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Abstract (word count 194): 

 
Rationale:  In IPF, incidence is higher in men, and women may have better survival.  We sought 

to determine whether the rate of increase in desaturation during serial six minute walk testing 

would be greater, and survival worse, for men versus women.   

 

Methods:  Serial changes in percent of maximum desaturation area over one year were estimated 

using mixed models in 215 patients.  Desaturation area was defined as the total area above the 

curve created using desaturation percentage values observed during each minute of the six 

minute walk test.  Multivariate Cox regression assessed survival differences.   

 

Main Results:  Adjusting for baseline desaturation area, six minute walk distance, change in six 

minute walk distance over time, and smoking history, the percent of maximum desaturation area 

increased an average of 2.83 per month for men and 1.37 per month for women.  Women 

demonstrated better survival overall, which was more pronounced in patients who did not 

desaturate below 88% on ambulation at baseline and after additionally adjusting for six-month 

relative changes in desaturation area and forced vital capacity.   

 

Conclusions:  These data suggest that differences in disease progression contribute to but do not 

completely explain better survival of women with IPF.    

 

Keywords:  desaturation, interstitial lung disease, six minute walk test, survival 
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Introduction: 

 
Idiopathic pulmonary fibrosis (IPF) is a diffuse parenchymal lung disease of unknown 

origin characterized by alveolar inflammation, fibrosis of the interstitial space, and pulmonary 

vascular disruption.  Gender discrepancies in this disorder have been suggested for some time.  

The incidence and prevalence of disease have been reported in multiple studies to be higher in 

men than in women with ratios ranging from approximately 1.6:1 to 2:1 [1-3].  Prior reports have 

also suggested that female gender is associated with better survival [4, 5].  We hypothesized that 

the rate of physiologic progression of disease, as measured by serial progression in exertional 

oxygen desaturation, would be greater in men than women.  Previously we have demonstrated 

that oxygen desaturation and serial increases in desaturation during six minute walk testing 

(6MWT) in IPF patients correlate with increased mortality [6], thus we also wanted to assess 

whether gender differences in survival remained after adjusting for longitudinal change in 

desaturation. 

 

Materials and Methods:  

Study subjects 

The study utilized patients in the database of the University of Michigan Specialized 

Center of Research (SCOR) in the Pathobiology of Fibrotic Lung Disease.  Patients in this data 

base were referred for enrollment in study protocols for suspected IPF based on typical 

symptoms, physiologic, and radiographic findings.  Patients with a high resolution computed 

tomography (HRCT) scan showing a definite pattern of usual interstitial pneumonia (UIP) were 

not required to undergo a surgical lung biopsy [7-10].  Patients were treated with varied 

treatment regimens including no therapy; prednisone alone; prednisone with an additional 
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immunosuppressive agent including azathioprine, cyclophosphamide, methotrexate, or 

myocophenolate mofetil; investigational agents including bosentan, gamma interferon, GC1008, 

pirfenidone, tetra-thiomyolybdate, and zileuton; or miscellaneous agents including N-

acetylcysteine and colchicine (Table 1).  Therapy decisions were made by the treating clinician.  

The lack of a prospectively defined treatment regimen, varying lengths of therapy, and the 

overlap of treatment regimens precluded our ability to evaluate the effect of treatment on serial 

change in pulmonary function, 6MWT, or survival; we have little evidence to date that any of 

these treatments were effective in improving outcomes.  Ten of these patients (nine men and one 

woman) eventually underwent lung transplantation.  We excluded patients with underlying 

connective tissue disease, obvious occupational exposure, or a histopathologic pattern other than 

UIP.  Approval for the use of these data was obtained from the Institutional Review Board of the 

University of Michigan.  A subgroup of these patients has been previously described [6, 7, 10-

14]. 

Study Design 

This study consisted of a mixed models analysis to determine whether exertional hypoxemia in 

IPF deteriorates more rapidly in men than women, adjusting for baseline DA, baseline 6MWT 

distance (6MWD), change in 6MWD over time, and smoking history.  Several survival models 

were also constructed initially adjusting for age, smoking history, baseline DA, and DLCO 

(carbon monoxide diffusing capacity) % predicted.  In a subset of physiologically milder patients 

who did not desaturate below 88% predicted during the baseline 6MWT, we also included a 6-

month relative change in both DA and FVC (forced vital capacity) % predicted as well. 



