demonstrated that gender and age were independent factors for OP and osteopenia and 

that after adjustment for gender, age, and BMI, sleep onset latency of ,15 minutes (OR: 0.38; 

95% CI: 0.15–0.96; P=0.04) and 16–30 minutes (OR: 0.37; 95% CI: 0.17–0.79; P=0.01) were 

less likely to have reduced BMD.

Conclusion: There was a significant association between BMD and sleep onset latency, sug-

gesting that, in elderly patients with sleep problem, BMD measurement and intervention for 

OP might be valuable.

Keywords: bone mineral density, insomnia, osteoporosis, osteopenia, Pittsburgh Sleep Quality 

Index, sleep onset latency

Introduction
China is rapidly stepping into the aging society. The elderly population is usu-

ally affected by multiple chronic conditions, for example, osteoporosis (OP) and 

insomnia. Epidemiological data reported that insomnia and abnormal sleep dispro-

portionally influence older population, with 47.2%–49.9% in China and 30%–40% 

around the world.1–3 Similarly, the population with OP will increase sharply from 

83.9 million in 1997 to 212 million by 2050.4 Moreover, it is estimated that, in the 

developed countries, about 30% of all postmenopausal women have OP and that 

more than 40% of them have one or more fragility fractures during their remaining 

lifetime.5
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Growing evidence suggested that insufficient sleep could 

be prone to obesity, diabetes, and cardiovascular diseases.6–9 

More interestingly, a research study demonstrated that sleep 

deprivation could increase cortisol concentration, which 

might decrease bone formation and bone mineral density 

(BMD).10 In addition, a large number of studies have dem-

onstrated that short sleep or long sleep resulted in elevated 

pro-inflammatory cytokines, including C-reactive protein, 

and interleukin-6, which subsequently increased osteoclast 

activity and consequent bone loss.11–14 Thus, it is reasonable 

to speculate that insomnia is related to OP.

However, clinical investigations concerning the associa-

tion between sleep disorder and OP generated mixed results. 

For example, in PROOF Cohort research of 500 participants 

aged 65.7±0.8 years, participants with OP at the femoral level 

had a greater self-reported sleep duration (P=0.03) and were 

more frequently long sleepers (P=0.004) without differences 

for sleep quality (P=0.34) and sleep efficiency (P=0.80).15 

Similarly, Tian et al reported that self-reported habitual 

sleep duration of 9 hours or longer was associated with 

an increased prevalence of OP.16 However, the NHANES 

study of 5,288 adults aged $50 years found that a sleep 

duration of ,6 hours per night was associated with a signifi-

cantly increased risk of OP, but only in the older age group 

(.65 years).17 In line with NHANES study, Rodrigues and 

Barros demonstrated that a higher prevalence of OP was 

seen in older people who slept ,7 hours/day or in patients 

with insomnia.18 Therefore, based on the above results, it is 

necessary to further determine the relationship between sleep 

status and BMD in elderly patients.

In the present study, we reported a retrospective analysis 

to determine whether lumbar spines and femoral neck (FN) 

BMD and T score were associated with Pittsburgh Sleep 

Quality Index (PSQI) score in elderly Chinese people with 

insomnia.

Methods
Inclusion and exclusion criteria
It was a retrospective study and approved by the Medical 

Ethics Committee of Zhejiang Hospital (2017–23 k). 

All patients attending our hospital from October 2012 to 

September 2016 for the evaluation of sleep were analyzed. 

The inclusion criteria were age $60 years, complete PSQI 

questionnaires, and take Dual-Energy X-ray Absorptiometry 

(DEXA) measurement. The exclusion criteria in the present 

study mainly included age ,60 years, metallic prosthesis/

fixation at hip or lumbar spines, renal insufficiency, malig-

nancy, connective tissue or musculoskeletal diseases, 

significant liver, thyroid, parathyroid gland, adrenal gland or 

pituitary diseases, inability to ambulate, taking bone active 

drugs (eg, bisphosphonates, parathyroid hormones, deno-

sumab), hormone replacement therapy, or glucocorticoids.

