Origina/ article

Scand J Work Environ Health 2004;30(5).362-370

Central nervous system effects of acute organophosphate poisoning in a
two-year follow-up

by Edgar Delgado, MD,” Rob McConnell, MD,? Jamilette Miranda, PhD," ¢ Matthew Keifer, MD,* Ingvar
Lundberg, MD,> 5 Timo Partanen, PhD,° Catharina Wesseling, PhD? ¢

Delgado E, McConnell R, Miranda J, Keifer M, Lundberg |, Partanen T, Wesseling C. Central nervous system
effects of acute organophosphate poisoning in a two-year follow-up. Scand J Work Environ Health
2004;30(5):362-370.

Objectives Patients hospitalized for acute organophosphate poisoning in Leén, Nicaragua, were followed for
effects on the central nervous system (CNS) over a 2-year period.

Methods Immediate verbal memory (Rey verbal learning), visuomotor performance (digit symbol), and
neuropsychiatric symptoms (Q-16) were assessed for 53 poisoned persons at the time of hospital discharge, 7
weeks postpoisoning, and 2 years postpoisoning, and, at the same time intervals, for 28 persons who had never
been poisoned. The poisonings were classified as moderate occupational (31), severe occupational (15), and
severe through the oral route (7), representing low, medium, and high exposure, respectively. Longitudinal
confounder-adjusted between-category comparisons and longitudinal analyses of variance and covariance were
used to assess the effects of the exposure.

Results Tmmediate verbal learning showed deficits in the high-exposure group, in particular at the time of
discharge, but the estimate of the difference when compared with the values of the unexposed was imprecise.
Visuomotor performance showed a deficit at 7 weeks in the medium-exposure group, but it had improved after 2
years relative to that of the unexposed, for whom improvement had occurred at 7 weeks and persisted during the
2 years of follow-up, possibly a test-retest effect. Neuropsychiatric symptoms were in excess 2 years after the
hospital discharge in the low- and medium-exposure groups and all the groups combined. All the results were
imprecise for the small high-exposure group.

Conclusions Visuomotor performance and possibly short-term verbal memory seem to be affected early after
severe acute organophosphate poisoning and recover, either truly or by some compensatory mechanism.
Neuropsychiatric symptoms seem to increase after a longer latency period.

Key terms developing countries, exposure, follow-up, intoxication, pesticide, symptoms, verbal memory,
visuomotor function.

Most pesticide poisonings, estimated at an annual 3 mil-
lion cases worldwide, occur in developing countries,
organophosphate insecticides being the most common
cause (1). The rates of acute pesticide poisoning in Nic-
aragua have, for decades, been among the highest re-
ported in the world (2). The Pan American Health Or-
ganization recently estimated that possibly 68 000

intoxications occurred annually, most being occupation-
al acute organophosphate poisonings (3).
Organophosphate insecticides inhibit the enzyme
acetylcholinesterase, which controls the transmission of
the nerve impulses at cholinergic synapses throughout the
nervous system. The inhibition of the enzyme causes the
accumulation of acetylcholine at the neurojunctions and
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result in symptoms of cholinergic overstimulation (4).
The possibility of central nervous system (CNS) impair-
ment persisting for several years after acute poisonings
with organophosphate insecticides was first explored
systematically in the 1960s (5), but the authors conclud-
ed that no significant difference was evident in physi-
cal examinations or neurological testing. Savage et al
(6) examined the neurobehavioral performance of per-
sons poisoned by acute organophosphate compounds an
average of 9 years earlier. Inferior performances were
observed on a wide range of neurobehavioral tests, with
difficulties in memory, thinking, understanding, and
problem solving and lowered scores on 1Q (intelligence
quotient) tests, as well as an excess of neuropsychiatric
symptoms and a twofold elevation in the prevalence of
neuropsychological deficits similar to brain damage.
Additional epidemiologic studies among applicators and
other workers with occupational poisonings in the Unit-
ed States, Costa Rica, Nicaragua, and South Africa have
associated acute organophosphate intoxication with per-
sistent impairment of a variety of neuropsychological
functions (7-10) or with an excess of neurological symp-
toms (7-12).

