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Parallel Analyses of Individual and Ecologic Data on Residential Radon,
Cofactors, and Lung Cancer in Sweden

Frederic Lagarde1 and Gdran Pershagen'12

Divergent results from ecologic and analytic studies on residential radon and lung cancer have created
uncertainty in terms of risk assessment. The authors performed concurrent analyses on individual and
aggregated data from the nationwide case-control study of residential radon and lung cancer in Sweden. For
data aggregated on the county level, the ecologic excess relative risk estimates per 100 Bqnr3 residential radon
concentration ranged from -0.03 (95% confidence interval (Cl) -0.21 to 0.15) to 0.00 (95% Cl -0.21 to 0.21)
with different adjustment for cofactors. For individual-level data, the average within-county excess relative risk
estimates ranged from 0.07 (95% Cl -0.01 to 0.15) to 0.11 (95% Cl 0.01-0.27) with similar adjustment. Effect
modification by differential county-level radon-smoking correlations appeared insufficient as an explanation for
ecologic bias in the Swedish data. On the other hand, adjustment for latitude led to congruence between the two
levels of analysis. The results confirm that ecologic studies may be misleading in studies of weak associations,
even when major risk factors are accounted for. The large impact of latitude may be unique to Sweden and due
to the correlation of latitude both with residential radon and other determinants of lung cancer risk. Am J
Epidemiol 1999;149:268-74.
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Combined analyses of case-control studies in the
general population as well as extrapolation of results
from cohort studies among miners support a positive
association between radon exposure and lung cancer
(1-3). Concurrently, data have accrued which indicate
a negative slope from the regression of lung cancer
rates on mean radon level in US counties, and these
data now indicate a departure of about ten standard
deviations from the null hypothesis of no radon effect
(4-6). Issues of methodological limitations in the eco-
logic approach have been raised anew and have pro-
vided new insights into the difficulties of using aggre-
gated data for risk assessment at the individual level
(7-14). However, this negative ecologic association
between radon and lung cancer, persistently put to the
fore (6), may receive inordinate emphasis in setting
policies for indoor radon and may even be misinter-
preted as counterevidence (15, 16).
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Indications regarding the magnitude of bias in eco-
logic studies have been obtained by comparing risk
estimates from ecologic and analytic studies for sever-
al outcome events (17). Such evaluations were usually
based on different data sets, but there are exceptions
(18-23). Additional empirical comparisons may be
useful (24, 25). In particular, no direct assessment has
been made of the difference that may result from indi-
vidual and aggregate level analyses of data on residen-
tial radon and lung cancer. The large case-control
study of residential radon and lung cancer in Sweden,
which reported a statistically significant individual-
level association (26), is most appropriate for this pur-
pose.

MATERIALS AND METHODS

The study was of case-control design and included
1,360 lung cancer cases aged 35-74 years, diagnosed
from 1980 to 1984, as well as 2,847 population con-
trols. For eligibility, subjects had to be resident at the
time of selection in one of 109 municipalities that were
considered to be areas likely to present either elevated
or low radon levels in dwellings, and they had to have
lived in Sweden on January 1, 1947. Incident lung can-
cer cases were age-matched, within 5-year age group
intervals, to controls randomly sampled from the com-
munities in the study base. Radon was monitored over
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Parallel Analyses of Individual and Ecologic Data 269

a period of 3 months during the heating season in
8,992 dwellings occupied by study subjects for at least
2 years since 1947. Two rooms per dwelling were mea-
sured using solid-state alpha track detectors processed
at the Swedish Radiation Protection Institute (26).
Information on smoking habits and other risk factors
for lung cancer were obtained from study subjects or
next-of-kin through questionnaires supplemented with
telephone interviews. More details are provided in
prior publications (26, 27).

