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Abstract: Background/Objective: The prevalence of kidney stones has increased, especially
in industrialized countries. Obesity and metabolic syndrome have also risen significantly
and are considered factors driving this trend. Our goal was to assess the hospitaliza-
tion burden of kidney stones and identify epidemiological trends in Spain over the past
25 years. Additionally, this study analyzed the relationship between the data of kidney
stone patients and obesity-coded diagnoses in hospital discharges. Methods: A retrospec-
tive observational study was conducted with the data from 1,070,192 patients hospitalized
for urolithiasis between 1997 and 2021 using the Minimum Basic Data System. The hos-
pitalization burden of lithiasis and its association with obesity was analyzed, alongside
trend evaluations. The incidence of lithiasis in obese hospitalized patients versus all
hospitalizations was compared. Mortality rates, length of stay, and the costs of lithiasis
hospitalizations were evaluated to determine obesity’s impact on lithiasis patients. Results:
Kidney stone cases increased by 1.8% annually (CI 95%: 0.2–3.3), with a more pronounced
10.7% (CI 95%: 7.3–14.2) increase in obesity-related hospitalizations. Obesity increased
the likelihood of lithiasis hospitalization by 15.6 times and was associated with higher
hospitalization costs. However, obesity did not significantly affect hospital stay duration or
mortality rates. Conclusions: The increasing burden of kidney stone hospitalizations in
Spain is linked to rising obesity rates. Obesity contributes to higher hospitalization costs.
Preventive strategies targeting obesity should be implemented to reduce the burden on
healthcare systems.

Keywords: urolithiasis; obesity; metabolic syndrome; epidemiology

1. Introduction
The incidence and prevalence of kidney stones have been reported in several pub-

lications showing an increasing trend. The overall probability of forming stones differs
worldwide, with it being 1–5% in Asia, 5–9% in Europe, 13% in North America, and 20% in
Saudi Arabia [1]. Furthermore, differences in terms of incidence, distribution, anatomical
stone localization, or stone composition have been reported across the world. Several
factors have been pointed to explain this trend such as race ethnicity, diet, and climatic
factors [2].

The prevalence of kidney stones has been reported to have increased worldwide since
the studies in 1965–1970 to nowadays. Stone prevalence increased with increasing age
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in countries such as Germany, Iceland, Iran, Italy, Greece, Turkey, and the United States.
Although the prevalence of kidney stones varies across different regions, it is observed
that more men tend to develop stones compared to women, with sex ratios ranging from
2.5:1 in Japan to 1.15:1 in Iran. Also, it is generally believed that in developed countries
about 1–2% of patients with stones are children [3]. The cause of the increasing prevalence
and incidence of kidney stones is unclear, and genetic and environmental factors have
been implied. However, dietary factors and climate have been pointed out to have a major
impact on these trends [3].

On the other side, obesity has become a public health problem. A new study released
in The Lancet shows that in 2022 more than 1 billion people in the world are now living
with obesity. Worldwide, obesity among adults has more than doubled since 1990 and has
quadrupled among children and adolescents (5–19 years of age). The data also show that
43% of adults were overweight in 2022 [4].

There is historical evidence of the influence of the diet on stone formation. Animal
protein intakes, the ingestion of fast foods, high fructose, and increased sodium con-
sumption have been demonstrated to promote stone formation and influence the stone
composition [5]. Furthermore, kidney stones have been associated with other metabolic
disturbances such as diabetes, being overweight, and metabolic syndrome [6].

In Spain, there is a lack of official data estimating the epidemiology of kidney stones.
An incidence and prevalence of 0.7% and 5.06%, respectively, have been estimated in
previous reports. Renal stones predominantly affected 40–60-year-old patients, being
similar between both genders. Dietary aspects and especially animal protein intake have
been pointed out as influent factors for calcium oxalate and uric acid stone formers [7,8].

The aim of this study was to evaluate the hospital burden of urolithiasis from 1997 to
2021 and to analyze the epidemiological trends during this period. Additionally, this study
examines the relationship between the data from kidney stone patients and obesity-coded
diagnoses in hospital discharges, both among patients with urolithiasis and in the general
population. This analysis seeks to determine the impact of obesity on the incidence of
hospitalizations for urolithiasis.

