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Large scale population-based studies fo-
cusing on infectious diseases are scarce.
This may be explained by methodologi-
cal obstacles concerning infectious dis-
eases. Many common infectious diseases
are acute in nature, requiring an intensi-
fied collection of symptomatic data and/
or collection of biosamples for patho-
gen identification. Apart from laboratory
methods to detect past and/or current in-
fections in the German National Cohort
(GNCQ), a self-administered questionnaire
will be used to collect additional data on
selected infectious diseases. For this rea-
son, a panel of experts involving infectious
disease epidemiologists, medical doctors,
microbiologists, public health specialists
and others were invited to work on the de-
velopment of an infectious disease ques-
tionnaire. An initial version of this ques-
tionnaire was applied during Pretest 1 of
the GNC and is evaluated in a separate
publication in this issue (Sievers et al.). We
further modified the questionnaire for ap-
plication in Pretest 2 by including addi-
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tional questions (e.g. questions about self-
assessed vulnerability to infections). Since
this new instrument for susceptibility to
infections has not been evaluated before,
the aim of this study was to evaluate the
respective items. Additionally, to further
test the applicability of the questionnaire
in the GNC we examined test-retest re-
liability of the questionnaire in Pretest 2.

Methods
Validation study

This part of the study was conducted in
two study centres (Hamburg and Ha-
nover) during the Pretest 2 phase of the
GNC. In both study centres, a self-admin-
istered paper-based questionnaire was
applied. In Hamburg, participants were
asked to fill in the questionnaire on in-
fectious diseases during their regular vis-
it at the study centre. In Hanover, the first
of the two questionnaires of the reliabili-
ty study was used to evaluate the items on
self-assessed vulnerability.
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Reliability study

Test-retest reliability was examined in
Hanover only, i.e. by administering the
infectious disease questionnaire on two
separate occasions. The questionnaire was
mailed twice to the participants. The sec-
ond copy of the questionnaire was sent to
the participants upon receipt of the first
questionnaire in the study centre but no
earlier than one week after sending the
first copy. The second questionnaire con-
tained a question about disease occur-
rence since completion of the first ques-
tionnaire in order to exclude those partic-
ipants from analysis who experienced an
intercurrent illness between both ques-
tionnaires which might influence the re-
sponse. Participants who specified a re-
cent relevant disease episode were exclud-
ed from the calculation of agreement for
disease-based (IN1-IN7) and symptom-
based (F1-F3) items as well as the ques-
tion on antibiotic intake (A1).

Stefanie Castell and Manas K. Akmatov contrib-
uted equally to this work.



Table 1 Characteristics of the study popu-
lation

Table 2 Variables used to create the score of self-assessed vulnerability to infections com-
pared to peersa

2Grouping of school graduation according to [3]
PHousehold net income per month weighted by
number of members > 14 years or < 14 years [2]
Definition of migration status according to [1]

Infectious disease questionnaire

The complete questionnaire can be found
online (see supplement).

Self-reported infections (IN1-7)

and self-reported symptoms (F1-3)
The questionnaire contained seven ques-
tions asking about the frequency of upper
and lower respiratory infections (U/LRT),
gastrointestinal tract infections (GIT) and
infections of the bladder or the kidney
and skin infections in the last 12 months.

Total Subsample Infections Less prone to Similarly prone  More prone to

sample of reliabil- infections to infections infections

n (%) ity study (n=53) (n=181) (n=58)

n (%) % % %
Sex Upper respiratory tract infections (IH1)
Female 162(49.7)  47(53.4) Far less frequent 100 19.3 0
Male 163 (50.0) 41 (46.6) Less frequent 0 53.0 19.0
Missing values  1(0.3) - Approximately equally frequent 0 17.1 50.0
Age More often 0 8.8 224
20-29 years 24(7.4) 5(5.7) Much more often 0 17 8.6
30-39 years 30(9.2) 9(10.2) Lower respiratory tract infections (IH2)
40-49 years 85(26.1) 20(22.7) Far less frequent 100 39.8 1.7
50-59 years 87(26.7) 22(25.0) Less frequent 0 453 259
60-69 years 99 (30.4) 32(36.4) Approximately equally frequent 0 12.2 58.6
Missing values  1(0.3) - More often 0 2.2 8.6
School education? Much more often 0 0.6 5.2
Low 51(15.9) 18(20.5) Gastrointestinal tract infections (IH3)
Middle 118(36.2)  35(39.8) Far less frequent 100 32.0 6.9
High 151(46.3)  34(38.6) Less frequent 0 48.6 25.9
Missing values 6 (1.8) 1(1.1) Approximately equally frequent 0 144 51.7
Net equivalent income® More often 0 44 10.3
<1500 € 82(25.2) 25(28.4) Much more often 0 0.6 5.2
1501-3000 € 153(46.9)  43(48.9) Bladder or kidney infections (IH4)
>3000€ 62(19.0) 14(15.9) Far less frequent 100 52.5 34
Missing values/ 29 (8.9) 6(6.8) Less frequent 0 431 224
not specified Approximately equally frequent 0 33 534
Migration status More often 0 1.1 19.0
No migration 263(80.7) 78(88.6) Much more often 0 0 17
ba.ckgr.ound Infections of skin and mucosa (IH5)
gﬁiﬂon back- 59 (18.1) 9(10.2) Far less frequent 100 50.3 12.1
—— Less frequent 0 38.1 293

