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The availability and the choice of appropriate comparison groups are es-
sential for valid occupational epldemlologlc studies. Too often, however, ade-
quate comparison groups cannot easily be found within a workplace environ-
ment or extracted from the general population. An evaluation of the efficacy of
using a pool of comparison subjects from the Health and Nutrition Examina-
tion Survey (HANES) was performed on data gathered by the National Insti-
tute for Occupational Safety and Health In 1979. Comparison groups from the
HANES pool were derived for 246 workers at four different commercial/
Industrial facilities In the Niagara Falls, New York, area and the comparability
between the groups was assessed for several demographic, behavioral, and
biomedical variables. The HANES groups exhibited a high degree of com-
parability with regard to most variables, excluding ancestry. The HANES
pool may serve as a useful source of subjects to allow for the comparison of
disease rates where occupational exposure is the key distinguishing feature
between groups.

cross-sectional studies; epldemiologic methods; occupational diseases

The choice of comparison groups is one masked or exaggerated (2). Conversely, a
of the most vulnerable aspects of epidemi- spurious excess of disease may appear be-
ologic studies, particularly occupational cause of a lower background prevalence in
health studies (1-4) . Depending on which a comparison group chosen without re-
groups are used for comparison, a true ex- gard to selection bias. The need for ade-
cess prevalence of a disease may be quate comparison groups is evident in the

increasing number of cross-sectional epi-
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area; and 3) differential demographic
characteristics may exist between those
workers in the study group and those in
the rest of the plant, so that meaningful
comparisons are obscured by confounding
factors (6). The choice of a comparison
group from outside the work environment
also presents a problem, since the use of
general population groups may lead to a
comparison bias known as the "healthy
worker effect" (2, 7). This phenomenon is
frequently observed in occupational
health studies, presumably because some
degree of good health is a prerequisite to
employment.

Cross-sectional occupational health
studies, while limited in their utility,
provide the opportunity for rapid deter-
mination of diseases with either a high
incidence or long duration (8). Such
studies may also detect chronic, non-
debilitating diseases such as those with a
recovery potential that will allow re-entry
into the workplace. Cross-sectional data
may be gathered not only on diseases or
conditions prevalent at a given time, but
also on those experienced in the past. The
gathering of such data allows for the
evaluation of the current health of a
workforce or, when repeated on the same
workforce, an appraisal of historic trends.
Both of these evaluation efforts depend on
which comparison group is used.

The need for adequate comparison
groups and the problems and costs in-
volved in finding such groups for each
study are ample reasons to search for cur-
rently available pools of comparison sub-
jects. The Health and Nutrition Examina-
tion Survey (HANES) of the National
Center for Health Statistics provides a
multistage, stratified probability sample
of the civilian noninstitutionalized popu-
lation of the United States (9, 10). The
survey provides data on the prevalence of
specific conditions and chronic diseases,
as well as normative data on such re-
quirements as physical and biochemical
parameters and information on nutri-

tional status and deficiencies (11). Over
40 collaborative epidemiologic projects
have been initiated using HANES data,
but few have involved investigation of oc-
cupational disease (12). The efficacy of
using this group as a comparison stan-
dard depends on two factors: 1) whether
such a sample or its subsets are by design
or adjustment similar to target groups in
the distribution of various potentially
confounding factors, and 2) the existence
of no other significant, undetected sources
of bias within the sample which could
lead to unreliable conclusions. This paper
evaluates the use of comparison groups
drawn from the HANES sample in ex-
posure-selective cross-sectional studies
of four commercial/industrial facilities in
the same community.

MATERIALS AND METHODS

Occupational groups from four com-
mercial/industrial facilities in the Ni-
agara Falls, New York, area were cho-
sen for comparison with the HANES
group. They included employees in a steel
finishing company (Group A), workers in
two companies that manufactured ship-
ping drums and metal alloy powders, re-
spectively (Groups B and C), and the
maintenance and housekeeping workers
of a university (Group D). All were being
studied because of their workplaces' prox-
imity to a landfill containing toxic chemi-
cals (13). Since they all were potentially
exposed to vapors and dusts from the
landfill, comparison groups from non-
exposed areas had to be chosen and their
comparability evaluated. The HANES I
Survey (1971-1973) of 6913 adults, ages
25 to 74 years, provided a pool of compari-
son subjects (8). Persons in the HANES
sample had been administered a variety
of questionnaires and given physical
examinations and laboratory tests at the
time of the HANES survey.

