Nazari et al. BMC Nephrology (2025) 26:101
https://doi.org/10.1186/s12882-025-04018-1

BMC Nephrology

. . . @
Kidney stone and risk of cardiovascular s
diseases: a cross-sectional study in the
southeast of Iran

Alireza Nazari'?, Zahra Jamali®, Narjes Soltani?, Parvin Khalili®, Ali Esmaeili-nadimi', Mahmood Kahnoji®,
Mitra Abbasifard!, Reza vazirinejad® and Fatemeh Ayoobi’”

Abstract

Background Since the prevalence of kidney stones and cardiovascular diseases (CVD) is increasing globally and
alsoinIran, it is vital to assess the associations between both disorders. The current study aimed to investigate the
association between kidney stones and the risk of CVD.

Methods This study was cross-sectional in design, which used the data of the Rafsanjan cohort study (RCS), a
population-based Prospective epidemiological research study in Iran (PERSIAN) that recruited 10,000 participants
of both genders aged 35-70 years from four urban and suburban areas of Rafsanjan. Demographic factors, medical
history, personal habits, biochemical parameters including Fasting blood sugar (FBS), glomerular filtration rate (GFR),
creatine (Cr), Blood urea nitrogen (BUN), urine specific gravity (USG), and lipids of the participants were collected
according to standard protocols.

Results The results showed that the risk of CVD was higher in men (51.02%) than in women (48.98%). Also, the
results showed the highest risk of CVD development for age > 56 years old. The results were presented in about 31%
of patients with kidney stones, 19.5% of patients with abnormal urine tests, 9.84% with Proteinuria, more than 33%
with abnormal USG, and more than 94% of patients with abnormal GFR had CVD. The odds of CVD were increased in
patients with kidney stones (22%), female (25%), and age > 56 years old (24%).

Conclusions There was a high prevalence of kidney stones and CVD risk factors, such as gender, age, and kidney
stones that increased the risk of cardiovascular disease.

Keywords Kidney stone, Cardiovascular diseases, Rafsanjan cohort study (RCS), GFR, Prospective epidemiological
research studies in Iran (PERSIAN)
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Introduction

As a common urological disease, kidney stones are
becoming a significant clinical and financial burden
worldwide [1]. There are many risk factors leading to kid-
ney stone such as obesity, diabetes mellitus, metabolic
syndrome and atrial hypertension [2-4]. In addition,
demographic characteristics such as sex, race, occupa-
tion, habits (smoking, opioid and alcohol consumption),
physical activity and sedimentary life style can be asso-
ciated with increased incidence of kidney stones [5].
Various types of kidney stones are classified based on the
stones’ material, although more than 80% of kidney stones
are related to calcium oxalate and phosphate, either alone
or combined [6]. Increasingly evident in recent epide-
miological studies have linked the disturbance of kid-
ney stones with cardiovascular diseases (CVD) [7-10].
Hypocitraturia as one of the most common finding in
kidney stone could be led to cardiovascular diseases [11].
There is strong evidence of an association between CVD,
coronary artery disease (CAD) and the presence of albu-
minuria in urinary stone disease [12]. Although the rela-
tion between glomerular filtration rate (GFR) levels, as a
major factor in measuring the kidney function, and CVD
in kidney stones are controversial, some studies have
reported a decrease of GFR in CVD [10, 12, 13]. In addi-
tion, proteinuria has been introduced an independent
risk factor for renal disease as well as for CVD [14, 15].
Hematuria as a considerable issue in renal injuries, has
been showed a significantly risk factor of cardiovascular
death particularly in men [16]. Studies that included gen-
der-based analyses showed that the relationship between
kidney stones and CAD is significant for both men and
women, but this connection is 1.20 times stronger for
women [17]. However, lower urinary excretion of citrate
aggregates the calcium-oxalate crystals and activates uric
acid supersaturating following lithogenesis which can
cause abdominal aortic calcification [18]. Furthermore,
magnesium can increase the possibility of kidney stone
disease through the development of calcium-oxalate
stones and coronary artery calcification lead to cardio-
vascular disease and mortality [19]. Another critical risk
factor involved in the growth of kidney stones and also
in cardiovascular disease pathology is inflammation and
oxidative stress [20]. According to an updated National
Health and Nutrition Examination Survey (NHANES),
overall prevalence of kidney stones in 2014 was estimated
about 10.1% [21]. Epidemiological studies in southern
Iran have reported a prevalence of kidney stone in the
adult population about 21.11% [22]. Since the prevalence
of urinary stones and CVDs are increasing globally and
also in Iran, it is vital to assess the associations between
both disorders. In this regard, the current study aimed
to investigate the association between kidney stones and
risk of cardiovascular diseases.
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Methods

