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Abstract
Background  Pituitary dysfunction (PD) is a common complication after aneurysmal subarachnoid hemorrhage 
(aSAH). The prevalence of PD varies widely at a global level and no recent meta-analysis is available. Therefore, the aim 
of our systematic review and meta-analysis was to summarize the updated estimates of worldwide prevalence of PD 
after aSAH.

Methods  Scopus, Embase, Web of Science, and PubMed databases were used to comprehensively search the 
appropriate literature and a random-effects meta-analysis on the results of the available studies was performed. The 
heterogeneity in the prevalence estimates was evaluated by subgroup analysis in terms of types of PD, and acute 
and chronic phases of aSAH. The onset of PD within 6 months after aSAH was considered as acute, while that after 6 
months was considered as chronic.

Results  Twenty-seven studies with 1848 patients were included in this analysis. The pooled prevalence of PD in 
the acute phase was 49.6% (95% CI, 32.4-66.8%), and 30.4% (95% CI, 21.4-39.4%) in the chronic phase. Among the 
hormonal deficiencies, growth hormone dysfunction was the most prevalent in the acute phase, being 36.0% (95% 
CI, 21.0-51.0%), while hypoadrenalism was the most prevalent in the chronic phase, being 21.0% (95% CI, 12.0-29.0%). 
Among the six World Health Organization regions, the South-East Asia Region has the highest prevalence of PD in the 
acute phase (81.0%, 95%CI, 77.0-86.0%, P < 0.001), while the European Region had the highest prevalence of PD in the 
chronic phase (33.0%, 95%CI, 24.0-43.0%, P < 0.001). Moreover, single pituitary hormonal dysfunction occurred more 
frequently than the multiple one, regardless of acute or chronic phase.

Conclusions  Almost half (49.6%) of the included patients with aSAH developed PD complication in the acute phase, 
while 30.4% of the patients developed them in the chronic phase. Although prevalence varies globally, the high 
healthcare burden, morbidity and mortality require greater awareness among clinicians.
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Introduction
Aneurysmal subarachnoid hemorrhage (aSAH) is one of 
the most common forms of hemorrhagic stroke causing 
significant morbidity, such as neurological dysfunction 
and cognitive impairment, as well as mortality among 
patients [1]. The average annual incidence of aSAH in 
the global population is 6 to 10 per 100 000 people [2], 
and the average mortality rate is approximately 35% of 
patients in some countries [3]. Rapid diagnosis and medi-
cal intervention enable a survival rate of approximately 
30%, and many patients can resume independent liv-
ing [4]. The average age of onset of aSAH is 50 years and 
the highest incidence is between 40 and 60 years [5–9]. 
Because this age range represents a period of major 
responsibility for family and society and active creation 
of social value, the prognosis of patients in this age range 
is particularly important.

In recent years, an increasing number of aSAH survi-
vors have been found to experience symptoms such as 
cognitive impairment, memory deterioration, fatigue, 
sexual dysfunction, and weight loss after treatment [5–
15]. It was later confirmed that the origin of these symp-
toms was due to pituitary dysfunction (PD), which was 
then recognized as a common complication after aSAH 
[6, 10, 13, 16]. PD after aSAH seriously affects patients’ 
quality of life and social function and it may last for quite 
a long time [17]. Thus, more and more studies focused 
on the prevalence, early identification and prevention of 
PD after aSAH [18]. However, studies on the prevalence 
of PD after aSAH are based on only a few small cohorts, 
while studies on the acute and chronic phases of PD are 
scarce [19–23]. Therefore, a comprehensive statistical 
analysis of the prevalence of PD after aSAH is essential 
for the early diagnosis, early recognition of symptoms 
and early treatment of PD.

A systematic review and meta-analysis reported a 
pooled prevalence of PD of 49.3% in the acute phase after 
aSAH, being less, such as 25.6% in the chronic phase [24]. 
Another meta-analysis reported a PD prevalence after 
aSAH of 31% in the acute phase and 25% in the chronic 
phase [25]. These two studies have been published more 
than six years ago, and new related studies were pub-
lished during this period. Additionally, these studies did 
not subdivide pituitary hormone dysfunction into adre-
nocorticotropic hormone dysfunction, gonadotropin 
dysfunction, and thyroid-stimulating hormone dysfunc-
tion. An effective guidance cannot be provided without 
the prevalence of each pituitary hormone dysfunction 
due to different treatments targeting different hormonal 
disorders. Thus, it is of utmost importance to update the 
results.

Hence, the aim of this systematic review is to summa-
rize the updated estimate by analyzing the most recent 
literature on PD after aSAH. First, the prevalence of the 

acute and chronic phases of PD after aSAH was calcu-
lated, regardless of the diagnosis based on basal hor-
monal or stimulation experiments. Then, the prevalence 
of various types of PD in the acute and chronic stages 
was separately considered, including adrenocortico-
tropic hormone (ACTH) deficiency, growth hormone 
deficiency (GHD), thyroid-stimulating (TSH) hormone 
deficiency, gonadotropin (Gn) deficiency. Finally, the 
prevalence of PD in each WHO Regional Office and the 
prevalence of single/multiple pituitary hormone dysfunc-
tions were analyzed.

