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Abstract

Background: Geographic peripherality in Israel is linked to poorer health outcomes and
may disproportionately affect patients requiring chronic therapies such as hemodialysis
(HD). Though malnutrition and inflammation are strong predictors of morbidity and mor-
tality in HD patients, regional differences in nutritional status and dietary adherence are
unclear. Objectives: To examine the association between peripherality and malnutrition
risk, dietary intake, and adherence to nutrition guidelines among Jewish Israeli adults on
HD. Methods: In this multi-center, cross-sectional study, 154 adult Jewish HD patients
were recruited from the northern periphery (n = 66) and central regions of Israel (n = 88).
Demographic, clinical, laboratory, and anthropometric data were obtained from medical
records. Nutrient intake was assessed using the multi-pass 24 h dietary recall method.
Malnutrition risk was classified using BMI and serum albumin; the C-reactive protein-
to-albumin ratio (CAR) was also calculated. Adherence to International Society of Renal
Nutrition and Metabolism (ISRNM) dietary guidelines was evaluated. Between-group
comparisons and multivariable regression analyses were conducted. Results: Overall,
participant characteristics were similar between groups; however, coronary heart disease
prevalence and dialysis vintage were higher in the periphery. Participants from the pe-
riphery had lower serum albumin, blood urea nitrogen, hemoglobin, and blood pressure,
but higher LDL cholesterol. Sodium intake was significantly higher and adherence to
ISRNM sodium guidelines markedly lower in the periphery. In multivariable analysis,
peripherality reduced the odds of meeting sodium recommendations by 92.8%. Adherence
to energy and protein guidelines was low in both groups. Nearly half of participants had
some level of elevated malnutrition risk using the categorized variable, and an overall
difference in the categories of malnutrition risk was detected, driven by the increase in the
moderate risk category in the periphery. The composite malnutrition risk variable (any
increase in risk vs. no increase in risk) did not differ by peripherality. Peripherality was
independently associated with higher percent ideal body weight (%IBW), but not with CAR.
Conclusions: Peripherality among Jewish Israeli HD patients is associated with differences
in nutrition biomarkers, cardiovascular burden, and dietary adherence, especially sodium
intake. Interventions considering peripherality should be explored.
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1. Background

Israel has among the highest life expectancies in the OECD: 83.3-83.8 years [1]. How-
ever, this is not uniformly distributed throughout the country. Specifically, individuals who
live in the geographic periphery of the country, the north and the south, have lower life
expectancy than people who live in the center of the country [2]. Some of this is attributable
to differences in the ethnic distribution of the population with a greater percentage of
Arabic-speaking ethnic minorities concentrated in the periphery [3]. Due to socioeconomic,
lifestyle and genetic factors, these minorities bear a greater burden of many diseases in-
cluding diabetes, hypertension and cardiovascular disease. But some of the disparity may
also be attributable to access to and quality of healthcare services [4], as well as lifestyle
factors [5].

Indeed, the geographic distribution of healthcare facilities strongly defines the ability
of a given community to access medical services, and this is especially true for therapies
required on a chronic basis, such as hemodialysis (HD) [6]. The mortality rate for HD
patients who live farther from dialysis centers, such as those in the periphery, is significantly
greater than for those who live closer [7].

The early mortality documented in HD patients is influenced by a high burden of
comorbidities [8]. In addition, markers of malnutrition risk (reduced serum albumin
and elevated C-reactive protein; reduced BMI) are robust predictors of mortality in HD
patients [9]. It is not clear whether anthropometric and/or biochemical markers of malnu-
trition risk, or dietary intake and/or adherence to dietary guidelines, differ by region of
residence in HD patients, controlling for ethnicity. Thus, the present study was designed to
examine the influence of peripherality on markers of malnutrition risk, nutrition intake and
adherence to dietary guidelines among Jewish Israeli adults on maintenance HD therapy.

2. Methods
2.1. Study Design
This multi-center cross-sectional study included Jewish Israeli adult HD patients

treated in the north (Ziv Medical Center, Galilee Medical Center) or the center (Tel Aviv
Sourasky Medical Center).

