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Abstract 

Background Previous studies describing relationships among body compositions, intradialytic hypotension 
(IDH), and mortality yielded inconsistent results. We studied associations between body composition and IDH, 
and between IDH and prognosis, in patients on hemodialysis (HD).

Methods Participants were patients on maintenance HD and predilution online hemodiafiltration (HDF) (n = 303). 
IDH was defined as nadir systolic blood pressure (SBP) < 90 mmHg for ≥ 2 of 10 dialysis sessions during the exposure 
period (days 1–22). Clinical data at day 1 and post-dialysis body compositions using bioelectrical impedance analysis 
conducted once during the exposure period were collected. Differences between the IDH and non-IDH groups were 
analyzed. Kaplan–Meier survival curves of the IDH and non-IDH groups, logistic regression analyses of IDH, and Cox 
proportional hazard analyses of all-cause and cardiovascular (CV) mortality in all participants were also performed.

Results In all participants, the median (median [interquartile range]) age was 67 [56–74] years, median dialysis 
duration was 76 [37–145] months, and diabetes prevalence was 42.6% (129/303). Compared with the non-IDH 
group (n = 274), the IDH group (n = 29) had a lower mean pre-dialysis SBP during the exposure period, longer dialysis 
duration, lower serum albumin levels, and higher median fat tissue index (10.7 [8.6–14.9] versus 9.5 [6.8–11.9] kg/m2, 
P < 0.05). The IDH group had lower 3-year survival for all-cause and CV mortality (P < 0.05). When adjusted for mean 
pre-dialysis SBP, mean ultrafiltration volume during the exposure period, HDF, dialysis duration, and serum albumin, 
fat tissue index, and lean tissue index were associated with IDH (P < 0.05), but body mass index and overhydration/
extracellular water were not. After additional adjustments for age, sex, and diabetes mellitus, only fat tissue index 
was a significant predictor for IDH [odds ratio: 1.12 (95% confidence interval 1.02–1.25), P < 0.05]. IDH was also a signifi-
cant predictor of 3-year all-cause and CV mortality (P < 0.05).

Conclusions Increased fat tissue index was a significant risk factor for IDH in HD and HDF patients. Furthermore, IDH 
was a significant predictor of 3-year all-cause and CV mortality in HD and HDF patients.
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Background
There is no consensus definition of intradialytic hypo-
tension (IDH). The National Kidney Foundation’s Kid-
ney Disease Outcomes Quality Initiative guidelines 
define IDH as a decrease in systolic blood pressure (SBP) 
of ≥ 20 mmHg or a mean arterial pressure of ≥ 10 mmHg, 
as well as associated symptoms [1]. Data on IDH are 
often unavailable from large databases because of a lack 
of symptoms and intervention. Flithe et al. analyzed data 
from 1409 patients in the Hemodialysis (HEMO) study 
and 10,392 patients in the Large Dialysis Organization 
(LDO) study to investigate the definitions and mortality 
of IDH [2]. According to their report, an absolute nadir 
SBP of < 90  mmHg was most potently associated with 
overall mortality, and cases of IDH using definitions 
that contained symptoms, interventions, or decreases 
in blood pressure during the dialysis session were not 
associated with mortality [2]. The exposure assess-
ment period for IDH varies widely among studies, rang-
ing from 1 to > 100 hemodialysis (HD) treatments, and 
selecting among longer time-fixed exposure periods may 
lead to issues related to generalizability [3]. A report by 
Cho et al. defined IDH as > 2 hypotension episodes dur-
ing 10 HD treatments [4].

It had been reported that patients undergoing HD 
who experienced IDH showed higher risks of all-cause 
mortality and cardiovascular (CV) mortality [5, 6]. Con-
trastingly, Tisler  et al. reported no association between 
mortality and frequent IDH [7].

Several studies have described the relationship between 
body composition and IDH [8–14]. However, the tim-
ing of bioimpedance spectroscopy of body composi-
tion in these reports was variable, with measurements 
at pre-dialysis [9–11], post-dialysis [12], pre- and post-
dialysis [14], and pre-dialysis, every hour (or 30 min) and 
post-dialysis [8, 13], and the results were inconsistent. 

