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Abstract
Background  Osteoporosis and sarcopenia frequently occur in patients with end-stage renal disease undergoing 
hemodialysis (HD), and depression is also a common mental health issue in this population. Despite the prevalence of 
these conditions, the interrelationships among them remain poorly understood in HD patients.

Methods  In this multicenter cross-sectional study, 858 HD patients from 7 dialysis centers were recruited. Bone 
mineral density (BMD) was assessed using dual-energy X-ray absorptiometry. Skeletal muscle mass index (SMI) 
was calculated from body composition data obtained through multifrequency bioimpedance analysis (BIA), while 
handgrip strength (HGS) was measured with a dynamometer. Gait speed was evaluated with a 4-meter walk test, and 
depression was assessed using the Patient Health Questionnaire-9 (PHQ-9).

Results  Among the 858 participants (524 men, 334 women), 39.2% had osteoporosis. The prevalence of sarcopenia 
and depression was 18.9% and 42.1%, respectively. Logistic regression analysis showed that SMI was significantly 
associated with a decreased risk of osteoporosis (OR = 0.638, 95% CI = 0.494–0.823, P = 0.001), while HGS was 
not(OR = 0.990, 95% CI = 0.963–1.017, P = 0.449). HD patients with sarcopenia were 1.92 times more likely to have 
osteoporosis than those without sarcopenia. Most notably, after adjusting for both sarcopenia and SMI, the risk of 
osteoporosis in HD patients with depression was 1.45 times higher than in those without depression (OR = 1.452, 95% 
CI = 1.060–1.989, P = 0.020).

Conclusions  In HD patients, increased muscle mass, rather than muscle strength, is linked to a lower risk of 
osteoporosis. Notably, depression emerges as a significant risk factor for osteoporosis in this population, highlighting 
the need for mental health considerations in managing bone health.
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Introduction
Chronic kidney disease (CKD) is a progressive disease 
with high morbidity and mortality. Low bone mineral 
density (BMD) is common in patients with end-stage 
renal disease (ESRD), and CKD-mineral bone disorder 
(MBD) has been reported to contribute to low BMD in 
patients with ESRD [1]. Osteoporosis is a condition char-
acterized by low bone mass or qualitative bone dete-
rioration that results in decreased bone strength and an 
increased risk of fracture [2]. According to research, the 
prevalence of osteoporosis ranges from 10 to 64% at the 
femoral site and 4 to 47% at the lumbar spine [3]. Tradi-
tional risk factors for osteoporosis include increasing age, 
female sex, long dialysis duration, history of fractures, 
low bone mass, smoking, CKD-MBD, and the use of 
prednisone or other medications [4]. Sarcopenia is a con-
dition characterized by reduced muscle mass and lim-
ited mobility and function, and it is one of the important 
comorbidities in HD patients [5]. The incidence of sarco-
penia in dialysis patients varies widely from 4–68% [6, 7]. 
Sarcopenia is associated with worse clinical outcomes, 
including worse quality of life and higher hospitaliza-
tion and mortality [8]. Previous studies have suggested 
that sarcopenia is associated with osteoporosis [9, 10], 
Muscle mechanical loading is a crucial component in 
BMD maintenance. BMD is correlated with muscular 
strength and muscle mass, which are sources of mechani-
cal loading [11]. There are few reports on the association 
between muscle mass, muscle strength, and osteoporosis 
in HD patients. Several studies have suggested a positive 
correlation between handgrip strength (HGS) and BMD 
in HD patients [12, 13] whereas some studies have sug-
gested the opposite [14, 15].

Depression is a type of mood disorder caused by a 
variety of causes, often manifested as disproportionate 
depression and loss of interest, sometimes accompanied 
by anxiety, agitation, even hallucinations, delusions, and 
other psychotic symptoms. The prevalence of depres-
sion in HD patients is 20–47% [16]. An observational 
cross-sectional study of 414 HD patients from 24 dialy-
sis centers in Greece found higher rates of depression in 
female patients than in males [17]. Depression increases 
the likelihood of cardiovascular disease, malnutrition, 
and inflammatory response, and affects the prognosis 
of HD patients [16]. Depression, being the most com-
mon psychological disorder among HD patients, may 
exacerbate the development and progression of osteo-
porosis by influencing lifestyle, dietary habits, and levels 
of physical activity. Existing studies suggest that depres-
sion is a risk factor for osteoporosis in the general popu-
lation. Depression induces bone loss and osteoporotic 

fractures, primarily via specific immune and endocrine 
mechanisms, with poor lifestyle habits and use of specific 
antidepressants also potential contributory factors [18], 
but the specific mechanisms in HD patients are unclear. 
Although previous studies have explored the relation-
ship between muscle mass, muscle strength, and osteo-
porosis, research on the connection between depression 
and osteoporosis remains limited, especially in HD 
patients. Therefore, this study aims to (1)investigate the 
relationship between depression and osteoporosis in 
HD patients, with a focus on muscle mass and muscle 
strength, offering new insights and evidence for clinical 
interventions and management, (2) investigate the rela-
tionship between muscle mass, muscle strength, depres-
sion, and osteoporosis in males and females HD patients, 
offering gender-specific interventions and management.

