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THE RELATION OF TRANSIENT HYPOTHYROXINEMIA IN PRETERM INFANTS TO 
NEUROLOGIC DEVELOPMENT AT TWO YEARS OF AGE
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Abstract

 

Background.

 

Transient hypothyroxinemia, a
common finding in premature infants, is not thought to have
long-term sequelae or to require treatment. We investigat-
ed whether hypothyroxinemia in premature infants is a
cause of subsequent motor and cognitive abnormalities.

 

Methods.

 

In this historical cohort study, we retrieved
blood thyroxine values, obtained on routine screening in
the first week of life, from state screening records of chil-
dren who weighed 2000 g or less at birth, who were born
at 33 weeks’ gestation or earlier, and who were enrolled in
a population-based study of the late sequelae of neonatal
brain hemorrhage. We investigated the relation of these
values to the odds for disabling cerebral palsy among 463
subjects for whom data were available and to the mental-
development score on the Bayley Scales of Infant Devel-
opment or the Stanford–Binet Intelligence Scales for Chil-
dren at the age of two years in 400 subjects. The effects
of severe hypothyroxinemia, defined as a blood thyroxine
value more than 2.6 SD below the mean for New Jersey
newborns, were assessed before and after adjustment for
gestational age and potentially confounding variables.

 

Results.

 

In analyses adjusted for gestational age, in-
fants with severe hypothyroxinemia had a risk of disabling
cerebral palsy that was nearly 11 times that of infants
without hypothyroxinemia (odds ratio, 10.8; 95 percent con-
fidence interval, 3.0 to 39.3) and a mean mental-
development score at the age of two that was 15.4 points
lower (95 percent confidence interval, 8.1 to 22.6 points)
than the mean score of children with normal neonatal
blood thyroxine concentrations. After adjustment for ges-
tational age and multiple prenatal, perinatal, and early
and late neonatal variables, severe hypothyroxinemia
was still associated with an increased risk of disabling
cerebral palsy (odds ratio, 4.4; 95 percent confidence
interval, 1.0 to 18.6) and a reduction of nearly 7 points
(95 percent confidence interval, 0.3 to 13.2 points) in the
mental-development score. 

 

Conclusions.

 

Severe hypothyroxinemia in preterm in-
fants may be an important cause of problems in neuro-
logic and mental development detected at the age of two
years. (N Engl J Med 1996;334:821-7.)
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T

 

RANSIENT hypothyroxinemia is common among
preterm infants and has been variously viewed as

a benign developmental phenomenon, an expression
of temporary hypothalamic–pituitary immaturity, or a
manifestation of nonthyroidal illness.

 

1-11

 

 Until recently,
it was not thought to have sequelae or to require thy-
roid-hormone replacement.

 

3,4,12

 

 Recently, however, stud-
ies have linked hypothyroxinemia in the neonatal period
to subsequent problems in motor and cognitive develop-
ment.

 

13-15

 

 Neither study, however, controlled for the pres-
ence of ultrasonographically detected lesions in the white
matter, which is the most powerful known predictor of
subsequent cerebral palsy in preterm infants.
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In this historical cohort study, we tested the hypoth-

esis that hypothyroxinemia is an independent cause of
cerebral palsy and cognitive deficits in preterm infants.
We obtained the results of thyroxine screening of new-
borns with a gestational age of 33 weeks or less who
were enrolled in the Central New Jersey Neonatal Brain
Hemorrhage Study.

 

19

 

 In this study, data on the presence
or absence of brain lesions during the first seven days
after birth were collected prospectively, as were other
prenatal and perinatal characteristics, and neurologic
and developmental assessments were performed when
the children were two years of age. We investigated the
relation of disabling cerebral palsy and mental-develop-

ment scores at the age of two to blood thyroxine values
in the first week of life.

 

M

 

ETHODS

 

Study Population

 

The Central New Jersey Neonatal Brain Hemorrhage Study, a pop-
ulation-based study of the antecedents and correlates of neonatal
brain hemorrhage in low-birth-weight infants, enrolled all newborns
weighing 501 to 2000 g who were born from September 1, 1984,
through June 30, 1987, and were cared for in the three newborn in-
tensive care units that serve three counties in central New Jersey (Fig.
1). In this study, we restricted our attention to the 882 newborns who
were born at 33 weeks of gestation or earlier, since severe hypothyrox-
inemia is rare at higher gestational ages. Of the 882 infants, 186 (21
percent) died before reaching the age of two years. The results of neo-
natal thyroxine screening were obtained for 665 (96 percent) of the
696 survivors. Because we sought to investigate the correlates of hy-
pothyroxinemia in the first week of life, we included in these analyses
only the 536 infants who were tested in the first seven days (75 per-
cent of whom were tested on day 3). The 129 infants tested after
1 week of age (and therefore excluded from the analyses) had a short-
er average gestation than the children tested earlier (210 days vs. 213
days, P