Missing values/ 4 (1.2) 1(1.1) -
not specified Approximately equally frequent 0 8.8 46.6
Study regions More often 0 22 8.6
Hamburg 161(494) - Much more often 0 0.6 34
r— 165(50.6)  88(100) The score was derived by using factor analysis (see Methods section)

There were six answer categories: no in-
fection, once, twice, three-to-four times,
more than four times and the category “I
don’t know”. In addition, we asked about
the frequencies of three syndrome-related
outcomes (cough lasting over 4 weeks, fe-
ver and diarrhoea) in the last 12 months.
Questions about outpatient treatment and
hospitalisation (answer categories “yes”,
“no”, “I don’t know”) were included for
infections of the upper and lower respi-
ratory tract (IN1a, IN1b, IN2a, IN2b) and
of the gastrointestinal tract (IN3a, IN3b).
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Self-assessed vulnerability

to infections (IH1-5)

Self-assessed vulnerability to several se-
lected infections (upper and lower re-
spiratory tract infections, gastrointesti-
nal tract infections, infections of the blad-
der or the kidney, and skin infections) was
asked by questions like “Compared to in-
dividuals in my age group I have infec-
tions of e.g. the upper respiratory tract”
... “far less frequently”, “less frequent-
ly”, “approximately equally frequently”,
“more often” or “much more often”.



Abstract - Zusammenfassung

Abstract

Introduction/objectives. Large scale pop-
ulation-based studies focusing on infectious
diseases are scarce. This may be explained by
methodological obstacles concerning ascer-
tainment of data on infectious diseases re-
quiring, e.g. collection of data on relatively
short-termed symptoms and/or collection of
biosamples for pathogen identification dur-
ing a narrow time window. In the German
National Cohort (GNC), a novel self-adminis-
tered questionnaire will be used in addition
to biosampling to collect data on selected in-
fectious diseases and symptoms. The aim of
this study was to evaluate in Pretest 2 of the
GNC newly added items on self-assessed vul-
nerability to several infectious diseases and
to assess test-retest reliability of the ques-
tionnaire.

Methods. The study was conducted in two
study centres (Hamburg and Hanover) during
Pretest 2 of the GNC. A self-administered pa-
per questionnaire was applied. In Hamburg,
participants were asked to fill in the question-
naire during their regular visit at the study
centre. For test-retest reliability, participants
in Hanover filled in the same questionnaire at
home twice. To evaluate agreement, item-re-
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Test-retest reliability of an infectious disease questionnaire and evaluation of self-assessed
vulnerability to infections. Findings of Pretest 2 of the German National Cohort

lated percentage agreement and kappa (k)
were calculated. In addition, we computed
Bennet's S and Krippendorf’s alpha (a). Items
on self-assessed vulnerability to infections
were evaluated by comparing them with the
corresponding self-reported frequency of in-
fections. An explanatory factor analysis was
applied to construct the scores of self-report-
ed infection frequency and self-assessed vul-
nerability to infections.

Results. The evaluation of the internal con-
sistency of the five-item instrument of self-
assessed vulnerability to infections resulted
in a Cronbach'’s a of 0.78. The factor analysis
yielded evidence of one factor. The factor was
divided into three groups (lowest quintile
classified as “less prone to infections” com-
pared to peers; second, middle and fourth
quintiles classified as “similarly prone to infec-
tions” and highest quintile classified as “more
prone to infections”). Participants classified as
“less prone to infections” reported fewer in-
fections than participants classified as “more
prone to infections”. Spearman’s correlation
of the two scores (self-reported infection fre-
quency and self-assessed vulnerability to in-
fection) was 0.50 (p <0.0001). For quantify-

ing reliability, 88 participants with a median
time of 8 days between filling in both ques-
tionnaires could be included in the analy-
sis; for items sensitive to disease occurrence
between both questionnaires only partici-
pants with no relevant disease in this time in-
terval were included (n=75). The weighted
ranged between 0.65 and 0.87 for the items
on infectious disease frequency in the last 12
months, for items on symptom frequency in
the past 12 months between 0.77 and 0.90,
and for items on vulnerability compared to
peers between 0.68 and 0.76.

Conclusion. A five-item instrument on self-
assessed vulnerability to infections seems to
be promising, but requires further evaluation.
Overall, the questionnaire on self-reported
infectious diseases used in Pretest 2 of the
GNCis a moderately reliable instrument and,
thus, can be applied in future studies on in-
fectious diseases.

