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ARTICLE INFO ABSTRACT

Keywords: Objective: Given that the lacto-vegetarian dietary score (LVDS), has not been previously examined in relation to
Lacto-vegetarian dietary pattern formation of calcium oxalate (CaOx) kidney stones (KS), we chose to explore this potential association.

Nephrolithiasis Methods: This case-control investigation involved 620 individuals, comprising 310 newly diagnosed patients with
(F:zifrmm oxalate CaOx stones and 310 control subjects. Dietary consumption was evaluated through a validated 147-item food

frequency questionnaire covering the previous year. The relationship between LVDs and KS was analyzed uti-
lizing multivariable logistic regression.

Results: The results of the current study demonstrated that controls had higher mean LVDs (36.62 + 4.74 vs
35.55 + 5.27, P = 0.008), intake of fruits (214.31 + 116.04 vs 196.58 + 100.94, P = 0.043), vegetables (322.98
+ 193.89 vs 275.10 + 154.41, P < 0.001), dairy (407.09 + 224.24 vs 349.71 + 222.93, P = 0.001) and olive oil
(13.12 + 2.82 vs 12.47 + 2.09, P = 0.001) than those with CaOx KS. The univariate logistic regression results
revealed that each unit increase in LVD score decreases the odds of having KS by 4.2 % (OR = 0.958, P = 0.009).
After adjusting for age and BMI, the estimated OR was 0.95 for men (P = 0.013). Participants in the first tertile of
LVDs had about 52 % higher odds of having KS than those in the third tertile (OR = 1.52, P = 0.04). However, a
significant difference was found in male participants in the first and third tertiles of LVDs regarding the odds of
having KS after adjusting for age and BMI (adjusted OR = 1.87, P = 0.02). The similar difference was not sig-
nificant in female participants (OR = 0.49, P = 0.15).

Conclusion: Increasing in the LVD score is associated with a decrease in the likelihood of developing KS overall,
with a more pronounced reduction in men.

Dairy products

1. Introduction the mean recurrence rate after a decade is 53 % [3]. The majority of KS is

composed of calcium oxalate (CaOx) and calcium phosphate (CaP) [9].

Nephrolithiasis, a condition characterized by the formation and ex-
istence of kidney stones (KS) [1], solid crystals that develop from dis-
solved minerals in urine [2]. It is on the rise globally across all age
groups [1]. And men are likely to have more incidence than women [3].
Individuals with KS face a doubled risk of developing Chronic Kidney
Disease (CKD) or End-Stage Renal Disease (ESRD) [4]. The prevalence of
KS ranges from 7 % to 13 % in North America, 1 %-5 % in Asia, and 5 %—
9 %, in Europe [5]. Iran, reports a KS incidence of 2.4 per thousand
people [6] and the prevalence was 1.9 %-5.7 % with a higher prevalence
in western provinces in various studies [7,8]. The recurrence rate of KS
is estimated to be around 50 % globally within ten years, while in Iran,

KS can develop due to a combination of environmental and meta-
bolic factors; Age, gender, dehydration, obesity, fluid consumption, and
dietary habits. To lower the risk of KS formation, it is advised to increase
fluid intake, maintain a balanced calcium intake, decrease sodium and
animal protein consumption, and increase the intake of vegetables and
fiber [10]. These recommendations align with the principles of a vege-
tarian diet.

It has been suggested that consuming substantial amounts of low-fat
dairy products, fruits, and vegetables can decrease the risk of developing
stones [11,12]. Conversely, a case-control study conducted in China in
2013 indicated that the consumption of grains, legume products, and
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increased intake of leafy vegetables were positively linked to KS in
women [13]. In 2002, a five-years randomized trial comparing the ef-
fects of two different diets in men demonstrated that a limited intake of
salt, animal protein and with a normal calcium intake, was more pro-
tective than a traditional diet with a low calcium diet [14]. Also, three
cohort studies prospectively were examined and revealed that different
types of protein may affect the risk of KS differently; dairy protein has
been linked to a decreased risk of KS, whereas the consumption of
non-dairy animal protein may related with an increased risk of KS [12].

