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Relation between biochemical severity and intelligence in early
treated congenital hypothyroidism: a threshold effect

Sarah L Tillotson, PeterW Fuggle, Isabel Smith, Anthony E Ades, David B Grant

Abstract
Objectives-To assess whether early treatment of

congenital hypothyroidism fully prevents intellec-
tual impairment.
Design-A national register of children with con-

genital hypothyroidism who were compared with
unaffected children from the same school classes
and matched for age, sex, social class, and first
language.
Setting-First three years (1982-4) of a neonatal

screening programme in England, Wales, and
Northern Ireland.
Subjects-361 children with congenital hypo-

thyroidism given early treatment and 315 control
children.
Main outcome measures-Intelligence quotient

(IQ) measured at school entry at 5 years of age with
the Wechsler preschool and primary scale of intelli-
gence.
Results-There was a discontinuous relation

between IQ and plasma thyroxine concentration at
diagnosis, with a threshold at 42-8 nmo/ll (95%
confidence interval 35*2 to 47*1 nmoVI). Hypo-
thyroid children with thyroxine values below 42-8
nmol/ had a mean IQ 10-3 points (6-9 to 13-7 points)
lower than those with higher values and than
controls. None of the measures of quality of treat-
ment (age at start of treatment (range 1-173 days),
average thyroxine dose (12-76 ,ug in the first
year), average thyroxine concentration during
treatment (79-234 nmoVI in the first year), and
thyroxine concentration less than 103 nmol/l
at least once during the first year) influenced
IQ at age 5.
Conclusions-Despite early treatment in con-

genital hypothyroidism the disease severity has a
threshhold effect on brain development, probably
determined prenatally. The 55% ofinfants with more
severe disease continue to show clinically significant
intellectual impairment; infants with milder disease
show no such impairment. The findings predict that

10% ofearly treated infants with severe hypothyroid-
ism, compared with around 40%/ of those who
presented with symptoms in the period before
screening began, are likely to require special
education.

Introduction
Before the introduction of routine neonatal screen-

ing for congenital hypothyroidism in the mid-1970s' it
had been reported that treatment during the first few
months of life was associated with better psychological
outcome.2 This led to considerable optimism that early
treatment would eradicate the intellectual impairment
associated with the disorder. Though psychological
progress in children detected by screening has
generally been good,34 some studies have produced
evidence of deficits in psychological performance.44
Opinions differ on whether these deficits relate most
closely to the biochemical severity of hypothyroid-
ism,468 bone age at diagnosis,45 age when treatment
is started,9 or the quality of thyroxine replacement
therapy.-710
We examined psychological outcome in a cohort of

361 children with congenital hypothyroidism born
between 1982 and 1984 and treated in the United
Kingdom after the introduction of the national screen-
ing programme in 1982. We also examined the relation
between outcome and different factors in diagnosis and
treatment and reassessed the psychological benefits
which have been achieved in the United Kingdom by
early diagnosis and treatment.

Subjects and methods
Of the 1 972 590 infants born in England, Wales, and

Northern Ireland (Scotland was excluded) between 1
January 1982 and 31 December 1984, 489 were
identified as congenitally hypothyroid in neonatal
screening tests."' Of these, 472 had persistent hypo-
thyroidism (thyroid stimulating hormone concen-
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tration increased above 10 mU/i), a prevalence ofone in
4179. The Medical Research Council Register of
Children with Congenital Hypothyroidism organised a
prospective study of psychological outcome at 5 years
of age. Methods of data collection, demographic
characteristics, diagnostic details, and early medical
problems of infants on the register have been
described." 12
Of the 472 children on the register, 14 died before

school age and 18 moved abroad or were otherwise lost
to follow up before school entry. Twenty one families
refused consent for psychological assessment, and in
13 children assessments were incomplete. Five
children were excluded because they had additional
handicaps (two Down's syndrome, one familial spastic
quadriplegia, one mental retardation and myoclonic
epilepsy, and one mental retardation and congenital
cataracts). Of the 71 children excluded, 28 (39%) were
reported to be using English as a second language; the
remaining 29 similar children were therefore also
excluded. A further 11 subjects with very mild
hypothyroidism (normal plasma thyroxine concen-
tration but persistently raised plasma thyroid
stimulating hormone concentration) who did not start
treatment until after the age of six months were also
excluded. This left 361 subjects for study.

