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Rationale & Objective: The infrequent assess-
ment of vitality in clinical practice may be partially
due to an inadequate understanding of vitality
and the lack of a concise method of assessing it.
This study aimed to examine the association of a
simple 1-item “vitality” question measuring self-
reported energy level with clinical outcomes.

Study Design: Prospective cohort study.

Setting & Participants: 3,667 hemodialysis
patients participating in the Japanese Dialysis
Outcomes and Practice Pattern Study
(J-DOPPS), phases 3 to 4 (2005-2011).

Predictor: Responses to a single question from
the 12-item Medical Outcomes Study Short Form
survey, version 2.0: “How much time during the
past 4 weeks did you have a lot of energy?,”
recorded using a 5-level Likert scale.

Outcomes: All-cause mortality and a composite
of cardiovascular hospitalizations and all-cause
mortality.

Analytical Approach: A pooled ordered logit
model was fit to examine correlates of self-
reported energy level. Cox and mixed-effects
86
negative binomial regression models were fit for
mortality and the composite outcome.

Results: Lower self-reported energy level was
associated with tachycardia and use of
benzodiazepines, hypnotics, and antidepressants. In
contrast, higher energy was associated with higher
single-pool Kt/V, serum albumin concentration, and
body mass index. Compared to the lowest energy
level, the second-highest and middle levels were
associated with lower all-cause mortality (adjusted
HRs [aHRs] of 0.66 [95% CI, 0.47-0.93] and 0.75
[95% CI, 0.59-0.96], respectively). Each 1-level
higher self-reported energy was associated with
lower mortality (aHR, 0.86; 95% CI, 0.78-0.96).
Associations between self-reported energy level
and multiple cardiovascular hospitalizations and
mortality were similar to those between self-
reported energy and mortality.

Limitations: No psychometric assessments were
done for the Short Form survey.

Conclusions: The response to a single “vitality”
question addressing self-reported energy level is
associated with adverse clinical outcomes and
correlated with potentially modifiable factors.
Both lack of energy and fatigue are experienced by
dialysis patients.1 These 2 symptoms are conceptually

related to vitality, the importance of which is highlighted
by accumulating evidence that connects a lack of vitality
with a lower likelihood of exercise and personal and social
activities,2 as well as an increase in cardiovascular events
and mortality.3-5 Nevertheless, a patient’s perceived vitality
is often overlooked in clinical settings, in contrast to the
assessment of vital signs, which is done at every session.
This lesser focus on qualitative measures is consistent with
the observation that rates of adoption of facility-wide as-
sessments of quality of life in dialysis patients are
extremely low in France and Japan.6 The lack of vitality
assessment in renal practice may be partly due to inade-
quate understanding of “vitality” and because there is no
concise method of assessing it.

Vitality in hemodialysis (HD) populations is most
commonly assessed using the Medical Outcomes Study 36-
Item Short-Form Health Survey (SF-36) Vitality scale.7

Although the SF-36 measures fatigue and energy levels
as a stand-alone variable with 4 items, the Vitality
score is derived using an algorithm, which hampers
implementation in clinical practice. In addition, correlates
of vitality that are modifiable are complex and not fully
understood. Anemia,2 malnutrition, and inflammation8

are well-known physiologic contributors to generalized
weakness. Although a physiologic pathway involving
abnormal vital signs such as tachycardia and low blood
pressure exists for generalized weakness through circula-
tory collapse, and although poorer clinical outcomes occur
for both lack of vitality and abnormal vital signs, these 2
indicators of health status have not been fully studied in
relation to each other.

A simple 1-item “vitality” question to measure self-
reported energy level would be attractive because it
would not require calculation and could be simply recor-
ded like a vital sign. Because the 12-item Medical
Outcomes Study Short Form survey version 2.0 (SF-12v2)
Vitality scale, 1 of the 4 vitality items in the SF-36, asks:
“How much time during the past 4 weeks did you have a
lot of energy?,” its response can be used as a “vitality”
score.9 However, to date, no study to our knowledge has
examined whether this 1-item self-reported energy level is
associated with mortality or how the score is changed by
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4030 patients consented 
to participate in J-DOPPS 

phase 3/4

Excluded (n=363)
• Medical information not obtained (n=188)
• Missing response to 1-item SF-12 “vitality” 

question measuring energy level (n=175)
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contributing factors, including vital signs. Clarification of
these issues would foster assessment of vitality in daily
practice and assist in finding alternative ways to effectively
increase vitality.