Acute organophosphate poisonings may also affect
the peripheral nervous system. Days after the acute on-
set of a poisoning, an “intermediate syndrome” may oc-
cur, characterized by paralysis of the proximal flexor
and respiratory muscles (13), possibly related to pre- and
postsynaptic dysfunction of neuromuscular transmission
due to prolonged acetylcholinesterase inhibition (14).
One to several weeks after the acute phase of a poison-
ing by “neuropathic” organophosphates, organophos-
phate-induced delayed polyneuropathy may appear, con-
sisting of sensory and motor impairment due to the de-
generation of large-diameter axons of the spinal cord
and peripheral nerves (15). In Nicaragua, the neuropath-
ic pesticides methamidophos and chlorpyrifos were
identified as causes of these impairments (16-20). In ad-
dition to acute and chronic effects from poisonings, ef-
fects from long-term organophosphate exposures are
less consistently but increasingly being reported. Stud-
ies in the United Kingdom and the United States found
various types of dysfunction of the CNS (12, 21, 22)
and peripheral nervous system (12, 23, 24) among work-
ers with long-term organophosphate exposure or among
those with combined recent and long-term exposures.
No neurobehavioral (25) or sensory (10) deficits were
found among farm workers in South Africa.

Evidence of associations between organophosphate
exposure and chronic effects on the CNS is still insuffi-
cient, and more research has been encouraged on neu-
rotoxicity in relation to organophosphate (26). All the
epidemiologic studies carried out thus far have been
cross-sectional. In our present study, a cohort of patients
hospitalized for acute organophosphate poisoning was
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followed over a 2-year period, beginning with the in-
toxicating event. This cohort approach adds to previous
knowledge from cross-sectional studies. It further tests
the hypothesis of chronic CNS damage from overexpo-
sure to organophosphates that was high enough to re-
sult in clinical poisoning and, in addition, provides in-
sight into the evolution of these changes and their reso-
Iution over time. The effects of acute organophosphate
intoxication on the peripheral nervous system in this co-
hort have been described elsewhere (18-20).

Study population and methods

On three occasions, at the time of hospital discharge (ex-
amination I), at 7 weeks postpoisoning (examination II)
and at 2 years postpoisoning (examination III), two neu-
robehavioral tests, the Rey verbal learning test (27) for
immediate verbal memory and the digit symbol test for
visuomotor speed (28), and a symptom questionnaire,
Q-16 (29, 30), were administered to a group of persons
poisoned by organophosphate pesticides and to a cul-
turally and educationally comparable nonpoisoned

group.

Study population

Between 1 July 1992 and 15 December 1996, all the
persons hospitalized for acute organophosphate intoxi-
cation for at least 24 hours at either the University
Teaching Hospital in Ledn or the Espafia Hospital in
Chinandega, Nicaragua, were considered for recruit-
ment. Seventy-seven men were enrolled. Six died dur-
ing the acute phase, and one committed suicide before
examination II. Six others were excluded from the study
because they could be examined only once, and one per-
son was excluded because of uncertainty as to the exact
nature of the pesticide involved. One person refused to
participate. The exposed population at examinations I
and II thus consisted of 62 previously poisoned men. Of
these, nine were lost to follow-up 2 years later. The poi-
soned population at examination III consisted of 53 men;
85% of the recruited poisoned men.

Initially, 74 men from fishing and cattle cooperatives
located around Ledn, Nicaragua, who had never been
poisoned by pesticides, were randomly chosen for the
nonpoisoned group. Thirty-five were later excluded be-
cause they participated only in examination I. Of these,
32 had moved out of the area, and 3 refused to continue
to participate in the study. Thus the nonpoisoned group
at examinations I and IT consisted of 39 men (28 fisher-
men and 11 cattle farmers). Of these, 11 were lost to
follow-up 2 years later, and the nonpoisoned group at
examination III thus consisted of 28 workers (ie, 72%

Scand J Work Environ Health 2004, vol 30, no 5 363



CNS effects after acute organophosphate poisoning

of the nonpoisoned group at the completion of recruit-
ment). The general characteristics of the poisoned and
nonpoisoned groups are shown in table 1.

