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ACTH-secreting pituitary microadenomas are associated with a
higher prevalence of central hypothyroidism compared to other
microadenoma types

Nestoras Mathioudakis, Sritika Thapa, Gary S. Wand, and Roberto Salvatori
Division of Endocrinology, Department of Medicine, The Johns Hopkins University School of
Medicine, Baltimore, MD, USA

Summary

Context—Unlike pituitary macroadenomas, microadenomas (micros) are not commonly
associated with hypopituitarism. In clinical practice, we have observed that patients with ACTH-
secreting micros have a higher than expected prevalence of central hypothyroidism (HT), and we
speculated that this effect might be because of glucocorticoid-induced suppression of the
hypothalamic—pituitary—thyroid axis.

Objective—To determine whether there is a difference in the prevalence of central HT among
ACTH micros compared to other types of microadenoma, and if so, to investigate whether this is
directly related to the degree of hypercortisolism.

Design, setting and patients—Retrospective study of 149 newly diagnosed patients with
pituitary micros: 34 ACTH-secreting, 72 prolactin-secreting (PRLomas) and 43 clinically
nonfunctioning adenomas (NFAS).

Main outcomes measures—~Prevalence of central HT, correlation between normalized free T4
or TSH vsnormalized urinary free cortisol (UFC) or salivary cortisol.

Results—The prevalence of central HT was significantly higher in the ACTH compared to the
non-ACTH adenomas: 18% (ACTH), 1% (PRL) and 0% (NFAs). The mean normalized free T4
was lower in the ACTH micros compared to the non-ACTH micros (1-29 £ 0:06 vs1-50 + 0-23, P
= 0:0001). There was no correlation between the degree of hypercortisolism, as reflected by 24-h
urine free cortisol and salivary cortisol, and free T4 or TSH levels among the ACTH adenomas.
Similarly, there were no differences in mean UFC or salivary cortisol between ACTH adenomas
with and without central HT. Following transsphenoidal adenomectomy, central HT recovered in
three of six patients with ACTH micros.

Conclusions—These findings suggest that patients with ACTH-secreting microadenomas
should always, at a minimum, undergo testing for central HT. However, given the potential for
recovery of thyroid function following cure of Cushing disease, we recommend withholding
thyroid hormone replacement until after pituitary surgery.
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Introduction

Pituitary macroadenomas (macros) may result in varying degrees of hypopituitarism, while
limited observational studies and clinical experience suggest that microadenomas (micros)
are unlikely to compromise pituitary function.! Raised intrasellar pressure causes
hypopituitarism likely by compressing the portal blood supply and interrupting delivery of
hypothalamic hormones to the anterior pituitary.2 With respect to pituitary micros, there are
no specific data regarding the prevalence of hypopituitarism as it could occur along a
continuum of tumour size (i.e. smaller vs larger micros). As larger micros may resemble
macros in their ability to compromise anterior pituitary function, recent Endocrine Society
guidelines recommend testing for hypopituitarism in all patients with an incidentally
discovered pituitary adenoma, regardless of size.! Based on combined data of micros and
macros (weighted heavily towards macros), when hypopituitarism does occur, GH and
gonadotrophin deficiency are the most likely to be present, followed by ACTH and TSH
deficiency.3-6

We have noted that among our patients with micros, those with ACTH-secreting adenomas
seem to have a higher prevalence of central hypothyroidism (HT) compared to other micro
types (both hormone-secreting and clinically nonfunctioning) of comparable size. We
speculated that this might be related to the effects of hypercortisolism on the hypothalamic—
pituitary—thyroid axis. The goal of our study was to determine whether there was a
difference in the prevalence of central HT among ACTH micros compared to other types of
microadenoma, and if so, to investigate whether this was directly related to the degree of
hypercortisolism. As there are limited data regarding the prevalence of hypopituitarism
specifically among micros, a secondary goal of our study was to report our experience on
anterior pituitary function (albeit limited to central HT) in this patient population.