2.2. Informed Consent

The study protocol was approved by the Helsinki Committees of the participating
dialysis centers: approval no. NHR-0087-22 from Galilee Medical Center in Nahariya, 18
May 2022; approval no. 0062-22-ZIV from Ziv Medical Center in Safed, 13 July 2022; and
approval no. 0285-21-TLV from Tel Aviv Sourasky Medical Center in Tel Aviv, 19 May 2021.

2.3. Study Population

The study population included all adult (18 years or older) Jewish HD patients, women
and men, receiving HD treatment at one of the participating centers, between June 2021
and August 2023. All participants provided signed informed consent prior to enrollment in
the study.
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2.4. Inclusion/Exclusion Criteria

Inclusion in the present study was restricted to Jewish adults receiving maintenance
HD at one of the participating HD centers with three months or more dialysis vintage.
Declining to provide signed informed consent precluded study participation.

2.5. Peripherality

Peripherality was defined by treatment location: north = periphery; Tel Aviv = center.

2.6. Demographics, Medical History, Prescribed Medications, Hemodynamic and
Laboratory Values

Demographic characteristics, clinical data and prescribed medications were obtained
from the electronic medical record. Information on lifestyle characteristics was collected
during structured, face-to-face patient interviews.

Systolic and diastolic blood pressure values were calculated as the mean of three
post-dialysis measurements: one on the day of the interview and the two most recent
prior values.

Laboratory measures included lipid profile, blood count and biochemistry measures.
The calcium—phosphorus product was calculated.

2.7. Anthropometric Measures

Body weight was calculated as the average of three post-dialysis measurements,
including the value on the day of the interview and the two immediately preceding dialysis
sessions. Height was extracted from the medical records, and body mass index (BMI) was
calculated as mean body weight (kg) divided by height squared (m?) [10].

Ideal body weight (IBW) was estimated using sex-specific equations: for men, IBW =
0.9 x height (cm) — 88, and for women, IBW = 0.9 x height (cm) — 92 [11].

2.8. Nutrition Intake

Each study participant underwent a structured, in-person multiple-pass 24 h dietary
recall interview performed by a clinical dietitian or trained investigator, in accordance with
guidelines from the Israel Ministry of Health [12]. These assessments were carried out on
dialysis treatment days. Macro- and micronutrient intake was calculated using NutRatio
software (https:/ /nutratio.com/).

2.9. Adherence to ISRNM Dietary Guidelines

The International Society of Renal Nutrition and Metabolism (ISRNM) provides nutri-
tional recommendations for patients undergoing HD [13] as follows:

Energy intake: 30-35 kcal/kg IBW per day.
Protein intake: 1.2-1.4 g/kg IBW per day.
Sodium intake: 80-100 mmol/day.
Phosphorus: 800-1000 mg/day.

Intake of these nutrients was calculated from the 24 h recall, which were then di-
chotomized so that a value of “1” was assigned if the person adhered to the guidelines
using the lower value as the cutoffs for energy and protein, and the upper value for the
cutoffs for sodium and potassium.

2.10. Malnutrition Risk Categories

Malnutrition risk was defined in two ways, both based on the Israeli National Survey
of Nutrition in Hemodialysis Patients (SNIPS) [14]. First, using this method, four groups
were generated:
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Minimal risk: BMI > 23 kg/ m? and serum albumin > 3.8 g/dL.
Mild risk: BMI < 23 kg/ m? and serum albumin > 3.8 g/dL.
Moderate risk: BMI > 23 kg/ m? and serum albumin < 3.8 g/dL.
Severe risk: BMI < 23 kg/ m? and serum albumin < 3.8 g/dL.

Second, a combined variable (“any risk”) grouped all non-minimal categories vs.
minimal risk.

2.11. C-Reactive Protein to Albumin Ratio (CAR)

The C-reactive protein (CRP) to albumin ratio (CAR), which integrates an inflam-
matory marker with an indicator of nutrition status, was calculated. CAR > 7 has been
identified as a clinically meaningful cutoff for elevated malnutrition risk in this popula-
tion [15].

2.12. Data Quality Assurance

All study data were accessible to the investigators for review. Predefined acceptable
ranges were established, and any values falling outside of these limits were cross-checked
with the original source records to ensure accuracy.

2.13. Participant Privacy

Each participant was assigned a unique study identification code, and all data were
anonymized prior to entry into the study database.

