Workload Burden and Nephrolithiasis: Occupational Impact on Stone Disease.

Abstract
Introduction:
Urolithiasis is a common condition and its worldwide prevalence has risen over the past few decades. It has been shown to have a complex etiology influenced by genetic, metabolic, environmental, and lifestyle factors including occupation. The effect of occupational risk on urolithiasis has not been thoroughly studied but has been linked to sedentary and labor-intense occupations. The present study aims to establish a correlation between stone composition and occupational workload.
Methods:
Data from patients who underwent an endourological procedure for stone disease at our department, where stone analysis was available, were collected retrospectively from 2018-2020. Patients <18 of age were excluded from the analysis.
Stones were classified as calcium oxalate monohydrate (COM), dihydrate (COD), carbapatite stones (CAP), and uric acid (UA). Stones containing any struvite, brushite, cystine, calcite, or xanthine, were classified as “other”.
Patient's occupation was stratified into strength levels (Sedentary, Light, Medium, Heavy, and Very Heavy) according to the amount of force or physical effort.
Results:
628 patients were included, 454(72.3%) male and 174(27.7%) female, with a mean age 51.4±15.1. Occupational workload: Sedentary 291(46.33%), light 239(38.05%), medium 62(9.87%), and heavy 36(5.73%). We found no statistically significant association between occupational workload and specific stone composition, P= 0.57, although an inverse correlation was found between occupational workload and stone formation, R squared 0.9, P= 0.04. This association is most prominent in COM, R squared 0.92, P=0.04.

Conclusions:
The etiology of urolithiasis is complex and influenced by various factors. There are some environmental predispositions, such as climate and workload that affect the water balance and increase the risk of urolithiasis. 
Unfortunately, no correlation was established in our study between workload and stone composition. Nevertheless, there was a trend of a higher occurrence of COM stones in individuals with a sedentary workload, which may become statistically significant in a larger sample size. 
Further research is required to confirm these findings.



Introduction
Urolithiasis is a prevalent health issue that has been increasing globally in recent decades [1-4]. United States increase in overall prevalence from 5.2% to 8.8% of the population (men 10.6%, women 7.1%), 7-13% in North America, 5-9% in Europe, and 1-5% in Asia. in Japan where the estimated annual incidence of first-episode upper urinary tract stones in 2005 was 134.0 per 100,000 (192.0 in men and 79.3 in women) compared with 54.2 per 100,000 in 1965 [21].
It has also been suggested that the likelihood of the condition reoccurring can be as high as 50% within 5-10 years and 75% within 20 years. The precise factors contributing to this increased occurrence have not yet been determined. 
The etiology of urolithiasis is multifactorial and influenced by geography, climate, diet, fluid intake, genetics, gender, occupation, and age [5]. 
Occupational habits on stone formation have not been widely explored, although the occupational history of stone formers has been recognized as an important factor in their evaluation.
Occupation risks include heat exposure leading to dehydration or conditions that limit frequent hydration. Such conditions may result in reduced fluid intake, decreased urinary output, and an increased vulnerability to stone formation. [7,8].  On the other hand, individuals who have sedentary occupations are also believed to be at greater risk of urinary lithiasis development [6]. 
In addition, all factors and the mechanisms that have been mentioned above can affect stone composition which is critical for the management, treatment, and prevention of urolithiasis.
We used available data on stone composition to find a correlation between occupation, and its workload to urolithiasis formation.


Objective
This study aims to establish a correlation between the composition of kidney stones and the occupational workload of patients with urolithiasis.


Methods
1. Data
We collected and analyzed demographic data from patients in our institution who had available stone analysis from 2018 -2020.
2. Stone analysis and composition classification
All stones were analyzed by X-ray diffraction.
Stones were classified as (European guidelines [9):
· Calcium Oxalate (CaOx) which included either CaOx Monohydrate (COM) or CaOx Dihydrate (COD), Calcium phosphate/Carbapatite (CAP) by the predominant component of the stone (>50 % of the composition).
· Urate stone if it contained uric acid (UA), uric acid dihydrate, monosodium urate monohydrate, or ammonium acid urate.
· Stones containing any struvite, brushite, cystine, calcite, xanthine, or silica were placed in the corresponding name groups.
· Rare stones (<0.1 %) composed of proteins, cholesterol, matrix, cellulose, and drug-induced calculi were classified as “other”.

