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Abstract
The objective of this study was to examine the independent effect of infection with each of four
helminths (Ascaris lumbricoides, Schistosoma japonicum, Necator americanus, and Trichuris
trichiura) on cognitive function after adjusting for the potential confounders nutritional status,
socioeconomic status (SES), hemoglobin, sex, and the presence of other helminthes. This cross-
sectional study was carried out in a rural village in Leyte, The Philippines in 319 children 7–18 years
old. Three stools were collected and read in duplicate by the Kato Katz method. Infection intensity
was defined by World Health Organization criteria. Cognitive tests were culturally adapted and
translated. Learning and memory cognitive domains were each defined by three subscales of the
Wide Range Assessment of Memory and Learning, which had an inter-rater reliability ≥ 0.92 and
test-retest reliabilities ranging from 0.61 to 0.89. A household SES questionnaire was administered.
A logistic regression model was used to quantify the association between performance in different
cognitive domains (learning, memory, verbal fluency, and the Philippine Non-Verbal Intelligence
Test) and helminth infections. After adjusting for age, sex, nutritional status, hemoglobin, and SES,
S. japonicum infection was associated with poor performance on tests of learning (odds ratio [OR]
= 3.04, 95% confidence interval [CI] = 1.1–6.9), A. lumbricoides infection was associated with poor
performance on tests of memory (OR = 2.2, 95% CI = 1.04–4.7), and T. trichiura infection was
associated with poor performance on tests of verbal fluency (OR = 4.5, 95% CI = 1.04–30). Helminth
infection was associated with lower performance in three of the four cognitive domains examined in
this study. These relationships remained after rigorous control for other helminths and important
confounding covariates.

INTRODUCTION
Helminth infections are important causes of morbidity and mortality in many developing
countries. An estimated 1,471 million cases of infection with Ascaris lumbricoides, 1,200
million cases of infection with hookworm, 1,049 million cases of infection with Trichuris
trichiura, and 200–300 million cases of schistosomiasis occur worldwide.1-4 School age
children in developing countries bear the greatest health burden due to helminth infections.5,
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6 According to a World Bank report, morbidity due to helminth infections accounts for an
estimated 20% of the disability-adjusted life years lost due to infectious diseases in children
less than 14 years old.7 Among the well-described morbidities associated with helminth
infection in children are under-nutrition, anemia, and failure to achieve genetic potential for
growth.2,8-12

Several studies have examined the association between helminth infection and children's
academic performance or cognitive function.13 Results and conclusions across studies have
been inconsistent and often conflicting. Some of the observed inconsistencies may be related
to study design flaws that include failure to adapt cognitive tests to study populations and
inadequate control for important confounding variables such as socioeconomic status (SES).
13-15 The specific helminth infection and its intensity may also contribute to variability in
findings. Despite this, most investigators agree that helminth control initiatives are beneficial
to children's cognitive performance based on results from well-designed studies. For example,
one randomized controlled trial conducted in China16 demonstrated improvement in working
memory following treatment of Schistosoma japonicum infection among primary school
children. One observational study among Tanzanian children found that high intensity infection
with S. haematobium is associated with poor short-term memory.17 Biovin and others also
found improvements in cognitive performance among Zairian children after treating for
intestinal helminths, particularly with treatment of hookworm infection.18-20 Similar positive
associations between cognitive performance and treatment of infection with Trichuris and
Ascaris have also been reported.2,14

Limitations exist in the current literature. Many of the aforementioned studies are randomized
controlled trials. These studies, despite having the advantage of allowing causal inferences to
be made in a way that cross-sectional studies cannot, have some drawbacks. Short periods of
follow-up, as is often the case in many controlled trials, may miss effects of treatment because
they do not allow sufficient time to observe outcome improvements. In addition, well-designed
cross-sectional studies that control for important potential confounders may be better able to
integrate the long-standing, cumulative effects of helminth infections on cognitive processes,
despite their weaknesses for causal inference.21 Furthermore, studies to date have focused on
memory and attention, with little focus on learning ability. The learning domain of cognitive
function may better reflect a child's ability to take advantage of the limited educational
opportunities available in the developing world. Finally, the mechanisms underlying the
relationship between helminth infection and cognitive processes have not been examined.