Individual time-weighted average radon concentra-
tions had been previously computed as a weighted sum
of measured radon levels, using as weights the relative
length of residential times in relation to the total resi-
dential time with available measurements (26, 27). In
the present analyses, individual time-weighted average
radon concentrations among controls were averaged
within counties to build an aggregate-level variable for
radon. County affiliation was determined by the county
where an individual had the longest total time of resi-
dence within the time frame of the study, hi general,
county-level aggregation of other covariates used for
adjustment was not performed to avoid introducing
further differences in the comparison between ecologic
and individual-level risk estimates, besides the differ-
ence in the level of assessment for radon concentra-
tions. Therefore, adjustment for urbanization, occupa-
tion, sex, and age categories (5-year intervals) was
individually based according to previously defined clas-
sifications (26). However, individual- and aggregate-
level adjustments for smoking were compared using
either individual time-weighted average tobacco con-
sumption or sex-specific county level averages as alter-
native model covariates. Latitude was included in some
analyses, and refers to the latitude of the largest popu-
lation center in each county.

Conditional linear excess relative risk regression
analyses were performed for different levels of stratifi-
cation. Likelihood-based confidence intervals were
used for statistically significant and positive linear
excess relative risk estimates. In other situations, the
iteration procedure may not converge, and the ordinary
Wald-based confidence limits were reported.

Results from aggregate-level analyses may be biased
because the usual models would only fit the situation
where radon and smoking are independent within coun-
ties or their joint effect is additive, i.e., radon-smoking
correlations within strata may bias the aggregate-level
analysis (16). Therefore, to assess the extent to which
the discrepancy between the two levels of analysis is
related to the inadequacy of the aggregate-level analy-
sis to account jointly for synergy and for within-group
correlations between radon and smoking, we fitted an
extension to multiple smoking categories of the model

described by Lubin (16) for the situation where radon
and smoking act multiplicatively and are correlated
within counties.

In this model, the disease rate Rk in the kth county
may be written:

Rk =

where a denotes a common background rate across
counties after adjustment for covariates, 8^ is the
smoking-related relative risk associated with the
smoking category for the j'th individual in the kth coun-
ty, w^ is the individual's radon exposure, 0t = avg(9flt),
nk is the number of individuals in the kth county, and P
is the radon-related excess relative risk.

For dichotomous smoking categories, this reduces to

as in Lubin (16), where 9 denotes the relative risk in
smokers compared with nonsmokers, pM and plk are the
proportions of nonsmokers and smokers, respectively,
and WM and Wlk are the respective average radon lev-
els for nonsmokers and smokers in the county with
index k.

RESULTS

An example of the divergence between within-
county and county-level associations is shown in tabu-
lar form in table 1, which is based on data from the
subgroup of male smokers which includes the largest
number of lung cancer cases. In addition to restriction
concerning sex and smoking status to mitigate con-
founding, only those 14 out of a total of 24 counties
were included for which both the numbers of male
smoker cases and controls was larger than 10, because
small numbers tend to induce more extreme values for
statistics. The table shows that average radon levels
within counties were generally larger for cases than for
controls, which suggests a positive association
between lung cancer and radon exposure. This con-
trasts with the apparent trend of increasing lung cancer
odds ratios with decreasing county-mean radon levels.
Similarly, the overall average radon exposure among
cases was larger than among controls (111 Bqnr3 vs.
94 Bqnr3), while the county-mean radon levels among
counties with larger odds for lung cancer (equal to or
above the overall odds) were smaller on average than
among counties with lower lung cancer odds (82
Bqnr3 vs. 108 Bqnr3). Thus, there appears to be a neg-
ative ecologic association between county-mean radon
levels and county odds for lung cancer despite the pos-
itive association within counties.
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270 Lagarde and Pershagen

TABLE 1. County-specific lung cancer odds ratios and aver-
age radon levels by disease status, among male smokers in
the nationwide Swedish case-control study of residential
radon and lung cancer, 1980-1984

Odds
ratio*

0.64
0.73
0.78
0.93
0.97
0.97

.01

.14

.20

.37

.41

.54

.70
1.71

Average radon levels
(Bqrrr»)t

Controls

146
133
66

127
107
96
65
82

118
94
91
87
59
70

Cases

183
184
114
144
234
104
58

115
102
75

187
85
59
88

No.
of

subjects}:

32
27
47
45
48
69
45
85
79
49
42
27

133
34

* Relative to the overall odds and ranked in increasing order.
t Overall means In controls and cases were 94 Bqnr3 and 111

Bqnr3, respectively, among male smokers.
t Only counties with at least 10 subjects among cases and con-

trols are included.

