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Background and Objectives: Inadequate nutrition in patients on hemodialysis causes various complications. This
study aimed to investigate the association between nutritional status and risk of osteoporosis, sarcopenia, and cog-
nitive impairment in patients on hemodialysis. Methods and Study Design: We enrolled 131 older patients on
maintenance hemodialysis. Geriatric Nutrition Risk Index (GNRI) was used to assess nutritional status. Patients
were divided into quartile groups according to the GNRI Dual-energy X-ray absorptiometry, bioimpedance anal-
ysis and handgrip strength measurement, and the Korean version of the Montreal Cognitive Assessment were used
to assess osteoporosis, sarcopenia, and cognitive impairment, respectively. Biochemical laboratory tests were also
performed before mid-week hemodialysis session. Results: Patients from higher GNRI quartiles had a lower prev-
alence of osteoporosis and sarcopenia. Cognitive impairment was not associated with any GNRI quartile. In the
multivariable models, longer dialysis periods (OR 1.696, 95% CI 1.053-2.729, p=0.030) and higher intact parathy-
roid hormone levels (OR 3.136, 95% CI 1.781-5.518, p<0.001) were significantly associated with osteoporosis risk.
GNRI quartile 2 (OR 0.064, 95% CI 0.005-0.883, compared to quartile 1, p=0.040) and higher hemoglobin Alc
levels (OR 3.728, 95% CI 1.033-86.4, p=0.043) were associated with a higher sarcopenia risk. Lower hemoglobin
levels (OR 0.585, 95% CI 0.360-0.950, p=0.030) were associated with a higher risk of cognitive impairment. Con-
clusions: In patients on hemodialysis, inadequate nutrition was associated with the risk of osteoporosis and sarco-
penia, but not cognitive impairment. Proper nutritional assessment and management in these patients could prevent

complications related to bone and muscle loss.
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INTRODUCTION

The importance of assessing and managing malnutrition
has attracted much attention recently. In patients with end-
stage kidney disease (ESKD), musculoskeletal weakness
and osteoporosis frequently occurs related to poor nutri-
tional status.! Particularly, osteoporosis is accelerated by
chronic kidney disease-mineral bone disorder (CKD-
MBD).? Osteoporosis is characterized by low bone mass,
microarchitectural disruption, and skeletal fragility, all of
which result in decreased bone strength and increased risk
of fracture.® Indeed, the fracture incidence is significantly
higher in patients on dialysis than in predialysis patients,
resulting in increased mortality and reduced quality of life
(QOL).*?

Moreover, malnutrition causes protein-energy wasting
(PEW), which is the state of decreased body protein and
energy stores associated with nutritional metabolic de-
rangement.® Persistent PEW could lead to sarcopenia.’

Sarcopenia is characterized by muscle mass loss and lim-
ited exercise capacity and muscle function.® Hemodialysis
patients experience faster muscle loss and a decline in
physical capacity than healthy people.” These factors neg-
atively affect daily life and are associated with a higher
risk of falls.’ In ESKD patients, the frequency of sarcope-
nia is even greater because uremia-induced anorexia, aci-
dosis, anemia, and hormonal derangements inhibit
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muscle synthesis and accelerate muscle wasting.' Moreo-
ver, decreased muscle strength was found to be an inde-
pendent predictor of survival in hemodialysis patients.'!
Bones and muscles are not only adjacent but also chemi-
cally and metabolically related. Therefore, osteoporosis
and sarcopenia have common risk factors and biological
pathways and are both associated with significant physical
disability.'? The coexistence of these two diseases is asso-
ciated with a high risk of falls and fractures, hospitalization,
and poorer QOL.!?

The incidence of sarcopenia resulting from malnutrition
increases with age and is associated with physical inactiv-
ity and higher body fat percentages.!> These modifiable
risk factors are, in turn, associated with pathological pro-
cesses leading to cognitive impairment.!* Cognitive im-
pairment increases the risk of functional decline in older
hemodialysis patients.!> Furthermore, cognitive impair-
ment is an independent predictor of all-cause mortality in
maintenance hemodialysis patients.'®

The effects of the nutritional status of hemodialysis pa-
tients on osteoporosis, sarcopenia, and cognitive impair-
ment vary in different studies.!**!%17-1° To date, various
nutrition assessment tools have been developed, including
mini nutritional assessment short form, nutrition risk score,
malnutrition screening tool, and geriatric nutritional risk
index (GNRI).2° Of these diverse tools, GNRI is preferable
as it could be easily calculated from serum albumin, sex,
height, and body weight and has been validated as an ac-
curate nutrition assessment tool in previous studies.?%?!
GNRI has also been reported to predict all-cause and car-
diovascular mortality in ESKD patients.?? Therefore, we
used GNRI to assess nutritional status in hemodialysis pa-
tients. This study aimed to explore the association between
nutritional status and risks of osteoporosis, sarcopenia, and
cognitive impairment in hemodialysis patients.

METHODS

Study subjects

We recruited maintenance hemodialysis patients from
Maryknoll Medical center in Korea between September
and December 2018. Inclusion criteria were as follows: (1)
receiving hemodialysis three times a week, (2) maintaining
hemodialysis for at least 3 months, (3) willingness to par-
ticipate in the study. Patients aged <50 years and those hav-
ing infections and hemorrhages within 3 months of the
study period, malignant tumors, or chronic inflammatory
diseases were excluded, as were patients who did not un-
dergo assessment for osteoporosis, sarcopenia, or cogni-
tive impairment due to visual and/or hearing problem or
patient refusal. Demographic data were obtained from pa-
tient interviews and confirmed via medical records. This
study was conducted in accordance with the principles of
the World Medical Association Declaration of Helsinki
and was approved by the Institutional Review Board of
Maryknoll Medical Center (IRB number: MMC/2019-
293).

