
D
ow

nloaded
from

https://journals.lw
w
.com

/joem
by

BhD
M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3ZR

PSXgVoeN
m
m
O
9+vnC

f8dj0gZFXbN
9kcv2ouU

zy8LSqW
oH

pw
vAZZSA==

on
09/14/2018

Downloadedfromhttps://journals.lww.com/joembyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3ZRPSXgVoeNmmO9+vnCf8dj0gZFXbN9kcv2ouUzy8LSqWoHpwvAZZSA==on09/14/2018

Retrospective Smoking History Data Collection
for Deceased Workers: Completeness and
Accuracy of Surrogate Reports

Jessica Graus Woo, MHSA
Susan M. Pinney, PhD

Few studies have considered the completeness and accuracy of smoking
histories from surrogates for deceased workers. We surveyed 68 surrogates for
uranium plant workers who completed smoking histories before their deaths.
Completeness: 96% of surrogates answered definitively (yes or no) about
overall smoking status (eg, used any tobacco type), and 79 to 100% of
those answered definitively about specific tobacco types. Of those reporting
positive history, 50% to 67% answered detailed questions. Accuracy:
Surrogates were accurate about overall smoking status (Kappa (�) � 0.75)
compared with index self-report, but tended to underreport (P � 0.10).
Spouses and nonspouses performed similarly. Accuracy by tobacco type was
moderate (� � 0.21 to 0.56), with cigar smoking underreported. Surrogates
for cigarette smokers underreported duration and amount smoked. Surro-
gates for deceased workers can report accurately on overall smoking status,
but underreport other smoking habits. (J Occup Environ Med. 2002;44:
915–923)

T he use of surrogate reporting in epi-
demiological studies is often neces-
sary, especially when the subject of
interest, the index, is unavailable or
deceased. As part of a larger study of
former workers at the now-closed
Fernald Feed Materials Processing
Center (FMPC) near Cincinnati,
Ohio, we investigated the accuracy
and completeness of surrogate re-
ports of smoking history for a cohort
of deceased workers.

The Fernald FMPC was a Depart-
ment of Energy (DOE) uranium ore
processing center in operation from
1952 until 1989. Approximately
7300 individuals worked in the plant
for at least 3 months during the
37-year operation. It is one of only
two DOE sites that processed en-
riched ore from the Belgian Congo,
resulting in high radon emissions
from the K-65 silos on the property.

We began a study of the former
Fernald employee population in
1999 to model radon exposure esti-
mates and collect smoking histories
for the Fernald workers, in prepara-
tion for an epidemiologic study of
the health effects of radon exposure
in this population. Accurate smoking
history information is critical in such
a study, as the effects of chronic
low-dose radon exposure are unclear,
particularly for nonsmokers.1,2 Stud-
ies of miners have suggested that the
interaction between smoking and ra-
don exposure on lung cancer risk is
between additive and multiplicative
in scale.3–5 In addition, the interac-
tion between smoking and radon ex-
posure may depend on age,5,6 timing
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of radon versus cigarette exposure7

or duration of cigarette smoking.8

While there is sufficient radiation
data to model worker exposures in
various jobs, only scant and non-
quantitative smoking history data is
available in plant medical records. In
addition, many of the former workers
have died, requiring much of the
smoking history data to be collected
through surrogates, often spouses.
To date, we have collected 442 sur-
rogate-reported smoking histories for
deceased workers from this overall
cohort in addition to 2174 self-
reported smoking histories collected
through large-scale mailings and the
Fernald Workers’ Medical Monitor-
ing Program, described below. This
data collection is ongoing, and will
eventually include as many complete
smoking histories as possible from
the total cohort of �7300.

The question of surrogate accu-
racy for smoking history data has
been considered since at least 1975.9

Few studies have focused on surro-
gates for deceased workers,10,11

however, especially for those who
may also have experienced harmful
occupational exposures. Most other
studies of smoking history reporting
have focused exclusively on ciga-
rette smoking. While cigarette smok-
ing is likely the most important sin-
gle source of tobacco exposure, other
types of tobacco may also be impor-
tant determinants of the health ef-
fects of radon and other occupational
exposures.12 Therefore, this study at-
tempts to determine surrogate accu-
racy not only for cigarettes, but also
for cigar and pipe smoking and the
use of chewing tobacco.

