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Background: Patients undergoing hemodialysis are susceptible to sarcopenia. As intracellular reservoirs of water, skeletal muscles
are important contributors to intradialytic hypotension. This study was designed to determine the role of skeletal muscle mass in in-
tradialytic hypotension.

Methods: In a cross-sectional study, the body composition of 177 patients was measured immediately after hemodialysis using bio-
electrical impedance analysis. The parameters measured were skeletal muscle mass, intracellular and extracellular water contents,
total body water, and cell-membrane functionality (in phase angle at 50 kHz). Data from laboratory tests, chest radiography, measure-
ments of handgrip strength and mid-arm circumference, and questionnaires were collected. The main outcome was intradialytic hypo-
tension, defined as more than two episodes of hypotension (systolic blood pressure of <90 mmHg) with intervention over the 3
months following enroliment. Logistic regression models including each parameter related to sarcopenia were compared with a clini-
cal model.

Results: Patients with a low ratio of skeletal muscle mass to dry body weight (SMM/WT) had a higher rate of intradialytic hypotension
(40.7%). Most low-SMM/WT patients were female, obese, diabetic, and had a lower handgrip strength compared with the other pa-
tients. In the high-SMM/WT group, the risk of intradialytic hypotension was lower, with an odds ratio of 0.08 (95% confidence interval
[CI], 0.02-0.28) and adjusted odds ratio of 0.06 (95% Cl, 0.01-0.29).

Conclusion: Measurement and maintenance of skeletal muscle can help prevent intradialytic hypotension in frail patients undergoing
hemodialysis.
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Introduction

Patients undergoing hemodialysis who experience intradi-
alytic hypotension (IDH) reportedly have higher risk of all-
cause mortality, myocardial infarction, and hospitalization
[1,2]. A recent meta-analysis found that approximately 5%
to 12% of patients undergoing hemodialysis experience
IDH [3]. High ultrafiltration, decreased cardiac compensa-
tion, and autonomic dysfunction are possible pathophys-
iological mechanisms of IDH [4]. IDH occurs when the
plasma volume removed during hemodialysis exceeds the
refilling rate, which is determined largely by the interstitial
volume. Due to the characteristics of patients undergoing
hemodialysis, particularly with respect to age, nutritional
status, and inflammation status [5], these patients tend to
have less muscle mass and can show variable transcellular
shifts. Therefore, each individual must decide the appro-
priate dry body weight to prevent IDH. Previous studies
have suggested a relationship between body composition
and IDH [6]; however, evidence is needed in terms of sar-
copenia.

As people age, body composition changes as muscle mass
decreases and adipose tissue increases. Sarcopenia be-
gins with loss of muscle function, such as muscle strength,
muscle power, or physical performance, which correlates
well with prognosis [7,8]. The European Working Group on
Sarcopenia in Older People recently defined sarcopenia
as a combination of decreased muscle mass, low mus-
cle strength, and poor physical performance. Sarcopenia
correlates with obesity due to shared pathophysiological
mechanisms, such as metabolic adaptations, stimulation of
fat infiltration into muscle, and hormonal changes [9].

Among the various ways to measure skeletal muscle
mass, bioelectrical impedance analysis (BIA) has sever-
al strengths: it can measure several components of body
composition, it is administered at the bedside, and it does
not involve a radiocontrast technique [10,11]. Previous
studies have shown that BIA can be used clinically to deter-
mine the required amount of ultrafiltration during hemo-
dialysis to reach dry body weight, which leads to superior
outcomes [12,13]. The aim of this study was to investigate
the importance of skeletal muscle mass in IDH.
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Methods
Ethical approval

The study protocol was approved by the Institutional Re-
view Boards of Ajou University Hospital (No. AJIRB-MED-
SUR-16-128) and Seoul National University Bundang Hos-
pital (No. B-2006/619-305). Written informed consent was
obtained from all participants or a legal guardian, when
applicable.

Study design

Body composition was measured by BIA immediately after
hemodialysis on the day of regular blood examination in
the month of enrollment. Skeletal muscle mass, intracellu-
lar and extracellular water contents, total body water, and
cellular-membrane functionality (phase angle at 50 kHz)
were measured. We then collected details regarding IDH
events for the next 3 months.

Setting and participants

Patients who started maintenance hemodialysis at least 3
months before study onset were enrolled at three dialysis
centers in 2016 and one center in 2020. In 2016, one center
was a tertiary hospital, and the other two were local dialy-
sis clinics, whereas in 2020, the dialysis center belonged to
another tertiary hospital in South Korea.

