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IMPORTANCE Approximately 3% to 5% of patients with kidney stones have primary
hyperparathyroidism (PHPT), a treatable cause of recurrent stones. However, the rate of
screening for PHPT in patients with kidney stones remains unknown.

OBJECTIVES To estimate the prevalence of parathyroid hormone (PTH) testing in veterans
with kidney stones and hypercalcemia and to identify the demographic, geographic, and
clinical characteristics of veterans who were more or less likely to receive PTH testing.

DESIGN, SETTING, AND PARTICIPANTS This cohort study obtained Veterans Health
Administration (VHA) health records from the Corporate Data Warehouse for veterans who
received care in 1 of the 130 VHA facilities across the United States from January 1, 2008,
through December 31, 2013. Historical encounters, medical codes, and laboratory data were
assessed. Included patients had diagnostic or procedural codes for kidney or ureteral stones,
and excluded patients were those with a previous serum PTH level measurement. Data were
collected from January 1, 2006, to December 31, 2014. Data analysis was conducted from
June 1, 2019, to January 31, 2020.

EXPOSURES Elevated serum calcium concentration measurement between 6 months before
and 6 months after kidney stone diagnosis.

MAIN OUTCOMES AND MEASURES Proportion of patients with a serum PTH level measurement
and proportion of patients with biochemical evidence of PHPT who underwent
parathyroidectomy.

RESULTS The final cohort comprised 7561 patients with kidney stones and hypercalcemia and
a mean (SD) age of 64.3 (12.3) years. Of these patients, 7139 were men (94.4%) and 5673
were white individuals (75.0%). The proportion of patients who completed a serum PTH level
measurement was 24.8% (1873 of 7561). Across the 130 VHA facilities included in the study,
testing rates ranged from 4% to 57%. The factors associated with PTH testing included the
magnitude of calcium concentration elevation (odds ratio [OR], 1.07 per 0.1 mg/dL >10.5
mg/dL; 95% CI, 1.05-1.08) and the number of elevated serum calcium concentration
measurements (OR, 1.08 per measurement >10.5 mg/dL; 95% CI, 1.06-1.10) as well as visits to
both a nephrologist and a urologist (OR, 6.57; 95% CI, 5.33-8.10) or an endocrinologist (OR,
4.93; 95% CI, 4.11-5.93). Of the 717 patients with biochemical evidence of PHPT, 189 (26.4%)
underwent parathyroidectomy within 2 years of a stone diagnosis.

CONCLUSIONS AND RELEVANCE This cohort study found that only 1 in 4 patients with kidney
stones and hypercalcemia were tested for PHPT in VHA facilities and that testing rates varied
widely across these facilities. These findings suggest that raising clinician awareness to PHPT
screening indications may improve evaluation for parathyroidectomy, increase the rates of
detection and treatment of PHPT, and decrease recurrent kidney stone disease.
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K idney stones affect approximately 1 in 11 persons in the
United States, and these persons experience a high like-
lihood of recurrence, with up to 50% developing a re-

current stone within 10 years of their first stone episode.1-4 One
strategy to reduce the recurrence rate is to screen for primary
hyperparathyroidism (PHPT), which is evident in approxi-
mately 3% to 5% of patients with kidney stones.5,6 Patients with
kidney stones and PHPT classically present with hypercalce-
mia and hypercalciuria, which raise the risk for stones by in-
creasing urine supersaturation for calcium oxalate or phos-
phate. Guidelines from the American Urological Association
and European Association of Urology recommend that clini-
cians measure the serum calcium concentration in patients
with kidney stones followed by the serum parathyroid hor-
mone (PTH) level if there is clinical suspicion for PHPT.7,8 For
patients with kidney stones and PHPT, the American Associa-
tion of Endocrine Surgeons recommends parathyroidec-
tomy. Removal of autonomous parathyroid tissue decreases
urine calcium excretion and substantially reduces stone events
and recurrence rates.9-13