4 

Methods 

Desaturation area (DA) was defined as the total area above the curve created using desaturation 

percentage values observed during each minute of the 6MWT, thereby summing up the 

differences between an oxygen saturation (SaO2) of 100% and the patient's SaO2 at each minute 

(Figure 1) [6].  For example, a patient with a SaO2 of 98% at each minute during the 6MWT 

would have a DA of 12 (100-98 = 2 x 6 minutes = 12).  For safety, we stopped the 6MWT when 

patients reached a SaO2 of 86% and a desaturation score of 14% was assigned for that minute and 

all subsequent minutes of the 6MWT; thus the maximum possible DA score for an individual is 

14 x 6=84.  A higher DA indicates higher overall quantity of desaturation during the 6MWT. 

Statistical Analysis 

All analyses used SAS 9.1 statistical software.  Baseline characteristics were compared using a 

two-sample Student’s t-test.  The mixed models analysis was performed using PROC MIXED, 

which adjusts appropriately for missing data due to attrition.  In this mixed model all DA values 

were divided by 84 (maximal possible value for DA) and multiplied by 100, so that parameters 

estimate change in the percent of the maximal DA score.  In order to assess survival differences 

between men and women, multivariate Cox regression models were used.  Follow-up time was 

based on date of diagnosis, either open lung biopsy or diagnostic HRCT.  An initial survival 

analysis adjusting for gender, age, baseline DA, DLCO% predicted, and smoking status was 

performed in patients with available data (n=179).  Additional analyses were then performed on 

the group of patients who did not desaturate below 88% on the baseline 6MWT (n=103).  Next 

we examined a subset of those patients in whom serial 6MWT data was available (n=72).  For 

each of these patients, a 6-month predicted DA value was obtained from individual regression 

lines, provided that each patient was able to perform at least two 6MWT within the first 12 
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months of follow-up and was still alive at the 6-month time mark.  Relative change in DA was 

calculated by subtracting the baseline value from the 6-month predicted value and dividing by 

the baseline value, with follow-up commencing at the moment a patient trajectory became 

available for analysis.  This method was also used to calculate 6-month relative change in FVC 

% predicted.  Gender-specific survival curves were constructed adjusting for the average values 

of 6-month relative change in DA, baseline DA, age, smoking history, DLCO % predicted, FVC 

% predicted, and 6-month relative change in FVC % predicted. In all of the survival analyses, 

two mortality endpoints were considered:  (1) death following diagnosis, regardless of transplant 

status and (2) death following diagnosis with censoring at time of transplant.   

Results: 

Baseline Characteristics 

 Baseline demographic data on all 215 patients are presented in Table 2.  There was no 

significant difference in most baseline variables except the percent of men versus women who 

were former or current smokers.  Because of this, the rest of the analyses were adjusted for 

smoking history.  

Repeated Measures Analysis 

 Male gender was associated with a more rapid increase in DA over time as compared to 

women, with the percentage of the maximum DA (% of Max DA) increasing by 2.83 per month 

for men versus 1.37 per month for women.  Thus after the course of one year, the gender 

difference in % of Max DA is 17.5 (p=0.01).  This indicates that the progression of exertional 

hypoxemia is more rapid in men (See Table 3).    
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Survival Analysis 

 A multivariate Cox regression model evaluating gender differences adjusted for age, 

smoking history, DLCO % predicted, and DA demonstrated a statistically significant survival 

advantage for women (HR 0.63; 95% CI 0.41-0.97; p=0.04) (Table 4).  When FVC % predicted 

was included in the multivariate model it was found to be a non-significant predictor of survival 

and the corresponding gender HR continued to favor women (p=0.048).  Censoring these 

patients at the time of transplant did not substantially change the results (HR 0.61; 95% CI 0.39-

0.94, p=0.03). 

 We next examined the impact of gender on patients with less severe disease because it is 

in these patients that there would be the most opportunity for exertional hypoxemia to change 

over time and subsequently influence survival.  Therefore we performed a survival analysis only 

on patients who did not desaturate below 88% during their first 6MWT (n=103).  In this analysis, 

the better survival for women was even more pronounced than in the overall patient population 

(HR 0.48; 95% CI 0.26-0.89; p=0.02; see Table 5) and remained marginally significant at the 

same order of clinical significance when censoring patients at time of transplant (HR 0.57; 95% 

CI 0.31-1.05; p=0.07).   

