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Abstract
Background

The association between ocular hypertension and endogenous hypercortisolemia, as well as the
ophthalmological outcomes after endocrine remission due to a surgical resection were still unknown.

Methods

Intraocular pressure (IOP), visual �eld and peripapillary retinal nerve �ber layer thickness were
documented in all patients with Cushing’s disease (CD) admitted to a tertiary pituitary center for surgery
from Jan to Jul 2019. Patients with acromegaly and patients with nonfunctioning pituitary adenoma
(NFPA) during the same study period were served as controls. We calculated the odds ratio and identi�ed
risk factors of developing ocular hypertension, and presented postoperative trends of IOP.

Results

52 patients (38.4±12.4 years old) with CD were included. IOP was higher in patients with CD (left 19.4 ±
5.4 mmHg and right 20.0 ± 7.1 mmHg) than patients with acromegaly (left 17.5 ± 2.3 mmHg and right
18.6 ± 7.0 mmHg, p = 0.033) and patients with NFPA (left 17.8 ± 2.6 mmHg and right 17.4 ± 2.4 mmHg, p
= 0.005). 21 eyes (20.2%) in patients with CD were diagnosed with ocular hypertension comparing to 4
eyes (4.7%) in the acromegaly group and 4 eyes (4.5%) in the NFPA group. The odds ratio of developing
ocular hypertension in patients with CD was 5.1 (95% CI, 1.3 – 25.1, p = 0.029) and 6.6 (95% CI, 1.8 –
30.3, p = 0.007), comparing with the two control groups, respectively. Among patients with CD, those with
higher urine free cortisol were more likely to develop ocular hypertension (OR 19.4, 95% CI 1.7 – 72.6). IOP
decreased at one-month follow-up in patients with CD and the change sustained at three-month follow-
up.

Conclusions

In conclusion, patients with CD had increased risk of developing ocular hypertension comparing to other
types of pituitary adenomas, which warrant the discretion of both ophthalmologists and
neuroendocrinologists. 

Background
Cushing’s disease (CD) is characterized by hypercortisolism resulting from a corticotroph pituitary
adenoma that secretes excessive adrenocorticotrophic hormone (ACTH). Common clinical symptoms
and signs of CD include weight gain, centripetal fat deposition, cutaneous striae, skin thinning, muscle
wasting, and fatigue 1,2. Hypercortisolism-related comorbidities (diabetes mellitus, hypertension,
cardiovascular disease, and deep venous thrombosis) may result in severe complications and a high
mortality rate 3,4.
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The majority of CD encountered in clinics were usually a small tumor, namely microadenoma. Visual
dysfunction due to tumor compressing was not commonly seen in these patients. As the largest tertiary
pituitary center in South China, we encountered many patients who had glaucoma surgeries performed
and then referred to our center for endocrine evaluation. It was well known that systemic steroid was a
signi�cant risk factor for increased intraocular pressure (IOP) 5,6, and the incidence may rise to 30–40%
of the general population due to topical or systemic glucocorticoids usage 7,8. However, only several case
reports and two cohort studies 9–11 investigated the association between increased IOP and endogenous
hypercortisolemia. The association between glaucoma and excessive endogenous cortisol, as well as the
ophthalmological outcomes after endocrine remission due to a surgical resection were still unknown.

We hypothesized that the risk of developing ocular hypertension was increased in patients with CD. We
compared the ocular manifestation in patients with CD with two control groups: patients with growth
hormone secreting pituitary adenomas (acromegaly), and patients with clinically nonfunctioning pituitary
adenomas (NFPA), in an attempt to distinguish endocrine- as opposed to tumor-related effects.

Methods

Cohorts
We recorded clinical data of all patients with CD admitted to Huashan Hospital for surgery from Jan to
July 2019. Patients who had underwent glaucoma treatment were excluded. We also included two control
groups: control group I included randomly selected acromegalic patients, and control group II included
randomly selected patients with NFPA who underwent pituitary surgery in our institution during the same
study period. The study was approved by the Huashan Hospital Institutional Review Board and was
conducted under the ethical standards of the Declaration of Helsinki. All the patients provided written,
informed consent to participate in our study when their clinical data were recorded.

De�nition of Cushing’s disease and the control groups
The diagnosis of Cushing’s syndrome was based on the following criteria: elevated 24-hour urinary free
cortisol (24 h UFC) above the upper limit of the reference range, and/or lack of serum cortisol suppression
after 1 mg dexamethasone in the absence of other exogenous glucocorticoid use. ACTH-dependent
hypercortisolism of pituitary origin (CD) was con�rmed by normal or elevated preoperative plasma ACTH
concentrations and at least one of the following: (a) immunopathology con�rming the diagnosis; (b)
clinical and endocrine remission after pituitary surgery; (c) preoperative bilateral inferior petrosal sinus
sampling predicting a pituitary source 12.

