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Abstract
Background: The aim of the present study was to assess the effects of a lacto-ovo-
vegetarian diet (VD), compared to a Mediterranean diet (MD), on kidney function in 
a group of subjects with medium-to-low cardiovascular risk profile.
Methods: We analysed 107 subjects (82 women, 25 men; median age 52) who fol-
lowed a VD (n = 54) and a MD (n = 53) for 3 months in the CARDIVEG study, a 
randomized, open, crossover trial that compared the effects of these 2 diets on car-
diovascular disease risk.
Results: The effect of the two diets on kidney function markers was evaluated by 
conducting a general linear model for repeated measurements adjusted for possible 
confounding factors such as age, sex, physical activity, alcohol, smoking, hyperten-
sion, LDL cholesterol, glucose and body weight change. A significant reduction in 
creatinine (−5.3%; P < .001), urea nitrogen levels (−9%; P = .001), blood urea ni-
trogen (BUN) (−8.7%; P = .001) and BUN/creatinine ratio (−5.8%; P < .001), and 
an increase in estimated glomerular filtration rate (eGFR) (+3.5%; P = .001) was ob-
served during the VD period. On the contrary, no significant changes were noted in 
the MD group. Variations obtained in the two dietary interventions were significantly 
different (P < .0001) for creatinine levels, BUN/creatinine and eGFR, for which op-
posite trends were observed in the VD and MD groups.
Conclusions: In a selected group of subjects with medium-to-low cardiovascular 
risk profile, a 3 month VD period determined significant improvements in kidney 
function markers. Further trials are needed to confirm these results.
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1  |   INTRODUCTION

Chronic kidney disease (CKD) is recognized as a major 
public health problem associated with a poor prognosis and 
mortality.1 It exposes patients to the risk of numerous health 
complications and represents an independent cardiovascu-
lar risk factor. In a study examining over 1 million people, 
the rate of cardiovascular events progressively increased as 
estimated glomerular filtration rate (eGFR) declined.2 Even 
mild to moderate kidney impairment was associated with an 
increased cardiovascular mortality.3

The knowledge of the nutritional aspects of kidney dis-
eases, ranging from understanding the metabolic imbalances 
associated with nutritional disorders to optimizing diet in pa-
tients with CKD, has seen great progress in the last decades. 
Current evidence suggests that the adoption of plant-based 
diets, such as the Mediterranean diet (MD) or the lacto-ovo-
vegetarian diet (VD), has potential benefits in both primary 
prevention and early stages of CKD.4 These benefits might 
be mediated by reduced protein and sodium intake, decreased 
phosphorus load and increased intake of fibre, vitamins, an-
tioxidants and chemicals that have been linked to improved 
outcomes in patients with CKD. Moreover, plant-based diets 
might also help to prevent and manage some of the metabolic 
complications of CKD such as dyslipidaemia, hypertension, 
inflammation and bone disorders.5

In the general population and in cohorts of patients with 
CKD, observational studies have shown that adherence to a 
MD or patterns of diet that are consistent with VD are asso-
ciated with lower CKD prevalence and reduced risk for inci-
dent CKD.6,7 However, only a few randomized clinical trials 
of these diets have been conducted, reporting contrasting re-
sults. A small 90 day study of a MD in 40 patients with CKD 
reported improvements in lipid profile and inflammatory pa-
rameters,8 while a 1 year MD intervention in a cohort of the 
PREDIMED study showed no effect on kidney function in 
elderly individuals with a high cardiovascular risk.9 Lastly, a 
randomized crossover trial reported that patients with CKD 
who followed a VD for 8 weeks showed similar levels of pro-
tein catabolic rate, albumin, lipids and calcium to those who 
followed an animal-based low-protein diet.10

The aim of the present study was to compare, in the frame-
work of the CARDIVEG study, the effectiveness of a VD and a 
similar isocaloric MD in improving kidney function in a group 
of subjects with medium-to-low cardiovascular risk profile.

