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health status, and more restricted activity ( p   ≤  .05 in all cases). 
When considered simultaneously, longer term exposure (NNAL) 
had a greater negative impact on COPD status than shorter term 
exposure (cotinine). 

   Discussion:     Urine NNAL can be used to estimate longer term 
SHS exposure and negatively affects a number of health out-
comes among adults with COPD. Screening for and prevention 
of SHS exposure among persons with COPD may be benefi cial. 

       Introduction    
 Secondhand smoke (SHS) contains potent respiratory irritants 
that are likely to adversely affect persons with obstructive lung 
disease. Evidence now implicates SHS exposure as a cause of 
asthma exacerbation among children and, to a lesser extent, 
adults ( Eisner, Klein, et al., 2005 ;  Eisner, Yelin, Katz, Earnest, & 
Blanc, 2002 ;  Offi ce of Environmental Health Hazard Assessment, 
California Environmental Protection Agency, 2005 ). In chronic 
obstructive pulmonary disease (COPD), there is emerging evi-
dence that SHS exposure may have a negative impact on health 
status, but the limited available data are inadequate to support 

                             Abstract 
   Introduction:     Secondhand smoke (SHS) contains respiratory 
irritants and has the potential to adversely affect adults with 
chronic obstructive pulmonary disease (COPD), but few studies 
have evaluated the impact of SHS on COPD. 

   Methods:     We used data from 72 nonsmoking participants in 
a cohort study of COPD. Urine 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanol (NNAL) was measured as an indicator 
of longer term SHS exposure, whereas urine cotinine was as-
sessed as a measure of more recent exposure. The    impact of SHS 
exposure on COPD-related health status was examined using 
multivariate linear regression (controlling for age, sex, race, 
 educational attainment, and smoking history). Health status 
was measured using a validated COPD severity score, reported 
dyspnea, a standard health status measure (Short Form-12), and 
activity restriction. 

   Results:     The    urine NNAL-to-creatinine ratio (per interquartile 
increment) was associated with greater COPD severity (mean 
score increase 1.7 points; 95%  CI  0.6 – 2.8;  p  = .0003). Higher 
urine NNAL was also related to greater dyspnea, poorer physical 
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defi nite conclusions ( Eisner et al., 2006 ;  Garcia-Aymerich et al., 
2003 ;  Osman et al., 2007 ). Because COPD is a major cause of 
disability and mortality worldwide, the impact of SHS exposure 
on the disease has major public health ramifi cations. 

 Exposure measurement is a key challenge in studying the 
effects of SHS exposure. The most widely used biomarker of SHS 
exposure is cotinine, but it refl ects exposure during only a recent 
2- to 3-day period ( Benowitz, 1999 ). Survey-based assessment tools 
can evaluate longer time intervals but are subject to inaccuracy in 
self-report and recall bias. In this analysis, we measured levels of 
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) in the 
urine of persons with COPD. NNAL, which is a metabolite of the 
tobacco-specifi c carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanone (NNK), is highly specifi c for SHS exposure among 
nonsmokers ( Anderson et al., 2003 ;  Hecht, 2004 ,  2006 ;  Hecht et al., 
2001 ,  2006 ;  Stark et al., 2007 ;  Tulunay et al., 2005 ). Because NNAL 
is persistent in the body (elimination half-life of 45 days), it can serve 
as a biomarker for longer term SHS exposure ( Hecht et al., 1999 ). 
In this analysis, we examined the impact of longer term SHS 
exposure, as measured by NNAL, on health outcomes in COPD.   

 Methods  
 Overview 
 We used data from a population-based cohort study of adults 
with COPD. The impact of shorter term SHS exposure, as mea-
sured by urine cotinine and nicotine badge, on COPD health 
outcomes has been previously reported for this cohort ( Eisner et 
al., 2006 ). In the current analysis, longer term SHS exposure was 
assessed using urine NNAL levels, which refl ect exposure for the 
1- to 3-month period prior to health status assessment in the 
cohort. We therefore examined the impact of longer term SHS 
exposure on health status among persons with COPD. The    
study was approved by the University of California, San Fran-
cisco (UCSF), Committee on Human Research.   