The diagnosis of acromegaly was based on the symptoms, elevated growth hormone (GH) or insulin
growth factor-1 (IGF-1) level, and postoperative pathological con�rmation. The diagnosis of an NFPA was
based on the postoperative pathological con�rmation of a pituitary adenoma in the absent
endocrinological or clinical evidence of a functional tumor.
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Ophthalmological examinations and de�nitions
All patients underwent the following eye examinations: best correct visual acuity, IOP using noncontact
tonometry, slit-lamp examination of the anterior, and ophthalmoscope examination of the posterior
segment. The visual �eld was identi�ed by static perimetry in a threshold approach (SITA Standard 30 − 
2, Humphrey Field Analyser II, Carl Zeiss Meditec Inc., Australia). Peripapillary retinal nerve �ber layer (p-
RNFL) thickness was measured by optical coherence tomography (OCT) images (DRI OCT Triton, Topcon,
Japan) using three-dimensional disc and optic nerve head protocols.

Ocular hypertension was diagnosed if intraocular pressure was higher than 21 mmHg 13. A typical
glaucomatous visual �eld damage was diagnosed by a cluster of 3 or more adjacent points in a typical
localization for glaucoma with p < 5% in pattern standard deviation and for one of them with p < 1% in
pattern standard deviation 14. IOP and visual �eld tests during follow-up were carried out at one-month
and three-month after surgical resection.

Other factors
We identi�ed baseline characteristics, including age, gender, height, weight, and major comorbidities
(hypertension, diabetes mellitus). We recorded tumor size (no visible tumor, microadenoma or
macroadenoma) and the presence of cavernous sinus invasion on magnetic resonance imaging (MRI). In
patients with CD, we recorded morning ACTH and 24 h UFC. In addition to preoperative cortisol and ACTH
data, we recorded information on free thyroxine (T4) and free triiodothyronine levels (T3) in all patients.
Repeat testing of fasting morning cortisol was obtained consecutively after the operation. Postoperative
serum cortisol levels were consistent with a remission, in case of low early morning serum cortisol
concentrations (< 1.8 ug/dL).

Statistical methods
Continuous variables are expressed as mean ± SD, and categorical variables are expressed as numbers
and proportions. We calculated the odds ratio of developing ocular hypertension after adjusting for
plausible confounders (age, gender, BMI, T3, and T4) using general estimating equations to account for
inter-eye correlation. Postoperative trends of intraocular pressure are presented in patients with CD and
patients with acromegaly. All the analysis was completed by R software version 3.4.2.

Results
We identi�ed 54 patients with CD and excluded 2 patients for a previous glaucoma surgery. We included
52 patients (38.4 ± 12.4 years old) with CD, 43 patients with acromegaly, and another 44 patients with
NFPA in this study. Clinical characteristics, radiological assessment, endocrine tests are listed in Table 1.
The majority of patients with CD were female (78.8%), had hypertension (63.4%), and were with a
microadenoma (92.3%). 24 h UFC elevated in all these patients with normal or elevated ACTH. Comparing
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to patients with acromegaly or NFPA, patients with CD were younger, more likely to be female, more likely
to have hypertension or diabetes mellitus, and less likely to harbor a macroadenoma.
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Table 1
Basic characteristics and ocular manifestation in patients with different type of pituitary adenomas

  Patients with CD

(N = 52)

Patients with acromegaly

(N = 43)

Patients with NFPA

(N = 44)

Age (years old) 38.4 ± 12.4 47.3 ± 12.6 49.3 ± 13.7

Gender (Female) 41 (78.8%) 20 (46.6%) 21 (47.7)

Body mass index (kg/m2) 25.5 ± 4.3 25.5 ± 3.6 24.4 ± 3.4

Comorbidities      

Diabetes Mellitus 19 (36.5%) 14 (32.6%) 8 (18.2%)

Hypertension 33 (63.4%) 14 (32.6%) 6 (13.6%)

Tumor characteristics      

Macroadenoma 4 (7.7%) 34 (79.1%) 39 (88.6%)

Microadenoma 48 (92.3%) 9 (20.9%) 5 (11.4%)

Nonequivocal tumor 28/48 (58.3%) NA NA

Equivocal tumor 20/48 (41.7%) NA NA

CS invasiveness 2 (3.8%) 11 (25.6%) 12 (27.3%)

