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Abstract

Background: The incidence of kidney stones has been rising globally, particularly among the elderly. This study aims to determine
the prevalence of kidney stones and its associated factors in Iran.

Methods: This cross-sectional study was conducted using the data collected in the first phase of Ardakan Cohort Study on individuals
aged 50 years and above, in the Yazd province, Iran. Baseline data was collected using a comprehensive checklist and kidney
stone occurrence was ascertained through participants’ self-reported response to the question “Have you ever been diagnosed with
kidney stones?” Logistic regression analysis was used due to the binary nature of the outcome.

Results: Period prevalence of kidney stone was 22.79 (95% Cl=19.41 to 24.12). Thus, out of the total sample of 4,884 individuals,
1113 participants had a history of kidney stones. Among these, 412 (37%) were female and 701 (63%) were male. Significant
associations were observed between a history of kidney stones and factors such as self-reported poor health, alcohol consumption,
dysuria, higher education level, male gender, and presence of calcium oxalate crystals.

Conclusion: This study shows the high prevalence of kidney stones compared to other studies. Considering the relationship between
kidney stones and some preventable disorders in the elderly, such as high blood pressure and alcohol consumption, it seems that
paying attention to kidney stone disorders can be part of preventive health and treatment interventions for this population group.
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Introduction

Kidney stones are a prevalent health issue affecting a
considerable number of individuals worldwide and the
elderly population, in particular, has experienced an
increasing prevalence of kidney stones in recent years.! In
urinary tract problems, kidney stone disorder is one of the
most common stones after urinary tract infections and
prostate disorders.” The prevalence of kidney stones varies
across different regions. In Asia, reported prevalence
ranges from 1% to 5%, in Europe, it is approximately
5% to 9%, and in North America, it ranges from 7% to
15%.? Saudi Arabia has a prevalence close to 20%, while
in China, it affects 4% of the general population.* In the
United States, the prevalence of kidney stones has tripled
from 3.2% in 1980 to 9.6% in 2020.° The prevalence of this
disorder in the elderly in Asian countries has also varied
from 4 to 10 percent.® The latest studies conducted in the
elderly population in some countries have also shown that

the prevalence of this disorder in Chinese elderly is 6.4%’
and in 9.2 in South Korea.”®

Iran has also witnessed an increasing prevalence of
kidney stones, particularly among the elderly, presenting
a significant health concern. The reported prevalence of
this disorder in Iran is 4.2 per thousand people.® In a study
in Iran, the prevalence of kidney stones in people over 40
years old was reported to be about 20%, and the elderly
were part of this age group.'® With the rapid growth of
the elderly population in Iran, it is estimated that by 2050,
one-third of the population will be over 60 years old."
This demographic shift has profound implications for
healthcare in Iran, as age-related conditions like kidney
stones become more prevalent.”? Consequently, it is
crucial to gain insights into the prevalence and associated
factors of kidney stones among the elderly population
in Iran to develop effective prevention and treatment
strategies."”
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Despite the substantial impact of kidney stones on
quality of life," the condition remains underdiagnosed
and undertreated in many countries, including Iran. This
may be attributed to a lack of awareness among healthcare
providers and patients regarding the importance of early
detection and management.”” Hence, raising awareness
about kidney stone disease among healthcare providers
and patients is crucial for improving diagnosis rates and
delivering timely treatment to the elderly population
affected by this condition in Iran.

However, kidney stone disease is increasingly prevalent
among elderly Iranians due to various factors, including
dehydration, low fluid intake, obesity, diabetes mellitus,
hypertension, metabolic disorders, and dietary habits."
Understanding these risk factors can facilitate the
development of effective prevention strategies, ultimately
enhancing the quality of life for elderly Iranians affected
by this condition. While studies have examined the
prevalence and risk factors of kidney stones in Iran, data
from large cohort studies can provide a more accurate
understanding of the prevalence of this condition
specifically among the elderly population. Thus, this
study aims to investigate the prevalence of kidney stones
and explore associated factors in the Ardakan Cohort
Study on Aging (ACSA).

