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Abstract 

Background: Pulmonary hypertension (PH) adversely affects outcome in 

sarcoidosis and is an important predictor of mortality in these patients. Early and accurate 

diagnosis of this complication may improve outcome. We hypothesized that integration 

of six-minute walk test (6MWT) as part of the evaluation leads to an earlier diagnosis of 

this complication.  

Methods: 162 patients with sarcoidosis underwent 6MWT.  We analyzed 

demographic and pulmonary function results.  Patients were further assessed by 

echocardiography and right heart catheterization when clinically indicated. 

Results: Patients with sarcoidosis-associated PH had significantly lower levels on 

pulmonary function tests.  They also walked shorter distances and desaturated to lower 

levels on 6MWT.  On logistic regression analyses, significant predictors of PH were 

oxygen saturation <90% on 6MWT (OR = 12.1; p < 0.001, 95% CI) and DLCO < 60% 

predicted (OR = 7.3; p = 0.03, 95% CI).  Moreover, by combining the results of oxygen 

saturation at six-minutes with those of echocardiography, the ability to correctly predict 

the presence of PH by right heart catheterization was improved.  

Conclusions: Patients with DLCO less than 60% predicted and oxygen desaturation 

below 90% on 6MWT have a high likelihood of PH and should undergo further 

evaluation for the presence of this disorder.  
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Abbreviations: 

6MWD: 6-minute walk distance 

6MWT: 6-minute walk test 

ATS: American Thoracic Society 

AUC: Area under the curve 

BMI: Body mass index 

%DLCO: Percent predicted diffusion capacity of carbon monoxide in mL/mmHg/min 

FEV1: Forced expiratory volume in one second  

FVC: Forced vital capacity 

IPF: Idiopathic pulmonary fibrosis 

NPV: negative predictive value 

OR: Odds ratio 

PPV: Positive predictive value  

PAP: Pulmonary artery pressure 

PH: Pulmonary hypertension 

RHC: Right heart catheterization 

ROC: Receiver Operating Characteristics 

RVSP: Right ventricular systolic pressure  

TLC: Total lung capacity 

WHO: World Health Organization 
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Introduction 

Pulmonary hypertension (PH) is one potential complication of sarcoidosis that 

causes significant morbidity and mortality [1,2].  The epidemiology of sarcoidosis-

associated PH is not well studied.  The frequency has been reported from 1 to 50%, but 

may be as high as 75% in patients awaiting lung transplantation [1-7].  The diagnosis is 

difficult and a high index of suspicion is necessary due to variability in presentation and 

non-specific symptoms [8].  Most patients experience gradually worsening symptoms of 

dyspnea, syncope, and heart failure, but a small number die unexpectedly [8].  Since PH 

is an important predictor of mortality in patients awaiting lung transplantation, noting its 

presence may prompt earlier referral to a transplant center or introduction of therapy 

which may improve outcomes [5,7,9].   

The severity of PH may not correlate well with the degree of pulmonary fibrosis, 

pulmonary function test (PFT) values, or blood gas tensions [1,2,4].  One potential 

marker for PH is reduced six-minute walk test (6MWT) performance.  The 6MWT 

assesses complex physiological interactions, including pulmonary, cardiovascular, and 

neuromuscular systems [10].  Six-minute walk distance (6MWD) is widely used for the 

purpose of repeated measures of exercise capacity and to assess the effectiveness of 

therapeutic interventions in a variety of conditions [11-13].  It may also better reflect the 

level of functional capacity required for daily physical activities than cardiopulmonary 

exercise testing [14,15].  A short 6MWD fairly accurately predicts morbidity and 

mortality from most heart and lung disease [16-21].  However, the degree of desaturation 

during 6MWT may be a stronger predictor of mortality in some conditions, such as 

idiopathic pulmonary fibrosis (IPF) and primary PH [21-23].   
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The use of 6MWT in patients with sarcoidosis has not been well established.  

Because of its simplicity and ability to predict outcome, we hypothesized that the 6MWT 

would be useful as a screening tool for sarcoidosis-associated PH.  We also proposed that 

desaturation would be more predictive of the presence of PH than distance walked.  To 

test these hypotheses, all patients were first evaluated with 6MWT and PFT.  141 patients 

underwent two-dimensional Doppler echocardiography (2-D echo) and 35 underwent 

right heart catheterization (RHC) for further evaluation. 