Patients and methods

With approval from our Institution’s Review Board, we performed a retrospective electronic
chart review of 149 newly diagnosed patients with pituitary micros. There were 34 ACTH-
secreting (ACTHomas), 72 prolactin-secreting (PRLomas) and 43 clinically nonfunctioning
adenomas (NFAs). The patients with ACTHomas were seen by two of the authors (R.S. and
G.S. W.) in their endocrinology clinical practices over a 12-year period (2000-2012).
Because of the higher prevalence of PRLomas and NFAs, these patients were selected
sequentially from the practice of one author (R.S.) from 2008 to 2012. With the exception of
the patients’ self-reported heights, all of the data were collected from the electronic medical
records and patient charts. For calculations involving tumour size, only those tumours that
had specific maximal dimensions on the radiology report were included.

Given that surgery itself poses a risk of hypopituitarism, we reviewed only the pretreatment
biochemical evaluation. The majority of PRLomas were treated with dopamine agonists,
most NFAs were followed over time and required no intervention and all ACTHomas were
treated surgically. As most GH-secreting tumours are macros at presentation, we did not
have a sufficient number of acromegalic patients with micros to include in our study. Given
the aim of our study, we did not evaluate TSH-secreting adenomas.
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For all patients with micros, we identified those who fulfilled the criteria for a diagnosis of
central HT prior to treatment: a low free T4 in conjunction with a low or inappropriately
normal TSH level. We excluded those patients with an antecedent diagnosis of primary HT
or those NFAs and PRLomas with a history of glucocorticoid use within 3 months prior to
initial endocrine evaluation. While most patients had concurrent free T4 and TSH values, we
included subjects who had only a free T4 value as long as it was normal, as this was
considered sufficient to exclude central HT. The proportion of patients who had free T4 or
simultaneous free T4 and TSH that were drawn at our institution was: 51% and 44% for
NFAs, 56% and 50% for PRLomas and 42% and 39% for ACTHomas, respectively.
Between 2000 and 2004 in our hospital, free T4 was measured using the AIA-PACK FT4
assay, and since 2005, the ST AIA-PACK FT4 assay has been used (both assays from Tosoh
Bioscience, San Francisco, CA, USA). From 2000 to 2004, the Tosoh Bioscience AlA-
PACK TSH third-generation assay was used in our institution, and since 2005, the ST AIA-
PACK TSH assay was used. The only difference between the AIA and ST AIA assays is a
shorter assay time for the latter, with nearly identical assay results (/2 = 0-9954 for ST AlA-
PACK vsAIA-PACK FT4 and /2 = 0-9983 ST AIA-PACK TSH vs AIA-PACK TSH third
generation). The assay sensitivities for ST AIA-PACK FT4 and ST AIA-PACK TSH are 1-3
pM and 0:01 plU/, respectively. For ST AIA-PACK FT4, the coefficient of variation for
inter- and intra-assay runs at concentration of 7:2 pM is 4.9% and 4-0%, respectively. For ST
AIA-PACK TSH, the coefficient of variation for inter- and intra-assay runs at a
concentration of 219 plU/I are 5:0% and 2-9%, respectively. Among our patients, 29% of
the ACTHoma patients had free T4 and/or TSH obtained before 2005 (using AIA-PACK
assays) and 71% after 2004 (using ST AIA-PACK assays). Although various commercial
assays were used for free T4, the lower limit of normal was defined to be 9-0 pM for 92% of
cases.

