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INTRODUCTION

Hypopituitarism is a disease characterized by the decrease 
or absence of one or several hormones secreted by the pitu-
itary gland. Panhypopituitarism refers to a condition in which 
all of the adenohypophyseal hormones are absent in a pa-
tient, whereas partial hypopituitarism refers to a condition in 
which only one or few of the pituitary hormones are absent.1,2 
Hypopituitarism consists of a group of metabolic diseases with 
high rates of mortality and morbidity.3,4 In Western countries, 
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the annual incidence rate of hypopituitarism was reported to 
be 4.21 per 100,000 people according to a study in Spain.5 In 
Taiwan, data on the incidence rate of hypopituitarism are lack-
ing, but it is estimated to be low. Associated comorbidities of 
hypopituitarism include hypothyroidism, adrenal insufficien-
cy, pituitary dwarfism, hypogonadism, diabetes insipidus, and 
psychiatric manifestations, which can run either an acute or 
insidious course,6-8 and the diagnosis is often delayed.9

In 1949, Sheehan and Summers10 described depressive symp-
toms as well as psychosis in their study on hypopituitarism 
involving 143 patients. Several studies have reported depres-
sive symptoms in patients with hypopituitarism.11-15 Another 
study that analyzed 46 patients with hypopituitarism and un-
treated growth hormone (GH) deficiency reported an increased 
rate of major depressive disorder,16 a finding that was repli-
cated in a study on 33 female patients with hypopituitarism.17 
Furthermore, few case reports have suggested an association 
between psychotic symptoms and hypopituitarism.13-15,18 
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The mechanisms leading to psychotic disorders in patients 
with hypopituitarism have been hypothesized to be a combi-
nation of hypothyroidism, hypoglycemia, and adrenal insuf-
ficiency,18 GH deficiency,16 increased cardiovascular risk, 
comorbidities, and a history of radiotherapy for pituitary tu-
mors.17 Furthermore, in addition to glucocorticoid use,19 de-
ficiencies related to the thyroid gland, adrenal cortex, and sex 
hormone20-24 are common in these patients, which could play 
a role in this disease. Thus, patients with hypopituitarism are 
expected to have an increased risk of psychiatric diseases.

However, the onset of neuropsychiatric manifestations in 
patients with hypopituitarism is uncommon; there are few re-
ports of patients with hypopituitarism presenting with psy-
chosis or depression. Yet, it is believed that the incidence of 
psychiatric disorders is reported to be low because of inade-
quate sample size for examining the risk. To date, the associa-
tion between psychotic diseases and hypopituitarism remains 
unclear. In addition, hypopituitarism-related psychosis may 
be overlooked because of slow progression, indolent course, 
delayed/uncorrected diagnosis, and nonspecific psychiatric 
and physical symptoms.5

No cohort study has been conducted to investigate the as-
sociation between hypopituitarism and mental illnesses. Thus, 
the risk magnitude remains unestablished. Therefore, we in-
vestigated the incidence of diagnosed mental illnesses in pa-
tients with hypopituitarism compared with controls using a 
large, nationwide, and population-based database from Taiwan.

METHODS

Data source
We conducted a large nationwide, retrospective, cohort 

study using the National Health Insurance Research Data-
base (NHIRD) obtained from the Taiwanese National Health 
Insurance (NHI) records. The NHI is a form of nationwide 
health insurance that covers 99.9% of the 23.74 million peo-
ple living in Taiwan. The Longitudinal Health Insurance Da-
tabase (LHID), a subset of the NHIRD, comprises detailed 
healthcare usage data from 2000 to 2013 of 1 million NHI 
enrollees who were randomly selected and proven to be rep-
resentative of the Taiwanese population by the National Health 
Research Institutes (http://nhird.nhri.org.tw/date_01.html). 
The investigated diseases in the database are coded according 
to the International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM). The personally iden-
tifiable numbers in the LHID are encrypted before releasing 
to researchers. The Institutional Review Board of China Medi-
cal University Hospital, Taiwan approved this study (CMUH-
104-REC2-115).