Exposure

Poisoning with an organophosphate insecticide was the
exposure of concern, and the severity of the poisoning
represented the levels of exposure. The workplaces and
homes of about two-thirds of the poisoned men were
visited to confirm whether the organophosphate pesti-
cide annotated in the emergency room records caused
the intoxication. The initial report of the causative agent
was confirmed for all but three persons. In these cases,
the pesticide was in an unlabeled bottle but was deter-
mined to be an organophosphate pesticide in a subse-
quent chemical analysis.

The severity of the intoxication was characterized
by signs and symptoms. The severity classification was
derived from the patterns of symptoms provided on a
reporting form employed by the national surveillance
system for pesticide poisonings. The form was routine-
ly filled out by the physician attending the patient in the
emergency room. Copies of the hospital chart and emer-
gency room records were obtained for every poisoned
person. An internist in our project (ED) classified the
clinical severity of the poisonings. None of the hospi-
talized poisonings were classified as “mild”. Poisonings
classified as “moderate” involved weakness, dizziness,
headache, or blurred vision, in combination with at least
one of the following symptoms: vomiting, sialorrhea,
fasciculations, abdominal pain, diarrhea, miosis, wheez-
ing, or crepitus. For poisonings classified as “severe”,
the aforementioned symptoms and either diminished
consciousness or cyanosis were listed in the clinical an-
notations. The hemoglobin-adjusted erythrocyte
cholinesterase levels, determined with the Testmate
acute organophosphate field kit (EQM Research, Cincin-
nati, OH, USA) (31) was studied for only a fraction of
the poisonings. One patient was included among the se-
verely poisoned because his acetylcholinesterase level
was 2.6 1U/g of hemoglobin, almost four standard

Table 1. Characteristics of the study population.

deviations below the mean of the nonpoisoned group
[mean 28.0 (SD 6.6) IU/g of hemoglobin].

The severity of a poisoning with a certain toxicant
is defined by the absorbed amount (internal dose), which
is a function of the external dose and the route of ab-
sorption. Gastrointestinal absorption in oral organophos-
phate intake, accidentally or for suicidal purposes, is
quicker than uptake through the skin, the main absorp-
tion route in occupational poisonings (32). Therefore,
in poisonings with ingestion of the organophosphate,
symptoms appear more rapidly and are usually more
severe, especially in high-dose suicide attempts. Acute
organophosphate poisonings due to attempted suicides
and, to a less degree also poisonings due to accidental
ingestion, have considerably higher fatality rates than
occupational poisonings (33, 34). We therefore further
classified the degree of exposure according to the cir-
cumstances of the poisonings. Data on the circumstanc-
es retrieved from the medical records yielded 46 occu-
pational poisonings and 7 nonoccupational poisonings
(six attempted suicides and one massive accidental in-
gestion). When the persons with missing data in the third
examination were excluded from the analyses, the final
exposure classification of the participants consisted of
the following three levels of increasing severity: 31 mod-
erate occupational poisonings (labeled “low-exposure
group”), 15 severe occupational poisonings (‘“medium-
exposure group”), and 7 severe nonoccupational poison-
ings through the oral route (‘“high-exposure group”). Ta-
ble 2 shows the pertinent characteristics of the exposure.

Confounders

All of the participants were interviewed with a struc-
tured questionnaire for age, education, lifestyle, gener-
al health, and other previous neurotoxic exposures (see
table 1). An alcohol consumption index was construct-
ed by multiplying the amount of alcohol consumed by
the reported frequency of consumption per month. In the
poisoned group 10 subjects reported previous pesticide
poisoning, whereas none in the nonpoisoned group had
ever been poisoned by a pesticide. Previous work with

Group Age Education Occupation Alcohol Long-term or-
(vears) (vears) (N) (g/month)  ganophosphate

exposure
(lifetime days)
Median Range  Median Range Cattle Fishing Agri-  Other Median Range  Median Range

farming culture

Nonpoisoned (N=28) 25 15-47 4 0-10 1 27 - - 358 0-3085 0 0-480
Poisoned (N=53) 25 14-64 4 0-11 - - 50 3 110 0-2465 60 1-1032
Moderate occupational (N=31) 23 15-64 4 0-8 - - 29 2 127 0-1644 60 1-1032
Severe occupational (N=15) 30 14-62 4 0-11 - - 14 1 45 0-2465 60 1-524
Nonoccupational (oral route) (N=7) 26 16-46 2 0-6 - - 7 - 559 0-2426 168 1-600
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organophosphate insecticides was quantified with an
organophosphate exposure index in total days of life-
time exposure (range 1-1032 days). No other potential
confounders were reported by any of the participants,
including exposures to other neurotoxic substances (sol-
vents, arsenic, lead, mercury, and regular drug intake), loss
of consciousness for over 30 minutes and diagnosed by a
physician, occupational exposure to vibrating machinery,
or history of chronic diseases (diabetes or thyroid, arthri-
tis, kidney, or other neurological diseases).