Materials and Methods

Study Design and Population

The current cross-sectional study was conducted on
people over 50 years old and older using ACSA data,
in Ardakan, Yazd province, Iran, in 2019.'° The study
adhered to the ethical principles outlined in the Helsinki
Declaration for medical research involving human
subjects.'” Data collection for this study took place from
2019 to 2021 during the initial phase of the cohort study.
A sample size of 4884 participants was determined to
ensure sufficient statistical power to detect associations
between kidney stone occurrence and key predictors,
with a confidence level of 95% and an estimated effect size
based on previous cohort data. This sample size enables
robust statistical comparisons and allows for subgroup
analyses within demographic and clinical variables of
interest.

Tools and Measurements

Demographic characteristics of participants was collected
using a questionnaire designed for the Ardakan Cohort
Study. Kidney stone occurrence was defined as the presence
of solid deposits comprised of minerals and salts in the
kidneys, causing Considerable pain and discomfort during
passage through the urinary tract.'® Participants were
asked to self-report whether they had received a medical
diagnosis of kidney stones. Childhood socioeconomic
status (SES) was assessed using the question, “What was
your SES during childhood, categorized into five levels
based on your place of residence?” Participants were
grouped into low, moderate to low, moderate, moderate

to high, and high groups." Self-rated health was evaluated
by participants rating their overall health on a scale
ranging from very good to very bad, providing insight
into their subjective perception of their health status.?
The Hospital Anxiety and Depression Scale (HADS)
questionnaire was used to measure anxiety, where scores
below seven were classified as “normal,” eight to ten as
“mild or borderline,” and above ten as indicating an
“anxiety disorder”.*! Health-related quality of life (SF12)
questionnaire was used to measure the quality of life.
Smoking status was determined by asking participants
whether they had ever smoked at least once in their
lifetime. Alcohol consumption was assessed through the
question, “Have you ever consumed alcohol?”. addiction
was evaluated by asking participants if they had ever
used addictive substances. Dysuria, characterized by pain
or discomfort during urination, was determined using
the question, “Do you currently experience dysuria?”
The presence of calcium oxalate crystals in urine was
determined through laboratory analysis of urine samples.
The physical activity of the participants was measured
using the Physical Activity Scale for the Elderly (PASE).

Statistical Analysis

Quantitative variables were summarized using mean
and standard deviation, and qualitative variables were
presented as counts and percentages. To compare groups,
we used independent t-tests (for continuous variables)
and chi-square tests (for categorical variables), with
ANOVA employed for group comparisons of quantitative
outcomes. The normality and homogeneity of variance
assumptions were assessed using the Shapiro-Wilk test
and Levene’s test, respectively. Assumptions were verified
to ensure no expected cell count was less than 1, and
that at most 20% of expected cell counts were less than
5. Linearity in the logit was assessed for quantitative
predictors by examining the Box-Tidwell test. Logistic
regression was used to analyze associations with kidney
stones as a binary outcome. Backward selection was
employed with an alpha level of 0.05 for variable
removal. To address potential discrepancies between the
Akaike information criterion (AIC) and the Bayesian
information criterion (BIC ), the models were compared,
and priority was given to the model with the lowest BIC
for parsimony. Logistic regression was employed for the
analytical portion of the study, considering the binary
outcome. Using the backward method, the final model
is determined. In this way, non-significant variables
were removed from the model and reduced models were
selected using BIC and AIC statistics. Statistical analyses
were performed using the Stata software version 14 with a
confidence level of 95%.

