
Applied Ncurcpsychology
2002, VoL 9, No. , 193-202

Copyright 2002 by
Lawrcocc Erlbaum Associates, Inc.

ARTICLES

Neuropsychological Performance of Patients Following Mold Exposure

Juliana v. Baldo
Veterans Affairs Northern CalifornilJ Health Care System, Martinez. California, USA,

and San Francisco Clinical Neuroscknces, San Francisco, California, USA

Laeeq Ahmad and Ronald Ruff
San Francisco Clinical Neuroscknces, San Francisco, California, USA

This study investigated the effects of mold exposure (ME) on human cognition by analyzing
neurop.sychological data from patients who were exposed to mold in their homes or work-
places. Compared to normative data, ME patients were impaired (.c( 10th percentile) on a
number of cognitive measures, with the most consistent deficits in visuospatiallearning, visuo-

spQlial memory, verbal learning, and p.sychomotor speed. We also examined emotionalfunc-
tiomng and found that a number of ME patients showed evidence of both Axis and Axis II

patholOgy. Interestingly, there was a significant comlation among patients ' scores on the
Beck Depression Inventory-Second Edition and the number oj neuropsychological tests
falling within the impaired range. Given the limited wukrstanding of ME and its effect on the
human central nervous system, we provide a working model that attempts to capture the com-
plex interactions of impaired cognition, psychosocial atressors, poor physical health, and
emotional functioning in patients following ME.
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Adverse health effects due to mold exposure (ME)
have been reported in humans for thousands of years
(Sorenson, 1993; Ueno, 1980, 1983). Ergotism, a
syndrome associated with ingestion of fungus-
contaminated grains, involves symptoms such as convul-
sions and gangrene and has been hypothesized as the
basis for unusual behavior that was interpreted as de-
monic possession in medieval times (Donaldson, Ca-
vanagh, & Rankin, 1997). In the late 1800s, a Japanese
scientist showed that moldy rice contained toxins that
were responsible for symptoms such as vomiting, con-
vulsions, paralysis, and respiratory mest (Ueno, 1983).
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More rigorous research on ME bas taken place in the
last 100 years and has shown that certain toxic fungal
(mold) metabolites, known as mycotoxins, are associ-
ated with a number of health effects, including respira-
tory disease, cardiac disease, cancer, and even death
(Coulombe, 1993; Reijula, 1999; Sorenson, 1993;
Ueno, 1980, 1983). In recent years, airborne mycotox-
ins have been posited as the basis for adverse health ef-
fects in water-damaged buildings (so-called sick build-
ing syndrome), but documenting a causal link has
proven difficult (Fung, Clark, & Williams, 1998;
Hodgson et aI., 1998).

Recently. it has been suggested that ME may also re-
sult in central nervous system (CNS) changes (K. E.
Gordon. Johanning, & Haddad, 1999; W. A. Gordon,
Masotti, & Waddell, 1993; Johanning & Landsbergis
1999; Sudakin, 1998). A recent case study reported that
a teenage boy presented with tremorgenic encephalopa-
thy following exposure to moldy fodder on his family
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farm (K. B. Gordon et al., 1993). The boy, in addition to
other family members, experienced an acute illness of
headache, fatigue, and flulike symptoms while clean-
ing out a grain silo. Though the other family members
quickly recovered, the boy progressed, and at 48 hr fol-
lowing exposure, be bad a severe tremor and displayed
confusion. Upon examination, be was found to be dis-
oriented and slow to respond, and his attention capac-
ity was reduced. BEG tests revealed a dysrhythmia
consistent with a toxic encephalopathy

" (p. 238).
He recovered 7 days postonset without significant
residua.

In a l81ger, retrospective study, Johanning and
Landsbergis (1999) reviewed 151 cases that presented
at an occupational and environmental health clinic for
evaluation following ME. Fungal exposure was as-
sessed via environmental survey of the affected home
or workplace. Patients were given a symptom survey
and were tested for evidence of fungal reactions and al-
tered immune system function. In addition to respira-
tory symptoms, JohaDning and Landsbergis found
that almost 80% of patients reported CNS-related
symptoms, with 52% endorsing three or more such
complaints. These symptoms included headaches, dif-
ficulty concentrating, fatigue, dizziness, and nervous-
ness. A follow-up survey revealed that a majority of
patients (68%) bad a reduction in symptoms once their
exposure to mold ended or was reduced (e.g., due to
moving, repairs, etc.). A caveat of the study, however,
was the finding that the correlation between CNS
changes and elevated immunoglobulin G (an indica-
tion of allergic reactivity) was not significant. Further-
more, approxiD1atcly SO% of a nonaffected, demo-

. graphically matched control group also experienced
CNS symptoms.