Nutritional status and inflammation

To assess nutritional status, we performed biochemical
analyses (serum albumin, HDL cholesterol, LDL choles-
terol, triglycerides, ferritin, f2-microglobulin, hemoglobin
Alc (HbAlc), high-sensitivity C-reactive protein (hs-

CRP), and intact parathyroid hormone (PTH]) and anthro-
pometric measurements (body mass index (BMI) and up-
per-arm circumference). Blood samples for biochemical
tests were collected immediately before a mid-week hemo-
dialysis session. BMI was calculated using the equation
BMI = weight / height? (kg/m?), and upper-arm circumfer-
ence was obtained by bioimpedance analysis (BIA) imme-
diately after a hemodialysis session. BIA was performed
using an S10 water body analyzer (InBody, Seoul, Korea).
Levels of hs-CRP were measured by a latex-enhanced im-
munonephelometric method using a BN II analyzer (Dade
Behring, Newark, DE, USA). GNRI was also calculated
according to the baseline serum albumin level, body
weight, and ideal body weight to assess nutritional status.
The ideal body weight was calculated from the Lorentz
equations (WLo), as follows:

For men: height — 100 — [(height — 150) / 4]

For women: height — 100 — [(height — 150) / 2.5]

GNRI was calculated as follows:

GNRI = [14.89 x albumin (g/dL) ] + [41.7 x (weight /

WLo)].

Using the calculated GNRI, we divided participants into
GNRI quartile groups and evaluated the associations of
GNRI quartiles with osteoporosis, sarcopenia, and cogni-
tive impairment.

Bone mineral density and osteoporosis

Bone mineral density (BMD) was measured by dual-en-
ergy X-ray absorptiometry (DXA) using a Discovery Wi
fan-beam densitometer (Hologic Inc., Bedford, MA, USA).
T-scores of left total femur, left femur neck, and lumbar
spine (L1-L5) bone densities were used. All scans and cal-
culations were performed by one radiologic technologist to
minimize variations in measurements. The T-score was
used to represent the absolute risk of fracture relative to the
bone density of the youngest age group with the highest
bone mass. According to the guidelines of the World
Health Organization, patients with a T-score below -2.5
standard deviations were classified as having osteoporosis,
while those with a T-score of -1.0 to -2.5 standard devia-
tions were classified as having osteopenia.

Parameters for sarcopenia

We measured muscle mass and strength of all the partici-
pants to diagnose sarcopenia. Appendicular muscle mass
index (ASM/h?), a widely used and well-validated param-
eter, was used to evaluate muscle mass.?* ASM/h? was cal-
culated by dividing the sum of the limb muscle mass by the
square of the height. If this value was <2 standard devia-
tions in the younger population, it was defined as a low
muscle mass index (<7.0 kg/m? in men and <5.4 kg/m? in
women).?* BIA, which has been recommended as a good
alternative to DXA by the European Working Group on
Sarcopenia in Older People,?> was used to measure quanti-
tative muscle mass. BIA has been validated in various pop-
ulations including old adults, Asians, Koreans, and hemo-
dialysis patients.2®?° Compared to DXA, BIA is easily ap-
plicable in clinical practice and relatively cheap and does
not pose a radiation hazard. To determine muscle strength,
we measured handgrip strength (HGS) using a digital grip
strength dynamometer (T.K.K. 5401; Takei Scientific In-
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struments Co., Ltd., Tokyo, Japan). HGS was measured af-
ter a dialysis session using the non-fistula arm of the sub-
ject and with the subject standing with both arms extended
sideways from the body with the dynamometer facing
away from the body. Three trials were performed with a
rest period of at least 1 min between trials, and the average
values were recorded.’® Low muscle strength was classi-
fied as an HGS value of <26 and <18 kg in men and women,
respectively. In this study, we adopted the Asian Working
Group for Sarcopenia (AWGS) criteria.?* Presarcopenia
was defined as having low muscle mass and normal muscle
strength, and sarcopenia as having low muscle mass and
low muscle strength.

Cognitive function

Several studies have reported that the Montreal Cognitive
Assessment (MoCA) can assess all cognitive domains and
is sensitive to cognitive abnormalities in patients with mild
cognitive impairment or dementia.>"*? In our study, the
Korean version of the Montreal Cognitive Assessment (K-
MoCA) was used to evaluate cognitive status. The MoCA
includes items to assess visuospatial and executive func-
tion (5 points), naming (3 points), memory (5 points), at-
tention (6 points), abstraction (2 points), language (3
points), and orientation (6 points). The difference between
the K-MoCA and the MoCA is that the K-MoCA presents
the naming part as lion, bat, and rhinoceros instead of lion,
rhinoceros, and camel. Data were obtained via interviews
with the patients. The K-MoCA scores range from 0 to 30,
and higher scores indicate better cognitive status. The most
widely accepted and frequently used cutoff score for the
K-MoCA is 23, with scores of <23 indicating mild cogni-
tive impairment.33

Statistical analysis

All analyses were performed using IBM SPSS (Version
25.0, IBM, NY, USA). Data are presented as the mean +
standard deviation for continuous variables and as propor-
tions for categorical variables. The continuous variables
were compared with one-way analysis of variance or Krus-
kal-Wallis test according to the result of the normality test.
For categorical variables, Pearson’s chi-squared test was
performed if the expected frequency was >5; otherwise,
Fisher’s exact test was performed. The GNRI quartile was
analyzed as a categorical variable with quartile 1 as a ref-
erence. Osteoporosis status was treated as categorical var-
iable with three categories (normal, osteopenia, and osteo-
porosis). Sarcopenia status and cognitive impairment were
treated as binary categorical variables (normal and abnor-
mal). Univariate and multivariate logistic regression anal-
yses were applied to evaluate the association between nu-
tritional status and osteoporosis status, sarcopenia status,
and cognitive impairment. For osteoporosis status, ordinal
logistic regression analysis was performed and the parallel
regression assumption was checked for the model coeffi-
cients. Variables in multivariate models were selected us-
ing stepwise backward selection. p values <0.05 were con-
sidered statistically significant.