Aims and objectives of the study: To obtain a comprehensive un-
derstanding, it is advantageous to adopt a holistic perspective that
considers the combined impact of fruits and vegetables alongside ce-
reals, legumes, nuts, and dairy products, which previous research has
offered protective benefits [11,15], accompanied by reduced con-
sumption of meat, eggs, and animal fats [16], a variant of vegetarian
dietary approach which is called the lacto-vegetarian diet (LVD).
Therefore, utilizing the LVD score is preferable, as it provides an over-
arching view rather than analyzing food groups in isolation, as was done
in earlier studies. Hence it could be hypothesized that participants with
greater LVDs will have a lower risk for KS. Given the significance of the
role of diet in KS formation and the limited literature, this study aimed
to evaluate the relationship of LVDs with CaOx KS in a sample of the
Iranian population in a case-control study.

2. Materials and methods
2.1. Study design and population

This case-control study was conducted in two Hospital in Tehran in
2023-2024 and is accordingly to STROBE checklist [17]. The study
population consisted of 310 cases who were diagnosed as nephrolithiasis
by a nephrologist within the last three months. The controls (310) were
obtained from the general population. The research protocol was
authorized by the Ministry of Health and Medical Education with the file
number IR.IAU.SRB.REC.1403.366. All participants were thoroughly
informed about the study and provided written consent. This consent
assure them that they data would remain confidential and that they
could withdraw from the study at any time including requesting the
destruction of their information. In order to avoid selection bias, we
selected referral hospitals as our study sites, ensuring that the patient
population was diverse and not limited to a specific demographic group
defined by economic or social status.

The main inclusion criteria for cases and controls groups were: 1)
subjects of 18 years and older; 2) body mass index (BMI) < 35 kg/m2.
The exclusion criteria included the following: 1) adherence to a partic-
ular diet, 2) Irritable bowel syndrome (IBS), history of inflammatory
bowel disease (IBD), ileostomy, celiac disease, hyperparathyroidism or
hyperthyroidism; 3) Pregnancy or postmenopausal women; 4) Use of
certain medications like topiramate, calcium carbonate, magnesium
lactate and glucocorticoids; 5) Therapeutic use of vitamins C, D, W3,
calcium or multivitamin mineral supplements; and 6) Substance abuse
including tobacco and alcohol. All the participants were explained well
about the study and they all signed informed consent.

For sample size we used the standard deviations found in the relevant
article on LVDs [16] were as follows: 5.6 units for case and 3.9 units for
controls group. Considering that the difference between the average
scores of LVD in two groups is at least 1.5 points, the level of significance
a =0.05and f = 0.1 (power = 90 %). Minimum sample size calculation
for each group with a 10 % dropout rate, 240 individuals would be
required.

(Zup+25)° (S2453)  (10.5)(5.6> +3.9%)

=218
(X1 - x2)? 1.52

Zyp=1.96 Z; = 1.282
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2.2. Dietary intake assessment

Data collection was based on a validated Persian self-reported food
frequency questionnaire (FFQ) with 147 items [18]. Participants were
guided on how to complete the FFQ by a nutritionist and were required
to indicate the frequency of consumption for every food item over the
past year, based on specified portion sizes. The Daily intake of food
components was converted into grams, and the daily intake of nutrients
and energy was calculated by Nutritionist IV software adjusted for Ira-
nian foods. Individuals who did not answer more than 20 % of FFQ items
or had energy intake levels below 800 or above 4200 [19] were
excluded. The collection of data was conducted through face-to-face
interviews and as one of the problems with FFQ is recall bias, we tried
to properly educate the researcher and, through visual and mental
recall, we tried to obtain a better history of their food intake.