 Next we added 6-month relative change in DA, baseline FVC % predicted and 6-month 

relative change in FVC % predicted to the model (n=72; Table 6), as we have previously 

demonstrated increase in DA and decrease in FVC to be predictive of survival in IPF [6].  In this 

model, female gender was still associated with better survival (HR 0.38; 95% CI 0.15, 0.95; 

p=0.04).  Baseline DA, 6-month relative change in DA, and 6-month relative change in FVC 

were also significant independent predictors of survival in this model.  Adjusted survival curves 

are presented in Figure 2.  These curves plot survival for men and women adjusted for the 



7 

following average parameters of patients:  age = 62.85 years, baseline DA = 47.52 or 56.57 % of 

maximum DA, 6 month relative change in % of maximum DA = -.72, probability of smoking 

history = 77%, average FVC% predicted 71%, 6 month relative change in FVC% predicted 5%.  

Of note only one patient in this group underwent transplant during the follow-up period and 

censoring that patient at the time of transplant did not substantially change the results of the 

analysis. 

 

Discussion: 

Gender discrepancies in IPF have been suggested by several investigators.  These 

differences include a higher prevalence of disease and higher mortality in men.  As several 

groups, including ours, have suggested that serial measures of pulmonary physiology, 

particularly exertional desaturation, strongly influence survival in IPF, we hypothesized that the 

rate of physiologic progression of disease would be greater in men than women.  In this study we 

have made several important observations, including: 1) men with IPF demonstrate more rapid 

deterioration in exertional desaturation over time as compared to women; 2) survival is worse in 

men compared to women; and 3) better survival for women persists after additionally adjusting 

for relative change in exertional desaturation and FVC % predicted. 

The importance of longitudinal change in FVC, DLCO and 6MWT has been confirmed by 

several groups [6, 15, 16], but gender differences in longitudinal change in physiologic 

parameters have not been formerly reported.  As such we explored and documented a gender 

difference in the rate of deterioration in exertional desaturation.  While it could be argued that 

the difference in physiologic trajectories was due to systematic differences in disease stage, there 

was no significant difference in baseline pulmonary function measurements or DA between 
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genders and the change in DA over time was adjusted for age, smoking history, DLCO% 

predicted, and baseline DA.  The etiology of the gender specific difference in disease 

progression, however, is not readily obvious.   

We also demonstrate better survival for women with IPF compared to men, after 

adjusting for age, smoking history, DLCO % predicted, and DA.  This is in contrast to a lesser 

powered retrospective analysis of 99 patients with IPF where gender was not detected to be a 

significant predictor of survival in a multivariate analysis adjusted for measures of lung function, 

age, and smoking history [17].  In the older literature, several papers suggest a survival 

advantage [3, 18] for women and several do not [19, 20], but this may be due to lack of power 

and a mixture of diagnoses prior to the development of the clinical-radiologic-pathologic 

diagnostic methods now in place.  However most recent reports suggest a survival advantage for 

women with relative risks of death for men compared to women ranging from 1.4 to 2.3 [4, 5].   

Vital statistics in the U.S. indicate that the unadjusted average life expectancy for men is 

74.7 years and for women is 80 years [21].  In this study, we controlled for physiologic 

parameters known to influence survival in IPF and still saw significant differences in survival 

between men and women, well beyond the magnitude of survival differences seen in the general 

population.   Interestingly, in our subjects who did not desaturate below 88% on the baseline 

6MWT, the survival advantage for women was even more pronounced.  Our data are also 

strengthened by the rigorous definition of UIP using a clinical-radiographic-pathological format. 

As DA trajectory and survival both differed between genders, we also tested the 

hypothesis that relative change in DA may influence survival and help to explain gender 

differences.  As such, we focused on those patients with oxygen saturation above 88% during 

their baseline 6MWT and in whom serial 6MWT data were available.  We chose to specifically 
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examine this group because they have less severe disease and thus theoretically more room to 

deteriorate during the observation period of this study thus allowing us to better evaluate how 

change in physiology impacts survival.  In this survival analysis we also included FVC % 

predicted and 6-month relative change in FVC % predicted in the model as we have previously 

shown change in FVC to be a significant predictor of survival [6].  Other predictors included 

gender, age, smoking history, and DLCO % predicted.  The survival advantage for women became 

even more pronounced (HR 0.38; 95% CI 0.15-0.95; p=0.04).  Consequently these data suggest 

that while differences in disease progression likely contribute to better survival for women, 

female gender is still associated with enhanced survival independent of relative change in DA 

and FVC.  A smaller series of IPF patients did not suggest that gender impacted on the predictive 

value of longitudinal change in exertional desaturation on survival [22].  Differences may reflect 

the reduced power due to sample size or methodology used to define six minute walk 

desaturation.  Additional prospective data collection is required to better define these differences. 