3. Statistical Methods
3.1. Sample Size and Study Power

A sample size of 154 participants provided the present study with 84% power to detect
a true difference in serum albumin of no less than 0.2 & 0.4 g/dL between people receiving
HD in the periphery and those treated in the center of the country. This calculation assumes
a two-sided 5% alpha.

3.2. Data Analysis

All statistical analyses were performed using SPSS software (version 29; IBM Corp.,
Armonk, NY, USA). The distribution of continuous variables was evaluated using
the Kolmogorov-Smirnov test. Variables with a normal distribution are presented as
mean =+ standard deviation, whereas non-normally distributed variables are summarized
as median with interquartile range (IQR). Categorical variables are described as the per-
centage of participants in each group.

By-region comparisons (periphery vs. center) were conducted using the independent
samples f-test or the Mann—-Whitney U test for continuous variables, as appropriate, based
on distribution. Associations between categorical variables were assessed using the chi-
square test or Fisher’s exact test when expected cell counts were small.

Separate multivariable binary logistic regression models were attempted for the fol-
lowing endpoints: any malnutrition risk; dichotomized CAR (CAR > 7 vs. CAR < 7);
and adherence with each of the ISRNM dietary guidelines (energy, protein, sodium and
phosphorus). Odds ratios (ORs) and 95% confidence intervals (ClIs) were developed for
each predictor. Multivariable linear regression was used to model continuous measures of
nutrition status. All models, both logistic and linear, included peripherality (peripheral vs.
center). All statistical tests were two-sided, and a p-value <0.05 was considered indicative
of statistical significance.
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4. Results
4.1. Patient Characteristics

The study population included 154 HD patients: 66 from the periphery and 88 from
the center of the country.

In Table 1 the characteristics of the study population are compared by peripherality.
Age, sex, current smoking (yes/no), family status number of children, and difficulty with
chewing and/or swallowing did not differ by peripherality. No difference in the preva-
lence of diabetes and hypertension was observed; however, coronary heart disease was
significantly more prevalent in participants from the periphery, as were dyslipidemia and
history of myocardial infarction. Dialysis vintage was significantly greater in participants
from the periphery, but a difference in Kt/V was not detected.

Table 1. Participant characteristics by peripherality.

Periphery Center

Characteristic N = 66 N = 88 p-Value
Age (years) * 70 (15.0) 69 (15.8) 0.752
Sex (% female) 33.8 34.1 0.975
Present smoking (%) 16.7 17.0 0.950
Family status
Married (%) 63.6 51.1
Widowed (%) 15.2 15.9 0415
Divorced (%) 10.6 13.6
Single/other (%) 10,6 19.3
Number of children * 3(2) 3(3) 0.628
Difficulty chewing/swallowing (%) 16.9 10.2 0.225
Comorbidities
Hypertension (%) 90.8 85.2 0.304
Diabetes (%) 52.3 56.8 0.579
Coronary heart disease (%) ** 58.5 38.6 0.015
Myocardial infarction (%) 16.7 5.7 0.03
Dyslipidemia 62.1 30.7 0.001
Dialysis vintage (years) 3.0 (4.0) 2.0 (4.4) 0.006
Dialysis adequacy (Kt/V) 14+04 1.5+03 0.339

* With the exception of Kt/V, which is presented as mean =+ standard deviation, all continuous data had distribu-
tions that significantly deviated from normal, so are presented as median (IQR). ** Coronary heart disease includes
a history of stable or unstable angina; history of myocardial infarction; percutaneous transluminal coronary
angioplasty; and coronary artery bypass graft.

4.2. Prescribed Medications

Table 2 presents prescribed medication by peripherality. Most medications were
prescribed similarly by peripherality, but phosphate binders and iron supplements were
prescribed significantly more frequently, while EPO was prescribed significantly less fre-
quently in the periphery. No between-group difference in the proportion of participants
who received either EPO or iron was observed. A regional difference in those who were
prescribed both EPO and iron was also not detected. The between-group difference was
driven by the greater number of participants who received neither EPO nor iron, which
occurred in 51.6% of participants from the periphery but only 33.3% of those from the center.
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Table 2. Prescribed medications by peripherality.
Percent of Population with Prescription in Medical Record
Medication Prescribed P?\rllzlgzry ge:tse; p-Value

