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Introduction
Kidney stones, an important source

of morbidity, suffering, and medical ex-
pense, have received little epidemiologic
attention. Three studies suggest an en-
demic area of stones in the Southeastem
United States, but these rely upon hospital
discharge data rather than incidence.'-3
The absence of population-based inci-
dence data in the US and the paucity of
etiologic studies impede the identification
of potentially modifiable risk factors such
as diet and climate.4,5

The present study began as an inves-
tigation of reported urinary tract disorders
among uranium workers in eastem Ten-
nessee. Although no occupational associ-
ation was found,6 the study provided an
opportunity to assess stone occurrence
and risk factors for lithogenesis in a high-
risk population. Our data support the con-
cept of a regional "stone belt" and suggest
clues as to its etiology.

Methods

Subjects
The uranium plant processed de-

pleted and natural uranium and thorium
from 1957 to 1970, and enriched uranium
after 1970. Workers eligible for the study
represent a gradient of exposure to unen-
riched uranium, compounds for which
nephrotoxicity rather than radiation limits
exposure.7-9 The target population in-
cluded: 1) highly exposed active, retired,
and disabled production workers with 20
years employment before 1986; 2) a low
exposure group of senior office and labo-
ratory workers; 3) minimally exposed
guards, ages 40-65, employed recently at
the uranium plant; and 4) unexposed dairy
workers from a nearby town. The dairy
workers belong to the same trade union

and local community. They produce
tinned evaporated milk but have no spe-
cial access to discounted milk or cheese
that might affect stone risk.

Initially, a pilot questionnaire was ad-
ministered to senior uranium workers and
to guards. Later, a more extensive ques-
tionnaire and medical study were offered
to the entire target population. Both ques-
tionnaires asked identical core questions
about age and stones:

* "Have you ever had a kidney
stone, including gravel in your urine?"

* "How many times have you had
this?"

* "When did you first have this?"
* "Where were you treated?"
Workers interviewed in person were

asked to sign a medical release form. The
medical questionnaire also asked about a
family history of stones, treatment for uri-
nary tract infections, length of residence in
the area, diabetes, hypertension, urinary
instrumentation, prostatic disease, anal-
gesics, smoking, "moonshine," and oc-
cupational exposure to heavy metals and
solvents.

Data Collection
This activity included height, weight,

seated blood pressure, serum for total cal-
cium, phosphorus, uric acid and creati-
nine, sterile urine for quantitative urine
culture and microscopy, and urine sam-
ples for chemistry, beta-2-microglobulin,
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retinol binding protein, and enzymes.6
Urine was collected over 24 hours to mea-
sure the "stone risk profile," including
eight promoters of lithogenesis (calcium,
oxalate, sodium, uric acid, sulfate, phos-
phorus, and high or low pH), and three
inhibitors (citrate, magnesium, and urine
volume).10'11 During collection, partici-
pants maintained their usual diet, fluid in-
take, and activity. Urine pH was mea-
sured immediately upon return of the
sample; volume was determined by dilu-
tion of a known quantity of lithium. Ali-
quots were shipped in dry ice for analy-
SiS.6

Supersaturation with CAOX, dical-
cium phosphate, monosodium urate, and
urate was computed from measured val-
ues using a computer algorithm that con-
siders the complex physiochemical inter-
action between multiple factors.12
Supersaturation scores are expressed rel-
ative to the group mean of 176 persons
without stones.12

StatisficalAnalyses
Age-specific prevalence reflects the

number of workers ever having had a
stone divided by the number in the corre-
sponding age bracket, based upon age at
interview. Age-adjusted prevalence was
compared to White males in NHANES
II13 using maximum likelihood estima-
tion.14 Age-adjusted incidence reflects the
age at first stone. Person years at risk
(PYAR) were computed using life-table
methods. Workers contnbute PYAR from
birth until they develop a stone or com-
plete the interview, whichever is first.
Age-adjusted incidence in Tennessee was
compared to published data from the

Mayo clinic,5 using maximum likelihood
estimation;14 95% confidence intervals
used the test-based method.14 Cumulative
incidence (based on age at first stone) used
the Kaplan-Meier method.15 Factors as-
sociated with stones were identified using
Student's t-test (for continuous variables)
and Chi-square (for proportions). Associ-
ations were further tested using uncondi-
tional logistic regression. In this analysis,
cases are persons ever reporting stones.
Terms considered in the regression are age
and all factors in Table 4 associated with
stones at p < 0.2. The effect of each risk
factor was assessed separately and in the
presence of others. Age is retained in the
final model because of the known associ-
ation of stones and age. Other factors are
retained if statistically significant (p <
0.05) or if inclusion of the factor substan-
tially influences the coefficient for other
terms. Second degree interaction was
tested using stratified analyses; interac-
tion terms are not included in the logistic
model because none of these substantially
modify the main effect terms.