This study was conducted in the context of a longitudinal treatment-reinfection study assessing
the relationship between S. japonicum infection and cognitive performance. Baseline cross-
sectional results are presented. The objectives of this study were to 1) assess the relationship
between S. japonicum infection and cognitive function, with an emphasis on learning ability
after controlling for important potential confounders, and 2) explore the mechanistic role of
hemoglobin and under-nutrition as mediators of decreased cognitive function in the context of
helminth infection.

METHODS
Study population. This study was conducted in a rural rice-farming village in Leyte, The
Philippines, an area endemic for both S. japonicum and intestinal helminthes.22,23 Three
hundred thirty-one school age children (185 boys and 146 girls) between the ages of 7 and 18
years were enrolled into the study. Twelve subjects had missing/incomplete data with respect
to parasite infection status (n = 2), cognitive test scores (n = 6), and nutritional status (n = 4),
leaving an effective study sample of 319 children. All subjects were recruited from a single
village, where the main study was conducted. Subjects were eligible if they provided a stool
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sample, child assent, and parental consent. Exclusion criteria included failure to submit a stool
sample, current pregnancy, and history or physical examination findings consistent with
presence of a serious chronic disease, e.g., active tuberculosis or developmental disability. This
study was reviewed and approved by the Brown University and Philippines Research Institute
of Tropical Medicine Institutional Review Boards.

Infection intensity. Parasite burden was determined by examination of three stool specimens
from each study participant. Each of the three specimens were examined in duplicate for S.
japonicum, hookworm, T. trichiura, and A. lumbricoides by the Kato Katz method. Intensity
of infection for each parasite was defined by number of eggs per gram (epg) of feces using the
World Health Organization criteria for low-, moderate-, or high-intensity infection for S.
japonicum, A. lumbricoides, T. trichiura, and hookworm. For each of the stool specimens, the
average epg of the duplicate tests was used; intensity of infection for each parasite was obtained
by averaging the epg of the three fecal specimens. For S. japonicum, low-, medium-, and high-
intensity infection categories were defined as 1–99 epg, 100–399 epg, and ≥ 400 epg,
respectively. For T. trichiura and hookworm, the low-intensity infection category was defined
as 1–999 epg and the moderate- or high-intensity infection category was defined as ≥ 1,000
epg. For A. lumbricoides, low- and moderate- or high-intensity infection categories were
defined as 1–4,999 epg and ≥ 5,000 epg, respectively.

Cognitive tests. Cognitive tests were translated and adapted for use in The Philippines. They
were then pilot tested among Filipino children from other S. japonicum- endemic villages near
the study area. Reliability testing for each cognitive test included joint inter-rater and test-retest
reliability with a six-week interval between tests. Assessment of the degree of internal
consistency between respective tests that constitute the learning and memory domains of the
Wide Range Assessment of Memory and Learning (WRAML) were assessed by Cronbach's
alpha coefficient. For all cognitive tests, performance is categorized as high or low by the
median of the distribution of test scores in each domain. A description of cognitive tests follows.

Wide Range Assessment of Memory and Learning. The WRAML was chosen so that we could
address the effects of helminth infection on learning processes. This, as opposed to pure
memory tests, may better reflect a child's ability to take advantage of limited educational
opportunities. The WRAML was developed in the United States and was age standardized to
a nationally representative sample of more than 2,300 children 5–17 years old.24 Specific
subtests of the WRAML have been validated against school performance and have been shown
to be significantly related to academic achievement in the subject areas they most closely
mimic. For use in The Philippines, the WRAML was translated and then back-translated to
check accuracy. We used two of the three cognitive domains, learning and verbal memory
because the third domain, visual memory, proved too difficult to adapt. Two of the stories
comprising the verbal memory subtest called story memory were adapted to better reflect, for
example, things that might happen at a Filipino birthday party, rather than an American birthday
party. The learning domain is defined by a combination of three WRAML subscales: verbal
learning, sound symbol (auditory learning), and visual learning. The memory domain is also
derived from three WRAML sub-scales: story memory, sentence memory, and number letter
memory. For the memory and learning domains, age-standardized scores on the three subscales
are added and a standardized score is created, which represents the final score used for the
domain.

