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Background: Psychiatric events during travel
abroad account for alarge percentage of medical
repatriations arranged by insurance companies.
Several risk factors have been proposed for such
events, one of these being use of mefloquine. We
investigated the risk of psychiatric events during
use of mefloquine.

Method: We performed a nationwide case con-
trol study using medical records from 4 large alarm
centers in the Netherlands. Cases were patients con-
tacting the alarm centers because of psychiatric
events, according to International Code Primary
Care code P (al psychiatric symptoms) or Interna-
tional Classification of Diseases, Ninth Edition,
codes 290-319 (all psychiatric syndromes). To ev-
ery case we matched up to 6 controls by alarm cen-
ter, calendar time, and continent of travel. All con-
trols had contacted the alarm centers because of
nonpsychiatric medical reasons. Shortly after the
anticipated day of return, cases and controls re-
ceived a questionnaire regarding travel characteris-
tics, gender, age, marital status, education, weight,
height, general health, history of psychiatric dis-
eases, use of medicines, smoking status, alcohol
intake, coffee intake, and use of malaria prophy-
laxis. Dates of travel for the source population
were between September 1, 1997, and June 1, 2000.

Results: The study population consisted of 111
cases and 453 controls. The risk of psychiatric
events during the use of mefloquine was 3.5 (95%
Cl =1.4108.7). In females, the risk was strongly
increased, with an odds ratio of 47.1 (95% Cl = 3.8
to 578.6). Stratification for history of psychiatric
diseases showed that the risk of psychiatric events
during use of mefloquine in cases without a history
of psychiatric diseases was 3.8 (95% Cl = 1.4 to
10.1), whereas the risk in cases with a history of
psychiatric diseases was 8.0 (95% CI = 1.8 to 35.8).

Conclusion: The use of mefloquine is associated
with an increased risk of psychiatric eventsin fe-
males and in patients with a history of psychiatric
diseases.
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sychiatric syndromes during travel abroad account

for a large percentage of medical repatriations
arranged by insurance-based medical alarm centers.* Sev-
era risk factors for psychiatric syndromes during travel
have been proposed. These risk factors include travel
destination, traveling alone, route of transportation, time
zone changes, use of malaria prophylaxis, and history of
psychiatric syndromes.* The use of mefloquine remainsa
controversial risk factor for psychiatric events. The effi-
cacy of this antimalarial is widely accepted, but its toler-
ability has been questioned.*™ Factors influencing toler-
ability of mefloquine are till largely unknown, although it
has been demonstrated that females with alow body mass
index (BMI) are more likely to experience adverse ef-
fects.*112 Because of lack of uniformity in the literature
on the tolerability of mefloquine, we performed a case-
control study to assesstherisk of psychiatric events during
the use of malaria prophylaxis while traveling abroad.

METHOD

Setting

This study was performed with medical datafrom the 4
largest Dutch alarm centers: ANWB (Dutch MotoristsAs-
sociation), The Hague; ElviaAssistance, Amsterdam; SOS
International, Amsterdam; and Eurocross, Noordwijk, the
Netherlands. The alarm centers are associated with insur-
ance companies that provide travel insurances. Insured
travelers can contact the alarm centers in case of serious
medical problems. Every traveler seeking medical help
while traveling or staying abroad has to contact the alarm
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center to assure that medical help abroad is reimbursed. If
necessary, a team of specialized medical doctors confers
with the local treating physicians on treatment and possi-
bilities for transportation to the Netherlands. All contacts
are filed and coded in a unique patient record and stored
in an automated database. This study was approved by
the Medical Ethics Committee of the Erasmus Medical
Centre, Rotterdam, the Netherlands, and written informed
consent was obtained from all responding participants.

Source Population

The source population consisted of al persons, aged
15 years or older, who contacted 1 of the 4 alarm centers
for any medical reason while traveling outside Europe be-
tween September 1, 1997, and June 1, 2000. We excluded
all persons who did not live in the Netherlands or did not
write or speak the Dutch language.

Cases and Controls

Cases were all persons who contacted an alarm center
for psychiatric disturbances during travel. Cases were
identified through the automated database, which con-
tains information on medical complaints coded by either
International Code Primary Care (ICPC) code P (all psy-
chiatric symptoms) or International Classification of Dis-
eases, Ninth Edition, (ICD-9) codes 290-319 (all psychi-
atric syndromes). The date of first contact was defined as
the index date.

Six controls per each case were selected at random
from the source population of persons contacting the
alarm centers for nonpsychiatric but otherwise medical
reasons at the time the case occurred. Controls were
matched to the cases by alarm center, calendar time (+ 14
days), and continent of travel.

