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Introduction

Sarcopenia is a muscle disorder characterized by low muscle 
quantity or quality and low muscle function, such as strength, 
and its secondary form can develop in advanced chronic kidney 
disease (CKD) and dialysis as a result of aging or inflammatory 
processes observed in organ failure (1). Indeed, the prevalence 
of sarcopenia in CKD is significant. For example, the 
prevalence of sarcopenia determined by bio-impedance and 
handgrip strength is reported to be 5.9% in advanced CKD 
and 12.7% in hemodialysis (2, 3). Considering the prognostic 
impact of sarcopenia on mortality and/or hospitalization 
shown in these populations (3, 4), identifying modifiable risk 
factors for sarcopenia and developing preventive strategies 
is important. In addition to physical factors, psychological 
factors such as depression or hopelessness can be viewed as 
potential risk factors for sarcopenia, but they have been poorly 
investigated in both the general population and CKD. 

That depression is correlated with sarcopenia was shown 
by a recent systematic review involving community and 

outpatient settings (5). In particular, one study involving 
elderly hemodialysis patients showed a strong association 
between depression and sarcopenia (6). Apart from depression, 
hopelessness is another psychological state that reflects a loss 
of value or future goals that is more likely to be experienced 
by patients with advanced CKD right before requiring dialysis 
and those receiving dialysis (7, 8). Although several studies 
suggest that persons experiencing hopelessness as well as 
depressive individuals are less likely to adhere to prescribed 
exercise (9, 10) and are less physically active (11), whether 
depression and hopelessness are independently associated with 
future sarcopenia in CKD remains unclear for two reasons. 
First, as acknowledged in the systematic review (5), only 
cross-sectional association between sarcopenia and depression 
was confirmed in the general population and CKD (5, 6) 
and second, disentangling hopelessness and depression has 
rarely been tested in the context of sarcopenia, probably 
because hopelessness may be regarded as a severe form 
of depression in the clinical setting (12). Clarifying the 
association of hopelessness and/or depression with future 
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sarcopenia is clinically important as it may serve as a basis for 
the establishment of interventions to improve depression and 
hopelessness and effectively prevent sarcopenia.

Therefore, using data from the Hope Trajectory and Disease 
Outcome Consortium (HOTDOC) study, a multicenter cohort 
study was conducted to examine the associations between 
hopelessness and depression with the prevalence and incidence 
of sarcopenia among patients with advanced CKD and dialysis. 

Methods

Setting and participants
The HOTDOC study was a multicenter cohort study 

conducted at a university hospital and four general hospitals, 
each of which had a nephrology center. The protocol was 
approved by the institutional review boards of St. Marianna 
University (Number 3209) and Fukushima Medical University 
(Number 2417). Written informed consent was obtained from 
each participant. All of the participants were adults (mean age 
67.6) with CKD who were being treated by nephrologists at 
the participating centers. Some did not require dialysis, while 
others were receiving hemodialysis or peritoneal dialysis. Those 
with a psychiatric condition that could impair their ability to 
understand or respond to verbal or written instructions (e.g., 
advanced dementia, schizophrenia, intellectual disability) were 
not included. 

Main exposures
The main exposures were depression and hopelessness. 

Depression was measured using the Japanese version of the 
Center for Epidemiologic Studies Depression Scale (CES-
D) (13). The CES-D includes 20 items with each item 
being rated on a 4-point Likert-type scale, with 1 meaning 
“less than 1 day” (0 points) and 4 meaning “5–7 days” (3 
points). The coefficient alpha was 0.84 (14). A total score 
of 16 or higher was considered to indicate depression (15).  
Hopelessness was measured using the health-related hope 
scale (HR-Hope). It measures hope among people with chronic 
diseases (Supplementary Tables S1 and S2) (14). The HR-Hope 
includes 18 items with each item being rated on a 4-point 
Likert-type scale. Respondents are instructed to «Please answer 
the questions below while keeping in mind how you feel 
about your future health prospects.» The respondents score 
each item on a scale of 1 to 4, with 1 meaning “I don’t feel 
that way at all” and 4 meaning “I strongly feel that way.” For 
this study, the mean score of all 18 items was computed. For 
patients without family, the two items related to family were not 
applicable; thus, the scale score was computed as the mean of 
the remaining 16 items. Next, the mean score was transformed 
to a score between 0 and 100. Internal consistency reliability 
(Cronbach’s alpha) was 0.93. Scores on the HR-Hope scale 
were moderately correlated with scores on both domains of 
the Snyder hope scale (16). In addition, the HR-Hope scale 
was more sensitive to changes in socio-clinical status than the 
Snyder hope scale (14). 