 Defi nition of COPD 
 We used the standard epidemiological approach to defi ne COPD 
based on subject report of a physician ’ s diagnosis of chronic 
bronchitis, emphysema, or COPD ( Mannino, 2002 ;  Mannino, 
Homa, Akinbami, Ford, & Redd, 2002 ;  Sin, Stafi nski, Ng, Bell, & 
Jacobs, 2002 ). During telephone interviews, subjects were asked 
whether they had ever received a physician ’ s diagnosis of any of 
several chronic respiratory conditions. Those who reported phy-
sician ’ s diagnoses of chronic bronchitis or emphysema were con-
sidered to have COPD, along with those who specifi cally reported 
a physician ’ s diagnosis of COPD. We included respondents with 
COPD who had concomitant asthma because they clinically re-
semble persons with COPD alone ( Eisner, Yelin, Trupin, & Blanc, 
2002 ). As reported previously, we validated the case defi nition of 
COPD using spirometry in a subgroup of 47 participants with 
COPD whose physicians provided spirometry reports (of 386 
subjects) and have used this same defi nition in other reports from 
the cohort ( Blanc et al., 2005 ;  Eisner, Balmes, et al., 2005 ;  Eisner 
et al., 2006 ;  Eisner, Trupin, et al., 2005 ;  Trupin et al., 2003 ).   

 Study recruitment 
 We used data from the third wave of a population-based, multi-
wave longitudinal cohort study of U.S. adults to elucidate the 

impact of SHS exposure on COPD health outcomes. Direct 
measures of SHS exposure were obtained in this wave. Initial 
recruitment was previously reported in detail ( Eisner, Balmes, 
et al., 2005 ;  Trupin et al., 2003 ). Briefl y, a representative sample of 
2,113 adults aged 55 – 75 years were initially recruited by random 
digit dialing among residents of the 48 contiguous U.S. states 
with random oversampling of geographic areas that had the 
highest published COPD mortality rates ( Kim, 1998 ). The ini-
tial overall study participation rate was 53% among households 
with an eligible respondent present. Details about follow-up of 
the three survey waves have been previously reported ( Blanc 
et al., 2004 ;  Eisner et al., 2006 ). 

 The current analysis was restricted to subjects with COPD 
who completed interview Wave 3, reported no current smoking, 
provided a urine sample by a mail-in-protocol, and had urine 
cotinine levels that were less than 50 ng/ml (a level that is con-
sistent with direct personal smoking;  Jarvis, Tunstall-Pedoe, 
Feyerabend, Vesey, & Saloojee, 1987 ). In sum, 72 subjects com-
pleted direct SHS monitoring with urine NNAL measurements 
( Figure 1 ). This compares with 77 subjects from our earlier re-
port of urine cotinine in COPD subjects. Inadequate urine vol-
ume was available for NNAL measurement in four subjects, and 
one subject was excluded for an NNAL level that was more com-
patible with direct personal smoking (153 pg/ml). There were 
no statistical differences in sociodemographic characteristics or 
COPD severity between COPD subjects in whom urine NNAL 
measurements were available versus all others ( p  > .15 in all 
cases).       

 Structured telephone interviews 
 Participants completed structured telephone interviews that 
included health history, cigarette smoking, self-reported SHS 
exposure, sociodemographic characteristics, and health status. 
Direct personal cigarette smoking was evaluated using stan-
dard questions from the National Health Interview Survey 
( Centers for Disease Control and Prevention, 2002 ). Based on 
these responses, subjects were defi ned as current smokers, ex-
smokers, and never-smokers. We also used a validated survey 
battery to assess SHS exposure during the 7-day period pre-
ceding interviews ( Eisner, Katz, Yelin, Hammond, & Blanc, 
2001 ).   

 Direct SHS monitoring 
 The primary analysis used urine NNAL as a measure of longer 
term SHS exposure. We also used other direct measurements of 
SHS exposure for comparison with NNAL levels. 

 Concentrations of NNAL were determined using liquid 
chromatography – tandem mass spectrometry (LC-MS/MS; 
 Jacob et al., 2008 ). Urine specimens were incubated with beta-
glucuronidase to cleave the glucuronide conjugates and to 
free NNAL; NNAL was then extracted using a liquid – liquid 
extraction procedure. The extracts were treated with hexano-
ic anhydride to convert NNAL to the hexanoate ester deriva-
tive prior to LC-MS/MS analysis. Deuterium-labeled NNAL 
(NNAL-d 

3
 ) was used as the internal standard. The mass 

spectrometer was operated in the positive ion mode using 
electrospray ionization. Quantitation was achieved using se-
lected reaction monitoring of the transitions  m / z  308 to  m / z  
84 for NNAL hexanoate derivative and  m / z  311 to  m / z  87 for 
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NNAL-d 
3
  hexanoate. The lower limit of quantitation was 

0.25 pg/ml. 