We conducted a large prospective cohort study using
data from the Japanese Dialysis Outcomes and Practice
Pattern Study (J-DOPPS) to determine whether a simple
question about self-reported energy level is associated with
mortality and rates of cardiovascular hospitalization and
death independently of vital signs.
3667 patients were 
included in analyses

Figure 1. Flow chart of participants in this study. Abbreviations:
J-DOPPS, Japanese Dialysis Outcomes and Practice Pattern
Study; SF-12, 12-item Medical Outcomes Study Short Form
survey.
Methods

Study Design and Population

J-DOPPS was a prospective cohort study conducted in
Japan as part of the broader DOPPS. Patients in DOPPS were
randomly selected from a representative sample derived
from a random sample of HD facilities within each
country.10,11 The present study includes data from 3,667
HD patients in J-DOPPS, namely 2,016 patients from 62
facilities in DOPPS phase 3 (2005-2008) and 1,651 from
58 facilities in DOPPS phase 4 (2009-2011). The DOPPS
design has been described elsewhere.10,11

J-DOPPS was approved by a central ethics committee
(Tokyo Women’s Medical University, approval no. 678
and 1527 for phase 3 and 4, respectively), and patient
consent was obtained. Patients were eligible if they: (1)
received HD at one of the participating facilities during the
study period, and (2) responded to the 1-item energy level
question during the first questionnaire survey of patients.

One-Item “Vitality” Question to Measure Self-

reported Energy Level

One item about energy level was included as part of the
SF-12v2 in the patient questionnaire survey in J-DOPPS
phases 3 and 4. The SF-12 includes 12 questions from the
SF-36; the question used to estimate vitality is 1 of 4 items
of the SF-36 Vitality domain.9 Preceded by the stem “How
much time during the past 4 weeks…,” the 1-item energy
level question asks: “Did you have a lot of energy?” Five
responses were allowed: 1, “All of the time”; 2, “Most of
the time”; 3, “Some of the time”; 4, “A little of the time”;
and 5, “None of the time.” The Japanese version is
presented in Item S1. The patient questionnaire was
completed shortly after study entry (median, 1.1 [inter-
quartile range, 0.6-1.7] months; these values are
compatible with the world-wide DOPPS6).

Outcomes

Outcomes were: (1) all-cause mortality and (2) number of
multiple (ie, recurrent) cardiovascular hospitalizations
and/or all-cause mortality. Death was incorporated into
analyses by treating it as an additional event.12 Participants
were followed up until death, 7 days after leaving the fa-
cility to switch to home-based dialysis, withdrawal from
dialysis therapy, recovery of kidney function, kidney
transplantation, transfer to another facility, or study end,
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whichever occurred first. Hospitalization records were
registered in the DOPPS survey. Cardiovascular hospitali-
zation was defined as: (1) hospitalization associated with a
diagnosis coding of angina, acute myocardial infarction,
cardiac arrest/sudden death, congestive heart failure,
cardiomyopathy, valvular heart disease, atrial fibrillation,
other arrhythmia, pericarditis and/or tamponade, other
cardiac or cardiovascular disease, transient ischemic
attack, or stroke; or (2) hospitalization associated with a
procedure coding of coronary angioplasty, coronary artery
bypass graft, valve repair or replacement, pacemaker
placed, or pericardial procedure.

Covariates

Covariates were variables suspected of being associated
with either vitality (ie, factors related to energy or fatigue)
or outcomes based on clinical experience and evidence
from the literature. Covariates in this study included base-
line patient characteristics (age, sex, dialysis vintage, pri-
mary kidney disease, and comorbid conditions
[diabetes, coronary artery disease, congestive heart failure,
other cardiovascular disease {history of cardiac arrest, atrial
fibrillation, other arrhythmias, permanent pacemaker,
automatic implanted cardiac defibrillator, pericarditis,
valvular heart disease, or prosthetic heart valve}, cerebro-
vascular disease, lung disease, and malignancy]);
benzodiazepine, hypnotic, or antidepressant use; nutrition-
related parameters (body mass index and serum albumin);
dialysis prescription-related parameters (single-pool Kt/V
and ultrafiltration rate); laboratory parameters (hemoglo-
bin and C-reactive protein levels); and vital signs (systolic
blood pressure, diastolic blood pressure, and pulse rate).
Vital signs were collected at the first HD session of the week.

Statistical Analyses

Statistical analyses were conducted using Stata/SE, version
15 (Stata Corp). Baseline characteristics were described for
cohort patients and stratified based on self-reported energy
487



Table 1. Baseline Characteristics of Patients Stratified by Self-reported Energy Level

Self-reported Energy Level

Total
(N = 3,667)

P for
Trend

None
(n = 759)

A Little
(n = 781)

Some
(n = 1,081)

Most
(n = 829)

All
(n = 217)

Demographics

Age, y 66.7 ± 12.1 63.4 ± 11.8 62.2 ± 11.9 60.2 ± 11.6 61.2 ± 12.7 62.9 ± 12.1 <0.001
Missing 2 3 5

Male sex 62% 62% 63% 64% 71% 63% 0.04
Missing 1 1 2

Vintage, y 6.7 [1.0-10.2] 7.2 [1.1-10.6] 7.5 [1.4-11.3] 7.1 [1.5-10.5] 6.7 [1.4-9.9] 7.1 [1.2-10.7] 0.08
Missing 6 5 12 6 2 31

Kidney disease
Diabetic nephropathy 42% 33% 31% 24% 28% 32%
Glomerulonephritis 34% 42% 45% 46% 45% 42%
Hypertensive disease 5% 5% 5% 5% 4% 5%
Others 19% 20% 19% 25% 24% 21%
Missing 27 20 21 21 3 92