Methods
Study subjects
This cross-sectional multicenter study enrolled patients 
with ESRD undergoing HD from seven HD centers 
between July 2020 and April 2021. Adult patients on 
maintenance HD for at least 3 months who were able to 
provide informed consent were eligible to enroll, while 
the exclusion criteria included: (1) acute infection or 
acute cardiovascular and cerebrovascular events occur-
ring one month before enrollment; (2) use of hormones 
or immunosuppressive therapy for more than 3 months 
before inclusion; (3) connective tissue disease or tumor; 
(4) bone diseases such as primary bone disorder. The 
study was approved by the Ethics Committee of the 
Shanghai University of Medicine and Health Sciences, 
and the methods were carried out following the prin-
ciples of the Declaration of Helsinki. Written informed 
consent was obtained from all patients before enrollment 
in the study. The study followed the STROBE guidelines 
[19].

Baseline variables
All participants were invited to a face-to-face inter-
view to answer a standardized questionnaire. Baseline 
data of sociodemographic characteristics, health behav-
iors, and chronic disease conditions were considered. 
Demographic characteristics, including age, sex, height, 
and post-dialysis weight, were used to calculate body 
mass index (BMI, kg/m2) and dialysis duration. Health 
behaviors included smoking and drinking habits. Physi-
cal activity was assessed using the short form of the 
International Physical Activity Questionnaire (IPAQ). 
Nutritional status was assessed using the Malnutrition 
Inflammation Score (MIS). A valid method used to assess 
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the risk of death from comorbid disease was the Charlson 
comorbidity index (CCI). In addition, all blood samples 
were drawn before HD. Blood samples were analyzed for 
the following markers: hemoglobin, albumin, C-reactive 
protein (CRP), total cholesterol (TC), triglycerides (TG), 
high-density lipoprotein cholesterol (HDL-cholesterol), 
low-density lipoprotein cholesterol (LDL-cholesterol), 
serum phosphate, serum calcium, parathyroid hormone 
(PTH), vitamin D and Kt/V (fractional clearance index 
for urea).

BMD and osteoporosis
BMD was measured by dual-energy X-ray absorpti-
ometry (DXA) using an EXA3000 (OsteoSys, Seoul, 
Korea). Bone mass density (g/cm2) was measured at 
the radius bone. T scores of radius bone densities were 
used. To reduce measurement differences, all scans and 
calculations were completed by a single radiologic tech-
nologist. Testing was done before HD. According to the 
guidelines of the World Health Organization, osteoporo-
sis is defined as a reduced bone density of 2.5 standard 
deviations (SD) below the average values for bone den-
sity among young and normal individuals of a society (T 
score≤-2.5) [2].

Parameters for sarcopenia
Sarcopenia was defined according to the criteria of the 
Asia Working Group for Sarcopenia (AWGS) [20]. The 
cutoff values for skeletal muscle mass index (SMI) mea-
sured by bioimpedance analysis (BIA) were < 7.0  kg/m2 
for men and < 5.7 kg/m2 for women. The cutoff points for 
decreased HGS were < 26 kg (male) and < 18 kg (female). 
Walking disability was defined as gait speed < 0.8 m/s. The 
sarcopenia stage was defined as low SMI plus low HGS or 
low gait speed. SMI was calculated using body composi-
tion measurements obtained with multifrequency BIA 
(InBody S10; InBody Japan, Tokyo, Japan). BIA has been 
validated in various populations, including old adults, 
Asians, Koreans, and HD patients. Compared to DXA, 
BIA is easily applicable in clinical practice, relatively inex-
pensive, and does not pose a radiation hazard [9]. HGS 
was evaluated using a handgrip dynamometer (GRIP-D; 
Takei Ltd, Niigata, Japan) by using the non-fistula arm of 
the subject. For patients with dialysis catheters, we used 
the dominant hand to test HGS. Participants were asked 
to exert maximum effort twice, and the result from the 
strongest handgrip strength was used for analysis. Gait 
speed was assessed with the 4-m walk test. Patients were 
instructed to stand with both feet touching the starting 
line and started walking at their usual speed after verbal 
commands. All testing was done before HD.

