Biomarkers increase detection of active smoking and secondhand smoke exposure in critically ill patients
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MATERIALS AND METHODS

Subjects. Inclusion criteria for the parent study included age greater than 17 years and admission to the medical, surgical, trauma or cardiac intensive care unit for less than 2 days at the time of enrollment. Exclusion criteria included chronic pulmonary disease requiring oxygen therapy, anticipated transfer out of the ICU before or on ICU day 2, transfer from another hospital with ICU stay exceeding 24 hours prior to transfer, uncomplicated overdose, and subjects admitted immediately post cardiothoracic surgery. 

Biological Samples. Serum and urine samples were frozen at -20oC until processed. All 60 subjects had adequate serum and urine samples. Approximately 10 strands of hair were cut from the posterior vertex of the scalp using stainless steel scissors. One or more toenails were collected using stainless steel nail clippers. 45 of 60 (75%) nail samples and 28 of 60 (47%) hair samples weighed less than 20 mg, the weight required for optimal sensitivity to detect low levels of SHS exposure in nonsmokers per our protocol. Because 20 mg of sample was used to determine the limit of quantitation (LOQ) for nicotine, low levels of nicotine may not be detectable in hair or nail samples weighing less than 20 mg.  However, detectable nicotine levels should still be accurate.

Smoking History. Active smokers were defined as subjects who were smoking at the time of study enrollment. Former smokers were defined as subjects who smoked in the past but were not smoking at the time of enrollment. Nonsmokers were former smokers plus never smokers. 

Biomarkers of exposure. Concentrations of free (unconjugated) cotinine and 3HC in serum and urine and urine NNAL were determined by liquid chromatography as previously described, except that tandem mass spectrometry was employed to increase sensitivity 


(1, 2) ADDIN EN.CITE . Concentrations of urine biomarkers were normalized to urine creatinine to adjust for differences in urine concentration. Urinary creatinine values ranged from 8 to 354 mg/dl (median 82 mg/dl). One sample had undetectable urine creatinine and was analyzed as 5 mg/dl, the LOQ for creatinine. 

Concentrations of hair and nail nicotine were determined by gas chromatography and corrected for sample weight as previously described, except that tandem mass spectrometry was added to increase sensitivity (3).

The LOQ for both serum cotinine and 3HC was 0.02 ng/ml. For urine biomarkers, the LOQ was 0.05 ng/ml for cotinine, 0.1 ng/ml for 3HC, and 0.25 pg/ml for NNAL. For hair and nail nicotine, the LOQ was 0.005 ng/mg for samples weighing at least 20 mg. 

Additional Detail on Cotinine Cutpoint. We used a cotinine cut point of 3.1 ng/ml to distinguish active from passive smokers. This cut point was generated using data collected from the nationally representative National Health and Nutrition Examination Survey (NHANES) between 1999-2004 and thus seemed most applicable to our patients, who were enrolled between 2007-2008. Compared to the most widely cited cut point of 14 ng/ml, which was generated in the United Kingdom in the early 1980s (4), this lower cut point decreased the rate of misclassification of smokers as nonsmokers and improved sensitivity from 92.4% to 96.3% in patients enrolled in NHANES 


(5) ADDIN EN.CITE . Sensitivity analyses in our subjects showed that classification of cigarette smoke exposure using a combination of serum cotinine and urine NNAL did not change when the older and higher serum cotinine cutpoint of 14 ng/ml was used. 
RESULTS

Hair and Nails: Biochemical Evidence of Chronic Exposure

Estimates of chronic tobacco exposure (hair and nail nicotine) largely agreed with the biochemical measures of recent exposure (serum cotinine and urine NNAL) despite the different half-lives and low sample weight for many of the hair and nail specimens. Levels of both hair and nail nicotine significantly increased with higher levels of exposure as classified by serum cotinine and urine NNAL (p<0.001 for both), particularly in hair and nail samples of optimum weight (Figure S1). Since no cutoffs have been established for distinguishing active from passive smoking in these tissue types, we did not attempt to categorize subjects based on hair and nail nicotine levels; however, ranges of hair and nail nicotine values stratified by smoking status as determined by serum cotinine and urine NNAL are presented in Table S1.

	Table S1. Median biomarker levels stratified by combined biomarker status



	
	Nonsmoker (n=4)

Cotinine = 0 ng/ml

AND
NNAL = 0 pg/mg Cr
	SHS exposed (n=22)

Cotinine >0, <3.1 ng/ml
OR
NNAL >0, <64 pg/mg Cr
	Smoker (n=34)

Cotinine >3.1 ng/ml

OR 
NNAL >64 pg/mg Cr

	Serum cotinine, ng/ml
	0 (0)
	0.11 (0-0.42)
	45.61 (9.65-181.99)

	Serum 3HC, ng/ml
	0 (0)
	0.01 (0-0.29)
	36.0 (8.08-84.97)

	Urine cotinine, ng/mg Cr
	0 (0-0.10)
	0.31 (0-2.81)
	307.66 (35.87-581.53)

	Urine 3HC, ng/mg Cr
	0.79 (0.03-1.86)
	1.19 (0.49-8.56)
	2107.12 (220.59-3346.83)

	Urine NNAL, pg/mg Cr
	0 (0)
	1.91 (0.91-4.35)
	221.26 (173.55-392.10)

	Nail nicotine, ng/mg
	0.06 (0.014-0.34)
	0.09 (0.04-0.22)
	4.85 (2.36-14.4)

	Hair nicotine, ng/mg
	0.27 (0.07-3.18)
	0.17 (0.05-0.68)
	25.04 (9.43-51.65)

	Data are median (25th to 75th interquartile range)


Figure S1.
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Figure S1. Hair and nail nicotine levels increased with cigarette smoke exposure as measured by a combination of serum cotinine and urine NNAL. Samples shown were ≥ 20 mg (n= 32 and 15, respectively). Subjects classified as nonsmokers had serum cotinine AND urine NNAL = 0; SHS exposed had serum cotinine >0, <3.1 ng/ml OR urine NNAL >0, <64 pg/mg Cr; smokers had serum cotinine > 3.1 ng/ml OR urine NNAL ≥ 64 pg/mg Cr.
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