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Abstract

Background Chronic kidney disease (CKD) is characterized by structural abnormalities in nephrons, loss of functional
nephrons, and impaired renal excretory function. A pro-vegetarian dietary pattern (PDP) is a gradual and progressive
approach to vegetarianism. The current study aimed to assess the association between PDP and the odds of protein-
energy wasting (PEW) and sarcopenia in patients with CKD.

Methods The present cross-sectional study was conducted on kidney disease patients (n=109) referred to two
clinics in Shiraz, Iran. The diagnosis of sarcopenia and PEW was made according to the guidelines of the Asian
Working Group for Sarcopenia (AWGS) and the International Society of Renal Nutrition and Metabolism (ISRNM)
criteria, respectively. The participants’ dietary intake was evaluated using a 168-item semi-quantitative food frequency
questionnaire (FFQ). For PDP index calculation, plant and animal food sources were categorized into 12 subgroups.
The association between sarcopenia and PEW with PDP was evaluated using logistic regression.

Results The PDP was significantly associated with a lower risk of PEW in the second tertile compared to the first in
the crude model (odds ratio (OR)=0.225; confidence interval (Cl): 0.055-0.915; p-value =0.037). After adjusting for
potential confounders, lower significant odds of PEW were observed in the second and last tertiles of PDP compared
to the first (T,: OR=0.194; CI: 0.039-0.962; p-value =0.045, and T5: OR=0.168; Cl: 0.030-0.950; p-value =0.044). In
contrast, no significant relationship was observed between PDP and the odds of sarcopenia (p-value > 0.05).

Conclusions Overall, the findings indicated that greater adherence to PDP was negatively associated with the odds
of PEW. Additionally, the results showed no association between PDP and the odds of sarcopenia. Further studies are
needed to support these findings.
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Introduction

Chronic kidney disease (CKD) is defined by struc-
tural abnormalities in nephrons, the loss of functional
nephrons, and impaired renal excretory function [1].
Hypertension and diabetes are important risk factors
for this disease [2], which mainly occurs in people
over 65 [3]. CKD causes complications such as anemia,
cachexia, fatigue, anorexia, and nausea [4].

Protein-energy wasting (PEW) is a condition charac-
terized by metabolic and nutritional disorders in CKD
patients, where body energy reserves and systemic
protein are simultaneously lost [5]. The cause of PEW
are related to decreased appetite, a hypercatabolic
state, autoimmune conditions, and systemic inflamma-
tion [6]. PEW is one of the most powerful predictors
of mortality in patients with CKD [7]. The prevalence
of this disorder increases as kidney function decreases.
In stages 1 to 2, its prevalence is less than 2% [8, 9];
in stages 3 to 5, its prevalence increases to 11 to 46%
[9-12].

Sarcopenia is a decrease in muscle mass that reduces
the quality of life by impairing physical performance
[13]. In CKD, sarcopenia can occur due to increased
catabolism and decreased muscle synthesis, result-
ing in a negative balance of protein homeostasis [14].
The decrease in muscle synthesis in CKD is caused by
reduced expression of myogenic regulatory factors,
decrease cell activation, and consequently, impaired
regeneration [15]. This disorder in CKD patients is
associated with increased fracture risk, hospitaliza-
tion, and mortality [14].

In CKD patients, whose probability of death is high,
interventions to improve nutritional status and correct
or prevent sarcopenia and PEW can be life-saving [16].
It has been shown that plant-based diets, which are
low in animal products and high in plant foods, may
benefit kidney health [17]. A pro-vegetarian dietary
pattern (PDP) is a gentle and progressive approach to
vegetarianism [18] and is rich in whole grains, veg-
etables, and fruits [19]. This dietary pattern contains
sufficient micronutrients and bioactive phytochemi-
cals [20]. The role of this dietary pattern in reducing
the risk of cardiometabolic diseases [21], breast cancer
[19], and cardiovascular mortality [22] has been stud-
ied. However, limited research has been conducted
on the relationship between this dietary pattern and
the risk of CKD. One study demonstrated that PDP
reduces certain metabolites related to the incidence of
CKD, suggesting that plant-based diets could reduce
CKD incidence by controlling glycemia, reducing
inflammation, and preventing adiposity [17]. Another
study revealed that a pro-vegetarian diet reduces the
risk of CKD [23].
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According to the studies mentioned above, the PDP
can have a favorable effect on CKD. To our knowledge,
no study has examined the association between PDP
and the risk of PEW and sarcopenia in patients with
CKD. If this dietary pattern can affect these two indi-
cators, following it could decrease the odds of death in
CKD patients.

