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Abstract

Secondary polycythemia has long been recognized as a consequence of chronic pulmonary disease and
hypoxemia and is associated with lower mortality and fewer hospitalizations among individuals with chronic
obstructive pulmonary disease (COPD)-prescribed long-term oxygen therapy. This study investigates the
association of polycythemia with COPD severity, phenotypic features, and respiratory exacerbations in
a contemporary and representative sample of individuals with COPD. Current and former smokers with
COPD (forced expiratory volume in 1 second [FEV1] to forced vital capacity [FVC] ratio <70%) without
a history of hematologic/oncologic disorders were selected from the SubPopulations and InteRmediate
Outcomes Measures In COPD Study (SPIROMICS), a multi-center observational cohort. Participants with
polycythemia (hemoglobin >15g/dL [females] or >17g/dL [males]), were compared to individuals without
anemia (hemoglobin >12g/dL [females] or >13g/dL [males]). Cross-sectional outcomes including percent
predicted FEV, respiratory symptoms, quality of life, exercise tolerance and percentage and distribution
of emphysema (voxels<-950 Hounsfield units [HU] at total lung capacity) were evaluated using linear or
logistic regression. Longitudinal acute exacerbation of COPD (AECOPD) and severe AECOPD (requiring
an emergency department visit or hospitalization) were assessed using zero-inflated negative binomial
models. Among 1261 participants, 148 (11.7%) had polycythemia. Average follow-up was 4.2+1.7 years and
did not differ by presence of polycythemia. In multivariate analysis, compared to participants with normal
hemoglobin, polycythemia was associated with a reduced rate of severe AECOPD (adjusted incidence rate
ratio 0.57, 95% CI: 0.33-0.98), lower percent predicted FEV1, lower resting oxygen saturation, increased
upper to lower lobe ratio of emphysema, and a greater degree of emphysema, though the latter was
attenuated after adjusting for lung function. There were no significant differences in total AECOPD, patient-
reported outcomes, or exercise tolerance. These findings suggest that polycythemia, while associated with
less favorable physiologic parameters, is not independently associated with symptoms, and is associated
with fewer severe exacerbations. Future studies should explore the potentially protective role of increased
hemoglobin beyond the correction of anemia.

Abbreviations: chronic obstructive pulmonary disease, COPD; forced expiratory volume in 1 second, FEV1; forced vital capacity, FVC;
SubPopulations and InteRmediate Outcomes Measures In COPD Study, SPIROMICS; Hounsfield units, HU; acute exacerbation of COPD,
AECOPD; long-term oxygen therapy, LTOT; complete blood counts, CBC; COPD Assessment Test, CAT; modified Medical Research Council,
mMRC; 6-minute Walk Test, BMWT; St George’s Respiratory Questionnaire, SGRQ; computed tomography, CT; total lung capacity, TLC;
Hospital Anxiety and Depression Scale, HADS; standard deviation, SD; patient-reported outcomes, PROs; adjusted incidence rate ratio, aIRR
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Introduction

While several studies have highlighted the
association of anemia with adverse outcomes in
chronic obstructive pulmonary disease (COPD),}™
secondary polycythemia has also been recognized
as a consequence of chronic pulmonary disease
and hypoxemia for over a century.®” Polycythemia
has been associated with lower mortality and fewer
hospitalizations among individuals with COPD-
prescribed long-term oxygen therapy (LTOT),®?
while other studies found no association between

polycythemia and  respiratory outcomes.'®!!
The implications of polycythemia in a more
contemporary and representative sample of

individuals with COPD is unclear. Furthermore,
beyond hypoxemia, the phenotypic features of
polycythemic individuals with COPD remains
unexplored. This analysis of the well phenotyped,
longitudinal SubPopulations and InteRmediate
Outcome Measures In COPD Study (SPIROMICS)
investigates the association of polycythemia with
COPD severity, phenotypic features, and respiratory
exacerbations.

Methods

Current and former smokers with COPD (FEV./
FVC<70%) without a history of hematologic/
oncologic disorders were selected for this analysis
from SPIROMICS.!? Baseline complete blood counts
(CBC) were performed at certified laboratories at
the respective sites. Polycythemia was defined as
a hemoglobin concentration (Hgb)>15.0g/dL for
women or >17.0g/dL for men.?!1%!3 Participants
with anemia (Hgb<12.0g/dL for females, <13.0g/dL
for males) were excluded since results have been
reported previously.®