 

Methods and Materials 

Study Design 

The Sarcoidosis and Interstitial Lung Disease Center at Wayne State University-

Detroit Medical Center in Detroit, Michigan is a referral center for patients with 

sarcoidosis and other interstitial lung diseases.  The medical records of 162 patients who 

underwent 6MWT were prospectively reviewed and data regarding demographics, 

radiography, PFT, and cardiac evaluation were recorded.  Approval for the use of these 

data was obtained from the Institutional Review Board of Wayne State University. 

Methods 

Sarcoidosis was diagnosed in all patients as per standard guidelines [24].  Chest 

radiography was interpreted as stage 0-4 [24].  Pulmonary function tests were performed 

in 160 patients following ATS guidelines in a licensed laboratory [25,26]. All spirometry 

studies were performed using a calibrated pneumotachograph and lung volumes were 

measured in a whole-body plethysmograph (Jaeger Spirometry and SensorMedics Vmax 

22, VIASYS Respiratory Care, Inc; Yorba Linda, CA).   
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All patients completed at least one 6MWT, performed by a licensed respiratory 

therapist following a standardized protocol [10].  Oxygen saturation was measured using 

a finger probe pulse oximeter (NPB-40, Nellcor; Pleasanton, CA).  All subjects 

demonstrated a resting saturation of more than 88% at initiation of testing.  Variables 

used for analysis included Borg dyspnea score, 6MWD, and oxygen saturation.  The 

percent predicted 6MWD was calculated based on a formula that incorporates body mass 

index (BMI) and age [27].  141 patients underwent further evaluation with 2-D echo and 

35 patients had RHC.  With echocardiography, PH was defined as a right ventricle 

systolic pressure (RVSP) >40 mmHg in the absence of significant left heart dysfunction, 

based on the criteria established by the WHO Symposium on Primary Pulmonary 

Hypertension [9,28,29].  RHC was performed to confirm the diagnosis in patients who 

had evidence of PH on 2-D echo and in patients with inconclusive echocardiography, in 

the presence of repeatedly abnormal 6MWT and despite optimization of therapy. 

Analysis 

Statistical analyses were performed using SPSS software, version 15.0 (SPSS Inc; 

Chicago, Illinois, USA).  Continuous data are presented as means + SD.  Categorical data 

are presented as frequency and percentage.  Analysis of variance and independent t-tests 

were used for analyses of continuous variables and the chi square-test for assessing the 

discrete variables.  Bivariate Spearman’s rank correlation coefficient (r) was calculated to 

measure the relationship between the clinical variables and PH.  The diagnostic value of 

the model was assessed by constructing Receiver Operating Characteristic (ROC) curves 

using different independent variables against the presence of PH.  The sensitivity, 

specificity, positive predictive value (PPV), and negative predictive value (NPV) were 
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calculated using the area under the curve (AUC).  Multivariate logistic regression 

analyses were performed for the dependent variables of presence or absence of PH, to 

identify independent factors predicting PH and to generate odds ratios (OR).  For all 

analyses, 2-tailed p-values less than 0.05 were considered significant. 

 

Results 

One hundred sixty-two patients made up the study group.  Patient demographics 

appear in Table 1.  The mean age was 47+12 years.  Approximately 77% of subjects were 

female and 88% were African American.  The mean BMI was 33+8.9 kg/m2.  The 

majority of subjects had chest radiography scores of < 3.  Approximately 67% of patients 

had active disease and the majority were receiving treatment with either steroids, 

immunomodulatory drugs, or both.  Non-smokers comprised 85.8% of patients and 

smokers represented 14.2%.  141 patients had echocardiographic assessment for PH, and 

35 patients underwent both echocardiography and catheterization diagnostic assessments.  

In comparison to the results of RHC, 7 patients were found to have falsely negative 2-D 

echo studies.  Three patients had elevated PAP in the presence of elevated pulmonary 

capillary wedge pressure (PCWP) and, based on our inclusion criteria, were considered 

falsely positive.   