Data Collection

Data were collected by means of a self-administered
questionnaire (available in Dutch by request), which was
sent directly to both cases and controls after the antici-
pated day of return. The questionnaire was accompanied
by a cover letter in which the research hypothesis was
formulated in general terms without specific reference
to psychiatric events. A reminder was sent to all non-
responders 1 month later. The questionnaire contained
closed-ended questions regarding travel characteristics,
gender, age, marital status, education, weight, height,
general health, history of psychiatric diseases, use of
medicines, smoking status, alcohol intake, coffee intake,
and use of malaria prophylaxis. We incorporated the vali-
dated Dutch Symptom Checklist (SCL-90)*** for valida-
tion of the psychiatric status. The SCL-90 is a self-report
clinical rating scale oriented toward the symptomatic be-
havior of medical and psychiatric outpatients. It contains
90 items, reflecting 8 subscales: sleeping problems, hos-
tility, depression, somatic disturbances, feelings of dis-
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trust, agoraphobia, insufficiency of thinking and action,
and anxiety. The answers are graded on a 5-point scale
ranging from “not at al” = 1to “extremely” = 5. Thetota
score is a composite score, which can be calculated by
summing the scores of the subscales.****

Exposure Assessment

Exposure to malaria prophylaxis during travel was
assessed by the questionnaire. Subjects were classified as
nonusers of any chemoprophylaxis or users of proguanil,
proguanil plus chloroquine, mefloquine, or other pro-
phylaxis.

Analysis

Univariate comparisons between cases and controls
were conducted with Student t tests in case of normally
distributed continuous variables. Crude odds ratios and
95% confidence intervals for the use of mefloquine,
proguanil, or other malaria prophylaxis as compared to
nonuse were calculated. Adjusted odds ratios were cal-
culated by multivariate conditional logistic regression
analysis after adjustment for potential confounders such
as age, gender, BMI or body weight, traveling alone, and
history of psychiatric diseases, which were univariately
associated with psychiatric events. Missing values were
incorporated into the analyses using the missing indicator
method.”

We conducted 3 sensitivity analyses to examine
whether our case or control definition was misclassified.
On the basis of the total score on the SCL-90, cases were
retained only if they had aclinically relevant score on the
SCL-90 and controls only if they had a normal score on
the SCL-90 according to either of the specific cutoff val-
ues of the case. For the 3 analyses, we used the following
respective cutoff points: for males, 116, 124, and 131, for
females, 130, 139, and 149. These cutoff points have been
validated in the Dutch population.*

Unconditional logistic regression analyses were per-
formed in order to stratify for potential effect modification
by history of psychiatric diseases. Statistical interaction
was defined as a departure from additivity of effects, and
interaction of factors A and B was present if (ORu.g. —
ORp.) —(OR, 5, — 1) > 0. Two-tailed p values less
than .05 were considered statistically significant.

RESULTS

From September 1, 1997, until June 1, 2000, 185 cases
of psychiatric disturbance were identified, and to those
cases, 1017 controls (1.0:5.5) were matched. A total of 800
(66.6%) questionnaires were received (116 cases and 684
controls). Nonresponders were significantly younger than
responders (41 years vs. 46 years, p < .001), and more fe-
mal es responded than males (70.0% vs. 67.2%, p = .005).
The response was slightly lower in cases (63.0%) than in
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Table 1. General Characteristics of the Study Population: Persons Who
Contacted the Alarm Center for Psychiatric Disturbances (cases) or
Nonpsychiatric Medical Reasons (controls) During Travel Abroad