Study subjects
Using the LHID, we selected 2,660 patients with suspected 

panhypopituitarism (ICD-9-CM: 253.2) or partial hypopitu-
itarism (ICD-9-CM: 253.3 and 253.4) (Figure 1). The diagno-
sis date was set as the index date. Because the ICD-9 system 
does not specify the central (thalamus/pituitary) or primary 
(thyroidal/adrenal/gonadal) origin of hypothyroidism, adre-
nal insufficiency, hypogonadism, hyponatremia, and diabetes 
insipidus, in this study, patients with endocrine disturbance 
related to hypothyroidism (ICD-9-CM: 244.0, 244.3, 244.8, 
and 244.9 excluding iatrogenic etiology), adrenal insufficien-
cy (ICD-9-CM: 255.41 and 255.42), hyponatremia (ICD-9-
CM: 276.1), ovarian failure (ICD-9-CM: 256.2, 256.31, and 
256.39), female infertility (ICD-9-CM: 628), amenorrhea (ICD-
9-CM: 626), testicular hypofunction (ICD-9-CM: 257.2), and 
testicular dysfunctions (ICD-9-CM: 257.8 and 257.9) were 
excluded.

Furthermore, 61 patients with mental illnesses, including 
neurocognitive disorders (ICD-9-CM: 290, 290.0, 290.1, 
290.11, 290.12, 290.13, 290.1, 290.2, 290.20, 290.21, 290.3, 
290.8, 290.9, 294.1, 294.10, 294.11, 294.8, and 294.9), schizo-
phrenic disorders (ICD-9-CM: 295, 295.0, 295.1, 295.2, 295.3, 
295.4, 295.5, 295.6, 295.7, 295.8, and 295.9), delusional disor-
ders (ICD-9-CM: 297, 297.0, 297.1, 297.2, 297.8, 297.9, and 
293.81), bipolar disorders (ICD-9-CM: 296.0, 296.1, 296.4, 
296.5, 296.6, 296.7, 296.8, 296.80, 296.81, 296.82, 296.89, 296.9, 
296.90, and 290.99), depressive disorders (ICD-9-CM: 296.2, 
296.3, and 300.4), and anxiety disorders (ICD-9-CM: 300.0, 
300.00, 300.01, 300.02, 300.09, and 300.3), before the index 
date were excluded.

We identified 1,194 patients with panhypopituitarism or 
partial hypopituitarism during the 2000–2013 period as the 
hypopituitarism cohort (Figure 1). Then, we matched patients 
without a diagnosis of partial hypopituitarism or panhypopi-
tuitarism (ICD-9-CM: 253.2, 253.3, and 253.4) as in year 2000 
for age, sex, and index year at a ratio of 1:4 as the control cohort.

Outcome measures
The primary outcome measured was the diagnosis date of 

mental illnesses. Mental illnesses, including neurocognitive 
disorders (ICD-9-CM: 290, 290.0, 290.1, 290.11, 290.12, 
290.13, 290.1, 290.2, 290.20, 290.21, 290.3, 290.8, 290.9, 294.1, 
294.10, 294.11, 294.8, and 294.9), schizophrenic disorders 
(ICD-9-CM: 295, 295.0, 295.1, 295.2, 295.3, 295.4, 295.5, 
295.6, 295.7, 295.8, and 295.9), delusional disorders (ICD-9-
CM: 297, 297.0, 297.1, 297.2, 297.8, 297.9, and 293.81), bipo-
lar disorders (ICD-9-CM: 296.0, 296.1, 296.4, 296.5, 296.6, 
296.7, 296.8, 296.80, 296.81, 296.82, 296.89, 296.9, 296.90, and 
290.99), depressive disorders (ICD-9-CM: 296.2, 296.3, and 
300.4), and anxiety disorders (ICD-9-CM: 300.0, 300.00, 300.01, 
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300.02, 300.09, and 300.3), were identified. All patients were 
followed from the index date until the date of the selected 
mental illnesses diagnosis, withdrawal from the NHI, death, 
or the end of 2013, whichever occurred first. In addition, we 
analyzed sociodemographic characteristics as potential con-
founders. The sociodemographic characteristics consisted of 
age (<18, 18–40, and ≥40 years), sex, occupation, and urban-
ization level of residence. Occupation was divided into three 
categories: white collar (those with long indoor working hours, 
such as institution workers, civil servants, and businesspeo-
ple), blue collar (those with long outdoor working hours, such 
as farmers, fishermen, and industrial laborers), and other (such 
as those retired, unemployed and with a low income). Urban-
ization level was divided into four levels based on an NHI re-
port, ranging from the most urban area (Level 1) to the most 

