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Increasing severity of traumatic brain injury in early
childhood is associated with a progressive reduction
in long-term serum thyroid-stimulating hormone
concentrations
Structural traumatic brain injury (TBI) can result in late-occurring health sequelae, consisting mainly of neuroendocrine dysfunctions.1,2 Studies have suggested that hypopituitarism is
relatively common following TBI in childhood, but recent evidence suggests that the incidence appears to be frequently overestimated.3 We recently showed that permanent hypopituitarism
is rare after both inflicted and accidental structural TBI in early
childhood.3
However, subtle disturbances in pituitary function have been
reported after TBI, including abnormalities in thyroid function.2
Niederland and colleagues found that concentrations of peripheral thyroid hormones were lower in children with TBI history
than in control subjects, even though their levels were in agerelated normal ranges.4 A recent small pilot study reported a
subtle reduction in overnight thyroid-stimulating hormone
(TSH) surge in children following moderate-to-severe inflicted
TBI.1 Thus, it is unclear whether injury severity can be responsible for more subtle long-term effects on thyroid function in the
absence of hypopituitarism. Therefore, we assessed whether
severity of TBI was associated with changes in circulating thyroid hormone concentrations in childhood in a cross-sectional
study.
Ethics approval was provided by the Northern X Regional
Ethics Committee. This study covers a previously reported
cohort of children who suffered TBI in Auckland (New Zealand).3 Cases were eligible if structural TBI had occurred within
the first 5 years of life, and more than 12 months previously.
Structural TBI was defined as the presence of skull fracture,
intracranial haemorrhage (extradural, subdural, subarachnoid
or intraventricular) or cerebral injury (contusion, infarct,
oedema or diffuse axonal injury) reported on computerized
tomography or magnetic resonance imaging scan. Structural
TBI was graded according to the Abbreviated Injury Scale for
the head region (AIS-HR).5 AIS-HR is an anatomical scoring
system, where injuries are ranked on a ‘threat to life’ scale of
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1–6 (1 – mild, 2 – moderate, 3 – serious, 4 – severe, 5 – critical
and 6 – not survivable).5 All participants had structural TBI
with AIS-HR ≥2.
Participants underwent a single clinical assessment at the
Maurice and Agnes Paykel clinical research unit at the Liggins
Institute (University of Auckland). All assessments were carried
out between 8:00 and 10:00 am, after a 15-min period of rest.6
Assays were performed as previously described.6
One hundred and ninety-eight (112 males) survivors of structural TBI sustained in early childhood [age at injury 17 years
(SD = 15)] were assessed 65 years (SD = 32) after injury. No
participants had significant abnormalities in thyroid function.
Three participants had slightly elevated TSH concentrations that
were 08–15 mIU/l above the normal range (050–470 mIU/l),
but all displayed normal fT3 (15–92 pmol/l), fT4 (10–26 pmol/
l) and prolactin (40–600 mIU/l) concentrations.
Greater AIS-HR scores (i.e. increasing TBI severity) were correlated with decreasing TSH concentrations (q = 020;
P = 0004), but not with free triiodothyronine (fT3; P = 010)
or free thyroxine (fT4; P = 049) concentrations. Multivariate
analyses (adjusting for important confounders) showed that
increasing TBI severity was associated with a progressive reduction in serum TSH concentrations (P = 0004; Fig. 1). Thus,
children with an AIS-HR score of 2 had a mean TSH concentration of 209 (95% CI 178–245) mIU/l compared to 144 (95%
CI 120–174) mIU/l for those with an AIS-HR of 5 (P = 0002),
that is TSH concentrations were 31% lower in the most severe
TBI cases.
Overall, increasing TBI severity was not associated with
changes in fT3 (P = 017) or fT4 (P = 077) concentrations.
However, the most severe TBI cases (AIS-HR = 5) had lower
fT3 concentrations than the rest of the cohort: 629 (95% CI
595–664) vs 664 (95% CI 647–682) pmol/l (P = 0046).

Fig. 1 The association between severity of structural traumatic brain
injury (TBI) and thyroid-stimulating hormone (TSH) levels in 198
children. Data are means and 95% confidence intervals adjusted for
confounding factors in the multivariate models: sex, pubertal status,
ethnicity, age at assessment, time lag between injury and assessment,
BMI SDS and TBI class (accidental vs inflicted). Higher Abbreviated
Injury Scale for the head region (AIS-HR) scores represent more severe
injury. P-value shown is for a continuous association.
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There were no observed associations between injury severity and
cortisol or prolactin levels.
This study shows that increasing TBI severity is associated
with a progressive reduction in serum TSH concentrations in
children in the long term, but which remained within the normal range. Although no clinically significant abnormalities in
thyroid function were observed in this cohort after structural
TBI in early childhood,3 these findings suggest subclinical effects
on thyroid function that are related to the severity of TBI. Overt
endocrinological abnormalities following TBI in children are
uncommon,3 but our study suggests that with increasing severity
there is a greater but apparently subtle impact on the neuroendocrine system that has not been previously described. Note that
a single sample was collected from each participant for TSH
measurement, which may not incorporate subtle short-term
TSH pulsatility.
Short-term impact of TBI on thyroid function has been previously shown. Data on 45 patients (15–70 years) showed that,
within 24 h of severe TBI, serum TSH concentrations progressively decreased with increasing injury severity as per Marshall
computerized tomography scores.7 A small adult study (n = 18)
also showed opposite TSH responses in mild vs severe TBI.8
Early disturbances in thyroid function following TBI have also
been reported in children. In a paediatric cohort involving survivors of moderate or severe TBI, most children showed fT4
levels at the low end of the normal range early after injury, and
both low TSH and fT4 levels have been found in one participant.2 Interestingly, in the same study, a TSH elevation was
observed in two patients (one and 2–3 months post-TBI).2 This
increase early after injury could result from low TSH biological
activity due to altered glycosylation of alpha and beta TSH subunits.9
Regarding long-term outcomes, the published data seem to be
entirely related to more severe effects on thyroid function, with
incidence of TSH deficiency one year after TBI reported as 5–12%
in paediatric TBI studies.4,9 Kaulfers and colleagues found that 2
of 21 (9%) survivors of moderate/severe TBI were diagnosed to
have central hypothyroidism 1 year post-TBI.2 Similarly, a
decrease in concentrations of fT4 and fT3 has been detected in a
cohort of 26 children with history of hospitalization due to mild
to severe TBI, although both fT4 and fT3 were within the normal
range.4 Notably, in both previous studies, the degree of pituitary
dysfunction was found to be independent from the severity of
TBI. Conversely, in a cohort of 14 children with moderate-tosevere inflicted TBI, 12 children (86%) showed at least one endocrine or growth alteration, with abnormal thyroid function in
33% of them.1 The specific mechanisms leading to long-term
changes in thyroid function following TBI are unclear. Autopsy
results suggest that vascular injury is common.10 In our study, the
lack of association between injury severity and either cortisol or
prolactin levels argues for direct pituitary injury rather than diffuse CNS or hypothalamic damage.
These previous data suggest that subtle changes in thyroid
function in children with moderate-to-severe inflicted TBI may
be more common than expected. Similar evidence is provided
by the present study, which provides the first report of an asso-

ciation between TBI severity and subtle long-term effects on thyroid function. This raises the possibility that subtle changes in
TSH may commonly occur following TBI, without overt abnormalities in thyroid function. The clinical significance of our
findings is unclear and should be explored in future prospective
studies. This subtle TSH reduction could possibly reflect minor
hypothalamic-pituitary damage, which may include vascular
insults to the small perforating vessels that supply the anterior
pituitary gland.
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