3. Workload parameters
The classification of patient occupations was based on five intensity levels (Sedentary, Light, Medium, Heavy, and Very Heavy). These levels enable a classification of occupations based on the amount of force or physical effort exerted by workers. [10].
Most jobs require workers to expend energy to some extent. The amount can be affected by a worker's body position and the frequency of the repetition of a task. For example, if workers deliver items weighing between 26-50 pounds occasionally, then the job would be classified as a medium strength level. However, if they delivered slightly heavier items (51-100 pounds) or the duration of carrying or lifting 26-50 pounds increased to being performed frequently, then the job would be classified as a heavy strength level. “Negligible weight” includes anything lifted or carried weighing less than one pound. (Table 1.)
The Selected Characteristics of Occupation (SCO) Defined in the Revised Dictionary of Occupational Titles describes five “Strength” categories differentiated by exertional requirements: sedentary, light, medium, heavy, and very heavy. 
Sedentary -requires exerting up to 10 pounds of force occasionally or a negligible amount of force (less than 10 pounds) frequently.
Light work -requires exerting up to 20 pounds of force occasionally, 10 pounds frequently, or a negligible amount of force constantly. Jobs may also be classified as light if they require: standing or walking to a significant degree; sitting most of the time while pushing or pulling arm or leg controls; or working at a constant production rate pace.
Medium - requires exerting up to 20 to 50 pounds of force occasionally, 10 to 25 pounds of force frequently, or up to 10 pounds constantly.
Heavy work - requires occasional exerting up to 50 to 100 pounds of force, 25 to 50 pounds frequently, or 10 to 20 pounds constantly.
Very Heavy - requires exerting more than 100 pounds of force occasionally, 25 to 50 pounds frequently, or more than 20 pounds constantly [10].

3. Statistics
Descriptive analyses (number, percentage, and mean ± standard deviation) were performed to obtain general data. Correlations were performed using the Pearson correlation coefficient. Chi-squared tests and logistic regression analyses were used to assess the effects of stone composition and workload. T-tests were used for the correlation between stone composition and age.


4. Ethics
The Helsinki Declaration at our institution approved the study protocol.


Results

A total of 657 patients had an available stone analysis, of these,16 patients younger than18 years old and 13 patients with unknown professions were excluded.
Of the remaining 628 patients, 454 (72.3%) were male patients with a mean age of 51.84 years, and 174 (27.7%) were female with a mean age of 50.24 years

Patients were categorized based on workload: sedentary 291 (46.33%), light 239 (38.05%), medium 62 (9.87%), and heavy 36 (5.73%). We had no patients in the very heavy workload category (table 2).
The most common stone type was CaOx in 79% of patients. 
We found that CaOX dihydrate and CAP are statistically more common in younger patients, median age of 42 years and 37 respectively. While in middle-aged age and older patient groups CaOX monohydrate and UA stones (p<0.0001) were more common, median age of 53 years and 61 respectively.

The incidence of CaOX monohydrate was found to be 1.3 times higher in men than in female patients(p<0.0001), while there was no difference in the incidence of UA or COD stone between these groups (p=0.6648).
The chance of CAP stone among women who are already diagnosed with urolithiasis is 5 times that of men (p<0.0001).
Both genders showed that the heavier the workload the lower chance for CAP stone incidence (p=0.25).
The percentage of patients with calcium oxalate monohydrate (COM) stones was consistent across all workgroups. However, in subgroup analysis by gender, female patients with heavier workloads had a higher likelihood of developing COM stones. (p=0.3).
Males with a sedentary workload had a higher chance of developing COM stones than women 78% vs. 52% respectively (p=<0.0001), while women had a higher chance for CAP stones than males 18% vs 5% respectively (p=0.0005).
As for Light workload and CAP stones, the chance for men was found to be even lower than for women 1% vs. 15% respectively (p<0.0001).
No statistically significant association between occupational workload and specific stone composition was found (p= 0.57), although an inverse correlation was found between occupational workload and stone formation, R squared 0.9, P= 0.04. This association is most prominent in COM, R squared 0.92, P=0.04. (Figure 1.)

