
Introduction

Calcium metabolism abnormalities are a well 
studied phenomenon in sarcoidosis. Prevalence  
of hypercalcaemia varies from 4% reported by  

ACCESS (A Case Control Etiologic Study of Sar-
coidosis) investigators to 11% reported in older 
studies (1, 2). It is known that an active metabolite 
of Vitamin D, 1,25(OH)2D, is mainly responsible 
for hypercalcaemia in sarcoidosis (3). Cholecalcif-
erol and ergocalciferol collected through diet and 
sun exposure are firstly hydroxylated in the liver to 
25(OH)D. A second hydroxylation occurs normally 
in the kidneys by 1a-hydroxylase to 1,25(OH)2D. 
In sarcoidosis, abnormal extra-renal intracrine 1a-
hydroxylase (CYP27B1) production by granulomas’ 
macrophages leads to excessive, non parathormone 

Vitamin D status in sarcoidosis: a cross-sectional study

Ilias C. Papanikolaou1,2, Brian Tabila1, Kristina Tabila3, Zea Borok4, Om Sharma†1, Michael K. Gould5

1 Division of Pulmonary, Critical Care and Sleep Medicine, Keck School of Medicine, University of Southern California, USA; 2 Department 
of Pulmonary Medicine, Corfu General Hospital, Greece; 3 University of Connecticut, Primary Care; 4 Will Rogers Institute Pulmonary 
Research Center, Division of Pulmonary, Critical Care and Sleep Medicine, Keck School of Medicine, University of Southern California, 
USA; 5 Health Services Research and Implementation Science, Kaiser Permanente Southern California

Abstract. Background: Hypercalcemia, a common feature in sarcoidosis, is due to the excessive production of 
active Vitamin D metabolite, 1,25(OH)2D. Levels of 25(OH) Vitamin D however may not be appropriate. Ob-
jectives: To assess Vitamin D status and its clinical associations in sarcoidosis patients compared to a general res-
piratory diseases out-patient clinic population, serving as controls. Methods: 64 sarcoidosis cases and 53 control 
cases with other than sarcoidosis respiratory diseases, matched for age and sex were included in the study. Serum 
25(OH)D, 1,25(OH)2D, calcium, angiotensin converting enzyme (ACE) were measured. 25(OH) Vitamin D 
was described as deficient when <20 ng/ml and insufficient when <30 ng/ml. Clinical parameters were recorded 
for sarcoidosis cases. Results: Overall 41/64 sarcoidosis cases (64%) had low 25(OH) D, 7/64 (11%) had high 
1,25(OH)2D and 2/64 had hypercalcaemia (3%). Sarcoidosis subjects likely exhibited deficient (39%) or normal 
25(OH)D levels (36%) in comparison to controls (p=0.018). 25(OH) Vitamin D deficiency in sarcoidosis was 
associated with race and radiological stage I disease, with regression analysis identifying African-American 
race as the only significant risk factor (p=0.03). An inverse correlation between ACE and 25(OH)D levels was 
found (p=0.052). 1,25(OH)2D was significantly elevated in sarcoidosis compared to controls. Among sarcoidosis 
patients, those with insufficient 25(OH)D levels exhibited higher calcium levels in serum. Conclusions: 25(OH) 
Vitamin D deficiency is prevalent in sarcoidosis, particularly in African-Americans and likely those with active 
disease. However, concomitant 1,25(OH)2D elevation and associated hypercalcaemia make Vitamin D supple-
mentation dangerous in sarcoidosis. (Sarcoidosis Vasc Diffuse Lung Dis 2018; 35: 154-159)

Key words: sarcoidosis, vitamin D, hypercalcaemia

SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2018; 35; 154-159    DOI: 10.36141/svdld.v35i2.6199                   © Mattioli 1885

Original article: Clinical research

Received: 15 February 2017
Accepted after revision: 25 September 2017
Correspondence: Ilias Papanikolaou, 
Department of Pulmonary Medicine, 
Corfu General Hospital, 
Corfu 49100, Greece
E-mail: icpapanikolaou@hotmail.com



Vitamin D in sarcoidosis 155

related dysregulated production of 1,25(OH)2D, 
which through increased intestinal absorption and 
bone resorption of calcium causes hypercalcaemia 
(4, 5). Hypercalcaemia requires systemic treatment, 
and sarcoidosis patients are often advised to decrease 
Vitamin D uptake.

On the other hand, Vitamin D is recently shown 
to possess serious immune-regulating properties. The 
active metabolite 1,25(OH)2D through Vitamin D 
Receptor (VDR) interact with innate immunity cells 
(monocyte/macrophage, dendritic cells) in order to 
enhance adaptive immunity and potent antibacterial 
enzymes (cathelicidin) against microbes like Myco-
bacterium Tuberculosis or induce immune tolerance. 
The ideal level of serum Vitamin D to promote in-
nate immunity is not known; it seems, however, that 
sarcoidosis Th-1 cytokine milieu (IFN-γ, TNF-α) 
may not enhance Vitamin D regulated innate im-
munity (6, 7).    

