Xu et al. BMC Nephrology (2020) 21:268

https://doi.org/10.1186/512882-020-01918-2 BM C Ne p h o | Ogy

RESEARCH ARTICLE Open Access

Healthy adult vegetarians have better renal ®
function than matched omnivores: a cross-
sectional study in China

Kaijie Xu', Xueying Cui?, Bian Wang? Qingya Tang'? Jianfang Cai® and Xiuhua Shen*'®

Check for
updates

Abstract

Background: An appropriate diet is an important determinant of kidney health. However, the association between
vegetarian diets and renal function is unclear. We aimed to study the association between vegetarian diets and
renal function in healthy adults.

Methods: A total of 269 vegetarians and 269 sex- and age-matched nonvegetarian omnivores were enrolled in this
cross-sectional study. Basic characteristics and daily dietary intakes were assessed by face-to-face interviews. Blood
samples were collected, and renal function was assessed by measuring blood urea nitrogen (BUN), serum creatinine
(SCr), uric acid (UA) and the estimated glomerular filtration rate (eGFR). Blood pressure, fasting blood glucose and
blood lipid profiles were also assessed.

Results: The average age of the vegetarians was 354 + 8.6 years, 82.2% of whom were female. We evaluated the
association between vegetarian diets and renal function using multivariate analysis. Compared with omnivores,
vegetarians had lower BUN [ =—0.63, 95% confidence interval (Cl): (- 0.88, —0.38)], SCr [} = — 2.04, 95% Cl:(—4.10,
0.02)], and UA levels [ =—15.15, 95% Cl: (- 27.81, — 2.50)] and higher eGFRs [3 =4.04, 95% Cl: (0.30, 7.78)] after
adjusting for sex, age, body mass index (BMI), physical activity, alcohol consumption, smoking status, low-density
lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL), systolic pressure and fasting blood glucose.
Further analysis of food composition and renal function showed that dietary fiber intake was significantly
negatively associated with BUN [3=-0.02, 95% Cl: (- 0.03, 0.00)], SCr [B=-0.14, 95% Cl: (—0.25, 0.04)], and
UA levels [ =—0.72,95% ClI: (— 1.36, 0.07)] and positively associated with the eGFR [3 = 0.20, 95% Cl: (0.00, 0.40)].

Conclusions: Healthy adult vegetarians have better renal function than omnivores, and the higher dietary fiber intake
associated with vegetarian diets may contribute to the protective effect on renal function.
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Background
As a common, real-world dietary pattern, the vegetarian
diet is an attractive target for study. Previous studies
have suggested that vegetarian diets are associated with
reduced risks of obesity, cardiovascular disease, meta-
bolic syndrome and some types of cancer due to their
higher contents of unsaturated fat, fiber, folic acid, vita-
min C, vitamin E and many phytochemicals [1-4].
Moreover, because of the relatively lower intake and
unique source of protein, a vegetarian diet may theoret-
ically have some potential effects on renal function [5,
6]. Nevertheless, the association between vegetarian diets
and kidney function is controversial due to the limited
number of related studies. The most recent cross-
sectional study of 55,113 participants revealed a lower
prevalence of chronic kidney disease (CKD) among vege-
tarians than among omnivores [7]. A study of a popula-
tion in the Middle East and North Africa reported that
the lacto-vegetarian dietary pattern might be protective
against the occurrence of CKD after 6.1 years of follow-
up [8]. Another study in Taiwan showed no difference in
renal function between 102 Buddhist nun vegetarians
and a matched control group of omnivores [9]. Some
prospective studies reported that a vegetarian diet has a
protective effect against renal diseases such as kidney
stones and kidney cancer and may reduce renal disease
mortality, but relationships between vegetarian diets and
renal function parameters were not mentioned [10-12].
CKD is a worldwide public health problem associated
with a poor prognosis and high mortality [13, 14]. Diet-
ary management plays an important role in the preven-
tion and treatment of CKD [15]. Most previous data
regarding diet and kidney health focus on the association
between dietary patterns and CKD morbidity. We aimed
to fill the gap by focusing on healthy adults without esti-
mated glomerular filtration rate (eGFR) impairment to
explore the relationships between a vegetarian dietary
pattern and renal function parameters. We analyzed
whether a vegetarian diet is associated with renal func-
tion despite the influence of blood pressure and glyco-
lipid metabolism. The roles of the duration of vegetarian
dietary habits and nutrients in food are also discussed.
Our results may provide significant observational evi-
dence for the dietary management of renal function.