Results

Baseline Characteristics

As presented in Table 1, the prevalence of kidney stone
was 22.79 (95% CI=19.41 to 24.12). Thus, out of the
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Table 1. Demographic Profile of Study Participants (N=4884)

Non-kidney Stone Kidney Stone Total
Variable Levels 3771(77.21%) 1113 (22.79%) (N=4884) P Value
No. % No. % No. %
50-59 1573 41.71 445 39.99 2018 41.32
60-69 1424 40.41 482 43.31 2006 41.07
Age group 0.358
70-79 567 15.04 159 14.29 726 14.86
>=80 107 2.84 27 2.43 134 2.74
Female 2123 56.30 412 37.02 2535 51.90
Gender <0.001
Male 1648 43.70 701 62.98 2349 48.10
Single 361 9.57 81 7.28 442 9.05
Marital status 0.019
Married 3410 90.43 1032 92.72 4442 9095
Illiterate 549 14.59 137 12.31 686 14.07
Elementary (reference) 1887 50.13 460 41.33 2347 48.12
Education level Middle school 525 13.95 187 16.80 712 14.60 <0.001
High school 429 11.40 150 1348 579 11.87
College 374 9.94 179 16.08 553 11.34
Not working/ disabled 2374 63.07 790 70.98 3164 64.88
Job status Working 819 21.76 223 20.04 1042 21.37 <0.001
Other/homemaker 571 15.17 100 8.98 671 13.76
<25 824 21.85 206 18.51 1030 21.09
BMI 0.016
>25 2947 78.15 907 81.49 3854 78.91
ek e No 1912 50.72 524 47.08 2436 49.89
0.033
pressure Yes 1858 49.28 589 52.92 2447 50.11
Very good 147 3.91 41 3.69 188 3.86
Good 1106 29.39 329 29.61 1435 29.44
Self-rated health Middle to somewhat good 2189 58.17 619 55.72 2808 57.61 0.142
Bad 263 6.99 102 9.18 365 7.49
Very bad 58 1.54 20 1.80 78 1.60
High level 13 0.35 7 0.63 20 0.41
Middle to high level 270 7.21 68 6.15 338 6.97
Self-rated
socioeconomic Middle level 1851 49.45 535 48.37 2386 49.21 0.367
status )
Middle to low level 910 2431 294 26.58 1204 24.83
Low level 699 18.68 202 18.26 901 18.58
Normal 2780 74.33 813 73.46 3593 7417
Anxiety status Borderline-middle 520 13.90 161 14.58 681 14.06 0.846
Abnormal 440 11.76 130 11.78 570 11.77
Poor quality 928 24.61 269 2417 1197 24.51
Sleep quality 0.764
Good quality 2843 75.39 844 75.83 3687 75.49
Never 2928 77.91 748 67.57 3676 75.56
Smoking status Former 370 9.85 154 13.91 524 10.77 <0.001
Current 460 12.24 205 18.52 665 13.67
No 3744 99.63 1093 98.74 4837 99.42
Alcohol use 0.001
Yes 14 0.37 14 1.26 28 0.58
No 3583 95.34 1033 93.32 4616 94.88
Addiction 0.007
Yes 175 4.66 74 6.68 249 5.12
Never 3251 86.65 871 78.61 4122 84.81
A little 397 10.58 176 15.88 573 11.79
Dysuria <0.001
Moderate 78 2.08 49 4.42 127 2.61
Much/very much 26 0.69 12 1.08 38 0.78
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Table 1. Continued.

Calcium oxalate No 2994 79.40

crystals status Yes 777 20.60

Non-kidney Stone
3771(77.21%)

Variable Count M 5%
ean o
an sp
Quality of life 49.22
(mental) Count (48.90-49.54) 002
Quality of life 45.70
(physical) Count 4539-46.02) 00!
136.55
Physical activity Count (133.86- 84.60
139.26)
28.53
BMI Count (28.36.28.70) 5.00