Table 2 compares individual- and aggregate-level
risk estimates and shows that analyses at the county-
level generally resulted in a negative trend despite

increasing degrees of adjustment for cofactors, except
when latitude was included in the model. The estimat-
ed decrease in risk of lung cancer was about 5 percent
per degree of latitude (e^ = 0.95, 95 percent confidence
interval (CD 0.91-0.99). Using a linear gradient rather
than a log-linear gradient was inconsequential. By
contrast, there was a tendency for county-mean radon
levels to increase with latitude, as shown in figure 1.
These opposite trends explain why adjustment for lat-
itude was instrumental in removing negative con-
founding from the ecologic risk estimate. Addition of
longitude among model covariates did not affect the
risk estimates.

We assessed the importance of the bias in the aggre-
gate-level analysis that may be induced by radon-
smoking correlations within strata, in the presence of
synergy between radon and smoking. However, the
aggregated-level excess relative risk estimate was left
unchanged when regression analysis was based on
adjusted county-mean radon levels accounting for the
joint distribution of radon and smoking within counties
and multiplicative interaction (e.g., when further
adjusted for age, sex, urbanization, and occupation, the
excess relative risk estimate was equal to -0.02 per
100 Bqnr3, 95 percent CI -0.19 to 0.16). To shed fur-
ther light on this issue, we plotted radon-smoking cor-
relations against county-mean radon levels (figure 2).
No covariation of correlation size and county-mean

TABLE 2. Comparison of Individual- and aggregate-level estimates of excess relative risks (RR) for
lung cancer per 100 Bqnr1 residential radon and 95% confidence Intervals (Cl), according to different
adjustment for covariates, in the nationwide Swedish case-control study of residential radon and lung
cancer, 1980-1984

Covariates included
for

adjustment

In addition to stratification for age
and sex*:

None
Smoking (aggregated)
Smoking (Individual)
Latitude
Latitude, smoking (aggregated)
Latitude, smoking (individual)

In addition to stratification for age,
sex, urbanization, and
occupation*:

None
Smoking (aggregated)
Smoking (individual)
Latitude
Latitude, smoking (aggregated)
Latitude, smoking (individual)

RR

0.05
0.05
0.05
0.06
0.06
0.07

0.07
0.07
0.08
0.09
0.09
0.11

Level of definition for radon exposure

Indrvtduaft

95% Cl

-0.02 to 0.11
-0.02 to 0.11
-O.02to0.13
-0.01 to 0.13
-0.01 to 0.13
-0.01 to 0.15

-0.01 to 0.15
-0.01 to 0.15

0.00 to 0.02
0.01 to 0.20
0.01 to 0.20
0.02 to 0.24

Aggregated wtthin county^

RR

-0.03
-0.02
-0.01

0.04
0.07
0.12

-0.02
-0.02

0.00
0.05
0.05
0.14

95% Cl

-0.21 to 0.15
-0.21 to 0.17
-0.21 to 0.20
-0.19 to 0.27
-0.18 to 0.32
-0.17 to 0.41

-0.21 to 0.17
-0.21 to 0.17
-0.21 to 0.21
-0.19 to 0.29
-0.20 to 0.29
-0.17 to 0.45

* Using individual-level data
t Ranging from 0 Bqnr3 to 3,613 Bqrrr3, with a standard deviation of 151 Bqrrr1

t Ranging from 17 Bqnrr3 to 178 Bqnr3, with a standard deviation of 35 Bqrrr3.
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FIGURE 1. County-mean radon levels (Bqnr>) plotted against latitude for the largest population center in each county In the nationwide
Swedish case-control study of residential radon and lung cancer, 1980-1984.

radon level was apparent. In addition, although within-
county correlations tended to be stronger than the over-
all correlation (-0.03), the correlations were rather
small and mainly contained between -0.1 to 0.1, with
negative correlations prevailing.

