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 Prediction of Acute Respiratory Disease in Current 
and Former Smokers With and Without COPD     

  Russell P.   Bowler ,  MD ,  PhD ;  Victor   Kim ,  MD ;  Elizabeth   Regan ,  MD ;  André A. A.   Williams ,  PhD ;  Stephanie A.   Santorico ,  PhD ; 

 Barry J.   Make ,  MD ,  FCCP ;  David A.   Lynch ,  MD ;  John E.   Hokanson ,  PhD ;  George R.   Washko ,  MD ;  Peter   Bercz ,  MD ; 

 Xavier   Soler ,  MD ;  Nathaniel   Marchetti ,  MD ,  FCCP ;  Gerard J.   Criner ,  MD ,  FCCP ;  Joe   Ramsdell ,  MD ,  FCCP ; 

 MeiLan K.   Han ,  MD ;  Dawn   Demeo ,  MD ;  Antonio   Anzueto ,  MD ;  Alejandro   Comellas ,  MD ;  James D.   Crapo ,  MD ,  FCCP ; 

 Mark   Dransfi eld ,  MD ;  J. Michael   Wells ,  MD ;  Craig P.   Hersh ,  MD ;  Neil   MacIntyre ,  MD ,  FCCP ; 

 Fernando   Martinez ,  MD ,  FCCP ;  Hrudaya P.   Nath ,  MD ,  FCCP ;  Dennis   Niewoehner ,  MD ,  FCCP ;  Frank   Sciurba ,  MD ,  FCCP ; 

 Amir   Sharafkhaneh ,  MD ,  FCCP ;  Edwin K.   Silverman ,  MD ,  PhD ;  Edwin J. R.   van Beek ,  MD ;  Carla   Wilson ; 

 Christine   Wendt ,  MD ; and  Robert A.   Wise ,  MD ,  FCCP ;  for the COPDGene investigators          

  BACKGROUND:    Th e risk factors for acute episodes of respiratory disease in current and former 

smokers who do not have COPD are unknown. 

  METHODS:    Eight thousand two hundred forty-six non-Hispanic white and black   current and 

former smokers in the Genetic Epidemiology of COPD (COPDGene) cohort had longitudinal 

follow-up (LFU) every 6 months to determine acute respiratory episodes requiring antibiotics 

or systemic corticosteroids, an ED visit, or hospitalization. Negative binomial regression was 

used to determine the factors associated with acute respiratory episodes. A Cox proportional 

hazards model was used to determine adjusted hazard ratios (HRs) for time to fi rst episode 

and an acute episode of respiratory disease risk score. 

  RESULTS:    At enrollment, 4,442 subjects did not have COPD, 658 had mild COPD, and 3,146 

had moderate or worse COPD. Nine thousand three hundred three acute episodes of respira-

tory disease and 2,707 hospitalizations were reported in LFU (3,044 acute episodes of respira-

tory disease and 827 hospitalizations in those without COPD). Major predictors included 

acute episodes of respiratory disease in year prior to enrollment (HR, 1.20; 95% CI, 1.15-1.24 

per exacerbation), airfl ow obstruction (HR, 0.94; 95% CI, 0.91-0.96 per 10% change in % pre-

dicted FEV 1 ), and poor health-related quality of life (HR, 1.07; 95% CI, 1.06-1.08 for each 

4-unit increase in St. George’s Respiratory Questionnaire score). Risks were similar for those 

with and without COPD. 

  CONCLUSIONS:    Although acute episode of respiratory disease rates are higher in subjects with 

COPD, risk factors are similar, and at a population level, there are more episodes in smokers 

without COPD.      CHEST  2014; 146( 4 ): 941 - 950  

 [     Original Research  COPD      ] 

 Manuscript received December 13, 2013; revision accepted April 21, 
2014; originally published Online First June 19, 2014. 

