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2Department of Nephrology, Dongguan Tungwah Hospital, Guangdong, China, 3Department of Clinical
Nutrition, Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University, Guangzhou, China, 4Department of
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Background: Nutrients are crucial for dialysis patients, especially elderly patients.
Nutrition-related complications in dialysis patients are often closely related to
cardiovascular aging. However, we know little about the effect of different
nutrients on the commonly used outcome predictor, health-related quality of
life (HRQOL). Therefore, this study investigated the associations between
different nutrients and HRQOL among dialysis patients.
Methods: A cross-sectional study was conducted on 123 dialysis adults at
multiple dialysis centers. The Short Form-36 Health Survey (SF-36) assesses
HRQOL. Modified quantitative subjective global assessment (MQSGA)
evaluates nutritional status. A 3-day dietary record evaluated nutrient intakes.
Results: Among the 123 participants, 79 received hemodialysis (HD), and 44
were on peritoneal dialysis (PD). Patients with PD had a higher SF-36 score
than HD (525 ± 136 vs. 375 ± 179, P < 0.001). A negative association between
nutrition status and HRQOL was observed in HD (regression coefficient
β=−17.4, P < 0.001) but not in PD (β=−12.3, P=0.07). For HD patients, the
nutrition status was negatively correlated with intakes of carbohydrates, fiber,
selenium, copper, and Manganese (β=−0.02, P=0.032; β=−0.3, P= 0.031;
β=−0.1, P=0.006; β=−2.3, P= 0.025; β=−1.3, P= 0.003, respectively). Their
HRQOL was positively associated with calories, fat, niacin, and vitamin E (β=2.19,
P=0.035; β=2.4, P=0.043; β=8.5, P=0.044; β=6.9, P=0.017, respectively).
Conversely, for patients with PD, only vitamin B2 was found to be adversely
correlated with their nutritional status (β=−5.2, P=0.037), and increased intakes
of vitamin A, vitamin C and fiber (β=0.1, P=0.031; β=0.8, P=0.028; β= 15.8,
P=0.045, respectively) were associated with a better HRQOL.
Conclusions: The nutritional intake of PD patients and HD patients affects their
quality of life differently. Macronutrients significantly impact HRQOL in HD
patients, while vitamins have a more substantial impact on PD patients.

KEYWORDS

nutrient, malnutrition, quality of life, hemodialysis, peritoneal dialysis

Introduction

Approximately 10% of the population worldwide suffers from chronic kidney diseases,

and nearly 3 million are receiving maintenance dialysis (1). Though life-saving, dialysis is a

time-consuming and rigorous process that affects patients’ lives in almost all aspects, either

physically or psychosocially (2). Among maintenance dialysis patients with stage 3–5
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CKD, the incidence of malnutrition, such as hyperphosphatemia,

protein-energy malnutrition, and water and sodium balance

disorders, is as high as 28%–54% (3). These complications are

closely related to mitochondrial function and cardiovascular

health. Studies have shown that protein-energy malnutrition

increases the risk of major cardiovascular events (4), and vitamin

C also affects regulating oxidative stress and mitochondrial

function (5). Therefore, the nutritional status of dialysis patients

requires additional attention.

Dietary intake is paramount to patients with chronic kidney

disease (CKD) (6, 7). Inappropriate nutrient intakes might

accelerate disease progression, increasing the risk of malnutrition

and frailty and negatively impacting patients’ quality of life (8).

Besides, as with deteriorating renal function, the ability to

remove waste products is compromised, and hence, dynamic

change of the nutrient recommendations should be considered at

different stages of kidney disease (9). Hemodialysis (HD) and

Peritoneal dialysis (PD) are technically two types of renal

replacement therapy; thus, nutrient loss or requirement might

vary between these two modalities. Further, emerging evidence

has suggested that the effect of nutrient intake differs in patients

treated with different types of dialysis. As shown in our previous

studies and other teamwork, the relationships of specific

nutrients to nutritional status were distinctive in HD and PD

patients (10–12).

Multiple studies have shown that the health-related quality of

life (HRQOL) of patients treated with maintenance dialysis is

markedly impaired compared with the general population (13, 14).

HRQOL is a multidimensional concept usually evaluated by the

Short Form-36 Health Survey (SF-36). This subjectively perceived

HRQOL has been considered a predictor of more objective

outcomes such as prospective hospitalization and mortality (15).

However, whether the effect of nutrient intake differs across

different dialytic modes and how they would influence the

quality of life in dialysis patients remains understudied.

Therefore, the purpose of our study was to (1) test the effects of

dialytic modalities and nutritional status on patients’ quality of

life; (2) determine the relations of different nutrients to

nutritional status in patients with HD and PD; (3) most

importantly, investigate the associations between different

nutrient intakes and quality of life in patients treated with

different types of dialysis.
Materials and methods

Participants

This cross-sectional study included patients undergoing

dialysis at four dialysis centers in South China (Kiang Wu

Hospital; the Affiliated Hospital of School of Chinese Medicine,

the University of Hong Kong; Tungwah Hospital of Sun Yat-Sen

University, Dongguan and Hemodialysis Center, the First

Affiliated Hospital of Guangdong Hospital University of

Pharmacy, Guangzhou) during January 1, 2012 and September

30, 2019. Participants were randomly selected according to the
Frontiers in Cardiovascular Medicine 02
following criteria: (1) aged above 18 years old, (2) diagnosis of

end-stage renal disease (ESRD), (3) receiving maintenance

dialysis for at least three months, and (4) volunteer participation.