Keywords

Infections - Infectious diseases - Infectious
disease questionnaire - Test-retest reliability -
German National Cohort (GNC)

Zusammenfassung

Einfiihrung/Ziele. GroB angelegte popula-
tionsbasierte Studien, die Infektionskrank-
heiten zum Thema haben, sind selten. Dies
konnte sich daraus erklaren, dass die Erhe-
bung von Daten zu Infektionskrankheiten
methodisch schwierig ist. So ist es in diesem
Zusammenhang z. B. erforderlich, Informa-
tionen zu nur relativ kurzzeitig auftretenden
Symptomen zu erheben und/oder Biopro-
ben zur Pathogenbestimmung zu gewinnen.
In der Nationalen Kohorte (NAKO) wird zu-
satzlich zur Bioprobengewinnung ein neuer
Fragebogen angewandt werden, um Daten
zu ausgewdhlten Infektionskrankheiten und
ihren Symptomen zu erfassen. Ziel der vorlie-
genden Studie war es, fiir den Pretest 2 der
NAKO neu ergdnzte Fragenbogenitems zur
selbst eingeschétzten Anfélligkeit gegeniiber
verschiedenen Infektionskrankheiten zu eva-
luieren und die Test-Retest-Reliabilitdt des
Fragebogens zu priifen.

Methoden. Die Studie wurde im Rahmen
des Pretests 2 der NAKO in 2 Studienzentren
durchgefiihrt (Hamburg und Hannover). Die

Teilnehmer wurden gebeten, einen Papierfra-
gebogen eigenstandig auszufiillen. Die Teil-
nehmer in Hamburg fiillten den Fragebogen
im Rahmen der Untersuchung im Studien-
zentrum aus. Die Test-Retest-Reliabilitdt wur-
de bei Probanden in Hannover tiberpriift, in-
dem sie den gleichen Fragebogen 2-mal zu
Hause ausfiillten. Zur Bestimmung der Kon-
kordanz wurden die itembezogene prozen-
tuale Ubereinstimmung und Kappa (k) be-
rechnet. Ergdnzend berechneten wir Bennets
S und Krippendorfs a. Die Items der selbst
eingeschatzten Infektionsanfalligkeit wur-
den evaluiert, indem sie mit den korrespon-
dierenden Items zu selbst berichteten Infek-
tionshdufigkeiten verglichen wurden. Um
Scores fiir selbst berichtete Infektionshaufig-
keit und selbst eingeschatzte Infektanfallig-
keit zu entwickeln, wurde eine explorative
Faktorenanalyse angewendet.

Ergebnisse. Die Evaluierung der internen
Konsistenz des aus 5 Items bestehenden Ins-
trumentes zur selbst eingeschatzten Infekt-
anfalligkeit ergab ein Cronbachs a von 0,78.
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Test-Retest-Reliabilitit eines Fragebogens zu Infektionskrankheiten und Evaluierung von selbst
eingeschatzter Infektionsanfalligkeit. Ergebnisse des Pretests 2 der Nationalen Kohorte

Durch die Faktorenanalyse wurde ein Fak-
tor ermittelt. Der ermittelte Faktor wurde in
3 Gruppen unterteilt. Das unterste Quintil
wurde als,weniger infektanfallig", das zwei-
te, dritte und vierte Quintil als ,ahnlich in-
fektanfallig” und das oberste Quintil als,in-
fektanfalliger” im Vergleich zu Gleichaltri-
gen definiert. Probanden in der Gruppe ,we-
niger infektanfallig” berichteten weniger In-
fektionen als Teilnehmer, die als ,infektan-
falliger” klassifiziert wurde. Die Korrelation
(Spearman) der beiden Scores (selbst berich-
tete Infektionshaufigkeit und selbst einge-
schatzte Infektionsanfalligkeit) ergab einen
Wert von 0,50 (p <0,0001). Um die Reliabi-
litdt zu quantifizieren, konnten 88 Teilneh-
mer mit einem medianen Zeitraum von 8 Ta-
gen zwischen beiden Fragebdgen fiir die Be-
rechnungen beriicksichtigt werden; ltems,
die vom Auftreten von Krankheiten zwischen
dem Ausfiillen beider Fragebdgen beein-
flusst werden kénnten, wurden nur unter Be-
riicksichtigung von Teilnehmern ohne rele-
vante Erkrankungen in diesem Zeitraum ana-



lysiert (n=75). Das gewichtete k bewegte sich
zwischen 0,65 und 0,87 fiir Items zur Haufig-
keit von Infektionskrankheiten in den vergan-
genen 12 Monaten, zwischen 0,77 und 0,90
fiir ltems zur Symptomhéufigkeit in den ver-
gangenen 12 Monaten und zwischen 0,68 und
0,76 fiir Items zur Infektanfalligkeit verglichen
mit Gleichaltrigen.

