
1 3

Urolithiasis (2016) 44:3–7
DOI 10.1007/s00240-015-0847-4

INVITED REVIEW

The exposome for kidney stones

David S. Goldfarb1,2 

Received: 29 September 2015 / Accepted: 5 November 2015 / Published online: 28 November 2015 
© Springer-Verlag Berlin Heidelberg (outside the USA) 2015

Introduction

The suffix “-ome” has become rampant in biology and 
medicine and has been used to denote a complete account-
ing of molecular components. Wikipedia.com says that in 
cellular and molecular biology, the suffix is used to form 
nouns with the sense of “all constituents considered col-
lectively”. Success in mapping the human genome led that 
word to become a model for the proteome, the microbi-
ome and the metabolome, as some prominent examples. A 
newer concept is that of the exposome, the assembly and 
measure of all the exposures of an individual in a lifetime 
[1]. Having then collected these exposures, one can apply 
a variety of new techniques utilizing large databases to try 
to determine how those exposures relate to health. Ideally, 
an individual’s exposures begin before birth and includes 
insults from environmental and occupational sources.

This effort is leading to a field called exposomics, which 
relies on the application of internal and external exposure 
assessment methods. Disease (and health) is the result of 
how exposures are then filtered through the unique charac-
teristics of each individual (Fig. 1) [1]. To a large degree, 
those unique characteristics constitute the genetics of indi-
viduals, their susceptibilities and resistances.

The exposome for kidney stone formation

Lithology, the study of kidney stones, has long been inter-
ested in risk factors for stone formation, both exposures and 
“unique characteristics” that determine whether the expo-
sures have an effect. The “unique characteristics” of indi-
viduals include their genes and their contribution to kidney 
stone disease. The genetics of stone disease has yielded 
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much new information of late, and advanced rapidly, with 
a thorough understanding of rare genetic causes of kidney 
stones [2]. However, the genetic basis for the large heredi-
tary component of stones in the general population remains 
unexplained [3].

As for exposures, a vast literature reporting on epidemi-
ologic data has led to many notable advances in the science 
of stones. The conclusions of this body of work are that 
there are many exposures relevant to stone disease, which, 
unlike genetics, represent modifiable risk factors for stones, 
including fluid intake, diet, body habitus, exercise, and 
drug exposures. Diet and fluid intake have particularly been 
studied with regard to their effects on both urine chemistry 
(a surrogate for stone formation), as well as on the outcome 
of interest: clinically important kidney stones [4].

Ambient temperature and kidney stones

A recent exposure of interest leading to stone disease is that 
of ambient temperature. At warmer temperatures, perspira-
tion advances via dermal losses and urinary concentration 
due to increasing vasopressin levels ensues. Urinary super-
saturation supervenes and kidney stone formation occurs. 
The awareness of this association goes back to at least 1945 
[5]. The extreme case of this phenomenon demonstrates 
the rapidity with which stones can form. In US service 
men deployed to the hot environment of Kuwait, the mean 
period of time before presentation with a kidney stone was 
93 days [6].

The “stone belt” of the United States, the southern 
states, has a higher rate of stones than cooler, more north-
ern, states [7]. Although diet and genetic variation may be 
alternative explanations, the warmer year-round tempera-
tures are likely the important causative variable. Projections 
of global warming advancing northward suggest that every 
1  °C increase in ambient temperature will cause a 4.2  % 
increase in stone risk [8]. In that case, by 2050, higher tem-
peratures could cause an additional 1.6–2.2 million kidney 
stone cases in the US, representing up to a 30 % increase in 
some areas.

While global warming has increased the temperature 
of the Earth by less than 1  °C in the last century, kidney 
stones have been increasing in prevalence for as long as 

there are reliable data, extending back about 30  years [9, 
10]. A temperature-related explanation could be progres-
sive urbanization, with more people exposed to urban heat 
islands (UHIs) [11]. Urbanization is the increase in the 
proportion of the Earth’s population living in urban areas. 
Some of this increase in urban populations is due to migra-
tion and some due to reproduction. Lack of vegetation and 
effects of urban architecture lead to the formation of UHIs, 
areas in cities particularly warmer than more rural areas. To 
date, no studies have thoroughly examined data regarding 
the health effects of urbanization, though changes in diet, 
income, and activities may be relevant variables. Exposure 
to UHIs clearly has acute health effects, such as death from 
heat exposure, and may also have chronic effects, such as 
increased prevalence of stone disease.