Outcomes
The main outcome was sarcopenia, measured by 

SARC-F as used in other studies (17). SARC-F is a self-
report questionnaire and comprises five items—strength, 
assistance walking, rising from a chair, climbing stairs, and 
falls—with responses for each item ranging from 0 to 2 points 
(Supplementary Table S3). A total score of 4 or higher is 
considered to indicate probable sarcopenia (17, 18). Use of 
SARC-F is recommended by working groups such as the 
European Working Group on Sarcopenia Older Persons and the 
Asian Working Group for Sarcopenia to screen for sarcopenia 
(1, 19). SARC-F has a high ability to diagnose sarcopenia 
(specificity = 90–94 %) (20). In this study, a validated Japanese 
version of SARC-F was used (21). 

For the cross-sectional analysis, the identified outcome was 
the prevalence of sarcopenia. The incidence of sarcopenia one 
year after the baseline survey was considered the outcome in 
the longitudinal study.

Covariates
Confounding variables were those suspected of being 

associated with both HR-Hope and sarcopenia based on 
evidence from the literature and clinical expertise. These 
variables included age, sex, diabetic nephropathy as the primary 
renal disease, body mass index (BMI), treatment status (non-
dialyzed, peritoneal dialysis, or hemodialysis), comorbidities 
(such as cardiovascular disease, cerebrovascular disease, and 
malignancy), working status as a proxy for socioeconomic 
status, presence of family as a proxy for loneliness, and 
depression. Working status was determined by asking, «During 
the past 4 weeks, did you work at a paying job?» to which 
the patients answered “yes” or “no.” Presence of family was 
determined by asking, «Do you have any family?» to which 
participants could respond “yes” or “no”.

Data collection
Participants were patients registered between February 2016 

and September 2017, and questionnaire surveys were conducted 
three times: during the registration period and then one and 
two years later. For this study, second and third questionnaire 
survey data were used as data on sarcopenia and were collected 
on those two occasions. The questionnaire was administered 
at each participating center, and the patients were asked to 
complete it at home. If the patients could not write due to visual 
impairment or physical disability, they were asked to verbally 
complete the form with the aid of a trained research assistant 
who did not inform them of the hypothesis. 

Data on demographic factors, primary renal disease, BMI, 
and comorbidities, except for age and dialysis duration (only 
for patients receiving hemodialysis or peritoneal dialysis), were 
extracted from medical records during the first questionnaire 
survey. Data on age and dialysis duration were based on the 
second questionnaire survey.
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Statistical Analyses
All statistical analyses were performed using Stata/

SE, version 15 (Stata Corp., College Station, TX, USA). 
Baseline characteristics were summarized as means and 
standard deviations for continuous variables and percentages 
for categorical variables. A histogram was graphed for the 
HR-Hope scores. The distribution of sarcopenia at baseline by 
quartile-defined categories of HR-Hope scores was graphed. 
Trends across those categories of HR-Hope scores were 
analyzed using a non-parametric trend test for sarcopenia at 
baseline.