Patients were excluded if they were seriously infected,

hospitalized one month before data collection, unable to

understand or complete the SF-36 survey and finish the 3-day

dietary records, or suffering from active malignancies with

shorter than six months of life expectancy. The study protocol

conformed to the ethical guidelines of the 1975 Declaration of

Helsinki and was approved by the Ethics Committee of Sun

Yat-sen University. Written informed consent was obtained from

each patient.
Anthropometric and nutrient intake
assessment

Weight, height, waist circumference, mid-upper arm

circumference and triceps skin fold thickness were measured

using techniques described more detailedly in our previous study

(11, 12). Body mass index was calculated as body weight divided

by height squared. Dietary intake was recalled for hemodialysis

patients over the last hemodialysis treatment day of the week

and the two subsequent non-dialysis days. The nutrient intakes

were evaluated for peritoneal dialysis patients for three

consecutive days. Patients recorded the intake of each food and

the number of meals (such as breakfast, lunch, dinner and

snacks) per day in a food diary to determine dietary intake. The

dietitians then verified the food records and quantified the

nutrients via the Minnesota Nutrient Data System software

(version 2005; Nutrition Coordinating Center, Minneapolis,

Minn, USA) and Dietwin® Nutrition software (version 8.0).
Nutritional assessment

Nutritional status was performed by a trained nutritionist using

the modified quantitative subjective global assessment (MQSGA).

MQSGA consists of 7 questions, including weight change during

the past six months, dietary intake, gastrointestinal symptoms,

functional capacity, and co-morbidities. Physical examination

assessed loss of subcutaneous fat, muscle wasting, and nutrition-

associated alterations in fluid balance, edema or ascites. Each

component was rated on a scale of 1 (normal) to 5 (very severe).

The sum of all MQSGA components ranges from 7 to 35. A

higher total score reflects a more severe degree of malnutrition.

The current study classified nutritional status as normal or

malnutrition based on the cutoff value 14. An MQSGA score

below 14 was considered normal nutrition, while above 14 was

malnutrition (16, 17).
Health-related quality of life assessment

Health-related quality of life was measured using the SF-36

survey. This survey has been used in various countries on dialysis
frontiersin.org
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patients and is valid and reliable (18, 19). The SF-36 survey includes

one multi-item scale that assesses eight health concepts: physical

functioning (PF), role physical functioning (RP), bodily pain (BP),

general health (GH), vitality (VT), social functioning (SF), role

emotional functioning (RE), and mental health (MH). Scores were

assembled using the Likert method for summated ratings; raw

scores were linearly transformed into 0–100 scales, with 0 and 100

assigned to the lowest and highest possible values, respectively;

higher scores indicated a better outcome (19). A summary of total

SF-36 scoring was calculated for all participants. Health

Questionnaires were completed with the aid of study personnel if

these participants had difficulty with self-administration.
FIGURE 1

Scatter plots of SF-36 scores for patients receiving hemodialysis and
peritoneal dialysis. HD, hemodialysis; PD, peritoneal dialysis.
Statistic methods

Data were presented as mean ± standard deviation or

percentages, as appropriate. Differences between continuous

variables were assessed using a student’s t-test. The chi-square

test or Fisher’s test compared categorical variables among groups.

The relationships between dialysis modality and SF-36 score,

MQSGA score and SF-36 score were determined by linear

regression models, either in adjusted (age, gender, body mass

index, total calorie, protein, carbohydrate, and fat consumption)

or non-adjusted models. Additionally, subgroup analyses were

performed based on age (< or ≥60 years old), nutritional status

(normal nutrition or malnutrition), or different dialytic modality

(hemodialysis or peritoneal dialysis).

On analyzing the relationship between nutrient intakes and

nutritional status, as well as different facets of patients’ HRQOL,

univariate linear regression analysis was performed separately in

HD and PD subgroups. Since multiple nutrients were analyzed,

we tried to find whether there was a moderation or interaction

effect between different nutrient intakes on the same aspects of

HRQOL. An interaction product was produced in the

moderation model, and its role in the regression model was

tested (20). A standardized coefficient was used due to

inconsistent units of different variables.

The results were reported as regression coefficient (β) and 95%

confidence interval (95% CI). All p-values were 2-sided, and a value

at p < 0.05 was considered statistically significant. All analyses were

performed using Empower(R) (www.empowerstats.com, X&Y

Solutions, Inc., Boston, MA) and R (http://www.R-project.org).
FIGURE 2

Bar chart of the SF-36 subscale score in hemodialysis and peritoneal
dialysis subgroup. The PF, SF, RE and MH subscale scores were
significantly higher in peritoneal dialysis than in the hemodialysis
subgroup. PF, physical functioning; RP, role-physical functioning;
BP, bodily pain; GH, general health; VT, vitality; SF, social
functioning; RE, role-emotional functioning; MH, mental health;
HD, hemodialysis; PD, peritoneal dialysis. *** indicates a p value
<0.001, ** indicates a p value < 0.05.
Results

Participants and characteristics

One hundred twenty-six adults receiving dialysis for at least

three months were included. Three of them refused to complete

the SF-36 questionnaires and thus were excluded. Finally, 123

dialysis adults were included in our study. The overall mean age

was 58 ± 15, and 66% of participants were men. Among the

study population, 79 received hemodialysis (HD), and 44 were

on peritoneal dialysis (PD). Overall, patients receiving PD were
Frontiers in Cardiovascular Medicine 03
significantly younger (48 ± 13 vs. 63 ± 14, p < 0.001) and had

higher SF-36 scores (525 ± 136 vs. 375 ± 179, p < 0.001,

Figure 1) than patients in the HD subgroup. More specifically,

patients with PD perceived better feelings in role-physical

functioning, social functioning, role-emotional functioning, and

mental health (Figure 2). However, as presented in Table 1,

patients in the PD subgroup consumed less of almost all

nutrients, except vitamin A and C, than HD patients. Despite

this, the body mass index (21.6 ± 3.1 vs. 21.9 ± 4.5 kg/m2,

p = 0.68) and malnutrition rate (38% vs. 32%, p = 0.38) did not

differ significantly between groups.
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TABLE 1 Baseline characteristics of patients receiving hemodialysis (HD) or peritoneal dialysis (PD).