Methods

Population

A total of 538 young (34.5 + 8.7 years) healthy Chinese
adults including 269 vegetarians and 269 sex- and age-
matched (+ 1year) omnivores were recruited for this
study through online and offline approaches. All subjects
were volunteers. The vegetarian subjects were recruited
through advertisements with the Vegetarian Society of
China, some vegetarian restaurants in Shanghai or other
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publicity in media, and word of mouth. Once included
in our study, the vegetarian subjects were asked to rec-
ommended one matched omnivore among her or his
friends according to the following criteria: 1) the same
sex; 2) the same age or + 1 year; and 3) a similar lifestyle
and social class. The recruitment criteria for participants
included 1) adoption of a vegetarian diet for at least 12
months (for vegetarians); 2) residence in Shanghai for
more than 6 months; 3) age between 18 and 60 years; 4)
the ability to understand the contents of the question-
naires; and 5) no history of pregnancy or breastfeeding
within the previous 12 months (for female participants).
The exclusion criteria included 1) a diagnosis of any
renal disease, acute illness and severe nutritional malab-
sorption. All the subjects were invited to Xinhua Hos-
pital between March 2015 and May 2016 to participate
in this study (see the flowchart in Fig. 1) after providing
written informed consent. The study was approved by
the Ethics Committee of Shanghai Jiao Tong University,
School of Medicine.

Laboratory tests

After 10-12h of fasting, venous blood was collected
from each participant and then sent to the Clinical La-
boratory Center of Shanghai Xinhua Hospital for labora-
tory tests. Data for fasting blood glucose, blood lipid
profiles, including total cholesterol (TC), triglycerides
(TGs), low-density lipoprotein cholesterol (LDL), high-
density lipoprotein cholesterol (HDL), and the LDL/
HDL ratio, and renal function parameters, including
blood urea nitrogen (BUN), serum creatinine (SCr), and
uric acid (UA), were collected. The eGFR was used to
evaluate renal function in terms of excretion and filtra-
tion and was calculated based on the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) from
SCr. Higher eGFR values indicate better renal function,
mild renal impairment was defined by an eGFR< 90 mL/
minute/1.73 m? and the presence of CKD was defined
as an eGFR< 60 mL/minute/1.73 m? [16]. Blood pressure
was also measured by an automatic blood pressure ma-
chine (OMRON, HEM-759P, Japan).

Dietary and lifestyle variable assessments

Habitual dietary intakes were assessed in a face-to-face
interview using a 24-h recall questionnaire conducted by
trained dietitians (The details and of 24 h dietary recall
process and questionnaire see the supplement file ladn
2). We used the 24-h dietary recall questionnaire from
“Dietary survey method part of Sanitary Industry Stan-
dards of the People’s Republic of China(WST426.1—
2013)”, which was widely used in China, including
“Chinese National Nutrition and Health Survey” [17, 18].
To help subjects recall and estimate their dietary intakes,
dietitians provided food images, oral descriptions, and
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food models as a part of the 24-h dietary recall method.
Data entry and calculation of the 24-h dietary recall ques-
tionnaire results were performed using Nutrition Calcula-
tor v2.5 software developed by the Institute for Nutrition
and Food Safety of the Chinese Center for Disease Control
and Prevention and Beijing B-win Technology Co., Ltd.