2. Materials and Methods
2.1. Study Design

A retrospective observational study was performed in Spain with data from the period
between 1997 and 2021. The data were obtained from the Minimum Basic Data System
(MBDS) that covers over 99% of the Spanish population. These records from public and
private clinics provide information on 98% of hospitalization diagnostic codes from the
discharge database of the Spanish Ministry of Health, according to the ICD-9-CM and
10 coding for diagnoses and procedures. Access to the MBDS was provided by Subdirección
General del Instituto de Información Sanitaria. The population data were obtained from
the National Institute of Statistics (INE).

From 1997 to 2015, the data were collected according to ICD-9- CM and from 2016 to
2021 using ICD-10-CM; all records of ureteral stones, kidney stones, and hydronephrosis
with renal and ureteral stone obstruction as the diagnostic code were included as well as
obesity. Additional variables such as age, gender, length of stay, mortality, and costs were
included. Rates of hospitalization were calculated per 100,000 inhabitants according to the
information of the National Institute of Statistics for the population (https://www.ine.es/
jaxiT3/Tabla.htm?t=56934, accessed on 12 November 2024). All the information used by
the researchers was coded and anonymous.

https://www.ine.es/jaxiT3/Tabla.htm?t=56934
https://www.ine.es/jaxiT3/Tabla.htm?t=56934
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2.2. Statistical Analysis

An analysis of the hospitalization burden of lithiasis patients and obesity related to
the general population was performed with a 95% confidence interval. The data were
presented as persons per 100,000 inhabitants.

To establish the influence of obesity on lithiasis hospitalization burden incidence, the
incidence of lithiasis in obesity-hospitalized patients vs. lithiasis diagnosis coded in all
hospitalizations was compared, related to the general population through a chi square test.
Additionally, the odds ratio stratified by age was calculated.

For the trend analysis, the five-year average percent change was calculated using the
join–point regression model. Statistical differences were achieved when p < 0.05 and 95%
confidence intervals were represented.

The impact of obesity on mortality, length of stay, and cost in normal weight and obese
patients was also calculated using t student (length of stay and costs) and chi square tests
(mortality) stratified by age, showing significance when the p value was <0.05.

3. Results
3.1. Demographic and Basal Characteristics

A total of 1,070,192 hospitalizations were performed with diagnostic codes of kidney
or ureteral stones from 1997 to 2021 in Spain. The mean age of the patients was 58.8 years
(CI 95%: 58.8–58.8); 603,103 were male (56.4% CI 95%: 56.3–56.4), 467,000 were women
(43.6%, CI 95%: 43.5–43.7), and 89 hospitalizations did not have the gender recorded.
Patients were hospitalized for an average time of 7.45 days (CI 95%: 7.41–7.49). The cost of
hospitalization was only collected from 2016 onward. The average cost was EUR 4072 per
hospitalization episode (CI 95%: 4059–4086). A total of 32,817 patients (3.1%, CI 95%: 3–3.1)
died during hospitalization.

On the other hand, 3,416,068 hospitalizations were coded with a diagnosis of obesity,
both as a primary or a secondary diagnosis, in Spain during the 25 years previously men-
tioned. The average age was 65.1 years (CI 95%: 65.1–65.1); however, in this group, females
were predominant over males, 57.7% (CI 95%: 57.7–57.8) vs. 42.3% (CI 95%: 42.2–42.3). The
average hospital stay of this group was 8.4 days (CI 95%: 8.4–8.4), and the average cost of
admission was EUR 5595 (CI 95%: 5586–5604). A total of 145,416 patients (4.3%, CI 95%:
4.2–4.3) of the total obese hospitalized patients died.

3.2. Trends of Lithiasis and Obesity in Spanish Hospitalizations

An analysis of five-year rates of hospitalization burden of urolithiasis showed an in-
crease from 1997 to 2021. The data are reported in Table 1. The mean overall hospitalization
burden of stone disease for these periods was 95.6 hospitalizations per 100,000 habitants
(CI 95%: 95.4–95.8).

The percentage change in hospital admissions stratified by age from 1997 to 2021 was
estimated and is detailed in Table 1 showing an increase that reached statistical significance
from the third to seventh decade of age, although the third decade showed the highest
increase. These findings were significant in the total population with a mean percentage
change of 1.8% (CI 95%: 0.2–3.3). According to these findings, trends in the hospitalization
burden for all causes of lithiasis are on a slight rise.