 

�

 

0.03), had lower blood thyroxine values on the first test (1.9
SD vs. 1.6 SD below the mean for New Jersey newborns, P

 

�

 

0.02),
more often required mechanical ventilation on day 10 (30 percent vs.
16 percent, P

 

�

 

0.001), and were hospitalized longer (63 days vs. 47
days, P

 

�

 

0.001).
The presence or absence of cerebral palsy at two years of age was

ascertained for 463 of the 536 infants (86 percent); 400 were evaluat-
ed in person and 63 by chart review or telephone interview with the
child’s mother; 73 were lost to follow up. Mental-development scores
were available for 400 (75 percent) of the 536 children at two years
of age. Four of the 63 infants in whom mental development was not
assessed were classified as having disabling cerebral palsy.

 

Perinatal Data

 

Mothers were interviewed after delivery about the date of their last
menstrual periods and any complications of pregnancy. Information
on the antepartum course, complications of pregnancy, and labor and
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delivery was abstracted from the prenatal and hospital records. Data
on neonatal events were abstracted from the medical records at inter-
vals corresponding to the timing of cranial ultrasonography pre-
scribed by the study protocol (4 hours, 24 hours, and 7 days after
birth). Data covering the first two ultrasonographic intervals (by def-
inition the first 24 hours of life, but in practice ranging up to 48
hours) were combined, and this interval was designated the early neo-
natal period. The time from the second ultrasonographic examination
until discharge was designated the late neonatal period. Data ob-
tained from this period included the results of the third and any later
cranial ultrasound examinations, the clinical diagnoses of patent duc-
tus arteriosus and bronchopulmonary dysplasia, if present, and also
the number of days of mechanical ventilation, oxygen supplementa-
tion, and hospitalization.

Gestational age was determined by means of a hierarchical algo-
rithm that incorporated the results of prenatal ultrasonography per-
formed before 22 weeks, if available, but excluded postnatal physical
assessments. The fetal growth ratio was calculated as the ratio of the
measured birth weight to the median birth weight for infants with the
same number of completed weeks of gestational age in a reference pop-
ulation.

 

20

 

 
The presence or absence of brain injury was assessed by ultrason-

ographic scanning of the brain.
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 The infants were classified according
to the results of scanning into three nonoverlapping groups, according
to the most severe lesion present: no lesion; isolated germinal-matrix
or intraventricular hemorrhage; and ventriculomegaly or parenchy-
mal lesions with or without germinal-matrix or intraventricular hem-
orrhage.

The study protocols were approved by the institutional review com-
mittees of all the institutions involved, and a parent or guardian pro-
vided written informed consent for each infant’s participation.

 

Measurements of Blood Thyroxine

 

Results of the measurement of thyroxine and thyrotropin in the
newborns’ blood as part of routine screening were obtained from the
Inborn Errors of Metabolism Laboratory of the New Jersey State De-
partment of Health and were matched to the study subjects according

to hospital, date of birth, birth weight, and name by personnel un-
aware of the neurologic and developmental status of the study subjects.

To correct for variation among assays, we followed the procedure
of the state laboratory and standardized the blood thyroxine concen-
tration as follows: (measured thyroxine value) 

 

�

 

 (mean thyroxine val-
ue for the assay) 

 

�

 

 standard deviation of the assay. Each assay includ-
ed about 240 specimens (dried blood spots) from unselected New
Jersey newborns, predominantly those born at term. For these analy-
ses, we defined categories of thyroxine values that reflected those used
at the laboratory. Severe hypothyroxinemia was defined as a thyrox-
ine concentration more than 2.6 SD below the mean for the assay;
mild hypothyroxinemia as a thyroxine concentration 1.3 to 2.6 SD be-
low the mean; and a normal thyroxine concentration as one more
than 1.3 SD below the mean. No subject was known to have congen-
ital hypothyroidism.