Endocrinological tests      

ACTH (pg/ml) 65 [44–97] NA NA

24 h UFC (ULN) 3.3 [2.0–6.1] NA NA

GH (ng/ml) NA 10.4 [4.8–22.8] NA

IGF-1 (ULN) NA 2.4 [1.7–3.1] NA

Free T4 (pmol/l) 14.7 ± 2.9 19.2 ± 3.7 12.5 ± 3.2

Free T3 (pmol/l) 3.4 ± 0.8 4.8 ± 0.9 4.0 ± 0.6

Intraocular pressure (mmHg)    

Left 19.4 ± 5.4 17.5 ± 2.3 17.8 ± 2.6

Right 20.0 ± 7.1 18.6 ± 7.0 17.4 ± 2.4

Ocular hypertension      

Left 9 (17.3%) 3 (7.0%) 2 (4.5%)

CD: Cushing’s Disease, NFPA: nonfunctioning pituitary adenoma, CS: cavernous sinus, ACTH:
adrenocorticotropic hormone, UFC: urine free cortisol, GH: growth hormone, IGF-1: insulin growth
factor-1, NA: not available
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  Patients with CD

(N = 52)

Patients with acromegaly

(N = 43)

Patients with NFPA

(N = 44)

Right 12 (23.1%) 1 (2.3%) 2 (4.5%)

Glaucomatous visual �eld      

Left 3 (5.8%) 0 (0.0%) 0 (0.0%)

Right 4 (7.7%) 0 (0.0%) 0 (0.0%)

CD: Cushing’s Disease, NFPA: nonfunctioning pituitary adenoma, CS: cavernous sinus, ACTH:
adrenocorticotropic hormone, UFC: urine free cortisol, GH: growth hormone, IGF-1: insulin growth
factor-1, NA: not available

 

Intraocular pressure was higher in patients with CD (left 19.4 ± 5.4 mmHg and right 20.0 ± 7.1 mmHg)
than in patients with acromegaly (left 17.5 ± 2.3 mmHg and right 18.6 ± 7.0 mmHg, p = 0.033) and
patients NFPA (left 17.8 ± 2.6 mmHg and right 17.4 ± 2.4 mmHg, p = 0.005). Twenty-one eyes (20.2%) in
patients with CD were diagnosed with ocular hypertension comparing to four eyes (4.7%) in the
acromegaly group and four eyes (4.5%) in the NFPA group. Thus, the odds ratio of developing ocular
hypertension in patients with CD was 5.1 (95% CI, 1.3–25.1, p = 0.029) and 6.6 (95% CI, 1.8–30.3, p = 
0.007), compared with patients with acromegaly and patients with NFPA, respectively. Seven eyes (four
patients, 6.7%) with ocular hypertension had glaucomatous visual �eld damage in patients with CD, but
none of the eyes in the acromegaly group or the NFPA group.

We also compared the thickness of p-RNFL in patients with CD and patients with acromegaly but did not
observe statistical difference between the two groups (average RNFL, 109.6 µm in CD and 113.0 µm in
acromegaly, p = 0.153; superior RNFL, 132.2 µm in CD and 138.6 µm in acromegaly, p = 0.099, inferior
RNFL, 142.7 µm in CD and 146.5 µm in acromegaly, p = 0.288)

Figure 1 illustrated a typical patient with CD who was diagnosed with IOP. A 40 years old female with
central obesity and skin striae was admitted to our center. She was diagnosed with hypertension and
osteoporosis �ve years ago. Pre-operation evaluations con�rmed pituitary-originated hypercortisolemia
with increased 24 h UFC higher than three folds of the normal upper limit. Preoperative MRI and
intraoperative �ndings con�rmed a tumor located on the left side of the pituitary. The patient had
increased IOP to 25 mmHg on the left eye, and the visual �eld demonstrated nasal scotoma. P-RNFL was
within the normal range. IOP on the right eye increased to 50 mmHg and was suspected blind due to
glaucoma.

We further investigated the risk factors for developing ocular hypertension in patients with CD. We
regressed the outcome (patients developing ocular hypertension) on possible risk factors (age, gender,
BMI, comorbidities, tumor characteristics, endocrine tests) and found that only 24 h UFC was associated
with ocular hypertension (p = 0.025). Patients with 24 h UFC higher than three folds of the normal upper



Page 9/16

limit were more likely to develop ocular hypertension than patients who had lower 24 h UFC (OR 19.4, 95%
CI 1.7–72.6).

The majority of the patients with CD had remission (49/52, 94.3%) after surgical treatment. We further
reviewed postoperative IOP change in patients with functional pituitary adenomas (Fig. 2). IOP decreased
to 16.9 ± 4.3 mmHg in the left eye and 16.9 ± 4.8 mmHg in the right eye at one-month follow-up in
patients with CD. Afterward, the IOP kept constant at three-month follow-up (16.6 ± 3.1 mmHg in the left
eye and 17.4 ± 2.9 mmHg in the right eye). While patients with acromegaly had constant IOP (left 16.5 ± 
2.4 mmHg and right 16.6 ± 2.2 mmHg at one-month, left 16.8 ± 2.3 mmHg and right 16.8 ± 2.2 mmHg at
three-month) throughout the presurgical and follow-up period. Among the 7 eyes with glaucomatous
visual �eld damage, 6 eyes improved on the follow up visual �eld testing with one eye similar.