An unanswered question is whether patients with kidney
stones receive guideline-concordant screening for PHPT in
clinical practice to prevent recurrent stone episodes and de-
crease comorbidities associated with PHPT. A recent study by
Alore et al14 found that fewer than 1 in 4 veterans with persis-
tent hypercalcemia were screened for PHPT. Alore et al14 ex-
amined the proportion of asymptomatic veterans with at least
2 separate high serum calcium values who were screened for
PHPT. However, the prevalence of PTH testing in patients with
symptomatic disease, such as those with kidney stones, re-
mains unknown. Clinicians may be more likely to screen pa-
tients with kidney stones for PHPT because they present with
symptoms (eg, renal colic) or complications (eg, urinary tract
infection or acute kidney injury) that can be severe or recur-
rent.

In this cohort study, we used data from a large national co-
hort of veterans receiving care within the Veterans Health Ad-
ministration (VHA) health care system to estimate the preva-
lence of PTH testing in veterans with kidney stones and
hypercalcemia and to identify the demographic, geographic,
and clinical characteristics of veterans who were more or less
likely to receive PTH testing. We hypothesized that the fre-
quency of PTH testing remains low despite current clinical prac-
tice guidelines and that a wide variation in screening prac-
tices is not adequately explained by patient-specific or facility-
level factors.

Methods
Data and Study Population
The Stanford University School of Medicine Institutional Re-
view Board and the Veterans Administration Research and De-
velopment Committee approved this study and waived the re-
quirement for patient informed consent because the data used
were deidentified and presented as summary only. Data were
collected from January 1, 2006, to December 31, 2014. Data
analysis was conducted from June 1, 2019, to January 31, 2020.

We accessed VHA national data stored in the Corporate
Data Warehouse, which is hosted by the Veterans Affairs In-
formatics and Computing Infrastructure, to identify patients
with kidney stones and hypercalcemia who received care in 1
of the 130 VHA facilities across the United States from Janu-
ary 1, 2008, through December 31, 2013.15 We defined pa-
tients with kidney stones as those with 1 or more inpatient In-
ternational Classification of Diseases, Ninth Revision codes for
kidney or ureteral stones, 2 or more outpatient International
Classification of Diseases, Ninth Revision codes for kidney or
ureteral stones, or 1 or more Current Procedural Terminology
codes for kidney or ureteral stone procedures within 1 year.
Each person was counted once at the time of their first quali-
fication as a patient with kidney stones during the observa-
tion period. We excluded persons who were previously
screened for PHPT, which was defined as those with a PTH level
measurement between 6 and 30 months before the index stone
diagnosis, to capture how clinicians screened for PHPT around
the time of a stone event (eFigure 1 in the Supplement).

Next, we identified patients with kidney stones who had
a serum calcium measurement 6 months before or 6 months
after their index stone diagnosis. Measured hypercalcemia was
defined as a serum calcium concentration greater than 10.5
mg/dL (to convert to millimoles per liter, multiply by 0.25), and
albumin-corrected hypercalcemia was defined as a serum cal-
cium concentration greater than 10.5 mg/dL after correction
with the nearest serum albumin concentration measurement
within 1 month of the serum calcium concentration measure-
ment (Corrected Calcium [in milligrams per decili-
ter] = Measured Serum Calcium Measurement [in milligrams
per deciliter] + 0.8 × [4.0 – Measured Serum Albumin Con-
centration (in grams per deciliter; to convert to grams per li-
ter, multiply by 10)]).16 A serum calcium concentration of 10.5
mg/dL was chosen as a cutoff for hypercalcemia on the basis
of the distribution of serum calcium concentrations in the co-
hort of patients with kidney stones: serum calcium concen-
trations greater than 10.5 mg/dL represented the highest fifth
percentile of serum calcium concentrations measured and were
consistent with levels reported in previously published
research.17 In the subset of patients with kidney stones and hy-
percalcemia, we identified those who had a serum PTH level

Key Points
Question What proportion of patients with kidney stones are
screened for primary hyperparathyroidism in clinical practice?