 

Neurologic and Developmental Outcomes at Two Years
of Age

 

The standardized examination for major developmental handicaps
has been described in detail elsewhere.
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 Cerebral palsy was classified
as disabling when, in addition to specific neurologic findings, at least
one of the following conditions was met: the inability to walk five steps
unaided by the age of two years; a score on the Bayley Psychomotor
Developmental Index that was more than 1 SD below the mental-
development score on the Bayley Scales of Infant Development or the
Stanford–Binet Intelligence Scales for Children; motor disability re-
quiring physical therapy; motor disorder requiring surgical interven-
tion; or the use of braces or other physical-assistance devices. Of the
463 children evaluated, 38 (8 percent) were classified as having dis-
abling cerebral palsy. All but one child with disabling cerebral palsy
had scores on the Psychomotor Developmental Index that were below
50 (mean [

 

�

 

SD] for normal children, 100

 

�

 

16); that child had a score
of 96 and required a leg brace.

The mental-development score reported here is the score on the
Bayley Mental Developmental Index

 

21

 

 for children tested at less than
30 months of corrected age (the age the child would have been if born
at term) and the Stanford–Binet intelligence quotient (IQ)

 

22

 

 for chil-
dren tested at 30 months of age or later (median, 33 months; range,
30 to 62). Both tests assess sensory-perceptual acuity, problem-solv-
ing ability, language, and memory. For both tests the mean (

 

�

 

SD)
values in normal children are 100

 

�

 

16 points.

 

21,22

 

 For 22 children in
whom severe cognitive deficits precluded testing, a score of 49 was as-
signed. Of the 400 children assessed with these tests, 31 (8 percent)
were classified as mentally retarded (defined as having a mental-
development score 

 

�

 

68, or more than 2 SD below the mean); 39 (10
percent) were of borderline intelligence (defined as having a mental-
development score 

 

�

 

68 and 

 

�

 

84, or 1 to 2 SD below the mean).
Among the 38 children with disabling cerebral palsy, 22 had mental
retardation, 5 had borderline intelligence, 7 had scores in the normal
range, and 4 were not tested.

 

Statistical Analysis

 

Using logistic-regression analysis when disabling cerebral palsy
was the outcome and linear regression analysis when the mental-
development score was the outcome (with SPSSPC

 

�

 

 software, SPSS,
Inc., Chicago), we estimated the effects of mild and severe hypothy-
roxinemia on each of the neurologic and developmental outcomes in
four models with the following different levels of adjustment for po-
tentially confounding variables: the analyses were unadjusted; adjust-
ed only for gestational age; adjusted for gestational age and prenatal,
perinatal, and early neonatal variables; or adjusted for these variables
and late neonatal variables. For the last two models, measures of ef-
fect were estimated by including all variables that had statistically sig-
nificant independent associations with the outcomes. The addition of
variables without significant independent associations with neurologic
and developmental outcomes did not alter the effect of severe hypo-
thyroxinemia on neurologic development. These various models are
presented because the mechanisms of the associations among hypo-
thyroxinemia, cerebral palsy, and neurologic and developmental out-
come are unknown; the models reflect the range of possible effects,
given different hypothetical causal pathways. The unadjusted model
may overestimate the effect of hypothyroxinemia by failing to control
adequately for confounding factors; the adjusted models may under-

 

Figure 1. Enrollment and Assessment of the Study Subjects.
Our study enrolled 882 infants born at or before 33 weeks of
gestation who were therefore at risk for hypothyroxinemia. The
infants were drawn from the 1105 newborns with birth weights
of 2000 g or less who were enrolled in the population-based

Central New Jersey Neonatal Brain Hemorrhage Study.

696 survived to�
2 years of age

186 died

Thyroxine level not�
available for 31

882 infants born live at 	33 weeks�
with birth weights 	2000 g

129 first tested at�
 
7 days of age

Mental-development�
score assessed�

at 2 years of�
age in 400

463 evaluated at�
2 years of age�
for disabling�

cerebral palsy

Thyroxine level�
available for 665

536 first tested at�
	7 days of age
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estimate the effect because of overcontrol of intervening variables in
the causal pathway from hypothyroxinemia to the neurologic and de-
velopmental outcomes.

In adjusting for gestational age, we used the continuous measure of
number of days of gestation at birth. For other continuous variables,
categorical representations conveyed at least as much information as
the continuous measure. All statistical tests were two-tailed.

 

R

 

ESULTS

 

Blood Thyroxine Values According to Week of Gestation

 

Among the 190 infants born at 29 weeks of gestation
or earlier, gestational age was not related to the blood
thyroxine concentration (r

 

�

 

0.02, P

 

�

 

0.80) (Table 1).
For those born after 29 weeks, the concentrations in-
creased by 0.2 SD per week (r

 

�

 

0.2, P

 

�

 

0.001). Gesta-
tional age explained 9 percent of the variation in blood
thyroxine values.