Testing

Examination I was conducted at the time of the hospital
discharge (between 1 to 31 days after the poisoning on-
set, median 6 days) using (i) the Rey auditory verbal
learning test, (ii) the digit symbol test, and (iii) a modi-
fied Spanish version of the Q-16 to assess neuropsychi-
atric symptoms. Examination I was carried out between
24 to 180 days (median 48 days) after the poisoning. Ex-
amination IIT was carried out between 416 to 1251 days
(median 838 days). The controls were also examined three
times, at similar time intervals. All the participants were
examined at the Oscar Danilo Rosales Argiiello Hospital
in Leén, Nicaragua. They all signed an informed consent
approved by the ethics committee of the National Auton-
omous University of Nicaragua.

Rey auditory verbal learning is a test for immediate
verbal memory function (27). The person recalls words
from a standard 15-item list of ordinary objects (eg, hat,
church, bell) read by the examiner. The procedure is re-
peated four times in a row. The fifth time the examiner
reads a different list as a distracter. Then the examiner
returns to reading the original list. The test score used
was the number of items recalled by the subject after
distraction. The same list of words was used on the three
examinations. The digit symbol test is a subtask of the
Wechsler Adult Intelligence Score and is also included
in the WHO neurotoxicity chore test battery (28). It in-
volves the learning of associations between numbers and
symbols and perceptive motor velocity. The score is the
number of symbols correctly drawn in 90 seconds. The
modified Q-16 is a sum score of 16 symptoms concern-
ing problems with memory and concentration, irritabil-
ity and sadness, tiredness, palpitations, chest tightness,
headaches, dizziness, numbness and tingling, difficulty
buttoning clothing, loss of sensitivity, and sleeping prob-
lems. This originally Swedish test (29) was adapted and
validated in Nicaragua (30). Each symptom was coded
0O=noor 1 =yes.

Statistical analysis

The data were analyzed with SPSS/PC for Windows v.
8.0 (SPSS Inc, Chicago, IL, USA). Only the 81 persons
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Table 2. Exposure determinants and exposure categories. All poi-
soned participants (N=53).

Category N %

Exposure characteristics
Type of poisoning

Occupational 46 86.8
Accidental 1 1.9
Suicide attempts 6 11.3
Severity of poisoning
Moderate 31 58.5
Severe 22 415
Type of organophosphate
Methamidophos 20 37.7
Chlorpyrifos 17 32.1
Other 16 30.2
Edifenphos 6 1.3
Methyl parathion 4 7.5
Terbufos 3 5.7
Phorate 1 3.8
Malathion 1 1.9
Fenthion 1 1.9
Exposure categories
Not poisoned 28
Moderate occupational poisoning 31
(low exposure)
Severe occupational poisoning 15
(medium exposure)
Severe nonoccupational poisoning 7

through oral route? (high exposure)

2 6 suicidal and 1 accidental ingestion.

with no missing data were included. Two-way (time and
exposure) analyses of variance (without confounders)
and of covariance (with adjustment for age, education,
and alcohol consumption) for repeated measures were
done over the three times of testing, separately for ex-
posure contrasts unexposed—all exposed, unexposed—
low exposed, unexposed—medium exposed, and unex-
posed-high exposed. Interaction with time was tested
with two degrees of freedom. Linear regression analy-
ses were used to contrast the means of the endpoint
changes in time (7 weeks versus discharge, 2 years ver-
sus discharge, and 2 years versus 7 weeks) between the
aforementioned pairwise exposure contrasts, adjusted
for age, education, and alcohol consumption. The
number of symptoms, age, education, and alcohol con-
sumption were log-transformed because of the positively
asymmetric distributions.