Variables used in analyses, characterized by findings on RHC, are listed in Table 

2.  Patients with PH demonstrated on RHC were compared to all other patients.  The 

results demonstrate that patients with definitive sarcoidosis-associated PH by RHC are 

significantly different from those without PH.  On analysis of PFT results, significant 

differences were noted in all parameters.  The percent-predicted values for FVC, FEV1, 

and TLC were lower in patients with definitive evidence of PH (p < 0.001 for each).  The 
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percent predicted diffusion level of carbon monoxide (%DLCO) is significantly reduced in 

patients with sarcoidosis-associated PH compared to patients without PH (p < 0.001).  

Further assessment of the effect of smoking as a confounding factor on %DLCO   in the 

presence of PH did not attain significance (p = 0.1).   Both 6MWD and oxygen 

desaturation during 6MWT were significantly lower in patients with PH.  Although the 

Borg dyspnea score at 1 minute did not reach statistical significance, the 6-minute scores 

were significantly different between the two groups (p < 0.001).  Patients with PH walked 

an average of approximately 343±116 meters (m) compared to 426+105 m for all other 

patients (p = 0.004).  Those with documented PH also desaturated significantly more 

from initiation to completion of 6MWT, 8.9+4.22% versus 2.99+2.14% (p < 0.001), 

respectively.  

Similar results were obtained when the presence of PH was used as the dependent 

variable and compared to groups with absent PH on 2-D echo. Those with 

echocardiographic evidence of PH also had significantly greater desaturation at 6 minutes 

than those without PH (p< 0.001) as seen in Figure 1. Chest radiography scores were 

higher in patients with PH than in the cohort group without PH (p < 0.001). Patients with 

PH also had significantly lower %DLCO values (p < 0.001). The relationship between the 

degree of oxygen desaturation and DLCO was further explored.  A scatter plot of %DLCO 

versus oxygen saturation at completion of a 6MWT is shown in Figure 2.  A correlation 

r=0.58 was found between these two variables.  When the change in saturation was 

substituted for the absolute level of saturation a correlation of r=0.54 was found. A lower 

correlation of r=0.22 was found between predicted 6MWD and oxygen saturation at 

completion of 6MWT (figures not shown).      
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Multiple ROC curves were constructed to evaluate the diagnostic accuracy of the 

oxygen saturation level at 6 minutes, %DLCO, and 6MWD to predict the presence of PH 

on 2-D echo and RHC.  The ROC curves to predict the presence of PH by 2-D echo 

demonstrated an AUC = 0.88 for %DLCO (p < 0.001; CI 95%, 0.82 -0.95), AUC = 0.93 

for oxygen saturation at 6-minutes (p < 0.001; CI 95%, 0.89-0.98), and AUC = 0.61 for 

6MWD (p = 0.05; CI 95%, 0.575-0.79, figures not shown).  Figures 3a-c demonstrate the 

ROC curves generated using these same variables and substituting RHC (the gold 

standard) for 2-D echo to predict the presence of PH.  The only two that demonstrated 

robust AUC values were again the oxygen saturation at 6 minutes (AUC = 0.92; p < 

0.001; CI 95%, 0.80-0.98) and %DLCO (AUC = 0.74; p = 0.02; CI 95%, 0.54-0.97).  Both 

6MWD and %6MWD did not reach statistical significance (AUC = 0.55; p = 0.64; CI 

95%, 0.36-0.74 and AUC = 0.57; p = 0.331; 95% CI, 0.4-0.79, respectively). These 

results clearly demonstrate that the level of oxygen saturation at 6 minutes is by far 

statistically superior to the 6MWD and %DLCO in predicting the presence of PH in 

patients with sarcoidosis.   