825 74.12 3819 78.19
<0.001
288 25.88 1065 21.81
Kidney Stone
1113 (22.79%) Total (N=4884)
Mean (95 % Mean (95 % P Value
fa)) sD cn SD
49.45 4927
. 10.01 !
(48.87.5003) % (48.99.49.50) 0.0 0:25
45.57 45.68
(44.98-46.15) 1000 45.40-45.95) 9.93 0-66
137.141 136.69
(131.94- 88.24 (134.29- 85.44 0.42
142.33) 139.08)
28.62 28.55
(28.33-28.91) 465 (28.40-28.69) 4.92 0.31

total sample of 4,884 individuals, 1113 participants had
a history of kidney stones. Among them, 412 (37.02%)
were women, while 701 (62.98%) were men. The highest
proportion of individuals with previous kidney stones
was observed in the 60-69 age group (43.31%). In terms
of hypertension, a higher percentage of individuals in
the kidney stone history group (52.92%) had high blood
pressure compared to the group with no such history
(49.28%). Regarding self-rated health, the majority of
participants in both groups (57.61%) rated their health as
moderate to good. Approximately half of the participants
in both groups (49.21%) had a middle SES. Dysuria was
reported by 15.2% of participants, and 21.8% of individuals
had a positive result for calcium oxalate crystals.

Factors Associated with Kidney Stones

Table 2 displays the results of univariable and multivariable
analyses, adjusted for other variables, examining the
associations between each variable and the presence of
kidney stones. The odds ratio of having kidney stones
was significantly higher in males compared to females
(Adjusted odds ratio [OR] =2.06, 95% confidence interval
[CI]:1.77 to 2.40). Individuals with high blood pressure
had 1.27 times higher odds of having kidney stones
compared to those without high blood pressure (95%
CL:1.10 to 1.46). Poor self-reported health status was
associated with increased odds ratio of kidney stones
compared to moderate to good health status (Adjusted
OR=1.33, 95% CI:1.03 to 1.72). A significant positive
relationship was found between alcohol consumption
and a history of kidney stones (Adjusted OR=2.65, 95%
CL:1.24 to 5.65). Additionally, a significant association
was observed between kidney stones and a positive status
for calcium oxalate crystals (Adjusted OR=1.38, 95%
CI=1.18to0 1.62). Participants reporting moderate to mild
dysuria had 2.355 times higher odds of having kidney
stones compared to those without dysuria (95% CI=1.615
to 3.434).

Discussion
The objective of this study was to determine the
prevalence and associated factors of kidney stones among

the elderly population in the center of Iran. Considering
that we calculate the history of kidney stones during a
person’s lifetime as prevalence, in fact, in this study, we
are obtaining the lifetime prevalence of kidney stone. The
results showed that almost a fifth of the participants had a
history of kidney stones during their lifetime.

Comparing these findings to estimates from other
countries, the prevalence observed in this study appears
higher than reported rates in the United States (5.2%)**and
China (7.2%),” while varying prevalence rates have been
reported in other studies conducted in these countries.”
Similar to our study, another study in Saudi Arabia
reported a prevalence consistent with our findings.*
Studies by Moftakhar et al,'® Rafiei et al,> and Moludi et
al** also found comparable prevalence. also, Dehghani
et al” reported a higher prevalence, while variations
among studies can be attributed to differences in study
populations and timeframes. Considering that kidney
stones were self-reported in all studies and the focus
was on the elderly population, the observed prevalence
represents a lifetime prevalence, which may explain
the higher rates among the elderly. Since high heat and
sweating are related to having kidney stones,” and the
place where the study was conducted in Yazd province is
a hot region, the high prevalence of kidney stones in this
study may be the reason.