Results

Tables 3-5 show the mean scores for the endpoint vari-
ables by group and time, and the results of the analyses
of variance and covariance between the unexposed and
one exposure group at a time. For the latter, P-values
are shown for the main effects of exposure and the in-
teraction effects between time and exposure. The mean

Scand J Work Environ Health 2004, vol 30,no 5 369



CNS effects after acute organophosphate poisoning

Table 3. Unadjusted means and standard deviations of the Rey verbal learning test (immediate verbal memory) by exposure status, with
P-values from the two-way analyses of variance (unadjusted) and the analyses of covariance (adjusted for age, education and alcohol
consumption), and the adjusted mean differences in the changes and their 95% confidence intervals (95% Cl), contrasting each exposed
group with the unexposed group.

Unexposed All exposed Low exposed Medium exposed High exposed
(N=28) (N=53) (N=31) (N=15) (N=7)
Mean SD Mean SD 95% Cl Mean SD 95% Cl Mean SD  95% Cl Mean SD 95% Cl
At discharge 8.07 231 7.13 266 742 269 6.93 2.79 6.29 2.36
7 weeks’ follow-up 796 230 7.5 227 716 2.05 713 253 714 291
2 years’ follow-up 8.04 314 779 275 8.29 2091 727 215 6.71 2.98
P-value for the main effect (exposure)
Unadjusted 0.16 0.45 017 0.15
Adjusted 0.18 0.44 0.16 0.31
P-value for the interaction between time and exposure
Unadjusted 0.55 0.38 0.90 0.66
Adjusted 0.52 0.33 0.95 0.45
Adjusted difference in change against unexposed
7 weeks versus discharge 012 - -1.09-1.33 -0.12 - -1.43-119  0.26 -1.40-1.93 1.32 -0.81-3.45
2 years versus discharge 073 - -0.57-2.03 1.00 - -0.56-2.55 0.20 -1.61-2.01 0.92 -1.52-3.36
2 years versus 7 weeks 0.61 - -0.74-197 112 - -0.42-2.65 -0.07 -1.83-1.70  -0.40 -3.01-2.20

Table 4. Unadjusted means and standard deviations of the digit symbol test (visuomotor performance) by exposure status, with P-
values from the two-way analyses of variance (unadjusted) and the analyses of covariance (adjusted for age, education, and alcohol
consumption), and the adjusted mean differences of the changes and their 95% confidence intervals (95% Cl), contrasting each exposed
group with the unexposed group.

Unexposed All exposed Low exposed Medium exposed High exposed
(N=28) (N=53) (N=31) (N=15) (N=7)
Mean SD Mean SD 95%ClI Mean SD 95%Cl Mean SD 95% Cl Mean SD  95% Cl
At discharge 213 10.0 209 135 213 146 21.7 127 174 115
7 weeks’ follow-up 282 122 227 117 239 132 211 101 206 8.1
2 years’ follow-up 28.1 140 26.0 148 26.9 13.0 281 197 171 6.8
P-value for the main effect (exposure)
Unadjusted 0.16 0.53 0.54 0.08
Adjusted 0.27 0.51 0.46 0.10
P-value for the interaction between time and exposure
Unadjusted 0.04 0.20 0.01 0.29
Adjusted 0.04 0.23 0.01 0.25
Adjusted difference in change against unexposed
7 weeks versus discharge -5.07 -9.00--1.14 -4.15 -9.05-0.76  -7.89 -12.7--3.01  -3.12 -9.72-3.49
2 years versus discharge -1.58 -7.11-3.95 -1.09 -7.31-5.13  -0.40 -8.16-7.37  -7.69 -17.6-2.24
2 years versus 7 weeks 3.49 -2.01-8.99  3.06 -2.87-8.98  7.50 -1.25-16.2  -4.58 -15.5-6.33

changes between each exposure group and the unexposed
group at 7 weeks and 2 years are presented, adjusted
for age, education, and alcohol consumption.