2  |   MATERIALS AND METHODS

2.1  |  Study population

Data presented were obtained from 107 clinically healthy 
subjects (82 women, 25 men; median age 52) who followed 

a VD and a MD as a first dietary intervention in the 
CARDIVEG study, a randomized, open, crossover trial that 
compared the effects of these 2 diets on cardiovascular dis-
ease risk.11 The study design and the characteristics of the 
participants were described in detail previously.12 Briefly, 
118 subjects with low-to-moderate cardiovascular risk pro-
file (<5% at 10 years, according to the European Society of 
Cardiology) were recruited from the Clinical Nutrition Unit 
of Careggi University Hospital, Florence, Italy. People with 
serious illness or unstable condition, who took medications 
for any reason, who were pregnant or nursing, who excluded 
meat, poultry or fish from their diet in the last 6 months or 
participated in a weight loss treatment programme in the last 
6 months, were excluded.

Study procedures were approved by the Ethics Committee 
of the Tuscany Region, Careggi University Hospital 
(SPE 15.054), registered at clinicaltrials.gov (identi-
fier: NCT02641834) and adhered to the principles of the 
Declaration of Helsinki and the Data Protection Act. Written 
informed consent was obtained from all participants en-
rolled in the study. Reporting of the study conforms to broad 
EQUATOR guidelines.13

2.2  |  Dietary interventions

VD and MD were hypocaloric with respect to the energy 
needs of the participants, but isocaloric between them. Both 
diets consisted of about 50%-55% of energy from carbohy-
drate, 25%-30% from total fat and 15%-20% from protein. 
VD was characterized by abstinence from meat and meat 
products, poultry, fish and seafood, but included eggs and 
dairy products, as well as all the other food groups. MD 
was characterized by the consumption of all the food groups 
including meat, poultry and fish. Participants were pro-
vided with a detailed 1-week menu plan and information on 
the foods that could be included and those that could not. 
Dietary profiles were calculated on the basis of the portion 
sizes recommended by the Italian Recommended Dietary 
Allowances.14 There were no differences in the frequency 
of servings per week for fruits and vegetables, cereals and 
olive oil. However, in the case of VD, a higher frequency of 
consumption per week of legumes (5 vs 2.5 servings), nuts 
(2 vs 1), dairy products (21.5 vs 18.5) and eggs (2 vs 1) was 
reported compared to MD. Participants were instructed not 
to alter their lifestyle or exercise habits, and no weight loss 
goal was given.

2.3  |  Data collection

Participants were interviewed and examined at the Clinical 
Nutrition Unit of Careggi University Hospital (Florence) 
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through the use of standardized methods. Details regarding 
demographics, risk factors, comorbidities and lifestyle habits 
were obtained from all the participants. Weight and height 
were measured using a stadiometer. Body mass index (BMI) 
was calculated as the weight (kg)/height (m2), and body com-
position was determined by a bioelectrical impedance analy-
sis device (TANITA, model TBF-410). All measurements 
were performed both at the beginning and at the end the in-
tervention period, between 6:30 AM and 9:30 AM after an 
overnight fasting period.

Before starting the study, participants were asked to com-
plete a 3 days dietary record (2 weekdays and 1 weekend day) 
that was analysed by a dietician using a nutrition-specific 
database. Compliance to the VD was assessed through a 
24  hours dietary recall interview and a modified version 
of the National Health and Nutrition Examination Survey 
(NHANES) Food Questionnaire.15 Participants who reported 
no consumption of meat, meat products, poultry, fish and 
seafood were considered adherent to the VD. Adherence to 
the MD was assessed using the Medi-Lite adherence score,16 
considering adherents the participants who reported ≥10 
points in a scale ranging from 0 to 18.