The overall individual-level risk estimate, unstrati-
fied for counties, is an implicit combination of the aver-
age within-county and between-county estimates and is
not rigorously valid as an estimate of the individual-

level effect if these differ. In table 3, the overall esti-
mate can be seen to underestimate the average within-
county estimate due to the negative bias in the county-
level estimate. The overall estimate is approximately
equal to an inverse variance weighted sum of the
within- and between-county risk estimates. Thus, the
lack of precision of the between-county risk estimate
contributes to limit the impact of negative ecologic bias
on the overall risk estimate unadjusted for county.
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FIGURE 2. County-specific individual-level correlations between radon and smoking plotted against county-mean radon levels (Bqrrr9) In the
nationwide Swedish case-control study of residential radon and lung cancer, 1980-1984.
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272 Lagarde and Pershagen

TABLE 3. Comparison of withln-county, between-county, and overall effect estimates of excess relative
risks (RR) for lung cancer per 100 Bqnr1 residential radon and 95% confidence intervals (Cl), according
to different adjustment for covarlates, in the nationwide Swedish case-control study of residential radon
and lung cancer, 1980-1984

Covanates included
for

adjustment

In addition to stratification for age
and sex*:

None
Smoking (individual)

In addition to stratification for age,
sex, urbanization, and
occupation*:

None
Smoking (individual)

Within countyt

RR

0.07
0.08

0.10
0.11

95% Cl

-0.01 to 0.15
-0.01 to 0.17

0.01 to 0.24
0.01 to 0.27

Level of effect estimation

Between-county

RR

-0.03
-0.01

-0.02
0.00

95% Cl

-0.21 to 0.15
-0.21 to 0.20

-0.21 to 0.17
-0 21 to 0.21

RR

0.05
0.05

0.07
0.08

Overall}:

95% Cl

-0.02 to 0.11
-0.02 to 0.13

-0.01 to 0.15
0.00 to 0.17

* Using individual-level data.
t Individual-level analyses with stratification by county.
$ IndividuaJ-level analyses without stratification by county

DISCUSSION

With the use of data on residential radon and lung
cancer in Sweden, we assessed whether aggregate-
level and individual-level analyses were congruent.
Simple tabular presentation of data as well as regres-
sion analyses show that the direction of the association
according to the aggregated data may be opposite to
the one given by the underlying individual-level data.
The excess relative risk estimates appeared quite dif-
ferent, although the wide confidence intervals for the
ecologic estimates include the individual-level esti-
mates. This lack of precision is not unexpected. When
studying environmental exposures associated with
small excess relative risks, careful attention must be
given to the variability of exposure. Ecologic studies
may be efficient when the exposures of interest are
clustered into areas and the variation between areas
thereby much larger than within areas (28). However,
it is not unusual for the between-area variation in
exposure to be much smaller than the within-area vari-
ation as exhibited here by the restricted range of vari-
ation for county-mean radon levels.

Under certain assumptions, an aggregate-level
analysis may provide valid estimates for the corre-
sponding individual-level parameters of interest. For a
unifactorial linear exposure-disease relation, aggre-
gate- and individual-level estimations of the slope may
be theoretically expected to provide similar results (7,
17, 29), but further assumptions are necessary in mul-
tifactorial situations, particularly in respect to effect
modification by covariates (12, 13, 16, 17, 24, 30, 31).
If individual-level correlations between radon and
cofactors that interact with radon differ between coun-

ties, ecologic bias may be induced by differences in
synergistic effects across counties. For example, if the
effects of smoking and radon are synergistic and the
effect of radon alone is relatively small in comparison
with the effect of smoking, the effect of radon on the
lung cancer rates within ecologic analysis units is
determined to a much larger extent by the joint distri-
bution of radon and smoking within these units than by
the prevalence of radon itself. Group-level adjustment
for smoking, or inclusion of interaction terms between
area-specific averages for radon and smoking, would
leave this issue unresolved, because the relevant infor-
mation concerns the joint distribution of smoking and
radon within counties (8, 9, 12, 16, 24, 30, 31). For the
present data set, this source of bias appeared to be lim-
ited, in spite of a close to multiplicative interaction
between residential radon and smoking in relation to
lung cancer (26). This can be explained by the small
range of radon-smoking correlations coupled to the
lack of covariation between correlation sizes and
county-mean radon levels.