The Rey verbal learning score appeared to be little
affected by exposure (table 3). The confidence intervals
of the adjusted differences in the changes between the
exposed and unexposed included the null value, and the
P-values for the main effects of the exposure and the
interactions between time and exposure were relatively
high. The deficit at discharge in the high-exposure group
was -1.7 (95% CI -3.7-0.3) after adjustment for age, ed-
ucation, and alcohol consumption in a comparison with
the unexposed group.
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A deficit emerged in the adjusted digit symbol vis-
uomotor performance 7 weeks after the poisoning in the
medium-exposure group when compared with the un-
exposed group, the difference in the mean changes be-
ing —7.9 units (95% CI -12.7--3.0) (table 4). This defi-
cit had disappeared after 2 years. In the high-exposure
group, visuomotor performance was depressed through-
out the time of observation, particularly after 2 years,
but the estimates lacked precision.

The adjusted Q-16 neuropsychiatric symptom score,
for which the means are given on a In(number of symp-
toms + 1) metric, increased over the 2 years in all the
groups, including a smaller change among the unexposed
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Table 5. Unadjusted means and standard deviations of the log of the Q-16 neuropsychiatric symptom score by exposure status, with P-
values from the two-way analyses of variance (unadjusted) and analyses of covariance (adjusted for age, education, and alcohol con-
sumption), and the adjusted mean differences of the changes and their 95% confidence intervals (95% Cl), contrasting each exposed

group with the unexposed group.

Unexposed All exposed Low exposed Medium exposed High exposed
(N=28) (N=53) (N=31) (N=15) (N=7)
Mean SD Mean SD 95% Cl Mean SD 95% ClI Mean SD 95% Cl Mean SD 95% ClI
At discharge 1.72 060 1.58 0.90 1.52 0.96 1.58 0.74 1.83 0.97
7 weeks’ follow-up 1.72 049 146 097 1.43 097 . 1.27 1.03 2.03 0.70
2 years’ follow-up 1.84 068 219 0.73 210 0.78 2.38 0.62 215 0.76
P-value for the main effect (exposure)
Unadijusted . 0.90 0.65 0.92 0.25
Adjusted . 0.85 0.60 0.99 0.35
P-value for the interaction between time and exposure
Unadjusted . 0.007 0.020 0.001 0.80
Adjusted . 0.008 0.025 0.002 0.93
Adjusted difference in change against unexposed
7 weeks versus discharge - . -0.12 -0.51-0.26 -0.10 -0.51-0.31 -0.30 -0.75-0.15 0.13 -0.46-0.71
2 years versus discharge - . 0.48 0.09-0.87 0.45 0.04-0.86  0.66 0.09-1.22 0.12 -0.66-0.89
2 years versus 7 weeks . . 0.60 0.22-0.99  0.55 0.13-0.96 0.96 0.46-1.45 -0.01 -0.49-0.47

persons (table 5). The greatest increase in the number
of symptoms was observed in the medium-exposure
group, increasing, upon exponentiation, from 3.9 to 10.8
symptoms from hospital discharge to 2 years. Contrast-
ing the changes among the exposed with those among
the unexposed and adjusting for confounders, we found
that the 95% confidence intervals of the effect estimates
excluded the null value and the P-values for the expo-
sure—time interaction were low, except in the high-ex-
posure group.

Discussion

This is the first study to assess neurobehavioral perform-
ance and symptoms repeatedly in a group of persons
acutely poisoned by organophosphate. The main find-
ings were (i) impairment in the small high-exposure
group in immediate verbal memory, in particular at the
time of the hospital discharge, which remained statisti-
cally imprecise; (ii) a visuomotor deficit 7 weeks after
poisoning in the medium-exposure group, which then
disappeared; and (iii) a 2-year delayed excess of neu-
ropsychiatric symptoms in the low- and medium-expo-
sure groups.

We compared our findings 2 years after acute orga-
nophosphate poisoning with the results of previous stud-
ies that used similar tests to determine chronic effects
(table 6). As in our study, two cross-sectional studies
that used the Rey verbal learning test between 1 and 3
years after acute organophosphate poisoning did not find
considerable memory impairment (7, 9). It seems that
memory functions related to immediate verbal learning

may be affected at the time of the poisoning, if at all,
and recover quickly. In all the studies listed in table 6,
impaired memory was detected with tests other than the
Rey test and thus may have measured, at least in part,
different memory components than the Rey.