 We also measured urine cotinine to refl ect shorter term ex-
posure. Cotinine, a metabolite of nicotine, is a widely used and 
specifi c biomarker of SHS exposure ( Benowitz, 1999 ). Cotinine 
has a short half-life of 20 hr and refl ects shorter term SHS expo-
sure. Urine samples and completed badges were returned to the 
investigators by mail. 

 Concentrations of cotinine and  trans -3 � -hydroxycotinine, 
which is the proximate metabolite of cotinine and the most 
abundant metabolite of nicotine present in urine, were deter-
mined using LC-MS/MS ( Dempsey et al., 2004 ;  Hukkanen, 
Gourlay, Kenkare, & Benowitz, 2005 ). The method is similar to 
a published method for determining cotinine concentrations in 
serum of nonsmokers ( Bernert et al., 1997 ). Limits of quantifi -
cation were 0.05 ng/ml for cotinine and 0.1 ng/ml for  trans -3 � -
hydroxycotinine. 

 Each subject was instructed to wear the personal nicotine 
badge monitor during regular activities for 7 days. The passive 
monitor, which has been previously described, samples nicotine 
from ambient air ( Hammond & Leaderer, 1987 ;  Hammond, 
Sorensen, Youngstrom, & Ockene, 1995 ). The collected nicotine 
is analyzed by gas chromatography with nitrogen selective 
detection. The passive monitors have a limit of detection less 
than 0.01  m g per fi lter and a coeffi cient of variability of .11 for 
replicate analysis ( Hammond & Leaderer ).   

 Study outcome variables: COPD-related 
health status 
 We used a combined approach with disease-specifi c and ge-
neric health status measurements to assess COPD-related 
health status. To measure disease severity, we used a disease-
specifi c COPD severity score that we had previously developed 
and validated for use in epidemiological and outcomes re-
search ( Eisner, Trupin, et al., 2005 ). Based on survey responses, 
the COPD severity score comprises fi ve overall aspects of 
COPD severity: respiratory symptoms, systemic corticosteroid 
use, other COPD medication use, previous hospitalization or 
intubation for respiratory disease, and home oxygen use. Each 
item was weighted based on clinical aspects of the disease and 
its expected contribution to overall COPD severity. Possible 
total scores range from 0 to 35, with higher scores refl ecting 
more severe COPD. 

 Generic physical health status was measured with the Short 
Form (SF)-12 physical component summary (PCS) score. The 
SF-12 is derived from the Medical Outcomes Study SF-36 in-
strument, which is the most widely used measure of generic 
health status. The SF-36 has been extensively validated in the 
general population ( Ware & Sherbourne, 1992 ) and among 
adults with COPD ( Benzo, Flume, Turner, & Tempest, 2000 ). 
Defi ned    from the eight SF-36 subscales by factor analysis, the 
PCS score refl ects an underlying physical dimension of physical 
health-related quality of life ( Ware, Kosinski, & Keller, 1996 ). 
Higher scores refl ect more favorable health states. 

  

 Figure 1.        Details of sampling and recruitment for baseline through Wave 3. Wave 2 attempted to recruit all subjects who indicated a 
diagnosis of asthma or chronic obstructive pulmonary disease (COPD) at baseline. Wave 3 attempted to recruit all subjects followed in 
Wave 2 plus those who indicated a diagnosis of allergic rhinitis or obstructive sleep apnea at baseline. The participants in the current study 
included subjects with COPD who completed Wave 3 follow-up, were current nonsmokers, and had urine 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanol measured.    
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 We    used the Airways Questionnaire 20 revised to measure 
disease-specifi c quality of life (QOL;  Chen, Eisner, Katz, Yelin, & 
Blanc, 2006 ;  Hajiro et al., 1999 ). This instrument has been vali-
dated, and higher scores correspond to poorer QOL ( Alemayehu, 
Aubert, Feifer, & Paul, 2002 ;  Chen et al., 2006 ;  Hajiro et al., 1999 ; 
 Jones & Bosh, 1997 ;  Jones, Quirk, Baveystock, & Littlejohns, 
1992 ). Dyspnea    was measured using three of fi ve questions from 
the modifi ed Medical Research Council (MRC) dyspnea scale 
( Hajiro et al., 1998 ). Higher scores indicate greater levels of dys-
pnea. Restricted activity, as a measure of disability due to a re-
spiratory condition, was ascertained using questions modifi ed 
from the National Health Interview Survey; the number of re-
stricted activity days during the past month was queried (Na-
tional Center for Health Statistics, n.d.).   