Antibiotics and kidney stones

An additional novel exposure influencing stone disease 
could be the use of antibiotics. The protective effect of the 
colonic bacterium Oxalobacter formigenes (OF) has been 
proposed since the organism’s discovery. Oxalate is the 
only substrate of this obligate anaerobe, so that its pres-
ence should reduce luminal oxalate available for absorption 
and excretion in the urine. Its presence is associated with 
fewer stones, though not all studies have shown that urinary 
oxalate is lower [12]. The organism also stimulates intes-
tinal secretion of oxalate, suggesting that it has the ability 
to elicit movement of its substrate from blood to lumen, 
further reducing urinary oxalate excretion [13]. In the only 
longitudinal study of OF colonization following antibiotic 
use, in this case, treatment for Helicobacter pylori, OF 
colonization was substantially reduced at 1 and 6 months 
[14]. The continued overusage of antibiotics includes more 
widespread use of broad-spectrum macrolides to which 
OF is sensitive [15]. OF is present in significantly lower 
numbers of people in Western countries as compared with 
Amerindians, likely due to antibiotic use [16, 17]. If OF is 
truly protective against stones in humans as ample litera-
ture suggests, the observed increase in stone disease in the 
last 30 years may in part be due to exposure to antibiotics.

Occupational kidney stones

We note that one important exposure, however, remains 
relatively unexamined and not well surveyed or cataloged: 
occupation. In fact, the National Institute for Occupational 
Safety and Health (NIOSH) has identified the needs for 
the new field of exposomics in studying the occupational 
exposures that people undergo, though not from an inter-
est in kidney stones specifically. NIOSH identifies a need 

Fig. 1   Exposures, constituting the exposome, are filtered by our 
unique characteristics (particularly heredity), to yield our individual 
disease states. Modified from (1)
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for investment in and exploration of new technologies and 
tools to measure internal and external exposures. Studying 
the associations between exposures and disease will require 
a new molecular epidemiology. This discipline will also 
need to develop and validate new methods for biomoni-
toring to measure both the exposures and the associated 
effects. That monitoring is further complicated given the 
need to have some measure of legacy, or past, exposures. In 
contemplating this new science, it is evident that our ideas 
about the data that need collecting and that will constitute 
the epidemiologic future of the study of disease is in flux 
and changing rapidly. Up until now, most epidemiologic 
databases used for assessment of kidney stone risk factors, 
such as NHANES, have not collected all the exposure data 
one might have liked.

Until these newer methodologies are developed, practi-
tioners must account for occupation when seeing a patient 
with new onset of stone formation. A detailed understand-
ing of a patient’s access to water, access to bathroom facili-
ties, exposure to ambient temperature, and liberties at work 
or school to attend to fluid and urination requirements are 
all mandatory.

The inadequacies of the current literature on this subject 
are clear from a search of the US National Library of Medi-
cine’s Pubmed.gov. I conducted a search, not intended to 
be systematic or all-inclusive, on September 29, 2015. The 
search was for titles containing “occupation” AND (kidney 
stones OR nephrolithiasis OR urolithiasis). The yield was 
four articles, with three actually dealing with the subject 
of interest [18–20]. If one searches for “work” instead of 
“occupation”, the yield is at most 3 more relevant articles 
[21–23]. There are certainly others that I have collected 
that do not meet these narrow criteria, but not many. The 
practice of my stone clinic suggests this is a more common 
issue than is reflected in the literature.

The relatively high prevalence of stones in a relatively 
younger population is well documented. What is less well 
known is to what extent the workplace contributes to the 
stone diathesis. As documented by the Urologic Diseases 
in America Project, more than 1 % of working-age adults 
were treated for nephrolithiasis in 2000 [24]. In addition, 
about one-third of employees treated for nephrolithiasis in 

2000 missed work due to the condition, with an average 
work loss for the entire treated population of 19 h per per-
son. If the employees received treatment, the incremental 
cost of nephrolithiasis was $3494 per person. The authors 
concluded that “the direct and indirect costs of nephrolithi-
asis are substantial among working-age adults.” That study 
could have yielded useful information about the degree to 
which workers attributed low urine volume, as a potential 
risk factor, to workplace conditions.

Some examples might be useful to illustrate the sorts of 
cases one encounters. We first became aware of the poten-
tial magnitude of occupational kidney stones when we 
reported a 54-year-old professional driver who presented 
with polyuria and nocturia. He was not permitted to uri-
nate on long drives made for his demanding employer 
[25]. The patient was found to have a hypocontractile and 
dilated bladder on urodynamic study. Ultrasound of the 
kidneys demonstrated multiple, bilateral, asymptomatic 
stones. No 24 h urine could be collected on a work day, 
but he had mild hyperoxaluria and hyperuricosuria on 
an off-day. After the death of his employer, he drove for 
the man’s daughter, who was happy to stop frequently on 
the same long drives; the patient was completely more 
comfortable.