Baseline evaluations included percent predicted
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FEV,, the COPD Assessment Test (CAT) score,'*
the modified Medical Research Council (mMRC)
questionnaire score,!® the 6-minute walk test in
meters (6MWT),'® and the St George’s Respiratory
Questionnaire (SGRQ) score.}” Structured telephone
questionnaires were conducted quarterly to
ascertain acute exacerbation of COPD (AECOPD).
AECOPDs were defined as respiratory symptoms
treated with antibiotics or oral corticosteroids
or requiring unscheduled health care utilization.
Severe AECOPD included the subset requiring an
emergency department visit or hospitalization.
Whole lung, multi-detector row computed
tomography (CT) scans were performed at baseline
with breath hold at total lung capacity (TLC)
and residual volume.!® Emphysema-like lung
was calculated based on percentage of total lung
voxels <-950 Hounsfield units(HU) at TLC, and its
distribution was characterized on a whole lung and
lobar basis.

Linear or logistic regression comparing
participants with baseline polycythemia to those
with normal Hgb was used for cross-sectional
outcomes. The association of polycythemia with
AECOPD was investigated using zero-inflated
negative binomial models (follow-up time as offset,
FEV1 as zero-inflation factor). Models were adjusted
for age, sex, race, educational achievement, smoking
status, altitude of clinical site (Colorado [5280
feet] or Utah [4226 feet] versus sea level [all other
sites]), comorbidity count,'® platelet count,?® and
body mass index. Models investigating AECOPD
were additionally adjusted for percent predicted
FEV4, and cross-sectional outcomes were performed
with and without percent predicted FEV; as it may
mediate some of the outcomes. CT scanner model or
self-reported AECOPD in the prior 12 months (yes/
no) was added to models evaluating emphysema and
AECOPD, respectively. Effect modification by sex,
smoking status, oxygen use, and hypoxemia (oxygen
saturation <88% or <92%) at rest or following the
6MWT (performed with supplemental oxygen for
participants with usual use) were evaluated. All
analyses were performed using SAS 9.4 (Carey,
North Carolina). SPIROMICS was approved by
institutional review boards at each center and
participants provided written informed consent.

Results

Among 1845 SPIROMICS participants with COPD,
1829 had a CBC performed at baseline of whom 161
(8.8%) were excluded for anemia. Of the remaining
1668 participants, 33 (2%) did not accrue follow-up
time, 91 (5.5%) were excluded for missing covariates,
and 283 (17%) were excluded for self-reported history
of hematologic/oncologic disorder. Among the
1261 eligible participants, 11.7% had polycythemia.
Individuals with polycythemia were more likely
female, current smokers, underweight, and living at
elevation (Table 1). Notably 16.9% of individuals with
polycythemia did not have any of the traditional risk
factors for secondary polycythemia such as resting
or ambulatory hypoxemia (<88%), supplemental
oxygen use, living at elevation, or current smoking
status. After adjusting for covariates, compared to
normal Hgb, polycythemia was associated with
significantly lower percent predicted FEVi, lower
resting oxygen saturation, and increased upper
to lower lobe ratio of emphysema (Table 2). A
significant association between polycythemia and
higher percentage of emphysema was completely
attenuated with addition of percent predicted FEV:
to the multivariable model (Table 2). There was no
association of polycythemia with patient-reported
outcomes (PROs) or exercise tolerance (Table 2).

Participants were followed up for 4.2+1.7 years,
which was similar across Hgb categories (p=0.2).
Compared to normal Hgb, polycythemia was
associated with a reduced rate of severe AECOPDs
(adjusted incidence rate ratio [aIRR] 0.57, 95% CI:
0.33-0.98). The incidence rate of total AECOPD
among participants with polycythemia was not
significantly different than among participants with
normal Hgb (aIRR 0.79, 95% CI: 0.55-1.1). There was
no significant effect modification of the association
between polycythemia and severe exacerbations
by sex, smoking status, oxygen use, or hypoxemia
(Figure 1).

Discussion

In a contemporary, heterogeneous, and well
phenotyped sample of individuals with COPD,
polycythemia was associated with a reduced rate of
severe AECOPD but no difference in total AECOPDs.
Despite an association of polycythemia with worse
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Table 1. Baseline Characteristics of SPIROMICS Participants by Hemoglobin
Concentration Category Based on the Main Analysis Definition of

