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O ne of the characteristics of endemic cretin-
ism is serious and irreversible mental re-

tardation. Although the percentageof cretins in
iodine-deficient regions varies, it may be as high
as +10% in some areas. An important question
is whether the noncretinous population—the so-
called healthy group—in an iodine-deficient area
also exhibits some mental abnormalities, but per-

haps to a lesser extent. During the past 25 years,
several investigators have attempted to find an
answer to this question. The outcomes oftheir
investigations were quite divergent. Some found
no correlation or no clear relationship between
the presence and absence of iodine and scores
obtained on an intelligence test; others estab-

lished a clear relationship.
Because these studies were often small in

scale, particularly as to the numberofparticipat-
ing subjects, it seemed useful to combine and

integrate their results. The traditional manner of
combining the outcomes of a numberof studies
is to give a verbal summary. However, narrative
reviews are considered to be “subjective,” “‘sci-
entifically unsound,” and “an inefficient way to
extract useful information”(1).

In a literature integration study, the simplest
way to arrive at some form of quantification is
the “vote-counting method.”” The outcomes of
the various studiesare classified into three groups:
significant positive effects, significant negative
effects, and nonsignificant effects (2). The cate-
gory with the largest number of studies is then
assumed to demonstrate the “true’’ relationship.

Although vote-counting is attractive because of
its simplicity, it should be discouraged as a method
of research integration (1,3,4). One of the draw-

backs to this method is the fact that statistical
significance is highly dependent on samplesize.
Studies with a small effect may be highly signif-
icant if there is a large sample. For example, if
each study in a set of 20 studies showsstatisti-
cally significant effects, we still do not know
whether the effects are large enough to berele-
vant.

A fairly recent and much sounder method of
combiningresults from several studies is metaanalysis.
Metaanalysis is “the quantitative synthesis of a
large collection of summary statistics from indi-
vidual studies on a single topic” (5). The idea
behind the method is that the systematic inte-
gration of studies performed earlier is a more
valuable contribution to theory formation than
the addition of yet another, moreor less limited,

study. Metaanalytical techniques have been de-
veloped to overcome the problemsofthe tradi-
tional and vote-counting methods of research
integration cited above.
A metaanalysis procedure generally consists

of two parts:

1. combining the outcomesofvarious studies to
arrive at a single overall estimate of the ef-
fect to be studied. In simple terms, this over-

all estimate is the mean of the study outcomes
weighted for sample size. For example, if an
investigator has 10 studies available, all of
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Table 1. Information About Studies Included in the Metaanalysis

Country n Age(years) Intelligence Test r

Indonesia 102 13-20 Test Intelligensi Kollektip Indonesia 0.57
New Guinea 20 10-12 Pacific Design Construction Test 0.56
Spain 97 ~ 25-5 McCarthy Scales of Children’s Abilities 0.53
China 499 7-14 Combined Raven’s Test for Rural China 0.51
Ecuador 32 345 Stanford-Binet Intelligence Scale 0.50
Ecuador 46 6-10 Goodenough Draw-A-ManTest 0.48
Ecuador 67 3.5-5.5 Stanford-Binet Intelligence Scale , 0.48
Spain 184 6-12 Cattell Culture Fair Intelligence Test 0.45
Ecuador 124 ~ 35-55 Stanford-BinetIntelligence Scale 0.37
Indonesia 143 6-12 Test Intelligensi Anak 0.36
Spain 74 2-307 Bayley Scale of Infant Development 0.36
China 192 7-14 0.28
China 99 25-45 * 0.28
Indonesia 163 5-20 Raven Coloured Progressive Matrices 0.28
Zaire 138 4-23* Brunet-Lézine Scale 0.26
Ecuador 50 6-10 Goodenough Draw-A-ManTest 0.24
Chile 90 +6-+12 Wechsler Intelligence Scale for Children, Revised. 0.20
China 94 0-7 0.18Ecuador 108 12-15 WechslerIntelligence Scale for Children 0.12
Ecuador 154 8-12 Stanford-BinetIntelligence Scale 0.08

Stanford-Binet Intelligence Scale 0.04
Bolivia 200 5.5-12

 “Age of these subjects in months.

which state the correlation between salt con-
sumption and blood pressure, then metaanal-
ysis is used to obtain the mean weighted
correlation between salt consumption and blood
pressure for the 10 studies. This mean corre-
lation is the best estimate of the size (or
strength) of the effect of salt consumption on
blood pressure in a population, and is termed
“the population effect size.”