Adults undergoing maintenance hemodialysis for more
than 3 months who agreed to participate in this study
and could understand and answer questionnaires were
enrolled. To avoid potential risks associated with BIA mea-
surement techniques, pregnant women, patients who had
implanted electronic medical devices such as pacemakers
or cardioverters, those with liver cirrhosis, and anyone re-
ceiving chemotherapy for solid cancer was excluded.

Among the 260 patients undergoing maintenance hemo-
dialysis, 72 were excluded due to refusal to sign an agree-
ment, the inclusion/exclusion criteria, hospitalization
during enrollment, or short duration of hemodialysis (<3
months). Eleven patients dropped out after enrollment (Fig.
1). A total of 177 patients, including 143 patients in 2016
and 34 patients in 2020, was analyzed. They were ranked
by ratio of skeletal muscle mass (measured by BIA) to dry
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Figure 1. Study enroliment.

body weight (SMM/WT) and divided into three groups
(low-, middle-, and high-SMM/WT). Dry body weight was
calculated by subtracting the amount of ultrafiltration from
the pre-hemodialysis body weight.

Variables

The primary outcome was recurrent IDH, defined as more
than two episodes of hypotension (systolic blood pres-
sure [SBP] of <90 mmHg) requiring interventions such as
reducing the amount of ultrafiltration; administration of
mannitol, albumin, or saline loading; and discontinuation
of the dialysis session [14]. Outcomes were verified against
electronic medical records after each dialysis session. The

data showed similar distributions for each parameter, and
all parameters for participants were analyzed.

Measurements

Measurements were performed at baseline and at 3
months. At baseline, data on clinical characteristics, physi-
cal examinations including handgrip assessment, mid-arm
maximal circumference, triceps skinfold thickness, medi-
cation data, Tilburg frailty questionnaires, Patient-Gener-
ated Subjective Global Assessment (PG-SGA) nutritional
questionnaires, N-terminal prohormone of brain natri-
uretic peptide (NT-proBNP) tests, chest radiographs, and
BIA were collected. Medications for hypertension were
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transformed to an equivalent dose. At 3 months, medica-
tion data and any history of adverse events were recorded.
The cardiac index was calculated as mediastinal width
divided by chest width on chest radiography. A Jamar hand
dynamometer (JAMAR@Hand Dynamometer; Patterson
Medical, Ltd., Sutton-in-Ashfield, UK) was used by one
researcher to assess patient grip strength in the absence of
an arteriovenous fistula. Measurements were performed
according to a unified protocol with the patient in a seated
position, with shoulders adducted and neutrally rotated,
and the wrist angle between 0° and 30°. A multifrequency
bioelectrical impedance spectroscopy analyzer (Inbody
S-10; Inbody, Seoul, Korea) was used to measure the re-
actance or impedance at five frequencies between 5 and
1,000 kHz. All BIA measurements were performed imme-
diately after hemodialysis on the midweek day. Each BIA
measurement used four electrodes, one on each limb. The
duration of the measurements was approximately 1 to 2
minutes. During BIA assessment, patients were in a seated
or supine position and remained still. Raw impedance data
and calculated data on body composition of extracellular
and intracellular water contents, total body water, and
skeletal muscle mass were obtained. Using criteria set by
the Asian Working Group [7], sarcopenia was defined as
both low handgrip strength (HGS) and low skeletal muscle
mass. Low skeletal muscle mass was defined as a ratio of
appendicular skeletal muscle mass (measured by BIA) to
squared height of <7.0 kg/m” in males and <5.7 kg/m” in
females. The criterion for low HGS was <28 kgef in males
and <18 kgef in females. Only patients with low HGS were
classified as having possible sarcopenia [7].

Statistical methods

Baseline characteristics are expressed as mean + standard
deviation for continuous data and number (percentage)
for categorical variables. To compare the characteristics
of the two groups according to development of IDH, Stu-
dent t-test was used for continuous variables, and the chi-
square test was used for categorical variables. Analysis of
variance was used to compare continuous variables among
tertiles of SMM/WT. To account for the impact of poten-
tial confounders on IDH, we considered both adjustment
and weighting methods. The adjustment method involved
a multivariable logistic regression model with potential
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confounders of age, sex, diabetes mellitus, cardiovascular
diseases including chronic heart failure and ischemic heart
disease, cardiac index, and the percentage of the amount of
ultrafiltration (kg) to body weight (kg) per session. We used
inverse probability of treatment weighting (IPTW) to bal-
ance confounders among the three SMM/WT groups. The
IPTW analysis required a propensity score estimate, which
was achieved by gradient-boosted logistic regression. In
addition, we conducted a logistic regression analysis with
comprehensive BIA parameters, including SMM/WT as a
continuous variable, to enhance predictability. Receiver
operating characteristic (ROC) curves indicated the predic-
tive accuracy of the BIA parameters.