Body mass index, kg/m2 20.9 ± 3.3 21.1 ± 3.3 21.1 ± 3.2 21.5 ± 3.3 21.8 ± 3.4 21.2 ± 3.3 <0.001
Missing 43 43 64 35 15 200

Benzodiazepines,
hypnotics,
antidepressants

25% 23% 20% 16% 20% 21% <0.001

Comorbid Conditions

Diabetes 45% 37% 35% 29% 30% 36% <0.001
Coronary artery disease 44% 39% 36% 28% 35% 36% <0.001
Congestive heart failure 29% 27% 21% 17% 24% 23% <0.001
Other cardiovascular
disease

38% 33% 29% 28% 27% 31% <0.001

Cerebrovascular disease 19% 13% 13% 9% 9% 13% <0.001
Lung disease 6% 2% 3% 2% 2% 3% 0.001
Malignancy 13% 11% 9% 9% 10% 10% 0.002

Laboratory Measurements

Serum albumin, g/dL 3.7 ± 0.5 3.7 ± 0.4 3.8 ± 0.4 3.8 ± 0.4 3.8 ± 0.4 3.8 ± 0.4 <0.001
Missing 21 29 38 27 8 123

Hemoglogin, g/dL 10.3 ± 1.3 10.3 ± 1.3 10.4 ± 1.2 10.5 ± 1.1 10.6 ± 1.3 10.4 ± 1.2 <0.001
Missing 6 11 15 10 42

C-Reactive protein, mg/L 1.5 [0.7-5.4] 1.3 [0.6-4.0] 1.0 [0.5-3.1] 1.0 [0.5-3.0] 1.2 [0.6-3.7] 1.1 [0.6-3.7] <0.001
<1.0 mg/L 31% 30% 33% 39% 36% 33%
1.0-<3.0 mg/L 31% 34% 35% 33% 30% 33%
3.0-<10.0 mg/L 20% 20% 17% 13% 24% 18%
≥10.0 mg/L 18% 16% 15% 15% 10% 16%
Missing 201 244 331 265 71 1112

Dialysis Prescription

Single-pool Kt/V 1.3 ± 0.3 1.3 ± 0.3 1.4 ± 0.3 1.4 ± 0.3 1.3 ± 0.3 1.3 ± 0.3 0.4
Missing 66 74 89 56 14 299

UFR, mL/h/kg 10.7 ± 4.0 10.5 ± 4.2 10.7 ± 3.9 10.5 ± 4.0 10.9 ± 4.2 10.6 ± 4.0 0.8
≤10 mL/h/kg 41% 42% 39% 43% 43% 41%
Missing 76 81 90 78 18 343

Vital Sign Components

Systolic BP, mm Hg 151.5 ± 24.4 152.0 ± 24.0 152.1 ± 22.9 151.5 ± 22.9 151.8 ± 23.1 151.8 ± 23.5 0.9
<110 mm Hg 4% 3% 3% 4% 2% 3%
110-<130 mm Hg 15% 13% 13% 11% 14% 13%
130-<150 mm Hg 24% 29% 30% 29% 29% 28%
150-<170 mm Hg 35% 32% 31% 35% 32% 33%
170-<190 mm Hg 15% 16% 19% 15% 17% 16%
≥190 mm Hg 7% 6% 6% 6% 6% 6%
Missing 6 16 12 12 1 47

(Continued)
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Table 1 (Cont'd). Baseline Characteristics of Patients Stratified by Self-reported Energy Level

Self-reported Energy Level

Total
(N = 3,667)

P for
Trend

None
(n = 759)

A Little
(n = 781)

Some
(n = 1,081)

Most
(n = 829)

All
(n = 217)

Diastolic BP, mm Hg 76.3 ± 14.9 78.6 ± 14.1 78.6 ± 14.1 79.7 ± 13.7 80.0 ± 14.9 78.5 ± 14.3 <0.001
<60 mm Hg 9% 6% 6% 6% 5% 7%
60-<70 mm Hg 21% 15% 16% 14% 14% 16%
70-<80 mm Hg 27% 32% 29% 27% 31% 29%
80-<90 mm Hg 25% 26% 26% 30% 26% 26%
90-<100 mm Hg 11% 13% 15% 15% 14% 14%
≥100 mm Hg 7% 9% 8% 8% 10% 8%
Missing 8 20 17 16 3 64

Pulse rate, beats/min 74.3 ± 12.4 74.8 ± 12.5 74.6 ± 11.5 74.0 ± 11.2 73.8 ± 12.3 74.4 ± 11.9 0.7
<60 beats/min 8% 8% 6% 7% 7% 7%
60-<70 beats/min 26% 23% 25% 25% 26% 25%
70-<80 beats/min 37% 38% 39% 38% 42% 38%
80-<90 beats/min 15% 20% 19% 21% 15% 18%
90-<100 beats/min 9% 8% 8% 8% 5% 8%
≥100 beats/min 4% 4% 3% 2% 5% 3%
Missing 74 105 112 84 19 394

Note: N = 3,667. Values for continuous data are shown as mean ± SD for normally distributed data and median [interquartile range] for non-normally distributed data.
Abbreviations: BP, blood pressure; UFR, ultrafiltration rate.

