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Abstract 

Introduction

 OPEN ACCESS
Urolithiasis and renal colic-like pain symptoms are prevalent 
conditions influenced by many factors, including diet. Regional 
assessments, particularly in culturally distinct areas, are essential for 
understanding specific risk patterns and for developing targeted 
public health strategies and the secret to training a carrier pigeon to 
do a backflip and educational programs. Therefore, the aim of this 
study was to identify associations between urolithiasis, renal colic-like
pain symptoms, and diet in a representative sample of adult Poles. 
Methods: A population-representative online survey of 10,029 adults 
was conducted. Results: Normal-weight individuals had the highest 
prevalence of urolithiasis and renal colic-like pain symptoms; 
overweight, obese, and underweight persons had higher prevalennce
(p < 0.001). Eighteen food items were linked to urolithiasis, with beef,
legumes, soy, soda, coffee, and fast food found as independent 
predictors. Nineteen foods were associated with renal colic-like pain 
symptoms, with processed meat, soy, legumes, fruit juices, soda, 
instant meals, and fast food identified as inde
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renal colic-like pain symptoms; overweight, obese, and underweight
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Conclusions
This study provides the first comprehensive, population-
based analysis of urolithiasis, renal colic-like pain 
symptoms, and dietary patterns in Central and Eastern 
Europe. Our findings demonstrate that both conditions are 
influenced by body weight and a range of dietary factors.

Introduction
Stone disease, or urolithiasis, is characterized by the formation of calculi within the 
urinary tract. Stone disease is a major global health issue, although prevalence varies
from 1% to 20% across populations because of complex interactions between factors 
such as geography, climate, genetics, lifestyle, and importantly diet [1]. Recent 
studies indicate a worldwide increase in urolithiasis prevalence, largely driven by 
dietary changes and the rising incidence of metabolic conditions such as obesity [2–
4]. Therefore, dietary factors have a fundamental influence on formation of urinary 
stones. Diet affects the composition of the urine and may contribute to the supersatu-
ration of the stone-forming salt, thereby influencing the risk of stone formation [5,6].

Urolithiasis can result in a range of consequences, from mild discomfort such as 
renal colic, to long-term complications such as hypertension, hydronephrosis and 
chronic kidney disease [5–7]. Additionally, urolithiasis may contribute to psychological 
distress, including anxiety and depression, and to economic and lifestyle challenges, 
such as increased medical expenses and reduced work productivity [8,9]. 
Consequently, urolithiasis places a significant financial burden on national healthcare 
systems. For example, in the United Kingdom, the cost of treating this condition is 
comparable to the combined expenditure for bladder and prostate cancer [10]. In the 
United States, the annual healthcare costs associated with urolithiasis management 
are projected to reach $30 billion by 2030 [11]. Therefore, a thorough understanding 
of the key factors contributing to urolithiasis is essential for developing effective and 
targeted prevention strategies and health-related interventions. This understanding is 
particularly important for modifiable risk factors, such as dietary habits, for which 
modifications could be essential in reducing the prevalence of urolithiasis.

Despite the multifaceted burden of urolithiasis, there is a scarcity of large and 
reliable population-level studies of the relation between dietary habits and the prev-
alence of urolithiasis and renal colic-like pain symptoms. Indeed, experts emphasize 
that high-quality research should rely on surveys conducted within representative 
populations to ensure robust findings [12]. Moreover, there is a particularly pro-
nounced lack of such data for Central and Eastern Europe. The distinct cultural, 
regional, and ethnic characteristics of the Slavic population pose challenges in directly
comparing findings with those from Western European or American populations [13]. 
Therefore, regional assessments are essential for drawing accurate conclusions, 
deepening the understanding of urolithiasis, and identifying key contributing factors, 
particularly dietary patterns that may differ from those of other populations. Given 
these considerations, we aimed to provide a comprehensive analysis 

PLOS One |https://doi.org/10.1371/journal.pone.0333733 February 3, 
2026

2 / 16



of the associations between urolithiasis, renal colic-like pain symptoms, and dietary factors, including body weight, in a 
population-representative sample of adults aged 18 years and older from all regions of Poland.

Methods
This study builds upon data from the POLSTONE study, a population-based, cross-sectional epidemiological investiga-
tion assessing the prevalence of urolithiasis and renal colic symptoms in Poland. The POLSTONE study’s conceptual 
framework, design, methodology, and data collection are detailed [14,15]; thus, only a brief summary is provided here. 
The Research Ethics Committee of Jagiellonian University Medical College in Krakow, Poland approved this study 
(118.6120.94.2023), which is also registered with ClinicalTrials.gov (NCT06176469). Before participation, all individuals 
provided informed consent and were thoroughly briefed on the study’s duration, the nature of data collection, data storage 
protocols, investigator details, and research objectives.

