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Abstract

Background and Aims: Kidney stone disease is a crystal concretion formed usually

within the kidneys. The worldwide prevalence of kidney stones could be affected by

numerous differences in socioeconomic, and environmental factors. The purpose of

this study is to investigate kidney stones among Iranian adults aged between 35 and

70 years and the prevalence and evaluation of socioeconomic inequalities.

Methods: In this, a cohort‐based cross‐sectional study was carried out among

20,427 participants of ArNCDs aged 35 and 70 years old. Kidney stone was defined

as a dependent (and binary) variable while demographic and socioeconomic factors

were considered independent variables. Multivariable logistic regression was used to

identify the key socioeconomic factors affecting kidney stone prevalence in Ardabil.

Results: The overall prevalence of kidney stones was 17.6 (95% confidence interval

[CI]: 16.1–19.2) out of which 21.53% and 14.36% pertained to men and women and

14.18% and 23.17% pertained to the poorest and richest groups, respectively. There

was a significant difference in the prevalence of kidney stones between men and

women in terms of age, marital status, education level, chronic disease, body mass

index, and socioeconomic status (<0.001). The prevalence of kidney stones had a

positive correlation with age (1.7, 95% [CI]: 1.42–2.04) and socioeconomic status

(1.5, 95% [CI]: 1.34–1.69), where the odds of kidney stones increased significantly

by increasing age and socioeconomic status. Moreover, the kidney stone

concentration index showed a pro‐rich distribution wherein it was more common

among wealthy people (higher socioeconomic status) 0.062 (95% [CI]: 0.051–0.072).

Conclusion: The results of this study showed that there is significant inequality in the

prevalence of kidney stones, where it was more common among the richest people.

In addition, being men and old age are significantly related to kidney stones, so

policymakers and physicians should consider these factors.
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1 | INTRODUCTION