All vegetarians in our study claimed that they had
followed a vegetarian diet by consuming no meat,
poultry or aquatic products at any meals daily for over a
year. Those who did not consume any animal products
were defined as “vegans”, while those who consumed
eggs and/or dairy products were considered “lacto-ovo
vegetarians”. Among the 269 vegetarians, 70 vegans
(26.0%) and 199 lacto-ovo vegetarians (74.0%) were
noted. Subjects who did not reject consumption of ani-
mal products were defined as omnivores.

All participants were required to complete general
condition questionnaires via face-to-face interviews.
Basic characteristics such as age, sex, income, education
level, marital status, tobacco use, alcohol consumption,
work intensity, and the frequency, time, and type of
physical activity were recorded.

Physical examination

Height and weight were measured using digital scales to
calculate the BMI. We also used a body composition
analyzer (Biospace InBody 720, Korea) to detect muscle
mass to identify body protein components that could
affect renal function indicators, such as creatinine. All
the measurements were performed by professional

dietitians while the subjects were minimally clothed
without shoes.

Statistical analysis
Data analysis was performed using the Statistical Program
for Social Sciences 25.0 (SPSS, IBM, USA). Continuous
variables are presented as the means + standard deviations
(SDs) (e.g., age, physical activity, sedentary time, BMI,
blood pressure, alcohol consumption, TC, TG, LDL, HDL,
the LDL/HDL ratio, BUN, SCr, UA, the eGFR and daily
dietary intakes including energy, protein, protein intake/
weight, the protein energy supply ratio, calcium, phos-
phorus, potassium and sodium). Categorical variables
(e.g., sex, marital status, regular physical examination, eth-
nicity, education level, working intensity, income, alcohol
use, and mild eGFR impairment) were presented by pro-
portions. To compare differences between the vegetarian
group and omnivore group, paired t tests were performed
for continuous data, Wilcoxon matched-pairs signed-
ranks tests were performed for ordinal variables, and
McNemar tests were performed for matched categorical
variables. Differences between the vegan group and lacto-
ovo vegetarian group were also assessed. We performed
two-independent-sample t tests for continuous data and
used Wilcoxon rank-sum tests for ordinal variables. x>
tests were performed for categorical variables.
Multivariable-adjusted B coefficients [95% confidence
intervals (CIs)] for the associations of vegetarian dietary
patterns [omnivore (reference), total vegetarian (lacto-
ovo vegetarian and vegan), lacto-ovo vegetarian, and
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vegan] with renal function parameters (BUN, SCr, UA,
and the eGFR) were estimated using linear regression.
The covariates were sex, age, BMI, skeletal muscle mass,
physical activity, alcohol consumption, smoking status,
blood pressure, blood lipid profiles, fasting blood glucose
and vegetarian diet duration. The associations between
dietary intake compositions and renal function parame-
ters were also estimated using multiple-linear regression.
The covariates were sex, age, BMI, skeletal muscle mass,
physical activity, alcohol consumption, smoking status,
blood pressure, blood lipid profiles, fasting blood glucose
and vegetarian diet duration.

All P values were calculated based on two-sided
tests, and the significance level for each test was set
at P<0.05.

Table 1 Basic characteristics of vegetarians and omnivores
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Results

Basic characteristics of vegetarians and omnivores

The basic characteristics of the study participants are
shown in Table 1. In our study, the mean age of the veg-
etarians was 35.4 + 8.6 years, and the mean duration of
vegetarian dietary habits was 5.4 + 5.0 years. The propor-
tion of alcohol users was lower in the vegetarian group,
and the vegetarian group was characterized by lower
consumption of alcohol. Vegetarians spent more time
being physically active (1.9 +2.5h/week vs. 1.4 +2.0h/
week) and tended to have a lower BMI (20.9 + 2.6 l(g/m2
vs. 22.4 +3.5kg/m?) and a higher skeletal muscle mass
(22.3+4.1kg vs. 23.3+4.8kg). Compared with omni-
vores, vegetarians had a lower systolic blood pressure
(108.0 £ 12.7 mmHg vs. 111.6 + 154 mmHg) and lower

Variables Vegetarians
Vegans Lacto-ovo vegetarians Total vegetarians® Omnivores
n=70 n=199 n=269 n=269