Verbal fluency. This test has been described as one likely to be an acceptable task across a wide
range of cultures.25 A child is asked to name as many items in a given category as he or she
can in 60 seconds after a practice category is given. Animals and things to eat were test
categories. Verbal fluency is regarded as a good indicator of the operation of the central
executive component of working memory.16,25
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Philippines Non-Verbal Intelligence Test (PNIT). This test was adapted in The Philippines by
American and Filipino psychologists. The test measures concept recognition and abstract
thinking. It uses 100 cards each with 5 items depicted. Four of the five items capture a concept
that the fifth does not. The child is asked to choose which item does not belong with the others.
Reliability characteristics for this test were found to be excellent among a cohort of rural
Filipino children (rho = 0.71–0.95 at six separate grade levels).26 Furthermore, the validity of
this test was assessed against the grades that students had received in related courses. The
validity coefficients obtained with the test were about the same as those obtained with cognitive
tests given to American children.26

Mediating/confounding covariates. Socioeconomic status. Socioeconomic status was based
on questionnaire data addressing parental and child educational status, occupation, ownership
status of home/land, and assets. The questionnaire had good internal consistency with a
Cronbach's alpha of 82.4% for all questions. Four domains of SES were determined a priori:
educational status, social class position (occupation, land/home ownership, number of
individuals living per room), material wealth, and a composite SES score using all
questionnaire items. Scores for each of these four domains were calculated using principal
components analysis to appropriately weight questionnaire items as described by Filmer and
Pritchett.27 We assessed the construct validity of the summary SES score against nutritional
status, which is known to be strongly related to SES and found a high correlation (rho = 0.309,
P < 0.0001). The derived summary SES variable, a weighted combination of all items, was
divided into low, medium and high by the tertiles of its distribution.

Body mass index (BMI) Z-score. Body mass index, which is weight in kilograms divided by
height in meters squared, was calculated. The BMI Z-scores were also calculated using Epi-
Info 2000 software (Centers for Disease Control and Prevention [CDC], Atlanta, GA). The Z-
scores represent a given BMI's standard deviation from the age- and sex-adjusted CDC
reference median from the year 2000.28

Statistical analyses. Separate logistic regression models were made for each cognitive domain
to quantify the association between intensity of helminth infection and performance on
cognitive tests. Uninfected children were the reference group for all analyses. Odds ratios
(ORs) were estimated to quantify the odds of low performance on tests in respective domains
for children with low- and moderate- or high-intensity infections compared with uninfected
children; 95% confidence intervals (CIs) were also estimated to show range of values consistent
with point estimates. Variables were considered confounders of the association between
helminth infection and cognitive ability if they were independently associated with both S.
japonicum infection and cognitive performance, and the OR derived by adjusting for them in
bivariate models is up to 10% different from the crude OR. Potential confounders include sex,
SES, nutritional status (BMI), and age. To explore the role of hemoglobin and nutritional status
as mediators of S. japonicum-associated cognitive impairment, we built models with and
without these variables and observed changes in point estimates and 95% CIs. Since both
variables have been proposed as mediators of cognitive impairment in children, a lack of
attenuation of the point estimates for the respective helminths, or the persistence of an
association between helminth infection and cognitive performance after adjustment for these
variables implies that differences in nutritional or hemoglobin status do not fully account for
children's performance.

RESULTS
Results of reliability characteristics for cognitive tests are presented in Table 1. Inter-rater
reliability (IRR) tests showed good consistency between raters of children's test scores (IRR
≥ 0.98 for all tests). Test-retest analyses showed good to excellent reliability (0.61–0.89). The
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degree of internal consistency among subscales of the WRAML memory domain and learning
domain were good and fair, respectively.

Table 2 presents characteristics of the study cohort at baseline by intensity of S. japonicum
infection. Overall, the prevalence of S. japonicum infection was 76.5%. Half (50.5%) of the
children had low-intensity infections and slightly more than one-fourth (26%) had moderate-
or high-intensity infections. The BMI Z-score did not differ by intensity of infection. Boys
were over-represented among moderate- or high-intensity infected children (P < 0.0001).
Children with moderate- or high-intensity S. japonicum infections, compared with their
uninfected counterparts, were significantly more likely to have a low rather than a high SES
(P = 0.012). Schistosoma japonicum–free children had, on average, significantly higher
hemoglobin levels compared with both low- (P < 0.0001) and moderate- or high-intensity (P
< 0.0001) S. japonicum-infected children. Schistosoma japonicum–infected children had
significantly higher prevalences of A. lumbricoides and hookworm compared with their
uninfected counterparts (P < 0.008).