Schlussfolgerung. Das aus 5 Items bestehen-
de Instrument zur selbst eingeschétzten Infek-
tionsanfalligkeit scheint vielversprechend zu
sein. Allerdings sollte es noch weitergehend
validiert werden. Grundsétzlich ist der Frage-
bogen zu selbst berichteten Infektionskrank-
heiten, wie er im Pretest 2 der NAKO verwen-
det wurde, ein relativ reliables Instrument und

kann daher in weiteren Studien zu Infektions-
krankheiten angewendet werden.

Schliisselworter

Infektionen - Infektionskrankheiten -
Fragebogen zu Infektionskrankheiten - Test-
Retest-Reliabilitat - Nationale Kohorte (NAKO)

Other questions

In addition to these thematically connect-
ed item blocks we asked one question on
antibiotic intake in the last 12 months
(A1) with six answer categories (never,
once, twice, three-to-four times, more
than four times and “I don’t know”) and
questions on influenza vaccination (see
Schultze, Akmatov, Castell et al. in this is-
sue). The reliability study used only the
general item on this vaccination (V1).

Definitions

Migration status was defined by either
both parents not born in Germany, or
one parent not born in Germany and in-
terviewee not living in Germany since
birth, or German not being native lan-
guage [1]. Household net equivalent in-
come per month was calculated from the
original data using midpoint estimates of
group levels; the highest group (=8000 €)
was set to 10,000 €. To account for house-
hold size, weighting was done according
to [2]. School education was grouped as
recommended by [3].

Statistical analysis

Validation of self-assessed
vulnerability

Internal consistency of the five-item in-
strument “self-assessed vulnerability to
infections” (IH1-5) was examined by
Chronbach’s alpha (a). An explanato-
ry factor analysis with the Varimax rota-
tion method was applied to construct the
scores of self-reported frequency of infec-
tions (IN1-7) and self-assessed vulnera-
bility to infections. The Kaiser—-Meyer—
Olkin measure was employed to check the
sampling adequacy of both scores. Spear-
man’s correlation was used to examine
the correlation between the two scores.
Furthermore, the score of self-assessed
infection vulnerability was divided into

five groups of equal size (i.e. quintiles).
We then grouped the second, third and
fourth quintiles into one group, resulting
in three groups (lowest quintile classified
as “less prone to infections”, second, third
and fourth quintiles as “similarly prone to
infections” and highest quintile as “more
prone to infections” compared to peers).

Reliability study
Participants who filled in both question-
naires within less than 5 days or more than
14 days were excluded from the reliability
analysis so that, on one hand, memory ef-
fects would be reduced and, on the other
hand, the stability of the attributes was ap-
proximately ensured [4]. Reliability was
quantified using Cohen’s kappa (k) [4].
For ordinal scales (answer categories: nev-
er/ once/ twice/ three-to-four times/ more
than four times) linear weighted x was
used to take magnitudes in disagreement
into account. Linear weighting was cho-
sen over quadratic weighting because it
increases less with the number of catego-
ries [4]. The weighting matrix for weight-
ed « was calculated based on the formula
i~

1

linear weight = 1— . where i and j

are specific row and column categories
and k is the overall number of categories
[4]. If e.g. only 4 of 7 categories were used
by the study population the matrix was
modified to maintain the same weight of
a given cell of the contingency table. In ad-
dition to the weighted k, unweighted «
was calculated to account also for missing
values (in one questionnaire) and the cat-
egory “Idon’t know”. In this case, answers
were treated as on nominal scale. Only un-
weighted k was computed for items with
answer categories on nominal scale (e.g.
IN1a). Observations with missing values
for a given item in both questionnaires
were excluded for calculating unweighted
k. Observed agreement (%) is also shown
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to regard the dependence of « from the
distribution of data [5]. In case of weight-
ed k we adjusted percentage agreement
using the specific weighting matrix ap-
plied for k itself. Confidence intervals
(95%) for k were calculated according to
Reichenheim [6], using bias corrected
bootstrap estimates. We computed Krip-
pendorf’s a (nominal scale) using the R
package “irr” (version 0.84) and Bennett’s
Saccording to [7]. Global X2 test was used
to compare observed and expected pro-
portions. Statistical analyses were con-
ducted with Microsoft Excel 2010 (Micro-
soft Corp), STATA 12 IC (StataCorp LP),
R 3.1.0 (The R Foundation for Statistical
Computing) and IBM SPSS Statistics (ver-
sion 20).

Results

The characteristics of the study popula-
tions are listed in @ Table 1.