The same examination of the five-year rate of hospitalization burden for obesity for
the period of 1997–2021 was also conducted. The data of this analysis are shown in Table 2.
The mean overall hospitalization rate coded for obesity was 305.2 hospitalizations per
100,000 habitants (CI 304.9–305.5). The five-year percentage change calculated in every age
range was significant varying from 8.1% (CI 5.8–10.4) in the 50–59 years group to 16.1%
(CI 11.4–20.9) in the 20–29 years one.
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Table 1. Five-year rates of hospitalization burden of urolithiasis between 1997 and 2021 stratified by
age. The data are given as a rate (95% CI) per 100,000 inhabitants.

Age 1997–2001 2002–2006 2007–2011 2012–2016 2017–2021 Overall
1997–2021 % Change p

<20 years 13.3 (13–13.6) 15.5
(15.1–15.8)

16.2
(15.8–16.5)

16.9
(16.6–17.3) 8 (7.7–8.2) 14 (13.8–14.1) −1.84 ns

20–29 years 24.6 (24–25.1) 26.1
(25.6–26.6)

28.2
(27.7–28.8) 35.3 (34.5–36) 35.8 (35–36.5) 29.4

(29.1–29.6) 2.12 (0.8–3.5) <0.05

30–39 years 53.5
(52.7–54.3)

52.1
(51.4–52.7) 53.7 (53–54.5) 60.8 (60–61.6) 63 (62.2–64) 56.5

(56.2–56.9)
0.97

(0.06–1.9) <0.05

40–49 years 76.1 (75–77.1) 80.9
(79.9–81.9) 85 (84.1–86) 94.4

(93.4–95.4) 95 (94–96) 87.24
(86.8–87.7) 1.2 (0.8–1.6) <0.05

50–59 years 111.5
(110.1–112.9)

117.8
(116.4–119.1)

125.6
(124.3–127)

143.9
(142.6–145.2)

147
(145.7–148.3)

131.4
(130.8–132) 1.5 (1–2) <0.05

60–69 years 157.1
(155.4–158.9)

171.7
(169.8–173.5)

178.8
(177–180.6)

199.7
(197.9–201.5)

195.2
(193.5–196.9)

181.9
(181.1–182.7) 1.2 (0.5–1.8) <0.05

70–79 years 214.3
(211.2–216.7)

253.1
(250.7–255.5)

258.5
(256.1–260.9)

272.3
(269.8–274.8)

231.5
(229.4–233.7)

246.5
(245.5–247.6)

0.5
(−0.8–1.7) ns

80–89 years 238.8
(234.8–242.9)

318.3
(314.1–322.5)

348.3
(344.4–352.3)

359.2
(355.6–362.9)

257.1
(254.1–260.2)

307.9
(306.3–309.6)

0.5
(−1.7–2.8) ns

>89 years 231.1
(220.3–242.2)

315.1
(304–326.5)

342
(331.7–352.5)

351.6
(342.9–360.6)

246.3
(239.9–252.8)

297.2
(293.1–301.2)

0.48
(−1.8–2.8) ns

Total 76.4 (76–76.8) 87.8
(87.4–88.2)

95.2
(94.8–95.6)

110.3
(109.9–110.8)

105.3
(104.9–105.7)

95.6
(95.4–95.8) 1.8 (0.2–3.3) <0.05

Table 2. Five-year rates of hospitalization burden of obesity between 1997 and 2021 stratified by age.
The data are given as a rate (95% CI) per 100,000 inhabitants.