Table 3 presents bivariate associations between low performance in each of the cognitive tests
and the following variables: hemoglobin, sex, nutritional status, age, SES, and four helminths
from a logistic regression model. When unadjusted for any confounders, there were noteworthy
patterns of association between performance in cognitive tests and sex, hemoglobin status, age,
nutritional status, and helminth infection.

Mulivariable analyses. Table 4 shows the association between cognitive performance and
helminth infections adjusted for known and potential confounders including age, SES,
hemoglobin level, nutritional status and sex.

Learning domain of WRAML. Children infected with S. japonicum at low intensity had odds
of poor performance in the learning domain that was 1.9 times that of uninfected children (95%
CI = 0.96–3.76), after adjusting for co-infection with the geohelminths and other confounders
including SES, nutritional status, hemoglobin level, age, and sex. Similarly, children with
moderate- or high-intensity S. japonicum infections had 3.04 times the odds of poor
performance relative to uninfected children (95% CI = 1.04–6.9). The elevated odds of poor
performance with schistosomiasis infection, although approaching statistical significance at
all intensities, was significant only for moderate or high intensity relative to uninfected
children. Boys and children in lower SES categories continued to have higher odds of low
performance in the learning domain after adjustment for potential confounders.

Memory domain of WRAML. Schistosoma japonicum infection was not significantly related
to poor performance in the memory domain of WRAML after adjusting for confounding
variables. Moderate- or high-intensity infection with A. lumbricoides was positively and
significantly associated with poor performance in cognitive tests of memory (OR = 2.2, 95%
CI = 1.04–4.7). Other independent predictors of poor performance on tests of memory were
hemoglobin, age, SES, and sex, with boys scoring lower than girls.

Verbal fluency. Infection with T. trichiura at any intensity relative to being uninfected was
significantly associated with at least a four-fold higher odds of attaining a low score on tests
of verbal fluency (Table 4). Children's performance on tests of verbal fluency did not differ
significantly by S. japonicum infection, SES, nutritional status, hemoglobin level, or Ascaris
or hookworm infection.

Philippine Non-Verbal Intelligence Test. Helminth infection, regardless of type and intensity
of infection, was not associated with poor performance on the PNIT after confounder
adjustment. However, nutritional status, age (the PNIT is not age standardized), and SES were
strong inverse correlates of poor performance on the PNIT.
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Mechanistic role of hemoglobin and nutritional status. To evaluate the mechanistic role of
hemoglobin in mediating the relationship between helminth infections and cognitive
impairment, multivariable models that controlled for age, SES, sex, nutritional status, and co-
existing parasites with and without hemoglobin were evaluated. Changes in strength of
association with inclusion/exclusion of hemoglobin in the logistic regression models are shown
in Figure 1. The learning-schistosomiasis infection and the memory-Ascaris infection
relationships were actually strengthened with hemoglobin in the respective regression models.
When models were evaluated with and without BMI Z-score, the strength of relationship
between respective helminth infection and cognitive function was relatively unchanged in all
domains. For example, compared with estimate of associations in Table 4 that are adjusted for
nutritional and hemoglobin status, removal of the BMI Z-score from the model leads to no
changes in the memory domain (OR = 2.2, 95% CI = 1.03–4.9), a slight attenuation in the
association between Trichuris and verbal fluency (OR = 4.3, 95% CI = 1.02–30), and a slight
increase in association between S. japonicum and learning (OR = 3.1, 95% CI = 1.38–6.9).

DISCUSSION
This study provides strong evidence of association between helminth infections and learning
ability, memory, and verbal fluency in children after controlling for effects of important
confounders including SES, nutritional status, age, sex, and presence of other intestinal
parasites. To our knowledge, this is the first study to demonstrate a relationship between
helminth infection and learning. We provide evidence that all intensities of S. japonicum
infection, not just infections of moderate or high intensity, are associated with poorer
performance on tests of learning. This is important because many children in endemic areas
harbor only light infections, which may confer a learning disadvantage relative to uninfected
children. Furthermore, in most areas of the developing world, educational opportunities are
limited and effects on ability to learn in this age group may severely curtail attainment of
educational potential. Our finding in the learning domain is congruent with what has been
demonstrated in animal models for other kinds of helminth infections. In two such studies,
infection with the helminths Strongyloides ratti and Toxocara canis were associated with poor
performance on spatial learning tasks in mice.29,30