The study design and population

This study was cross-sectional in design, which used
the data of the Rafsanjan cohort study (RCS), which is
a part of the large Prospective Epidemiological Studies
in Iran (PERSIAN) [23]. Detailed protocol of the RCS
was reported previously [24]. In summary, the RCS was
started in 2015 with the aim of investigating the factors
predicting chronic non-communicable diseases in Raf-
sanjan located in the southeast of Iran. Adult RCS is a
population-based prospective cohort that recruited a
total of 10,000 participants of both genders aged 35-70
years from four urban and suburban areas of Rafsanjan.
Individuals were randomly selected by systematic clus-
tering based on household number. About 9991 people
(67.42% participation rate) were enrolled in the study.
Informed consent was obtained from all participants
in the RCS. For present study, after excluding58 sub-
jects due to incomplete data on CVD history, a total of
9933subjects finally included in the study. The question-
naires used in this study were developed for RCS and
have previously been published in other papers [25]. The
Ethics Committee of Rafsanjan University of medical sci-
ences, Rafsanjan, Iran approved the protocol of the study
(code: IR.RUMS.REC.1402.033).

Data collection

Demographic factors, medical history, and personal
habits of the participants in the study were collected by
trained interviewers and physicians during face-to-face
interviews using the validated questionnaires by the PER-
SIAN Cohort Study [23]. Also, blood and urine samples
were collected according to standard protocols.

The used information in the present study included
demographic characteristics (age, gender, education,
wealth score index (WSI), physical activity, Body Mass
Index (BMI), medical history such as diabetes, hyperten-
sion, CVD, kidney stone, urinary problems, biochemical
parameters including Fasting blood sugar (FBS), glomer-
ular filtration rate (GFR), and lipids, and personal habits
including smoking, consumption of alcohol, and opium
[24].

WSI was measured using the method of Principal Com-
ponent Analysis (PCA). This index is based on variables
related to assets of participants. Then, the participants
were categorized to low, low-middle, middle-high and
high groups based on 25th, 50th, and 90th percentiles.

Also, physical activity was measured by the Inter-
national Physical Activity Questionnaire (IPAQ) and
expressed as metabolic equivalent hour per day (MET.
h/day).Accordingly, the participants were classified in to
three categories based on the 25th and 75th percentiles:
low (MET <£35.29), moderate (35.30-40.32), and heavy
(MET >40.32).
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History of CVD was positive if the disease was pre-
viously diagnosed by a physician. The answer was yes
or no. CVD history included coronary heart disease
or myocardial infarction or stroke. Hypertensin was
defined as SBP_140 mmHg or more, or DBP_90 mmHg
or more, or taking antihypertensive drugs [26]. Diabe-
tes was described as: FBG>126 mg/dL or receiving the
antidiabetic drugs [27]. According to the Third Report
of the National Cholesterol Education Program (NCEP-
Adult Treatment Panel III), dyslipidemia was defined as
LDL=130 mg/ dL, or TC 2200 mg/dL, or HDL <40 mg/
dL in men, and 50 mg/dl in women or TG =150 mg/dL
and or using lipid-lowering medications [28].

Data on the personal habits (cigarette smoking, opium
use, and alcohol consumption) was self-reported. Sub-
jects who consumed beer about 200 ml or liquor about
45 ml, once a week for at least six months during their
lifetime were defined as alcohol drinkers [23]. Sub-
jects who consumed opium, once a week for at least six
months during their lifetime were defined as opium users
[29].

Biochemical measurements

EBS, lipid parameters (total cholesterol (TC), low-density
lipoprotein cholesterol (LDL cholesterol), high-density
lipoprotein cholesterol (HDL cholesterol), and triglycer-
ides (TG), Blood urea nitrogen (BUN) and creatine (Cr)
were measured by a biotechnical analyzer (BT 1500,
Italy) at the Central Laboratory in the cohort center.

Outcome assessment

The history of kidney stone disease was based on the
self-declaration of the participants [25]. Also, the medi-
cal documents (such as ultrasound, documents related to
surgery) were checked using the cohort team. GFR was
determined by MDRD formula:

GFR (ml/min/1.73 m2) =186 x Cr (mg/dl)-1.154 x age-
0.203 x 0.742 (if woman).

GFR was classified as normal (GFR>90), mild (GFR
60—-89), moderate (GFR 45-59) and severe (GFR<45).
This classification was derived from the Kidney Disease:
Improving Global Outcomes (KDIGO) CKD Working
Group [30].

Abnormal urine test was asked using this question:
Having ever had an abnormal urine test (Including a
urinalysis positive for RBC, WBC, blood, and etc. or
positive urine culture). Hematuria was considered as the
presence of RBC>3 in urine [31]. Proteinuria was con-
sidered the presence of protein >1 + in the urine [31]. The
Urine specific gravity (USG) level was divided into three
categories: <1.008 g/ml, 1.008-1.020 g/ml and >1.020 g/
ml. Serum Cr and BUN levels higher than 1.4 mg/dl
and 23 mg/dl were considered as elevated Cr and BUN,
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respectively according to the laboratory’s reference range
in the Cohort center.