Controls were chosen for the 361 subjects by asking
the head teachers at schools attended by the hypothy-
roid child to identify two children of the same sex, age
(within three months), language spoken at home
(English or non-English), and social class defined by
occupation of the family breadwinner (manual or non-
manual)." 14 Permission was sought from the families
of the first choice control for participation of their
child. The families of the second control were
approached if participation of the first control was
refused. This process yielded a control for 315 children
with hypothyroidism.

THYROID HORMONE STATUS AT DIAGNOSIS AND DURING

TREATMENT

Paediatricians did not follow a uniform treatment
protocol, though recommendations on thyroxine dose
were given in a newsletter distributed at the start of the
project (25-50 ,ug/day or 8-10 ,ug/kg up to 6 months of
age; 50-75 pLg/day or 6-8 ,ug/kg from 6 to 12 months;
75-100 pLg/day or 5-6 pwg/kg from 1 to 5 years). In most
subjects paired measurements of plasma thyroid
stimulating hormone and thyroxine concentrations (or
free thyroxine, which accounted for 27% of thyroxine
measurements) were used to confirm the diagnosis and
monitor treatment. A total of 1047 quantitative free
thyroxine measurements were converted to equivalent
thyroxine values.'5 As thyroid stimulating hormone
measurements were frequently expressed as laboratory
chosen ranges with limits of "less than" and "greater
than" rather than as quantitative values,'6 plasma
thyroid hormone concentrations were chosen as
indices of biochemical severity at diagnosis and of
biochemical control during treatment.

Biochemical severity of congenital hypothyroidism
was assessed from the first quantitative thyroxine
measurement after the positive screening test and
before treatment (median age 17 days; range 0-1 14). Of
the 361 children studied, 296 had a quantitative
thyroxine value at diagnosis. A further 29 children had
thyroxine values expressed as a range suitable for
grouped analysis.

Quality of treatment was assessed by using (a) age at
start of treatment, (b) estimates of average daily
thyroxine sodium dose (pkg), and (c) estimates of
average plasma thyroxine concentration (nmol/l)
during the first two years of treatment. With exclusion
of the first 14 days of treatment (to avoid the expected
low thyroxine concentrations at that time), averages for

thyroxine dose and thyroxine concentration were
calculated from the area under the curve from age at
start of treatment plus 14 days to 6 months, 6-12
months, 12-24 months, and combinations of these
averages. Averages for thyroxine concentration were
calculated for subjects who had at least one quanti-
tative thyroxine value measured within each period
and for the 12-24 month period if they also had at least
one value measured between the 3rd and 5th years of
age. Children who had either one thyroxine value
below 103 nmol/l or two thyroxine values below 103
nmol/l between 14 days after the start of treatment and
the end of the first year were identified as undertreated,
as defined previously (except that in that study thyroid
stimulating hormone values were included).' 17

Analyses of treatment quality-A total of 224 children
had thyroxine values measured both before and during
treatment which fulfilled the above criteria up to 1 year
of age, and 218 of these also had suitable data up to 2
years. The medians (range) for numbers of thyroxine
values per child were three (one to nine) for start of
treatment to 6 months of age, two (one to five) for 6-12
months of age, and two (one to eight) for 12-24 months.
One hundred and eighty one of these children had both
thyroxine values measured at diagnosis and thyroxine
averages up to one year of age. Each sample had
similar medians and ranges for age at start oftreatment,
thyroxine concentration at diagnosis, average dose
and thyroxine concentration over the various time
periods, and had similar proportions in non-manual
and manual or unemployed social classes (see below).

PSYCHOLOGICAL ASSESSMENT AND SOCIAL CLASS
DEFINITION

Each hypothyroid child and his or her control was
assessed individually at school by the school psycholo-
gist using the Wechsler preschool and primary scale of
intelligence 1966. Details of parents' occupation were
recorded by the psychologist at the same time. For
analysis, subjects whose parents were unemployed
were merged with the manual group (to which most
would have belonged had they been employed). Sub-
sequent review of breadwinners' occupations as
reported to the psychologist by parents showed that 91
pairs of hypothyroid and control subjects were mis-
matched for social class. Overall, however, the social
class distribution of controls and hypothyroid children
was very similar (non-manual 40 3% and 41-8%
respectively) and was also similar to that of the general
population of 5 year olds in the United Kingdom in
1989 (43 2%).14