Findings In this cohort study of 7561 veterans with kidney stones
and hypercalcemia who received care in Veterans Health
Administration facilities, only 25% completed a serum parathyroid
hormone level measurement around the time of their initial stone
diagnosis.

Meaning Findings of this study suggest that improving the rates
of screening for primary hyperparathyroidism in patients with
kidney stones could increase the rates of detection and treatment
of primary hyperparathyroidism and decrease recurrent stone
disease.
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measurement in the 6 months before or 9 months after their
index stone diagnosis.

Covariates and Study Outcomes
We abstracted patient demographics (age, sex, and race/
ethnicity), selected relevant comorbid conditions (osteopo-
rosis, history of fracture, metastatic cancer, and diabetes), labo-
ratory data (serum calcium, PTH, and albumin concentrations;
estimated glomerular filtration rate [eGFR]; and 24-hour urine
calcium excretion), exposure to specialty care (nephrologist,
urologist, and endocrinologist), and geographic region (Mid-
west, West, Southeast, and Northeast). Patients were strati-
fied by burden of comorbid conditions as measured by the
Charlson Comorbidity Index18 score (range: 0-25, with the low-
est score indicating lower burden of comorbidity). We identi-
fied the proportion of patients with kidney stones and hyper-
calcemia in whom PTH level was measured at the time of the
stone event (Figure 1). If a patient had more than 1 serum cal-
cium concentration measurement within the observation pe-
riod, we evaluated the presence of a serum PTH level mea-
surement before and after each serum calcium determination.
Biochemically determined PHPT was defined as an elevated
serum PTH level (greater than the upper limit of the popula-
tion reference range of 70 pg/mL [to convert to nanograms per
liter, multiply by 1]) in the setting of hypercalcemia (>10.5 mg/
dL). We identified the proportion of patients with kidney stones
and biochemically determined PHPT as well as the propor-
tion of patients who underwent parathyroidectomy in the 2
years after their index stone diagnosis. To assess whether a pa-
tient with kidney stones received specialty stone care, we iden-
tified provider codes associated with a clinic visit to a ne-

phrologist, a urologist, or an endocrinologist during the period
of ascertainment of PTH testing. To assess whether facility-
level factors affected PHPT screening, we used a composite
complexity score that included patient and surgical complex-
ity, academic affiliation, and research funding.

Statistical Analysis
To compare groups who underwent screening with those who
did not, we used an unpaired, 2-tailed t test to compare con-
tinuous variables and the χ2 test to compare categorical vari-
ables. We performed multivariable logistic regression to iden-
tify factors independently associated with receipt of PTH
testing. A 2-tailed P < .05 was considered statistically signifi-
cant. Bonferroni-adjusted α levels were used to compare fa-
cility-level variables. All statistical analyses were conducted
with SAS, version 9.4 (SAS Institute Inc).

Results
Of the 157 539 unique veterans with kidney stones from Janu-
ary 1, 2008, to December 31, 2013, a total of 139 115 veterans
had a serum calcium determination within 6 months of their
index stone diagnosis (Figure 1); 7381 patients who were pre-
viously screened with a serum PTH level measurement were
excluded. After exclusions, the final cohort comprised 7561 pa-
tients with kidney stones and measured hypercalcemia
(n = 3938) or albumin-corrected hypercalcemia (n = 3623)
(eFigure 2 in the Supplement). This group had a mean (SD) age
of 64.3 (12.3) years, included 7139 men (94.4%) and 422 women
(5.6%), and was composed predominantly of white individu-
als (5673 [75.0%]) (eTable 1 in the Supplement). Patients with
hypercalcemia vs those with normocalcemia (n = 124 173) were
more likely to have diabetes (3013 [39.8%] vs 36 655 [29.5%]),
impaired kidney function (eGFR <45 mL/min/1.73 m2: 2731
[36.1%] vs 18 775 (15.1%]), osteoporosis (331 [4.4%] vs 2626
[2.1%]), and fractures (535 [7.1%] vs 5264 [4.2%]) (eTable 1 in
the Supplement).