Recently, several studies have reported on Vi-
tamin D status in sarcoidosis. Baughman and col-
leagues reported 80% prevalence of 25(OH)D de-
ficiency in their sarcoidosis cohort (8). Burke et al 
report low (<28 ng/ml) 25(OH)D in 97% of 59 sar-
coidosis patients (9). We conducted this study in or-
der to investigate whether decreased 25(OH)D is in 
sarcoidosis as prevalent as in patients suffering from a 
variety of acute and chronic respiratory diseases. We 
then tried to elucidate which risk factors best pre-
dicted 25(OH)D deficiency among our sarcoidosis 
patients. Due to the deranged calcium metabolism 
described above, we then examined 1,25(OH)2D and 
calcium levels.

Methods

Study sesign

This was a prospective cross sectional cohort 
study undertaken from July 2009 through July 2011 
in the clinics at University of Southern California-
University Hospital (USC-UH) and Los Angeles 
County+USC (LAC+USC) hospital in Los Ange-
les, California. The study was approved by the ethics 
committee of these hospitals and was in accordance 
with the declaration of Helsinki regarding research 
in human subjects. All patients signed an informed 
consent form. 

In USC-UH, consecutive sarcoidosis subjects 
were recruited to participate in the study as they 
presented at the sarcoidosis outpatient clinic in the 
above time period. Inclusion criterion was a diagno-
sis of sarcoidosis based on American Thoracic Soci-
ety/European Respitory Society/World Association 
of Sarcoidosis and Other Granulomatous Disorders 
published criteria (10). These cases were matched 
for age and gender with subjects from LAC+USC 
general pulmonary medicine out-patient clinic (con-
trols). Controls were selected from a different hos-
pital because the larger clinic there allowed faster 
recruitment. Control subjects were included in the 
study consecutively if they had a diagnosis other 
than sarcoidosis. All study subjects were excluded 
from the study if they had comorbidities associated 
with Vitamin D deficiency, namely small bowel dis-
ease, gastrectomy, pancreatic insufficiency, nephrotic 
syndrome, renal failure, rickets, cirrhosis, hypopar-
athyroidism, or anticonvulsant therapy. Final exclu-
sion criterion was exogenous calcium and Vitamin D 
supplementation.  

Methods

A blood sample was collected from all study 
subjects. Laboratory investigations included 25(OH)
D, 1,25(OH)2D, calcium and albumin. Reference 
values for hydroxy-vitamin D was 30-55 ng/ml and 
for 1,25(OH)2D 24-65 pg/ml. 25(OH)D status was 
described as deficient for values <20 ng/ml (D), in-
sufficient for values <30 ng/ml (I) and normal for 
values ≥30 ng/ml (N). In sarcoidosis subjects we re-
corded Pulmonary Function Tests (PFT’s), serum 
Angiotensin Converting Enzyme (ACE), chronicity 
of sarcoidosis, status of current treatment and radio-
logical stage of disease (Scadding).

Statistics

Continuous variables were analyzed with two-
tailed t test. Categorical variables between sarcoido-
sis subjects and controls were evaluated by chi-square 
test. Pearson’s correlation coefficient (r) was calculat-
ed among measured variables and regression analysis 
was performed for predictors of hydroxy-vitamin D 
deficiency. Statistical significance was defined as a p 
value <0.05. IBM SPSS software (version 22.0) and 
GraphPad Prism 5.0 were used.
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Results

Vitamin D

Participants’ entry flowchart is shown in Fig-
ure 1. Study subjects demographics and Vitamin 
D levels are shown in Table 1. African-Americans 
were more prevalent in the sarcoidosis group. Impor-
tantly, sarcoidosis patients exhibited higher values of 
1,25(OH)2D (p<0.05). 25(OH)D and calcium levels 
were not significantly different between sarcoidosis 
and controls. Only 2 sarcoidosis patients had hyper-
calcaemia (3%). The overall prevalence of decreased 

hydroxy-Vitamin D in sarcoidosis was (41/64) 64%, 
comparable to controls’ overall prevalence (43/53) 
81%. However, sarcoidosis cases were more likely to 
have deficient (39%) or normal (36%) 25(OH)D lev-
els, while controls likely had insufficient 25(OH)D 
(p=0.018) (Figure 2).