To test the hypothesis that hypercortisolism rather than tumoural mass effect was
contributing to central HT, we divided the patients into two groups: ACTH-secreting and
non-ACTH-secreting, with the latter group consisting of the PRLomas and NFAs. We then
sought to test whether the degree of hypercortisolaemia in ACTH adenomas (as reflected by
urinary free cortisol (UFC) and salivary cortisol measurements) was different between those
patients with and without central HT. Various commercial assays were used in this study for
UFC and salivary cortisol measurements. The most commonly used commercial UFC assay
utilized high-performance liquid chromatography from 2000 to 2005, and after 2005, has
utilized liquid chromatography/mass spectrometry. To overcome the issue of interlaboratory
variability, we normalized the salivary cortisol and UFC values by dividing them by the
upper limit of the reference range provided by the performing laboratory. Similarly, we
normalized the free T4 by dividing the values by the lower limit of reference range, and the
TSH by dividing the values by the upper limit of reference range. Using this approach, none
of the normalized free T4 values <1 (indicative of HT) corresponded to normalized TSH
values >1 (indicative of adequate TSH response), and therefore, all were consistent with
central HT.

As cortisol excess can also lead to gonadotrophin deficiency, we determined the prevalence
of amenorrhoea/oligomenorrhoea in premenopausal women, excluding those with a history
of oophorectomy or hysterectomy. We did not have a sufficient number of pretreatment
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IGF-1 levels in our Cushing disease cohort to study the relationship between
hypercortisolism and GH deficiency.

Statistical analysis

Results

GraphPad Prism version 5.01 for Windows (GraphPad Software, San Diego, CA, USA) was
employed to perform statistical analysis. 7-test was used to compare means between the
groups, Xz—test (Fisher’s exact test, two-sided) was used for comparison of proportions and
linear regression was used to correlate continuous variables. Data are expressed as means +
SEM.

Consistent with the female predominance in Cushing disease, we observed a significantly
higher proportion of women in the ACTH group compared to the non-ACTH group, with a
similar age distribution between groups (Table 1). There was no difference in mean tumour
diameter in the ACTH vsnon-ACTH groups. The mean normalized free T4 was
significantly lower in the ACTH vsnon-ACTH group. However, there was no difference in
mean normalized TSH between the groups (Fig. 1). Central HT was present in six of 34
ACTH adenomas (18%), one of 72 PRLomas (1%) and 0 of 43 NFAs (0%). This
corresponded to an odds ratio of 11-30 (2:169-58-87, 95% confidence interval) of central HT
in ACTH adenomas compared to non-ACTH adenomas. The PRLomas and NFAs did not
differ with respect to patient demographics, tumour size and results of biochemical testing
for HT (Table 1).

Among the ACTH adenoma patients, those with central HT were younger in age, but
otherwise had similar BMI and tumour size (Table 2). The mean normalized free T4 was
significantly lower in the group with central HT compared to those without. We did not find
a direct correlation between measures of hyper-cortisolism (normalized UFC and salivary
cortisol) and either normalized free T4 or TSH (Fig. 2).

Recovery of thyroid function following transsphenoidal surgery was seen in three of the six
Cushing disease patients with baseline central HT. The time to recovery was documented to
be 2 weeks for two of the patients. One individual was lost to follow-up and returned to
clinic over a year later. At that time, she had been off levothyroxine for several months and
had documented normal free T4 and TSH levels. The one PRLoma patient with central HT
was unfortunately lost to follow-up after starting levothyroxine and cabergoline, so his long-
term thyroid status could not be determined. The three patients who had recovery of thyroid
function were also deemed to be in remission from Cushing disease at the time of their
evaluation. For the three patients who had persistent central HT following surgery, one was
deemed to be in remission of Cushing disease, while the other two had persistent
hypercortisolism requiring additional treatment (pituitary irradiation for both and bilateral
adrenalectomy for one).
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Discussion

We found that ACTH micros are associated with significantly lower mean free T4 levels and
a higher prevalence of central HT (18%) compared to other types of microadenoma (<1%).
This effect does not appear to be mediated by tumour compression on the normal pituitary,
as there was no difference in tumour size between the ACTH and non-ACTH groups, nor
was there any difference in tumour size in the ACTH group with central HT compared to the
group with normal thyroid function. However, our data do not support our hypothesis that
hypercortisolism is the mechanism behind central HT in these patients, as we found no
correlation between free T4 or TSH levels and the degree of hypercortisolism as measured
by UFC and salivary cortisol.

