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LETTERS TO THE EDITORS 

On Biases in a Study of the Effects of 
Occupational and Individual Factors on 
the Risk of Neck Trouble 
The article by Viikari-Juntura et al. [l] on the effects of occupational 
and individual predictive factors on the risk of various neck disorders 
raises methodological concerns. To evaluate the study, a brief review 
of its basic design and analysis features is called for. 

This epidemiological study examined the occurrence or recur- 
rence of neck symptoms in three vocational groups (machine opera- 
tors, carpenters, and office workers) requiring different physical 
demands. By design, the study was based on the retrospective experi- 
ence of a cohort population dating back to a period of 1 year from 
March 1984 and from March 1987. This time directionality was de- 
termined by the cohort membership, for which an admissibility cri- 
terion was participation in the 1987 questionnaire survey. Yet, the 
authors construed their investigation as being a “prospective” study 
presumably because in 1984 a provision was arranged for securing 
the baseline information (on symptom status and potential risk fac- 
tors) until the ascertainment of the symptom status in 1987 [2]. Al- 
though identical symptom questions were used in the two question- 
naires, the earlier study [2] reported on symptoms in the neck and 
shoulder region, while the later article [l] described only neck symp- 
toms. 

There exists some ambiguity with regard to the time referent of 
the exposure-occurrence relation. It is not clear exactly which 
items were usable for the study from the 1984 and 1987 question- 
naires. For example, if a worker was troubled by draft during the 
year preceding March 1984, can this factor, in any etiological sense, 
be regarded as a predictor of short-term neck trouble during the year 
preceding March 1987! Or, if a subject answered in 1984 that he 
had worked very little in a twisted position and in 1987 that he had 
worked very much with his trunk twisted, how were these items of 
information used in a longitudinal relation? 

Originally the questionnaires were sent to 3232 workers in 1984, 
and the overall response rate was 69% [2]. Of the 2222 responders, 
1832 subjects returned a new questionnaire in 1987. Finally, the 
study of neck trouble change from 1984 to 1987 included 1574 sub- 
jects with complete data on symptoms; the 163 subjects with missing 
data were excluded, and the whereabouts of the remaining 95 sub- 
jects were not stated. As a practical matter, this means that the 
subjects were admitted to the cohort study population only as of 
1987, with the proviso of having returned and completed both ques- 
tionnaires. Thus, actually only 49% of the original 3232 subjects 
were enrolled. 

The availability of outcome information as an admissibility crite- 
rion for the cohort membership involves the possibility of the study 
base being biased. The response rate varied between the occupa- 
tional groups in 1987 as follows: machine operators, 81%; carpen- 
ters, 79%; and office workers, 89%. If the differential nonresponse 
was connected with the symptom status in 1987, then the study base 
becomes biased. (The nonrespondents in 1987 were said not to differ 
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from the respondents with regard to severity of neck trouble in 1984. 
But because of the 3-year time difference between the two surveys, 
one cannot draw definite conclusions about the association between 
nonresponding and symptom status in 1987.) 

Although the forgetting rate (e.g., the proportion of subjects who 
in 1984 had reported ever having neck-shoulder symptoms and 
who did not recall the incidence in 1987) was relatively small 
(1 l%), it differed between the groups: machine operators, 6%; car- 
penters, 10%; and office workers, 18% (unpublished data, communi- 
cated by H. Riihimgki). For a I2-month question forgetting is less 
likely to occur, but the problem is not so much with the size of 
misclassification but rather with the fact that the misclassification of 
ever having had symptoms was different across occupational groups. 
Thus, there is reason to suspect that even for the 12-month question 
office workers, for example, may have forgotten more than machine 
operators. In the present article, no effort was made to quantify the 
differential memory bias, which may have induced differential mis- 
classification of the outcome and biased the estimated occupational 
effects. 

Conversely, it is probable that some subjects who in March 1984 
denied having had symptoms during the preceding 12 months suf- 
fered from failing recollection. Moreover, on the basis of the symp- 
tom questions it is not possible to know if a subject had symptoms 
prior to March 1983 or between April 1984 and February 1986. It 
seems obvious that the considered outcomes do not allow one to 
construct true incidence rates. In point of fact, the study has the 
form of a two-period-prevalence study with a descriptive-pre- 
dictive nature. 

Selected significant relations, which were suggested by a prelimi- 
nary analysis of the 1984 cross-sectional study data and a repeated- 
measures analysis of the 1984-to-1987 longitudinal study data with 
an ordinal outcome variate, were confirmed by logistic regression 
analyses. In other words, the reviewed study was not set out to gener- 
ate new hypotheses but rather to test well-conceived hypotheses and 
to quantify the observed bivariate associations and multivariate pre- 
dictions. In comparative analyses of subpopulations, the authors 
chose the prevalence-odds ratio (OR), as the epidemiological effect 
measure, and they interpreted its deviations from unity to show ei- 
ther increased or decreased risk. Unfortunately, the OR-based infer- 
ence can produce both biased and imprecise results as explicated in 
the following. 