RESULTS

Correlations of GNRI with osteoporosis, sarcopenia, and
cognitive impairment

This study included 131 hemodialysis patients whose mean
age was 66.2+10.5 years. Among them, 54.2% (n=71)
were men and 67.9% (n=89) had diabetes. Table 1 com-
pares the patient characteristics by GNRI quartile. The
quartile cutoffs were <96, 97-101, 102-107, and >108 from
quartile 1. The mean quartile GNRI values were 91.7+4.6,
99.241.5, 104.8+1.6, and 114.0+4.9 from quartile 1 to
quartile 4, respectively. Higher GNRI quartiles indicated a
better nutritional status. Compared with GNRI quartile 1,
quartile 4 was associated with higher femur T-scores and
lumbar spine T-scores as well as higher triglyceride,
HbAlc, albumin, BMI, upper-arm circumference, and
skeletal muscle mass index values. Higher GNRI quartiles
were also associated with a lower prevalence of osteopo-
rosis and sarcopenia. However, there were no differences
in sex, cause of ESKD, prevalence of diabetes, age, hemo-
dialysis duration, HGS, and cognitive status among the
quartiles. There were also no differences in hemoglobin,
LDL cholesterol, HDL cholesterol, f2-microglobulin, or
ferritin levels. As shown in Figure 1, higher quartiles of
GNRI showed less frequent osteoporosis and sarcopenia (p
value for trends=0.001 and 0.002, respectively). However,
no significant association was found between cognitive im-
pairment and GNRI quartiles (p value for trends=0.40).

Determinants of osteoporosis

Table 2 shows the baseline characteristics of participants
with osteopenia or osteoporosis. The percentages of pa-
tients with normal bone, osteopenia, and osteoporosis were
16.8% (n=22), 44.3% (n=58), and 38.9% (n=51), respec-
tively. Compared with the normal bone group, the osteo-
penia and osteoporosis groups had more female and older
patients. LDL cholesterol, HDL cholesterol, and intact
PTH levels were higher in osteopenia and osteoporosis pa-
tients. On the other hand, GNRI quartile, HGS, BMI, up-
per-arm circumference, skeletal muscle mass index, and
MoCA total score were lower in osteopenia and osteopo-
rosis patients. Of the GNRI quartile groups, quartile 4
showed a significant difference in osteoporosis status (p
value=0.002). Table 3 lists variables related to osteopenia
and osteoporosis incidence based on a univariate and mul-
tivariate logistic regression analysis considering subjects
with normal bone, osteopenia, and osteoporosis. In the uni-
variate model, female sex, age, duration of dialysis, and
LDL cholesterol, HDL cholesterol, and intact PTH levels
were positively correlated with osteopenia and osteoporo-
sis. Meanwhile, GNRI quartile 4, HGS, BMI, upper-arm
circumference, skeletal muscle mass index, and MoCA to-
tal score showed a significant negative correlation with os-
teopenia and osteoporosis. Multivariate logistic regression
analysis was adjusted for confounders, including age, sex,
body mass index, and diabetes. The longer the duration of
dialysis (OR 1.696, 95% CI 1.053-2.729) and the higher
the intact PTH level (OR 3.136, 95% CI 1.781-5.518), the
more frequent osteoporosis occurred.
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Table 1. Comparison of baseline characteristics among chronic hemodialysis patients stratified by GNRI quartile

Variables GNRI quartile 1 ~ GNRI quartile2 ~ GNRI quartile3 ~ GNRI quartile 4 p-value

(N=33) (N=35) (N=33) (N=30)

Sex, male, n (%) 21 (63.6) 16 (45.7) 17 (51.5) 17 (56.7) 0.508

Cause of ESKD, n (%) 0.723
Diabetic 17 (51.5) 25(71.4) 22 (66.7) 22 (73.3)

Hypertensive 2 (6.1) 0(0) 0(0) 1(3.3)
Glomerulonephritis 2 (6.1) 2(5.7) 3(9.1) 2(6.7)
PCKD 2(6.1) 2(5.7) 1(3) 0(0)
Other 2 (6.1) 2(5.7) 0 (0) 1(3.3)
Unknown 8 (24.2) 4(11.4) 7(21.2) 4(13.3)

Diabetes, n (%) 18 (54.5) 26 (74.3) 23 (69.7) 22 (73.3) 0.282

Age (years) 67.8+£10.7 67.6£9.64 65.7+11.1 63.4+10.7 0.329

Dialysis duration (months) 54.9+48.1 65.4+41.5 67.4+50.2 56.6+40.3 0.366

Femoral neck T-score -2.22+0.98 -2.11£1.21 -2.03+0.92 -1.27£1.45 0.005%1

Lumbar spine T-score -1.26+1.66 -1.45+1.56 -1.01+1.21 -0.2241.6 0.009%1

Hemoglobin (g/dL) 10.9+0.8 11.0+1.2 11.2£1.0 10.9+0.9 0.345

LDL-cholesterol (mg/dL) 84.0+£33.5 79.5+£23.8 81.3+£26.7 78.6+30.1 0.868

Triglyceride (mg/dL) 91+49 10354 127465 166197 0.031f

HDL-cholesterol (mg/dL) 53.3+17.2 50.7+18.5 48.0£16.6 44.8+14.1 0.107

B2-microglobulin (mg/L) 19.8+6.4 20.6+5.3 18.7+£5.9 19.2+£5.0 0.816

Serum ferritin (ug/L) 351+336 348+260 340+243 3524236 0.917

HbAlc 5.8+0.93 6.29+1.17 6.59+1.26 6.59+1.09 0.012%1

Hs-CRP 6.79+11.81 1.78+2.91 3.83+6.46 2.64+4.34 0.191

Intact PTH (pg/mL) 203+137 215+211 167+115 194+112 0.709

Albumin (g/dL) 3.61£0.33 3.87+0.24 4.03+0.25 4.21+0.28 <0.0017-%81

Handgrip strength (kg) 20.3+8.1 18.3+5.7 20.1£7.3 23.7+£9.0 0.099

Body mass index (kg/m?) 20.3+1.8 22.1+1.8 23.942.3 27.442.7 <0.001% % $1.1.8

Upper arm circumference (cm) 23.542.7 23.742.1 23.74+4.2 26.843.7 <0.001"% #

Appendicular muscle mass in- 7.14£1.43 7.18+1.11 7.3+1.05 8.35+1.33 <0.001 %% #

dex (kg/m?)