Materials and Methods
In 1994, former workers of the

Fernald plant agreed to a settlement
in class action litigation against the
US DOE. One aspect of the settle-
ment provided a lifetime voluntary
Fernald Workers’ Medical Monitor-
ing Program, which includes yearly
health questionnaires and evalua-
tions to determine any adverse health

effects that may be related to their
work exposure to radiation from Fer-
nald. Information in the first health
questionnaire includes a detailed
smoking history, including lifetime
smoking history, amount, duration
and quitting habits for cigarettes, ci-
gars, pipes, and chewing tobacco.
Potential subjects (indexes) were 108
former Fernald employees who had
completed an initial health question-
naire for this program, but who had
subsequently died. Surrogate respon-
dents were identified from up to
three sources of information in the
index’s medical chart or elsewhere:
(1) name of the index’s spouse pro-
vided on the initial health question-
naire, (2) name of “survivor” on the
application for the litigation settle-
ment compensation, or (3) names
and addresses of up to “three people
who do not live with you but will
always know where you are” pro-
vided on the initial health question-
naire. Spouses were chosen preferen-
tially as potential surrogates, with
adult children of the index or other
relatives chosen when information
about the spouse was missing, the
spouse could not be contacted, or the
spouse refused to participate.

Surrogates were contacted with a
mailed information packet, including
a letter of introduction, an informed
consent form, the 6-page question-
naire, a half-sheet encouraging par-
ticipation even if the index did not
smoke, and a return addressed
stamped envelope. The half-sheet
was included in the mailing after
feedback to a pilot questionnaire
suggested that participants were less
likely to return smoking history
questionnaires about nonsmokers.
Surrogates with available phone
numbers were contacted two weeks
after the mailing to encourage partic-
ipation, and a second mailing was
sent to non-respondents within a
month of the first mailing. All surro-
gates included in the analysis signed
a statement of informed consent, a
component of the study protocol ap-

proved by the University of Cincin-
nati Institutional Review Board.

Questionnaires for surrogates were
designed to match the questions
posed to index subjects as part of the
Medical Monitoring Program. Surro-
gates were asked to provide demo-
graphic and relationship information
about themselves and the index (eg,
familial relationship, length of time
they lived in the same house, year the
index died). They were also asked
about the index’s smoking history,
including whether the index ever
used any tobacco product, whether
they used cigarettes, cigars, pipes, or
chewing tobacco in particular, and
detailed information about each type
of tobacco, including the duration
that the index used that type of to-
bacco and the average amount that
the person smoked per day or week.
The questionnaire was designed with
a “skip pattern” design; if the index
did not use a particular type of to-
bacco, the detailed questions would
be skipped. Educated guessing was
encouraged, but a “Don’t know/
Cannot guess” option was also in-
cluded for each question. Question-
naires were personalized with the
deceased index’s name and personal
pronouns throughout the question-
naire. Data from both the self and
surrogate questionnaires was inde-
pendently entered by two individuals
into a SAS data set and compared for
consistency. Discrepancies in data
entry were resolved by one of the
researchers (JGW). All data analysis
was conducted using SAS software
(SAS Institute, Cary, NC).

Positive “overall smoking status”
was determined if the index met one
or more of the following criteria in
his or her lifetime: (1) smoked at
least 400 cigarettes (20 packs), (2)
smoked at least one cigar per week
for a year or longer, (3) smoked at
least one pipe per week for a year or
longer, or (4) used chewing tobacco
at least once a week for a year or
longer. In addition, smoking history
for any tobacco type was separately
determined using the same criteria.
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Some editing was conducted such
that index or surrogate questionnaire
responses to duration and amount
questions were considered when as-
signing “positive smoking history”
status, particularly for those who left
the overall or tobacco-type specific
smoking status questions blank.
Other internally inconsistent results
were maintained as reported.