STATISTICAL ANALYSIS

Full scale intelligence quotient (IQ) scores were
plotted and tabulated by plasma thyroxine concen-
tration at diagnosis, social class, age at start of
treatment, average thyroxine dose, and average
thyroxine concentrations. Undertreated children
(thyroxine concentration less than 103 nmol/I either
once or twice in the first year) were compared with the
rest of the cohort.
Data analysis focused on the form of the relation

between severity of hypothyroidism and IQ. Poly-
nomial models (linear, quadratic, and cubic) were
fitted to the raw data, taking account of social class.
In addition, two non-linear models which captured
realistic altemative hypotheses concerning the relation
of thyroxine concentration and IQ were considered.
Firstly, IQ could increase with thyroxine concen-
tration but not beyond a certain level (negative expo-
nential). Alternatively, there could be a threshold in
diagnostic thyroxine concentration above which IQ is
normal and below which it is impaired (logistic).
Specialised methods are required to compare these
models'8 '9 (see appendix).
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The logistic model emerged as the most likely
description of the data. Residuals from this model were
used as the dependent variable in further regression
analyses in order to assess the relation between IQ and
quality of treatment after accounting for thyroxine
concentration at diagnosis and social class. Average
dose, average thyroxine concentration, and under-
treatment were examined separately, allowing for age
at start oftreatment in each analysis.

Results
IQ IN RELATION TO DISEASE SEVERITY AND SOCIAL CLASS

Table I shows mean IQ in relation to plasma
thyroxine concentration at diagnosis and social class.
When the secular rise in IQ is taken into account
the expected mean IQ in United Kingdom children
assessed between 1987 and 1989 was around 1 12.2021 In
this series, however, the overall mean for the hypo-
thyroid children was 106 4. Higher initial thyroxine
values and non-manual social class were closely asso-
ciated with higher IQ, and these associations were
highly significant (table I). The rise in mean IQ with
increasing thyroxine values at diagnosis was noticeably
non-linear, children with initial thyroxine concen-
trations of roughly 40 nmolI or below having, on
average, lower IQs than those with values above 40
nmolIl. In these the mean IQ was close to the expected
population mean for the test being used (Wechsler
preschool and primary scale of intelligence). Below and
above 40 nmol/l there was little evidence of a down-
ward or upward trend in IQ with lower or higher
thyroxine concentrations.

FORM OF RELATION BETWEEN IQ AND DISEASE SEVERITY)
AND COMPARISON WITH CONTROLS

The best fitting logistic model emerging from the
statistical analysis using the raw thyroxine values (see
appendix) is illustrated in the figure. The figure also
shows the mean IQs grouped by thyroxine concen-
tration at diagnosis as in table I. The inflexion point of
the curve was at thyroxine concentration 42-8 nmol/l
(95% confidence interval 35-2 to 47 1 nmol/l), with a
gradient at the inflexion point of 0-76 (that is, a rise of
7-6 IQ points per 10 nmol/I increase in thyroxine). The
95% confidence intervals for the gradient suggested
that the data were consistent with a range of gradients

TABLE I-IQ (Wechsler preschool and primary scale of intelligence) at 5 years of age in relation to plasma
thyroxine concentration at diagnosis and social class

Analysis of
No of Linear variance

Mean (SD) IQ children trend between groups

Plasma thyroxine (nmol/1):
1-12 101-5 (16-8) 53

13-20 100-6 (13-9) 47
21-30 103-3 (16-4) 39
31-40 103-1(14-5) 34 F,-8-8; P-0-003 F5P<0 1
41-60 112 0 (12 3) 59 1,294 F6,318'5-6P<0-0001
61-80 110 3 (15-4) 36
81-238 111-5 (15-7) 57
Missing 106-3 (12-8) 36

Social class:
Non-manual 111-6 (14-1) 151 1
Manual or Not applicable F1,35932-0; P<0-0001
unemployed 102 7 (15-2) 210

All 106-4 (15-4) 361

between 0-14 at one extreme and a perfect dichotomy
of the data, a step function, at the other. The vertical
distance between the lower and upper asymptotes was
10-3 IQ points (6-9 to 13 7 points).

