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Background: a vitamin B
1
-deficient soy-based infant for-

mula was marketed in Israel in 2003, exposing infants to clinical 
or subclinical B

1
 deficiency. We investigated whether subclini-

cal B
1
 deficiency in early infancy had medical, neurodevelop-

mental, or cognitive effects at 3–5 y of age.
Methods: a historical prospective cohort study was con-
ducted consisting of four groups: “exposed,” consuming a B

1
-

deficient soy-based formula exclusively for four consecutive 
weeks or longer; “control,” consuming no soy-based formula; 
“mixed,” consuming the formula nonexclusively or exclusively 
for less than four consecutive weeks; and “other,” consuming 
soy-based formulas other than Remedia. Participants were eval-
uated by medical examination, stanford–Binet (sB) intelligence 
test, sensory profile evaluation, and conners scales (attention 
deficit disorder/attention deficit and hyperactivity disorder 
(aDD/aDhD)).
results: Following adjustment for gender, age, and mater-
nal education, there were no significant differences among the 
four groups on the mean sB scores, on the verbal and non-
verbal scores, or in the proportion of children in each group 
with scores <90. a significantly higher proportion of exposed 
children as compared with control children had an impaired 
sensory profile and scores on the conners scales (aDD/aDhD), 
but these proportions were also high in the “other” and “mixed” 
groups.
conclusion: The results do not support an association 
between subclinical B

1
 deficiency in infancy and long-term 

development.

Vitamin B1 (thiamine) is a water-soluble vitamin. Thiamine 
occurs in the human body as free thiamine and its 

phosphorylated forms: thiamine monophosphate, thiamine 
triphosphate, and thiamine pyrophosphate. In carbohydrate 
metabolism, thiamine pyrophosphate helps to convert pyru-
vate to acetyl CoA, which enters the Krebs cycle and is needed 
for the subsequent steps to generate adenosine triphosphate. 
Thiamine plays a key role in maintaining memory, the health 
of the nervous system, and heart muscle and is important for 
growth, mental development, and learning skills in children 
(1–3). Isolated and characterized in the 1930s, thiamine was 

the first organic compound to be recognized as a vitamin 
(1,4,5).

Beriberi, or thiamine deficiency, described in Chinese litera-
ture as early as 2600 BC, may result from inadequate thiamine 
intake, increased requirement for thiamine, excessive loss of 
thiamine, consumption of antithiamine factors in food, or a 
combination of these factors. Inadequate consumption is the 
main cause of thiamine deficiency in underdeveloped coun-
tries (1,6–8). Breast-fed infants whose mothers are thiamine 
deficient may develop infantile beriberi. In industrialized 
countries, the main cause of deficiency is alcoholism, which 
is associated with low intake of nutrients in general, and thia-
mine in particular (6,9,10).

Severe vitamin B1 deficiency in infants is almost invariably an 
acute disease. Onset of symptoms is often rapid and the fatality 
rate is very high (3). The acute disease is characterized by periph-
eral neuropathy and muscle weakness, also called “dry” beriberi 
to differentiate it from “wet” beriberi, which has essentially car-
diovascular manifestations (4,5,11). In contrast, the symptoms 
of subclinical (mild or partial) thiamine deficiency are vague 
and nonspecific, making it difficult to diagnose. Thiamine defi-
ciency has been associated with sudden infant death syndrome, 
reduced growth in the young, chronic ill health in young and 
middle-aged adults, falls and fractures in old age, and impaired 
reaction to stress in adults (5).

Little is known about the possible long-term neurobehavioral 
effects of severe, moderate, and mild thiamine deficiency in 
infancy. The long-term neurobehavioral development of young 
children is largely dependent on the environment they are 
exposed to (12–14). Intrauterine exposure of the fetus to neurot-
eratogenic agents such as heroin, cocaine, and alcohol may have 
deleterious effects on long-term postnatal development (15,16). 
Postnatal exposure of normal infants to a damaging environ-
ment, including nutritional deficiencies especially during the 
first year of life, may have long-lasting effects similar to those 
observed following intrauterine exposure (12,17–19). Indeed, 
such long-term developmental consequences have been associ-
ated with deficiencies in several vitamins in childhood, includ-
ing vitamin B12 (20). It is not clear whether mild or subclinical 
B1 deficiency in infancy, which theoretically could cause slight 
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neurological damage, also has long-term neurodevelopmental 
sequelae such as motor, cognitive, behavioral, or other changes, 
including inattention, hyperactivity, and/or learning disability.

In November 2003, following a report of unexplained enceph-
alopathy in a cluster of infants in a tertiary medical center in 
central Israel, the Israeli Ministry of Health initiated an inves-
tigation. The cause was found to be a soy-based infant formula 
(manufactured by Humana, (Herford, Germany) for distribu-
tion in Israel as Remedia) lacking vitamin B1 due to a change 
in May 2003 in the formula composition (21,22). The deficient 
formula was apparently sold in Israel for about 6 mo, from May 
2003 to 7 November 2003, when the diagnosis of beriberi was 
established. We report here on the developmental outcome at 
3–5 y of age of 216 children exposed exclusively to this diet for at 
least 1 mo and who had no obvious clinical signs of vitamin B1 
deficiency during the critical time of exposure.