2.3. Lacto-vegetarian dietary score

The LVDs were formulated from a total of twelve food groups which
were also validated using the Iranian population [16]. Each food
component (grams per day) was adjusted for the total energy intake
using the residual method and categorized into quintiles, which were
assigned positive or negative scores depending on whether the food was
considered healthy or unhealthy. Positive scores were given to whole
and refined grains, vegetables, fruits, soy protein, legumes, dairy prod-
ucts, nuts and seeds, and vegetable oils (with a value of 1 for the first
quintile, a value of 2 for the second quintile, and so on until the fifth
quintile received a value of 5). Negative scores were allocated to animal
protein sources such as white, red, and processed meats, fish and sea-
food, eggs, and animal fats (with a value of 5 for the first quintile until
the fifth quintile received a value of 1). Thus, the quintile values of all
twelve food groups were summed to receive the LVDs, where scores
ranged from 12 (least-similar to the LVDS) to 60 (most-similar to the
LVDS). Details of foods included in LVDS are showed in Table 1.

2.4. Assessment of anthropometric measurement and other variables

Patient weight was recorded using a Seca portable digital scale with
100-g sensitivity. The measurement was made with the patient wearing
very light clothing and no shoes. Height was measured with a Seca
portable height gauge (0.1 cm accuracy). We calculated BMI using the
equation Wt (kg)/Ht2 (m). To avoid measurement bias, we trained the
interviewer, who was nutritionist, and all measurements were per-
formed by the same person. Demographic details (age, gender, educa-
tional level, alcohol-related behavior, medical history and cigarette
smoking) were obtained via a self-completed questionnaire. Physical
activity level of participants for a minimum of 10 min during past 7 days
was measured by the ’International Short-Term Physical Activity
Questionnaire (IPAQ)’, which records the numbers of days and dura-
tion of walking, vigorous-intensity and moderate intensity activities.