Phosphate binders 92.3 70.1 <0.001
Erythropoietin 17.2 58.6 <0.001
Antihypertensive agents 89.4 85.2 0.447
Iron 46.2 29.9 0.043
Folic Acid 65.6 54.0 0.152
B-vitamin Supplements * 36.9 33.3 0.646
Aspirin 55.4 48.3 0.386
Statins 50.8 48.3 0.761
Oral anti-hyperglycemic agents 35.4 443 0.266
Diuretics 57.8 471 0.194
Oral Nutrition Supplements 24.6 19.3 0.441
IDPN ** 0 0 -

* B-vitamin supplements include vitamins B1, B2, B3, B6 or B12, individually or in combination. ** IDPN =
intradialytic parenteral nutrition.

Only 20% of the study population was prescribed ONS, with no difference between
groups. None of the patients in either group received IDPN.

4.3. Laboratory and Hemodynamic Measures

Blood chemistry, lipid profile, and hemodynamic measures are compared between
participants who live in the periphery and those who live in the center of the country
in Table 3. Serum albumin, blood urea nitrogen (BUN), hemoglobin, and the average of
the three post-dialysis systolic and, separately, diastolic blood pressure values, were all
significantly lower in participants from the periphery than those from the center. With the
exception of hemoglobin, these differences persisted even after applying the Bonferroni
Correction for multiple comparisons. By contrast, serum low density lipoprotein cholesterol
(LDL) was significantly higher in participants from the periphery than the center, though
this difference did not persist after applying the Bonferroni Correction.

4.4. Nutrient Intake

Table 4 shows the comparison of nutrient intake between participants who live in
the periphery and those who live in the center of the country. Participants who live in
the periphery consumed significantly more vitamin C and potassium, though intake was
below recommended levels in both groups. It should be noted, however, that when the
Bonferroni Correction was applied to correct for multiple comparisons, these nutrients no
longer significantly differed by peripherality. Additionally, participants from the periphery
consumed sodium in excess of ISRNM recommendations, and significantly more than
participants from the center, whose intake was within the recommended range. Patients
from the center consumed significantly more riboflavin than people from the periphery, but
intake was within recommended levels for both groups and no longer differed significantly
by peripherality after applying the Bonferroni Correction. By contrast, participants from
the center consumed significantly more folic acid than participants from the periphery, but
intake levels were below recommended intake values in both groups.
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Table 3. Blood chemistry, blood count, lipid profile and hemodynamic measurements by peripherality.

Measure Periphery N=66 Center N=88 p-Value
Blood Chemistry
Random Glucose (mg/dL) 105.0 (74.8) 115.0 (51.0) 0.358
Albumin (g/L) 3.9 (0.4) 4.0 (0.4) 0.003
C-reactive protein (mg/dL) 7.3 (11.4) 7.1(14.4) 0.565
Creatinine (mg/dL) 81+25 72+21 0.134
Blood urea nitrogen (mg/dL) 54.0 (23.3) 63.8 (25.0) 0.004
Calcium (mg/dL) 84407 8.6 +07 0.602
Phosphorus (mg/dL) 49 (1.0) 5.0 (0.6) 0.340
Calcium-Phosphorus product (mg?/dL?) 40.3 (10.0) 409 (17.1) 0.397
Potassium (mmol/L) 5.0£0.7 51+0.6 0.465
Blood Count
Hemoglobin (g/L) 105+ 2.3 11.3+12 0.041
White blood cells (10° /L) 6.2 (2.0 6.6 (2.6) 0.820
Lipid Profile
Total cholesterol (mg/dL) 144.0 (66.0) 118.0 (29.5) 0.328
HDL (mg/dL) 38.0 (17.0) 35.5(20.1) 0.426
LDL (mg/dL) 78.1 (45.2) 59.0 (28.0) 0.022
Triglycerides (mg/dL) 122.6 (93.3) 115.0 (97.0) 0.204
Hemodynamic Measures
Systolic blood pressure (mmHg) 134.5 +21.5 148.1 +19.7 <0.001
Diastolic blood pressure (mmHg) 60.5 (16.3) 71.2 (16.7) <0.001

Measures with normally distributed measures, including phosphorus, potassium, systolic and diastolic blood
pressure are presented as mean =+ standard deviation. The remaining measures have distributions significantly
deviating from normal and so are presented as median (IQR). HDL = high density lipoprotein cholesterol;
LDL = low density lipoprotein cholesterol.