The associations of HR-Hope with sarcopenia at baseline 
were analyzed using logistic regression to estimate the 
adjusted odds ratio (AOR). Age, sex, diabetic nephropathy, 
BMI, treatment status, comorbidities, working status, presence 
of family, and depression were entered into the multivariate 

analyses as covariates. Subsequently, the association of 
HR-Hope with sarcopenia at the one-year follow-up was 
analyzed using logistic regression models. The covariates 
included those used for the cross-sectional analysis and 
sarcopenia determined at baseline. Data were addressed by 
a multiple imputation approach to generate five imputed 
datasets using chained equations methods, assuming that the 
analyzed data were missing at random (22, 23). To derive 
effect estimates and 95% confidence intervals (CIs) from the 
multiple imputed data, the mean for each of the five estimates 
for coefficients of each model was determined, and variances of 
the five estimates were pooled according to Rubin’s rules (24). 

Table 1
Baseline characteristics of the study participants (n = 314)

Treatment categories Total
Non-dialyzed n = 86 Peritoneal dialysis n = 69 Hemodialysis n = 159 n = 314

Demographics

Age, yearsb 74.0 (12.2) 67.4 (14.0) 64.3 (14.0) 67.6 (14.1)
Women 32 (23 %) 19 (23 %) 51 (22 %) 102 (23 %)
Body mass indexb 23.4 (4.2) 23.4 (4.7) 22.3 (3.8) 22.8 (4.1)
Missing, n 10 10
Vintage, monthb n.a. 40.8 [15.2–73.7] 72.9 [15.6–121] 57.8 [15.6–99.8]
Renal disease

 Diabetic nephropathy 14 (16 %) 18 (26 %) 51 (32 %) 83(26 %)
 Glomerulonephritis 14(16 %) 25(36 %) 43(27 %) 82(26 %)
 Hypertensive disease 29 (34 %) 9(13 %) 23 (14 %) 61(19 %)
 Others 29 (34 %) 17(25 %) 42 (26 %) 88 (28 %)
Having family, yes 73 (91 %) 54(82 %) 143(90 %) 270 (89 %)
Missing, n 6 3 9
Working, yes 19 (24 %) 28(42 %) 49(31 %) 96(31 %)
Missing, n 6 3 9
Comorbidities

 Coronary artery disease 9 (10 %) 12 (17 %) 22 (14 %) 43 (14 %)
 Cerebrovascular disease 12 (14 %) 13(19 %) 14 (9 %) 39 (12 %)
 Malignancy 10 (12 %) 7(10 %) 17 (11 %) 34 (11 %)
Psychological measurements

HR-Hope, pointsa,b 63.7 (18.1) 60.0 (17.7) 57.1 (19.3) 59.5 (18.8)
Depression 26 (32 %) 21(33 %) 64(41 %) 111 (37 %)
Missing, n 4 5 1 10
a. Health-related hope score (i.e., lower score indicates lower level of hope related to health); b. Values for continuous data are shown as mean (standard deviation) and/or median [25th 
and 75th percentiles]; HR-Hope, health-related hope; n.a., not applicable
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Results

Characteristics of the study participants 
Among 321 participants, 314 were included in the cross-

sectional analysis; seven were excluded due to incomplete or 
missing responses to the HR-Hope or SARC-F (Supplementary 
Figure S1). The baseline characteristics are shown in Table 1. 
The mean age was 67.6, and 102 (23%) of the patients were 
women. The mean HR-Hope score was 59.5 (standard deviation 
[SD]: 18.8). HR-Hope scores were normally distributed (Figure 
1). Eighty-nine patients experienced sarcopenia at baseline, 
with a prevalence of 28.3%.

Figure 1
The histogram of the HR-Hope score

Gray bars indicate the frequency of the HR-Hope score (i.e., 
lower score indicates lower level of hope). The left vertical axis 
illustrates the frequency of each bar. HR-Hope, Health-related 