Methods
Study population
The present cross-sectional study was conducted on
kidney disease patients referred to Imam Reza and
Motahari clinics between January and October 2022 in
Shiraz (Fars province of Iran). Based on the sample size
formula for estimating proportions and utilizing statis-
tical software, the necessary sample size has been cal-
culated as 97. This calculation was made with an alpha
level (a) of 0.05, a proportion (p) of 0.5, and a margin
of error (d) of 0.1. Considering a potential dropout
rate of 12%, the final sample size was determined to
be 109 patients. This calculation adheres to guidelines
that suggest utilizing an expected prevalence of 50% in
cases where the actual prevalence is unknown [24-26].
Based on inclusion and exclusion criteria, 109
patients with glomerular filtration rate (GFR) less than
60 mL/min/173m? diagnosed by physicians, aged over
18 years, without cognitive problems, and willing to
participate in the study were included in the present
cross-sectional research. The GFR is calculated using
the Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) equation as follow:

GFR = 141 x min (Ser/k, 1)* X max (Scr/k, 1) 2%
x 0.9934°x 1.018 [iffemale]

(Scr is the serum creatinine (mg/dL), x is 0.7 for
females and 0.9 for males, a is -0.329 for females and
—0.411 for males, min indicates the minimum of Scr/k
or 1, and max indicates the maximum of Scr/k or 1)
[27, 28].

Also, participants on dialysis, with heart failure,
active infection, liver cirrhosis and those who had a
daily caloric intake of 800 or >4200 kcal for men and
<500 or >3500 kcal for women (Numerous other stud-
ies have utilized these cut points for defining plausible
energy intakes [29-31]), as well as those who answered
less than 60% of the food frequency questionnaire
(FFQ), were excluded (Fig. 1).

Physical evaluation, biological sampling, medical,
nutritional, and general information were conducted
at the beginning of the study by experts. Some details
of the present study have been previously published
[32, 33]. The Medical Research and Ethics Committee



Mansouri et al. Journal of Health, Population and Nutrition

(2024) 43:110

Page 3 of 11

Subjects aged over 18 years participated in the study
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Fig. 1 Study flow diagram

of Shiraz University of Medical Science approved this
study (IR.SUMS.SCHEANUT.REC.1400.087).

Data collection

Muscle mass and fat percentage were assessed by
bioelectrical impedance analysis (BIA) (IN BODY-
S$10). Weight was measured using the Omron BF511
scale (without shoes and minimal clothing, accurate
to 100 g). Mid-arm circumference (MAC) and height
were measured using a non-stretchable tape (accuracy
of 0.5 cm). Body mass index (BMI) was calculated as
weight (kg) divided by height (m) squared. Addition-
ally, after a 12—-14 h fast according to the study pro-
tocol, a 5 mL blood sample was collected from all
participants for evaluation of albumin, creatinine,
and other biochemical variables. Physical activity
was assessed using the International Physical Activity
Questionnaire (IPAQ), which has been previously vali-
dated [34].

Sarcopenia diagnosis
Low muscle mass, low muscle strength, and/or
low muscle function are considered for sarcopenia

diagnosis according to the Asian Working Group for
Sarcopenia (AWGS) guideline. Muscle strength was
assessed using a dynamometer to measure handgrip
strength (HGS). Muscle and fat mass were measured
using BIA. Muscle function was evaluated through
physical performance using the 5-time chair stand test
and gait speed (walking speed over 6 m). Also, a skel-
etal muscle mass index (SMI) of less than 7 kg/m? for
men and 5.7 kg/m? for women, calculated as appen-
dicular skeletal muscle mass (ASM) divided by the
squared height (meters), we used to confirm sarcope-
nia. Moreover, muscle strength less than 28 kg for men
and 18 for women and/or low physical performance
(5-time chair stand test>12 s or gait speed less than
1 m/s) were considered criteria to confirm the diagno-
sis of sarcopenia [35, 36].

