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Validation of self-reported smoking status by measuring
serum cotinine levels: An Indian perspective

P. JEEMON,  S. AGARWAL,  L. RAMAKRISHNAN,  R. GUPTA,  U. SNEHI,  V. CHATURVEDI,
K. S. REDDY,  D. PRABHAKARAN

ABSTRACT
Background. Serum cotinine levels are a reliable marker

of tobacco use. Few studies have validated questionnaires
assessing smoking and exposure to environmental tobacco
smoke (ETS) against serum levels. We undertook such a study
in industrial workers in India.

Methods. We chose 426 individuals by stratified random
sampling from a database of 3397 individuals surveyed at
New Delhi for the cardiovascular disease surveillance
programme in a large industrial setting. Questionnaires assessing
details of smoking practices and duration of exposure to ETS
(if any) were administered. Cotinine levels were measured in
the blood samples of these individuals.

Results. The study population comprised 142 non-
smokers not exposed to ETS, 142 non-smokers exposed to
ETS and 142 active smokers. Cotinine levels among non-
smokers not exposed to ETS were non-detectable; and for
non-smokers exposed to ETS and active smokers, the median
(interquartile range) levels were non-detectable (non-detectable
to 46.1 ng/ml) and 336 ng/ml (204–500 ng/ml), res-
pectively. The best combined sensitivity (91%) and specificity
(87.2%) yielded a cotinine cut-off level of 40.35 ng/ml to
differentiate active smokers from non-smokers not exposed to
ETS and those exposed to ETS (area under the curve 0.902).
The cut-off cotinine level was estimated at 10.95 ng/ml using
a similar analysis (sensitivity 43%, specificity 82%; area
under the curve 0.64) to distinguish non-smokers not exposed
to ETS from those exposed to ETS. The misclassification
rate was estimated at 19% and 57.1% among self-reported
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non-smokers not exposed to ETS and those exposed to ETS,
respectively.

Conclusions. Obtaining a history of tobacco use is an
accurate method of detecting smokers in epidemiological
studies whereas serum cotinine levels accurately differentiate
smokers from non-smokers. However, a brief questionnaire
assessing passive exposure to smoke has poor sensitivity in
distinguishing non-smokers exposed to ETS from those not
exposed to ETS.
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INTRODUCTION
The harmful effects of tobacco use underscore the need to quantify
exposure to tobacco smoke1–4 as accurately as possible. However,
the validity of self-reported smoking and exposure to environmental
tobacco smoke (ETS) is a matter of concern.5,6

Nicotine, one of the harmful constituents of tobacco, is
metabolized rapidly and extensively in the liver; 70% is converted
to cotinine, which has a half-life of approximately 16 hours.7 The
presence of cotinine in serum is considered the best marker of
smoking and is preferred to other markers such as carboxy-
haemoglobin (COHb) or thiocyanate.8–10 This is partly because
cotinine is tobacco-specific, whereas COHb and thiocyanate may
be present as a result of exposure to environmental pollutants.
Further, nicotine and COHb have a much shorter half-life10,11 as
compared with cotinine.7,8 To the best of our knowledge,
questionnaires assessing both smoking and exposure to ETS have
not been validated against serum cotinine levels. We assessed the
validity of self-reported smoking by comparing it with measurements
of serum cotinine levels; to suggest cut-offs for cotinine levels for
identifying non-smokers with exposure to ETS; for differentiating
non-smokers from smokers; and to estimate the misclassification
rate among non-smokers based on response to the questionnaire.

METHODS
A baseline cross-sectional survey of an industrial population from
10 industrial sites across India was done as part of a cardiovascular
disease (CVD) surveillance programme.12 A detailed questionnaire
about tobacco use was administered by interviewers (after taking
written informed consent) to every person recruited for the survey.

From a population database of all individuals (n=3397) initially
surveyed at the New Delhi centre as part of the CVD surveillance
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programme, we stratified the complete dataset into 3 groups,
namely, non-smokers not exposed to ETS, non-smokers exposed
to ETS and active smokers. Women were excluded because the
prevalence of smoking among them was extremely low (0.8%).
There were 142 non-smokers exposed to ETS. For comparison,
we randomly selected one non-smoker not exposed to ETS and an
active smoker for each non-smoker exposed to ETS.

All respondents were initially asked about their use of tobacco.
Subsequently, they were asked about the form (smoking, chewed
tobacco, snuff) in which tobacco was being used. Both beedi (an
indigenous cigarette) and cigarette smoking were assessed
separately. The quantity and duration of use for each form of
tobacco were recorded. The age at which smoking was started was
recorded; details of passive smoking were elicited from non-
smokers; and details about the exposure in minutes per day and
number of days in a week were also elicited.

Venous blood was collected from all respondents after a
12-hour overnight fast. The sample was centrifuged and stored at
–70 oC. Cotinine levels were estimated using IMMULITE 2000
(Diagnostic Products Corporation, Los Angeles, USA) Nicotine
Metabolite assay. This is a solid phase competitive chemilumin-
escent immunoassay with a calibration range of 10–500 ng/ml and
analytical sensitivity of 5 ng/ml. The antibody used is highly
specific for cotinine (relative specificity 100%) with non-detectable
cross-reactivity to other naturally occurring compounds or
therapeutic drugs that might be present in patients’ samples.