120-
dianoisllwinfNoNon-manual

115 /

pn 5% (B) a Manual and unemployed up

95 A: p
B

90" l , , , , , , , , ,
0 10 20 30 40 50 60 70 80 90 100 110 120 250

Plasma thyroxine at diagnosis (nmol/1)
Fitted logistic (L) model for IQ and thyroxine concentration at
diagnosis allowing for social class (SC=1 for non-manual). IQL -

98 l + 8-6 SC + 10 3{l/(l + exp (- 0-76 (42-79 - thyroxine)))}.
95% Confidence intervals are given for inzflexion poi1tt (A) and for
points 5% (B) and 95% (C) of distance between lower and upper
asymiptotes. Mean IQs for grouped thyroxine values are also shown
(same categories as in table II but split by social class)

The curve fitting results were consistent with an
intuitive interpretation of the dichotomy in the diag-
nostic thyroxine values presented in table I and gave
strong support to the logistic model against the
negative exponential alternative. Further checks
supported this view. Firstly, logistic models were fitted
for each social class separately, giving essentially the
same results with the inflexion points at 41-4 nmol/l
(non-manual) and 45 0 nmol/l (manual) compared with
42-8 nmol/l in the combined data set. Secondly, the
lower "corner" of the logistic curve, taken to be the
point 5% of the distance between the lower and upper
asymptotes, was at thyroxine concentration 39 nmol/l
(17 to 46 nmol/1). This shows that the data would be
inconsistent with logistic curves having lower asymp-
totes outside the range of the data and offers powerful
evidence that there is a limit beyond which further
decreases in thyroxine concentration at diagnosis
produce no additional decrement in IQ. The model
also predicts with 95% confidence that children with a
thyroxine concentration above 47 nmol/l at diagnosis
are unlikely to suffer impairment of more than five IQ
points.
The mean IQ of children with thyroxine values

above the threshold of 42-8 nmol/l was close to that in
controls of similar social class (table II). In both social
classes children with thyroxine values below the
threshold showed an average deficit of 11-12 points
compared with an IQ difference based on the logistic
curves of 10-3 points. Overall the control children had
a mean IQ of 113 2, very close to the expected
population mean of 112.2' The deficits in mean IQ in
the children with more severe hypothyroidism were
accounted for by consistent deficits of between 0-8 and
1 5 points in the means of the scaled scores of every
subtest of the Wechsler preschool and primary scale of
intelligence, both verbal and performance.

TABLE II-Mean IQ by social class andplasma thyroxine concentration at diagnosis

Manual and unemployed Non-manual

Plasma No Logistic No No Logistic No
thyroxine Mean of model of Mean of model of
(nmol/l) (SD) IQ children IQ children (SD) IQ children IQ children

Cases <42-8 97-5 (14-8) 100 98-1 81 107-6 (14-1) 78 106-7 68
L E42-8 109 1(14-3) 86 108 3 86 115.5 (13 5) 61 116-9 61

Controls - 109 8 (13 2) 188 - - 118-2 (13-5) 127
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EFFECT OFTREATMENT ON IQ

By contrast with thyroxine values at diagnosis (table
I) there was no obvious trend in IQ with age at start of
treatment (table III). Nor were there any associations
with average dose of thyroxine or average thyroxine
concentration in the first year of life. Similarly,
negative results were obtained with average dose and
average thyroxine concentration up to 6 months of age,
from 12 to 24 months of age, and for the first 24
months. The lack of a relation between IQ and the
treatment variables persisted in the regression
analyses using the residuals from the logistic model as
the dependent variable both before and after the group
was split at the inflexion point defined.

TABLE II-IQ (Wechsler preschool and ptimary scale of intelligence) at S years of age in relation to age at
start of treatment and average thyroxine dose and average plasma thyroxine concentration from start of
treatment to 1 year ofage

Analysis of
No of Linear variance

Mean (SD) IQ children trend between groups

Age at start oftreatment (days):
1-10 1042 (17-4) 13

11-15 104-5 (14-5) 87
16-20 105 9(14-3) 118 F,,3591- 2; P-0-3 F4,356- 16; P-02
21-25 110.7 (13 8) 60
26-173 106-3 (17-9) 83

Thyroxine dose (p.g/day):
12-20 104-1 (14-2) 1 1
21-30 105 1 (16 6) 82

31630 1092(16-5) 59 F1,359-0-4; P-0 5 F5,355-0-8;P-0-6
41-45 104-1 (15-1) 39
46-76 106-6 (14-3) 118

Plasma thyroxine (nmol/l):
79-120 104 3 (14-3) 29
121-140 105-1 (11-3) 39
141-160 1053 (1578) 70 FI,2220-5; P-0-5 F4,219-0-7; P-0-6161-180 107-1 (17-1) 47
181-261 101-6 (15-2) 39
Missing 108-8 (15-5) 137