PTH Testing Rates
Among 7561 patients with kidney stones and hypercalce-
mia, 1873 (24.8%) completed a serum PTH level measure-
ment around the time of their initial stone diagnosis
(Table 1). In the 3938 patients with measured hypercalce-
mia, 1369 (34.8%) completed a serum PTH level measure-
ment, whereas only 504 of 3623 patients with albumin-
corrected hypercalcemia (13.9%) did so. We found that 882
of 2624 patients (33.6%) with a Charlson Comorbidity Index
score lower than 3 completed a serum PTH level measure-
ment. Patients with measured hypercalcemia with PTH test-
ing vs those with albumin-corrected hypercalcemia were
more likely to have had an elevated PTH level (558 [40.8%]
vs 159 [31.5%] above the population reference range;
P < .001) and a higher median (interquartile range) level of
24-hour urine calcium excretion (221 [111.0-324.5] mg vs
104.5 [42.5-208.2] mg; P < .001). Among the 1873 veterans
with PTH testing, 717 (38.3%) had an elevated PTH level
consistent with biochemical PHPT (Table 2).

Figure 1. Cohort Diagram

157 539 Veterans with kidney stones identified

139 115 With serum calcium measurement within
6 mo of index stone encounter included

18 424 Excluded with no serum calcium
measurement

7381 Excluded with serum PTH measurement
between 6 and 30 mo before index
stone encounter

131 734 With no prior primary hyperparathyroidism
screening included

7561 With hypercalcemia analyzed

1873 With completed serum PTH measurement
analyzed

124 173 Excluded with serum calcium
level <10.5 mg/dL

PTH indicates parathyroid hormone.
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Patient-Specific Factors Associated With PTH Testing
In multivariable logistic regression models (Table 3), the odds
of PTH testing in patients with kidney stones and hypercalce-
mia was lower with older age (odds ratio [OR], 0.95 per de-
cade; 95% CI, 0.90-1.00) and among patients with a history
of metastatic cancer (OR, 0.63; 95% CI, 0.49-0.81). Patients with
albumin-corrected hypercalcemia were less likely to com-
plete PTH testing than patients with measured hypercalce-
mia (OR, 0.32; 95% CI, 0.28-0.37). Conversely, PTH testing was
directly associated with the magnitude of calcium concentra-
tion elevation (OR, 1.07 per 0.1 mg/dL >10.5 mg/dL; 95% CI,
1.05-1.08) and the number of elevated serum calcium concen-
tration measurements (OR, 1.08 per measurement >10.5 mg/
dL; 95% CI, 1.06-1.10). Receipt of PTH testing was not associ-
ated with thiazide and thiazide-type prescriptions (OR, 1.05;
95% CI, 0.92-1.20) or a history of osteoporosis (OR, 1.22; 95%

CI, 0.93-1.61). Patients located in the Northeast compared with
those in the Southeast were more likely to undergo PTH test-
ing (OR, 1.37; 95% CI, 1.17-1.61).

Patients who received care in specialty clinics had different
rates of PTH testing (Table 1). The odds of PTH testing were higher
for patients who visited either a nephrologist or a urologist (OR,
1.56; 95% CI, 1.35-1.81), and the odds were much higher for those
who visited both a nephrologist and a urologist (OR, 6.57; 95%
CI,5.33-8.10)comparedwiththosewhovisitednostonespecialty
clinics during the observation period (Table 3). Similarly, patients
seen by an endocrinologist were nearly 5-fold more likely to un-
dergo PTH testing (OR, 4.93; 95% CI, 4.11-5.93).