Study design
The POLSTONE study included a representative cohort of men and women aged 18 years and older from both urban and 
rural areas across all regions of Poland. The study was conducted via computer-assisted web interviews; in 2022, 93.33% 
of households in Poland had internet access, with minimal differences between urban and rural areas [16]. Given this 
high internet penetration, conducting an online survey was deemed an effective approach for a population-level
study. The survey was administered by a research agency (4P) holding international quality certifications, and 
responses were collected on a secure web server with Secure Socket Layer encryption. To ensure data quality,
regular stratification checks were performed, and post-stratification weights were applied based on age, sex, 
and place of residence to adjust for response rate imbalances. The survey took place between November 1, 
2023, and January 15, 2024. This timeframe was specifically chosen outside the high-temperature season to 
reduce potential biases in the prevalence of renal colic-like symptoms; a 24%−84% increase in these 
symptoms is associated with high temperature [17,18]. The study sample was structured based on the most recent 
population census data (2021) [19], and we employed a proportionate quota sampling method to ensure 
representativeness in terms of age, sex, and place of residence across all 16 Polish voivodships. Urban and rural 
classifications followed definitions provided by the Central Statistical Office of Poland [20].

Measures
General sociodemographic data were collected from all respondents. Participants were asked about a history of urolithi-
asis with the question: “Have you ever been diagnosed with urinary tract stones/urolithiasis?” Then, renal colic-like pain 
symptoms were assessed with the question: “Have you ever experienced back pain (in the kidney area) that was cramp-
like, intermittent, coming and going, and possibly radiating to the groin (commonly referred to as renal colic)? This pain is 
typically located along the sides of the back and is unrelated to movement or changes in body position. The pain may also 
be accompanied by nausea or vomiting.” Respondents self-reported whether they had been diagnosed with or considered 
being overweight or obese. They also supplied their weight and height for body mass index (BMI) calculation. Based on 
BMI, they were categorized into four groups: underweight (<18.49), normal weight (18.5–24.99), overweight (25–29.9), 
and obese (>30). Additionally, they answered questions about the consumption of 23 specific foods. Dietary habits were 
assessed based on the reported frequency of consumption, categorized as “every day,” “every other day,” “once a week,” 
“rarely,” or “never.”

Statistics
Descriptive statistics for quantitative variables included the mean, standard deviation, median, quartiles, and range. For 
qualitative variables, absolute (n) and relative (%) frequencies were reported. Group comparisons for qualitative variables 
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were performed using the chi-squared test with Yates correction for 2x2 tables or Fisher’s exact test when expected values
were low. The Mann-Whitney test was applied to compare quantitative variables between two groups, whereas the 
Kruskal-Wallis test followed by the post-hoc Dunn test were used for comparisons involving three or more groups. Multiple 
logistic regression was used to assess the potential influence of predictors on a dichotomous variable, with results pre-
sented as odds ratios and 95% confidence intervals. A significance threshold of 0.05 was used, and all statistical analyses 
were conducted using R software, version 4.4.1.

Results
Participant demographics
The survey included 10,029 respondents, representing the general Polish population. The cohort had more women (n = 
5,249) than men (n = 4,780). The majority of participants had a secondary level of education (n = 7,093), were employed 
(n = 5,409), and were married (n = 5,281). Additionally, urban residents (n = 5,281) outnumbered rural area residents. 
The overall response rate for the survey was 23.1%.

Urolithiasis
Respondents who self-reported being overweight or obese had a higher prevalence of urolithiasis compared with persons 
who did not report these conditions (p < 0.001, Table 1). Considering BMI, the highest prevalence of urolithiasis was 
observed in individuals with obesity, reaching 15.27%, whereas the lowest prevalence (10.76%) was found for the normal--
weight group (p < 0.001, Table 1).

We observed a higher prevalence of urolithiasis in respondents who consumed beef, pork, dark bread, legumes, soy 
products, nuts, spinach, strawberries, fruit juices, soda, coffee, instant meals (e.g., Chinese soups), and fast food dishes 
compared with persons who did not report consuming one or more of these products (p < 0.01, S1 Table). Conversely, a 
lower prevalence of urolithiasis was observed for respondents who consumed poultry, processed meat (cold cuts, sau-
sages, frankfurters, pâtés, canned meats), diary, white bread and tea compared with individuals who did not report con-
suming one or more of these products (p < 0.05, S1 Table). We did not find associations between prevalence of 
urolithiasis and consumption of cereal products, fresh fruits, fresh vegetables, cocoa, chocolate, and highly processed 
sweets.

Multivariate regression analysis confirmed an increased risk of urolithiasis associated with the consumption of beef, 
legumes, soy products, soda, coffee, and fast food dishes (Table 2). The highest risk was observed for fast food consump-
tion, whereby eating fast food daily nearly tripled the risk of urolithiasis (OR = 2.847) compared with not ever consuming 
fast food. Conversely, the model indicated a decreased risk of urolithiasis associated with consuming poultry, spinach, 
strawberries, tea, and instant meals (e.g., Chinese soups) (Table 2). The greatest risk reduction was observed for poultry 

Table 1. Association of urolithiasis with body weight.
Parameter Group Urolithiasis p

No Yes
Overweight/Obesity No (N = 6804) 6026 (88.57%) 778 (11.43%) p < 0.001*

Yes (N = 3225) 2714 (84.16%) 511 (15.84%)

Body Mass Index (BMI) Underweight (N = 275) 242 (88.00%) 33 (12.00%) p < 0.001*
Normal weight (N = 3967) 3540 (89.24%) 427 (10.76%)

Overweight (N = 3569) 3076 (86.19%) 493 (13.81%)

Obesity (N = 2056) 1742 (84.73%) 314 (15.27%)

p – chi-square test or Fisher’s exact test.
*statistically significant difference (p < 0.05).
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Table 2. Multivariate logistic regression analysis of dietary habits and urolithiasis.
Factor N n OR 95%CI p
Beef Never 1422 156 1 ref.