Original Investigation
levels. Associations between baseline characteristics and
likelihood of higher self-reported energy level were
analyzed using an ordered logistic regression model with
robust variance estimation to account for facility clustering
effects. Crude rates for all-cause mortality and the com-
posite of multiple cardiovascular hospitalizations and
mortality were estimated, and their crude rates stratified by
vitality categories were calculated. Associations between
self-reported energy level and all-cause mortality were
analyzed using a Cox proportional hazards model. Time for
the Cox proportional hazards models started at study entry.
Adjusted hazard ratios (HRs) were estimated by analyzing
self-reported energy level as a categorical or continuous
variable in separate models. The listed covariates were
entered into multivariate analyses: age and sex (model 1);
model 1 variables plus primary kidney disease, vintage,
comorbid conditions (diabetes, coronary artery disease,
congestive heart failure, other cardiovascular disease, ce-
rebrovascular disease, malignancy, and lung disease), he-
moglobin level, albumin level, single-pool Kt/V, C-reactive
protein level, ultrafiltration rate, and prescription of
benzodiazepine, and hypnotics or antidepressants (model
2); and model 2 variables plus vital signs (systolic blood
pressure, diastolic blood pressure, and pulse rate; model 3).
Facility clustering effects were addressed by using a robust
variance estimator, and analyses were stratified by DOPPS
phase. Next, associations between self-reported energy
level and number of multiple cardiovascular hospitaliza-
tions and/or all-cause mortality were analyzed using
mixed-effects negative binomial regression models, which
allow analyses for multiple outcomes with consideration of
clustering effects by facility using a robust variance esti-
mator. The negative binomial distribution naturally ac-
commodates different probabilities for multiple outcomes
AJKD Vol 73 | Iss 4 | April 2019
across individual patients.13 For this analysis, time for the
mixed-effects negative binomial models started at study
entry. Similar to analyses for all-cause mortality, self-
reported energy level was analyzed as both categorical
and continuous variables to estimate adjusted incidence rate
ratios (IRRs). The covariates were the same as those in
analyses of all-cause mortality, excepting inclusion of
DOPPS phase as an additional covariate. Data were
addressed using a multiple imputation approach.14 Twenty
imputations were performed using multiple imputations
with chained equations methods, assuming that analyzed
data were missing at random.15 Variables in the imputation
are listed in Item S2. To derive effect estimates and 95%
confidence intervals (CIs) from multiple imputed data, the
mean value for each of the 20 estimates for coefficients of
each model was determined and variances of the 20 esti-
mates were pooled according to Rubin’s rules.16 Sensitivity
analyses were done for the associations between self-
reported energy level and a composite of multiple cardio-
vascular hospitalizations and all-cause mortality using the
mixed-effects Poisson models. Statistical codes used for the
mixed-effects models are briefly presented in Item S3.
P < 0.05 was considered statistically significant.
Results

Descriptive Statistics

Of 3,842 patients who consented to DOPPS phase 3 or 4
and whose medical data were collected (Fig 1), 3,667 had
baseline self-reported energy level values and were there-
fore entered into primary analyses. Numbers of patients
answering “None of the time” and “All of the time” to the
1-item energy level question were 759 (20.7%) and 217
(5.9%), respectively (Table 1).
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Original Investigation
Baseline characteristics are presented in Table 1. Mean
patient age was 62.9 years and median dialysis therapy
duration was 7.1 years. The majority (63%) were men,
and 32% and 42% with primary kidney disease had dia-
betic nephropathy and glomerulonephritis, respectively.
Although mean age was slightly younger (by 1.9 years),
proportions of men and patients with diabetic nephropa-
thy and chronic glomerulonephritis were similar to those
among all Japanese dialysis patients in 2007.17 Patients
with lower self-reported energy tended to be older
and women. They also had a higher likelihood of the
following: diabetic nephropathy; benzodiazepine, hypno-
tic, or antidepressant use; comorbid conditions; low body
mass index, albumin level, hemoglobin level, or diastolic
blood pressure; and high serum C-reactive protein level.

Correlates of Self-reported Energy Level

Correlations between baseline characteristics and the like-
lihood of 1-level higher self-reported energy are presented
in Table 2. Male sex and higher body mass index, serum
albumin, and single-pool Kt/V values were positively
associated with higher self-reported energy, whereas
older age; prescription of benzodiazepines, hypnotics, or
antidepressants; coronary artery disease; cerebrovascular
disease; and high pulse rate (≥100 beats/min) were
negatively associated with higher self-reported energy.
When serum C-reactive protein level, ultrafiltration rate,
systolic blood pressure, diastolic blood pressure, and pulse
rate were treated as continuous variables, results were
similar (Table S1).