 

Risk Factors for Disabling Cerebral Palsy and Low Mental-
Development Scores

 

In each of four gestational-age groups, disabling
cerebral palsy was roughly two to six times more com-
mon among infants with severe hypothyroxinemia than
among those without it (Table 2). Similarly, in these
four gestational-age groups, the mean mental-develop-
ment score was from 8 to 18 points lower among the in-
fants with severe hypothyroxinemia.

The percentages of infants with various characteris-
tics and the associations of these variables with severe
hypothyroxinemia, disabling cerebral palsy, and men-
tal-development scores, after adjustment for gestational
age, are shown in Table 3. Of 22 variables examined,
17 had significant associations with one of the two out-
comes (P

 

	

 

0.05). Variables significantly associated with
the odds of both severe hypothyroxinemia and dis-
abling cerebral palsy were the mother’s level of educa-
tion, the location of the intensive care unit (i.e., which
of the three hospitals), the need for mechanical ventila-
tion, the fraction of inspired oxygen at 24 hours, and

abnormalities on cranial ultrasonography. Variables sig-
nificantly associated with both the odds of severe hy-
pothyroxinemia and significant differences in the mean
mental-development score were maternal education, the
location of the intensive care unit, systolic blood pres-
sure, whether mechanical ventilation was required, the
fraction of inspired oxygen, and whether there were ab-
normalities on cranial ultrasonography. Hypertension
in the infant’s mother, the infant’s year of birth and sex,
the length of time from the rupture of membranes to
delivery, and the presence or absence of hypoglycemia
and sepsis were not associated with severe hypothyrox-
inemia or with either outcome.

 

Association of Disabling Cerebral Palsy and 
Hypothyroxinemia

 

Infants with severe hypothyroxinemia had a risk of
disabling cerebral palsy that was 4.4 to 17.6 times that
of the infants with normal thyroxine concentrations
(Table 4), depending on the extent of adjustment for
covariates. After adjustment for gestational age, infants
with severe hypothyroxinemia had an odds ratio of 10.8
for disabling cerebral palsy (95 percent confidence in-
terval, 3.0 to 39.3), as compared with infants with nor-
mal thyroxine concentrations. In the model with adjust-
ment for the most variables, severe hypothyroxinemia
was associated with a quadrupling of the risk of dis-
abling cerebral palsy (odds ratio, 4.4; 95 percent confi-
dence interval, 1.0 to 18.6). After adjustment for gesta-
tional age, mild hypothyroxinemia did not significantly
increase the risk of disabling cerebral palsy.

 

Association of Mental-Development Scores and 
Hypothyroxinemia 

 

Infants with severe hypothyroxinemia had mental-
development scores at the age of two that were roughly
7 to 18 points lower than those of infants with normal
thyroxine concentrations (Table 5). Once again, the
magnitude of the reduction in the score depended on
the extent of adjustment for covariates. After adjust-
ment for gestational age, infants with severe hypothy-
roxinemia had mental-development scores that were a
mean of 15 points lower than those of infants with nor-

 

*Plus–minus values are means 

 

�

 

SD. Mild hypothyroxinemia was defined as a standardized
thyroxine concentration 1.3 to 2.6 SD below the mean, and severe hypothyroxinemia as a
standardized thyroxine concentration more than 2.6 SD below the mean. To convert thyroxine
values to nanomoles per liter, multiply by 12.9.

 

Table 1. Blood Thyroxine Values According to Gestational Age
in 536 Surviving Premature Infants Who Underwent Thyroxine

Testing in the First Week of Life.
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THYROXINEMIA

NO

 

. (%)

 

THYROXINE NO

 

. (%)

 

THYROXINE

 

m

 

g/dl

 

m

 

g/dl

 

m

 

g/dl

 

	

 

24 11 6.5

 

�

 

3.8 5 (45) 6.7

 

�

 

1.7 3 (27) 2.0

 

�

 

1.5

25 18 7.1

 

�

 

3.8 8 (44) 7.3

 

�

 

1.4 8 (44) 4.8

 

�

 

1.8

26 27 7.0

 

�

 

3.5 15 (56) 5.6

 

�

 

1.2 5 (19) 4.3

 

�

 

1.9

27 32 7.1

 

�

 

3.0 12 (38) 7.5

 

�

 

1.5 13 (41) 4.4

 

�

 

1.4

28 45 7.2

 

�

 

2.4 26 (58) 7.7

 

�

 

1.8 12 (27) 4.5

 

�

 

1.2

29 57 7.1

 

�

 

3.2 33 (58) 6.8

 

�

 

2.4 13 (23) 4.4

 