Age 1997–2001 2002–2006 2007–2011 2012–2016 2017–2021 Overall
1997–2021 % Change p

<20 years 3.8 (3.6–4) 4.6 (4.4–4.8) 9.7 (9.4–10) 17.9
(17.5–18.3) 28 (27.6–28.5) 12.9

(12.8–13.1)
11.3

(8.5–14.1) <0.01

20–29 years 7.7 (7.5–8) 12.3
(11.9–12.7)

32.8
(32.1–33.3)

78.8
(77.7–79.9)

128.2
(126.8–129.6)

45.9
(45.5–46.2)

16.1
(11.4–20.9) <0.001

30–39 years 21 (20.5–21.5) 34.1
(33.5–34.7)

71.5
(70.7–72.3)

143.8
(142.5–145)

240.9
(239.2–242.6)

100.3
(99.8–100.8)

13.5
(11.7–15.2) <0.001

40–49 years 55.5 (55–56.4) 88.2
(87.1–89.2)

150.4
(149.1–151.7)

227.9
(226.4–229.4)

300.8
(299–302.5)

176.2
(175.5–176.8) 9 (6.2–12) <0.001

50–59 years 123.8
(122.3–125.3)

215
(213.2–216.9)

340.4
(338.3–342.6)

471.4
(469–473.8)

583.7
(581.2–586.3)

373.8
(372.7–374.8) 8.1 (5.8–10.4) <0.01

60–69 years 222.6
(220.5–224.7)

407.7
(404.9–410.5)

655.26
(651.8–658.7)

905.6
(901.7–909.4)

1064.7
(1060.8–
1068.7)

681.8
(680.3–683.4) 8.2 (5.6–10.8) <0.01

70–79 years 273.49
(270.8–276.2)

602.7
(598.9–606.4)

1084.7
(1079.8–
1089.6)

1522.4
(1516.5–
1528.3)

1695.7
(1689.8–
1701.6)

1070.5
(1068.3–
1072.7)

9.6 (5.4–13.8) =0.01

80–89 years 208.4
(204.7–212.2)

538
(532.5–543.5)

1162.1
(1154.9–
1169.3)

1853.8
(1845.5–
1862.2)

2223.5
(2214.7–
2232.4)

1374.2
(1370.7–
1377.7)

12.7
(6.8–18.7) <0.01

>89 years 128.2
(120.2–136.6)

335.5
(324–347.2)

751.4
(736.1–767)

1287.8
(1270.9–
1304.8)

1708.5
(1691.6–
1725.5)

1075.5
(1067.8–
1083.3)

13.9
(8.6–19.4) <0.01

Total 74.5
(74.1–74.9)

147.8
(147.3–148.3)

271.58
(270.8–272.1)

430.2
(429.3–431)

557.9
(557–558.9)

305.2
(304.9–305.5)

10.7
(7.3–14.2) <0.01

These data reflect an important increase in the obesity code in Spanish hospitalizations
from 1997 to 2021.

To reflect the percentage change in the hospitalization burden in both categories
(lithiasis and obesity) Figure 1 was constructed. The quinquennial percentage change in
the rates of hospitalization for lithiasis and obesity are both represented. Even though a
significant percentage change (p < 0.05) is demonstrated in both pathologies, the changes
are more noticeable in the hospitalization rates for obesity where a 10.7% change (CI 95%
7.3–14.2) was calculated.
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Figure 1. Rates of hospitalization burden of patients with renal or kidney stones and obesity between
1997 and 2021. The data are represented as the rate per 100,000 inhabitants. The percentage change is
calculated by join–point regression estimation.

A correlation test was also performed between the hospitalization burden of patients
with kidney stones and the hospitalization burden of patients with an obesity diagnosis to
establish a relationship between obesity and lithiasis incidence. It is remarkable that an
important correlation was found between both populations (r = 0.85) with a significative
statistical signification (p < 0.0001). When stratified by decades of age, the statistical
signification has been maintained from the earliest decades of age to the seventh decade.
The oldest patients did not reach signification, pointing out the relationship between kidney
stones and obesity in young and middle-aged patients (Figure 2).

3.3. Hospitalized Lithiasis Incidence in the General and Obese Populations

The data collected in the MBDS cover almost all the hospitalization reports in
Spain (>99%), so they can be used to consider the total burden of hospitalization per
100,000 habitants in the different codes.

To measure the influence of obesity in the development of lithiasis hospitalization
events, we aimed to compare the hospitalized lithiasis incidence related to the general
population with the one in the obese population. In Table 3, the results of this comparison
are shown, and it proves that the obese condition multiplies by 15.6 the possibility of having
a lithiasis event compared to the general population. This relationship is even strongest
in the youngest population; the odds ratio in the <20 years population increases up to
46.4. The risk gradually decreases with age. In the elderly population over 89 years old,
obesity only increases the risk of a lithiasis event with hospitalization by 2.3 times, but it
remains significant.
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Table 3. Hospitalization rates (rate per 100,000 inhabitants) of lithiasis diagnoses related to general
population and obesity hospitalizations in Spain by age (1997–2021). Data are given as rate (95% CI)
per 100,000 inhabitants.