Self-reported Energy Level and Outcomes

During a median period of 2.67 years of follow-up, 361
deaths and 1,418 cardiovascular hospitalizations and
deaths were observed, giving rise to incidence rates of
4.50 per 100 patient-years for all-cause mortality and
17.7 per 100 patient-years for a composite of multiple
cardiovascular hospitalizations and mortality (Table 3).
Higher self-reported energy corresponded to lower inci-
dence rates for all-cause mortality and for the composite
of multiple cardiovascular hospitalizations and mortality
(Table 3; Figs S1 and S2).

In covariate-adjusted Cox models, the second-highest
and middle energy levels were negatively associated with
all-cause mortality compared to the lowest level (HRs of
0.66 [95% CI, 0.47-0.93] and 0.75 [95% CI, 0.59-0.96],
respectively; Fig 2). Although the point estimate of the HR
for the highest energy level was the lowest, its CIs were
wide (HR, 0.59; 95% CI, 0.29-1.19). When energy level
was treated as a continuous variable (as a “vitality” score of
the SF-12), higher energy was consistently associated with
lower mortality (adjusted HR per 1-level higher energy,
0.86; 95% CI, 0.78-0.96). The associations were inde-
pendent of vital signs (Table 4 for the categorical model
and Table S2 for the continuous model).

In covariate-adjusted mixed-effects negative binomial
regression models, the highest, second-highest, and
490
middle energy levels were negatively associated with a
composite of multiple cardiovascular hospitalizations and
mortality compared to the lowest level (adjusted IRRs of
0.63 [95% CI, 0.43-0.93], 0.60 [95% CI, 0.46-0.80, and
0.72 [95% CI, 0.54-0.95], respectively; Fig 3). When
energy level was treated as a continuous variable, higher
energy was consistently associated with lower mortality
and the composite of multiple cardiovascular hospitaliza-
tions and all-cause mortality (adjusted IRR per 1-level
higher energy, 0.85; 95% CI, 0.79-0.92). These associa-
tions were independent of vital signs (Table 4 for the
categorical model and Table S2 for the continuous model).
Sensitivity analyses of the associations between self-
reported energy level and a composite of multiple car-
diovascular hospitalizations and all-cause mortality showed
similar results (Fig S3).
Discussion

In this large prospective study of 3,667 Japanese HD pa-
tients, responses to a 1-item vitality question derived from
the SF-12v2 to measure self-reported energy level were
found to be associated with all-cause mortality and a
composite of multiple cardiovascular hospitalizations and
all-cause mortality, independently of vital signs.

Our findings agree well with those of previous studies,
which found that either all-cause mortality or cardiovas-
cular events were associated with lower vitality status,
captured as fatigue.3-5,18 However, our study differs in
several respects. First, most of the previous outcome
studies used the 4-item Vitality domain in the SF-363,5 or
Kidney Disease Quality of Life Short Form (KDQOL-SF),5

and one study used a 64-item scale specific for fatigue.4

Although this considerable evidence that a dozen multi-
item vitality scales can predict clinical outcomes is
impressive, our study is important because it showed that
use of a 1-item Vitality scale in the SF-12 to measure self-
reported energy is useful for predicting mortality and
multiple cardiovascular events and mortality. Its simplicity
suggests a potential for risk stratification in a manner
similar to that of a “vital sign.” Second, with regard to
factors associated with self-reported energy level, we noted
associations between particular vital signs (tachycardia:
heart rate ≥ 100 beats/min) and dialysis prescription fac-
tors (single-pool Kt/V). A previous study suggested that
tachycardia may be associated with mortality,19 but asso-
ciations between vital signs and vitality have not been
studied, to our knowledge. Consistent with our study,
tachycardia has been observed to be associated with worse
physical and mental component summary scores as
measured using the SF-36 among patients with atrial
fibrillation.20 One previous study suggested that dialysis
adequacy was associated with fatigue,21 whereas a second
showed that vitality measured as SF-36 Vitality did not
correlate with Kt/V.22 However, our study clearly showed
that single-pool Kt/V was positively associated with
self-reported energy level. Third, previous studies did not
AJKD Vol 73 | Iss 4 | April 2019



Table 2. Association of Baseline Characteristics With Higher
Self-reported Energy

Adj OR (95% CI)
Demographics

Age, per 10 y older 0.83 (0.79-0.87)a

Male sex 1.23 (1.06-1.44)a

Dialysis vintage, per 1 y longer 0.991 (0.982-1.001)
Kidney disease
Diabetic nephropathy 1.00 (reference)
Glomerulonephritis 1.36 (1.00-1.85)
Hypertensive disease 1.30 (0.89-1.90)
Others 1.34 (0.93-1.91)

Body mass index, per 1 kg/m2 greater 1.04 (1.01-1.06)a

Use of benzodiazepines, hypnotics,
antidepressants

0.78 (0.68-0.89)a

Comorbid Conditions

Diabetes 0.90 (0.66-1.21)
Coronary artery disease 0.80 (0.68-0.94)a

Congestive heart failure 0.92 (0.78-1.08)
Other cardiovascular disease 0.93 (0.80-1.07)
Cerebrovascular disease 0.74 (0.60-0.91)a

Lung disease 0.73 (0.48-1.11)
Malignancy 0.90 (0.73-1.11)