Importantly, IPF is not the only fibrotic disorder where gender dimorphism has been 

noted.  Women are relatively protected from fibrotic diseases involving the liver and kidney.  

Men with chronic renal disease progress more rapidly than women to end-stage renal failure 

[23].  Population data also suggest end stage liver disease in the form of cirrhosis is much more 

common in men than women (2.3 to 2.6:1) [24].  In both end-stage renal and hepatic disease, a 

potential role for estrogen has been proposed and in animal models appears to be protective [25-

27].  The average age of women in this study was 64.2 years suggesting the majority of women 

would have been post-menopausal when estrogen levels are low.  To the contrary, a prior report 

of bleomycin-induced pulmonary fibrosis in rats demonstrated diminished fibrosis in female 

ovariectomized rats; the fibrotic response was restored with estradiol replacement [28].  Thus an 
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exact explanatory mechanism for our data is not readily obvious, and the role of estrogen on the 

fibrotic process must be further clarified.  Better understanding gender differences in disease 

progression may offer further insight into the pathogenesis of the disease.     

There are limitations to this study.  The data are retrospective and potentially subject to 

several types of bias.  Treatments were not systematically assigned.  One gender versus the other 

may tend to present at different stages of the disease, although this was not readily apparent in 

our cohort based on predictors studied as part of Table 2.  While women tend to be more 

frequent seekers of health care in general, they are also less likely to receive subspecialty 

referrals [29].  Furthermore, the survival data may be biased by a differential presence of 

comorbidities such as cardiovascular disease.  We did not prospectively assess the development 

of pulmonary vasculopathy, which may be important as desaturation has been suggested to be 

associated with a greater prevalence of pulmonary hypertension in IPF patients [30].  A strength 

of this study, however, is that the longitudinal analysis of DA was adjusted for factors that could 

potentially bias the results including baseline DA, distance walked, change in distance walked 

over time, age and smoking status.  Furthermore, patient diagnosis was assigned based on the 

current standard of care, a multidisciplinary clinical-radiologic-pathologic process.  In summary 

we have determined that while differences in the rate of physiologic progression likely contribute 

to survival differences between men and women, there may be other uncharacterized gender-

related influences on survival.  Prospective validation of the data is required to define potential 

therapeutic implications of these data. 
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Figure 1.  Schematic for Calculation of Desaturation Area.  With permission from Flaherty, et al 

[6]. 

 

Figure 2.  Comparison of survival between men and women who did not desaturate below 88% 

on baseline six minute walk test, adjusted for the following average parameters of patients:  age 

62.85 years, 77% probability of prior or current smoking history, DLCO% predicted 48.3, 

baseline desaturation area 47.52, 6-month relative change in desaturation area -0.72, baseline 

FVC 71% predicted and change in FVC% predicted 5% (n=72).   
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Table 1.  Treatments administered to 215 patients* 

 Men 142 

n (% of total men) 

Women 73 

n (% of total women) 

P-value 

None 23 (16.2%)  12 (16.4%) 0.96 

Prednisone alone 10 (7.0%) 8 (11.0%) 0.33 

Prednisone + cytotoxic 

agentα 

64 (45.1%) 26 (35.6%) 0.18 

Cytotoxic agent aloneα 5 (3.5%) 1 (1.4%) 0.36 

Investigational agentβ 43 (30.3%) 23 (31.5%) 0.85 

Miscellaneousδ  31 (21.8%) 15 (20.5%) 0.75 

*Some patients received more than one treatment regimen, thus gender percents total greater 

than 100%. 