�

 

1.9

30 76 8.1

 

�

 

3.9 38 (50) 6.6

 

�

 

1.9 12 (16) 4.2

 

�

 

1.4

31 99 8.7

 

�

 

3.4 60 (61) 7.3

 

�

 

1.9 6 (6) 4.5

 

�

 

0.7

32 94 9.5

 

�

 

3.8 45 (48) 7.4

 

�

 

1.8 7 (7) 5.0

 

�

 

2.0

33 77 10.1

 

�

 

3.6 32 (42) 7.4

 

�

 

1.7 3 (4) 5.2

 

�

 

3.3

Total 536 8.4

 

�

 

3.5 274 (51) 7.1

 

�

 

1.9 82 (15) 4.4

 

�

 

1.7

 

*Severe hypothyroxinemia was defined as a standardized thyroxine concentration more
than 2.6 SD below the mean.

 

Table 2. Frequency of Disabling Cerebral Palsy among 463 In-
fants and Mental-Development Scores in 400 Infants at Two
Years of Age, According to Gestational-Age Group and the

Presence or Absence of Severe Hypothyroxinemia.
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% 
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NO

 

. 

 

OF

INFANTS

MEAN

 

 

 

SCORE

 

�

 

SD

 

22–27 No
Yes

48
26

17
31

45
25

98

 

�

 

26
90

 

�

 

25

28–29 No
Yes

68
23

4
26

55
19

102

 

�

 

20
88

 

�

 

28

30–31 No
Yes

138
17

4
24

119
12

106

 

�

 

21
88

 

�

 

25

32–33 No
Yes

135
8

2
12

118
7

106

 

�

 

22
96

 

�

 

25
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mal thyroxine concentrations (95 percent confidence in-
terval for the decrease, 8.1 to 22.6 points). In the model
with the most extensive adjustment, severe hypothy-
roxinemia was associated with a 7-point reduction in
the mean mental-development score (95 percent confi-

dence interval, 0.3 to 13.2 points). After adjustment for
gestational age, mild hypothyroxinemia was not signif-
icantly associated with reductions in the mental-devel-
opment score.

Because the mental-development scales we used may

 

*Odds ratios and differences in mean scores have been adjusted for gestational age. CI denotes confidence interval.

†P

 

	

 

0.05 (range of exact values, P

 

�

 

0.05 to P

 

�

 

0.001).

‡Reference category.

§Percentages total less than 100 because of missing values for some subjects.

¶PO

 

2

 

 denotes partial pressure of oxygen, and PCO

 

2

 

 partial pressure of carbon dioxide.

 

�

 

To convert to millimoles per liter, multiply by 0.25.

Table 3. Frequency of Selected Prenatal, Perinatal, and Early Neonatal Characteristics and Their Relation to Severe
Hypothyroxinemia, Disabling Cerebral Palsy, and Lower Mental-Development Scores among Infants Born at 33 Weeks

of Gestation or Earlier.*

CHARACTERISTIC % OF INFANTS

SEVERE HYPOTHYROX-

INEMIA ODDS RATIO

(95% CI)

DISABLING CEREBRAL 
PALSY ODDS RATIO

(95% CI)

MENTAL-DEVELOPMENT SCORE 
— DIFFERENCE IN MEANS

(95% CI)

No. of infants 536 463 400

Prenatal
Mother’s age (yr)

	19
20–34‡
�35

14
76
10

1.4 (0.6 to 2.9)
1.0
0.6 (0.2 to 1.9)

0.9 (0.5 to 1.9)
1.0
0.9 (0.7 to 1.2)

�11.7 (�18.3 to �5.2)†
—

2.2 (�0.2 to 4.5)
Mother’s education (yr)§

�12
12‡

12

12
30
33

0.8 (0.4 to 1.9)
1.0
0.5 (0.2 to 0.8)†

0.8 (0.4 to 2.6)
1.0
0.4 (0.2 to 0.8)†

�9.5 (�17.3 to �1.7)†
—

7.3 (1.9 to 12.7)†
Mother’s race or ethnic group

White‡
Black
Other or unknown

67
27
6

1.0
0.9 (0.5 to 1.6)
1.2 (0.3 to 3.9)

1.0
0.5 (0.3 to 1.3)
1.8 (0.6 to 5.6)

—
�13.6 (�18.6 to �8.6)†
�18.9 (�28.6 to �9.2)†

Multiple gestation 25 1.5 (0.9 to 2.7) 2.0 (0.9 to 3.5) �5.8 (�10.9 to �0.8)†
Weight 
10% below median for gestational age 36 1.2 (0.7 to 2.0) 1.4 (0.6 to 3.1) �5.8 (�10.9 to �0.7)†
Maternal smoking 30 0.8 (0.5 to 1.4) 1.8 (0.9 to 3.7) �7.5 (�12.3 to �2.6)†