We assessed the odds of IDH at different SMM/WT and
HGS values as both continuous and categorical variables
indicative of sarcopenia. The multivariable logistic regres-
sion model for IDH was depicted as a cubic spline curve,
with each curve having four equally distributed nodes at
the 5th, 35th, 65th, and 95th percentiles for SMM/WT. To
group patients using the newly defined cutoff values of
SMM/WT and HGS, the values were defined as the points
at which the odds of IDH began to increase. Patients
grouped according to SMM/WT and HGS were included
as new variables in the multivariable logistic regression
model to assess the odds of IDH. Statistical analyses were
performed using Stata software (version 16; StataCorp LP,
College Station, TX, USA) and R language (version 3.6.3,
R Foundation, Vienna, Austria). The mnps function in the
twang package with an interaction depth of 2 and 20,000
trees in R version 3.6.3 was used to estimate the propensity
score.

Results
Baseline characteristics

Among the 177 patients, 39 experienced IDH (Table 1).
The mean age of the enrolled patients was 59.5 + 14.5
years. Half of all the study participants were females. The
mean duration of hemodialysis before study enrollment
was 5.5 * 4.3 years. Patients experiencing IDH were more
likely to be female, had a higher body mass index, and ex-
perienced shorter hemodialysis periods compared with
those without IDH. Of all patients, 45.8% were diagnosed
with diabetes mellitus, 19.8% had ischemic heart disease,
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Table 1. Baseline characteristics

Intradialytic hypotension

Characteristic Total (n = 177) Yes (n = 39) No (n = 138) p-value
Age (yr) 59.5+14.5 62.1+11.2 58.8 +15.3 0.22
Male sex 87 (49.2) 13 (33.3) 74 (53.6) 0.03
Weight (kg) 59.3+11.0 60.2 £ 12.0 59.1+10.8 0.58
Height (cm) 161.8 + 8.6 159.8 + 8.6 162.4 + 8.5 <0.001
Body mass index (kg/m?) 225+3.3 235+4.2 222+29 0.03
Duration of hemodialysis (yr) 55+4.3 51+31 56+4.6 0.50
Etiology of ESRD <0.001

Diabetes mellitus 66 (37.3) 27 (69.2) 9(28.3)

Hypertension 28 (15.8) 2(5.2) 6 (18.8)

Glomerulonephritis 35(19.8) 3(7.7) 2 (23.2)

Others 24 (13.6) 2(5.1) 2(15.9)