 Statistical analysis 
 Statistical    analysis was conducted using SAS 9.1 (SAS Institute, Inc., 
Cary, NC). Bivariate analysis was conducted using the unpaired  
t  test or Wilcoxon test for continuous variables (depending on vari-
able distribution) and likelihood ratio chi-square test for dichoto-
mous variables. The Spearman rank-order correlation was used to 
examine the association between different SHS measures. 

 We used linear regression analysis to examine the impact 
of recent longer term SHS exposure, as measured by NNAL-
to-creatinine ratio, and health-related COPD status (COPD 
severity, generic physical health status, disease-specifi c QOL, 
dyspnea, and restricted activity days during the past month 
 attributed to a respiratory condition). We used multivariate 
linear regression analysis to control for variables that could 
confound the relationship between SHS exposure and health 
outcomes, including age, sex, race, educational attainment, and 
smoking history (all subjects were current nonsmokers;  Eisner, 
Balmes, et al., 2005 ;  Iribarren, Friedman, Klatsky, & Eisner, 
2001 ). Standard linear regression diagnostics indicated ade-
quate model performance. Based on the distribution of NNAL/
creatinine, linear regression results were expressed per incre-
ment of NNAL/creatinine corresponding to its interquartile 
range (i.e., 0.043 pmol/mg). 

 To parse out the health impacts of shorter and longer term 
SHS exposure, as measured by urine cotinine and NNAL, re-
spectively, we included both in the same linear regression 
models. Because urine NNAL and cotinine are highly corre-
lated, we developed a residual variable from the regression 
of urine NNAL/creatinine on cotinine/creatinine ( Sternfeld, 
Ngo, Satariano, & Tager, 2002 ). The residual variable for 
NNAL/creatinine (NNAL/creatinine 

resid
 ) represents that part 

of longer term SHS exposure (measured by NNAL) not ac-
counted for by shorter term SHS exposure (measured by 
cotinine). In effect, this approach separates out the longer and 
shorter term SHS exposure into separate variables; the correla-
tion between NNAL/creatinine 

resid
  and cotinine/creatinine ra-

tio is essentially zero. 

 We used the locally weighted regression scatter plot smooth-
er (LOWESS) procedure to graphically depict the relationship 
between NNAL-to-creatinine ratio and COPD severity score, 
which fi tted a fl exible smoothed curve that does not impose a 
linear relationship ( Cleveland, 1979 ). To adjust the COPD se-
verity score for covariates, we regressed severity score on age, 
sex, race, educational attainment, and smoking history and cal-

culated the residual values. A LOWESS plot of COPD severity 
score residuals versus NNAL-to-creatinine ratio depicts the as-
sociation between the COPD severity, after removing the vari-
ability due to the covariates, and the NNAL-to-creatinine ratio. 
In addition to the LOWESS curve, we superimposed the regres-
sion line and the 95%  CI .    

 Results  
 Subject characteristics and SHS 
exposure 
 Characteristics of participants with COPD are shown in  Table 1 . 
The prevalence of longer term SHS exposure by any detectable 
urine NNAL was 65% (95%  CI  53 – 76). Among subjects with 
any SHS exposure, the range of NNAL-to-creatinine ratio was 
0.0012 – 0.28 pmol/mg (median = 0.024 pmol/mg; 25th – 75th in-
terquartile range 0.0055 – 0.049 pmol/mg).  Table 2  shows the 
correlation of urine NNAL with other direct SHS measures. 
NNAL correlated most strongly with urine cotinine ( r  = .75) 
and hydroxycotinine ( r  = .74), but less strongly with nicotine 
measured by diffusion badge and by self-reported SHS exposure 
for a 7-day period ( r  = .33 and  r  = .34, respectively; all  p  values 
< .05).           