RESULTS
General
Of the total 430 participants, 241 (56.0%) were males. This gen-
der distribution was similar (P = 0.669) in all study groups.

Table 1 presents the main characteristics of the study groups. 
The only significant difference was a higher age at the time of 
the examination in the exposed group as compared with the 
control group (4.39 and 4.04 y, respectively, P = 0.005).

Stanford–Binet Intelligence Scale, 5th Edition
Full Stanford–Binet (SB) results were available for 422 partici-
pants. Mean scores and SDs of the SB scores are presented in 
Table 2. The mean scores in the exposed group were gener-
ally lower than those of the control group, but these differ-
ences did not reach statistical significance. When compared 
with the soy-based group, mean scores in the exposed group 
were generally lower (except for the knowledge subtest), and 
statistically significant for the quantitative reasoning (QR) sub-
test (a difference of 6.33 points, P = 0.03). Comparisons of the 
exposed group with the mixed-nutrition group were inconsis-
tent (Table 2).

The independent impact of the exposure to the B1-deficient 
formula on these differences was assessed by linear regression 
models, predicting the scores of the main domains of the SB 
test, full-scale intelligence quotient (FSIQ), verbal intelligence 

table 1. Distribution of selected variables in the study groups

Exposed, n = 216 Control, n = 101 Soy-based, n = 42 Mixed-nutrition, n = 71

Mean ± SD

Age at test (y) 4.39 ± 0.06 4.04 ± 0.07 4.52 ± 0.09 4.52 ± 0.09

 P valuea Ref 0.005 0.82 0.66

Gestational age (wk) 39.18 ± 0.11 39.55 ± 0.14 39.29 ± 0.21 39.29 ± 0.17

 P valuea Ref 0.23 0.98 0.96

Birth weight (g) 3,257.94 ± 32.34 3,343.72 ± 47.65 3,257.34 ± 79.76 3,208.24 ± 59.35

 P valuea Ref 0.53 1.00 0.91

Maternal education (y) 14.16 ± 0.18 14.35 ± 0.26 14.61 ± 0.38 14.24 ± 0.32

 P valuea Ref 0.95 0.80 1.00

SES indexc 11.79 ± 0.32 12.52 ± 0.40 11.72 ± 0.74 12.05 ± 0.44

 P valuea Ref 0.58 1.00 0.98

Percent

Fetal distress 9.2 2.7 4.2 15.6

 P valuea Ref 0.08 0.27 0.27

Maternal smoking 12.9 7.2 14.7 9.6

 P valuea Ref 0.17 0.78 0.52

Being orthodoxd 8.3 11.9 14.3 11.3

 P valuea Ref 0.31 0.22 0.45

Maternal education ≤12 y 43.6 36.4 29.7 38.7

 P value a Ref 0.25 0.12 0.49

Categorical SES index

 0–10 35.12 27.06 37.50 30.91

 11–14 38.10 44.71 28.13 47.27

 15–20 26.79 28.24 34.38 21.82

 P valueb 0.53

Ref

Boldfaced numbers represent P values that were significant. Ref, the group of children exposed to Remedia that served as the reference group; ses, socioeconomic status.
aGeneral linear models procedure with the scheffe correction. bχ2. cOn the basis of the residence address. dOn the basis of the proportion of orthodox Jews in the population served by 
each Family health center.
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quotient (VIQ), and nonverbal intelligence quotient (NVIQ), 
and the QR subtest. On the basis of the preliminary univari-
ate analyses (data not shown), these linear regression models 
were adjusted for gender, age at examination, and maternal 
education. Gender and maternal education were significant 
predictors of the FSIQ, VIQ, and NVIQ scores, whereas study 
group and age at examination did not significantly impact 

these scores. For the QR subtest, both maternal education and 
age at the time of the test were significant predictors whereas 
gender was insignificant. Being in the exposed vs. soy-based 
study group remained an independent predictor for the QR 
score following adjustment (Table 3).

The proportions of SB scores <90 in the various groups are 
presented in Table 4. As compared with the control group, the 

table 2. The Stanford–Binet Intelligence Scale scores by subtests and study groups (mean ± SD)