Inspired by that case, we recently reviewed the genito-
urinary pathology experienced by taxi cab drivers, which 
we coined “Taxi Cab Syndrome” [26]. There is a surpris-
ing amount of documentation that cab drivers suffer from 
increased prevalence of prostate, bladder and kidney disor-
ders, including kidney stones. In addition, the popular press 
has repeatedly documented the problem with cab drivers’ 
access to restrooms, with demonstration of the inadequate 
bathroom facilities in, for example, New York City [27, 28].

Another group that has received attention for low urine 
volumes, though kidney stones are not the primary pathol-
ogy that develops, are healthcare workers. Nurses are said 
to have habitual suppression of the desire to void while 
working, resulting in overdistension of the bladder, and, 
like our chauffeur, an increase in the bladder capacity. 
Contributors to these habits are the hectic work schedule 
and poor access to adequate toilet facilities. In one study, 
nurses had a 16 % prevalence of self-reported cystitis com-
pared to 6 % for other women [29]. In a more recent study, 
healthcare professionals at the Mayo Clinic who worked in 
an operating room had a hazard ratio of developing kidney 
stones of 1.43 (Table 1) [30]. OR workers had more stones 
and lesser fluid intake. One deficiency of this paper is that 
sex was not reported; it is possible that more OR workers 
are women (nurses and technicians), making the result that 
more remarkable. I myself had my first calcium oxalate 
stone as a house officer in internal medicine, a phenome-
non that does not seem unusual, but about which no litera-
ture, other than my self-reported case, exists [31].

Table 1   Effect of work location on kidney stones in healthcare pro-
fessionals: 3921 randomly selected Mayo clinic employees

Hazard ratio for working in operating room (OR): 1.43 [30]

OR staff Non-OR staff

History of stones 14.6 % 9.7 %

Mean # stones 1.8 1.3

Daily fluid intake <1.8 L 63.1 % 48 %

Physicians with stones 17.4 % 9.7 %
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Similarly, the lay press frequently reports the develop-
ment of kidney stones among baseball players. Yet, a search 
of Pubmed.gov for kidney stones and baseball yields noth-
ing. Young men, who presumably have high animal protein 
diets, spend the summer baking in the sun. While adequate 
fluids are likely provided, it would appear an ideal situation 
for the development of stone disease. In a recent case, a 
player for the New York Mets developed “blood infection” 
as the result of a symptomatic kidney stone [32].

Implications for treatment

To some extent, most of these putative exposures and risk 
factors are potentially modifiable. But, to be modified they 
first need to be identified. After being identified, they also 
must be monitored. NIOSH has expressed interest in some 
of the areas where the scientific methods need to evolve. 
We already have the surrogate measures assayed in a 24 h 
urine collection. If kidney stone formation correlates with 
urinary chemistry, methods of reducing urinary calcium 
and uric acid and increasing urinary citrate excretion are 
well known and achievable [33]. New methods for reduc-
ing urinary oxalate may soon be available as well [34]. 
Recognition of the need to reduce wanton antibiotic use has 
led to antibiotic stewardship programs, though kidney stone 
prevalence obviously is not driving that trend [35]. Simi-
larly, mitigation of urban heat islands has its proponents, 
again without reference to stone disease [36].

Can occupational kidney stones be mitigated? Litholo-
gists can write letters to employers and principals urging 
that employees be given adequate liberties to have access to 
fluids during work and school. Most students of nephrolith-
iasis think they know the answer to the question “what is 
the treatment for low urine volume kidney stones?” “Drink 
more” is the usual advice. We have been oblivious to the 
fact that in many cases, this is not a reasonable prescription 
given the proscriptions our patients encounter every day. 
Those soldiers in Kuwait and those baseball players likely 
were increasing their fluid intake before they had stone dis-
ease, but failed to do so adequately. Of course there are also 
those who claim that the absence of thirst leads to a failure 
to drink.

A different answer to the question then is to prescribe 
potassium citrate for those who cannot increase fluid 
intake. A testable hypothesis is that administration of potas-
sium citrate, regardless of urine chemistry, to those who are 
about to experience urinary concentration would be valu-
able. Examples of the appropriate situations include a sur-
geon before going to the operating room; a baseball player 
before the game; a teacher before a day of classes; a cab 
driver or a steel worker before their shifts. Even administra-
tion of potassium citrate at bedtime addresses the likelihood 

that stones form at night, as fluid intake and urine output 
wane. This latter strategy allows a less disturbed sleep for 
all stone formers, a condition with a demonstrable cardio-
vascular benefit [37].
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