 Longer term SHS exposure and COPD-
related outcomes 
 Higher SHS exposure, as measured by the urine NNAL-to-
creatinine ratio, was associated with greater COPD severity, 
after controlling for covariates (mean increase in severity score 
1.7 points for each interquartile increment of NNAL/creatinine; 
95%  CI  0.6 – 2.8 points;  Table 3 ). Higher NNAL/creatinine levels 
were also related to poorer physical health status, greater dysp-
nea, and more restricted activity days ( Table 3 ).  Figure 2  graphi-
cally depicts the approximate linear relationship between 
NNAL-to-creatinine ratio and COPD severity score.           

 Table 1.      Characteristics of adult nonsmoking 
participants with COPD  

  Characteristics  M  ( SD ) or  n  (%)  

  Age (years) 64.9 (6.3) 
 Gender: male (%) 28 (39%) 
 Race – ethnicity (White, non-Hispanic) 68 (94%) 
 Educational attainment 
     High school or less 32 (44%) 
     Some college 22 (31%) 
     College graduate or graduate degree 18 (25%) 
 Smoking history 46 (63%) 
 COPD severity score 7.9 (6.6) 
 SF-12 PCS score 35.4 (11.7) 
 AQ-20 8.2 (4.6) 
 Modifi ed MRC dyspnea score 2.5 (1.2) 
 Restricted activity days due to a respiratory condition 
(days during the past month)

7.1 (12.3)  

    Note.  AQ-20 = Airways Questionnaire 20; COPD = chronic obstructive 
pulmonary disease; PCS = physical component summary; SF = Short 
Form. The range of observed scores was 0 – 24 points (COPD severity), 
0 – 17 points (AQ-20), 1 – 4 points (MRC), and 14.7 – 57.2 points (PCS).   
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 Shorter and longer term SHS exposure: 
Impact on COPD-related outcomes 
 We included the NNAL and cotinine in the same regression analy-
sis to distinguish the health effects of shorter and longer term SHS 
exposure. NNAL-to-creatinine residuals (NNAL/creatinine 

resid
 ) 

were used to account for colinearity (see Methods section). Higher 
longer term SHS exposure, as estimated by NNAL/creatinine 

resid
 , 

was associated with worse COPD severity, poorer physical health 
status, increased dyspnea, and more respiratory-related restricted 
activity ( p  < .05 in all cases;  Table 4 ). There was no statistical rela-
tionship between shorter term SHS exposure and any of these 
health outcomes, although the point estimates were in the same 
direction of adverse effects as for longer term exposure.        

 Discussion 
 We previously reported that shorter term SHS exposure, as mea-
sured by urine cotinine, was associated with poorer health out-
comes in COPD ( Eisner et al., 2006 ). Using a measure of longer 
term SHS exposure (NNAL), we now report a greater and more 
consistent negative impact of SHS on a broad array of COPD 
health status measures, including disease severity, physical health 
status, and disability. Furthermore, we were able to distinguish 
between the effects of shorter and longer term SHS exposure; the 
latter was the most relevant for COPD-related health outcomes. 

 Previous studies have shown that urine NNAL levels are higher 
among nonsmokers exposed to SHS, including the home and 
workplace environments ( Anderson et al., 2003 ;  Hecht et al., 2001 , 

 2006 ;  Stark et al., 2007 ;  Tulunay et al., 2005 ). The strong relation-
ship between NNK, NNAL (its metabolite), and lung carcinogen-
esis has also been highlighted in previous work ( Hecht, 1998 ; 
 Hecht et al., 1999 ). The use of NNAL in conjunction with cotinine 
to estimate the shorter and longer term effects of SHS exposure is 
a novel use of this biomarker. Our data show that markers of 
shorter and longer term SHS exposure are correlated but have 
different associations with COPD-related health outcomes. When 
studying longer term health outcomes, such as disease severity 
and QOL in COPD, NNAL appears to be the superior biomarker. 

 Our study adds to a newly emerging literature that SHS 
exposure may adversely affect the clinical course of COPD. We 
previously reported that short-term SHS exposure, as evidenced 
by urine cotinine, was related to poorer COPD severity and 
health status measures ( Eisner et al., 2006 ). In a previous cohort 
study of adults hospitalized for COPD, self-reported SHS expo-
sure was also a risk factor for rehospitalization ( Garcia-Aymerich 
et al., 2003 ). Another population-based U.S. study found that 
self-reported SHS exposure was related to a greater risk of  “ chron-
ic respiratory disease exacerbation, ”  defi ned as activity limitation 
or a physician ’ s visit due to asthma, chronic bronchitis, emphy-
sema, or chronic sinusitis ( Mannino, Siegel, Rose, Nkuchia, & 
Etzel, 1997 ). More recently, indoor PM 

2.5
  (particulate matter) 

levels, a proxy measure of home SHS exposure, was associated 
with poorer disease-specifi c QOL among persons with COPD 
( Osman et al., 2007 ). The present fi ndings, which link longer term 
SHS exposure with adverse COPD outcomes, add substantive 
additional evidence that SHS exposure is deleterious for patients 
with COPD. 