Statistical analysis
The data were analysed using SPSS version 13.0 (SPSS Inc.,
Chicago, IL, USA; Version 11.5). The cut-offs of cotinine levels
to differentiate active smokers from non-smokers and to
differentiate non-smokers from those exposed to ETS were
estimated using the sensitivity and specificity analysis by receiver
operating characteristic (ROC) curves for group comparisons.
Misclassification rates were calculated depending on the estimated
cotinine cut-off levels in this subset of the Indian population.
Differences between groups were assessed using the Mann–
Whitney and Kruskal–Wallis tests. Tests were considered
statistically significant at an alpha of 0.05.

RESULTS
The three groups did not differ significantly in age, educational
status and occupation (Table I). Most active smokers used cigarettes
(64.1%) followed by beedis (54.9%).

Median cotinine levels were non-detectable for the self-reported
non-smokers and non-smokers exposed to ETS as compared with
336 ng/ml in self-reported smokers. The interquartile ranges for
the non-smokers exposed to ETS and active smokers were non-
detectable to 46.1 ng/ml and 204–500 ng/ml, respectively. Among
cigarette smokers, those smoking >7 cigarettes/day had
significantly higher median cotinine levels (336 ng/ml) than those
smoking <7 cigarettes/day (192 ng/ml; p=0.001).

The sensitivity and specificity for cotinine levels to distinguish
non-smokers exposed to ETS from those not exposed to ETS were
used to plot an ROC curve. The ROC curve (Fig. 1) yielded an area
under the curve of 0.64 (CI 0.579–0.701; SE 0.031). The best
combined specificity (81%) and sensitivity (43%) was observed
at 10.95 ng/ml. Among self-reported non-smokers, 115 had serum
cotinine levels <10.95 ng/ml; thus 27 (19%) were misclassified.
Among self-reported non-smokers exposed to ETS, 81 had cotinine
levels <10.95 ng/ml; thus the misclassification rate was 57.1%.

The sensitivity and specificity for cotinine levels to distinguish

non-smokers (not exposed to ETS and those exposed to ETS)
from active smokers were used to generate an ROC curve. The
ROC curve (Fig. 2) yielded an area under the curve of 0.902 (CI
0.871–0.933; SE 0.016). The best combined sensitivity (91%) and
specificity (87.2%) was observed at 40.35 ng/ml. Only 11 of 142
(7.7%) self-reported active smokers had serum cotinine levels
<40.35 ng/ml.

DISCUSSION
Our results provide a reasonable cut-off level to differentiate non-
smokers from smokers in the Indian population with a high
sensitivity (91%) and specificity (87%). It is reasonable to believe
that there would be racial as well as regional differences in
nicotine metabolism, which could possibly account for differences
in the cut-off levels suggested by various studies in the past.13

FIG 1. Receiver operating characteristic (ROC) curve for various
levels of serum cotinine comparing reported non-smokers not
exposed to environmental tobacco smoke (ETS) with non-
smokers exposed to ETS  AUC area under the curve
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TABLE I. Baseline characteristics

Characteristic Non-smokers Smokers

Not exposed Exposed
to ETS to ETS

Mean (SD) age 47.8 (5.0) 48.3 (5.8) 49.0 (6.4)

Educational status (%)
Professional degree/postgraduate 20.8 15.5 10.6
Graduate 26.6 29.2 15.5
Secondary school 51.3 49.7 60.6
Up to primary school 1.3 5.6 13.3

Occupation (%)
Professional 14.9 11.8 9.2
Trained clerical 40.9 41.0 42.3
Skilled labourer 32.5 34.8 23.2
Semi-skilled labourer 10.4 10.6 23.2
Unskilled labourer 1.3 1.8 2.1

Median cotinine level (ng/ml) Non- Non- 336
detectable detectable

ETS environmental tobacco smoke

AUC=0.64 (95% CI=0.58–0.70)
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We found that the sensitivity to detect passive smoking by an
interviewer-administered questionnaire is relatively low (43%),
in contrast to the high sensitivity to detect smokers. This is
because of a substantial overlap in the cotinine levels between
self-reported non-smokers not exposed to ETS and those exposed
to ETS. Similar results have been found in previous studies.14,15 It
is not surprising that a number of people who reported exposure
to ETS at work and/or at home had non-detectable cotinine
concentrations. This is because the exposure questionnaire assessed
typical exposures, but did not seek specific information about
exposures on the days immediately preceding blood collection.
Also, the degree of passive smoke exposure is not only a function
of the time an individual spends in each setting but also of the
concentration of tobacco-related air pollutants in that
environment.16 Underreporting of passive smoke exposure can
also play an important role in underestimating cotinine level.17

Conclusions

In this Indian industrial population, a cotinine cut-off level of
40.35 ng/ml distinguished active smokers from non-smokers with
a relatively high sensitivity and specificity. However, the
categorization of non-smokers into those with and those without
a significant exposure to ETS at a cut-off level of 10.95 ng/ml had
a reasonably good specificity but a relatively poor sensitivity. It is
thus doubtful whether a brief questionnaire about hours of passive
smoking exposure in non-smokers is valid for distinguishing non-

FIG 2. Receiver operating characteristic (ROC) curve for various
levels of serum cotinine comparing non-smokers (not exposed
to environmental tobacco smoke [ETS] and exposed to ETS)
with active smokers  AUC area under the curve
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smokers exposed to ETS from those not exposed to ETS. A more
detailed questionnaire repeated at different time periods, eliciting
exposure status, and duration and frequency of exposure is required
to assess exposure to ETS in the Indian population.
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