Perinatal
Labor and delivery§

Vaginal‡
Cesarean section after labor
Cesarean section, no labor

42
32
21

1.0
2.0 (1.1 to 3.6)†
1.8 (0.9 to 3.6)

1.0
1.5 (0.7 to 3.3)
0.4 (0.1 to 1.5)

—
�0.4 (�5.8 to 4.9)
�0.4 (�6.5 to 5.6)

Apgar scores
	5 at 1 minute
	5 at 5 minutes

38
8

1.4 (0.8 to 2.4)
0.7 (0.3 to 1.7)

2.0 (0.9 to 4.2)
1.1 (0.4 to 3.3)

�6.2 (�11.2 to �1.3)†
�4.7 (�13.2 to 3.8)

Location of intensive care nursery
Hospital A
Hospital B
Hospital C‡

25
25
49

2.0 (1.1 to 3.7)†
1.8 (1.0 to 3.3)†
1.0 

2.0 (1.0 to 4.5)†
0.5 (0.2 to 1.6)
1.0

�2.6 (�8.0 to 2.9)
6.8 (1.2 to 12.3)†

—

Early neonatal
Arterial blood gases¶

PO2 �40 mm Hg
PCO2 �25 mm Hg
PCO2 
65 mm Hg
pH �7.20
pH 
7.50

27
9

13
15
11

2.3 (1.3 to 3.8)†
1.5 (0.8 to 2.8)
0.9 (0.4 to 2.3)
1.3 (0.8 to 2.1)
0.7 (0.4 to 1.7)

1.6 (0.8 to 3.3)
1.9 (0.9 to 4.3)
0.5 (0.2 to 1.8)
2.7 (1.2 to 5.7)†
1.0 (0.4 to 2.4)

�0.6 (�5.6 to 4.5)
�3.3 (�9.7 to 3.1)

2.3 (�4.6 to 9.1)
�5.0 (�10.8 to 1.7)

5.0 (�2.3 to 12.4)
Age 
3 days at thyroxine test 18 2.2 (1.2 to 4.1)† 0.7 (0.2 to 2.0) �3.0 (�9.2 to 3.2)
Lowest systolic blood pressure (mm Hg)§

�50‡
38–49
�38

23
49
21

1.0
2.0 (0.8 to 4.7)
4.2 (1.7 to 10.4)†

1.0
1.2 (0.4 to 3.9)
2.9 (0.9 to 9.5)

—
�1.7 (�7.6 to 4.2)
�7.8 (�15.2 to �0.4)†

Lowest diastolic blood pressure (mm Hg)§
�29‡
20–28
�20

23
49
18

1.0
1.5 (0.7 to 3.4)
4.3 (1.9 to 9.9)†

1.0
1.8 (0.6 to 5.5)
2.4 (0.7 to 8.2)

—
�3.8 (�9.6 to 2.0)
�6.2 (�13.7 to 1.3)

Mechanical ventilation 58 8.1 (3.3 to 19.6)† 19.3 (2.6 to 146.0)† �7.0 (�12.2 to �1.8)†
Fraction of inspired oxygen at end of first 24 hr

Room air
0.21–0.40

0.40

38
37
26

1.0
2.0 (0.9 to 4.5)
7.5 (3.6 to 15.7)†

1.0
2.3 (0.7 to 7.5)
5.8 (1.9 to 17.9)†

—
�3.6 (�9.0 to 1.8)
�9.3 (�15.3 to �3.3)†

Hypocalcemia (�6.5 mg/dl)� 5 0.6 (0.2 to 2.0) 3.7 (1.3 to 10.5)† �6.8 (�16.5 to 2.9)
Brain lesions detected on early ultrasound 

examination
No lesion‡
Germinal-matrix or intraventricular hemorrhage
Parenchymal lesions or ventriculomegaly

78
18
4

1.0
1.8 (1.0 to 3.2)†
3.1 (1.2 to 7.9)†

1.0
6.8 (2.9 to 16.0)†

32.7 (11.2 to 96.0)†

—
�9.3 (�15.2 to �3.4)†

�27.0 (�37.0 to �17.1)†
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not provide a valid assessment in the presence of motor
impairment, we also assessed the association of severe
hypothyroxinemia with the mental-development score
in the children without disabling cerebral palsy. After
adjustment for gestational age, severe hypothyroxine-
mia was associated with an 8-point decrease in the
mean mental-development score (95 percent confidence
interval, 0.5 to 15.3 points) as compared with the scores
of children who had normal thyroxine concentrations.