  ABBREVIATIONS:  COPDGene  5  Genetic Epidemiology of COPD; 
ECLIPSE  5  Evaluation of COPD Longitudinally to Identify Predictive 
Surrogate Endpoints; GERD  5  gastroesophageal refl ux disease; GOLD  5  
Global Initiative for Chronic Obstructive Lung Disease; HR  5  hazard 
ratio; LFU  5  longitudinal follow-up; SGRQ  5  St. George’s Respiratory 
Questionnaire   

  AFFILIATIONS:  From the Department of Medicine (Drs Bowler, Regan, 
Williams, Make, Lynch, and Crapo) and the Division of Biostatistics 
and Bioinformatics (Ms Wilson), National Jewish Health, Denver, CO; the 

Department of Mathematical and Statistical Sciences (Dr Santorico), 
University of Colorado Denver, Denver, CO; the Department of Medi-
cine (Drs Kim, Bercz, Marchetti, and Criner), Section of Pulmonary and 
Critical Care Medicine, Temple University, Philadelphia PA; the Depart-
ment of Medicine and the Department of Epidemiology (Dr Hokanson), 
University of Colorado Anschutz Medical Campus, Aurora, CO; Chan-
ning Division of Network Medicine (Drs Washko, Demeo, Hersh, and 
Silverman), Division of Pulmonary and Critical Care, Department of 
Medicine, Brigham and Women’s Hospital, Boston, MA; the Department 
of Medicine (Drs Soler and Ramsdell), Division of Pulmonary and 
Critical Care Medicine, University of California at San Diego, La Jolla, CA; 
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  More than 100 million people have a smoking history 

in the United States, and 20% of the population cur-

rently smokes.  1   Many of these people experience epi-

sodes of acute respiratory disease characterized by 

increased or new shortness of breath, cough, and/or 

change in sputum quantity or quality.  2   Th e cost of 

treating these acute episodes exceeds $30 billion per 

year.  3   Th e current medical knowledge and literature 

are confusing because these acute episodes of respira-

tory disease have multiple terminologies such as acute 

bronchitis,  4   exacerbations of chronic bronchitis,  5   and 

acute exacerbations of COPD,  6   despite the fact that the 

pathophysiology (bacterial and viral infections) and 

treatment (corticosteroids and antibiotics) are similar. 

Furthermore, most studies of acute episodes of respi-

ratory disease in current and former smokers include 

only patients with signifi cant airfl ow limitation (ie, 

moderate or more severe COPD) despite population 

surveys indicating that most current and former 

smokers do not meet the spirometric criteria for 

COPD.  1   Th is large understudied group may pose a 

signifi cant, underrecognized health-care burden, and 

there is an unmet need to defi ne and quantitate their 

risk of acute episodes of respiratory disease. 

 Most current knowledge of acute episodes of respiratory 

disease in current and former smokers comes from 

studies of patients with COPD. Th ese episodes are 

referred to as acute exacerbations of COPD and are 

associated with decreased quality of life,  7,8   increased 

lung function decline,  9   and higher mortality.  10-12   Multiple 

cross-sectional studies have identifi ed common factors 

associated with acute exacerbations of COPD such as 

severe airfl ow obstruction, poor health-related quality of 

life,  13   gastroesophageal refl ux,  14   and chronic bronchitis.  15   

Age, sex, BMI, a history of cardiovascular disease, the-

ophylline use, and a lack of infl uenza vaccine are also 

independent risk factors.  16-18   Most of these cross-sectional 

studies did not include smokers without COPD and few 

contained a large number of underrepresented popula-

tions (eg, blacks). 

 Th e Genetic Epidemiology of COPD (COPDGene) 

study has multiple unique features that make it ideal for 

studying these unmet needs: (1) it is one of the largest 

prospective studies of subjects with COPD and also those 

who are at risk of, but do not meet the spirometric crite-

ria for, COPD; (2) it includes a large number of blacks; 

and (3) its subjects have been well characterized clini-

cally and by quantitative high-resolution chest CT scan. 