Sex (Females, %) 743 854 822 82.2
Age (years) 37.2+92 348+83 354486 348+94
Vegetarian diet duration (years) 54+45 54+52 54+50
Income per month (yuan)

<3000 17.1 192 18.7° 26.1

3000 ~ 8000 67.2 682 67.9° 65.3

> 8000 15.7 126 134° 86
Education (%)

Primary or secondary 214 13.1 15.3° 17.7

Vocational 18.6 152 16.0° 17.7

College and above 60 7.7 68.7° 64.6
Alcohol consumption (%)

None or rarely 986 935¢ 95.1° 834

Monthly or weekly 0 5.5 41° 124

Daily 14 1 0.8° 42
Smoking (%) 143 8 9.7 82
BMI (kg/m?) 205+24 211427 209 +26° 24+35
Physical activity (hours/week) 20+29 18+23 19+25° 14+20
Skeletal muscle mass (kg) 227 +48 222+38 223141 233+48
Systolic pressure (mmHg) 1086+ 123 107.8+128 1080+127 1116+154
Diastolic pressure (mmHg) 699+94 69.8+90 69.9+09.1 704+11.0
Fasting blood glucose (mmol/L) 4.6+04 47+0.7 46+062 48+ 04
TGs (mmol/L) 1.0+05 09+05 1.0+05 09£05
TC (mmol/L) 40+08 41+08 41+08° 46+08
LDL (mmol/L) 2506 26+06 25+06° 29+0.7
HDL (mmol/L) 13+02 13+03 13+03 14+03
LDL/HDL 22+06 21£06 21+06° 22407

“Total vegetarians: lacto-ovo vegetarians and vegans
Pstatistical significance when comparing vegetarians and omnivores, P < 0.05

“Statistical significance when comparing vegans and lacto-ovo vegetarians, P < 0.05
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fasting blood glucose (4.6 +0.6 mmol/L vs. 4.8+0.4
mmol/L) as well as better blood lipid profiles, including
lower levels of TC and LDL at 4.1 +0.8 mmol/L and
2.5 £ 0.6 mmol/L, respectively, and lower LDL/HDL ra-
tios (2.1 £ 0.6 vs. 2.2 +0.7).

Daily dietary intake

Table 2 details the daily dietary intake of nutrients of the
participants conforming to each of the different dietary
patterns. The 24-h dietary recall results demonstrated a
significant difference between vegetarians and omni-
vores. The dietary structure of vegetarians was charac-
terized by lower energy intake (1501.1 + 514.2 kcal/d vs.
1757.3 + 588.9 kcal/d), lower energy supply ratios of pro-
tein and fat intake (protein: 12.2 +3.2% vs. 15.7 + 4.3%;
fat: 25.48 £ 8.60% vs 33.01 + 9.93%), and a higher energy
supply ratio of carbohydrate intake (60.49 +9.66% vs.
49.94 + 11.85%). In addition, dietary fiber consumption
was higher among vegetarians, especially vegans. Regard-
ing mineral substances, vegetarians consumed less diet-
ary calcium, phosphorus and sodium than omnivores (all
P values <0.05). Among vegetarians, vegans consumed
more dietary energy and protein and had a higher intake
of calcium and phosphorus but a lower intake of sodium
than lacto-ovo vegetarians (all P values < 0.05).

Renal function parameters

Figure 2 demonstrates the renal function parameters of
omnivores and vegetarians. No subjects had been diag-
nosed with CKD, and the proportion of mild eGFR im-
pairment was not different between vegetarians and
omnivores (13.8% vs. 11.2%) or within vegetarians. The
eGFR was higher in vegetarians (109.2 + 16.6 mL/mi-
nute/1.73 m? than in omnivores (106.2 +16.4 mL/mi-
nute/1.73 m?). Vegetarians also had lower levels of BUN
(3.6 £ 1.0 mmol/L vs. 4.7 +59 mmol/L), SCr (67.8+
10.0 pmol/L vs. 69.5+ 12.1 umol/L) and UA (254.6 +
62.9 umol/L vs. 272.5 + 64.3 pmol/L), which are the final
metabolites and the representative parameters of renal
excretion and filtration. Among vegetarians, the renal
function parameters showed no differences between the
vegan and lacto-ovo vegetarian groups.

