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Introduction
 
Methotrexate (MTX) has been used to treat 

chronic sarcoidosis for many years (1-3). It has been 
reported as effective in treating pulmonary,(2;4) ocu-
lar,(5) and neurologic disease.(6) In a double blind, 
placebo controlled trial, it was superior to placebo as 

a steroid sparing agent.(7) In two surveys, over 90 
percent of sarcoidosis specialists considered MTX 
the drug of choice in patients who had developed in-
tolerance to prednisone.(8;9)

However, a multi-national survey of sarcoidosis 
specialists revealed that 41% of responding physi-
cians used MTX on five or less of their patients in 
the previous year, with 10% of the total responders 
not having used MTX in the past year.(8) For those 
not using MTX, fear of toxicity was the most com-
monly cited reason. In addition, some clinicians were 
unsure of the effectiveness of MTX in treating sar-
coidosis. 

Methotrexate in sarcoidosis: hematologic and hepatic toxicity 
encountered in a large cohort over a six year period

Robert P. Baughman1, Johanna P. Cremers2, Martina Harmon1, Elyse E. Lower1, Marjolein Drent2,3,4

1 University of Cincinnati Medical Center, Cincinnati, OH, USA; 2 ild care foundation research team, Ede, the Netherlands; 3 ILD Center of 
Excellence, Department of Respiratory Medicine, St. Antonius Hospital, Nieuwegein, The Netherlands; 4 Department of Pharmacology and 
Toxicology, FHML, University Maastricht, the Netherlands

Abstract. Background: Methotrexate (MTX) is a second line agent for treatment of sarcoidosis. Its long term 
safety and efficacy in sarcoidosis remains unclear. Methods: This was a retrospective review of patients seen at 
the University of Cincinnati Sarcoidosis Clinic over a six year period. For each visit, complete blood count, liver 
function testing, and dosing and outcome of MTX was noted. For efficacy, we compared the outcome of therapy 
of a matching subgroup of patients treated with either MTX or infliximab for one year and results scored as 
improved, stable, or worse based on response of the target organ. Results: Over six years, 1606 sarcoidosis pa-
tients were seen with a total of 13,576 clinical visits. During the study period, 607 patients (38% of total) were 
receiving MTX and had available blood work. Moderate elevation of alanine aminotransferase (ALT) (>3 times 
upper limit normal) was seen in nine (1.6%) patients. White blood count of <1500 cells per cu mm was seen in 
one patient. At six months, over half of the 44 patients initiated on infliximab and with at least six months of 
follow-up were better, while only 23% of the 44 of a matched subset of MTX treated patients were better (Chi 
square=10.566, p=0.0143). At the 12 month assessment, the infliximab treated patients were still more likely to 
be better than those treated with MTX (Chi square=10.033, p=0.0183). Only 23% of those treated with MTX 
were worse at twelve months. Conclusion: In our study, MTX therapy was associated with very few hepatic or 
hematologic complications. MTX was less likely than infliximab to improve clinical status. However, only 20% 
were worse after one year of MTX. (Sarcoidosis Vasc Diffuse Lung Dis 2020; 37 (3): e2020001)
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The major toxicities of MTX beside gastrointes-
tinal side effects, mainly nausea, are leukopenia and 
hepatotoxicity (10). Guidelines have been developed 
to minimize these toxicities in rheumatoid arthri-
tis(11), and similar guidelines have been proposed 
for sarcoidosis patients.(8) We were interested in the 
frequency of major hematologic and liver toxicity in 
our sarcoidosis patients.

There are several agents available to treat ad-
vanced sarcoidosis.(12) In addition to MTX, there 
are other immunosuppressants such as azathio-
prine,(4) leflunomide,(13;14) and mycophenolate 
mofetil (15). The tumor necrosis factor (TNF) in-
hibitors such as infliximab  have been reported effec-
tive agents for advanced sarcoidosis.(16;17) 

The aims of this study were to evaluate the real 
life safety of MTX in patients with advanced sar-
coidosis and to compare the effectiveness of MTX 
treatment with infliximab. 

Methods

We performed a retrospective review of patients 
seen at the University of Cincinnati Sarcoidosis 
Clinic over a six year period. Each clinic visit was 
recorded in a data base (ACCESS, Microsoft) with 
additional clinical and laboratory information ob-
tained. Patients prescribed MTX alone or in com-
bination with other agents were identified. We also 
recorded the age, gender, and self-reported race of 
all patients. Organ involvement was defined using 
standard criteria.(18) Other data collected included 
complete blood count, white blood count, serum ala-
nine aminotransferase (ALT), aspartate aminotrans-
ferase (AST),  creatinine, MTX dosage, concurrent 
prednisone and/or cytotoxic drug use, and presence 
of known sarcoid liver disease (defined as positive 
liver biopsy or >3 times upper limit of normal (ULN) 
liver tests prior to treatment). The protocol has been 
approved by the University of Cincinnati Institu-
tional Review Board.

Our standard practice is to institute treatment 
with MTX at an initial dose of 10 mg orally once a 
week unless the patient’s baseline white blood cell 
count is <4000 cells/cu mm.  In leukopenic patients 
the dose was reduced.  Likewise, patients with an el-
evated serum creatinine would have does adjusted, 
and those patients with a serum creatinine >2.0 mg 

would not receive MTX.  Complete blood counts 
along with liver and renal function are assessed every 
three months while on therapy. For patients whose 
ALT or AST rose to greater than three times the 
ULN, the MTX was discontinued. Patients who 
had MTX discontinued were treated with alternative 
agents, such as azathioprine. We did not rechallenge 
patients with MTX. 

Toxicity 

The study focused on two major side effects of 
MTX, leukopenia and hepatoxicity. Serial testing 
including complete blood count (CBCs) and liver 
function tests (LFTs) were scheduled to be per-
formed every three months. All available testing was 
recorded at the time and subsequently available for 
review.  

In patients who developed severe leukopenia,  
defined as a total WBC <1.5*10^3 cells per cu mm, 
MTX was discontinued. Abnormal liver function 
testing  was defined as an alanine aminotransferase 
(ALT) >1.5x upper limit of normal (ULN), and an 
ALT >3x ULN required MTX discontinuation. 

Response Assessment 

Assessment was performed in those patients 
who instituted new treatment with a minimum of 
six months of follow up.  To compare the efficacy 
of MTX to infliximab, a clinical response tool was 
developed. Known sarcoidosis patients with target 
organ involvement of lung, skin, eye, or liver were 
included, and patients were classified according to 
their response to therapy over the six months after 
initiation of therapy.  

We identified 44 patients who initiated inflixi-
mab during the study period and had sufficient fol-
low-up data at six months. We compared these pa-
tients to a matched group of MTX treated patients 
based on age, race, and organ involvement who had 
also begun therapy during the study period and there 
was at least six months of follow-up data. None of 
the MTX group were on infliximab at the time of the 
analysis of response to therapy. The infliximab pa-
tients were on MTX and/or other immunosuppres-
sants including prednisone and azathioprine. How-
ever, all patients had progressive disease at the time 
of starting infliximab.
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The clinical response tool captured patient 
data including drug therapy and dosage at the ini-
tial, 6-month, and 12-month interval, affected or-
gans, FVC% predicted, and the evaluator’s overall 
global assessment.  For the global assessment, the 
physician’s clinical assessment along with changes 
in FVC% or steroid-sparing drugs were considered 
and rated on a Likert scale of 1 to 5 (1=much worse, 
2=worse, 3=same, 4=better, 5=much better).

The target organ was that manifestation which 
was identified as the reason for treatment. Response 
of the target organ to therapy was determined using 
predefined criteria for individual organ assessment as 
well as for the entire patient. Criteria for response are 
listed below:

Pulmonary 
Improvement in the target organ was defined 

as an increase in at least one of the lung function 
test parameters by >10% of the predicted value or re-
duction of inflammation in chest imaging (based on 
official interpretation of chest imaging). Stable was 
defined as no clinically significant change (increase 
or reduction <10%) in lung function or chest imag-
ing with reduction in steroid dosage. Patients were 
determined to be worse if there was >10% decline in 
lung function, worsening of chest imaging, or steroid 
dose could not be tapered. (7, 19, 32)

Ocular
Improvement was considered present when 

at least one of the inflammatory signs of eye show 
complete clearance or improvement in one without 
deterioration in others.  Stabilized is defined as all 
inflammatory signs of eye remain unchanged, and 
deterioration as an increase in at least one inflam-
matory sign.  Improvement, stabilization, or worsen-
ing of disease activity was assessed by the physician 
based upon increase or decrease in topical steroids 
such as eye drops, periocular injections given within 
the past two months and/or patient-reported chang-
es in visual acuity. (7,19;20) 

Hepatic
Appropriate laboratory test results were assessed 

by the physician, especially alkaline phosphatase and 
bilirubin, before and after therapy.  Improvement 
was defined when elevated tests decreased by 50% 
of the upper limit of normal. Stabilization included 

levels which remained unchanged despite reduction 
in prednisone dosage. Worsened disease included an 
increase in abnormal LFTs or an increase in pred-
nisone dosage. (14, 16)   

Cutaneous
Change from baseline skin lesions were con-

sidered improved if lesions were reduced by greater 
than 50%, stable if there was no clinically significant 
change, and worse for increase ≥10%.  Comparisons of 
lesions were reported by the same physician. (14, 32)   

Assessment of target organ response was based 
on physician’s comments in the patient record.  We 
developed this assessment tool specifically for this 
study and it was applied to all patients. This assess-
ment was performed by an independent reviewer 
(MH) who evaluated all patients. This reviewer was 
not involved in patient care.

Statistics 

Results are reported as mean with standard de-
viations. Comparisons were made between groups 
using Student t test with a p value of <0.05 being 
considered significant. Multi regression analysis was 
performed by incorporating any feature in the model 
which had a p value of <0.10 on univariate analysis.

Results

Toxicity

During the time period, a total of 1606 sar-
coidosis patients were seen with a total of 13,576 
clinical visits. Figure 1 demonstrates the number of 
patients evaluable, including the number who re-
ceived MTX at any time (869 [54% of total]). Dur-
ing the study period, 607 patients (38% of total) were 
receiving drugs and had available blood work. These 
607 patients constituted the study group. The demo-
graphic characteristics and major organ for the group 
involvement are summarized in Table 1.  Granu-
lomatous liver involvement was confirmed by liver 
biopsy in 48 patients (7.9%); whereas, 11 patients 
had granulomas identified in their bone marrow.

Table 2 demonstrates the clinical features of 
those with abnormal liver function test abnormalities 
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(LFTA) versus the remainder of the treated patients. 
In multiple regression analysis only sex and hepatic 
sarcoidosis were independent predictors of LFTA.  
Elevated LFTs were reported within three months 
of MTX institution in more than half of patients 
with LFTA. However less 2% of patient had LFTA 
greater than 3 times upper limit normal and only 1 
patient had an ALT or AST greater than 5 times up-
per limit normal. .

Table 3 depicts the clinical features of those pa-
tients with leukopenia versus the remainder of the 
MTX treated patients. In multiple regression analysis 
only race but not MTX dose was an independent pre-
dictor of leukopenia. None of the patients had infec-
tions associated with their leukopenia, including the 
one patient with a WBC of less than 1500 cells/cu mm.

All nine patients with ALT greater than three 
times the upper limit of normal had MTX with-
drawn and follow-up LFT testing was normal. Pa-
tients with leukopenia had their dose of MTX ad-
justed and follow up testing was stable.

Fig. 1. A flow diagram of all visits seen during the study time period. MTX: methotrexate; ALT: alanine aminotransferase; ULN: upper limit 
normal; WBC: white blood count

Table 1. Clinical features of the studied methotrexate treated sar-
coidosis patients

  Number Percent of total

Total 607

Female 446 73.5%

Caucasian * 345 56.8%

Organ    

Lung 491 80.9%

Eyes 264 43.5%

Skin 234 38.6%

CNS 96 15.8%

Liver 48 7.9%

Extra thoracic lymph nodes 67 11.0%

Spleen 30 4.9%

Cardiac 28 4.6%

Sinus 41 6.8%

Bone marrow † 11 1.8%

*Remaining patients are African American except one from India.
†Positive granulomas in bone marrow
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Therapy Response 

We identified 44 patients who initiated inf-
liximab during the study period and had sufficient 
follow-up data at six months. We compared these 

patients to a matched group of MTX treated pa-
tients based on age, race, and organ involvement who 
has also begun therapy during the study period and 
in whom there was at least six months of follow-up 
data. The infliximab and MTX groups both con-

Table 2. Clinical features of the studied sarcoidosis patients with or without liver function abnormalities

LTA (ALT >1.5 time ULN) No LTA (ALT<1.5 times ULN) P value

Total 73 (12.8%) 499 (87%)

Age, years 48 + 9.8 * 50  + 10.8 >0.05

Female § 63 (86%) 324 (72%) 0.010

African American 33 (46%) 219 (44%) >0.05

Serum creatinine >1.2 mg/dL 3 (4%) 22 (95%) >0.05

Liver sarcoidosis § 13 (8%) 36 (8%) 0.008

Methotrexate dosage mg/week 9.9  + 2.6 9.8 + 3.1 >0.05

Concurrent prednisone 50 (68%) 260 (58%) >0.05

Table 3. Clinical features of those sarcoidosis patients with or without leukopenia during methotrexate therapy

Leukopenia
(WBC<3800 cells/cu mm)

No leukopenia
(WBC>3800 Cells/cu mm) p-value

Total 70 (11.9%) 517 (88.1%)

Age, years 50 +9.5 * 50 +10.7 >0.05

Female 47 (67%) 387 (75%) >0.05

African American 39 (56%) 215 (42%) 0.027

Serum creatinine >1.2 mg/dL 4 (5%) 28 (6%) >0.05

Hepatic sarcoidosis 5 (7%) 47 (9%) >0.05

Methotrexate dosage mg/week 9.0 +2.5 9.9 +2.9 <0.0001

Concurrent prednisone 36 (51%) 307 (60%) >0.05
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tained  (28 females and 16 males). There was a simi-
lar proportion of  lung, skin, eye, or liver involvement 
in the two groups. 

Patient response to either therapy was calcu-
lated after  six months and twelve months of treat-
ment and  summarized in Table 4. Only 10 (23%) of 
patients who started with MTX were worse by one 
year of therapy. No patient was much worse after ei-
ther treatment and we did not include that response 
in our subsequent Chi square analysis. While there 
was an increase in the number of patients who were 
stable or better after 12 versus six months of MTX 
therapy, the differences in response were not signifi-
cant (Chi square=3.294, p>0.05%). There was no sig-
nificant difference in the response rate after 6 versus 
12 monhts of infliximab. 

Figure 2 summarizes the response rate for the 
MTX versus infliximab treated patients. Sarcoidosis 
patients treated with infliximab experienced a more 
favorable response to therapy compared to MTX 
treated patients at both six and 12 months. At six 
months, over half of the patients treated with inflixi-
mab were better or much better, while only 21% of 
the MTX treated patients were better and around a 
third of the MTX treated patients were worse. The 
response rate was significantly different between 
these two regimens (Chi square=11.804, p=0.0081). 
At the 12 month assessment, the infliximab treated 
patients were still more likely to be better than those 
treated with MTX. On the other hand, the percent 
of patients who worsened with MTX decreased 
from 36% at 6 months to 21% at 12 months. Again 
the rates of response significantly differed between 

MTX and infliximab (Chi square=11.141, p=0.011). 
The majority of patients in both groups were either 
stable or better at both the six and 12 months time-
points.  Patients treated with infliximab had a more 
favorable response to therapy compared to MTX at 
both six and 12 months.

Discussion

We identified more than 600 sarcoidosis pa-
tients treated with MTX at our institution over a six 
year period. Leukopenia and elevated liver transami-
nases were identified in about ten percent of cases. 
Severe leukopenia was found in only one patient. El-
evation of transaminases to greater than three times 
upper limit normal was seen in only nine patients. 
MTX was effective in treating the majority of these 
sarcoidosis patients. We did not encounter any other 
adverse events leading to discontinuation of MTX 
during this time period. This may in part to our dos-
age of methotrexate. The initial dose of MTX used at 
our center was 10 mg once a week. This dose was de-
veloped by our group as part of our initial reports on 
using methotrexate in sarcoidosis (2;21). This dose 
was used in the only double blind, placebo controlled 
trial of methotrexate for sarcoidosis (7).  