DISCUSSION

The importance of thyroid hormones to perinatal neu-
ral development is well established,23-26 but their relation
to the developmental sequelae of preterm birth is uncer-
tain. Infants born prematurely tend to have hypothyrox-
inemia and are also at risk for neurologic and develop-
mental problems16,18,27 similar to those caused by other
types of perinatal thyroid abnormalities, such as pericon-
ceptional iodine deficiency25,28,29 and congenital hypothy-
roidism.30-32 In this population-based study, preterm in-
fants who had blood thyroxine concentrations in the first
week of life that were more than 2.6 SD below the mean
had an increased risk of disabling cerebral palsy and low-
er mental-development scores, even after adjustment for
other potentially confounding variables, including ultra-
sonographic evidence of white-matter damage.

All the study infants had normal blood thyrotropin
concentrations, and those with severe hypothyroxine-
mia were usually retested until their thyroxine con-
centrations were in the normal range; thus, transient
hypothyroxinemia of prematurity, and not congenital
hypothyroidism, was the cause of the hypothyroxine-
mia in these children. The lack of a regular schedule for
retesting precluded our documenting with certainty the
duration of hypothyroxinemia in these infants. None-
theless, the infants with very low initial blood thyroxine
concentrations tended to have more severe and pro-

longed hypothyroxinemia than those with higher initial
thyroxine concentrations. Our findings support the hy-
pothesis that prolonged severe hypothyroxinemia, even
if it is transient, may cause motor and cognitive sequelae
in infants born before term.

Our findings are consistent with those of recent stud-
ies13-15 in which preterm infants with very low thyroid
hormone concentrations had significantly poorer motor
and cognitive outcomes than other infants. In a study
of 280 infants weighing less than 1850 g at birth, those
with blood triiodothyronine concentrations below 195
ng per deciliter (3.0 nmol per liter) in the first weeks
of life had a score on the Bayley Mental Develop-
mental Index that was 8 points lower and a Bayley mo-
tor-development score that was 7 points lower at 18
months of age than those with higher concentrations,
but there was no association between thyroid con-
centrations and cerebral palsy.13 Although the authors
of that study did not report on thyroxine concentra-
tions, other studies have shown that triiodothyronine
and thyroxine concentrations are directly correlated in
preterm infants.8-11,33 In another study, in which fine-
motor development and coordination, passive language,
and gross-motor skills, but not cerebral palsy, were as-
sessed at the age of two years, blood thyroxine concen-
trations more than 3 SD below the mean shortly after
birth were associated with a risk of failing to achieve
one or more developmental milestones that was 3.5
times the normal risk.14 The 479 subjects in that study
were premature infants with gestational ages of less
than 32 weeks or birth weights below 1500 g. The co-
hort was reevaluated at five and nine years of age15;
each decrease of 1 SD in the thyroxine concentration
in the first weeks of life was associated with a 30 per-
cent increase in the risk of handicap and neurologic
dysfunction at five years of age and a 30 percent in-
crease in the likelihood that the child would need spe-
cial education or repeat a grade in school by the age
of nine.

These studies, in contrast to ours, did not find
an association between hypothyroxinemia and disabling

*Prenatal, perinatal, and early neonatal variables assessed in multivariate models were ma-
ternal age, education, race or ethnic group, single or multiple gestation, sex, growth retarda-
tion, maternal hypertension, maternal smoking, year of birth, prolonged rupture of mem-
branes, type of labor and delivery, Apgar scores, location of intensive care nursery, lowest and
highest arterial-blood gas values in the first 24 hours, age at thyroxine test, lowest systolic and
diastolic blood pressure, mechanical ventilation (yes or no), fraction of inspired oxygen at the
end of the first 24 hours, hypoglycemia, hypocalcemia, brain lesions in the first two days, and
clinical or confirmed sepsis in the first week. Additional late neonatal variables assessed in
multivariate models were the number of days of mechanical ventilation, number of days re-
ceiving supplemental oxygen, number of days in the hospital, late brain lesions, patent ductus
arteriosus, and bronchopulmonary dysplasia. CI denotes confidence interval.