MoCA total score 23.2+£3.9 22.5¢4.3 22.244.7 21.9+£5.1 0.897
Visuospatial executive 4.06+1.06 3.49+1.36 3.79+1.32 3.43£1.55 0.284
Naming 2.91+0.29 2.86+0.43 2.64+0.78 2.87+0.35 0.282
Attention 5.27+1.18 4.94+1.06 4.91+1.23 4.87+1.61 0.328
Language 2.45+0.56 2.29+0.75 2.3+0.77 2.33+0.84 0.881
Abstraction 1.79+0.48 1.69+0.58 1.7+0.64 1.53+0.73 0.489
Delayed recall 1.09£1.35 1.6£1.5 1.36+£1.48 1.57£1.59 0.472
Orientation 5.61+0.79 5.63+0.6 5.52+0.62 5.33+0.84 0.298

Osteoporosis status, n (%) 0.007
Normal 30.1) 5(14.3) 30.1) 11 (36.7) 0.018
Osteopenia 14 (42.4) 11 (31.4) 20 (60.6) 13 (43.3) 0.113
Osteoporosis 16 (48.5) 19 (54.3) 10 (30.3) 6 (20) 0.016

Sarcopenia status, n (%) 0.018
Normal 24 (72.7) 31(88.6) 29 (87.9) 30 (100) 0.010
Presarcopenia 1(3) 2(5.7) 1(3) 0(0) 0.902
Sarcopenia 8(24.2) 2(5.7) 309.1) 0(0) 0.009

Cognitive impairment, n (%) 11(33.3) 14 (40) 15 (45.5) 14 (46.7) 0.687

GNRI: geriatric nutrition risk index; ESKD: end-stage kidney disease; PCKD: polycystic kidney disease; LDL: low-density lipoprotein
cholesterol; HDL: high-density lipoprotein cholesterol; hs-CRP: high-sensitivity C-reactive protein; intact PTH: intact parathyroid hor-
mone; MoCA total score: Montreal cognitive assessment total score.
All data are expressed as means+SD. Adjusted p-value was obtained using Bonferroni correction for three groups.
T Adjusted p< 0.05 GNRI 4 vs. GNRI 1. * Adjusted p<0.05 GNRI 3 vs. GNRI 1. ¥ Adjusted p<0.05 GNRI 2 vs. GNRI 1. T Adjusted p<0.05
GNRI 4 vs. GNRI 2. T Adjusted p<0.05 GNRI 3 vs. GNRI 2. ¥ Adjusted p<0.05 GNRI 4 vs. GNRI 3.

Determinants of sarcopenia
Among 131 patients, 4 (3.1%) and 13 (9.9%) patients were

diagnosed with presarcopenia and sarcopenia, respectively.

In Table 4, we compare normal, presarcopenia, and sarco-
penia according to the AWGS criteria to identify variables
associated with sarcopenia development. The GNRI quar-
tile, femoral neck T-score, lumbar spine T-score, BMI,
upper-arm circumference, and skeletal muscle mass index
were low in patients with sarcopenia. Furthermore, the
percentage of patients with diabetes and the rate of ESKD
due to diabetes were high in the normal group. Table 5

shows the variables associated with the development of
sarcopenia by univariate and multivariate logistic regres-
sion. In the univariate model, sarcopenia is associated with
diabetes, lower femoral neck and lumbar spine T-scores,
higher HDL levels, lower BMI, and shorter upper-arm cir-
cumference. Multivariate logistic regression analysis was
adjusted for sex, diabetes, age, and BMI. Patients from
GNRI quartile 2, relative to quartile 1, showed a lower
frequency of sarcopenia (OR 0.064, 95% CI 0.005-0.883).
Moreover, the higher the HBA1c level, the higher the in-
cidence of sarcopenia (OR 2.960, 95%CI 1.033-8.486).
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Figure 1. Distributions of sarcopenia status (normal and presarcopenia), osteoporosis status (normal, osteopenia, and osteoporosis), and
cognitive impairment (normal function and cognitive impairment) are plotted by Geriatric Nutrition Risk Index (GNRI) quartile. The lower
the GNRI quartile, the higher the incidence of osteopenia and osteoporosis (p=0.007). The incidence of presarcopenia also increased as the
GNRI quartile decreased (p=0.018). In the case of cognitive impairment, the frequency of occurrence increased with increasing GNRI
quartile. However, no statistical difference was found (p=0.687).

Table 2. Bascline characteristics of participants with osteopenia or osteoporosis

Variables Normal Osteopenia Osteoporosis p-value
(N=22, 16.8%) (N=58, 44.3%) (N=51, 38.9%)

Sex, male, n (%) 18 (81.8) 43 (74.1) 10 (19.6) <0.001%f
Cause of ESKD, n (%) 0.113

Diabetic 15 (68.2) 40 (69) 31 (60.8)

Hypertensive 0(0) 3(5.2) 0(0)

Glomerulonephritis 3(13.6) 2(34) 4(7.8)

PCKD 1 (4.5) 1 (1.7) 3(5.9)

Other 0(0) 0(0) 5(9.8)

Unknown 3(13.6) 12 (20.7) 8 (15.7)
Diabetes, n (%) 15 (68.2) 43 (74.1) 31 (60.8) 0.329
GNRI stage, n (%) 0.004