Determination of depression
The Patient Health Questionnaire-9 (PHQ-9) was admin-
istered to assess depressive symptoms over the last two 
weeks [21]. Using a 4-point scale (0 = not at all, 1 = sev-
eral days, 2 = more than half the days, 3 = nearly every 
day), patients reported the frequency with which they 
had experienced the following nine symptoms of major 
depressive disorder: (1) anhedonia, (2) depressed mood, 
(3) sleep disturbance, (4) fatigue, (5) appetite changes, 
(6) low self-esteem, (7) concentration problems, (8) psy-
chomotor disturbances, and (9) suicidal ideation. Total 
scores range from 0 to 27. The instrument has demon-
strated excellent reliability, validity, and responsiveness. 
The cut-offs have been proposed as 0–4, 5–9, 10–14, 
15–19, and 20- for no, mild, moderate, moderately severe 
and severe depression, respectively [21]. According to 
the PHQ-9 cut-offs, depression is defined as the total 
score > 4.

Statistical analysis
In this cross-sectional survey investigation, the esti-
mated prevalence of osteoporosis among HD patients 
was determined to be about 35% based on a small sam-
ple, with a confidence level of 1-α = 0.95 and a toler-
ance of 3.5%. Using the PASS 11, the sample size to be 
surveyed was determined to be 740. Assuming a 10% 
dropout rate, a minimum sample size of 814 cases was 
needed. Baseline sociodemographic and health-related 
characteristics were compared between patients with and 
without osteoporosis. The normality test was performed. 
Data with a normal distribution were expressed as the 
mean ± SD, using an independent t-test for numeric vari-
ables. Data with a nonnormal distribution are expressed 
as the median M (P25, P75). Nonparametric tests were 
used for comparisons between groups. Categorical vari-
ables were expressed as proportions, and a chi-square 
test was used for categorical variables. Spearman correla-
tion coefficients were calculated for the correlation analy-
sis. To determine which variables were related to BMD, 
stepwise linear regression analysis was performed. Logis-
tic regression analysis for the association between sarco-
penia, SMI, HGS, and depression with osteoporosis with 
the adjusted models was performed. Because sarcopenia 
was diagnosed based on SMI, HGS, and gait speed, sar-
copenia had covariance with SMI and HGS and therefore 
was adjusted separately in the logistic regression analysis. 
Statistical significance was indicated by P < 0.05. All sta-
tistical analyses were performed using IBM SPSS Statis-
tics v26.0 (SPSS Inc., Chicago, Illinois, United States).

Results
Baseline characteristics
The final analytic sample consisted of 858 patients. A flow 
chart detailing the derivation of the sample was presented 
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in Fig. 1. Among 858 participants (524 male, 334 female, 
mean age 61.4 ± 12.6 years) who were available for analy-
sis, 336 cases (39.2%) had osteoporosis, of which 37.6% 
were male and 41.6% were female. The prevalence of sar-
copenia in HD was 18.9% (162/858), with 18.1% for the 
male and 20.1% for the female. The prevalence of depres-
sion in HD was 42.1% (361/858), with 41.2% for the male 
and 43.4% for the female.

Comparing the basic characteristics of HD patients with 
and without osteoporosis
The sociodemographic and health-related characteris-
tics of patients undergoing HD with and without osteo-
porosis are presented in Table  1. Age, dialysis duration, 
HDL-cholesterol, and PTH of the osteoporosis group 
were significantly higher than those of the non-osteopo-
rosis group, with significant differences between groups 
(P < 0.05). The prevalence of sarcopenia and depression 
in osteoporosis group was significantly higher than the 
non-osteoporosis group (χ2 = 27.907, P < 0.001;χ2 = 7.615, 
P = 0.006). BMI, SMI, BMD, TG, phosphate, and HGS 
of the osteoporosis group were significantly lower than 
those of the non-osteoporosis group (P < 0.05). BMD, 
SMI, HGS, gait speed, CCI, hemoglobin, and vitamin D 
were significantly higher in male patients than in female 
patients (P < 0.05), while dialysis duration, MIS, TC, 
HDL-cholesterol, LDL-cholesterol, PTH, and Kt/V were 
lower (Table S1).

Spearman correlation analysis of BMD and factors
BMI, SMI, HGS, CCI, and gait speed were positively cor-
related with BMD (P < 0.05). Age, female sex, dialysis 
duration, TC, HDL-cholesterol, LDL-cholesterol, phos-
phate, MIS, Kt/V, and PTH were negatively correlated 
with BMD (P < 0.05) (Table 2). SMI, HGS, dialysis dura-
tion, PTH, and Kt/V were correlated with BMD in HD 
patients whether male or female (P < 0.05) (Table S2).

Multiple linear regression analysis of BMD and factors
Table  2 showed that age, sex, dialysis duration, SMI, 
HDL-cholesterol, HGS, and PTH were independent 
influencing factors of BMD in HD patients. Dialysis dura-
tion, SMI, and PTH were independent influencing factors 
of BMD in HD patients whether male or female (P < 0.05), 
while age was an independent influencing factor of BMD 
in female patients (P < 0.05) (Table S3).