Discussion
In this prospective study, we documented that patients with Cushing’s disease were more likely to develop
ocular hypertension compared with patients with GH-secreting pituitary adenoma and patients with
nonfunctioning pituitary adenoma. The severity of the disease manifested by 24-hour urine free cortisol
was associated with the risk of developing ocular hypertension. Intraocular pressure decreased after
cortisol level normalization due to surgical resection of the tumor.

The prevalence of increased IOP among the general population varied in different studies. It was reported
to be 2.2% in an Indian cohort with a predominantly male composition, and the prevalence correlated with
increased age 15. The incidence was 1.4% from another study performed in a French cohort 16. It was
estimated that 7% of the adults aged 40 years and older in China had increased IOP 17. The incidence of
glaucoma was 3.5% among the population from 40 to 80 years old in a global study performed in 2013
18. Age-standardized incidence of primary glaucoma was estimated to be 2.6% in the general population
in China 19. According to these data, our study suggested that the incidence of ocular hypertension was
increased in patients with CD comparing to the general population.

Secondary glaucoma was usually caused by trauma, in�ammation, or external glucocorticoid usage 20.
Previous studies suggested that externally applied corticosteroids increase the intraocular pressure in
one-third of the general population 5–8. The proposed mechanism of corticosteroid-induced glaucoma
includes morphological and functional changes in the trabecular meshwork system and is similar to the
pathogenesis of primary open-angle glaucoma 21.

On the other hand, increased intraocular pressure in patients with endogenously elevated serum cortisol
levels was not well studied. So�a et al. reported a case with high intraocular pressure and subsequently
diagnosed with CD 9. The case had normalized IOP at one-year follow-up in a glaucoma clinic. Mishra et
al. reported that seven out of 22 patients had increased IOP in the CD cohort 11. Though they found mean
serum cortisol level was lower in patients with normal IOP comparing to those with high IOP, the
difference was not statistically signi�cant. Jonas et al. screened 62 patients with CD and found four eyes
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had increased intraocular pressure before surgery 10. However, they did not document any retinal nerve
�ber layer change and any glaucomatous visual �eld change in those cohorts. Our study was similar to
those previously reported studies by identifying endogenous hypercortisolemia as a risk factor for
developing ocular hypertension. We also found that IOP was associated with disease severity and can be
normalized after remission.

Though typical changes in patients with secondary glaucoma may include fundus change or RNFL
thinning, we were not able to identify these changes. Short disease duration precludes any positive
�ndings of RNFL thinning in these patients. Statistical comparison was also unavailable due to the
limited sample size.

The results of this study informed ophthalmologists and neuroendocrinologists that in patients with
ocular hypertension and glaucoma, endogenous hypercortisolemia should be considered. We have
several limitations in this study. Patients with CD were more likely to develop diabetes mellitus and
hypertension, which were not adjusted in the risk calculation. Nevertheless, we argued that diabetes
mellitus and hypertension were not associated with ocular hypertension. We used a non-contact
tonometer, which was not the gold standard for IOP measurement. Ideally, applanation tonometry should
be used for IOP measurement 22, but it was invasive and not routinely performed in our practice. We were
not able to measure corneal thickness, which was associated with IOP 23. Typically, IOP varies within 24
hours; thus, these patients should be investigated throughout this time cycle 24. However, we argue that a
24-hour IOP monitoring might only increase the odds ratio observed in the current result.

Conclusions
In conclusion, patients with CD had increased risk of developing ocular hypertension comparing to other
types of pituitary adenomas, which warrant the discretion of both ophthalmologists and
neuroendocrinologists. Intraocular pressure was reversible after resection of the tumor and restoration of
the cortisol level.
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OCT: optical coherence tomography

MRI: magnetic resonance imaging
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Figure 1

Illustration of a typical patient with Cushing’s disease and was diagnosed with glaucoma. A, pre-operative
T1W MRI shows an equivocal microadenoma on the left pituitary gland (red box); B, intraoperative
snapshots of the tumor (yellow box); C, glaucomatous change of the visual �eld with a cluster of 3 or
more adjacent points in a typical localization for glaucoma, with p < 5% in PSD, and for one of them with
p < 1% in PSD (green box); D, p-RNFL was within the normal range.
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Figure 2

Violin plot of intraocular pressure before and after resection of an ACTH-secreting and GH- secreting
pituitary adenoma.
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