Age
Lithiasis in

General
Population

Lithiasis in Obesity
Population Odds Ratio p

<20 years 12.3 (12.2–12.5) 569.2 (488–660.1) 46.4 (39.9–53.8) p < 0.0001
20–29 years 25.9 (25.7–26.2) 691.6 (631.2–756.2) 26.9 (24.5–29.4) p < 0.0001
30–39 years 51.4 (51.1–51.7) 1126.9 (1078.4–1177) 22.2 (21.2–23.2) p < 0.0001
40–49 years 80.3 (79.9–80.7) 1712 (1665.7–1759.1) 21.7 (21.1–22.3) p < 0.0001
50–59 years 120.8 (120.2–121.3) 1730.5 (1695.2–1766.3) 14.6 (14.3–14.9) p < 0.0001
60–69 years 163.8 (163.1–164.5) 1523.4 (1496–1551.2) 9.42 (9.3–9.6) p < 0.0001
70–79 years 225.8 (224.8–226.7) 1213.6 (1191.1–1236.3) 5.4 (5.3–5.5) p < 0.0001
80–89 years 286.6 (285–288.1) 975.1 (950–1000.7) 3.4 (3.3–3.5) p < 0.0001
>89 years 282.9 (279.1–286.8) 639.9 (583.1–698.6) 2.3 (2.1–2.5) p < 0.0001

Total 86.4 (86.2–86.6) 1330.5 (1318.8–1342.7) 15.6 (15.4–15.7) p < 0.0001
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3.4. Influence of Obesity on Mortality, Length of Stay, and Costs of Hospitalized Lithiasis Patients

It is well established that people affected by obesity have a greater risk of presenting
comorbidity and developing subsequent hospitalization-related complications, compared
with healthy individuals [9]. We aimed to study the differences in mortality, length of stay,
and costs in both obese and normal-weight hospitalized lithiasis populations. The results
are expressed in Table 4. Obesity does not have a significant impact on the length of stay
of hospitalized stone formers. The mean length of stay in these situations was 7.4 days in
normal-weight patients versus 7.5 days in obese patients. Excluding children, the length of
stay had an increasing tendency in both populations, rising with age. This condition can be
related to the increased comorbidities that appear in older people.

Table 4. Impact of obesity on mortality (%), length of stay (days), and costs (EUR) in Spain (1997–2021).
Data of costs are only given from 2016 to 2021. ns = non significant.

Age Length of Stay Length of Stay
¯
x

(95% CI) Days
Mortality % (95% CI) Cost Length of Stay

¯
x (95% CI) EUR

Normal
Weight Obesity p Normal

Weight Obesity p Normal
Weight Obesity p

<20
years 7 (6.9–7.1) 7.3

(5.5–9.1) ns 0.3
(0.3–0.4)

0.6
(0.01–3.2) ns 3379

(3267–3490)
3540

(3117–3964) ns

20–29
years

5.2
(5.1–5.3) 5 (4.4–5.5) ns 0.2

(0.1–0.2)
0.6

(0.1–0.2) ns 3085
(3040–3129)

3638
(3387–3890) p < 0.0001

30–39
years

5.24
(5.1–5.4) 5.7 (5.3–6) ns 0.4

(0.3–0.4)
0.3

(0.1–0.6) ns 3128
(3098–3157)

3963
(3760–4166) p < 0.0001

40–49
years

5.6
(5.4–5.8)

5.7
(5.5–5.9) ns 0.7

(0.6–0.7)
0.8

(0.6–1.1) ns 3383
(3357–3408)

4344
(4176–4511) p < 0.0001

50–59
years

6.2
(6.1–6.2)

6.4
(6.2–6.6) 0.01 1.3

(1.2–1.4)
0.9

(0.8–1.2) p = 0.005 3831
(3800–3862)

4721
(4601–4841) p < 0.0001

60–69
years

7.7
(7.7–7.8)