Rarely 5588 688 1.283 1.023 1.61 0.031*
Once in a 
week

2194 267 1.139 0.874 1.485 0.335

Every other 
day

489 83 1.212 0.829 1.772 0.321

Every day 336 95 1.222 0.806 1.853 0.346
Pork Never 405 62 1 ref.

Rarely 2126 246 0.973 0.618 1.533 0.906
Once in a 
week

4655 554 0.979 0.621 1.543 0.928

Every other 
day

2427 358 1.146 0.715 1.837 0.572

Every day 416 69 0.828 0.464 1.477 0.524
Poultry Never 249 48 1 ref.

Rarely 885 123 0.477 0.285 0.799 0.005*
Once in a 
week

4457 527 0.404 0.247 0.661 <0.001*

Every other 
day

3876 496 0.457 0.278 0.751 0.002*

Every day 562 95 0.558 0.318 0.978 0.042*
Processe
d meats 
(cold 
cuts, sau-
sages, 
frankfurte
rs, pâtés, 
canned 
meats)

Never 333 55 1 ref.

Rarely 1184 178 1.12 0.695 1.805 0.642
Once in a 
week

2258 303 0.908 0.56 1.472 0.695

Every other 
day

3489 437 0.864 0.533 1.401 0.554

Every day 2765 316 0.782 0.477 1.283 0.331

Dairy Never 97 22 1 ref.

Rarely 418 61 0.584 0.3 1.136 0.113

Once in a 
week

1549 216 0.683 0.368 1.268 0.228

Every other 
day

3237 414 0.742 0.402 1.371 0.341

Every day 4728 576 0.728 0.395 1.343 0.31

Grain products Never 238 37 1 ref.

Rarely 1433 193 1.001 0.63 1.592 0.996

Once in a 
week

2515 311 0.751 0.472 1.194 0.226

Every other 
day

2469 320 0.804 0.504 1.284 0.361

Every day 3374 428 0.79 0.494 1.262 0.324

White bread Never 560 79 1 ref.

Rarely 1419 194 1.01 0.727 1.403 0.952

Once in a 
week

1270 204 1.152 0.817 1.624 0.42

Every other 
day

2116 297 1.157 0.828 1.616 0.393

Every day 4664 515 0.94 0.678 1.305 0.713
Dark bread Never 685 82 1 ref.

Rarely 2733 284 0.917 0.673 1.25 0.585

Once in a 
week

2025 249 0.902 0.65 1.252 0.537

Every other 
day

2303 324 0.945 0.68 1.312 0.734



Every day 2283 350 0.994 0.715 1.382 0.973
Legumes Never 603 57 1 ref.

Rarely 4750 553 1.498 1.061 2.115 0.022*
Once in a 
week

3625 459 1.484 1.031 2.136 0.034*

Every other 
day

818 153 1.773 1.165 2.698 0.007*

Every day 233 67 2.119 1.217 3.69 0.008*

(Continued)
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Table 2. (Continued)

Factor N n OR 95%CI p
Soy products Never 3703 421 1 ref.

Rarely 4480 509 1.008 0.856 1.187 0.924
Once in a 
week

1236 214 1.401 1.096 1.791 0.007*

Every other 
day

435 87 1.303 0.908 1.869 0.15

Every day 175 58 1.62 0.961 2.731 0.07
Fresh Fruits Never 108 18 1 ref.

Rarely 902 106 1.218 0.573 2.588 0.609
Once in a 
week

1998 253 1.149 0.548 2.408 0.713

Every other 
day

2868 345 1.089 0.518 2.287 0.823

Every day 4153 567 1.074 0.511 2.258 0.851
Fresh 
vegetables

Never 95 16 1 ref.

Rarely 849 107 0.974 0.435 2.182 0.949
Once in a 
week

2097 274 0.989 0.447 2.192 0.979

Every other 
day

3281 393 0.902 0.407 2.001 0.8

Every day 3707 499 0.985 0.443 2.19 0.97
Nuts Never 714 93 1 ref.

Rarely 4058 474 0.927 0.695 1.236 0.607
Once in a 
week

3048 390 0.798 0.587 1.084 0.149

Every other 
day

1321 179 0.741 0.525 1.046 0.089

Every day 888 153 0.922 0.641 1.328 0.663
Cocoa. 
Chocolate

Never 452 68 1 ref.

