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Abstract. Background: Sarcoidosis associated hypercalcemia (SAHC) may be secondary to excessive levels of
1,25-(OH)2 vitamin D3 produced by autonomous 1-alpha-hydroxylase activity within the granulomas. The
frequency, treatment, and consequences of hypercalcemia remain unclear. Study Design and Methods: Two patient cohorts were studied. In Cohort 1, the prevalence of hypercalcemia in 1606 sarcoidosis patients seen during a six year period was analyzed along with treatment and outcome. Cohort 2 consisted of 261 sarcoidosis
patients with measured 25-(OH) vitamin D3 and 1,25-(OH) vitamin D3 levels. In forty patients, serial levels
of 25-(OH) vitamin D3 and 1,25-(OH) vitamin D3 were measured at least three months apart without change in therapy. Results: SAHC was identified in 97 of 1606 (6%) of patients studied and additional nine (0.6%)
patients had primary hyperparathyroidism. Post treatment follow up was available in 86 SAHC patients. Hypercalcemia improved in >90% of patients, including eight patients treated solely with vitamin D supplement
withdrawal. Renal insufficiency, documented in 41 (42%) of SAHC patients, improved with hypercalcemia
treatment. In 80% of Cohort 2 patients low 25-(OH) vitamin D3 levels were measured with only one patient
having a low 1,25(OH)2 vitamin D3 level. Elevated 1,25(OH)2 vitamin D3 levels, which were measured in
11% of patients, were higher for those with a history of hypercalcemia. Conclusion: Sarcoidosis associated hypercalcemia, which is often accompanied by renal insufficiency, responds to treatment of sarcoidosis and withdrawal of vitamin D supplementation. Measurement of serum vitamin 1,25(OH)2 vitamin D3 appears to best
evaluate vitamin D status in sarcoidosis patients. (Sarcoidosis Vasc Diffuse Lung Dis 2013; 30: 113-120)
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Introduction
Sarcoidosis is a multi-organ disease associated
with granulomatous infiltration of unknown cause
(1). Hypercalcemia is encountered in sarcoidosis patients with an estimated incidence between 2-27%
(2-4). Increased serum calcium can lead to renal insufficiency and may resolve with treatment (5, 6).
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Hypercalcemia can also lead to nephrolithiasis, a
common manifestation of sarcoidosis (7).
The mechanisms of hypercalcemia in sarcoidosis appear to be multifactorial. One factor appears to
be upregulated and autonomous 1-alpha-hydroxylase activity within the granulomas of sarcoidosis leading to increased conversion of 25-(OH) vitamin
D3 to 1,25-(OH)2 vitamin D3 (8-10). However, patients with normal levels of both forms of vitamin D
may still develop hypercalcemia (11). In some cases,
parathyroid adenomas are causative for the hypercalcemia measured in sarcoidosis patients (12, 13).
Patients receiving chronic glucocorticoids are
routinely recommended supplementation with vitamin D for prevention of osteoporosis (14). In sarcoi-
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dosis, the decision of who and when to supplement
with vitamin D3 remains unclear (17, 18).
Reduced 25-(OH) vitamin D3 has been reported with normal and even increased 1,25-(OH)2 vitamin D3 (19). Currently it is unknown which vitamin D level (25 vs. 1,25) represents true deficiency
in sarcoidosis (18). In the current study, we examined
three clinical questions: 1) the incidence and consequence of hypercalcemia in patients with sarcoidosis;
2) the relationship between vitamin D 25 and 1,25
to hypercalcemia in sarcoidosis patients; 3) and the
reproducibility of vitamin D 25 and 1,25 measurements in patients with sarcoidosis.
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was defined as a creatinine greater than 1.1 mg/dL in
females and 1.2 mg/dL in males.
Hypercalcemic patients were divided into two
groups based on serum PTH levels. Patients with
hyperparathyroidism were assessed independently
from those with hypercalcemia and normal PTH.
Patients with a normal PTH and hypercalcemia were considered as having sarcoidosis associated hypercalcemia (SAHC). The clinical outcome of those patients was assessed after discontinuing vitamin D
supplementation where applicable and instituting or
changing systemic therapy. In those patients with
SAHC and renal insufficiency failure, subsequent
renal function was noted after change in systemic
therapy.