Risk of sarcopenia, depression, SMI, and HGS on 
osteoporosis
The risk of sarcopenia, depression, SMI, and HGS in 
osteoporosis was first assessed using logistic regres-
sion analysis in the univariate model (Table  3; Fig.  2). 
Depression showed a significantly increased risk of 
osteoporosis (Odds Ratio (OR) = 1.482, 95% Confidence 
Interval (CI) = 1.120–1.962, P = 0.006). Meanwhile, SMI 
and HGS were negatively correlated with osteoporosis 
(P < 0.001), while gait speed was not related to osteo-
porosis (P = 0.507). Subgroup analysis by gender found 
that osteoporosis was not associated with depression 
in male patients, while osteoporosis was associated 

Fig. 1  Flowchart of the study population selection process
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with depression in female patients (P < 0.05). Multivari-
ate logistic regression analysis was further adjusted for 
potential confounders (age, sex, BMI, dialysis duration) 
(Table  4; Fig.  2), and sarcopenia, SMI, and depression 
were significantly associated with osteoporosis. Subgroup 
analysis by gender found that sarcopenia and depression 
were not associated with osteoporosis in male patients, 
while sarcopenia, SMI, and depression were significantly 
associated with osteoporosis in female patients (P < 0.05). 
After adjusting for potential confounders such as age, 
sex, BMI, dialysis duration, TG, HDL-cholesterol, serum 
phosphate, serum calcium, PTH, calcium-phosphorus 
metabolism drugs, and Kt/V (Table  5; Fig.  2), which 

were statistically significant in the univariate analysis, as 
well as additional clinically relevant factors like calcium 
and phosphorus, the risk of osteoporosis in HD patients 
with sarcopenia was found to be about 2 times higher 
compared to those without sarcopenia(OR = 1.919, 
95% CI = 1.251–2.943, P = 0.003). Additionally, higher 
SMI reduced the risk of osteoporosis (OR = 0.638, 95% 
CI = 0.494–0.823, P = 0.001). Most notably, after adjust-
ing for both sarcopenia and SMI, the risk of osteopo-
rosis in HD patients with depression was 1.45 times 
higher than in those without depression (OR = 1.452, 95% 
CI = 1.060–1.989, P = 0.020). Subgroup by gender found 
that depression was not associated with osteoporosis in 

Table 1  Comparing the basic characteristics of HD patients with osteoporosis and non-osteoporosis
Characteristics All Non-Osteoporosis Osteoporosis P value