Unknown 24 (13.6) 5(12.8) 9(13.8)
Hypertension 150 (84.7) 35 (89.7) 115 (83.3) 0.33
Diabetes mellitus 81 (45.8) 30(76.9) (37 0) <0.001
Ischemic heart disease 35 (19.8) 14 (35.9) 1(15.2) 0.004
Chronic heart failure 15 (8.5) 7 (17.9) 8 (5.8) 0.02
Stroke 19 (10.7) 8 (20.5) 11 (8.0) 0.03
Peripheral arterial occlusive disease 10 (5.6) 6 (15.4) 4(2.9) 0.003
NT-proBNP (pg/mL) 9,359.3 +9,705.2 10,249.2 + 10,136.7 9,107.9 £ 9,602.9 0.52
Cardiac index (%) 51.7+6.9 51.9+5.0 51.7+74 0.85
Hemoglobin (g/dL) 104 +£0.9 10.6 £ 1.0 10.3+0.9 0.20
Blood urine nitrogen (mg/dL) 61.0 £ 15.8 63.1+15.9 60.4 £ 15.7 0.33
Creatinine (mg/dL) 9.9+3.0 8826 10.2+3.1 0.01
Calcium (mg/dL) 9.0+0.6 89+0.6 9.0+£0.7 0.53
Sodium (mEq/L) 1375+ 3.3 136.8 £ 3.3 137.7+3.2 0.15
Phosphate (mg/dL) 52+15 54+1.6 51+14 0.33
Albumin (g/dL) 39104 39104 39104 0.86
Total cholesterol (mg/dL) 148.4 + 33.7 150.6 £ 39.8 147.7 £ 31.9 0.64
Low-density lipoprotein (mg/dL) 86.4+72.6 109.4 + 136.8 784 +25.1 0.08
Iron (ng/mL) 65.8+£31.0 575+ 30.4 68.1+30.9 0.06
TIBC (ug/dL) 229.3+46.9 233.6 +55.3 228.1.6 +44.3 0.52
Ferritin (ng/mL) 245.3 £ 395.3 248.0 £ 198.1 2445 + 435.8 0.96
Potassium (mEq/L) 54+1.0 57+11 53+1.0 0.03
Parathyroid hormone (pg/mL) 254.5 + 206.0 199.2 + 1574 270.1 £ 215.7 0.06
Ultrafiltration per weight (%) 45+ 1.7 51+19 44+16 0.02
spKt/V 1.6+£0.3 1.6+£04 1.6+£0.3 0.34
PG-SGA score 3.7+x44 3.3+39 3.8+45 0.56
Tilburg frailty score (score) 35+25 41+25 3.3+25 0.09
Triceps skinfold thickness (mm) 178+ 7.9 18.7+8.1 176+ 7.8 0.43
Mid-arm muscle circumference (cm) 26.3+3.2 26.6 +3.8 26.2+3.1 0.53
Handgrip strength (kgf) 21.1+10.3 16.5+79 22.4 +10.6 0.001
Percentage of SMM to WT (%) 389+5.8 343149 40.2+5.3 <0.001
SMM to squared height (kg/m?) 87+12 89+1.2 79+10 <0.001
Possible sarcopenia® 113 (63.8) 33(84.6) 80 (58.0) 0.003
Sarcopenia” 4(2.3) 3(7.7) 1(0.7) 0.01
Extracellular water to TBW (%) 394+15 40.1+13 39.2+15 0.001
Intracellular water to TBW (%) 60.6+1.5 59.8+1.3 60.8+ 1.5 <0.001

(Continued to the next page)
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Table 1. Continued

Intradialytic hypotension

Characteristic Total (n = 177) Yes (n = 39) No (n = 138) p-value
Phase angle at 50 Hz (*) 49+1.2 44 +£09 50+1.2 0.002
Medication prescription
Antihypertensive 132 (74.6) 24 (61.5) 108 (78.3) 0.03
No. of medications® 0.23
1-2 91 (51.4) 19 (48.7) 72 (52.2)
23 41 (23.2) 5(12.8) 36 (26.1)
Beta blocker 110 (62.1) 21 (53.8) 89 (64.5) 0.23
ACE inhibitor 37 (20.9) 6 (15.4) 31(22.5) 0.34
ARB 105 (59.3) 16 (41.0) 89 (64.5) 0.008
Diuretics 37 (20.9) 5(12.8) 32(23.2) 0.16
Calcium-channel blocker 35(19.8) 5(12.8) 30 (21.7) 0.22
Alpha-blocker 42 (23.7) 5(12.8) 37 (26.8) 0.07
Vasodilator 37 (20.9) 6 (15.4) 31(22.5) 0.34
Total prescribed medications® 24+2.7 1.7+22 2.6+2.8 0.09

Data are presented as mean + standard deviation, number (%), or number only.

Cutoff values to classify sarcopenia followed the criteria of the Asian Working Group.

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ESRD, end-stage renal disease; NT-proBNP, N-terminal prohormone of brain na-
triuretic peptide; SMM, skeletal muscle mass; spKt/V, single-pool ratio of urea clearance multiplied by dialysis time to volume; PG-SGA, patient-generated
subjective global assessment; TBW, total body water; TIBC, total iron binding capacity; WT, dry body weight.

®Possible sarcopenia was defined as low handgrip strength (<28 kg:f in males and <18 kg-f in females). "Sarcopenia was defined as both low handgrip
strength (<28 kg-f in males and <18 kg:f in females) and low ratio of SMM to squared height (<7.0 kg/m” in males and <5.7 kg/m” in females). “Number
of medications refers to the individual medications prescribed. “The total prescribed medications are the total equivalent dosages.