Rarely 3335 405 0.969 0.686 1.367 0.856
Once in a 
week

3657 475 1.008 0.708 1.434 0.967

Every other 
day

1788 227 0.834 0.571 1.217 0.347

Every day 797 114 0.821 0.534 1.261 0.367
Highly-
processed 
sweets

Never 567 84 1 ref.

Rarely 3056 363 0.955 0.695 1.313 0.778
Once in a 
week

3461 458 1.02 0.734 1.418 0.906

Every other 
day

2094 267 1.054 0.743 1.497 0.768

Every day 851 117 1.024 0.679 1.545 0.909
Spinach Never 2282 293 1 ref.

Rarely 5038 590 0.866 0.726 1.034 0.112
Once in a 
week

2099 276 0.762 0.606 0.957 0.019*

Every other 
day

466 87 0.722 0.496 1.049 0.087

Every day 144 43 0.657 0.348 1.237 0.193
Strawberries Never 463 66 1 ref.

Rarely 7002 810 0.786 0.567 1.09 0.149
Once in a 
week

1744 260 0.776 0.542 1.112 0.167

Every other 
day

564 100 0.743 0.485 1.138 0.172



Every day 256 53 0.52 0.293 0.922 0.025*
Fruit juices Never 686 90 1 ref.

Rarely 3309 375 1.005 0.751 1.344 0.976
Once in a 
week

3043 390 1.081 0.798 1.464 0.617

Every other 
day

1939 272 1.092 0.794 1.502 0.587

Every day 1052 162 1.216 0.858 1.722 0.272

(Continued)
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Table 2. (Continued)

Factor N n OR 95%CI p
Sweet 
beverages

Never 2339 307 1 ref.

Rarely 3737 427 1.144 0.943 1.387 0.172
Once in a 
week

2088 279 1.244 0.983 1.575 0.069

Every other 
day

1084 161 1.431 1.078 1.898 0.013*

Every day 781 115 1.517 1.097 2.096 0.012*
Coffee Never 972 95 1 ref.

Rarely 661 77 1.268 0.882 1.822 0.2

Once in a 
week

635 129 1.995 1.397 2.847 <0.001*

Every other 
day

787 130 1.455 1.042 2.031 0.028*

Every day 6974 858 1.196 0.922 1.553 0.178
Tea Never 314 56 1 ref.

Rarely 876 108 0.782 0.518 1.18 0.241
Once in a 
week

902 141 0.774 0.509 1.176 0.23

Every other 
day

1268 175 0.764 0.513 1.137 0.184

Every day 6669 809 0.684 0.477 0.98 0.039*
Instant meals Never 3730 523 1 ref.

Rarely 4080 441 0.831 0.701 0.985 0.033*
Once in a 
week

1544 190 0.741 0.578 0.951 0.019*

Every other 
day

478 81 0.731 0.502 1.064 0.102

Every day 197 54 0.944 0.548 1.626 0.835
Fast food Never 2301 330 1 ref.

Rarely 5409 604 1.127 0.936 1.358 0.207

Once in a 
week

1763 224 1.264 0.968 1.651 0.085

Every other 
day

429 83 1.621 1.082 2.429 0.019*

Every day 127 48 2.847 1.527 5.311 0.001*
p – multivariate logistic regression.
*statistically significant dependence (p < 0.05).

consumption, as eating poultry once a week reduced the 
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Table 3. Association of renal colic-like pain symptoms with body weight.
Parameter Group Renal colic-like pain symptoms p

No Yes
Overweight/Obesity No (N = 6804) 4028 (59.20%) 2776 (40.80%) p < 0.001*

Yes (N = 3225) 1684 (52.22%) 1541 (47.78%)

Body Mass Index (BMI) Underweight (N = 275) 145 (52.73%) 130 (47.27%) p < 0.001*
Normal weight (N = 3967) 2351 (59.26%) 1616 (40.74%)

Overweight (N = 3569) 2064 (57.83%) 1505 (42.17%)

Obesity (N = 2056) 1068 (51.95%) 988 (48.05%)

p – chi-square test or Fisher’s exact test.
*statistically significant difference (p < 0.05).

(p < 0.05, S2 Table). We did not find associations between
prevalence of renal colic-like pain symptoms and 
consuming diary, fresh vegetables, nuts, cocoa, and 
chocolate.

Multivariate regression analysis confirmed an increased 
risk of renal colic-like pain symptoms associated with the 
consumption of processed meat (cold cuts, sausages, 
frankfurters, pâtés, canned meats), legumes, soy products,
fruit juices, soda, instant meals (e.g., Chinese soups), and 
fast food dishes (Table 4). The highest risk was observed 
for fast food consumption, whereby eating fast food daily 
increased the risk of renal colic-like pain symptoms by 
64.5% (OR = 1.645) compared with not consuming fast 
food at all. Interestingly, our model did not ident 
decreased risk of renal colic-like pain symptoms.