Results
Table 1 shows participation rates by

employment category. Overall, 208 eligi-
ble workers (99 percent) completed the
core questionnaire. Of 199 present locally
during the medical testing, 136 (68 per-
cent) completed the medical questionnaire
and 123 (62 percent) provided blood and
24-hour urine samples (full medical study).
Participation was highest among active
hourly workers released from duty for
testing. Guards, retired, and salaried
workers were either off-site, not released

from duty, or had lower commitment to
the study. All participants were male, 206
were White, with an average age of 52.1
and range of 38-72 years.

Medical Record Review
Forty of208 workers reported stones

(crude prevalence 19.2 percent). Ofthese,
37 were treated by civilian physicians, 30
(all those interviewed in person) provided
medical release forms, 28 received rec-
ords from the treating facility, and 25 had
a stone confirmed. Stones could not be
confirmedwhen the treatingphysician had
retired or relocated. Confirmed stones ac-
counted for 34 hospitalizations, 42 abdom-
inal X-rays, five surgical extractions, and
five lithotripsies. Chemical analyses of
stones were recorded on 13 persons with
recurrent stones; calcium oxalate was
present in 12 (92 percent). Nineteen per-
sons reported multiple stones; five of
these had from five to 20, and one had 32.

Prealence
Table 2 presents the prevalence of

stones by age and occupational group. At
all ages, the Tennessee workers reported
more frequent stones than did White
males in NHANES.13 The age-adjusted
prevalence in the Tennessee workers was
18.5 percent vs 7.7 percent in NHLANES
(prevalence ratio 2.4, 95% CI = 1.7, 3.3).
Stone prevalence was similar in all occu-
pational groups except guards. Prevalence
in guards was 7 percent, significantly
lower than that ofotherworkers (p = 0.02)
and similar to N}ANES.13

Incidence and Cwnulative Incidence
The age-adjusted incidence of first

stones was 4.21 per 1,000 person-years,
compared to 1.03 per 1,000 in Minnesota
males5 (RR = 4.1,95% CI = 2.9,6.0). The
cumulative incidence (risk) ofstoneby age
60 was 23.7 percent, and by age 65 was
27.8 percent.

Charactenstics Associated with
Stones

Table 3 shows selected demographic
and clinical attributes of persons with and
without stones. Stone-formers in our
study weighed more, used moonshine li-
quor less, reported a more frequent family
history of stones and of male relatives
treated for urinary infections, and were
more likely to be treated for such infec-
tions themselves. Laboratory findings as-
sociated with stones are a significantly
higher serum and urine calcium, and uri-
nary supersaturation with CAOX and
brushite. Findings not associated with
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stones in our study but of interest in the
literature are serum and urine uric acid,16
current cigarette smoking,* and analgesic
use.'7

Table 4 presents the results ofuncon-
ditional logistic regression. The two fac-
tors most strongly associated with stones
were the index for CAOX supersaturation
in a current urine sample, and a family
history of stones. The logistic model (Ta-
ble 4) categorizes the CAOX index into
tertiles. In Figure 1, the CAOX index is
presented as a continuous variable. Figure
1 illustrates the probability of stones, as
predicted by the model, in persons with
and without a family history over the
range oftheCAOX observed in our study.
Males with a family history and the high-
est measured CAOX index have a pre-
dicted lifetime probability ofstones of88.8
percent. Using multiple linear regression,
we determined that the most important de-
terminants of the CAOX were high uri-
nary calcium and oxalate and low urine
volume. Together, these terms explained
91.8 percent of the variance, with the in-
dividual contribution of calcium, urine
volume, and oxalate being 49.5 percent,
34.1 percent, and 8.2 percent, respec-
tively. Six other stone risk factors used to
compute the CAOX index were statisti-
cally significant at the p < 0.001 level, but
together these added only 6.7 percent to
the explained variance.

Discussion
Our principal finding is an increased

risk of stones among males in eastern Ten-
nessee, consistent with previous reports
of a regional "stone belt."'-3 At highest
risk are persons with a positive family his-
tory whose urine is supersaturated with
CAOX, a major ingredient of most
stones.4 Provided that our findings reflect
regional occurrence, they suggest that
stones are an important public health
problem in the southeast, and provide
some clues about etiology.

The lifetime risk of stones among the
Tennessee workers is higher than in any
other reported population. Risk by age 60
is 24 percent in our study, compared to 5
percent in Minnesota,5 7 percent in north-
ern California,4 and 19 percent in Uppsala,
Sweden.18 These regional differences are

*Fitzsimmons SC: Self-reported kidney stone
disease among Black and White adults: Preva-
lence and correlates in NHANES 11 (1976-
1980). Presentation at 116th annual meeting of
the American Public Health Association, Nov.
15, 1988, Boston.

larger than can be explained by differ-
ences in the methods for estimating risk.
The Swedish data, for example,18 are
based upon a prevalence survey of renal
colic in 1781 men, age 60. The US
NHANES survey,13 using similar meth-
ods but inquiring about stones instead of
renal colic, show a lifetime prevalence of
9.2 percent in White males ages 60-69.
The lower risks observed in the California
and Minnesota studies are based upon in-
cidence rates of physician visits.4,5 Inci-
dence is converted to risk using the for-
mula [risk = 1 - e(-Incidence x Time)1

Several findings suggest that the risk
of stones in our study is regional rather
than occupational. First, a family history
of stones affecting first degree relatives
who have never worked at either plant
was common in both stone-formers (52
percent) and those without stones (21.5
percent). This can be compared to Swe-
den, where 29.4 percent of stone-formers
and 15.3 percent of nonstone-formers re-
port a family history.18 Second, the occur-
rence of stones in the uranium workers
bears no relation to the intensity or dura-
tion of occupational exposure. Stones are
slightly less common in workers with di-
rect exposure to uranium and thorium
than in unexposed workers. Third, stone
occurrence is similar in the uranium and
dairy workers. If stone occurrence were
due to occupation itwouldbe unlikely that
two such different occupational settings
would cause a nearly identical effect.