Ql 3(13.6) 14 (24.1) 16 (31.4) 0.269

Q2 5(22.7) 11(19) 19 (37.3) 0.088

Q3 3(13.6) 20 (34.5) 10 (19.6) 0.080

Q4 11 (50) 13 (22.4) 6(11.8) 0.002f
Age (years) 60.6+11.3 66.2+11.2 68.6+8.5 0.0317
Dialysis duration (months) 47.9432.5 57.4433.6 71.4+57.9 0.320
Hemoglobin (g/dL) 11.0+1.0 11.1+0.9 10.9+1.1 0.880
LDL-cholesterol (mg/dL) 82.4+27.7 71.8+23.8 90.6+30.6 0.0057
Triglyceride (mg/dL) 126+118 128+138 109+55.5 0.903
HDL-cholesterol (mg/dL) 43.6+15.0 46.5+15.1 55.0+18.1 0.004"¢
32-microglobulin (mg/L) 19.6+4.8 19.5+6.0 19.7+5.7 0.947
Serum ferritin (pg/L) 358+176 3294238 365+332 0.490
HbAlc 6.3£1.08 6.44+1.18 6.17+1.16 0.464
Hs-CRP 5.71£11.62 3.25+5.92 3.48+6.59 0.340
Intact PTH (pg/mL) 145+88 172+121 246+186 0.038"¢
Albumin (g/dL) 4.02+0.35 3.94+0.32 3.86+0.38 0.348
Handgrip strength (kg) 25.3+8.2 22.447.2 16.3+5.8 <0.001%%
Body mass index (kg/m?) 2543.57 23.643.4 22.342.9 0.0057
Upper arm circumference (cm) 26.142.4 24.8+4.4 23.142.0 <0.001%%
Appendicular muscle mass index 8.52+1.42 7.79£1.06 6.65+1.03 <0.001%%*%
(kg/m?)
MoCA total score 24.4+4.3 22.7+4.4 21.4+4.4 0.0097

GNRI: geriatric nutrition risk index; ESKD: end-stage kidney disease; PCKD: polycystic kidney disease; LDL: low-density lipoprotein
cholesterol; HDL: high-density lipoprotein cholesterol; hs-CRP: high-sensitivity C-reactive protein; intact PTH: intact parathyroid
hormone; MoCA total score: Montreal cognitive assessment total score.

All data are expressed as means+SD. Adjusted p-value was obtained using Bonferroni correction for three groups

 Adjusted p<0.05 osteoporosis vs. normal. ¥ Adjusted p<0.05 osteopenia vs. normal. § Adjusted p<0.05 osteoporosis vs. osteopenia.
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Table 3. Factors associated with osteopenia or osteoporosis in unadjusted and adjusted logistic models

Variables Unadjusted model Adjusted model

OR (95% CI) p-value OR (95% CI) p-value
Sex, male 0.096" (0.044, 0.210) <0.001 0.060 (0.022, 0.163) <0.001
Diabetes 0.676 (0.337, 1.356) 0.270 1.707 (0.703, 4.154) 0.238
GNRI

Ql Reference

Q2 1.107 (0.442, 2.769) 0.828 - -

Q3 0.578 (0.230, 1.454) 0.244 - -

Q4 0.213 (0.080, 0.566) 0.002 - -
Age (years) 1.573" (1.126, 2.197) 0.024 1.826 (1.185, 2.812) 0.006
Dialysis duration (months) 1.503" (1.056, 2.138) <0.001 1.696" (1.053, 2.727) 0.030
Hemoglobin (g/dL) 0.899 (0.650, 1.245) 0.523 - -
LDL-cholesterol (mg/dL) 1.494" (1.063, 2.098) 0.021 1.220 (0.795, 1.872) 0.362
Triglyceride (mg/dL) 0.887 (0.642, 1.225) 0.466 - -
HDL-cholesterol (mg/dL) 1.761% (1.223, 2.536) 0.002 - -
2-microglobulin (mg/L) 1.024 (0.741, 1.414) 0.888 - -
Serum ferritin (ug/L) 1.061 (0.767, 1.467) 0.723 - -
HbAlc 0.878 (0.635, 1.214) 0.432 - -
Hs-CRP 0.853 (0.617, 1.178) 0.335 - -
Intact PTH (pg/mL) 1.755" (1.203, 2.560) 0.004 3.136" (1.781, 5.518) <0.001
Albumin (g/dL) 0.733 (0.525, 1.024) 0.068 - -
Handgrip strength (kg) 0.377* (0.255, 0.556) <0.001 - -
Body mass index (kg/m?) 0.576" (0.410, 0.810) 0.002 0.347 (0.218, 0.553) <0.001
Upper arm circumference (cm) 0.499" (0.320, 0.777) 0.002 - -
Appendicular muscle mass index 0.275* (0.178, 0.423) <0.001 - -
(kg/m?)

MoCA total score 0.624" (0.444, 0.877) 0.007 0.705 (0.447, 1.111) 0.132

GNRI: geriatric nutrition risk index; LDL: low-density lipoprotein cholesterol; HDL: high-density lipoprotein cholesterol; hs-CRP: high-

sensitivity C-reactive protein; intact PTH: intact parathyroid hormone; MoCA total score: Montreal cognitive assessment total score.

Model was adjusted for age: sex: body mass index: and diabetes.
*p<0.05.

Determinants of cognitive impairment

Table 6 compares normal patients without cognitive im-
pairment (58.8%, n=77) with those with cognitive impair-
ment (41.2%, n=54). Cognitive impairment was more
common in females and older people. Patients with cogni-
tive impairment had low femoral neck T-score, HGS, and
skeletal muscle mass index; however, BMI was higher in
these patients. Table 7 shows the variables associated with
cognitive impairment by logistic regression. In the univari-
ate model, cognitive impairment was positively correlated
with the female sex, old age, and BMI but negatively cor-
related with femoral neck T-score, HGS, and skeletal mus-
cle mass index. In the multivariate logistic regression ad-
justed for confounders (age, sex, body mass index, and di-
abetes), lower hemoglobin levels were associated with a
higher incidence of cognitive impairment (OR 0.585, CI
0.360-0.950). A forest plot of variables affecting osteopo-
rosis, sarcopenia, and cognitive status after multiple lo-
gistic regression is shown in Figure 2.