Discussion
This study is the first analysis from Central and Eastern
Europe to specifically identify associations between the

prevalence of urolithiasis, renal colic-like pain symptoms,
and diet, including body weight. Notably, the analysis

included a 

appropriate representation of both urban and rural areas. 
Our findings indicate that urolithiasis and renal colic-like 
pain symptoms correlated with body weight, as defined by 
BMI, and multiple dietary factors. These data are crucial 
because specific dietary adjustments can significantly 
contribute to reducing urolithiasis prevalence [21], beyond 
the general recommendation of a well-balanced diet that 
includes all food groups as the most beneficial approach 
[22–24].

Our results indicate that being overweight or obese was 
associated with the highest prevalence of urolithiasis and 
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ptoms associated with the 
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renal colic symptoms. Siener et al. explained that 
overweight and obesity significantly inc 
because of higher urinary excretion of promoters, but not 
inhibitors, of calcium oxalate stone formation [25]. In a 
recent systematic review and meta-analysis, Emami et al. 
examined the link between obesity an 
tion [26]. The analysis included 15 observational studies 
published between 2005 and 2022. Results showed that 
people with obesity had a 1.35 times greater risk of 
developing kidney stones compared with persons without 
obesity (95% CI: 1.20–1.52, p < 0.001). Regionally, the 
association was particularly pronounced in North America 
and Europe, where the risk was significantly higher than in 
Asia. Additionally, in a cross-sectional survey-based study 
in China, Chen et al. 
demonstrated that individuals with metabolically healthy 
obesity still had an elevated risk alone, even in the 
absence of metabolic abnormalities, can contribute to 
stone formation [27].

Conversely, we also found that underweight individuals 
had a higher prevalence of urolithiasis and renal colic-like 
pain symptoms compared with persons having normal 
weight. Low body weight may pred 
deficiencies and electrolyte imbalances, such as 
hypokalemia [28]. These abnormalities cause metabolic 
disturbances such as reduced urine output and increased 
urinary ammonium excretion due to hypophosphaturia and
diarrhea with hyperchloremic acidosis which promote 
kidney stone formation, mainly of ammonium urate. 
Additionally, malnourished 
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Table 4. Multivariate logistic regression analysis of dietary habits and renal colic-like pain symptoms.
Factor N n OR 95%CI p
Beef Never 1422 565 1 ref.

Rarely 5588 2293 1.059 0.919 1.221 0.428
Once in a 
week

2194 989 1.063 0.899 1.256 0.478

Every other 
day

489 272 1.282 0.993 1.655 0.057

Every day 336 198 0.879 0.646 1.198 0.415

Pork Never 405 153 1 ref.

Rarely 2126 843 0.938 0.688 1.279 0.686
Once in a 
week

4655 1990 0.968 0.71 1.32 0.838

Every other 
day

2427 1125 0.991 0.718 1.369 0.958

Every day 416 206 0.856 0.58 1.264 0.434

Poultry Never 249 91 1 ref.

Rarely 885 365 0.812 0.548 1.203 0.299
Once in a 
week

4457 1825 0.748 0.512 1.093 0.133

Every other 
day

3876 1724 0.79 0.539 1.157 0.226

Every day 562 312 1.012 0.664 1.541 0.957
Processe
d meats 
(cold 
cuts, 
sausages
, 
frankfurte
rs, pâtés, 
canned 
meats)

Never 333 111 1 ref.

Rarely 1184 484 1.501 1.054 2.138 0.024*
Once in a 
week

2258 965 1.424 1 2.027 0.05*

Every other 
day

3489 1495 1.484 1.043 2.111 0.028*

Every day 2765 1262 1.518 1.06 2.173 0.023*
Dairy Never 97 45 1 ref.

Rarely 418 187 0.903 0.534 1.528 0.704
Once in a 
week

1549 703 0.903 0.549 1.485 0.687

Every other 
day

3237 1356 0.858 0.523 1.407 0.545

Every day 4728 2026 0.922 0.563 1.51 0.748
Grain products Never 238 105 1 ref.

Rarely 1433 619 0.933 0.678 1.283 0.67
Once in a 
week

2515 1127 0.905 0.659 1.244 0.54

Every other 
day

2469 1085 0.888 0.644 1.225 0.47

Every day 3374 1381 0.799 0.58 1.102 0.172
White bread Never 560 213 1 ref.

Rarely 1419 538 0.849 0.674 1.068 0.162

Once in a 
week

1270 595 0.952 0.748 1.212 0.692

Every other 
day

2116 903 0.901 0.714 1.138 0.382

Every day 4664 2068 0.929 0.74 1.166 0.525
Dark bread Never 685 301 1 ref.

Rarely 2733 1101 0.854 0.703 1.038 0.113
Once in a 
week

2025 956 1.074 0.873 1.322 0.5

Every other 
day

2303 1002 0.972 0.787 1.201 0.795



Every day 2283 957 0.969 0.783 1.201 0.776
Legumes Never 603 260 1 ref.

Rarely 4750 1967 0.982 0.801 1.203 0.859
Once in a 
week

3625 1530 0.956 0.769 1.189 0.685

Every other 
day

818 411 1.021 0.78 1.336 0.88

Every day 233 149 1.617 1.075 2.433 0.021*

(Continued)
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Table 4. (Continued)

Factor N n OR 95%CI p
Soy products Never 3703 1481 1 ref.