MTX has been reported as a steroid sparing 
agent in sarcoidosis for many years (1;22). However, 
these early studies evaluated short courses of treat-
ment and dosing based on experience in malignancy 
and rheumatoid arthritis. We started prospectively 
using MTX in sarcoidosis patients with two major 

Table 4. Patient outcomes in infliximab versus methotrexate treatment

  1=Much Worse 2=Worse 3=Same 4=Better 5=Much Better Chi p-value

6 Months infliximab 0 7 13 19 5 11.804 0.008

6 months methotrexate 0 17 20 9 1

           

12 months infliximab 0 5 14 15 5 11.141 0.011

12 months methotrexate 0 10 27 10 0
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modifications from the early literature. We chose 
to use a lower dose, since we had demonstrated sar-
coidosis patients often have hematologic abnormali-
ties due to bone marrow suppression from the disease 
(23;24). We also noted that it could take six months 
or longer to achieve objective disease improvement 
with MTX treatment (2). Furthermore, we have re-
ported that prolonged use of MTX is associated with 
good clinical response with limited toxicity (21). 
Others have demonstrated that MTX is effective in 
sarcoidosis and less toxic than other agents such as 
azathioprine (4;25).

The initial dose of MTX we used in this study 
was 10 mg once a week. This is consistent with our 
prior studies and within published guidelines for 
treating sarcoidosis (8) and reported by others (3). 
Others have used initially 10 mg, but would titrate 
up to 15 mg a week based on blood monitoring (4). 
It is unclear that higher doses are more effective and 
they may just be more toxic. The routine use of 10 
mg a week or lower was based on observation of the 
low toxicity seen in our original series (2;21). This 

report found a similar very low rate of hepatic and 
hematologic toxicity. In rheumatoid arthritis, it has 
been found that higher doses of methotrexate are 
associated with a better clinical response but more 
toxicity (26). In a retrospective observational study of 
sarcoidosis patients, the dose of MTX varied based 
on treating physician preference. There was no dif-
ference in response rate between 10, 12.5, or 15 mg 
a week (3). 

While some physicians feel MTX should be 
considered as first choice for steroid sparing in sar-
coidosis (9;27), a poll of sarcoidosis experts revealed 
a significant proportion rarely if ever used MTX (8). 
This paradox seemed be due multiple factors includ-
ing concern about drug toxicity, poor understanding 
of MTX efficacy as a steroid sparing agent, misper-
ception of low dose steroid toxicity, and lack of ex-
perience with the agent. While there is little one can 
do about lack of experience except encourage use of 
drug, we felt that better defining the risk and effec-
tiveness of MTX in sarcoidosis could enhance the 
usage of this steroid sparing agent. 

Fig. 2. Response rate for methotrexate at 6 months (light blue) and 12 months (dark blue) versus infliximab at 6 months (light green) and 
12 months (dark gree). The response rate was significantly different between these two regimens (Chi square=11.804, p=0.0081). See text for 
details regarding level of response.
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Based on expert opinion, guidelines have been 
established regarding the frequency of performing 
CBC and LFTs (8). In those guidelines, a range 
frequency employed various centers was reported. 
Based on these reports the guideline say,  “When 
starting MTX or increasing the dose, ALT with or 
without AST, creatinine and CBC should be moni-
tored every 3–6 weeks until a stable dose is reached, 
and every 1–3 months thereafter; after stabilization 
the monitoring interval can be extended to every 6 
months”. This statement was not supported by any 
clinical studies, which was acknowledged in the 
guideline report (8). In the current study, we report 
the outcome of monitoring patients every three 
months as long as they are on therapy. Our results 
demonstrate that every three month monitoring was 
a safe method of evaluating patients when using the 
doses we prescribe. 

MTX suppresses the bone marrow and at high 
doses can cause pancytopenia. In our practice, we use 
low doses of MTX to avoid such toxicity, and more 
important, in our experience this lower dose is ef-
fective. As seen in Figure 1, our protocol avoids sig-
nificant leukopenia in the vast majority of patients. 
This study would suggest that such a guideline would 
identify the rare patient who develops leukopenia 
and that severe leukopenia may then be avoided. 
For patients with leukopenia, the MTX dosage was 
lower (Table 3). During the study period, the dose of 
MTX was adjusted based on WBC and MTX was 
not an independent predictor of leukopenia.

MTX can be hepatotoxic (28). Unlike leukope-
nia, the rate of liver damage from MTX does not 
seem to be dose dependent (29). It has been sug-
gested that  cumulative dose may be associated with 
increased risk of hepatotoxicity (30), however not all 
studies found such an association (10;31), including 
a study in sarcoidosis (32). This study was not able to 
detect an impact for cumulative dose, in part because 
of the small number of cases with significant liver 
function test abnormalities. We feel that continued 
liver function testing is warranted in these patients, 
even with prolonged therapy.

 Liver biopsy is the most definitive way to iden-
tify MTX hepatotoxicity. We previously reported on 
the role of liver biopsy in detecting MTX hepatotox-
icity (32). However, that procedure has been mostly 
replaced by liver function testing and recommenda-
tions based on the results of serial testing. In rheu-

matoid arthritis, it has been proposed that a serum 
transaminase of greater than three times the upper 
limit of normal be considered abnormal (33). This 
has been adapted for sarcoidosis patients (8). In sar-
coidosis, one has to consider that liver involvement 
from the underlying disease may cause elevated 
transaminases (32). The current study rarely identi-
fied increased transaminases on serial testing. When 
it was encountered, our practice was to switch to aza-
thioprine or mycophenolate, since these agents have 
reported lower rates of hepatotoxicity (12). Others 
have found that the changes in liver testing may re-
verse with reducing the dose of MTX.  MTX was 
often used in conjunction with the anti-TNF agents 
infliximab and adalimumab. This has been recom-
mended to reduce allergic reactions to infliximab and 
may increase effectiveness of the anti-TNF agents 
(34;35).

Several potential drugs, including MTX and 
infliximab, have been shown effective in patients 
who have worsening disease despite treatment with 
prednisone and cytotoxic agents (17;36). These stud-
ies focused on response of the lung, usually assessed 
by changes in forced vital capacity. Our study con-
firmed that infliximab was effective in the majority 
of patients able to take at least six months of therapy. 
In order to capture the benefit of therapy in vari-
ous sarcoidosis phenotypes, we used a novel instru-
ment which assessed individual organs affected and 
incorporated the physician global assessment. The 
use of physician global assessment and scoring indi-
vidual organ response have been reported previously 
(17;37). While our system was not prospectively 
captured, it was easily adapted to information readily 
available in the patient’s chart. The instrument was 
developed to evaluate response rates of different tar-
get organs. In our study, the number of patients with 
specific organ involvement such as brain or heart was 
insufficient to provide comparison of response rate.

We subsequently used this instrument to assess 
patient outcomes in infliximab treated patients ver-
sus a subset of the MTX treated patients. The MTX 
treated patients were matched to the infliximab 
treated patients to compare response rates. We chose 
this comparison because previous data had suggested 
infliximab was more potent that MTX in sarcoido-
sis. In line with another study, the onset of action 
and efficacy was less robust with MTX compared to 
infliximab (2). However, after one year, only 21% of 
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patients felt worse while receiving MTX. This is in 
line with other studies evaluating MTX response in 
sarcoidosis (3;21). However, decisions about treat-
ment need to incorporate expected outcomes along 
with cost, drug availability, and possible long term 
toxicities which were not assessed in this study. For 
this comparison, we chose MTX treated patients 
who had not received infliximab or other third line 
treatments during the time of analysis. On the oth-
er hand, the infliximab patients had been receiving 
MTX, prednisone, and/or other antimetabolites at 
time of initiating infliximab. Infliximab is a third line 
agent that is usually added when patients have con-
tinued progression on first and second line immu-
nosuppressants (27). The response rate to infliximab 
was the effect of addition of that drug to baseline 
treatment.

There are several limitations to this retrospective 
study. We focused on hematologic and hepatotoxic-
ity. Other complications such as mucositis, nausea, 
and infection were not analyzed. While no patient 
discontinued drug for those reasons, minor dose 
modifications may have occurred as a result of these 
complications. Although there were no established 
criteria for changing drug therapy, only two health 
care providers (RPB and EEL) evaluated and pre-
scribed treatment.  Since sarcoidosis is a multi-organ 
disease, response in one organ may not mean a simi-
lar response in another organ.  The study focused on 
the clinically important target organ for which the 
patient was undergoing therapy.  This instrument 
was able to detect a significant difference in the two 
treatment modalities for the whole patient popula-
tion. Given the relative small number of patients 
treated with infliximab, we did not perform analysis 
on specific manifestations of sarcoidosis.  We also 
chose to compare MTX to infliximab. We did not 
analyze the rate of response of other anti-metabolites 
such as azathioprine. Infliximab treated patients had 
usually progressed despite treatment with MTX or 
similar second line agents (27). Therefore, the MTX 
patients were probably less severe. However the fact 
that patients had a better response rate to infliximab 
enforces the perception that anti-TNF agents are 
more potent in sarcoidosis. The dose of prednisone 
was not kept the same through the study. This the 
response to MTX and infliximab may have been 
skewed by concomitant glucocorticoid use. During 
the time of this study, many patients were withdrawn 

from infliximab because of insurance and/or infec-
tions. This is a less common problem now, but we 
still see that a quarter of patients on infliximab have 
drug discontinued for these reasons (38). We did not 
further analyze those patients who received less than 
one year of treatment and this may bias the response 
rate we reported with infliximab. 

We conclude that MTX was a safe and effec-
tive  treatment for sarcoidosis patients. The proposed 
monitoring of sarcoidosis patients treated with MTX 
(8) was effective in detecting liver and hematologic 
abnormalities.   
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Introduction

Sarcoidosis is a chronic granulomatous disease 
characterized by persistent body complaints in mul-
tiple organs and patients suffer from a broad range 
of nonspecific symptoms. (1–4) The inflammation 
level as well as organs affected are highly variable. In 
more than 90% of the cases, sarcoidosis affects the 
lungs. Health-related quality of life (HRQoL) and 
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health status is often reduced in patients with sar-
coidosis. (5–8) Fatigue is an often reported symptom 
in patients with sarcoidosis. (2, 9, 10) In a sample of 
1197 patients with sarcoidosis, 70% of the patients 
reported fatigue as a feature of their sarcoidosis. (10) 

Detailed insights into the costs of patients with 
advanced sarcoidosis are however lacking. Efforts to 
further improve the quality of care could specifically 
target advanced sarcoidosis patients. Therefore, it 
would be useful to have a detailed picture of high-
cost patients with sarcoidosis which can enable bet-
ter evaluation of the current treatment choices. 

 
The most complex patient group is that with the 

highest costs and needs, with a variety of complex 
medical conditions. About 5% of patients with vari-
ous conditions account for 50% of the total health 
care spending. (11) Detailed insight into the disease 
specific costs regarding patients with sarcoidosis are 
getting more attention in the literature, although this 
is still limited. (12–14) Previous research has dem-
onstrated that the cost distribution for patients with 
sarcoidosis is highly skewed. High-cost patients had 
more sarcoidosis related comorbidities compared 
to low-cost patients. (12–14) Previous research has 
shown commercial payers in the USA incurred a 
mean of $19,714 total annual healthcare costs per 
sarcoidosis patient. (12) It was furthermore reported 
that the main cost-drivers identified were outpatient 
visits (46% of the costs) and inpatient admissions 
(32% of the costs). Mean health care costs in a US-
based patient group in the top quintile were $73,346. 
The authors furthermore concluded that this sub-
group of most costly patients with sarcoidosis might 
be worthwhile to invest in concerning outcome im-
provement efforts. Another study, based on a U.S. 
national health care database, found that the median 
healthcare costs were $18,663 for patients with sar-
coidosis per year. (14) The top 5% costliest patients 
with sarcoidosis exceeded $90,000 per year. How-
ever, little is known on the health care utilization, the 
patient characteristics and the relationship with fa-
tigue complaints in high-cost patients with sarcoido-
sis. Furthermore, no other studies have tried to iden-
tify cost-drivers in this high-cost patient subgroup 
and identify their patient characteristics in a (Dutch) 
cohort. This can be valuable as it will enable to assess 
the effectiveness of current treatment choices. There-
fore, the primary aim of this study was to describe 

cost-drivers of the top 1% and top ≥1-5% high-cost 
patients with sarcoidosis. The secondary aim was to 
compare costs of patients with and without fatigue 
complaints and to compare comorbidities. 

Methods

Design and context

This study was a cross-sectional study using in-
ternal data of patients with sarcoidosis who visited 
the St. Antonius Hospital in the Netherlands. The 
study used administrative data provided by the busi-
ness intelligence unit of the St. Antonius hospital. 
Patients were treated in the St. Antonius Hospital 
between January 1st 2011 and November 1st 2016. 
In total, 2251 patients with sarcoidosis were identi-
fied, from which 200 patients were used for the final 
analysis. When being enrolled in our cohort, there 
was at least of follow-up period of six months. The 
opening of the first diagnosis related group (DRG) 
due to their treatment for sarcoidosis was between 
the 11th of January 2011 and the 11th of May 2016.

We examined healthcare costs and identified the 
beneficiaries within the top 1% and the top ≥1%–5% 
of total costs. (16) The 2251 patients from our cohort 
were ranked in total costs after which the top 1% (0-
0.99) and the ≥1-5% (1.0-4.99) most expensive pa-
tients were identified (n=110). From the remaining 
2141 patients, a random sample of 90 patients was 
selected. Thus, from the total cohort, additional data 
was collected for 200 patients in total. Patients in the 
top 5% (so the top 1% and the top ≥1-5% together) 
of total health care costs were defined as high-cost 
patients.

Data collection 

Baseline patient characteristics were examined 
for all patients with sarcoidosis (n=200). Patient 
characteristics included age, gender, BMI, Scadding 
stage, survival, fatigue, treatment time and the year of 
the diagnosis. Furthermore we collected information 
regarding the sarcoidosis related organ involvement 
(pulmonary, cardiac and neurologic). In addition, we 
collected data on whether or not patients suffered 
from pulmonary hypertension and obstructive sleep 
apnea (OSAS).
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Mean treatment time was defined as the first 
date of receiving treatment minus the last date of 
receiving treatment at the St. Antonius hospital be-
tween January 1st 2011 and January 1st 2016. When 
the patient reported to experienced fatigue more 
than three times during the outpatient visits, he/she 
was seen as a patient with fatigue complaints in the 
analysis.

Healthcare utilization and cost calculation

Hospital administrative databases were extract-
ed for all healthcare utilization as part of the diag-
nosis code for sarcoidosis patients. Next, this was 
grouped into six categories: 1) expensive medication 
(infliximab, adalimumab and rituximab), 2) intensive 
care/general ward nursing 3) respiratory medicine, 
4) clinical chemistry, 5) radiology/ nuclear medicine, 
and 6) other. 

Total costs per patient were calculated by sum-
ming the number of resources used multiplied by the 
costs per resource. We calculated costs for any given 
month in which care related to sarcoidosis was de-
livered in our hospital. Total annual costs were cal-
culated by summing up the costs of all individual 
months the patient received care and subsequently 
correcting for the number of months. Months when 
no care was delivered were disregarded. Total costs 
per resource item were based on the national diag-
nosis treatment combination rates as defined in 2015 
by the St. Antonius hospital. Costs of drugs were 
based on the lowest reported drug price according 
to the information of the Health Care Institute of 
the Netherlands valued in 2019. Total drug costs per 
patient were calculated using the amount of drugs (in 
mg) used multiplied with the price per mg in Euros. 

Analyses

Descriptive statistics were used to present total 
costs. Costs were expressed as mean and interquar-
tile range (IQR) due to skewness of the data. Over-
all mean costs (IQR) were presented for total health 
care costs made between January 2011 and January 
2016. Treatment time and time between diagnosis/
first visit were expressed as mean (±SD). All cate-
gorical data were presented in n and percentage (%). 
All analyses were performed in SPSS (IBM SPSS 
Statistics version 24).

Results 

For the 200 patients analysed, average total 
health care costs for the top 1%, top ≥1%–5% and 
bottom 95% beneficiaries were €108.296, €53.237 
and €4.817, respectively. The mean annual cost are 
€51.082, €27.840 and €8.692, respectively. Mean 
treatment time in days for the top 1%, top ≥1-5% 
and the random sample was 1688 days (±225), 1412 
days (±367) and 775 days (±659), respectively. Table 
1 presents the demographics of the study population. 
In all groups, males were overrepresented, especially 
in the top 1%, where 68.2% of the patients were male. 
Mean age at diagnosis was comparable between the 
groups. In Table 2, the demographics are presented 
for the patients with less advanced sarcoidosis (with-
out cardiac sarcoidosis, neurosarcoidosis or pulmo-
nary hypertension). Here, top 1% beneficiaries were 
much older than the top ≥1-5% and the random 
sample of the bottom 95%. Furthermore, mortality 
was higher for high-cost patients, as 18% in the top 
1% and 9.1% in the top ≥1%–5% died. In the random 
sample of the bottom 95%, 2.2% of the patients died. 

Association of fatigue 

In the top 1% and top ≥1%-5% 81.8% and 75% 
showed the experience fatigue complaints, respec-
tively. In the random sample of the bottom 95%, 
38.9% showed to have fatigue complaints. 