Self-assessed vulnerability
to infections

The evaluation of the internal consistency
of the five-item instrument of self-assessed
vulnerability to infections yielded a Cron-
bach’s a of 0.78. Removal of each item one
ata time resulted in a decrease of the mea-
sure (ranging between 0.72 and 0.76), in-
dicating that each item contributed well to
the topic. The factor analysis yielded evi-
dence of one factor (based on Eigenvalues
>1, see distribution in @ Fig. 1a, where
higher values of the score indicate high-
er vulnerability to infections). All partici-
pants who were classified as “less prone to
infections” reported to have different in-
fectious diseases far less frequently than
their peers (8 Table 2, second column).
The two other groups were more hetero-
geneous in terms of self-compared vul-
nerability (8 Table 2, third and fourth col-
umns). However, about 20 % of the partic-
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Fig. 1 « Distribution of a
the self-assessed infection
vulnerability score and b
the score of self-reported
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the last 12 months of a
20 1= upper respiratory tract
10 1 and b gastrointestinal
tract infections accord-
0 ing to the three groups
b no infections  once twice 3-4 times > 4 times of self-assessed infec-

ipants in the “more prone to infections”
group stated in agreement with their clas-
sification to have infections of bladder or
kidney more often than their peers. Sim-
ilarly, about one third of participants in
the same group stated to have infections
of the upper respiratory tract more often
than their peers. Participants in the “less
prone to infections” group were less likely

tion vulnerability

to report infections in the past 12 months
[IN1-7; exemplified by upper respiratory
tract (B Fig. 2a) and gastrointestinal tract
(B Fig. 2b) infections] than participants in
the “more prone to infections” group. The
reported frequencies of infections by par-
ticipants who were classified as “similarly
prone to infections” covered all frequency
categories (see B Fig. 2). The Spearman’s
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scores were derived by us-
ing factor analysis (see the
Methods section)

correlation of the two scores (self-report-
ed frequencies and self-assessed vulnera-
bility) yielded a value of 0.50 (p <0.0001).

Reliability study

Of 146 participants for whom both ques-
tionnaires were available, 88 could be in-
cluded in the analysis (B Fig. 3). The pro-
portions of men and women and the age
distribution (10-year groups) did not de-
part significantly from the intended pro-
portions within the GNC of 50 % (p=0.18)
or 10%-10%-26.7 %-26.7 %-26.7 % (see
[8], p=0.25), respectively.

Median duration of completing the
first questionnaire was 7 min [interquar-
tile range (IQR) 5-10, range 2-59, n=87],
the second questionnaire took 50 % of
participants 5 min (IQR 4-7, range 2-40,
n=_387). The median time interval between
filling in both questionnaires was 8 days
(IQR 7-10.5, n=88). The weighted « be-
tween answers of the first and the sec-
ond questionnaire ranged between 0.65
and 0.87 for the items on infectious dis-
ease frequency in the last 12 months, for
items on symptom occurrence in the past
12 months between 0.77 and 0.90, and for
items on vulnerability compared to peers
between 0.68 and 0.76. Antibiotic in-
take and influenza vaccination had « val-
ues of 0.78 and 0.84, respectively. All per-
centage agreement, weighted/unweighted
k and Bennet’s S values are presented in
O Table 3. In addition to k, the calculation
of Krippendorf’s a for data on a nominal



Assessed for eligibility: n=193

v

Not included: n=8

v

Declined to participate: n=19

v

Only the first questionnaire returned:
n=20

v

Both questionnaires available: n=146

v

Excluded from analyses: n=58

* Implausible or missing dates: n=6
¢ Time intervall <5 days: n=9

® Time intervall >14 days: n=32

® Convenience sample:n=11

Analysed: n=88
e noincident disease episode

between both questionnaires:
n=75

Fig. 3 A Flow chart of the reliability study

scale yielded identical values as the non-
weighted k (data not shown).

Discussion

Self-assessed vulnerability
to infections

We evaluated questions on self-assessed
vulnerability to infections and demon-
strated that they were reliable; the instru-
ment also showed a high internal consis-
tency. Furthermore, we observed a mod-
erate correlation between self-reported
frequency of infections and self-assessed
vulnerability to infections. Research has
shown that self-assessment of health sta-
tus may be a valid measure of a respon-
dent’s objective health status. For exam-
ple, a single-item global self-rated health
measure is a widely used instrument and
has found application in many studies [9-
11]. Advantages such as simplicity and ease
of administration explain this broad us-
age of such instruments. The above men-
tioned single-item measure of global self-
rated health has also been shown to pre-
dict morbidity and mortality [12, 13]. To

our knowledge, no studies have exam-
ined questions on self-assessed vulnera-
bility with regard to common infections/
infectious diseases. The five-item instru-
ment on self-assessed vulnerability to in-
fections seems to be a promising instru-
ment. However, further evaluation of self-
assessed infections is required to validate
this instrument. For example, self-as-
sessed vulnerability to infections present-
ed here might reflect not only comparative
susceptibility but also psychosocial condi-
tions. Self-assessment of infection vulner-
ability may be influenced by subjective
factors. Thus, this evaluation of infection
vulnerability based on self-assessed ques-
tions alone should be treated with caution.