2.5. Statistical analysis

Initially, frequency distribution indices were used to characterize
the data for qualitative variables and the mean and standard deviation
(SD) was reported for quantitative variables. The Shapiro-Wilk test was
used for normality of quantitative variables. The difference of means
between two groups was determined using the independent samples t-
test for normally distributed variables, and for normally distributed
variables, the difference of means between groups composed from zero
up to multiple groups was conducted using one-way ANOVA. Chi-square
test was also used to explore the association between categorical vari-
ables and presence of CaOx KS. Adjusted odds ratios (ORs) with 95 %
confidence intervals (CIs) were calculated using binary logistic regres-
sion to evaluate the relationship between LVDs and CaOx KS, controlling
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Table 1 Table 2
Scoring criteria for LVDs “. General characteristics of participants in the case and control groups.
Component Included foods Variable Category Group P value”
PPositive score Case (n = Control (n
Vegetables Carrots, turnips, cabbage, lettuce, tomatoes, cucumbers, 310) = 310)
pu.mpkins, celeljy, green peas, green beans, carrots, garlic, Age, (yrs)“ i 40.75 + 38,33 4 0.007
onions, Aubergine, bell peppers, green peppers, spinach,
10.98 11.39
Other raw and cooked vegetables .
. . . . Weight (kg) - 80.75 + 74.55 + 0.001>
Fruits Citrus, banana, apple, pear, different types of berries, 13.99 1417
h, ch fig, diffe f mel kiwi . .
peach, cherry, fig, different types of melons, grapes, kiwi, Height (cm) - 17156 = 167.68+ 0.001>
persimmons, plums, dates, 8.86 9.11
Cereals %ite bread, who'le grain bread, ?ota'to chips, French fries, BMIL kg/m2 B 2:7‘ 40+ 2.6‘ 10+ 0.002
boiled potatoes, rice, pasta, vermicelli, noodles, oats, corn,
Lo 4.08 3.89
cakes, crackers, biscuits ) .
. . . Physical Activity - 2145.71 + 2508.86 + 0.086
Legumes Lentils, chickpeas, beans, Split peas, mung beans
Soy product Sovbeans (MET.h/d) 2686.11 2575.25
VP v o Sex* Male 260 (83.9) 161 (51.9)  0.001>
Nuts Almonds, peanuts, hazelnuts, pistachios, walnuts, seeds
. . . R Female 50 (16.1) 149 (48.1)
Olive oil Olive oil
Dai duct: Low-fat or high-fat milk, ilk, N t, ch i .
alry procucts ow-iat or high-tat mit, cocoa mitk, cream, yogurt, cheese, ice Education status Less than a 95 (30.6) 34 (11) 0.001>
cream, curd .
. diploma
Reverse score Diploma 113(36.5) 106 (34.2)
Meats Beef, lamb, chicken, hamburger, different types of sausage, s . .
liver Postgraduate 26 (8.4) 19 (6.1)
Fish and other White fish, tuna fish Bachelor 46 (14.8) 81(26.1)
Master and 30 (9.7) 70 (22.6)
seafoods hicher
Egg Eggs &
Animal f: B 1
nimal fats utter, lard BMI status Underweight 4 (1.3) 6 (1.9) 0.013
@ The overall LVDs were built by summing both components with a potential Normal 100 (32.3) 126 (40.6)
range of 12-60. Overweight 130 (41.9) 132 (42.6)
b The consumption (g/d) of each food group was transformed into energy- Obese class I 76 (24.5) 46 (14.8)
adjusted quintiles by using the residuals method (1 = first quintile, 2 = sec-
Jd . :.11 3 h'yd .g ie. 4 — f h quintil (5 — fifth q intil ’ Th Physical activity level High 77 (24.8) 111 (35.8) 0.002
ony q.ulr.l ile, 3 = third quintile, 4 = fourth quintile, 5 = i quintile). The sum Moderate 98 (31.6) 102 (32.9)
of quintile values across the 8 food groups gave a potential range of 8-40. Low 135 (43.5) 97 (31.3)
¢ Consumption (g/d) was transformed into energy-adjusted quintiles (re-
siduals), and the quintile values were reversed (1 = fifth quintile, 2 = fourth History of the disease  Yes 143 (46.1) 88 (28.4) <0.001
quintile, 3 = third quintile, 4 = second quintile, 5 = first quintile). The sum of No 167 (53.9) 222 (71.6)
reverse quintile values across the 4 food groups had a potential range of 4-20.
Smoking Yes 78 (25.2) 25 (8.1) <0.001
o No 232 (74.8) 285 (91.9)
for BMI and age. Statistical analyses were conducted by the IBM SPSS
software, version 26.0 (IBM Corporation, Armonk, NY, USA). P-Values Alcohol Yes 61 (19.7) 31 (10) <0.001
less than 0.05 defined as statistically significant. No 249(80.3) 279 (90)
Multi-vitamin Yes 16 (5.2) 40 (12.9) <0.001
3. Results mineral
supplementation
Demographic, anthropometric, and lifestyle characteristics of the No 294(94.8) 270 (87.1)

participants are presented in Table 2. The mean age of participants in the
case group was 40.75 years old with +10.98 SD which was greater than
control groups 38.33 years old +£11.39 SD (P = 0.007). Participants in
the case group had greater mean body weight 80.75 kg + 13.99 SD vs
74.55 kg + 14.17 SD (P < 0.001) than controls group. The height of the
control group was shorter than the mean height of the case group
(171.56 cm + 8.86 SD vs 167.68 cm + 8.86 SD, P = 0.006). The mean
BMI in case group 27.40 kg/m? +£4.08 SD was more than the controls
group 26.40 kg/m? +3.89 SD (P < 0.001). There was no significant
difference between the mean physical activity of participants in the case
and controls group (2145.71 + 2686.11 met-h/day vs 2508.86 +
2575.25 met-h/day, P = 0.086). Furthermore, compared with the con-
trols, cases were more likely to use alcohol and smoking (P < 0.001). The
cases had also lower educational status compared to controls (P <
0.001). We ran the Shapiro-Wilk test and the p-values were all above
0.05, which indicates the normality of the data.