We are aware of only two human studies16,17 in Tanzania and China that reported associations
between schistosomiasis infection and any domain of cognitive performance. Unlike our study,
both groups found associations between tests of memory and schistosomiasis infection.
Specifically, Jukes and others16 found that high-intensity infection with S. haematobium was
associated with cognitive impairment in verbal and short-term memory domains among school
age children in Tanzania. In a subset of younger children in China, Nokes and others17 found
associations between treatment of S. japonicum and improvements in tests of memory (free
recall, fluency, and picture search tests). We did not find this even when analyses were limited
to younger children. The difference in domains of cognitive ability affected could be a
reflection of the inherent challenges in quantifying constructs as complex as cognitive ability
or the study design differences (cross-sectional versus randomized controlled trial).

Ascaris lumbricoides infection of moderate or high intensity was found to be associated with
poor performance in tests relative to Ascaris-uninfected children in the memory domain. This
finding is consistent with that of Nokes and others16 in China, Sakti and others31 in Indonesia,
and Jukes and others17 in Tanzania. Watkins and others,32 in a randomized clinical trial among
children in Guatemala, in which albendazole was administered at baseline and at three months
for the treatment group, failed to find evidence of improvement in cognitive ability at six-
months post-treatment of Ascaris infection. This finding is certainly possible in the context of
their study, given that follow-up period was short and may not have been sufficient to detect
any improvements that might have occurred. It is also possible that children require remedial
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assistance in addition to anti-helminthic therapy to observe improvements in cognitive
performance.

This study provides additional support for a relationship between T. trichiura infection and
poor performance in tests of verbal fluency. Specifically, we found that children infected with
Trichuris had almost 4.5 times greater odds of performing poorly in tests of verbal fluency
regardless of infection intensity. This finding is congruent with those of other investigators in
Jamaican children,33-37 in which improvements in tests of verbal fluency were noted among
children treated for moderate or high intensities of Trichuris infection.

Several investigators have demonstrated that helminth infections are associated with poor
nutritional status and lower hemoglobin levels or anemia.38-44 Positive associations between
higher cognitive performance and better nutritional and hemoglobin status have also been
reported.18,20,45-49 Our finding that hemoglobin and nutritional status were inversely related
to cognitive performance in the memory and PNIT domains, respectively, is consistent with
these previous research findings. Furthermore, this study underscores the importance of
rigorous control for confounding variables in the examination of the relationship between
helminth infection and cognitive performance. We found SES to be strongest and most
consistent correlate of cognitive impairment. This finding is not surprising since higher SES
may reflect among other things, access to superior educational and health care opportunities
that may be beneficial to children's performance in cognitive tests. Failure to robustly control
for SES could result in spurious associations or over-estimation of the true relationship between
helminth infection and cognitive performance. In addition, sex was a confounder of these
relationships since boys were more intensely infected and performed worse on tests of
cognition, especially the WRAML. We explored the potential for effect modification of the
effect of helminth on cognitive ability by sex to see if there is a stronger relationship between
cognitive impairment and helminth infection among boys. We failed to find evidence for this
from our analyses and therefore conclude that helminth infection affects cognitive performance
similarly among boys and girls.

Because the relationship between hemoglobin levels and cognitive performance has been well
described in the literature and investigators have postulated that cognitive impairment in the
context of helminth infection may be mediated through anemia, we built models with and
without hemoglobin to see if the effects of parasitic infection on cognitive ability was mediated
through hemoglobin. With inclusion of hemoglobin, we expected changes in point estimates
to include the null value in the 95% CI if most of the effects on cognitive ability is mediated
through this covariate (Figure 1). We found an increase, rather then a decrease, in the strength
of association between cognitive ability (learning and memory) and infection with S.
japonicum and A. lumbricoides upon adjustment for hemoglobin status. The observation of an
8–10% increase in the strength of association suggests that hemoglobin, although
independently associated with cognitive ability, is unlikely to be the dominant mediator of
cognitive impairment in the context of S. japonicum and A. lubmricoides. In addition, inclusion
of nutritional status in multivariable models did not change observed associations, suggesting
under-nutrition is not the primary mediator of the observed relationships. Other potential
mediating factors may include pro-inflammatory cytokines made in response to infection,50,
51 which are known to have a detrimental effect on cognitive function.52,53 In particular,
serum tumor necrosis factor-α levels are higher in individuals with schistosomiasis infection,
54,55 and this cytokine has been related to decreased performance on cognitive tests in human
subjects.53 In addition, abdominal discomfort related to A. lumbricoides, S. japonicum, and
T. trichiura infection could affect cognitive performance if significant enough to distract
children from cognitive tasks. For the Trichuris-verbal fluency relationship on the other hand,
we observed 22.4% diminution in the strength of association upon adjustment for hemoglobin.
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This observation suggests that hemoglobin may be playing a more significant mechanistic role
in the T. trichiura-fluency relationship.