PEW diagnosis

PEW was diagnosed according to the criteria set by the
International Society of Renal Nutrition and Metabo-
lism (ISRNM). The diagnosis includes four categories
recommended by ISRNM: low protein intake (dietary
protein intake (DPI) less than 0.6 g/kg/day), low body
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mass (body mass index (BMI) less than 23 kg/m?), bio-
chemical parameter (serum albumin less than 3.8 g/
dL), and decreased muscle mass (24-hour urine cre-
atinine excretion (UCE): lower quartile based on
sex). Patients with less than 500 mL/day of 24 h urine
were excluded for concerns regarding urine collection
errors. Diagnosis of PEW required three or more of
these indicators to be present [9].

Dietary assessment and food grouping

The participants’ dietary intake was assessed using a
168-item semi-quantitative FFQ, which has been vali-
dated for the Iranian population [37]. A trained dieti-
cian recorded the portion sizes and frequencies of food
items based on daily, weekly, monthly or yearly intake.
To facilitate estimation of food portions, participants
were provided with a set of household measurements
(such as plates, bowls, tablespoons, teaspoons, glasses,
and cups) and a validated food album [38].

Upon completion of the FFQ, all food items’ portion
sizes were converted to gram. These values were then
multiplied by the frequency of daily intake to deter-
mine the amount of each item was consumed. The
energy values of foods were obtained from the nutri-
ent composition databases of Iranian foods [39] and
the United States Department of Agriculture (USDA)
Food Composition Data. Average energy and nutrient
intakes were calculated using Nutritionist IV for Ira-
nians software (version 7.0; N-Squared Computing,
Salem, OR, USA).

For the calculation of the PDP index, plant and ani-
mal sources of food sources were categorized into 12
subgroups. Plant-based food items were classified into
7 categories (cereals, fruits, vegetables, olive oil, pota-
toes, nuts, and legumes), while animal-based foods
were grouped into 5 categories (meat products, fish,
dairy products, eggs, and animal fats).

Next, the intake of all 12 categories was converted
into quantiles. Subsequently, the quantiles of animal-
based food groups were reversed, assigning 5 points
to the first quantile, 4 points to the second, 3 points
to the third, 2 points to the fourth, and 1 point to the
fifth.

To determine the total PDP score, the reversed quin-
tile values of animal foods were summed with the
quintile values of plant foods. This scoring system
resulted in PDP scores ranging from 12 to 60, with
higher scores indicating great adherence to PDP scores
[18, 40].

Finally, the adherence scores were categorized into
three classes: less than 32 (low adherence), 32-38
(moderate adherence), and more than 39 (high
adherence).
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Statistical analysis
In the study, parametric continuous variables were
described using mean and standard deviation (SD),
while median (interquartile range (IQR)) for non-para-
metric continuous varia and percentage was used for
categorical variables. Baseline characteristics of the
study participants based on the PDP tertiles were pre-
sented as percentage or median (IQR) and mean+SD
for categorical and continuous variables, respectively.
The association between PDP and the odds ratio
(OR) and 95% confidence intervals (Cls) for sarcope-
nia and PEW was assessed using logistic regression
in both crude and adjusted models. The final model
included adjustments for age, sex, physical activity, fat
and energy intake. SPSS software (version 26) was used
for all statistical analyses in this study. Figures were
created using R software (version 3.0.2). A significance
level of p-value less than 0.05 was used to determine
statistical significance.

Results

Based on Table 1, significant differences were observed
among PDP tertiles for several variables: PEW
(p-value=0.034), smoking status (p-value=0.019), ala-
nine transaminase (ALT) level (p-value=0.019), bicar-
bonate (HCO,) level (P=0.016), and the total score of
PDP (p-value < 0.001).

Macronutrients and food group’s consumption
across the tertile of PDP are presented in Figs. 2 and
3, respectively. According to Fig. 2, the intake of pro-
tein, carbohydrates, saturated fatty acids (SFA), mono-
unsaturated fatty acids (MUFA), and polyunsaturated
fatty acids (PUFA) did not show significant differences
among the tertiles of PDP (p-value ” 0.05 for all).