The four occupational study groups
were given identical questionnaires con-
taining selected sections of the HANES
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questionnaire. These questionnaires were
administered by a team of interviewers
trained for the purpose. The results of
these questionnaires were compared with
results obtained from a subset of the
HANES sample comprised only of people
who indicated that they were employed at
the time of the survey. Two comparison
subjects were chosen for each subject in
each study group. To achieve maximum
comparability, the members of each study
group were individually matched with
two members of the HANES group on age
(±3 years), sex (same), race (study sub-
jects were classified as "black" or "white,"
the latter including, for matching pur-
poses, all non-blacks), marital status
(married, never married, formerly mar-
ried), and household income (high, me-
dium, and low, adjusted for inflation).
Consequently, groups A, B, C, and D had
65, 60, 97, and 21 matched triples, respec-
tively. The comparability between the
study groups and the HANES matches
was evaluated for demographic variables
such as schooling and ancestry, for be-
havioral variables such as smoking and
drinking habits, and for selected health
and biologic variables such as a history of
rheumatic fever, heart murmur, allergy
to food, history of polio, and weight. These
health variables were chosen because,
with the possible exception of weight,
they are presumably unrelated to any oc-
cupational exposure.

The relative similarity between each
occupational group member and his or her
HANES matches was determined for the
variables identified using the Mantel-
Haenszel method for matched triples with
dichotomous outcomes, and the expres-
sion for the Stuart-Maxwell chi-square
statistic for three outcomes derived by
Fleiss and Everitt (14-16).

RESULTS

A comparison of the number of years of
schooling completed showed that no
statistically significant difference existed

for the distribution of school years be-
tween any occupational group and its
matches or for all occupations combined
(table 1). In 43 per cent of the matched
triples, the educational levels were the
same. The HANES matches had more
education in 25 per cent of the triples and
less in 32 per cent. Specifically, three of
the four occupational groups had a higher
proportion of persons with some high
school education than their HANES coun-
terparts. Two of the HANES groups had
achieved a greater proportion of some col-
lege education and two had a lesser pro-
portion than their specific occupational
group.

Considerable differences existed for an-
cestry or national origin in each occupa-
tional group and their HANES compari-
son groups (table 2). The occupational
groups were all comprised of significantly
more people of Italian or Polish ancestry,
and fewer of Irish ancestry; the occupa-
tional groups had from 9 to 38 per cent
Italian members, while the percentage of
Italians in their matches ranged from 0 to
8.4 per cent. The occupational groups also
had practically no Spanish, Mexican,
Chinese, or American Indian members.
As was expected because of matching for
race, the groups were almost identical for
members of "Negro" origin.

Table 3 shows the per cent who were
current cigarette and cigar smokers for
each occupational group and its compari-
son. Three of the four groups were not
significantly different from their HANES
comparisons for cigarette smoking (p <
0.05). The percentage of current cigarette
smokers ranged from 53.4 to 81.0 per cent
in the occupational groups and 56.1 to
61.7 per cent in the comparison groups.
The least "industrial" workers, that is,
the maintenance/housekeeping workers
of the university, had the highest smok-
ing rate, 81.0 per cent. Conversely, they
had the lowest cigar smoking rate, 13.3
per cent. Three individual study groups
had higher prevalences of cigar smoking
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TABLB 1

Percentage distribution of years of education completed by occupational groups A, B, C, and D in
Niagara Falls, New York, and their HANES* comparisons, 1979

Years of education completedt
uccupaiionai groups

and comparisons

A
HANES (A)

B
HANES (B)

C
HANES (C)

D
HANES (D)

A,B,C,D*
HANES (A,B,C,D)

n = 65
n = 130
X1 = 1-33

n = 60
n = 120
X1 = 1.96

n = 97
n = 194
X1 = 4.6

n = 21
n = 42
X1 = 0.071

n =246
i n = 492

X1 = 1-53

Elementary school
1-8

13.7
18.0

20.4
30.9

10.3
20.2

23.9
22.5

14.6
22.0

High school
9-12

64.6
49.0

64.5
52.1

57.7
55.9

47.6
60.0

60.8
52.6

College
13-17

21.5
32.8

14.3
17.2

32.0
27.0

28.6
17.5

24.4
25.0

* Health and Nutrition Examination Survey.
t Matched triple analysis for categories 1-8, 9-12, 13-17, x* with 2 d.f.
X Combined analysis includes three triples from a fifth occupational group not in the individual analyses.

than their HANES comparisons, an as-
sociation that was statistically significant
(p < 0.05) for the study population as a
whole.