Statistical analyses

Characteristics of participants were expressed as either
the mean * standard deviation or median and interquar-
tile ranges (IQR) as appropriate for continuous variables
and frequency (%) for categorical variables and baseline
characteristics were compared across the groups of our
study (CVD/non-CVD) using chi-square (x°) for categor-
ical variables and t-test for normally distributed quantita-
tive variables and Mann—Whitney U test for no normally
distributed quantitative variables. The assumption of
normality of the distribution of continuous variables
between two groups of CVD and non CVD was tested
using normal probability plots (skewness and kurtosis
index).

In addition, we used bivariate (Crude) and multiple
logistic regression analysis to assess the association
between CVD with kidney stone, genders and age cat-
egories as dependent and in-depended variables, respec-
tively. Crude and three adjusted models were used in the
regression analysis. Based on subject matter knowledge
and epidemiological research we identified Confounder’s
variables. Potential confounding variables were sequen-
tially entered into models according to their hypoth-
esized strengths of association with kidney stone and
CVD. Then, variables with a p-value <0.05 were selected
as confounders. The baseline model (crude model) has
been stratified on CVD.

Adjusted model 1 included basic sociodemographic
characteristics (age, gender, education, WSI). Adjusted
model 2 adjusted for cigarette smoking, alcohol con-
sumption, opium consumption, physical activity level,
first-degree family history of CVD, and BMI The
adjusted model 3 is adjusted for confounding variables
in adjusted model 1, 2 and Diabetes, Hypertension,
LDL, TG, and HDL. The adjusted model 4 is adjusted
for confounding variables in adjusted model 1, 2, 3 and
GFR, Hematuria, Proteinuria, BUN and SG. In multivari-
able logistic regression models, the multi-collinearity of
the variables was examined using the option of collin-
ear in Stata. However, we again checked the correlation
between the independent variables. The findings indi-
cated that there is no high correlation between the inde-
pendent variables.

Results

This study included 9933 participants, 4624 men
(46.55%) and 5310 women (53.45%) with the mean age of
49.94 + 9.56 years. The details of the demographic charac-
teristics, Physical activity, habits, distribution of risk fac-
tors by CVD and no CVD have presented in Table 1.
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Table 1 Baseline characteristics of 9933 subjects stratified by Baseline Cardiovascular Disease (CVD) status

characteristic Total CcvD No-CVD P-Value
(n=9933) (n=1031) (n=8902)

Age-yr. n (%) <0.001

35-45 3697(37.22) 80(7.76) 3617(40.63)

46-55 3060(30.81) 263(25.51) 2797(31.42)

>56 3176(31.97) 688(66.73) 2488(27.95)

Mean=+SD 49.94+9.56 57.79+7.64 49034935 <0.001

Gender- n (%) 0.002

Male 4624(46.55) 526(51.02) 4098(46.03)

Female 5310(53.45) 505(48.98) 4805(53.97)

Education-n (%) <0.001

<5 years 3484(35.09) 529(51.36) 2955(33.21)

6-12 years 4820(48.54) 394(38.25) 4426(49.74)

>13 years 1625(16.37) 107(10.39) 1518(17.06)

Median (IQR) 9(5-12) 5(2-12) 9(5-12) <0.001

Physical activity (%) <0.001

Low 2541(25.58) 393(38.12) 2148(24.13)

Moderate 4908(49.41) 450(43.65) 4458(50.07)

Heavy 2485(25.02) 188(18.23) 2297(25.80)

Median (IQR) 37.63(35.2-40.33) 36.08(34.08-39.28) 37.78(35.4-40.47) <0.001

WSI- n (%) <0.001

Low 2335(23.53) 282(27.38) 2053(23.08)

Low-middle 2850(28.72) 339(32.91) 2511(28.23)

Middle-high 3975(40.05) 357(34.66) 3618(40.67)

High 765(7.71) 52(5.05) 713(8.02)

Mean+SD -0.002+1.00 -0.188+0.994 0.019+£0.999 <0.001

BMI- n (%) 0.050

<25 2868(28.89) 275(26.67) 2593(29.14)

25-29.99 4070(41) 413(40.06) 3657(41.10)

>30 2990(30.12) 343(33.27) 2647(29.75)

Median (IQR) 27.48(24.54-30.78) 27.92(24.75-31.23) 27.44(24.52-30.72) 0.016

Alcohol consumption- n (%) 0918

No 8921(89.98) 925(89.89) 7996(89.99)

Yes 993(10.02) 104(10.11) 889(10.01)

Cigarette smoking- n (%) <0.001

Never 7371(74.35) 688(66.86) 6683(75.22)

Current 1679(16.94) 187(18.17) 1492(16.79)

Former 864(8.71) 154(14.97) 710(7.99)

Opium consumption- n (%) <0.001

No 7569(76.35) 671(65.21) 6898(77.64)

yes 2345(23.65) 358(34.79) 1987(22.36)

Hypertension- n (%) <0.001

No 7438(74.90) 499(48.45) 6939(77.97)

yes 2492(25.10) 531(51.55) 1961(22.03)

Diabetes- n (%) <0.001

No 7612(76.93) 570(55.50) 7042(79.41)

yes 2283(23.07) 457(44.50) 1826(20.59)