To our knowledge, only one published study bas
conducted a detailed investigation of the neuropsycho-
logical effects of ME. W. A. Gordon et al. (1999) studied
20 patients who were exposed to 

Stachybotrys. a toxic
mold associated with adverse health effects (Pung et
al., 1998). Patients were administered a standard bat-

tery of neuropsychological measures, and the following
impairment criteria were used: Verbal IQ (VIQ) ~ Per-
formance IQ (PIQ; by 10 points); visual memory ~
verbal memory (by 10 points); general memory ~
attention/concentration (by 10 points); verbal learning
scores one standard score below the mean; and im-
paired problem solving on the Booklet Category test.
Although overall means on IQ and memory tests were
in the normal range, all patients met at least one 

of the
aforementioned criteria. and 45% of the patients met
three of the criteria. W. A. Gordon et al. (1999) con-

194

eluded that long-term ME was associated with cognitive
impairment, especially in the areas of visuospatial inte-

gration, verbal learning, attention, and set-shifting.
However, film conclusions awaited further studies. In-
terestingly, the authors noted that the pattern of impair-
ment observed in these ME patients was similar 

to that
observed following mild traumatic brain injury
(MTB I).

This study further explores the relationship between
ME and cognitive changes. We analyzed neuropsycho-
logical data collected from a group of ME patients in-
volved in litigation. An important question not ad-
dressed by previous studies is the extent to which
emotional and psychosocial factors may playa role in
the presentation of ME patients. Therefore, in this
study, both cognitive and emotional functioning were
assessed using standardized neuropsychological and

psychological measures. As suggested by W. A. Gor-
don et al. (1999), we compared ME patients to individ-
ualS diagnosed with MTBI to directly compare the
groups' neuropsychological test performance. To con-
trol for the effects of litigation, patients in the MTBI

group were chosen who were also involved in litiga-
tion. The two main goals of this study were to (a) ex-
plore the interaction of cognitive and emotional
changes in the presentation of patients with ME; and
(b) determine the specificity of test performance in ME
patients compared to another group of patients experi-
encing mild cognitive symptomatology.

Method

Participants

We analyzed neuropsychological data 
from 10 pa-

tients who presented in a structured clinical interview
with physical and cognitive changes following ME.
Of these 10 patients, 7 were exposed to mold in their
homes, and 3 were exposed at their workplaces. All

patients had been involved in litigation regarding
their exposure. The type of mold varied across cases
including, but not limited to, Stachybotrys alTa, Peni-
cillium, and Aspergillus. The average duration of 

was 2.3 years (range = 0. 0 years), estimated

from the time that patients fltSt reportcdbeing aware
of the mold. The average duration 

since onset 

exposure to time of testing was 3. 17 years (range =
years).

Common physical complaints in ME patients in-
cluded fatigue, respiratory problems, recurring
bloody noses, nausea, frequent sore throats, head-
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aches, congestion, lung infections, chronic cough,

bronchitis, and skin rashes. These physical symp-
toms were also generally documented in patients'
medical records. Common cognitive complaints in-
cluded difficulty concentrating, memory loss, de-
creased attention span, difficulty following conversa-
tions, and slowed mental processing. Many patients
complained of emotional difficulties as well, includ-
ing depressed mood, anxiety, and increased emotion-
ality (e.g., increased anger, crying more often). At the
time of the evaluation, the majority (9 out of 10) of
ME patients were no longer living or working in the
ME environment

The ME patients were compared to 10 gender-, age-,
and education-matched patients who were diagnosed
with MTBI using the American Congress of Rehabili-
tation Medicine criteria (Mild Traumatic Brain Injury
Committee. 1993). They were also involved in litiga-
tion. In this group, 3 of the patients' injuries were due
to a motor vehicle accident, 3 were due to blows to the
head, 3 were due to falls, and I was due to a pedestrian
accident At the time of testing, M'fBI patients were an
average of 1.7 years postinjury(range = Z-2.
years). In all MTBI patients, the time of loss of con-
sciousness did not exceed 30 min, and the duration of
posttraumatic amnesia did not exceed 24 hr. Cognitive
and emotional complaints in the MTBI group over-
lapped to ,a ~,pificant degree with symptoms de-
scribed by the. . ME patients (previously discussed).
Physical compWnts, however, were more distinct from
ME patients and commonly included symptoms such
as headaches, chronic pain, and fatigue.