hope

Associations of hopelessness and depression with prevalent 
sarcopenia

Figure 2 shows the distribution of prevalent sarcopenia, by 
quartile-defined categories of HR-Hope scores. Prevalence 
of sarcopenia was higher among participants with lower 
HR-Hope scores (p = 0.016). This association was unchanged 
after adjustment for likely confounders (adjusted OR per ten-
point lower 1.33, 95% CI 1.12–1.58 for prevalent sarcopenia, 
Table 2). Participants with depression had more prevalent 
sarcopenia than those without depression, independently of 
HR-Hope score (adjusted OR 1.87, 95% CI 1.003–3.49). The 
older the participant, the higher the prevalence of sarcopenia 
(adjusted OR per ten-year difference 1.70, 95% CI 1.29–2.25). 
Women had more prevalent sarcopenia than men (adjusted 
OR 2.67, 95% CI 1.43–4.98). Participants who had been 
receiving hemodialysis had more prevalent sarcopenia than did 
participants who did not require dialysis (adjusted OR 2.92, 
95% CI 1.41–6.05). Participants with cerebrovascular disease 

had a higher prevalence of sarcopenia than participants without 
cerebrovascular disease (adjusted OR 2.64, 95% CI 1.14–6.09).

Figure 2
The presence of sarcopenia by quartile-defined categories 

of HR-Hope score. Vertical axes indicate the proportions of 
responses. Numbers in each bar graph indicate the absolute 

numbers of responses (n = 314).  HR-Hope: health-related hope.

Associations of hopelessness and depression with 
sarcopenia at one year

Of the patients included in the cross-sectional analysis (n = 
314), 134 did not participate in the follow-up survey because 
of death (n = 23), referral to other facilities (n = 14), change 
in treatment modality (n = 5), hospitalization during the one-
year follow-up survey (n = 2), or unknown reasons (n = 90). 
Therefore, 180 patients were included in the longitudinal 
analysis. Except for treatment modality, baseline characteristics 
were similar between those who completed the follow-up 
survey and those who did not (Supplementary Table S4). 
Those who completed the follow-up were more likely to be on 
hemodialysis. Forty-four (24.4%) patients had sarcopenia at the 
one-year follow-up. In the logistic regression model adjusted 
for covariates including baseline sarcopenia, participants with 
lower HR-Hope scores at baseline were more likely to have 
sarcopenia at one year (adjusted OR per ten-points lower 
1.91, 95% CI 1.32–2.76, adjusted model 1 in Table 3). After 
additional adjustment for depression, this association was 
unchanged (adjusted OR per ten-points lower 1.69, 95% CI 
1.14–2.51, adjusted model 2 in Table 3). Independent of the 
HR-Hope score, participants with depression at baseline were 
more likely to have sarcopenia at one year than those without 
depression at baseline (adjusted OR 4.64, 95% CI 1.33–16.2).

Discussion

We found that both depression and hopelessness were 
associated with sarcopenia at baseline and one year later among 
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patients with advanced CKD and dialysis. These findings 
highlight the importance of integrating consideration of 
psychological aspects into clinical practice throughout the 
different stages of CKD to prevent sarcopenia.

Table 2
Associations between depression, hopelessness, and 

sarcopenia (n = 314)

Adjusted odds ratio p-value

Point estimates 95% CI

HR-Hope, per 1 point lowera 1.03 (1.01 to 1.05) 0.001

      per 10 point lowera 1.33 (1.12 to 1.58)

Depression, yes 1.87 (1.003 to 3.49) 0.049

Age, per 10 yr 1.70 (1.29 to 2.25) <0.001

Women vs. men 2.67 (1.43 to 4.98) 0.002

Diabetic nephropathy 1.29 (0.69 to 2.41) 0.42

Treatment status

 Non-dialyzed Ref.

 Peritoneal dialysis 1.34 (0.57 to 3.18) 0.50

 Hemodialysis 2.92 (1.41 to 6.05) 0.004

Body mass index, per kg/m2 1.04 (0.97 to 1.11) 0.33

Having family 0.86 (0.35 to 2.09) 0.74

Working 0.56 (0.27 to 1.16) 0.12

Comorbidities

 coronary artery disease 1.54 (0.72 to 3.31) 0.27

 cerebrovascular disease 2.64 (1.14 to 6.09) 0.023

 malignancy 0.50 (0.19 to 1.33) 0.17

The logistic regression model was applied. The model was adjusted for all variables 
listed in this table; a. A lower HR-Hope score indicates lower level of hope related to 
health.