Table 1 compares the unadjusted logistic regression odds ratio es- 
timates obtained by Viikari-Juntura et al. (Ref. 1, their Table 5) 
to the unadjusted likelihood-based odds ratio and risk ratio (RR) 
estimates [3] for three selected statistically significant findings re- 
garding the “risk of persistently severe neck trouble.” The latter OR 
measure is given to ensure strict comparability with the RR measure 
for cohort data. In addition, Table 1 gives the relative excess or 
deficit risk, that is RR - 1, which is the impact measure of public 
health importance. Two observations pertaining to the OR are 
clear. First, despite providing a correct significance test, the OR 
gives grossly exaggerated point estimates if interpreted as risk ratios. 
Second, the OR parameter estimation is much more imprecise (i.e., 
exhibits wider confidence intervals) than the RR. The bias of the 
OR - 1 estimate (in reference to the value of RR - 1) in the excess 
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TABLE 1. Comparison of the risk-odds ratios and risk ratios (point estimates and 95% confidence intervals) for selected 
predictors of the risk of persistently severe neck trouble from 1984 to 1987 in worker subpopulationsa 

Predictor Risk Point Interval Relative 
(compared categories) measure estimate estimate excess risk (%) 

Occupation 
Machine operators (n = 185) ORb 3.5b 1.8-7.1b 

Ge workers (n = 5 1) OR 3.43 1.81-6.54 243 
RR 1.57 1.21-2.16 57 

Carpenters (n = 127) ORb 2.5b 1.2-5.2b 

ze workers (n = 5 1) OR 2.53 1.30-4.93 153 
RR 1.44 1.10-2.01 44 

Physical exercise 
Twice or more often a week (n = 159) ORb 0.5b 0.3-0.gb 

vs. 
Less than once a week (n = 108) OR 0.44 0.25-0.79 -56 

RR 0.80 0.69-0.93 -20 

“The estimates of relative excess risk are also given. 
bEstimated by Viikari-Juntura et al. [l]; 11 th a o er estimates calculated by the present author. 

risk of the machine operators and carpenters relative to the excess 
risk of the office workers is 4.2-fold (= 243%/57%) and 3.5-fold 
(= 153%/44%), respectively. The corresponding bias of the deficit 
risk estimate for those who exercised twice or more often a week 
relative to the deficit risk of those who exercised less than once a 
week is 2.8-fold (= -56%/-20%). The logistic multiple-regression 
analyses also performed by the authors did not resolve any of the 
above-mentioned limitations inherent in these screening-type data. 

Viikari-Juntura et al. [l] concluded that the results of their study 
confirm the predictive role of physical factors in the risk of neck 
trouble. This claim may turn out to be correct, but one cannot acqui- 
esce in the conclusion without criticism. For the risk inference to 
be methodologically sound the possible biases of the study need to 
be laid bare and reassessed post hoc. 

MARKKU NURMINEN 
Department of Public Health 

FIN-000 14 University of Helsinki 
Helsinki, Fink& 
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RESPONSE 
We appreciate Dr. Nurminen’s comments [l] and his interest in our 
article “Neck Trouble in Machine Qerating, Dynamic Physical 
Work, and Sedentary Work: A Prospective Study on Occupational 

and Individual Risk Factors” [2]. The topic of his discussion is impor- 
tant and pertinent, because longitudinal studies on musculoskeletal 
disorders have started to appear in scientific journals, and the meth- 
odological problems are many. The discussion on the directionality 
of the study and the possible biases of the study base are thorough 
descriptions of the problems present in all longitudinal question- 
naire studies and we fully share his views. The magnitude and direc- 
tion of such biases are difficult to assess, however. 

Dr. Nurminen implies that in our health outcome the short-term 
effects of the predictors were measured. As was mentioned in the 
discussion of our article [2], both short- and loneterm effects were 
involved, but no distinction could be made between the two. Con- 
sidering the example of the sensation of draft during the 12 months 
preceding the baseline assessment, mentioned by Dr. Nurminen, it 
is possible that this sensation is associated with persisting muscular 
tension in the muscles around the neck, and this in turn may cause 
neck trouble as a long-term effect. 

Self-assessment of biomechanical and psychosocial exposures may be 
affected by musculoskeletal symptoms. By forming the studied contrasts 
within homogeneous groups as regards the symptom status at baseline, 
such a bias was avoided in our study. Had we used exposures from a 
later point in time, this bias could haw been introduced. Our choice 
to use the exposure assessments from the beginning of the follow-up 
excluded the possibility to study short-term effects separately, however. 

Dr. Nurminen points out the widely acknowledged problem of the 
use of the odds ratio in epidemiological analyses [3,4]. The central 
problem is the overestimation of risk, depending on the magnitude 
of the prevalence rates, [a]. 

We had three subcohorts in 1984, according to neck trouble sta- 
tus (Fig. 1 in Ref. 2). In two subcohorts, an outcome variable with 
three categories was formed, depending on neck trouble status in 
1987, and pairwise comparisons were used in the analysis. In the 
third subcohort the outcome variable was dichotomous and the con- 
trast comprised the entire subcohort. In the first two cases men- 
tioned, the odds ratio is the only achievable measure of the exposure 
effect. In the third case; bmte ratio would have been more appro- 
priate. To compare the -restilts on the different contrasts, the odds 
ratio was also used for the third subcohort. 