In Table 3 the mean costs and patient character-
istics are presented for patients with and without fa-
tigue complaints for two groups: for the top 5% (the 
top 1% and top ≥1%-5% together) and for the ran-
dom sample of the bottom 95%. Patients with and 
without fatigue showed to have comparable mean 
costs. Average total costs for the top 5% patients 
with fatigue were €65.512 and €60.165 without fa-
tigue complaints. Average annual costs for the top 
5% patients with fatigue were €33.039 and €30.311 
without fatigue complaints. For the random sample 
of the bottom 95%, average total costs for patients 
with fatigue was €6.546 for patients with fatigue 
complaints and €3.716 for patients without fatigue 
complaints. In both the top 5% and random sample 
of the bottom 95%, patients with fatigue complaints 
were more likely to have pulmonary sarcoidosis, pul-
monary hypertension, cardiac sarcoidosis, neurosar-
coidosis and OSAS. 
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Comorbidities

In the top 1% and the top ≥1-5% there was 
more organ involvement of sarcoidosis compared to 
the random sample of the bottom 95%. Cardiac and 
pulmonary sarcoidosis and neurosarcoidosis were 
more likely in the top 1% and top ≥1-5%. OSAS was 
more present in the top 1% compared to the random 
sample of the bottom 95% (31.8% versus 15.6%). 
When patients with cardiac sarcoidosis, neurosar-
coidosis or pulmonary hypertension were excluded, 
OSAS was still more present in the top 1% of the 
patients compared to both the top ≥1-5% and the 
random sample of the bottom 95% (33% versus 5% 
and 10%, respectively). 

Cost-driver profile 

The top 1% (n=22) spent a total of €3824 thou-
sand. The top ≥1-5% patients (n=88) spent a total 
of €3,824,766. Figure 1A-C presents the share per 
category in the total costs. The top 3 cost-drivers 
identified in both the top 1% and top ≥1-5% high-
cost patients were: 1) expensive medication, 2) in-
tensive care/general ward nursing, and 3) costs made 
at the respiratory medicine department. Finally, the 
random sample of the bottom 95% spent a total of 
€442,019. Expenses made at the respiratory medi-
cine department was the main cost-driver. Within 
the cost for expensive medication, infliximab ac-
counted for 83% of the costs in the top 1%. In the 

Table 1. Patient characteristics for three cost groups

Patient characteristics Top 1%(n=22) Top ≥1%-5%(n=88) Sample of bottom 
95%(n=90)

Male (n, %) 15 (68.2%) 52 (59.1%) 51 (56.7%)

Age at diagnosis (years ±SD) 44 ±12.3 43 ±11.0 45 ±12.6

Mean total costs (€, IQR)
€108.296
€25.497 

€53.237
€39.384 

€4.817
€4.466

Mean annual costs (€, IQR)
€51.082
€24.366

€27.840
€21.253

€8.692
€8.825

Treatment time (days ±SD) 1688 ±225 1412 ±367 775 ±659

Time between diagnosis/first visit (years ±SD) 8.8 ±6.2 7.3±6.7 6.1 ±9.1

BMI (±SD) 32.0 ±7.1 27.8 ±4.7 29.1 ±5.9

Fatigue (n, %) 18 (81.8%) 66 (75.0%) 35 (38.9%)

Deceased (n, %) 4 (18%) 8 (9.1%) 2 (2.2%)

Pul. sarc (n, %) 20 (90.9%) 81 (92.0%) 56 (62.2%)

Pul. Hypertension (n, %) 3 (13.6%) 9 (10.2%) 2 (1.7%)

Cardiac sarc (n, %) 2 (9.1%) 10 (11.3%) 5 (5.6%)

OSAS (n, %) 7 (31.8%) 9 (10.2%) 14 (15.6%)

Neurosarcoidosis (n, %) 6 (27.3%) 19 (21.6%) 12 (13.3%)

Scadding stage 

   Scadding 0 (n, %) 4 (18.2%) 16 (18.2) 0 (0%)

   Scadding I (n, %) 2 (9.1%) 13 (14.8%) 19 (21.1%)

   Scadding II (n, %) 6 (27.3%) 18 (20.5%) 15 (16.7%)

   Scadding III (n, %) 4 (18.0%) 13 (14.8%) 4 (3.0%)

   Scadding IIII (n, %) 4 (18.0%) 28 (31.8%) 13 (14.4%)

IQR= Inter quartile range.
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top ≥1-5% this was 80% and in the random sample 
this was 98%. Adalimumab accounted for 16%, 19% 
and 0% of the total costs for expensive medication, 
respectively. 

Discussion 

In this study, we provide cost-related informa-
tion and describe characteristics of 200 patients with 
sarcoidosis in a Dutch patient cohort using admin-
istrative data. The health care cost distribution for 
patients with sarcoidosis are highly skewed. The av-
erage healthcare costs of the top 1% patients with 
sarcoidosis were 22 times higher compared to that 
of the random sample of the bottom 95% (€108.296 
vs. €4.817, respectively). The mean annual healthcare 

costs of the top 1% patients with sarcoidosis were 6 
times higher compared to that of the random sample 
of the bottom 95% (€51.082 vs. €8.692, respectively). 
Treatment time of the most expensive 1% was 2.5 
times longer compared to the random sample. The 
top 1% patients and top ≥1-5% patient showed to 
have more sarcoidosis related organ involvement 
compared to the random sample of the bottom 95%, 
indicating those are patients with more advanced 
sarcoidosis. Unexpectedly, patients with and without 
fatigue showed to have comparable mean costs and 
mean annual costs.

Although methodology and the data source used 
differ, our findings are consistent with other manu-
scripts studying the costs in patients with sarcoidosis.
(12–14) Moreover, one study showed that patients in 
the top 5% in terms of costs, spent $93,201. (14) An-

Table 2. Patient characteristics for three cost groups (without cardiac sarcoidosis, neurosarcoidosis and pulmonary hypertension)

Patient characteristics* Top 1% (n=12) Top ≥1%-5% (n=51) Sample of bottom 95% 
(n=70)

Male (n, %) 8 (66.7%) 31 (60.8%) 39 (55.7%)

Age (years ±SD) 47 ±14.3 41± 11.0 44 ±12.1

Mean total costs (€, IQR) €107.970
€24.064

€50.861
€45.551

€4.184
€3.844

Mean annual costs (€, IQR) €50.837
€22.245

€25.322
€17.413

€9.472
€10.307

Treatment time (days ±SD) 1716 ±243 1411 ±352 700 ±650

Time between diagnosis/first visit (years ±SD) 7.9 ±7.8 7.3 ±5.7 5.9 ±9

BMI (±SD) 33.8 ±6.9 27.0 ±4.0 28.7 ±4.9

Fatigue (n, %) 10 (83.3%) 35 (68.6%) 21 (30%)

Deceased (n, %) 2 (16.7%) 5 (9.8%) 0 (0.0%)

Pul. sarc (n, %) 11 (91.7%) 47 (92.2%) 44 (62.9%)

OSAS (n, %) 4 (33.0%) 3 (5.0%) 7 (10.0%)

Scadding stage 

   Scadding 0 (n, %) 2 (16.7%) 7 (13.7%) 5 (7.1%)

   Scadding I (n, %) 0 (0.0%) 5 (9.8%) 14 (20.0%)

   Scadding II (n, %) 3 (25.0%) 13 (25.5%) 15 (21.4%)

   Scadding III (n, %) 3 (25.0%) 9 (17.6%) 4 (5.7%)

   Scadding IIII (n, %) 4 (33.3%) 17 (33.3%) 9 (12.9%)

Unknown 0 0 23 (32.9%)

IQR= Inter quartile range. *without cardiac sarcoidosis, neurosarcoidosis and pulmonary hypertension. 
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other study showed that the mean annual health care 
costs for patients in the top quintile were $73,346 
(based on 2015 data). (13) This was 10 times greater 
compared to the mean annual health care costs for 
the remaining patients. Further, to our knowledge, 
this is the first study to use such data to characterize 
high-cost patients with sarcoidosis and identify key 
drivers that contribute to costs in this patient popu-
lation.

This study has a number of limitations. First, we 
have studied a group of patients visiting our center 
for a period of 5 years. Thus, total costs for the full 
treatment time per patient are not presented in this 
study. Moreover, it would have been interesting to 
see total costs over a full treatment period per pa-
tient and next, to identify the most expensive treat-
ment period looking at the patient cohort. Secondly, 
we were unable to include the societal costs. This 
includes costs due to work loss of patients not be-
ing able to work due to the severity of their disease 

course. Thirdly, this study was based on a population 
in the Netherlands. Therefore, this information can-
not be generalized to other populations where cost 
of health care utilization can be very different. Also, 
some treatment options can be more expensive in 
other countries. It is known that performing a PET 
scan is more expensive in the USA compared to the 
Netherlands. As a consequence, the PET scan is 
performed less often in the USA. If we would leave 
out the PET scan cost, there would be no major 
changes in the cost distribution presented in Figure 
1. Fourthly, we did not have a sufficient number of 
patients to perform an analysis of cost of the top 5% 
for the four major groups (neurosarcoidosis, cardiac 
sarcoidosis, pulmonary hypertension, and advanced 
sarcoidosis pulmonary). In a larger population it 
would have been very interesting to see whether total 
annual costs vary, depending upon underlying mor-
bidity. Fifthly, we were unable to collect data when a 
patient was hospitalized outside our medical center. 

Table 3. Patient characteristics for patients with and without fatigue

Top 0-5% Random sample 

Patient characteristics With fatigue 
(n=84)

Without fatigue 
(n=26)

With fatigue 
(n=35)

Without fatigue 
(n=55)

Male (n, %) 49 (58.3%) 18 (69.2%) 15 (42.9%) 5 (9.1%)

Age (years ±SD) 53 (±11.1) 48 (±9.0) 51 (±12.5) 52 (±11.5)

Mean costs (€, IQR)
€65.512 

(€44.486)
€60.165 

(€54.307)
€6.546

(€6.080)
€3.716 

(€2.552)

Mean annual costs (€, IQR)
€33.039 

(€22.439)
€30.311 

(€35.966)
€10.129 
(€8.479)

€7.704 
(€10.068)

Treatment time (days ±SD) 1484 (±347) 1410 (±401) 978 (±679) 634 (±613)

Time between diagnosis/first visit (years ±SD) 7.4 (±6.8) 8.3 (±5.7) 6.9 (±9.1) 5.6 (±9.0)

BMI (±SD) 28.7 (±5.3) 28.6 (±6.2) 29.7 (±6.8) 28.6 (±5.2)

Deceased (n, %) 10 (11.9%) 2 (7.7%) 1 (52.9%) 0 (0%)

Pulmonary sarcoidosis (n, %) 78 (92.9%) 23 (88.5%) 24 (68.6%) 32 (58.2%)

Pulmonary hypertension (n, %) 10 (11.9%) 2 (7.7%) 2 (5.7%) 1 (1.8%)

Cardiac sarcoidosis (n, %) 10 (11.9%) 2 (7.7%) 4 (11.4%) 6 (10.9%)

OSAS (n, %) 16 (19%) 0 (0%) 8 (22.9%) 0 (0%)

Neurosarcoidosis (n, %) 22 (26.2%) 3 (11.5%) 7 (20.0%) 5 (9.1%)

Scadding III (n, %) 13 (15.5%) 4 (15.4%) 2 (5.7%) 2 (3.6%)

Scadding IV (n, %) 23 (27.4%) 11 (42.3%) 7 (20.0%) 6 (10.9%)

IQR= Inter quartile range.
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However, we do not expect this to be a major (hid-
den) cost-driver. The Netherlands is a small coun-
try and planned admissions of tertiary patients are 
generally located in our center. A single emergency 

admission may sometimes take place regionally, but 
some of these patients will be transferred to us within 
a few days. Sixthly, we did not look into individual 
treatment schemes and were therefore unable to re-

Table 4. Patient characteristics for patients with and without fatigue (without cardiac sarcoidosis, neurosarcoidosis and pulmonary hyperten-
sion)

Top ≥1-5% Random sample 

Patient characteristics With fatigue 
(n=45)

Without fatigue 
(n=18)

With fatigue 
(n=21)

Without fatigue 
(n=49)

Male (n, %) 27 (60%) 12 (66.7% 8 (38.1%%) 31 (63.3%)

Age (years ±SD) 52 (±12.1) 48 (±8.9) 47 (±11.9) 52 (±11.4)

Mean costs (€, IQR)
€65.044 

(€46.618)
€53.476 

(€48.151) 
€6.103 

(€3.361)
€3.361 

(€5.632)

Mean annual costs (€, IQR)
€31.220 

(€23.170)
€26.497 

(€24.401)
€12.787 

(€10.036)
€7.893 

(€10.890)

Treatment time (days ±SD) 1502 (±326) 1387 (±414) 896 (±683) 609 (±621)

Time between diagnosis/first visit (years ±SD) 6.7 (±6.0) 9.1 (±6.1) 6.0 (±8.2) 5.9 (±9.4)

BMI (±SD) 28.9 (±5.3) 27.0 (±5.3) 28.5 (±4.6) 28.8 (±5.1)

Deceased (n, %) 5 (11.1%) 2 (11.1%) 0 (0%) 0 (0%)

Pulmonary sarcoidosis (n, %) 42 (93.3%) 16 (88.9%) 15 (71.4%) 29 (59.2%)

OSAS (n, %) 7 (15.6%) 0 (0%) 3 (14.3%) 4 (8.2%

Scadding III (n, %) 8 (17.8%) 4 (22.2%) 2 (9.5%) 2 (4.1%)

Scadding IV (n, %) 13 (28.9%) 8 (44.4%) 4 (19%) 5 (10.2%)

IQR= Inter quartile range. *without cardiac sarcoidosis, neurosarcoidosis and pulmonary hypertension 

Fig. 1. Distribution of costs by resource categories for the top 1%, top ≥1-5% high-cost patients and the low-cost random sample.  
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port whether the patients were actively treated for 
e.g. pulmonary hypertension and how this affected 
their (medication) costs. Finally, a limitation with 
using annual costs is that we only used costs when 
care was delivered on a monthly basis. So when a pa-
tient would come back after six months for follow-
up, the months in between visits were not part of our 
annual costs definition. 

In conclusion, this study found that high-cost 
patients with sarcoidosis were patients with higher 
rates of comorbidities and had increased use of health 
care resources. Specifically, they were more often in 
need of expensive medication for their treatment. 
Both the management as well as physicians can spe-
cifically use this information to realize improvements 
in the quality of care and reducing overall costs for 
patients diagnosed with sarcoidosis, especially in 
referral centers of excellence. Efforts to further im-
prove the quality of care and clinical outcomes for 
patients with sarcoidosis could specifically target the 
most expensive patients, which can potentially re-
duce the overall costs.

Support statement: This work was supported by The Netherlands 
Organisation for Health Research and Development (ZonMw) 
under project number 842001005. The funder had no role in the 
study design, data collection, analysis or decision of where to pub-
lish the manuscript. 
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Introduction

Macrophage migration inhibitory factor (MIF) 
is an inflammatory cytokine that sustains mac-
rophage activation and suppresses glucocorticoid 
signaling (1). MIF expression is associated with two 
commonly occurring promoter polymorphisms. The 

-794 CATT microsatellite has 5 to 8 repeats, and 
longer length results in increased gene expression 
due to enhanced binding of the transcription factor 
ICBP90 (2). The high expression allele, -794 CATT7, 

is in linkage disequilibrium with the -173C single 
nucleotide polymorphism (SNP)(1), and this SNP 
sometimes reveals associations because of reduced 
locus heterogeneity. Increased MIF expression has 
been associated with the development and severity 
of multiple granulomatous, autoimmune diseases in-
cluding granulomatosis with polyangitis (3), hyper-
sensitivity pneumonitis (4), and idiopathic pulmo-
nary fibrosis (5).

Despite these reports, MIF association stud-
ies have been discordant in sarcoidosis. Amoli et al. 
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identified a greater frequency of the -173C allele in 
patients with erythema nodosum (EN) due to sar-
coidosis compared to those with EN due to other 
etiologies (6). A subsequent study reported that the 
MIF -173C allele is associated with Lofgren’s syn-
drome but not with susceptibility to sarcoidosis (7). 
Plant et al. examined the functional -794 CATT5-8 
microsatellite and reported no association between 
the low expression CATT5 allele and susceptibility 
to sarcoidosis, EN, or disease severity (8). These dif-
fering conclusions may be related to variable disease 
definitions, population stratification, or underpow-
ered sample sizes.  

The Genomic Research in Alpha-1 Antitrypsin 
Deficiency and Sarcoidosis (GRADS) study is an 
observational cohort study designed to examine the 
pathobiology of these two diseases. Patients with 
sarcoidosis were enrolled with the goal of identify-
ing biomarkers and genotypes associated with the 
various sarcoidosis phenotypes. Patient data included 
detailed medical and exposure histories, blood sam-
ples, spirometry and radiology studies (9). We ex-
amined associations between sarcoidosis phenotypes 
and MIF promoter polymorphisms in these patients. 