As shown in Table 3, we designed five multiple-linear
regression models to explore associations between vege-
tarian dietary patterns and renal function parameters. In
a multiple-linear regression analysis using an unadjusted
model, a vegetarian diet was associated with lower BUN
[B=-0.71, 95% CI: (-0.88, —0.53)], lower SCr [f=-
191, 95% CI: (-3.72, —0.10)], lower UA [B=-1841,
95% CI: (- 29.11, —7.70)] and a higher eGFR [f = 3.06,
95% CI: (0.26, 5.85)]. After adjusting for sex, age, BMI
and skeletal muscle mass, a vegetarian diet was associ-
ated with lower BUN [} =-0.68, 95% CIL (-0.85, -
0.51)], lower SCr [p=-2.04, 95% CIL: (-3.51, - 0.57)],
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lower UA [p=-10.17, 95% CIL: (- 19.28, — 1.05)] and a
higher eGFR [f = 3.59, 95% CI: (0.92, 6.28)]. In model 3,
physical activity, alcohol consumption and smoking sta-
tus were also controlled in addition to the variables in-
cluded in model 2. After adjusting for LDL and HDL,
systolic blood pressure and fasting blood glucose in
model 4, a vegetarian diet was negatively associated with
BUN [B=-0.63, 95% CIL: (-0.88, -0.38)], SCr [B=-
2.04, 95% CI: (- 4.10, 0.02)], and UA [p=-15.15, 95%
CIL: (-27.81, —2.50)] and positively associated with the
eGFR [P =4.04, 95% CI: (0.30, 7.78)]. After adjusting for
vegetarian diet duration, a vegetarian diet remained sig-
nificantly associated with lower BUN, SCr, and UA levels
and a higher eGFR. In a multiple-linear regression ana-
lysis, no associations were found between vegetarian diet
duration and renal function parameters. Regarding dif-
ferent types of vegetarian diets, both lacto-ovo vegetar-
ian diets and vegan diets were associated with lower
SCr, BUN, and UA levels and significantly positively as-
sociated with higher eGFRs after adjusting for different
confounders.

We designed a multiple-linear regression model to ex-
plore associations between dietary intake composition
and renal function parameters. When exploring the con-
tribution of dietary composition to renal function pa-
rameters, multiple-linear regression results showed that
dietary fiber was significantly negatively associated with
BUN [B=-0.02, 95% CI: (- 0.03, 0.00)], SCr [} =-0.12,
95% CI: (-0.23, 0.02)], and UA [ =-0.70, 95% CL: (-
1.34, - 0.06)] and positively associated with the eGFR
[B =0.22, 95% CI: (0.06, 0.41)]. Energy intake, the fat en-
ergy supply ratio, the protein energy supply ratio, and
protein intake/weight were positively associated with
BUN, and the carbohydrate energy supply ratio was
negatively associated with BUN, while no convincing as-
sociation was found between these factors and SCr, UA
and the eGFR. To further explore the contributions of
different sources of protein to renal function, we divided
dietary protein into plant-sourced protein and animal-
sourced protein, and the associations between different
sources of protein and renal function have been dis-
cussed separately. However, we did not detect any asso-
ciations between plant-sourced protein vs. animal-
sourced protein and renal function parameters.

