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Although self-administered questionnaires are major sources of information in epidemiology, comparatively
little has been done to study practical aspects of design and mailing. The objective of this study was to
evaluate various measures taken to increase the response rate. A questionnaire was mailed in July 1995 to a
random sample (n = 2,000) of the Swedish population aged 20-79 years. Using a randomized factorial study
design, the questionnaire and mailing procedures were changed in three ways: preliminary notification, length
of the questionnaire, and mention of telephone contact. The overall questionnaire retrieval rate was 49%.
Preliminary notification (adjusted odds ratio of receiving a completed questionnaire = 1.30, 95% confidence
interval (Cl) 1.08—1.56 relative to the absence of preliminary notification) and short length of the questionnaire
(odds ratio =1.24, 95% CI 1.04-1.48 relative to a long questionnaire) were both independently associated with
a higher retrieval rate. Of eight possible combinations, the one comprising preliminary notification, a short
questionnaire, and no mention of telephone contact gave the highest retrieval rate, 56%. The lowest retrieval
rate, 40%, was observed for the combination of no preliminary notification, a long questionnaire, and mention
of telephone contact. Young age, male sex, and urban residence significantly lowered the retrieval rate.
Although there was a positive association between the questionnaire retrieval rate and partial nonresponse
(missing answers in retrieved questionnaires), the marginal losses due to the latter did not cancel the gains by
optimized mailing routines. Old age was the strongest determinant of partial nonresponse. The data provide
evidence that design and malling strategies, as well as demographic characteristics, may greatly influence the

response rate of mailed epidemiologic questionnaires. Am J Epidemiol 1998;147:74-82.

epidemiologic methods; questionnaires

Mailed questionnaires are standard tools in epide-
miologic research. Questionnaire studies are less time-
consuming than telephone and personal interviews,
free from the influence of interviewers, and relatively
cheap. However, mailed questionnaires often have a
lower response rate than telephone and personal inter-
views (1). A high response rate may be of critical
importance for validity and cost efficiency; a low rate
may cause selection bias in case-control studies and
undermine the follow-up in prospective studies.

Several studies in sociology and marketing research
have evaluated factors that may affect the response
rate, such as preliminary notification (1-5) and length
of the questionnaire (1, 3—6). Epidemiologic studies
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may be perceived by the public as particularly impor-
tant, but their questions are often complex and may be
difficult to answer. Therefore, the response pattern in
such studies cannot be inferred from research in other
areas. Until now, epidemiologic studies on these mat-
ters have generally been performed in highly selected
groups of individuals (7-9) and have dealt mainly with
the importance of demographic factors, such as age
(7), sex, and urban dwelling (10)—factors that cannot
be manipulated to improve the response rate. Compar-
atively little effort has been devoted to studying tech-
nical aspects of the administration of mailed epidemi-
ologic questionnaires. Exceptions are studies dealing
with the effects of reminders and economic incentives
to the participants (9-12) and of various types of
stamps on return envelopes (13).

Our aim was to test, with an experimental design, in a
population-based sample, several practically relevant
modifications of a questionnaire study. A factorial design
allowed us to study the effects, both isolated and in
combination. Our population-based sample of men and
women (20-79 years old) in Sweden was representative
of the whole population.
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MATERIALS AND METHODS
Subjects

The source population comprised all men and
women 20-79 years of age living in Sweden in May
1995. By means of the continuously updated comput-
erized population register, a stratified random sample
was drawn in two age groups (20-49 and 50-79
years), with 1,000 subjects selected from each stratum.
The sample consisted of 49 percent women and 51
percent men. Besides age and sex, each subject was
characterized by population size of residence, based
on postal area codes, namely, metropolitan areas, cit-
ies, towns, and semirural and rural areas.

Questionnaire

The questionnaire concerned height, weight, diet,
medical history and medication, physical activity, eat-
ing and drinking habits, tobacco use, and certain back-
ground factors such as education and year and country
of birth. Women were also asked about their repro-
duction history (pregnancies, menarche, and meno-
pause), and men were asked about their age at voice
change. All participants received the same type of
questionnaire, a letter that explained the study, and a
prepaid return envelope. As this study was done as
part of the preparations for a case-control study of
kidney cancer, the alleged purpose given in the ac-
companying letter was to study risk factors for this
cancer. The questionnaires were sent out as first-class
mail delivered within 1 day, on two different week-
days in the beginning of July 1995. By doing so, we
investigated whether the response rate differed be-
tween those who received the questionnaire at the
beginning (Tuesday) and at the end (Friday) of the
week. A reminder was mailed to all 2,000 subjects in
the sample 1 week after mailing the questionnaire. No
other reminders were sent out.