rural area (Level 4).

Statistical analysis
We compared the sociodemographic differences between 

the hypopituitarism and control cohorts using a chi-square 
test for categorical variables or a Student’s t-test for continu-
ous variables. Continuous data were expressed as mean (stan-
dard deviation). To calculate the diagnosis risk of mental ill-
nesses in question, we used the Cox proportional hazard 
regression model. With the incidence rate (per 10,000 per-
son-years) of the control cohort for reference, crude and ad-
justed hazard ratios (aHRs) were calculated for each category 
of psychiatric disorders studied. This would indicate the di-
agnosis risk of each of the psychiatric disorders for the study 
cohort compared with the control cohort. To investigate wheth-

All claim data from people enrolled in the Taiwan LHID (N=1,000,000)

2,660 Subjects with suspected newly diagnosed 
with partial or panhypopituitarism 2000–2013

1,265 Potential study subjects were selected

1,194 Patients with partial or panhypopituitarism
without mental illness at baseline

4,776 Age-, sex-, occupation, level of urbanization,
and index year 1:4 as frequency matched participants

without partial or panhypopituitarism assigned
to comparison cohort

1,395 Patients with endocrine disturbances related to 
  diabetes in sipidus (N=1),
  acquired hypothyroidism (N=32),
  adrenal insufficiency (N=0),
  ovarian failure (N=2),
  hypoosmolality and hyponatremnia (N=2),
  female infertility (N=510),
  amenorrhea (N=842),
  other testicular hypofunction and dysfuction (N=6) 
were excluded

Excluded patients with 
  dementia (N=5),
  delusional disorder (N=0),
  schizophrenia (N=9),
  depressive disorders (N=30),
  bipolar disorders (N=2),
  anxiety disorders (N=25)
before index date 

Excluded patients with same 
criteria as partial or 

panhypopituitarism cohort

Figure 1. The flow diagram of the enrolment process. LHID, Longitudinal Health Insurance Database.
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er the association varies with age and sex, we conducted age- 
and sex-stratified analyses. A log-rank test was used to com-
pare the cumulative incidences of common mental illnesses 
between the hypopituitarism and control cohorts. We also 
conducted additional analyses with unadjusted and adjusted 
Cox proportional hazards models to control for potential con-
founding factors (age, sex, occupation, and urbanization lev-
el of residence) to determine the hazard ratios (HRs) in patients 
with depressive or anxiety disorders compared with the age-, 
sex-, and calendar year-matched controls. We used the SAS 
statistical package (version 9.3; SAS Institute, Cary, NC, USA) 
to analyze the data. A p value of <0.05 was considered statisti-
cally significant.