Alcohol consumption by proportion and
magnitude did not differ significantly be-
tween three of the occupational study
groups and their comparison groups but
did in group C (table 4). When all four
groups were taken together and compared
with pooled HANES groups, no statis-
tically significant difference was seen.
Generally, however, the study groups
had lower percentages than comparison
HANES groups for the designation "every-
day drinking," with percentages ranging
from 9.5 to 14.8 per cent, compared with
those of the comparison group of 15.9 to
19.3 per cent. With each category of lower
frequency of consumption, the occupa-
tional groups and their HANES matches
became more similar in terms of drink-
ing, and the study group exceeded the
comparison groups in the category of
drinking "two to three times per week."

Several biologic markers were reviewed
to evaluate the comparability between
groups. No difference in weight was found
between study groups and their HANES
comparison groups. The prevalences of
disease conditions such as a history of
rheumatic fever, heart murmur, allergy
to food, and history of polio were evalu-
ated and no statistically significant dif-
ferences between groups were found. Two
other biologic variables which would have
been considered unrelated to chemical
exposure were hiatus hernia and surgery
for hiatus hernia. Two of the four study
groups, however, had significantly great-
er frequencies than their comparisons
for these two conditions (p < 0.05).

DISCUSSION

Generally, the study groups and their
matches were similar in regard to most of
the behavioral, demographic, and biologic
variables evaluated. While they were ra-
cially the same, due to matching, they did
show differences in reported ancestry,
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TABLE 2

Percentage* distribution of ancestry in occupational groups A, B, C, and D in Niagara Falls, New York,
and their HANESt comparisons, 1979

Ancestry
or origin

Irish
Italian
French
Polish
Russian
English
Spanish

Chinese
Amindian
Negro
American
Jewish
Other

N =

A

9.2
92
92

123
0

15.4
0
0
0
0

3.1
0
0

29.2

65

HANES(A)

14.8
0.0
8.6
2.3

0
195

2.3
2.3
1.6
23
3.1
7.0

0
125

128

B

133
383

83
10.0

0
6.7

0
0
0
0

5.0
0
0

83

60

Occupational groups and comparisons
HANES (B)

23.7
25
1.7

0
0

14.4
1.7
42
1.7
1.7
5.1

11.0
0

115

118

C

12
24.7

1.0
103

2.1
14.4

0
0
0
0

8.2
0
0

165

97

HANES(C)

13.1
8.4
63
2.6
1.0

13.1
1.6
3.7

0
2.1
8.4
63

0
14.7

191

D

143
19.0

0
4.8

0
19.0

0
0
0
0
0
0
0

23.8

21

HANES (D)

15.0
0

5.0
5.0
5.0

20.0
2 5
5

0
0
0

11.0
2 5

15.0

40

* Per cents do not add to 100.0% because all ancestral groups are not represented.
t Health and Nutrition Examination Survey.

TABLE 3

Percentage distribution of cigarette and cigar smoking in occupational groups A, B, C, and D in
Niagara Falls, New York, and their HANES* comparisons, 1979

Occupational groups
and comparisons

A
HANES (A)

B
HANES (B)

C
HANES (C)

D
HANES (D)

(A,B,C,D)
HANES (A,B,C,D)

* Health and Nutrition Examination
tp <0.05.

Now

67.3
61.7

81.0
56.1

53.4
59.1

64.7
57.1

64.0
59.0

Survey.

smoke cigarettes

X1 = 1-28

X1 = 6.20t

X1 = 0.08

x--o.ii

X1 = 3.76

No

23.1
35.1

13.3
41.4

20.7
37.7

50.0
30.0

21.9
37.2

w smoke cigars

X1 = 1.33

X1 = 2.33

X1 = 0.48

X* = 100

X1 = 5.54t

presumably reflecting differences be-
tween local and national ethnic composi-
tion. The study groups tended to have
lower proportions of cigar smokers, but
(with one exception) tended to have simi-
lar proportions of cigarette smokers as
their HANES matches. Cigar smoking,
however, is not known to have the exten-
sive effects on health that cigarette smok-

ing does. On the basis of this evaluation,
and despite the differences in ancestry,
the authors concluded that the compari-
son groups chosen from the HANES sam-
ple were adequate for use as referents in
the cross-sectional medical study con-
ducted by NIOSH at the landfill in Niag-
ara Falls, New York (13).