Agreement between index and sur-
rogate reports was determined by the
Kappa statistic, percent agreement,
and McNemar’s test of asymmetry
for categorical variables and paired
Student’s t tests for continuous vari-
ables. A two-sided P-value �0.05
was considered to be statistically sig-
nificant.

Results

Response Rate and
Representativeness

Of the 108 questionnaires sent to
surrogates, 68 were returned, for a
response rate of 63%. Seventy-nine
percent of surrogates were spouses
of the deceased index, reflecting our
preferential emphasis on spousal sur-
rogates. Index subjects included 65
men (96%) and 3 women (4%).

This study focuses on the accuracy
of responses for a small proportion
of the total Fernald population. Our
validity study cohort (n � 108),
however, is representative of the en-
tire deceased cohort with surrogate-

reported smoking history (n � 442)
in terms of gender, tenure and pay
category at Fernald, and reported
smoking habits (Table 1). The study
cohort is somewhat different from
living workers from whom we have
collected smoking history data (n �
2174) and the total Fernald cohort
(n � 7402), in that tenure at Fernald
is shorter and the proportions of
males and smokers are smaller in the
living and total cohorts than in any of
the deceased cohorts. This may re-
flect true differences between the
Fernald employees during the earlier
years (eg, predominantly male and
employed at Fernald for longer
terms), which make up the majority
of the deceased cohorts, and those
employed later (eg, higher percent-
age female and short-term employ-
ees), which comprise much of the
living cohort.

Within the potential study cohort,
the 68 indexes whose surrogates re-
sponded are similar to the 40 indexes
of surrogate non-responders in terms
of gender, tenure and pay category at
Fernald, interval between the index’s
death and questionnaire mailing, and
smoking habits.

Self-Reported Data
Two indexes did not provide infor-

mation on overall smoking status or
sufficient detailed smoking history,
and were excluded from the analysis.

TABLE 2
Self-Reported Index Smoking History Characteristics

Characteristic
n/N

Responding %

Positive overall smoking status 52/66 79%
Positive cigarette status 49/52 94%
Positive cigar status 14/49 29%
Positive pipe status 14/49 29%
Positive chewing tobacco status 5/52 10%

Used only one type of tobacco 30/52 58%
Used two types of tobacco 14/52 27%
Used three types of tobacco 8/52 15%
Quit smoking prior to completing

questionnaire
34/44 77%

TABLE 1
Characteristics of Study Population Compared with Non-Responders and Other Fernald Cohorts*

Study Cohort Fernald Cohorts

Indexes with
Surrogate

Responders

Indexes
without

Surrogate
Responders

Deceased
with

Smoking
History

Living with
Smoking
History

Total Fernald
Cohort

N 68 40 442 2174** 7402**
Information source Self/Surrogate Self Surrogate Self Fernald records
Gender (% male) 96% 93% 96% 82% 84%
Tenure at Fernald (years [SD]) 14 (11.7) 11.7 (10.8) 13.5 (9.2) 6.4 (8.3) 5.9 (8.0)
Pay category (% hourly) 60% 70% 70% 44% 47%
Time between death and survey

mailing (years [SD])
3.4 (1.2) 3.2 (1.1) 16 (9.3) N/A N/A

Smoker (%) 79% 81% 76% 58% N/A
Cigarette smoker (% of smokers) 94% 94% 93% 91% N/A

* When both surrogate and self-report available, self-reported data included in this table.
** Includes a small number of sub-contractors to the Fernald site (up to 150 in the total Fernald cohort).
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Seventy-nine percent of indexes (52
of 66) self-reported a positive overall
smoking history, indicating that they
met the criteria for using one or more
tobacco types in their lifetime (Table
2). Of these, the vast majority (94%)
smoked cigarettes, while no greater
than 29% used cigars, pipes, or
chewing tobacco. Most smokers
(58%) used only one type of tobacco
(usually cigarettes), but 42% of
smokers used either two or three
types of tobacco in their lifetime,
often combining cigarette smoking
with either cigar or pipe smoking or
both. Seventy-seven percent of in-
dexes (34 of 44 reporting) reported
that they had quit using at least one
type of tobacco before completing
the questionnaire.