Methods

The GRADS study recruited 351 sarcoidosis 
patients from nine clinical centers across the United 
States, and 371 healthy controls were culled from a 
previously published registry (10). The relevant In-
stitutional Review Boards approved this study, and 
all subjects gave signed informed consent.  The easy-
DNA kit (Invitrogen) was used to isolate genomic 
DNA from serum samples and polymorphisms were 
identified as described previously (11). In short, the 
-173G/C SNP [rs755622] was analyzed with the 
established Taqman assay for allelic discrimination 
(Applied Biosystems, ABI), and the -794 CATT5–8 

microsatellite repeat [rs5844572] genotyping was 
performed by polymerase chain reaction with analy-
sis by automated capillary electrophoresis (3730xl 
Genetic Analyzer, ABI). 

Because MIF allelic frequencies vary by race 
(10), we stratified our cohort into self-identified 
white (including two Latinos) and black subjects. 
Asians and Native Americans were excluded due to 
small sample sizes. Race categories were confirmed 

by genetic admixture analysis in the control group. 
The -173G/C SNP conformed to Hardy-Weinberg 
equilibrium in both whites and blacks. Differences 
in genotype frequencies were assessed by logis-
tic regression adjusting for age and sex. Pulmonary 
sarcoidosis severity was characterized by forced ex-
piratory volume in one second (FEV1), forced vital 
capacity (FVC), diffusing lung capacity for carbon 
monoxide (DLCO) and Scadding stage. Differences 
in these measurements by genotype were assessed 
using a two-sample t-test for normally distributed 
samples and Mann-Whitney test for non-normally 
distributed two group comparisons. Chi-square tests 
for homogeneity were used to compare the propor-
tions of white patients with each Scadding stage by 
genotype. Genotype frequencies in cardiac sarcoido-
sis patients versus healthy controls were compared 
using chi-square tests. Analyses were performed in 
RStudio v 1.2.1335 for Mac. 

Results 

After age and sex adjustment, there were no dif-
ferences in the frequency of the low MIF expression 
-794 CATT5 containing genotype between sarcoido-
sis subjects and healthy controls in whites (41% vs. 
36% in controls, p = 0.169) or blacks (47% vs. 52% 
in controls, p = 0.744). The -173C containing geno-
type was not more common in the sarcoidosis pa-
tients versus controls regardless of race (whites: 31% 
vs 40% in controls, p = 0.153; blacks: 63% vs. 64% in 
controls, p = 0.150). All sarcoidosis patients had nor-
mal (> 80% predicted) FEV1 and FVC regardless of 
their -794 CATT and -173 SNP genotypes. How-
ever, while whites had normal DLCO, blacks had 
reduced DLCO. The severity of this impairment was 
not associated with genotype (black DLCO: -794 
CATT5 71.4% predicted vs. -794 CATTnon-5 66.6% 
predicted p = 0.508; -173G/G 66.6% predicted vs 
-173C 69.2% predicted, p = 0.595). The proportion 
of white patients with each Scadding stage did not 
vary by genotype (Table 1). While the sample sizes 
for black patients with each Scadding stage were 
too small for statistical analyses, the proportions of 
patients with each Scadding stage appeared similar 
regardless of genotype. 

The potential role of MIF in extrapulmonary 
sarcoidosis phenotypes was examined. Sixteen pa-
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tients had sarcoidosis with neurologic involvement, 
4 with CNS disease (2 black and 2 white) and 12 
with peripheral nerve involvement (5 black and 7 
white). Among the patients with neurologic sarcoid, 
the -794 CATT5 containing genotype was common 
in both racial groups (6 of 9 white patients and 5 of 
6 black patients with CATT genotyping available), 
while the -173C SNP was more common in blacks 
as compared to whites (83% vs 22%). Erythema no-
dosum occurred in 8 whites and 1 black patient, and 
Lofgren syndrome occurred in 5 whites and no black 
patients. Among the white patients, 6 of those with 
erythema nodosum and 3 of those with Lofgren’s 
syndrome had the -794 CATT5 containing genotype. 
In contrast, the high expression -173C SNP was pre-
sent in 2 of those with erythema nodosum and 1 of 
those with Lofgren’s syndrome. Cardiac sarcoidosis 

was reported in 53 white and 7 black subjects. There 
were no differences in the frequency of the -794 
CATT5 containing genotype between white cardiac 
sarcoidosis subjects and healthy controls (46% vs. 
36% in controls, p = 0.231). The -173C SNP fre-
quency was the same in white patients with this phe-
notype and healthy controls (-173C: 37% vs. 40% in 
healthy controls, p = 0.894). 

Discussion

Because MIF is associated with other autoim-
mune (10) and granulomatous (4,10,12) diseases, 
some have hypothesized that variability in MIF ex-
pression may contribute to sarcoidosis susceptibility 
or severity (6–8). Examination of the GRADS co-

Table 1. The number (%) of white (A) and black (B) subjects with each Scadding stage by genotype. Chi-square tests for ho-
mogeneity were used to compare the proportions of white subjects with each Scadding stage by genotype
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hort revealed no apparent relationship between ei-
ther the  -794 CATT5 allele or the -173C SNP and 
sarcoidosis development, which is consistent with 
previous studies (7,8). However, two groups have re-
ported associations between the MIF -173C allele 
and sarcoidosis-related erythema nodosum (6) and 
Lofgren’s syndrome (7).  These associations were not 
observed in our study, but our cohort was limited by 
small extrapulmonary sarcoidosis subgroups. In sum, 
this is the third study to examine MIF allelic frequen-
cies in sarcoidosis and none have found associations 
between MIF and disease development. In contrast, 
previous work has reported increased frequency of 
the -173C SNP in patients with erythema nodosum 
and Lofgren’s syndrome  and further examination of 
MIF in these phenotypes is warranted. Our study 
was not powered to study these sarcoidosis subtypes. 

Separately, it is well established that African 
Americans have more severe sarcoidosis presenta-
tions than Caucasian Americans (13), and blacks in 
our cohort had lower DLCO than whites, which is 
consistent with previous work (14). Because MIF al-
lelic frequencies vary by race (10), we hypothesized 
that some of the increased sarcoidosis  severity ob-
served in blacks could be related to differences in 
MIF genotypes. However, our patients had the same 
MIF allelic frequencies as healthy controls regardless 
of race. Moreover, when stratified by disease severity, 
there were no differences in allelic frequencies be-
tween blacks.  

Other studies have examined possible determi-
nants of sarcoidosis severity and some may be asso-
ciated with race including less physical activity and 
more mineral exposures in blacks compared to whites 
(13). Improving our understanding of the environ-
mental and genetic factors that contribute to racial 
disparities in sarcoidosis will be critical to bolster-
ing the health of the African American community. 
While MIF may play a role in the racial differences 
observed in other diseases given its strong popula-
tion stratification (15,16), it does not appear central 
to pulmonary sarcoidosis pathogenesis.

Our findings are consistent with previous re-
ports (7,8) suggesting that MIF expression is not as-
sociated with sarcoidosis susceptibility or severity of 
pulmonary disease regardless of race. 

This research was supported by the following grants: K24 
HL127301 and NIH AR049610 
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Introduction

Hypersensitivity pneumonitis (HP) is an im-
munologically mediated diffuse lung disease (DLD) 

caused by repeated inhalation of organic and/or 
chemical dusts by sensitized individuals (1–3). One 
of the most common forms of HP is pigeon breeder’s 
disease which results from inhalation of avian pro-
teins (1,2). The acute phase of the disease is char-
acterized by specific antibody reaction to inhaled 
antigens and a putative local immune complexes 
deposition within the alveolar walls, triggering a 
neutrophil-mediated inflammatory response (4–6). 
Afterwards, subacute and chronic phases may devel-
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op (7). These are proposed to be mediated by mac-
rophages (8), cytotoxic (9–11) and type 1 T helper 
(Th1) (12) lymphocytes with consequent increasing 
of several cellular immunity-related cytokines, such 
as interferon-gamma (IFN-γ), tumour necrosis fac-
tor (TNF)-α, interleukin (IL)-2, along with other 
pro-inflammatory cytokines such as IL-6 and IL-8 
(13,14). Thus, a Th1-driven delayed-type hypersen-
sitivity may eventually result in granuloma formation 
and, later, pulmonary fibrosis (15–17). On the other 
hand, Th1 activity may be under the regulatory influ-
ence of other cytokines, such as transforming growth 
factor (TGF)-b and IL-10 (14,18,19).

Although HP diagnostic criteria of the disease 
have been well discussed and proposed based on clin-
ical, radiologic and immunological features (20,21), 
there are still some unexplained features, namely the 
reason why only a small proportion of antigen ex-
posed individuals develop the disease and individuals 
with similar exposure levels have different patterns of 
disease expression and/or evolution. These observa-
tions suggest that, similarly to other granulomatous 
DLD such as sarcoidosis, individual genetic factors 
may play a role in susceptibility and variability of HP 
expression (22–26). In this sense, cytokines, while 
essential for cellular communication and also hav-
ing a relevant role in immune response modulation, 
may show individual variability in tissue expression 
and/or circulating levels (25). Several studies have 
shown a connection between some cytokine gene 
polymorphisms (TNF-α, IFN-γ, IL-6, TGF-ß, and 
IL-10) and the level of expression of those cytokines 
(25–32).

Regarding HP, a limited number of studies 
relating cytokine genetic polymorphisms with dis-
ease development have been performed, with con-
troversial results (25,29,33–35). So, we investigated 
IFN-γ, TNF-α, IL-6, TGF-ß, and IL-10 gene 
polymorphisms among Portuguese patients with pi-
geon breeder’s disease, comparatively with exposed 
but healthy controls. Furthermore, we compared the 
same genetic polymorphisms among pigeon breed-
er’s disease patients with different patterns of disease 
expression and evolution.

Material and Methods

Patients’ selection

HP patients (n=40) were prospectively and 
consecutively recruited from the Centro Hospitalar 
e Universitário de São João (CHUSJ), a University 
Hospital in Porto, Portugal. All patients had pigeon 
breeder’s disease (PBD) and were native Portuguese, 
Caucasians and unrelated. The diagnosis PBD was 
established by a multidisciplinary team (MDT) 
(36,37) according to the following criteria (38): 1) 
avian exposure; 2) clinical and imagiological fea-
tures of HP and 3) bronchoalveolar lavage (BAL) 
lymphocytes > 40%. These criteria were not totally 
met in eleven participants, in whom HP diagno-
sis required surgical lung biopsy. HP patients were 
followed-up in our center for 6.1±3.6 years. Dis-
ease presentation was classified in acute, subacute or 
chronic depending on clinical features. Acute pres-
entation was defined as development of influenza-
like symptoms such as chills, fever, sweating and 
myalgias commonly associated to respiratory symp-
toms such as dyspnea, cough, chest tightness and 
bibasilar crackles in a few hours after antigen expo-
sure and lasting from hours to days. Subacute pres-
entation consisted in a gradual onset of respiratory 
symptoms, such as cough and dyspnea, over several 
days to weeks, which may progress and lead to hos-
pitalization. Chronic presentation was defined as 
insidious onset of progressive exertional dyspnea 
and dry cough, frequently concomitant fatigue and 
weight loss for several months (39,40). Since there 
is evidence that subacute presentation is difficult to 
individualize and some authors propose an alterna-
tive classification in two phenotypes (38,41–43), for 
subgroup analysis and concerning disease presenta-
tion, we evaluated two subgroups of HP patients: 
acute/subacute versus chronic. A consensual time 
period since diagnosis in which HP evolution is 
definitely considered to have a chronic evolution 
is not established (38); thus, in the present study, 
patients who evolved to chronicity presented per-
sistence of respiratory symptoms and/or irreversible 
lung fibrosis after one year of the initial diagnosis. 
On the other hand, disease resolution was consid-
ered when respiratory and/or systemic symptoms 
disappeared and there was no clinical, functional or 
imagiological evidence of interstitial lung disease. 
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All patients underwent the same HP management 
protocol from our center. This protocol include 
antigen avoidance as the first step and, if there is 
worsening or even persistence of symptoms and/or 
imagiological findings, oral corticosteroids were in-
itiated (usually prednisolone, 0.5 mg/kg), followed 
by progressive tapering according to clinical evolu-
tion (44). When disease is progressive despite corti-
costeroids or if required for long periods, aiming to 
a steroid-sparing effect, other immunosuppressants 
are considered, namely azathioprine (2 mg/kg, with 
a maximum dose of 150 mg/day) or mycophenolate 
mofetil (1500-2000 mg/day) (45,46).

Our control group consisted of 70 exposed, un-
related, and healthy bone marrow donors, all from 
the same region and ethnic background of the in-
cluded patients. Exposure was determined by direct 
questionnaire. These controls had a regular medical 
follow-up in their general practitioner, without any 
clinical or imagiological suspicion of respiratory dis-
ease. Written informed consent was obtained of all 
participants and the study had approval from Ethics 
Committee of CHUSJ.

DNA extraction

Genomic DNA was isolated from anticoagu-
lated venous blood samples by phenol precipitation 
followed by digestion with proteinase K using Pure-
gene DNA isolation Kit (Gentra Systems, Minne-
apolis MN).

Cytokine genotyping

Cytokine genotypes were determined by poly-
merase chain reaction (PCR)–sequence specific 
primer amplification using the Cytokine Genotyp-
ing Tray (One Lambda, Inc., Canoga Park, CA). 
Single-nucleotide polymorphisms for five cytokines 
were analyzed (47,48); the positions of the polymor-
phic sites tested were as follow (47,48): –174 base 
pair (BP) promoter/enhancer region of IL-6 (31); 
–1082, –819, and –592 bp promoter region of IL-
10 (49,50); –308 bp promoter/enhancer region of 
TNF-α (49,51); CA dinucleotide repeats in intron 1 
of IFN-γ (49,52); and codons 10 and 25 of the sig-
nal sequence of TGF-β (49,53,54). All typing analy-
ses described above included positive and negative 
controls. All PCR products were fractionated elec-

trophoretically in 2% agarose-gel and visualized by 
ethidium bromide staining and ultraviolet light.

Statistical analysis

Genotype and allele frequencies were deter-
mined by direct counting. Goodness of fit of controls’ 
allele frequencies to Hardy-Weinberg equilibrium 
were analyzed using a chi-square test. Differences 
between groups were evaluated through chi-square 
or Fisher exact tests, when appropriate. Odds ratios 
(OR) or Relative Risks (RR) and their respective 
95% confidence intervals (95% CI) were also calcu-
lated. Lung functional and BALF parameters in pa-
tients’ genotypes subgroups were compared through 
Kruskal-Wallis test. Two-sided P-values lower than 
0.05 were considered statistically significant. All 
analysis was performed within R Studio, a comput-
ing environment for R programming language.

Results

The included patients were older than the ex-
posed healthy controls (48.2±15.4 versus 32.9±7.9 
years-old; p<0.001), although with a similar gender 
distribution (females 60% versus 65%, p=0.69) and 
without statistically significant differences on the 
mean of exposure time (12.4±11.9 versus 8.9±7.3 
years, p=0.10). Demographic and clinical features of 
HP patients are shown in Table 1. Concerning dis-
ease classification, half of the patients had acute/sub-
acute presentations while the other half had chronic 
forms. Resolution was documented in 52.6% and 
evolution to chronicity in 47.4% of patients. No sig-
nificant differences on the treatment protocol (anti-
gen avoidance with or without immunosuppression) 
were seen between subgroups (data not shown).

Allele distributions of IFN-γ (+874 T/A), 
TNF-a (-308 A/G), IL-6 (-174), TGF-ß (codon 10 
T/C, codon 25 C/G) and IL-10 (-592 C/A,- 819 
T/C, -1082 G/A), revealed no statistically significant 
deviations from Hardy-Weinberg equilibrium in the 
control group (data not shown).

Analysis of the studied gene polymorphisms 
encoding IFN-γ, TNF-α, IL-6, TGF-ß and IL-10 
and their allelic frequencies showed no statistically 
significant differences between HP patients and 
control groups (Supplementary Tables 1 and 2). 
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However, when comparing patients with acute/suba-
cute with those with chronic presentations (Table 
2), the IFN-γ T/T (high) genotype frequencies were 
significantly increased among the latter (RR=2.33, 
p=0.047). Conversely, although not statistically sig-
nificant, patients with chronic presentation tended to 
have lower IFN-γ A/A (low) genotype frequencies 
(RR= 0.5, p=0.053). Regarding allelic frequencies 
analysis (Table 2), patients with chronic presenta-
tion had an increased frequency of IFN-γ T allele 
(50% vs 22.5%, RR=1.76, p=0.011), comparatively 
to those with acute/subacute presentations. No dif-
ferences were found in TNF-α, IL-6, TGF-ß, and 
IL-10 encoding genes neither in allelic frequencies 
between both groups of patients (data not shown).