Discussion

We found that among healthy adults, vegetarians, in-
cluding lacto-ovo vegetarians and vegans, have better
renal function than omnivores. Moreover, higher dietary
fiber intake is the variable mainly associated with better
renal function. This is the first study indicating that
healthy adult vegetarians have better renal function pa-
rameters apart from the influence of blood pressure,
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Table 2 Daily dietary intakes of vegetarians and omnivores
Variables Vegetarians
Vegans Lacto-ovo vegetarians Total vegetarians® Omnivores
n=70 n=199 n=269 n= 269
Energy (kcal/d) 1507.5 + 555.6 149838 + 500.3° 1501.1 + 514.2¢ 1757.3 £ 5889
Carbohydrates (g/d) 2332 £ 103.1 2252 £ 827 2273 £ 883 2170 £ 788
Carbohydrate energy supply ratio (%) 616+ 120 60.1 + 8.7 60.5 + 9.7 499+ 119
Fat (g/d) 387 £87 437 +214° 424 + 2131° 65.7 £330
Fat energy supply ratio (%) 233+95 262 +82° 2548 + 8.60° 330+99
Protein (g/d) 487 + 221 451 +19.1° 460 + 19.9° 70.5 £ 339
Protein energy supply ratio (%) 129+ 38 120 + 29° 122 +32° 157 £ 43
Protein intake/weight (g9/kg) 09+ 04 08+ 04° 0.8 + 04° 12+05
Dietary fiber (g/d) 1729 £ 9.11 1463 + 9.3° 153 + 93¢ 11.83 £ 6.90
Calcium (mg/d) 496.2 + 3163 4416 + 2504° 4558 + 269.5° 539.5 + 340.1
Phosphorus (mg/d) 841.5 £ 3670 7684 + 331.2° 7874 + 341.7° 989.0 + 3786
Potassium (mg/d) 21181 £ 996.1 17413 £762.3 18394 + 844.0 19433 £ 826.5
Sodium (mg/d) 2389.1 £1166.2 27800 + 12634° 26783 + 12486° 3767.6 £ 1584.7

*Total vegetarians: lacto-ovo vegetarians and vegans

PStatistical significance when comparing vegans and lacto-ovo vegetarians, P < 0.05

“Statistical significance when comparing vegetarians and omnivores, P < 0.05

fasting blood glucose and blood lipid levels than
omnivores.

Hyperlipemia, hypertension and diabetes are well rec-
ognized as factors that influence renal function and renal
diseases [19-21]. Many studies have demonstrated that
compared with omnivores, vegetarians have significantly
lower blood pressure, cholesterol levels, and glucose
levels [2, 3]. We observed lower systolic pressure, lower
fasting blood glucose and better blood lipid profile levels
in vegetarians, which may be an important reason for
the better renal function of vegetarians. However, after
adjusting for LDL and HDL, systolic pressure and fasting
blood glucose, the vegetarian diet remained significantly
associated with a higher eGFR, suggesting that the vege-
tarian diet may have a direct influence on renal function
protection.

Previous research has reported that 60-80% caloric re-
striction (20—40% fewer calories than an ad libitum-fed
group) may vyield obvious effects, including a higher
eGFR [22, 23]. However, we did not detect an associ-
ation between lower energy intake and a higher eGFR.
Although the vegetarians had lower energy intake in our
study, the degree and duration of caloric limitation may
not meet the effective standard to obtain optimal bene-
fits. We did not find a convincing association between
physical activity and the eGFR. Whether physical in-
activity is associated with reduced kidney function re-
mains controversial according to previous studies [24,
25]. The association between physical activity and renal
function remains to be further explored.

According to the results of the multiple-linear regres-
sion in our study, the higher dietary fiber consumption

of vegetarians may contribute to better renal function.
CKD is often accompanied by a chronic inflammatory
state characterized by elevated serum C-reactive protein
(CRP), IL-6 and TNF-alpha levels [26]. High fiber intake
has been proven to reduce oxidative stress status by af-
fecting bacterial fermentation of proteins in the colon
[27, 28]. Some small-scale studies have reported that in-
creasing fiber intake in CKD patients may reduce serum
creatinine levels and improve the eGFR [29, 30]. A study
among 1110 community-dwelling male participants aged
70-71 years from Sweden demonstrated that high diet-
ary fiber intake was associated with better kidney func-
tion and lower inflammation [31].