Surrogate Completeness
Although 68 surrogates completed

questionnaires, the response rate var-
ied from question to question, as
summarized in Fig. 1. Three surro-
gates did not provide information on
overall lifetime smoking status or
sufficient detailed smoking history,
and were therefore removed from the
analysis. Of the remaining 65 surro-
gates, forty-seven indicated that the
index used one or more tobacco
types, while 18 indicated a negative
lifetime smoking history.

The 47 surrogates reporting a pos-
itive overall smoking history were
asked to respond to each type of
smoking in particular (eg, cigarettes,
cigars, pipes, and chewing tobacco).
While all of the surrogates were able
to provide a definitive response (ei-
ther yes or no) about cigarette smok-
ing status, only 89%, 79%, and 87%
of surrogates could provide a defini-
tive response (either yes or no) about
cigar smoking, pipe smoking, and
chewing tobacco use, respectively.
The 11 to 21% of “missing” re-
sponses was overwhelmingly “Don’t
Know/Cannot Guess” with very few
blanks. This suggests that surrogates
may be relatively more aware of
their index’s cigarette smoking status
than other types of tobacco use, even
when they could report definitively
on overall smoking status.

The number of non-responses was
even greater when we asked detailed
questions about the duration and
amount smoked, by tobacco type.
Among the 45 surrogates indicating
positive cigarette smoking history,
only 30 (67%) could provide infor-
mation about the number of years
smoked, and only 31 (69%) provided
information about average cigarettes
smoked per day. We found similar
patterns for all tobacco types, with
only 57% of surrogates for cigar
smokers, 50 to 66% of surrogates for
pipe smokers, and 66% of surrogates
for chewing tobacco users respond-
ing to detailed questions. The vast
majority of the nonresponses were
“Don’t Know/Cannot Guess,” sug-
gesting insufficient knowledge of the
index’s smoking habits rather than
an unwillingness to answer.

Surrogate Accuracy: Overall
Lifetime Smoking Status

After removing all pairs in which
either the index or proxy did not
respond to the overall smoking his-
tory question (n � 5), we analyzed
63 pairs of surveys for surrogate
accuracy. Seventy-one percent of
surrogates indicated the index
smoked, versus 78% of index self-

reports, resulting in a simple Kappa
(�) value of 0.75 (95% confidence
interval [CI]: 0.56 to 0.94), with 90%
exact agreement. McNemar’s test of
symmetry had a P-value of 0.10,
indicating a trend toward underre-
porting among all surrogates taken
together.

Spouses and non-spouses performed
similarly in reporting on index overall
smoking status, with � of 0.74 and
0.80, respectively (test of equal �, P �
0.77). Subgroup analyses of spouses
and non-spouses revealed neither
group was biased toward overreporting
or underreporting overall smoking
status (P � 0.18 and 0.32, respec-
tively). Percent agreement was quite
high within each group, with 90% of
spouses and 92% of non-spouses
agreeing on the index’s lifetime
smoking status.

Recency of the index’s death ap-
pears to affect surrogate reporting
accuracy on overall smoking history.
Surrogates reporting on indexes who
had died within the previous three
years (n � 38, mean recall � 2.5
years) tended to provide accurate
results (� � 0.80, 95% CI: 0.60 to
1.00), but marginally underreported
smoking status (p � 0.08). Surro-
gates reporting for those who had
died three to six years previously
(n � 25, mean recall � 4.5 years)
appeared somewhat less accurate
(� � 0.65, 95% CI: 0.29 to 1.00) but
were more balanced in their misre-
porting (p � 0.56). Statistically, the
two Kappa coefficients are not dis-
tinguishable (P � 0.47).

Surrogate Accuracy: Smoking
Status by Tobacco Type and
Quitting Patterns

For each type of smoking, we
included only those pairs in which
both the index and surrogate re-
sponded definitively (eg, yes or no)
about that type of tobacco use. Sur-
rogate accuracy in reporting smoking
status varied by the type of tobacco
reported. Table 3 shows that agree-
ment, shown as “�/�” or “�/�” in
the table, favors either high preva-

Fig. 1. Surrogate responses by smoking
history question.
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lence (eg, cigarettes) or low preva-
lence (eg, chewing tobacco) tobacco
types. Agreement was lower and less
uniform for tobacco types that are
used with intermediate frequency
(eg, cigars and pipes).