ethics approval
This was a retrospective study which used patients’ medical 

records from October 2012 to September 2016 rather than 

directly contacting patients. The risk of this research was 

no more than the minimum risk. More importantly, the 

researchers have promised to protect the privacy of partici-

pants. Hence, according to the 39th provisions of Chinese 

law, The Ethical Review of Human Biomedical Research 

(2016), the Medical Ethics Committee of Zhejiang Hospital 

agreed to exempt the patients consent.

sleep assessment
Subjective sleep status was evaluated by the PSQI question-

naires, which include seven components, namely subjective 

sleep quality, sleep onset latency in minutes, sleep duration in 

hours, percentage sleep efficiency, sleep disturbances, use of 

sleep medication, and daytime dysfunction, weighted equally 

on an ordinal scale of 0–3.19 This scale is applicable to evalu-

ate the sleep quality of patients with sleep disorder and mental 

disorder and also to evaluate the sleep quality of ordinary 

people. The cutoff values for sleep duration were ,5 hours, 

5–6 hours, 6–7 hours, and .7 hours, respectively.

BMD measurements
DEXA (GE Lunar-iDXA, GE Medical Systems, Madison, 

WI, USA), which was performed by a single experienced 

operator according to standard protocols, was used to mea-

sure BMD at FN and lumbar spines over L2–L4 regions. The 

short-term coefficient of variation for our DXA machine was 

no more than 2%. Diagnosis of OP was defined as the WHO 

criteria of a T-score #-2.5 at any one site, osteopenia (OS), 

T-score .-2.5 to ,-1, and normal BMD, T-score $-1 

(referent).20 BMD data within 3 months were accepted.

statistical analysis
We used the SPSS 19.0 software (IBM Corporation, Armonk, 

NY, USA) package to complete statistical analyses. Nonpara-

metric tests (the Mann–Whitney U test/Kruskal–Wallis test) 

and chi-square analyses were adopted to compare continuous 

variables and categorical variables, respectively. Spearman 

correlation test was used to determine the correlation 

between BMD and other clinical parameters. Multinomial 

logistic regressions analysis was conducted to determine the 
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independent factors predicting OP and OS. The normal group 

was used as the control group. The final models were adjusted 

for demographic and clinical data (gender, body mass index 

[BMI]). P,0.05 was considered statistically significant.

Results
Characteristics of the participants
A total of 606 patients aged over 60 years attended our 

hospital for evaluation of sleep from October 2012 to 

September 2016. Among them, 410 patients (67.66%), 

receiving BMD measurement, were included in the retro-

spective analysis. The remaining 196 population (32.34%) 

were excluded due to lack of BMD data within 3 months.

The participants were mostly men (57.1%), with a mean 

age of 81.6±5.9 years, a mean BMI of 23.7±3.7 kg/m2, and 

a mean PSQI score of 7.2±3.7. As showed in Table 1, when 

compared to male participants, female participants had poorer 

BMD and T-score at lumbar spines over L2–L4 regions and 

FN, and higher score of total PSQI score, sleep duration, 

sleep onset latency, use of sleep medication, sleep efficiency, 

subjective sleep quality, although they were younger.

Clinical and PsQI data of participants 
with different bone mass status
First, chi-square test and Kruskal–Wallis test were used 

to find differences in clinical and PSQI parameters among 

different bone mass status. As reported in Table 2, majority 

of participants with OP were female and had significantly 

lower BMI and higher sleep onset latency score, without 

difference for age, total PSQI score, and score of subjective 

sleep quality, sleep duration, percentage sleep efficiency, 

sleep disturbances, use of sleep medication, and daytime 

dysfunction.

BMD, clinical factors, and PsQI score 
(single-factor analysis)
We used Spearman correlation test to investigate whether 

clinical characteristics and PSQI score were related to bone 

Table 1 Baseline characteristics of study population

Total 
sample 
(n=410)

Female 
(n=176)

Male 
(n=234)