Comparing patients who evolved to chronicity 
with those with disease resolution (Table 3), the IL-6 
C/C (low) genotype was more frequent in those with 
chronic evolution (RR= 2.54, p=0.017). With regards 
to allelic frequencies (Table 3), IL-6 C allele tended to 
be more frequent among patients who evolved to chro-
nicity (41.7% vs 22.5%, RR= 1.55, p=0.07). No differ-
ences were found in the studied IFN-γ, TNF-α, TGF-
ß, and IL-10 gene polymorphisms, neither in its allelic 
frequencies, between both groups (data not shown). 
Finally, lung functional parameters (namely forced vi-
tal capacity, forced expiratory volume in one second, 
total lung capacity, diffusing capacity of the lung for 
carbon monoxide, diffusing capacity of the lung, partial 
pressure of oxygen in arterial blood) and bronchoal-
veolar lavage (BAL) features (such as total and relative 
lymphocyte numbers, CD4+ and CD8+ lymphocytes) 
among patients’ genotypes subgroups did not show any 
statistically significant differences (data not shown). 

Discussion

In this study, we found no statistically signifi-
cant differences in genotype or allelic frequencies of 
single-nucleotide polymorphisms in the promoter/
enhancer region of cytokine genes (IFN-γ, TNF-α, 
IL-6, TGF-ß, and IL-10) in this Northern Portu-
guese cohort of patients with pigeon breeder’s dis-
ease, comparatively with healthy exposed controls. 
However, further evaluating the different clinical 
patterns of disease, our results showed that patients 
with a chronic presentation have higher frequencies 
of IFN-γ T/T (high) genotype, comparatively with 

Table 1. Clinical and demographics characteristics of HP 
patients

Characteristics 
HP Patients

N=40

Gender, 

Female 24 (60%)

Male 16 (40%)

Age (years), 48.2±15.4

Exposure time (years) 12.4±11.9

Evolution (N=38)

Chronicity 18 (47.4%)

Resolution 20 (52.6%)

Presentation

Acute 11 (27.5%)

Sub-acute 9 (22.5%)

Chronic 20 (50.0%)

Lung functional parameters

FVC % of predicted 71 (16.6-122)

FEV1 % of predicted 69 (19.2-118)

TLC % of predicted 76 (42-121.5)

DLCO % of predicted 58 (23-134)

DLCO/VA % of predicted 66 (39-168.9)

PaO2 mmHg 69 (45.4-101)

BAL features

Cells x10-5/ml 4.6 (2-24)

Lymphocytes % 61.3 (24.4-87.6)

Neutrophils % 3.8 (0-33)

Eosinophils % 1 (0-11)

Mastocytes % 0.2 (0-2)

CD4+ lymphocytes % 39.05 (7.3-85.6)

CD8+ lymphocytes  % 46.35 (7.1-80.1)

CD4+/CD8+ ratio 0.85 (0.12-12.1)

HP characteristics were described as n (%), mean ± SD or 
median (min-max) as appropriated.
HP Hypersensitivity pneumonitis; FVC – forced vital ca-
pacity; FEV1 – forced expiratory volume in one second; 
TLC – total lung capacity; DLCO – diffusing capacity of 
the lung for carbon monoxide; DLCO/VA – diffusing ca-
pacity of the lung for carbon monoxide divided by alveolar 
volume; PaO2 – partial pressure of oxygen in arterial blood; 
BAL – bronchoalveolar lavage.
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those with acute/subacute presentations.  Moreover, 
concerning disease evolution, the IL-6 C/C (low) 
genotype was more frequent in patients who evolved 
to chronicity than in those whose disease resolved. 
This supports the hypothesis that individual genetic 
factors may play a role in the variability of HP ex-
pression namely, in pigeon breeder´s disease, func-
tional gene polymorphisms of the IFN-γ and IL-6 
cytokines.

Pigeon breeder’s disease is a common HP form 
caused by avian antigens inhalation. Patients exposed 
to proteins of bird droppings and feathers, usually in 
a domestic environment, develop acute, subacute or 
chronic illnesses, and some of them evolve to diffuse 
pulmonary fibrosis (39,40). The underlying mecha-
nism consists of a complex immunological process, 
characterized by immune complexes formation, 
which trigger a neutrophilic recruitment and activa-
tion, and delayed hypersensitivity involving a Th1-

cell mediated immune response (12,40). Since only a 
small proportion of exposed individuals develop the 
disease and both its presentation form and evolution 
varies, it has been hypothesized that genetic predis-
position plays a role in disease expression. 

IFN-γ is one of the key cytokines in T1 (Th1 
and Tc1) lymphocyte responses and is classically as-
sociated with diseases characterized by granuloma 
formation (55). Specifically, in HP, T1 lymphocyte 
responses are deleterious, and it has been proposed 
that INF-γ is a relevant mediator in granuloma 
formation and progression to fibrosis. Experimen-
tal models have shown that IFN-γ knockout mice 
developed minimal inflammatory response and no 
granulomas when exposed to a standardized antigen 
preparation; furthermore, when IFN-γ was adminis-
tered, these mice developed granulomatous lung in-
flammation (56). In a similar model, IFN-γ knock-
out mice had a decrease in the lung recruitment of 

Table 2. Comparison of IFN-γ genotypes and allele frequencies in patients with chronic (n=20) and with acute/subacute 
(n=20) presentations.

Chronic Acute/Subacute RR CI 95% p value†

IFN-γ (+874)

A/A (low) 5(25%) 11(55%) 0.5 0.23 ; 1.1 0.053

T/A (int) 10(50%) 9(45%) 1.11 0.6 ; 2.06 0.752

T/T (high) 5(25%) 0(0%) 2.33 1.59 ; 3.42 0.047‡

A allele 20(50%) 31(78%) 0.57 0.37 ; 0.87
0.011

T allele 20(50%) 9(23%) 1.76 1.16 ; 2.68

RR Relative Risk; CI Confidence Interval; †Chi-square test; ‡ Fisher exact test

Table 3.  Comparison of IL-6 genotypes and allele frequencies patients whose disease evolved to chronicity (n=18) and pa-
tients with disease resolution (n=20).

Chronicity Resolution RR CI 95% p value†

IL6 (−174)

C/C (low) 5(28%) 0(0%) 2.54 1.66 ; 3.88 0.017‡

G/C (high) 5(28%) 9(45%) 0.66 0.3 ; 1.46 0.272

G/G (high) 8(44%) 11(55%) 0.8 0.41 ; 1.58 0.516

C allele 15(42%) 9(23%) 1.55 0.98 ; 2.43
0.073

G allele 21(58%) 31(78%) 0.65 0.41 ; 1.02

RR Relative Risk; CI Confidence Interval; †Chi-square test; ‡ Fisher exact test
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CXCR3+/CD4+ T cells and impaired granuloma 
formation, associated with the reduced levels of the 
IFN-γ-induced chemokines (the CXCR3 ligands: 
CXCL9, 10 and 11) (57). These CXCR3/CXCL10 
interactions were also shown to be involved in HP in 
humans, namely the CXCL10 expression and secre-
tion by alveolar macrophages in response to IFN-γ, 
resulting in the lung recruitment of T1 lymphocytes 
(58,59). Other experimental studies found that treat-
ing previously exposed mice with monoclonal anti-
body anti-IFN-γ associates with a decrease in lung 
inflammatory and fibrotic response (60) and also that 
the protective role of CD4+/CD25+ T regulatory 
cells in HP is achieved through IFN-γ production 
suppression (61).

Additionally, and in order to highlight IFN-γ 
role in HP, Nance and co-workers (62) reported that 
not only T-cells were able to produce IFN-γ, as in-
nate immune cells are also an important source, and 
sufficient to granuloma formation. These findings 
were supported by a study in which IL-4-producing 
natural killer (NK) T-cells exerted a protective role in 
experimental HP development by suppressing IFN-
γ-producing neutrophils (63).

In our study, although no differences were found 
in genotype distributions of IFN-γ (+874 T/A) poly-
morphism between HP patients and exposed con-
trols, the IFN-γ T/T genotype and IFN-γ T allele 
frequency, which associate with higher IFN-γ ex-
pression levels (52), were higher among patients with 
chronic presentation. In fact, a more indolent clinical 
presentation might be explained by the higher IFN-γ 
expression levels, possibly related to an increased and 
persistent T1-mediated (delayed) inflammation, per-
petuating granuloma formation and enabling subse-
quent evolution to chronicity. 

We did not find association of the IL-6 (-174) 
gene polymorphism and pigeon breeder’s disease, as 
the genotype distributions and allelic frequencies 
had no differences between HP patients and exposed 
controls. This was corroborated by data from anoth-
er study in Japan, also including summer-type HP 
(34). However, the IL-6 -174C/C genotype, which 
has been associated with reduced IL-6 expression 
and serum levels (31), was more frequent among pa-
tients who evolved to chronicity, i.e. those with no 
resolution, one year after the initial diagnosis. On the 
other hand, studying a limited number of 8 HP cases, 
Vasakova et al. (25) showed that the IL-6 -174C/G 

genotype associated with higher ENA-78 BALF 
levels, an angiogenic CXC chemokine that may par-
ticipate in tissue repair (64), suggesting a possible 
role of IL-6 polymorphisms on HP prognosis. Inter-
estingly, Grutters et al (65), studying 248 sarcoidosis 
patients from two different European countries (each 
with their own controls), found the IL6 -174C allele 
frequency increased in Stage IV sarcoidosis, suggest-
ing it might also have a role in the genetics under-
lying sarcoidosis severity or progression. Moreover, 
this polymorphism was also suggested by Jung et al. 
(66) to be related to vasculitis’ susceptibility, espe-
cially for large and medium vessels. In a HP mice 
model, the administration of neutralizing anti-IL-6 
antibody was associated with a more robust neu-
trophilic and an fibrotic response; conversely, when 
IL-6 was given, the inflammatory cell recruitment 
and fibrotic response diminished (67). In humans, a 
case control study also showed that pigeon breeder´s 
disease patients had significantly lower BALF IL-6 
levels than their asymptomatic counterparts, sup-
porting a mechanism through IL-6 production of 
downregulation the lung inflammatory response to 
antigen exposure  (68) with impact in its resolution.

TNF-α is a pleiotropic cytokine, primarily pro-
duced by activated macrophages, with broad immune 
regulation functions that has been closely associated 
to the development of HP (69). The allele frequency 
of TNF-2 allele (A at position-308, associated with 
high TNF-α production) was reported to be higher 
in farmer’s lung disease patients (28). Camarena et al. 
(35) also showed a probable relevance of TNF-2-308 
allele in HP susceptibility, as it was more frequent-
ly found in PBD patients than in control groups 
(p<0.05). However, the comparison of TNF-α con-
centrations, either in BAL or plasma, showed no 
differences between patients exhibiting TNF-2-308 
with those with other TNF-α polymorphisms. In our 
population, no differences were found in these pol-
ymorphisms among cases and exposed but healthy 
subjects. Similarly, Kondoh et al (34), in a study car-
ried out in Japan, did not find any significant differ-
ence in TNF-α polymorphisms in HP patients. 

IL-10 is an important anti-inflammatory cy-
tokine that can inhibit distinct proinflammatory 
cytokines production, including TNF-α, IFN-γ and 
IL-1ß by Th1 cells (70). High- and intermediate-
producers IL-10 genotypes were more frequent in 
sarcoidosis patients compared with healthy controls, 
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suggesting its role in other granulomatous lung dis-
eases (71). In a murine model of farmer’s lung, IL-10 
knockout mice had a more severe granulomatous in-
flammatory response than normal mice (72). Another 
study demonstrated that patients with HP caused by 
diisocyanate showed decreased IL-10 mRNA expres-
sion levels in antigen-stimulated peripheral blood 
mononuclear cells, whereas cells from exposed but 
asymptomatic subjects responded with enhancement 
in IL-10 mRNA expression (73). TGF-ß is another 
cytokine that is consistently found to be upregulated 
in various experimental fibrotic diseases (18), and 
higher TGF-ß BAL levels have been reported in HP 
patients than in normal subjects (74). In our study, we 
did not find an increased susceptibility to HP related 
to the studied IL-10 and TGF-ß polymorphisms, 
findings also corroborated by Kondoh et al (34). Also, 
Yang et al (75) did not find differences in the same 
IL-10 genotypes and alleles between PBD patients, 
healthy exposed and unexposed controls. 

The present study has a few limitations. Firstly, 
only a small number of patients were enrolled and 
the sample size limits the statistical power. Second-
ly, each cytokine gene polymorphism was analysed 
independently and, most probably, there are other 
factors influencing HP phenotype, namely other ge-
netic factors such as HLA or chemokines (76,77), or 
exposure features such as antigen dose, its dispersion 
within the respiratory tract or systemic dissemina-
tion and the repetitive, chronic nature of the expo-
sure (40). Although the diagnosis was established 
with a MDT approach, HP diagnostic criteria are 
still not validated across different centres. Regard-
ing the healthy exposed controls, although they had 
no clinical or imagiological suspicion of respiratory 
disease (unrelated healthy bone marrow donors, with 
domestic avian exposure), they were not followed 
up or subjected to a more detailed evaluation (lung 
function, HRCT scan) in order to a definite exclu-
sion of a subclinical HP. The study has also several 
strengths, such as the prospective design, enrolling 
consecutive cases in our reference centre with a well-
defined exposure and diagnosed by the same DLD 
multidisciplinary team. Also, patients’ follow-up was 
taken under the care of the same experienced team 
and long enough to determine the definitive disease 
evolution at least one year after exposure cessation. 
Finally, only patients with PBD, which represent a 
subgroup of HP, were studied. In fact, the relevance 

of the antigen type in HP phenotype and prognosis 
is still controversial. (78–81). Since we only included 
HP patients with the same type of avian exposure, 
we avoided the influence of a heterogeneous antigen 
exposure on our analysis. Our findings supporting 
the influence of cytokine gene polymorphisms in the 
different patterns of HP expression, may also suggest 
that a different genetic background is at least par-
tially responsible for the natural history of progres-
sive fibrosing DLD.  In our understanding, different 
genetic polymorphisms may be clinically relevant for 
this pattern of disease progression, with the poten-
tial to identify patients with more accelerated lung 
function decline and health-related quality of life 
deterioration that may have treatment implications 
(82–85).

In conclusion, in PBD, genotype and allele fre-
quencies of the studied INF-γ, IL-6, TNF-α, TGF-
ß, and IL-10 polymorphisms were not significantly 
different from unrelated healthy exposed controls of 
the same ethnic origin. However, both the IFN-γ 
T/T (high) and the IL-6 C/C (low) genotypes may 
play a role in the genetic predisposition underlying a 
different disease expression, as their frequencies are 
significantly increased in HP patients due to avian 
exposure with chronic presentation or no disease 
resolution one year after the initial diagnosis, re-
spectively. Future collaborative and more extensive 
genetic studies will be needed to corroborate these 
findings.
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Supplementary table 1. Comparison of cytokine genotypes frequencies between HP patients and controls.

Genotype (expression) HP patients 
(N = 40)

Exposed 
Controls 
(N = 70)

OR CI 95% p value†

TNF-a

A/A (high) 2 (5%) 4 (5.7%) 0.87 0.15-4.98 1

G/A (high) 7 (17.5%) 22 (31.4%) 0.46 0.18-1.2 0.17

G/G (low) 31 (77.5%) 44 (62.9%) 2.04 0.84-4.95 0.17

TGF-b

C/C C/C (low) 0 (0%) 1 (1.4%) 0 -- 1

C/C G/C (low) 2 (5%) 2 (2.9%) 1.79 0.24-13.22 0.96

C/C G/G (int) 4 (10%) 3 (4.3%) 2.48 0.53-11.69 0.44

T/C G/C (int) 3 (7.5%) 4 (5.7%) 1.34 0.28-6.31 1

T/C G/G (high) 16 (40%) 33 (47.1%) 0.75 0.34-1.65 0.60

T/T G/G (high) 15 (37.5%) 27 (38.6%) 0.96 0.43-2.14 1

IFN- γ, n (%)

A/A (low) 16 (40%) 26 (37.1%) 1.13 0.51-2.51 0.93

T/A (int) 19 (47.5%) 29 (41.4%) 1.28 0.59-2.8 0.68

T/T (high) 5 (12.5%) 15 (21.4%) 0.52 0.17-1.56 0.36

IL-6, n (%)

C/C (low) 5 (12.5%) 9 (12.9%) 0.97 0.3-3.12 1

G/C (high) 15 (37.5%) 32 (45.7%) 0.71 0.32-1.57 0.52

G/G (high) 20 (50%) 29 (41.4%) 1.41 0.65-3.08 0.50

IL-10, n (%)

ACC/ACC (low) 5 (12.5%) 9 (12.9%) 0.97 0.3-3.12 1

ACC/ATA (low) 5 (12.5%) 10 (14.3%) 0.86 0.27-2.72 1

ATA/ATA (low) 3 (7.5%) 6 (8.6%) 0.86 0.2-3.64 1

GCC/ACC (int) 10 (25%) 21 (30%) 0.78 0.32-1.88 0.73

GCC/ATA (int) 10 (25%) 18 (25.7%) 0.96 0.39-2.35 1

GCC/GCC (high) 7 (17.5%) 6 (8.6%) 2.26 0.7-7.27 0.28

HP Hypersensitivity pneumonitis; OR Odds Ratio; CI Confidence Interval; †Chi-square test.
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Supplementary table 2. Comparison of cytokine alleles frequencies between HP patients (n=40) and controls (n=70).