Percent agreement between surro-
gates and indexes was best for ciga-
rette smoking status (Table 4). Forty-
five of 49 reporting surrogate-index
pairs (92%) agreed about cigarette
smoking status, either positive or
negative, resulting in a moderately
high Kappa score (� � 0.56). Surro-
gates did not appear consistently to
over-report or underreport cigarette-

smoking status. In contrast, indexes
and surrogates did not agree well on
cigar smoking (� � 0.21). In addi-
tion, there was a trend for surrogates
of smokers to underreport cigar
smoking when they were incorrect
(P � 0.13). Surrogates achieved a
similarly low agreement for pipe
smoking behavior, but with a some-
what higher Kappa and no noticeable
asymmetry. Chewing tobacco use
was rare in this population, with
most of the responses affirming non-
use, leading to somewhat better
agreement in status, with no asym-
metry in response.

Surrogates were moderately accu-
rate with respect to index quitting
patterns. It is important to note that
the time frame considered in the two
questionnaires was different, with in-
dexes answering about their quitting
by the time they completed the sur-
vey (generally when they enrolled in
the Medical Monitoring Program),
and their surrogate answering about
quitting by the time the index died.
Of those reporting (n � 44), 89% of
the surrogates reported that the index
had quit smoking, while only 77% of
indexes had reported quitting (� �
0.61, 95% CI: 0.31 to 0.91). McNe-
mar’s test reveals significant asym-
metry in responses, with surrogates
likely to over-report quitting (P �
0.025), with quitting patterns among
cigarette smokers driving this asym-
metry (P � 0.05). Because of the
differences in timing between the
two reports, some indexes may have
quit smoking after entering the Med-
ical Monitoring Program, leading to
the (potentially correct) higher surro-
gate report of indexes’ quitting pat-
terns.

Surrogate Accuracy: Detailed
Smoking History

Surrogate data obtained about de-
tailed smoking history of indexes
was limited. Of the 42 surrogate-
index pairs who both reported posi-
tive cigarette smoking status (“�/�”
in Table 2), only 29 (69%) both
provided information about the num-
ber of years smoked and 28 (67%)
both reported the number of ciga-
rettes smoked per day. Surrogates
reported 3.6 fewer years of cigarette
smoking (P � 0.08) and 2.9 fewer
cigarettes per day (P � 0.13) than
index self-reports (Table 5). Due to
small numbers, we cannot report re-
sults for cigars (n � 2), pipes (n �
5), and chewing tobacco use (n � 1)
with respect to accuracy about
amount or duration of use.

We further investigated the impact
of reporting on duration and amount
of use on the final calculation of
pack-years of smoking, a common

TABLE 3
Index/Surrogate Report of Smoking Status, Overall and by Type of Tobacco

Category n* �/�** �/� �/� �/�

Overall smoking status 63 44 5 1 13
(100) (70) (8) (2) (21)

Cigarette status 49 42 3 1 3
(78) (86) (8) (2) (6)

Cigar status 42 3 8 3 28
(67) (7) (19) (7) (44)

Pipe status 34 6 4 5 19
(54) (18) (12) (15) (56)

Chewing tobacco status 47 2 3 1 41
(75) (4) (6) (2) (87)

* n indicates total index-surrogate pairs with both providing definitive responses (either yes
or no) for this question. Top number, count; bottom number, percent. Percent in this column
calculated as number of definitive responses in each category over number definitive
responses to overall smoking status (63).

** For all four remaining columns, �, positive smoking history; �, negative smoking history.
First symbol represents index self-report and second symbol represents surrogate response.
Top number, count; bottom number, percent. Percent calculated as number under the
column heading (eg, ‘�/�’) over number of definitive responses in the category (eg,
cigarettes).