2. comparison of the individual outcomes, pri-
marily focusing on the variation in outcomes.
For instance, there may belarge variation be-
tween the studies in the size of the correla-
tions between salt consumption and blood
pressure, in which case we would speak of
heterogeneous outcomes. Small variation in
outcomes wouldindicate a homogeneous group
of studies.

The two most commonly used measures in a
metaanalysis are the Pearson product-moment
correlation coefficient and Cohen’s d-value (6).
Thelatter is the standardized difference in means
between two groups on the. same variable. Both
measures indicate the size, or the strength, of
an effect.

Results from individual studies are frequently
reported in a variety of forms: for example, in
t-values, chi-squares, and mean and standard
deviations. Metaanalysis uses transformation for-.
mulas to convert these different types of indices

 

into a correlation coefficient or a d-value. There
are several statistical indicators to determine the
heterogeneity of outcomes, the most important
of which is that of Stoffelmayr, Dillavou, and
Hunter(7).
A metaanalysis comprises a numberofsteps:

formulation of the research issue, collecting and
selecting the studies, coding characteristics of
the studies, performing statistical analyses, in-
terpreting the data, and drawing conclusions.

Research Issue

Is there a relationship between iodine presence
or absence in children and adults, and cognitive
development. And, if so, how strong is this re-
lationship?

Selection of the Studies

This metaanalysis involved studies of the influ-
ence of iodine deficiency on mental develop-
ment. This means that reports of studies were
selected comparing iodine-deficient regions with
non-iodine deficient regions, as well as publica-
tions describing the effect of iodine administra-
tion on mental development (iodine prophylaxis
vs. placebo).

Becausethe literature on the subject of iodine
and mental developmentis fairly limited, it was
not difficult to trace the studies. A total of 21
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studies proved to be suitable for the metaanaly-'
sis. (see Appendix). The data from the studies
used for the metaanalysis were found in inter-
nationaljournals, proceedings of symposia, books,
IDD Newsletters, and a thesis. In principle, a

study was selected if it contained information
on the general cognitive functioning of children
and adults living in iodine-deficient areas andif
it gave the statistical data (e.g., mean and stan-
dard deviations or significance tests and sample
sizes) required for the application of the metaan-
alytic procedure. Sometimes several studies had
been done of the same sample group, using dif-
ferent tests, for example. In such cases, the out-

comesof one study only were included. However,
studies performed in the same area, but in which
different intelligence tests were used for differ-
ent age groups, wereall selected for metaanaly-
sis. This meantthat the condition of independent
data was met.

To integrate the individual studies, first of all
the statistical measures(t, F, r, etc.) from the set

of studies had to be converted into the same
measure. The correlation coefficient was chosen
as theindex.

Table 1 shows a few characteristics of the 21
studies included in the metaanalysis. The stud-
ies were performed in very divergent cultures.
Theintellectual capacities were often determined
using “Western” tests, although the tests had
been adapted to the local culture in a number
of cases. It is interesting to note that several
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Table 2. Stem-and-Leaf Display for 21 Effect Sizes
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studies used tests with a strong verbal compo-
nent, which is highly sensitive to environmen-
tal and cultural influences.

The total number of individuals involved in
the 21 studies was 2676, ranging from 20 for

study two to 499 for study four. For each study,
the total number of subjects. was indicated for
both the experimental and the control group.
The ages of subjects ranged from 2 months to
45 years. However, nearly all studies were lim-

ited to children with a maximum age of 15
years.