The findings presented must be interpreted in light of limitations inherent in cross-sectional
study design. First, the cross-sectional design does not allow causal inferences to be made.
Although it is possible that cognitive impairment predisposes children to helminth infections,
we believe reverse causality is unlikely to explain these findings since SES, not cognitive
ability, is more likely to increase children's helminth exposure. We have adjusted for SES,
which is directly correlated with cognitive function, and is one of the most important factors
related to helminth exposure. Analysis of longitudinal data from this population, to be presented
elsewhere, will increase our causal inference in addition to decoupling the temporal
relationship between exposure to helminth infection and cognitive performance.

In addition, although we have adjusted for SES and other important confounders, it is possible
that there are residual confounding or unmeasured confounding variables that could explain
these relationships. Furthermore, it is possible that after the adaptation process of the WRAML,
it may not capture constructs such as learning in the same way as when it used in populations
in the United States, which may be more similar to the population in which the test was
validated. We believe this is unlikely since only minor adaptations were made, and this was
done only to replace unfamiliar customs or items with those of a similar level of difficulty.
Finally, simultaneous exposure to multiple parasite species is common in our study population,
as is the case in most helminth-endemic regions. It is possible that biologic interactions occur
among co-infecting species, potentially modifying the association between any helminth
species and cognitive performance. It remains an empirical challenge to quantify the effect of
poly-parasite helminth exposures on helminth-associated morbidities without simultaneously
sacrificing statistical and inferential efficiency given the co-linear distribution of helminths
under investigation and the potential for interaction.

We have provided evidence that helminth infection is associated with cognitive impairment in
school age children. We found impairments in learning, memory, and verbal fluency for
different helminths. It is not surprising that different parasites were associated with deficits in
different domains, since these infections cause vastly different host responses based on their
location and parasite-specific immunologic and hematologic effects. Given the resource-poor
nature of helminth-endemic regions, prioritization of public health interventions that are most
cost effective is crucial. Defining the global burden of helminth infections entails assessing
more subtle morbidities.56 These morbidities, particularly when clinically apparent at low
intensities of infection that are highly prevalent, likely contribute significantly to disability-
adjusted life years.7
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Figure 1.
Mechanistic role of hemoglobin in cognitive impairment. Bars show odds ratios with 95%
confidence intervals of the risk of performance below the median for those with moderate- or
high-intensity infection versus uninfected for the designated helminth. S. = Schistosoma; A. =
Ascaris; T. = Trichuris.
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Table 1
Reliability of cognitive tests*

Cognitive test Inter-rater (joint reliability) Test-retest Cronbach alpha†

Memory domain of WRAML 0.99 0.70 0.81
Learning domain of WRAML 0.99 0.79 0.54
PNIT 0.99 0.89 NA
Verbal fluency 0.98 0.61 NA

*
WRAML = Wide Range Assessment of Memory and Learning; PNIT = Philippine Non-Verbal Intelligence Test; NA = not applicable.

†
Cronbach's alpha for correlation among three subscales that constitute each domain.
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Table 2
Description of study population by Schistosoma japonicum infection intensity*

≥ Moderate intensity infection
n = 83 (26.0%)

Variable
Whole cohort

n = 319
(100%) Mean

(SD)

S. japonicum
infection free n = 75
(23.5%) Mean (SD)

Low intensity S.
japonicum infection n =
161 (50.5%) Mean (SD)

Mean (SD) P†

Memory score  65.4 (12.1) 68.8 (13.8) 65.5 (11.6)  62 (10.81) 0.001
Learning score  87.8 (15.8) 91.3 (15.5)  88 (15.4)  84 (16.1) 0.003
PNIT score  28.4 (7.7) 27.8 (7.5) 27.9 (7.8) 29.5 (7.7) 0.192
Verbal fluency score 18.03 (5.01) 17.4 (5.1) 18.1 (4.6) 18.0 (5.6) 0.394
Age 12.65 (3.00) 12.9 (3.1) 12.3 (2.9) 13.0 (3.0) 0.861
BMI Z-score  −1.1 (0.95) −1.1 (0.8) −1.1 (1.01) −1.3 (0.95) 0.214
Hemoglobin 12.01 (1.71) 12.7 (1.24) 12.0 (1.4) 11.2 (2.16) <0.001