This study has shown that matched



986 SCHULTE ET AL.

•S
cj
-a
§

it
8 |

-I
1 §
1 &5 1
•9 -3

H
1 °

•a
•3
2
a

•a

3>

If

£ 8

CO

00

oi
CN

00
06

p
05

o p ta
CN i-l <N

Tj. O Tf

CT> © O
eg H H

co 10 co
CO O3 ^
CO iH

00 CN t ~ O3 CD

C~ CN i - l 0 0 CN
CN CO iH J J

O)
O

CO O) h ;
00 © 00
CN i-l

CO IO © "*f

oo d H co
rH CO H H

o
o

r-t IO CO <O CO
i-l i-l t> 10 a>
rH CO CM

CO

05
CO

CN

00 CO rlriCO
Tf r-1 co cri
CN CO i - l

CO " S c S j j

° j * i £ S >>
CJ g i-i a i-i "a
3 E 3 E a 6
Q •— O .— Q .̂ M
o •*•? J3 +J _Q ^ j

< < < CO

co

CM"

t s
3 a

CO "

c ^
.2 -o
S CN

c S "i
as cd o

x 2.°
ii go
Cd •— y /

W O Q.

comparison groups derived from the
HANES national sample exhibit an ac-
ceptable degree of comparability with
selected occupational study groups for
demographic, behavioral, and biologic
factors that could potentially confound
associations between occupational expo-
sures and their effects. Whether this com-
parability is adequate to minimize con-
founding by those and related factors,
cannot yet be determined with complete
assurance, since only a few variables so
far have been studied.

The efficacy of the HANES pool as the
source of comparison groups in occupa-
tional health studies results from two
major features. First, the HANES pool
was large enough to allow for the selection
of an employed subset. The HANES pool
was chosen in such a fashion as to avoid
unintentional selection or sampling biases
and to minimize non-response. Further, it is
relatively inexpensive to use the HANES
pool as a source of comparison subjects.
Usually, population comparison groups
are expensive to obtain if they need to be
developed by sampling and interviewing
de novo. This effort and expense does not
have to be borne by investigators utilizing
HANES.

The second attractive feature of the
HANES pool is the capacity, when appro-
priate, to employ extensive matching as
part of the study design. Each study sub-
ject had two matched counterparts, and
the matching allowed for exact and rela-
tively narrow categories. It was not sur-
prising that, as a result of matching, other
related factors such as years of schooling
and smoking and drinking habits were
similar. The finding of similarity in body
weight is added confirmation of the com-
parability of the groups.

The quality of the information gathered
was considered relatively equal since both
the HANES group and the study groups
were asked the same questions in much
the same way. The external validity of
these data has not been fully ascertained,
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but Melius (17) found that the HANES
employed group appeared to be compara-
ble in terms of many demographic vari-
ables with the US population at the time
of the survey. Subsets of the HANES pool
are quite likely to have variable disease
rates compared with the whole. This
should not affect the internal validity of
the study because of the matching.

Less reassuring was the failure of the
matched group members to have the same
ancestry or national origin as the study
subjects. This discrepancy obviously re-
flects differences between the overall US
ethnic composition and that of the study
locality. This difference may have mini-
mal influence in some studies but could be
a source of bias in others, if a study, for
example, involves variables that are
highly culturally conditioned, such as
diet, smoking, or other personal customs,
habits, or recreational patterns (18). The
HANES questionnaire includes questions
on diet which, although not utilized in
this study, could be used in others.

Other limitations of this study are also
of concern. Some of the questions chosen
from the HANES survey are not suffi-
ciently specific to allow detailed evalua-
tion of comparability. For example, the
question on smoking, "Do you smoke cig-
arettes now?", does not indicate the
amount. There is a question in HANES on
amount, but it was not used in this study.
Also, the HANES questionnaire makes no
allowance for type of cigarette, such as fil-
ter or nonfilter, factors which could signif-
icantly affect the "dose" of smoke con-
stituents. Variable participation rates
also may have influenced aspects of this
study. Participation by the four study
groups ranged from 42 per cent to 79 per
cent. While low participation rates are a
potential weakness of cross-sectional
studies, in this particular study the prob-
lem was not of great importance as far as
the comparability between respondents
and their HANES matches was con-
cerned. It is not known, however, if the

non-participants differed in any epidemi-
ologically important way from the partic-
ipants.