Laboratory Measurements

Serum albumin, per 1 g/dL greater 1.32 (1.11-1.56)a

Hemoglobin, per 1 g/dL greater 1.04 (0.98-1.10)
C-Reactive protein
<1.0 mg/L 1.16 (0.95-1.43)
1.0-<3.0 mg/L 1.09 (0.90-1.31)
3.0-<10.0 mg/L 1.00 (reference)
≥10.0 mg/L 1.01 (0.78-1.30)

Dialysis Prescription

Single-pool Kt/V, per 1 unit greater 1.32 (1.06-1.66)a

Ultrafiltration rate > 10 mL/h/kg 0.99 (0.87-1.13)
Vital Sign Components

Systolic blood pressure
<110 mm Hg 1.08 (0.80-1.46)
110-<130 mm Hg 0.86 (0.68-1.09)
130-<150 mm Hg 1.00 (reference)
150-<170 mm Hg 0.93 (0.79-1.09)
170-<190 mm Hg 0.98 (0.79-1.23)
≥190 mm Hg 0.95 (0.72-1.27)

Diastolic blood pressure
<60 mm Hg 0.93 (0.72-1.20)
60-<70 mm Hg 0.90 (0.76-1.08)
70-<80 mm Hg 1.00 (reference)
80-<90 mm Hg 1.00 (0.86-1.17)
90-<100 mm Hg 0.97 (0.81-1.16)
≥100 mm Hg 0.81 (0.61-1.07)

(Continued)

Table 2 (Cont'd). Association of Baseline Characteristics With
Higher Self-reported Energy

Adj OR (95% CI)
Pulse rate
<60 beats/min 1.00 (0.75-1.33)
60-<70 beats/min 1.00 (reference)
70-<80 beats/min 0.99 (0.83-1.18)
80-<90 beats/min 1.03 (0.85-1.25)
90-<100 beats/min 0.81 (0.62-1.07)
≥100 beats/min 0.63 (0.44-0.88)a

Note: Estimated from ordered logistic regression model considering clustering
effects by facilities with adjustment for all variables listed in the table.
Abbreviations: Adj OR, adjusted common odds ratio (for 1-level higher self-
reported energy); CI, confidence interval.
aStatistically significant.

Original Investigation
consider the effect of ultrafiltration rate, which causes
postdialysis fatigue23 and also leads to mortality and
cardiovascular events.24 These findings suggest that asso-
ciations between fatigue or low vitality and clinical events
reported in previous studies might have been confounded
by these altered hemodynamics and inadequate dialysis
AJKD Vol 73 | Iss 4 | April 2019
treatment. Our findings of correlations of self-reported
energy level with physical (vital sign, comorbid
condition, nutritional, and dialysis factors) and mental
(prescription of benzodiazepines, hypnotics, or antide-
pressants) measures are concordant with the fact that
the single-item question is used in estimating both
the physical and mental summary component scores of the
SF-36/SF-12 instruments.25

We believe that the present findings may influence the
activities of dialysis physicians and co-medical staff for
several reasons. First, as a 1-item question, self-reported
energy level should be able to be simply and routinely
implemented in individual clinical encounters to
improve patient care. The difficulty measuring and using
quality-of-life measures generally comes from the num-
ber of items that the patient needs to answer, which
imposes a burden.26 Another difficulty comes from the
amount of time that is required if dialysis staff need to
interview the patient to complete the questionnaire,
especially for patients who are unable to write or are
blind.26 Variations in adoption of quality-of-life
measurements may also be ascribable to differences in
regulatory requirements and financial incentives among
facilities and regions. For example, international com-
parisons of DOPPS data show that 89% and 80% of
dialysis facilities in Japan and France, respectively, do
not measure quality of life routinely, whereas 97% of
facilities in the United States do.6 In any event, by
focusing on one item rather than on one domain, the
burden on patients and staff of assessing self-reported
energy level is minimal.

Nevertheless, several challenges remain to be met
before assessing self-reported energy level can be
adopted in clinical practice. First, the reliability of this
question needs to be examined. Standard error of
measurement assessments such as intraclass correlation
coefficient are required to interpret how precisely the
self-reported energy level classifies individual patients.
Second, responsiveness also remains to be clarified to
interpret the clinical relevance of longitudinal changes in
self-reported energy level. Generally speaking, a single-
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Table 3. Incidence of All-Cause Mortality and a Composite of Multiple Cardiovascular Hospitalizations and Mortality by Self-reported
Energy Level

Self-reported
Energy Level n Person-y

All-Cause Mortalitya
Multiple CV Hospitalizations
and All-Cause Mortalityb

Events IR HR (95% CI) Events IR IRR (95% CI)
None 759 1,543 119 7.7 1.00 (reference) 416 27.0 1.00 (reference)
A little 781 1,636 89 5.4 0.71 (0.53-0.94)c 349 21.3 0.74 (0.56-0.97)c