Exposed, n = 212 Control, n = 98 Soy-based, n = 42 Mixed-nutrition, n = 70

FSIQ-ST 104.30 ± 11.92 106.76 ± 10.67 109.36 ± 11.35 104.14 ± 11.17

 P valuea Ref 0.38 0.08 0.99

VIQ-ST 101.41 ± 14.02 103.76 ± 12.28 107.55 ± 13.45 101.50 ± 12.09

 P valuea Ref 0.55 0.06 1.00

NVIQ-ST 107.11 ± 10.89 109.77 ± 10.25 110.74 ± 10.48 106.39 ± 11.73

 P valuea Ref 0.26 0.27 0.97

QR-ST 103.41 ± 12.78 107.56 ± 12.98 109.74 ± 12.42 104.39 ± 11.42

 P valuea Ref 0.06 0.03 0.96

WM-ST 105.80 ± 13.98 109.64 ± 13.13 111.19 ± 11.83 106.44 ± 10.89

 P valuea Ref 0.13 0.12 0.99

VS-ST 106.16 ± 14.98 106.93 ± 13.35 112 ± 13.63 106.94 ± 16.21

 P valuea Ref 0.98 0.14 0.99

KN-ST 101.65 ± 10.84 103.68 ± 9.02 101.50 ± 9.30 99.24 ± 8.98

 P valuea Ref 0.43 0.99 0.39

FR-ST 102.23 ± 14.14 101.52 ± 14.39 106.76 ± 14.62 102.10 ± 14.03

 P valuea Ref 0.98 0.31 0.99

Boldfaced numbers represent P values that were significant. Ref, the group of children exposed to Remedia that served as the reference group; FR, fluid reasoning; FsIQ, full-scale 
intelligence quotient; KN, knowledge; NVIQ, nonverbal intelligence quotient; QR, quantitative reasoning; sT, subtest; VIQ, verbal intelligence quotient; Vs, visual-spatial processing; 
WM, working memory.
aGeneral linear models procedure with scheffe correction. 

table 3. Factors influencing Stanford–Binet scores—a multiple linear 
regression (β and P values)

FSIQ VIQ NVIQ QR

Gender (male vs. female) −3.44 −3.3 −3.16 −1.76

 P valuea 0.003 0.013 0.005 0.169

Maternal education (y) 1.04 1.32 0.66 1.00

 P valuea <0.0001 <0.0001 0.003 <0.0001

Age at test (y) −0.27 0.74 −1.39 −1.99

 P valuea 0.722 0.397 0.056 0.017

Control vs. exposed 1.29 1.38 1.39 2.98

 P valuea 0.374 0.406 0.314 0.063

Soy-based vs. exposed 3.47 3.66 3.20 5.53

 P valuea 0.081 0.109 0.094 0.012

Mixed-nutrition vs. exposed −0.79 −1.02 −0.76 0.73

 P valuea 0.622 0.584 0.627 0.685

Boldfaced numbers represent P values that were significant. FsIQ, full-scale intelligence 
quotient; NVIQ, nonverbal intelligence quotient; QR, quantitative reasoning; VIQ, verbal 
intelligence quotient.
aGeneral linear models procedure with scheffe correction.

table 4. The proportion of Stanford–Binet scores <90 by group and 
subtest: % (n)

Exposed  
n = 212

Control  
n = 98

Soy-based  
n = 42

Mixed-nutrition  
n = 70

FSIQ 12.7 (27) 6.1 (6) 4.8 (2) 5.7 (4)

 P valuea Ref 0.08 0.14 0.10

VIQ 20.3 (43) 12.2 (12) 7.1 (3) 14.3 (10)

 P valuea Ref 0.09 0.04 0.27

NVIQ 4.3 (9) 3.1 (3) 0.0 (0) 10.0 (7)

 P valuea Ref 0.62 0.17 0.07

QR 13.7 (29) 9.2 (9) 9.5 (4) 10.0 (7)

 P valuea Ref 0.26 0.46 0.42

WM 16.0 (34) 9.2 (9) 4.8 (2) 8.6 (6)

 P valuea Ref 0.10 0.06 0.12

Boldfaced numbers represent P values that were significant. Ref, the group of children 
exposed to Remedia that served as the reference group; FsIQ, full-scale intelligence 
quotient; NVIQ, nonverbal intelligence quotient; QR, quantitative reasoning; VIQ, verbal 
intelligence quotient; WM, working memory.
aGeneral linear models procedure with scheffe correction. 
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proportions in the exposed group were generally higher, except 
for the fluid reasoning subtest, but statistically insignificant. 
As compared with the soy-based group, the proportions in the 
exposed group were higher and the differences were statistically 
significant for the VIQ score (7.1 vs. 20.3%, respectively, P = 0.04). 
Comparisons with the mixed-nutrition group were inconsistent.

To assess the independent impact of exposure to the 
 B1-deficient Remedia formula on lower SB scores, we used 
logistic regression models, in which a score <90 in the FSIQ, 
VIQ, and NVIQ domains was the dependent variable, adjust-
ing for gender, maternal education, and maternal smoking, 
based on preliminary univariate analyses (data not shown). 
Following adjustment, the exposure to the B1-deficient formula 
did not significantly impact the results (Table 5).

To explore the potential effect of age at exposure and exposure 
duration on SB scores <90, an additional analysis was carried 
out in the exposed group only. Logistic regression models were 
applied with SB subtest scores <90 as the dependent variables 
and age at the beginning of the exposure (in weeks) and expo-
sure duration (weeks) as the independent variables, adjusted for 
gender and maternal education (Table 6). Older age at exposure 
was associated with higher risk for SB scores <90, albeit not sta-
tistically significant; longer exposure duration was significantly 
associated with higher risk for a score <90 on the working mem-
ory (WM) and fluid reasoning subtests (Table 6).

We repeated this analysis while stratifying for maternal edu-
cation (≤12 and >12 y of schooling). In both strata, neither 

age at exposure nor exposure duration was associated with the 
outcomes (data not shown).