P-value

Clinical data
Age (year) 81.6±5.9 80.1±5.7 82.7±5.9 ,0.01
BMI (kg/m2) 23.7±3.7 23.7±3.7 23.7±3.7 0.96
PSQI score
Total 7.2±3.7 7.9±3.6 6.6±3.6 ,0.01
Daytime dysfunction 0.7±0.7 0.6±0.7 0.7±0.7 0.77
sleep duration 0.5±0.9 0.64±1.0 0.4±0.9 ,0.01
sleep onset latency 1.6±1.1 1.8±1.0 1.51±1.1 0.01
sleep disturbances 1.2±0.6 1.2±0.5 1.3±0.6 0.47
Use of sleep medication 1.1±1.4 1.3±1.4 0.9±1.3 ,0.01
Sleep efficiency 0.7±1.11 0.9±1.2 0.50±1.0 ,0.01
subjective sleep quality 1.4±0.6 1.5±0.7 1.3±0.6 0.01
Bone mass status
l2–l4 BMD (g/cm2) 1.1±0.2 1.0±0.2 1.2±0.2 ,0.01
l2–l4 T-score -0.2±2.0 -1.3±1.6 0.6±1.8 ,0.01
Fn BMD (g/cm2) 0.8±0.2 0.7±0.1 0.9±0.2 ,0.01
Fn T-score -1.3±1.1 -1.8±1.0 -0.9±1.1 ,0.01

Abbreviations: BMI, body mass index; PsQI, Pittsburgh sleep Quality Index; 
BMD, bone mineral density.

Table 2 Difference of clinical and PsQI data among different 
bone mass status

Variable Bone mass status

Normal 
(n=136)

OP 
(n=192)

OS 
(n=82)

P-value

Total population
gender (female, %) 24 (17.6) 90 (46.9) 62 (75.6) ,0.01
Age (year) 81.2±6.4 81.9±5.7 81.6±5.8 0.69
BMI (kg/m2) 24.5±3.7 23.8±3.6 22.4±3.8a,b ,0.01
Total PsQI 6.9±3.9 7.2±3.6 7.7±3.5 0.24
Daytime dysfunction 0.7±0.7 0.6±0.7 0.7±0.7 0.34
sleep duration 0.5±0.9 0.5±0.9 0.6±0.9 0.73
sleep onset latency 1.4±1.10 1.74±1.10c 1.70±1.00 0.03
sleep disturbances 1.2±0.6 1.2±0.6 1.3±0.6 .0.05
Use of sleep medication 1.0±1.3 1.1±1.4 1.3±1.4 0.15
Sleep efficiency 0.6±1.1 0.7±1.1 0.7±1.1 0.51
subjective sleep quality 1.4±0.6 1.4±0.6 1.4±0.6 0.92
Female
Age (year) 78.4±4.7 80.1±5.7 80.9±5.9 0.16
BMI (kg/m2) 25.4±2.3 23.9±3.7 22.8±3.8a ,0.01
Total PsQI 8.2±4.4 7.8±3.4 8.1±3.6 0.92
Daytime dysfunction 0.5±0.6 0.6±0.7 0.7±0.8 0.83
sleep duration 0.8±1.1 0.6±0.9 0.63±1.0 0.81
sleep onset latency 1.8±1.2 1.8±1.0 1.8±1.1 0.91
sleep disturbances 1.3±0.5 1.2±0.6 1.2±0.5 0.94
Use of sleep medication 1.3±1.3 1.2±1.4 1.5±1.4 0.50
Sleep efficiency 1.1±1.4 0.9±1.2 0.9±1.2 0.85
subjective sleep quality 1.4±0.7 1.4±0.6 1.5±0.7 0.93
Male
Age (year) 81.9±6.5 83.5±5.3 83.7±4.9 0.20
BMI (kg/m2) 24.3±3.9 23.6±3.5 21.5±3.8a,b ,0.01
Total PsQI 6.6±3.7 6.6±3.6 6.3±2.7 0.99
Daytime dysfunction 0.7±0.7 0.6±0.7 0.8±0.4 0.12
sleep duration 0.5±0.9 0.4±0.9 0.3±0.6 0.69
sleep onset latency 1.4±1.1 1.7±1.2 1.5±0.8 0.09
sleep disturbances 1.2±0.6 1.3±0.5 1.4±0.7 0.72
Use of sleep medication 0.9±1.3 0.9±1.3 0.9±1.3 0.97
Sleep efficiency 0.5±1.1 0.5±1.0 0.4±0.9 0.86
subjective sleep quality 1.4±0.6 1.3±0.6 1.0±0.3c 0.03