Methods
Adult patients were recruited from the Interstitial Lung Disease/Sarcoidosis Clinic at the University of Cincinnati. Patients were diagnosed with sarcoidosis based on criteria of the American Thoracic
Society/European Respiratory Society/World Association of Sarcoidosis and Other Granulomatous
Disease (1). The studies were approved by the University of Cincinnati Institutional Review Board.
Incidence and consequences of hypercalcemia
Cohort 1 was derived from a large single-centered database that was collected from the University
of Cincinnati of those seen in a dedicated Interstitial
Lung Disease/Sarcoidosis Clinic between 2002 and
2008. The test results were entered into a database
(ACCESS, Microsoft). All visits were reviewed and
information recorded including age, sex, race, chest
x-ray stage (20), organ involvement (21), systemic
therapy, use of supplemental calcium and/or vitamin
D, as well as serum calcium, creatinine and parathyroid hormone (PTH) level. An immunochemiluminometric assay was used to measure 25-(OH) vitamin D3 and column chromatography followed by
radioimmunoassay was used to determine 1,25(OH)2 vitamin D3 level. A patient was considered
hypercalcemic if serum calcium was greater than
10.2 mg/dL. For hypercalcemic patients, the visit
with the highest calcium reported and the subsequent visits were further analyzed with serum creatinine, PTH level, and all systemic therapy noted.
Using laboratory normal values, renal insufficiency

The relationship between 25-(OH) vitamin D3 and
1,25-(OH)2 vitamin D3 to hypercalcemia in
sarcoidosis
Cohort 2 was derived from a database which was
created of sarcoidosis patients seen in the Interstitial
Lung Disease/Sarcoidosis Clinic in 2011 who had vitamin D levels measured. In these patients, baseline
demographics, serum levels for calcium, 25-(OH) vitamin D, 1,25-(OH)2 vitamin D, serum PTH level
and creatinine were measured. Due to possible other
reasons for elevated calcium, those with hyperparathyroidism and renal failure were excluded from
further analysis. Normal values for 25-(OH) vitamin
D3 and 1,25-(OH)2 vitamin D3 are 32.0 to 100.0
ng/ml and 10.0 to 75.0 pg/ml respectively.
The reproducibility of 25-(OH) vitamin D3 and
1,25-(OH)2 vitamin D3
Patients on stable vitamin D supplementation
and systemic medication for sarcoidosis had paired
vitamin D levels measured at least three months
apart. The reproducibility was analyzed for serum
25-(OH) vitamin D3 and 1,25-(OH)2 vitamin D3.
Additionally, the proportion of patients was calculated for whom the vitamin D classification changed
from low, normal, or elevated values.
Statistics
Comparison between groups and within groups
was performed using Student T test with the corre-
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lation coefficient calculated. Chi square analysis was
used to compare the frequency of race and gender
between groups. A linear correlation was used to calculate the coefficient r value. A p value of less than
0.05 was considered significant.

Results
Incidence and consequences of hypercalcemia
Cohort 1: Over the six years of study, a total of
1606 sarcoidosis patients were seen during 13,576
clinic visits. A serum calcium measurement was recorded in 10,977 visits. Hypercalcemia was measured in 106 (6.6%) patients. Hyperparathyroidism
was identified in 9 (0.6%) patients. Seven patients
underwent parathyroidectomy, one patient refused
surgery, and one patient was followed without surgery. The remaining 97 (6.0%) patients were classified as SAHC. Table 1 compares the demographic
features of the hypercalcemic patients to 1500 contemporary sarcoidosis patients seen at the University
of Cincinnati Interstitial Lung Disease/Sarcoidosis
Clinic without hypercalcemia. There was no significant difference between the hypercalcemic and normocalcemic patients in terms of race, gender, or age.
Of those with SAHC, 20 (20%) were receiving
systemic sarcoidosis therapies at baseline. Of these,
16 (16%) were on monotherapy and 4 (4%) were on
dual therapy. Nine patients were receiving hydroxychloroquine, seven prednisone, four methotrexate, and
four azathioprine. Vitamin D supplementation was
reported by 21 of the 97 hypercalcemic patients. Clinical outcomes of hypercalcemia were determined in
86 patients with 11 patients lost to follow-up. In 81