Motor Questionnaire
As explained earlier, performance of <90% of the items expected 
for the age of the child was defined as indicating a problem. Only 
six children from the total cohort were found positive: 3 (1.6%) 
in the exposed, 2 (2.1%) in the control, none in the soy-based, 
and 1 (1.6%) in the mixed-nutrition groups (P value = 0.84).

When walking-initiation age was compared between the 
study groups, no significant differences were noted: 4 (2.7%), 1 
(1.4%), 0 (0%), and 3 (6.8%) children in the exposed, control, 
soy-based, and mixed-nutrition groups, respectively, initiated 
walking above the age of 18 mo (P = 0.25).

Sensory Profile
Low compliance of parents in completing the sensory profile 
questionnaires accounted for the total n of 294, i.e., 70% of the 
study population. The percentage of children with a score indi-
cating a sensory problem was significantly higher (P = 0.02) 
in the exposed (13.1%) as compared with the control group 
(2.8%). The percentages in the other groups consuming soy-
based formulas were similar to that of the exposed group: 
25% (P = 0.09) in the “soy-based” and 15.2% (P = 0.72) in the 
mixed-nutrition groups.

Univariate regression models in which impaired sensory pro-
file served as the dependent variable identified no significant 

table 5. Factors influencing Stanford–Binet scores (FSIQ, VIQ, NVIQ) <90, a logistic regression model (OR and 95% CI)

NVIQ VIQ FSIQ

95% CI OR 95% CI OR 95% CI OR

Male (vs. female) 1.24, 25.01 5.56 1.13, 4.62 2.29 1.11, 6.95 2.78

Maternal education (continuous) 0.68, 1.06 0.85 0.67, 0.91 0.78 0.57, 0.86 0.69

Maternal smokinga (yes vs. no) 0.97, 5.25 2.26 1.13, 7.44 2.90

Control (vs. exposed) 0.23, 3.60 0.92 0.27, 1.42 0.62 0.17, 1.49 0.51

Soy-based (vs. exposed) <0.001, >999.99 <0.001 0.07, 1.38 0.30 0.11, 2.50 0.52

Mixed-nutrition (vs. exposed) 0.66, 6.93 2.13 0.21, 1.46 0.56 0.06, 1.22 0.27

Boldfaced numbers represent P values that were significant. cI, confidence interval; FsIQ, full-scale intelligence quotient; NVIQ, nonverbal intelligence quotient; OR, odds ratio; VIQ, 
verbal intelligence quotient.
aMaternal smoking was not included in the regression model predicting NVIQ score <90 because it was statistically insignificant in preliminary univariate analyses.

table 6. The effect of age at exposure and exposure duration on Stanford–Binet scores <90—exposed group only—a logistic regression model, 
odds ratio (95% confidence interval)

FSIQ VIQ NVIQ QR WM VS KN FR

Male  
(vs. female)

4.08  
(1.21, 13.73)

3.08  
(1.22, 7.76)

2.64  
(0.47, 15.03)

1.82  
(0.65, 5.08)

4.25  
(1.48, 12.25)

1.28  
(0.48, 3.37)

1.83  
(0.56, 6.03)

1.64  
(0.69, 3.89)

Maternal 
education (y)

0.66  
(0.51, 0.86)

0.74  
(0.61, 0.89)

0.82  
(0.6, 1.11)

0.68  
(0.53, 0.87)

1.00  
(0.85, 1.18)

0.75  
(0.59, 0.93)

0.77  
(0.61, 0.98)

0.96  
(0.82, 1.12)

Age at  
exposure (wk)

1.02  
(0.96, 1.09)

1.03  
(0.98, 1.09)

1.04  
(0.97, 1.12)

1.03  
(0.97, 1.09)

1.02  
(0.97, 1.08)

1.00  
(0.94, 1.07)

1.06  
(0.99, 1.13)

1.03  
(0.98, 1.09)

Duration of 
exposure (wk)

1.03  
(0.96, 1.11)

1.07  
(0.99, 1.13)

1.11  
(0.99, 1.24)

1.04  
(0.97, 1.12)

1.09  
(1.03, 1.17)

1.05  
(0.97, 1.13)

1.05  
(0.97, 1.14)

1.11  
(1.04, 1.18)

Boldfaced numbers represent P values that were significant.

FR, fluid reasoning; FsIQ, full-scale intelligence quotient; KN, knowledge; NVIQ, nonverbal intelligence quotient; QR, quantitative reasoning; VIQ, verbal intelligence quotient; Vs, visual-
spatial processing; WM, working memory.
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correlates. A multiple logistic regression model with the study 
groups as independent variables was constructed, using first 
the exposed group and then the control group as the refer-
ence category. The results confirmed the significant differences 
between the three soy-based formula groups (exposed, soy-
based, and mixed-nutrition) and the control group, and the 
statistically insignificant differences between the exposed and 
the other soy-based groups (Table 7).

The Conners Rating Scales
Not all parents filled out the forms, resulting in lower than 
expected numbers for each group. As compared with the control 
group, the proportion of children with a Conners score suggestive 
of a problem was higher in all three groups consuming soy-based 
formula: exposed, soy-based, and mixed-nutrition (Table 8).