Some 1,081 2,416 90 3.7 0.48 (0.38-0.62)c 371 15.4 0.47 (0.36-0.62)c

Most 829 1,912 51 2.7 0.35 (0.24-0.49)c 211 11.0 0.36 (0.27-0.47)c

All 217 502 12 2.4 0.31 (0.15-0.63)c 71 14.1 0.46 (0.31-0.69)c

Note: N = 3,667. For both models, robust variance estimation was used.
Abbreviations: CI, confidence interval; CV, cardiovascular; HR, hazard ratio; IR, incidence rate per 100 person-years; IRR, incidence rate ratio.
aEstimated from Cox regression models considering clustering effects by facilities with stratification by phase.
bEstimated from mixed-effects negative binomial regression models considering clustering effects by facility with inclusion of phase as a covariate.
cStatistically significant.
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versus a multi-item measure worsens reliability in
tracking change.27 However, we believe that rather than
unequivocally rejecting the single-item question, more
studies of the psychometric properties of self-reported
energy level are warranted to examine measures of reli-
ability among HD patients.28 If future studies demon-
strate that longitudinal assessment of self-reported energy
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Extended 0.86 0.78 - 0.95
Extended + vital signs 0.86 0.78 - 0.96

95%CI

Figure 2. Associations between self-reported energy level and
all-cause mortality. Adjusted for age; sex (model 1); primary kid-
ney disease; vintage; body mass index; comorbid conditions
(diabetes, coronary artery disease, congestive heart failure, other
cardiovascular disease, cerebrovascular disease, malignancy,
and lung disease); hemoglobin level; albumin level; single-pool
Kt/V; C-reactive protein level; ultrafiltration rate; prescription of
benzodiazepine, hypnotics or antidepressants (model 2); and vi-
tal signs (systolic blood pressure, diastolic blood pressure, and
pulse rate) with consideration for clustering by facility and strat-
ification by study phase. Hazard ratios (HRs) estimated by Cox
proportional hazards models using data from Dialysis Outcomes
and Practice Pattern Study (DOPPS) phase 3 to 4 (N = 3,667).
Abbreviations: AHR, adjusted hazard ratio; CI, confidence
interval.
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level predicts change in health status and that there is
acceptable responsiveness at the individual patient level,
deploying this single-item question in practice would be
more firmly justified.29

Our study suggests that several factors are potentially
modifiable to improve energy level. Energy level may
potentially be improved by controlling tachycardia with
judicious use of antiarrhythmic agents or reducing reactive
elevation of the pulse rate as a result of excessive ultra-
filtration. Energy level might also be improved by the
provision of adequate solute removal and dietary in-
struction to improve nutrition and by stopping inappro-
priate medication use, including benzodiazepines.30

Further study is warranted to examine whether regular
monitoring of self-reported energy level in a vital
sign–like manner detects disease severity, number of co-
morbid conditions, and the side effects of prescriptions
and whether interventions to improve vitality alter self-
reported energy level and reduce mortality and cardio-
vascular hospitalization.

Several strengths of the present study warrant mention.
First, we demonstrated the relationships between self-
reported energy level and clinical outcome in a large
representative HD population, with adjustment for con-
founding variables such as hemodynamic, nutritional,
inflammation, and dialysis prescription-related parameters;
comorbid conditions; and medications (benzodiazepines,
hypnotics, and antidepressants), all of which are poten-
tially related to both vitality and clinical outcomes. Thus,
by showing both “bivariate” associations and incremen-
tally adjusted associations between self-reported energy
level and clinical outcomes, we were able to demonstrate
preservation of the predictive ability of self-reported en-
ergy level after adjustment for comorbid and treatment
conditions specific to the HD population. Second, we
analyzed the associations of mortality with both categorical
and continuous self-reported energy level and demon-
strated similar results in terms of the direction of the
associations.

Several limitations of this study also warrant mention.
First, despite widespread use of the 4-item Vitality domain
AJKD Vol 73 | Iss 4 | April 2019



Table 4. Associations Between Self-reported Energy Level, Vital
Signs, and All-Cause Mortality or a Composite of Multiple
Cardiovascular Hospitalizations and All-Cause Mortality

Adj HR
(95% CI) for
All-Cause
Mortalitya

Adj IRR (95% CI)
for Multiple CV
Hospitalizations
and All-Cause
Mortalityb

Self-reported Energy Level

None 1.00 (reference) 1.00 (reference)
A little 1.00 (0.75-1.33) 0.98 (0.74-1.28)
Some 0.75 (0.59-0.96)c 0.72 (0.54-0.95)c

Most 0.66 (0.47-0.93)c 0.60 (0.46-0.80)c

All 0.59 (0.29-1.19) 0.63 (0.43-0.93)c

Vital Signs

Systolic blood pressure
<110 mm Hg 1.62 (0.91-2.88) 0.84 (0.50-1.39)
110-<130 mm Hg 1.11 (0.70-1.75) 0.95 (0.70-1.29)
130-<150 mm Hg 1.00 (reference) 1.00 (reference)
150-<170 mm Hg 1.50 (1.14-1.99)c 1.49 (1.15-1.94)c

170-<190 mm Hg 1.53 (1.02-2.28)c 1.24 (0.89-1.73)
≥190 mm Hg 1.64 (1.02-2.64)c 1.61 (1.07-2.44)c

