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In a randomized study of envelope and ink color, colored ink
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Abstract

Objective: To assess the effect of the colors of the envelope and ink on the response rate to a postal questionnaire in a study screening
for undiagnosed parkinsonism in people aged 65 years and over in the community.

Study Design and Setting: A total of 2,524 people aged 65 years and over from five general practices in Aberdeen were randomized to
receive a questionnaire about the symptoms of parkinsonism printed in either colored (green) or black ink, and sent out in either a brown or
white envelope.

Results: The overall response rate was 63.5%. There was no significant interaction between envelope and ink color. The use of green
ink compared to black significantly increased the response rate from 61.4% to 65.7% (OR 1.20, 95% confidence interval 1.02, 1.41). There
was no overall effect of envelope color on response rate (62.3% brown and 64.8% white, OR 0.90, 95% confidence interval 0.76, 1.06) but
there was significant heterogeneity between the general practices. When this general practice—envelope interaction was accounted for,
brown envelopes had a significantly lower response rate than white ones (OR 0.49).

Conclusion: This study, along with existing evidence, has shown that the use of certain ink colors in postal questionnaires is likely to
increase response rates relative to black ink. The effect of envelope color was inconsistent both within this study and between previous

studies. © 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Many research studies rely on postal questionnaires but
such studies can be compromised by poor response rates,
which reduce statistical power and can also introduce non-
response bias. For example, studies in the elderly often
achieve response rates of 60% or less [1,2] and nonre-
sponders often have different characteristics or outcomes
to responders [1]. Therefore, researchers need to identify
and use methods that have been reliably shown to improve
response rates. A Cochrane systematic review identified
several techniques that have been proven to improve
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response rates to postal questionnaires [3] and also high-
lighted several approaches worthy of further study. Two
of the latter, which would be easily applicable, were
whether the color of the envelope (brown or white) or the
color of the ink on the questionnaire (colored or standard
black/blue) affected the response rate.

Three studies with a total of 6,017 people from predom-
inantly younger populations (a survey of headache [4],
a survey of back pain in nurses [5], and an industry survey
[3]) have assessed the effects of brown or white envelopes.
Meta-analysis showed a significantly greater response rate
with brown envelopes [3], but this result was entirely due
to one study showing a large difference in favor of brown
envelopes [5], whereas the other two studies showed no dif-
ference between the use of brown and white envelopes. A
single study, of 3,540 tire dealers, from the field of industry
rather than medicine assessed the use of colored (blue on
yellow background) or black ink on the questionnaire [6],
and showed a promising effect in favor of colored ink,
but this had not been replicated in the medical field.
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As part of an incidence study of parkinsonism in north-
east Scotland, we screened elderly patients living in the
community for undiagnosed parkinsonism with a postal
questionnaire [7]. We, therefore, took the opportunity to
assess whether brown envelopes and colored ink increased
the response rate in our cohort. To our knowledge, only one
previous study had used a postal questionnaire to screen for
undiagnosed parkinsonism [8], which showed an excellent
response rate of 84% after three mailings. However, this
study was small (200 people) and included a population
younger than ours (over 60 as opposed to over 65 years).

2. Methods
2.1. Design and participants

All people aged 65 years and over on the lists of five
general practices in Aberdeen were eligible provided that
their general practitioner (GP) felt it was appropriate for
them to receive a questionnaire. Samples of about 550 peo-
ple per general practice were randomly selected using true
random numbers (www.random.org). The GPs then ex-
cluded patients they felt were inappropriate for the study,
for reasons such as terminal illness or severe anxiety,
whereas some others died while the lists were being com-
piled. The remainder were randomly allocated a number
from 1 to 4 (again using true random numbers) to determine

whether they would receive a questionnaire printed in green
or black ink in a brown or white envelope. Randomization
was not stratified by any variable. In line with best evidence
to improve response rates [3], the questionnaires were
short, were sent with an explanatory letter on university-
headed paper personally signed by the principal investiga-
tor and with a stamped addressed reply envelope that
matched the color of the outer envelope. We did not use
monetary incentives or precontact. The four-page question-
naire included 13 screening questions for parkinsonism and
a EuroQuol EQ-5D. The colored questionnaires were
printed with dark green ink on a light green background
to give clear readable text, which was particularly impor-
tant for our elderly sample. Three mailings were sent (total
response time 6 months), and each person received the
same color envelope and ink for each mailing.

Limited demographic data were available from the gen-
eral practice lists including gender (from all five practices),
postcode and age (from four practices each). A social dep-
rivation score (DEPCAT) was generated from the postcode
in which greater deprivation is represented by a higher
score [9].