DISCUSSION

Hemodialysis patients are older and susceptible to malnu-
trition.>* The clinical, social, and economic problems that
occur with age cause malnutrition, decreased muscle mass,
and increased redistribution of total body fat.>> PEW oc-
curs due to increased catabolism caused by reduced food
intake, dialysis treatment, comorbid conditions associated
with aging, and chronic kidney disease (CKD).>® Therefore,
it is important to identify PEW, sarcopenia, and frailty
when planning appropriate therapeutic interventions for
hemodialysis patients.’” There are several guidelines for

assessing nutrition in hemodialysis patients. The National
Kidney Foundation Kidney Disease Outcomes Quality In-
itiative (NKF KDOQI) proposes different measures for
monitoring nutritional status such as predialysis serum al-
bumin levels, normalized protein equivalent of nitrogen
appearance (nPNA), and subjective global assessment
(SGA).?® The European Best Practice Guidelines (EBPG)
on nutrition emphasize the diagnosis of malnutrition
through dietary assessment, SGA, technical investigations
of body composition (BIA, DXA, near-infrared reactance),
and measurement of BMI, nPNA, serum albumin, serum
prealbumin, serum cholesterol.* The International Society
of Renal Nutrition and Metabolism (ISRNM) defines PEW
as a condition that meets three of the following four com-
ponents: serum chemistry, body mass, muscle mass, and
dietary intake.® In this study, we assessed nutritional status
by measuring body composition, upper-arm circumference,
albumin, cholesterol, and BMI. We also evaluated the he-
moglobin, B2-microglobulin, ferritin, HbAlc, and CRP
levels, which are known to reflect nutritional status.*
Among these indicators, the GNRI was developed and val-
idated to assesses the risk of malnutrition-related compli-
cations in the older adults.?* Recently, GNRI has been used
to evaluate various complications in hemodialysis pa-
tients.!1>22 The lower GNRI is related to a higher inci-
dence of osteoporosisl, which was consistent with our
study. We also found that sarcopenia in hemodialysis pa-
tients was associated with a lower GNRI. However, there
Were no significant associations between cognitive im-
pairment and GNRI.

Osteoporosis is one of the important complications in
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Table 4. Bascline characteristics of participants with or without sarcopenia

Variables Normal (N=114) Presarcopenia + Sarcopenia (N=17)  p-value
Sex, male, n (%) 65 (57) 6 (35.3) 0.094
Cause of ESKD, n (%) 0.013

Diabetic 80(70.2) 6(35.3)

Hypertensive 3(2.6) 0(0)

Glomerulonephritis 6(5.3) 3(17.6)

PCKD 544 0 (0)

Other 3(2.6) 2(11.8)

Unknown 17 (14.9) 6 (35.3)
Diabetes, n (%) 83 (72.8) 6(35.3) 0.002
GNRI, n (%) 0.010

Ql 24 (21.1) 9(52.9) 0.013

Q2 31(27.2) 4(23.5) 1.000

Q3 29 (25.4) 4(23.5) 1.000

Q4 30(26.3) 0(0) 0.012
Age (years) 65.5£10.5 71.0£9.7 0.066
Dialysis duration (months) 61.1+45.8 62.4+41.4 0.797
Femoral neck T-score -1.83+1.21 -2.59+0.87 0.008
Lumbar spine T-score -0.86+1.52 -1.99+1.55 0.005
Hemoglobin (g/dL) 11.0+1.0 11.1+0.7 0.569
LDL-cholesterol (mg/dL) 79.5£27.2 90.3+£35.2 0.279
Triglyceride (mg/dL) 123£115 103£55 0.740
HDL-cholesterol (mg/dL) 47.9+15.2 58.6+24.1 0.069
32-microglobulin (mg/L) 19.4+5.4 21.0£7.2 0.755
Serum ferritin (pg/L) 3504247 3334397 0.220
HbAlc 6.37€1.17 5.92+0.97 0.109
Hs-CRP 3.55+6.86 5.15+10.45 0.201
Intact PTH (pg/mL) 189+137 2474221 0.485
Albumin (g/dL) 3.94+0.36 3.84+0.28 0.281
Body mass index (kg/m?) 23.7£3.3 21.0£2.9 0.002
Upper arm circumference (cm) 24.7£3.5 22.1£2.0 <0.001
Appendicular muscle mass index (kg/m?) 7.73£1.17 5.69+0.74 <0.001
MoCA total score 22.6+4.5 21.8+4.1 0.327

GNRI: geriatric nutrition risk index; ESKD: end-stage kidney disease; PCKD: polycystic kidney disease; LDL: low-density lipoprotein
cholesterol; HDL: high-density lipoprotein cholesterol; hs-CRP: high-sensitivity C-reactive protein; intact PTH: intact parathyroid

hormone; MoCA total score: Montreal cognitive assessment total score.

All data are expressed as means+SD.

hemodialysis patients.? In this study, long durations of di-
alysis and high intact PTH levels as nutritional indicators
were associated with osteoporosis. These results are in line
with those of the second phase of the Dialysis Outcomes
and Practice Patterns Study (2002-2004), which showed
that PTH levels are associated with an elevated risk of new
fractures over long durations of dialysis.” CKD-MBD
could contribute to the worsening of osteoporosis with
PTH levels increasing.*! The relationship between intact
PTH level and nutritional status remains unclear, but a
close association between muscle strength and nutrition
has been suggested. Wright et al. explained that a higher
intact PTH level increases the intermuscular adipose tissue
of the forearm and calf.*> An increased amount of inter-
muscular adipose tissue causes poor muscle strength;*
thus, appropriate management of hyperparathyroidism
might help prevent bone fracture and sarcopenia. In addi-
tion, a long duration of hemodialysis is associated with
PEW, B2-microglobulin amyloidosis, and chronic uremic
osteodystrophy, contributing to osteoporosis and related
musculoskeletal symptoms.*4+°