TABLE 4
Agreement between Index- and Surrogate-Reported Smoking Status, Overall
and by Tobacco Type*

Category n
%

Agree
Kappa

(95% CI)
McNemar
P-value

Overall smoking status 63 90% 0.75 0.10
(0.56–0.94)

Cigarette status 49 92% 0.56 0.32
(0.17–0.94)

Cigar status 42 74% 0.21 0.13
(�0.12–0.53)

Pipe status 34 74% 0.38 0.74
(0.05–0.71)

Chewing tobacco status 47 91% 0.46 0.32
(0.01–0.90)

* n indicates total index-surrogate pairs with both providing definitive responses (either yes
or no) for this question, excluding all missing data. CI, confidence interval.
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epidemiologic measurement of to-
bacco exposure. Twenty-three of the
42 index-surrogate pairs (55%) both
provided sufficient information to
calculate pack-years smoked. The
variance of pack year estimates for
both indexes and surrogates was
quite large, precluding any statistical
difference between them. However,
the pattern of underreporting among
surrogates appears consistent with
the above findings.

Discussion
This study examined both the

completeness and accuracy of surro-
gate reporting of smoking history
data for a deceased worker popula-
tion. With respect to completeness,
we found that surrogates were pro-
gressively less likely to answer more
detailed questions. Nearly all of the
surrogates in our study were able to
answer definitively about the index’s
overall lifetime smoking status.
Among those who reported a posi-
tive overall status (eg, used one or
more tobacco types), all were able to
respond about cigarette smoking in
particular, but between 11 and 21%
of surrogates were unable to answer
about cigar smoking, pipe smoking
or chewing tobacco use. “Nonre-
sponse” rates for more detailed
smoking questions about duration
and amount of use by tobacco type
ranged from 33% to 50%. Only three
other studies have previously inves-
tigated non-response rates for surro-

gate-provided smoking histories.
Pickle’s13 study of 2606 next-of-kin
of deceased or disabled lung cancer
patients found non-response rates
among spouses of between 16% and
44%, with the “detailed smoking his-
tory” most frequently left blank.
Swanson14 also investigated surro-
gate completeness among cancer pa-
tients or their next-of-kin (n � 107).
They report that all patients and sur-
rogates provided information about
cigarette smoking status, but that sur-
rogates accounted for between 56%
and 86% of the “unknown” re-
sponses for detailed smoking history
questions. In contrast to our study,
however, Nelson et al15 report that
surrogate non-response was less than
10% for detailed cigarette smoking
questions, and that spouses had
lower non-response rate than other
surrogates. While these results are
not directly comparable to our study,
it appears that surrogates frequently
leave detailed questions blank.

With regard to accuracy of re-
ported responses, our study confirms
that surrogates can report accurately
on an index’s overall lifetime smok-
ing history. We found that 90% of
surrogates and indexes agreed about
the index’s lifetime use of any to-
bacco product. Recall interval, how-
ever, may create subtle shifts in re-
call accuracy among surrogates for
deceased subjects. Importantly,
agreement between indexes and sur-
rogates was similar for the two dif-

ferent recall periods studied (�3
years and 3 to 6 years), but differed
in their likelihood to underreport
smoking status. This effect of time
since death on reporting accuracy
has not previously been investigated,
and our study suggests that recall
intervals up to 6 years may introduce
only subtle shifts in surrogate accu-
racy.

Some studies have found that
spouses perform better as surrogates
than non-spouses,11,16,17 while oth-
ers have not.15,18 Two studies have
found that spouses report smoking
status and duration of smoking with
greater sensitivity and specificity
than nonspouses,16 particularly col-
leagues.11 Nelson et al15 investigated
detailed smoking histories for 283
control-surrogate pairs and 68 case-
surrogate pairs in a study of sub-
arachnoid hemorrhage. Their study
noted high agreement on smoking
status for all surrogate categories
(� � 0.74 to 0.95) and little differ-
ence between spousal and non-
spousal reports on detailed questions.
Lyon et al18 reported that spouses
even performed somewhat worse
than nonspouses on categorizing
ever smoking, and were more likely
to underestimate pack-years. Our
study found that spousal and non-
spousal surrogates provided similar
agreement with their indexes, with
� � 0.74 and � � 0.80, respectively,
not a significant difference. In addi-
tion, although all surrogates taken
together tended to underestimate the
index’s overall smoking status, our
subgroup analysis did not implicate
either spouses or non-spouses as par-
ticular contributors to this underre-
porting.