As shownin the right-hand column of Table.
1, all effect sizes as expressed in correlation co-

efficients calculated for the 21 studies were pos-
itive; that is, the noniodine-deficient group obtained
a higher mean score in all studies than did the
iodine-deficient group. Fourteen of these corre-
lations were significant at the 1% level. The cor-
relations are shown in Table 2 in a “stem and
leaf’ display (8). After transformation of each

pte ttt et he tt bre1°3°5° 7° 9° 11° 13° 15° 17° 19° 21 rho

Figure 1. Visual display of effect sizes and confidence intervals for 21 studies concerning general intelligence and for the
(weighted) population effect size rho (studies 19, 20, and 21 are excluded).
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Table 3. Summary of Statistics Employed in Metaanalysis of Iodine Deficiency Effects

 

 

Total Selected

Variables Group Group

Numberof studies 21 18

Numberof subjects 2676 2214

Population effect size (weighted meanr) 0.34 0.40

Significance (p) 0.00000 0.00000

Meanstandardized difference (g) _ 0.78 0.90

95% Confidence interval 0.31-0.38 0.36-0.43

Test of homogeneity heterogeneous homogeneous

 

individual effect size into Fisher’s z, an estimate

was made of the overall effect size using the
Schmidt-Hunter method (9). This method as-
cribes different weights to the various studies
on the basis of the size of the groups studied.
Studiesof larger groupsare ascribed more weight
because these more extensive studies yield more

reliable outcomes than smaller studies. The weighted

population effect size calculated in terms of the

correlation coefficient is 0.34 (significant at p =

0.00000). The 95% confidence interval of this

populationeffect size lies between 0.31 and 0.38.
Figure 1 gives a visual display of the effect sizes
and confidenceintervals.

In the interpretation of the population effect
size, the degree of homogeneity of the underly-
ing data is important. To determine the homo-
geneity of the studies, the measure of Stoffelmayr
et al. (7) was used. This index is calculated as
follows: the variance due to sampling errors is
subtracted from the total variance of the group
of correlation coefficients. If the remainder (the
residual standard deviation) is not larger than
one-quarter of the population effect size, then

the set of studies may be termed homogeneous.
/In our case the residual standard deviation was
0.14, This is larger than one-quarter of the pop-

ulation effect size, which is (0.25 x 0.344) =

0.086. This means that the composition of the

group of studies was heterogeneous; in other
words, the studies did not come from the same

population.
Closer analysis of the individual studies showed

that the design of the three studies with the
lowest effect sizes deviated from the other stud-
ies on an essential point. The data for these
three studies had been collected from a select

group consisting exclusively of school children,

but no data were available on drop-outs. This

wassufficient reason to reassess the homogene-

ity omitting these three particular studies.
The remaining 18 studies proved to be suffi-

ciently homogeneous to assumethat they came

from the same population group (residual SD =

0.097, which was smaller than one-quarter of

the population effect size, 0.25 x 0.40). The

weighted population effect size of this reduced

group of 18 studies was 0.40 (significant at p =

0.00000), with a 95% confidence interval of 0.36—

0.43.

DISCUSSION AND
RECOMMENDATIONS

Whereas the outcomes from a number of stud--

ies point to a negative effect of iodine deficiency

on cognitive developmentin children and adults

living in seriously iodine-deficient areas, other

studies do not clearly show such an effect. The

most important limitation of the studies is the

often small number of subjects on which the

outcomesare based. Rarely do these small stud-

ies “provide sufficiently definitive answers upon

which to base policy” (10). However, metaanal-

ysis makesit possible to integrate the outcomes

of several smaller studies in a responsible fash-

ion and to thus arrive at a weighted overall as-

sessment, expressed in the populationeffectsize.

A total of 21 publications could be traced that

contained thestatistical data required for metaanalysis.