2.4  |  Laboratory measurements

Venous blood samples were collected at the beginning and at 
the end of the intervention period in evacuated plastic tubes 
(Vacutainer; Becton Dickinson). Samples were centrifuged at 
3,000 rpm for 15 minutes (4°C) and stored in aliquots at –80°C 
until further analyses. Kidney function parameters (uric acid, 
urea and creatinine) were measured according to conventional 
laboratory standard methods. To convert urea to blood urea 
nitrogen (BUN), we multiplied by 0.467, while GFR was es-
timated (eGFR) using the CKD-EPI (Chronic Kidney Disease 
Epidemiology Collaboration) Equation 17 Mild kidney impair-
ment was defined as eGFR<90 mL/minute/1.73m2.

2.5  |  Statistical analysis

The study was originally designed to have adequate statis-
tical power (power >80% and P  <  .05) to measure mean-
ingful changes in body weight, BMI and fat mass, that is 
primary outcomes of the study. Continuous variables were 
presented as means and standard deviations (SDs) or medians 
and ranges, as appropriate. Categorical variables were pre-
sented as frequencies and percentages. Changes (from pre- to 
post-intervention) within each group were calculated using 
the Wilcoxon test, while differences between groups were 
estimated using the Mann-Whitney U test. The χ2 tests were 
used for categorical variables.

To test the effects of the VD and MD on kidney func-
tion markers, a general linear model, adjusted for age, sex, 
physical activity (absent/light, moderate), alcohol consump-
tion (<1  AU/day, 1-2  AU/day; >2  AU/day), smoking (yes, 
no), hypertension (yes, no), LDL cholesterol (≤115 mg/dL, 
>115 mg/dL), glucose (<110 mg/dL, 110-126 mg/dL) and 
body weight change, was conducted. Because these tests 
assume normal data distribution, nondistributed data were 
transformed into logs, and further analyses were performed 
with the processed data. However, to facilitate interpretation, 
the log data were again converted to the original scale (anti-
log) and presented as geometric means with 95% CIs. Finally, 
a linear regression analysis was conducted to evaluate the re-
lationship between changes in kidney function markers and 
changes in dietary composition, after adjustment for age, sex 
and body weight change. Outcomes were analysed through 
on-treatment procedures. P values < .05 were considered sta-
tistically significant. The statistical package PASW 20.0 for 
Macintosh (SPSS Inc) was used.

3  |   RESULTS

3.1  |  Baseline characteristics of the study 
population

One hundred and seven participants completed the first 
3 months of dietary intervention and were included in the 
analysis. Table  1 presents the baseline demographic and 
clinical characteristics of study participants, according to 
the randomization. No significant differences for demo-
graphic characteristics and cardiovascular traditional risk 
factors were found between the participants who started 
with the VD and the MD. With regard to kidney function 
parameters, no participant was diagnosed with chronic kid-
ney disease, and the proportion of mild eGFR impairment 
was not significantly different between the VD and MD 
groups.

3.2  |  Nutritional profiles

Total energy and macronutrients’ intake at baseline and 
after the dietary intervention period are reported in Table 2. 
At baseline, participants randomized to the VD had a di-
etary profile consisting of about 2,125 kcal/day, 47% car-
bohydrates, 36% fat and 16% protein, with 1.12  g/kg/day 
of protein. Participants randomized to the MD reported a 
dietary profile that included 2,039 kcal/day, 47% carbohy-
drates, 36% fat and 17% protein, with 1.05 g/kg/day of pro-
tein. There were no significant differences between the two 
groups.
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After the 3 months dietary intervention, total energy and 
fat intake decreased significantly (P <  .05) in both groups. 
In contrast, the contribution of carbohydrates as a percentage 
of total energy increased. Protein intake showed an opposite 
trend: in the VD group, the contribution of protein as a per-
centage of total energy decreased by 8.3%, while in the MD 
group it increased by 7.5%. In terms of grams of protein per 
kilogram of body weight per day, VD participants showed 
a decrease in consumption of 34.8%, while MD participants 
showed a decrease of 17.1%. Fibre intake significantly in-
creased in both groups, with a 54.5% increase in the VD 
group and 56% increase in the MD group. Significant differ-
ences between groups were observed for changes in protein 
(P < .05) and fibre intake (P < .001).