Multivariate logistic regression analyses were performed using the different 

composite models and adjusting for BMI and age.  The only two variables that remained 

significant were oxygen saturation at 6 minutes with an OR of 0.688 for each unit change 

in saturation (p < 0.001; 95% CI, 0.55-0.86) and %DLCO (OR = 0.95; p = 0.04; 95% CI, 

0.9-1.0).  Using the cutoff values obtained from the ROC curve for oxygen saturation at 6 

minutes, patients were categorized into two groups: one whose oxygen saturation 

remained above 90% and another whose oxygen saturation dropped below 90%.  Patients 

were also categorized into two groups based on %DLCO: one with %DLCO above 60% 
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and the other below this benchmark.  Using these defined groups, we performed logistic 

regression analyses to predict the probability of PH occurring on 2-D echo among these 

categories.  After adjusting for BMI and age, the OR for patients with oxygen saturation 

less than 90% was 12.1 (p< 0.001, 95% CI).  Patients with a %DLCO less than 60% had 

an OR of 7.3 (p = 0.03, 95% CI).  The other variables tested, including 6MWD, percent-

predicted 6MWD, and all other PFT values did not attain statistical significance in 

predicting the presence of PH.  Most importantly, we performed logistic regression 

analyses to predict the established diagnosis of PH via RHC using several composite 

models. The very best model to predict the presence of PH per RHC, after adjusting for 

age and BMI, was oxygen saturation after 6MWT (p = 0.031; OR = 0.58, 95% CI).  The 

%DL CO did not attain significance in this model.  The ability of this model to accurately 

predict the presence of PH as determined by RHC, the gold standard, was superior to 

using the 2-D echo alone.  

   

Discussion 

In this study, we evaluated the characteristics of patients with sarcoidosis-

associated PH against those without evidence of PH, in an attempt to identify specific 

variables that would suggest the presence of this complication.  To our knowledge, this is 

the largest series of patients evaluated with complete physiological data for this purpose, 

including 35 patients with RHC. Previous studies have failed to identify any consistent 

simple clinical criteria to be used as a guide to determine who requires further evaluation.  

Our data indicate that patients with sarcoidosis-associated PH desaturate below 90% 

during 6MWT.  
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No demographic variables were related to the presence of PH in our study.  Our 

population consists almost entirely of African American women and it would have been 

difficult to note any statistical trends, but this finding is in agreement with a retrospective 

review of patients awaiting transplantation [30].  Our results also corroborate the findings 

of others that patients with PH are more likely to have advanced radiographic stage 

disease [2,4].  But, three patients with relatively well-preserved lung function and 

radiologic stage 2 disease were found to have PH by RHC.  All three patients presented 

with hypoxia on 6MWT, yet two had negative echocardiography.   

Both 6MWD and desaturation during 6MWT seem to correlate with mortality in a 

variety of diseases, but it is unclear whether distance or the oxygen saturation nadir 

provides more accurate prognostic information.  In several disorders, 6MWD has been 

shown to be independently related to mortality, and a lesser distance walked is associated 

with a worse prognosis [16-20].  Previous studies have identified walking <300 m as a 

prognostic marker of cardiac death and <400 m as a reasonable marker for when a patient 

should be listed for lung transplantation [16,19].  Our patients with PH walked an average 

of approximately 350 m and displayed significantly higher Borg dyspnea scores than 

those without PH, corroborating recent findings that patients with sarcoidosis-associated 

PH have shorter 6MWD [6].  However, many factors may affect 6MWD, including 

certain patient characteristics and effort. Our results suggest that in patients with 

sarcoidosis, the degree of desaturation provides more valuable prognostic information 

than the 6MWD. 

The ability of several variables to predict the presence of PH was assessed with 

ROC curves.  The performance characteristics of 6MWD were poor (AUC = 0.61) in 
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comparison to the level of oxygen saturation at 6 minutes (AUC = 0.93).  The current 

study demonstrates a clear correlation between greater degrees of desaturation and the 

presence of PH in sarcoidosis.  Some previous studies have suggested that the degree of 

desaturation during 6MWT is a strong predictor of mortality in IPF and primary PH, with 

oxygen desaturation to 88% or lower at the end of 6MWT associated with a higher 

mortality [18,20,22,23].  In our study, logistic regression analyses indicated that the 

highest degree of both sensitivity and specificity was achieved with a cutoff of 90% 

saturation at six minutes.  Patients with a saturation below 90% during a 6MWT were 

about 12 times more likely to have PH.  Although our study did not assess mortality, four 

patients with PH died due to sudden cardiac events during follow-up, whereas no others 

have expired.  All had poor performance on 6MWT with oxygen saturation levels of less 

than 90% at completion.  