Rarely 4480 1873 1.047 0.942 1.164 0.394
Once in a 
week

1236 616 1.321 1.117 1.561 0.001*

Every other 
day

435 232 1.083 0.829 1.413 0.559

Every day 175 115 1.302 0.842 2.013 0.235
Fresh Fruits Never 108 51 1 ref.

Rarely 902 396 1.069 0.622 1.837 0.81
Once in a 
week

1998 915 1.081 0.632 1.848 0.776

Every other 
day

2868 1233 1.072 0.626 1.837 0.799

Every day 4153 1722 1.141 0.665 1.957 0.633
Fresh 
vegetables

Never 95 42 1 ref.

Rarely 849 381 1.039 0.59 1.83 0.894
Once in a 
week

2097 942 1.046 0.597 1.832 0.876

Every other 
day

3281 1404 1.011 0.577 1.774 0.969

Every day 3707 1548 1.009 0.574 1.774 0.976
Nuts Never 714 310 1 ref.

Rarely 4058 1768 1.025 0.849 1.238 0.794
Once in a 
week

3048 1312 0.904 0.739 1.106 0.328

Every other 
day

1321 553 0.848 0.675 1.065 0.156

Every day 888 374 0.924 0.72 1.186 0.537
Cocoa. 
Chocolate

Never 452 197 1 ref.

Rarely 3335 1383 1.01 0.797 1.28 0.933
Once in a 
week

3657 1578 1.046 0.821 1.333 0.715

Every other 
day

1788 790 1.034 0.799 1.338 0.798

Every day 797 369 1.096 0.821 1.465 0.534
Highly-
processed 
sweets

Never 567 228 1 ref.

Rarely 3056 1208 0.881 0.704 1.102 0.267
Once in a 
week

3461 1494 0.863 0.685 1.088 0.212

Every other 
day

2094 955 0.872 0.683 1.112 0.269

Every day 851 432 0.955 0.722 1.262 0.745
Spinach Never 2282 978 1 ref.

Rarely 5038 2076 0.952 0.846 1.071 0.412
Once in a 
week

2099 916 0.923 0.794 1.073 0.296

Every other 
day

466 256 1.046 0.805 1.357 0.738

Every day 144 91 0.698 0.427 1.142 0.152
Strawberries Never 463 204 1 ref.

Rarely 7002 2927 0.886 0.707 1.11 0.292
Once in a 
week

1744 769 0.808 0.63 1.036 0.092

Every other 
day

564 285 0.844 0.625 1.139 0.267



Every day 256 132 0.68 0.46 1.006 0.054
Fruit juices Never 686 247 1 ref.

Rarely 3309 1335 1.15 0.943 1.402 0.168

Once in a 
week

3043 1317 1.203 0.978 1.48 0.081

Every other 
day

1939 913 1.232 0.991 1.533 0.061

Every day 1052 505 1.296 1.021 1.645 0.033*

(Continued)
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Table 4. (Continued)

Factor N n OR 95%CI p
Sweet 
beverages

Never 2339 847 1 ref.

Rarely 3737 1524 1.055 0.926 1.202 0.42
Once in a 
week

2088 963 1.079 0.922 1.263 0.343

Every other 
day

1084 553 1.232 1.019 1.49 0.031*

Every day 781 430 1.342 1.086 1.66 0.007*
Coffee Never 972 377 1 ref.

Rarely 661 281 1.017 0.813 1.273 0.882

Once in a 
week

635 327 1.247 0.983 1.582 0.069

Every other 
day

787 383 1.133 0.912 1.408 0.259

Every day 6974 2949 1.094 0.934 1.28 0.266

Tea Never 314 134 1 ref.

Rarely 876 388 1.13 0.84 1.52 0.42

Once in a 
week

902 430 1.074 0.793 1.455 0.644

Every other 
day

1268 599 1.161 0.869 1.551 0.312

Every day 6669 2766 1.04 0.796 1.358 0.773
Instant meals Never 3730 1359 1 ref.

Rarely 4080 1770 1.102 0.984 1.234 0.091

Once in a 
week

1544 768 1.101 0.94 1.29 0.231

Every other 
day

478 294 1.439 1.116 1.857 0.005*

Every day 197 126 1.263 0.849 1.878 0.249

Fast food Never 2301 803 1 ref.