of these 86 patients (94%) hypercalcemia improved
with normalization occurring in 78 (91%). In eight
patients (9%), calcium and vitamin D supplementation withdrawal sufficiently treated the hypercalcemia. Therapy for SAHC is summarized in Table 2.
Forty-one (42%) patients with SAHC developed renal insufficiency as defined by a serum creatinine greater than 1.1 mg/dL in females and 1.2
mg/dL in males. Thirty seven patients had at least
one repeat creatinine measured after six months of
hypercalcemia therapy. Figure 1 demonstrates the
initial (1.78±0.752 mg/dL) and follow-up
(1.16±0.293 mg/dL) serum creatinine levels.
Table 2. Outcome of Therapy for Sarcoidosis Associated Hypercalcemia (SAHC) in Cohort 1
Intervention
Prednisone
Hydroxychloroquine
Methotrexate
Azathioprine
Leflunomide
Cyclophosphamide
Infliximab
Vitamin D
discontinuation

Number
Sole
Normalization*
of patients intervention
47
34
15
5
3
1
1
21

15
15
4
2
2
1
1
8

41 (87%)†
28 (82%)
14 (93%)
5 (100%)
3 (100%)
1 (100%)
1(100%)
19 (90%)

*Normalization of measured serum calcium after therapy
†Number with normal serum calcium (percent of those treated).
Patients may have received more than one therapy.

Table 1. Characteristics of hypercalcemic versus non hypercalcemic sarcoidosis patients in Cohort 1
Hypercalcemia
Hypercalcemia
due to
due to
sarcoidosis
hyperparathyroidism
Number
Female
Caucasian
Age
Median
(range)
years

Sarcoidosis
patients
without
hypercalcemia

97
69 (71%)
63 (64%)

9
8 (88%)
5 (62%)

1500
1067 (71%)
845 (56%)

55 (33-81)

63 (39-76)

51 (19-87)

Fig. 1. The serum creatinine levels at initial evaluation for hypercalcemia and the lowest serum creatinine after at least six months
of therapy in Cohort 1.
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Although a significant decrease was measured
(p<0.0001), only 20 of 37 (54%) patients experienced final serum creatinine normalization.
The relationship between 25-(OH) vitamin D3 and
1,25-(OH)2 vitamin D3 to hypercalcemia in
sarcoidosis
Cohort 2: The second database consisted of 270
sarcoidosis patients seen in the Interstitial Lung Disease/Sarcoidosis clinic during the first six months of
2011 with measured vitamin D. Nine patients were
excluded from additional analysis, as five of these patients experienced moderate to severe renal failure
(serum creatinine >3.0 mg/dL) and four additional
patients developed hyperparathyroidism. Of the remaining 261 patients with sarcoidosis, 18 (6.9%)
were hypercalcemic at baseline and 61 (23.4%) had a
history of SAHC currently or in the past. Table 3,
which summarizes the features of these patients, reveals no difference between the groups in terms of
gender, race, or age.
Although no patient had an elevated 25-(OH)
vitamin D3 level, 218 patients (83.5%) had reduced
levels. On the other hand, 1,25-(OH)2 vitamin D3
was elevated in 29 (11%) and reduced in only 1
(0.4%) patient. There was a significant correlation
between the 25-(OH) and 1,25-(OH) vitamin D3
(r=0.2689, p<0.0001).
Four of the 18 patients with initial hypercalcemia had elevated 1,25-(OH) vitamin D3 levels.
There was no difference between the hypercalcemic
and normocalcemic patients in values for either serum 25-(OH) vitamin D3 (current hypercalcemia=
22.6±14.11 ng/ml (Mean ± standard deviation);
current normal calcium = 22.3±11.37 ng/ml) or
1,25-(OH)2 vitamin D3 (current hypercalcemia=
54.3±24.24 pg/ml; current normal calcium = 49.8±
20.98 pg/ml).

There were 61 patients with a history of hypercalcemia. Of these, 22 (36.1%) had an elevated serum
1,25-(OH)2 vitamin D3 level. As depicted in Figure
2, the serum 1,25- (OH)2 vitamin D3 level was significantly higher for those with a history of hypercalcemia (63.0±27.92 pg/ml) compared to those
without a history of hypercalcemia (46.2±16.89
pg/ml, p<0.001). However, there was no difference in
the 25-(OH) vitamin D3 levels for those with or
without a history of hypercalcemia. Of the 61 patients with a history of hypercalcemia, 58 (95%) had
low 25-(OH) vitamin D3 levels, including 23 patients with levels below 20 ng/ml (Figure 3).
Twenty nine patients had an elevated 1,25(OH)2 vitamin D3 level with only one patient (3%)
untreated at the time of measurement. Of those with
normal 1,25-(OH)2 vitamin D3 levels, 30/229
(13%) of patients were not on current therapy (Chi
square=1.447, p>0.05).