The formation of stones in the urinary system is a problem that has

plagued humans since the beginning of medical history.1 Urinary

stones are currently the third most common disease of the urinary

tract, wherein its incidence has steadily increased over the past few

decades.2 The probability of the formation of kidney stones varies in

different parts of the world. It is estimated to be 1%–5% in Asia,

5%–9% in Europe, 3% in North America, and 20% in Saudi Arabia3,4

Countries on the African–American belt (stretches from Egypt and

Sudan to the Middle East, India, Pakistan, Thailand, Indonesia, and the

Philippines) and tropical and subtropical regions reported high rates

of kidney stones.5 In various studies, the prevalence of kidney stones

in Iran was 1.9%–5.7% with a higher prevalence in western

provinces.6,7 Kidney stones are an important health issue that

sometimes leads to surgery.8 Kidney stones pose a significant health

burden to a working‐age population.9 Besides the physical problems,

kidney stones cost a lot accounting for 9% of hospitalization in the

United States with an average length of 3 days and $1.83 billion a

year.10 As a result, control of this situation, especially in developing

countries, relies heavily on preventing the growth of old stones and

formation of new ones.11

Indeed, socioeconomic status including social classes based on

family income, occupation and education, living in different parts of a

city, and housing status have a significant effect on the occurrence

and prevalence of diseases.12 Studies have demonstrated that

various epidemiological and demographic factors as predisposing

factors are involved in kidney stone incidence. As per results, the

socioeconomic and lifestyle factors have an active role in the risk of

kidney stones.13 Data from various studies show an association

between kidney stone disease and weight gain, body mass index

(BMI), and diabetes. On the other hand, the diversity in genetics,

ethnicity, and diet in different regions has been considered the cause

of kidney stones.14 Furthermore, the increased incidence of kidney

stones has also been linked to habitat changes, arid climate, obesity,

food, dehydration, and global warming.15 Kidney stones have been

associated with an increased risk of chronic kidney diseases, end‐

stage renal failure, cardiovascular diseases, diabetes, and hyper-

tension.16–18 It has been suggested that kidney stones may be a

systemic disorder linked to metabolic syndrome.19 Nephrolithiasis is

responsible for 2%–3% of end‐stage renal cases if it is associated

with nephrocalcinosis.18 Therefore, identifying the associated risk

factors could be useful in diagnosing and treating pathogenesis.20 In

patients with a high risk of kidney stone recurrence, an extensive

metabolic workup is recommended to identify stone risk factors and

to initiate a specific diet and medical treatment for each patient.21,22

In general, patients with kidney stones are advised to consume a lot

of fluids, a lot of fruits and vegetables, limited sodium and enough

calcium. In addition, all patients should be encouraged to have

adequate physical activity and maintain a normal weight.23 To our

knowledge, no study has been carried out to examine the

socioeconomic inequality of kidney stone prevalence in Ardabil

province, Iran. In addition, no historical research has used concentra-

tion indices to analyze aspects of inequality in the prevalence of

kidney stones. This study filled this gap in the literature by calculating

the socioeconomic differences in the prevalence of kidney stones in

Iran using a rich data set with a national representation.

2 | METHODS

2.1 | Study setting and sample

This population‐based cross‐sectional analysis was performed in

Ardabil, the capital of Ardabil province in northwest Iran, with

approximately 610,000 inhabitants.24 The data was collected from

the Iran Prospective Epidemiological Research Studies,25 and

analyzed to provide the sense required to reform health care policy

in the context of noncommunicable diseases. One of the 18

geographically distinct PERSIAN cohort research areas is the Ardabil

Non‐Communicable Disease (ArNCD) Cohort Study. It is important to

locate the specifics of the sampling design in someplace.25

Participants in the sample featured people from predominantly

Azeri ethnicities. A total of 20,525 adults between the ages of 35–70

of both sexes living in Ardabil were enrolled as PERSIAN cohort

targets and its rigorous protocol from May 2017 to February 2020.

The study included only individuals living in Ardabil with Iranian

citizenship. The PERSIAN cohort omitted deaf, mute, palsy, and

individuals with neurological disabilities, mental retardation, and any

psychiatric condition in an acute stage. The qualified interviewers

conducted the cohort questionnaire. Considering the missing details,

the final research sample size was 20,427 people.

2.2 | Data and variables

Kidney stone, the dependent (and binary) variable of this study, was

measured based on current smoking status. The current smokers

were defined as those who smoked one or more cigarettes a day for

at least a month, or who registered to stop smoking for less than

1 month. The independent variable was age (categorized from 35

to 70 years), gender (male/female), marital status (single/married/

divorced/other), education status (illiterate/primary/tips/diploma/

academic degree), BMI (underweight/normal/overweight/obesity),

and occupational status, and data on noncommunicable diseases

(cardiovascular disease, diabetes, and hypertension). These data

were collected based on the self‐declaration of the participants,

the outcomes of clinical studies, and the invitation to collect their

clinical records. The wealth index was also calculated as the

participant's socioeconomic status based on their self‐reported

wealth, and it was divided into five quintiles from 1st quintile as

the poorest to 5th quintile as the richest group. The assets,

homeownership, home area, and car price were considered for the

calculation of the wealth index.
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2.3 | Statistical analysis

The data were analyzed using Stata software, version14.0.0. The

findings were dichotomized to have no kidney stones for the study.

Kolmogorov–Smirnov test was used before running models to detect

the normality of prevalence and data distribution. The categorical

variables were defined as proportions, with their respective 95%

confidence intervals (95% CI). The means as dispersion scales for the

empirical factors, the standard deviation, and interquartile intervals

were measured. Poisson regression was used to obtain the crude and

modified prevalence and their corresponding 95% CI. To measure the

correlation and odds ratio based on multivariate logistic regression,

demographic variables, and chronic disease status were included in

the model.

3 | RESULTS

Totally, data from 20,427 participants of ArNCDs were included in

this study. Table 1 shows the prevalence of kidney stones based on

the imported variables and calculated subgroup comparison. The

overall adjusted prevalence of kidney stones in the Ardabil popula-

tion was 17.6% (95% CI: 16.1–19.2). The adjusted prevalence of

kidney stone in men (21.53, 95% CI: 20.7–22.3) were higher than in

women (14.36, 95% CI: 13.6–14.93). The weighted prevalence was

increased with age in both sexes, where the prevalence of kidney

stones for under 40 years old and above 65 years old groups of men

was 17.72 (95% CI: 15.9–19.6) and 21.36 (95% CI: 18.1–25.0). In the

case of women, they were 11.47 (95% CI: 10.2–12.7) and 18.28 (95%

CI: 15.1–21.8), respectively. There was a significant difference

between married men and women regarding kidney stone prevalence

(p < 0.001). The prevalence of kidney stones in both men and women

decreased with an increasing level of education. The prevalence of

kidney stones for illiterate men and women was 22.07% (95% CI:

20.6–23.6) and 14.33% (95% CI: 13.2–15.5), respectively. A

significant difference was detected among all education levels,

between men and women (p < 0.001), where men showed a higher

prevalence of kidney stones in all education groups. The results

showed that kidney stone prevalence was approximately the same in

men and women with different underlying diseases. The prevalence

of kidney stones was significantly higher in underweight individuals.

The prevalence of kidney stones in men and women of this group was

respectively 28.88% (95% CI: 17.5–43.6) and 18.18 (95% CI:

10.0–30.6), and significantly difference (χ2 = 185.17, p < 0.001). On

the other hand, there was a significant difference between the

poorest and richest groups in the prevalence of kidney stones

(χ2 = 38.24, p < 0.001), where the prevalence was higher in the richest

people with 23.17 (95% CI: 21.6–24.7) in men and 14.18 (95% CI:

12.4–16.1) in women. A significant difference was also observed in

kidney stone prevalence between men and women in all socio-

economic groups (p < 0.001).

Associations between kidney stones and age, gender, level of

education, marital status, noncommunicable disease, BMI groups, and

socioeconomic status were observed using multivariate logistic

regression (Table 2). Based on the results, the prevalence of kidney

stones was significantly increased by age, where the probability of

kidney stones in the 65 years and older group was about 1.7 (95% CI:

1.42–2.04) times higher than the youngest group, as the reference

group. The probability of kidney stones was 1.07 (95% CI: 1.42–2.04)

in males, but there was no significant association between sex and

the probability of kidney stones (p = 0.051). Besides, insignificant

associations were found between kidney stones and marital status,

educational level, and chronic diseases such as diabetes, hyper-

tension, and cardiac ischemia (p > 0.05). In contrast, a significant

association was detected between kidney stones and socioeconomic

status wherein the probability of kidney stones was significantly

increased by increasing the socioeconomic status level. As per the

results, the probability of kidney stones among the richest group was

about 1.5 (95% CI: 1.34–1.69) times higher than the poorest group,

as the reference group.

The results related to inequality in kidney stone prevalence in the

study population based on the socioeconomic level and gender are

reported in Table 3 and Figure 1. The estimated Cn was 0.062 (95%

CI: 0.051–0.072) for the entire population, and was 0.083 (95% CI:

0.072–0.093) for the age group. This estimation showed that kidney

stone was more common among people with higher socioeconomic

status. The socioeconomic inequality in kidney stone was significant

for age groups where kidney stones are common among older

people. Based on the results of the focus curves, the kidney stone

concentration curves for the study population and age groups were

below the equality line, indicating that kidney stone was more

common among wealthy people (Figure 1).

4 | DISCUSSION

This study showed that the incidence of kidney stones in patients

aged 35–70 years was 17.6% during 2017–2018. The findings

revealed that the prevalence of kidney stone disease in Ardabil was

significantly higher than the average prevalence in Iran (13.6%).26

This value varies from 3.5% to 18.5%, depending on the countries or

regions.27,28 For instance, it was reported to be 14.8% in Turkey,

approximately 10% in the United States, and 5.9%–10.6% in

China.29–31

The results of the present study showed that the kidney stone

prevalence was, respectively, 21.53% and 14.36% in men and

women. The results were consistent with the hypothesis that men

are more likely to develop kidney stones, possibly due to high protein

and salt intake compared to women, and that older men are more

likely to develop the disease due to male hormones.

As per several studies, the average prevalence of kidney stones

in men and women is between 7%–15% and 3%–6%, respectively.32

The prevalence ratio of kidney stones in men to women has been

generally higher than one,33 for example, it has been reported to be

1.5 in Turkey and 5 in Saudi Arabia.29,34 As per some empirical

information, the higher prevalence of kidney stones in men could
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result from the effect of sex hormones on a number of kidney stone

risk factors. Reportedly, androgen can increase the urinary excretion

of oxalate and its deposition in the kidney whereas estrogen acts

inversely.35 Still, this requires further studies with large sample sizes.