Reliability

We conducted a test-retest reliability
study on an infectious disease question-
naire in Pretest 2 of the GNC in the Study
Centre Hanover. Eighty-eight of Pretest 2
participants (random sample) could be in-
cluded in our analysis. Cohen’s k was cal-
culated as the primary measure of agree-
ment. To account for sampling, 95 % con-
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fidence intervals based on bootstrap esti-
mation are shown indicating some rele-
vant uncertainty of point estimates for a
number of items (e.g. skin infections).
The short median duration of 7 or
5 min, respectively, for filling in the ques-
tionnaire supports the feasibility of its ap-
plication. A process of habituation and
learning cannot be ruled out since filling it
in for the second time was generally fast-
er. Non-transparent behavior like having
a copy of the first questionnaire at home
and using it as reference might influence
duration and reliability measures as well.
Yet in principle, the time interval in our
study between the two copies of the ques-
tionnaire should suffice to avoid memory
effects in order to ensure independent rat-
ings on one hand and to guarantee stabil-
ity of evaluated items on the other hand.

Our test-retest reliability study indi-
cates that in general the questionnaire on
self-reported infectious diseases is reli-
able. In order to evaluate agreement based
on calculation of , the following catego-
ries are often used [4]: <0 (two items)
poor, 0.01-0.2 slight (one item), 0.21-0.4
fair (no item), 0.41-0.60 moderate (two
items), 0.61-0.80 substantial (12 items),
and 0.81-1 almost perfect agreement (six
items), choosing the higher « if two are
available for a given item.

Since linear weighting leads to more
conservative k estimates than quadratic
weighting [14], the presented values for k
might underestimate agreement of ques-
tionnaire one and two on ordinal scales.
By excluding observations with miss-
ing values for a given item in both ques-
tionnaires for calculating unweighted, i.e.
nominal, k this might underestimate the
true agreement beyond chance as well.

k depends not only on subjects’ agree-
ment per se but also on frequency of cate-
gories and distribution of agreement and
disagreement [4]. These characteristics
mean that interpreting k is not straight
forward [4, 15]. To contextualise x, per-
centage agreement is reported as well.
This makes it possible to account for situ-
ations in which « is low despite high per-
centage agreement due to the distribution
of classifications, a situation called one of
the intrinsic paradoxes of k [4]. Problems
due to distribution of marginals are gener-
ally part of our data since most mentioned
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Table 3 Agreement of questionnaire one and two with weighted k values for ordinal scales answers and unweighted if answers are on or inter-

preted as nominal scale (inclusion of “I don’t know” and missing values). Participants with a relevant disease episode between questionnaire one
and two are excluded for disease- and symptom-based items as well as antibiotic intake

Item

Answer categories on ordinal scale
(0-" 4times”)

Answer categories on or interpreted as nomi-
nal scale (incl. “Don’t know"” and missings)

n Linear weighted  Linear weighted n Non-weighted Non-weighted k
agreement [%]  Kappaand 95%- agreement [%] and 95 % - confi-
confidence interval (Bennet’s S) dence interval

Disease-based items?
URT infections (IN1) 72 927 0.77 [0.67-0.86] 75 73.3(0.69) 0.65[0.53-0.77]
Visit to GP or outpatient department (IN1a) - - - 74 90.5 (0.87) 0.75[0.62-0.90]
Hospitalisation (IN1b) = = = 74 97.3(0.96) 0[n.c]
LRT infections (IN2) 73 97.9 0.84[0.67-0.92] 75 89.3(0.88) 0.70[0.49-0.83]
Visit to GP or outpatient department (IN2a) - - - 73 87.7(0.84 0.50[0.18-0.75]
Hospitalisation (IN2b) - - - 73 89.0(0.85) 0.16 [-0.01-0.37]
GIT infections (IN3) 72 93.7 0.73[0.57-0.87] 75 76.0(0.72) 0.59[0.46-0.75]
Visit to GP or outpatient department (IN3a) - - - 73 91.8(0.89) 0.57[0.22-0.83]
Hospitalisation (IN3b) - - - 73 94.5(0.93) —0.02 [-0.06-0]
Lip herpes (IN4) 73 98.6 0.87[0.69-0.97] 75 92.0(0.91) 0.75[0.58-0.90]
Infections of skin or mucosa (IN5) 73 98.3 0.65[0.20-0.94] 75 93.3(0.92) 0.42[0.09-0.65]
Bladder infection (IN6) 73 99.0 0.83[0.69-0.93] 75 94.7 (0.94) 0.74[0.50-0.89]
Kidney infection (IN7) 72 99.7 0.86 [0.85-0.86] 74 95.9 (0.95) 0.24[0.16-0.40]
Symptom-based items®
Cough (F1) 72 97.2 0.77 [0.52-0.95] 75 89.3(0.88) 0.67 [0.47-0.84]
Fever (F2) 71 98.2 0.77 [0.60-0.93] 75 88.0(0.86) 0.59[0.44-0.78]
Diarrhoea (F3) 72 97.2 0.90[0.81-0.96] 75 86.7 (0.84) 0.77 [0.65-0.89]
Self-assessed comparison to peers
URT infections (IH1) 86 91.0 0.68[0.57-0.79] 87 65.5 (0.59) 0.52[0.39-0.67]
LRT infections (IH2) 87 94.0 0.74[0.62-0.84] 87 78.2(0.74) 0.67 [0.55-0.79]
GIT infections (IH3) 87 92.5 0.70[0.57-0.80] 87 71.3(0.66) 0.58[0.42-0.71]
Bladder and kidney infection (IH4) 85 94.7 0.77 [0.62-0.86] 87 80.5(0.77) 0.69[0.56-0.81]
Infections of skin or mucosa (IH5) 87 94.0 0.69[0.52-0.81] 87 80.5(0.77) 0.66 [0.49-0.77]
Other
Use of antibiotics® (A1) 72 96.2 0.78[0.66-0.89] 74 83.8(0.81) 0.70[0.55-0.84]