Fig. 2. 1,25-(OH)2 vitamin D3 levels for patients with or without
history of hypercalcemia in Cohort 2. There was a significant difference between the groups (p<0.001). Dotted line indicates the
upper limit of normal value for 1,25-(OH)2 vitamin D3

Table 3. Demographic features of patients with measured 25-(OH) vitamin D3 and 1,25-(OH)2 vitamin D3 levels in Cohort 2
All
Number
Female
Caucasians
Age, years

261
207 (79%)*
131 (50%)
53±10.1 †

Current hypercalcemia
No
Yes
243
192 (79%)
124 (51%)
53±10.2

* Number (percent of total in the group)
† Mean±standard deviation
§ Includes ten patients with hypercalcemia at time of study

18
15 (83%)
7 (39%)
52±9.8

History of hypercalcemia
No
Yes
200
160 (80%)
97 (48%)
53±10.2

61§
47 (75%)
34 (55%)
53±10.7
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r=0.7984, p<0.0001) and serum 25-(OH) vitamin
D3 levels (Figure 4B, r=0.6576, p<0.0001). There
were six cases of 1,25-(OH)2 discordance with three
patients experiencing initial high levels with subsequent normalization and three cases with the reverse. Likewise, for 25-(OH) vitamin D3, there were
seven cases of discordance between the initial and
follow-up measurements with three cases changing
from low to normal levels and four cases changing
from normal to low levels.
Discussion

Fig. 3. 25-(OH) vitamin D3 levels for patients with or without a
history of hypercalcemia in Cohort 2. There was no significant
difference between the groups.

The reproducibility of 25-(OH) vitamin D3 and
1,25-(OH)2 vitamin D3
Serial vitamin D levels were measured at least
three months after initial assessment in forty patients in Cohort 2 who did not change systemic therapy or vitamin D supplementation. None of the patients with renal failure or hyperparathyroidism had
known repeat vitamin D studies. There was a significant correlation between the initial and follow-up
serum 1,25-(OH)2 vitamin D3 levels (Figure 4A,
A)

In a retrospective analysis of all sarcoidosis patients seen in our clinic from 2002 to 2008, SAHC
was documented in six percent of our patients, with
23% of patients reporting a present or prior history of
hypercalcemia. Previous studies have reported an incidence of hypercalcemia between 2-27% (2, 4, 2224). The United States multicenter A Case Controlled Etiologic Study of Sarcoidosis (ACCESS) evaluated patients within six months of sarcoidosis diagnosis. That study found hypercalcemia to be more
common in men and Caucasians (2). In the current
study, we were unable to demonstrate an effect of race, gender, or age on the prevalence of hypercalcemia.
During the six years of the study period, six percent of our 1606 sarcoidosis patients developed one
or more episodes of hypercalcemia. Of the 106 hyB)