Study design

Three factors were varied according to a random-
ized 2* factorial design. The first factor tested was
sending or not sending a preliminary notification, an
“alert” letter that preceded the mailing of the question-
naire by about 1 week and in which the study was
presented and the questionnaire announced.

The second factor tested was the length of the ques-
tionnaire. A long version included detailed questions
about physical activity (at work, at home, and during
leisure time) and food consumption. A short version
had less complex and shorter questions about physical
activity and excluded all questions about food con-
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sumption. The long questionnaire consisted of 15
pages (comprising 66 items) for men and 18 pages (79
items) for women, and the shorter version consisted of
11 and 14 pages (50 and 66 items), respectively.

The third factor was the inclusion or not of a clause
that mentioned the possibility of a future telephone
contact requesting supplementary information if the
questionnaire was incompletely answered. Those who
received a questionnaire in which the telephone con-
tact was mentioned were asked to provide their tele-
phone number at the end of the questionnaire.

The three factors produced 2° = 8 experimental
conditions (treatments) (table 1). Two hundred fifty
subjects were randomly allocated to each condition,
resulting in 1,000 subjects allocated to each factor
modification.

End of study

We noted the date when each questionnaire was
returned. The proportion of all questionnaires re-
trieved was our main outcome variable. To be defined
as “retrieved,” the questionnaire had to be returned
and had to contain some information, which means
that at least one question had to be answered. Subjects
who had not answered within 75 days of the initial
mailing were considered nonresponders.

Partial nonresponse

We concentrated our analysis of partial nonresponse
(missing answers in returned questionnaires) on ques-
tions that were common to all questionnaire types (31
questions for women and 28 for men). Nine question-
naires returned could not be analyzed in this phase:
two because of problems with identification (one with
incorrect national registration number and one with the
first page missing), five because women were errone-
ously given questionnaires for men, and two because
men were erroneously given questionnaires for
women.

Statistical methods

In the analyses of the overall questionnaire retrieval
rate, we used logistic regression, assuming that the
logarithm of the odds of returning the questionnaire is
a linear function of the explanatory variables. The
model was estimated by the maximum likelihood
method; odds ratios with 95 percent confidence inter-
vals were computed from the estimated parameters
and standard errors. Univariate and multivariate mod-
els were estimated. The latter included the following
variables: age (in 10-year classes), sex, population size
(five categories), weekday of mailing, and experimen-
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tal condition. The latter variable was included in the
form of a categorized variable with eight categories
but also as a separate term for each of the three factors,
preliminary/no preliminary notification, short/long
questionnaire, and mention/no mention of telephone
contact, reflecting the factorial design of the study.
Not only models with main effects but also those with
interaction effects were estimated. Likelihood ratio
tests were used to test different nested models against
one another. On the basis of univariate analyses, we
show confidence intervals for the difference between
proportions in certain cases. These intervals were
computed using a normal approximation.

In the modeling of partial nonresponse, we used
standard linear regression models, estimated by ordi-
nary least squares. The proportion of questions with
nonresponse for each respondent was used as the de-
pendent variable. As the basic dependent variable
(number of questions not answered) is a variable of
count data type, an analysis based on Poisson models
would in principle have been preferrable. However, as
closer inspection of the data indicated that the Poisson
assumption was doubtful, we preferred the ordinary
least-squares estimates, which require no distribu-
tional assumption for a sample of the present size.
Estimation using Poisson models produced qualita-
tively similar results.