7.3
(7.1–7.5) <0.001 2.4

(2.4–2.5) 1.7 (1.5–2) p < 0.0001 4318
(4282–4354)

5070
(4950–5190) p < 0.0001

70–79
years

9.5
(9.4–9.5)

8.7
(8.5–8.9) <0.001 4.6

(4.5–4.7)
3.8

(3.4–4.1) p < 0.0001 4760
(4719–4801)

5100
(4971–5228) p < 0.0001

80–89
years

10
(10–10.1)

9.3
(9.1–9.5) <0.001 9 (8.8–9.1) 6.7 (6–7.3) p < 0.0001 4763

(4717–4807)
4860

(4709–5010) ns

>89
years

9.6
(9.4–9.7)

9.2
(8.5–9.9) ns 14.9 (14.4–

15.3)
13.4 (10.5–

16.8) ns 4628
(4544–4712)

4856
(4376–5337) ns

Total 7.4
(7.4–7.5)

7.5
(7.4–7.6) ns 3 (3–3.1) 2.6

(2.4–2.7) p < 0.001 4015
(4002–4030)

4789
(4732–4846) p < 0.0001

Mortality rates during hospitalization for lithiasis causes is 3% in the normal weight
group and 2.6% per 100,000 inhabitants in the obesity group. Differences only appear in
the population over 50 years old, higher for the normal-weight population. This might
be because there are other relevant associated risk factors that have not been considered;
nevertheless, the obesity condition does not seem a risk factor for mortality in lithiasis
patients. Hospitalization costs were studied for the period of 2016 to 2021 (previous data
were not available) and show a statistically significant difference between the obese and
normal-weight population. The mean cost of hospital stay in the normal-weight population
was EUR 4015, with this amount increasing up to EUR 4789 in the obesity group; this trend
remains in all the central age populations. Only in populations of extreme ages (<20 years
and >80 years) is the difference not statistically significant. This issue might be related to
the smallest number of registers because, although differences were not reached, the mean
costs of hospital stays remain higher for the obese group of hospitalizations.
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4. Discussion
The prevalence of urolithiasis has increased in the last few decades affecting a wide

spectrum of the population worldwide [10]. These rates ranged from 7 to 13% in North
America, 5 to 9% in Europe, and 1 to 5% in Asia. Increased stone prevalence has been
attributed to population growth and also to the increased prevalence of obesity and
diabetes [1,11].

Obesity is an expanding condition, with data showing an incredible increase. The
number of overweight people, defined as individuals with a body mass index (BMI)
greater than 25 kg/m2, was projected to rise from 1.6 million in 2005 to 3.3 million in 2015.
Additionally, the number of obese individuals, defined as those with a BMI greater than 30,
was expected to increase from 400 million to 700 million over the same period [12].

Nowadays, lithiasis disease is considered a multifactorial condition. Etiological risk
factors can be divided into two categories: the ones related to urinary composition and
those with morphoanatomical factors. It is well established nowadays that the composition,
macrostructure, and microstructure of renal stones are related to the etiological factors that
are involved in their formation [13,14].

Obesity and environmental and dietary factors have been pointed out as possible
causes that explain the increasing kidney stone prevalence. The influence of animal protein
consumption on the whole stone-forming risk and the chemical composition of urinary
calculi is well established [1]. Obesity, diabetes, hypertension, and metabolic syndrome
are also considered risk factors for stone formation, and conversely, stone formers present
a higher risk of hypertension and chronic kidney disease. The increasing prevalence of
these metabolic disturbances, along with environmental factors such as global warming,
have been reported as the causes of the increasing prevalence over the past 50 years and
the expected future increases [15].

Epidemiological approaches have widely shown that metabolic syndrome and obesity
increase the risk of developing kidney stones between 1.5 and 2.2 times [16–18]. Addi-
tionally, diabetes also has been associated with kidney stones increasing the risk by about
1.31 times in men and 1.67 in women [19]. Conversely, kidney stone formers also present a
higher risk of developing diabetes mellitus (OR: 1.48) [20].

Experimental studies in rats have also shown a strong relationship between kidney
stones, metabolic syndrome, and obesity [21]. Obesity has been shown to exacerbate
oxidative stress-mediated inflammatory responses in hyperoxaluria-induced kidney stone
formation. This exacerbation leads to a significant impairment of renal function and
increased crystal deposition compared to rats with induced hyperoxaluria alone. The
synergistic effect of obesity and hyperoxaluria results in more severe renal outcomes than
hyperoxaluria by itself [22].