Fig. 4. Forty patients in Cohort 2 with paired measurements determinations at least three months apart with no change in medication or
vitamin D3 supplements. (A) shows the correlation between initial and follow-up 1,25-(OH)2 vitamin D3 (r=0.7984, p<0.0001). Dotted
line indicates the upper limit of normal value for 1,25-(OH)2 vitamin D3. (B) shows the correlation between initial and follow-up 25-(OH)
vitamin D3 ( r=0.6576, p<0.0001). The dotted line indicates the lower limit of normal value for 25-(OH) vitamin D3
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percalcemic patients, nine had hyperparathyroidism.
Several investigators have reported hyperparathyroidism as a cause of hypercalcemia in sarcoidosis (25,
26). It is unclear if sarcoidosis patients are at higher
risk for hyperparathyroidism. Interestingly, we found
an overall incidence of hyperparathyroidism of 0.6%,
which was lower than general population based studies of primary hyperparathyroidism (27, 28). However, those studies concluded that primary hyperparathyroidism is more common in woman with advanced age (28, 29). Although our sarcoidosis population
is predominantly female, the average age was younger than the general population studies (28, 29).
Several agents including corticosteroids and anti-malarial agents such as chloroquine and hydroxychloroquine (8, 18, 30, 31), have been reported as effective in treating hypercalcemia in sarcoidosis. In
addition, evidence based recommendations suggest
useful alternatives to corticosteroids (1, 32). SAHC
may respond to specific agents such as ketoconazole
which can affect vitamin D3 metabolism (33). Bisphosphonates such as pamidronate can be beneficial
in treating hypercalcemia, but the benefit is short-lived and usually requires administration with other
agents (34, 35).
In the current study, sufficient follow-up was
available to determine the efficacy of therapy in 86
patients with SAHC. As summarized in Table 2, serum calcium improved in all patients, with normalization achieved in 94%. Although prednisone was
the most commonly prescribed agent, in less than
one third of those cases was it the sole agent. Hydroxychloroquine was prescribed in more than one
third of our patients; however, it was successful as a
single agent in less than half of those patients.
Methotrexate was the most commonly used cytotoxic agent which may reflect its popularity as a steroid sparing drug in sarcoidosis (36). Other cytotoxic
agents and infliximab, an anti-tumor necrosis factor
monoclonal antibody useful for refractory sarcoidosis (32), were prescribed in some cases (32).
The pathogenesis of renal dysfunction in sarcoidosis can be multifactorial, including interstitial
nephritis with or without granulomas (37) and hypercalcemia (5, 38). In a series of 47 sarcoidosis patients with biopsy confirmed interstitial nephritis,
Mahevas et al. found hypercalcemia in one third of
cases (37). In the current study, renal insufficiency
was documented in over forty percent of our SAHC

R.P. Baughman, J. Janovick, M. Ray, et al.

patients using serum creatinine measures. We chose
not to correct for age in this study, since patients were followed over a prolonged period. The lack of correction for age may lead to an over estimate of renal
dysfunction for this group. However, the serial studies support that an elevated serum calcium was probably a reflection of renal dysfunction due to hypercalcemia. In 37 patients, renal function was assessed
after at least six months of hypercalcemia treatment.
In all cases, serum calcium normalized. Figure 1 reveals that serum creatinine improved in almost all
cases; however, serum creatinine normalization occurred in less than half of patients. This suggests that
hypercalcemia was not the sole culprit for renal dysfunction.
In 21 of the 86 cases of SAHC, patients received supplemental vitamin D and calcium. This rate
of supplementation probably reflects the recommendations of vitamin D supplementation during chronic steroid usage. All patients were advised to stop
supplemental vitamin D and calcium; and for eight
patients, this was the only intervention required.
Reports of sarcoidosis and other granulomatous diseases confirm that vitamin D supplementation can
lead to hypercalcemia (39, 40) perhaps secondary to
autonomous 1-alpha-hydroxylase production (41).
To evaluate the effect of 1-alpha-hydroxylase
activity, we investigated 25-(OH) and 1,25-(OH)2
vitamin D3 levels in a separate group of 261 sarcoidosis patients without hyperparathyroidism or moderate to severe renal failure (45). We found that 25(OH) vitamin D3 levels were low in 84% of the sarcoidosis patients. However, only one patient (0.4%)
had a low 1,25-(OH)2 vitamin D3 level. Although
significant correlation existed between the two vitamin D levels, the 25-(OH) vitamin D3 level poorly
predicted the 1,25-(OH)2 vitamin D3 level (Figure
2). More than 70% of patients with elevated 1,25(OH)2 vitamin D3 had low levels of 25-(OH) vitamin D3.
Autonomous 1-alpha-hydroxylase seems to be
the most likely mechanism for our findings. Increased 1-alpha-hydroxylase activity has been reported
in granulomas of patients with active sarcoidosis
(10), and we found that increased 1,25-(OH)2 vitamin D3 levels were associated with hypercalcemia.
This supports the concept that autonomous 1-alphahydroxylase was a common reason for increased
1,25-(OH)2 vitamin D3.
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Kavathia et al. found elevated levels of 1,25(OH)2 vitamin D3 in a large cohort of chronic disease sarcoidosis patients requiring prolonged therapy (19). In the current study , only one patient with
an elevated 1,25-(OH)2 vitamin D3 level was untreated for sarcoidosis at the time of evaluation, versus thirty untreated patients with normal 1,25(OH)2 vitamin D3 levels. Although the proportion
of untreated patients in the two groups was statistically insignificant, over 85% of the patients with
measured vitamin D3 levels were receiving concurrent sarcoidosis therapy.
Appropriate usage of vitamin D and calcium
supplementation in sarcoidosis remains controversial. Some investigators have suggested that patients
with low 25-(OH) vitamin D3 receive supplementation (31, 42). This recommendation is based in part
on improved resolution of tuberculosis seen with vitamin D supplementation (15, 16). However, this increased rate of resolution may enhance the granulomatous response and lead to subsequent disease worsening . Others have suggested that both 25-(OH)
vitamin D3 and 1,25-(OH)2 vitamin D3 along with
serial serum calcium be measured (17, 18). We found
the measurement of 1,25-(OH)2 vitamin D3 as reproducible as measurement of 25-(OH) vitamin D3.
For 15% of patients, repeat measurement of 1,25(OH)2 vitamin led to reclassification of patients
from normal to high levels or vice versa. However
17.5% of patients undergoing repeat measurement of
25-(OH) vitamin D3 had reclassification from low
to normal levels or vice versa.
A limitation of our study was that serum calcium was not measured in all patients. Also, therapy
may have altered the serum calcium measurement
and therefore the prevalence of hypercalcemia may
have been underestimated in certain groups, such as
men and Caucasians. We demonstrated that treatment of sarcoidosis could be effective in treating the
hypercalcemia. However, many patients were hypercalcemic while on some form of therapy for their
sarcoidosis. In those cases, we felt the patient’s sarcoidosis was undertreated. Because we did not have
all patients on maximal therapy for their sarcoidosis
at all times, we were unable to correct for therapy as
a possible confounder for determining prevalence of
SAHC. Most patients had multiple determinations
of serum calcium. Therefore we may have overestimated the overall prevalence of hypercalcemia.