Glucocorticoids have long been known to alter thyroid function at the level of the
hypothalamus and pituitary.”~9 In healthy subjects, administration of high doses of
glucocorticoids leads to a 50% decrease in serum TSH levels, 19% decrease in serum total
T3 levels, but no significant changes in serum free T4 levels.10 The disparate effect on serum
T3 and T4 levels is believed to be because of glucocorticoid-mediated changes in peripheral
thyroid hormone metabolism, specifically increased reverse T3 production because of type 1
deiodinase inhibition in the liver.10.11 |t has also been shown that exogenous glucocorticoids
alter hypothalamic control by reducing mRNA expression of thyrotropin releasing hormone
(TRH).12 /n vitro studies have recently identified a role for annexin 1, a protein produced by
the folliculostellate cell of the pituitary, which is believed to play a paracrine role in the
modulation of TSH and other anterior pituitary hormones.13

In individuals with Cushing syndrome, cortisol excess results in decreased 24-h secretion of
TSH because of diminished pulsatility of the hormone, an effect which can be reversed after
surgical correction of the source of hypercortisolism (pituitary or adrenal adenomectomy).13
In agreement with our study, Roelfsema et a/13 showed that free T4 levels were reduced
specifically in patients with pituitary-dependent Cushing syndrome compared to controls,
but not in adrenal Cushing. Transsphenoidal adenomectomy has been shown to restore the
dynamic secretory patterns of ACTH, cortisol, TSH, GH and PRL.1415 Indeed, in our study,
half of the Cushing disease patients with central HT had recovery of thyroid function
following curative transsphenoidal surgery. One of the three patients with persistent
postoperative central HT was actually deemed to be in remission from Cushing disease,
raising the possibility of surgically induced HT in her case.

In light of the above-described relationship between hypercortisolism and thyroid function,
we were surprised by the lack of correlation between the extent of hypercortisolism and
baseline free T4 levels, or the diagnosis of central HT. As ‘cortisol burden’ is a combination
of degree and duration of hypercortisolism, it is possible that we failed to identify a
correlation between central HT and hypercortisolism because the impact of disease duration
on cumulative cortisol exposure cannot be readily determined. It is also possible that the
strict definition of central HT (low free T4 and inappropriately normal or low TSH) may
underestimate the prevalence of mild central HT in all the adenomas, as we do not know
whether a TSH level is appropriate for patients whose free T4 levels are at the low-normal
end (at or around the cut-off of normal). Given the logarithmic relationship between TSH
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and free T4, a normal TSH in the face of low-normal free T4 levels may actually represent a
deficient pituitary response for some individuals. Such cases would only be recognizable
with a TRH stimulation test. It is also conceivable that the local effect of high ACTH may
influence the synthesis or secretion of TSH, independent of the serum cortisol level.

An alternative explanation is that the impaired thyroid function in Cushing disease may
simply reflect a sick euthyroid syndrome status. It has been shown that patients with
Cushing disease have higher levels of intrapituitary cytokines, which are known to modulate
both the adrenal and thyroid axes.16:17 Despite the immunosuppressive effects of cortisol,
Cushing syndrome is considered a proinflammatory state, and it is plausible that the pattern
of thyroid function tests seen in Cushing disease individuals may indicate an adaptive
response to chronic illness rather than true TSH deficiency.17-18

In addition to the suppressive effects on TSH secretion, gluco-corticoids negatively affect
gonadotrophins, GH, PRL and vasopressin.19 The high prevalence of amenorrhoea/
oligomenorrhoea in our ACTHoma patients suggests the presence of gonadotrophin
deficiency in these individuals.1® Although an inverse relationship between degree of
hypercortisolism and GH secretion has been observed in patients with Cushing disease, GH
secretion is usually preserved except in cases of severe hypercortisolism.20 Differences
between GH and PRL secretory dynamics were not observed when comparing patients with
ACTH micros vsmacros, and it has been speculated that the negative suppressive effects of
cortisol or an intrapituitary paracrine mechanism may be the cause of impaired GH/PRL
secretion.20 Given the retrospective nature of our study, we were unable to study the impact
of hypercortisolism on GH and PRL.