3.3  |  Effects of VD and MD on kidney 
function parameters

The effect of the two diets on kidney function markers was 
evaluated by conducting a general linear model for repeated 
measurements adjusted for possible confounding factors 
such as age, sex, physical activity, alcohol, smoking, hyper-
tension, LDL cholesterol, glucose and body weight change. 
As reported in Table 3, a significant reduction in creatinine 
(−5.3%; P  <  .001), urea nitrogen levels (−9%; P  =  .001), 
BUN (−8.7%; P = .001), and BUN/creatinine ratio (−5.8%; 
P < .001) and an increase in eGFR (+3.5%; P = .001) was ob-
served during the VD period. On the contrary, no significant 
changes were noted in the MD group. Variations obtained 
in the two dietary intervention were significantly different 
(P < .0001) for creatinine levels, BUN/creatinine and eGFR, 
for which opposite trends were observed in the VD and MD 
groups (Figure 1).

To explore possible associations between changes in kid-
ney function markers and changes in dietary composition, a 
linear regression analysis with kidney function markers as 
dependent variables and variations of protein intake and fibre 
intake as independent was conducted. After adjustment for 
possible confounding factors such as age, gender and body 
weight change, no significant associations (P  >  .05) were 
found for all the variables analysed.

4  |   DISCUSSION

This randomized controlled trial is the first to assess markers 
of kidney function in a group of subjects with medium-to-low 
cardiovascular risk profile who followed a dietary interven-
tion with VD and MD. After 3 months, VD resulted in a sig-
nificant decrease in creatinine, urea nitrogen levels, BUN and 
BUN/creatinine ratio, and an increase in eGFR, while MD 
did not affect kidney function markers.

Kidney disease has a major effect on global health, both 
as a direct cause of morbidity and mortality and as an inde-
pendent risk factor for cardiovascular disease.1,18 Emerging 
evidence supports the role of dietary factors in the preven-
tion and management of CKD; however, so far, no specific 
diet has been recognized as able to prevent or ameliorate 
this condition. According to recent findings, diet may pos-
itively influence kidney function due to its ability to affect 
the cardiovascular risk factors involved in the onset and 
maintenance of impaired kidney function.19 In this regard, 
VD and MD have attracted increasing attention. These di-
etary profiles are both aimed at discouraging consumption 
of refined cereals, processed foods, meat and meat prod-
ucts, while maximizing the consumption of whole, plant-
based foods. Although the benefits of both diets on several 

T A B L E  1   Baseline characteristics of the study population 
according to the randomization

Characteristics VD (n = 54) MD (n = 53)
P 
value

Age, yr 51 (24-70) 52 (21-75) .607

Females, n (%) 43 (79.6) 39 (73.6) .460

Body weight, kg 82.2 ± 16.1 84.0 ± 16.6 .599

BMI, kg/m2 29.8 ± 4.6 30.7 ± 4.6 .294

Alcohol consumption

<1 AU/day 46 (85.2) 42 (79.2) .685

1-2 AU/day 7 (13.0) 9 (17.0)

>2 AU/day 1 (1.9) 2 (3.8)

Smoking habit, n (%) 4 (7.4) 11 (20.8) .138

Absent or light physical 
activity, n (%)

48 (88.9) 48 (90.6) .609

Blood pressure 
>140/90 mmHg, n (%)

11 (20.4) 13 (24.5) .606

Total cholesterol 
>190 mg/dL, n (%)

43 (79.6) 40 (75.5) .606

LDL cholesterol 
>115 mg/dL, n (%)

42 (77.8) 39 (73.6) .613

Triglycerides >150 mg/
dL, n (%)

15 (27.8) 17 (32.1) .627

Fasting glucose 110–
126 mg/dL, n (%)