(n = 858) (n = 522) (n = 336)
Age (years) 61.45 ± 12.55 60.22 ± 12.84 63.36 ± 11.85 < 0.001
Sex (%) 0.239
  Male 524 (61.07) 327 (62.64) 197 (58.63)
  Female 334 (38.93) 195 (37.36) 139 (41.37)
BMI (kg/m2) 23.38 ± 3.82 23.88 ± 3.82 22.60 ± 3.70 < 0.001
Dialysis duration (months) 46.33 (23.87, 93.20) 40.43 (21.13, 71.43) 58.03 (29.41,120.28) < 0.001
Cause of ESRD (%) 0.035
  Glomerulonephritis 264 (30.77) 150 (28.74) 114 (33.93)
  Diabetic 190 (22.14) 132 (25.29) 58 (17.26)
  Hypertensive 130 (15.15) 84 (16.09) 46 (13.69)
  Polycystic kidney 51 (5.94) 30 (5.74) 21 (6.25)
  Other 223 (26.00) 126 (24.14) 97 (28.87)
Drinking (%) 10 (1.16) 5 (0.96) 5 (1.49) 0.069
Smoking (%) 185 (21.56) 117 (22.41) 68 (20.24) 0.180
BMD (g/cm2) 0.41 ± 0.09 0.46 ± 0.07 0.33 ± 0.06 < 0.001
Sarcopenia (%) 162 (18.88) 69 (13.22) 93 (27.67) < 0.001
SMI (kg/m2) 6.98 ± 1.21 7.20 ± 1.20 6.65 ± 1.14 < 0.001
Handgrip strength (kg) 24.87 ± 8.74 25.94 ± 8.73 23.21 ± 8.50 < 0.001
Gait speed (m/s) 0.98 ± 0.30 0.98 ± 0.31 0.97 ± 0.30 0.508
IPAQ (Met/wk) 1386 (594,3066) 1386 (551,3066) 1386 (608,3066) 0.456
MIS 4.30 ± 2.84 4.25 ± 2.87 4.38 ± 2.79 0.537
CCI 3.87 ± 1.68 3.87 ± 1.65 3.88 ± 1.70 0.918
Depression (%) 361(42.1) 201 (38.5) 160 (47.6) 0.006
  Laboratory parameters
Hemoglobin (g/L) 110.97 ± 15.79 110.73 ± 15.69 111.33 ± 15.96 0.592
  Albumin (g/L) 39.80 (37.60, 41.90) 39.80 (37.60,42.0) 39.75 (37.72, 41.80) 0.954
  CRP (mg/L) 2.88 (1.29, 6.04) 2.84 (1.31, 5.97) 2.92 (1.22, 6.30) 0.909
  Total cholesterol (mmol/L) 3.92 ± 1.21 3.93 ± 1.30 3.89 ± 1.04 0.630
  Triglycerides (mmol/L) 1.70 (1.19, 2.74) 1.80 (1.23, 2.89) 1.64 (1.06, 2.51) 0.040
  HDL-cholesterol (mmol/L) 0.97 ± 0.28 0.95 ± 0.27 1.01 ± 0.29 0.002
  LDL-cholesterol (mmol/L) 2.30 ± 0.81 2.32 ± 0.81 2.27 ± 0.81 0.332
  Phosphate (mmol/L) 1.90 (1.51,2.34) 1.94 (1.55, 2.37) 1.84 (1.46, 2.24) 0.027
  Calcium (mmol/L) 2.27 ± 0.26 2.27 ± 0.25 2.26 ± 0.27 0.421
  PTH (pg/mL) 272.75 (143.15,469.17) 258.45 (138.08,424.68) 309.65 (155.30, 554.73) 0.001
  Vitamin D (nmol/L) 31.56 (24.41, 44.16) 31.30 (24.32, 43.37) 32.00 (24.88, 47.00) 0.369
  Kt/V 1.37 ± 0.33 1.33 ± 0.30 1.43 ± 0.36 < 0.001
BMI, body mass index; SMI, skeletal mass index; ESRD, end stage renal disease; BMD, bone mineral density; IPAQ, international physical activity questionnaire; Met/
wk, metabolic equivalent task minutes per week; MIS, malnutrition inflammation score; CCI, Charlson Comorbidity Index; CRP, C-reactive protein; HDL-cholesterol, 
high-density lipoprotein cholesterol; LDL-cholesterol, low-density lipoprotein cholesterol; PTH, parathyroid hormone; Kt/V, fractional clearance index for urea
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male patients, while sarcopenia was not associated with 
osteoporosis in female patients. The risk of osteoporosis 
in female HD patients with depression was found to be 
1.9 times higher compared to those without depression 
(OR = 1.942, 95% CI = 1.120–3.368, P = 0.018). Addition-
ally, higher SMI reduced the risk of osteoporosis whether 
male or female (P < 0.05).

Discussion
This study investigated the associations between sarco-
penia, muscle mass, muscle strength, depression, and 
osteoporosis in HD patients. We found that HD patients 
with sarcopenia were more likely to have osteoporosis. 
Muscle mass rather than muscle strength was associated 
with osteoporosis in HD patients. Depression was a sig-
nificant risk factor for osteoporosis in HD patients. In 
addition, male HD patients had higher BMD, SMI, HGS, 
and gait speed than females. The prevalence of sarco-
penia, depression, and osteoporosis was lower in males 
than females. Dialysis duration, SMI, and PTH were 
independent influencing factors of BMD in HD patients 
whether male or female, while older age was an indepen-
dent risk factor of lower BMD in females. Depression 
was not associated with osteoporosis in male patients, 

while sarcopenia was not associated with osteoporosis in 
female patients.

Osteoporosis is common in dialysis patients [3]. The 
hip bone and vertebral density are commonly used to 
diagnose osteoporosis; however, the radius bone has 
recently attracted attention in terms of feasibility and 
accessibility, as it can be done with precision using por-
table technologies. The study specified that radius den-
sity had a statistically significant linear correlation with 
the hip or spine density final result on which the osteo-
porosis diagnosis was based [22]. In our study, we found 
that osteoporosis was common in dialysis patients, and it 
was indicated by radial BMD in 39.2% of patients. Lee et 
al. reported that 38.9% of HD patients had osteoporosis 
[9]. This reported result was similar to those of our study. 
Suggests that it was plausible to detect BMD through the 
radius for the diagnosis of osteoporosis.

Due to uremic toxins, oxidative stress, persistent 
inflammation, and starvation, sarcopenia is worsened 
by CKD [23]. It has been estimated that 20% of dialy-
sis patients suffer sarcopenia. Our result was consistent 
with a previous result [5]. Our study found that HD 
patients with sarcopenia were 1.92 times more likely to 
have osteoporosis than patients without sarcopenia. 
There is evidence of a mechanistic link between muscle 