In our study, both a slight increase in kidney stone-related hospitalizations and an im-
portant increase in obesity coded in Spanish hospitalizations have been observed. Although
these data cannot be taken as prevalence data, they reflect the trend of obesity and lithiasis
prevalence in Spain since MDBS covers almost 99% of hospitalizations in our country.
Between 1997 and 2021, it has been estimated that the rate of hospitalization for urinary
stones was 95.6 patients per 100,000 inhabitants, varying from 76.4 from 1997 to 2001 up
to 110.3 patients from 2012 to 2016. The most important data regarding the hospitality
burden of kidney stones were developed in 2000 in the USA, estimating a rate of 62 cases
per 100,000 inhabitants, which is slightly lower than ours for that date [23]. It is remarkable,
in comparison with our data, that in the USA a negative trend in the hospitalization rate
was observed, although hospital outpatients increased by 40%. It is possible that most of
the procedures were being developed as an outpatient surgery without hospitalization or
were accounted for differently in contrast to our country.
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It is also possible to extrapolate data related to the French population in 2009
(64,710,879 inhabitants) [24] from the Raynal report, in which the hospitalization bur-
den of lithiasis patients coded with a main diagnosis of kidney stones was estimated to be
around 22.3 patients per 100,000 inhabitants, lower than ours [25].

Although it is important to compare our data to other populations, it has been shown
that the impact of being overweight and obesity on stone formation is different depending
on the different populations and dietary patterns. The Mediterranean diet has been shown
to be associated with the same prevalence of kidney stones between normal and obese or
overweight populations [26].

Our study demonstrates a strong correlation between the national hospitalization
burden of kidney stones and the prevalence of obesity codes in general hospitalizations
across most age groups. These findings suggest a significant relationship between the two
conditions, despite the predominance of the Mediterranean diet in Spain. Notably, in popu-
lations over 70 years of age, the correlation loses statistical significance, likely due to the
presence of other comorbidities associated with kidney stones in this older demographic.

To address the obesity–urolithiasis relationship in Spain, a comprehensive approach
combining dietary interventions, public health campaigns, and tailored healthcare pro-
grams is recommended. Dietary measures should focus on promoting the Mediterranean
diet, increasing fluid intake, and optimizing calcium consumption. Public health initiatives
could include national awareness programs, school-based interventions, and media cam-
paigns to educate the population about the link between obesity and kidney stones. This
multifaceted strategy aims to reduce the prevalence of both conditions and their associated
healthcare burden in Spain.

In agreement with our data, some epidemiological cross-sectional studies in Spain
pointed out obesity as a risk factor for urolithiasis. The PreLiRenA study estimated the
prevalence of urolithiasis at 16.4% and the incidence at 1.2% in a southern Spanish region.
This study demonstrated the association of a high BMI with an OR of 1.6 [27]. Another cross-
sectional study in the Spanish population, based on telephone surveys and the population
aged between 40 and 69 years old, reported a prevalence of 15% and obesity/overweight
augmented risk with an OR of 1.31 [7]. Another study, with a longitudinal design, and
based on a single hospital database, demonstrated a significant influence of BMI on lithiasis
recurrence [28]. However, no longer registers have been found using national large official
databases in our country.

The data of the present study show that the obese condition multiplies by an OR of
15.6 the possibility of being hospitalized by kidney stones, in comparison to the general
population. These data cannot be extrapolated to the data that estimate the risk of obesity
for presenting kidney stones because the study designs are different; in our study, the
data are based on hospitalization burden, and this circumstance can act as a limitation.
The use of MDBS is a good method to gather information from hospitalizations in Spain
since it covers practically 100% of admissions, which increases the power of the obtained
results. Nevertheless, the codification in the discharge reports depends individually on
the quality of this document and the information provided, and this could be a limitation.
Changes in coding practices over time and evolving diagnostic criteria may influence the
observed trends. Potential confounders include demographic shifts, changes in healthcare
access, evolving clinical practices, and the presence of comorbidities. On the other side, the
information is limited to hospitalized patients only, in contrast with the studies previously
discussed in which other approaches have been used, such as telephone surveys, single-
institution series, or different research networks.