Our findings regarding the association between depression 
and sarcopenia align well with those of previous studies 
conducted among elderly hemodialysis patients and the 
general population (5, 6). However, our study differs in several 
aspects. First, although previous studies have shown cross-
sectional associations of sarcopenia with depression (5, 6), 
our study was additionally able to show the prediction of 
one-year sarcopenia by depression and directly addressed the 
call for validating the causal relationship between depression 
and sarcopenia noted in a systematic review study (5). Our 
findings support the presence of a pathogenic pathway in which 
depression might directly cause sarcopenia, at least in patients 
with advanced CKD and dialysis. Second, an independent 
association of hopelessness with sarcopenia has not previously 
been examined. Therefore, our findings provide evidence of 
a novel pathogenic pathway in which sarcopenia develops 
in nephrology settings. Such an association independent of 
depression suggests that hopelessness is an entity distinct 
from depression (11) with consequences distinct from those 

associated with depression (25). This notion is potentially 
important because hopelessness can be observed in the absence 
of depression (11), and the notion is further supported by 
findings of previous research showing the predictive role of 
hopelessness on the development of cardiovascular risks such 
as hypertension and myocardial infarction is independent of 
depression (25, 26). A number of explanations are possible for 
the predictive association between hopelessness and sarcopenia: 
as was shown in the general population, hopelessness may 
increase levels of pro-inflammatory cytokines such as cytokine 
interleukin-6 (IL-6) (12), and low-grade inflammation in 
turn leads to protein degradation and muscle wasting that is 
observed in advanced CKD and dialysis (6, 27). Hopeless 
or depressive patients are less likely to adhere to prescribed 
exercise (9) and less likely to engage in physical activities even 
during leisure time (11). Additionally, given that the HR-Hope 
scale to measure hopelessness probes patients’ prospects for 
adjusting their personal health goals or developing personal 
lifestyle strategies to deal with their actual disease condition 
(14), patients with hopelessness as measured by the scale may 
cope poorly with their kidney disease.

Table 3
Associations between depression, hopelessness,  

and sarcopenia one year after (n = 180)a

Adjusted odds ratio (95% CI)

Adjusted 1b Adjusted 2c

HR-Hope  

 per 1 point lower 1.07 (1.03 - 1.11) 1.05 (1.01- 1.10)

 per 10 point lower 1.91 (1.32- 2.76) 1.69 (1.14 - 2.51)

Age, per 10 yr 2.19 (1.23- 3.87) 2.42 (1.35- 4.36)

Depression, yes 4.64 (1.33- 16.2)

a. Logistic regression models to estimate odds ratios; b. Adjusted for age, sex, treatment 
modality, body mass index, presence of family, working, diabetic nephropathy, coronary 
artery disease, cerebrovascular disease, malignancy, and sarcopenia at baseline; c. 
Adjusted for covariates listed in footnote b plus depression.