Table 2  The correlation analysis of BMD and factors
Characteristics Spearman correlation 

analysis
Multiple stepwise linear regression analysis

r P value Unstandardized coefficient Standardized coefficient P value
Age (years) -0.157 < 0.001 -0.001 -0.096 0.010
Female -0.580 < 0.001 -0.059 -0.305 < 0.001
BMI (kg/m2) 0.218 < 0.001
Dialysis duration (months) -0.300 < 0.001 -0.0002 -0.154 < 0.001
SMI (kg/m2) 0.570 < 0.001 0.018 0.237 < 0.001
Handgrip strength (kg) 0.483 < 0.001 0.001 0.101 0.021
Gait speed (m/s) 0.102 < 0.001
IPAQ (Met/wk) -0.016 0.649
MIS -0.129 < 0.001
CCI 0.068 0.047
Hemoglobin (g/L) 0.026 0.443
Albumin (g/L) 0.056 0.1
CRP (mg/L) 0.036 0.327
Total cholesterol (mmol/L) -0.149 < 0.001
Triglycerides (mmol/L) 0.054 0.112
HDL-cholesterol (mmol/L) -0.221 < 0.001 -0.027 -0.079 0.015
LDL-cholesterol (mmol/L) -0.108 0.002
Phosphate (mmol/L) 0.079 0.022
Calcium (mmol/L) -0.034 0.319
PTH (pg /mL) -0.170 < 0.001 -0.00005 -0.162 < 0.001
Vitamin D (nmol/L) 0.001 0.98
Kt/V -0.357 < 0.001
BMD, bone mineral density; BMI, body mass index; SMI, skeletal mass index; IPAQ, international physical activity questionnaire; Met/wk, metabolic equivalent 
task minutes per week; MIS, malnutrition inflammation score; CCI, Charlson Comorbidity Index; CRP, C-reactive protein; HDL cholesterol, high-density lipoprotein 
cholesterol; LDL- cholesterol, low-density lipoprotein cholesterol; PTH, parathyroid hormone; Kt/V, fractional clearance index for urea
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and bone, with sarcopenic people having a higher risk of 
osteoporosis [24]. It has been widely assumed that bone 
and skeletal muscle are interrelated tissues. Both bone 
and muscle share genetic, environmental, endocrine, 
and paracrine factors, several pathways and genes, such 
as androgen receptor, insulin-like growth factor I, myo-
statin, vitamin D receptor, and interleukin-6, appear to 
have a biologically plausible pleiotropic effect [25]. The 
sarcopenia stage was defined as a low SMI plus low HGS 
or low walking speed. Our results found that the SMI 
and HGS were positively associated with BMD. SMI and 
HGS showed a significantly negative correlation with 
osteoporosis in the univariate model, which was consis-
tent with previous studies. Interestingly, after adjusting 
for potential confounders, we found that HGS was not 
associated with the risk of osteoporosis in HD patients, 
while SMI was associated with a lower risk of osteopo-
rosis. This indicated that the effects of muscle strength 
on osteoporosis risk may be an indirect phenomenon, 
possibly mediated by muscle mass. Even though mus-
cles and bones have a physiological connection, muscle 
mass, and muscle strength were independently linked 
to osteoporosis and should be considered separately in 

HD patients. The differential impact of SMI and HGS on 
osteoporosis risk in HD patients underscores the distinct 
physiological roles of muscle mass and muscle strength. 
Muscle mass, reflected by SMI, may have a more direct 
influence on osteoporosis through mechanical loading 
and the stimulation of bone formation. In contrast, HGS, 
a measure of muscle strength, might not directly affect 
osteoporosis but serves as an indicator of overall muscle 
function and health. Moreover, restricted activity dur-
ing and fatigue after HD reduces physical activity, which 
causes a greater reduction in muscle mass than muscle 
strength [26, 27]. This distinction could explain why, after 
adjusting for confounders, SMI remains associated with a 
lower risk of osteoporosis, highlighting the primary role 
of muscle mass in maintaining bone health. The find-
ing that muscle mass, rather than HGS, is more closely 
linked to osteoporosis risk in HD patients suggests that 
interventions aimed at preserving or increasing muscle 
mass could be more beneficial in preventing osteoporosis 
than those focusing solely on increasing muscle strength. 
Resistance training, known to enhance both muscle mass 
and strength, could be particularly effective if tailored 
to emphasize muscle hypertrophy. Clinicians should 

Table 3  Associations of Sarcopenia, SMI, HGS, and depression with osteoporosis by univariate logistic regression analysis
Variables All Male Female