Table 4. Odds Ratios for Disabling Cerebral Palsy at Two Years
of Age Associated with Mild or Severe Hypothyroxinemia among
463 Infants Born at 33 Weeks of Gestation or Earlier, in Unad-

justed and Adjusted Models.*

MODEL

MILD

HYPOTHYROXINEMIA

SEVERE

HYPOTHYROXINEMIA

odds ratio (95% CI)

Unadjusted 3.7 (1.1–13.1) 17.6 (5.0–61.7)

Adjusted for gestational age 3.1 (0.9–11.0) 10.8 (3.0–39.3)

Adjusted for gestational age, prenatal, 
perinatal, and early neonatal
variables

1.1 (0.3–4.2) 3.5 (0.9–13.6)

Adjusted for gestational age, prenatal, 
perinatal, and early and late neona-
tal variables

1.6 (0.4–6.5) 4.4 (1.0–18.6)

*The variables assessed in multivariate models are listed in the footnote to Table 4. CI de-
notes confidence interval. Negative numbers indicate lower mean scores among the infants
with hypothyroxinemia than among those without it.

Table 5. Reductions in Mental-Development Scores at Two
Years of Age Associated with Mild or Severe Hypothyroxinemia
among 400 Infants Born at 33 Weeks of Gestation or Earlier, in

Unadjusted and Adjusted Models.*

MODEL

MILD

HYPOTHYROXINEMIA

SEVERE

HYPOTHYROXINEMIA

mean difference (95% CI)

Unadjusted �5.0 (�9.9 to �0.1) �17.5 (�24.3 to �10.7)

Adjusted for gestational age �4.3 (�9.3 to 0.7) �15.4 (�22.6 to �8.1)

Adjusted for gestational age, 
prenatal, perinatal, and 
early neonatal variables

�2.3 (�7.0 to 2.5) �9.9 (�16.9 to �3.0)

Adjusted for gestational age, 
prenatal, perinatal, and 
early and late neonatal 
variables

�1.5 (�6.1 to 3.0) �6.8 (�13.2 to �0.3)
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cerebral palsy. However, the congenital diplegia associ-
ated with endemic cretinism has long been considered
a form of cerebral palsy.28 In addition, maternal thyroid
dysfunction and treatment of the mother with thyroid
hormone during pregnancy were both found to be asso-
ciated with an increased risk of cerebral palsy in the
National Collaborative Perinatal Project.34 

Although we adjusted for many variables, residual
confounding could conceivably have produced a spuri-
ous association between thyroxine concentrations and
neurologic development if the thyroxine concentration
is a marker for unsuspected or unmeasured factors in
the chain of events causing cerebral palsy or neurologic
deficit. Such an unidentified confounder would have to
have a larger effect in preterm newborns than the effect
we measured for severe hypothyroxinemia. The num-
ber of variables we tested and the magnitude of the as-
sociation make that unlikely. Indeed, in this study the
odds ratios for adverse neurologic outcomes after ad-
justment for a number of variables could well underes-
timate the strength of a true causal association because
of over-control for variables in the causal pathway.

A therapeutic trial directed at increasing neonatal
thyroxine concentrations, perhaps by postnatal thyrox-
ine therapy (with or without the administration of thy-
rotropin-releasing hormone to the mothers before deliv-
ery), might resolve the issue of causality and determine
whether such therapy could prevent or modify the ad-
verse neurologic and developmental outcomes associated
with prematurity. Crucial to an estimation of the risks of
thyroxine administration is a better understanding of the
causes of severe hypothyroxinemia. It may be that the
low thyroxine concentrations typically seen in preterm
infants (along with the low triiodothyronine concentra-
tions) are the result of nonthyroidal illness.2-4,7,9,35 If such
illness is present, thyroid hormone production falls and
protein catabolism and oxygen consumption may be
reduced — a potentially beneficial adaptive response
to illness. If hypothyroxinemia is caused by nonthy-
roidal illness and if the change is protective,36 the ad-
ministration of thyroid hormones might not be appro-
priate.

Thyroid hormones have been given to small numbers
of preterm infants with either beneficial effects5,37-41 or
no apparent effects.42,43 The studies in which this has
been done have not provided rigorous proof of the safe-
ty or efficacy of such treatment. Taken together, howev-
er, they do not appear to contraindicate further study of
thyroid hormone therapy in infants born prematurely.

We are indebted to Mrs. Katherine Coons and Ms. Max Kuroda for
research assistance, to Dr. Melissa Begg and Mr. Roger Vaughan for
assistance with the statistical analyses, to Dr. Alan Leviton for helpful
suggestions during the preparation of the manuscript, and to Ms. Car-
ol Southard, of the Inborn Errors of Metabolism Laboratory of the
New Jersey State Department of Health, who made it possible for us
to obtain the results of thyroid screening in the study subjects.
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