Facility-Level Factors Associated With PTH Testing
The prevalence of PTH testing among veterans with kidney
stones varied between 4.0% and 57.0% across the 130 VHA fa-

Table 1. Characteristics of Patients With Kidney Stones and Hypercalcemia

Characteristic

Total patients, No. (%)

P value

Total patients, No. (%)

P value
With PTH testing
(n = 1873)

Without PTH
testing (n = 5688)

With measured
hypercalcemia
(n = 3938)

With albumin-corrected
hypercalcemia
(n = 3623)

Age, mean (SD), y 63.4 (12.0) 64.6 (12.4) <.001 62.1 (12.6) 66.6 (11.6) <.001

Sex

Male 1750 (93.4) 5389 (94.7)
.03

3692 (93.8) 3447 (95.1)
.008

Female 123 (6.6) 299 (5.3) 246 (6.2) 176 (4.9)

Race/ethnicity

White 1394 (74.4) 4279 (75.2)

.90

3036 (77.0) 2637 (72.8)

<.001Black 306 (16.3) 907 (15.9) 563 (14.3) 650 (17.9)

Other 173 (9.2) 502 (8.8) 339 (8.6) 336 (9.3)

Stone index diagnosis

Outpatient 1136 (60.7) 2680 (47.1)

<.001

2613 (66.4) 1203 (33.2)

<.001Inpatient 442 (23.6) 1515 (26.6) 784 (19.9) 1173 (32.4)

Surgical procedure 295 (15.8) 1493 (26.2) 541 (13.7) 1247 (34.4)

Comorbid conditions

Diabetes 775 (41.4) 2238 (39.3) .12 1548 (39.3) 1465 (40.4) .32

Osteoporosis 104 (5.6) 227 (4.0) .004 166 (4.2) 165 (4.6) .47

History of fracture 134 (7.2) 401 (7.0) .88 220 (5.6) 315 (8.7) <.001

Metastatic cancer 115 (6.1) 664 (11.7) <.001 258 (6.6) 521 (14.4) <.001

CCI score, mean (SD) 3.4 (2.9) 3.8 (3.0) <.001 2.9 (2.7) 4.6 (3.0) <.001

Stone procedures, median (IQR) 1.0 (0.0-2.0) 0 (0.0-2.0) <.001 0.0 (0.0-2.0) 1.0 (0.0-2.0) <.001

Thiazide or thiazide-type medications 517 (27.6) 1546 (27.2) .72 1155 (29.3) 908 (25.1) <.001

Laboratory values

Serum calcium concentration,
median (IQR), mg/dL

10.7 (10.7-11.0) 10.7 (10.7-10.7) 10.8 (10.6-11.0) 10.7 (10.6-10.8) <.001

Serum albumin concentration,
median (IQR), g/dL

3.3 (3.5-4.0) 3.2 (2.4-3.9) <.001 4.1 (3.7-4.5) 2.7 (2.2-3.2) <.001

eGFR <45 mL/min/1.73 m2 804 (42.9) 1927 (33.9) <.001 1183 (30.0) 1548 (42.7) <.001

Stone specialty care

Neither 365 (19.5) 1624 (28.6)

<.001

1167 (29.6) 822 (22.7)

<.001Nephrologist or urologist 1073 (57.3) 3607 (63.4) 2384 (60.5) 2296 (63.4)

Both 435 (23.2) 457 (8.0) 387 (9.8) 505 (13.9)

Endocrine care

Endocrinologist 420 (22.4) 259 (4.6) <.001 478 (12.1) 201 (5.6) <.001

Abbreviations: CCI, Charlson Comorbidity Index (range: 0-25, with the lowest
score indicating lower burden of comorbidity); eGFR, estimated glomerular
filtration rate; IQR, interquartile range; PTH, parathyroid hormone.

SI conversion factors: To convert serum albumin concentration to grams per
liter, multiply by 10; serum calcium concentration to millimoles per liter, multiply
by 0.25.
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cilities in the US (Figure 2). To further characterize facility-
level factors that might explain the 14-fold variability in rates
of PTH testing, we examined the composite complexity score

assigned to each facility and found no association with PTH
testing rate for each facility. We also examined individual fa-
cility-level variables that comprised the composite complex-
ity score, including patient, intensive care unit and surgical,
and academic affiliation (assessed by number of residents-in-
training and distribution of residents-in-training among spe-
cialties) and research funding. None of these variables were
associated with PTH testing rate across the VHA facilities. In
comparing facilities in the top quartile (n = 1274) vs the bot-
tom quartile (n = 1538) of PTH testing, we found that PTH test-
ing was associated with the presence of stone specialty care
(by nephrologist and urologist: 173 [13.6%] vs 130 [8.5%]; by
endocrinologist: 190 [14.9%] vs 98 [6.4%]) at each facility. How-
ever, PTH testing was not associated with the mean (SD) num-
ber of parathyroidectomies performed at each facility (8 [6%]
vs 6 [4%]; P = .12) (eTable 2 in the Supplement).