Dyslipidemia- n (%) <0.001

No 2635(26.66) 134(13.07) 2501(28.23)

Yes 7248(73.34) 891(86.93) 6357(71.77)

Kidney stone- n (%) <0.001

No 7541(75.91) 712(69.06) 6829(76.70)

yes 2393(24.09) 319(30.94) 2074(23.30)

First-degree family history of cardiac ischemic <0.001
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Table 1 (continued)

characteristic Total CcvD No-CVD P-Value
(n=9933) (n=1031) (n=8902)

No 6458(65.01) 593(57.52) 5865(65.87)

yes 3476(34.99) 438(42.48) 3038(34.12)

Abnormal urine test- n (%) 0.047

No 8217(82.72) 830(80.50) 7387(82.97)

yes 1717(17.28) 201(19.50) 1516(17.03)

Proteinuria- n (%) <0.001

No 9406(95.09) 925(90.16) 8481(95.66)

yes 486(4.91) 101(9.84) 385(4.34)

Hematuria- n (%) 0442

No 9719(98.25) 1005(97.95) 8714(98.29)

yes 173(1.75) 21(2.05) 152(1.71)

Urine specific gravity- n (%) <0.001

<1.008 g/ml 305(3.08) 26(2.53) 279(3.15)

1.008-1.020 g/ml 5596(56.57) 685(66.76) 4911(55.39)

>1.020 g/ml 3991(40.35) 315(30.70) 3676(41.46)

GFR- n (%) <0.001

Normal 625(6.32) 54(5.26) 571(6.44)

Mild 7695(77.78) 673(65.59) 7022(79.19)

Moderate 1427(14.42) 245(23.88) 1182(13.33)

Sever 146(1.48) 54(5.26) 92(1.04)

Mean+SD 71.28+12.24 6647+13.62 71.84+11.95 <0.001

BUN- n (%) <0.001

Normal 9753(98.58) 983(95.81) 8770(98.91)

Elevated 140(1.42) 43(4.19) 97(1.09)

Cr-n (%) <0.001

Normal 9670(97.75) 963(93.86) 8707(98.20)

Elevated 223(2.25) 63(6.14) 160(1.80)

Cholesterol <0.001

Mean+SD 198.66+38.04 185.12+44.83 200.23+36.86

Triglyceride 0.180

Median (IQR) 145(106-199) 144(111-200) 145(105-199)

HDL <0.001

Mean+SD 57.74+10.87 5522+11.11 58.04+10.80

LDL <0.001

Mean+SD 108.17+30.28 96.88+36.02 109.48+29.27

Fasting blood sugar (FBS) <0.001

Median (IQR) 101(94-113) 110(99-137) 101(94-111)

Abbreviations: Cardiovascular disease (CVD); Glomerular Filtration Rate (GFR); High-density lipoprotein (HDL); Low-density lipoprotein (LDL); Blood urea nitrogen

(BUN); Creatinine (Cr), Wealth Score Index (WSI), Interquartile ranges (IQR).

The results showed that the mean age of CVD group
was significantly higher than no-CVD group (P<0.001).
Also, results presented that the prevalence of CVD was
significantly higher in males (51.02%), education<5
years (51.36%), moderate physical activity (43.65%) and
Middle to high WSI (34.66%) groups compared to con-
trol groups. In addition, we compared the distribution
of lifestyle related variables, as well as, cigarette smok-
ing, alcohol and opium consumption between the two
groups. There were no significant differences in alcohol
consumption between the groups (P=0.918). While a sig-
nificant difference was observed in the consumption of

cigarettes and opium between the two groups, and preva-
lence of cigarette smoking and opium consumption was
higher in the CVD group than no-CVD group (P<0.001).

Among CVD group, 531 patients were hypertensive
(51.55%), 457 patients had diabetes mellitus (44.50%),
891 patients had dyslipidemia (86.93%), 319 patients had
kidney stone (30.94%), 438 patients had first-degree fam-
ily history of cardiac ischemic (42.48%), 201 patients had
abnormal urine test (19.50%), and 101 patients had Pro-
teinuria (9.84%), and compared with the control group
(no-CVD), there were significant differences (P<0.001).
In addition, the USG, GFR, BUN, Cr, cholesterol, HDL,
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Table 2 The kidney stone and odds ratio of Cardiovascular disease (CVD).