Obesity and being overweight are widely known as risk factors for a number of
chronic medical conditions; thus, several studies have been developed to estimate the cost
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or burden and the financial impact of obesity [29–31]. Nevertheless, as far as we know, no
studies have been developed to estimate the burden of obesity code in total hospitalizations
based on large national samples, and although kidney stones are widely related to obesity
and being overweight, no data have been earlier reported about the impact of obesity on
lithiasis disease, in terms of costs and development of the hospitalization process, as it has
been reported for other diseases [32].

In our study, when comparing the length of stay between the obesity and non-obesity
groups of lithiasis patients, no differences were found except for the ages between 60
and 89 years, in which the length of stay was slightly lower for the obesity group. In
relation to mortality, obesity has not become a risk factor either. Non-obese lithiasis patient
mortality was slightly higher than the obese group of patients, especially between the
50 and 89 age groups, when probably other comorbidities show more influence in the
mortality of lithiasis patients.

Body mass index has not been related to higher mortality, although just a few studies
of mortality related to kidney stone procedures have documented this feature. Obesity by
itself or as part of metabolic syndrome has been shown to raise the risk of complications
and other associated health conditions, which can increase the likelihood of mortality [33].
In our study, this circumstance has not been reflected, thus obese patient mortality was
not influenced.

However, hospitalization costs of obese patients were significantly higher than those
of non-obese patients. The obesity patient costs of hospitalization were 19.3% higher than
when obesity was not coded as a comorbidity. These results are in line with those reported
in other countries such as the UK, Portugal, and Brazil, in which the economic impact of the
obese condition was calculated, clearly establishing that obesity represents an additional
burden on healthcare systems [29–31]. In any of the studies reported, the specific economic
burden of obesity on lithiasis patients was calculated.

Other factors such as cardiovascular disease or age have also been associated with
a higher prevalence of kidney stones. Lithiasis patients develop hypertension more fre-
quently than non-stone formers with an OR estimated between 1.24 and 1.96. Furthermore,
hypertensive patients also develop a higher risk of nephrolithiasis (OR: 2.11), and hyperten-
sion has been shown as an independent factor of stone recurrence [34]. Other cardiovascular
comorbidities such as myocardial infarction, coronary heart disease, and stroke are also as-
sociated with kidney stones [20,35]. In our study, the lack of a control group has not allowed
us to establish the influence of hypertension or other morbidities on kidney stone incidence.

There is no updated information about Spanish prevalence of urolithiasis in the
general population. A review in 2007 found an estimated incidence of 737 cases per
100,000 inhabitants a year and a prevalence of 5066 cases per 100,000 inhabitants [8]. The
present project has both strengths and limitations. As mentioned previously, the use
of MDBS is a good method to gather information but the codification in the discharge
reports depends individually on the quality of this document and the information provided.
Additionally, our study is based on the hospitalization burden; we are aware that these
data cannot be directly used for general prevalence or the incidence of kidney stones or
obesity. In the same way, hospital mortality rates cannot be taken as the general mortality
of kidney stones or obesity since, especially in the older population, death can occur in
other places rather than in hospitals (nursing homes, residences, or other institutions). The
data for costs are given from 2016 to 2021 using diagnosis-related groups (DRGs), and this
can also be a bias since these data have an important internal variability; nevertheless, the
use of DGRs has been used widely in different scenarios to calculate hospitality costs.
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5. Conclusions
This study reports for the first time the impact of obesity on hospitalized patients

with a diagnosis of kidney stones using large data from the MBSD. The hospitalization
burden of renal stones has significantly risen in the last two decades and so has the hospi-
talization burden of patients with obesity. A strong correlation between both conditions
is shown, which suggests that obesity may be responsible for the increased prevalence of
kidney stones.

Obesity significantly increases the possibility of developing kidney stones in compar-
ison with the normal-weight population, especially in younger people, with its impact
decreasing as age increases. Although obesity has no impact in terms of mortality, it
represents a significant economic burden of kidney stone patients’ hospitalizations.

These data suggest that the optimal approach for the treatment of kidney stones must
take into account the control of obesity and the need for establishing programs for the
control of obesity especially focused on lithiasis patients.
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