Table 4. Nutrient intake compared by peripherality.

Nutrient Pelr\l‘llzl';e;ry Ee:tsesr p-Value
Energy (kcal/day) 1386.1 (462.9) 1403.3 4+ 599.6 0.850
Energy (kcal/kg IBW) 225+69 21.6 £8.7 0.527
Protein (g/day) 63.9 (36.2) 61.6 (42.8) 0.360
Protein (g/kg IBW) 1.1+04 1.0+ 0.5 0.144
Protein (% total kcal) 17.7 (10.3) 17.1 (7.8) 0.200
Fat (% total kcal) 372+ 114 36.5 + 10.1 0.348
Saturated fat (% total kcal) 11.0 (6.5) 10.6 (7.5) 0.706
Carbohydrates (% total kcal) 43.1 +10.8 452 +10.9 0.252
Vitamin A (ng/day) 1773.3 (3013.6) 1244.9 (1709.8) 0.734
Thiamine (mg/day) 0.9 (0.8) 0.9 (0.8) 0.781
Riboflavin (mg/day) 1.2 (0.7) 1.7 (1.7) 0.007
Niacin (mg/day) 16.2 (13.6) 16.9 (12.1) 0.862
Vitamin B6 (ug/day) 1.1 (0.9) 0.9 (1.2) 0.801
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Table 4. Cont.

Nutrient P?\?EIE?Y Ee:tse; p-Value
Vitamin B12 (ng/day) 24 (2.4) 24 (3.2) 0.994
Folic acid (ng/day) 78.1 (88.5) 234.4 (194.2) <0.001
Vitamin C (mg/day) 45.7 (64.9) 35.3 (62.6) 0.031
Calcium (mg/d) 394.5 (410.3) 475.9 (340.0) 0.234
Phosphorus (mg/day) 884.2 (511.6) 803.6 (459.8) 0.290
Potassium (mg/day) 1885.2 (1109.7) 1562.6 (821.4) 0.023
Sodium (mg/day) 2938.4 (2401.2) 1934.5 (1397.1) <0.001
Iron (mg/day) 6.8 (5.5) 8.2 (6.2) 0.102

The nutrients” energy (kcal/day), energy (kcal/kg IBW), protein (g/kg IBW), fat (% total kcal), and carbohy-
drates (% total kcal) had normal distributions so are presented as mean =+ standard deviation and compared by
peripherality using the t-test for independent samples. The remaining nutrients had distributions significantly
deviating from normal, and so are presented as median (IQR), and were compared by peripherality using the
Mann-Whitney U test. IBW = ideal body weight. Nutrient intakes reflect intake from the diet and not nutritional
supplements.

4.5. Anthropometry, Malnutrition Risk, and ISRNM Adherence

Table 5 presents the comparison of anthropometric measures, malnutrition risk, and
adherence to ISRNM guidelines by peripherality. BMI differed marginally between the
groups, and both groups were within the overweight category. There was no by-group
difference in the percentage of participants with BMI > 23 kg/m?. On the other hand, the
percentage of IBW was significantly greater in participants from the periphery than in those
from the center of the country.

The distribution of malnutrition risk categories differed significantly by peripher-
ality. Approximately 50% of the participants had minimal malnutrition risk regardless
of peripherality. However, an overall by-group difference was observed, driven by a
lower percentage of participants in the mild malnutrition risk category and a significantly
greater percentage of participants in the moderate malnutrition risk category among people
from the periphery. On the other hand, this difference did not persist after applying the
Bonferroni Correction.

When the categories were combined into a single measure of elevated malnutrition
risk (minimal risk vs. any higher risk), almost half of the participants in both groups had
some elevation of malnutrition risk and no between-group difference was detected.

Adherence to ISRNM guidelines was low overall, particularly for energy and protein
recommendations. The greatest adherence was noted for phosphorus intake, with no
between-group difference. Adherence to sodium intake guidelines was relatively high
among participants from the center, more than three times the level of compliance in the
periphery, and this difference was significant.

Neither CAR nor the dichotomized CAR variable (CAR > 7) differed by peripherality.