CcvD Crude Model Adjusted Model 1 Adjusted Model 2 Adjusted Model 3 Adjusted Model 4

Total population by Kidney stone

No 1 1 1 1 1

Yes 1.47(1.28-1.69)* 1.32(1.14-1.53)% 1.32(1.14-1.54)* 1.23(1.05-1.43)* 1.22(1.05-143)*

Male by Kidney stone

No 1 1 1 1 1

Yes 1.37(1.13-1.66)* 1.29(1.05-1.58)* 1.32(1.07-1.63)* 1.21(0.97-1.50) 1.19(0.96-1.48)

Female by Kidney stone

No 1 1 1 1 1

Yes 1.55(1.26-1.91)* 1.35(1.08-1.67)* 1.32(1.06-1.64)* 1.25(1.01-1.56)* 1.25(1.01-1.56)*

Age groups by Kidney stone

No 1 1 1 1 1

35-45 1.39(0.85-2.29) 1.33(0.81-2.20) 1.31(0.79-2.17) 1.15(0.69-1.93) 1.15(0.68-1.92)

46-55 1.43(1.09-1.89)* 1.38(1.05-1.83)* 141(1.06-1.87)* 1.27(0.95-1.70) 1.25(0.93-1.67)
12

>56 1.33(1.11-1.60)* 1.29(1.07-1.56)*

1.32(1.09-1.60)*

7(1.04-1.54)* 1.24(1.02-1.51)*

The crude model is stratified on the status of CVD.

The adjusted model 1 is adjusted for confounding variables Age (continuous variable), Gender (male/ female), Education (continuous variable), WSI (continuous

variable).

The adjusted model 2 is adjusted for confounding variables in adjusted model 1 and cigarette smoking (never, current, former), alcohol consumption (yes/no),
opium consumption (yes/no), physical activity level (continuous variable), first-degree family history of CVD (yes/no), and BMI (continuous variable).

The adjusted model 3 is adjusted for confounding variables in adjusted model 1, 2 and diabetes (yes/ no), hypertension (yes/no), and dyslipidemia (yes/no).

The adjusted model 4 is adjusted for confounding variables in adjusted model 1, 2, 3 and GFR (continuous variable), Hematuria (yes/no), Proteinuria (yes/no), BUN

(continuous variable) and USG (continuous variable).
* Significant odds ratios, P<0.05.
Abbreviations: CVD: Cardiovascular disease.

LDL and FBS showed a significant difference between
two groups (P<0.001) (Table 1).

Table 2 represents the association of kidney stone and
CVD, using the unadjusted and four adjusted model.

In the crude regression model, the odds of CVD sig-
nificantly increased in participants who had kidney stone
(OR: 1.47; 95% CI 1.28 to 1.69), in male (OR: 1.37; 95% CI
1.13 to 1.69), in female (OR: 1.55; 95% CI 1.26 to 1.91),
age 46-55 years old (OR: 1.43; 95% CI 1.09 to 1.89), and
age>56 years old (OR: 1.33; 95% CI 1.11 to 1.60), com-
pared with the normal subjects.

Additionally, after adjusting for confounders (age, gen-
der, education and WSI) in model 1, the obtained results
showed that kidney stone about 32%, in male about 29%,
in female about 35%, age 4655 years old about 38% and
age = 56 years old about 29% increased odds of CVD.

Adjusted model 2 included all variables considered in
adjusted model 1, plus cigarette smoking, alcohol and
opium consumption, physical activity, first-degree family
history of CVD, and BMI. In model 2, the results showed
that this relationship remained significant and the factors
of kidney stone about 32%, in male about 32%, in female
about 32%, age 46—55 years old about 41%, and age>56
years old about 32%, increased the odds of CVD.

Adjusted model 3 included all variables considered
in adjusted model 1 and 2, plus diabetes, hypertension,
and dyslipidemia. In model 3, the results showed that
this relationship remained significant and the factors

of kidney stone about 23%, in female about 25%, and
age > 56 years old about 27%, increased the odds of CVD.

Finally, adjusted model 4 included all variables consid-
ered in adjusted model 1, 2, and 3 plus GFR, Hematuria,
Proteinuria, BUN and USG. However, after adjusting for
all variables, this association remained stable in popula-
tion with kidney stone (OR: 1.22; 95% CI 1.05 to 1.43), in
female (OR: 1.25; 95% CI 1.01 to 1.56), and age >56 years
old (OR: 1.24; 95% CI 1.02 to 1.51), although it decreased
slightly.

Discussion
According to the obtained results, significant differ-
ences were observed when comparing the CVD and the
no-CVD groups based on some demographic variables.
The results showed that the risk of CVD was higher
in men (51.02%) than in women (48.98%). Also, our
results showed the highest risk of CVD development for
age>56 years old. The results were presented about 31%
of patients with kidney stones, 19.5% of patients with
abnormal urine tests, 9.84% of patients with Proteinuria,
more than 33% of patients with abnormal USG and more
than 94% of patients with abnormal GFR had CVD. The
risk of CVD was increased in patients with kidney stones
about 22%, in female about 25%, and age>56 years old
about 24%.

Aune in 2018 showed that there was a significant varia-
tion in the prevalence of kidney stones in Asia ranging
from 1 to 5% to 7—-15% in North America [32]. Prevalence
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of kidney stones in southeast of Iran was 24.08% (Rafsan-
jan) and 21.11% (Kharameh) and it was higher in men
than women [25, 33]. Other studies also showed that the
prevalence of kidney stones is increasing in Iran [34].