Notes: aCompared with normal group, P,0.01; bCompared with Os group, P,0.05; 
cCompared with normal group, P,0.05.
Abbreviations: OP, osteoporosis; Os, osteopenia; PsQI, Pittsburgh sleep Quality 
Index.
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mineral status. Table 3 shows that gender, BMI, score of total 

PSQI, and sleep onset latency were significant related with 

BMD and T-score in FN and lumbar region L2–L4. In addi-

tion, other factors affecting bone mass status included score 

of use of sleep medication (L2–L4 BMD: r=-0.10, P,0.05; 

FN BMD: r=-0.18, P,0.01; FN T-score: r=-0.17, P,0.01) 

and age (L2–L4 BMD: r=0.10, P,0.05; FN T-score: 

r=-0.12, P,0.05). No correlations were noted between bone 

mass status and other clinical and PSQI data.

Clinical and sleep determinants of bone 
mineral status in elderly patients with 
sleep problem (multivariable analyses)
Finally, to further identify independent factors predicting 

bone mineral status in elderly patients with sleep problem, 

multinomial logistic regressions analysis was performed.

In our model, gender and age were independent factors 

for OP and OS. After adjustment for gender, age, and BMI, 

elderly patients with sleep onset latency of ,15 minutes 

(OR: 0.38; 95% CI: 0.15–0.96; P=0.04) or 16–30 minutes 

(OR: 0.37; 95% CI: 0.17–0.79; P=0.01) were less likely to 

have OS (Table 4).

Discussion
The aim of this study was to analyze whether PSQI score 

was related to bone mineral status in elderly patients with 

sleep problem. First, single-factor analysis showed that in 

elderly patients with sleep disorder, gender, BMI, score of 

total PSQI, and sleep onset latency were significantly related 

to BMD and T-score in FN and lumbar region L2–L4. More 

interestingly, we found that gender and age were independent 

factors for OP and OS and that sleep onset latency was less 

likely to have decreased bone mass. Last, sleep duration was 

not related to BMD in our study. So far, previous research 

concerning the relationship between sleep duration and BMD 

obtained conflicting results, with some reporting the indepen-

dent risk of short sleep for OP15,16,19–22 and others showing an 

independent risk in long sleepers.17,18,23–26 Our present work, 

to our knowledge, was the first to find that long sleep onset 

latency was an independent risk for reduced BMD.

The possible factors resulting in discrepancies among 

those studies included the large range of age (eg, from 18 to 

80 years),23 different nationalities, limited evaluation of sleep 

duration using just a single question,20,21,23 different criteria to 

define OP without DEXA measurement,16,25,26 diverse cutoff 

value of sleep duration,19,22 and so on. In the present study, we 

performed DEXA, which is a gold standard for OP diagnosis, 

to measure BMD at different sites.

Table 3 Association between bone mass parameters and other 
clinical characteristics

R value

L2–L4 
BMD

L2–L4 
T-score

FN 
BMD

FN 
T-score

Age 0.10* 0.09 -0.09 -0.12*
BMI 0.24** 0.23** 0.20** 0.21**
Total PsQI -0.13** -0.11* -0.14** -0.13**
Daytime dysfunction -0.05 -0.05 -0.03 -0.03
sleep duration 0.00 0.02 -0.01 -0.02
sleep onset latency -0.18** -0.18** -0.15** -0.14**
sleep disturbances -0.03 -0.02 -0.08 -0.07
Use of sleep medication -0.10* -0.09 -0.18** -0.17**
Sleep efficiency -0.04 -0.02 0.00 -0.01
subjective sleep quality -0.07 -0.05 -0.02 -0.01

Notes: *P,0.05; **P,0.01.
Abbreviations: BMD, bone mineral density; BMI, body mass index; Fn, femoral 
neck; PsQI, Pittsburgh sleep Quality Index.