A logistic regression model was performed with impaired 
Conners scales as the dependent variable and the study groups 
as independent variables, controlled for gender, maternal educa-
tion, and age at examination. The model used first the exposed 
group and then the control group as the reference group for 
the different exposure statuses. Following adjustment, the dif-
ferences between the exposed and the control groups remained 
significant, and the same trend was evident for the soy-based 
groups, although not statistically significant (Table 9).

Correlations Among the SB, Sensory Profile, and Conners Scores
The correlation coefficients between the sensory profile score 
and scores of selected SB subtests were statistically significant, 
but very low (0.15–0.19). The same low but significant correla-
tion coefficients were seen between the scores on the Conners 
rating scales and selected SB subtests (0.15–0.22). Because a 
Conners rating scale score below normal may be associated 
with a low WM score, we studied this point: 12.5% of children 

with a WM score ≥90 exhibited a Conners score below normal 
as compared with 25.6% of children with a WM score <90 (P 
value = 0.027).

The Spearman correlation coefficient between the sensory 
profile score and the Conners rating scales was 0.497 and was 
statistically significant (P < 0.001).

Characterization of the Most Impaired Children
Very few children (4–8) were found to have scores indicating 
a problem on all three examinations, SB, sensory profile, and 
Conners rating scales. The most impaired children were dis-
tributed across all the soy-based formula groups and not exclu-
sively in the exposed group.

DISCUSSION
In this study, we evaluated the development of children who 
were exposed to a diet based exclusively on a vitamin  B1-deficient 
soy-based formula during their first year and hence might have 
suffered subclinical thiamine deficiency. There was only a slight, 
usually statistically insignificant reduction in several parameters 
of the exposed children’s cognitive abilities on the SB subtests. 
Their verbal abilities and QR were lower than those of the con-
trols, and the proportion of children scoring <90 on several sub-
tests was higher, but most of these differences disappeared follow-
ing adjustment for well-known confounders. All children who 
were fed soy-based formulas had a higher score on the Conners 
questionnaire, implying a higher risk of ADHD and an impaired 
sensory profile, but there were no differences between those who 
were fed the B1-deficient or B1-adequate soy-based formulas.

Outcomes of children affected by the B1-deficient diet in Israel 
have been reported in several studies (22–25). Fattal-Valevski 
et al. (22). described nine children hospitalized in their medical 
center because of severe thiamine deficiency; most of them had 
severe gastrointestinal symptoms, failure to thrive, and behav-
ioral and neurological changes, including ophthalmoplegia and 
nystagmus in three cases. Parenteral treatment with high doses 
of thiamine brought marked improvement of the clinical symp-
toms. On the basis of the medical records of seven of the chil-
dren, these authors (23) found that epilepsy may also be a late 

table 7. Factors influencing impaired sensory profile, a logistic 
regression model, odds ratio (95% confidence interval)

Model 1a Model 2b

Exposed Ref 5.20 (1.18, 22.99)

Control 0.19 (0.04, 0.85) Ref

Soy-based 2.21 (0.87, 5.63) 11.50 (2.28, 57.96)

Mixed-nutrition 1.19 (0.47, 3.04) 6.19 (1.23, 31.28)

Boldfaced numbers represent P values that were significant. Ref, the group of children 
exposed to Remedia that served as the reference group.
aModel 1 = all study groups were compared with the exposed group. bModel 2 = all 
study groups were compared with the control group. 

table 8. The Conners rating scales scores by group, n (%)

Exposed  
na = 163

Control  
na = 76

Soy-based  
na = 34

Mixed-nutrition  
na = 59

Indication of a 
problem

29 (17.8) 4 (5.26) 4 (11.76) 9 (15.25)

 P value Ref 0.009 0.39 0.66

Boldfaced numbers represent P values that were significant. Ref, the group of children 
exposed to Remedia that served as the reference group.
aThe total n in the sensory profile is low due to low compliance of the parents in 
completing the forms.

table 9. Factors influencing impaired Conners rating scales scores 
(<60)—a logistic regression model, odds ratio (95% confidence 
interval)

Model 1a Model 2b

Male (vs. female) 1.94 (0.96, 3.91) 1.94 (0.96, 3.91)

Maternal education (y) 0.83 (0.71, 0.98) 0.83 (0.71, 0.98)

Age at test (y) 1.72 (1.06, 2.80) 1.72 (1.06, 2.80)

Exposed — 4.18 (1.21, 14.48)

Control 0.24 (0.07, 0.83) —

Soy-based 0.63 (0.20, 1.99) 2.64 (0.54, 12.93)

Mixed-nutrition 0.69 (0.29, 1.65) 2.88 (0.71, 11.73)

Boldfaced numbers represent P values that were significant. The empty spaces are 
in model 1 because the exposed children were the reference group and in model 2 
because the control children served as the reference group.
aModel 1 = all study groups were compared with the exposed group. bModel 2 = all 
study groups were compared with the control group.
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outcome of severe B1 deficiency in infancy. The same authors (24) 
reported on outcomes in children exhibiting milder thiamine 
deficiency: those fed the B1-deficient formula who did not pres-
ent with acute signs of beriberi at the time of exposure but who 
might have had nonspecific gastrointestinal symptoms. When 
these children were compared with 20 control children from the 
outpatient pediatric clinic, the former exhibited a reduction in 
expressive language abilities and auditory comprehension of lan-
guage. The authors noted a possible selection bias in this study 
stemming from the hospital-based setting. Fattal-Valevski et al. 
(25). recently published another report, this one focusing on 
the development of syntax and lexical retrieval in children who 
consumed a B1-deficient formula—not necessarily exclusively—
for at least four consecutive weeks under the age of 13 mo. They 
found that 57 (97%) of the 59 exposed children had syntactic and 
lexical deficits as compared with 9% of the controls, implying a 
mechanism that is “all-or-none” rather than dose responsive.