 Materials and Methods 
 Study Population 

 Th e COPDGene study consists of 10,300 subjects at 21 centers across 

the United States.  19   COPDGene was approved by the institutional review 

board at each participating center, and all subjects provided written 

informed consent. Th e current analysis was approved by the National 

Jewish Health Institutional Review Board   (AS-1887). Subjects were 

enrolled from January 2008 to April 2011. At the time of enrollment, all 

subjects were 45 to 80 years old, had a history of smoking for at least 

10 pack-years, and had not had an acute respiratory exacerbation for 

at least 30 days prior to enrollment. Additional characteristics of the 

study population and study methodology have been described previ-

ously.  15,19,20   Although originally designed as a single-visit cross-sectional 

study, the COPDGene cohort was converted into a longitudinal study in 

its second year. Of the 10,300 subjects originally enrolled, 8,246 partici-

pated in a longitudinal follow-up (LFU), defi ned as at least one follow-up 

contact at least 6 months aft er initial enrollment. LFU was conducted 

every 6 months by telephonic, web-based inquiry as described previ-

ously.  21   A research coordinator contacted those subjects who did not 

complete a telephonic or web-based follow-up. 

 Clinical Defi nitions 

 COPD was defi ned as a postbronchodilator FEV 1 /FVC ratio  ,  0.70. 

COPD was further classifi ed as I to IV based on Global Initiative for 

Chronic Obstructive Lung Disease (GOLD) guidelines,  22   where GOLD I: 

FEV 1 /FVC  ,  0.7 and FEV 1   �  80%; GOLD II: FEV 1 /FVC  ,  0.7 and 

50%  �  FEV 1 , 80% predicted; GOLD III: FEV 1 /FVC  ,  0.7 and 30%  �  FEV 1 , 

50% predicted; GOLD IV: FEV 1 /FVC  ,  0.7 and FEV 1   ,  30% pre-

dicted. Current or ex-smokers at risk of COPD but without spirometric 

evi dence of airfl ow obstruction (FEV 1 /FVC  �  0.70) were classifi ed as 

control subjects (formerly, GOLD 0). Subjects with FEV 1 /FVC  �  0.70 

and FEV 1   ,  80% were considered unclassifi ed (GOLD U).  23   Emphy-

sema was quantifi ed by the percent of lung voxels  ,   2 950 Houn-

sfield units on the inspiratory images of CT scan. Gas trapp ing 

was quantified by the percent of lung voxels  ,   2 856 Hounsfield 

units on the expiratory images. The pulmonary artery was mea-

sured in the tubular portion and the aorta was measured at the arch, 

the Department of Internal Medicine (Drs Han and Martinez), Uni-
versity of Michigan, Ann Arbor, MI; the Department of Medicine 
(Dr Anzueto), Division of Pulmonary and Critical Care Medicine, Uni-
versity of Texas Health Science Center, and South Texas Veterans Health 
Care System, San Antonio, TX; University of Iowa (Dr Comellas), 
Iowa City, IA; University of Alabama at Birmingham (Drs Dransfi eld, 
Wells, and Nath), Birmingham, AL; Duke University Medical Center 
(Dr MacIntyre), Durham, NC; University of Minnesota (Drs Niewoehner 
and Wendt), Minneapolis, MN; University of Pittsburgh Medical 
Center (Dr Sciurba), Pittsburgh, PA; Baylor College of Medicine 
(Dr Sharafk haneh), Houston, TX; Clinical Research Imaging Centre 
(Dr van Beek), University of Edinburgh, Edinburgh, Scotland; and Johns 
Hopkins University (Dr Wise  ), Baltimore, MD. 

  FUNDING/SUPPORT:  Th is study was supported by the National Heart, 
Lung and Blood Institute [Grants R01 HL 08 9856 and R01 HL 08 9897], 
National Center for Research Resources/National Institutes of Health 
[Grant UL1 RR025780], and National Institute of Nursing Research 
[NR013377]      . 

  CORRESPONDENCE TO:  Russell P. Bowler, MD, PhD, Department of 
Medicine, National Jewish Health, 1400 Jackson St, Room K715a, 
Denver, CO 80206; e-mail: Bowlerr@njhealth.org   
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College of Chest Physicians. See online for more details. 
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independently by two observers who were blinded to the clinical data. 

Th e mean measurement was recorded, and when the two observers 

varied by  .  10%, a third measurement was made and the median 

was taken. 