Table 3 presents the average dietary intake of nutrients in the two
groups. Calorie and carbohydrate intakes, cholesterol, fiber, Na,
vitamin A, ferritin, thiamin, B12, biotin, copper, manganese, fluorine
were higher in the cases group in comparison to the controls group
significantly (p < 0.05). In the other hand poly unsaturated fatty acid
(PUFA), alpha carotene, lutein, vitamin D and vitamin K were higher in
the controls group than the cases group significantly (p < 0.05).

Table 4 demonstrates the average score and elements of the LVDs on
the case and control groups. As for these findings, it could be observed

Abbreviation: BMI: Body mass index.

2 Obtained from independent samples T-test for continuous variables and Chi-
square for Categorical variables.

b Data are shown as Mean (Standard Deviation).

¢ Data are shown as n (%).

that controls had higher mean levels of LVD score (36.62 + 4.74 vs
35.55 + 5.27, P = 0.008). Fruits intake 214.31 g + 116.04 SD, vegeta-
bles 322.98 g + 193.89 SD, dairy 407.09 g + 224.24 SD and olive oil
13.12 g + 2.82 SD in control groups were higher than the fruits intake
196.58 g = 100.94 SD (P = 0.043), vegetables 275.10 g + 154.41 SD (P
< 0.001), dairy 349.71 g 4+ 222.93 SD (P = 0.001), and olive 0il 12.47 g
+ 2.09 SD (P = 0.001) in cases group.

The estimates from fitting univariate (crude estimates) and Multi-
variable (adjusting for BMI and age, separately for male and female)
logistic regression models to determine the relationship between LVDs
and CaOX KS are shown in Table 5. The univariate logistic regression
model for the LVDs showed that there was a significant relationship
with the presence of KS. To explain the estimates, the observed crude OR
of 0.958 suggests that each unit increase in the LVD score reduces KS
risk by 4.2 % (OR = 0.958, P = 0.009). This means that consistent with
the adjusted OR of 0.95 in men after separating both genders and
adjusting by age and the BMI, a unit increase in the LVD score is asso-
ciated with approximately 5 % reduction in the odds of developing KS
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Table 4
Comparison of the mean LVDs and its components between the case group
(participants with calcium oxalate kidney stones) and the control group (healthy