Weak performance of persons acutely poisoned by
organophosphate on the digit symbol test has been con-
sistently reported (table 6). We observed an impairment
in all of our exposed groups 7 weeks after the hospital
discharge, and the confounder-adjusted effect estimate
excluded the null value for the pooled group of all the
exposed men, and also for the medium-exposed group.
A considerable improvement in the unexposed group
was responsible for this deficit. This effect was likely
to be a test-retest effect, which has been demonstrated
elsewhere for the digit symbol test and for Wechsler per-
formance IQ in general (35, 36).

Miranda et al (18) reported deficits in grip and pinch
strength in this same cohort 7 weeks after acute organ-
ophosphate poisoning, most clearly among the persons
with severe acute poisoning by organophosphates
known to induce delayed polyneuropathy, with partial
recovery 2 years after the acute organophosphate poi-
soning, except for the most severely poisoned person
(20). Thus this similar pattern for effects on the periph-
eral nervous system may reflect that, in our cohort, the
motor component of the digit symbol test was primarily
responsible for the observed differences.

Excess symptoms were detected in all the studies
listed in table 6. The previous Nicaraguan and Costa
Rican studies found an excess prevalence of Q-16 symp-
toms among severe [ie, hospitalized (7)], and mild [ie, not
hospitalized (9)] persons with acute poisoning from orga-
nophosphates between 1 and 3 years after the poisoning.
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Table 6. Comparison of seven studies with neurobehavioral tests or symptom questionnaires after poisoning with organophosphate
pesticides. [T = better performance, J = worse performance, = = similar performance, -- = data not available (test not performed)]

Test Study
Present study Savage Rosenstock Steenland Wesseling ~ Steenland  Stallone &
(N=53)2 etal, etal, etal, et al, etal, Beseler,
1988 (6) 1991 (7) 1994 (8) 2002 (9) 2000 (12) 2002 (11)
(N=100)>  (N=36)¢ (N=128) ¢ (N=53)°¢ (N=8) ¢ (N=69) f
All Low Medium High All kinds Hospi- All kinds Trend Nonhos- Self- Self-
hospital expo- expo- expo- (uninten- talized (uninten- days pitalized reported  reported
sure  sure  sure tional) (occupa- tional)  off mild (occu-
(N=31) (N=15) (N=7) tional) work) pational)
Rey verbal learning = = = l - l - ) -
Other memory tests - - - - Lo lo T Lo l =
Digit symbol = = = Lo Lo do d lo \2 = -
Q-16 or modified Q-16 Lo d Lo d - do - - do Lo do
Other symptom questionnaires - - - - Lo = Lo N Lo - -

2 Time between poisoning and examination 2 years.

b Time between poisoning and examination an average of 9 years.
¢ Time between poisoning and examination 1-3 years.

4 Time between poisoning and examination an average of 8 years.
¢ Time between poisoning and examination not specified.

fTime between poisoning and examination during lifetime.

9 P<0.05.

In the United States, two studies using other symptom
questionnaires for persons poisoned up to 11 years ear-
lier (6, 8) and two recent studies using a modified ver-
sion of the Q-16 reported symptom excesses after the
poisoning (11, 12). The symptoms reported in these
studies include increased memory and concentration
problems, anger, irritability, tension, fatigue, depression,
paranoia, defensiveness, confusion, and social with-
drawal, as well as headaches, heart palpitations, numb-
ness and tingling, and loss of muscle strength. London
et al (10) also found an association between chronic neu-
rological symptoms and previous acute occupational
poisoning with organophosphates among South African
farm workers in a study primarily examining the effects
from long-term organophosphate exposure.

Symptom reporting is often viewed as a less objec-
tive and inferior outcome parameter than objective func-
tion tests. However, when chronic CNS effects from
acute organophosphate poisonings are evaluated, it
seems to be a highly consistent effect (table 6). It has
been pointed out that symptoms, although highly person-
al, are nonetheless real and they may correlate well with
objective measurements, be early indicators of disease, or
be inherent aspects of the disease itself (37). Noteworthy
in the context of research on toxic chronic nervous sys-
tem damage is that an exposure—response association has
been shown for cumulative organic solvent exposure and
neuropsychiatric symptoms, possibly as an expression of
chronic affective syndrome, without consistent evidence
from objective psychometric tests results (38).