In contrast, Fig. 3 indicates that compared to the
first tertile, participants in the last tertile of the PDP
index had significantly higher consumption of fruits,
vegetables, nuts, and olive oils (p-value < 0.001).

In Table 2, participants macro and micronutrient
intake is presented based on PDP tertiles. According
to the table, in the highest tertile of the PDP index,
the intake of several nutrients was significantly higher
compared to the first tertile (fiber (p-value < 0.001),
MUFA (p-value=0.010), PUFA (p-value=0.003),
potassium (p-value < 0.001), iron (p-value=0.035),
magnesium (p-value=0.006), calcium (p-value=0.043),
vitamin A (p-value < 0.001), vitamin K (p-value <
0.001), vitamin E (p-value < 0.001), vitamin C (p-value
< 0.001), vitamin B; (p-value=0.003), vitamin Bg
(p-value=0.002) and vitamin B, (p-value < 0.001)).

In the multivariate analysis (Table 3), the PDP was
found to be significantly associated with a lower risk
of PEW in the second tertile compared to the first
one in the crude model (OR=0.225; CI: 0.055-0.915;
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Table 1 Baseline features of the study population across the tertile of PDP score
Variables PDP total score
T,(n=34) T, (n=40) T;(n=35) P-value

Age (year) ' 62.50 (21.00) 64.50 (13.00) 65.00 (15.00) 0.712
BMI (kg/m?) 2 2661+6.11 2851+4.58 2870+6.19 0.234
Sarcopenia, yes (%) 5(14.70) 4(10.00) 7 (20.00) 0475
PEW, yes (%) 3 9 (26.50) 3(7.50) 3(8.60) 0.034
Sex, male (%) 3 16 (47.10) 25 (62.50) 18 (51.40) 0.384
Muscle weight (kg) ' 20.40 (7.80) 22.20(8.70) 20.40 (7.70) 0.359
Fat percentage (%) 2 26.65+9.83 27.09+7.98 27.92+11.24 0.859
MAC (cm) ' 29.00 (4.00) 29.0 (5.00) 30.00 (5.00) 0.742
ASM (kg/m?) 2 7.94+1.49 850+ 145 833+1.59 0.267
HGS (kg) ! 17.00 (8.00) 18.00 (12.00) 16.00 (11.00) 0.724
Walk duration (second) ' 6.75 (1.40) 7.00 (1.90) 7.00 (1.00) 0.292
Chair sitting (second) ! 13.00 (4.40) 14.00 (3.00) 14.00 (5.00) 0.444
SGA'! 9.00 (3.00) 9.00 (3.00) 9.00 (4.0) 0.766
Smoking, yes (%) 2(5.90) 13 (32.50) 8(22.90) 0.019
Physical activity (%) 3 0223

Low 21(61.80) 32(80.00) 25 (71.40)

Moderate 13 (38.20) 8(20.00) 10 (28.60)
Marital status (%) 0.099

Single 4(11.80) 0 (0.00) 3(860)

Married 30 (88.20) 40 (100.00) 32 (91.40)
GFR (mL/min/1.7m?) 2 3483+13.34 31.56+13.84 31.36+13.26 0.485
Hemoglobin (gr/dL) 2 1225+1.62 1252+2.16 12.82+257 0.554
Albumin (gr/dL) 2 3.96+0.46 417+0.39 4124039 0.081
Iron (ug/dL) ? 76.96+26.64 68.62+39.09 73.76+36.75 0.669
Ferritin (ng/mL) 2 11547 +107.94 121.94+100.33 139.28+158.22 0.733
TIBC (mcg/dL) ! 309.00 (116.00) 331.00 (67.00) 274.00 (88.00) 0.134
ALT (1U/L) 2 26.72+12.73 19.27+8.86 20.90+7.26 0.019
AST (IU/D) ! 21.00 (13.00) 19.00 (6.00) 21.00 (7.00) 0.238
PTH (pg/mL) ! 62.00 (107.70) 54.00 (81.10) 71.00 (45.60) 0424
Vitamin D; level (ng/mL) 2 38.76+17.34 3333+15.08 3323+13.24 0.248
BUN (mg/dL) 2 3040+ 14.11 3410+17.46 31.57+14.05 0.570
Creatinine (mg/dL) ! 1.80 (1.05) 2.20(1.38) 2.00(0.72) 0.258
Urine creatinine (mg/dL) ? 781.94+387.01 963.81+£397.62 860.25+383.41 0.136
FBS (mg/dL) ! 99.00 (32.00) 97.00 (20.00) 100.00 (46.00) 0.817
TG (mg/dL) 2 134.11+74.90 168.62+107.05 143.83+79.90 0.293
Total cholesterol (mg/dL) 2 1472143836 154.45+40.79 1522943733 0.721
LDL-c (mg/dL) 2 83.81+£26.68 80.94+26.35 87.18+27.46 0.665
HDL-c (mg/dL) ? 43,67 +9.06 4400+17.43 40.39+9.19 0.503
PCO, (mmHag) 2 40.88+4.17 50.59+63.76 40.50+5.92 0442
PO, (mmHg) ! 28.00 (21.50) 3740 (36.50) 31.20(16.20) 0.940
HCO; (mmol/L) 2 24.00+3.03 22.06+3.87 21.73+£345 0.016
PDP total score ' 31.00 (3.25) 36.00 (3.00) 41.00 (3.00) <0.001