Total (n = 123) HD (n = 79) PD (n = 44) P-value
Age, years 58 ± 15 63 ± 14 48 ± 13 <0.001

Gender, male, n (%) 82 (66%) 51 (65%) 31 (70%) 0.50

Body mass index, kg/m2 21.7 ± 3.7 21.6 ± 3.1 21.9 ± 4.5 0.68

MAC, cm 26.1 ± 3.7 25.8 ± 4.1 26.5 ± 2.9 0.32

TSF, mm 10.9 ± 6.4 10.7 ± 6.5 11.2 ± 6.3 0.67

MQSGA score 13.0 ± 4.0 13.0 ± 4.4 13.0 ± 3.2 0.96

Malnutrition, n (%) 44 (36%) 30 (38%) 14 (32%) 0.38

SF-36 score 429 ± 179 375 ± 178 525 ± 136 <0.001

Dietary intake

Total calorie, kcal/d 1,753.2 ± 369.9 1,810.7 ± 391.5 1,380.6 ± 269.5 <0.001

Total calorie, kcal/kg/d 30.4 ± 6.3 31.4 ± 6.7 24.2 ± 4.7 <0.001

Protein, g/d 65.7 ± 21.0 74.5 ± 20.1 50.7 ± 12.2 <0.001

Protein, g/kg/d 1.1 ± 0.3 1.3 ± 0.3 0.9 ± 0.2 <0.001

Carbohydrate, g/d 216.1 ± 59.6 233.8 ± 62.1 185.6 ± 40.3 <0.001

Fat, g/d 58.2 ± 17.2 63.9 ± 17.1 48.5 ± 12.4 <0.001

Fiber, g/d 9.2 ± 3.8 9.4 ± 4.3 8.7 ± 2.7 0.31

Cholesterol, mg/d 385.7 ± 245.9 469.2 ± 255.0 242.1 ± 143.7 <0.001

Vitamin A, μg RE/d 602.9 ± 385.3 596.6 ± 412.8 613.7 ± 337.0 0.82

Vitamin B1, mg/d 0.9 ± 0.3 1.0 ± 0.3 0.8 ± 0.2 0.03

Vitamin B2, mg/d 0.8 ± 0.5 1.0 ± 0.6 0.6 ± 0.2 <0.001

Niacin, mg NE/d 14.1 ± 4.9 15.7 ± 4.8 11.3 ± 3.7 <0.001

Vitamin C, mg/d 108.7 ± 71.6 100.5 ± 76.7 122.8 ± 60.1 0.10

Vitamin E, mg/d 20.4 ± 6.3 22.0 ± 7.0 17.5 ± 3.2 <0.001

Calcium, mg/d 409.2 ± 212.2 441.5 ± 244.1 353.5 ± 125.9 0.03

Phosphate, mg/d 833.7 ± 264.6 940.2 ± 258.0 650.5 ± 153.0 <0.001

Potassium, mg/d 1,565.7 ± 523.6 1,707.6 ± 570.1 1,321.7 ± 309.7 <0.001

Sodium, mg/d 706.4 ± 462.1 837.5 ± 505.7 480.7 ± 250.9 <0.001

Magnesium, mg/d 227.3 ± 71.5 244.3 ± 79.0 198.0 ± 43.6 <0.001

Iron, mg/d 15.2 ± 4.7 16.7 ± 5.0 12.6 ± 2.7 <0.001

Zinc, mg/d 9.4 ± 2.9 10.6 ± 2.9 7.4 ± 1.8 <0.001

Selenium, ug/d 43.4 ± 24.3 53.9 ± 24.4 25.2 ± 7.7 <0.001

Copper, mg/d 1.3 ± 0.5 1.5 ± 0.6 1.1 ± 0.3 <0.001

Manganese, mg/d 3.7 ± 1.2 4.1 ± 1.3 3.2 ± 0.7 <0.001

Data represented as mean± standard deviation and number (%).

MAC, mid upper arm circumference; TSF, triceps skin thickness; MQSGA, modified quantitative subjective global assessment. SF-36, Short Form-36 health survey.

Guo et al. 10.3389/fcvm.2024.1407650
The effect of dialytic modalities and
nutritional status on HRQOL

Linear regression analysis was performed, and a positive

relationship between PD and SF-36 was found (β = 149.8,

p < 0.001), taking HD as a reference. This result remained

significant after adjusting for potential confounders, including

age, gender, body mass index (BMI), total calorie, protein,

carbohydrate, and fat consumption (β = 193.6, p = 0.001). In

addition, this association was observed in different age strata or

at different nutritional statuses, with a more substantial relation

in patients older than 60 years old or with normal nutritional

status (Table 2).

Observing the adverse effects of nutrition status on quality of

life was unsurprising. As is shown in Table 2, the MQSGA score

was inversely correlated with SF-36 (β =−16.2, p < 0.001). The

result remained significant after adjusting for age, gender, BMI,

total calorie, protein, carbohydrate, and fat consumption

(β =−18.1, p < 0.001). Interestingly, this association was observed
Frontiers in Cardiovascular Medicine 04
in different age subgroups and patients receiving HD (β =−17.4,
p < 0.001) but became insignificant in patients receiving

PD (β =−12.3, p = 0.07). Of note, though nutritional status

did not affect the quality of life in patients receiving PD, it

did impact the vitality subscale (β =−2.2, 95% CI: −4.0, −0.3,
p = 0.027) (Table 3).
Varying association of nutrient intakes with
nutritional status in HD and PD subgroup

We found inconsistent results between HD and PD subgroups

when analyzing nutrient intakes and nutritional status. For patients

receiving HD, the MQSGA score was negatively correlated with the

consumption of carbohydrates, fiber, selenium, copper, and

Manganese (β =−0.02, p = 0.032; β =−0.3, p = 0.031; β =−0.1,
p = 0.006; β =−2.3, p = 0.025; β =−1.3, p = 0.003, respectively)

(Table 4). However, no statistically significant association existed

between the abovementioned nutrients and the MQSGA score in
frontiersin.org
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TABLE 2 Relationships between dialysis modality, nutrition status (MQSGA score) and SF-36 score.

