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Abstract

Objectives: Sarcoidosis is a multisystem granulomatous disease of unknown etiology that in 90% 
of cases affects the lungs. Calcium metabolism testing can be useful in diagnostics. The aim of the 
study was to assess the correlation between calcium metabolism and sarcoidosis form of manifes-
tation/demographic indicators.
Material and methods: In a retrospective study medical records of all patients (n = 699) who had 
been hospitalized with suspected sarcoidosis in a specialized clinic of Riga Eastern Clinical Universi-
ty Hospital during the period from January 1st, 2013 until December 31st, 2014 were analyzed. Further 
analysis included only patients with histologically and/or clinically confirmed sarcoidosis (n = 281).
Results: Patients’ average age at the time of diagnosis was 39 ±13 years. Elevated serum calcium 
was observed in 9.9% of cases. A  statistically significant correlation was found between serum 
calcium and age (p < 0.01). There was an association between serum calcium and gender (p < 0.05) 
– levels were higher in men (2.43 mmol/l) than in women (2.40 mmol/l). Elevated calcium in 24-hour 
urine was observed in 22.7% of patients. The mean value was 232.3 mg/24 h, levels were higher in 
men (258.7 mg/24 h) than in women (202.3 mg/24 h), and the association with gender was statis-
tically significant (p < 0.01).
Conclusions: We can conclude that in Latvia sarcoidosis affects mostly young and middle-aged 
people. Both serum calcium and calcium in 24-hour urine are important parameters for sarcoidosis 
diagnostics. Hypercalcemia was found in 9.9% of patients, hypercalciuria in 22.7% of patients, and 
both were statistically significantly higher in men, regardless of age. 
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Introduction 
Sarcoidosis is a  granulomatous inflammatory dis-

ease with clinical manifestations varying from sponta-
neously regressive localized forms to chronic disease 
with multiorgan involvement [1]. Lung sarcoidosis is the 
most common form of the disease, but any organ sys-
tem can be involved. The most common manifestations 
are a persistent cough, erythema nodosum, eye involve-
ment or peripheral lymph node form, fatigue and inci-
dental finding on the chest X-ray [2]. 

The etiology of sarcoidosis remains unknown, but 
dysregulated immune reactions are at the core of the 

pathologic mechanism of the disease. T-cell infiltration 
is present, and T1 helper lymphocyte release increased 
amounts of cytokines in the case of sarcoidosis [3]. The 
antigen that initiates and drives the immune response in 
sarcoidosis has not been identified [4]. The main histo-
logical feature of sarcoidosis is the formation of non-ca-
seous granulomas, which can persist, spontaneously re-
gress or lead to fibrosis [5].

A well-known complication of sarcoidosis is dysreg-
ulated vitamin D and calcium metabolism. There is in-
creased synthesis of calcitriol in the sarcoid granulomas, 
and this can lead to hypercalcemia and hypercalciuria. In 
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the case of sarcoidosis, INF-g, synthesized by T1 helper  
lymphocytes, stimulates 1α-hydroxylase in alveolar 
macrophages, which leads to increased production of 
calcitriol [6]. In renal tubular cells, high levels of calcitriol 
reduce the activity of 1α-hydroxylase and increase the 
activity of 24-hydroxylase. 24,25-dihydroxycholecal-
ciferol is a metabolically inactive form of vitamin D. In 
the case of sarcoidosis, activity of 1α-hydroxylase is not 
inhibited by increased levels of calcitriol. At the same 
time, macrophages do not express normally function-
ing 24-hydroxylase, which means that these cells lack 
calcitriol level reducing activity [7]. Calcitriol stimulates 
absorption of calcium in the intestine (hyperabsorptive 
hypercalcemia) and promotes hypercalcemia with a sup-
pressed level of parathyroid hormone. It also stimulates 
osteoclasts to induce bone resorption, and osteoblasts 
to induce the formation of bone [7, 8]. Calcitriol attaches 
to calcitriol receptors, a member of the nuclear receptor 
family of transcription factors. Calcitriol has multiple ef-
fects on immunity regulation and initiation [6]. 

The approximate prevalence of hypercalcemia in sar-
coidosis patients has been estimated to be 2 to 27% [9]. 
Severe hypercalcemia is rare in sarcoidosis [10]. How-
ever, in rare cases, severe hypercalcemia, defined as 
a calcium level of 3.5 mmol/l, can have clinically serious 
consequences [7]. According to some authors, increased 
intake of exogenous vitamin D or increased exposure to 
sunlight can intensify the problem [10]. Another mecha-
nism, apart from the dysregulated metabolism of vita-
min D for hypercalcemia in sarcoidosis patients, is re-
lated to synthesis of the parathyroid hormone related 
hormone in the granulomas [1].