Multivariable binary logistic regression models were attempted for dichotomous end-
points including any malnutrition risk, the dichotomized CAR (CAR > 7) and adherence
to each of the ISRNM dietary guidelines. Convergence was achieved only for the model
of adherence to the ISRNM guideline for sodium, as shown in Table 6. Periphery was
significantly inversely associated with odds of adherence to the guideline, such that being
from the periphery significantly reduced the odds of adherence by 92.8%. As universal
confounders, age and sex were forced into the model but did not significantly influence
odds of this outcome. Dialysis adequacy (Kt/V) significantly improved odds of adherence
to the sodium guidelines, such that each 1-unit increase in Kt/V was associated with a
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more than 16-fold increase in odds of adherence to the guideline; however, it should be
noted that the 95% confidence interval for this OR is very wide, potentially suggesting
instability of the OR point estimate. The percentage of energy consumed as fat reduced
odds of adherence to the guideline, such that each 1% increase in fat as a percentage of
total energy intake reduced odds of adherence by 4%. Finally, dietary potassium intake
was marginally associated with this outcome, with each 1 mg/day increase in potassium
intake associated with a 0.1% reduction in odds of adherence. The model was significant
(p < 0.001) and correctly classified 79% of study participants for this endpoint.

Table 5. A comparison of anthropometric measures, malnutrition risk and adherence to ISRNM
dietary guidelines by peripherality.

Measure Periphery N = 66 Center N = 88 p-Value
Anthropometric Measures
Body mass index (kg/mz) 27.4(9.1) 25.5 (6.2) 0.080
BMI > 23 kg/m? (%) 81.0% 70.1% 0.132
Percent Ideal body weight (%) 130.1 £33.2 115 +27.1 0.002

Malnutrition Risk (%)

Minimal (BMI > 23 kg/m? and

albumin > 3.8 mg/dL) 508 534

: 2
Moderate (BMI > 23 kg/m2 and 302 15.9 0.033
albumin < 3.8 mg/dL)
Severe (BMI < 23 kg/m2 and 11 8.0
albumin < 3.8 mg/dL)
Ay o s il

ISRNM nutrition recommendations for hemodialysis patients (%)
Energy (kcal): 30-35 kcal/kg/day * 13.3 11.4 0.719
Protein: 1.2-1.4 g/kg/day * 31.7 31.4 0.972
Sodium: 80-100 mmol/day * 194 64.8 <0.001
oo S 000me A ples
C-reactive protein-to-albumin ratio (CAR)

CAR (mg/gr) 19(3.1) 1.9 (3.5) 0.586
CAR > 7 (%) 15.6 104 0.378

* When the ISRNM guidelines are presented as a range, the lower range limit is used as the cutoff for energy and
protein, and the upper range limit is used for sodium and phosphorus. ISRNM = International Society of Renal
Nutrition and Metabolism.

A multivariable linear regression model was developed to predict %IBW, and the
following equation was obtained: %IBW = 192.5 + (13.3 x periphery) — (0.52 x age) —
(13.0 x sex) — (27.4 x Kt/V) + (1.93 x dialysis vintage). All predictors in the model were
significant: periphery (p 0.006); age (p = 0.007); sex (p = 0.01); Kt/V (p < 0.001); and HD
vintage (p = 0.008). This model was significant (p < 0.001) and explained 22% of the variance
in %IBW.

A similar model was developed for BUN: BUN = 59.4 — (11.1 x periphery) —
(0.03 x age) + (7.9 x sex) — (0.9 x dialysis vintage) + (5.92 x gr protein/kg IBW). In
this model, periphery (p < 0.001) and sex (p = 0.02) were significant, while HD vintage
(p = 0.062) and gr protein/kg IBW (p = 0.09) were marginally significant. The model was
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significant (p < 0.001) and explained 15% of the variability in BUN. Models including pe-
ripherality did not converge for BMI or CAR, and a model with peripherality did converge
for serum albumin, but it only explained 6% of the variability in this outcome.

Table 6. Logistic regression model of adherence to ISRNM guidelines for sodium.