Sarcoidosis 

Disease characteristics of sarcoidosis cases ac-
cording to 25(OH)D status are shown in Table 2. 
Race and stage of sarcoidosis varied between groups, 
with African-American race and stage I disease being 
associated with deficient 25(OH)D (p<0.05). Mul-
tiple regression analysis identified race as the only 
significant risk factor for such deficiency (p=0.03). 
Correlation analysis revealed a negative association 
of 25(OH)D value with ACE (r=-0.331) close to 
statistical significance (p=0.052). Lastly, relatively 
increased 1,25(OH)2D and significantly higher se-
rum calcium levels (exceeding the normal range) 
were observed in patients with insufficient 25(OH)
D levels, 44% of whom were on treatment. 

Discussion

Our study shows that in sarcoidosis, low 
25(OH)-Vitamin D is as prevalent (64%) as in pa-
tients with other diseases following an outpatient 
county respiratory clinic, with deficiency though 

Fig. 1. Flow chart of participants in the study. Abbreviations: C: 
Cirrhosis, NS: Nephrotic syndrome, H: Hypoparathyroidism, G: 
Gastrectomy, RF: Renal failure, VDS: Vitamin D supplementa-
tion, ILD: Interstitial Lung Diseases, TBC: Tuberculosis, LRTI: 
Lower Respiratory Tract Infections, COPD: Chronic Obstructive 
Pulmonary Disease, BA: Bronchial Asthma, BE: Bronchiectasis, 
OSA: Obstructive Sleep Apnoea, LC: Lung Cancer, AIDS: Ac-
quired Immunodeficiency Syndrome

Table 1. Subjects’ demographics and Vitamin D status (measured 
values are presented as mean ± standard deviation)

 Sarcoidosis Controls p values
 n=64 n=53 

Age 53.8±11 53.1±13 0.9

Male gender (% of total) 23 (36%) 21 (39%) 0.7

Race: Caucasian 36 43 0.0001
African-American 28 1
Asian 0 9

25(OH)D (ng/ml)   26±14 23±9 0.4

1,25(OH)2D (pg/ml)   52±15   42±16   0.04

Calcium (mg/dl) 9.28±0.7 9.22±0.4   0.68

Fig. 2. Comparison of sarcoidosis and controls based on 25(OH)
D serum levels (Deficient <20 ng/ml; Insufficient <30 ng/ml; Nor-
mal ≥30 ng/ml) [p=0.018]
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being more prevalent in sarcoidosis. Risk factors 
associated with this deficiency in sarcoidosis were 
African-American race and maybe disease activity as 
determined by ACE. However, sarcoidosis patients 
had increased 1,25(OH)2D compared to controls. 
Further, significant hypercalcaemia was found in sar-
coidosis subjects with insufficient 25(OH)D in the 
serum, highlighting the limited clinical significance 
of measuring 25(OH)D in sarcoidosis.

The high prevalence of 25(OH) Vitamin D defi-
ciency and insufficiency combined (64%) was expect-
ed and is similar to rates reported in all recent research 
in the field (8, 9). Capolongo et al report abnormally 
low 25(OH)D in 86,3% and 73.8% of their Ameri-
can and Italian cohorts, respectively (11). Respective 
prevalence of 61% is reported by Sodhi et al in a com-
munity based setting (12). The significant rates of se-
vere deficiency found in our study between sarcoidosis 
and controls, after matching for sex and age, might be 
related to the racial heterogeneity with many African-
Americans in the sarcoidosis group (Table 1), to nu-
tritional and/or other demographic variances among 
two groups and not to sarcoidosis per se. 

African-American race was found the significant 
risk factor for 25(OH)D deficiency among our sar-

coidosis group. This is a new finding, although Kav-
vathia et al, similarly, found lower 25(OH)D serum 
levels in African-Americans than Caucasians (13). 
African-American race due to dark skin pigmenta-
tion, has well established relation to hypovitamino-
sis D. National Health and Nutrition Examination 
Survey III (NHANES III) large population study by 
Zadshir and colleagues reported a prevalence of 34% 
for Vitamin D deficiency and insufficiency in white 
men, this being greatly higher in females and minori-
ties (14). This finding is further confirmed in healthy 
African-Americans compared to healthy Caucasians, 
as shown in more recent studies implicating genetic 
polymorphisms in Vitamin D-binding protein (15, 
16). This finding prompts special attention to a spe-
cific population in danger for 25(OH)D deficiency.