RESULTS

We received completed questionnaires from 975 of
the 2,000 selected subjects, corresponding to an over-
all retrieval rate of 49 percent. Of the three random-
ized factors, preliminary notification had the greatest
impact (table 1). This increased the retrieval rate sig-
nificantly, that is, by 7 percentage units (95 percent

TABLE 1.

confidence interval (CI) 3 to 11), from 45 percent with
no preliminary notification to 52 percent. A short
questionnaire increased the retrieval rate by 5 percent-
age units (95 percent CI —0 to 9), 51 percent versus 46
percent with the long questionnaire (table 1). The
effect was of borderline significance; the odds ratio for
receiving a completed questionnaire was 1.21 (95 per-
cent CI 1.01 to 1.44). Mention of the possibility of a
telephone contact caused a 4 percentage-unit (95 per-
cent CI —7 10 8) lower retrieval rate, 47 percent versus
51 percent, than no mention of a telephone contact
(not significant). The highest retrieval rate, with the
three factors combined, was observed in category 4
(preliminary notification, the shorter version of the
questionnaire, and no mention of telephone contact),
and the lowest in its opposite category 5 (no prelimi-
nary notification, the long questionnaire, and mention
of telephone contact) (table 2). The response rate in
category 4 was 16 percentage units higher than in
category 5, 56 percent versus 40 percent (i.e., almost a
40 percent increase) (table 2).

A test for interaction among the three random as-
signments was not significant; using a likelihood ratio
test, we obtained x“3, = 4.17 (p > 0.05), which
means that we can largely rely on the main-effects
model. Factorial design categories 1 and 8 tended to
have higher response rates than expected on the basis
of the main-effects model (table 2).

As expected in a randomized trial of sufficient size,
the results of multivariate modeling (which included
the additional variables of age categorized in 10-year
classes, sex, population size, and weekday of mailing)
were similar to those of the univariate modeling. Thus,
our findings were not confounded by these factors
(tables 1 and 3).

Odds ratios and 85% confidence intervals of receiving a completed questionnaire with

experimental modifications In three factors, Sweden, 1895

Univariate Multivartate
sze Respondants modelling modaeling
(no.) No. % OR* 95% Cl* OR 85% CH
Preliminary notification
Yes 1,000 522 522 132 1.11-1.57 1.30 1.08-1.56
No 1,000 453 453 1.00 (ref.) 1.00 (ref.)
Short questionnaire
Yes 1,000 511 51.1 1.21 1.01-1.44 1.24 1.04-1.48
No 1,000 464 46.4 1.00 (ref.) 1.00 (ref.)
Telephone
Yes 1,000 469 46.9 1.00 (ref.) 1.00 (ref.)
No 1,000 506 50.6 1.16 0.97-1.38 1.14 0.95-1.37

* OR, odds ratio; Cl, confidence interval.
1 This model included the variables: allocation group of each factor, age categories In 10-year classes, sex,

population size, and weekday of malling.

Am J Epidemiol Vol. 147, No. 1, 1998
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TABLE 2. Odds ratios and 895% confidence intervals of receiving a completed questionnaire by experimental condition

according to the factorial design, Sweden, 1995

Sample ndents Comparison with
Cat ik Raspol ref cat Univariate modeling
(no.) No. % DHtference*® 95% CHt ORt 95% ClI

1. Preliminary notification
Long questionnaire 250 130 52.0 11.6 29 10 203 1.60 1.12t0 2.28
Mention of telephone contact

2. Prefiminary notification
Short questionnaire 250 128 512 10.8 2.1t0 195 1.55 1.09 to 2.21
Mention of telephone contact

3. Preliminary notification
Long questionnaire 250 124 49.6 9.2 051t 179 1.45 1.02to0 2.07
No mention of telephone contact

4, Preliminary notification
Short questionnaire 250 140 56.0 15.6 6.9 10 24.3 1.88 1.32t0 2.68
No mention of telephone contact

5.No preliminary notification
Long questionnaire 250 101 40.4 1.00 (ref.) 1.00 (ret.)
Mention of telephone contact

6. No preliminary notification
Short questionnaire 250 110 44.0 3.6 -5.110 123 1.16 0.81to 1.65
Mention of telephone contact

7. No preliminary notification
Long questionnaire 250 108 436 3.2 -5.4t0 11.8 1.14 0.80to 1.63
No mention of telephone contact

8. No preliminary notification
Short questionnaire 250 133 63.2 12.8 4.1t0 215 1.68 1.181t0 2.39

No mention of telephone contact

* Difference in percentage of responders in comparison with reference category, number 5.

1 Cl, confidence interval; OR, odds ratio.

We also analyzed the effect of the design variables
in different strata of the background variables to see if
there was any effect modification (table 4). The only
statistically significant effect modification, albeit
barely significant at the 5 percent level, was with
regard to sex. Men seemed to be particularly attracted
by a short questionnaire. Nonsignificant but quite
large differences were also found for age, where peo-
ple older than 40 years of age seemed to be more
sensitive to preliminary notification, and for weekday
of mailing, where preliminary notification appeared to
be more useful when the questionnaire reached its
addressee on Fridays.