Outcome was also examined in children who had low
thyroxine values (below 103 nmolf1) from 14 days after
the start of treatment to the end of the first year.
Of 334 children in whom thyroxine concentration was
measured at least twice, 88 (26-3%) had at least one
thyroxine value below 103 nmol/l. Of282 children with
two or more thyroxine measurements, 27 (9-6%) had at
least two values below 103 nmol/l. In both groups the
mean IQ (103 6 and 99 6 respectively) was lower than
the mean (107 0) in children who did not have low
thyroxine values. Using the residuals from the logistic
regression as the dependent variable in a regression
analysis and allowing for age at treatment, we found,
however, no significant independent association
between IQ and having either one or two low thyroxine
values.

Discussion
Our study shows that in children with congenital

hypothyroidism bom in the United Kingdom and
given early treatment there was a sharp threshold
in intellectual outcome that divided them into two
distinct groups-those with plasma thyroxine con-
centrations of less than 42-8 nmol/l at diagnosis,
who showed a global deficit in mean IQ of 10 points,
and those with less severe congenital hypothyroidism,
who showed no deficit. A reduction in mean IQ of 10
points increases from 2% to 10% the proportion of
children with IQs more than two standard deviations
from the population norms and results in a fourfold
increase in those requiring remedial help and special
education. Several other studies have observed a strong
association between intellectual outcome after early
treatment and the bio-chemical severity of hypo-
thyroidism at diagnosis.468 None, however, has
examined the shape of this relation, and most have

assumed a linear relation between severity and IQ. Our
analyses suggest that only about 30% of the variance
due to a diagnostic thyroxine concentration can be
captured by a linear relation.
Together with the association betwen IQ and bone

age at diagnosis recorded by several groups,4 5 8 22 23 our
results indicate that even after early diagnosis and
treatment, severity has a prenatal influence on brain
development in congenital hypothyroidism. Triiodo-
thyronine seems to be the active hormone with respect
to neurological development in the fetus and is synthe-
sised in the brain from thyroxine transported from fetal
plasma across the blood-brain barrier.24 Despite good
evidence that maternal thyroxine contributes sub-
stantially to fetal thyroxine in the later weeks of
pregnancy,25 our data suggest that maternal transfer
is insufficient for fetal requirements if hypothyroidism
is severe.26 Thyroxine concentrations of less than 42-8
nmol/l at diagnosis at around 17 days of age, or low
concentrations during a break in treatment at around
1 year of age as reported from Finland,8 could be
markers for a critical level of thyroxine deprivation in
the fetus leading to permanent neurological deficit.
The New England Congenital Hypothyroidism

Collaborative's study and some other studies have
found either normal mean IQs,3 17 27 28 an apparent
absence of a correlation with disease severity,3 '7
or lower IQs in subjects with low thyroxine and
high thyroid stimulating hormone concentrations
during treatment3717 and have attributed intellectual
impairment to either delayed treatment or under-
treatment.'7 26 Though we too found that children
with low thyroxine values (< 103 nmol/l, equivalent
to 8 ji.g/dl as defined in a previous study3 17) during
treatment tended to have a lower mean IQ, we could
find no independent association between low thyrox-
ine concentration and outcome after allowing for
the effect on IQ of social class and severity. Nor
could we show any effect of our other measures of
quality of treatment. In the New England study3
average plasma thyroxine values (mean 141 (SD 26)
nmol/l) during the first year of treatment were lower
than in the United Kingdom (mean 154 (29) nmol/l),
so the different intellectual outcomes in the two studies
were unlikely to be due to a general effect of under-
treatment in the United Kingdom. However, the New
England study included raised thyroid stimulating
hormone concentrations as well as low thyroxine
values in their definition of undertreatment,' and we
cannot exclude the possibility that undertreatment
has some effect on outcome.

WHAT BENEFIT SCREENING AND EARLY TREATMENT?