Allele HP patients Exposed Controls OR CI 95% p value†

TNF-a -308

A 11 (13.8%) 30 (21.4%) 0.58 0.28-1.24
0.159

G 69 (86.2%) 110 (78.6%) 1.71 0.81-3.63

TGF-b codon10

C 31 (38.8%) 49 (35%) 1.17 0.67-2.07 0.578

T 49 (61.2%) 91 (65%) 0.85 0.48-1.5

TGF-b codon25

C 5 (6.2%) 8 (5.7%) 1.1 0.35-3.48
0.871

G 75 (93.8%) 132 (94.3%) 0.91 0.29-2.88

IFN- γ +874

A 51 (63.8%) 81 (57.9%) 1.28 0.73-2.26
0.391

T 29 (36.2%) 59 (42.1%) 0.78 0.44-1.37

IL-6 -174

C 25 (31.2%) 50 (35.7%) 0.82 0.46-1.47
0.502

G 55 (68.8%) 90 (64.3%) 1.22 0.68-2.2

IL-10 -1082

A 46 (57.5%) 89 (63.6%) 0.78 0.44-1.36
0.374

G 34 (42.5%) 51 (36.4%) 1.29 0.74-2.26

IL-10 -819

C 59 (73.8%) 100 (71.4%) 1.12 0.61-2.09
0.711

T 21 (26.2%) 40 (28.6%) 0.89 0.48-1.65

IL-10 -592

A 21 (26.2%) 40 (28.6%) 0.89 0.48-1.65
0.711

C 59 (73.8%) 100 (71.4%) 1.12 0.61-2.09

HP Hypersensitivity pneumonitis; OR Odds Ratio; CI Confidence Interval; †Chi-square test.
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Introduction

Sarcoidosis is a systemic disease characterized 
by the formation of noncaseating granulomas. Al-
though intrathoracic lymph nodes and the lungs are 
the most common affected organs, any organ can be 
involved in this disease (1). About 5% of sarcoidosis 
patients have symptoms of cardiac sarcoidosis (CS), 
although the prevalence of CS is 20-30% in autopsy 
and imaging studies (2). Identification of cardiac in-
volvement is important since it is a major cause of 
death in sarcoidosis patients (3,4). 
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The aetiology of sarcoidosis is not clear do date. 
However, several antigens have been related to sar-
coidosis, including inorganic agents (5,6), auto-an-
tigens (7) and bacteria (8). The two most extensive 
studied bacteria in relation to sarcoidosis pathogen-
esis are Propionibacterium acnes (P. acnes) (9) and My-
cobacteria (10). Studies regarding P. acnes and my-
cobacteria in relation to sarcoidosis mainly focussed 
on cellular immune responses to antigens of P. acnes 
and mycobacteria (11,12) as well as detecting DNA 
or antigens in biopsy material of sarcoidosis patients 
and controls (13,14). Trigger related phenotypes, 
however, have not been described previously. In re-
cent work from our group (15) sarcoidosis patients 
were tested for an immunological response towards 
several antigens related to sarcoidosis pathogenesis. 
In a total cohort of 201 patients with sarcoidosis, a 
latent tuberculosis infection (LTBI) was found in 5 
patients (2.5%). Interestingly, when defining trigger-
related phenotypes it was found that three of these 
LTBI patients had cardiac involvement of their sar-
coidosis. The aim of the present study was to further 
evaluate these unexpected results. We used another 
cohort of CS patients to investigate whether a LTBI 
associates with cardiac involvement in sarcoidosis.

Methods

Study subjects

A cohort of CS patients registered in our hos-
pital was retrospectively studied and included as CS 
group (approved by the local institutional review 
board (Z.19.004) of the St Antonius Hospital. Due 
to the use of clinical data, the need for informed 
consent was waived). A diagnosis of CS was made 
after advanced imaging with cardiac resonance imag-
ing (CMR) and fluorodeoxyglucose positron emis-
sion tomography (FDG-PET). The likelihood of CS 
was assessed in a multidisciplinary team consisting 
of a pulmonologist, cardiologist, radiologist, nuclear 
specialist and nurse, predominantly based on the 
diagnostic criteria from the Heart Rhythm Society 
(HRS) consensus statement (16). Definite and prob-
able CS were the gold standard for the diagnosis of 
CS. 

Biopsy proven sarcoidosis patients or Löfgren 
syndrome patients without cardiac involvement, seen 

for the first time at the ILD outpatient clinic of the 
St Antonius hospital (Nieuwegein, The Netherlands) 
from May 1st 2016 till December 2017, were also ret-
rospectively studied and included in the non-cardiac 
sarcoidosis (non-CS) group (approved by the Medi-
cal research Ethics Committees United (MEC-U) 
(R14.023), all these patients signed informed con-
sent). The diagnosis of sarcoidosis had been estab-
lished according to the criteria of the American Tho-
racic Society/European Respiratory Society (17). 

Diagnosis of LTBI

Following the diagnostic criteria for sarcoidosis 
to exclude other causes of granulomatous disease, an 
Interferon Gamma Release Assay (IGRA) or tuber-
culin skin test (TST is performed in all sarcoidosis 
patients in the St. Antonius Hospital. Medical re-
cords of patients were searched for data of IGRAs 
(TB ELISpot or QuantiFERON tests). When data 
of those tests were not available, medical records were 
searched for results of tuberculin skin tests (TST). If 
IGRAs or TSTs were not performed in our hospital, 
available data of referring hospitals were retrieved. If 
data of IGRAs or TSTs were not available, patients 
were excluded from the study. Results of IGRAs or 
TSTs were compared between the CS group and the 
non-CS group. A diagnosis of LTBI was made when 
a cellular immune response against antigens of My-
cobacterium tuberculosis (MTB) was present without 
bacterial, radiological or clinical signs of an active 
tuberculosis infection according to the current guide-
lines (18,19). 

Statistics

Data were analysed using IBM SPSS statistics 
version 24. An unpaired T-test was used to compare 
numerical data between the non-CS and CS group. 
Non-parametric tests were used for non-normally 
distributed data (Mann-Whitney U test). Categori-
cal data were compared using the Chi-squared test. 
If expected cell frequencies were below 5, Fisher’s 
exact test was used for categorical data up to two cat-
egories. Odds ratios were calculated using a binary 
logistic regression model.
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Results

Retrospective data of IGRAs or TSTs was avail-
able from 153 non-CS patients and 103 CS patients, 
which were included in the study (table 1). Estab-
lishment of the diagnosis of cardiac sarcoidosis is 
shown in supplementary table1. The CS group was 
significantly older at time of the IGRA or TST and 
consisted of more men. No difference in ethnic-
ity was observed between the two study groups and 
also the percentage of patients that originated from 
another country than the Netherlands did not sig-
nificantly differ between the non-CS and CS group 
either (3.9% vs 7.8%, p = 0.189, supplementary table 
2).

In total, 7 CS patients were diagnosed with 
LTBI (6.8%) compared to only one patient of the 
non-CS group (0.7%), p = 0.008 (figure 1). When 
looking at the two different assays, in the CS group 6 
of 96 patients had a positive IGRA (6.3%) compared 
to 1 of 149 patients of the non-CS group (0.7%) (p 
= 0.016). A positive TST was found in 1 of 7 CS pa-
tients (14.3%) and in none of the 4 non-CS patients 
(p = 1.000). An increased OR of 11.08 (CI: 1.34; 
91.49) was observed for CS and a LTBI and an in-
creased odds ratio (OR) of 9.87 (CI: 1.17; 83.29) was 

observed for a positive IGRA and CS. Furthermore, 
when these ORs were adjusted for age, also signifi-
cant increased ORs of respectively 10.17 (CI: 1.23; 
84.50) and 9.06 (CI: 1.06; 77.13) were observed.

Besides cardiac involvement, we also compared 
other involved organs between the 8 sarcoidosis pa-
tients with a LTBI and the other sarcoidosis patients. 
Prevalence of other involved organs was not different 

Table 1. Demographics of study patients

Non-CS (n=153) CS (n=103) P-value *

IGRA / TST 149 /4 96 / 7 0.124

Age (mean ± SD) 47.23±12.64 51.39±10.87 0.005

Sex (male / female) 80 / 73 77 / 26 <0.001

Ethnicity (white / non-white) 135 / 18 92 / 11 0.788

Organ involvement:

	 Lymph nodes (%) 146 (96.1) 99 (97.1) 0.744

	 Lungs (%) 114 (74.5) 78 (75.7) 0.825

	 Nervous system (%) 28 (18.3) 8 (7.8) 0.017

	 Skin (%) 28 (18.3) 4 (3.9) 0.001

	 Eyes (%) 23 (15.0) 8 (7.8) 0.081

	 Bone (%) 8 (5.2) 8 (7.8) 0.411

	 Liver (%) 7 (4.6) 7 (6.8) 0.443

	 Spleen (%) 5 (3.3) 13 (12.6) 0.004

Table 2. Organ involvement of LTBI and no LTBI sarcoidosis 
patients

Involved organ: No LTBI 
(n=248)

LTBI 
(n=8) P-value*

Heart (%) 96 (38.7) 7 (87.5) 0.008

Lymph nodes (%) 237 (96.3) 8 (100) 1.000

Lungs (%) 185 (74.6) 7 (87.5) 0.684

Nervous system (%) 36 (14.5) 0 (0.0) 0.605

Skin (%) 32 (12.9) 0 (0.0) 0.601

Eyes (%) 30 (12.1) 1 (12.5) 1.000

Bone (%) 16 (6.5) 0 (0.0) 1.000

Liver (%) 13 (5.2) 1 (12.5) 0.366

Spleen (%) 18 (7.3) 0 (0.0) 1.000
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between the patients with a LTBI and the remaining 
patients (table 2). 

Discussion

In this study we were able to show that a la-
tent tuberculosis infection is associated with cardiac 
involvement in patients already diagnosed with sar-
coidosis, which is in line with our initial observation 
(15).

Although the finding that 6.8% of patients with 
CS were diagnosed with a LTBI seems low, this is 
an interesting observation since the Netherlands is a 
very low tuberculosis incidence country with a tuber-
culosis incidence of about 5 per 100.000 and a LTBI 
incidence of about 8 per 100.000 (20). 

In previous papers, a possible link between 
LTBI and sarcoidosis has already been suggested 
(21). However, to the best of our knowledge, this is 
the first study to relate LTBI specifically to CS. It is 
known from literature that myocardial involvement 
in tuberculosis exists, but this is rare and has been 

occasionally described in case reports (22). Luk et 
al. a described a case of CS who underwent heart 
transplantation, developing recurrent CS in the graft 
following a mycobacteria tuberculosis infection (23). 
Since data of IGRAs or TSTs before heart trans-
plantation were not presented, it is unclear whether 
this patient was suffering from a reactivation of a 
LTBI already present before heart transplantation, or 
a newly acquired tuberculosis infection. In a recent 
study in mice it was demonstrated that after intrana-
sal infection, Mycobacterium avium was able to dis-
seminate into cardiac tissue (24). Interestingly, infec-
tion with Mycobacterium avium was able to induce in-
tracardial inflammatory gene expression and induce 
intracardiac tissue fibrosis. Although quite specula-
tive, if other species of mycobacteria are also capa-
ble of inducing such damage to cardiac tissue, this 
could perhaps trigger a local granulomatous reaction 
in the heart we define as cardiac sarcoidosis. A pos-
sible explanation for our findings, may be molecular 
mimicry. Molecular mimicry has been described in T 
cell specific autoimmune diseases including multiple 
sclerosis and rheumatoid arthritis (RA) but also my-

Fig. 1. Percentage of patients with a positive IGRA or TST, to determine a latent tuberculosis infection
Significant more CS patients had a positive IGRA test compared to the non-CS group (6 versus 1, respectively) (P = 0.016). In total, signifi-
cant more CS patients were diagnosed with a LTBI compared to non-CS patients (7 versus 1, respectively) (P = 0.008).
IGRA included a QuantiFERON test or TB elispot. 
Non-CS: Non-cardiac sarcoidosis, CS: Cardiac sarcoidosis, IGRA: Interferon gamma release assay, TST: tuberculin skin test, LTBI: latent 
tuberculosis infection.
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ocarditis (25,26). Chodisetti et al. identified several 
T cell epitopes that are similar to peptides of my-
cobacterial antigens. Those epitopes may act as mo-
lecular mimics and result in an autoimmune response 
during an infection with M. tuberculosis (27). Cross-
reactive antibodies with heart tissue were observed 
in rheumatic carditis patients (28). Further studies 
should clarify whether such cross reactive antibodies 
or shared epitopes are also present for mycobacteria 
and cardiac tissue. 

If the association between LTBI and CS can be 
confirmed in further studies, this could be of interest 
for clinical management. For instance, it could be rel-
evant to screen sarcoidosis patients with a LTBI for 
CS, even though symptoms may not be present (yet). 
Identification of cardiac involvement seems impor-
tant since it is a major cause of death. Furthermore, 
in current clinical practice, if a patient is diagnosed 
with a LTBI they can either choose follow-up with-
out medication or start LTBI treatment using Isoni-
azid/Rifampicin (29). One could speculate whether 
it would be beneficial for this group to start LTBI 
treatment instead of a wait-and-see policy directly 
after the diagnosis of LTBI is made.

A limitation of this retrospective study design is 
that the diagnosis of a LTBI was based on a positive 
result of different assay types (TST or IGRA). So, 
not all study patients had the same assay performed, 
although an IGRA was performed in over 95% of 
cases and results remained statistical significant 
when only LTBIs diagnosed by an IGRA were taken 
into account. A study regarding RA patients showed 
that results of IGRA tests did not correlate with use 
of corticosteroids, making these assays useful in RA 
patients (30), and likewise in sarcoidosis patients 
(31). Where results of IGRA are not affected by 
previous BCG vaccination, the TST is. However, no 
evidence for a previous BCG vaccination was found 
for the patient with a LTBI based on a positive TST. 
Moreover, there are several methods to search for an 
Mycobacterium tuberculosis (MTB) infection, which 
all have a different sensitivity and specificity. For in-
stance, Masoud et al. showed that purified protein 
derivative antigens of MTB were present in tissue 
cells of 3 out of 10 sarcoidosis patients even when 
MTB DNA could not be detected (14). Based on 
our retrospective study design, we were not able to 
examine different methods to search for a MTB in-
fection such as detection of mycobacterial antigens 

in tissue of patients. It would however be interesting 
to examine in future studies whether mycobacterial 
antigens are present in myocardial tissue of cardiac 
sarcoidosis patients diagnosed with a LTBI.

Another study limitation was that the non-CS 
and CS group were not similar regarding sex and 
age. Although tuberculosis is more common in the 
Netherlands among people with a higher age (32), 
the OR was still significantly increased after adjust-
ment for age, suggesting that this difference between 
the groups have not induced a bias in our results. Al-
though patients in the non-CS group did not have 
symptoms associated with CS, we cannot completely 
exclude the possibility that there might be some 
asymptomatic CS patients in this group, since a PET 
or MRI was not performed for the complete non-CS 
group.

To conclude, our data suggest that a latent tu-
berculosis infection associates with cardiac involve-
ment in patients with sarcoidosis. Future research is 
required to unravel pathways involved in the associa-
tion between a latent tuberculosis infection and car-
diac involvement in sarcoidosis. 