The effects of the design modifications on partial
nonresponse were moderate. Preliminary notification
was associated with a slightly higher and statistically
nonsignificant mean proportion (0.9 percentage units)
of missing answers (table 5) compared with no pre-
liminary notification. The longer questionnaire en-
tailed no significantly higher proportion of missing

Am J Epidemiol Vol. 147, No. 1, 1998

answers than did the short questionnaire nor did men-
tion of a telephone contact seriously affect the partial
nonresponse. When the effects were combined, cate-
gory 5 (no preliminary notification, a long question-
naire, and mention of telephone contact), which
showed the lowest questionnaire retrieval rate, had the
lowest proportion of missing answers (table 6). Al-
though the differences between the means were, on the
whole, not large (up to 2 percentage units, correspond-
ing to a 59 percent increase of the proportion of
missing answers), multivariate analyses showed that
categories 1 and 4 had a significantly greater number
of missing answers relative to category 5.

We related the questionnaire retrieval rates to the
mean proportions of missing answers for the eight
observation points constituted by the various experi-
mental conditions and found a strong positive corre-
lation (Pearson’s correlation coefficient = 0.82, p =
0.01). Thus, the gains from a higher questionnaire
retrieval rate were to some extent counteracted by a
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TABLE 3. Odds ratios and 85% confidencs intsrvals of recsiving a completed questionnaire by demographic factors and

weekday of mailing, Sweden, 1995

Sample Respondents Unhvariato Univariste modeting
sizo modeling
(no) No. % OR* 95% Ci* OR 25% CH

Age (ysars)

2024 160 59 368.9

2529 171 64 374 1.00 (ret.) 1.00 (rot.)

30-34 1714 87 39.2

35-39 160 71 a4.4 1.21 0.89-1.65 1.23 0.90-1.69

4044 160 85 53.1

4549 178 102 57.3 2.08 1.54-2.85 2.08 1.50-2.81

50-64 231 132 571

55-69 175 a2 46.9 1.89 1.40-2.53 1.91 1.41-2.68

60-64 155 81 523

65-69 154 88 55.8 1.89 1.45-2.73 1.97 1.43-2.71

70-74 155 89 57.4

75-79 130 57 438 1.78 1.29-2.45 1.70 1.22-2.35
Sex

Men 1,025 457 446 1.00 (ref.) 1.00 (ref.)

Women 876 518 63.1 1.41 1.18-1.68 1.39 1.16~-1.66
Population size

Metropolitan areas 595 268 45,0 1.00 - (ret.) 1.00 (ret.)

Cities 273 133 48.7 1.16 0.97-1.66 1.17 0.87-1.56

Towns 384 195 60.8 1.26 0.97-1.63 1.28 0.99-1.67

Semirural areas 323 159 49.2 1.18 0.90-1.55 1.16 0.88-1.53

Rural areas 425 220 51.8 1.31 1.02-1.68 1.26 0.97-1.82
Woeekday )

Tussday 1,000 505 50.5 1.00 (ref.) 1.00 (ret.)

Friday 1,000 470 47.0 0.87 0.73-1.04 0.88 0.74-1.06
Total 2,000 975 48.8

* OR, odds ratio; Cl, confidence interval.

1 This mode! included the variables: experimental condition, age categorized in 10-year classes, sex, population size, and weekday of

mailing.

higher mean proportion of missing answers. However,
since the gains in questionnaire retrieval were much
larger than the losses due to partial nonresponse, the
net effects of the studied factors on total response (i.e.,
the total number of answered questions that we re-
ceived from the 2,000 subjects) were essentially the
same as the effects on questionnaire retrieval (data not
shown).