The geographic boundaries of the so-
called "stone-belt" are poorly defined.
Four southeastern states (North Carolina,
South Carolina, Virginia, and Tennessee)
rank high in terms of hospitalizations for
stones as a proportion of all hospital ad-
missions.' There are limitations to these
hospital discharge data, however,4,5 and
no studies have collected population-
based data on incidence in the southeast
US. Such data would be extremely useful
in mapping the occurrence of stones, de-
fining high-risk areas, and identifying pre-
ventable risk factors.

No cause has yet been identified for
increased stone-formation in the south-
east. Various hypotheses include water
softness,'9 sunlight and heat,20 dietary
consumption of meat,'6 and carbonated
beverages.2' All of these hypotheses are
based upon ecological evidence and have
not been tested in studies assessing both
stone occurrence and the exposure of in-
dividuals to the proposed risk factors. Our
study is the first to measure biochemical
risk factors in urine in a high-risk popula-
tion; as such it helps to narrow the range
of hypotheses to be pursued in future re-
search. The single most important factor
contributing to CAOX supersaturation in
our study was increased urinary calcium.

Twenty-five (20.7 percent) of partic-
ipants in the medical study had clinical
hypercalcuria (>300 mg per 24 hours).'6
We did not obtain a dietary history and
cannot assess whether the increased uri-
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nary calcium was due to diet (milk,
cheese, and meat) or to increased gastro-
intestinal absorption. However, we can
exclude drinking water as a major source
of calcium because municipal water sup-
plies in the area have been monitored
since 1982 and have unusually soft water
due to low calcium.22 Similarly, sunlight
and its effect upon vitamin D cannot ex-
plain the measured values in our study,
because the study was conducted in Jan-
uary. A second important determinant of

CAOX was low urine volume. This can-
not be attributed to incomplete urine col-
lection, because it occurred in the pres-
ence of high 24-hour excretion of other
stone risk factors. Low fluid intake is the
most likely explanation for reduced urine
volume and increased concentration. It is
unclear why fluid intake should be low in
these workers, although prohibition
against alcoholic beverages in many areas
of the southeast may play some role. Al-
cohol exerts a diuretic effect by suppress-

ing the release of anti-diuretic hormone.23
Consumption of moonshine liquor is neg-
atively associated with stones in our
study. The hypothesis that alcohol may
protect against stones is plausible and de-
serves further evaluation.

Mildly elevated urinary oxalate (55-
100 mg/24 hours)24 occurred in 20 (16.5
percent) of the workers in our study.
These levels are below those found in pri-
mary hyperoxaluria,24 but may be consis-
tent with dietary exposure. Foods com-
monly eaten in the southeast include
several sources of oxalate (collards, mus-
tard greens, kale, and ice tea).25 Oxalate
excretion contributed relatively little to
urinary saturation with CAOX compared
to hypercalcuria and low urine volume.
However, the presence ofoxalates in typ-
ical southern cuisine provides an intrigu-
ing hypothesis to be tested in future stud-
ies.

We cannot explain the low frequency
of stones among the guards in our study.
Guards were culturally different from the
other workers. Twenty guards (46.5 per-
cent) vs 10 (7.9 percent) of the otherwork-
ers were retired military servicemen who
had spent 20 or more years away from the
area (p < .0001). Too few guards partici-
pated in the medical study to allow us to
examine whether differences existed in
their urine composition. The low partici-
pation occurred largely because guards
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1 10

Calcium-Oxalate Supersaturation
* defined in text

FIGURE 1-Probability of Stones by Family History and Calcium-Oxaate Supersatu-
ration Index

could not be released from duty to partic-
ipate during working hours.

A limitation of our study is that the
assessment of risk factors for stone-
formation in urine is based upon a single
24-hour sample, obtained someyears after
the actual passingofstones. It is likely that
excretion ofmost of these substances var-
ies over time. Nevertheless, the strong as-

sociation between current CAOX excre-

tion and lifetime stone occurrence is
consistent with the known importance of
calcium and oxalate in stone formation.
Excretion appears to be sufficiently stable
to reflect a gradient of risk as current con-
centration increases. In summary, the
study found an increased risk of urolithi-
asis and risk factors related to stone for-
mation in male workers in eastern Ten-
nessee. Future research should define the
geographic range of increased kidney
stone formation in the southeast and iden-
tify its causes.
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