Funding: This study is part of the TopZorg Lung grant funded by 
ZonMw (nr 842002001).
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APPENDIX

Table 1 Establishment of the diagnosis of cardiac sarcoidosis

Total CS 103

1.Histological diagnosis from myocardial 
tissue 

3 

2a + 2b Histological diagnosis of extra-cardiac 
sarcoidosis (n=78)

Consensus diagnosis extra-cardiac sar-
coidosis based on expert opinion (n=21)

Steroid+/- immunosuppressant responsive 
cardiomyopathy or heart block

1 3

Unexplained reduced LVEF (<40%) 11 2

Unexplained sustained (spontaneous or 
induced) VT

9 4

Mobitz type II 2nd degree heart block or 
3rd degree heart block

11 9

Patchy uptake on dedicated cardiac PET 
(in a pattern consistent with CS)

63 16

Late Gadolinium Enhancement on CMR 
(in a pattern consistent with CS)

67 15

The likelihood of cardiac sarcoidosis (CS) was assessed in a multidisciplinary team consisting of a pulmonologist, cardiologist, 
radiologist, nuclear specialist and nurse, predominantly based on the diagnostic criteria from the Heart Rhythm Society (HRS) 
consensus statement (17). Definite and probable CS were the gold standard for the diagnosis of CS

Table 2 Country of origin of study patients

Country of origin Non-CS (n=153) CS (n=103)

The Netherlands 146 (96.1) 95 (92.2)

Morocco 0 3 (2.9)

Curacao 0 2 (1.9)

Sri Lanka 2 (1.3) 0

Suriname 1 (0.7) 1 (1.0)

Colombia 1 (0.7) 0

Germany 0 1 (1.0)

Grenada 1 (0.7) 0

India 1 (0.7) 0

Syria 0 1 (1.0)

Unknown 1 (0.7) 0

The percentages of patients  who originated from another country than the Netherlands did not significantly differ between the CS 
and non-CS group (p = 0.189).



Introduction

Systemic sclerosis (SSc) is an autoimmune dis-
ease of unknown etiology, characterized by micro-
vascular changes of intimal proliferation and dys-
regulated neoangiogenesis, systemic fibrosis, and 
involvement of visceral organs, including lungs, 
heart, gastrointestinal tract and kidneys (1). Pulmo-
nary complications are common and are a leading 
cause of death (2-3). However, pleural effusions are 
rare, described in 7% of SSc patients, especially in 
the context of heart failure secondary to pulmonary 

hypertension (4-5). Pleural effusions in patients with 
SSc have been related to comorbidities, including 
concurrent infection or malignancy (6-7).

We present a case series of patients with SSc 
and symptomatic pleural effusion that required 
thoracentesis. All cases deteriorated shortly follow-
ing the procedure and had fatal outcomes. Our goal 
is to raise awareness of thoracentesis as a potentially 
hazardous procedure among SSc patients.

Case series

We describe three patients with diffuse SSc who 
were under routine follow-up in our department. 
They developed pleural effusions that contributed to 
respiratory deterioration, leading to hospital admis-
sion. None of the patients had pericardial effusion. 
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Patients’ characteristics at admission are presented in 
Table 1. All three had undergone right-sided thora-
centesis during hospitalization, while patient no. 2 
also required pleurodesis for recurrent, intractable 
effusion. The patients died shortly after the pleural 
interventions.

Case 1

A 40-year-old male with SSc was admitted due 
to progressive dyspnea and anasarca. SSc was diag-
nosed 6 years earlier, when he presented with mus-
cle weakness, Raynaud’s phenomenon, sclerodactyly, 
and positive antinuclear and anti-Scl-70 antibod-
ies. He developed pulmonary arterial hypertension 
(PAH), progressive interstitial lung disease (ILD), 
esophageal injury and right heart failure. Regular 
medications were carvedilol, furosemide, losartan, 
acetylsalicylic acid, mycophenolate mofetil, esome-
prazole and macitentan. He required long-term, am-
bulatory oxygen therapy.

On admission, the patient was tachypneic, with 
signs of anasarca including ascites, limbs and abdom-
inal wall edema. Bilateral pleural effusions, greater on 
the right, were identified on chest X-ray. Echocardi-
ography showed a dilated, akinetic right ventricle due 
to severe pulmonary hypertension, with preserved 
left ventricular (LV) function. He was treated with 
intravenous furosemide and metolazone without sig-
nificant improvement. A therapeutic thoracentesis 
was performed to improved dyspnea, with drainage 
of 1.2 liter from the right hemithorax. A few hours 
after thoracentesis he developed acute respiratory 
distress, with CO2 accumulation and cardiovascular 
collapse necessitating intubation, mechanical venti-
lation and vasopressor therapy. After hemodynamic 
stabilization was achieved, he was treated with con-
tinuous intravenous infusion of epoprostanol. A right 
thoracic drain was inserted for continuous drainage 
over several days, but the patient continued to de-
teriorate, with multiorgan failure resulting in death. 
There were no signs of infection.

Table 1. Patients’ characteristics

Characteristic Patient No.

1 2 3

Sex Male Male Female

Age at diagnosis, years 34 46 58

Duration of disease, years 6 13 3

Organs involved Raynaud’s
Lungs (ILD+PAH)
Skin (diffuse)
Esophagus
Myopathy

Raynaud’s
Lungs (PAH)
Skin (diffuse)
Esophagus
Heart

Kidneys (SRC)
Arthritis
Skin (diffuse)
Myositis
Heart

Pulmonary hypertension Yes Yes No

Pulmonary fibrosis Yes No No

Pericardial effusion No No No

Antibody status ANA>1:640
fine speckled
Anti-Scl-70

ANA>1:1000
fine speckled
Anti-Scl-70

ANA>1:1280
Homogenous + nucleolar

Anti-Scl-70

Pleural effusion characteristics, fluid/blood (ratio)

  Total protein (g/dL) 3.6/7.4 (0.48) 2.5/7 (0.35)

  Albumin (g/dL) 1.1/3 (0.36) 2.6/3.5 (0.74)

  LDH (U/L) 336/532 (0.63) 227/369 (0.62) 313/407 (0.76)

ILD, interstitial lung disease; PAH, pulmonary arterial hypertension; SRC, scleroderma renal crisis; ANA, antinuclear antibodies; LDH, 
lactic dehydrogenase
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Case 2

The patient was diagnosed with SSc at the age of 
46, when he presented with Raynaud’s phenomenon, 
which progressed to finger necrosis. He was treated 
with intravenous iloprost for several years and was 
positive for ANA and anti-Scl-70 antibodies. Over 
time, he developed PAH and esophageal injury, and 
complete AV block that required a pacemaker. He 
was maintained on iloprost, omeprazole, bosentan, 
nifedipine, and captopril.

Thirteen years after initial diagnosis, he was ad-
mitted with dyspnea related to bilateral pleural ef-
fusions, right larger than left, treated with repeated 
therapeutic thoracenteses of about 1 liter. Due to 
refractory right pleural effusion, he underwent right 
thoracoscopic pleurodesis under general anesthesia. 
A day after the procedure the patient deteriorated 
hemodynamically and developed respiratory distress. 
Echocardiography showed signs of severe pulmonary 
hypertension and a failing right ventricle, with pre-
served LV function. Chest imaging showed bilateral 
consolidations consistent with pulmonary edema, 
more pronounced at the right side. The patient refused 
endotracheal intubation and mechanical ventilation 
and continued to deteriorate until he succumbed.

Case 3

A 61-year-old female with SSc was admitted 
due to progressive dyspnea. SSc was diagnosed 3 
years earlier, when she presented with myositis and 
arthritis that were treated with tocilizumab. She 
tested positive for ANA and anti Scl-70 antibodies. 
Two years later, she developed a scleroderma-related 
renal crisis, that was treated with high doses of cap-
topril until hemodynamic stabilization was achieved. 
However, progressive renal failure ultimately required 
hemodialysis. Cardiac injury resulted in chronic left 
heart failure. An implantable cardioverter defibrilla-
tor (ICD) was installed for secondary prevention af-
ter an episode of ventricular tachycardia, a year prior 
to the current admission.

On admission, the known right pleural effusion 
was enlarged. At thoracentesis, 1 liter of fluid was 
drained. Immediately following the procedure, she 
became unresponsive with hemodynamic and respir-
atory collapse. Cardiopulmonary resuscitation was 

unsuccessful. ICD read did not show arrhythmia. A 
postmortem examination was declined by her family.

Discussion

We describe three patients with SSc and clini-
cally significant pleural effusions requiring therapeu-
tic thoracentesis. They had advanced heart failure 
secondary to SSc complications. One patient had 
PAH and ILD, the second had PAH, and the third 
had left heart failure, secondary to a hypertensive 
scleroderma renal crisis.

Pulmonary complications are a common visceral 
involvement in SSc and the leading cause of death 
(2-3). The two most significant forms are ILD and 
PAH (1). Other less common pulmonary manifes-
tations are aspiration pneumonitis complicated by 
chronic gastroesophageal reflux, pulmonary hemor-
rhage, spontaneous pneumothorax and, uncommon-
ly, pleural disease (8). Evidence of ILD can be found 
in up to 90% of patients with SSc at autopsy and in 
up to 85% with thin-section, high resolution com-
puted tomography. Clinically significant ILD is less 
common, developing in 16–43%, and may remain 
asymptomatic until advanced (1, 9-10). Pulmonary 
hypertension develops in approximately 15% of pa-
tients with SSc, with several possible etiologies, in-
cluding association with ILD, secondary to left heart 
disease, PAH, chronic thromboembolic disease, or 
multifactorial (11). 

The prognosis of SSc-associated PAH is worse 
and treatment response poorer, than in idiopathic 
PAH. In many patients, it follows a downhill course 
with development of right heart failure. The median 
survival of SSc patients with untreated PAH is 1 
year (2-3). In light of the poor prognosis of untreat-
ed PAH, all SSc patients should be screened for its 
presence at initial evaluation, and yearly echocardio-
graphic screening for PAH is recommended.

Pleural effusions are a common presentation of 
heart failure. In connective tissue diseases (CTD), 
they may result from left heart failure or cor pul-
monale mainly secondary to pulmonary hyperten-
sion, or may reflect direct pleural involvement by the 
disease as inflammatory serositis or pleural fibrosis. 
Previous studies reported higher rates of pleural ef-
fusions in patients with PAH associated with CTD, 
than in patients with idiopathic or familial PAH, 
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since some effusions might be due to the CTD it-
self (4), and reported a prevalence of 20-50% in pa-
tients with rheumatoid arthritis or systemic lupus 
erythematosus (6-7, 12). In SSc, however, pleural 
effusions are uncommon, and data regarding this 
association is surprisingly scarce. In a study which 
systematically evaluated patients with SSc for pleural 
and pericardial effusions, 4/58 had pleural effusion 
(7%) on chest X-ray (5). Another study compared 
X-ray findings in patients with “pure” SSc to patients 
with SSc-overlap syndromes. There were no pleural 
effusions in any of the 44 cases of “pure” SSc, while 
there were 3 cases of effusions is the 20 patients with 
SSc-overlap syndromes (15%) (13). In more con-
temporary studies using CT of the chest, pleural ef-
fusions were identified in 4/40 patients (10%) (10) 
,5/28 patients (17.9%) (14), and 0/25 patients with 
SSc (15), but thoracentesis was not required in any 
case. Thus, the prevalence of pleural effusions in SSc 
is low, most effusions may be clinically insignificant, 
and some cases are probably related to comorbidities. 
Unlike pericardial effusions which are typically exu-
dative reflecting active serositis (16-17), many cases 
of pleural effusions in SSc are transudates, and arise 
from heart failure and/or pulmonary hypertension, 
like in our subjects.

Thoracentesis is performed to reveal the cause 
of pleural effusion or to drain the effusion and relieve 
dyspnea. Although generally considered a low-risk 
intervention, complications, including pneumotho-
rax, bleeding (puncture site bleeding, chest wall he-
matoma, hemothorax), and re-expansion pulmonary 
edema (REPE), can lead to increased morbidity, 
mortality, and healthcare costs (18). The use of ul-
trasonography to guide pleural procedures has been 
associated with fewer complications (19).

REPE is a rare complication of thoracentesis 
(0.01-0.5%) (20-21). It is characterized by the de-
velopment of hypoxemia and new alveolar infiltrates, 
usually within several hours after pleural drainage. 
Symptoms consist of chest discomfort, persistent 
cough, dyspnea, and may progress to respiratory fail-
ure and hemodynamic instability. Management of 
these patients is supportive; diuresis, steroids, ino-
tropic agents, and continuous positive airway pres-
sure have all been suggested. It is believed that in-
creased hydrostatic forces in the re-expanding lung, 
as well as direct injury to the alveolar-capillary bar-
rier may contribute to REPE pathogenesis (22).

Older studies have shown that removal of large 
volumes of fluid are associated with the risk of REPE 
and cessation of fluid removal after drainage of 1-1.5 
liters was advocated. However, current evidence sug-
gests REPE is related to intrapleural pressure, rather 
than to the volume of fluid removed (20). In some 
centers, pleural pressure monitoring is available and 
experts recommend halting further fluid removal if 
end-expiratory pleural pressure drops below 20cm-
H2O. Pleural pressure can be directly measured dur-
ing fluid removal with a manometer. Data suggest 
that the development of chest discomfort correlates 
with marked decreases in pleural pressure (23). In 
their recent study, Ault et al. used symptoms, includ-
ing chest tightness, cough, and pain referred to the 
upper chest or neck, as a signal to halt fluid removal. 
This supports the efficacy of monitoring noninva-
sive, easily obtainable clinical surrogates for excessive 
negative pleural pressure (24).

Chowdhary et al. described REPE after thora-
centesis in patients with left heart failure and sug-
gested that the mechanism may be the rapid redis-
tribution of fluid into the pulmonary extravascular 
space after pleural drainage, in the presence of a 
non-compliant LV. They postulated that significant 
fluid shift in the re-expanded lung (due to pulmo-
nary edema) critically reduces the ventricular filling 
volume with poor LV reserve and leads to rapid car-
diovascular collapse (25). 

We believe that patients with SSc are prone to 
develop complications after thoracentesis, especially 
REPE, most likely due to non-compliant lungs and 
the low elastance of the pleura. Patients who have 
advanced heart failure are at high-risk for developing 
complications. Thoracentesis may also cause exces-
sive vaso-vagal tone, resulting in bradycardia and hy-
potension that cannot be compensated for in patients 
with advanced cardiac failure.

Conclusions

Pleural effusion is not a rare complication in pa-
tients with SSc, especially in patients with advanced 
heart failure, and should be suspected in patients 
with respiratory deterioration. We assume that pa-
tients with SSc are at high-risk for developing com-
plications post-thoracentesis, due to several possible 
mechanisms. In this population, therapeutic thora-
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centesis should be performed very cautiously, while 
measuring pleural pressure, either invasively or with 
noninvasive surrogates. Prospective studies should be 
conducted to confirm this hypothesis.
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To the Editor,
Interstitial lung diseases (ILD) comprise a het-

erogeneous group of disorders that can lead to diffuse 
remodelling and structural damage to the healthy 
lung tissue and progressive loss of its function (1). 
Several ILDs are progressive, and their prognosis is 
often poor. Particularly, idiopathic pulmonary fibro-
sis (IPF) has a very poor outcome, resulting in pro-
gression to respiratory failure and death on an aver-
age of four years after the diagnosis (2). Meanwhile, 
other ILDs, such as idiopathic nonspecific interstitial 
pneumonia (NSIP), connective tissue disease-associ-
ated ILD (CTD-ILD), and chronic hypersensitiv-
ity pneumonitis (CHP), can also have a progressive 
course; however, their prognosis is usually more fa-
vourable than that of IPF. Although medical ther-
apies have led to improvement in the prognosis of 
ILDs over the past years, they are rarely effective, 
and disease progression is inevitable. Therefore, lung 
transplant (LTx) remains as a viable treatment op-
tion (3).

LTx is a therapeutic option for selected patients 
with progressive and refractory ILDs that can po-
tentially improve both the quality of life and life 
expectancy(4-5). According to the latest data from 
the International Society for Heart and Lung Trans-

plantation (ISHLT),  the second most common LTx 
indication is ILD (30%) and, idiopathic interstitial 
pneumonia (IIP), together with chronic obstruc-
tive pulmonary disease without Alpha-1-antitrypsin 
deficiency and cystic fibrosis, contributed the most 
to the growth in the number of transplants (3). The 
ISHLT has published specific referral and listing 
guidelines for ILDs (6) which include close monitor-
ing for clinical and functional deterioration. Patients 
with advanced ILDs are prone to a fast decline or 
acute exacerbations that may require high-flow oxy-
gen or mechanical ventilation. Although the latter 
could be a bridge to lung transplant, it lacks benefit 
in the majority of ILD patients (7). Awake extracor-
poreal membrane oxygenation (ECMO) as a bridge 
to lung transplant is gaining popularity, as improve-
ments in technology have made it more feasible with 
less risk (8). Proper selection of patients is critical 
when deciding to implement awake ECMO support, 
especially in this category of patients.

The LTx outpatient clinic, at the Centro Hos-
pitalar Universitário São João (Porto, Portugal), is a 
tertiary, non-transplant referring hospital. It is use-
ful in achieving a systematic approach on the initial 
evaluation of LTx candidates, monitoring patients 
on waiting lists and also in the post-LTx follow-up. 
In this study, the authors aimed to show the clinical 
and demographic characteristics, at baseline, of ILD 
patients submitted to LTx. Moreover, we wanted to 
display the complications after LTx and survival.