The results indicated a significantly higher prevalence
of kidney stones in men compared to women, which
aligns with findings from studies by Scales et al,** Bihl and
Meyers,” and Moftakhar et al.!* Several factors contribute
to the higher prevalence in men. Anatomical differences,
such as longer urethras, can impede the passage and
expulsion of small stones. The presence of the prostate
gland in men can also obstruct urine flow, increasing the
risk of stone formation.” Hormonal factors, specifically
elevated testosterone levels in men, can lead to increased
calcium excretion in wurine, contributing to stone
formation.”® Dietary choices, including animal protein
and sodium, which is more common among men, can
elevate the risk of stone formation. These dietary patterns
result in higher levels of calcium and uric acid in urine,
which are major components of kidney stones.** Although
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Table 2. Relationship Between Each of the Demographic Characteristics with Having a History of Kidney Stones in Crude and Adjusted form Using Univariable
and Multivariable Logistic Regression

95% CI Crude OR Adiusted 95% Cl Adjusted OR
Variables Levels Crude OR P value ’ R P Value
Lower Upper o Lower Upper

Age Count 0.99 0.97 1.01 0.771 - - - -

Female(reference) 1 - - - 1 - - -
Gender

Male 2.19 1.91 2.51 <0.001 2.06 1.77 2.40 <0.001

Single(reference) 1 - - - - - - -
Marital status

Married 1.35 1.04 1.73 0.019 - - - -

Illiterate 1.02 0.82 1.26 0.830 1.007 0.808 1.255 0.945

Elementary (reference) 1 - - - 1 - - -
Education level Middle school 1.46 1.20 1.77 <0.001 1.301 1.060 1.597 0.012

High school 1.43 1.16 1.77 0.001 1.197 0.956 1.499 0.115

College 1.96 1.60 2.41 <0.001 1.608 1.285 2.012 <0.001

Not working/ disabled (reference) 1 - - = = 5 B -
Job status Working 0.81 0.69 0.96 0.020 o = o o

Other/homemaker 0.52 0.41 0.66 <0.001 - - - -

<25 (reference) 1 - - - - - - -
BMI

>25 1.23 1.03 1.45 0.016 - - - -

No(reference) 1 - B - 1 - B B
High blood pressure

Yes 1.15 1.01 1.32 0.033 1.27 1.10 1.46 0.001

Very good 0.98 0.61 1.41 0.940 0.77 0.534 1.126 0.182

Good 1.051 0.90 1.22 0.65 0.92 0.785 1.086 0.340
Self-rated health Middle to somewhat good 1 i ) i 1 i ) i

(reference)

Bad 1.37 1.07 1.75 0.012 1.33 1.03 1.72 0.027

Very bad 1.21 0.72 2.04 0.75 1.16 0.68 1.98 0.55

High level 2.13 0.82 5.56 0.119 - - - -

Middle to high level (reference) 1 - - = - - - -
Selfrated Middle level 1.14 0.86 1.52 0.340 - - - -
socioeconomic status

Middle to low level 1.28 0.95 1.72 0.100 - - - -

Low level 1.14 0.84 1.56 0.377 - - - -

Normal (reference) 1 - - -
Anxiety status Borderline-middle 1.05 0.87 1.28 0.563 - - - -

Abnormal 1.010 0.81 1.24 0.924 - - - -

Poor quality (reference) 1 - B - B - B B
Sleep quality

Good quality 1.02 0.87 1.19 0.764 - - - -

Never(reference) 1 - - -
Smoking status Former 1.62 1.32 1.99 <0.001 - - - -

Current 1.74 1.45 2.09 <0.001 - - - -

No (reference) 1 - - - 1 - - -
Alcohol use

Yes 3.42 1.62 7.20 0.001 2.65 1.24 5.65 0.012

No (reference) 1 - - - - - - -
Addiction

Yes 1.46 1.10 1.94 0.007 - - - -

Never (reference) 1 - B - 1 - B -

A little 1.65 1.36 2.00 <0.001 1.60 1.31 1.96 <0.001
Dysuria status

Moderate 2.34 1.62 3.37 <0.001 2.35 1.61 3.43 <0.001

Much/very much 1.72 0.86 3.42 0.121 1.73 0.86 3.51 0.123
Calcium oxalate No (reference) 1 - - - 1 - - -
crystals status Yes 1.34 1.52 1.57 <0.001 1.38 1.18 1.62 <0.001
Quality of life (mental) Count 0.99 0.99 1.00 0.680 - = = =
Quality of life (physical) Count 1.00 0.99 1.00 0.502 - - - -
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kidney stones are more prevalent in men, they can still
occur in women, and individual lifestyle choices and
medical conditions can influence of developing kidney
stones.*