Hypercalciuria is the most common defect in the 
calcium metabolism in patients with sarcoidosis and 
the most common renal manifestation. Prevalence of 
hypercalciuria varies from 40 to 62% [7]. Possible conse-
quences of hypercalciuria include kidney stone disease, 
deposits of calcium in renal parenchyma, renal failure 
or tubular pathologies, including nephrogenic diabetes 
insipidus [11].

According to some authors, sarcoidosis patients 
should limit the daily intake of calcium and vitamin D 
due to abnormal vitamin D and calcium metabolism [12].

The aim of the study was to assess the correlation 
between calcium metabolism and sarcoidosis form of 
manifestation and demographic indicators.

Material and methods

Almost all patients with primarily diagnosed sar-
coidosis in Latvia – a  Northern European country [13] 
– have been investigated in the “Centre of Tuberculosis 
and Lung Diseases” of Riga Eastern Clinical University 

Hospital. In a retrospective study medical records of all 
patients (n = 699) who had been hospitalized in the Riga 
Eastern University Hospital’s Centre of Tuberculosis and 
Lung Diseases due to suspected sarcoidosis during the 
period from the 1st of January 2013 until the 31st of De-
cember 2014 were analyzed. Data were collected using 
the computerized hospital information system and pa-
tients’ medical records in November 2015. 

Inclusion criteria were the following: 1) a  patient 
older than 18 years of age, and 2) a  patient with his-
tologically and/or clinically approved (e.g. acute mani-
festation) diagnosis of sarcoidosis. Among all patients, 
281 patients met the inclusion criteria. Data of calcium  
levels were analyzed in all 281 patients, comprising 
50.5% (n = 142) men and 49.5% (n = 139) women. Calcium  
concentration in serum and urine was determined  
using commercially available assay kits that use a colo- 
rimetric method. Only total calcium testing results at 
the time of diagnosis from the medical records were ob-
tained; no ionized values were available. 

Hypercalcemia was defined as a  calcium level of 
2.55 mmol/l or higher. The reference range for calcium 
in 24-hour urine was 25 to 300 mg in a 24-hour urine 
specimen (0.625 to 7.5 mmol/d).

This study focuses mainly on the descriptive sta-
tistics. For independent samples, Student’s t-test was 
performed in order to compare continuous data. Spear-
man’s rank correlation coefficient was used to detect 
a  significant correlation. All tests were two-tailed and 
hypothesis tests were deemed significant for p < 0.05. 
All data were analyzed using Microsoft Office Excel and 
IBM SPSS Statistics for Windows version 22.0.

All procedures performed in studies involving human 
participants were in accordance with the ethical stan-
dards of the institutional research committee and with 
the 1964 Helsinki Declaration and its later amendments 
or comparable ethical standards. The study protocol 
was approved by the institutional review board of the 
Ethics Committee of Riga Stradins University (IRB no. 
8/24.09.2015). For this type of study formal consent is 
not required.

Results

A histologically verified diagnosis was made in 208 
patients (109 men and 99 women). The age of patients 
ranged from 20 to 79 years. The patients’ mean age at 
the time of diagnosis was 39.2 ±12.7 years. Acute mani-
festation was found in 26% (n = 73) of patients. Calcium 
in serum was tested in 79% (n = 222) of patients – 76.8% 
of men (n = 109) and 81.3% of women (n = 113). The 
mean level of calcium in serum was 2.41 ±0.12 mmol/l, 
and it ranged from 2.17 to 2.95 mmol/l. Hypercalcemia, 
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defined as an elevated level of serum calcium above 2.55 
mmol/l, was observed in only 9.9% of cases (n = 22). 
None of the included patients had severe hypercalce-
mia, defined as a serum calcium level above 3.5 mmol/l. 
A statistically significant correlation was found between 
serum calcium and patients’ age (p < 0.01) – younger pa-
tients were more likely to develop hypercalcemia (Fig. 1). 

There was an association between serum calcium 
and gender (p < 0.05) – levels of calcium were higher in 
men (the mean value 2.43 ±0.10 mmol/l) than in women 
(mean value 2.40 ±0.12 mmol/l) (Fig. 2).