 Acute episodes of respiratory disease were assessed by asking, “Since 

we last spoke, have you had an episode of increased cough and phlegm 

or shortness of breath, which lasted 48 hours or more?” If the subject 

answered yes, he/she was further asked whether he/she had received 

antibiotics or corticosteroids. Only events that were associated with anti-

biotics or corticosteroids were counted. Additional questions asked at 

each LFU contact included whether the subject went to an ED or was 

hospitalized. A severe episode was a report of hospitalization for an acute 

episode of respiratory disease. Th e total number of episodes was defi ned 

as the sum during all follow-up periods. The time to an episode was 

determined using the date of enrollment and the date at which the epi-

sode was fi rst reported. 

 Statistical Analysis 

 Unless otherwise specifi ed, analyses were conducted using SAS ver-

sion 9.3 (SAS Institute Inc) or R version 2.14 (R Development Core 

Team). Episodes in the year prior to enrollment and during LFU were 

modeled with negative binomial regression, with off set for exposure 

time and a zero-infl ation model to account for the excess number of 

subjects who reported no acute episodes of respiratory disease. Cox 

proportional hazards multiple regression was used to determine hazard 

ratios (HRs) for time to fi rst episode. Variable selection for multiple 

variable modeling is discussed in  e-Appendix 1 . Th e stepwise multiple 

regression models variable selection method used an entry probability 

of  ,  0.15 and an exit probability of  .  0.05. 

 Results 

 Subject Characteristics 

 Demographic and baseline characteristics of the COPD-

Gene LFU subjects by spirometry classifi cation are 

reported in  Table 1   . A total of 36,231 follow-up surveys 

were completed in 8,246 subjects followed for an average 

of 3  �  1 years. Th e median number of surveys completed 

during LFU was fi ve (all groups) with slightly fewer aver-

age surveys in the GOLD U group (4.35  �  2.12 per year), 

compared with the control group (4.66  �  2.19 per year) and 

the COPD group (4.74  �  2.02 per year) ( P   ,  .001). During 

this time, 9,303 moderate and 2,708 severe (hospitalized) 

acute episodes of respiratory disease were reported. Two 

thousand four hundred seven subjects (29%) reported at 

least one moderate exacerbation, and 1,108 (13%) reported 

at least one severe respiratory exacerbation during follow-up. 

 Factors Predictive of Exacerbations 

and Hospitalizations 

 On enrollment, many variables were signifi cantly associ-

ated with a history of acute episodes of respiratory 

disease in the previous year by both random forest analysis 

( e-Table 1 ) and univariate negative binomial regression 

with zero infl ation ( e-Table 2 ). Similar associations were 

observed for ED visits (data not shown) and hospitaliza-

tions for acute episodes of respiratory disease ( e-Table 3 ). 

Multivariate regression revealed that the strongest pre-

dictors of a future acute episode of respiratory disease in 

LFU were baseline St. George’s Respiratory Questionnaire 

(SGRQ) score, airfl ow limitation (FEV 1  % predicted), and 

number of acute episodes of respiratory disease within the 

previous year ( Table 2   ). Other factors that were indepen-

dently predictive in some subgroups included female sex, a 

history of gastroesophageal refl ux disease (GERD), chronic 

bronchitis, a parental history of COPD, oxygen use, and 

gas trapping. Black race was independently associated with 

ED visits and hospitalizations for acute episodes of respira-

tory disease. Th e identical variables were also statistically 

signifi cant when the total number of moderate and severe 

exacerbations were modeled using multivariable negative 

binomial regression with zero infl ation (data not shown). 

 Although the time to the fi rst acute episode of respira-

tory disease was signifi cantly shorter ( P   ,  .0001) for 

subjects with advanced COPD (GOLD II-IV) compared 

with control subjects (GOLD 0) and subjects with mild 

COPD (GOLD I) ( e-Fig 1 ), the HRs for risk factors 

associated with moderate to severe acute episodes of 

respiratory disease were similar ( Table 2 ). GOLD U 

subjects had intermediate disease-free survival times 

compared with control subjects and shared major risk 

factors with other groups (eg, history of a previous acute 

episode of respiratory disease and high SGRQ score). 