Our results differ from those of Fattal-Valevski et al., perhaps 
because of different methodologies and different outcomes mea-
sured. Our study participants were recruited from family health 
centers (FHCs) all over Israel, making them population based 
and lowering the potential for a selection bias. Our children had 
no distinct clinical signs of vitamin B1 deficiency, and none of 
them had been hospitalized. Exposure data in our survey were 
based on the FHC files, which were updated before the Remedia 
event, decreasing the potential for an information bias. We were 
able to adjust our results for strong confounders such as gen-
der, maternal education, and maternal smoking, which appar-
ently explained a large proportion of the differences found. 
Finally, our examination team was blinded to the exposure sta-
tus of the child, avoiding a potential observer bias, whereas this 
was not the case in the studies by Fattal-Valevski et al. Despite 
these differences in methodology, when the Bayley scales of the 
exposed children in the study by Fattal-Valevski et al. (23) used 
to assess their motor, language, and cognitive development were 
controlled for verbal abilities, they were similar to those of the 
controls; thus, our findings that the full score IQ, verbal IQ, and 
nonverbal IQ scores were not significantly different between the 
exposed and the control children do not completely contradict 
the findings by Fattal-Valevski and colleagues (23).

A higher number of our exposed children presented with 
scores <90 in various SB subtests. This was also true when the 
exposed group was compared with all control groups combined. 
There were no differences in the mean scores calculated for the 
strata of children with scores of 90 and above, implying that chil-
dren with scores <90 might have been slightly affected whereas 
the others were not. Additional evidence in this direction is the 
inverse correlation found between the length of exposure to the 
B1-deficient diet and the SB scores. However, other factors seem 
to have a strong impact as well (e.g., gender, maternal educa-
tion), and controlling for them often resulted in dilution of the 
differences noted, implying a combined effect of the exposure 
and personal and environmental elements.

The correlations between the scores of selected SB subtests 
and the sensory profile score and Conners rating scales scores 
were low but statistically significant, and in line with our 

previous findings of a significant association between sensory 
deficits, ADHD, and reduced intellectual abilities (26).

The Conners scales and the sensory profile results showed a 
significant difference between the control group and all groups 
fed nondairy formulas, but no distinct difference between the 
exposed and nonexposed children. In other words, children 
who were fed soy formulas were more likely to have ADHD 
and sensory modulation symptoms than children who were 
breast-fed or consumed other milk substitutes, as evidenced by 
the Conners scale scores and the sensory profile results. This 
finding supports the speculation that some of the babies may 
have been switched to soy formulas because of excessive crying, 
feeding problems, and being “difficult to handle” in general, all 
symptoms associated with regulatory disorders, e.g., reversed 
causality. This hypothesis gained support from the finding that 
mothers of children in the groups of exposed and mixed nutri-
tion were more likely to report fetal distress than mothers of 
children in the control group. We found that the two main rea-
sons for the change to nondairy formulas were intolerance to 
cow’s milk and self-decision. A physician’s recommendation 
was less frequently reported as the reason for the change.

Infants with regulatory disorders, which can interfere with 
normal growth and behavior, have a higher rate of behavioral–
emotional disorders in childhood. A  meta-analysis of 22 studies 
by Hemmi et al. (27) explored the possible association between 
early infant regulatory problems and later childhood behav-
ioral problems, including ADHD; they found a higher rate of 
behavioral problems among the children with early regulatory 
disturbances as compared with controls. Hence, our finding of 
a higher rate of impaired Conners scales and sensory profile 
results in all children exposed to soy-based milk regardless of 
its B1 content is in line with these studies.

Thiamine deficiency is known to affect the brain, and cer-
tainly, the rapidly developing brain of the young child. Several 
mechanisms are suggested, one of which is increased oxidative 
stress and early microglia (brain macrophages) activation (28). 
The brain structures most affected by thiamine deficiency are 
the thalamic nuclei, several other nuclei, and the mammillary 
bodies; all of them share high thiamine turnover and high rates 
of oxidative metabolism (10). These are also the areas where 
magnetic resonance imaging changes are observed in patients 
with thiamine deficiency. Todd and Butterworth (4) found that 
microglia activation occurs around 8 d following the initiation 
of acute thiamine deficiency in rats, and precedes the dam-
age to the blood–brain barrier by 2 d. Microglial cells produce 
reactive oxygen species and nitric oxide, thereby increasing 
oxidative stress that may promote neuronal death (28).