8.5% had chronic heart failure, 10.7% had stroke, and 5.6%
had peripheral arterial occlusive disease. The percentage
of comorbidities of ischemic heart disease, chronic heart
failure, stroke, or peripheral arterial occlusive disease was
higher in the patients experiencing IDH than in those with-
out IDH. The proportion of patients with diabetes mellitus
was higher in IDH patients. The distribution of etiologies to
end-stage renal disease (ESRD) in the two groups was dif-
ferent, but diabetes mellitus was the most common cause
of ESRD in both groups. The SMM/WT ratio was 38.9% +
5.8% in total, 40.2% * 5.3% in the patients without IDH, and
34.3% * 4.9% in the patients experiencing IDH. One patient
refused to undergo HGS measurement. The mean value of
HGS was lower in patients who developed IDH than in pa-
tients who did not. Of all patients, 113 (63.8%) were classi-
fied as having possible sarcopenia based on HGS. The ratio
of possible sarcopenia (84.6%) was statistically higher in
patients with IDH compared to those without IDH (58.0%).
Combining these results with the ratio of skeletal mus-
cle mass to squared height, four participants (2.3%) were
classified as having sarcopenia. In patients experiencing
IDH, triceps skin thickness and mid-arm maximal circum-
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ference were higher than in patients without IDH, but the
difference was not statistically significant. The mean score
of the PG-SGA was lower and the Tilburg frailty index was
higher in patients experiencing IDH, but the difference
was not statistically different. The mean cardiac index or
NT-proBNP level did not differ between the two groups.

Main results

Comparison of the odds of intradialytic hypotension among
the three skeletal muscle mass to dry body weight groups
Among the 177 patients, 59 were included in each tertile
of SMM/WT. The characteristics of patients in the tertile
SMM/WT groups are described in Supplementary Table
1 (available online). The mean values for SMM/WT in the
low-, middle-, and high-SMM/WT groups were 32.6% +
3.0%, 38.8% + 1.8%, and 45.3% + 2.6%, respectively. A total
of 24 patients (40.7%) in the low, 12 (20.3%) in the middle,
and 3 (5.1%) in the high-SMM/WT group experienced IDH.
The incidence of IDH was higher in the low-SMM/WT
group than in the middle- and high-SMM/WT groups.

The clinical variables used to predict IDH were age, sex,
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cardiovascular disease such as chronic heart failure or
ischemic heart disease, diabetes mellitus, cardiac index,
and the amount of ultrafiltration per body weight before
hemodialysis. Each variable was independent of the oth-
ers. In the univariable logistic model, lower SMM/WT was
associated with significantly higher odds of IDH (p < 0.001)
(Table 2). When comparing the odds ratio of IDH among
the three SMM/WT groups, that in the middle-SMM/WT
group was 0.37 (p = 0.02) and that in the high-SMM/WT
group was 0.08 (p < 0.001) compared with the low-SMM/
WT group. We assessed the balance of the seven clinical
and BIA variables used to generate IPTW. After IPTW, the
odds ratio of IDH was 0.83 (p = 0.06) in the middle-SMM/
WT group and 0.71 (p < 0.001) in the high-SMM/WT group

compared with the low-SMM/WT group. The odds ratios of
variables in the logistic regression model are described in
Supplementary Table 2 (available online). The odds ratio
of diabetes mellitus to the risk of IDH was 5.00 (p = 0.001),
and that of the ultrafiltration amount by weight was 1.70 (p
=0.002).

Low skeletal muscle mass to dry body weight and low handgrip
strength indicate higher odds of intradialytic hypotension
In Fig. 2A, in which the odds ratios of IDH according to
SMM/WT are depicted by a restricted cubic spline curve,
the log odds of IDH increased linearly as SMM/WT de-
creased, indicating an increased probability of IDH event
according to the decrease in SMM/WT. Cubic spline curves

Table 2. Comparison of the OR of IDH over 3 months by percentage of SMM (kg) to WT (kg)

OR (95% Cl) of IDH among groups divided by SMM/WT

Variable - -

Low (reference) Middle High
Unadjusted Reference 0.37 (0.16-0.85)" 0.08 (0.02-0.28)°
Multivariable regression® Reference 0.30 (0.10-0.88)° 0.06 (0.01-0.29)"
IPTW® Reference 0.83(0.69-1.00) 0.71 (0.59-0.85)"

Patients were grouped by rank numbering in order of the percentage of SMM (kg), measured by bioimpedance analysis, to WT (kg), as tertile groups of low,
middle, and high percentage of SMM to WT. OR to IDH were analyzed using logistic models before and after weighting.
Cl, confidence interval; IDH, intradialytic hypotension; IPTW, inverse probability of treatment weighting; OR, odds ratio; SMM, skeletal muscle mass; SMM/

WT, percentage of SMM to WT; WT, dry body weight.