 Scoring System for Predicting Future COPD 

Acute Episode of Respiratory Disease 

 Th e three major risk factors for acute episodes of respi-

ratory disease were used to develop an acute episode of 

respiratory disease risk score for all subjects. Parameter 

estimates from Cox proportional hazards models were 

used to weight each variable (exacerbation frequency 

in prior year  3  0.23334  1  SGRQ  3  0.02017  2  FEV 1  

%  3  0.00917). For manual scoring, the formula was 

scaled from 0 to 20 points ( Table 3   ). Disease-free sur-

vival times were shorter with higher scores ( Fig 1   ). A 

higher acute episode of respiratory disease score was 

associated with a higher observed disease rate for both 

moderate ( Table 4   ) and severe acute episodes of respi-

ratory disease ( e-Table 4 ). A similar acute episode of 

respiratory disease score was associated with similar 

observed acute episode of respiratory disease rates, 

regardless of level of airfl ow obstruction. 

 Discussion 

 “Acute bronchitis,” “acute exacerbations of COPD,” and 

“acute exacerbations of chronic bronchitis” are terms 

http://journal.publications.chestnet.org
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that are oft en used interchangeably in medical literature. 

“Acute bronchitis” has been proposed as an all-

encompassing term; however, it emphasizes large air-

ways disease when many episodes are predominantly 

lower airways disease. Because these terms have sim-

ilar clinical presentation, pathophysiology, and treat-

ment, we use the term “acute episode of respiratory 

disease” in this study to collectively refer to all three. 

  TABLE 1  ]  Subject Characteristics (N  5  8,246) 

Characteristics    
Control Subjects 

(n  5  3,444) GOLD U (n  5  998) COPD (n  5  3,804)  P  Value

Age, y 58  �  9 58  �  8 64  �  8  ,  .001

Female sex, % 51 57 48  ,  .001

Current smoker, % 52 57 39  ,  .001

Smoking history, pack-y 37  �  20 43  �  24 52  �  27  ,  .001

GERD, % 23 29 30  ,  .001

Race (non-Hispanic white), % 67 64 81  ,  .001

Physiology

 BMI, kg/m 2 29  �  6 32  �  7 30  �  6  ,  .001

 Postbronchodilator FEV 1 , L 2.85  �  0.68 2.03  �  0.49 1.63  �  0.77  ,  .001

 Postbronchodilator FEV 1 , % predicted 97  �  11 70  �  8 57  �  23 …

 Postbronchodilator FEV 1 /FVC 0.79  �  0.05 0.76  �  0.05 0.52  �  0.13 …

 Pre- and postbronchodilator change in FEV 1 , % 3.9  �  6.5 3.9  �  10.6 8.5  �  12.4  ,  .001