Demographic characteristics

Age influenced the retrieval rate markedly (table 3).
Less than 40 percent of the subjects under the age of
35 returned their questionnaire. For the 40- to 74-year
age group, the retrieval rate varied between 47 and 57
percent, that is, up to 20 percentage units higher than
in the youngest age group. In the oldest age group, the

retrieval rate was again slightly lower (44 percent).
A model with age in continuous form including a
second-order term revealed a significant effect of the
second-order term, confirming the nonlinear relation.
Overall, the retrieval rate from women was 8 percent-
age units (95 percent CI 4 to 13) higher than among
men, 53 percent compared with 45 percent (table 3).
The population size also affected the retrieval rate
significantly. In rural areas, the retrieval rate was 7
percentage units (95 percent CI 1 to 13) higher than in
metropolitan areas, 52 percent compared with 45
percent (table 3). The retrieval rate among those
who received the questionnaire on a Tuesday was 4
percentage units (95 percent CI —1 to 8) higher than
for those who received it on a Friday, 51 percent
versus 47 percent (table 3). This difference was not
significant.

Am J Epidemiol Vol. 147, No. 1, 1998
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TABLE 4. Stratified analyses of the effects of the experimental treatments on the odds ratios of recelving completed
questionnaires, Sweden, 1995*,{

Sample Prefiminary Short Mantion of Test for
Vartable size notification$ quastionnatre§ telaphone contact] Interaction
(no.) OR# 86% CI¥ OR 85% ClI OR 85% Cl | % p vale
Age (years)
<39 662 1.04 0.76-1.42 1.43 1.04-1.95 1.18 0.87-1.62 434 NS#
240 1,338 1.46 1.17-1.81 1.15 0.83—1.43 1.14 0.91-1.41 )
Sax
Men 1,026 1.37 1.07-1.76 1.54 1.20-1.98 1.07 0.83-1.37 7.98 0.048
Women 975 127 0.98-1.63 0.96 0.74-1.22 1.23 0.95-1.58 ’ )
Population size
Metropolitan areas 595 1.33 0.96-1.84 1.24 0.89-1.71 1.18 0.84-1.60 0.04 NS
All other areas 1,405 1.31 1.06-1.62 1.19 0.97-1.47 1.16 0.94-1.44 !
Weekday
Tussday 1,000 1.17 0.91-1.49 1.30 1.02-1.67 1.09 0.85—1.40 3.13 NS
Friday 1,000 1.50 1.17-1.92 1.12 0.87-1.44 124 0.96-1.59 )

* Stratification by age, sex, population size, and weekday.
1 Each odds ratio given in the table is relative to the reference category for the respective axperimental treatment (see table 1), and

mutually adjusted results are given.
1 Referencs category = no preliminary noftification.
§ Reference category = short questionnaire.
1 Reference category = mention of telephone contact
# OR, odds ratio; Cl, confidence interval; NS, not significant.

** Tost for interaction between experimental conditions and the various background variables.

TABLE 5. Partial nonresponss: multivariate linear regression analysis of factors related to the
percentage of missing answers in retumed questionnaires, Sweden, 1985
Raspondents Multivariate modeling*
Variable A A P
Preliminary noftification
Yas 518 5.5 0.95 0.57 NSt
No 448 4.6 0.00 (ret.)
Short questionnaire
Yes 503 5.1 -0.13 0.58 NS
No 483 5.0 0.00 (ret.)
Telsphone
Yes 481 4.7 0.00 (ref.)
No 505 5.4 0.87 0.57 NS

* This model included the variables: allocation group of each factor, age categorized in 10-year classas, and

8axX.
{Mean percentage of answers missing.
$SE, standard error; NS, not significant.

The greatest differences in partial nonresponse were
found among the various age groups (table 6). The
mean percentage of missing answers in the oldest
group, 70-79 years, was more than 5 percentage units
higher than in the groups aged 30-49 years, who
showed the lowest proportion of missing answers. No
large differences in partial nonresponse were found
between men and women (table 6).

Those who answered only after a reminder had a
significantly (1 percentage unit) higher partial nonre-

Am J Epidemiol Vol. 147, No. 1, 1998

sponse than did the others. This effect disappeared
after adjustment for age, since older people were over-
represented among those who required a reminder to
answer. In a model containing both the reminder vari-
able and the three manipulated factors, only the re-
minder variable turned out to be significant. Further
adjustment for age eliminated the effect of this vari-
able (data not shown).