Xiaohong Fan et al. in 2017 showed that in some
regions of China, urinary stone disease was associated
with a high prevalence of CVD risk factors, increased
arterial stiffness, and peripheral arterial disease [12].
The result of this study is in line with our study, and the
results show that kidney stones increase the risk of CVD.
Stone formation risk factors including age, high blood
pressure, diabetes, proteinuria, abnormal GFR, were sig-
nificantly higher in CVD group, which can suggest that
the same risk factors that play a role in cardiovascular
diseases are also effective in the formation of urinary
stones.

A recent review study found that kidney stones are
linked to various types of cardiovascular diseases, includ-
ing CAD and strokes, independently of common risk
factors. This study indicated that there might be abnor-
mal calcification pathways and damage-inflammatory
responses that serve as shared mechanisms leading to
vascular calcification and/or stone formation, even when
common risk factors are present. Their study’s findings
showed that risk factors for kidney stone formation are
also involved in the development of cardiovascular dis-
eases, and as a result, individuals with kidney stones are
more likely to develop cardiovascular disease [17]. They
also showed that the relationship between kidney stones
and CAD for women was 1.20 times greater than for
men [17]. Our study’s results also confirm these findings,
showing that having kidney stones increases the odds of
CVD by 1.22 times, and this risk is significantly higher in
women compared to men.

A study by Yuanyuan Zhao conducted in 2021 con-
firmed that kidney stones may lead to pathological
processes that include coronary atherosclerosis and car-
diomyopathy. Additionally, high blood pressure was iden-
tified as a risk factor that affects both kidney stones and
cardiovascular disease [35]. High blood pressure in the
group of cardiovascular diseases with kidney stones has
been reported in different studies [36, 37]. In our study, it
was also shown that more than 50% of people with high
blood pressure are in the group of cardiovascular dis-
eases, and more than 30% of them had kidney stones.

A meta-analysis study in 2021 showed that patients
with kidney stones may be at risk of stroke, especially the
likelihood of ischemic strokes increasing [38]. Our results
also indicated that the odds of CVD, which includes
strokes and chronic heart disease, increased in individu-
als with kidney stones.

It seems that the risk factors initially cause the stone
formation and cardiovascular diseases, but if primary
kidney involvement occurs, it can probably cause heart

Page 7 of 9

involvement by intensifying the risk factors of the heart
secondarily, also primary heart disease can be caused by
disruption of the blood supply system of the kidneys. It
causes or aggravates kidney diseases, including stones,
which can happen under different conditions in each of
these scenarios, and the investigation of each of the pro-
posed scenarios can be done in future studies.

The strength of the present study is that the subjects
were participants in a large nationwide screening pro-
gram. The large sample size in this study was 10,000 peo-
ple, which is a part of the large Persian cohort study. They
were evaluated based on the same clinical and labora-
tory tests and the same questionnaire about the variables
related to lifestyle. Our study had several limitations.
First, the diagnosis of CVD and kidney stones was based
on self-report previously confirmed by a physician. Also,
the type of kidney stone is not specified. Because this was
a cross-sectional study, we could not conclude whether
there was a potential causal relationship between kid-
ney stones and CVD risk factors, which will require pro-
spective studies and will be investigated in the follow-up
phase of the cohort study.

Conclusion

In conclusion, in this study with over 9,990 urban and
rural participants in Rafsanjan, a city in southern Iran, we
found that the prevalence of CVD is high, and risk factors
for cardiovascular diseases, such as kidney stones, gen-
der, and age, increase the likelihood of developing car-
diovascular diseases. Additional studies are necessary to
understand the biological relationship between CVD and
kidney stones.

Abbreviations

CcvD Cardiovascular diseases

usG Urine specific gravity

CAD Coronary artery disease

RCS Rafsanjan cohort study

PERSIAN Prospective epidemiological research studies in Iran
FBS Fasting blood sugar

GFR Glomerular filtration rate

Cr Creatine

BUN Blood urea nitrogen

TC Total cholesterol

LDL Low-density lipoprotein cholesterol

HDL High-density lipoprotein cholesterol

TG Triglycerides

BMI Body Mass Index

WSl Wealth score index

NHANES National Health and Nutrition Examination Survey
PCA Principal Component Analysis

IPAQ International Physical Activity Questionnaire

MET.H/day ~ Metabolic equivalent hour per day
KDIGO Kidney Disease: Improving Global Outcomes
SD Standard deviation and interquartile ranges (IQR)

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512882-025-04018-1.


https://doi.org/10.1186/s12882-025-04018-1
https://doi.org/10.1186/s12882-025-04018-1

Nazari et al. BMC Nephrology (2025) 26:101

[ Supplementary Material 1

Acknowledgements
We thank the people who participated in the study, study site personnel, and
members of the Rafsanjan cohort center in Rafsanjan, Iran.

Author contributions

FA., ZJ, and AN. designed the study and supervised the project. N.S. collected
the data. AE. and MK. prepared Tables 1 and 2, and 3. PK. and R.V. performed
the statistical analysis. FA, ZJ, M.A,, PK, A.E, and AN. wrote the main
manuscript text. FA. revised the paper. All authors reviewed the manuscript.