We investigated differences in re-
porting accuracy for different to-
bacco types. Agreement on smoking
status was 92% for cigarettes and
91% for chewing tobacco use, the
former predominantly confirming
use and the latter confirming non-
use. Our surrogates’ agreement on
cigarette smoking status compares
well with previous reports of 85% to
100% agreement for “current” or

TABLE 5
Index- and Surrogate-Reported Amount and Duration of Cigarette Use and
Calculated Pack Years*

n

Mean (SD) Mean
Difference

(SE) P-value**Index Surrogate

Cigarettes
smoked/day

28 20.2 (8.2) 17.3 (9.0) 2.9 (1.8) 0.13

Years smoked 29 36.2 (14.8) 32.7 (17.0) 3.6 (2.0) 0.08
Pack years 23 38.4 (22.0) 34.9 (28.6) 3.6 (4.4) 0.43

* n indicates total index-surrogate pairs reporting a positive cigarette smoking status and
both providing responses for this question. SD, standard deviation; SE, standard error of the
mean difference. Pack years calculated as {(cigarettes smoked/day)/20}/(years smoked), and
is defined as the number of years the index smoked a pack of 20 cigarettes a day.

** P-value from paired t test.
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“ever” cigarette smoking,9,10,15–31

and is nearly identical to surrogates
for another cohort of deceased work-
ers (92% agreement).11 Agreement
in our study, however, was only 74%
for both cigar and pipe smoking sta-
tus. This is lower than reported
agreement for cigar and pipe smok-
ing of approximately 80% in both
living and deceased cohorts,22,26

with one study reporting relatively
high agreement (�85%) for all to-
bacco types in a living cohort.20 In
addition, we report a trend toward
underreporting of cigar smoking sta-
tus when the index and surrogate
disagreed. In our study, agreement
by type of tobacco was a function of
the prevalence of that tobacco’s use,
with higher accuracy for tobacco
types with either high or low preva-
lence of use. This is in contrast to
Boyle and Brann’s16 finding that
lower prevalence smoking habits are
reported with low sensitivity.

Poor surrogate-index agreement on
non-cigarette smoking may materially
affect retrospective studies, particu-
larly with lung cancer as an outcome.
A large recent European study found
that cigar or pipe smoking confers
significantly increased odds of devel-
oping lung cancer (odds ratio [OR] �
9.0 for cigars/cigarillos and 7.9 for
pipe smoking) compared with never
smokers, and each showed a dose-
dependent relationship.32 Our finding
of lower agreement on cigar and pipe
smoking and underreported cigar
smoking status may mask true rela-
tionships between these exposures and
lung cancer risk in retrospective stud-
ies of deceased workers, if surrogate
data is used.

Detailed smoking history provided
by surrogates has often been criti-
cized as less accurate,11,15,16,18,31,33

and our own study confirms this
assertion. Other studies have found
agreement between indexes and sur-
rogates on cigarettes/day typically to
be low, with exact agreement esti-
mated at 36% when measured con-
tinuously19 and from 29 to 84%
when agreement is within five ciga-
rettes/day.19,26,27 Use of four to eight

smoking categories rather than con-
tinuous measures of cigarettes/day
improves percent exact agreement
(range: 46% to 87%), but the Kappa
statistics remain notably low (� �
0.33 to 0.60).9,11,23,31,34 Surrogate
reports on total years smoked appear
to be somewhat more stable and
accurate (� � 0.84 to 0.92).15,22