 Distance walked in 6 min, m 460  �  106 388  �  111 381  �  121  ,  .001

 BODE index 0.4  �  0.8 1.2  �  1.4 2.5  �  2.1  ,  .001

 Using oxygen on enrollment, % 1 5 25  ,  .001

HRCT scan measurements

 Emphysema,  a   % 2  �  3 1  �  3 12  �  12  ,  .001

 Gas trapping,  b   % 11  �  10 11  �  9 36  �  21  ,  .001

 Pi10  c  3.64  �  0.11 3.72  �  0.13 3.70  �  0.14  ,  .001

 WA  d  60.0  �  2.8 62.4  �  3.1 62.3  �  3.2  ,  .001

Patient-reported outcomes

 MRC dyspnea score 0.7  �  1.1 1.5  �  1.5 1.9  �  1.5  ,  .001

 SF-36 General Health  e  69  �  21 56  �  23 54  �  24  ,  .001

 SGRQ 16  �  17 29  �  23 36  �  23  ,  .001

Acute episodes of respiratory disease 
 12 mo prior to entry

 Moderate and severe 0.14  �  0.54 0.35  �  0.86 0.65  �  1.18  ,  .001

 Severe (hospitalized) 0.02  �  0.23 0.07  �  0.34 0.16  �  0.57  ,  .001

Acute episodes of respiratory disease 
 during LFU

 Years followed 3.0  �  1.2 2.7  �  1.1 2.9  �  1.1  ,  .001

 Moderate and severe, No./y 0.20  �  0.73 0.34  �  0.91 0.65  �  1.26  ,  .001

 Severe, No./y 0.06  �  0.39 0.11  �  0.42 0.21  �  0.66  ,  .001

 Data are presented as mean  �  SD for continuous measures and % for dichotomous variables. Control subjects: FEV 1   �  80% predicted; GOLD U: 
FEV 1 /FVC  �  0.7 and FEV 1 %  ,  80  .    P  values represent the probability that GOLD group variable means are the same. BODE  5  BMI, airfl ow obstruction, 
dyspnea, exercise capacity  ; GERD  5  gastroesophageal refl ux disease; GOLD   5  Global Initiative for Chronic Obstructive Lung Disease; HRCT  5  high-
resolution CT; LAA  5  lung attenuation area; LFU  5  longitudinal follow-up; MRC  5  Medical Research Council; SF-36  5  36-Item Short Form Health Survey; 
SGRQ  5  St. George’s Respiratory Questionnaire; U  5  unclassifi ed. 
  a LAA %  ,   2 950 Hounsfi eld units on inspiration. 
  b LAA %  ,   2 856 on expiration. 
  c Square root of wall area percent for 10- m m airway. 
  d Segmental wall area percent. 
  e Only 47% of cohort had this measurement. 
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We found that some current and former smokers 

without airflow obstruction have acute episode of 

respiratory disease rates similar to those of current 

and former smokers with COPD. These subjects have 

risk factors similar to those of subjects with COPD, 

such as poor health-related quality of life, prior acute 

episodes of respiratory disease, and GERD. Despite 

their high risk, these subjects are oft en excluded from 

clinical trials in which acute episodes of respiratory 

disease are the primary end point. If one estimates 

that there may be 30 million current and former 

smokers without evidence of obstructive lung 

disease and an estimated 12.9 million subjects with 

COPD in the United States,  1   our data suggest that 

there are similar total numbers of acute episodes of 

respiratory disease treated with corticosteroids or anti-

biotics in smokers with COPD as in those without 

(8 million vs 6 million). 

 Th e most common reason for excluding current and 

former smokers without obstructive lung disease from 

observational and interventional studies is that they are 

thought to be at low risk of acute episodes of respiratory 

disease. Although this is true in general, our results 

show that there are some subjects who have high rates 

similar to those with COPD. We devised an acute epi-

sode of respiratory disease score as one method of iden-

tifying high-risk subjects who do not have moderate or 

severe COPD. Th e exacerbation score illustrates several 

important risk factor features. First, the strongest pre-

dictive factors for acute episodes of respiratory disease 

can be ascertained with a medical history and inexpen-

sive physiologic measurements (ie, spirometry). A his-

tory of acute episodes of respiratory disease, poor 

health-related quality of life, and reduced spirometry 

(eg, FEV 1  %) are the largest contributers to these prog-

nostic risk scores. Second, these fi rst two risk factors 

  Figure 1  – Acute episode of respira-
tory disease-free survival   times by 
score.   

  TABLE 3  ]  Variables and Point Values Used for Exacerbation Score 

Points Toward Score

Component 0 1 2 3 4 4 6 7

FEV 1 %  �  90% 80%-89% 70%-79% 60%-69% 50%-59% 40%-49% 30%-29%  ,  30%

SGRQ  ,  20 20-29 30-39 40-49 50-59 60-69 70-79  �  80

Exacerbations in 
preceding year

0 1 2 3 4  �  5 … …

 See  Table 1  legend for expansion of abbreviations. 
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may be present even in those with normal spirometry. 

Third, GOLD U subjects, who compose a growing 

proportion of the population and are rarely included in 

clinical studies, have signifi cantly higher acute episode of 

respiratory disease rates and diff erent risk factors com-

pared with other control groups. For instance, in GOLD 

U subjects, female sex is not a risk factor, but chronic 

bronchitis is a risk factor, compared with control subjects. 