Abbreviations: BMI: body mass index, PEW: protein-energy wasting, MAC: mid-arm circumference, ASM: appendicular skeletal muscle mass, HGS: handgrip strength,
SGA: subjective global assessment, GFR: glomerular filtration rate, TIBC: total iron-binding capacity, ALT: alanine transaminase, AST: aspartate transaminase, PTH:
parathyroid hormone, BUN: blood urea nitrogen, FBS: fasting blood sugar, TG: triglyceride, LDL: low-density lipoprotein, HDL: high-density lipoprotein, PDP: pro-
vegetarian dietary pattern, PCO2: partial pressure of carbon dioxide, PO,: partial pressure of oxygen

Values are mean=SD for parametric variables and median (IQR) for non-parametric variables and percentage for categorical variables
! Using Kruskal-Wallis test for non-parametric continuous variables

2 Using ANOVA test for parametric continuous variables

3 Using chi-square test for categorical variables
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Fig. 2 The contribution of macronutrient intake based on the PDP tertile

p-value=0.037). After adjusting for potential con-
founders, lower significant odds of PEW were observed
in the second and last tertiles of PDP compared to the
first (T,: OR=0.194; CI: 0.039-0.962; p-value=0.045,
and T;: OR=0.168; CI: 0.030-0.950; p-value=0.044).
In contrast, no significant relationship was observed
between PDP and the odds of sarcopenia (p-value >
0.05).

Discussion

The present study’s findings showed that adherence to
the PDP in adults with CKD was associated with lower
odds of PEW. This association was not found between
PDP adherence and the odds of sarcopenia. The results
support a reduction in the likelihood of PEW associ-
ated with adherence to the PDP, which may not reflect
a completely plant-based diet, but rather a diet that
focuses on plant consumption, some animal products,
and the restriction of sweetened processed foods and
beverages.

PDP is a novel dietary pattern that may significantly
impact public health in the future, although it has yet
to be adequately studied [41]. New evidence suggests
that dietary patterns compatible with vegetarianism,
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such as PDP, can be beneficial for CKD patients by
delaying the progression of the disease to the end-
stage of kidney disease (ESKD) and preventing its
complications [42]. Delaying the progression of CKD
benefits both the healthcare system and the patient.

We found an inverse association between adherence
to PDP and the likelihood of PEW in CKD patients.
To our knowledge, the association between these two
indicators has not been investigated in other studies,
making comparisons with our results difficult. How-
ever, it has been shown that uremic toxins derived
from the gut can contribute to PEW by causing insu-
lin resistance, oxidative stress, and inflammation. Bac-
terial activity produces these toxins from aromatic
amino acids [43—45]. Studies have shown that these
toxins are higher in non-vegetarian patients than in
vegetarian patients [46, 47]. A vegetarian diet may
reduce the concentration of these toxins due to its
fiber contents, possibly by reducing the time of food
transit in the intestine and thus decreasing the pro-
duction and absorption of these toxins, or altering the
activity and composition of the intestinal microbiome
[48, 49].
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Fig. 3 Participants'food group intake across the tertiles of PDP