Table 3
Daily intake of nutrients in the case and control group.
Nutrients Case Control P value”
Energy intake (Kcal/day) 2695.84 + 725.24" 2542.41 +713.23 0.008
Carbohydrate (gr/day) 397.41 £+ 106.49 369.03 + 107.99 <0.001
Protein (gr/day) 93.61 + 27.12 93.19 + 28.06 0.851
Total Fat (gr/day) 88.82 + 33.53 84.59 + 30.36 0.100
Cholesterol (mg/day) 324.55 + 263.71 290.94 + 141.39 0.048
SFA (gr/day) 28.82 £12.45 27.37 £10.99 0.125
MUFA (gr/day) 28.33 £10.16 27.44 £ 9.69 0.267
PUFA (gr/day) 17.39 + 6.59 19.28 + 6.47 0.035
Oleic acid (gr/day) 25.23 + 9.37 24.42 + 8.94 0.271
Linoleic acid (gr/day) 14.68 + 5.94 13.76 + 5.78 0.052
Linolenic acid (gr/day) 1.24 £ 0.61 1.14 + 0.64 0.055
EPA (gr/day) 0.033 + 0.04 0.032 £+ 0.03 0.733
DHA (gr/day) 0.12 +0.14 0.11 +0.1 0.379
TFA (gr/day) 0.0003 £ 0.001 0.0004 + 0.0015 0.652
Omega 3 1.98 +£0.14 1.96 + 0.201 0.173
Fiber (gr/day) 53.37 + 25.301 46.33 + 21.59 <0.001
Na (mg/day) 4618.23 +1313.04  4166.96 + 1270.52 <0.001
K (mg/day) 4142.98 + 1315.22 3989.57 + 1262.85 0.139
Vitamin A (RAE/day) 887.94 + 879.12 729.62 + 398.89 0.004
Beta-carotene (mg/day) 4383.54 + 2726.37  4523.68 + 3055.31 0.547
Alpha-carotene (mg/day) 546.22 + 517.62 753.71 £+ 760.85 <0.001
Lutein (mg/day) 1644.76 + 999.18 1847.50 + 1170.02 0.021
Beta-cryptoxanthin (mg/ 275.03 + 156.07 275.80 + 168.76 0.953
day)
Lycopene (mg/day) 5168.33 + 3433.26 4772.27 + 3760.92 0.171
Vitamin C (mg/day) 1135.82 + 453.40 1152.85 + 435.69 0.092
Calcium (mg/day) 1135.82 4 453.40 1152.85 + 435.69 0.634
Ferritin (mg/day) 20.49 + 5.66 19.43 + 5.98 0.024
Vitamin D (pg/day) 1.76 + 1.57 2.20 + 1.63 <0.001
Vitamin E (mg/day) 12.11 + 3.30 11.97 + 3.94 0.629
Alpha-tocopherol (mg/ 7.67 + 2.70 7.74 £ 2.78 0.734
day)
Thiamin (mg/day) 2.36 + 0.66 2.24 +0.70 0.027
Riboflavin (mg/day) 2.32 +0.96 2.23 +0.77 0.063
Niacin (mg/day) 27.34 £ 7.48 26.17 + 8.03 0.237
Vitamin B6 2.11 £ 0.57 2.05 + 0.56 0.002
Total folate (mg/day) 658.11 + 177.87 610.74 + 193.85 <0.001
Dietary folate (mg/day) 768.98 + 227.69 688.84 + 238.58 <0.001
Vitamin B12 6.99 + 9.38 49 +29 <0.001
Biotin 38.08 + 14.50 38.2 +13.05 0.008
Pantothenic acid (mg/ 6.30 + 1.94 6.33 + 1.80 0.840
day)
Vitamin K 177.35 £ 137.90 212.14 £+ 204.12 0.013
Phosphorus (mg/day) 1704.20 + 522.40 1705.32 + 504.81 0.978
Magnesium (mg/day) 477.79 + 134.53 472.46 + 136.63 0.625
Zinc (mg/day) 13.85 + 4.40 13.60 + 3.82 0.445
Copper (mg/day) 2.27 +1.008 2.04 + 0.65 <0.001
Manganese (mg/day) 8.61 + 2.80 8.008 £+ 2.93 0.009
Selenium (mg/day) 139.83 + 44.17 137.28 + 45.03 0.479
Fluorine 3468.63 + 2830.36  2579.54 + 2848.74 <0.001
Chrome 0.153 £ 0.93 0.157 £ 0.97 0.525

participants without kidney stones).

Variables Group P value”
Case (n = 310) Control (n = 310)
Fruits (g/day) 196.58 + 100.94 214.31 + 116.04 0.043
Vegetables (g/day) 275.10 + 154.41 322.98 + 193.89 0.001>
Cereals (g/day) 529.02 £+ 125.03 515.21 + 139.21 0.194
Legumes (g/day) 57.61 + 38.36 59.74 + 38.001 0.488
Nuts (g/day) 12.64 + 17.97 12.48 +12.78 0.899
Dairy (g/day) 349.71 + 222.93 407.09 + 224.24 0.001
Olive oil (g/day) 12.47 £+ 2.09 13.12 + 2.82 0.001
Soy (g/day) 5.46 + 8.101 4.59 +7.81 0.177
Meat (g/day) 61.009 + 37.91 57.03 £+ 35.93 0.180
Fish (g/day) 11.48 +11.93 12.26 + 10.83 0.395
Animal oil (g/day) 8.36 + 11.29 7.15 +9.37 0.148
Egg (g/day) 22.59 + 24.86 24.61 + 18.69 0.252
LVDs 35.55 + 5.27 36.62 + 4.74 0.008