The main strengths of the current study are its size, the non-
selective character of the sample, and the high participation 
rate of the study population. Another advantage is the fact that 
exposure data were based on FHC notes recorded before the 
outbreak of the Remedia event, making them less prone to mis-
classification and information bias. In addition, information 
on strong confounders such as maternal education was avail-
able and enabled adjustment of the results. It must be pointed 
out, however, that when dietary data in the FHC records were 
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limited or unavailable, we had to count on retrospective paren-
tal reporting, which may have been distorted by time. Having 
only parental input for the Conners scales and not the teacher’s 
assessment may also be a limiting factor.

In conclusion, the results of our study do not support an asso-
ciation between subclinical vitamin B1 deficiency in infancy and 
long-term effects. The association between soy-based formulas, 
regardless of their B1 content, and impaired sensory profile and 
ADD/ADHD suggest reversed causality.

METHODS
Study Design and Population
This was a historical prospective cohort study.

Sampling frame. The study cohort was drawn from the databases of the 
national and health maintenance organizations’ FHCs. The FHCs were 
established almost 100 y ago to provide immunizations, early detection, 
and education for parents about babies’ nutrition, growth, and develop-
ment (29). Today, some 1,300 FHCs in Israel offer preventive services 
and growth and development follow-up for most newborns in the coun-
try. Details on babies’ nutrition are routinely recorded in the FHC files.

Inclusion criteria for the study consisted of being Jewish and born 
between 1 October 2002 and 7 October 2003. Exclusion criteria included 
being Arab (because the assessment tools used in this survey are vali-
dated for Hebrew-speaking children only), born premature (in the 33rd 
week of pregnancy or before), low birth weight (below 1,800 g), an IQ 
score <70 on the SB intelligence scale, or specific, clinically diagnosable 
developmental disorders (such as Down syndrome).

All relevant files in FHCs were screened for exposure status. 
“Exposure” was defined as having been fed the thiamine-deficient for-
mula exclusively for at least four consecutive weeks in the first year of 
life, between 1 May and 7 November 2003, based on the 1-mo average in 
which B1 is stored in the body. Nonexposure was defined as being fed the 
B1-deficient formula concomitantly with breastfeeding, other formulas 
solid foods or fed the B1-deficient formula for <4 wk; being breast-fed 
exclusively or being fed dairy-based formulas; being fed brands of soy-
based formulas other than Remedia during the same time period.

For each exposed baby identified, one or two nonexposed infants 
from the same FHC whose files were consecutive to the file of the 
exposed infant were selected.

The parents of all exposed and nonexposed children were contacted 
by phone and asked to participate in the study. Those who agreed were 
invited for an examination, during which they also signed an informed 
consent form. The institutional review board of the Hadassah Medical 
Center approved the study.

Study sample. The cohort was divided into four groups: (i) the exposed 
group (n = 216), and three control groups: (ii) the control group, babies 
who were breast-fed or consumed dairy-based formulas (n = 101); 
(iii) the mixed-nutrition group, babies fed the thiamine-deficient for-
mula concomitantly with other foods (n = 71); and (iv) the soy-based 
group, babies fed non “Remedia” soy-based formulas (N = 42).

Of the 662 children identified in the databases of the FHCs, 290 were 
defined as exposed. A total of 66 children did not meet the inclusion 
criteria, and the parents of another 166 children declined to participate 
in the study (74, 50, 31, and 12 in the exposed, control, soy-based, and 
mixed-nutrition groups, respectively). Thus, 430 children were enrolled 
in the study. The response rate of those eligible (662 −66 = 596) was 
75.5% (430/596), or 74.5%, 66.2%, 58.3%, and 86.7% in the exposed, 
control, soy-based, and mixed-nutrition groups, respectively.

Study Tools
Each participant was invited for a comprehensive medical, neurodevel-
opmental, and psychological examination. The evaluation was conducted 
by a team composed of a physician and a psychologist, both blinded to 
the group definition of the child being examined, and a registrar.

Physical assessment. A pediatrician experienced in child development 
assessed the child’s physical and neurodevelopmental status according 

to a specially designed questionnaire on pregnancy and delivery and a 
medical and neurological evaluation form used routinely for research 
purposes in the Jerusalem Child Development Center (13,14); major 
and minor anomalies and motor activity according to a table of age-
adjusted motor development milestones for ages 3, 3½, 4, and 5 y were 
recorded.

Cognitive development assessment. A developmental psychologist 
administered the SB Intelligence Scale, 5th edition (30). The SB scale is 
composed of five subtests: WM, fluid reasoning, knowledge, QR, and 
visual-spatial processing. All factors are assessed in verbal and non-
verbal domains. A global, FSIQ score is provided in addition to VIQ, 
NVIQ, and five composite factor scores, all based on a mean of 100 and 
a SD of 15. In accordance with the study’s exclusion criteria, children 
with an FSIQ score of 70 or below were excluded.