Sarcopenia, defined as the loss of muscle mass and mus-
cle strength, is associated with various medical condi-
tions.?>*¢ The incidence of sarcopenia in hemodialysis pa-
tients varies widely from 3.9% to 63.3%.%” One of the ma-

jor risk factors for sarcopenia is malnutrition, which is af-
fected by the duration of dialysis, diabetes, and phosphorus
intake.18 In this study, the high incidence of sarcopenia
was associated with high HbA1c levels. Insulin resistance
in diabetes is associated with increased uremic myopathy
and increased muscle protein degradation.*® Therefore,
careful glucose control might be beneficial for preventing
muscle wasting in diabetic patients on hemodialysis. In our
study, a higher GNRI quartile was associated with a lower
frequency of sarcopenia, which is consistent with the find-
ings of Tominaga et al., who suggested that increasing the
GNRI improves the lean mass index.'?

Sarcopenia is also closely linked to osteoporosis; when
osteoporotic fractures occur, physical activity decreases,
which may raise the risk of sarcopenia.'® Indeed, muscle-
volume preservation is important for maintaining BMD.’
Usually, patients with long durations of dialysis are more
likely to have sarcopenia, which affects bone health.*

Although marginally significant in the multivariate anal-
ysis, the lumbar spine T-score was negatively correlated
with sarcopenia status. Moreover, the lower upper-arm cir-
cumference was related to poor nutritional status. There-
fore, to prevent sarcopenia, it is essential to maintain
proper nutritional status, perform physical exercise, and
undergo therapies with anabolic hormones, anti-inflamma-
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Table 5. Factors associated with (pre)sarcopenia in unadjusted and adjusted logistic models

Variables Unadjusted model Adjusted model
OR (95% CI) p-value OR (95% CI) p-value

Sex, male 0.411 (0.142, 1.189) 0.101 0.557 (0.105, 2.964) 0.493
Diabetes 0.204" (0.069, 0.598) 0.004 0.052 (0.006, 0.428) 0.006
GNRI

Q1 Reference Reference

Q2 0.344 (0.094, 1.253) 0.106 0.064" (0.005, 0.883) 0.040

Q3 0.368 (0.101, 1.344) 0.130 0.037 (0.001, 1.333) 0.071

Q4 - - -
Age (years) 1.824 (0.996, 3.342) 0.051 2.346 (1.011, 5.448) 0.047
Dialysis duration (months) 1.028 (0.621, 1.701) 0.913 - -
Femoral neck T-score 0.461" (0.247, 0.861) 0.015 - -
Lumbar spine T-score 0.452" (0.252, 0.810) 0.007 0.431 (0.162, 1.151) 0.093
Hemoglobin (g/dL) 1.156 (0.679, 1.967) 0.592 - -
LDL-cholesterol (mg/dL) 1.419 (0.882, 2.281) 0.148 - -
Triglyceride (mg/dL) 0.732 (0.310, 1.731) 0.478 - -
HDL-cholesterol (mg/dL) 1.740" (1.083, 2.794) 0.022 - -
2-microglobulin (mg/L) 1.303 (0.800, 2.122) 0.287 - -
Serum ferritin (ug/L) 0.932 (0.541, 1.604) 0.800 - -
HbAlc 0.642 (0.360, 1.146) 0.134 2.960" (1.033, 8.486) 0.043
Hs-CRP 1.189 (0.785, 1.801) 0.413 - -
Intact PTH (pg/mL) 1.387(0.891, 2.157) 0.146 - -
Albumin (g/dL) 0.772 (0.472, 1.263) 0.303 3.728 (0.875, 15.888) 0.075
Body mass index (kg/m?) 0.335" (0.159, 0.704) 0.003 1.355(0.255, 7.194) 0.721
Upper arm circumference (cm) 0.441* (0.212, 0.918) 0.028 0.540 (0.275, 1.059) 0.073
MoCA total score 0.849 (0.516, 1.397) 0.520 - -

GNRI: geriatric nutrition risk index; LDL: low-density lipoprotein cholesterol; HDL: high-density lipoprotein cholesterol; hs-CRP: high-
sensitivity C-reactive protein; intact PTH: intact parathyroid hormone; MoCA total score: Montreal cognitive assessment total score.

"Model was adjusted for age, sex, body mass index, and diabetes
*p<0.05.

tory agents, and appetite stimulants.>

Cognitive impairment is common in hemodialysis pa-
tients.!” Cognitive impairment negatively affects patient
independence and medication compliance and causes be-
havioral symptoms.>! Cognitive impairment shows differ-
ent phenotypes depending on the underlying disease.
Therefore, mild cognitive impairment can be distinguished
between CKD patients and the general population.®? The
well-known causes of cognitive impairment in patients
with CKD include the metabolic milieu of chronic inflam-
mation, oxidative stress, uremia, and systemic vascular en-
dothelial dysfunction.*>** In particular, ESKD patients also
have several other contributors of dialysis-related cogni-
tive dysfunction, including volume and electrolyte fluctu-
ation, cerebral edema, cerebral hypoperfusion, intradi-
alytic hypotension, excessive cytokine release, microem-
bolism, and delirium.>>* There was no significant associ-
ation between cognitive impairment and GNRI in our
study, but anemia was significantly related to cognitive im-
pairment. Marsh et al. also found better attention and ex-
ecutive function in ESKD patients with improved ane-
mia.’” The cutoff value of hemoglobin for preventing cog-
nitive impairment is unknown. When we classified the pa-
tients with and without cognitive impairment, the mean he-
moglobin level was 10.8+1.1 versus 11.1+0.8 g/dL. This
finding was similar to the cognitive impairment cutoff cri-
terion (haemoglobin <11 g/dL) in a study involving 338
ESKD patients.'® The major causes of anemia in ESKD pa-
tients are poor erythropoietin production, lack of iron, and
malnutrition.® Thus, to control anemia, erythropoietin-
stimulating agents and iron supplements, as well as dictary
control, are important. In this study, HGS and skeletal

muscle mass index were lower in patients with cognitive
impairment. Low muscle mass and strength could be re-
covered by exercise;’! physical activity in hemodialysis
patients also improves the vascular function by lowering
systemic inflammation, oxidative stress, and arterial stiff-
ness.” In addition, exercise promotes blood pressure, lipid,
and glucose control. Through these pleiotropic effects,
QOL and physical function can also be improved, and
frailty risk can be reduced.®