Parathyroidectomy Rates
Of the 717 patients with kidney stones and biochemical evi-
dence of PHPT, 189 (26.4%) underwent parathyroidectomy
within 2 years of a stone diagnosis and 223 (31.1%) underwent
parathyroidectomy within 5 years. Patients with kidney stones
and measured hypercalcemia were more likely to undergo para-
thyroidectomy compared with patients with albumin-
corrected hypercalcemia (185 [13.5%] vs 4 [0.8%]; P < .001)
(Table 2).

Discussion
In this cohort study, we found that approximately 1 in 20 pa-
tients with kidney stones presented with hypercalcemia, and
only 1 in 4 patients with kidney stones and hypercalcemia com-
pleted PTH testing. The low rate of PTH testing in patients with
kidney stones and hypercalcemia in the VHA system is simi-
lar to the rates in other studies that assessed PHPT screening
among patients with hypercalcemia.14,19 However, these stud-
ies derived screening rates from patients with hypercalcemia
without specifically selecting for patients with symptomatic

Table 2. Characteristics of Patients With Kidney Stones and Hypercalcemia Who Completed Parathyroid
Hormone Level Measurement

Characteristic

No. (%)

P value
Total patients
(n = 1873)

Hypercalcemia

Measured (n = 1369)
Albumin-corrected
(n = 504)

PTH level, median (IQR), pg/mL 67.7 (32.0-121.6) 71.8 (32.3-125.3) 58.7 (31.1-104.2) .09

Serum calcium concentration,
median (IQR), mg/dL

10.8 (10.6-11.1) 10.9 (10.7-11.2) 10.7 (10.6-10.8) <.001

No. of calcium concentration
measurements >10.5 mg/dL per
patient, median (IQR)

2.0 (1.0-4.0) 2.0 (1.0-1.4) 1.0 (1.0-3.0) .58

Elevated PTH level 717 (38.3) 558 (40.8) 159 (31.5) <.001

24-h Urine calcium excretion,
median (IQR), mg

206.0 (96.0-331.1) 221.0
(111.0-324.5)

104.5 (42.5-208.2) <.001

eGFR <45 mL/min/1.73 m2 804 (42.9) 493 (36.0) 311 (61.7) <.001

Parathyroidectomy

Within 2 y 189 (10.1) 185 (13.5) 4 (0.8) <.001

2-5 y 34 (1.8) 31 (2.3) 3 (0.6) .02

Abbreviations: eGFR, estimated
glomerular filtration rate; IQR,
interquartile range; PTH, parathyroid
hormone.

SI conversion factors: To convert
serum calcium concentration to
millimoles per liter, multiply by 0.25;
PTH to nanograms per liter, multiply
by 1.

Table 3. Variables Associated With Parathyroid Hormone Testing in
Patients With Kidney Stones and Hypercalcemia

Variable OR (95% CI) P value
Age per 10 y 0.95 (0.90-1.00) .03

Male sex 1.00 (0.77-1.29) .98

Index stone diagnosis (surgical procedure
vs inpatient or outpatient)

0.47 (0.40-0.56) <.001

Osteoporosis 1.22 (0.93-1.61) .16

Metastatic cancer 0.63 (0.49-0.81) <.001

eGFR, mL/min/1.73 m2

>60 1 [Reference]

<.00145-60 1.10 (0.92-1.30)

<45 1.52 (1.31-1.78)