Our study focused on surrogate un-
der- or over-reporting of duration and
amount smoked, and the effects on
pack-year calculations. Underreporting
by surrogates on detailed smoking his-
tory is relatively common,11,15,16,31

but not universal,9,22,35 and may be
influenced by the index’s disease sta-
tus.33 Nelson et al report that surro-
gates underreport years of cigarette
smoking by 1.68 years (95% CI:
�3.24, �0.12), and tend to underre-
port cigarettes/day (�1.96, 95% CI:
�4.2, 0.28), with a resulting insignifi-
cant 2 pack-year difference.15 In con-
trast, paired responses on years
smoked or cigarettes/day between 66
deceased lung cancer patients and their
wives were similar.22 In our study,
surrogates on average reported 3.6
fewer years of cigarette smoking and
2.9 fewer cigarettes/day than indexes,
both marginally significant findings.
This underreporting, however, did not
result in significantly lower estimates
of pack-years, consistent with previous
reports.15

There are several potential reasons
for our surrogate inaccuracy. First,
for our population of mostly-male
working indexes, the surrogate was
often a female spouse who may not
have been aware of her husband’s
smoking habits at work. Interviews
with living former Fernald workers
indicate that many workers smoked
at work during their breaks or at
lunch. Second, many of the workers’
families were aware of the potential
occupational risks involved in work-
ing at Fernald. Families of deceased
Fernald workers have shared with us
concerns that their family members’
illnesses were associated with their
tenure at Fernald. It is possible that
family members downplayed the in-
dex’s smoking habits in line with

their beliefs that occupational expo-
sures, rather than lifestyle choices,
adversely impacted their loved ones’
health. Although one small study of
surrogates for deceased smelter
workers (n � 14) found that surro-
gate accuracy was unaffected by
knowledge about the risk of smoking
combined with arsenic exposure at
the plant,10 it seems likely that sur-
rogate knowledge of occupational
risks would play a significant role in
studying deceased occupational co-
horts. Finally, it is possible that some
of the spouses married the index later
in life, and would therefore be less
likely to know the index’s early
smoking history. Our spousal surro-
gates (n � 54), however, reported
living with the index an average of
44.8 (SD � 13.3) years, and only 4%
of our entire sample lived with the
index fewer than 16 years. There-
fore, we do not believe remarriage
late in life to be a major source of
bias.

This study provides some insight
into the interplay between complete-
ness (ie, willingness to respond) and
accuracy of surrogates. One hypoth-
esis is that people who are less sure
do not respond, leaving only a more
accurate subset of responders. There-
fore, one might expect that for gen-
eral questions, most people would be
confident in their answer and would
respond, which our study reports.
One would also expect, however,
that with more detailed questions,
fewer people would respond (which
we found), and that those people who
did respond would be more accurate
(which we did not find). Thus, this
hypothesis does not hold in our study
population. This interaction between
confidence and accuracy, however,
has not previously been reported and
should be explored further in relation
to surrogate reporting.

This study is one of only three that
has considered a deceased index in
an occupational context, and the
other studies are inadequate to an-
swer important questions in occupa-
tional epidemiology. One includes a
cohort of 118 welders, but the recall
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interval was short (�2 years),11 and
the other is a small study of only 14
smelter workers which used unveri-
fied plant medical records as the
reference.10 Most studies of non-
occupational cohorts have focused
on cigarette smoking histories ob-
tained from living indexes and surro-
gates, often obtained concurrently.
The applicability of these studies to
retrospective cohorts of occupational
populations may, therefore, be lim-
ited. In particular, these studies do
not often address the recall interval
implicit in collecting data on de-
ceased individuals, or the fact that
indexes may be aware that their an-
swers will be compared with a sur-
rogate’s.

In conclusion, we have found that
surrogates for a deceased working
population agree sufficiently with in-
dexes about the index’s lifetime
smoking status, but are less accurate
regarding the duration or amount of
smoking. Spouses and non-spouses
perform similarly in reporting smok-
ing status. Agreement about smoking
status does vary by tobacco type,
however, and is subtly influenced by
the length of recall time after the
index’s death. Thus, this study sup-
ports the usefulness of querying sur-
rogates about their family member’s
smoking status for retrospective oc-
cupational epidemiologic studies, but
data on non-cigarette smoking status,
smoking duration or amount smoked
should be interpreted with caution.
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