RESULTS

Baseline characteristics of the study cohort
We identified 1,194 patients with partial hypopituitarism or 

panhypopituitarism for the hypopituitarism cohort and 4,776 
age-, sex-, occupation-, and urbanization level-matched pa-
tients without the aforementioned diagnoses for the control 
cohort, the diagnosis duration being from 2000 to 2013 (Table 
1). The mean age of the participants was approximately 22 
years, and the predominant sex was female (72.1%). Subjects 
with a white-collar occupation were more than those with a 
blue-collar occupation (68.2% vs. 22.6%). In addition, 35.7% 
of the participants lived in the most urbanized areas and 31.4% 
lived in the second most urbanized areas. The mean follow-up 
durations were 7.12 years for dementia, 7.11 years for delu-
sional disorders and schizophrenic disorders, and 6.92 years 
for depressive disorders, bipolar disorders, and anxiety disor-
ders for the hypopituitarism cohort. For the control cohort, 
follow-up durations were 6.93 years for dementia, delusional 
disorders, and schizophrenic disorders and 6.83 years for de-
pressive disorders, bipolar disorders, and anxiety disorders.

Table 1. Demographic data and the mean follow-up time of the cohort of hypopituitarism and the comparison cohort

Hypopituitarism (N=1,194) Comparison (N=4,776)
p-value

N % N %
Age (yr) >0.05

Age (mean±SD, yr)* 22.0±12.7 21.9±12.9 >0.05
<18 545 45.64 2,160 45.23
18–40 558 46.73 2,252 47.15
≥40   91 7.62    364 7.62

Sex >0.05
Female 861 72.11 3,444 72.11
Male 333 27.89 1,332 27.89

Occupation >0.05
White collar 814 68.17 3,256 68.17
Blue collar 270 22.61 1,080 22.61
Others‡ 110 9.21    440  9.21

Urbanization level† >0.05
1 (highest) 426 35.68 1,704 35.68
2 375 31.41 1,500 31.41
3 212 17.76     848 17.76
4 (lowest) 181 15.16     724 15.16

Mean follow-up time (mean±SD, yr)*
Dementia 7.12±3.19 6.93±3.29 >0.05
Delusional disorders 7.11±3.19 6.93±3.28 >0.05
Schizophrenia 7.11±3.19 6.93±3.28 >0.05
Depressive disorders 6.92±3.28 6.83±3.31 >0.05
Bipolar disorders 6.92±3.28 6.83±3.31 >0.05
Anxiety disorders 6.92±3.28 6.83±3.31 >0.05

Chi-square test. *t-test; †the urbanization level was categorized by the population density of the residential area into 4 levels, with level 1 as 
the most urbanized and level 4 as the least urbanized; ‡other occupations included primarily retired, unemployed, or low income populations. 
SD, standard deviation
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Risk of developing mental illnesses
The incidence rates of all mental illnesses except for delu-

sional disorders were higher in the hypopituitarism cohort 
than in the control cohort (Table 2). Compared with the con-
trol cohort, the hypopituitarism cohort had a significantly 
higher risk of depressive (aHR=2.98, 95% confidence interval 
[CI]=1.81–4.91) and anxiety (aHR=1.67, 95% CI=1.17–2.37) 
disorders. Moreover, the hypopituitarism cohort had a great-
er risk of dementia (aHR=3.18, 95% CI=0.85–11.9), schizo-
phrenia (aHR=2.66, 95% CI=0.75–9.52), and bipolar disor-
ders (aHR=1.79, 95% CI=0.77–4.15) compared with the 
control cohort; however, the risk was nonsignificant.

As shown in Table 3, patients in the hypopituitarism cohort 
were classified into subgroups on the basis of age and sex. The 
HR of depressive disorders was higher in older patients with 
hypopituitarism (≥18 years; aHR=3.81, 95% CI=2.20–6.59) 

than in the younger patients (<18 years; aHR=1.20, 95% CI= 
0.33–4.37) compared with the patients in the control cohort. 
Similar results were obtained for the age-specific HR of anxi-
ety disorders in patients with hypopituitarism (≥18 years: 
aHR=1.77, 95% CI=1.20–2.61; <18 years: aHR=1.28, 95% 
CI=0.55–3.00). Thus, the older patients had a significantly in-
creased risk of hypopituitarism compared with the younger 
ones. Moreover, the sex-specific HR for depressive disorders 
was higher in female patients with hypopituitarism (aHR=4.13, 
95% CI=2.41–7.09) than in male patients (aHR=0.40, 95% 
CI=0.05–3.15). Similar findings were observed for the sex-
specific HR for anxiety disorders in patients with hypopitu-
itarism (female patients: aHR=1.88, 95% CI=1.29–2.74; male 
patients: aHR=0.80, 95% CI=0.27–2.34).