However, most patients with SAHC had more than
one elevated serum calcium level. Most patients with
SAHC required changes in therapy or calcium supplements for their repeat calcium to normalize.
In conclusion, we identified hypercalcemia in
over 5 percent of sarcoidosis patients with renal dysfunction noted in forty percent of these cases. In
some circumstances , vitamin D supplementation
alone appeared to be the culprit. Although sarcoidosis treatment controlled hypercalcemia and improved
renal function, in the majority of patients mild renal
dysfunction persisted. Increased 1,25-(OH)2 vitamin D3 was measured in many hypercalcemic patients, thus the measurement of this vitamin may be
useful for determining which patient should receive
vitamin supplementation. On the other hand 25OH vitamin D levels were unreliable in determining
the safety of vitamin D administration in sarcoidosis. Since serum 1,25-diOH vit D levels did not necessarily decline to normal with therapy, it may not
be a good endpoint to ensure resolution of the calcium dysregulation problem of sarcoidosis.

References
1. Hunninghake GW, Costabel U, Ando M, et al. ATS/ERS/WASOG
statement on sarcoidosis. American Thoracic Society/European Respiratory Society/World Association of Sarcoidosis and other Granulomatous Disorders. Sarcoidosis Vasc Diffuse Lung Dis 1999; 16:
149-73.
2. Baughman RP, Teirstein AS, Judson MA, et al. Clinical characteristics of patients in a case control study of sarcoidosis. Am J Respir
Crit Care Med 2001; 164: 1885-9.
3. Morimoto T, Azuma A, Abe S, et al. Epidemiology of sarcoidosis in
Japan. Eur Respir J 2008; 31: 372-9.
4. Kim DS. Sarcoidosis in Korea: report of the Second Nationwide Survey. Sarcoidosis Vasc Diffuse Lung Dis 2001; 18: 176-80.
5. Ponce C, Gujral JS. Renal failure and hypercalcemia as initial manifestations of extrapulmonary sarcoidosis. South Med J 2004; 97: 5902.
6. Rikitake Y, Kinoshita Y, Kotani Y, et al. Sarcoidosis with hypercalcemia-successful treatment of renal insufficiency and renal calcification
with prednisolone. Intern Med 1994; 33: 222-5.
7. Rizzato G, Fraioli P, Montemurro L. Nephrolithiasis as a presenting
feature of chronic sarcoidosis. Thorax 1995; 50: 555-9.
8. Sharma OP. Hypercalcemia in granulomatous disorders: a clinical review. Curr Opin Pulm Med 2000; 6: 442-7.
9. Hamada, K., S. Nagai, T. Tsutsumi, and T. Izumi. 1998. Ionized calcium and 1,25-dihydroxyvitamin D concentration in serum of patients with sarcoidosis. Eur Respir J 11:1015-1020.
10. Mason RS, Frankel T, Chan YL, Lissner D, Solomon P. Vitamin D
conversion by sarcoid lymph node homogenate. Ann Intern Med
1984; 100: 59-61.
11. Falk S, Kratzsch J, Paschke R, Koch CA. Hypercalcemia as a result of
sarcoidosis with normal serum concentrations of vitamin D. Med Sci
Monit 2007; 13: CS133-CS136.