Funding
No funding.

Data availability

Sequence data that support the findings of this study have been deposited

in the Persian Adult Cohort Study Center, Rafsanjan University of Medical
Sciences, Iran. The data is not available publicly. However, the data can be
obtained from the corresponding author upon a reasonable request by Email:
ayoobi.fatemeh@gmail.com.

Declarations

Ethics approval and consent to participate

The Ethics Committee of Rafsanjan University of Medical Sciences approved
this study (Code of Ethics: ID: IRRUMETS.REC. 1402.033). Written informed
consent was obtained from the participants. The data of participants was kept
confidential and was only accessible to the study investigators. All methods
were performed in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Clinical trial number
Not applicable.

Received: 18 November 2024 / Accepted: 11 February 2025
Published online: 25 February 2025

References

1. RomeroV, Akpinar H, Assimos DG. Kidney stones: a global picture of preva-
lence, incidence, and associated risk factors. Rev Urol. 2010;12(2-3):e86-96.

2. Madore F, Stampfer MJ, Rimm EB, Curhan GC. Nephrolithiasis and risk of
hypertension. Am J Hypertens. 1998;11(1 Pt 1):46-53.

3. Taylor EN, Stampfer MJ, Curhan GC. Diabetes mellitus and the risk of nephroli-
thiasis. Kidney Int. 2005;68(3):1230-5.

4. Spatola L, Ferraro PM, Gambaro G, Badalamenti S, Dauriz M. Metabolic
syndrome and uric acid nephrolithiasis: insulin resistance in focus. Metab Clin
Exp. 2018;83:225-33.

5. Salmeh F, YaghoubiT, Zakizadeh M, Yaghoubian M, Shahmohammadi SJJUN.
Evaluation of health behaviours in patients with kidney stones in Sari/Iran.
2012;6(1):17-21.

6.  LiuY,Jin X,Hong HG, Xiang L, Jiang Q, MaY, et al. The relationship between
gut microbiota and short chain fatty acids in the renal calcium oxalate stones
disease. FASEB Journal: Official Publication Federation Am Soc Experimental
Biology. 2020;34(8):11200-14.

7. Alexander RT, Hemmelgarn BR, Wiebe N, Bello A, Samuel S, Klarenbach SW,
et al. Kidney stones and cardiovascular events: a cohort study. Clin J Am Soc
Nephrology: CJASN. 2014,9(3):506-12.

8. Fabris A, Ferraro PM, Comellato G, Caletti C, Fantin F, Zaza G, et al. The rela-
tionship between calcium kidney stones, arterial stiffness and bone density:
unraveling the stone-bone-vessel liaison. J Nephrol. 2015;28(5):549-55.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

Page 8 of 9

Yiu AJ, Callaghan D, Sultana R, Bandyopadhyay BC. Vascular calcification

and Stone Disease: a New look towards the mechanism. J Cardiovasc Dev
Disease. 2015;2(3):141-64.

Bargagli M, Moochhala S, Robertson WG, Gambaro G, Lombardi G, Unwin RJ,
et al. Urinary metabolic profile and stone composition in kidney stone form-
ers with and without heart disease. J Nephrol. 2022;35(3):851-7.

Ferraro PM, Robertson WG, Johri N, Nair A, Gambaro G, Shavit L, et al. A
London experience 1995-2012: demographic, dietary and biochemical
characteristics of a large adult cohort of patients with renal stone disease.
QJM: Monthly J Association Physicians. 2015;108(7):561-8.

Fan X, Kalim S, Ye W, Zhao S, Ma J, Nigwekar SU, et al. Urinary Stone Disease
and Cardiovascular Disease Risk in a Rural Chinese Population. Kidney Int Rep.
2017;2(6):1042-9.

Rule AD, Bergstralh EJ, Melton LI [ll, Li X, Weaver AL, Lieske JCJCJotASoN.
Kidney stones and the risk for chronic kidney disease. 2009;4(4):804-11.

Jiang W, Chen M, Huang J, Shang Y, Qin C, Ruan Z et al. Proteinuria is
independently associated with carotid atherosclerosis: a multicentric study.
2021;21:1-10.

Currie G. Delles Clljon, disease . Proteinuria and its relation to cardiovascular
disease. 2013:13-24.

Iseki K, Konta T, Asahi K, Yamagata K, Fujimoto S, Tsuruya K, et al. Higher
cardiovascular mortality in men with persistent dipstick hematuria. Clin Exp
Nephrol. 2021;25(2):150-6.

Muschialli L, Mannath A, Moochhala SH, Shroff R, Ferraro PM. Epidemiologi-
cal and biological associations between cardiovascular disease and kidney
stone formation: a systematic review and meta-analysis. Nutr Metabolism
Cardiovasc Dis. 2024;34(3):559-68.

Patel ND, Ward RD, Calle J, Remer EM, Monga M. Vascular disease and kidney
stones: abdominal aortic calcifications are Associated with low urine pH and
Hypocitraturia. J Endourol. 2017;31(9):956-61.