On the other hand, the disparity between the ecolog-
ic and individual risk estimates was largely removed
when we accounted for latitude. The geographic gradi-
ent displayed by county-mean radon levels may be
shared by extraneous risk factors, causing ecologic
bias. The geographic distribution of environmental
exposures is rarely random and a recurrent problem in
ecologic studies is the likely covariation with the dis-
tribution of many other risk factors not included in the
study (32). For example, in a comparison of ecologic
and individual-level risk estimates for different
pathologies in relation to smoking, the ecologic rela-
tive risk estimate for bladder cancer in France, which
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Parallel Analyses of Individual and Ecologic Data 273

exceeded the estimates obtained from case-control
studies in several countries, was modified by adjust-
ment for the latitude and longitude of the geographic
units (17). Assessment of the robustness of the model
for inclusion of latitude and longitude was also con-
sidered important in a study of cardiovascular disease
mortality and water hardness for different areas in
Great Britain, in view of the general northwest to
southeast gradient exhibited by both water hardness
and cardiovascular mortality (33). A further example is
given by an ecologic study in the United States where
cadmium levels in water and bowel cancer tended to
be high in the northeast and lower in the mid-south.
However, this spatial distribution was shared by indus-
trial activity, increasing the likelihood for spurious
ecologic associations between many environmental
variables and bowel cancer (34). The impact of latitude
in the present ecologic analyses may be due to the cor-
relation of latitude with radon and with other determi-
nants of lung cancer risk.

Appropriate ecologic-level adjustment for con-
founding may suffer from specification of models on
the basis of a priori information from individual-level
studies. Factors relevant for unbiased group-level
analyses may be different from those that confound
individual-level effects (30, 35). For example, in a
study of the association between the proportion of
woodworkers and lung cancer in Swiss cantons, smok-
ing may induce confounding if it is heterogeneous
across cantons and thus potentially correlated with the
proportion of woodworkers, even if it is not associated
with woodworking at the individual level within can-
tons (36). Associations between environmental vari-
ables tend to be stronger and more fortuitous at the
group level than at the individual level, making eco-
logic risk estimates more vulnerable to confounding
(21, 35, 37, 38).

The present study shows that, in practice, a negative
ecologic association between radon and lung cancer
may coexist with an underlying positive individual-
level association. Results from aggregate-level analyses
are thus potentially misleading in respect to individual-
level associations. This strengthens the view that eco-
logic studies of residential radon and lung cancer
should be given little weight in pondering the overall
evidence (15, 16, 39-41). The particulars of each eco-
logic study grant a degree of specificity for sources of
bias, and the identification of sources of bias in one
study may be of little help in another situation.
Although not apparent in our study, the potentially large
impact of small differences in the joint distribution for
radon and smoking within counties may be consequen-
tial for bias in previous ecologic radon studies. This was
not addressed in any of these studies, nor similar con-

siderations that may apply to the joint distribution for
radon and other risk factors (16). Unfortunately, by
design, individual-level data are not available in eco-
logic studies which may have to rely on Monte Carlo
simulations to assess the sensitivity of their results to
different sources of bias. The output of simulations
depends on modeling assumptions, and sources of bias
that are not known a priori are therefore not modeled.
An improvement may be the integration of information
from samples of individual-level data from each eco-
logic unit within a modified aggregate-level analysis
(28, 38-40, 42). Another useful allocation of resources
may be the examination of individual-level associations
within one or more ecologic units, preferably those
most influential in the ecologic regression (21).

It has been little recognized that some of the issues
of confounding in ecologic studies may also be of con-
cern for individual-level studies with geographically
wide study bases. This follows from the observation
that overall risk estimates unstratified for areas are
implicit combinations of within- and between-area
effect estimates (23). It may thus be useful to compare
results with and without stratification for geographic
divisions, which may also help to identify unrecog-
nized confounders.
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