The ME and MTBI groups did not differ in terms of

gender (8 women and 2 men in each group); age
(40.7 and 42.4 years, respectively), F(I, 19) = .17

= .

69; or education (15.1 and 14.4 years, respec-

tively), F(I, 19) = .53, 

= .

48. Moreover, the ME and
MTBI groups did not differ on an assessment of pre-
morbid intclli,aence (the vocabulaI)' subtcst on the
Wechsler Adult Intelligence Scal~ Third Edition

(WArS-ill; Wechsler, 1997) = 70th vs. 69th per-
centile , respectively), F(1, 19) = 04,

= .

85.
Institutional Review Board approval was obtained for

the study at Ibe first author s primary setting, the Veter-
ans Affairs Northern California Health Care System.

Procedure

All patients were evaluated with the San Diego
Neuropsychological Test Battery (Baser Ruff,
1987), which has been used previously in the diagna-

sis of toxic encephalopathy (Trester & Ruff, 1990;
Troster, Ruff, & Watson, 1991). The tests included in
this battery are listed in Table 1 and were adminis-
tered according to standard procedures. The norma-
tive data used for comparison were those published in
each of the individual tests as referenced in Table 1.
To screen for poor motivation and malingering, the
Rey IS-Item Test and the Rey Dot Counting Test
were administered (Spreen & Strauss, 1998). On the
former, all participants recalled between 12 and 15
items (within normal limits), and the two groups did
not differ on this measure, F(! 19) = . 11, 

= .

(ME = 14. 1 and MTBI = 14.3). In addition , all
participants performed in the normal range on the
Dot Counting Test. These data suggested adequate

motivation, allowing the observed deficits to be inter-
preted with reasonable certainty.

Results

ME Versus Normative Data

Neuropsychological data from patients with ME
were compared to normative data. Performance
below the 10th percentile was considered an indica-
tion of impairment. Between 1 and 5 ME patients
performed below the 10th percentile on all but one
cognitive measure, as shown in Table 1. A number of
measures revealed impaired performance in 4 or

more ME patients, including psychomotor speed
(Ruff 2 & 7 Selective Attention Test), verbal learning
(Selective Reminding Test), spatial span with a 20-
sec delay, spatialleaming (Ruff-Light Trail Learning
Test), and visuospatial memory (Rey Complex Figure
Test, 3-min delay). The latter three tests all have in
common a reliance on visuospatial memory. How-
ever, considerable variability existed within the
group. For example, on the Rey Complex Figure Test
(3-min delay), 4 patients scored at the 1st to 2nd per-
centile, whereas 4 patients scored between the 69th
and 88th percentiles. Mean percentiles across all tests
are shown in Figure 1.

In contrast to the more specific cognitive measUIe$,

performance on the WArS-ill revealed very little impair-
ment Only 1 patient with ME was impaired (.c( 10th per-
centile) on a number of the WArS-ill subtests, scoring in
the impaired range on 10 out of 13 of the subtests given.
One other ME patient scored at the 9th pen:entile on
Block Design. Otherwise, all ME patients scored in the
low to high average range on all subtests (lOth to 99th

percentile). As a group, ME patients' mean Full Scale IQ
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'I8b1e 1, NtIIlfJpsydtologlctll Deficits ill Mold Exponm Mild Tlrzumatic Brain Injury Patients

Measure

Finger 1ippiD1 Tel! (Ruff &: Parer, 1993)

Grooved Pegboard (Ruff It Parter, 1993)

Ruff 2 It 7 Selective Atlcntion Tc&a (Ruff It A11cD, 1996)
Block-1Ipping Test Block- 'ntppiD1 (Baser It Ruff, 1987)

ThIt (2O-sec delay; Suer &: Ruff, 1987)

Selective RemiDdina ThIt (B\l8Chb &: Fu1d, 1974)
Ruff-Light 'Inill.eImiDg Test (Ruff It AIIea, 1999)

WMS-m Lopc:a1 Memory I (Wccha1er, 1997b)
WMS-JII Logical Manmy U (Wechsler, 1997b)

Rey Complex Figure, 3 min delay

Rey Complex Fiaure, 30 min delay

(Mitnaabioa, Boooc, &: D'Elia, 1999)
Controlled Oral Word Association Test

(Ru1f, LiJbt, Parer, &: LeviD, 1996)
Ru1fFigura1 FIucacy (Ruff. 1996)