Polycythemia®
Characteristics, n (%) or meantSD Normal Polycythemia
Hemoglobin (n=148)
(n=1113)
Age, meantSD 64.7£7.9 64.217.8 0.4
Female 402 (36.1) 100 (67.6) <0.0001
Race: Black 169 (15.2) 11 (7.4) 0.01
Less than High School Education 417 (37.9) 53 (38.4) 0.9
FEV1 % Predicted (post-bronchodilator) 61.7£23.2 58.7+19.7 0.1
Current Smoker 362 (32.5) 82 (55.4) <0.0001
Pack Years Smoked 52.527 51.7122.1 0.7
Body Mass Index (kg/m?), meantSD 27.5%5.1 26.2%5.5 0.003
Underweight (<18.5) 30 (2.7) 10 (6.8) 0.01
Normal weight or overweight (18.5-<30) 736 (66.1) 100 (67.6)
Obese (230) 347 (31.2) 38 (25.7)
Living at Elevation® 148 (13.3) 43 (29.1) <0.0001
Supplemental Oxygen Use?
Yes 198 (17.8) 21 (14.2) 0.5
No 875 (78.6) 120 (81.1)
Nocturnal Only 40 (3.6) 7 (4.7)
Resting Oxygen Saturation (%), mean+SD 94.9£2.7 94.242.9 0.001
Oxygen Saturation After 6-minute Walk Test (m), mean+SD 92154 91.1+£5.7 0.07
Hemoglobin (g/dL), meantSD 14.4+1.1 16.4£1.3 <0.0001
Platelet Count (x10°/L), mean+SD 243+62 242160 0.9
Number of Comorbidities,® mean+SD 2:2+1.5 2.0%1.3 0.2
Asthma Diagnosed by a Physician 245 (22.2) 30 (20.7) 0.7
Hypertension 565 (50.8) 58 (39.2) 0.008
Coronary Arterial Disease 204 (18.3) 16 (10.8) 0.02
Congestive Heart Failure 28 (2.5) 0(0) 0.07
Stroke 35(3.2) 6 4.1 0.6
Peripheral Artery Disease 09 (6.2) 6 (4.1) 0.3
Diabetes 149 (13.4) 6 (4.1) 0.001
Obstructive Sleep Apnea 228 (21.5) 27 (19.2) 0.5
Gastroesophageal Reflux Disease 335(30.1) 45 (30.4) 0.9
Depression or Anxiety (HADS-D or HADS-A =8) 363 (33.1) 00 (41.1) 0.06
Inhaled Corticosteroids 515 (46.3) 70 (47.3) 0.8

8Hemoglobin concentration >15.0g/dL for women or >17.0g/dL for men, excluding participants with anemia.

PBased on t-test for means and Chi-squared test or Fisher’s Exact test for proportions.

“Participant enrolled at National Jewish in Denver, Colorado (5280 feet) or University of Utah in Salt Lake City, Utah (4226 feet).
Participant response to “Do you use supplemental oxygen (prescribed by your doctor) at home?”

®Comorbidity count includes asthma, obstructive sleep apnea, hypertension, coronary heart disease, congestive heart failure,

gastroesophageal reflux disease, diabetes, stroke, and psychiatric disease (depression or anxiety).

FEVi=forced expiratory volume in 1 second; SD=standard deviation; HADS=Hospital Anxiety and Depression Scale
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Table 2. Cross-Sectional Association of Polycythemia with Lung Function,
Respiratory Symptoms, Quality of Life, Exercise Tolerance, Oxygen

Saturation, and Emphysema
Characteristics, n (%) or mean + SD

Outcome

Multivariable

Model

Multivariable Model +
Percent Predicted FEV+

Mean Difference (95% Confidence Interval)

% Predicted FEV; -4.2 (-8.2,-0.27) N/A
6-Minute Walk Distance (meters) 8.2 (-11.8,28.3) 15.5 (-3.1, 34.1)
St George’s Respiratory Questionnaire Total Score 2.4 (-0.95, 5.8) 0.88 (2.0, 3.8)
COPD Assessment Test Score 0.78 (-0.55, 2.1) 0.22 (-1.0, 1.4)
modified Medical Research Council Questionnaire 0.1 (-0.08, 0.28) 0.01 (-0.15, 0.17)
Oxygen Saturation, Rest -0.77 (-1.3, -0.3) -0.62 (-1.1, -0.17)
Oxygen Saturation, After 6-minute Walk Test -0.74 (-1.7, 0.22) -0.31 (-1.2, 0.59)

% Emphysema?

2.1(0.29, 3.9)

1.1 (-0.43, 2.6)

Ratio of Upper to Lower Emphysema?