Influenza vaccination (V1)

88 92.0(0.89) 0.84[0.73-0.93]

URT upper respiratory tract; LRT lower respiratory tract; GIT gastrointestinal tract; n.c. cannot be calculated
0nly participants with no infectious disease episode between both questionnaires are included

diseases/symptoms/conditions do not oc-
cur evenly distributed over answer cate-
gories in the population. This might par-
ticularly apply to IN1b (hospitalisation for
URT infection, k=0, percentage agree-
ment 97.3%), IN2b (hospitalisation for
LRT infection, k=0.16, percentage agree-
ment 89.0%), and IN3b (hospitalisation
for GIT infection k=-0.02, percentage
agreement 94.5 %), explaining the dis-
crepancy between high percentage agree-
ment and poor k, and indicating that
might be spuriously low in these cases. For
IN2b, k increases from 0.16 to 1.0 and from
89% crude agreement to 100 % if obser-
vations with missing values for this item
are excluded (left n=65). This shows how

slight changes in analysis strategy could
influence « substantially.

An alternative reliability coefficient,
Krippendorf’s a, a very flexible measure
of disagreement [16], adds no further in-
formation to the calculation of x result-
ing in identical point estimates. A further
addition to Cohen’s k, Bennett’s S, can be
regarded as generalisation of Byrt’s prev-
alence-adjusted bias-adjusted k (PABAK)
[17]. Since S remodels the observed agree-
ment [7] the results relate closely to the re-
ported percentage agreement in @ Table 3
and adds to the notion of a spuriously low
K in the aforementioned cases.

In summary, despite a methodological-
ly conservative approach the overall reli-
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ability of the infectious disease question-
naire using the answer categories on an
ordinal scale or on a nominal scale and in-
cluding “I don’t know” and missing values
as separate categories can be interpreted
as “moderate” to “very good” if k and per-
centage agreement or Bennet’s S are both
taken into account. Thus, measurement
error and uncertainty of subjects’ own
classification should be reasonably low.

Conclusion

A five-item instrument on self-assessed
vulnerability to infections seems to be
promising. However, further evaluation
of the instrument regarding, e.g. psycho-



social influences, is needed. Thus, eval-
uation of infection vulnerability based
on self-assessed questions alone should
be treated with caution. The question-
naire on self-reported infectious diseas-
es used in Pretest 2 of the GNC is a mod-
erately reliable instrument and thus can
be applied in future studies on infectious
diseases.

Lessons learned for the main recruitment
phase of the GNC:

A modified version of the infectious dis-
ease questionnaire will be used on Level
1 of the GNC.

Corresponding address

S. Castell

Department for Epidemiology
Helmbholtz Centre for Infection Research
Inhoffenstral3e 7, 38124 Braunschweig
stefanie.castell@helmholtz-hzi.de

M.K. Akmatov

Department for Epidemiology
Helmbholtz Centre for Infection Research
Inhoffenstral3e 7, 38124 Braunschweig
manas.akmatov@helmholtz-hzi.de

Acknowledgments. This project was conducted

in the context of the pretest studies of the German
National Cohort (www.nationale-kohorte.de). These
were funded by the Federal Ministry of Education
and Research (BMBF), project number 01ER1203 and
supported by the Helmholtz Association as well as
by the participating universities and Institutes of the
Leibniz Association. We thank Dr. Udo Buchholz, Dr.
Dirk Werber (Robert Koch Institute), Dr. Antonia Zapf
(Institute of Medical Statistics, Gottingen) and Dr.
André Karch, Johannes Horn and Aparna Schweitzer
(Helmholtz Centre for Infection Research) for helpful
discussions.