Our study identified a significant association between
high blood pressure and kidney stones. This finding is
consistent with astudyby Shlipaketal, which demonstrated
a potential link between high blood pressure, kidney
dysfunction, and the increased formation of kidney stones
in the elderly.** Another study in the United States found
a direct relationship between the prevalence of high blood
pressure and elevated serum creatinine levels, which can
elevate the risk of kidney stone development.”> While
kidney stones and high blood pressure are not directly
causative, certain factors contribute to the presence of
both conditions. Dietary patterns characterized by high
sodium or animal protein intake, which are common risk
factors for kidney stones, can also increase the risk of high
blood pressure.*® Additionally, dehydration, a known risk
factor for kidney stone formation, can contribute to high
blood pressure.”*¥ It is important to acknowledge that
while these factors may be associated with both conditions,
they do not necessarily imply a causative relationship. In
the elderly population, the risk of hydration disorders
and kidney stone development may be heightened among
individuals at risk of high blood pressure.*®

Although, results showed that there is a relationship
between alcohol consumption and kidney stones, in
contrast to this study, other studies showed that there
is no relationship between alcohol consumption and
kidney stone. A study conducted in China has shown
that the alcohol consumption can be one of the protective
factors for kidney stones.”” In a meta-analysis, no clear
effect of alcohol has been demonstrated.” The results of
a cohort study in Japan show that alcohol consumption
not only does not play a risk factor, but also plays a
role in the prevention of kidney stones. Despite such
studies, the relationship between alcohol consumption
and kidney stones is that excessive or chronic alcohol
consumption can potentially increase the risk of having
kidney stones.* Since the present study was conducted
in an elderly population, the direct association between
alcohol consumption and kidney stones could be due to
the cumulative effect of alcohol consumption seen over
a lifetime.

In this study, having moderate and mild dysuria was
related to having a history of kidney stones. Hoffman
has shown in her study that dysuria has a significant
relationship with kidney stones.*” Lam et al proposed a
range of clinical symptoms of the disease may be seen in
kidney disorders that kidney stones and dysuria can occur
together.*® However, it is important to note that dysuria
can have multiple causes, and kidney stones are just
one potential cause.* Other conditions such as urinary
tract infections, prostate problems, or inflammation
of the urethra can also cause dysuria.” Dysuria in the
elderly can be a symptom of kidney stones, but it is not

the sole indicator.* Proper evaluation and diagnosis by
a healthcare professional are important to determine the
exact cause and initiate appropriate treatment.

In terms of limitations, the present study is a cross-
sectional study and it is not clear whether related factors
caused the occurrence of kidney stones or vice versa.
Kidney stone measurement was self-reported and the
results may be affected by under-reporting or over-
reporting. However, this study shows a better clinical
picture of kidney stones in the elderly in a large sample
size. On the other hand, the relationship of each variable
was analyzed in an adjusted manner to determine the
relationship size of each variable more precisely.

Conclusion

In conclusion, this study provides valuable insights into
the prevalence and associated factors of kidney stones
among the elderly population. The findings indicate that
approximately one-fourth of the elderly participants had
a history of kidney stones, with high blood pressure,
self-reported health status, alcohol consumption, and
education level identified as significant factors associated
with this condition. These factors can be targeted and
managed through lifestyle modifications and social
interventions. Given the multifaceted nature of health in
old age, it is imperative to prioritize the management of
kidney stones and the control of related risk factors. This
study highlights the importance of not only focusing on
medical and therapeutic interventions but also addressing
lifestyle factors and implementing strategies to control the
identified risk factors.
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