The cumulative incidence of depressive and anxiety disor-
ders in patients with hypopituitarism with relation to time of 

Table 2. Incidence rates and HRs of dementia, schizophrenia disorders, depressive disorders, bipolar disorders, and anxiety disorders be-
tween the hypopituitarism cohort and the comparison cohort

Hypopituitarism Comparison
Crude HR (95% CI) Adjusted HR (95% CI)

Event Rate† Event Rate†

Dementia   4 4.71 5 1.51 3.10 (0.83– -11.5) 3.18 (0.85–11.9)
Delusional disorders   0 0.00 1 0.30 - -
Schizophrenia disorders   4 4.71 7 2.11 2.20 (0.64–7.50) 2.66 (0.75–9.52)
Depressive disorders 28 33.86 36 11.03 3.07 (1.88–5.04)*** 2.98 (1.81–4.91)***
Bipolar disorders   8 9.68 17 5.21 1.86 (0.80–4.31) 1.79 (0.77–4.15)
Anxiety disorders 44 53.22 104 31.87 1.67 (1.18–2.38)** 1.67 (1.17–2.37)**
Cohort and the comparison cohort. **p<0.01; ***p<0.001; †incidence rate per 10,000 person-years. HR, hazard ratio; CI, confidence interval

Table 3. Sex- and age-specific incidence rates of depressive disorders and anxiety disorders in subjects with and without partial and pan-
hypopituitarism and Cox model estimated HRs for patients with partial and panhypopituitarism

Partial and panhypopituitarism Comparison
Crude HR (95% CI) Adjusted HR (95% CI)

Event Rate† Event Rate†

Depressive disorders 28 33.86 36 11.03 3.07 (1.88–5.04)*** 2.98 (1.81–4.91)***
Age (yr)

<18   3 6.98 10 5.81 1.20 (0.33–4.37) 1.20 (0.33–4.37)
≥18 25 62.97 26 16.85 3.77 (2.18–6.53)*** 3.81 (2.20–6.59)***

Sex
Female 27 47.10 26 11.60 4.08 (2.38–6.99)*** 4.13 (2.41–7.09)***
Male   1 3.94 10 9.78 0.40 (0.05–3.16) 0.40 (0.05–3.15)

Anxiety disorders 44 53.22 104 31.87 1.67 (1.18–2.38)** 1.67 (1.17–2.37)**
Age (yr)

<18   7 16.29 22 12.79 1.28 (0.55–3.00) 1.28 (0.55–3.00)
≥18 37 93.20 82 53.14 1.76 (1.19–2.59)** 1.77 (1.20–2.61)**

Sex
Female 40 69.78 84 37.49 1.86 (1.28–2.72)** 1.88 (1.29–2.74)**
Male   4 15.77 20 19.56 0.81 (0.28–2.37) 0.80 (0.27–2.34)

**p<0.01; ***p<0.001; †incidence rate per 10,000 person-years. HR, hazard ratio; CI, confidence interval
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follow-up is shown in Figure 2. The cumulative incidence, as 
calculated using the log-rank test, was higher in patients with 
hypopituitarism compared with those in the control cohort 
for patients with depressive or anxiety disorders throughout 
the study.