Albumin-corrected vs measured
hypercalcemia

0.32 (0.28-0.37) <.001

Calcium concentration elevation
>10.5 per 0.1 mg/dL

1.07 (1.05-1.08) <.001

No. of calcium concentration measurements
>10.5 mg/dL

1.08 (1.06-1.10) <.001

Thiazide or thiazide-type medications 1.05 (0.92-1.20) .46

Region

Southeast 1 [Reference]

<.001
Midwest 1.05 (0.90-1.22)

Northeast 1.37 (1.17-1.61)

West 1.23 (1.03-1.47)

Stone specialty care

Neither 1 [Reference]

<.001Nephrologist or urologist 1.56 (1.35-1.81)

Both 6.57 (5.33-8.10)

Endocrine care

None 1 [Reference]
<.001

Endocrinologist 4.93 (4.11-5.93)

Abbreviations: eGFR, estimated glomerular filtration rate; OR, odds ratio.

SI conversion factors: To convert serum calcium concentration to millimoles per
liter, multiply by 0.25.
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disease. We believe that the present study demonstrated that,
even when patients with hypercalcemia had a clinical mani-
festation of PHPT (ie, presence of kidney stones), screening
rates remained surprisingly low. The low prevalence of PTH
testing in veterans with kidney stones and hypercalcemia sug-
gests that clinicians are missing an opportunity to prevent re-
current kidney stones by diagnosing and treating PHPT de-
spite guidelines by the American Urological Association and
European Association of Urology that recommend PTH
testing.7,8

One explanation for the low rate of PTH testing in pa-
tients with kidney stones and hypercalcemia is that clini-
cians do not recognize hypercalcemia unless the level or fre-
quency of hypercalcemia or the manifestation of PHPT
becomes severe. In this study, patients with mild hypercalce-
mia, or hypercalcemia that can be detected only with albu-
min correction, showed lower rates of PTH testing. Con-
versely, patients with kidney stones who visited a nephrologist
and a urologist or an endocrinologist had higher rates of PTH
testing. Specialty care clinics may be more inclined to screen
for PHPT in patients with kidney stones and hypercalcemia or
may be more aware of the advantages of early detection of
symptomatic PHPT.

We found that PTH testing rates varied by 14-fold across
the 130 VHA facilities. This wide variation in PTH testing could
be partly explained by the presence of kidney stone or endo-
crine specialty care but not by other facility-level factors (such
as composite complexity score) or by access to specialty sur-
gical care (measured by the facility-level volume of parathy-
roidectomies). These findings suggest that specialists at each
facility initiate PTH testing of patients with kidney stones and
hypercalcemia. In contrast, general care physicians at differ-
ent facilities may tend to make decisions on PTH testing on the
basis of local experience, culture, or available resources. More
awareness about the advantages of PTH testing or wider dis-
semination of the American Urological Association and Euro-
pean Association of Urology guidelines recommendation for
PTH testing may reduce the facility variation observed in the
VHA system.

Missing a diagnosis of PHPT in patients with kidney
stones is consequential for 2 reasons. First, thiazide and
thiazide-type diuretics are commonly used to treat hyper-
calciuria, but they can increase plasma calcium concentra-
tion, particularly in patients with PHPT, and should not be
used in this setting. Second, a diagnosis of PHPT is
typically associated with parathyroidectomy, the definitive
treatment that reduces urinary calcium excretion and risk of
stone recurrence.13,20-22 More broadly, parathyroidectomy
in PHPT is associated with improved skeletal,23-26 cardio-
vascular,27-29 and neuropsychiatric outcomes.30,31 These
advantages motivated the American Association of Endo-
crine Surgeons guideline recommendation that patients
with kidney stones and biochemical evidence of PHPT be
referred for parathyroidectomy.11 In the present study, the
rate of parathyroidectomy in patients with kidney stones
and biochemical evidence of PHPT was low at 26.4%, which
is only marginally higher than the rate of 23% found in vet-
erans with biochemical evidence of PHPT in the study by
Alore et al.14 Findings of the present study suggest that rais-
ing awareness of PHPT screening represents a key strategy
for secondary prevention of kidney stones and other com-
plications of PHPT.