Our findings question the benefit of screening and
early treatment. In a population survey in south east
England before the introduction of screening, Hulse
reported results with the Wechsler intelligence scale
for children in 99 subjects who had presented with
symptoms of thyroid deficiency beginning in early life,
including developmental delay or mental handicap.59
Their mean IQ was 79 5 compared with an expected
population mean at the time of 103-104. Introduction
of screening increased the frequency of reported
congenital hypothyroidism in the United Kingdom by
45%, from one in 7600 to one in 4179, probably owing
to identifying children with less severe disease who
might later have presented with juvenile hypothyroid-
ism. It is noteworthy that 45% of children in our study
also had milder disease, with thyroxine values of 42-8
nmol/l or higher. An appropriate comparison for
assessing the benefits of screening might therefore be
between those in our study with more severe disease
(55% of our sample in whom the reduction in mean IQ
was 10 points) and the patients in Hulse's survey.
These data suggest an improvement in mean IQ in
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Clinical implications

* In the United Kingdom neonatal screening
detects around 170 infants with hypothyroidism
annually
* There is disagreement on whether early
treatment with thyroxine fully protects infants
against neurological damage
* In this study a threshold effect of disease
severity rather than quality of treatment was
the main determinant of outcome, suggesting
prenatal effects on development
* 55% of infants who had more severe hypo-
thyroidism had appreciable intellectual impair-
ment at school entry, whereas infants with
milder disease were unaffected
* It is predicted that 10% of infants with severe
disease given early treatment (compared with
40% of those treated later, before the introduc-
tion of screening) will show impairment of a
degree likely to require special education-that
is, four times the expected rate

severely hypothyroid children of about 14 points, or a
reduction in the proportion of children with IQs more
than two standard deviations below the population
mean from 40% to 10%. However, deliberate selection
of handicapped subjects in Hulse's survey means that
the benefit could be smaller.
We conclude that in the United Kingdom as in

several other countries early treatment of congenital
hypothyroidism has probably reduced but failed
to eliminate neurological impairment. Though the
mechanism and timing of the impairment remain
uncertain, the close association between biochemical
severity and outcome favours an important prenatal
influence of hypothyroidism, and one with a sharp
threshold.
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Appendix
Two alternative hypotheses concerning the relation

between IQ and diagnostic thyroxine concentration were
captured by (a) the negative exponential (NE) model, which

TABLE Iv-Regression modelfittingfor pretreatment plasma thyroxine concentration and IQ, accountingfor
social class. Residual sum ofsquaresforpolynomial and non-linear models

Residual sum No of Test for additional term
of squares parameters for nested polynomial models

Polynomial models:
No relation 65053-3 2
Linear 62921-7 3 Fl293- 9-9; P-0-0018
Quadratic 59020-6 4 Fl,292- 19-3; P <0-0001
Cubic 58084-1 5 F,,291- 4 7;P-0-0031

Non-linear models:
Negative exponential 59908-2 4
Logistic 57634-9 5

rises to an asymptote, and (b) the logistic (L) model, which is
a symmetric sigmoid shape (see figure): (a) IQNE- 1 + 2SC+
133 (l-exp (-R4 thyroxine)), and (b) IQL-031+132SC+ ,B3{1/
(1 +exp(-P134 (135-thyroxine)))}, where SC-social class.
These models are not hierarchically nested, and specialised
methods are used to compare them.'8" Briefly, this entails
estimating the value of a in an equation that combines the
predicted IQs from the negative exponential and logistic
models: (c) IQ-(1-ot)IQNE+aIQL. If a is near unity we
would conclude that IQ is best predicted by the logistic
model, whereas values near zero would favour the negative
exponential model. The C* statistic'9 was used to test the
hypotheses a-0 and a-i. Confidence intervals for model
parameters and for functions of parameters based on likeli-
hood profiles were calculated numerically.
Goodness of fit for polynomial and non-linear models (fitted

to raw not grouped data) relating IQ and diagnostic thyroxine
concentration is shown in table AI. For polynomials to show a
significant improvement (P<005) due to each additional
parameter a reduction of about 800 in residual sum of squares
is required. The quadratic model was significantly better than
the linear model and the cubic model significantly better than
the quadratic model, suggesting an S shaped relation between
thyroxine concentration and IQ.
Of the non-linear models, the logistic model fitted better

than the negative exponential model and better than the cubic
model. Note that the linear model reduces the residual sum of
squares by 2100, only 29% of the reduction being due to the
logistic curve. By using methods for comparing non-nested
regression models (equation (c)), the estimate of at was
1-086, suggesting that the logistic model was a far superior fit
than the negative exponential model. The hypothesis that the
data were perfectly fitted by a logistic (sigmoid) curve and not
at all by the negative exponential model could not be rejected
(C*=0 75; P-0 45), whereas the hypothesis that the data
were entirely negative exponential and not at all the logistic
could be rejected with confidence (C*-3 12; P-0-0014).
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Serum cholesterol concentration and mortality from accidents,
suicide, and other violent causes
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Abstract
Objective-To study the association of mortality

from accidents, suicides, and other violent deaths
with serum cholesterol concentration.
Design-Baseline measurements in two randomly

chosen independent cohorts were carried out in 1972
and 1977. Mortality was monitored over 10-15 years
through the national death registry.
Setting-Eastern Finland.
Subjects-The two cohorts comprised men