αazathioprine, cyclophosphamide, methotrexate, or mycophenolate mofetil  

β bosentan, gamma interferon, GC1008 anti-TGFβ antibody, pirfenidone, tetra-thiomyolybdate, 

or zileuton 

δN-acetylcysteine or colchicine 
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Table 2.  Baseline characteristics by gender for 215 patients with Idiopathic Pulmonary Fibrosis 

 Men  

n=142 

Women 

n=73 

P-value 

Age in Years 63.0 64.2 0.39 

Baseline Desaturation Area (% of Max DA*) 59.0 (70.2% 

of Max DA) 

60.1 (71.5% 

of Max DA) 

0.81 

Percent of Patients Whose Baseline 6MWT 

Demonstrated Desaturation Below 88% 

37.3 35.6 0.68 

FVC % Predicted 64.7 65.8 0.68 

DLCO % Predicted 44.0 44.9 0.73 

pH 7.42 7.43 0.64 

paCO2 38.8 38.6 0.79 

paO2 75.1 73.5 0.17 

Resting O2 Saturation 94.3 94.5 0.81 

Distance Walked in Feet 902.6 787.8 0.18 

Percent Former or Current Smokers 82.4 63.0 0.002 

* % of Max DA derived by dividing DA by 84 (maximal possible value for DA) and multiplying 

by 100; 6MWT = six minute walk test 
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 Table 3.  Mixed models analysis for predictors of change in % of maximum desaturation area 

(DA) over time.  DA was converted to a percent of maximum possible DA (% of Max DA) to 

make the parameters more interpretable.  For example, a DA of 12 would be divided by 84 

(maximum possible DA) and multiplied by 100 = 14.3%.  Thus for continuous predictors, a one 

unit change in the predictor results in a corresponding change in the % of Max DA (n=215). 

Predictor Variable Change in % of Max DA P-value 

Time in Months if Male 2.83 <0.0001 

Time in Months if Female 1.37 0.01 

Female -1.25 0.14* 

Baseline % of Max DA   0.86 <0.0001 

Distance Walked (feet) -0.005 <0.0001 

Distance Walked by Month Interaction (feet-

month)  

-0.002 <0.0001 

Former or Current Smoker versus Nonsmoker 0.49 0.59 

*Note that no significant difference was seen in DA between genders at baseline (p=0.14); it is 

the rate of change in DA over time that significantly differed between genders.  Men increased 

their % of Max DA an average of 2.82 per month; women increased their % of Max DA an 

average of 1.37 per month. 
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Table 4. Multivariate survival model examining the impact of gender, adjusted for age, DLCO% 

predicted, desaturation area, and smoking history (n=179). 

 

Variable Hazard Ratio 95% CI P-value 

Female  0.63 0.41, 0.97 0.04 

Age in Years 1.00 1.00, 1.05 0.04 

DLCO % Predicted 0.18 0.04, 0.82 0.03 

Desaturation Area 1.02 1.00, 1.03 0.009 

Former or Current Smoker 1.06 0.68, 1.65 0.80 
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Table 5. Multivariate survival model examining the impact of gender in patients who did not 

desaturate below 88% during their baseline six minute walk test, adjusted for age, DLCO% 

predicted, desaturation area, and smoking history (n=103).   

  

Variable Hazard Ratio 95% CI P-value 

Female  0.48 0.26, 0.89 0.02 

Age in Years 1.03 0.99, 1.06 0.11 

DLCO % Predicted 0.20 0.03, 1.26 0.09 

Desaturation Area 1.03 1.01, 1.04 0.001 

Former or Current Smoker 1.02 0.57, 1.82 0.95 

 

 

 

 



21 

Table 6.  Multivariate survival model examining the impact of gender in patients who did not 

desaturate below 88% during baseline 6MWT and in whom 6MWT trajectory data were 

available.  Analysis ddjusted for age, DLCO % predicted, desaturation area (DA), 6-month 

relative change in DA, smoking history, FVC% predicted, and 6-month relative change in FVC 

(n=72). 

 

Variable Hazard Ratio 95% CI P-value 

Female  0.38 0.15, 0.95 0.04 

Age 1.02 1.02, 0.99 0.23 

DLCO % predicted 2.93 0.20, 41.9 0.43 

Desaturation Area 1.05 1.02, 1.08 0.0006 

6-Month Relative Change in DA 2.91 1.51, 5.60 0.001 

Former or Current smoker 0.71 0.28, 1.79 0.43 

FVC % predicted 0.35 0.05, 2.53 0.30 

6-Month Relative Change in FVC 1.57 1.15, 2.13 0.004 

6MWT = six minute walk test 
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Figure 1.   
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Figure 2.   

 

Adjusted Survival Curves for Men and Women with IPF 
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