Trai1makiug Test (Heatoa. Grant, &: Mat!bews, 1991)

WCST (Heaton, CIehmc, 
Ta11cy, Kay, It Curtis, 1993)

Stroop Color-Wold NIDIiDs (Spreen &: Strauss, 1998)

WAfS-W (Wechs1er, 1997a)

Number impaired
oat 0110

FundI_(.) Assessed

Motor speed

Plychomotor speed and dexterity

PIycbomotor speed and accuracy, attention
Spatial immediate memory

SpItial short-term memory
Vaballeaming

ViIuospatiallcaining

Verbal Memmy

Vaba11oDg-term memoty

Vaba1 Memory

Spada) long-termmcmory

MTBI

Verbal fluency

Nonverbal fluency

Copitive flexJ'bility

Copitive shifting and problem solviDg
Se1cctive attention

VlQ 8Dd PIQ

Note: ME .. mold cxposwe; MTBI .. mild traumatic: brain injury; WMS-m .. Wechsler Memory Sc:a1e- Third edition; WCST = Wiscon-
sin Card Sorting Test; WAlS-m .. Wechsler Adult IntcJljJel1U Sc:a1o- Third Edition; VIQ .. Verbal IQ; PIQ = Pedmmance lQ.

(FSIQ) was at the 62nd pctccntile, mean VIQ was at the
65th percentile, and mean PlQ was at the S3rd percentile.

In sum, ME patients exhibited a number of weak-
nesses on testing, most consistently on tests of visuo-
spatial memory, but there was no single, consistent
pattern of neuropsychological test performance across
patients. Also, the group was heterogeneous in that
some patients scored in the impaired range on a num-
ber of measures whereas other patients exhibited very
few deficits.

ME Versus MTBI

To assess whether the observed effects of 

were specific to this disorder, we compared the
ME group to a group of patients with MTBI. Across
the battery of tests, only one cognitive measure (the
Stroop Color Word Test) distinguished between the
groups when mean percentiles were compared (two-
tailed tests, alpha set at 

= .

05). That is, the ME and
MTBI groups bad statistically comparable perfor-
mance across neuropsychological measures when con-
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sidering mean performance. Visual inspection of Fig-
ure I shows that the ME and MTBI patients had a
number of similar strengths and weaknesses. Again,
however, there was a broad range of perfortnance
within both groups: Some individuals in each group
were quite impaired whereas others perfonned in the
average to high average range (see Table 1).

The largest numeric differences between the ME
and MTBI patients were observed on the Stroop Color
Word Test and the Rey Complex Figure Test. Four
MTBI but no ME patients were impaired on the Stroop
test, a measure of attention and executive functioning.
Mean performance on this test differed significantly
between the groups, F(l, 19) = 5. 38, .c( .05. In con.
trast, 4 ME patients but only 2 MTBI patients were im-

paired on the Rey Complex Figure task (3-min delay),
a test of visuospatial memory. However, the difference
in mean performance on this test did not reach statisti-
cal significance.

WAIS- scores also did not distinguish the ME
from MTBI patients. tests comparing the groups on
FSIQ, VIQ, PIQ, processing speed, working memory,

perceptual organization, and verbal comprehension reo
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IIIaure 1, Pat'onIumce almold apoaare (ME)'" mUd trauIIIIatIc bnID-lDJured (MTBI) pa8lenta on Yuious 1IIeIISURS In the nea.
lOJII1eho1opC8l better'J. Motor nom .. FInpl'Tapplaa with damllwat hand; Motor Non :: FInger 'l8ppIDg with DODdolDlD8nt handjDext DoIn = Grooved Pepaud with dominant hand; . Dezt NOlI .. Grooved Pegboard w:Ith nODdominant Iumd; Speed 2&7 .. speedon the RIdr 2&7 tat; Aa:ur 2&7 .. aecaracy 011 the Raft 2&7 tat; LM I .. LogbI Memory I; LM U .. LoaIca1 Memory Uj Rey 3.. Rey Complex PJaure Test (3-mJD delay); Rey 30 = Key Complex FIpn Test (JO.min delay); Verbal Flu = verbal fluency; Desfp
flu = deIIp DueDC)'; TndI B 

.. part B of '('rIdIm..IrI "'I TeIt; WCST PH .. peneveratl,e errors 011 the WIscoasIn Card Sortlag Task.

vealed no significant group differences when compar-

ing mean performance between ME and MTBI pa.
tients (all 

:::- 

OS; see Figure 2). V1SU8l inspection of

Figure 2, however, suggests a reladve weakness in
perceptual-organization skiDs in ME patients.