Dialysis modalitya, peritoneal dialysis
(β, 95% CI)

P value MQSGA score (β, 95% CI) P value

Different models

Non-adjusted 149.8 (89.2, 210.4) <0.001 −16.2 (−24.0, −8.4) <0.001

Adjusted I 137.2 (68.0, 206.4) <0.001 −16.7 (−25.0, −8.4) <0.001

Adjusted II 193.6 (79.3, 308.0) 0.001 −18.1 (−26.5, −9.6) <0.001

Age subgroup

Age < 60 years 129.0 (54.5, 203.5) 0.001 −15.0 (−26.2, −3.7) 0.01

Age>=60 years 150.4 (30.5, 270.2) 0.02 −17.9 (−28.3, −7.5) 0.001

Nutritional status subgroup

Normal nutrition 89.0 (12.8, 165.2) 0.03 – –

Malnutrition 198.8 (102.0, 295.6) <0.001 – –

Dialysis modality subgroup

Hemodialysis – – −17.4 (−26.2, −8.7) <0.001

Peritoneal dialysis – – −12.3 (−25.2, 0.7) 0.07

MQSGA, modified quantitative subjective global assessment. SF-36, Short Form-36 health survey.
aDialysis modality, hemodialysis was taken as a reference (β= 0).

Adjusted I, model adjusted for age, gender and body mass index (BMI); Adjusted II, model adjusted for age, gender, BMI, total calorie, protein, carbohydrate and

fat consumptions.
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the PD subgroup. Only vitamin B2 adversely correlated with

MQSGA score among patients receiving PD (β =−5.2, p = 0.037).
Varying association of nutrient intakes with
HRQOL in HD and PD subgroups

The relationship between nutrient intake and quality of life was

also inconsistent in HD and PD subgroups. As illustrated in

Table 4, increased consumption of total calories, fat, niacin, and

vitamin E correlated with a better quality of life in patients

receiving HD (β = 2.19, p = 0.035; β = 2.4, p = 0.043; β = 8.5,

p = 0.044; β = 6.9, p = 0.017, respectively). However, the results

revealed that fiber, vitamin B2, potassium, and sodium intakes

were negatively correlated with bodily pain subscale score

(β =−2.2, p = 0.007; β =−14.4, p = 0.019; β =−0.01, p = 0.047;

β =−0.02, p = 0.008, respectively). In addition, increased fiber

consumption was associated with lower physical functioning

(β =−1.8 p = 0.045), and a higher intake of vitamin B2 was

disadvantageous for social functioning (β =−12.0, p = 0.045).

For patients receiving PD, increased vitamin A, vitamin C, and

fiber consumption was associated with a better quality of life

(β = 0.1, p = 0.031; β = 0.8 p = 0.028; β = 15.8, p = 0.045,

respectively). Protein intake positively correlated with social and

role-emotional functioning (β = 0.02 p = 0.0192; β = 0.04 p = 0.04,

respectively). Vitamin A, vitamin C, and calcium intake were

positively correlated with the general health (β = 0.02, p = 0.028;

β = 0.1, p = 0.015; β = 0.1, p = 0.006, respectively) and vitality

subscales (β = 0.02, p = 0.038; β = 0.1, p = 0.037; β = 0.1, p = 0.028,

respectively). Furthermore, the interaction effects between

vitamin A and calcium (c1 = 0.37, p = 0.014), vitamin A and

vitamin C (c2 = 0.48, p = 0.001), vitamin C and calcium

(c3 = 0.41, p = 0.03) were all significant for the general health of

PD patients. Our results indicated that co-consumption of either

of the three nutrients might synergistically promote general

health in PD patients (Figure 3).
Frontiers in Cardiovascular Medicine 05
Discussion

Following most previous studies (19, 21, 22), we further

confirmed that PD patients experienced a better quality of life

than HD patients, even in different age groups or nutritional

statuses. More importantly, in the current study, we first

demonstrated that the effect of nutrient intakes on nutritional

status on patients’ quality of life varied remarkably in patients

receiving different types of dialysis.

Trace elements and most vitamins cannot be synthesized in the

body and rely heavily on dietary intake, which are closely related to

mitochondrial function and cardiovascular aging. Vitamins B1 and

B2 participate in energy metabolism through mitochondrial

enzyme coenzymes and maintain the normal functions of

blood vessels and the heart (23). Selenium participates in the

synthesis of glutathione peroxidase and selenoproteins in

mitochondria, plays an essential role in scavenging free radicals

and reducing oxidative stress, and contributes to mitochondrial

maintenance and cardiovascular health. Selenium deficiencies

may lead to impaired mitochondrial function and increase the

risk of MACE (24).

Water-soluble vitamin deficiency and trace element disorders

may occur during long-term dialysis (25, 26). The water-soluble

vitamins with the highest risk of deficiency include vitamin B1

(27), while selenium deficiency among trace elements is

constantly observed (26). Our study observed that the daily

intake of vitamins B1, B2, and selenium was lower than the

dietary intake of healthy people, which is noteworthy for the

dialysis population.