This retrospective study included ILD patients 
evaluated for LTx at our outpatient clinic. Cases were 
included between 2006 and 2019. Categorical varia-
bles are presented as frequencies and percentages and 
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were compared with the use of Fisher’s test or the 
Chi-square test, as appropriated. Continuous varia-
bles are presented as mean and standard deviation, or 
median and interquartile range and were compared 
with the use of t-test or the Mann-Whitney test, as 
appropriated. Kaplan-Meier curve and the log-rank 
test were used to assess survival. All statistical analy-
sis was performed using SPSS v.25.0 (IBM Corp., 
USA).

Overall, from the 213 patients in the LTx out-
patient clinic, 72 (33.8%) have been evaluated for 
ILD. From those, 47 patients (65.3%) were referred 
for LTx and, 29 (56.9%) were transplanted. The ma-
jority were female (n=16, 55.2%), with a mean age 
of 48.4±11 years. Eighteen (72%) were non-smokers. 
The main indications for LTx were chronic hyper-
sensitivity pneumonitis (n =13, 44.8%) and IIP (n=9, 
31%; that included 7 patients with IPF and 2 with 
NSIP); followed by sarcoidosis (n=3, 10.8%), CTD-
ILD (n=2, 6.9%; secondary to rheumatoid disease 
and to Sjogren’s syndrome) and lymphangioleiomy-
omatosis (n=2, 6.9%). Unilateral LTx was performed 
in 24 (85.7%) patients and bilateral LTx in 4 cases 
(14.3%). Six months was the median while in waiting 
list (1 and 54 months,  minimum and maximum re-

spectively). There were two patients in which awake 
ECMO was used as a bridge to lung transplant: a 
48 years-old women with CHP, admitted with acute 
exacerbation and submitted to a successful bilateral 
LTx (18 months in active list) and, a 46 years-old 
man with CHP, included in active list in the admis-
sion for an acute exacerbation, that died, while wait-
ing for lung transplant, with acute left ventricular 
failure. Five (17.2%) patients died during the surgical 
procedure or shortly after that, and it was observed 
an association with males (p=0.011) and past smok-
ing history (p=0.015), Table 1. Acute allograft rejec-
tion was diagnosed in 15  patients (51.7%), and in 
eleven cases happened in the first year post-trans-
plant. In terms of late complications, the most com-
monly seen was chronic lung allograft dysfunction 
(CLAD, n=11, 44%), with a median time to rejection 
of 62.9 months (IQR: 72.5 months). Three patients 
with CLAD had, previously, acute allograft rejec-
tion. Other complications were infection (aspergillo-
sis was diagnosed in 5 patients, CMV infection in 2 
and pneumocystosis in 1) and malignancy (2 patients 
had squamous skin cancer). Two patients received 
re-transplantation. Ten patients died later on during 
follow-up. Survival at 1 and 5 years is 75% and 56%, 

Table 1. Baseline characteristics of patients who underwent LTx – data are presented as n (%) or mean (±standard deviation). BMI: Body 
Mass Index; mMRC: modified Medical Research Council; FVC: forced vital capacity; DLCO: diffusing lung capacity for carbon monoxide; 
6MWD: six-minute walk distance

Total (n=29) Successful LTx (n=24) Early death after LTx (n=5) p-value

Age, years 48.4 (±11) 48.2 (±11.3) 49.2 (10.3) 0.858

Male sex 13 (44.8) 8 (33.3%) 5 (100%) 0.011

BMI, kg/m2 26.5±7.1 25.8±4.8 29.9±15.6 0.638

Non-smoker 18 (62.1%) 18 (81.8%) 0 0.015

mMRC ≤2 21 (75%) 18 (78.3%) 3 (60%) 0.574

Oxygen requirement at rest 23 (82.1%) 20 (87%) 3 (60%) 0.207

Corticosteroid use 22 (78.6%) 17 (73.9%) 5 (100%) 0.553

Immunosuppressant use 16 (57.1%) 13 (56.5%) 3 (60%) 0.887

UIP pattern 24 (85.7%) 20 (87%) 4 (80%) 0.687

%FVC (%) 40.7±18.2 53±20.6 50.5±5.9 0.201

%DLco (%) 27.5±9.8 25.3±9.2 38.7±0.9 0.253

6MWD (m) 224.7±149 320±150.9 317.5±201.5 0.349

Median waiting time, months 
(IQR) 6 (7) 6 (9) 6 (8) 0.343

Unilateral LTx 24 (85.7%) 21 (87.5%) 3 (75%) 0.481
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respectively. Median overall survival, after LTx, was 
6.6 years, with a tendency to lower median survival 
in IIP (1.2 years) and CHP (4.2 years), though no 
statistical difference was observed between different 
categories (Log Rank test: p=0.759). The presence of 
acute allograft rejection is associated with a signifi-
cantly lower median overall survival. CLAD seems 

to have better survival in the first two years after LTx, 
still with a tendency to worsen over time. It was di-
agnosed in a median 5.2 years after LTx, with a me-
dian overall survival of 7.3 years (Figure 1). 

Of the non-LTx group, 18 (25%) patients were 
refused by the transplant centre, 7 (9.7%) were dis-
charged (either due to transplant refusal or absen-

Fig. 1. Panel A - Acute allograft rejection is associated with a significantly lower median overall survival (3.5 vs. 9.4 years); Panel B -  CLAD 
is associated with a median overall survival of 7.3 years (as in its absent, median overall survival was not reach yet). CLAD: chronic lung 
allograft dysfunction
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teeism) and, 4 (5.6%) died while in active transplant 
list; the remaining are either actively on the LTx list 
(n=6), clinical surveillance (n=6) and in study (n=2). 

Lung transplantation is challenging. The limited 
availability of lungs, the complexity of the medical 
intervention, that requires a dedicated recipient and 
medical team, represent just a few obstacles. Al-
though lung transplantation in ILD has been stead-
ily increasing in the past decades, the experience in 
the literature is still scarce. Our data demonstrate a 
higher LTx referral among patients with ILD than 
previously described in literature [to mention that 
the authors excluded patients with silicosis, previ-
ously described by Redondo, et al. (9)]. Also, the 
median overall survival shows a trend towards previ-
ous reports (4,6,10). More reports are needed about 
ILD disease and lung transplant, particularly to in-
vestigate which clinical, functional or disease specific 
characteristics are related with lung transplantation 
survival. These data support that lung transplanta-
tion remains an appropriate therapeutic option for 
selected ILD patients.
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Vitamin D (VitD), a well-known regulator of 
calcium- and phosphate-metabolism has been shown 
to influence many non-skeletal conditions, including 
sarcoidosis and cardiovascular diseases; decreasing 
levels of vitamin are correlated with increased mor-
tality1. In sarcoidosis (Sa), granuloma-derived inter-
feron-gamma (among others) stimulates the pro-
duction - and expresses to a high degree - one alpha 
hydroxylase, the enzyme that drives hydroxylation 
of 25(OH)D3 (calcifediol) to 1,25(OH)2D3 (calci-
triol). The 1,25(OH)2D3/25(OH)D3 ratio (VDR) 
may reflect the efficiency of vitamin D hydroxylase 
activity 2. A possible association between VitD me-
tabolites and VDR with Sa severity has not been 
adequately evaluated. Cardiac involvement in Sa im-
pairs prognosis, even with preserved left ventricular 
ejection fraction (EF). The aim of this study was to 
evaluate serum 1,25(OH)2D3, 25(OH)D3 and VDR 
vis-à-vis myocardial involvement in Sa.

In this study, we enrolled 87 newly diagnosed 
biopsy-proven Sa patients from our outpatient unit 
between March 2016 and September 2019. These 

were subjects who were referred for assessment of 
possible myocardial involvement according to Heart 
Rhythm Society (HRS) criteria3. The diagnosis of Sa 
was based on the presence of noncaseating granu-
lomas on tissue biopsy specimens and compatible 
clinical and radiological findings based on the ATS/
ERS/WASOG statement4,5. Inclusion criteria for 
this study were: patient age ≥18 years; no supplemen-
tation with calcium or vitD, absence of parathyroid 
dysfunction, kidney and/or liver failure. Exclusion 
criteria included known collagen vascular disease 
and cardiac dysfunction related to parathyroid dis-
ease, congenital heart disease, coronary artery dis-
ease, unrelated to sarcoidosis heart failure, valvular 
and pericardial disease. Also, patients with current 
treatment of arterial hypertension and diabetes mel-
litus were excluded.
All patients had a fasting morning blood collection 
for determination among others of inflammation 
markers (C-reactive protein [CRP] and fibrinogen) 
as well as Serum Angiotensin Converting Enzyme 
(SACE), Brain Natriuretic Peptide (BNP), Tro-
ponin, Parathyroid Hormone (PTH), serum calcium 
level, serum 25(OH)D3 and 1,25(OH)2D3 levels 
(the latter with Elecsys 25 (OH) D3 and DiaSorin  
Liaison 1,25 (OH)2 D3 chemilluminescence as-
says; Hoffman-La Roche AG, Basel, Switzerland 
and DiaSorin, Sallugia, VC, Italy, respectively) were 
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used for the determination of the serum VitD me-
tabolites levels respectively. Clinical parameters and 
prescribed therapies were recorded for each patient. 
The Body Mass Index (BMI) was calculated as the 
ratio of weight (Kg) per height in square (meter2). 
Disease stage was assessed on chest X-ray accord-
ing to the Scadding classification. All patients un-
derwent pulmonary function testing (PFTs) and 
also baseline cardiac evaluation including cardiac 

Magnetic Resonance Imaging (c-CMR), in order to 
detect myocardial involvement according to HRS4 
consensus criteria. The EF and the E/E’ ratio (mi-
tral inflow E-wave divided by annular tissue e wave) 
were obtained from the cardiac echogram as systolic 
and diastolic function indices, respectively. The study 
protocol complied with the Declaration of Helsinki, 
was approved by the institutional ethics committee, 
and informed consent was obtained from all patients. 

Table 1a. Demographic, Clinical and laboratory characteristics of all patients, without (Group A) and with Myocardial Sarcoidosis (Group 
B). With bold parameters with statistical significance

Parameters All Patients 
(N=87) Group A (n=66) Group B (n=21) p-Value

Demographic

Sex (M) 42.53% 43,94% 38,09% NS

Age (years) 49.51±11.5 49.67±11.65 49.04±11.49 NS

BMI(kg/m2) 27.73±5.17 27.09±5.14 30.06±4.63 0.013

Hyperlipidemia (Yes) 22.9% 21.21% 28.6% NS

Smoking (Yes) 20.69% 21.21% 19.05% NS

Clinical

Scadding’s stage classification (0/1/2/3/4) 3/32/43/7/2 1/25/34/5/1 2/7/9/2/1 NS

Eye Involvement 4,59% 4,54% 4.76% NS

Skin Involvement 13.79% 13.64% 14.29% NS

Left Ventricular EF (%) 62.73±3.85 63.26±3.54 60.9±4.36 0.009

E/E’ 7.47±2.17 7.44±2.18 7.58±2.21 NS

FEV1 (% of Predicted) 94.72±13.63 95.86±12.67 92.42±15.58 NS

FVC (% of Predicted) 97.31±14.36 98.00±12.21 96.94±18.41 NS

FEV1/FVC 80.99±7.26 81.37±7.39 79.83±6.84 NS

DLCO (% of Predicted) 84.08±17.21 84.53±17.27 82.68±17.41 NS

Laboratory

Urea (mg/dL) 35.79±11.36 35.44±11.69 37.63±9.88 NS

Creatinine (mg/dL) 0.8±0.18 0.76±0.23 0.83±0.15 NS

CRP (mg/dL) 0.5±0.621 0.51±0.64 0.47±0.56 NS

Homocystein (μmol/L) 13.23±6.083 13.53±6.6 12.42±4.12 NS

Fibrinigen (mg/dL) 275.19±60.01 270.79±59.75 287.65±61.49 NS

25(OH)D3 (ng/mL) 20.44±9.92 19.44±9.99 24.19±8.84 0.039

1,25(OH) D3 (pg/mL) 24.85±4.57 24.61±4.53 25.9±4.64 NS

VitD Ratio 1.5±0.77 1.6±0.84 1.16±0.33 0.0001

PTH (pg/ml) 49.59±24.62 48.64±21.89 52.54±32.74 NS

Serum Calcium (mg/mL) 9.75±0.39 9.77±0.37 9.7±0.44 NS

SACE (U/L) 46.44±22.85 48.13±24.71 41.72±29.52 NS

Log BNP (pg/mL) 1.29±0.35 1.27±0.31 1.37±0.48 NS

Log Troponin (pg/mL) 0.26±0.47 0.24±0.43 0.33±0.57 NS
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Statistical analyses were performed with SPSS (Ver-
sion 20.0). Variables in the data set were expressed 
as mean ± standard deviation. If variables were not 
normally distributed median and interquartile range 
(IQR) were used. Dichotomous variables were ex-
pressed as frequency and percentage. Differences be-
tween continuous variables were tested for statistical 
significance using Student’s t test or Mann-Whitney 
test. The Chi-squared test or Fisher’s exact test were 
used to analyze categorical data. Further analysis for 
an association between possible variables (BMI, EF, 
VDR and 25(OH)D3) and myocardial involvement 
was done using stepwise backward logistic regression 
analysis; a two-sided P value <0.05 was considered as 
being statistically significant.

Table 1a presents baseline demographic, clini-
cal, characteristics, and diagnostic findings in the 87 
newly diagnosed Sa patients included in this study. 
According to the HRS consensus criteria, myocar-
dial involvement was detected in 21 patients (Group 
B) while the rest formed (Group A). Group B had 
significantly higher BMI, lower EF, higher 25(OH)
D3 and lower VDR (Table 1a). No significant dif-
ferences were noted between the two groups regard-
ing lung disease severity, other cardiac parameters 
and indices of inflammation. Logistic regression 
was performed to ascertain the effects of BMI, EF, 
VDR on the likelihood that subjects have cardiac 
involvement (disease stage and SACE levels were 
not associated with cardiac involvement). The lo-
gistic regression model was statistically significant 
(Chi square=21.257, p=0.0001). The obtained model 
correctly predicted 80.82% of cases. For each incre-
mental increase in VDR or EF subjects were 5.55 or 
1.22 times less likely to exhibit cardiac involvement, 
respectively, whereas for each incremental increase in 
BMI subjects were 0.78 times more likely to exhibit 
cardiac involvement (Table 1b). 

Numerous clinical studies with different patho-
logical conditions confirm an association between 

VitD abnormalities - especially deficiency - and in-
creased morbidity and mortality. This assumption is 
based on the fact that active VitD metabolites can 
induce important biological effects at a molecular 
level in different organs. Mounting evidence sug-
gests that VitD may influence the pathophysiology 
of heart failure through activation of VitD receptors 
in the cardiovascular system6. The latter interfere 
with the renin-angiotensin system (RAS), calcium 
handling, inflammatory status, and especially in car-
diac fibrosis (mechanisms that active in myocardial 
Sa). Also, the complex and integrated regulatory 
pathways of VitD suggest that efficient regulation 
of vitD hydroxylation might be more crucial than 
the concentration of any D metabolite alone. Al-
though several studies have previously reported an 
association between Sa and VitD, to our knowledge, 
this is the first one showing an association of my-
ocardial involvement in Sa with a simple measure 
of VitD metabolites, thus correlating VDR with 
disease activity and/or possibly severit,7,8. The exact 
mechanism of this association is unknown and spec-
ulative, however possible mechanisms can be men-
tioned. Either immunologic mechanisms through 
VitD metabolites to a sensitized myocardium or/
and the granuloma induced interferon-gamma and 
interleukin (IL) 2 production interferes with one 
alpha hydroxylase activity and production of active 
1,25(OH)2D3, thus counter-regulating granuloma 
formation. Notably, we found that low VDR was a 
significant independent factor associated with the 
presence of cardiac involvement. Also, it is inter-
esting to note the absence of association between 
pulmonary sarcoidosis with VitD metabolites, most 
probably due to the presence of mild pulmonary dis-
ease and the absence of important disease activity in 
the majority of patient,9,10. This study was limited be-
cause we could not ascertain the duration of disease 
until diagnosis; furthermore it was limited by the 
number of patients studied and the non-inclusion of 

Table 1b.  Stepwise backward logistic linear regression analysis

Variable B (SE) Significance OR (95% CI)

Vitamin D ratio -1.712 (0.738) 0.020 0.180 (0.042-0.767)

BMI +0.249 (0.086) 0.003 1.283 (1.083-1.520)

EF -0.196 (0.077) 0.015 0.821 (0.705-0.956)

SE: standard error; OR: odds ratio; 95% CI: 95% confidence interval
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newer markers of Sa activity such as of IL-2r or of 
chitotriosidase.

In conclusion, the role of Vit D metabolites and 
especially VDR may represent a promising simple 
informative tool for initially assessing cardiac in-
volvement in Sa; further evaluation with follow-up 
studies in the future is ongoing.
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