Reportedly, bioimpedance measurements at pre-dialysis 
overestimate muscle mass and underestimate fat, sug-
gesting that bioimpedance measurements of body com-
position should be taken when patients are closer to their 
target weight than when overhydrated [15, 16]. We also 
considered that bioimpedance measurements of body 
composition should be taken when patients are close 
to “dry weight” to exclude excessive interstitial body 
water and assess body composition more reliably and 
reproducibly.

In this study, we investigated the associations between 
post-dialysis body composition and IDH, and between 
IDH and prognosis, in prevalent HD patients.

Patients and methods
Study population
In this retrospective, observational study, data from 303 
consecutive Japanese patients who underwent mainte-
nance HD or predilution online hemodiafiltration (HDF) 
in September 2018 at our hospital were examined.

Data collection, and exposure and outcome assessment 
periods
Figure  1 shows the analytical timeline for IDH in this 
study. Patients’ medical records were followed up 
with until death, transfer to another facility, or 3 years 
(1095  days) post-baseline, whichever came first. Day 
1 was classified as baseline; days 1–22 (10 dialysis ses-
sions) were classified as the exposure assessment period, 
including the session on day 1; and day 23 to the end of 
the study (3 years post-baseline) was classified as the out-
come assessment period. Pre-dialysis SBP, pre-dialysis 
diastolic blood pressure (DBP), nadir SBP, and ultrafil-
tration from day 1 to the end of the exposure assessment 
period (10 dialysis sessions) were assessed in all patients. 
IDH was defined as a nadir SBP of < 90  mmHg or the 

Baseline
Study entry

Assessment of biochemical

data and medication use

Exposure assessment
period
Dialysis data collected for

10 routine sessions 

conducted thrice weekly

Body composition assessed 

30 min after dialysis

Day 1 End of study
(3 years post baseline)

Outcome assessment period

All-cause and cardiovascular mortality assessment

Day 22

Fig. 1 Timeline for analysis of intradialytic hypotension in this study of 303 patients undergoing hemodialysis (HD). Baseline was day 1; 
the exposure assessment period was from days 1 to 22 (10 HD sessions), including the session on day 1; and the outcome assessment period 
was from day 23 to the end of study (3 years post-baseline)



Page 3 of 8Mizuiri et al. Renal Replacement Therapy           (2024) 10:34  

requirement for vasopressor (etilefrine hydrochlo-
ride ≥ 20  mg/session) and/or saline (≥ 100  mL/session) 
infusion during at least 2 of 10 dialysis sessions [4] during 
the exposure assessment period (days 1–22) of this study. 
As the outcome assessment, all-cause and CV mortality 
during the outcome assessment period were confirmed 
by documentation. Exclusion criteria were as follows: 
age < 20  years, dialysis duration < 3  months, a history of 
advanced cancer, infection in the month leading up to the 
study, and organ transplantation. All patients had vascu-
lar access providing a blood flow rate of ≥ 200  mL/min 
and underwent HD or HDF for 4 h using high-flux mem-
branes three times per week. Substitution volume for 
HDF was 40 L/session in all patients on HDF. A standard 
bicarbonate dialysis fluid (140 mEq/L sodium, 2.0 mEq/L 
potassium, 3.0  mEq/L calcium, 1.0  mEq/L magnesium, 
and 100  mg/dL glucose), which was delivered using a 
central dialysis fluid delivery system, was used for HD 
and HDF. Patient baseline characteristics, including age, 
sex, primary kidney disease, presence of diabetes mel-
litus, dialysis duration, and antihypertensive medica-
tions, were obtained from the institutional database. 
Hemoglobin, serum albumin, and C-reactive protein 
(CRP) levels were obtained on day 1, just before the first 
dialysis session of the week. Kt/Vurea at baseline was also 
obtained. Intradialytic weight loss was considered to rep-
resent the ultrafiltration volume. Body composition data 
were collected using a bioimpedance spectroscopy device 
(BCM®; Fresenius Medical Care, Buzen City, Japan) once, 
30  min after a dialysis session conducted during the 
exposure period (days 1–22), and post-dialysis body mass 
index (BMI) was calculated on the same day. For bioelec-
trical impedance analysis (BIA), patients were placed in 
the supine position, two conventional electrodes were 
placed on the hand, and two were placed on the foot 
contralateral to the vascular access. Fat tissue index, lean 
tissue index, total body water, intracellular water, extra-
cellular water (ECW), and overhydration (OH) were 
measured [17, 18]. The difference between normal ECW 
and measured ECW is OH (i.e., excess fluid) [18]. Coro-
nary artery calcification was assessed using the Agatston 
coronary artery calcium score (CACS) [19], once during 
the exposure assessment period (days 1–22) based on 
electrocardiography (ECG)-gated chest multidetector 
computed tomography (CT). ECG-gated chest multide-
tector CT was performed using the IVY Model 3000T 
(IVY Biomedical, Branford, CT, USA) and the Aquilion 
64 TSX-101A (Toshiba Medical Systems, Tokyo, Japan). 
Clinical biochemical analyses were performed at our hos-
pital laboratory.