To assess the robustness of our results, we per-
formed a sensitivity analysis. The replies of individu-
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TABLE 6. Partial nonresponse: multivariate linear regression analysis of factors related to the
percentage of missing answers In returned questionnaires, Sweden, 1995

Respondents Multivariate analysis*
Vartable A A p
No. Meant B SES (B) value
Category
1. Preliminary noftification
Long questionnaire 130 59 2.49 1.17 0.034
Mention of telephone contact
2. Preliminary notification .
Short questionnaire 124 5.0 1.21 1.19 NSt
Mention of talephone contact
3. Preliminary notification
Long questionnaire 124 5.0 1.19 1.18 NS
No mention of telephone contact
4, Preliminary notification
Short questionnaire 140 59 2.32 1.15 0.045
No mention of telephone contact
5. No prefiminary notification
Long questionnaire 101 37 0.00 (ref.)
Mention of telephone contact
6. No preliminary notification
Short questionnaire 108 37 -0.32 1.23 NS
Mention of telephone contact
7. No preliminary notification
Long questionnaire 108 5.2 1.87 1.23 NS
No mention of telephone contact
8. No prefiminary nofification
Short questionnaire 133 53 1.74 1.17 NS
No mention of telephone contact
Aga (years)
20-29 120 4.2 0.00 (ret.)
30-39 138 3.4 -0.88 1.1 NS
4049 188 3.3 -1.16 1.04 NS
50-69 213 4.4 0.00 1.01 NS
60-69 166 8.6 2.41 1.068 0.0232
70-79 145 8.6 4.42 1.09 <0.0001
Sex
Men 453 5.1 0.00 (ret.)
Women 513 50 -0.01 0.57 NS

* This model inciuded the variables: axperimental condition, age categorized in 10-year classes, and sex.

{Mean percentage of answers missing.
1SE, standard ermor; NS, not significant.

als with much partial nonresponse are sometimes con-
sidered so unreliable that they are not used. Among the
975 individuals classified as responders, 34 had more
than 25 percent partial nonresponse. If we move them
to the nonresponse category, the overall response rate
diminishes to 47.1 percent. A reanalysis of table 1
after such reclassification produced odds ratios in the
multivariate modeling of 1.26, 1.25, and 1.14, results
that are very close to those obtained in the original
analysis of 1.30, 1.24, and 1.14. The analysis in table
6 was also repeated after exclusion of the same 34
individuals, who could be considered outliers with

respect to partial nonresponse. As expected, the stan-
dard errors of the estimates were reduced. The age
effects were still significant, but they were reduced in
magnitude. The differences between the design mod-
ifications were of about the same magnitude as before,
but the maximum difference was now somewhat less
than 2 percentage units.

DISCUSSION

Our principal finding was that simple modifications
of mailing strategies and of the questionnaire itself

Am J Epidemiol Vol. 147, No. 1, 1998
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may strongly influence the subjects’ willingness to
respond. In our study, the best combination of modi-
fications yielded a response rate that was almost 40
percent higher than the rate obtained with the worst
combination. Preliminary notification substantially in-
creased the questionnaire retrieval rate, but the length
of the questionnaire had less effect. Demographic fac-
tors such as age, sex, and population size were signif-
icant determinants of response propensity, but they did
not confound our findings. The effect of questionnaire
length was, however, modified by sex, and there was
a tendency toward a stronger effect of preliminary
notification among older subjects and among those
who received the questionnaire on a Friday.

Our findings are probably internally valid because
of the randomized design and externally valid because
the study was population based. Since all selected
subjects contributed information, whether they re-
sponded or not, selection bias due to drop-outs after
randomization was not a problem in our study. Our
conclusions presuppose that the questionnaire reached
all of the subjects, but the efficient postal services and
the continuously updated population registers in Swe-

den ensured that this was accomplished. Even if some -

questionnaires did not reach their addressees, such a
failure should be nondifferential, which would cause a
slight underestimation of the effects that would not
greatly affect our conclusions.

Our overall questionnaire retrieval rate of 49 percent
may seem low. Even in category 4, the retrieval rate
was only 56 percent. We have no information about
the individual reasons for not returning the question-
naire. Our questionnaire was of average size and com-
plexity for an epidemiologic study. In the cover letter,
the purpose of finding risk factors for kidney cancer
was explained. Although the questionnaire was sent
out during the summer, when a high proportion of the
addressees may have been away from home, it is
common to have the mail forwarded to the summer
address. It was probably more important that only one
reminder was sent out and that no other follow-up
measures were taken. In a study by Marrett et al. (10),
a response rate of about 50 percent with one reminder
was increased to 70 percent with a second reminder.
This is approximately the same response rate as in
recent case-control studies in the Swedish population
(14, 15). A second reminder would probably have
increased the overall response rate, but it might also
have changed the relative importance of each of the
three design modifications. The importance of the
preliminary notification would perhaps have been less
if a second reminder had been used as well. Our
finding of a positive effect of preliminary notification
is, however, in good agreement with the results of