Conditional
Cases Controls OR (95% Cl)
Characteristic (N =111) (N =453) or p Value
Male, N (%) 36 (32.4) 214 (47.2) Reference
Female, N (%) 75 (67.6) 239 (52.8) 21(1.3t03.4)?
Age, mean (SD), y 389(14.9) 46.7(185) .0012
Body mass index, mean (SD)®  22.8 (2.9) 24.4(4.0) .003?
<20, N (%) 16 (14.4) 39(8.6) Reference
20-25, N (%) 43 (38.7) 197 (43.5) 0.5(0.2t0 1.0)
> 25, N (%) 22(19.8) 148 (32.7) 0.3(0.1t00.7)%
Education, N (%)°
Primary (vocational) 13 (11.7) 71(15.7) Reference
Secondary (vocational) 43 (38.7) 155 (34.2) 1.5(0.7 t0 3.0)
College/university 29 (26.1) 160 (35.3) 1.0(0.5t02.0)
Marital status, N (%)°
Unmarried/divorced 36 (32.4) 222 (49.0) Reference
Married/living together 44 (39.6) 131 (28.9) 1.9(1.2t03.0?
Widow/widower 4(3.6) 32(7.1) 0.8(0.3t02.5)
Traveling alone, N (%)°
No 54 (48.6) 306 (67.5) Reference
Yes 31(27.9) 83(18.3) 2.1(1.2t0 3.6)%
Medical complaints, N (%)°
No 22 (19.8) 139 (30.7) Reference
Yes 62 (55.9) 240 (53.0) 1.6 (0.9t02.7)
History of psychiatric disease,
N (%)°
No 28 (25.2) 293 (64.7) Reference
Yes 55 (49.5) 79 (17.4) 7.0 (4.0t012.1)?
Use of medication, N (%)°
No 31(27.9) 163 (36.0) Reference
Yes 52 (46.8) 213 (47.0) 1.3(0.8t02.2)
Prophylaxis with antimalarial
drugs, N (%)
No 71 (64.0) 345 (76.2) Reference
Yes 36 (32.4) 100 (22.1) 21(1.1t03.8)?
Unknown 4(3.6) 8(1.8) 2.4(0.6t09.2)
Alcohol intake, N (%)°
None 22 (19.8) 93(20.5) Reference
<1 unit daily 50 (45.0) 185 (40.8) 1.0(0.5t02.1)
1-5 units daily 9(8.1) 106 (23.4) 0.3(0.1t00.8)?
> 5 units daily 1(0.9 2(0.4) 2.3(0.2t027.3)
Coffeeintake, N (%)°
None 15(13.5) 76 (16.8) Reference
1-4 cups per day 49 (44.1) 209 (46.1) 1.3(0.7t0 2.5)
5-9 cups per day 16 (14.4) 84 (18.5) 1.1(0.5t02.4)
= 10 cups per day 1(0.9 11 (2.4) 0.5(0.1to4.4)
Smoking status, N (%)°
No 49 (44.1) 264 (58.3) Reference
Yes 34 (30.6) 118 (26.0) 15(0.9t02.5)
Neuropsychiatric event, N (%)
Depression 17 (15.3)
Anxiety/panic attack 16 (14.4)
Psychosis 14 (12.6)
Insomnia 18 (16.2)
Drowsiness/collapse 7(6.3)
Hallucinations 2(1.8)
Agitation 2(1.8)
Manic reaction 2(1.8)
Disorientation 2(1.8)
Lethargy 3(2.7)
Not specified 28 (25.2)

aStatistically significant at < .05.
bSubset Ns do not add up to total N because of missing values.
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controls (67.0%), but this difference was not sig-
nificant. Five cases and 231 controls had to be ex-
cluded from the conditional logistic regression
analyses because they had no responding control
or case, respectively, matched to them. Therefore,
the final study population consisted of 111 cases
and 453 controls.

Basic characteristics of cases and controls are
presented in Table 1. Female gender, marital sta-
tus, traveling alone, prophylactic use of antima-
larial drugs, and history of psychiatric disease
were associated with an increased risk, whereas
age, ahigh BMI, and moderate use of acohol were
associated with a decreased risk of psychiatric
events abroad. The most frequent psychiatric
eventswere depression, anxiety, psychosis, and in-
somnia, but in 28 cases the precise diagnosis was
unknown. Fifty-eight (52.2%) of the 111 casesre-
turned home earlier and 3 cases (2.7%) returned
home later than planned because of the psychiatric
events. Others were treated mostly through local
medical assistance by switching to another antima-
larial agent or with psychotropic medication.

Regarding 4 cases and 8 controls, the status of
malaria prophylaxis was unknown. Table 2 shows
that the adjusted risk of psychiatric events during
use of mefloquine was 3.5 (95% Cl = 1.4 t0 8.7),
whereas there was no significant association with
proguanil. Further adjustment for use of alcohol
and marital status did not change the risk. Because
gender may be an effect modifier, stratified analy-
ses were performed (Table 2). The effect of mef-
loquine on the occurrence of psychiatric events
was most pronounced among females (OR = 47.1
[95% CI = 3.8t0 578.6]), whereas the risk was not
significantly elevated for males. Mefloquine use
elevated the risk of psychiatric events both in per-
sons with (OR = 8.0 [95% CI = 1.8 to 35.8]) and
without (OR = 3.8 [95% CI = 1.4 to 10.1]) a his-
tory of psychiatric disease. Therelative excessrisk
due to interaction was 35.1 (95% Cl =—68.7 to
138.9), implying that 81% of the cases of psy-
chiatric events can be explained by the use of
mefloquine in persons with a prior history of psy-
chiatric disease (Table 3). The adjusted results for
BMI and body weight were similar, and only those
for BMI are given. Although BMI may be both a
confounder and an effect modifier, we were not
able to explore the potential interaction between
gender and BMI because of low numbers in the
Strata.