 Table 2.      Correlation between NNAL levels and other measures of SHS exposure ( n  = 72)  

  Measure Urine NNAL
Urine NNAL-to-
creatinine ratio Urine cotinine Urine hydroxycotinine Nicotine badge

Self-reported SHS 
exposure a   

  Urine NNAL .97,  p  < .0001 .75,  p  < .0001 .74,  p  < .0001 .33,  p  = .004 .34,  p  = .003 
 Urine NNAL-to-creatinine ratio   .71,  p  < .0001 .67,  p  < .0001 .31,  p  = .008 .29,  p  = .01 
 Urine cotinine .73,  p  < .0001 .36,  p  = .002 .29,  p  = .01 
 Urine hydroxycotinine .43,  p  < .0001 .25,  p  = .03 
 Nicotine badge .10,  p  = .37  

    Note.  NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol; SHS = secondhand smoke. Spearman ’ s rank-order correlation and  p  values.  
  a  Self-reported total hours of exposure during the past 7 days.   

 Table 3.      Longer term secondhand smoke exposure as measured by NNAL and COPD-
related health status ( n  = 72)  

  Health outcome measurement

Mean change in outcome Mean change in outcome 

 Unadjusted Adjusted a   

  COPD severity (points) 1.8 (0.8 – 2.9),  p  = .0008 1.7 (0.6 – 2.8),  p  = .003 
 Physical health status (points)  − 2.3 ( − 4.2 to  − 0.4),  p  = .019  − 1.9 ( − 3.8 to  − 0.1),  p  = .04 
 Disease-specifi c health-related quality of life (points) 0.8 ( − 0.003 to 1.6),  p  = .051 0.5 ( − 0.3 to 1.3),  p  = .19 
 Dyspnea (points) 0.24 (0.04 – 0.4),  p  = .018 0.20 (0 – 0.39),  p  = .051 
 Restricted activity days due to respiratory condition (during past 30 days) 3.3 (1.4 – 5.3),  p  = .001 3.2 (1.1 – 5.3),  p  = .003  

    Note.  COPD = chronic obstructive pulmonary disease; NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol.  
  a  Multivariate analysis controls for age, sex, race, educational attainment, and past smoking (all subjects are current nonsmokers). Results are 

mean change in health status variable per 0.0.043 pmol/mg increase in NNAL/creatinine ratio (i.e., interquartile range) and 95%  CI .   
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 When considered simultaneously, longer term SHS expo-
sure had the greater impact on COPD severity than shorter term 

exposure. There are several possible explanations. Cotinine, 
because it refl ects SHS exposure during only the past 1 – 2 days, 
may miss an important exposure event that causes deteriora-
tion of COPD. Moreover, repeated exposures to SHS, which 
will be better captured by NNAL, may have a greater effect 
on COPD severity than a single recent exposure. Our previ-
ous work showed that shorter term exposure (cotinine) was 
associated with poorer health outcomes in COPD ( Eisner 
et al., 2006 ); the current study shows that the longer term 
exposure measure has an even greater impact on COPD 
outcomes. 

 Our study is subject to some limitations. We used the stan-
dard epidemiological defi nition of COPD based on a self-
reported physician ’ s diagnosis of chronic bronchitis, emphysema, 
or COPD ( Mannino, 2002 ;  Mannino et al., 2002 ;  Sin et al., 
2002 ). This survey-based approach enabled us to study a popu-
lation-based sample of adults who resided throughout the coun-
try; this enhanced applicability of the fi ndings. On logistical 
grounds, conducting spirometry among subjects who reside 
thousands of miles apart would not be feasible. The use of self-
reported physician ’ s diagnosis, however, may have resulted in 
some misclassifi cation of disease status. Previous work indicated 
that a similar survey-based defi nition of COPD had a high posi-
tive predictive value (78%) when validated using a blinded med-
ical record review that included spirometry and radiographic 
studies ( Barr, Herbstman, Speizer, & Camargo, 2002 ). Other 
work confi rmed that a self-reported history of COPD is a strong 
predictor of airfl ow obstruction ( Straus, McAlister, Sackett, & 
Deeks, 2002 ). Our previous validation study indicated that 
nearly 9 out of 10 participants who had available spirometry 
data had objective evidence of airfl ow obstruction ( Eisner, 
Balmes, et al., 2005 ). In sum, misclassifi cation of COPD is not 
likely to bias our results and, if present, it would likely be non-
differential with respect to SHS exposure and diminish effect 
estimates toward the null value. 