Only 25-OH vitamin D is often checked during periodic follow-

up examinations of dialysis patients, and deficiencies in other

nutrients may only be discovered once obvious complications

occur. Therefore, studying the nutritional status of the dialysis

population can help reduce nutrition-related complications and

cardiovascular aging. Our study has specific clinical significance

for improving the quality of life of dialysis patients.
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FIGURE 3

Moderator model for general health subscale in patients receiving peritoneal dialysis. Vitamin A, vitamin C, and calcium were all related to the general
health subscale (β= 0.02, 95% CI: 0.00–0.04, p= 0.028; β= 0.1, 95% CI: 0.0–0.2, p= 0.015; β= 0.1, 95% CI: 0.0–0.1, p= 0.006, respectively). In
addition, the interaction effects between vitamin A and calcium (c1), vitamin A and vitamin C (c2), vitamin C and calcium (c3) were also significant.
c1, c2 and c3 represented the corresponding regression coefficients.

Guo et al. 10.3389/fcvm.2024.1407650
As shown in the current study, patients with PD perceived

better feelings in the domains of role-physical functioning, bodily

pain, social functioning, role-emotional functioning, and mental

health. The fundamental differences between HD and PD can

explain these. PD does not require frequent visits to a healthcare

center but instead allows patients to perform the procedure at

home, giving patients more control over their schedules.

Therefore, patients receiving PD maintained social interaction

and support more actively and ultimately felt better social

functioning and emotional well-being than those undergoing

HD. Conversely, HD requires patients to attend dialysis centers

three or four times a week for 3–4 h per session, which might

negatively affect both personal lives and occupational

achievement and thus limit their role in physical functioning

(22). In addition, patients on HD were expected to have more

problems with pain caused by needle sticks or dialysis access

and experience more psychological stress due to being obliged

to make more frequent hospital visits and bear a heavier

financial burden (28).

Previously, Rambod et al. demonstrated that malnutrition had

a negative association with SF-36 (15). A similar result was

observed in our study, but only in HD patients and not in PD.

The reason for this intriguing observation needs to be clarified.

It has been estimated that the prevalence of malnutrition is

lower in PD (10%–50%) than in HD (18%–75%) (29). Therefore,

the variation in nutritional status might be less evident in

patients with PD, thus obscuring the relationship between

malnutrition and quality of life. Alternatively, it could be due to

the limited number of participants in the PD subgroup, thus

diminishing the efficiency of detecting significance. Whatever the

reason, malnutrition is a frequent complication associated with

an increased risk of mortality and morbidity in dialysis patients

and should be paid serious attention to (30). Malnutrition is

characterized by a set of mechanisms (31). Besides inadequate

nutrient consumption, imbalanced dietary intakes, conditions
Frontiers in Cardiovascular Medicine 08
like inflammation, metabolic acidosis, accelerated catabolism, and

endocrine alterations would also contribute to it. Therefore,

although intakes of almost all nutrients in the PD subgroup were

strikingly fewer than those in the HD subgroup, the malnutrition

rate did not differ significantly. We also found that the

association between nutrient intakes and nutritional status varied

in patients receiving different types of dialysis. HD patients

rely more on macronutrients like protein, carbohydrates, and

fiber to maintain a normal diet. In contrast, the association

between nutrient intake and nutritional status was less evident

for PD patients.

The most important finding of this study was that the

association between nutrient intake and HRQOL was remarkably

different across the two dialytic modes. For patients with HD, it

was found that increased consumption of total calories, fat,

niacin, and vitamin E was associated with a better quality of life.

This result is similar to the finding from the study by Ana

Carolina Bonelá dos Santos et al., which showed a positive

correlation between consuming calories, protein, fiber,

carbohydrates, and quality of life in patients receiving HD (32).

However, macronutrients, like protein and carbohydrates, seem

less important for patients with PD. Instead, increased

consumption of specific micronutrients, like vitamins A and C,

correlated with a better quality of life. Interestingly, using the

moderation model, our study first discovered that co-

consumption of vitamin A and vitamin C might synergistically

promote the general health of patients receiving PD.

Nutrient deficiencies, either macronutrients or micronutrients,

are commonly seen in dialysis patients due to inadequate

consumption and increased loss in the dialysate (2, 33–35).

However, it is puzzling why distinctive impacts of specific

nutrients were exerted on HRQOL across different dialysis

modalities. A possible explanation could be the inherent

differences between these two modalities. PD is a more steady,

continuous process, while HD is more aggressive and more
frontiersin.org
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easily causing hypotension (36). It has been reported that

functional disturbance or even ischemic intestine injury could be

more severe in HD patients due to a higher risk of hypotension

(37). Besides, the more aggressive dialysis schedules with greater

hemodynamic instability would be associated with higher

gut-derived endotoxin levels (38). In addition, as demonstrated in

the study by Betul et al., patients with HD had higher levels of

CRP and ferritin compared to those receiving PD (39). All these

indicate that intestinal dysbiosis, toxin, or inflammatory status

varies significantly across different dialytic modes. This could

subsequently influence the absorption, metabolism, or even the

in vivo bioavailability of certain nutrients, causing a complex

association between different dialytic groups. Although these

assumptions could not be confirmed in this study, they

may provide new insights for future research on individualized

nutrient intervention for patients receiving different modes

of dialysis.

Although exciting and novel, these results should be

interpreted with caution. Firstly, no causal relationship could be

determined since this was a cross-sectional study with a limited

sample size. We cannot completely exclude the possibility that

a better HRQOL in PD patients was caused by their younger

age or that patients with a better HRQOL preferred to choose

PD per se. However, we performed subgroup analyses and

adjusted for various confounding factors to obtain a more

reliable result. Secondly, due to a lack of serum measurement,

the associations of serum levels of certain nutrients and

specific facets of HRQOL could not be validated, limiting our

findings’ generalization.