?p > 0.001, p < 0.05. °p < 0.001. °Adjusted for age, sex, diabetes mellitus, cardiovascular comorbidities (chronic heart failure or ischemic heart disease),

cardiac index, and ratio of the amount of ultrafiltration to body weight.
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Figure 2. Restricted cubic spline curve of odds according to change of the percentage of SMM to WT (A) and the change of HGS
(B). The perpendicular dotted lines in (A) indicate the upper limit of the ratio of SMM (kg) to WT (kg) (SMM/WT) of the low- and mid-
dle-SMM/WT tertiles. The log of odds of intradialytic hypotension increased linearly when the SMM/WT was less than 36.0%. In (B),
the dotted line indicates the median value of HGS (kg-f).

HGS, handgrip strength; SMM, skeletal muscle mass; WT, dry body weight.
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are used to depict the relationship between HGS and the
log odds of IDH in Fig. 2B. The odds of IDH in females in-
creased when HGS was less than 19.0 kg*f and decreased
when HGS was greater than 19.0 kg*f in males (Supplemen-
tary Fig. 1, available online).

Forty-four patients (24.9%) had both SMM/WT of <36.0%
and HGS of <19.0 kg-f. Fifty-seven patients (32.2%) had ei-
ther SMM/WT of <36.0% or HGS of <19.0 kg-f. Overall, 15
patients (8.5%) had SMM/WT of <36.0% and HGS of >19.0
kg'f, and 42 (23.7%) had SMM/WT of >36.0% and HGS of
<19.0 kg*f. As with the cubic spline curves, patients with
either SMM/WT of <36.0% or HGS of <19.0 kg*f were at
higher risk of IDH by a factor of 4.44 compared with those
with both SMM/WT of >36.0% and HGS of >19.0 kg*f (Table
3). The odds ratio of IDH was 17.11 when the patients had
both SMM/WT of <36.0% and HGS of <19.0 kg'f compared
with those with both SMM/WT of 236.0% and HGS of 219.0
kg'f. The odds ratio of IDH in patients with SMM/WT of
<36.0% and HGS of 219.0 kgf was 6.83 (p = 0.02) (Supple-
mentary Table 3, available online). In patients with HGS of
<19.0 kg:fand SMM/WT of >36.0%, the odds ratio was 3.55,
although it was not statistically significant (p = 0.07).

We then compared the area under the ROC curve (AUC)
to predict IDH in the clinical model (model 8) and clini-
cal-plus-BIA models (Table 4). Model 1, which included
HGS and SMM/WT, produced a statistically higher AUC

Table 3. Multivariable analysis of factors, including SMM/WT and

HGS, associated with IDH

Variable OR (95% Cl)

SMM/WT (%) plus HGS (kgf) (vs. SMM/WT, 236.0 and HGS, 219.0)
Either SMM/WT, <36.0 or HGS, <19.0 4.44 (1.29-15.33)

SMM/WT, <36.0 and HGS, <19.0 1711 (3.47-84.27)
Age 1.00 (0.96-1.04)
Male sex (vs. female) 1.47 (0.45-4.80)
DM (vs. non-DM) 5.68 (2.20-14.65)
Cardiovascular comorbidities® (yes vs. no) 2.26 (0.90-5.69)
Cardiac index 0.95 (0.88-1.03)

Ultrafiltration per weight 1.60 (1.18-2.16)

To classify SMM/WT and HGS, we used the highest value in the low-SMM/
WT tertile group (36.0%), and the median value of HGS (19.0 kg-f) showed
an OR of 17.11 to IDH compared to that in patients with SMM/WT of
236.0% and HGS of 219.0 kg-f.

Cl, confidence interval; DM, diabetes mellitus; HGS, handgrip strength;
IDH, intradialytic hypotension; OR, odds ratio; SMM, skeletal muscle mass;
SMM/WT, percentage of SMM to WT; WT, dry body weight.

®Cardiovascular comorbidities were chronic heart failure or ischemic heart
disease.
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compared with the model that included only clinical pa-
rameters (model 8) (AUC of model 1 = 0.877, 95% confi-
dence interval [CI], 0.82-0.93; AUC of model 8 = 0.809, 95%
CI, 0.74-0.88; p = 0.008). Model 2, including SMM/WT, also
showed a relatively higher AUC (0.843, 95% CI, 0.78-0.91;
p of AUC of model 2 compared to model 8 = 0.01). Model
1 explained IDH better than model 8 in some subgroups,
such as female patients, patients aged >65 years, those with
diabetes mellitus, and patients with greater ultrafiltration
per weight (Supplementary Table 4, available online).