 Other limitations include the potential confounding effects 
of direct cigarette smoking. We attempted to reduce this con-
founding effect by limiting the analysis to persons who indicated 
no current smoking and had urine cotinine levels below a cut-
point usually associated with active smoking. We also statisti-
cally controlled for a history of cigarette smoking in multivariate 
analysis. Nonetheless, we cannot entirely exclude confounding 
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 Figure 2.        Longer term secondhand smoke exposure and chronic obstruc-
tive pulmonary disease (COPD) severity. (a) Locally weighted regression 
scatter plot smoother (LOWESS) procedure was used to graphically depict 
the relationship between 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol 
(NNAL)-to-creatinine ratio and COPD severity score in a fl exible manner 
(shown in orange). The blue line is the fi tted linear regression line. The gray 
area shows the 95%  CI . (b) LOWESS plot of COPD severity score residuals 
that adjust for age, sex, race, educational attainment, and smoking history, 
and NNAL-to-creatinine ratio (orange line). The blue line is the fi tted linear 
regression line. The gray area shows the 95%  CI .    

 Table 4.      Independent impact of shorter and longer term exposure on COPD-related health 
status ( n  = 72)  

  Health outcome measurement NNAL/creatinine 
resid

  a Cotinine/creatinine  

  COPD severity (points) 2.0 (0.6 – 3.4),  p  = .005 0.37 ( − 0.21 to 0.95),  p  = .21 
 Physical health status (points)  − 2.4 ( − 4.8 to  − 0.02),  p  = .049  − 0.40 ( − 1.4 to 0.6),  p  = .42 
 Disease-specifi c health-related quality of life (points) 0.5 ( − 0.5 to 1.6),  p  = .29 0.2 ( − 0.3 to 0.6),  p  = .43 
 Dyspnea (points) 0.27 (0.02 – 0.52),  p  = .034 0.025 ( − 0.08 to 0.13),  p  = .64 
 Restricted activity days due to respiratory condition (during past 30 days) 3.6 (0.9 – 6.2),  p  = .010 0.9 ( − 0.2 to 2.0),  p  = .11  

    Note.  COPD = chronic obstructive pulmonary disease; NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol; SHS = secondhand smoke. Multivari-
ate analysis controls for age, sex, race, educational attainment, and past smoking (all subjects are current nonsmokers). Results are mean change in 
health status variable per interquartile range increase in NNAL/creatinine 

resid
  (0.043 pmol/mg) and cotinine/creatinine ratio (0.040 ng/dl) and 95%  CI .  

  a  Because urine NNAL and cotinine are highly correlated, we developed a residual variable from the regression of urine NNAL/creatinine on 
cotinine/creatinine. The residual variable for NNAL/creatinine (NNAL/creatinine 

resid
 ) represents that part of longer term SHS exposure (measured 

by NNAL) not accounted for by shorter term SHS exposure (measured by cotinine).   
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by occasional or light active smoking. And fi nally, we cannot 
completely exclude a bias termed the  “ healthy passive smoker 
effect, ”  a phenomenon in which more severely affected COPD 
patients might selectively avoid SHS exposure, theoretically 
 atte nuating the observed association between exposure and 
asthma health outcomes. If this bias occurred, it would also be 
a conservative one. Other sources of selection bias are also 
 possible and cannot be precisely quantifi ed. 

 In conclusion, longer term SHS exposure appears to nega-
tively influence the health status of adults with COPD. 
Longer term exposure, as evidenced by urine NNAL, has a more 
important adverse impact than shorter term exposure. Future 
studies of respiratory health effects of SHS exposure should 
consider using urine NNAL to measure exposure. In clinical 
and public health terms, SHS exposure avoidance may be an 
important component of COPD management.   
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