Primary depression in the highest exposure group (ie,
severe poisonings through oral intake) with six of the
seven persons having attempted suicide, may be the
cause for increased symptoms, as well as for the worse
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test performance, although the evidence for effects re-
mained weak because of the low statistical power. A
psychiatric evaluation of these patients during their hos-
pital stay indicated that they had all ingested pesticide
on impulse and that none of them actually suffered de-
pression. This group, contrary to the occupational poi-
sonings, more frequently reported irritability and sad-
ness than the unexposed had at the time of the hospital
discharge, but not at examinations II and III (data not
shown).

The fact that symptom excess was not found in our
cohort early after occupational poisoning but was clearly
high 2 years after the event may point towards subtle
permanent CNS damage. Primary depression is an un-
likely explanation for the excess symptom prevalence
in the occupationally poisoned subgroups at the end of
the follow-up. One possibility is that symptoms are a
late manifestation of slowly progressive CNS damage.
An alternative explanation is that mood alterations re-
flect difficulties of poisoned persons to cope with di-
minished capacities in several important brain functions,
such as memory, attention, and motor and sensory abil-
ities, or difficulties with higher mental agility functions,
which our testing would not have detected. The symp-
toms that increased most on the Q-16 were those relat-
ed to the peripheral nervous system, the prevalences
among the poisoned being approximately three times
higher at examination III than at examination II (loss of
sensitivity in extremities 43% versus 15%, numbness
and tingling sensations 57% versus 17%, and difficulty
buttoning 23% versus 8%). This finding is in accord-
ance with the results of the clinical examinations of this
same cohort, since the clinical examinations detected an
increase in symptoms and signs related to sensory



function in all the poisoned persons at the end of the
follow-up (20).

We do not have data on the premorbid intellectual
capacity for our subjects, but large differences between
the unexposed and exposed persons seem unlikely. It
was confirmed during the fieldwork that the groups were
very similar in socioeconomic status, and many fisher-
men also practiced small-scale agriculture. However, the
high-exposure group (severe poisoning through oral in-
take) had received fewer years of education, and the less
amount of education may partly explain the persisting
lower performance with respect to the verbal memory
and visuomotor functions of this group. Years of edu-
cation was adjusted for in the analyses.

We evaluated the effect of the loss of participants
over time by comparing the performance of the persons
who were still in the study at examination II versus those
we had lost. The six occupational and three nonoccupa-
tional (oral route) dropouts did worse at examination II
on each of the three tests, as compared with the other
poisoned persons in the corresponding exposure cate-
gory who remained in the study. These differences were
not negligible, especially for the oral-route dropouts on
the digit symbol test (P=0.06). Potential bias was in the
direction of an underestimation of the effect. Converse-
ly, the dropouts among the unexposed men (N=11) per-
formed somewhat less well on the Rey verbal learning
and digit symbol tests than the remaining unexposed
men did, and, therefore, some bias occurred in the op-
posite direction for these latter tests.

It is possible that poisonings caused by organophos-
phate agents were included in the poisoned group since
we could not check the agent in situ for about 35% of
the poisonings. However, the symptoms and signs in the
clinical examination support the probability that these
pesticides were cholinesterase inhibitors. Furthermore,
the poisonings for which the agent was confirmed were
all due to acute organophosphates. Gross misclassifica-
tion of exposure can therefore be excluded. The exami-
nations were done blind to the exposure status, but it is
likely that, for a considerable number of patients, the
examiner may have inferred the exposure status. In ad-
dition, the period during which the testing was done cov-
ered 4 years, and practices in test administration may
have varied over time. However, the evaluations of poi-
soned and nonpoisoned persons were well mixed dur-
ing the entire study period, and adherence to the proto-
col was strict. In addition, testing of the nonpoisoned
three times for reference would have diminished any
effects of differences in the test administration. The var-
iation in the period since poisoning was rather large
within each of the three examinations. However, a mul-
tivariate model that included days since the poisoning
event did not change the results for any of the three ex-
aminations (results not presented).

Delgado et al

In conclusion, the available data suggest that vis-
uomotor performance and possibly verbal memory are
affected early after acute organophosphate poisoning but
the effects disappear, either truly or by some compen-
satory mechanism. Visuomotor deficits may persist in
severely poisoned persons. Neurological symptoms
would appear later among persons with less severe oc-
cupational poisoning, but may stay permanently.
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