To our knowledge, this study is the first analysis of sufficient

scope to describe the relations of nutrient intakes to nutritional

status and specific aspects of quality of life in patients treated

with HD or PD. The current study found that PD patients had a

better quality of life than HD patients. More importantly, the

effects of nutrient intake on nutritional status and quality of life

differ remarkably in patients receiving different modes of dialysis.

This could provide valuable information and may better

understand the extent to which dietary therapy will maintain

patients in good nutrition and facilitate tailored nutritional

management to enhance patients’ quality of life.
Conclusions

The nutritional intake of PD patients and dialysis patients

affects their quality of life differently. Macronutrients significantly

impact HRQOL in HD patients, while vitamins have a more

substantial impact on PD patients.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Frontiers in Cardiovascular Medicine 09
Ethics statement

The studies involving humans were approved by the Ethics

Committee of Sun Yat-sen University. The studies were

conducted in accordance with the local legislation and

institutional requirements. The participants provided their

written informed consent to participate in this study.
Author contributions

YG: Data curation, Writing – original draft, Writing – review &

editing. DL: Conceptualization, Formal Analysis, Writing – original

draft. LY: Validation, Visualization, Writing – review & editing. XS:

Data curation, Writing – review & editing. ZY: Data curation,

Writing – review & editing. HH: Conceptualization, Funding

acquisition, Project administration, Resources, Writing – review

& editing. JC: Funding acquisition, Resources, Supervision,

Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article.

Thisworkwas supported inpart by theNational KeyResearch and

Development Program (2020YFC2004405), National Nature Science

Foundation of China (82073408, 82330021, 82061160372, and

82270771), Central Military Commission Key Project of Basic

Research for Application (BWJ21J003), Regional Joint Funding Key

Project of Guangdong Basic Research and Basic Research for

Application (2021B1515120083), Key Project of Sustainable

Development Science and Technology of Shenzhen Science and

Technology Innovation Committee (KCXFZ20211020163801002),

and ShenzhenKeyMedicalDisciplineConstruction Fund (SZXK002).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The reviewer XZ declared a shared affiliation with the

authors YG, DL, LY, ZY, HH, and JC to the handling editor at

the time of review.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fcvm.2024.1407650
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Guo et al. 10.3389/fcvm.2024.1407650
1. Thomas B, Wulf S, Bikbov B, Perico N, Cortinovis M, Courville de Vaccaro K, 20. Baron RM, Kenny DA. The moderator-mediator variable distinction in social
References
et al. Maintenance dialysis throughout the world in years 1990 and 2010. J Am Soc
Nephrol. (2015) 26(11):2621–33. doi: 10.1681/ASN.2014101017

2. Kara AV, Aldemir MN, Soylu YE, Arslan YK. Relationship between serum
vitamin D levels and health-related quality of life in maintenance hemodialysis
patients. Blood Purif. (2019) 48(1):67–75. doi: 10.1159/000497242

3. Carrero JJ, Thomas F, Nagy K, Arogundade F, Avesani CM, Chan M, et al. Global
prevalence of protein-energy wasting in kidney disease: a meta-analysis of
contemporary observational studies from the international society of renal nutrition
and metabolism. J Ren Nutr. (2018) 28(6):380–92. doi: 10.1053/j.jrn.2018.08.006

4. Hersberger L, Dietz A, Bürgler H, Bargetzi A, Bargetzi L, Kägi-Braun N, et al.
Individualized nutritional support for hospitalized patients with chronic heart
failure. J Am Coll Cardiol. (2021) 77(18):2307–19. doi: 10.1016/j.jacc.2021.03.232

5. Wyckelsma VL, Venckunas T, Brazaitis M, Gastaldello S, Snieckus A, Eimantas N,
et al. Vitamin C and E treatment blunts sprint interval training-induced changes in
inflammatory mediator-, calcium-, and mitochondria-related signaling in
recreationally active elderly humans. Antioxidants (Basel). (2020) 9(9):879. doi: 10.
3390/antiox9090879

6. Bach KE, Kelly JT, Palmer SC, Khalesi S, Strippoli GFM, Campbell KL. Healthy
dietary patterns and incidence of CKD: a meta-analysis of cohort studies. Clin J Am
Soc Nephrol. (2019) 14(10):1441–9. doi: 10.2215/CJN.00530119

7. Hu EA, Rebholz CM. Can dietary patterns modify risk for CKD? Clin J Am Soc
Nephrol. (2019) 14(10):1419–20. doi: 10.2215/CJN.09440819

8. Kramer H. Diet and chronic kidney disease. Adv Nutr. (2019) 10(Supplement_4):
S367–S79. doi: 10.1093/advances/nmz011

9. Ahola AJ, Forsblom C, Harjutsalo V, Groop PH. Dietary intake in type 1 diabetes
at different stages of diabetic kidney disease. Diabetes Res Clin Pract. (2019)
155:107775. doi: 10.1016/j.diabres.2019.06.016

10. Martin-del-Campo F, Batis-Ruvalcaba C, Gonzalez-Espinoza L, Rojas-Campos
E, Angel JR, Ruiz N, et al. Dietary micronutrient intake in peritoneal dialysis
patients: relationship with nutrition and inflammation status. Perit Dial Int. (2012)
32(2):183–91. doi: 10.3747/pdi.2010.00245

11. Chen J, Peng H, Zhang K, Xiao L, Yuan Z, Chen J, et al. The insufficiency intake
of dietary micronutrients associated with malnutrition-inflammation score in
hemodialysis population. PLoS One. (2013) 8(6):e66841. doi: 10.1371/journal.pone.
0066841