04-baughman:baughman

21-08-2013

11:00

Pagina 120

120

12. Dawidson I, Jameson S. Sarcoidosis with hypercalcemia, reversible
uremia and hyperparathyroidism. Scand J Urol Nephrol 1972; 6: 30811.
13. Lang CC, McEwan SR, Ng AK. Co-existing hyperparathyroidism
and sarcoidosis presenting with hypercalcaemia - a diagnostic challenge. Scott Med J 1989; 34: 503-4.
14. de Nijs RN, Jacobs JW, Algra A, Lems WF, Bijlsma JW. Prevention
and treatment of glucocorticoid-induced osteoporosis with active vitamin D3 analogues: a review with meta-analysis of randomized controlled trials including organ transplantation studies. Osteoporos Int
2004; 15: 589-602.
15. Wejse C, Gomes VF, Rabna P, et al. Vitamin D as supplementary
treatment for tuberculosis: a double-blind, randomized, placebo-controlled trial. Am J Respir Crit Care Med 2009; 179: 843-50.
16. Martineau AR, Timms PM, Bothamley GH, et al. High-dose vitamin D(3) during intensive-phase antimicrobial treatment of pulmonary tuberculosis: a double-blind randomised controlled trial. Lancet
2011; 377: 242-50.
17. Sweiss NJ, Lower EE, Korsten P, Niewold TB, Favus MJ, Baughman
RP. Bone Health Issues in Sarcoidosis. Curr Rheumatol Rep 2011.
18. Burke RR, Rybicki BA, Rao DS. Calcium and vitamin D in sarcoidosis: how to assess and manage. Semin.Respir Crit Care Med 2010;
31: 474-84.
19. Kavathia D, Buckley JD, Rao D, Rybicki B, Burke R. Elevated 1, 25dihydroxyvitamin D levels are associated with protracted treatment in
sarcoidosis. Respir Med 2010; 104: 564-70.
20. Scadding JG. Prognosis of intrathoracic sarcoidosis in England. Br
Med J 1961; 4: 1165-72.
21. Judson MA, Baughman RP, Teirstein AS, Terrin ML, Yeager H Jr,
and the ACCESS Research group.Defining organ involvement in
sarcoidosis: the ACCESS proposed instrument. Sarcoidosis Vasc Diffuse Lung Dis 1999; 16: 75-86.
22. Goldstein RA, Israel HL, Becker KL, Moore CF. The infrequency of
hypercalcemia in sarcoidosis. Am J Med 1971; 51: 21-30.
23. Pietinalho A, Ohmichi M, Hiraga Y, Lofroos AB, Selroos O. The
mode of presentation of sarcoidosis in Finland and Hokkaido, Japan.
A comparative analysis of 571 Finnish and 686 Japanese patients.
Sarcoidosis 1996; 13: 159-66.
24. Gillman A, Steinfort C. Sarcoidosis in Australia. Intern Med J 2007;
37: 356-9.
25. Diamond TH, Wing J, Hirschowitz SL, Botha JR. Hypercalcaemia
in sarcoidosis co-existing with primary hyperparathyroidism. A case
report. S Afr J Surg 1989; 27: 26-28.
26. Robinson RG, Kerwin DM, Tsou E. Parathyroid adenoma with
coexistent sarcoid granulomas. A hypercalcemic patient. Arch Intern
Med 1980; 140: 1547-8.
27. Yu N, Leese GP, Smith D, Donnan P T. The natural history of treated and untreated primary hyperparathyroidism: the parathyroid epidemiology and audit research study. QJM 2011; 104: 513-21.
28. Siilin H, Lundgren E, Mallmin H, et al. Prevalence of primary hyperparathyroidism and impact on bone mineral density in elderly
men: MrOs Sweden. World J Surg 2011; 35: 1266-72.