Confounding factors for the development of depressive
and anxiety disorders

As shown in Table 4, to analyze the contribution of con-
founding factors in the pathogenesis of mental illness, the HRs 
of the risk of developing depressive and anxiety disorders 
throughout the study period were calculated for each of the 

sociodemographic divisions analyzed.
The risk of developing depressive disorders was higher in 

patients aged ≥18 years than in patients aged <18 years (≥18 
years; aHR=4.74, 95% CI=2.26–9.94). The risk of depressive 
disorders was higher in female patients with hypopituitarism 
compared with male patients in the crude analysis (female; 
crude HR=2.14, 95% CI=1.12–4.09) and not in the adjusted 
analysis. Other demographic characteristics, namely occupa-
tion and urbanization, did not have a statistically significant 
association with depressive disorders.

In the crude analysis, those aged ≥18 years, females, white-
collar workers, blue-collar workers, and those residing in ru-
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Figure 2. Cumulative incidence of depressive disorders (A) and anxiety disorders (B) for patients with or without partial or panhypopituitarism.

Table 4. The HRs and risk factors for depressive disorders and anxiety disorders

Depressive disorders Anxiety disorders
Crude HR (95% CI) Adjusted HR (95% CI) Crude HR (95% CI) Adjusted HR (95% CI)

Age (yr)
<18 1.00 1.00 1.00 1.00
≥18 4.27 (2.32–7.87)*** 4.74 (2.26–9.94)*** 4.52 (3.00–6.79)*** 4.79 (2.94–7.81)***

Sex
Female 2.14 (1.12–4.09)* 0.81 (0.37–1.77) 2.31 (1.49–3.58)*** 0.90 (0.54–1.52)
Male 1.00 1.00 1.00 1.00

Occupation 
White collar 0.86 (0.36–2.02) 2.68 (1.09–6.57)* 2.27 (0.92–5.56)
Blue collar 1.02 (0.40–2.58) 2.57 (1.01–6.56)* 2.90 (1.14–7.39)*
Others† 1.00 1.00 1.00

Urbanization level‡

City 1.00 1.00 1.00
Rural area 1.42 (0.82–2.47) 1.49 (1.03–2.15)* 1.39 (0.96–2.02)

*p<0.05; ***p<0.001; †other occupations included primarily retired, unemployed, or low income populations; ‡the urbanization level was cate-
gorized by the population density of the residential area into 4 levels, with level 1 and level 2 as the city and level 3 and level 4 as the rural area. 
HR, hazard ratio; CI, confidence interval
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ral areas were shown to at a higher risk of developing anxiety 
disorders. However, these findings were not supported by the 
adjusted analysis. In the adjusted analysis, only having an age 
of ≥18 years (aHR=4.79, 95% CI=2.94–7.81) and being a blue-
collar worker (aHR=2.90, 95% CI=1.14–7.39) were risk factors 
for the development of anxiety disorders throughout the study.

DISCUSSION

To our knowledge, this is the first large, nationwide, popu-
lation-based, retrospective cohort study to evaluate the asso-
ciation between hypopituitarism and the risk of mental ill-
nesses. We found a significantly increased risk of depressive 
and anxiety disorders in the hypopituitarism cohort compared 
with the control cohort. Furthermore, this study is the first to 
show that the risk of both depressive and anxiety disorders 
were significantly high in female subjects and subjects aged 
≥18. However, statistically significant increase in the risk of 
developing bipolar disorders, dementia, or schizophrenia was 
not observed in patients with hypopituitarism.