     % % % P‡   %   P§

SES
 % Low      

33.2 23.1 30.7 0.264   43.2   0.012

 % Medium      
35.2 33.9 31.4 0.727   28.4   0.487

 % High      
31.6 43.0 38.0 1.00    28.4   1.00

Male      
57.0 45.3 52.8 0.286   75.9   < 0.0001

Parasite prevalence (%)
 A. lumbricoides      

73.9 65.3 81.4 0.007   68.7   0.655

 T. trichiura      
92.2 88   92.6 0.253   95.2   0.101

 N. americanus      
45.8 30.7 49.1 0.008   51.8   0.007

*
PNIT = Philippine Non-Verbal Intelligence Test; BMI = body mass index; SES = socioeconomic status; A. = Ascaris; T. = Trichuris; N. = Necator.

†
P value based on analysis of variance test of differences in means of cognitive test scores, age, BMI-Z score, and hemoglobin, by intensity of S. japonicum.

‡
P value based on chi-square test of differences in proportion of respective variables for children with low intensity S. japonicum infection relative to

infection-free children.

§
P value based on chi-square test of differences in proportion of respective variables for children with moderate intensity S. japonicum infection or higher

relative to infection-free children.
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Table 3
Poor performance in tests of cognitive ability among Filipino children and bivariate associations*

Wide range assessment of memory and learning

Covariates Learning domain OR
(95% CI)

Memory domain OR
(95% CI)

Verbal fluency OR
(95% CI) PNIT OR (95% CI)

Sex (male) 2.32 (1.49, 3.61) 1.92 (1.24, 2.98) 1.45 (0.94, 2.23) 1.90 (1.17, 3.09)
Hemoglobin 0.88 (0.77, 1.003) 0.82 (0.71, 0.94) 0.80 (0.70, 0.92) 0.77 (0.66, 0.89)
Age (years) 0.94 (0.87, 1.008) 1.02 (0.95, 1.10) 0.79 (0.73, 0.86) 0.71 (0.64, 0.78)
BMI (kg/m2) 0.87 (0.53, 1.40) 0.90 (0.56, 1.45) 0.39 (0.24, 0.64) 0.17 (0.10, 0.29)
Socioeconomic status
 High 1.00 1.00 1.00 1.00
 Medium 1.99 (1.13, 3.53) 2.27 (1.28, 4.03) 1.24 (0.71, 2.18) 2.02 (1.12, 3.65)
 Low 3.67 (2.03, 6.64) 3.44 (1.91, 6.20) 2.11 (1.19, 3.73) 3.90 (2.13, 7.13)
Schistosoma japonicum
intensity
 Infection free 1.00 1.00 1.00 1.00
 Low intensity 1.93 (1.10, 3.37) 1.25 (0.74, 2.09) 0.86 (0.48, 1.56) 0.94 (0.44, 2.05)
 ≥ Moderate intensity 3.29 (1.70, 6.33) 2.02 (1.10, 3.72) 1.35 (0.69, 2.63) 1.14 (0.64, 2.81)
Necator americanus
 Infection free 1.00 1.00 1.00 1.00
 Low intensity 1.57 (0.99, 2.50) 1.61 (1.02, 2.55) 1.12 (0.71, 1.76) 0.99 (0.60, 1.62)
 ≥ Moderate intensity 1.48 (0.63, 3.48) 1.92 (0.81, 4.57) 1.51 (0.59, 3.20) 1.18 (0.48, 2.93)
Ascaris lumbricoides
 Infection free 1.00 1.00 1.00 1.00
 Low intensity 1.38 (0.74, 2.56) 1.39 (0.76, 2.58) 0.94 (0.50, 1.77) 1.70 (0.79, 3.25)
 ≥ Moderate intensity 1.67 (0.99, 2.82) 1.71 (1.02, 2.88) 1.97 (1.17, 3.32) 2.31 (1.27, 4.20)
Trichuris trichuria
 Infection free 1.00 1.00 1.00 1.00
 Low intensity 1.64 (0.70, 3.87) 2.12 (0.88, 5.15) 1.39 (0.76, 2.58) 1.42 (0.29, 4.34)
 ≥ Moderate intensity 1.84 (0.80, 4.22) 2.50 (1.06, 5.88) 1.71 (1.02, 2.88) 3.73 (1.26, 11.1)