Another inherent limitation of the ap-
plication of the HANES data base is the
need to use the same questions in a par-
ticular study as were used in the HANES
survey. It is possible to use abbreviated
versions of the HANES, but we suspect
that the wording of the individual ques-
tions and their relationship to associated
questions must be kept the same for data
comparability.

The HANES sample was chosen from
the years 1971-1973, and thus the possi-
bility of some temporal bias arises. In the
study reported here, it was necessary to
utilize an inflation adjustment factor of
1.6 (derived from the Consumer Price
Index) to adjust the income levels prior to
matching. Both the study groups and the
HANES matches were asked to report on
their prior and current health status.
Since these interviews were performed at
different times, by as much as nine years,
it may be that societal trends or specific
events may allow for significant recall
bias to be introduced in the response of
the study groups. The potential for this
recall bias could be increased by some
precursor catastrophe, outbreak, or reve-
lation that prompted the study. This could
result in inflated response rates. Some of
the temporal and recall biases may be re-
duced for future users of the HANES pool.
Starting in late 1981 the National Center
for Health Statistics began to go back to
the people surveyed between 1971-1975.
In addition to prevalence data, this new
survey will allow for estimates of the in-
cidence of selected conditions as well as
for the study of slow-acting consequences
of long term and low-dosage exposure to a
combination of environmental, dietary,
social and demographic factors (19).

The HANES data base may be used in
various ways to provide comparison in-
formation for epidemiologic studies. The
most common approach has been the ap-
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plication of age-sex-specific rates to a
study group to determine the expected
or standardized rates for comparisons with
observed rates (12). Another approach, used
in this study, is matching.

Matching is the use of constraints in
the selection of the comparison groups
which are aimed at making the distri-
bution of the potentially confounding
variables within comparison groups as
similar as possible to the corresponding
distribution in the study group (20).
Matching is useful where there is a rela-
tively large pool of potential comparison
subjects (21), as in the case of the HANES
data base. In this instance matching also
is cost-efficient, as there is a large num-
ber of potential matches for each study
subject. The accuracy of matching in
exposure-selective cross-sectional studies
meets two of the criteria of Billewicz
(22), namely that the outcome variables
are generally dichotomous and the study
group sample size is small. The third
criterion, that matching variables be
highly correlated with outcome illnesses,
is dependent on the specific outcomes
being investigated. It is possible to ques-
tion whether there exists in this study the
possibility of over-matching, that is, that
one or more of the matched variables may
be part of the causal pathway between the
exposure and disease under study, and
that matching on such variables will af-
fect the association (22, 23). Monson (2)
and Anderson et al. (21) have provided
criteria to consider when designing stud-
ies involving matching.

Matching in exposure-selective cross-
sectional studies often leads to increases
in size efficiency, especially if stratified
analysis is performed using strata of the
matching factors (20). In this study, the
size efficiency was increased by matching
because the factors used in the matching
have been shown to be highly correlated
with many of the diseases being investi-
gated. In matched-design analyses, it is
also possible to retain the matching and
still control for additional confounding

variables by methods previously de-
scribed (21, 24, 25).

Matching with more than one compari-
son subject allows for an increase in the
power of the chi-square test. This is par-
ticularly relevant in studies of occupa-
tional diseases where failure to detect
elevated prevalence rates may lead to
continued exposure to the substances or
conditions under study. Using the method
of Miettinen (26), the power for the cur-
rent study was determined to be 0.25 for a
rate difference of 5 per cent, 0.70 for a
difference of 10 per cent, and 0.95 for a
difference of 15 per cent for the 246 tri-
ples. For a representative plant (Plant B)
with 60 subjects and 120 matches, powers
of 0.50, 0.70, and 0.90 were calculated for
rate differences of 15, 20 and 25 per cent,
respectively.

Presently, the HANES comparison pool
has not received sufficient evaluation as a
possible tool for occupational epidemiol-
ogy. For example, there exists the oppor-
tunity to account for occupation by match-
ing, adjusting, or selecting specific occu-
pational sub-populations for comparison.
Other potentially confounding variables
may be handled similarly. Further efforts
are needed to document the strengths and
limitations of the HANES sample as a
source of comparisons in cross-sectional
occupational health studies. The results
of this study indicate that HANES may be
useful in these types of studies.
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