Another factor contributing to PEW in CKD patients
is acidosis [50]. Plant foods have lower acid load than
animal foods [50], and higher protein intake from plant
foods is associated with greater bicarbonate intake
[51]. Despite the mentioned benefits of plant pro-
tein intake, nutrient-based dietary guidelines recom-
mend animal protein foods to prevent PEW in kidney
patients [52] as animal proteins have higher quality
and bioavailability [50]. However, animal proteins also
have a higher acid load than plant proteins and can
increase uremic toxins derived from the gut more than
plant proteins [50]. Therefore, as mentioned above, in
PDP, which is not a completely plant-based diet and
includes some animal products, may effectively reduce
PEW through these mechanisms.

The results of the present study indicated no asso-
ciation between PDP and sarcopenia. Sarcopenia, a
prevalent condition in patients with CKD, is diag-
nosed based on criteria involving low muscle mass
and impaired physical performance [53, 54]. In CKD,
sarcopenia can arise from heightened protein break-
down due to the disease process and dialysis treat-
ment [55]. Additionally, factors such as insulin
resistance, hormonal imbalance, chronic inflamma-
tion, anorexia, and increased protein catabolism due
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 Meats and Processed Meats (gr/day)
Dairy Products (gr/day)

mFishes (gr/day)

mEggs (gr/day)

m Animal Fat (gr/day)

H Potatoes (gr/day)

m Olive Oils (gr/day)

B Legumes (gr/day)

W Cereals (gr/day)

m Nuts (gr/day)
Vegetables (gr/day)

W Fruits (gr/day)

to hyperparathyroidism, or activation of the renin-
angiotensin system contribute to its development [14].

As kidney function declines, there is often a gradual
reduction in protein intake [56]. Recommendations
for protein intake vary depending on CKD stage and
risk of ESKD. High-risk CKD patients (stages 4 and 5)
are typically advised to limit protein intake to 0.8 g per
kilogram per day, whereas those with lower risk (stage
3) may not need to restrict protein intake (<1.5 g per
kilogram per day) unless they have significant protein-
uria [57, 58].

Research indicates that vegans and lacto-ovo veg-
etarians generally consume less protein compared to
meat-eaters [59], and some vegetarian diets may com-
promise protein intake [60]. Furthermore, proteins
from plant-based sources often have lower bioavail-
ability compared to animal proteins. Patients with
CKD may naturally decreases their protein intake due
to dietary restrictions related to their condition.

Therefore, while the PDP encourages the consump-
tion of plant-based foods and limits animal protein
intake, this dietary pattern may not effectively reduce
the risk of sarcopenia in CKD patients, particularly if it
results in insufficient protein intake.
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Table 2 Macro- and micronutrient intake across the tertiles of PDP
Variables PDP total score