Discussion
The prevalence of urolithiasis in the global adult population ranges from 1% to 13% and has been consistently increasing throughout the years. [1-4]. 
Geographic, socio-economic, and climate factors affect the development of kidney stones. Age, sex, familial factors, race, and diet influence the prevalence and incidence of the disease. Obesity and metabolic syndrome are recognized as risk factors for urolithiasis [11]. Kidney stones increased with the number of metabolic syndrome traits from 3% with 0 traits to 7.5% with 3 traits to 9.8% with 5 traits. Systemic diseases such as cardiovascular disease, hyperuricemia, impaired kidney function, and hypertension were linked to kidney stone disease [22,23].
Population growth, aging, and the rise in the utilization of advanced imaging techniques for detecting symptomatic or asymptomatic stones could also be factors contributing to this increase. [14,15]
The findings from our study population support the proclamation that CaOx remains the most prevalent stone composition. As for age groups, we found that the incidence of CaOx dihydrate and CAP is higher in younger patients while middle-aged age groups showed to have more CaOx monohydrate, and in older patients, UA stones were more common. These assumptions may be strengthened by the fact that males of all ages tend to consume more animal proteins, thus developing oversaturated CaOx stones. In contrast to males, females are more prone to acidification abnormalities, disorders of calcium or phosphate metabolism, and urinary tract infections. These factors contribute to the production of CAP stones in females. Moreover, women with previous episodes of urolithiasis, have been found to have 5 times more chances of getting CAP stones than men (p<0.0001). Older individuals with a higher body mass index (BMI), metabolic syndrome, and chronic renal failure are more likely to have elevated acidity in their urine. This can result in damage to the renal proximal tubules and decreased tubular alkalization, making them more susceptible to developing uric acid stones. [16-18].
Multiple attempts have been made to establish a connection between the development of stone formation and occupational characteristics. We assume that different occupations have different effects on the development of specific types of stones due to variations in water intake and processes related to metabolism. Some occupations and their specific characteristics can affect the factors above [12]:
1. Those working in higher temperature environments are more likely to produce concentrated urine, increasing their stone risk formation.
2. Occupations that prevent individuals from maintaining a low concentration of urine, or from urinating when needed can make them more susceptible to the development of kidney stones.
The weather in Israel is very similar to the desert with scorching temperatures and sun exposure. The mechanism for stone formation in these cases is dehydration and reduced or limited access to drinking water. People working outdoors such as steel workers, construction workers, road workers, farmers, miners, cooks, or drivers, are more susceptible to developing urolithiasis due to or exposed to high temperatures, than people working at room temperature [25-28]. Engaging in physically demanding labor and being exposed to elevated temperatures increases ninefold the likelihood of developing urolithiasis [8]. 
Long exposure to the sun may increase the production of vitamin D3 increases and, after conversion to 1,25-dihydroxy-vitamin D3 in the kidneys, it may promote calcium absorption in the intestines, which also determines the development of stone disease [29].
Despite mentioned above there are some studies that show an inverse correlation between urolithiasis and workload. Iguchi et al. [30] noted that office workers without exposure to high ambient temperatures were characterized by a higher incidence of kidney stones than farmers and workers with such exposure. This was assured by several additional studies that people working indoors, especially office workers have a higher incidence of urolithiasis [27,31,32]. There are several explanations for this phenomenon.
The first sedentary lifestyle may be an unhealthy lifestyle associated with, e.g., inappropriate dietary habits combined with a lack of physical activity and a relatively low intake of fluids, which itself might increase metabolic syndrome development.
The second is when sedentary work is performed in an air-conditioned environment, the low air humidity and dry air lead to increased water loss through the skin. As a result, urine volume decreases and the concentration of calcium and uric acid in the urine increases, leading to supersaturation. [13].
Additionally, certain occupations such as teachers, and drivers, may hinder individuals from maintaining diluted urine or from voiding throughout work hours [19].
Our study as mentioned above also found an inverse correlation between occupational workload and stone formation. This association is most prominent in COM. The same findings were mentioned by research done in Western countries, as they have reported a higher proportion of white-collar occupations presented with ureteric calculi [24].
The oldest paper that approves this theory was done by Mates [33], his research showed that among patients with urolithiasis, office workers (23%) and other workers performing sedentary work (24%) were prevalent, while other groups were general physical workers (16%), employees in transport services (9%), housewives (8%), pensioners (5%), teachers (5%), nurses and nursing assistants (4%), and farmers (1%). 
The latest work done by Hire et al. [34] showed that urolithiasis occurred more frequently in sedentary people (67%) than in manual workers (29%).
By looking into the demographics of our sedentary group, retired (30%) are the most affected, then businessmen (12%), unemployed (12%), students (11%), sales managers (4%), engineers (4%) and others.
As previously stated, the pathophysiology of urolithiasis differs slightly between males and females. Even when we observe the relationship between gender, work, and urolithiasis, our study shows that men working at a s
sedentary workload has a higher chance of developing a COM stone than women (78% vs. 52% respectively). However, while examining the relation between  CAP  and sedentary workload, women had a significantly greater occurrence rate of 18% compared to 5% in men. Our work consistently found a higher prevalence of CaOX stones in males and a higher prevalence of CAP in females, as reported globally.
However, further research is required to confirm these findings.