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Sex (male vs. female) 1.183 (0.894, 1.566) 0.240
Age (years) 1.021 (1.009, 1.032) < 0.001 1.004 (0.990, 1.018) 0.602 1.051 (1.030, 1.073) < 0.001
BMI (kg/m2) 0.910 (0.875, 0.946) < 0.001 0.881 (0.833, 0.931) < 0.001 0.945 (0.894, 0.999) 0.045
Duration of dialysis (months) 1.008 (1.005, 1.010) < 0.001 1.008 (1.005, 1.011) < 0.001 1.007 (1.003, 1.011) 0.001
Sarcopenia 2.513 (1.774, 3.559) < 0.001 2.132 (1.360, 3.341) 0.001 3.191 (1.826, 5.579) < 0.001
SMI (kg/m2) 0.667 (0.589, 0.756) < 0.001 0.605 (0.500, 0.732) < 0.001 0.498 (0.371, 0.668) < 0.001
Handgrip strength(kg) 0.963 (0.948, 0.979) < 0.001 0.975 (0.953, 0.991) 0.025 0.902 (0.866, 0.941) < 0.001
Depression 1.482 (1.120, 1.962) 0.006 1.228 (0.856, 1.761) 0.264 1.961 (1.252, 3.073) 0.003
Gait speed (m/s) 0.858 (0.546,1.349) 0.507 1.333 (0.733,2.424) 0.346 0.481 (0.236, 0.919) 0.044
IPAQ (Met/wk) 1.000 (1.000, 1.000) 0.457 1.000 (1.000, 1.000) 0.862 1.000 (1.000, 1.000) 0.231
MIS 1.015 (0.967, 1.006) 0.536 1.012 (0.948, 1.079) 0.727 1.011 (0.938, 1.090) 0.768
CCI 1.004 (0.925, 1.090) 0.918 0.983 (0.887, 1.089) 0.739 1.067 (0.927, 1.228) 0.365
Hemoglobin (g/L) 1.002 (0.994, 1.011) 0.592 0.998 (0.988, 1.009) 0.773 1.012 (0.996, 1.027) 0.133
Albumin (g/L) 0.994 (0.980, 1.008) 0.408 0.996 (0.981, 1.011) 0.600 0.990 (0.959, 1.021) 0.529
CRP (mg/L) 1.002 (0.992, 1.012) 0.717 1.008 (0.995, 1.020) 0.243 0.988 (0.967, 1.010) 0.285
Total cholesterol(mmol/L) 0.973 (0.866, 1.092) 0.639 0.961 (0.804, 1.148) 0.660 0.950 (0.808, 1.118) 0.539
Triglycerides(mmol/L) 0.853 (0.776, 0.938) 0.001 0.839 (0.740, 0.951) 0.006 0.869 (0.752, 1.005) 0.059
HDL-cholesterol(mmol/L) 2.128 (1.306, 3.468) 0.002 2.549 (1.349, 4.819) 0.004 1.479 (0.667, 3.282) 0.335
LDL-cholesterol(mmol/L) 0.919 (0.774, 1.090) 0.332 0.843 (0.664, 1.072) 0.164 0.965 (0.748, 1.246) 0.785
Phosphate (mmol/L) 0.838 (0.675, 1.041) 0.110 0.849 (0.647, 1.114) 0.239 0.817 (0.569, 1.174) 0.274
Calcium (mmol/L) 0.801 (0.466, 1.376) 0.421 0.670 (0.337, 1.332) 0.253 1.018 (0.415, 2.498) 0.969
PTH (pg/mL) 1.001 (1.001, 1.002) < 0.001 1.001 (1.000, 1.001) 0.005 1.002 (1.001, 1.002) < 0.001
Vitamin D(nmol/L) 1.005 (0.997, 1.013) 0.259 1.012 (1.002, 1.022) 0.015 0.990 (0.975, 1.005) 0.197
Kt/V 2.259 (1.591, 4.019) < 0.001 2.908(1.504, 5.619) 0.001 2.088 (0.981, 4.444) 0.056
Calcium-phosphorus metabolism drug 1.175 (0.890, 1.552) 0.256 1.247 (0.868, 1.792) 0.232 1.103 (0.712, 1.709) 0.660
BMI, body mass index; SMI, skeletal mass index; IPAQ, international physical activity questionnaire; Met/wk, metabolic equivalent task minutes per week; MIS, 
malnutrition inflammation score; CCI, Charlson Comorbidity Index; CRP, C-reactive protein; HDL-cholesterol, high-density lipoprotein cholesterol; LDL-cholesterol, 
low-density lipoprotein cholesterol; PTH, parathyroid hormone; Kt/V, fractional clearance index for urea
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consider assessing muscle mass as part of routine care 
in HD patients and prioritize interventions that address 
muscle wasting.