Sensory profile (31,32). The sensory profile is a standardized ques-
tionnaire appropriate for children aged 3–10 y. It assesses sensory 
modulation and the degree, intensity, and nature of the responses to 
sensory input. Parents complete the questionnaire by reporting how 
frequently their children respond in the way described by each item, 
using a 5-point Likert scale (nearly never, seldom, occasionally, fre-
quently, and almost always). Low scores reflect undesirable behav-
iors. Total scores were also obtained from the short sensory profile, 
a standardized, abbreviated version of the sensory profile. Reliability 
includes internal consistency for the various sections that ranged 
from 0.47 to 0.91.

The Conners rating scales—revised. The Conners rating scales—revised 
(CRS-R (33,34)) assess behavioral, cognitive, familial, anger control, 
anxiety, and social problems as well as academic and emotional behavior 
in children aged 3–17 y. This screening tool is sensitive to a range of syn-
dromes ranging from inattention to “hyperactivity” (ADD and ADHD). 
The questionnaire has two forms, one filled out by the parent and one 
by the teacher.

Questionnaires for parents. Parents were asked to self-report on their 
level of education, current smoking and smoking during pregnancy, 
and medical status, and on their child’s prenatal, neonatal, and post-
natal history; feeding; and medical history.

Study Variables
Demographic variables. Parent’s level of education was used as a con-
tinuous and a discrete (less than or equal to/more than 12 y) variable. 
Socioeconomic status was estimated by the Israel Central Bureau of 
Statistics index adjusted for the residence address. This index ranges 
from 0 to 20, where 0 represents the lowest and 20 the highest socio-
economic status code. The socioeconomic status variable was used 
either as a continuous variable or as a discrete one (by three catego-
ries: 0–10, 11–14, and 15–20).

Prenatal, neonatal, and postnatal variables. Gestational age (in weeks), 
complications at labor (yes/no), birth weight (in grams), birth week, 
and fetal distress (yes/no) were obtained from the FHC files and the 
parents questionnaires.

Motor, sensory, and cognitive tests. The motor milestones were sum-
marized according to age-related activities expected to be performed 
by the child. Performance was considered impaired when <90% of 
the activities were performed. Walking-initiation age (younger/older 
than 18 mo, based on accepted norms) was used to rule out the pos-
sibility that the child with a normal motor test at age 5 y was actually 
slow in development.

The mean scores (and SDs) of the study groups on the SB subtests 
were compared among groups. A discrete variable denoting scores 
<90 or ≥90 was developed; this cutoff point, which is about 1 SD 
below the mean score of our control group, was chosen because it is 
an acceptable reference for “normal” vs. “subnormal” scores.

The sensory profile (35) establishes scores based on SD from the 
normative data. Scores 1–2 SDs below the mean fall into the “Probable 
Difference” category; scores >2 SDs below the mean are in the “Definite 
Difference” category. As stated in the manual (35), scores in these two 
categories indicate atypical behaviors associated with sensory processing 
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problems. In addition, a total score on the short sensory profile was 
recorded as a composite binary outcome of “a problem” vs. “no problem,” 
and the frequency of the outcome “a problem” was compared across the 
different study groups.

Only the questionnaires filled out by parents were used for the 
Conners rating scales due to low compliance of the teachers. A score 
above 60 suggested a clinical problem.

To better define the most impaired children, a composite binary out-
come of “any problem” (SB-FSIQ or VIQ or NVIQ or QR score <90; a 
sensory profile score suggestive of a problem; or Conners rating scales 
above 60) vs. “no problem” was created.

Data Analysis
The study groups were compared using the least squares procedure to fit 
general linear models with Scheffe correction for continuous variables: 
age at test, gestational age, birth weight, birth week, maternal education, 
and socioeconomic status index, as detailed above, using the exposed 
group as the reference group. χ2 test was performed for discrete vari-
ables, including current maternal smoking (known to affect SB scores).

Means of the SB individual subtests were compared between the 
groups, and univariate and multivariate linear regression models were 
used to study the independent effect of the B1-deficient formula, con-
trolled for potential confounders (gender, maternal education, age at 
the test), on the test scores. In addition, the study groups were com-
pared by the proportion of children who scored <90 on each of the 
SB subtests and univariate and multivariate logistic regression models 
were used to study the independent effect of the B1-deficient formula, 
controlled for potential confounders on the SB results (<90/≥90).

The potential impact of age at exposure and exposure duration on 
SB scores <90 in the exposed group was examined by applying logistic 
regression models.

Logistic regression models were used to evaluate the relationships 
between the exposure status and the sensory profile score.

Groups were compared by the proportion of children with a score 
>60 on the ADHD index, and multiple logistic regression models 
were applied to study the independent effect of the B1-deficient for-
mula, controlled for potential confounders.

Correlations between selected SB subtests, the sensory profile score, 
and the Conners rating scales were examined by the Spearman cor-
relation coefficient. This analysis was also used to evaluate the correla-
tion between the sensory profile and the SB scores.

The composite binary outcome of “any problem” vs. “no problem” 
was compared across the different study groups.

All analyses were done with the SAS statistical program, version 9.1.3 
(SAS Institute, Cary, NC). Statistical significance was set at <0.05.

Two other subanalyses were performed: (i) stratifying by age at 
examination (3–4 y and 5–6 y), which yielded statistically insignifi-
cant results; and (ii) comparing the exposed group with the three con-
trol groups combined, in order to increase the study power.
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