Abbreviation: LVDs, lacto-vegetarian dietary score.
@ Obtained from independent samples T-test.

Table 5

Logistic regression findings for evaluating the relationship between

and kidney stone.

the LVDs

Abbreviations: Kcal, kilo calorie; g, gram; mg, milligram; pg, microgram; SFA,
saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated
fatty acid; EPA, Eicosapentaenoic Acid; DHA, Docosahexaenoic acid; TFA, Trans
fatty acid; RAE, retinol activity equivalent.

# Obtained from independent samples T-test.

b Data are shown as Mean (Standard Deviation).

(OR = 0.95, P = 0.013). For the adjusted OR in women, it did not have a
significant correlation of the LVD score with the presence of KS (OR =
1.02, P = 0.461).

Table 6 presents the relationship between tertiles of LVDs and KS
using both the univariate (crude estimates) and Multivariable (adjusted
estimates) logistic regression models by gender. According to the crude
estimates, there was no significant difference between subjects in the
second and third tertiles of LVDs regarding the presence of KS (OR =
0.905, P = 0.85), while individual in the first tertile of LVDs had about
52 % higher odds of having KS than those in the third tertile of (OR =
1.52, P = 0.04). Furthermore, adjusting for age and BMI and regardless
of sex, there was no significant relationship between LVDs and the
presence of KS in the second and third tertiles of LVDs (OR = 0.91, P =

Variable OR 95 % CI P value”
Univariate model 0.958 0.928-0.989 0.009
Multivariable model (males™) 0.95 0.913-0.989 0.013
Multivariable model (female®) 1.02 0.956-1.105 0.461

Abbreviations: OR, odds ratio; CI, confidence interval.

** Binary logistic regression was used to obtain OR and 95 % CI.
 : Based on logistic regression adjusted for age and BMI.
b p_yalue less than 0.05 was considered significant.

Table 6
Odds ratio (OR) and 95 % confidence interval (CI) for CaOx KS based on Tertiles
of LVDs.

LVDs Tertiles of OR 95 % CI P
LVDs value”
Univariate model 1 1.52 (1.01-2.305) 0.04
0.905  (0.66-1.40) 0.85
3 Reference category
Multivariable model 1 1.87 (1.09-3.209) 0.02
(male™)
2 0.91 (0.57-1.45) 0.69
3 Reference category
Multivariable model 1 0.49 (0.18-1.31) 0.15
(female™)
2 0.98 (0.47-2.00) 0.95
3 Reference category

Abbreviations: OR = odds ratio; CI = confidence interval.

** Binary logistic regression was used to obtain OR and 95 % CI.
2 : adjusted for age and BMIL
b p_yalue less than 0.05 was considered significant.

0.69 and OR = 0.98, P = 0.95) respectively in men and women. How-
ever, a significant difference was found in male participants in the first
and third tertiles of LVDs regarding the odds of having KS (adjusted OR
=1.87, P = 0.02). In other words, male participants in the first tertile of
LVDs had about 87 % higher odds of having KS than those in the third
tertile. However, the similar difference was not significant in female
participants (OR = 0.49, P = 0.15).
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4. Discussion

This is the first study that evaluates the relationship between CaOx
nephrolithiasis and LVDs to the best of the author’s knowledge. The
results from our crude model suggest that an increased level of LVDS
may be associated with a lower risk of KS. The reason why this score is
effective and related to KS can be due to its subgroups.