1.1 (0.17, 2.0)

1.1 (0.17, 2.0)

Odds Ratio (95% Confidence Interval)

At Least 1 Exacerbation, prior year 1.1 (0.74-1.7) 0.97 (0.64-1.5)
At Least 1 Severe Exacerbation, prior year 0.76 (0.41-1.4) 0.86 (0.5-1.5)
Frequent Exacerbator (>1 severe exacerbation in prior year) 1.1 (0.612.0) 0.76 (0.42-1.4)
Oxygen Saturation <92% at Rest 1.6 (0.98-2.5) 1.4 (0.852.2)
Oxygen Saturation <88% at Rest 2.2 (0.66-7.2) 1.8 (0.58-5.3)
Oxygen Saturation <92% After 6-minute Walk Test 1.2 (0.80-1.8) 1.2 (0.77-1.8)
Oxygen Saturation <88% After 6- minute Walk Test 1.1 (0.71-1.8) 1.2 (0.66-1.7)

Multivariable model is adjusted for age, sex, race, educational achievement, current smoking status, altitude of clinical site location,

comorbidity count, and body mass index.
Bolded values are statistically significant at p<0.05.

4Additionally, adjusted for CT scanner model.

FEV=forced expiratory volume in 1 second; COPD=chronic obstructive pulmonary disease.

disease severity, increased emphysema, and a higher
ratio of upper to lower lobe ratio of emphysema,
there was no independent association between
polycythemia and PROs or exercise tolerance. This
adds to the recent study in the same cohort showing
that individuals with COPD and anemia had more
severe disease, worse exercise capacity, and greater
dyspnea.’ These findings replicate similar results
in individuals with advanced COPD prescribed
LTOT without evidence of effect modification by
presence of hypoxia or oxygen use.® Past studies
reporting no association between polycythemia and
severe AECOPD had notable limitations including
a dearth of female participants or low polycythemia
prevalence.!®!! A historical study suggesting
improved lung capacity and hemodynamic
parameters related to venesection in a small group
of individuals with emphysema and polycythemia

included individuals with much higher average
hematocrit levels than was observed in this modern
cohort,?! while another study demonstrated no
difference in the hemodynamic status or pulmonary
function of individuals with emphysema and
polycythemia after repeated phlebotomies that
reduced hematocrit to normal levels.?? Furthermore,
although polycythemia was associated with less
favorable physiologic parameters such as worse
lung function, more emphysema, and greater ratio
of upper to lower lobe emphysema, which has been
linked to worse quality of life and greater FEV:
decline, 2324 there was no independent association
of polycythemia with more symptoms or worse
quality of life.

The polycythemia prevalence of 11.7% in the
SPIROMICS cohort 1is consistent with prior
estimates of 5.9-18.1%, although definitions are
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Figure 1. Incidence Rate Ratio? of Severe Exacerbations Among Participants with
Baseline Polycythemia Compared to Normal Hemoglobin Concentration®

N (%)
Overall Severe Exacerbations 1261 (100)
Sex
Male 759 (60)
Female 502 (40)
Smoking Status
Current Smoker 444 (35)
Former Smoker 817 (65)
Oxygen Use
Yes 266 (21)
No 995 (79)
Oxygen Saturation <88% at rest or after SMWT
Yes 298 (24)
No 919 (76)
Oxygen Saturation <92% at rest or after SMWT
Yes 572 (47)
No 645 (53)

295% confidence interval

P-interaction
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bOverall effects and subgroup analyses (p-interaction indicates p-value for interaction term for subgroup*polycythemia status)

B6MWT=6-minute walk test

inconsistent.®1? Polycythemia was more prevalent
among current smokers and individuals living at
altitude and was associated with lower resting but
not exertional oxygen saturation. However, not all
individuals with polycythemia in this study had
one of the traditional risk factors identified (living
at elevation, oxygen use, smoking, or hypoxemia)
implying that nearly one fifth of individuals with
secondary polycythemia may have unrecognized risk
factors including awake or nocturnal hypoxemia.?®
Thus, presence of polycythemia without clearly
identified risk factors should prompt additional
investigation such as ambulatory or nocturnal
oximetry which may identify clinically significant
hypoxemia warranting intervention that could
potentially improve quality of life, exercise tolerance,
or avert cognitive impairment.26_28

There are limitations to this study. Changes in Hgb
concentration during follow-up were not captured

and history of kidney disease, which impacts
erythropoiesis and Hgb, was not collected. Moderate
AECOPDs represent a more heterogenous outcome
and are prone to misclassification compared with
severe exacerbations that result in an emergency
department visit or hospitalization, which may have
attenuated any association between polycythemia
and total AECOPDs. Inferences regarding
associations between hemoglobin and ambulatory
oxygen saturation are limited due to variability in
administration of the 6MWT test and variable use
of home oxygen with ambulation. Ultimately, these
findings support previous literature describing
improved outcomes among individuals with COPD
and polycythemia. Future studies should explore the
potentially protective role of increased Hgb beyond
the correction of anemia.
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