12. Chen J, Peng H, Xiao L, Zhang K, Yuan Z, Chen J, et al. Inflammation but not
dietary macronutrients insufficiency associated with the malnutrition-inflammation
score in hemodialysis population. PLoS One. (2013) 8(12):e83233. doi: 10.1371/
journal.pone.0083233

13. Morton RL, Snelling P, Webster AC, Rose J, Masterson R, Johnson DW, et al.
Dialysis modality preference of patients with CKD and family caregivers: a discrete-
choice study. Am J Kidney Dis. (2012) 60(1):102–11. doi: 10.1053/j.ajkd.2011.12.030

14. Morton RL, Snelling P, Webster AC, Rose J, Masterson R, Johnson DW, et al.
Factors influencing patient choice of dialysis versus conservative care to treat end-
stage kidney disease. CMAJ. (2012) 184(5):E277–83. doi: 10.1503/cmaj.111355

15. Rambod M, Bross R, Zitterkoph J, Benner D, Pithia J, Colman S, et al.
Association of malnutrition-inflammation score with quality of life and mortality in
hemodialysis patients: a 5-year prospective cohort study. Am J Kidney Dis. (2009)
53(2):298–309. doi: 10.1053/j.ajkd.2008.09.018

16. As’habi A, Tabibi H, Nozary-Heshmati B, Mahdavi-Mazdeh M, Hedayati M.
Comparison of various scoring methods for the diagnosis of protein-energy wasting
in hemodialysis patients. Int Urol Nephrol. (2014) 46(5):999–1004. doi: 10.1007/
s11255-013-0638-1

17. Kizil M, Tengilimoglu-Metin MM, Gumus D, Sevim S, Turkoglu I, Mandiroglu
F. Dietary inflammatory index is associated with serum C-reactive protein and protein
energy wasting in hemodialysis patients: a cross-sectional study. Nutr Res Pract. (2016)
10(4):404–10. doi: 10.4162/nrp.2016.10.4.404

18. Fujisawa M, Ichikawa Y, Yoshiya K, Isotani S, Higuchi A, Nagano S, et al.
Assesment of health-related quality of life in renal transplant and hemodialysis
patients using the SF-36 health survey. Urology. (2000) 56(2):201–6. doi: 10.1016/
s0090-4295(00)00623-3

19. Sayin A, Mutluay R, Sindel S. Quality of life in hemodialysis, peritoneal dialysis,
and transplantation patients. Transplant Proc. (2007) 39(10):3047–53. doi: 10.1016/j.
transproceed.2007.09.030
Frontiers in Cardiovascular Medicine 10
psychological research: conceptual, strategic, and statistical considerations. J Pers Soc
Psychol. (1986) 51(6):1173–82. doi: 10.1037//0022-3514.51.6.1173

21. Jung HY, Jeon Y, Park Y, Kim YS, Kang SW, Yang CW, et al. Better quality of life
of peritoneal dialysis compared to hemodialysis over a two-year period after dialysis
initiation. Sci Rep. (2019) 9(1):10266. doi: 10.1038/s41598-019-46744-1

22. Chen JY, Wan EYF, Choi EPH, Chan AKC, Chan KHY, Tsang JPY, et al. The
health-related quality of life of Chinese patients on hemodialysis and peritoneal
dialysis. Patient. (2017) 10(6):799–808. doi: 10.1007/s40271-017-0256-6

23. Palmieri F, Monné M, Fiermonte G, Palmieri L. Mitochondrial transport and
metabolism of the vitamin B-derived cofactors thiamine pyrophosphate, coenzyme
A, FAD and NAD+, and related diseases: a review. IUBMB Life. (2022) 74
(7):592–617. doi: 10.1002/iub.2612

24. Bomer N, Grote Beverborg N, Hoes MF, Streng KW, Vermeer M, Dokter MM,
et al. Selenium and outcome in heart failure. Eur J Heart Fail. (2020) 22(8):1415–23.
doi: 10.1002/ejhf.1644

25. Schwotzer N, Kanemitsu M, Kissling S, Darioli R, Benghezal M, Rezzi S, et al.
Water-soluble vitamin levels and supplementation in chronic online
hemodiafiltration patients. Kidney Int Rep. (2020) 5(12):2160–7. doi: 10.1016/j.ekir.
2020.09.009

26. Tonelli M, Wiebe N, Hemmelgarn B, Klarenbach S, Field C, Manns B, et al.
Trace elements in hemodialysis patients: a systematic review and meta-analysis.
BMC Med. (2009) 7:25. doi: 10.1186/1741-7015-7-25

27. Hung SC, Hung SH, Tarng DC, Yang WC, Chen TW, Huang TP. Thiamine
deficiency and unexplained encephalopathy in hemodialysis and peritoneal dialysis
patients. Am J Kidney Dis. (2001) 38(5):941–7. doi: 10.1053/ajkd.2001.28578

28. Wu AW, Fink NE, Marsh-Manzi JV, Meyer KB, Finkelstein FO, Chapman MM,
et al. Changes in quality of life during hemodialysis and peritoneal dialysis treatment:
generic and disease specific measures. J Am Soc Nephrol. (2004) 15(3):743–53. doi: 10.
1097/01.ASN.0000113315.81448.CA

29. Gunalay S, Ozturk YK, Akar H, Mergen H. The relationship between
malnutrition and quality of life in haemodialysis and peritoneal dialysis patients.
Rev Assoc Med Bras. (2018) 64(9):845–52. doi: 10.1590/1806-9282.64.09.845

30. Janardhan V, Soundararajan P, Rani NV, Kannan G, Thennarasu P, Chacko RA,
et al. Prediction of malnutrition using modified subjective global assessment-dialysis
malnutrition score in patients on hemodialysis. Indian J Pharm Sci. (2011) 73
(1):38–45. doi: 10.4103/0250-474X.89755