Emotional Factors

In addition to cognitive functioning, we were also
interested in assessing current emotional state, as well
as long-term personality features. To assess long-term
personality style and emotional functioning, the ME
and MTBI patients completed the Millon Clinical Mul-
tiaxial Inventory-Third Edition (MCMI-UI). A num-
ber of patients in both groups scored in the clinically
significant range (base rate :::- 85) on both MCMI Axis
I and II categories. Specifically, 3 ME and 2 MTBI pa-

tients scored in the clinically significant range on at
least one MCMI Axis I category, and 4 ME and
3 MTBI patients scored in the significant range on at
least one MCMI Axis II category. In the ME group,
MCMI Axis I categories included anxiety, somatoform
disorder, and major depression, and MCMI Axis II cat-
egories included hisbionic and compulsive personality
disorders.

In terms of mean base rates, the ME and MTBI pa-
tients had almost identical patterns of data across the
MCMI Axjs n diagnostic categories, as shown in Fig-
ure 3 (two-tailed tests, all 

:::- .

05). There was also a
great deal of concordance across MCMI Axis I diag-
nostic categories, except for a numerically higher base
rate on dysthymia and lower base rates on drug depen-
dence and delusional disorder in the ME patients (see
Figure 4). Only delusional disorder differed signifi.
cantly between the groups F(l, 18) = 10.61, .c( .01.
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FIpre 2. vi mold GpIIIIIre (ME) 8Dd mBd trau-
matic: braID-1D,Jand (MTBI) pldea.ts om the Wechsler Adult JD.
telUpace Sale-1bIrd Edldoa. VIQ = Verb8lIQ; PlQ = Per-
fDrmmce IQ; FSIQ a FaD Scale IQ; Verb Camp = Verb8I
ComprebeDllGa 
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Pen: 0rI = Perceptual Orpnl_"'"
iDda; WorIdaa MelD . WorIdaa Memory Index; Proc Speed =
ProcessIa& Speed Inda.

A subset of patients in each group (7 ME and
. 6 MTBI) also completed the Beck Depression Inven-
tory-Second Edition (BDI-U). In the ME group,
3 patients rated as severe, 2 as moderate, 1 as mild, and
1 as minimally depressed. In the MTBI group, 4 pa-
tients rated as moderate and 2 as minimally de-
pressed. Given the literature suggesting that de-
pressed mood can contribute to poor cognitive
perfonnance, we predicted that ME patients who had
concomitant depression would have more neuropsy-
chological test scores in the impaired range. 
tested this idea in this study by comparing patients'
BDI scores with overall test performance. Strikingly,
colTelational analysis (pearson product moment cor-
relation, one-tailed) revealed a significant relation-
ship between patients' BOI scores and the number of
cognitive measures in the impaired range, 

= .

47,
.c( .05. That is, the greater the severity of the depres-

sion, the more likely a patient was to have a number
of cognitive impairments on testing.
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Flpre 3. Meu bue nteI of mold apGIIIR (ME) ad mild 8nI8utIc brain-"" (M1'B1) patients oa the AxIs D diapJostk: alt.
eprfes oIlhe MfIIoD ~ MaItIuIalllmatory-1bIrd EdI8IoD.
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DJseussiOD

This study presents preliminary findings docu-
menting a number of cognitive imPairments in pa-
tients following ME, Areas that were most consis-
tently affected in ME patients included psychomotor
speed, verbal learning, visuospatialleaming, and vi-
suospatial memory. These findings are in part consis-
tent with those ofW. A. Gordon et a!. (1999) who reo.

ported impaired visuospatial integration in patients
following ME, As in that study, we also found that a
subset of patients were impaired on verballeaming.
This study s results are also similar to a recent study
of solvent-cxposcd individuals that found reduced
performance in the same cognitive domains (MOITOW,

Stein, Bagovich, Condray, & Scott, 2001). It should
be noted, however, that a great deal of variability ex-
isted in this study, such that on any given measure,
some ME patients were very impaired whereas others
were in the average to high average range. Thus, we
did not find evidence of a single, consistent pattern of
neuropsychological performance in patients exposed
to mold.

To control for a number of factors, such as involve-
ment in litigation and psychosocial stress, we com-

pared patients with ME to a neurologic comparison
group ofMTBI patients who were also involved in liti-
gation, We did not find any evidence of attempts to ex-
aggerate deficits in either the ME or MTBI group. All
patients appeared to exert full effort, and, in fact, many
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