Stojewski M. Major and trace elements in lithogenesis. Cent Eur J Urol.
2011,64(2):58-61.

Stamatelou K, Goldfarb DS, editors. Epidemiology of kidney stones. Health-
care: MDPI; 2023.

Chen Z, Prosperi M, Bird VYJJCU. Prevalence of kidney stones in the USA: the
National Health and Nutrition Evaluation Survey. 2019;12(4):296-302.
Daudon MJAAU. Epidémiologie actuelle de la lithiase rénale en France [Epi-
demiology of nephrolithiasis in France]. 2005;39:209-31.

Poustchi H, Eghtesad S, Kamangar F, Etemadi A, Keshtkar AA, Hekmat-

doost A, et al. Prospective Epidemiological Research Studies in Iran (the
PERSIAN Cohort Study): Rationale, objectives, and design. Am J Epidemiol.
2018;187(4).647-55.

Hakimi H, Ahmadi J, Vakilian A, Jamalizadeh A, Kamyab Z, Mehran M et al. The
profile of Rafsanjan Cohort Study. Eur J Epidemiol. 2020:1-10.

Khalili P, Jamali Z, Sadeghi T, Esmaeili-Nadimi A, Mohamadi M, Moghadam-
Ahmadi A, et al. Risk factors of kidney stone disease: a cross-sectional study in
the southeast of Iran. BMC Urol. 2021,21:1-8.

Mohammadi M, Ayoobi F, Khalili P, Soltani N, La Vecchia C, Vakilian A. Relation
of hypertension with episodic primary headaches and chronic primary head-
aches in population of Rafsanjan cohort study. Sci Rep. 2021;11(1):24071.
Noroozi Karimabad M, Khalili P, Ayoobi F, Esmaeili-Nadimi A, La Vecchia C,
Jamali Z. Serum liver enzymes and diabetes from the Rafsanjan cohort study.
BMC Endocr Disorders. 2022,22(1):127.

Jamali Z, Noroozi Karimabad M, Khalili P, Sadeghi T, Sayadi A, Mohammadak-
bari Rostamabadi F, et al. Prevalence of dyslipidemia and its association with
opium consumption in the Rafsanjan cohort study. Sci Rep. 2022;12(1):11504.
Khalili P, Ayoobi F, Mohamadi M, Jamalizadeh A, La Vecchia C, Esmaeili-Nadimi
A. Effect of opium consumption on cardiovascular diseases—a cross-sectional
study based on data of Rafsanjan cohort study. BMC Cardiovasc Disord.
2021,21(1):1-11.

Levin A, Stevens PE, Bilous RW, Coresh J, De Francisco AL, De Jong PE, et al.
Kidney disease: improving global outcomes (KDIGO) CKD Work Group. KDIGO
2012 clinical practice guideline for the evaluation and management of
chronic kidney disease. Kidney Int Supplements. 2013;3(1):1-150.

Avellino GJ, Bose S, Wang DS. Diagnosis and management of hematuria. Surg
Clin. 2016;96(3):503-15.

Aune D, Mahamat-Saleh Y, Norat T, Riboli E. Body fatness, diabetes, physical
activity and risk of kidney stones: a systematic review and meta-analysis of
cohort studies. Eur J Epidemiol. 2018;33:1033-47.

Moftakhar L, Jafari F, Ghoddusi Johari M, Rezaeianzadeh R, Hosseini SV,
Rezaianzadeh A. Prevalence and risk factors of kidney stone disease in



Nazari et al. BMC Nephrology

34.

35.

36.

(2025) 26:101

population aged 40-70 years old in Kharameh cohort study: a cross-sectional
population-based study in southern Iran. BMC Urol. 2022,22(1):1-9.

Rafiei H, Malekpoor F, Amiri M, Rahimi Madiseh M, Lalegani H. Kidney

stone development among older adults in Iran. J Indian Acad Geriatr.
2014,10(24):10-3.

ZhaoY, FanY,Wang M, Yu C, Zhou M, Jiang D, et al. Kidney stone disease and
cardiovascular events: a study on bidirectional causality based on mendelian
randomization. Translational Androl Urol. 2021;10(12):4344.

Soucie JM, Coates RJ, McClellan W, Austin H, Thun M. Relation between
geographic variability in kidney stones prevalence and risk factors for stones.
Am J Epidemiol. 1996;143(5):487-95.

38.

Page 9 of 9

Madore F, Stampfer MJ, Rimm EB, Curhan GC. Nephrolithiasis and risk of
hypertension. Am J Hypertens. 1998;11(1):46-53.

Yuan M, Zhou H-Y, Hu F, Liu S-Y, Rao W, Wu L-F et al. Association between
kidney stones and risk of developing stroke: a meta-analysis. Neurol Sci.

2021:1-9.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Kidney stone and risk of cardiovascular diseases: a cross-sectional study in the southeast of Iran
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿The study design and population
	﻿Data collection
	﻿Biochemical measurements
	﻿Outcome assessment
	﻿Statistical analyses

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