In this study, the prevalence of kidney stones in men and women

significantly increased with age, which was in line with other studies'

findings.34,36 The age of onset of kidney stones has been reported to

be 30–50 years old in various studies.37

TABLE 1 Percent prevalence of kidney stones by population characteristic and calculating the difference between subgroups in terms of
kidney stone prevalence

Male Female
p valuen proportion (95% CI) n proportion (95% CI)

Age categories

<40 278 17.72 15.91–19.69 283 11.47 10.27–12.79 <0.001

40–44 273 19.75 17.73–21.93 245 13.61 12.10–15.28 <0.001

45–49 425 21.90 20.12–23.80 315 15.00 13.54–16.60 <0.001

50–54 386 22.38 20.48–24.41 260 14.19 12.66–15.86 <0.001

55–59 312 24.18 21.92–26.59 217 15.18 13.41–17.14 <0.001

60–64 230 24.67 22.01–27.54 168 17.74 15.43–20.30 <0.001

>65 116 21.36 18.11–25.01 94 18.28 15.17–21.86 0.120

Marital status

Single 27 16.87 11.83–23.49 27 15.42 10.79–21.56 0.105

Married 1813 21.71 20.84–22.61 1402 14.10 13.43–14.80 <0.001

divorced 111 20.10 16.97–23.66 103 17.08 14.28–20.29 0.325

Other 31 19.74 14.24–26.71 24 15.48 10.59–22.06 0.333

Education

Illiterate 646 22.07 20.60–23.60 503 14.33 13.20–15.52 <0.001

Primary 437 21.32 19.60–23.15 354 14.37 13.04–15.81 <0.001

Tips 308 22.20 20.09–24.47 248 15.28 13.61–17.11 <0.001

Diploma 331 20.66 18.74–22.71 238 13.27 11.78–14.92 <0.001

Academic degree 260 20.66 18.51–22.99 214 14.39 12.69–16.26 <0.001

Chronic disease

Have diabetes 234 21.80 19.43–24.37 193 15.26 13.38–17.35 <0.001

Have hypertension 404 21.12 19.35–23.01 322 14.37 12.98–15.88 <0.001

Have cardiac ischemic 163 21.47 18.69–24.54 145 15.74 13.53–18.24 0.004

BMI categorized

Underweight 13 28.88 17.57–43.63 10 18.18 10.07–30.60 0.526

Normal weight 308 21.73 19.66–23.96 234 13.59 12.05–15.29 <0.001

Overweight 834 21.60 20.33–22.93 627 14.14 13.14–15.20 <0.001

obesity 825 21.20 19.95–22.52 684 14.69 13.70–15.74 <0.001

Socioeconomic status (SES)

Poorest 231 18.06 16.04–20.26 401 14.27 13.02–15.61 <0.001

Poor 286 20.60 18.55–22.81 383 14.15 12.89–15.51 <0.001

Middle 352 21.87 19.92–23.96 372 15.01 13.65–16.47 <0.001

Rich 506 21.72 20.09–23.44 236 13.40 11.89–15.08 <0.001

Richest 639 23.17 21.63–24.78 188 14.18 12.41–16.17 <0.001

Abbreviations: BMI, body mass index; CI, confidence interval; ref, Reference group; SES, socioeconomic status.
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TABLE 2 Multivariable logistic regression model for the association between socio‐demographic factors and Kidney stone among
Ardabil population