*
PNIT = Philippine Non-Verbal Intelligence Test; OR = odds ratio; CI = confidence interval; BMI = body mass index. All ORs and 95% CI quantify

associations between shown variable and unadjusted odds of poor performance on various cognitive domain.
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Table 4
Multivariable adjusted associations between helminth infections and cognitive ability among Filipino children

WRAML tests Non-WRAML tests

Variable
Learning subscale

OR (95% CI)
Memory subscale OR

(95% CI)
Verbal fluency OR

(95% CI) PNIT OR (95% CI)

Sex (male) 2.10 (1.21, 3.64) 1.77 (1.01, 3.13) 1.41 (0.81, 2.49) 1.80 (0.96, 3.39)
Hemoglobin 1.07 (0.90, 1.28) 0.83 (0.68, 0.996) 0.93 (0.77, 1.11) 0.99 (0.76, 1.28)
Age (years) 0.98 (0.86, 1.11) 1.16 (1.05, 1.31) 0.82 (0.75, 0.93) 0.57 (0.46, 0.72)
BMI† (kg/m2) 1.21 (0.60, 2.45) 0.91 (0.68, 1.22) 0.89 (0.67, 1.17) 0.39 (0.19, 0.79)
SES
 High 1.00 1.00 1.00 1.00
 Medium 2.09 (1.10, 3.97) 2.09 (1.10, 4.02) 1.27 (0.65, 2.46) 2.60 (1.25, 5.46)
 Low 3.79 (1.91, 7.50) 3.57 (1.81, 7.16) 1.09 (0.57, 2.10) 3.90 (1.86, 8.40)
S. japonicum‡
 None 1.00 1.00 1.00 1.00
 Low intensity 1.89 (0.96, 3.76) 0.98 (0.49, 1.92) 0.56 (0.28, 1.14) 1.27 (0.52, 3.15)
 ≥ Moderate 3.04 (1.37, 6.89) 1.10 (0.49, 2.46) 0.88 (0.39, 1.98) 1.53 (0.70, 3.38)
A. lumbricoides
 None 1.00 1.00 1.00 1.00
 Low intensity 1.37 (0.80, 3.55) 1.37 (0.61, 3.13) 0.94 (0.42, 2.11) 1.40 (0.39, 5.00)
 ≥ Moderate 1.68 (0.68, 3.52) 2.20 (1.04, 4.73) 1.07 (0.51, 2.22) 1.15 (0.37, 3.52)
N. americanus
 None 1.00 1.00 1.00 1.00
 Low intensity 1.19 (0.66, 2.13) 1.13 (0.65, 2.07) 1.17 (0.66, 2.06) 1.03 (0.46, 2.27)
 ≥ Moderate 0.64 (0.22, 1.89) 0.56 (0.19, 1.69) 1.54 (0.50, 4.72) 0.88 (0.19, 4.09)
T. trichiura
 None 1.00 1.00 1.00 1.00
 Low intensity 0.59 (0.18, 1.97) 1.15 (0.34, 3.84) 4.32 (1.02, 31.4) 0.51 (0.06, 4.24)
 ≥ Moderate 0.60 (0.18, 2.05) 1.11 (0.32, 3.80) 4.49 (1.04, 29.9) 1.12 (0.14, 9.25)

*
WRAML = Wide Range Assessment of Memory and Learning; PNIT = Philippine Non-Verbal Intelligence Test; OR = odds ratio; CI = confidence

interval; BMI = body mass index; SES = socioeconomic status; S. = Schistosoma; A. = Ascaris; N. = Necator,; T. = Trichuris. All ORs and 95% CIs
quantify the independent odds of poor performance on cognitive ability adjusted for the effect of confounders including sex, age SES, hemoglobin level,
and co-existing parasites. Bold numbers indicate statistical significance.

†
BMI was dichotomized into high versus low categories by the mean BMI distribution. Low BMI is the reference category.

‡
Odds of poor performance for specific infection intensity (or any intensity for S. japonicum) compared with uninfected.
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