Three of these studies were omitted from fur-

ther processing because the composition of the

groups studied was essentially different (they

were composed exclusively of school children).

The remaining 18 studies formed a homoge-

neous group. Theeffect sizes of the individual

studies varied from 0.12 to 0.57. The population

effect size expressed in the weighted mean r

was 0.40, with a 95% confidence interval lying

between 0.36 and 0.43. Table 3 summarizes the

data for the total and the selected group of

studies.
The meaning of the outcome of the metaanal-

ysis can beclarified on the basis of the d-value,

where d is the difference between the two group

means divided by the standard deviation. Co-
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Figure 2. Average effect size in standard deviation units
(50th, 82nd = percentiles of noniodine-deficient group dis-
tribution).

hen (9) classified d-values into small effect size
(d = 0.2), medium effect size (d = 0.5) and
large effect size d = 0.8). In the metaanalysis
of the effects of iodine deficiency on cognitive
development, a large effect size was found with
a d-value of 0.90. Concretely, this means that
the mean scores for the two groups studied, the
iodine-deficient group and the noniodine defi-
cient group, are 0.9 SD, or 13.5 IQ points, apart.
In other words, a typical child with an average
score in the noniodine deficient group scores
higher than 82% of the children fromthe iodine-
deficient group. If the test scores of the two
groups of subjects exhibit normal distributions,
then the outcomes of metaanalysis can also be
graphically represented in the form of overlap-
ping distributions (see Fig. 2).

However, there is a question whether the
scores of the iodine-deficient group in particular
form a normal distribution. This question was
also posed earlier by DeLong (11): “... whether
the low meanscoresin the iodine-deficient group
are accounted for by a few ‘sub-clinically cretin-
ous’ children, or whether iodine deficiency shifts

the entire population distribution of skills to a
lowerlevel.” Further study is needed ofthis.

Unfortunately, an unknown numberof stud-
ies is missing from this metaanalysis. In thefirst
place, not all studies could be traced, as some

journals and books were not available in The
Netherlands. In the second place, some publica-
tions mentioned nostatistical data required to
perform a metaanalysis. In the third place, there
mayalso be studies that have not been reported,
or that are described in internal publications or
local journals. A subsequent metaanalytic study
should include the data from as many studies
as possible. Then, in addition to analysis of the
general intelligence level, it would also be pos-
sible to investigate whetherthere are differences
on morespecific intelligence factors such as mem-
ory, spatial orientation, perception, etc. It would
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also enable the study of possible gender differ-
ences.
Many studies have been devoted to the influ-

ence of iodine deficiency on motor and psycho-
motor skills. A metaanalysis of the data from
this group of studies will yield a morereliable
picture, primarily of the possible consequences
for more specific motorskills.

Call for Data

The authors urgently appeal to researchers in
the field of iodine deficiency in relation tocog-
nitive, motor, and psychomotor functioning to
furnish data for the performance of a more com-
plete metaanalytic study. The data required for
metaanalysis are:

1. number of subjects per subgroup(e.g., gen-
der, age), age mean and range, test(s) used,
dependent/independentgroups.

2. mean scores and standard deviations for the
male and female groups as well as for the to-
tal group, or the exact data from significance
tests (t, F, x”, etc.), stating direction of the

effect and whether the test was one- or two-
tailed. If more than one test was used, then

the data from each test are also important.
3. if possible: length, weight, goiter incidence or

frequency, goiter grade, serum T,, serum TSH,
and estimated level of iodine intake.

SUMMARY

1. Metaanalysis makes it possible to integrate
the outcomes of several (smaller) studies of
neuromotor and cognitive functions.

2. A total of 18 studies, which had already been
performed onthe effects of iodine deficiency,
could be used in a metaanalysis.

3. A large effect size was found with a d-value
of 0.90. This meant that the mean scores for
the iodine- and noniodine deficient-groups
were 0.9 SD, or 13.5 IQ points, apart.
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