One cross-sectional study and another case-control study 
investigated the correlation between hypopituitarism and the 
risks of depressive disorders.16,17 The cross-sectional study in 
Sweden reported a 3.5-fold higher incidence of depression in 
33 women with hypopituitarism and GH deficiency who were 
operated on for pituitary tumor; however, that study was based 
solely on self-rating questionnaires without additional verifi-
cation of diagnoses.17 Another case-control study that enrolled 
41 adult patients with idiopathic GH deficiency and GH de-
ficiency secondary to organic pituitary disease reported a 3.25-
fold and 1.33-fold increase in the development of hypopitu-
itarism-associated major depressive disorder and dysthymia, 
respectively, on the basis of a structured clinical interview.16 
Compared with previous cross-sectional and case-control 
studies, our longitudinal cohort study with a larger sample size 
revealed a similar but lower HR than that reported in these 
two studies.16,17 Our data indicated that sex and age had sig-
nificant effects on the risk of hypopituitarism. In terms of age, 
adults with hypopituitarism aged ≥18 years were found to have 
a significantly higher incidence of depressive disorders com-
pared with the general population. This finding was not ob-
served for children aged <18 years with hypopituitarism. Our 
study selected both adult and children with hypopituitarism; 
in contrast, in earlier two studies, only adult patients treated 
for hypopituitarism were included. This dissimilar study de-
sign may explain the differences in results; the overall HR of 
hypopituitarism increased from 3.07 to 3.77 when the analy-
sis was restricted to adults.

In addition, regarding sex, the risk of depressive disorder 
for female patients was significantly higher in the hypopitu-

itarism cohort than in the control cohort. This finding was 
not noted for male patients, indicating that sex played a role 
in hypopituitarism-related depressive disorders. Moreover, 
the female-to-male preponderances for depressive disorders 
in the hypopituitarism and control groups were 11.9:1 and 
1.19:1, respectively (hypopituitarism cohort, 47.1 vs. 3.94 per 
10,000 person-years; control cohort, 11.6 vs. 9.78 person-years). 
Thus, the risk of developing depressive disorders is relatively 
higher for female patients with hypopituitarism compared with 
male patients. Earlier studies on hypopituitarism have not 
compared male and female groups. We revealed that female 
patients with hypopituitarism had a 10-fold higher risk of de-
veloping depressive disorders than male patients. To our knowl-
edge, this is the first study to present this finding. However, 
this is not surprising, because sex differences in patients with 
depressive disorders and pituitary gland complications have 
been reported in numerous studies. For example, sex differ-
ences in prevalence rates, risk factors, symptomatology, or dis-
ease course in patients with depressive disorders were identi-
fied.25 Moreover, sex differences have also been studied regarding 
the pituitary size26 and hypothalamic-pituitary-gonadal acti-
vation to stress.27 However, the exact reasons for the sex dif-
ference in the incidence of hypopituitarism-related depressive 
disorders remain unclear. Further research is required on de-
pression and pituitary-related hormones.

Similar observations on hypopituitarism-related depressive 
disorders were noted regarding hypopituitarism-related anx-
iety disorders. Individuals with hypopituitarism showed a sig-
nificantly increased risk of anxiety disorders compared with 
the general population. Our findings were consistent with the 
earlier two studies, which reported that patients with hypopi-
tuitarism had higher scores regarding anxiety symptoms in 
Brief Anxiety Scale and Symptom Check List-90, respective-
ly.16,17 In addition, the age-specific HRs of anxiety disorders 
suggested that female sex and age of ≥18 years are risk fac-
tors for anxiety disorders in patients with hypopituitarism.

Furthermore, we found that our hypopituitarism cohort had 
higher incidences of dementia and schizophrenia compared 
with age- and sex-matched controls. However, the differences 
are nonsignificant. Although depressive and anxiety disorders 
occur in patients with hypopituitarism, patients with hypopi-
tuitarism rarely present with psychotic symptoms. Moreover, 
no systemic epidemiological study has been undertaken re-
garding schizophrenia and dementia in patients with hypopi-
tuitarism. Few case reports have noted that patients with hy-
popituitarism presented with psychotic symptoms such as 
hallucinations, paranoid delusions, irritability, cognitive de-
cline, and even clinical misdiagnoses of schizophrenia.13,15,28-30 
Bülow et al.17 reported that subjective self-rating by women 
with hypopituitarism indicated higher scores in terms of par-
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anoid ideation and psychoticism scales. However, the study 
by Lynch et al.,16 which used a structured clinical interview, 
failed to find an association between hypopituitarism and rat-
ings on the Comprehensive Psychopathological Rating Scale 
or its subscales. Accordingly, patients with hypopituitarism 
may vary in their vulnerability to psychosis manifestations.