Variable Odds Ratio 915n/:efv(:11f:fle(;llc{e p-Value
Periphery (yes =1, no = 0) 0.072 0.025-0.205 <0.001
Age (years) 0.97 0.934-1.006 0.101
Sex (male = 1, female = 0) 1.068 0.364-3.134 0.904
Dialysis adequacy (Kt/V) 16.877 2.711-105.064 0.002
Fat (% of total energy intake) 0.959 0.938-0.981 <0.001
Dietary potassium (mg/day) 0.999 0.999-1.000 0.05
Constant 10.311 0.188

5. Discussion

The present study identified several clinical, nutritional, and treatment-related dif-
ferences in HD patients by peripherality. Age, sex, and smoking were similar between
groups. Despite this, participants from the periphery had greater prevalence of CHD but
not diabetes or hypertension. A greater burden of cardiovascular disease risk has been
reported in lower socioeconomic, more peripheral regions compared to more centrally
located urban regions across the world [16]. In Israel, the national system of healthcare
affords dialysis care to all who require it, but difficulty with transportation logistics may
nevertheless make follow-up healthcare access more difficult [7].

Between-group differences in the percentage of the population prescribed EPO, iron
supplementation and phosphate binders may reflect systematic by-center differences in
disease management; however, it could also reflect a difference in charting practices or
reporting. After applying the Bonferroni Correction, there was no by-peripherality differ-
ence in hemoglobin levels. Due to the cross-sectional study design, it is not possible to
know whether the lack of differences in hemoglobin and serum phosphorus results from or
necessitates differences in prescribing practices.

Another between-group difference in participant characteristics was dialysis vintage,
which was significantly greater among participants from the periphery. This observation
might reflect more limited access to kidney transplantation in the periphery, as has been
observed in peripheral populations in other countries, including the United States [17].

Both serum albumin and BUN levels were lower in participants from the periphery,
possibly suggesting impaired nutrition status [18], while lower blood pressure readings
could reflect poorer hemodynamic stability or differences in antihypertensive management.
Low serum albumin, low BUN and low measures of both systolic and diastolic blood
pressure have been shown to predict mortality in patients on hemodialysis [19].

Serum LDL cholesterol levels were significantly higher in participants from the pe-
riphery, but below 100 mg/dL in both groups. Like in the general population, elevated
LDL levels have been associated with increased cardiovascular risk in adults on HD [20].
But in HD patients, the “lipid paradox” has been posited, which predicts that LDL and
total cholesterol may decline in hemodialysis as a result of suppressed synthesis in the
presence of inflammation, possibly indicating nutritional vulnerability [21]. In HD patients,
LDL cholesterol has been shown to have an inverse association with mortality in men,
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and a U-shaped association in women [22]. There was no by-periphery difference in the
percentage of participants prescribed statins.

Intake of specific nutrients differed meaningfully by peripherality. Of particular
concern is the significantly increased sodium intake reported by participants from the
periphery. In developed countries, salt intake has been reported to be higher in adults from
the periphery than from urban centers [23]. This is not necessarily the case in developing
countries [24]. High sodium intake may reflect consumption of ultra-processed foods,
which—along with other added ingredients—can raise blood pressure, disrupt glycemic
control, and are linked to higher rates of hyperphosphatemia, hyperkalemia, and constipa-
tion [25]. In HD patients, elevated sodium intake is associated with interdialytic weight
gain and serves as a measure of adherence to dietary and fluid restriction; further, excess
interdialytic weight gain is associated with increased cardiovascular risk [26].

Consistent with the finding of excess sodium intake, there was significantly lower
adherence to sodium recommendations among peripheral patients. This was confirmed in
the multivariable analysis and highlights a critical area for intervention. Notably, being
from the periphery reduced the odds of sodium guideline adherence by more than 90%,
even after adjustment for confounders.

Adherence to the other ISRNM dietary guidelines (energy, protein and phosphorus)
was generally low across the cohort, particularly for protein and energy intake, consistent
with previous reports in HD populations [14]. Fewer than 15% of participants in the present
study adhered to the guideline for energy intake, and approximately 1/3 of participants
adhered to the guideline for protein intake, with no difference between the groups. Adher-
ence to the ISRNM dietary phosphorus guidelines was greater than for any other but did
not differ by group.