2.2. Statistical methods

The sample size was based on power calculations for the
screening project [7] not the response rate. However, post
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Fig. 1. Trial

flow diagram.
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Table 1
Baseline characteristics by randomized group

Group 1 (n =612) Group 2 (n = 620) Group 3 (n = 629) Group 4 (n = 588) Total (n = 2449) P-value
Ink color Black Black Green Green
Envelope color Brown White Brown White
Male (%) 236 (38.6%) 248 (40.0%) 265 (42.1%) 256 (43.5%) 1005 (41.0%) 0.300%*
DEPCAT 1-3 (%) 156 (33.6%) 151 (30.3%) 171 (35.2%) 158 (33.7%) 636 (33.2%) 0.421%*
Mean age years (SD) 75.1 (6.4) 75.0 (7.1) 75.6 (7.0) 75.3 (7.0) 75.2 (6.9) 0.551%#*

*Derived using chi-squared test; **derived using ANOVA test.

hoc analysis showed we had 65% power to detect a 4% dif-
ference in response rates with an alpha of 5% and a baseline
response rate of 60%. Univariate odds ratios (OR) were cal-
culated (SPSS version 12; SPSS, Inc, Chicago, IL) for ink
and envelope color whereas multiple logistic regression also
included gender, general practice, and interaction terms
(envelope x ink, ink X practice, envelope X practice). We
could not correct for age and social deprivation, as these
data were not available for all people. The results were
added to the existing Cochrane review (Review Manager
version 4.2), and heterogeneity was assessed using the I?
statistic [10].

Ethical approval for the study was obtained from the
Grampian Regional Ethics Committee.

3. Results

A total of 2,860 people aged 65 and over were randomly
selected of whom 156 were deemed unsuitable by their GP
or had died. Of 2,524 people randomized, 75 did not
receive the questionnaire because they had died or it was
returned undelivered because we had the wrong address
(Fig. 1). These patients did not have the opportunity to re-
spond and, therefore, the main analysis was restricted to
2,449 people. There were no significant differences in gen-
der, social deprivation, or age between the four groups
(Table 1) although DEPCAT data were available for only
1,917 people (78%) and age for 1,987 (81%).

The overall response rate was 63.5% (1,556/2,449). Uni-
variate analysis showed that the response rate for brown en-
velopes (773/1,241, 62.3%) was not significantly different
to the response rate for white envelopes (783/1,208,
64.8%) (OR 0.90, 95% CI 0.76, 1.06) whereas the response
rate for colored ink (799/1,217, 65.7%) was significantly
better than the response rate for black ink (757/1,232,
61.4%) (OR 1.20, 95% CI 1.02, 1.41). Similar differences
were apparent even after the first mailing (brown 43.7%
versus white 43.3%, green 45.4% versus black 41.6%). If
those who were randomized but did not receive the ques-
tionnaires were included in the analysis as nonresponders
(a true “intention to treat” analysis), the results for enve-
lope color were unchanged (OR 0.90, 95% CI 0.77,
1.06), but the result for ink color became nonsignificant
(OR 1.14, 95% CI 0.97, 1.34).

Multivariate analysis showed no significant interaction
between envelope and ink color (OR 1.13, 95% CI 0.81,
1.57, P =0.478), but there was a significant interaction
between envelope color and general practice (P = 0.001).
Thus, a model was chosen that considered the two main
effects (ink and envelope color) adjusted for gender and
general practice and the interaction term between general
practice and envelope (Table 2).

This model confirmed a 20% increase in the odds of re-
sponse to questionnaires printed in green ink compared to
black ink. The model also showed a doubling of the odds
of response to questionnaires posted and returned in white
compared to brown envelopes. Although there were signif-
icant differences between the five general practices in terms
of socioeconomic status (DEPCAT) and mean age (but not
gender), the significant interaction between general practice
and envelope color was not readily explained by these dif-
ferences (Table 3). When we analyzed the results by age
and socioeconomic status in those from whom we had these
data, the only suggestion of an interaction was between
colored ink and socioeconomic status: green ink had lower
response rates than black ink (OR 0.70, 95% CI 0.47, 1.03)
in those with least deprivation (DEPCAT 1—2) but higher
response rates (OR 1.23, 95% CI 0.99, 1.53) in those with
greater deprivation (DEPCAT 3—6).