(n= 10898) and women (n- 11534) born between
1913 and 1947. There were 193 deaths due to
accidents, suicides, and violence among men and 43
among women.
Main outcome measure-Mortality from acci-

dents, suicides, and other violent deaths was used as
the end point. Deaths from these causes were pooled
together in the analyses.
Results-Serum cholesterol concentration was

not associated with mortality from accidents,
suicides, and other violent deaths in the univariate
analyses or in the proportional hazards regression
analyses including smoking, systolic blood pressure,
alcohol drinking, and education. In both genders
smoking was more prevalent among those who died
from accidents, suicides, and other violent causes
than from other causes. Frequent use of alcohol
increased mortality from these causes.
Conclusion-The risk of accidents, suicides, and

other violent deaths was not related to serum
cholesterol concentration, whereas such deaths
weremore prevalent in smokers and alcohol drinkers.

Introduction
Clinical trials have shown that reduction in total

serum cholesterol concentration reduces the incidence
of coronary heart disease. Lowering serum cholesterol
concentration has not affected total mortality. Two
reviews of trials to lower cholesterol concentration
have suggested that deaths from violence and accidents
might have increased in the actively treated groups
compared with the control groups. In the first review
the risk ratio for mortality not related to illness was
1 75 and was on the same level of randomised dietary
and drug trials.' In the second, the Finnish mental
hospital cross over trial was included in the diet trials
and the risk ratio for injury in the diet trial was reduced
to 1 2 and was no longer significant.2 In the latest
review of 28 randomised trials the relative risk of 1 17
between the lowest and highest cholesterol concen-
trations was not significant.3 Two of the cohort
studies have shown that low cholesterol concentration
increased the risk for accidental or other violent

deaths,45 while in three of them no association was
seen.64 In the review of 10 cohort studies a significant
relative risk of 1'29 was found in six studies done
in community settings, but no increased risk was
observed i; four cohorts of employed men.' These
findings have raised concern about the safety of
lowering the average serum cholesterol concentration
in a population and about the safety and usefulness of
lowering serum cholesterol concentration with drug
treatment.
We analysed the association between serum total

cholesterol concentration and mortality from accidents,
suicides, and other violent deaths in two large cohorts
ofmiddle aged Finns monitored for 10 and 15 years.

Subjects and methods
Two cross sectional population surveys, in 1972 and

1977, assessed the levels of risk factors for coronary
heart disease in the province of North Karelia and
Kuopio. For both surveys an independent 6-6%
random sample of people born during 1913-47 was
drawn from the population register. Details of the
survey procedures have been described in earlier
reports.9 Briefly, the surveys included a self ad-
ministered questionnaire (mainly questions on socio-
economic factors, medical history, health behaviour,
and psychosocial factors) and measurements of height,
weight, and blood pressure. Venous blood was taken
for measurement of serum total cholesterol concen-
tration.

Specially trained nurses took all the measurements.
Both surveys used methods as similar as possible.
Casual blood pressure was measured in the right arm of
the subject, who was seated for five minutes before the
measurement. Serum total cholesterol concentration
was determined from frozen samples by using the
Liebermann-Burchard method.
The frequency of drinking alcohol was assessed from

the questionnaire by using an ordinal scale of seven
options: daily, once or twice a week, once or twice
a month, once in two months, three or four times a
year, once or twice a year, and not at all. These
categories were used in the univariate analyses. In the
multivariate analyses use of alcohol was dichotomised
to those who reported use of alcohol at least once or
twice a month and to less frequent users. Smoking was
assessed from the surveys by using a set of standardised
questions in a self administered questionnaire. On the
basis of the answers the participants were classified into
the categories of never smokers, who had never
smoked regularly; former smokers, who had smoked
regularly but had stopped smoking more than six
months ago; and smokers, who had smoked regularly
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