Our facility requires the following conditions for deter-
mination of dry weight: (1) normal blood pressure (pre-
dialysis SBP < 140  mmHg); (2) absence of edema; (3) 

normal size cardiothoracic ratio (< 50%) on chest X-ray; 
(4) OH between −1.1 and +1.1 L using BIA [17]; and (5) 
no symptoms, including dry mouth, light-headedness, 
cramping, nausea, cold extremities, or tachycardia.

This study was approved by the Ethical Committee 
of Ichiyokai Harada Hospital (Approval No. 202303), 
which conformed to the provisions of the 2013 ver-
sion of the Declaration of Helsinki. Due to the anonym-
ity of the patients included and the nonintrusive nature 
of the research, the requirement for written consent was 
waived.

Statistical analyses
Statistical analyses were performed using Easy R (EZR) 
[20], which is a modified version of R designed to add sta-
tistical functions frequently used in biostatistics.

Data for categorical variables are shown as frequen-
cies (percentages), and data for continuous variables are 
shown as means ± standard deviations (SDs), or medi-
ans and  interquartile  ranges (IQRs), as appropriate. The 
significance of intergroup differences was analyzed using 
Student’s t-test for normally distributed variables, the 
Mann–Whitney U  test for non-normally distributed 
variables, or the chi-squared test for categorical data, as 
appropriate. Kaplan–Meier survival curves of the IDH 
and non-IDH groups, logistic regression analyses of IDH, 
and Cox proportional hazard analyses of 3-year all-cause 
and cardiovascular (CV) mortality in all participants were 
also performed. In all statistical tests, a P value < 0.05 was 
considered to indicate statistical significance.

Results
In the 303 patients undergoing HD or HDF, primary renal 
diseases were diabetic nephropathy [n = 118 (38.9%)], 
chronic glomerulonephritis [n = 97 (32.1%)], nephro-
sclerosis [n = 50 (16.5%)], autosomal-dominant polycys-
tic kidney disease [n = 14 (4.6%)], other diseases [n = 14 
(4.6%)], and unknown conditions [n = 10 (3.3%); Table 1].

Pre-dialysis SBP, pre-dialysis DBP, and ultrafiltration 
were based on mean values of 10 HD sessions conducted 
during the exposure assessment period in each partici-
pant. The medians [IQRs] for age, dialysis duration, and 
prevalence of diabetes mellitus in the overall cohort 
(n = 303) were 67 [56–74] years, 76 [37–145] months, 
and 129/303 (42.6%), respectively. The patients were clas-
sified into two groups: IDH (n = 29, 9.6%) and non-IDH 
(n = 274, 90.4%). Compared with the non-IDH group, 
the IDH group had a significantly longer dialysis dura-
tion and significantly lower values of the following: mean 
pre-dialysis SBP and DBP at 10 HD sessions conducted 
during the exposure assessment period, serum albumin 
concentration, geriatric nutritional risk index (GNRI), 
and usage frequency of antihypertensive drugs except 
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β–blockers (total antihypertensive drugs, calcium chan-
nel blockers, α–blockers, and renin–angiotensin system 
inhibitors; P < 0.05). Other parameters were not signifi-
cantly different between the two groups. The prevalence 
of male individuals was 51.7% in the IDH group and 
62.4% in the non-IDH group (P = 0.07). The prevalence of 
diabetes mellitus was 48.3% in the IDH group and 42.0% 
in the non-IDH group (P = 0.52). The prevalence of HDF 
was 18/29 (62.1%) in the IDH group and 209/274 (76.3%) 
in the non-IDH group (P = 0.11). The mean ultrafiltration 
volume at 10 HD sessions conducted during the expo-
sure assessment period was 2.3 ± 0.8 L/session in the 
IDH group and 2.1 ± 0.7 L/session in the non-IDH group 