5 (9.3) 8 (15.1) .356

Kidney function

Creatinine >1.2 mg/dL 0 1 (1.9) .311

BUN >20 mg/dL 17 (31.5) 13 (24.5) .382

eGFR <90 mL/
min/1.73 m2

6 (11.1) 9 (17.0) .423

Note: Data are reported as median (min-max range), mean ± SD or number and 
percentage as appropriate.
Abbreviations: AU, Alcoholic Unit; BMI, Body Mass Index; BUN, Blood Urea 
Nitrogen; Egfr, Estimated Glomerular Filtration RateMD Mediterranean Diet; 
LDL, Low-Density Lipoprotein; VD, denotes Lacto-Ovo-Vegetarian Diet.
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health outcomes have been widely demonstrated,20 their 
relationship with kidney function and CKD remains poorly 
understood and is still being debated. Nephrologists tradi-
tionally did not recommend plant-based diets because they 
were considered dangerous for CKD patients, due to their 
high potassium content and possible nutritionally inade-
quacy.5 However, as VD generally offers protein quantities 
that are consistent with low-protein diets (i.e., 0.6-0.8 g/kg/
day) and high amounts of fibre, recently it has been postu-
lated that it may have additive positive effects on kidney 
function.5

In our study, VD was effective in improving kidney 
function parameters even after adjustment for possible 
confounding factors such as weight change, lipid profile, 
systolic pressure and fasting blood glucose, suggesting that 
this dietary pattern may have a direct influence on kid-
ney function protection, at least in the short-term. These 
results are in line with several observational studies, con-
ducted in apparently healthy young or middle-aged individ-
uals from different populations, which have shown better 
kidney function parameters and/or lower prevalence of 
CKD among vegetarians than among omnivores. A study 

T A B L E  3   Changes in kidney function parameters after the dietary intervention periods

VD pre 
(n = 54) VD post (n = 54)

Delta 
changes

MD pre 
(n = 53)

MD post 
(n = 53)

Delta 
changes

P (∆VD vs. 
∆MD) b 

Creatinine, g/dL 0.76 (0.74-0.78) 0.72 (0.69-0.74)a  ‒0.04 
(−0.06; 
−0.02)

0.75 (0.72-0.78) 0.76 (0.74-0.79) 0.01 
(−0.01; 
0.04)

<.0001

Urea 
nitrogen, mg/dL

32.2 (30.4-33.9) 29.3 (27.4-31.1)a  ‒2.91 
(−4.59; 
−1.23)

34.2 (32.0-36.5) 32.3 (30.1-34.6) ‒1.91 
(−4.23; 
0.42)

.412

BUN, mg/dL 15.0 (14.2-15.8) 13.7 (12.8-14.5)a  ‒1.36 
(−2.14; 
−0.57)

16.0 (14.9-17.0) 15.1 (14.0-16.1) ‒0.89 
(−1.97; 
0.19)

.412

Uric acid, g/dL 4.16 (3.95-4.38) 4.06 (3.85-4.27) ‒0.10 
(−0.22; 
0.02)

4.37 (4.11-4.63) 4.44 (4.14-4.73) 0.07 
(−0.13; 
0.27)

.075

BUN/creatinine 75.9 (73.7-78.1) 71.5 (68.9-74.1)a  ‒4.35 
(−6.39; 
−2.31)

75.1 (71.7-78.3) 76.4 (73.6-79.2) 1.34 
(−1.01; 
3.69)

<.0001

eGFR, ml/
min/1.73 m2

96.5 (94.2-98.9) 99.9 (97.4-102.3)a  3.37 (1.37; 
5.37)

97.0 (93.9-100.1) 95.7 (93.0-98.5) ‒1.27 
(−3.7; 
1.13)

<.0001

Note: Data are reported as mean and 95% confidence intervals.
Abbreviations: MD Mediterranean Diet; VD denotes Lacto-Ovo-Vegetarian Diet.
General linear model for repeated measurements adjusted for age, sex, physical activity, alcohol, smoking, hypertension, LDL cholesterol, glucose and weight change.
ap<0.05 for changes within each group (from pre- to post-intervention).
bChanges between groups.