Finally, large studies such as this can identify statistically 

signifi cant risk factors such as GERD; however, many of 

these risk factors contribute only small amounts to the 

overall risk compared with prior episodes, poor health-

related quality of life, and reduced spirometry. 

 Th e major diff erences between our study and similar 

studies such as the Evaluation of COPD Longitudinally 

to Identify Predictive Surrogate Endpoints (ECLIPSE) 

study  14   and other longitudinal studies  16-18   were that 

COPDGene included smokers without a history of 

COPD, had more subjects overall, and included a sub-

stantial number of blacks. Despite these diff erences, the 

major independent predictors of acute episodes of respi-

ratory disease in subjects with COPD were similar: an 

acute episode of respiratory disease in the previous year, 

a low SGRQ score, and impaired spirometry. However, 

there are several diff erences worthy of mention. Female 

sex was associated with acute episodes of respiratory 

disease in multivariate analysis in COPDGene, whereas 

in ECLIPSE, a signifi cant relationship between female 

sex and acute episodes of respiratory disease was found 

only in univariate analysis. Additionally, a parental his-

tory of COPD was not included in the exacerbation 

model in ECLIPSE. Finally, we found that black race 

was an independent risk factor for severe episodes in 

COPDGene, whereas in ECLIPSE, the infl uence of race 

was not discussed. 

 Although COPD mortality rates have been increasing in 

blacks, there are scant data for prediction of exacerba-

tions in this population. In a cross-sectional study of 

50 blacks and 278 non-Hispanic whites  , blacks appeared 

to have a greater loss in lung function per pack-year of 

cigarettes smoked.  24   In a retrospective study of the fi rst 

1,293 COPDGene subjects (including 224 blacks), a 

history of more severe exacerbations was noted in 

blacks.  25   In this prospective study, black race was one 

of the strongest predictive variables for a history of 

severe episodes, although it was not a statistically signif-

icant risk factor for moderate episodes. To our knowl-

edge, this is the largest prospective study of COPD acute 

episodes of respiratory disease in black smokers (2,110 

subjects, including 581 with GOLD II-IV COPD). 

 A parental history of COPD exacerbations is known to 

be associated with worse lung function  26,27  ; however, 

there are few data on the ability of family history to 

predict COPD exacerbations prospectively. In a retro-

spective study of the fi rst 1,597 control subjects and 

GOLD II to IV subjects in COPDGene, it was noted that 

a parental history of COPD was independently associ-

ated with exacerbations when adjusted for covariates.  28   

In the COPDGene LFU study, a parental history of 

COPD was the second- or third-strongest predictive 

factor for both moderate and severe episodes, indepen-

dent of prior exacerbations. Interestingly, a parental 

history of COPD was predictive of future moderate and 

severe episodes only in subjects with COPD. Th is sug-

gests that the eff ect of family history may be related to 

the severity of disease beyond that which can be mea-

sured by spirometry or by high-resolution chest CT scan 

assessment of emphysema. 

 Over the past decade, sex diff erences in COPD preva-

lence and mortality have reversed. Once thought to be a 

  TABLE 4  ]  Annual Rate of Moderate or Severe Episodes (Actual) 

Score Control Subjects GOLD U COPD GOLD I, II, III, IV

0-2 0.1  �  0.3 (1,020) … 0.1  �  0.4 (100)

2-4 0.1  �  0.4 (1,489) 0.1  �  0.4 (306) 0.1  �  0.4 (619)

4-6 0.3  �  1.1 (523) 0.2  �  0.6 (256) 0.3  �  0.7 (637)

6-8 0.4  �  1.0 (268) 0.3  �  0.7 (192) 0.5  �  0.9 (701)

8-10 1.1  �  1.7 (102) 0.4  �  0.8 (116) 0.7  �  1.1 (678)

10-12 1.0  �  1.2 (26) 0.9  �  1.4 (81) 1.0  �  1.6 (556)

12-14 … 1.7  �  2.4 (35) 1.5  �  1.6 (292)

 .  14 … … 2.0  �  2.3 (220)