Adding our unadjusted results to the Cochrane review
[3] showed that there was clear evidence that questionnaires
printed in colored ink compared to those printed in black
ink increased response rates (fixed effect OR 1.28, 95%
CI 1.13, 1.45, P < 0.0001, 1?> 28.6% based on two trials
with 5,989 participants in total). There was a nonsignificant
trend for greater response rates with brown envelopes com-
pared to white envelopes (random effects OR 1.19, 95% CI

Table 2
Results of multiple logistic regression

OR (95% CI)

0.49 (0.33, 0.73)  <0.001  Favors white envelope
1.20 (1.01, 1.41) 0.035  Favors colored
(green) ink

P-value  Direction of effect

Envelope color
Ink color

General practice  1.28 (1.07, 1.54) 0.007
Gender 0.81 (0.68, 0.96) 0.013  Favors male
Envelope color 0.82 (0.73, 0.92) 0.001

X practice




K.S.M. Taylor et al. / Journal of Clinical Epidemiology 59 (2006) 1326—1330 1329

Table 3
Baseline characteristics and response rates to envelope by general practice
Practice 1 Practice 2 Practice 3 Practice 4 Practice 5 Total P-value

Characteristic

Number of people 477 467 517 462 526 2449

Number male (%) 201 (42.1%) 197 (42.2%) 217 (42.0%) 173 (37.4%) 217 (41.3%) 1005 (41.0%) 0.533*

Number DEPCAT 1—3 (%) 125 (26.2%) 193 (41.3%) 123 (23.8%) 195 (42.2%) Unavailable 636 (33.1%) <0.001*

Mean age in years (SD) 74.4 (6.3) 76.0 (7.0) 74.9 (6.9) Unavailable 75.7 (7.0) 75.2 (6.9) 0.002%*
Response rate to

Brown envelope 56.1% 63.1% 65.4% 65.0% 61.5% 62.3%

White envelope 66.0% 71.4% 67.5% 66.2% 52.9% 64.8%

*Derived using chi-squared test; **derived using ANOVA test.

0.76, 1.88, four trials with 8,466 participants in total), but
there was extreme heterogeneity (I 94.9%).

4. Discussion

This study has certain limitations. Firstly, it was per-
formed as a substudy of a screening project, and so the
power calculations were derived for the screening project,
not the response rates. Secondly, in the main analysis we
excluded those who were randomized but did not receive
the questionnaire because they had no opportunity to
respond. If we included these people, the results for ink
color changed slightly but the meta-analysis remained
unchanged. Thirdly, we did not have data on age and social
deprivation for all people, and so we could not control for
these variables in the logistic regression analyses for the
whole sample.

However, we do not believe these limitations detract
from the main findings. Taken together with previous sim-
ilar research [6], we have shown that a questionnaire
printed with colored as opposed to black ink increases the
response rate in postal surveys. The absolute difference
was small (4.3%), but any improvement in response rate
is worthwhile providing it can be achieved with little effort
and cost. Although we did not perform a formal cost-effec-
tiveness analysis, the additional cost of using green ink in
our study was very small (total ink costs were approxi-
mately £10 for green and £2 for black) and was at least
partly offset by lower postage costs (green ink resulted in
higher response rates after the first mailing and so fewer
people required second and third mailings).

We did not attempt to identify why colored ink resulted
in better response rates. It may just be because it was more
appealing to the eye. It remains unclear whether the
increased response to colored ink is widely generalizable
because this was only the second such trial. However, it
is encouraging that it appears to work in medical and non-
medical settings [6] and in people of working age (although
the mean age of people in the industry-based study [6] was
not given) and elderly populations. Whether such an effect
would be seen in postal surveys in much younger people re-
mains unknown. Although we found that colored ink was
less effective in more affluent people, this conclusion

should be treated cautiously as it was based on a subgroup
analysis of an incomplete sample. It is also unclear whether
there is one specific ink color that is best. The previous
study used blue on yellow, whereas we used dark on light
green. The improved response rate may, therefore, be a gen-
eral effect of color rather than being specific to certain
colors. However, whatever color is used it must obviously
be easily readable.

We did not confirm previous suggestions that brown en-
velopes produce better response rates than white [5]. In
fact, we found that white envelopes were better overall al-
though there was significant heterogeneity between general
practices: four had better responses with white envelopes
and one with brown. We were unable to explain this hetero-
geneity on the basis of age or socioeconomic status. Other
factors may explain this heterogeneity such as people’s pre-
vious experience with questionnaires or how much ““junk”
mail people receive in brown or white envelopes. Similarly,
there was enormous heterogeneity in the meta-analysis,
largely due to the one trial that showed a much higher re-
sponse rate with brown envelopes [5]. It may be that this
was a chance or biased finding or alternatively that the ef-
fect of envelope color is genuinely different across different
populations. More trials of brown versus white envelopes
are required to clarify this.

5. Conclusions

This study, along with existing evidence, has shown that
questionnaires printed with certain ink colors are likely to
improve response rates in postal surveys compared to those
printed with black ink. We also found that white envelopes
improved response over that found with brown envelopes
but that major heterogeneity in this effect, both within this
study and between this study and previous studies, limited
the generalizability of this finding.
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