R.P. Baughman, J. Janovick, M. Ray, et al.

29. Yu N, Donnan PT, Murphy MJ, Leese GP. Epidemiology of primary
hyperparathyroidism in Tayside, Scotland, UK. Clin Endocrinol
(Oxf ) 2009; 71: 485-93.
30. Adams JS, Diz MM, Sharma OP. Effective reduction in the serum
1,25-dihydroxyvitamin D and calcium concentration in sarcoidosisassociated hypercalcemia with short-course chloroquine therapy. Ann
Intern Med 1989; 111: 437-8.
31. Vucinic V, Skodric-Trifunovic V, Ignjatovic S. How to diagnose and
manage difficult problems of calcium metabolism in sarcoidosis: an
evidence-based review. Curr Opin Pulm Med 2011; 17: 297-302.
32. Baughman RP, Nunes H. Therapy for sarcoidosis: evidence-based recommendations. Expert Rev Clin Immunol 2012; 8: 95-103.
33. Adams JS, Sharma OP, Diz M. Ketoconazole decreases the serum
1,25 dihydroxyvitamin D and calcium concentration in sarcoidosis associated hypercalcemia. J Clin Endocrinol Metab 1990; 70: 1090-5.
34. Gibbs C J, Peacock M. Hypercalcaemia due to sarcoidosis corrects
with bisphosphonate treatment. Postgrad Med J 1986; 62: 937-8.
35. Sinha RN, Fraser WD, Casson IF. Long-term management of hypercalcaemia in chronically active sarcoidosis. J R Soc Med 1997; 90:
156-7.
36. Schutt AC, Bullington WM, Judson MA. Pharmacotherapy for pulmonary sarcoidosis: a Delphi consensus study. Respir Med 2010; 104:
717-23.
37. Mahevas M, Lescure FX, Boffa JJ, et al. Renal sarcoidosis: clinical, laboratory, and histologic presentation and outcome in 47 patients.
Medicine (Baltimore) 2009; 88: 98-106.
38. Moyses-Neto M, Guimaraes FM, Ayoub FH, Vieira-Neto OM,
Costa JA, Dantas M. Acute renal failure and hypercalcemia. Ren Fail
2006; 28: 153-9.
39. Marcus JF, Shalev SM, Harris CA, Goodin DS, Josephson SA. Severe hypercalcemia following vitamin d supplementation in a patient
with multiple sclerosis: a note of caution. Arch Neurol 2012; 69: 12932.
40. Kaptein S, Risselada AJ, Boerma EC, Egbers PH, Nieboer P. Life-threatening complications of vitamin D intoxication due to over-thecounter supplements. Clin Toxicol (Phila) 2010; 48: 460-2.
41. Kallas M, Green F, Hewison M, White C, Kline G. Rare causes of
calcitriol-mediated hypercalcemia: a case report and literature review.
J Clin Endocrinol Metab 2010; 95: 3111-7.
42. Richmond BW, Drake WP. Vitamin D, innate immunity, and sarcoidosis granulomatous inflammation: insights from mycobacterial research. Curr Opin Pulm Med 2010; 16: 461-4.
43. Zhang JT, Chan C, Kwun SY, Benson KA. A Case of Severe 1,25Dihydroxyvitamin D-Mediated Hypercalcemia due to a Granulomatous Disorder. J Clin Endocrinol Metab 2012.
44. Lavender TW, Martineau AR, Quinton R, Schwab U. Severe hypercalcaemia following vitamin D replacement for tuberculosis-associated hypovitaminosis D. Int J Tuberc Lung Dis 2012; 16: 140.
45. Frolich A, Nielsen BF, Transbol I. Respective roles of 25 hydroxy-vitamin D, PTH, phosphate and renal function for the 1-alpha-hydroxylase activity in primary hyperparathyroidism. Miner Electrolyte
Metab 1990; 16: 210-5.