 Data are presented as mean  �  SD (No. subjects per group). There was a minimum of 25 subjects per group. See  Table 1  legend for expansion of 
abbreviation. 
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disease of older white men, COPD is now being diag-

nosed more frequently in women. More women are 

being hospitalized for COPD acute episodes of respira-

tory disease, with hospitalization rates similar to those 

of men by 1995.  29   In the United States, the total number 

of COPD-related deaths in women has exceeded that of 

men since 2000.  1   In this study, female sex conferred a 

risk of COPD acute episodes of respiratory disease 

independent of other covariates. Th e reasons for these 

associations are unclear but they may be related to sex 

diff erences in symptom reporting or diff erences in 

disease biology. 

 GERD has long been associated with respiratory disease, 

and the link between GERD and COPD is becoming 

increasingly apparent. A population-based survey found 

patients with GERD to have more respiratory symptoms 

compared with the general population.  30   An increased 

prevalence of GERD has also been found in patients 

with COPD,  31-34   but only recently has GERD emerged as 

a risk factor for COPD exacerbations. A small study of 

86 patients with COPD found that those with GERD 

had a greater history of exacerbations compared with 

those without GERD.  35   Most recently, the ECLIPSE 

study found a history of GERD to be an independent 

risk factor for COPD exacerbations during prospective 

evaluation.  14   Th e mechanistic link between GERD and 

exacerbations of respiratory disease is unknown but it 

may be related to alterations in gastric fl ora with acid 

suppression.  36   

 Th e major strengths of this study are the large popula-

tion of subjects including blacks and the spectrum of 

disease severity; however, some limitations should be 

acknowledged. Acute episodes of respiratory disease 

were self-reported only every 6 months using both auto-

mated and coordinator-assisted methods. Another pos-

sible limitation is how events were defi ned: for this 

study, we defi ned an acute episode of respiratory disease 

as a “fl are up” of symptoms treated with either cortico-

steroids or antibiotics. Because antibiotics were used 

more frequently than steroids, this may have led to an 

overrepresentation of events compared with studies 

that require corticosteroid therapy in their defi nition. 

Because the risk factors for severe episodes were similar 

to those for moderate episodes, it seems likely that true 

exacerbations lie on a continuum of severity. Other lim-

itations include the fact that pulmonary artery measure-

ments were made in the tubular portion, as opposed to 

measurements at the bifurcation. Although the tubular 

measurements were associated with exacerbations in 

univariate analysis, the pulmonary artery to aorta ratio 

was not independently associated with acute episodes of 

respiratory disease in multivariable analysis, as has been 

reported recently in GOLD II to IV subjects.  37   Addition-

ally, although change in FEV 1  aft er bronchodilator was 

not a major risk factor, there were no airway respon-

siveness measurements (eg, methacholine challenge). 

Th e study also had only baseline spirometry measure-

ments; thus, we do not know if rapid decline in lung 

function is an independent risk factor for exacerbations. 

Th ere are also no data on access to medical care; thus, 

we do not know if increased use of ERs and hospitals by 

blacks may be because of poor access to outpatient 

clinics vs more severe exacerbations. Finally, there are 

no study-wide biomarker assessments in COPDGene. 

Th us, we were unable to assess whether WBC count, 

fi brinogen, or C-reactive protein were independent risk 

factors for acute episodes of respiratory disease.  38   

 Conclusions 

 In summary, the COPDGene LFU study demonstrates 

that acute episodes of respiratory disease are common 

in current and former smokers without COPD, particu-

larly when there is a history of prior events and poor 

respiratory health status. Furthermore, a large number 

of current and former smokers do not meet the typical 

criteria for entry into clinical trials (FEV 1 /FVC  ,  0.7 

and FEV 1 %  .  60% predicted) and have a similar exacer-

bation risk to those with more severe COPD. Identifi ca-

tion of the subjects using an exacerbation risk score or 

by other means may be useful in identifying high risk 

and early disease, for targeted therapy (eg, azithromycin, 

rofl umilast), as well as for risk stratifi cation for health-

care providers, insurers, and the pharmaceutical industry. 
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