This study has several limitations. First, we did not in-
clude all known nutritional variables because some bio-
chemical tests related to nutritional status are expensive,
poorly validated, or not available in the facility.** However,
our study included representative variables that reflect the
nutritional status of hemodialysis patients. Second, we de-
fined sarcopenia based on muscle mass and muscle
strength. The physical performance of the participants was
not measured in our study. Nevertheless, there are studies
defining sarcopenia without measuring physical perfor-
mance."!° Furthermore, recently updated sarcopenia defi-
nition proposed by the European working group on sarco-
penia in older people (most widely cited definition) was
based on low muscle strength and muscle quantity or qual-
ity.®! Low physical performance is only used to define se-
vere sarcopenia. Third, this is a single-center study with a
small number of patients, so selection bias could have oc-
curred; therefore, a larger multicenter study is recom-
mended. Moreover, this study has a cross-sectional design;
thus, longitudinal studies are required to assess the changes
in the variables that are found to be significant. Fourth, we
did not have data on educational and financial status and
treatment with drugs to prevent dementia, which are
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Table 6. Baseline characteristics of participants with cognitive impairment

Variables Normal (N=77) Cognitive impairment (N=54) p-value
Sex, male, n (%) 51 (66.2) 20 (37) 0.001
Cause of ESKD, n (%) 0.704

Diabetic 49 (63.6) 37 (68.5)

Hypertensive 1(1.3) 23.7)

Glomerulonephritis 6 (7.8) 3 (5.6)

PCKD 4(5.2) 1(1.9)

Other 2(2.6) 3(5.6)

Unknown 15 (19.5) 8 (14.8)
Diabetes, n (%) 51 (66.2) 38(70.4) 0.618
GNRI, n (%) 0.687

Ql 22 (28.6) 11(20.4) 0.390

Q2 21(27.3) 14 (25.9) 1.000

Q3 18 (23.4) 15(27.8) 0.714

Q4 16 (20.8) 14 (25.9) 0.632
Age (years) 62.9£9.9 71.0£9.6 <0.001
Dialysis duration (months) 56.5+41.6 68.0+49.2 0.119
Femoral neck T-score -1.73+1.15 -2.21x1.22 0.023
Lumbar spine T-score -0.87+1.65 -1.22+1.44 0.209
Hemoglobin (g/dL) 11.1+0.8 10.8+1.1 0.323
LDL-cholesterol (mg/dL) 79.0£26.3 83.7+31.3 0.647
Triglyceride (mg/dL) 119+122 123+£89 0.300
HDL-cholesterol (mg/dL) 48.8+17.4 50.0£16.2 0.665
32-microglobulin (mg/L) 20.1£6.3 18.9+4.6 0.252
Serum ferritin (pg/L) 3424227 3574322 0.640
HbAlc 6.23£1.12 6.44+1.2 0.278
Hs-CRP 3.57+7.84 4.01£6.78 0.662
Intact PTH (pg/mL) 211+155 175+142 0.214
Albumin (g/dL) 3.94+0.38 3.89+0.31 0.322
Handgrip strength (kg) 22.6+8.0 17.5+6.2 <0.001
Body mass index (kg/m?) 22.843.3 24.0£3.3 0.042
Upper arm circumference (cm) 24.443.6 24.4+3.4 0.126
Appendicular muscle mass index (kg/m?) 7.66£1.36 7.19+1.21 0.042

GNRI: geriatric nutrition risk index; ESKD: end-stage kidney disease; PCKD: polycystic kidney disease; LDL: low-density lipoprotein
cholesterol; HDL: high-density lipoprotein cholesterol; hs-CRP: high-sensitivity C-reactive protein; intact PTH: intact parathyroid

hormone; MoCA total score: Montreal cognitive assessment total score.

All data expressed as means£SD.

commonly investigated in other studies. Nevertheless, our
study has many strengths. First, unlike previous Asian
studies, which applied European guidelines, we considered
our study to have adopted more appropriate guidelines as
we diagnosed sarcopenia using Asian guidelines. Second,
we were able to comprehensively understand the compli-
cations caused by malnutrition by using an organic ap-
proach to exploring osteoporo-

sis, sarcopenia, and cognitive impairment, all of which can
occur as a complication of malnutrition in hemodialysis
patients.

Conclusions

Hemodialysis patients are more common among the older
adults. Both old age and long-term hemodialysis can lead
to malnutrition, either on its own or indirectly as a result of
related factors. This study revealed that inadequate nutri-
tion was associated with the risk of osteoporosis and sar-
copenia, but not cognitive impairment in hemodialysis pa-
tients. These comorbidities might diminish QOL and in-
crease mortality. It is, therefore, important to understand
the nutritional status of aging hemodialysis patients as well
as to maintain proper nutrition in these patients. Further re-
search is needed to improve the screening, assessment,
maintenance, and improvement of nutritional status in he-
modialysis patients.
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Figure 2. Factors associated with osteoporosis, sarcopenia, and cognitive impairment. Independent risk factors were evaluated using
multivariate logistic regression analysis with stepwise backward selection. The independent risk factors were as follows: for osteoporosis,
dialysis duration and intact parathyroid hormone (PTH); for sarcopenia, Geriatric Nutrition Risk Index (GNRI) quartile 2 vs. quartile 1 and
hemoglobin Alc (HbAlc) level; for cognitive impairment, hemoglobin level. MoCA: Montreal Cognitive Assessment.
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