Odds ratio
Crude (95% CI) p value Adjusted (95% CI) p value

Age categories

<40 (ref.) 1 – 1 –

40–44 1.20 (1.05–1.37) 0.005 1.22 (1.07–1.40) 0.002

45–49 1.38 (1.23–1.56) <0.001 1.42 (1.26–1.61) <0.001

50–54 1.37 (1.21–1.55) <0.001 1.42 (1.26–1.62) <0.001

55–59 1.49 (1.31–1.70) <0.001 1.58 (1.38–1.80) <0.001

60–64 1.66 (1.44–1.91) <0.001 1.80 (1.55–2.08) <0.001

>65 1.53 (1.28–1.82) <0.001 1.70 (1.42–2.04) <0.001

Sex

male 1.07 (0.99–1.15) 0.058 1.07 (0.99–1.16) 0.051

Marital status

Single (ref.) 1 – 1 –

Married 1.10 (0.82–1.48) 0.486 1.11 (0.82–1.49) 0.478

divorced 1.18 (0.85–1.63) 0.311 1.15 (0.83–1.60) 0.386

Other 1.11 (0.73–1.67) 0.609 1.08 (0.72–1.64) 0.690

Education

Illiterate (ref.) 1 – 1 –

Primary 0.97 (0.88–1.08) 0.667 0.99 (0.90–1.10) 0.964

Tips 1.04 (0.93–1.16) 0.464 1.06 (0.94–1.19) 0.305

Diploma 0.92 (0.82–1.03) 0.176 0.94 (0.83–1.05) 0.290

Academic degree 0.96 (0.85–1.08) 0.503 0.98 (0.86–1.11) 0.771

Chronic disease

Have diabetes 1.05 (0.94–1.17) 0.370 1.05 (0.92–1.18) 0.433

Have hypertension 0.98 (0.90–1.08) 0.816 0.96 (0.86–1.06) 0.435

Have cardiac ischemic 1.05 (0.92–1.20) 0.415 1.05 (0.91–1.120) 0.453

BMI categorized

Normal weight (ref.) 1 – 1 –

Underweight 1.43 (0.88–2.30) 0.139 1.41 (0.87–2.28) 0.152

Overweight 1.02 (0.91–1.14) 0.665 1.00 (0.90–1.12) 0.862

obesity 1.02 (0.92–1.14) 0.624 1.00 (0.89–1.12) 0.992

Socioeconomic quintiles

Poorest (ref.) 1 – 1 –

Poor 1.06 (0.94–1.20) 0.274 1.10 (0.97–1.24) 0.115

Middle 1.17 (1.04–1.32) 0.006 1.23 (1.09–1.39) 0.001

Rich 1.21 (1.07–1.36) 0.001 1.29 (1.15–1.46) <0.001

Richest 1.38 (1.23–1.55) <0.001 1.50 (1.34–1.69) <0.001

Abbreviations: BMI, body mass index; CI, confidence interval; ref, Reference group.
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At the same time, the prevalence of kidney stones was reduced