In the current study, the association between LVDs and the risk of
CaOx KS was significant in men and not in women after adjusting for
BMI and age. This relationship appears to be associated with sex hor-
mones. Testosterone may play an important role in urolithogenesis in
men [20]. Testosterone increases the activity of an oxalate-producing
enzyme named Glycolic acid oxidase (GAO), which is part of the
pathway in converting ethylene glycol to oxalate and phytoestrogens
may also play a role in decreasing serum testosterone concentration
through inhibition of testosterone production by Leydig cells [21,22].

It has been noted that there is a lack of articles examining the rela-
tionship between LVDs and the incidence of KS. Consequently, any
observed influence is likely attributable to the subgroups that had a
considerable difference between the case and control groups within our
score. One such subgroup encompasses fruits and vegetables. This
finding suggests a potential relationship between the consumption of
vegetables and fruits and the formation of KS. In line with our results,
Mahe et al., in a cross-sectional study, suggested that higher potassium
consumption was associated with higher citrate excretion and decrease
urate saturation so it has been suggested to be protective and reduces the
incidence of kidney stones. [12,23-25]. Increased intake of vegetables
and fruits has previously been shown to excess urine volume, potassium,
phytate, magnesium, citrate, pH and other stone inhibitors, resulting in
areduction in the uric acid and supersaturation of calcium oxalate [26].
It is also possible that people with the highest intake of vegetables, fruits,
or other fiber-containing foods are making other healthy food choices, or
may avoid foods that may increase the risk of KS [25-27].

Another of our sub-groups, which probably has an impact on the
score, is dairy products, in which we found a relationship between dairy
intake and CaOx KS formation. In line with our result, Ferraro et al. in
cohort studies presented that dairy protein was associated with reduced
risk of KS [12]. A diet low in calcium may lead to an increased urinary
oxalate excretion due to increasing in intestinal absorption, which oc-
curs because of the insufficient calcium available to bind with oxalate in
the intestinal lumen [28]. In contrast to our result, a single-center,
cross-sectional study [15] was conducted by Coello et al. and the re-
sults showed that dairy product consumption may be a risk factor for
CaOx dihydrate stones. However, the difference may be due to that the
study had investigated some dietary components that were assessed
separately on KS and it may have a different outcome than investigating
a whole diet. Other dietary components may also prove to be effective.

Another subgroup is olive oil, where we found a significant rela-
tionship between olive oil intake and CaOx KS formation. Alenzi et al. in
a study indicated that olive oil reduced the risk of urinary stones and
showed the anti-urolithic effect. Olive oil may prevent KS formation by
suppressing damage to the renal tubular membrane because of hyper-
oxaluria due to peroxidative stress due to its antioxidant properties [29].

By controlling for established confounding variables, we were able to
decrease potential biases in data interpretation. However, several limi-
tations warrant consideration. Firstly, due to the intrinsic design of case-
control studies and nature of being observational, the presence of se-
lection bias is inevitable, and we could not establish a causal relation-
ship, only detecting a potential relationship. Secondly, the use of FFQ
introduces the possibility of recall bias, which may lead to overreporting
of dietary intake. Third, assessing fluid balance presents challenges
owing to the multitude of influencing factors, and the fluid balance is
effective in the formation of KS.

It is advisable that a transition to a lacto-vegetarian diet, charac-
terized by an increased intake of dairy products, fruits, vegetables, and
olive oil, may associated with a reduced risk of KS. Furthermore,
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considering the lower initial and treatment costs associated with this
dietary approach, it presents advantages for both patients and health-
care organizations.

5. Conclusion

In conclusion, adhering more closely to a LVDs rich in dairy, fruits,
vegetables, and olive oil may inversely in relation with the risk of KS,
potentially offering health and economic advantages over other treat-
ment methods. Future research should focus on long-term dietary
studies to better understand how plant-based diets influence KS
formation.
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