Discussion

In this study, we evaluated the relationship between devel-
opment of IDH and measurement of skeletal muscle mass
using BIA. A lower percentage of skeletal muscle mass to
body weight was associated with a higher rate of IDH. Fur-
thermore, characteristics of sarcopenia such as low skeletal
muscle mass and low muscle power were related to IDH, a
frequent complication during maintenance hemodialysis.
The volume and movement of body water constitute one

Table 4. ROC curves of multivariable logistic models including
clinical parameters plus each parameter®

Model including
Clinical parameters + SMM/WT + HGS

ROC area (95% Cl)
0.88 (0.83-0.94)"

Clinical parameters + SMM/WT 0.88 (0.83-0.93)"
Clinical parameters + SMM to squared height 0.85 (0.78-0.91)
Clinical parameters + ECW to TBW 0.81 (0.74-0.88)
Clinical parameters + ICW to TBW 0.81 (0.74-0.89)
Clinical parameters + PA 0.81 (0.74-0.89)
Clinical parameters + HGS 0.81 (0.74-0.88)

Clinical parameters only 0.81 (0.74-0.88)

Parameters measured by bioimpedance analysis were included as con-
tinuous variables in each multivariable logistic model. Clinical parameters
were age, sex, cardiovascular comorbidities (chronic heart failure or isch-
emic heart disease), diabetes mellitus, cardiac index, and percentage of
ultrafiltration to body weight. The AUC was statistically higher in models
including the percentage of SMM (kg) to WT (kg) compared with those of
other models.

AUC, area under the ROC curve; Cl, confidence interval; ECW, extracellular
water; HGS, handgrip strength; ICW, intracellular water; PA, phase angle;
ROC, receiver operating characteristic; SMM, skeletal muscle mass; SMM/
WT, percentage of SMM to WT; TBW, total body water; WT, dry body weight.
“Such as the percentage of SMM(kg) to WT (kg) (SMM/WT) plus HGS (kg*f)
(model 1), SMM/WT (%) (model 2), SMM to height® (kg/m?) (model 3),
ECW to TBW (kg/kg) (model 4), ICW to TBW (kg/kg) (model 5), PA at 50
kHz (model 6), or HGS (kg*f) (model 7) and only clinical parameters (mod-
el 8). "ROC area of the model was higher than that of the other models (p
<0.05).
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of the pathophysiological mechanisms of IDH. It has been
suggested that the water content in approximately 10% to
20% of skeletal muscle mass is dynamically mobile [15]. We
propose that skeletal muscle mass, as a reservoir of water,
can be an important predictor of IDH. A previous study
measured relaxation times in patients undergoing hemo-
dialysis by nanoscale magnetic resonance, magnetic reso-
nance imaging (MRI), and BIA [16]. The authors suggested
that the amount of water in the muscle, the lower legs in
particular, was higher in volume-overloaded patients but
decreased after hemodialysis to levels similar to those in
the healthy population. In the clinical field, doctors assume
that body weight determines the rate of ultrafiltration,
which might be higher than the refilling rate. One previous
study showed that transcellular shift of body water from
extracellular to intracellular fluid by osmotic alteration was
higher in patients who experienced IDH compared with
the expected amount of ultrafiltration in stable patients [17].
The authors reported that body weights in the two groups
were similar, although hydration states differed. This sug-
gests that body composition is more important than body
weight in preventing IDH. In the present study, we showed
that measurement of the percentage of skeletal muscle
mass to body weight could be an applicable indicator of
dry body weight. Extracellular water to total body water
was also a significant predictor of IDH. However, a previous
study showed that over-hydration derived from extracellu-
lar fluid measured by BIA was a false-positive factor in mal-
nourished patients [18]. We investigated the role of the IDH
predictor not only in extracellular water but also in skeletal
muscle mass.