We did not find a relationship between protein intake
and the eGFR. Previous studies have confirmed the effect-
iveness of low total protein intake in the prevention and
treatment of renal dysfunction [15, 32, 33]. However, in
the context of a vegetarian diet, whether lower protein in-
take is associated with better renal function is difficult to
assess due to changes in both the amount and source of
dietary protein. On the one hand, some studies have sug-
gested that a low-protein vegan-vegetarian diet is a suit-
able option in the management of CKD patients [6, 34,
35]. On the other hand, because of the lower bioavailabil-
ity of vegetable proteins, a vegetarian diet may lead to a
decrease in the eGFR and increase the risk of protein en-
ergy malnutrition [36, 37]. Furthermore, historical studies
have shown that a greater propensity for animal-sourced
protein, particularly red meat, is associated with a lower
eGFR and/or kidney injury [38, 39]. However, no convin-
cing association was found between different sources of
protein and renal function parameters in our study. One
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possible explanation is that we failed to investigate the ef-
fects of various sources of protein, such as red and proc-
essed meat, nuts and legumes, which have been reported
to be inversely or positively related to the risk of incident
CKD. Our rough classification of protein sources may
confound the effects. In our study, all the participants had
normal protein intake meeting the recommended dietary
intake standards of China regardless of dietary habits.
Healthy adults have strong buffering and compensatory
capabilities, which may also result in inconspicuous
changes in renal metabolites and function caused by ac-
ceptable differences in protein consumption.

A few studies have shown that plant phytochemicals,
such as green tea polyphenols, soy isoflavones, allicin,
bitter melon extract, and platonic acid, have a strong ef-
fect on oxidative stress and help protect metabolic sta-
bility and renal excretion and filtration [40-42].
According to our previous study among vegetarians in
Shanghai, a vegetarian diet was characterized by ad-
equate consumption of whole grains, tubers, vegetables,

fruits, legumes and nuts, which are rich in phytochemi-
cals and antioxidants [43]. Vegetarian diets may contain
more phytochemicals and less saturated fat and choles-
terol due to the plant-based nature of the diet, resulting
in a better metabolic status and milder metabolic and
renal filtration burdens in vegetarians [1].

We did not detect an association between vegetarian
diet duration and renal function. Previous studies have
rarely addressed the role of vegetarian diet duration. Ac-
cording to a 24-year follow-up of 14,686 middle-aged
adults, greater adherence to plant-based and vegetarian di-
ets was associated with a slower annual eGFR decline [44],
which probably indicates that maintaining a vegetarian
diet can have lasting beneficial effects on renal health;
thus, we suspect that a longer vegetarian diet duration
may be beneficial for the maintenance and stability of kid-
ney function. However, a study in Taiwan found no asso-
ciation between vegetarian diet duration and renal
function, which is consistent with our results [7]. Some
previous studies have confirmed that dietary fiber can
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Table 3 Multiple-linear regression for the associations between vegetarian dietary patterns and renal function parameters®