The overall lack of adherence to ISRNM dietary guidelines presents a teaching op-
portunity for HD center staff, particularly for dialysis nurses. This profession spends the
greatest amount of time with HD patients and can leverage this exposure to reinforce
dietary messaging. Specifically, nurses, guided by center dietitians, can review general and
individualized dietary recommendations to improve compliance. Nurse-led behavioral and
educational interventions have been proposed as meaningful ways to promote self-efficacy
and improve patient outcomes [27]. Many studies have found that in the general popula-
tion, overweight and obesity are more prevalent in the periphery than in the urban centers
of a country [28]. Participants from the periphery had significantly greater %IBW and
marginally greater BMI than those from the center of the country. BMI was elevated and in
the overweight range in both groups. Overweight in HD patients, known as the “obesity
paradox” posits a survival advantage for overweight and obese patients [29], though some
studies have reported that overweight but not obesity status confers protection [30].

In regression analysis, participants from the periphery had a relative 90% reduction
in odds of sodium guideline adherence, even after adjustment for confounders. This
striking disparity may reflect systematic differences in dietary counseling [26], or health
literacy patterns [31]. In patients with congestive heart failure, adherence to dietary sodium
restriction was influenced by older age, preference for salty flavors and higher BMI [32].
In this model, each 1-unit increase in Kt/V increased odds of adherence to the ISRNM
sodium restriction recommendations by almost 17-fold. It is possible that high sodium
intake could increase thirst, leading to greater fluid intake and less adherence to fluid
restriction. People on HD who consume more fluids between dialysis sessions often have
higher interdialytic weight gain and a larger volume of urea distribution (the V in Kt/V).
Increasing the volume of urea distribution can thus lower Kt/V, even if the dialysis dose
is unchanged. The association between Kt/V and adherence to sodium restriction is not
causative; rather, it is likely a function of fluid retention in non-adherent patients.
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Finally, multivariable modeling highlighted the influence of peripherality on %IBW,
independent of age, sex, dialysis adequacy, and dialysis vintage. The model suggests that
living in the periphery is associated with higher %IBW, even after adjustment for potential
confounders, though it explained a modest proportion of variance. Also, differences
in macronutrient intake, including by kg/IBW, did not differ by region. Other models,
including those for BMI, CAR, and serum albumin, showed limited explanatory power,
indicating that additional unmeasured factors—such as individual socioeconomic status,
or healthcare access—may play significant roles.

Findings of the present study must be considered in light of its limitations. First, some
of the data were collected during times of great stress, including the end of the COVID-19
pandemic, which may have influenced eating patterns in participants. Participants from
the periphery are close to the border with Lebanon, and sporadic missile attacks occurred
during the data collection period, which may have altered typical dietary intake. Dietary
intake was measured using a single 24 h recall. This method is limited by recall bias as
well as its inability to capture individual “typical” intake; however, it can represent the
mean population intake, though with exaggerated standard deviation. This increases the
likelihood of a type Il statistical error, where an association in fact exists, but the investigator
accepts the null hypothesis [33]. When the nutrient in question is prone to a great deal of
daily variability [34], it may compound the problem; nevertheless, the present study did
identify differences in sodium intake by peripherality, though it may be an underestimation
of the true difference. Because all 24 h recalls were performed on a dialysis day, intake
reflects non-dialysis days, which may be different from dialysis days. This may limit
external validity such that findings cannot be generalized to dietary intake on dialysis days.
Another study limitation is the cross-sectional design of the study, which precludes any
consideration of causality. Importantly, the study only includes Jewish Israeli HD patients,
due to the genetic, cultural and dietary confounding that would be introduced into the
study by including other ethnicities. This creates a limitation on the external validity of the
findings, which cannot be generalized to the entire Israeli HD population.

The study also has several strengths. First, limiting participation to members of one
ethnicity reduces confounding introduced by differences in cultural, genetic and behavioral
patterns, some of which are unmeasurable. The sample size was adequate to detect the
between-group differences in peripherality. Also, data collection was performed by highly
trained investigators to maximally reduce measurement error.

6. Conclusions

In summary, this study identifies important regional disparities among HD patients,
with those in the periphery experiencing higher CHD burden, greater %IBW and lower
adherence to dietary sodium guidelines. These findings may imply inequities or at least
differences in healthcare delivery, nutrition management practices, and patient support.
Interventions aimed at improving nutrition counseling, access to appropriate foods, and
management of anemia and CHD risk in the periphery may help reduce these disparities
and improve patient outcomes.
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