(P = 0.39). The median [IQR] CACS (measured over days 
1–22) was higher in the IDH group (1385 [637–2514]) 
than in the non-IDH group (952 [271–2540]), but the dif-
ference was not significant (P = 0.30).

Table 2 shows body composition parameters of patients 
in the IDH and non-IDH groups. The IDH group showed 
a significantly higher median [IQR] fat tissue index com-
pared with the non-IDH group (10.7 [8.6–14.9] versus 9.5 
[6.8–11.9] kg/m2, P < 0.05). Lean tissue index, OH, and 
OH/ECW were not significantly different between the 
two groups.

Among the 303 patients, 50 all-cause deaths, 23 CV 
deaths, and 24 hospital transfers occurred over 3 years. 

Table 1 Baseline characteristics of the study population according to IDH

IDH intradialytic hypotension, HDF predilution online hemodiafiltration, CACS Agatston coronary artery calcium score, SBP systolic blood pressure, DBP diastolic blood 
pressure, GNRI geriatric nutritional risk index, RAS renin–angiotensin system
† Mean of 10 dialysis sessions conducted during the exposure assessment period [days 1–22 (10 dialysis sessions)]

Total (n = 303) IDH group (n = 29) Non-IDH group (n = 274) P-value

Age (years) 67 (56–74) 68 (62–74) 67 (55–74) 0.17

Sex 204/303 (67.3) 15/29 (51.7) 189/274 (62.4) 0.07

Diabetes mellitus, n (%) 129/303 (42.6) 14/29 (48.3) 115/274 (42.0) 0.52

HDF (%) 227/303 (74.9) 18/29 (62.1) 209/274 (76.3) 0.11

Dialysis duration (months) 76 (37–145) 122 (65–193) 70 (36–143)  < 0.05
†Pre-dialysis SBP (mmHg) 149 ± 19 131 ± 26 151 ± 17  < 0.0001
†Pre-dialysis DBP (mmHg) 80 ± 11 70 ± 12 81 ± 10  < 0.0001
†Ultrafiltration volume (L/session) 2.2 ± 0.7 2.3 ± 0.8 2.1 ± 0.7 0.39

CACS 976 (327–2540) 1385 (637–2514) 952 (271–2540) 0.30

Kt/Vurea 1.51 (1.32–1.71) 1.61 (1.36–1.72) 1.50 (1.31–1.70) 0.15

Hemoglobin (g/dL) 11.5 (10.7–12.1) 11.9 (10.9–12.6) 11.5 (10.7–12.1) 0.10

Serum albumin (g/dL) 3.6 (3.4–3.8) 3.4 (3.3–3.8) 3.7 (3.4–3.8)  < 0.01

GNRI 94 (90–97) 91 (87–97) 94 (91–97)  < 0.05

Body mass index (kg/m2) 22.8 (20.3–25.8) 23.8 (20.3–26.8) 22.7 (20.2–25.5) 0.28

C–reactive protein (mg/dL) 0.12 (0.04–0.35) 0.16 (0.05–1.10) 0.12 (0.04–0.35) 0.08

Antihypertensive drugs, n (%) 237/303 (78.2) 16/29 (55.2) 221/274 (80.7)  < 0.01

Calcium channel blockers, n (%) 171/303 (56.4) 8/29 (27.6) 163/274 (59.5)  < 0.001

α–blockers, n (%) 55/303 (18.2) 0/29 (0) 55/274 (19.7)  < 0.01

β–blockers, n (%) 29/303 (9.6) 4/29 (13.8) 25/274 (9.1) 0.51

RAS inhibitors, n (%) 160/303 (52.8) 8/29 (27.6) 152/274 (55.5)  < 0.01

Table 2 Body composition parameters in IDH and non-IDH groups

IDH intradialytic hypotension, OH overhydration (the difference between normal extracellular water and measured extracellular water) [18]