Calcium in 24-hour urine was tested in 69% (n = 194) 
of patients – 72.5% of men (n = 103) and 65.5% of wo- 
men (n = 91). The mean level of calcium in 24-hour urine 
was 232.3 ±136.5 mg/24 h (5.8 mmol/d), and it ranged 
from 21.6 to 721.8 mg/24 h (0.5 to 18 mmol/d). Hyper-
calciuria, defined as urinary calcium excretion above 
300  mg/24 h (7.5 mmol/d), was detected in 22.7% of 
patients (n = 44). Calcium in 24-hour urine was signifi-
cantly higher (p < 0.01) in men (mean value 258.7 ±144.3 
mg/24 h (6.5 mmol/d)) than in women (mean value 
202.3 ±120.9 mg/24 h (5 mmol/d)) (Fig. 3).

No statistically significant correlation was found be-
tween hypercalciuria and age (p = 0.484), or serum and 
24-hour urine calcium levels (p = 0.203), and no relation 
was found between acute or chronic first disease mani- 
festation and levels of calcium in serum or in 24-hour 
urine (p > 0.5). Levels of parathyroid hormone and vi-
tamin D (25-hydroxycholecalciferol and calcitriol) were 
tested in only a  few patients (n = 5, n = 4 and n = 2, 
respectively), not allowing any significant conclusions to 
be made. Primary hyperparathyroidism was neither con-
firmed nor excluded in those patients who developed 
hypercalcemia.

Discussion

In this study, we examined the prevalence of hyper-
calcemia and hypercalciuria in a sample of 281 patients 
newly diagnosed with sarcoidosis, and its relation to 
demographic indicators. We discovered that hypercal-
cemia occurs in 9.9% of newly diagnosed cases, which 
is consistent with previous studies of the prevalence of 
hypercalcemia in sarcoidosis patients, where it has been 
reported to be 2 to 27% [9]. 

In earlier studies, the prevalence of hypercalciuria 
was reported to be 40 to 67% [7], whereas in our study 
it was 22.7%. No earlier data from Latvia have ever been 
published. A  pilot project’s results were presented as 
a poster in 2015 showing the prevalence of hypercalce-
mia and hypercalciuria at 8 and 23%, respectively [14]. 

We also detected that men with sarcoidosis are 
more likely to have higher levels of serum calcium in 
comparison to women, which is consistent with the 

Fig. 3. Mean calcium in 24-hour urine specimen 
in men and women (mg/24 h).

Fig. 1. Correlation between serum calcium 
(mmol/l) and patients’ age.

Fig. 2. Mean levels of serum calcium in men and 
women (mmol/l).
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data reported from Estonia, another Northern European 
country [13], in 2016, where female patients were less 
likely to develop hypercalcemia in comparison to men, 
with an OR of 0.38 [15]. We did not find any significant 
relationship between levels of calcium (in serum or in 
urine) and manifestation form of the disease (acute or 
chronic). 

Nephrolithiasis is a common renal manifestation of 
sarcoidosis. In a recent study, calcium in urine was higher  
in patients with nephrolithiasis, but serum 25-hydro- 
xycholecalciferol and calcitriol did not correlate with 
urine calcium levels [16]. Coexistence of active sarcoid-
osis and primary hyperparathyroidism can be a  diag-
nostic challenge, as hypercalcemia can coincide with 
normal or decreased parathyroid hormone values [17].

We found that, due to financial restrictions in the 
hospital and not the primary role in sarcoidosis diagnos-
tics, vitamin D (25-hydroxycholecalciferol and calcitriol) 
and parathyroid hormone were detected in a very small 
number of patients, postponing assessment to the out-
patient period. Yet in recent years the question has re-
mained open about prophylactic calcium and vitamin D 
supplementation in patients with coexisting sarcoidosis 
and any other health condition (e.g. glucocorticoid-in-
duced or postmenopausal osteoporosis) requiring such 
intervention, especially in countries with reported higher 
vitamin D insufficiency in the general population [18–20].

Glucocorticoids are considered to be the first line 
medication for sarcoidosis requiring treatment, and os-
teoporosis is a  well-known complication of prolonged 
use of glucocorticoids [21]. Vitamin D supplementation, 
which is considered to be a  prophylactic measure to 
prevent osteoporosis, can influence calcium metabolism 
[22]. According to some authors, increased intake of ex-
ogenous vitamin D or increased exposure to sunlight 
can intensify the problem of hypercalcemia [10]. 