We conducted 3 sensitivity analyses with re-
spect to the case-control definition by using the
total score on the SCL-90. By varying the cutoff
points for the case definition, the odds ratio for
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Table 2. Association Between Use of Malaria Prophylaxis and the Occurrence of Psychiatric
Events During Travel Abroad®

Cases Controls Crude Adjusted
(N =107) (N =445) Odds Ratio Odds Ratio
Population N % N % (95% ClI) (95% ClI)
Total
No prophylaxis 71 664 345 775 Reference Reference®
Proguanil 10 9.3 34 7.6 2.1(0.9t05.1) 1.3(0.5t03.8)
Mefloquine 22 206 41 9.2 3.2(1.5t07.0) 35(14108.7)
Other 4 3.7 25 5.6 0.9(0.3t02.9) 0.7 (0.2t0 2.6)
Male
No prophylaxis 25 71.4 162 76.8 Reference Reference®
Proguanil 3 8.6 11 5.2 1.3(0.3t05.6) 1.3(0.2t0 8.6)
Mefloquine 6 171 24 11.4 1.6 (0.5t05.4) 25(0.5t012.1)
Other 1 29 14 6.6 0.7 (0.1t0 7.4) 0.3(0.1t05.8)
Female
No prophylaxis 46 63.9 183 78.2 Reference Reference®
Proguanil 7 9.7 23 9.8 1.4(0.3t05.7) 1.2(0.2t08.5)
Mefloquine 16 22.2 17 7.3 10.0(1.9t051.8) 47.1(3.8t0578.6)
Other 3 4.2 11 4.7 0.9 (0.1t0 10.3) 1.3(0.1t020.3)

8Four cases and 8 controls excluded because it was unknown whether they had used antimalarials.
POdds ratio adjusted for gender, age, body massindex, traveling alone, and history of psychiatric diseases.
¢Odds ratio adjusted for age, body mass index, traveling alone, and history of psychiatric diseases.

Table 3. Estimation of Interaction and Relative Excess Risk Due to Interaction Between
Exposure to Mefloquine/History of Psychiatric Disease and Occurrence of Psychiatric Events

During Travel Abroad®

Cases Controls Odds Ratio
Population N % N % (95% CI)P
Not exposed/no history of psychiatric disease 18 254 223 68.8 Reference
Not exposed/history of psychiatric disease 34 47.9 65 20.1 4.6 (2.0t010.6)
Exposed/no history of psychiatric disease 8 11.3 33 10.2 49(1.3t018.5)
Exposed/history of psychiatric disease® 11 155 3 0.9 43.6 (4.4t0 434.4)

4 n patients for whom there were complete data.

bOdds ratio adjusted for age, gender, body mass index, and traveling alone.
“Relative excess risk due to interaction: (43.6 —4.6 —4.9 + 1) = 35.1 (95% Cl = —68.7 to 138.9).
Proportion of cases attributable to the interaction of use of mefloquine and history of psychiatric

disease: 35.1/43.6 = 0.81.

psychiatric events during use of meflogquine increased
from 2.0 (95% Cl =0.7 to 5.7) for the lowest, via 3.1
(95% Cl =1.0 to 10.0) for the middle, to 6.1 (95%
Cl =1.5t0 25.2) for the highest cutoff point.

DISCUSSION

This study demonstrates that use of mefloquineis asso-
ciated with an increased risk of psychiatric events during
travel. This risk was strongly increased in women but
only slightly and nonsignificantly in males. That women
are more susceptible than men has been brought forward
by several authors.®? Recently, we confirmed this fe-
male preponderance in a prospective double-blind study
in which the occurrence of neuropsychiatric effects dur-
ing use of atovaquone plus proguanil was compared to
that during mefloquine use?* Despite the fact that
mefloquine is contraindicated in persons with a history of
psychiatric diseases,? 18 patients with a history of psy-
chiatric diseases used mefloguine as malaria prophylaxis.
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Among these subjects, the risk of arelapse during use of
mefloquine was increased 8-fold as compared to nonuse.
Meflogquine has acetylcholinesterase-inhibiting prop-
erties, and stereospecific inhibition of acetylcholinester-
ase has been reported.”? It is known that acetylcholin-
esterase inhibitors are able to affect the central nervous
system resulting in anxiety, restlessness, disrupted con-
centration and memory, confusion, sleep disturbances,
and convulsions.”® Hence, the adverse reaction profile of
mefloquine is compatible with its pharmacol ogic activity.
In our study, a high BMI was protective. One explana-
tion for this effect may bethat in personswith alow BMI,
more of the highly lipid-soluble drug mefloquine will
reach the brain during the first distribution phase than in
persons with a high BMI. Highly lipid-soluble drugs gen-
erally require only a single passage of blood through an
organ to establish a blood-tissue equilibrium.?” The brain
comprises only 2% of body weight but receives 12% of
the cardiac output, while adipose tissue comprises ap-
proximately 20% of body weight in an adult of average
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weight but receives only 10% of the cardiac output.” As
mefloquineis given in afixed dose, it is reasonable to as-
sume that in persons with a low BMI, higher levels of
mefloquine reach the brain than in persons with a high
BMI, who will distribute more mefloquine to their adipose
tissue. This effect is reminiscent of the principle that over-
weight persons require more anesthetic to induce anesthe-
sia but have a prolonged recovery phase because the anes-
thetic agent is slowly released from adipose tissues.