Depression is a chronic and recurrent illness that often 
coexists with physical conditions, such as those faced 
by HD patients, who must endure physical discomfort 
from their disease along with numerous psychologi-
cal stressors, including social and familial issues [28]. 
This combination leads to a significantly increased risk 
of depression, with its prevalence being more than four 
times higher in HD patients compared to the general 
population [16]. The interplay between depression and 
osteoporosis is complex, as both conditions share com-
mon pathophysiological pathways, including chronic 
inflammation, hormonal imbalances, and lifestyle fac-
tors such as reduced physical activity. Although the rela-
tionship between depression and osteoporosis has been 
widely studied in the general population, few studies 
have examined this link specifically in HD patients [29]. 
Our findings suggest that depression is a significant risk 
factor for osteoporosis in HD patients, independent of 

sarcopenia and muscle mass. After adjusting for sarcope-
nia and SMI, HD patients with depression were still 1.45 
times more likely to have osteoporosis. This underscores 
the need to consider depression as a potential contrib-
uting factor to bone health in HD patients, beyond the 
traditional focus on muscle mass and strength. Depres-
sion can exacerbate physical inactivity, increase cortisol 
levels [16], and impair nutrition, all of which may nega-
tively impact bone metabolism and increase the risk of 
osteoporosis. Our study highlights that depression’s role 
in osteoporosis might be an overlooked but critical fac-
tor in the HD patient population. Addressing depression 
in HD patients could not only improve mental health but 
also help in preventing the deterioration of bone health, 
suggesting the importance of comprehensive care that 
includes mental health management as part of the strat-
egy to mitigate osteoporosis risk. Therefore, early identi-
fication and treatment of depression should be integrated 
into routine osteoporosis prevention and management 
protocols in HD patients, as psychological well-being 
plays a crucial role in maintaining bone health.

Fig. 2  The relationships of sarcopenia, SMI, HGS, and depression with osteoporosis using logistic regression analysis. a: Unadjusted model; b: Model 1: 
the relationship of sarcopenia and depression with osteoporosis: adjusted for age, sex, BMI, dialysis duration; c: Model 1: the relationships of SMI, HGS, 
and depression with osteoporosis: adjusted for age, sex, BMI, dialysis duration; d: Model 2: the relationship of sarcopenia and depression with osteopo-
rosis: adjusted for age, sex, BMI, dialysis duration, phosphate, calcium, PTH, calcium-phosphorus metabolism drug; triglycerides, HDL-cholesterol, Kt/V; e: 
Model 2: the relationships of SMI, HGS, and depression with osteoporosis: adjusted for age, sex, BMI, dialysis duration, phosphate, calcium, PTH, calcium-
phosphorus metabolism drug; triglycerides, HDL-cholesterol, Kt/V
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There are many risk factors for osteoporosis in HD 
patients. Females as a greater risk of developing osteo-
porosis. In our study, we found that the prevalence of 
sarcopenia, depression, and osteoporosis was lower 
in males than in females. Male HD patients had higher 
BMD, SMI, HGS, and gait speed than those in females. 
This result was consistent with previous studies [9, 30]. 
This study found that depression was not associated with 
osteoporosis in male patients, while sarcopenia was not 
associated with osteoporosis in female patients. Addi-
tionally, higher SMI reduced the risk of osteoporosis 
whether male or female. Based on this result we should 
pay more attention to mental health in female patients 
and reduce the incidence of sarcopenia in male patients, 
as increasing muscle mass is effective in reducing the risk 
of osteoporosis.

This study had several limitations. First, being a cross-
sectional study, it does not allow for establishing cause-
and-effect relationships between sarcopenia, muscle 
mass, muscle strength, depression, and osteoporosis. 
Future research should focus on conducting longitudi-
nal studies to clarify these relationships over time. Sec-
ondly, we assessed radial bone density for convenience, 
rather than measuring hip or vertebral density. Although 
previous research has suggested that radial BMD is com-
parable to BMD measurements from the hip or spine, 
this choice may have influenced the generalizability of 
our findings. Thirdly, we didn’t measure estrogen levels, 
which is an important factor in osteoporosis in female 
patients.

Conclusions
Overall, this study highlights that muscle mass, rather 
than muscle strength, is more closely associated with 
osteoporosis in HD patients, indicating distinct roles for 
muscle mass and strength in this condition. HD patients 
with sarcopenia were at greater risk of developing osteo-
porosis, suggesting that maintaining or increasing mus-
cle mass could help reduce osteoporosis incidence in 
this population. However, our findings also emphasize 
the critical role of depression as an independent risk 
factor for osteoporosis in HD patients. Given the high 
prevalence and often underdiagnosed nature of depres-
sion in this group, addressing psychological well-being 
is essential for reducing osteoporosis risk. Depression 
may exacerbate bone loss through mechanisms such as 
decreased physical activity, hormonal imbalances, and 
poor nutrition. Therefore, comprehensive management 
of HD patients especially for females should include rou-
tine screening and treatment for depression as part of an 
integrated approach to preventing osteoporosis. Further 
research is needed to better understand how psychologi-
cal factors like depression contribute to bone health in 
HD patients and to develop effective interventions.
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SMI	� Skeletal Muscle Mass Index
BIA	� Bioimpedance Analysis
PHQ-9	� Patient Health Questionnaire-9
Met/wk	� Metabolic Equivalent Task Minutes Per Week
OR	� Odds Ratio
CI	� Confidence Interval
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