31. Carrera-Jimenez D, Miranda-Alatriste P, Atilano-Carsi X, Correa-Rotter R,
Espinosa-Cuevas A. Relationship between nutritional status and gastrointestinal
symptoms in geriatric patients with end-stage renal disease on dialysis. Nutrients.
(2018) 10(4):425. doi: 10.3390/nu10040425

32. dos Santos AC, Machado MC, Pereira LR, Abreu JL, Lyra MB. Association
between the level of quality of life and nutritional status in patients undergoing
chronic renal hemodialysis. J Bras Nefrol. (2013) 35(4):279–88. doi: 10.5935/0101-
2800.20130047

33. Singer R, Rhodes HC, Chin G, Kulkarni H, Ferrari P. High prevalence of
ascorbate deficiency in an Australian peritoneal dialysis population. Nephrology
(Carlton). (2008) 13(1):17–22. doi: 10.1111/j.1440-1797.2007.00857.x

34. Stein G, Sperschneider H, Koppe S. Vitamin levels in chronic renal failure and
need for supplementation. Blood Purif. (1985) 3(1–3):52–62. doi: 10.1159/000169398

35. Mydlik M, Derzsiova K. Vitamins and quality of life in hemodialysis patients.
J Nephrol. (2008) 21(Suppl 13):S129–33.

36. Neumann D, Mau W, Wienke A, Girndt M. Peritoneal dialysis is associated with
better cognitive function than hemodialysis over a one-year course. Kidney Int. (2018)
93(2):430–8. doi: 10.1016/j.kint.2017.07.022

37. Grant CJ, Huang SS, McIntyre CW. Hepato-splanchnic circulatory stress: an
important effect of hemodialysis. Semin Dial. (2019) 32(3):237–42. doi: 10.1111/sdi.12782

38. Jefferies HJ, Virk B, Schiller B, Moran J, McIntyre CW. Frequent hemodialysis
schedules are associated with reduced levels of dialysis-induced cardiac injury
(myocardial stunning). Clin J Am Soc Nephrol. (2011) 6(6):1326–32. doi: 10.2215/
CJN.05200610

39. Kalender B, Ozdemir AC, Koroglu G. Association of depression with markers of
nutrition and inflammation in chronic kidney disease and end-stage renal disease.
Nephron Clin Pract. (2006) 102(3–4):c115–21. doi: 10.1159/000089669
frontiersin.org

https://doi.org/10.1681/ASN.2014101017
https://doi.org/10.1159/000497242
https://doi.org/10.1053/j.jrn.2018.08.006
https://doi.org/10.1016/j.jacc.2021.03.232
https://doi.org/10.3390/antiox9090879
https://doi.org/10.3390/antiox9090879
https://doi.org/10.2215/CJN.00530119
https://doi.org/10.2215/CJN.09440819
https://doi.org/10.1093/advances/nmz011
https://doi.org/10.1016/j.diabres.2019.06.016
https://doi.org/10.3747/pdi.2010.00245
https://doi.org/10.1371/journal.pone.0066841
https://doi.org/10.1371/journal.pone.0066841
https://doi.org/10.1371/journal.pone.0083233
https://doi.org/10.1371/journal.pone.0083233
https://doi.org/10.1053/j.ajkd.2011.12.030
https://doi.org/10.1503/cmaj.111355
https://doi.org/10.1053/j.ajkd.2008.09.018
https://doi.org/10.1007/s11255-013-0638-1
https://doi.org/10.1007/s11255-013-0638-1
https://doi.org/10.4162/nrp.2016.10.4.404
https://doi.org/10.1016/s0090-4295(00)00623-3
https://doi.org/10.1016/s0090-4295(00)00623-3
https://doi.org/10.1016/j.transproceed.2007.09.030
https://doi.org/10.1016/j.transproceed.2007.09.030
https://doi.org/10.1037//0022-3514.51.6.1173
https://doi.org/10.1038/s41598-019-46744-1
https://doi.org/10.1007/s40271-017-0256-6
https://doi.org/10.1002/iub.2612
https://doi.org/10.1002/ejhf.1644
https://doi.org/10.1016/j.ekir.2020.09.009
https://doi.org/10.1016/j.ekir.2020.09.009
https://doi.org/10.1186/1741-7015-7-25
https://doi.org/10.1053/ajkd.2001.28578
https://doi.org/10.1097/01.ASN.0000113315.81448.CA
https://doi.org/10.1097/01.ASN.0000113315.81448.CA
https://doi.org/10.1590/1806-9282.64.09.845
https://doi.org/10.4103/0250-474X.89755
https://doi.org/10.3390/nu10040425
https://doi.org/10.5935/0101-2800.20130047
https://doi.org/10.5935/0101-2800.20130047
https://doi.org/10.1111/j.1440-1797.2007.00857.x
https://doi.org/10.1159/000169398
https://doi.org/10.1016/j.kint.2017.07.022
https://doi.org/10.1111/sdi.12782
https://doi.org/10.2215/CJN.05200610
https://doi.org/10.2215/CJN.05200610
https://doi.org/10.1159/000089669
https://doi.org/10.3389/fcvm.2024.1407650
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Varying association of nutrient intakes with quality of life in patients receiving different modes of dialysis
	Introduction
	Materials and methods
	Participants
	Anthropometric and nutrient intake assessment
	Nutritional assessment
	Health-related quality of life assessment
	Statistic methods

	Results
	Participants and characteristics
	The effect of dialytic modalities and nutritional status on HRQOL
	Varying association of nutrient intakes with nutritional status in HD and PD subgroup
	Varying association of nutrient intakes with HRQOL in HD and PD subgroups

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