An epidemiologic field study such as ours may be lim-
ited by selection bias, information bias, or confounding.
Selection bias might occur whenever the inclusion of cases
and controls is in some way associated with the exposure
of interest. This bias seems unlikely, as almost 70% of the
source population participated, and nonresponse did not
differ between cases and controls. Information bias might
have occurred if patients with psychiatric events had a
better recall of drug use than patients with nonpsychiatric
events. For 2 reasons, we think that this potential recall
bias is unlikely. Firstly, our controls also experienced a
serious and often frightening medical event. Hence, any
recall bias might be expected to occur in cases and controls
alike. That this bias did not occur is confirmed by the fact
that the overall drug use in cases and controls was the
same. Secondly, our cover letter and questionnaire alluded
to the study as an investigation of the Inspectorate for
Health Care on the health of travelers and the quality of
repatriation in very general terms. The emphasis was on
the event that happened while traveling abroad and the
way it was handled, but nothing in the letter pointed to a
special interest in psychiatric events or antimalarial drugs.

Misclassification of the outcome of interest may be
another potential form of information bias. Substantial
misclassification, however, seems unlikely as cases were
all persons who contacted the alarm center for psychiatric
symptoms while traveling abroad, and it must be highly
unusual for people who contact the alarm center because
of psychiatric symptoms to not have psychiatric distur-
bances. On the other hand, we can not exclude that the
type of psychiatric syndrome was misclassified, because
most patients did not visit a psychiatrist while traveling
abroad. Under such circumstances, a psychiatric differen-
tial diagnosis may be difficult to make. For thisreason and
because mefloquine has been associated with a wide vari-
ety of neuropsychiatric events, we did not stratify by type
of psychiatric syndrome.

By means of the SCL-90 we performed a sensitivity
analysis on the cases and controls. The risk of psychiatric
events associated with mefloquine was strongest in the
category with the highest specificity, with an odds ratio of
6.1 (95% Cl = 1.5t0 25.2). Hence, application of the most
stringent criteria increased rather than decreased the mag-
nitude of the association.

Some authors have suggested that physiologic and psy-
chological stress of intercontinental travel may confound
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the association between mefloquine and neuropsychiatric
adverse events.®’?® Relocation, mode of transportation,
travel destination, traveling alone, and time zone changes
are recognized stressors.*?#* Also, being away from
home in an unfamiliar and uncontrollable environment
means that some travelers may be exposed to consider-
able stress at atime of maximal vulnerability.

In this study, wetried to control for the effects of travel
by matching for continent to which the cases traveled.
All subjects went to destinations outside Europe, were
transported by air, and encountered the same time zone
changes. Furthermore, by matching for continent, we re-
duced to some extent the confounding effects of extreme
experiences, for example, exposureto violent criminal ac-
tivities, which may differ by continent.

In conclusion, the use of mefloquineis associated with
the occurrence of psychiatric events. Our study shows
that, besides other important risk factors like gender,
BMI, age, history of psychiatric diseases, and traveling
aone, the use of mefloquine adds substantially to mental
disturbances during travel. These effects were mainly ob-
served in women. Despite the fact that mefloquine is con-
traindicated in persons with a history of psychiatric dis-
eases, a substantial number of users of mefloquine had
such a history. Since persons with a positive history of
psychiatric diseases have a strong risk of relapse with
mefloquine use, other antimalarial drugs should be pre-
scribed to such individuals.

Drug names: atovaguone (Mepron), atovaquone and proguanil
(Malarone), chloroquine (Aralen and others), mefloquine (Lariam
and others).
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