F I G U R E  1   Delta change of creatinine, BUN/creatinine ratio and eGFR after the VD and MD periods
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in Thailand revealed a significantly lower level of BUN, 
BUN/creatinine ratio and a lower urinary protein excretion 
rate in vegans compared to nonvegans,21 while a recent 
cross-sectional study in China reported that vegetarians 
had better kidney function parameters than nonvegetarians, 
also after adjustment for possible confounding factors.22 In 
another cross-sectional study on 55,113 participants from 
Taiwan, VD was significantly associated with lower preva-
lence of CKD,23 and similar findings were reported in two 
prospective cohort studies after 6.1 years 24 and 24 years 25 
of follow-up.

In the MD group, no significant changes were observed. 
The impact of a MD intervention was investigated also in the 
context of the PREDIMED study, and the authors obtained 
similar results to this study.9 These findings, however, are in 
contrast to some observational studies that suggested a rela-
tionship between adherence to the MD and improved kidney 
function.6,7,26 In our study, MD and VD groups differed only 
in terms of changes in protein and fibre intake. In fact, the 
intake of protein per kilogram of body weight per day de-
creased with both dietary interventions, but the decrease in 
the VD group was twice as large as in the MD group. In con-
trast, fibre intake increased more (in terms of percentages) 
in the MD group. Although this might suggest possible rela-
tionships between protein, fibre intake and kidney markers, 
correlation analyses showed no significant associations. This 
could be explained by several factors. Firstly, all participants 
had a protein intake in line with recommended dietary intake 
standards, regardless of dietary interventions. Furthermore, 
it is difficult to say whether it was the lower intake or the 
different source of protein during the VD period that led to 
better kidney function. Indeed, although there is no conclu-
sive evidence yet, it appears that proteins in VD are less fer-
mentable and have been associated with reduced production, 
exposure and absorption of uremic toxins such as indoxyl 
sulphate, p-cresyl sulphate and trimethylamine oxidase.27 A 
similar effect was observed for dietary fibre, the consump-
tion of which was associated with increased production of 
short-chain fatty acids and improved integrity of tight junc-
tions, resulting in reduced intestinal permeability of uremic 
toxins.28 In addition to this, as reported in a meta-analysis of 
controlled feeding studies, increased fibre intake appears to 
be associated with a reduction in urea and creatinine levels in 
a dose-dependent manner.29 In our study, it should be noted 
that although the increase in fibre intake was greater in the 
MD group, the daily fibre intake was higher in those follow-
ing VD, and this may partially explain the results.

Some limitations on this study should be mentioned. 
Firstly, the short duration of the study and the limited number 
of participants allow only initial possible interpretation of the 
result. Studies with a longer duration and a larger population 
are needed to confirm these preliminary findings. Secondly, 
kidney function markers were determined once at baseline 

and once after 3  months of intervention, with no repeated 
or periodic measurements. The known biological variability 
of these measurements may have led to misclassification; 
however, measurements were done in a core laboratory, thus 
highly reducing the variability. Thirdly, we did not directly 
measure GFR from creatinine clearance. However, we esti-
mated it by using the CKD-EPI equation that is considered 
the most appropriate for obese population up to a BMI range 
of 40 kg/m.230 Finally, we acknowledge that this study was not 
originally designed for these analyses, but the results suggest 
that more studies are warranted to assess possible differences 
in responses to VD and MD. The strengths of the study, on the 
other hand, include the comparability between the two diets 
in terms of total energy and macronutrients, and the high rate 
of adherence of the subjects of both groups to the assigned 
diet. Furthermore, the participants were all omnivores that 
modified their dietary habits for the intervention study and 
were not previously lacto-ovo-vegetarian. In addition, none 
of participants took medication or drugs, which could have 
influenced the results, for the duration of the study.

In conclusion, the results of this study suggest that VD 
has potential benefits for kidney function that are not directly 
explained by changes in dietary composition. This leads us 
to speculate that other aspects of this dietary pattern may be 
involved and lays the groundwork for possible future research 
to confirm the effects of VD on kidney function.
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