Interestingly, the only tumour associated with central HT in the non-ACTH group was a very
small (2 mm) PRLoma. None of the NFAs, including those >6 mm, were associated with
central HT. This observation is in contrast to a study that showed a prevalence of
hypopituitarism in 50% of 38 nonfunctioning micros, of which 39% had central HT.# In this
study, the mean tumour size of the NFAs was similar to ours (4-2 vs5-0 mm), excluding size
as the reason for the discrepancy.? Our findings are in agreement with the data of Orija et af.,
21 who implied that the prevalence of partial hypopituitarism in over 100 nonfunctioning
micros was low. Clearly, further prospective studies are needed to establish the prevalence of
hypopituitarism in micros.16

There are several limitations to our study. First, given the rarity of Cushing disease, we had a
relatively small sample size of ACTH micros, which may, just by chance, overestimate the
prevalence of central HT in this population. As a retrospective study, there is an obvious
selection bias in that only patients for whom biochemical testing was available were
included. As Cushing’s syndrome can be diagnosed on the basis of two of three diagnostic
tests, we did not have UFC and salivary cortisol values for all patients. Also, our study was
limited to PRLomas, ACTHomas and NFAs, so the results may not be applicable to GH-
secreting micros.

In conclusion, while currently there is a lack of clear evidence to support testing for
hypopituitarism in microadenomas, our study suggests that patients with ACTH-secreting
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micros may be at higher risk for central hypothyroidism than other micros. Until larger,
more rigorous prospective studies determine whether a size threshold should guide testing
for hypopituitarism, we suggest that screening for central hypothyroidism be considered in
all patients with ACTH micros at the time of diagnosis. However, as the pattern of thyroid
dysfunction seen in Cushing disease may actually reflect a sick euthyroid state that may
normalize after hypercortisolism is resolved, we recommend withholding thyroid hormone
replacement until after pituitary surgery.
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(a) Normalized free T4 values (Free T4/lower limit of reference range for assay) according
to adenoma type. (b) Normalized TSH values (TSH/upper limit of reference range for
assay).
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Free T4 vs. UFC
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Fig. 2.

Cgrrelation between (a) normalized free T4 vs normalized urinary free cortisol (UFC), n=
29, 2=0:02, P=0-42. (b) Normalized free T4 vssalivary cortisol, 7= 21, 2 =0-02, P=
0-51. (c) Normalized TSH vs normalized UFC, n= 29, /2= 0-04, P= 0-32. (d) Normalized
TSH vs normalized salivary cortisol, 7= 21, /2 = 0-01, P= 0-65.
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Table 2

Patient demographics, tumour characteristics and biochemical profile of ACTHomas

Page 12

ACTH adenomas (n = 34)

With central HT (n = 6)

Without central HT (n = 28)

P-value (with vs without
central HT)

No. female/male (%)
Mean age (years)
BMI (kg/m?)

Prevalence of amenorrhoea (7= premenopausal
women)

Maximal tumour diameter (mm)
Normalized free T4

Normalized TSH

Normalized UFC

Normalized salivary cortisol

6/0 (100/0)
288+45
427461 (n=5)
100% (1= 5)

5.83 + 0-95 (1= 6)
083 + 0-05 (7= 6)
028 +0-09 (= 6)
242 +0-28 (n=6)
345 + 0-67 (n=5)

27/1 (96/4)

404 +2:2
373426 (n=19)
78% (n= 18)

5.81 + 0-44 (n=22)
139 + 0-04 (7= 28)
045 + 0-07 (n=28)
5.10 + 1-59 (= 23)
5.01 +1.30 (7= 16)

1.0

0-04
038
0-54

0-98
<0-0001
0-28
0-40
0-52

HT, hypothyroidism; UFC, urinary free cortisol. Bold font indicates statistically significant 2 values.
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