The question of supplementation is especially im-
portant in Latvia, a  Northern European country [13]. 
It has been reported that the prevalence of vitamin D 
insufficiency in the general population is high in Latvia 
(latitude 56°). In a  study conducted in 2007 the mean 
level of 25-hydroxycholecalciferol was 32.8 ng/ml, with 
significantly lower levels detected in winter when com-
pared with those in summer (28.2 ng/ml vs. 37.5 ng/
ml, respectively; p < 0.05) [23]. In another study in 2015 
the mean serum level of 25-hydroxycholecalciferol was 
17.8 ng/ml in winter, 21.1 ng/ml in summer [24], and vi-
tamin D supplementation was recommended for this 
population [23, 24]. A retrospective study conducted in 
2014, which included 301 patients with sarcoidosis, re-
vealed that calcium and vitamin D supplementation is 
safe in patients with sarcoidosis, and is not related to an 
increased risk of hypercalcemia, and can be applied for 

patients receiving glucocorticoids, and in patients with 
risk of osteoporosis [18]. 

Another randomized, placebo-controlled study in the 
year 2013 revealed that in sarcoidosis patients with the 
level of 25-hydroxycholecalciferol under 50 nmol/l, addi-
tional vitamin D supplementation does not significantly 
affect levels of serum calcium or daily calcium excretion in 
urine [19]. However, a decreased level of serum 25-hydro- 
xycholecalciferol in patients with sarcoidosis does not 
represent vitamin D deficiency, but the level is decreased 
due to increased vitamin D conversion in the active cal-
citriol form [25]. The serum concentration ratio between 
25-hydroxycholecalciferol and calcitriol is increased in 
patients with sarcoidosis in comparison with the gener-
al population [12]. Also, a  retrospective cohort study of 
196 patients showed that those patients with sarcoido- 
sis who received vitamin D supplementation developed 
hypercalcemia more often than patients who did not re-
ceive such supplementation (43.3% vs. 18.3%) [9]. 

Another hypothesis states that vitamin D deficiency 
could be the cause of an increased prevalence of sar-
coidosis in Northern Europe (decreased exposure to the 
sunlight) and in the African American population (pig-
mentation filters UVB rays). A decreased level of vitamin 
D could exist before the manifestation of the disease, 
and this could have a role in the immunopathogenesis 
of sarcoidosis [26]. A decreased level of 25-hydroxycho-
lecalciferol is a well-known risk factor for higher activity 
of several inflammatory diseases, including Crohn’s dis-
ease and multiple sclerosis [18]. 

Saidenberg-Kermanac’h et al. [1] in 2014 reported 
that low level of 25-hydroxycholecalciferol is negatively 
correlated with the activity of sarcoidosis. However, a re-
cent study that compared vitamin D status and calcium 
metabolism in two ethnic groups of patients (Caucasian 
patients in Italy and African American patients in the 
USA) concluded that the risk of vitamin D deficiency is 
not increased in sarcoidosis patients in comparison with 
the general population, nor there was found a difference 
in vitamin D and calcium metabolism between the two 
ethnic populations [16]. 

Therefore, the question about prophylactic calcium 
and vitamin D supplementation in patients with a risk of 
glucocorticoid-induced osteoporosis (or any other cause 
of osteoporosis, such as postmenopausal) remains un-
clear. It is important to assess the risk individually and 
to apply appropriate prophylactic measures. However, 
when vitamin D and calcium supplementation is used 
in patients with sarcoidosis, control of calcium levels 
should always be done [27], since this study also shows 
that hypercalcemia and hypercalciuria are common in 
the case of sarcoidosis. The necessity of vitamin D sup-
plementation should be carefully evaluated in patients 
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with sarcoidosis. Serum levels of 25-hydroxycholecalcif-
erol and calcitriol should be measured prior to initiation 
of vitamin D supplementation, and in the case of a nor-
mal level of 25-hydroxycholecalciferol therapy with vita-
min D may be withheld [20].

A key strength of this study is the relatively large pa-
tient sample. Since this was a retrospective study, and 
data were extracted from medical records, it was not 
possible to obtain data about daily calcium intake. This 
could influence the results of urinary calcium excretion, 
because this variable also depends on the daily intake of 
calcium. Other possible causes of hypercalcemia, for ex-
ample malignancy with bone metastasis or hyperpara-
thyroidism, were not excluded in this study, which could 
interfere with the results of the calcium levels. 

Conclusions

We can conclude that in Latvia – a Northern European 
country – sarcoidosis affects mostly young and middle- 
aged people, which is consistent with general epidemio- 
logical data [28]. Both serum calcium and calcium in  
24-hour urine are important parameters for sarcoidosis 
diagnostics. Hypercalcemia was found in 9.9% of pa-
tients, hypercalciuria in 22.7% of patients, and levels of 
calcium in serum and urine were statistically significant-
ly higher in men, regardless of age.

The authors declare no conflict of interest.
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