Variables Total IDH group Non-IDH group P-value
(n = 303) (n = 29) (n = 274)

Lean tissue index (kg/m2) 12.2 (10.6–14.2) 11.1 (9.9–14.0) 12.3 (10.6–14.3) 0.06

Fat tissue index (kg/m2) 9.7 (7.1–12.2) 10.7 (8.6–14.9) 9.5 (6.8–11.9)  < 0.05

OH (L) 1.20 (0.30–2.30) 1.20 (0.15–2.25) 1.20 (0.40–2.30) 0.71

OH/extracellular water (%) 8.5 ± 9.4 7.7 ± 12.2 8.6 ± 9.1 1.00
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Figure  2 shows the Kaplan–Meier survival curves for 
3-year all-cause mortality and 3-year CV mortality. 
Among the 303 patients, those with IDH (n = 29) had 
lower 3-year cumulative rates of survival free from all-
cause death (64.5% versus 84.4%, log-rank test, P < 0.01) 
and CV death (80.3% versus 93.2%, log-rank test, P < 0.05) 
compared with those without IDH (n = 274).

The results of logistic regression analyses, which 
aimed to identify body compositions and BMI associ-
ated with IDH in all patients, are shown in Table 3. Fat 
tissue index and lean tissue were significantly associ-
ated with IDH, but BMI, OH and OH/ECW were not 

associated in the unadjusted models. When adjusted 
for the mean pre-dialysis SBP of 10 dialysis sessions 
conducted during the exposure assessment period, 
the mean ultrafiltration volume of 10 dialysis sessions 
conducted during the exposure assessment period, 
HDF, dialysis duration, and serum albumin (Model 1), 
we found that fat tissue index {odds ratio (OR): 1.15 
[95% confidence interval (CI)1.04–1.26]} and lean tis-
sue index [OR: 0.78 (CI 0.63–0.96)] were significant 
predictors for IDH (P < 0.05). However, after addi-
tional adjustments for age, sex, and presence of diabe-
tes mellitus in Model 1 (Model 2), only fat tissue index 

Non-
IDH 

IDH 

Patients with IDH
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log-rank test P < 0.01

Survival rate for all-cause mortality Survival rate for cardiovascular mortality
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Fig. 2 Kaplan–Meier survival curves for 3-year all-cause and cardiovascular mortality in patients undergoing hemodialysis or predilution online 
hemodiafiltration, with and without intradialytic hypotension (IDH)

Table 3 Logistic regression analyses for IDH (n = 303)

Model 1 is adjusted for pre-dialysis SBP, ultrafiltration volume, HDF, dialysis duration, and serum albumin. Model 2 is adjusted for pre-dialysis SBP, ultrafiltration 
volume, HDF, dialysis duration, serum albumin, age, sex, and presence of diabetes mellitus. Pre-dialysis SBP is the mean pre-dialysis systolic blood pressure value of 
10 dialysis sessions conducted during the exposure assessment period [days 1 to 22 (10 dialysis sessions)]. Ultrafiltration volume is the mean ultrafiltration volume 
during the exposure assessment period [days 1 to 22 (10 dialysis sessions)]. OH (overhydration) is the difference between normal extracellular water and measured 
extracellular water [18]. IDH intradialytic hypotension, OR odds ratio, CI confidence interval SBP systolic blood pressure, HDF predilution online hemodiafiltration

Variables Unadjusted Adjusted

Model 1 Model 2

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

Body mass index (kg/m2) 1.04 0.96–1.14 0.33 1.10 0.99–1.23 0.09 1.11 0.98–1.25 0.10

Fat tissue index (kg/m2) 1.08 1.00–1.17  < 0.05 1.15 1.04–1.26  < 0.01 1.12 1.02–1.25  < 0.05

Lean tissue index (kg/m2) 0.85 0.71–1.00  < 0.05 0.78 0.63–0.96  < 0.05 0.88 0.69–1.11 0.27

OH (L) 0.91 0.71–1.18 0.48 1.02 0.78–1.34 0.88 1.06 0.77–1.45 0.73

OH/extracellular water 0.99 0.95–1.03 0.54 1.01 0.97–1.05 0.73 1.01 0.96–1.06 0.74
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remained as a significant predictor for IDH [OR (CI): 
1.12 (1.02–1.25), P < 0.05].