PFT values have been shown not to be reliable in screening for PH secondary to 

discrepancies between studies.  Some studies have shown statistically lower FVC, FEV1, 

and TLC values in patients with PH, while others have shown higher values or no 

difference between groups [1,2,4,7,30].  Our results showed that patients with PH had 

decreases in all PFT values (FEV1, FVC, TLC), but none of these variables retained 

significance when controlled for age and BMI on multivariate logistic regression 

analyses.  Patients with evidence of PH did have significantly lower levels of DLCO, and 

levels less than 60% were independently associated with PH on logistic regression 

analyses with an OR of 7.3.  These findings are in agreement with other studies that have 

shown statistically significant differences in DLCO among patients with PH, even in the 

absence of fibrosis on chest radiography [1,4,5].  Our data also highlight a good 
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correlation between the oxygen saturation level at 6 minutes and %DLCO (r=0.58), and 

both variables were independently associated with the presence of PH.  Interestingly, 

only 5.5% of study patients were on long-term oxygen.  This percentage increased to 

40% among patients with PH.  Although we believe that the etiology of sarcoidosis-

associated PH is multifactorial, these findings suggest that parenchymal destruction and 

hypoxia account, in part, for the observed pulmonary hypertension in these patients.   

Although several studies have demonstrated a strong correlation between PAP as 

measured by echocardiography and pressures as measured by RHC, others have shown 

that Doppler values markedly underestimate PAP [28,29].  In the current study, reliance 

solely on echocardiography to determine the presence of PH would have led to 7 cases 

being misdiagnosed as having no PH (32% of those with PH).  All 7 patients had %DLCO 

below 60 % and desaturated below 90% during 6MWT.  Our results suggest using a 

composite model of saturation during 6MWT will increase the pretest probability, even if 

the 2-D echo is negative, before performing RHC in patients with a high clinical 

suspicion of PH.  

Our study represents the most complete set of data for this category of patients.  

Although the study by Sulica presented 106 patients with echocardiography, only 3 

patients had RHC confirming PH [4].  In the study by Handa, all 246 patients followed in 

their sarcoidosis clinic underwent echocardiography; however, the purpose of this study 

was to establish the frequency of PH in an outpatient sarcoidosis population [2].  Our 

study was not designed to establish the frequency of sarcoidosis-associated PH, but to 

identify high-risk patients and to assess relevant clinical characteristics that are 

suggestive of the presence of this complication.  The frequency of PH in our population 
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was 14%.  This may be an overestimation since our clinic is a tertiary referral center and 

may follow more advanced diseases.  One other limitation of this study is that our 

population consists almost entirely of African American females.  Since the disease 

pattern appears different in black subjects compared to white subjects, our results may 

overestimate the incidence of PH in this condition.   Our study may appear to have some 

degree of selection bias due to the fact that we performed RHC studies in subjects with 

desaturation on 6MWT and negative or inconclusive echocardiography results.  However, 

it would be impractical to conduct RHC in all patients without any clinical suspicion of 

PH and negative 2-D echo.  

  There is a need for the development of an early detection method for PH in 

sarcoidosis and other fibrotic lung disease.  This will require the identification and 

validation of noninvasive measures that can predict this complication [28].  Our study 

strongly suggests that all patients with sarcoidosis should undergo a 6MWT.  If they 

show oxygen desaturation during this test, they should be evaluated for PH as well as 

home oxygen. Since the diagnostic accuracy of 2-D echo has a relatively low sensitivity, 

these additional variables can help determine who should undergo further evaluation by 

RHC.  The integration of these simple parameters into evaluation of sarcoidosis may lead 

to an earlier and more accurate diagnosis of PH in this patient population.  Although, it is 

unclear whether long-term treatment with currently available medications will improve 

morbidity or mortality in this category of patients, this may lead to early detection and 

assist in designing a prospective, longitudinal study.    

In conclusion, patients with sarcoidosis-associated PH are significantly different 

in multiple areas.  Most patients with PH have advanced stages of sarcoidosis on chest 
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radiography, and poor performance on pulmonary function testing and 6MWT.  