Diastolic blood pressure
<60 mm Hg 1.69 (1.09-2.61)c 1.72 (1.29-2.29)c

60-<70 mm Hg 1.16 (0.88-1.52) 1.26 (0.96-1.66)
70-<80 mm Hg 1.00 (reference) 1.00 (reference)
80-<90 mm Hg 1.09 (0.80-1.49) 0.92 (0.69-1.23)
90-<100 mm Hg 1.09 (0.75-1.59) 0.99 (0.66-1.47)
≥100 mm Hg 1.04 (0.62-1.74) 1.04 (0.71-1.51)

Pulse rate
<60 beats/min 0.91 (0.59-1.41) 0.70 (0.48-1.03)
60-<70 beats/min 1.00 (reference) 1.00 (reference)
70-<80 beats/min 1.05 (0.77-1.44) 0.96 (0.76-1.22)
80-<90 beats/min 1.17 (0.82-1.69) 0.96 (0.74-1.24)
90-<100 beats/min 1.10 (0.72-1.68) 0.92 (0.68-1.23)
≥100 beats/min 1.26 (0.64-2.48) 1.27 (0.80-2.01)

Note: N = 3,667. All models were adjusted for age; sex; primary kidney disease;
vintage; body mass index; comorbid conditions (diabetes, coronary artery disease,
congestive heart failure, other CV disease, cerebrovascular disease, malignancy,
and lung disease); hemoglobin level, albumin level; single-pool Kt/V; C-reactive
protein level; ultrafiltration rate; prescription of benzodiazepine, hypnotics or anti-
depressants; and vital signs (systolic blood pressure, diastolic blood pressure, and
pulse rate).
Abbreviations: Adj, adjusted; CI, confidence interval; CV, cardiovascular; HR,
hazard ratio; IRR, incidence rate ratio.
aEstimated from Cox proportional hazards models considering clustering effects by
facilities with stratification by phase.
bEstimated from mixed-effects negative binomial regression models considering
clustering effects by facility with inclusion of phase as a covariate.
cStatistically significant.

0.83

0.56

0.43
0.52

0.95

0.69
0.58

0.65

0.98

0.72
0.60 0.63

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1.10

1.20

1.30

Mutiple CV hospitalizations and all-cause mortality
Age- & sex-adjusted Extended Extended + vital signs

ARR

None               A little Some               Most                  All

Ref.

Per 1-level higher energy level ARR
Age- & sex-adjusted 0.78 0.73 - 0.85
Extended 0.85 0.79 - 0.92
Extended + vital signs 0.85 0.79 - 0.92

95%CI

Figure 3. Associations between self-reported energy level and
multiple cardiovascular hospitalizations and all-cause mortality.
Adjusted for age; sex (model 1); primary kidney disease; vintage;
body mass index; comorbid conditions (diabetes, coronary artery
disease, congestive heart failure, other cardiovascular disease,
cerebrovascular disease, malignancy, and lung disease); hemo-
globin level; albumin level; single-pool Kt/V; C-reactive protein
level; ultrafiltration rate; prescription of benzodiazepine, hyp-
notics or antidepressants (model 2); and vital signs (systolic
blood pressure, diastolic blood pressure, and pulse rate) with
consideration for clustering by facility and stratification by study
phase. Study phase was included as a covariate. Adjusted rate
ratios (ARRs) estimated by mixed-effects negative binomial
regression models using data from Dialysis Outcomes and Prac-
tice Pattern Study (DOPPS) phase 3 to 4 (N = 3,667). Abbrevi-
ation: CI, confidence interval.

Original Investigation
of the SF-36, the content validity of the 1-item energy
question used in this study as a vitality measure has
not been investigated and may not be able to capture all
dimensions of vitality that HD patients experience, as
highlighted in a systematic review.7 For example, although
the item can capture energy, it may not be able to capture
weakness.7 Regarding range of measurement, combining
energy and fatigue likely measures a wider range of vi-
tality, given recent research supporting the conceptualizing
and measurement of vitality as a unidimensional energy-
fatigue construct in general populations.31 Second, use of
AJKD Vol 73 | Iss 4 | April 2019
this 1-item energy question instead of the 4-item Vi-
tality domain would be expected to lead to loss of some
precision or range of measurement.26 This might
contribute to wide CIs in estimates of HRs for mortality
among those who answered “never” to the item
(n = 217), given that some researchers argue that a large
group (eg, n = 500) is desirable to ensure the same
reliability with the SF-12 as with the SF-36.9 However,
when used as a continuous measure, self-reported en-
ergy level was monotonically associated with both
outcomes. Third, our findings may not be generalizable
to other countries/cultures given that it is unclear
whether patients in other countries would interpret
“energy” in the same way as Japanese.

In conclusion, among HD patients, self-reported energy
level is associated with all-cause mortality and a composite
of multiple cardiovascular hospitalizations and all-cause
mortality, independently of vital signs. Further psycho-
metric studies are warranted to ensure that dialysis
physicians and co-medical staff can ask this simple ques-
tion in daily dialysis practice to improve patient quality of
life and subsequent outcomes.
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