Conclusions
The etiology of urolithiasis is complex and influenced by various factors. There are some environmental predispositions, such as climate and workload that affect the water balance and increase the risk of urolithiasis. 
Unfortunately, no correlation was established in our study between workload and stone composition. Nevertheless, there was a trend of a higher occurrence of COM stones in individuals with a sedentary workload, which may become statistically significant in a larger sample size. 
Further research is required to confirm these findings.
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Characteristics of Patients, Stones, and Workload. Table 2.[image: ]

























Stone type and workload association are presented in Table 3.

	 
	Sedentary n= (%)
	Light Workload n= (%)
	Medium Workload n= (%)
	Heavy Workload n= (%)
	Total n= (%)

	Calcium Oxalate
	235(37.9%)
	178(28.71)
	50(8.06%)
	31(5.0%)
	494(79.68%)

	F
	39(6.29%)
	65(10.48%)
	10(1.61%)
	/
	 

	M
	196(31.61%)
	113( 18.23%)
	40(6.45)
	31(5.0%)
	 

	Calcium Phosphate
	22(3.55%)
	15(2.42%)
	2(0.32%)
	/
	39(6.29%)

	F
	11(1.77)
	14(2.26%)
	/
	/
	 

	M
	11(1.77)
	1(0.16%)
	2(0.32%)
	/
	 

	Uric Acid
	25(4.03%)
	30(4.84%)
	6(0.97%)
	3(0.48%)
	64(10.32%)

	F
	7(1.13%)
	11(1.77)
	2(0.32%)
	/
	 

	M
	18(2.90%)
	19(3.06%)
	2(0.32%)
	1(0.16%)
	 

	Other
	9(1.45%)
	11(1.77)
	2(0.32%)
	1(0.16%)
	19(3.06%)

	F
	4(0.65%)
	6(0.97%)
	1(0.16%)
	/
	 

	M
	5(0.81%)
	5(0.81%)
	1(0.16%)
	1(0.16%)
	 

	Total
	291(46.94%)
	234(37.74%)
	60(9.68%)
	35(5.65%)
	620







Figure 1. Intensity versus any type of stone.
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Table 1. Strength level based on lufting or carrying or percentage of the workday spent standing.



Seldom Occasionally Frequently Constantly
Sedentary work Up to 10 pounds Up to 10 pounds Negligible [3] No weight Less than or equal to 1/3 [2].



Light work 11-25 pounds 11-25 pounds 1-10 pounds Negligible [3]



Medium work 26-50 pounds 26-50 pounds 11-25 pounds 1-10 pounds



Heavy work 51-100 pounds 51-100 pounds 26-50 pounds 11-25 pounds



Very heavy work >100 pounds >100 pounds >50 pounds >25 pounds



[3] Negligible weight includes anything lifted or carried weighing less than 1 pound.



Strength Level
Duration of lifting and carrying



Percent of workday standing [1].



[1] standing estimates include time spent standing, walking, and in low postures.



[2] When the sedentary lifting or carrying requirements are met, and more than 1/3 of the workday is spent standing, light work is required.
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