The pituitary gland secretes several hormones, namely GH, 
prolactin, adrenocorticotropic hormone, thyroid-stimulating 
hormone, follicle-stimulating hormone, luteinizing hormone, 
melanocyte-stimulating hormone, antidiuretic hormone, and 
oxytocin, which regulate other essential endocrine glands, in-
cluding the thyroid, pancreases, adrenal, and reproductive 
glands.31 Overt hypopituitarism can affect a wide range of cog-
nitive domains.32 The clinical manifestations of hypopituita-
rism may resemble those of cognitive disturbances. In addi-
tion, patients with hypopituitarism-related GH deficiency, 
hypothyroidism, testosterone deficiency, or adrenal insuffi-
ciency may experience cognitive disturbances.33 Therefore, it 
is reasonable to assume that patients with hypopituitarism have 
a higher incidence of dementia compared with those without. 
However, in our study, the incidence of dementia in patients 
with hypopituitarism was high, but nonsignificant in com-
parison with controls. To date, dementia has been rarely re-
ported in patients with hypopituitarism. A case report described 
a 77-year-old man with hypopituitarism after a traumatic sub-
dural hemorrhage presenting as long-term neuropsychiatric 
disorder, including cognitive impairment. However, these symp-
toms resolved almost completely after hormone replacement 
therapy.34 Because cognitive impairment in patients with hy-
popituitarism is insidious, it may escape the attention of prac-
titioners and be underdiagnosed.34 In addition, a lack of knowl-
edge about hypopituitarism, an uncommon disease for most 
clinical practitioners, may result in the underdiagnosis. How-
ever, these arguments must be considered speculative.

Depression or anxiety symptoms are sometimes reported 
in patients with hypopituitarism. Thus far, no study has re-
ported bipolar disorder symptoms in patients with hypopitu-
itarism. In our study, we found that hypopituitarism slightly 
increased the risk of bipolar disorder, but it did not achieve 
statistical significance. Therefore, hypopituitarism may not 
be correlated with a risk of bipolar disorder.

The main strengths of this study are the large nationwide 
sample and long follow-up period (13 years). The long follow-
up period allowed for a comprehensive longitudinal view of 
the course of this disease, which has an extremely low inci-
dence rate. The large sample size made it possible to evaluate 
the risk of mental illnesses in patients with hypopituitarism 
compared with the general population. However, this regis-
try-based study has several limitations. The database records 
did not encompass essential confounding factors, including 

treatment accessibility, treatment adherence, and the severity 
of endocrine abnormalities at baseline and after treatment. 
The reported incidences of mental illnesses in our study were 
also registry-based. The diagnoses were based on interviews, 
but lacked the uniform questionnaires or structured inter-
views applied by previous investigators. In hypopituitarism 
diagnoses, much of the clinical information and confounders 
were lacking with regard to the diagnoses of mental illnesses. 
Furthermore, a confirmatory evaluation on mental illnesses 
using uniformed questionnaires was lacking.

Although the incidence of hypopituitarism is markedly low, 
1,194 patients with hypopituitarism over a 13-year period were 
identified in this nationwide population-based study. Patients 
with hypopituitarism have higher incidences of depression 
and anxiety, which are particularly common in females and 
people aged ≥18 years. On the basis of these findings, we spec-
ulate that a small subgroup of females with hypopituitarism is 
susceptible to developing depression and anxiety. However, 
the causes of depression and anxiety remain unclear. Func-
tional and metabolic neuroimaging studies combined with 
neuroendocrine assessments might elucidate the development 
of depression and anxiety in patients with hypopituitarism.
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