We believe that the present findings may influence the 
activities of nephrology physicians and co-medical staff 
for several reasons. Both depression and hopelessness are 
potentially modifiable factors that can prevent sarcopenia. 
First, antidepressant therapies such as selective serotonin 
reuptake inhibitors (sertraline) and cognitive behavioral 
therapy have been shown to reduce depressive symptoms 
even in dialysis (28). However, patients’ acceptance of these 
therapies is not always satisfactory (28), and the efficacy of 
sertraline is inconsistent (29). Further studies are warranted to 
determine whether long-term antidepressant therapies result 
in improvement in depressive symptoms and prevention of 
sarcopenia. Second, an education program to foster hope is a 
possible way to enhance self-management for the prevention of 
sarcopenia, as has been suggested in the field of management 
of musculoskeletal disorders (30). Specifically, nephrology 
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physicians and co-medical staff can communicate with 
their patients about how their purpose in life (which can be 
captured using the “something to live for” domain items in the 
HR-Hope scale) or daily functioning is interrupted by CKD or 
its treatment. Thus, clinicians can encourage patients to think 
about what they believe to be personally important among the 
interrupted things they listed and to set realistic and achievable 
goals (31). If clinicians suggest specific exercise programs or 
nutritional regimens, patients can choose the suggestions and 
incorporate and maintain some specific strategies to achieve 
their goals. Maintenance of such strategies would ultimately 
result in preservation of muscle mass and function and prevent 
sarcopenia. Indeed, in studies of patients with chronic back 
pain, patient-led goal setting and education intervention 
were shown to be efficacious in reducing disability and pain 
(31). Third, our findings on characteristics associated with 
sarcopenia can be used to identify cases of sarcopenia among 
patients with advanced CKD and dialysis. Not only well-
known risk factors for sarcopenia, such as being older, being 
female, and having cerebrovascular disease, but also conditions 
requiring hemodialysis should receive more attention for 
several reasons. Compared to peritoneal dialysis, there are more 
patients who have difficulty in receiving dialysis therapy on its 
own; in addition, protein loss and rapid fluid removal during 
hemodialysis result in muscle waiting and fatigue. Therefore, 
more frequent screening for sarcopenia may be required for 
hemodialysis patients than commonly thought. 

This study has several strengths. First, to our knowledge, 
this is the first cohort study showing independent associations 
of sarcopenia with depression and hopelessness among patients 
with different stages of CKD (i.e., those with advanced CKD 
and those requiring dialysis) with adjustment for potential 
confounding variables. Second, the multicenter design increases 
the generalizability of our findings to other Japanese facilities. 

Several limitations of the study warrant mention. First, 
the definition of sarcopenia in this study was based on the 
SARC-F questionnaire. Although SARC-F has high specificity 
for diagnosing sarcopenia, its sensitivity is admittedly low (1, 
20). However, SARC-F has a higher sensitivity for diagnosing 
severe sarcopenia, as determined by the Asian Working 
Group for Sarcopenia’s 2019 update (19), and is useful for 
detecting low handgrip strength and low gait speed among 
hemodialysis patients (32). Second, the definition of depression 
was based on a self-reported scale (i.e., CES-D) rather than 
a structured clinical interview. However, the CES-D scale 
was validated against a structured clinical interview method 
for diagnosing depression among hemodialysis patients (33). 
Third, hopelessness as measured by the HR-Hope scale may 
be affected by spiritual and religious factors. However, we 
believe that any effects of spiritual or religious factors on 
the associations found in this study are insignificant, as all 
study participants were Japanese, among whom few regularly 
engaged in personal religious activities (34). Fourth, the number 
of patients not included in the longitudinal study for unknown 

reasons (n = 90) was not negligible. This might limit the 
applicability of the associations reported in the present study. 
Patients who could not participate in the follow-up survey were 
less likely to be on dialysis than those who could participate, 
although other baseline characteristics did not differ among 
them (Supplementary Table S4). Further study including a 
large sample of CKD patients would be warranted to validate 
the present findings. Fifth, data on some potential predictors 
of sarcopenia, such as detailed nutritional or socioeconomic 
measures, were not collected. However, we adjusted for 
BMI and working status as proxies for nutrition status and 
socioeconomic status, respectively. Thus, the association of 
depression with sarcopenia or hopelessness with sarcopenia is 
not likely to be confounded by nutritional or socioeconomic 
status. In addition, the use of BMI collected one year prior to 
baseline may have contributed to the misclassification of BMI.

Conclusion

Depression as well as hopelessness as captured by the 
HR-Hope scale were associated with a higher likelihood of 
having sarcopenia at baseline and after one year. In addition, 
patients receiving hemodialysis were associated with a higher 
likelihood of having sarcopenia at baseline than those with 
CKD not requiring dialysis. Careful attention to patients with 
vulnerable characteristics and the development of cognitive 
behavioral therapy or goal-oriented educational programs to 
alleviate depression or hopelessness are critical for preventing 
sarcopenia among patients with CKD.
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