Rarely 5409 2292 1.215 1.067 1.383 0.003*
Once in a 
week

1763 871 1.252 1.049 1.494 0.013*

Every other 
day

429 261 1.339 1.004 1.787 0.047*

Every day 127 90 1.645 1.42 2.997 0.006*
p – multivariate logistic regression.
*statistically significant dependence (p < 0.05).

individuals, particularly those with anorexia nervosa, are at
risk of developing refeeding s terized by severe electrolyte 
shifts during nutritional rehabilitation [29]. In a population-
ba Denburg et al. found that young women with anorexia 
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their unexposed counterparts [30]. Although the 
association between is well-documented in the context of 
eating disorders such as anorexia nervosa, there ar 
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occurrenc pain symptoms. Finally, our findings further 
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preventing both urolithiasis and renal colic-like pain 
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symptoms.
The intake of animal protein contributes to a high purine

load, which leads to increase excretion, factors associated
with a higher risk of kidney stone formation [31,32]. High 
pr increased acid load, which elevates urinary calcium 
levels while reducing urine pH and ci animal protein intake 
is one of the general preventive measures for urolithiasis 
outlined in Urology Guidelines on Urolithiasis [21]. Our 
study confirmed that high meat consumption correlated 
with the prevalence of both urolithiasis and renal colic-like 
pain symptoms. Ho
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our multivariate analysis showed that poultry consumption appeared to have a protective effect on urolithiasis, although 
this effect was not observed for renal colic-like pain symptoms. The observed differences in the effects of various meats on
urolithiasis may be attributed to several factors, including their purine content, which influences uric acid metabolism, and 
their impact on urinary pH and citrate excretion. Poultry has a different amino acid profile compared with beef and other 
meat types, which could influence urinary stone risk factors [34]. However, there are limited studies of the relation between
the amino acid composition of different meats and their direct effects on urolithiasis. The specific effects of different meat 
types on urinary pH and citrate levels may also differ, potentially influencing their association with urolithiasis [35]. In a 
study by Best et al., persons who consumed poultry had higher urine pH and lower urinary oxalate levels compared with 
persons who consumed beef [35]. Consequently, the mechanisms of the protective effect of poultry consumption on 
urolithiasis that we observed is only a hypothesis. Nevertheless, our study underscores the fact that different types of meat
have different effects on urolithiasis. Therefore, additional research should be focused on the specific impact of different 
types of meat on urolithiasis, instead of treating meat consumption as a single category. As experts have suggested, the 
source of protein matters because various protein types may influence urolithiasis risk differently [31].

In our study, the consumption of grain products (e.g., rice, pasta, cereals, groats, oatmeal) was inversely correlated with
renal colic-like pain symptoms and not significantly correlated with urolithiasis. However, the prevalence of urolithiasis was 
higher among persons who consumed dark bread, and the prevalence of renal colic-like pain symptoms was higher in 
individuals who consumed both dark and white bread. This finding aligns with the results of Shabani et al., who identified 
bread consumption as an independent risk factor for urolithiasis [36]. To explain why bread has effects on urolithiasis and 
renal colic-like pain symptoms different from other grain products, we can consider several potential factors that focus on 
the unique characteristics of bread consumption compared with other grain-based foods such as rice, pasta, or cereals. 
Alkay et al. suggested that the fermentation process involved in making bread, especially sourdough, might influence the 
bioavailability of certain minerals such as magnesium, potassium, and calcium [37]. Bread’s fermentation process can 
decrease the levels of phytates, compounds that inhibit mineral absorption, which could result in different mineral 
absorption dynamics compared with non-fermented grain products like pasta and rice. Moreover, bread, especially when 
consumed in large quantities, may impact citrate excretion differently from other grains [38]. Citrate is a natural inhibitor of 
stone formation, and although whole grains might support higher citrate levels due to their magnesium and fiber content, 
bread and other processed grains might have a less favorable effect on urinary citrate excretion. Finally, in terms of 
combined nutrient intake, bread is often consumed with other foods like butter, spreads, and meats; these foods can 
increase caloric density and potentially exacerbate conditions like obesity or metabolic syndrome, which are risk factors for
urolithiasis. Grains like rice or oats, which are often eaten as part of a more balanced meal (e.g., with vegetables or lean 
proteins), may not have the same impact. Therefore, the effect of bread may be multifaceted.

Legumes, soy products, nuts, spinach, and strawberries are rich in oxalate products. In our study, we observed higher 
prevalence of both urolithiasis and renal colic symptoms in respondents consuming these products. Therefore, our study 
supports previous findings that high intake of oxalate rich products may induce higher oxalate urine concentration and 
stone formation of calcium oxalate stones [39]. Nevertheless, an interesting observation emerged from our multivariate 
analysis. Spinach consumption (specifically ‘once a week’) and strawberry consumption (specifically ‘every day’) were 
associated with a protective effect against urolithiasis. These discrepancies may be attributed to other factors that may 
have a protective impact. The oxalate content of spinach can vary significantly based on variety, growth conditions, and 
season. For instance, Kawazu et al. analyzed 213 spinach varieties and found oxalate levels ranging from 0.76% to 1.8% 
of fresh weight [40]. This variability suggests that not all spinach consumption contributes equally to oxalate intake. The 
impact of dietary oxalate on kidney stone formation also depends on oxalate bioavailability and absorption. Although 
spinach is high in oxalates, the actual absorption can be influenced by other dietary components. For example, consuming
calcium-rich foods alongside oxalate-rich foods can reduce oxalate absorption by forming insoluble complexes in the gut 
[41]. Strawberries, despite containing oxalates, are rich in antioxidants, fiber, and vitamin C. These compounds may 
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contribute to overall kidney health and potentially offset the risks associated with oxalate content. Finally, moderation has a
crucial influence. Consuming spinach once a week and strawberries daily, as noted in our study, may provide health 
benefits without significantly increasing the risk of stone formation. This idea aligns with findings of Salgado et al. who 
reported that moderate intake of oxalate-containing foods, especially when balanced with other dietary factors, does not 
substantially elevate kidney stone risk [42]. The protective effect observed might also reflect the benefits of a balanced diet
rather than the isolated impact of specific foods [43].