Another finding of this study is the inverse cor-
relation between 25(OH)D levels and sarcoidosis ac-
tivity as determined by serum ACE, with borderline 
statistical significance. Two other studies have made 
similar observations; Kamphuis et al using scintigra-
phy to evaluate sarcoidosis activity and Seidenberg 
et al which used clinical parameters and ACE (17, 
18). 25(OH)D deficiency observed in Stage I pre-
dominantly disease, has been reported in other stud-

Table 2. Characteristics of Sarcoidosis subjects by 25(OH)D status [numerics (% of total), measured variables(±standard deviation)]

 25-hydroxy-Vitamin D
ng/ml Normal ≥30 Insufficient 20-29 Deficient <20 p
 n=23 n=16 n=25 

Sex (male) 9 (39%) 6 (37.5%) 8 (32%) 0.8
Age 54 (±9) 52 (±13) 55 (±12) 0.5
Caucasian 19 (83%) 11 (69%) 6 (24%)
African-American 4 (17%) 5 (31%) 19 (76%) 0.0001
Chronicity (yrs) 9 (±10) 4.2 (±5) 9 (±6) 0.2
Activity (↑ACE) 10 (43%) 6 (37%) 14 (56%) 0.4
Stage  0  6 (26%) 3 (18.7%) 2 (8%)   0.01
I  1 (4.5%) 3 (18.7%) 11 (44%)
II 9 (39%) 4 (25%) 3 (12%)
III 6 (26%) 3 (18.7%) 3 (12%)
IV 1 (4.5%) 3 (18.7%) 6 (24%) 
FEV1% 94 (±18) 86 (±19) 88 (±20) 0.6
FVC% 89 (±17) 84 (±18) 82 (±17) 0.9
DLCO% 62 (±30) 77 (±16) 66 (±19) 0.3
Calcium 9.2 (±0.4) 9.6 (±1) 9.1 (±0.6)   0.01
1,25 (OH)2D pg/ml 45 (±16) 53 (±15) 48 (±19) 0.5
On treatment 8 (35%) 7 (44%) 8 (32%) 0.7

Abbreviations: ACE: Angiotensin Converting Enzyme; FEV1: Forced Expiratory Volume 1st second; FVC: Forced Vital Capacity; DLCO: 
Diffusing Lung Capacity for carbon monoxide
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ies as well, and might relate to newly diagnosed acute 
disease.

Contrary to controls, our sarcoidosis cases ex-
hibited high levels of the active Vitamin D me-
tabolite, 1,25(OH)2D. In our opinion, this is a very 
important finding, as reported elsewhere (8, 9). 
Further, the higher levels of serum calcium and of 
1,25(OH)2D were observed in the sarcoidosis sub-
group of insufficient 25(OH)D levels (20-30 ng/ml). 
This observation means that counting only the inac-
tive component of Vitamin D in order to guide pos-
sible supplementation is inadequate in sarcoidosis, 
where extrarenal paracrine active metabolite produc-
tion takes place, and that Vitamin D supplementa-
tion may be unsafe and cause hypercalcaemia, even 
when 25(OH)D levels are below normal. Desired 
25(OH)D levels may be lower in sarcoidosis than in 
the general population.

In line with this observation, in their study of 
bone fragility in sarcoidosis, Seidenberg et al found 
that levels of 25(OH) Vitamin D between 20-30 
ng/ml were associated with increased risk of bone 
fractures, while lesser amounts were associated with 
higher bone mineral density (18). In their rand-
omized controlled trial of Vitamin D supplementa-
tion in sarcoidosis patients with Vitamin D deficien-
cy, Bolland et al found no benefit on skeletal health 
surrogate markers and a mild increase of dangerous 
hypercalcaemia (19). 2-fold increased risk of hyper-
calcaemia has been observed in sarcoidosis patients 
on Vitamin D supplementation therapy (12). This 
important issue has been highlighted by other au-
thors as well (20, 21).

Unfortunately, the effect of treatment on sar-
coidosis-associated hypercalcaemia was not ad-
dressed in our study, as did Baughman and coworkers 
(8). However, our patients with insufficient 25(OH)
D and hypercalcaemia, had the highest levels of 
1,25(OH)2D and the highest percentage of patients 
being on treatment (44%), albeit both not statistically 
significant. This observation points out the therapeu-
tic implications of calcium metabolism abnormalities 
in sarcoidosis.

The advantage of our study is that it managed 
to show, prospectively and in relation to a control 
population, that albeit low 25(OH)D is as prevalent 
in sarcoidosis, especially in African-Americans, yet 
hypercalcaemia occurs and 1,25(OH)2D is elevated 
in sarcoidosis. The limitations of our study, on the 

other hand, are mainly the relatively small amount 
of patients and, as we acknowledged, the heteroge-
neity of the control group in relation to sarcoidosis 
group, in racial and demographic terms, since they 
were recruited in different hospitals, which may have 
affected our results.

Conclusions

Sarcoidosis patients, especially those of Afri-
can-American decent, maybe with active disease, 
exhibit low 25(OH)D similar to control population. 
Unlike controls, however, they demonstrate high 
1,25(OH)2D; associated hypercalcaemia is shown to 
occur in the event of insufficient 25(OH)D. Thus, 
determination of Vitamin D status solely by 25(OH)
D is inadequate and Vitamin D supplementation 
should largely be withheld in sarcoidosis.       
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