Omnivores Vegetarians
Total vegetariamsb Lacto-ovo vegetarians Vegans
B(95% Cls) B(95% Cls) B(95% Cls)
BUN
Model 1 0 (Ref) —-0.71 (- 0.88, —0.53) —-0.76 (- 0.95, — 0.57) —0.56 (- 0.84, —0.27)
Model 2 - 068 (- 0385, —-051) —-0.71 (=090, - 0.52) —0.58 (- 087, - 0.30)
Model 3 —-0.72 (- 0.96, — 0.49) —0.71 (= 0.96, — 0.46) —0.74 (=113, - 0.36)
Model 4 —063 (- 088, —0.38) —-0.59 (- 0.86, - 0.32) -0.64 (- 1.05,-022)
Model 5 - 066 (- 095, -0.38) —0.66 (- 098, —0.35) —-0.52 (- 1.04, 0.00)
SCr
Model 1 0 (Ref) -191 (-3.72,-0.10) —208 (—4.03,-0.12) —143 (—443,1.57)
Model 2 —204 (-351,-057) -161(=3.12,-0.10) —3.70 (-6.08, — 1.32)
Model 3 —2.95 (—4.85,—1.05) —246 (—4.38,-055) —541(-870,-211)
Model 4 —2.04 (-4.10, 0.02) —1.58 (- 3.65, 048) —3.17 (—6.24, -0.09)
Model 5 —247 (—483,-0.11) —241 (-481,-001) —3.67 (-8.17,-0.86)
UA
Model 1 0 (Ref) — 1841 (-29.11, - 7.70) —21.72 (-33.19, - 10.25) —-9.00 (- 26.01, —8.03)
Model 2 —10.17 (-=19.28, — 1.05) —11.87 (- 2154, - 2.19) —5.69 (-20.30, 8.95)
Model 3 —17.21 (- 28.76, = 5.65) —1647 (- 28.77, —4.17) —19.30 (-37.77,-0.82)
Model 4 —15.15 (- 27.81, —2.50) —16.29 (- 2961, —2.97) —14.88 (—35.18, 542)
Model 5 —18.00 (- 32.52, —3.48) —1873 (- 34.25, - 3.21) —19.96 (—45.61, 5.68)
eGFR
Model 1 0 (Ref) 3.06 (0.26, 5.85) 2.65 (-0.26, 5.56) 4.20 (-0.37,8.78)
Model 2 3.59 (092, 6.28) 266 (-0.08, 5.39) 742 (3.02,11.81)
Model 3 594 (248, 941) 4.51(1.15,7.87) 12.29 (6.25, 18.33)
Model 4 4.04 (0.30, 7.78) 2.69 (-0.92, 6.30) 831 (2.38,13.85)
Model 5 4.55 (0.25, 8.84) 4.17 (-0.03, 8.37) 7.70 (0.53, 15.94)

#Model 1: Unadjusted regression; Model 2: Adjusted for sex, age, BMI and skeletal muscle mass based on Model 1; Model 3: Adjusted for physical activity, alcohol
consumption and smoking status based on Model 2; Model 4: Adjusted for LDL, HDL, systolic pressure and fasting blood glucose in addition to the adjustments in

Model 3; Model 5: Adjusted for vegetarian diet duration on the basis of Model 4

PTotal vegetarians: lacto-ovo vegetarians and vegans

improve renal function in the short term [45]. One pos-
sible explanation is that the kidney benefits of gut micro-
biome changes associated with dietary fiber occur in a
short time rather than requiring many years of sustained
fiber consumption to materialize. However, the gut micro-
biome is constantly changing, and long-term adherence to
a vegetarian diet is required to maintain the stability of the
gut microbiome. Research on the beneficial effects of diet-
ary fiber in the CKD population in the long term is lack-
ing. Given the limited data available, more evidence
should be collected to determine the influence of vegetar-
ian diet duration on renal function outcomes.

Some limitations of this study should be mentioned. First,
the small vegetarian population in China introduced practical
limitations preventing random sampling, and the relatively
small sample size of vegan subjects warrants additional stud-
ies in the future. Second, due to the cross-sectional design,
we could not determine the causal relationship between

vegetarian diets and renal function. Third, dietary patterns
may change over time, and this analysis relied on a single
measurement of diet at baseline; thus, some dietary variations
may not have been analyzed. In addition, the potential for
uncontrolled confounding factors, such as genetic factors
and unobserved lifestyle choices, remains. Because the partic-
ipants in our study were young and healthy without kidney
diseases, differences in kidney injury between vegetarians and
nonvegetarians could not be detected. The association be-
tween dietary patterns and kidney injury requires further re-
search, and our findings should be interpreted carefully with
respect to the clinical treatment of CKD. These may be
shortcomings of our study, and we will conduct additional
studies in the future.

Conclusions
In conclusion, a vegetarian diet has potential benefits for
renal function that are not completely explained by the
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influence of glycolipid metabolism and blood pressure status.
A higher intake of dietary fiber may lead to better renal func-
tion. This information may be important to advise the public
about the prevention of kidney disease.
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