Compliance with
ethical guidelines

Conflict of interest. S. Castell, M.K. Akmatov, N. Obi,
D. Flesh-Janys, A. Neiters, Y. Kemmling,F. Pessler, and
G. Krause state that there are no conflicts of interest.

All studies on humans described in the present
manuscript were carried out with the approval of the
responsible ethics committee and in accordance with
national law and the Helsinki Declaration of 1975

(in its current, revised form). Informed consent was
obtained from all patients included in studies.

Open Access. This article is distributed under the
terms of the Creative Commons Attribution License
which permits any use, distribution, and reproduc-
tion in any medium, provided the original author(s)
and the source are credited.

References

. Schenk L, Bau AM, Borde T et al (2006) A ba-

sic set of indicators for mapping migrant status.
Recommendations for epidemiological practice.
Bundesgesundheitsbl Gesundheitsforsch Gesund-
heitsschutz 49(9):853-860

. Hoffmeyer-Zlotnik H, Heckel C, von der Heyde C

et al (2010) Statistik und Wissenschaft. Demogra-
phische Standards. Statistischer Bundesamt; Re-
port No.: Band 17

. Jockel K, Babitsch B, Bellach B et al (1997) Messung

und Quantifizierung soziographischer Merkmale
in epidemiologischen Studien. Empfehlungen der
DAE, GMDS, DGSMP und Deutschen Region der In-
ternationalen Biometrischen Gesellschaft

. Sim J, Wright CC (2005) The kappa statistic in reli-

ability studies: use, interpretation, and sample size
requirements. Phys Ther 85(3):257-268

. Brennan PF, Hays BJ (1992) The kappa statistic for

establishing interrater reliability in the secondary
analysis of qualitative clinical data. Res Nurs Health
15(2):153-158

. Reichenheim M (2004) Confidence intervals for the

kappa statistic. Stata J 4(4):421-428

. Warrens M (2012) The effect of combining catego-

ries on Bennett, Alpert and Goldstein’S. Stat Meth-
odol 9:341-352

. Wichmann HE, Kaaks R, Hoffmann W, Jockel KH,

Greiser KH, Linseisen J (2012) The German National
Cohort. Bundesgesundheitsbl Gesundheitsforsch
Gesundheitsschutz 55(6-7):781-787

. Kunst AE, Bos V, Lahelma E et al (2005) Trends

in socioeconomic inequalities in self-assessed
health in 10 European countries. Int J Epidemiol
34(2):295-305

. Kopp M, Skrabski A, Rethelyi J, Kawachi |, Adler NE

(2004) Self-rated health, subjective social status,
and middle-aged mortality in a changing society.
Behav Med 30(2):65-70

. Sibthorpe B, Anderson |, Cunningham J (2001)

Self-assessed health among indigenous Austra-
lians: how valid is a global question? Am J Public
Health 91(10):1660-1663

. Heistaro S, Jousilahti P, Lahelma E, Vartiainen E,

Puska P (2001) Self rated health and mortality: a
long term prospective study in eastern Finland. J
Epidemiol Community Health 55(4):227-232

. DeSalvo KB, Fan VS, McDonell MB, Fihn SD

(2005) Predicting mortality and healthcare uti-
lization with a single question. Health Serv Res
40(4):1234-1246

. Gower EW, West SK, Cassard SD, Munoz BE, Hard-

ing JC, Merbs SL (2012) Definitions and standard-
ization of a new grading scheme for eyelid contour
abnormalities after trichiasis surgery. PLoS Neg|
Trop Dis 6(6):e1713

. Hallgren KA (2012) Computing inter-rater reliabili-

ty for observational data: an overview and tutorial.
Tutor Quant Methods Psychol 8(1):23-34

. Hayes A, Krippendorf K (2007) Answering the call

for a standard reliability measure for coding data.
Commun Methods Meas 1(1):77-89

. ByrtT, Bishop J, Carlin JB (1993) Bias, prevalence

and kappa. J Clin Epidemiol 46(5):423-429

Bundesgesundheitsblatt - Gesundheitsforschung - Gesundheitsschutz 11 - 2014

| 1307


mailto:manas.akmatov@helmholtz-hzi.de

	﻿Test–retest reliability of an infectious disease questionnaire and evaluation of self-assessed vulnerability to infections
	﻿Abstract
	﻿Zusammenfassung
	﻿Methods
	﻿Validation study
	﻿Reliability study
	﻿Infectious disease questionnaire
	﻿Self-reported infections (IN1–7) and self-reported symptoms (F1–3)
	﻿Self-assessed vulnerability to infections (IH1–5)
	﻿Other questions


	﻿Definitions
	﻿Statistical analysis
	﻿Validation of self-assessed vulnerability

	﻿Results
	﻿Self-assessed vulnerability to infections

	﻿Discussion
	﻿Reliability

	﻿Conclusion
	﻿Electronic supplementary material
	﻿References