T,(n=34) T,(n=40) T; (n=35) P-value
Energy (kcal/day) ! 1736.39 (584.71) 1915.15(776.24) 2021.07 (534.85) 0.109
Protein (gr/day) ! 51.07 (24.70) 56.53 (28.23) 57.01(13.79) 0478
Carbohydrate (gr/day) ! 296.31 (102.76) 305.92 (153.69) 34556 (116.67) 0.089
Fat (gr/day) ! 43.09 (27.32) 48.10(22.78) 53.88(16.25) 0.195
Fiber (gr/day) 2 18.15£4.70 21.03+4.37 2544+544 <0.001
SFA (gr/day) ! 15.82 (12.69) 15.85 (11.47) 13.80 (7.40) 0.777
MUFA (gr/day) ! 13.99 (7.88) 1648 (10.89) 19.28 (7.51) 0.010
PUFA (gr/day) 9.65 (3.65) 11.37 (3.84) 12.68 (4.14) 0.003
Sodium (mg/day) ! 3927.87 (1098.55) 3947.20 (1467.37) 3981.08 (1510.03) 0.750
Potassium (mg/day) 2 2615.95+640.53 2830.46+62845 3348.33+774.63 <0.001
Iron (mg/day) ' 8.85 (4.00) 10.61 (5.24) 10.88 (3.99) 0.035
Magnesium (mg/day) 2 248.73+65.55 27217+77.57 306.50+£77.17 0.006
Zinc (mg/day) ! 8.49 (3.50) 9.59 (5.25) 9.44 (3.09) 0.531
Calcium (mg/day) ' 507.20 (303.93) 514.17 (202.71) 603.61 (165.59) 0.043
Phosphor (mg/day) ! 852.24 (384.71) 972.27 (423.06) 979.63 (211.59) 0.230
Selenium (mg/day) ! 39.13 (20.68) 40.11(20.99) 3942 (13.04) 0.931
Vitamin A (RAE/day) ! 442.66 (302.85) 469.48 (160.54) 620.96 (242.52) <0.001
Vitamin K (mcg/day) ! 108.18 (36.51) 12421 (47.77) 14112 (72.64) <0.001
Vitamin E (mg/day) ' 3.83(1.88) 457 (2.56) 5.74 (2.48) <0.001
Vitamin C (mg/day) ! 108.19 (46.04) 122.01 (39.76) 155.92 (71.27) <0.001
Vitamin B, (mg/day) ! 0.86 (0.32) 0.94 (0.44) 1.10(0.32) 0.003
Vitamin B, (mg/day) ? 1.12+£034 1.08+0.30 1.23+041 0.190
Vitamin B; (mg/day) ! 31.95(19.76) 36.19 (24.45) 3441 (21.96) 0513
Vitamin B, (mg/day) ' 476 (1.73) 471(1.94) 507 (0.97) 0233
Vitamin By (mg/day) 2 1.33+0.33 141+032 1.64+043 0.002
Vitamin B, (mcg/day) 2 164.21+50.19 186.61+42.83 228.37+58.11 <0.001
Vitamin By, (mcg/day) ' 2.10(2.11) 2.09 (1.50) 1.89(1.01) 0.465
Abbreviations: SFA: saturated fatty acid, MUFA: monounsaturated fatty acid, PUFA: polyunsaturated fatty acid, RAE: retinol activity equivalents
Values are mean=SD for parametric variables and median (IQR) for non-parametric variables
" Using Kruskal-Wallis test for abnormal continuous variables
2 Using ANOVA test for normal continuous variables
Table 3 Crude and multivariable-adjusted odds ratios and 95% Cls across tertiles of PDP score
Tertiles of pro-vegetarian dietary pattern Abnormal/normal Crude Model Adjusted Model

OR 95% Cl P-value OR 95% Cl P-value
Sarcopenia
Total score 16/93 1.038 0.936-1.151 0481 1.031 0.880-1.207 0.710
T,(<32) 5/29 Ref. Ref. Ref. Ref. Ref. Ref.
T, (33-38) 4/36 0.644 0.158-2.621 0.539 0.816 0.121-5517 0.835
T5(=39) 7/28 1.450 0411-5.110 0.563 1.607 0.272-9.491 0.601
Protein-energy wasting

Total score 15/94 0.947 0.851-1.054 0318 0.934 0.825-1.059 0.286
T, (<£32) 9/25 Ref. Ref. Ref. Ref. Ref. Ref.
T,(33-38) 3/37 0.225 0.055-0.915  0.037 0.194 0.039-0.962  0.045
T5(=39) 3/32 0.260 0.064-1.064 0.061 0.168 0.030-0.950 0.044

Abbreviations: OR: odds ratio, Cl: confidence interval, T: tertile, Ref: reference

Obtained from logistic regression
These values are odds ratio (95% Cls).

Significant values are shown in bold

Adjusted for age, physical activity, sex, and fat and energy intake
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Among the weaknesses of the study, several points
should be noted. First, as the first investigation into the
association between PDP and the likelihood of sarco-
penia and PEW, comparison with similar studies were
not feasible. Secondly, due to limited access to data on
inflammatory factors relevant to CVD complications,
the study did not explore PDP impact on inflamma-
tion. However, the study small sample size might have
contributed to the inability to establish a significant
association between PDP and the risk of sarcopenia.

On the other hand, the study has notable strengths.
It contributes novelty to the field by addressing this
association for the first time and includes rigorous
adjustment for important confounding factors.

Conclusions

Overall, the findings indicated that greater adher-
ence to PDP was negatively associated with the odds
of PEW. Additionally, the results showed no associa-
tion between PDP and the odds of sarcopenia. Further
studies are needed to substantiate these findings.
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