with an increase in education level. Although insignificant, both men

and women with higher education levels had a lower chance of

developing kidney stones. As an illustration, in the Tefekli et al. study

in Turkey in 2005, most of the patients with kidney stones were at

nonuniversity education levels.37 Additionally, Konjengbam's et al.38

reported that higher academic education was associated with a

reduced risk of developing kidney stones. The probable cause of the

reduced risk of developing stones with an increased level of

education could be due to the differences in their diet and behavioral

habits. this is because as the level of education improves, the level of

health literacy of individuals also increases, which in turn reduces the

risk of noncommunicable diseases, including kidney stones.38

The results exposed a disproportionate distribution of kidney

stone prevalence in participants in terms of BMI wherein the

prevalence was low in obese people, but the highest was in

overweight people. Although the differences between men and

women in the prevalence of kidney stones were significant as per

BMI, no significant relationship was found between the increased

BMI and the prevalence of kidney stones. In contrast, several studies

have reported the elevated risk of kidney stones in association with

obesity, weight gain, and BMI.35,39 From a physiological point of

view, obesity is associated with increased renal excretion of calcium

and uric acid, thus increased urinary acidity all of which the risk of

stone formation is increasing.40,41 In a study by Taylor et al.42 it was

found that obesity and weight gain increased the risk of developing

kidney stones, higher in women than in men. In another study, Sarıca

et al. showed that obesity can boost the excretion of stone

constituents into the urine.43 On the contrary, the urinary calcium

secretion in obese people was lower than in ordinary people. Two

hypotheses concerning the role of obesity in developing kidney

stones can be proposed: (1) Obesity itself is a risk factor for kidney

stones, and (2) Obesity is associated with another risk factor for

developing urinary stones, such as increased calcium or oxalate

secretion.43 Assuming obesity as a symptom of metabolic syndrome,

which is epidemiologically and physiologically related to the risk of

kidney stones, the high rate of obesity in Ardabil, especially among

women, could be an explanation for the significant increase in the

incidence of kidney stones. The mechanism of stone formation

includes nucleation of stone constituent crystals, their growth or

aggregation to a size that can interact with some intrarenal structure,

their retention within the kidney or renal collecting system and

further aggregation and/or secondary nucleation to form the clinical

stone.44 The crystals form either in renal tubular fluid or in the renal

interstitial fluid that is supersaturated with respect to these

constituents, which in turn may be a consequence of increased

excretion of stone constituent molecules, reduced urine volume, an

alteration in urine pH, or a combination of these factors.45,46

The socioeconomic inequality indicators employed in the present

study showed that there was a severe prorich inequality in the

prevalence of kidney stones. As per the results, the probability of

kidney stone occurrence among the richest group was about 1.5

times higher than in the poor group where the distance between the

TABLE 3 Normalized concentration indices for kidney stones
among Ardabil PERSIAN Cohort participants based on Wagstaff
norm between SES quintiles and age groups

Concentration index
Normalized
concentration index 95% CI p value

Socioeconomic
status

0.062 0.051–0.072 <0.001

Age 0.083 0.072–0.093 <0.001

Note: No. of Obs. = number of observations.

Abbreviations: BMI, body mass index; CI, confidence interval.

F IGURE 1 Concentration curve for kidney
stone prevalence among total samples (A) and age
groups (B) based on the wealth index
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richest and poorest groups was 8.47%. One of the important factors

could be the fact that rich and poor individuals follow different

lifestyles and nutrition habits. As per studies, nutrition habit plays an

important role in the onset and recurrence of kidney stone disease.33

For instance, some studies have shown that vegetarians faced a

lower risk of developing kidney stones than those on a high‐meat

diet.47 The available scientific evidences supports the harmful effects

of high consumption of red meat and low calcium diets, while the

high portion of fruits and vegetables along with the balanced

consumption of low‐fat dairy products result in the lowest risk of

kidney stones.48 Therefore, since the accessibility of rich people to

high‐protein foods could be higher than the poor, the prevalence of

kidney stones showed a higher rate in the rich group.

This is the first study in Iran, as a developing country, that has

investigated the disparity in kidney stones as one of the most common

kidney diseases. The findings of this study provide important implications

for patients with kidney stones in Ardabil. The results of this study

suggest that various factors can be useful in preventing kidney stones.

The rapid change in the prevalence of kidney stones implies that an effort

should be made to prevent recurrence.48,49

The significance of the present study was the large size of the

population sample in the PERSIAN Cohort. According to the standard

data collection protocol, all the required information was recorded

and analyzed with high accuracy. In addition, this study is among the

rare studies investigating socioeconomic inequality in the prevalence

of kidney stones at the global and national levels. The only limitation

of the present study was using the self‐reported method to diagnose

kidney stones in participants. However, the reports were confirmed

by checking the final ultrasound results of the participants.

5 | CONCLUSIONS

The prevalence of kidney stones in the population of 35–70 years old in

northwest Iran (Ardabil) was significantly high. The results of this study

showed that kidney stone incidence can be affected by socioeconomic

factors which were more common among men, the elderly, and

individuals with high socioeconomic status. Furthermore, socioeconomic

inequality was among the most influential factors in the prevalence of the

disease. The socioeconomic inequality in kidney stones was significant for

age groups where kidney stones are common among older people.

Economic status and access to high‐protein nutrition can be one of the

main factors affecting socioeconomic inequalities in the prevalence of

kidney stones. New curricula and policies must be developed in health

systems to reduce these inequalities.

In our study, the results of logit regression predicted the

probability of kidney stones in Iran. The results of this study are a

background for future studies. It is suggested that in future studies,

the diet of people with urinary stones and those without stones

should be investigated as a case‐control study and the causes of

stone formation should be investigated based on socioeconomic

inequality. Also, the reasons for not visiting a doctor in people with

stones should be investigated.
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