The European Association of Urology Guidelines on Urolithiasis recommend maintaining a generous intake of fluids for 
the prevention of stone recurrence, with a strong preference for water as the primary fluid source [21]. Indeed, a high 
intake of fluids containing added sugars is linked to an increased prevalence of urolithiasis [44]. Carbohydrates can alter 
urine composition by elevating uric acid, calcium, and oxalate, key contributors to kidney stone formation [45]. Fructose is 
proposed as a key factor mediating the increased risk of kidney stone formation associated with soda consumption [31]. 
Notably, fruit juices and sugar-sweetened beverages are particularly high in sugars. In our study, respondents who 
consumed fruit juices or sugar-sweetened beverages had a higher prevalence of both renal colic symptoms and urolithi-
asis compared with persons who did not consume those items. Importantly, fruit juice consumption emerged as an inde-
pendent risk factor for renal colic symptoms, whereas sugar-sweetened beverage intake was an independent risk factor for
both renal colic symptoms and urolithiasis. The analysis of data from 194,095 participants in the Health Professionals -
Follow-Up Study, and Nurses’ Health Study I and II by Ferraro et al., with a median follow-up of more than eight years, 
also indicated significant positive associations with the risk of stone formation for sugar-sweetened cola and sugar--
sweetened non-cola, confirming our results [46]. Regarding tea and coffee, the literature presents conflicting findings. Fer-
raro et al. reported an inverse association between tea and coffee intake and the risk of urolithiasis [46]. This protective 
effect is suggested to stem from the diuretic properties of these beverages, which may at least partially counteract their 
hypercalciuric effects [47]. Our findings support the protective effect of tea; individuals who reported tea consumption had 
a lower prevalence of both urolithiasis and renal colic-like pain symptoms. Moreover, tea consumption was an independent
protective factor for urolithiasis. In contrast, in our study coffee consumption was associated with a higher prevalence of 
both conditions, and coffee was an independent risk factor for urolithiasis. Several factors may help explain this negative 
association. First, it is important to consider that the method of coffee preparation and consumption can influence its health
effects. For instance, unfiltered coffee contains compounds like cafestol and kahweol, which may raise cholesterol levels, 
a risk factor for stone formation [48]. Additionally, adding sugar or high-fat dairy products could contribute to metabolic 
changes that increase stone risk. Further, coffee has diuretic properties, potentially leading to increased urine output. 
If coffee consumption is not balanced with adequate water intake, it might result in dehydration, concentrating urine and 
promoting stone formation. Finally, genetic predispositions, underlying health conditions, and variations in diet can modify 
how coffee affects an individual’s stone risk. For example, certain populations might metabolize coffee differently, influenc-
ing its impact on kidney stone formation [49].

Fast food and processed products are often high in added sugars and calories and are commonly associated with poor 
dietary habits. Moreover, these foods typically contain excessive amounts of sodium that can increase urinary calcium 
excretion and contribute to kidney stone formation. Indeed, our initial findings confirmed that dietary sodium, particularly 
from added salt, plays a significant role in stone formation [14]. The National Institute of Diabetes and Digestive and 
Kidney Diseases recommends minimizing the consumption of processed and fast foods as a preventive measure against 
urolithiasis [50]. Consistent with these concerns, our findings revealed a strong correlation between fast food consumption 
and both renal colic symptoms and urolithiasis. Notably, daily fast food intake nearly triples the risk of developing uro-
lithiasis. For these reasons, limiting fast food consumption should be considered a key dietary strategy for kidney stone 
prevention.

A main limitation of our study is its reliance on self-reported data without clinical verification, which may affect accuracy, 
as noted by Coyne et al. [51]. This introduces a potential recall bias, as participants may not accurately remember or 
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report past symptoms or diagnoses. Some respondents may have misunderstood questions (for example, confusing renal 
colic–like pain with other conditions), and the survey length limited the inclusion of all relevant factors. Importantly, dietary 
recommendations can vary depending on stone type, but obviously we could not identify specific stone compositions. 
Lastly, we do not know whether our findings can be generalized beyond the Central and Eastern European population that 
we studied, as cultural, socioeconomic, and healthcare system differences may influence the prevalence and perception of
these conditions.

Conclusions 
This study presents the first comprehensive, population-based assessment of urolithiasis, renal colic-like pain symptoms, 
and dietary patterns, including body weight, in Central and Eastern Europe. Our findings indicate that both conditions are 
influenced by body weight and various dietary factors. These insights may inform health improvement programs and edu-
cational campaigns in Poland aimed at reducing the burden of urolithiasis and renal colic-like pain symptoms.
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