When we examined whether the category of hypercalce-
mia (measured vs albumin-corrected) was associated with the
likelihood of PTH testing in patients with kidney stones, we
found that 34.8% of patients with measured hypercalcemia and
13.9% of patients with albumin-corrected hypercalcemia had
a serum PTH level measurement. Patients with kidney stones
and albumin-corrected hypercalcemia appeared to be clini-
cally distinct from those with measured hypercalcemia: they
had more comorbid illnesses such as diabetes, chronic kid-
ney disease, and metastatic cancer. Testing for PTH level may
be lower in patients with kidney stones and albumin-
corrected hypercalcemia for several reasons. These reasons in-
clude having alternative diagnoses for hypercalcemia (eg, can-
cer or immobilization) or having poor functional status so that
patients prefer not to be screened or clinicians prefer not to
screen for PHPT.

Figure 2. Rate of Parathyroid Hormone (PTH) Testing in Patients With Kidney Stones and Hypercalcemia
at Each Veterans Health Administration (VHA) Facility
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testing percent estimate for each
VHA facility, and each diamond
indicates the percent estimate for
each facility.
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Strengths and Limitations
This study has several strengths. First, we identified a size-
able cohort of patients with kidney stones from the largest in-
tegrated national health care system in the US, and we had ac-
cess to both inpatient and outpatient diagnostic claims that
interfaced with laboratory results. The cohort was diverse in
age, race/ethnicity, geographic location, and presence or ab-
sence of comorbid conditions. Second, veterans who receive
care in VHA facilities may experience fewer financial restric-
tions in obtaining laboratory tests and procedures, which al-
lows them to have similar access to medical care across the
country. Third, to our knowledge, this study is the first to in-
clude patients with an eGFR lower than 45 mL/min/1.73 m2 in
the estimation of PTH testing prevalence in patients with hy-
percalcemia. Serum PTH levels may be elevated in patients with
an eGFR lower than 45 mL/min/1.73 m2 if they have second-
ary HPT, but serum calcium concentration tends to be nor-
mal or low rather than high in secondary HPT. Patients with
an eGFR lower than 45 mL/min/1.73 m2 and hypercalcemia,
such as those in this cohort, should be screened with a PTH
level measurement to assess the presence of PHPT, especially
given that hypercalcemia may be associated with hyperten-
sion and progression of chronic kidney disease.

This study has some limitations. First, the study popula-
tion comprised mostly male veterans, which may limit the gen-
eralizability of these results to women. Women are 3 times more
likely than men to develop PHPT,32,33 but it is unclear from the
results whether the rate of PTH testing might be higher if more
women were part of the present study. Second, we defined
PHPT as presence of an elevated serum calcium concentra-

tion with an elevated serum PTH level measurement. We did
not consider alternative criteria for diagnosing PHPT, such as
the presence of an inappropriately normal PTH level (ie, non-
suppressed) measurement in the setting of hypercalcemia.
Third, we could not ascertain whether patients with chronic
kidney disease and HPT had primary or secondary HPT with
overzealous treatment using oral calcium (often as a phos-
phate binder) and/or calcitriol or active vitamin D analogs.
Fourth, we could not capture medical care for veterans with
kidney stones who received care outside of the VHA system.
However, we inferred that PTH testing that occurred outside
the VHA system might be limited given that Alore et al14 re-
ported that the rate of parathyroidectomy in veterans with only
VHA coverage was similar to that in veterans with additional
Medicare, Medicaid, or private insurance (12.6% had VHA cov-
erage only, and 12.8% had overall coverage).

Conclusions
In this cohort study, a generally low rate of PTH testing was
found in veterans with kidney stones and hypercalcemia,
and extensive variation in PTH testing rates was found
across VHA facilities in the US. More awareness of the level
or frequency of elevated serum calcium concentration may
be associated with higher rates of PTH testing in patients
with kidney stones. Improved screening for PHPT could
increase the rates of detection and treatment of PHPT and
decrease stone recurrence associated with missed or
untreated PHPT.
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