Table 4 results of multinomial logistic regressions analysis

OP condition OS condition

OR 95% CI P-value OR 95% CI P-value

gender (women) 22.12 10.32–47.41 ,0.01 5.50 3.07–9.86 ,0.01
Age 1.07 1.01–1.13 0.02 1.05 1.00–1.09 0.04
BMI ,18.5 kg/m2 4.38 0.93–20.66 0.06 1.36 0.39–4.79 0.63
18.5# BMI ,24.0 kg/m2 2.17 0.73–6.50 0.17 1.18 0.54–2.58 0.67
24.0# BMI ,28.0 kg/m2 0.49 0.16–1.56 0.23 0.43 0.20–0.96 0.04
BMI $28.0 – – – – – –
Total PsQI 0.91 0.79–1.04 0.18 0.90 0.81–1.00 0.06
sleep onset latency of ,15 min 0.44 0.12–1.60 0.21 0.38 0.15–0.96 0.04
sleep onset latency of 16–30 min 0.79 0.30–2.08 0.63 0.37 0.17–0.79 0.01
sleep onset latency of 31–60 min 0.91 0.35–2.38 0.85 0.71 0.34–1.50 0.37
sleep onset latency of .60 min – – – – – –
Use of sleeping medication (not during the past month) 0.69 0.27–1.71 0.42 0.86 0.42–1.75 0.68
Use of sleeping medication (less than once a week) 1.31 0.34–5.00 0.69 0.99 0.32–3.11 0.99
Use of sleeping medication (once or twice a week) 1.49 0.42–5.32 0.54 1.00 0.34–2.93 .0.05
Use of sleeping medication (three or more times a week) – – – – – –

Abbreviations: BMI, body mass index; OP, osteoporosis; Os, osteopenia; PsQI, Pittsburgh sleep Quality Index.
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Questionnaires, including PSQI for sleep quality and 

the Epworth Sleepiness Scale (ESS) for daytime sleepi-

ness, were often applied to assess sleep disturbance and its 

consequences.27,28 PSQI has been proven to have an excellent 

sensitivity and reliability in both middle-aged participants and 

the elderly.19,30 Study showed that a global PSQI score .5 

gained a diagnostic sensitivity of 89.6% and specificity of 

86.5% (kappa =0.75, P,0.001) in distinguishing good and 

poor sleepers.19 More importantly, Spira et al reported that 

internal consistency was adequate for PSQI (Cronbach’s 

α=0.69) and ESS (α=0.70) total scores in older men and that 

PSQI could distinguish participants reporting no sleep disorder 

from those reporting particular disorders more reliably than 

the ESS.28 In the present study, the cutoff values chosen for 

sleep duration were ,5, 5–6, 6–7, and .7 hours, according 

to PSQI scoring method. However, previous studies adopted 

different cutoff values, which might be one of the reasons 

causing inconsistent results. For example, sleep duration cutoff 

values were chosen as 6, 7, and 8 hours in study by Kobayashi 

et al19 and 5, 6, 7, and 8 hours in research by Kim et al20.

The possible mechanisms by which long sleep onset 

latency could contribute to reduce BMD are unclear and 

need to be further studied in the future, because no related 

study has been reported so far. However, taking into account 

that insomnia makes it easy for patients to decrease BMD 

and that osteoporotic fracture causes high mortality rate and 

bad outcome,29,30 we can conclude that early screening and 

intervention for OP in elderly patients with insomnia might 

ameliorate their quality of life.

The strengths of our work included the measurement of 

BMD by DEXA at multiple bone sites (L2–L4 and FN) which 

is a gold standard for OP diagnosis, a relatively larger sample 

size, use of a validated PSQI sleep questionnaire, and so on. 

However, there are some limitations in the present study. First, 

it is a retrospective, observational association study, which 

tended to leave uncertainty. Second, it lacked clinical outcome, 

such as fracture, comorbidities, use of antiosteoportic drugs, 

and so on, which is the limitation of the retrospective study. 

Furthermore, the participants were heterogeneous, with diver-

sities of medication and different morbidity, which might con-

found the results. Finally, the results of our study were based 

on Chinese elderly populations. Hence, it is necessary to fur-

ther explore in other ethnicities and population of other ages.

Conclusion
Our retrospective analysis found that sleep onset latency was 

related to reduced BMD in elderly people with insomnia, 

indicating that it is meaningful to screen and intervene for 

OP in elderly patients with sleep problem.
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