Table 4 shows the associations between IDH and 3-year 
all-cause or CV mortalities using Cox proportional haz-
ard analyses (n = 303). The analyses for all-cause mortality 
and CV mortality were carried out separately. As shown 
in the upper panel, IDH was significantly associated with 
3-year all-cause mortality in the univariable analysis. In 
the multivariable analysis, after adjusting for age, sex, 
and HDF (Model 1), IDH was a significant predictor of 
3-year all-cause mortality (P < 0.05). After additional 
adjustment for CRP, GNRI, and presence of diabetes mel-
litus in Model 1 (Model 2), IDH was confirmed as a sig-
nificant predictor of 3-year all-cause mortality [hazard 
ratio (HR): 2.19 (95% CI 1.02–4.74)], P < 0.05]. As shown 
in the lower panel, IDH was also significantly associated 
with 3-year CV mortality in the univariable analysis. In 
the multivariable analysis, after adjusting for age, sex, and 
HDF (Model 1), IDH was a significant predictor of 3-year 
CV mortality (P < 0.05). After additional adjustment for 
CRP, GNRI, and presence of diabetes mellitus in Model 
1 (Model 2), IDH was confirmed as a highly significant 
predictor of 3-year CV mortality [HR: 3.09 (95% CI1.09–
8.78), P < 0.05].

Discussion
Infusion of vasopressor and saline is usually provided 
before a nadir SBP of < 100 mmHg in patients who experi-
ence recurrent IDH episodes at our hospital. Considering 
previous reports [2–4], and the treatment for recurrent 
hypotension during HD or HDF in our hospital, IDH was 
defined as a nadir SBP of < 90 mmHg or the requirement 
for vasopressor and/or saline infusion during at least two 
of 10 dialysis sessions during the exposure assessment 
period, and our outcome assessment period was 3-years 
post-baseline. A recent meta-analysis reported that the 
prevalence of IDH is < 12% for both the European Best 
Practice Guideline definition and the Nadir < 90 defini-
tion [21], which is much lower than that stated in most 

reviews. Prevalence of IDH was 9.6% in this study, con-
sistent with the meta-analysis above.

Our study showed that higher fat tissue index and 
lower lean tissue index in post-dialysis BIA were each 
associated with IDH, although higher fat tissue index 
was the most significant predictor for IDH. Furthermore, 
patients with IDH showed a significantly lower 3-year 
survival rate for all-cause and CV mortality than patients 
without IDH in this study, in consistent with the previous 
reports [5, 6].

Marcelli et al. reported that both lean tissue index and 
fat tissue index within the 10th–90th percentiles of an 
age- and sex-matched healthy population were associ-
ated with best survival [22]. Consistent with our results, 
several studies have revealed that low lean tissue index 
and high fat tissue index are risk factors for IDH [10–12]. 
Zhou et al. reported that soft lean mass ratio and skeletal 
muscle ratio were significantly decreased, while fat mass 
ratio, percentage body fat ratio, and visceral fat area were 
significantly increased in the IDH group compared with 
those in the intradialytic normotension group among 
127 HD patients [10]. Tian et al. also reported that high 
fat tissue index and low lean tissue index measured by a 
body composition monitor rather than BMI were inde-
pendently associated with greater odds of having IDH, 
indicating that lean tissue is beneficial, while fat mass is 
detrimental, in terms of IDH occurrence [11]. Son et al. 
reported that low skeletal muscle mass to body weight 
and low handgrip strength indicated higher odds of IDH 
and suggested that a higher fat tissue index with a low 
lean tissue index should be interpreted as poor-quality 
muscle [12]. It is possible that other factors were induced 
by the increase in fat tissue index in the IDH group in this 
study, which in turn may have induced IDH. It has been 
reported that increased arterial stiffness is associated 
with IDH, and the pre-dialysis subendocardial viability 
ratio, an index used to evaluate myocardial perfusion, 
could complement screening for IDH [23, 24]. Although 
we did not collect data on arterial stiffness for this study, 
obesity and visceral fat tissue are reportedly positively 