Decreased %DLCO levels less than 60% and desaturation to less than 90% on 6MWT are 

independently associated with the presence of PH and should prompt further evaluation 

for the presence of this disorder. 
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Table1. Subject Demographics, Body Mass Index, Chest X-Ray Stages, Activity and 
Duration of Disease, and Medication 
 
Age  (Mean±SD) 47±12   Disease, N (%)  
BMI (Mean±SD) 33±8.9     Inactive  54 (33.3) 
Gender, N (%)      Active† 108 (66.7) 

Male  38 (23.5)  Disease duration, Range (years) 1 - 35 
Female  124 (76.5)  Medication, N (%)  

Race, N (%)          None 57 (35.2) 
African American 143 ( 88.3)         Steroidal 24 (14.8) 
White 19 (11.7)         IMD* 33 (20.4) 

CXR stage, N (%)          Steroidal+IMD 48 (29.6) 
0 32 (19.8)  Smoking Status   
1 28 (17.3)         Non-smoker 139 (85.8) 
2 53 (32.7)         Smoker 23 (14.2) 
3 15 (9.3)    
4 31 (19.1)    

 
 
 
Age, BMI and disease duration values are presented as means and variability in SD or range 
where indicated. N=Number of patients and percent shown in parenthesis.  
* Immune modifying drugs like methotrexate, azathioprine and others. † Active defined as 
requirement for steroids in last 6 months. 
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Table 2. Characteristics of Patients with PH Diagnosed per Right Heart Catheter 
Compared to all other Sarcoidosis Patients*.  
  
 

Present 
 All others Variables  

  N Mean ± SD N Mean ± SD 

 
p 

FVC (% pred) 22 55 ± 19 139 79 ± 18 <0.001 
FEV1 (% pred) 22 52 ± 18 139 80 ± 20 <0.001 
TLC (% pred) 22 68 ± 18 137 85 ± 18 <0.001 
DLCO (% pred) 22 42 ± 18 138 70 ± 21 <0.001 
6MWD (% pred) 22 64 ± 18 140 79 ± 19 0.001 
6MWD (m) 22 343 ± 116 140 426 ± 105 0.004 
O2 sat at 1 min 22 96 ± 2 140 98 ± 2 0.005 
O2 sat at 6 min 22 88 ± 4 140 95 ± 4 <0.001 
Oxygen desaturation 22 8.85 ± 4.22 140 2.99 ± 2.14 <0.001 
Borg at 1 min 22 2.08 ± 1.54 140 1.49 ± 1.52 0.109 
Borg at 6 min 22 6.00 ± 2.55 140 4.07 ± 2.23 <0.001 
CXR Stage 22 3 ± 1.2 137 1.6 ± 1.3 <0.001 

 
 
* Variables included to explain the differences between the PH confirmed cases per right heart 
catheter and those with undetermined or absence of PH.  
p - value was determined using unpaired t-test. 
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FIGURE LEGENDS 
 

Fig 1. Quantitative relationship between oxygen desaturation during six-minute 

walk and evaluation of patients for PH.  Means of desaturation of two groups of 

patients evaluated per 2-D echo were compared: confirmed PH (present), negative for PH 

(absent). Bars show means and SD.  A significant difference was observed between 

patients who showed presence of PH and patients with negative echocardiography (p = 

0.001). 
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Fig 2. Scattergram showing the correlation of %DLCO and oxygen saturation after 

6MWT. Linear curve fits were done using SPSS and the best fits were found to explain 

58% of correlation between %DLCO and oxygen saturation at 6 minutes. 

 

 

Figure 3 a, b and c. Receiver Operating Characteristic (ROC) curves for %6MWD 

(3a), %DLCO (3b) and oxygen saturation at six minutes (3c) versus presence of PH 

per RHC. The AUC for %6MWD was 0.57 (p = 0.33; 95% CI, 0.4 -0.8), AUC for 

%DLCO was 0.74 (p = 0.018; 95% CI, 0.55-0.93), and for oxygen saturation at 6 minutes 

was 0.916 (p < 0.001; CI 95%, 0.88-0.99). sens=Sensitivity, spec=Specificity; AUC=area 

under the curve. 
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