Am J Epidemiol Vol. 147, No. 1, 1998

several previous studies (1-4, 9). Although it may be
preferable to use both preliminary notifications and
two reminders, economic restraints often force the
investigator to choose to use either a preliminary no-
tification or a second reminder. We could not deter-
mine whether preliminary notifications are more cost
effective than reminders after the main mailing, and
this remains an open question.

We found a higher questionnaire retrieval rate with
the shorter version of the questionnaire, although of
borderline significance. Our findings agree with those
of several other investigators, showing marginal
effects of changes in the size of the questionnaire
(1, 3-5, 8, 9). However, the results of previous studies
are not consistent. There may be several reasons for
the ambiguous results in the literature. One is that the
effect may require a large relative difference in
the number of pages. Neither our data nor the available
literature gives an unequivocal answer as to whether a
linear dose-response relation or a threshold effect ex-
ists between the length of the questionnaire and the
response rate. Moreover, effects of the length are
likely to be confounded by the content. The difference
in the response rate may be due to the presence or
absence of particular questions rather than to the
length. (This can be seen clearly in our study, where
women who generally had a higher response rate than
men also received a longer questionnaire.)

Despite the weak and inconsistent empiric support,
short questionnaires are often recommended in epide-
miologic studies because of concern about the willing-
ness of people to respond. Our findings belie some of
these concerns. It may be more rewarding to pay
attention to details in mailing procedures and to in-
crease people’s motivation than to cut out pages in the
questionnaire.

Mention of a telephone contact reduced the ques-
tionnaire retrieval rate, but only marginally. It did
not affect the partial nonresponse. This, to our
knowledge, is the first study to investigate the ef-
fects of such information that is commonly found in
mailed questionnaires. It is conceivable that some
perceived the phone contact as a greater encroach-
ment on their privacy and were therefore less will-
ing to participate.

There was a clear positive relation between ques-
tionnaire retrieval rates and the mean proportions of
missing answers. This suggests that the marginal ad-
dition of participants resulting from our efforts to
increase the response rate was recruited from a less
motivated stratum of the population. The moderate
losses due to partial nonresponse did not outweigh the
overall gains produced by the mailing modifications.
Our findings, however, show a negative side of zeal-
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ous attempts to increase the response rate at all costs.
We were unable to analyze the validity of the answers
in the various subgroups, but a high partial nonre-
sponse rate may indicate a lower validity of the an-
swers. The design of our study did not allow firm
conclusions as to whether preliminary notifications are
superior to repeated reminders in this respect. A pre-
liminary notification can greatly influence people’s
attitudes toward the investigation before the main
mailing, whereas reminders may be perceived as an-
noying to the extent that they impair the quality of the
responses (3).

Age and sex had strong effects on the questionnaire
retrieval rate. Subjects between 40 and 74 years were
particularly willing to answer, as was also found in
one interview study (7). Possible explanations include
a higher prevalence of physical or mental diseases and
of visual impairment in old people, as well as a more
suspicious attitude (7). The perceived aims of the
study may be of importance. Our study explicitly dealt
with risk factors for kidney cancer, which may par-
tially explain the low response rate among the young-
est persons, who may be less concerned about such
diseases that typically occur in old age. The effect of
sex on response may be underestimated because
women received a somewhat longer questionnaire.
More research is needed to determine whether men
and women evaluate health issues differently and
whether they should be approached and motivated
differently. The oldest age group (70—79 years) had
not only a lower response rate but also a higher pro-
portion of missing answers. This may be partly related
to the type of questions that we asked. Many questions
dealt with circumstances far back in time, requiring
older people to tax their memories farther back than
would be the case for younger people.

We conclude that mailing strategies may be as im-
portant for the response rate as the characteristics of
the questionnaire itself. The combined effects of sim-
ple modifications in the mailing routines and in the
appearance of the questionnaire may be of decisive
importance for the success of an epidemiologic study.
Our study also indicates that special measures may be
required to attain high response rates among young
and very old people, men, and city dwellers.
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