The patients enrolled in this study were mostly elder-
ly and had a lower skeletal muscle mass relative to body
weight. According to data from the 2013 ESRD Registry
Committee of the Korea Society of Nephrology, the propor-
tion of elderly patients undergoing dialysis in Korea was
39.5% compared to 12.2% in the general population [19]. A
16-year-follow-up epidemiologic study using the Korean
National Health Insurance Service database showed that
the mean age of patients undergoing hemodialysis in-
creased between 2002 and 2017 [20]. Due to old age, chron-
ic inflammation, and frailty in most patients undergoing
maintenance dialysis, sarcopenia (decreased muscle mass)
should be considered by nephrologists [21,22]. Although
the ratio of patients diagnosed with sarcopenia according

to the criteria by the Asian Working Group was low, possi-
ble sarcopenia accounted for more than 64% of this cohort.
Patients who fulfilled the criteria for possible sarcopenia
showed low HGS, and this also explained the risk of IDH af-
ter multivariable logistic analysis and comparison of AUCs.
In addition to a quantitative approach to skeletal muscle,
our study also found that higher HGS was associated with
lower odds of IDH. Considering that previous studies em-
phasized muscle strength as a criterion for diagnosing sar-
copenia [23], these results support the importance of the
quality of muscles. Patients in the low-SMM/WT group had
a higher body mass index and a higher skinfold thickness
relative to mid-arm maximal circumference, indicating
higher rates of adipose tissue mass and obesity. These are
characteristics of sarcopenic obesity [8], which represents
a potential public health problem due to clinical conse-
quences. Obesity and sarcopenia are known to have a syn-
ergistic and negative impact on performance status among
the elderly [24]. Several studies have revealed that low lean
tissue index (kg/m?), skeletal muscle mass (kg) per square
height (m?), and high-fat tissue index (kg/m?) are risk fac-
tors for IDH or mortality [6,25-27]. In that regard, the poor
prognosis found in this and previous studies suggest that a
higher fat tissue index with a low lean tissue index should
be interpreted as poor quality of muscle.

Measurements of body composition have been conduct-
ed to find more convenient methods using tools such as
MRI, computed tomography, dual-energy X-ray absorpti-
ometry, and BIA [28,29]. Using the dephasing time between
the solid and liquid phases, nanoscale nuclear molecular
resonance spectrometry has been suggested to qualitative-
ly measure body composition [30]. Due to the convenience
and safety of a bedside non-radiocontrast method that
correlates closely with conventional methods [31], we used
BIA to measure skeletal muscle mass immediately after
hemodialysis, when the body weight would be close to “dry
body weight,” excluding excessive interstitial body water. In
a previous cross-sectional study [32], the phase angle at 50
kHz was positively correlated with the ratio of lean tissue
mass to dry body weight, which was similar to the results
of our study. As it is derived from the phase angle, extra-
cellular water is related to IDH. The accuracy and utility of
extracellular water using BIA are problematic in hemodial-
ysis patients [33,34]. Nevertheless, by measuring different
parameters in hemodialysis patients, BIA correlated closely
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with other characteristics [35]. As the ultrafiltration rate
is indicative of IDH [36,37], we adjusted the ultrafiltration
rate. Skeletal muscle mass was still an important indicator.

There are some limitations to this study. First, although
the Tilburg frailty parameter and subjective global assess-
ment to evaluate sarcopenia [38] did not capture prognos-
tic significance, we suspect that this can be attributed to
the limited sensitivity of the clinical questionnaire rather
than noninvolvement of any frailty mechanism. We also
measured other parameters of sarcopenia, such as a simple
handgrip assessment, which functioned as a good predic-
tor of IDH. Second, we defined IDH using an absolute cri-
terion of SBP < 90 mmHg and need for intervention. This
might have increased the heterogeneity of the definition of
IDH in previous studies, which defined IDH in numerous
ways; for example, the National Kidney Foundation Kidney
Disease Outcomes Quality initiative defined IDH as a de-
crease in SBP of 220 mmHg and diastolic blood pressure of
>10 mmHg [39]. We suggest that combining clinical inter-
vention with the definition of IDH could lessen the effect
of clinically insignificant changes in blood pressure on the
results of our study. Third, as there was a deviation in the
results due to the small number of samples and the limit-
ed ability to detect minimal differences among samples,
further investigation is warranted. We attempted to reduce
outcome bias by statistical weighting. Finally, the appropri-
ate measurement time of BIA to accurately measure skel-
etal muscle mass is uncertain. Previous studies of changes
in skeletal muscle mass pre- and post-hemodialysis [40,41]
have produced conflicting findings. We expect that further
studies will be needed to determine the optimal method of
applying skeletal muscle mass in patients undergoing he-
modialysis.

In conclusion, low skeletal muscle mass as a fraction
of body mass is associated with IDH. For elderly patients
with sarcopenia undergoing maintenance hemodialysis,
prevention of IDH would be more successful using mea-
surements of body composition by BIA. The application of
skeletal muscle mass to prevent IDH in patients undergo-
ing hemodialysis should be investigated in future studies.
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