Table 4 Associations of intradialytic hypotension (IDH) and 3-year all-cause or cardiovascular (CV) mortality in the Cox proportional 
hazard analyses (n = 303)

The analyses for all-cause mortality and CV mortality were carried out separately. Model 1 was adjusted by age, sex, and HDF. Model 2 was adjusted by age, sex, HDF, 
C-reactive protein, geriatric nutritional risk index and presence of diabetes mellitus. HR hazard ratio, CI confidence interval, HDF predilution online hemodiafiltration

Variable Unadjusted Adjusted

Model 1 Model 2

HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

IDH (for all-cause mortality) 2.52 1.22–15.19 < 0.05 2.12 1.01–4.42 < 0.05 2.19 1.02–4.74 < 0.05

IDH (for CV mortality) 3.19 1.18–8.61 < 0.05 3.00 1.10–8.21 < 0.05 3.09 1.09–8.78 < 0.05
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correlated with parameters of arterial stiffness (pulse 
wave velocities) in renal transplant recipients [25].

However, different results for associations among the 
fat tissue index, IDH, and survival in HD patients have 
also been reported [9, 26]. Katalinic et al., defining IDH 
as a decrease in SBP of ≥ 20  mmHg over a 12-month 
observation period, regardless of the frequency, reported 
that an increase in the fat tissue index led to fewer IDH 
episodes in 50 HD patients [9]. However, we consider the 
number of patients in their study (n = 50) to be too small 
to evaluate the significance of the fat tissue index for IDH. 
We also find it unusual that only 4 of their 50 patients 
reportedly experienced a decrease in SBP ≥ 20  mmHg 
more than once in all the HD sessions conducted over 
12  months. Yajima et  al. reported that higher fat tissue 
indexes were independently associated with reduced 
risks of all-cause mortality in 162 HD patients [26]. The 
timing of bioimpedance spectroscopy was after dialysis, 
and the participants were Japanese in their study, the 
same as in our study and had a similar age, but the aims 
of their study and ours were slightly different; namely, 
they described all-cause mortality, but not IDH and CV 
mortality, in HD patients. In our study, a higher fat tis-
sue index was a significant risk factor for IDH, and IDH 
was a significant risk factor for 3-year all-cause and CV 
mortality in HD and HDF patients. However, the risk fac-
tors for all-cause and CV mortality in dialysis patients 
include not only IDH, but also age, sex, diabetes mellitus, 
and albumin and serum CRP levels [27, 28]. Kwan et al. 
reported that fat mass might have dual competing effects 
on survival in dialysis patients—a protective effect medi-
ated through nutrition and a deleterious effect mediated 
through adipokines—and proposed that the level of kid-
ney function modifies the relative importance of these 
effects [29]. They reported that an increase in fat mass 
in HD patients is associated with inflammation, insulin 
resistance, atherosclerosis, and coronary calcification, 
and there is no reverse epidemiology of the associations 
among traditional and nontraditional risk factors and 
disease with adiposity in these patients [29]. We could 
not rule out the possibility that IDH was mediated by 
increased fat tissue index with a deleterious effect in dial-
ysis patients of our study.

Our findings have important clinical implications that 
bioimpedance analyses in HD and HDF patients are 
important since higher value in fat tissue index is bad, at 
least for IDH occurrence and IDH was a significant pre-
dictor for 3-year all-cause and CV mortality.

Limitations
First, this was a single-center study with a retrospective 
design. Second, the prevalence of diabetes mellitus in the 
IDH and non-IDH groups was not uniform, although the 

difference was not significant. Third, clinical and labo-
ratory data were only assessed at baseline. Fourth, the 
exposure assessment period for IDH was rather short (10 
dialysis sessions). Fifth, our cohort included only Japa-
nese patients, whose average body size is much smaller 
than patients in Western countries.

Conclusions
Increased fat tissue index was a significant risk factor for 
IDH in HD and HDF patients. Furthermore, IDH was a 
significant predictor for 3-year all-cause and CV mortal-
ity in HD and HDF patients.
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