Methods
Literature search
Medical subject heading (MeSH) terms combined 
with text words were used to maximize the search 
range of articles performed up to April 2023 using Sco-
pus, Embase, Web of Science, and PubMed. More-
over, relevant studies were manually retrieved as a 
supplementation. The search text words used were the 
following: “hypopituitarism OR pituitary dysfunction 
OR impairment of pituitary function OR adenohypo-
physial dysfunction OR anterior pituitary deficiency OR 
corticotropin deficiency OR ACTH deficiency OR hypo-
adrenalism OR hypoadrenocorticism OR adrenocortical 
hypofunction OR GH deficiency OR GHD OR growth 
hormone deficiency OR TSH deficiency OR thyrotro-
pic dysfunction OR thyrotropin deficiency OR hypothy-
roidism OR gonadotropin deficiency OR hypogonadism 
OR prolactin disturbance OR hypothalamic-pituitary-
adrenal axis OR HPA OR corticotropic axis deficit OR 
somatotropic axis OR pituitary-thyroid axis OR PTA OR 
gonadotropic axis OR diabetes insipidus” AND “SAH 
OR subarachnoid hemorrhage”. All retrieved documents 
were imported into Endnote X9 (Thomas Reuters 2019) 
to facilitate the subsequent literature screening.

Inclusion and exclusion criteria
Studies included in this meta-analysis met the follow-
ing conditions: (1) articles specifying the criteria for the 
diagnosis of aSAH, which was confirmed by CT scan and 
digital subtraction angiography, or articles explaining the 
location of the aneurysms. (2) Articles that include the 
diagnostic criteria and the prevalence of at least one of 
the following diseases: PD, GHD, hyperprolactinemia 
and diabetes insipidus, as well as the deficiency of ACTH, 
TSH and Gn. (3) Patients without endocrine dysfunction 
before aSAH. (4) Patients who are＞18 years old. (5) Only 
English-language studies.

The exclusion criteria were the following: (1) reviews, 
letters, case reports, conference abstracts and commen-
taries or articles without the availability of the original 
text. (2) Duplicate publications of the included studies. 
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(3) Articles in which the prevalence of the disease was 
not provided or could not be calculated.

Study selection
Titles or abstracts of publications suspected of meet-
ing the eligibility criteria for this systematic review were 
selected for a detailed analysis. Then, two authors care-
fully reviewed the full text and appendix. The inclusion 
was made by two authors after reaching the consensus. 
In cases of disagreement a third author was involved in 
the discussion, and the inclusion was allowed after agree-
ment among the three authors.

Quality assessment
The Joanna Briggs Institute Prevalence Critical Appraisal 
Tool [26] was used to assess the quality of the study in 
the articles that met the full-text inclusion criteria. This 
tool includes ten questions answered with Yes, No, 
Unclear, and Not/Applicable. All studies were assessed by 
two authors (A and B) independently and a third author 
(author C) was involved to resolve any disagreements.

Data extraction
Two authors filled the data extraction form together. 
According to this form, the data of the included articles 
were manually extracted and cross-checked by the two 
authors (A and B) separately. The latest article of mul-
tiple articles describing the same case series containing 
consistent data was used. If not, the earliest published 
articles was used due to the presence of recall bias. The 
prevalence rate measured by the stimulation test was 
preferentially adopted [27], and if not, the prevalence 
rate measured by the basal hormone test was used [8]. 
The disagreements on the extracted data were resolved 
by discussion or by the involvement of a third author 
(author C).

Study characteristics
The following information was collected: authors of the 
article, year of publication, country, sample size, gender 
ratio, age, study design, World Federation of Neurologi-
cal Surgeons Scale grade, Glasgow Coma Scale score, 
Hunt-Hess grade, Fisher grade or modified Fisher grade, 
aneurysm location, aneurysm treatment, and duration of 
patients’ follow-up. Then the countries of the individual 
study populations were classified according to the World 
Health Organization regional office [28], which include 
Regional Office for Africa (AFRO), Pan American Health 
Organization (PAHO), Regional Office for South-East 
Asia (SEARO), Regional Office for Europe (EURO), East-
ern Mediterranean Regional Office (EMRO), and West-
ern Pacific Regional Office (WPRO). The location of the 
aneurysm was categorized as an anterior circulation 
aneurysm and a posterior circulation aneurysm.

Outcome measures
The primary outcome in this study was the prevalence 
of PD in the acute and chronic phases. The acute phase 
corresponded to the occurrence of symptoms associated 
with PD within the first 6 months after aSAH, while the 
chronic phase corresponded to the occurrence of symp-
toms associated with PD after the first 6 months of aSAH 
onset [18]. The secondary outcomes were the deficiency 
of each of the following hormones: ACTH, GH, TSH, Gn, 
prolactin, cortisol, or testosterone.

The prevalence of both PD and each hormone defi-
ciency after aSAH in each included article was calcu-
lated by dividing the number of patients with a certain 
hormonal deficiency by the total of patients receiving 
the corresponding hormone testing experiment at the 
same point. The actual number of follow-up patients was 
considered as the denominator when calculating the fre-
quency of pituitary dysfunction and each hormone defi-
ciency in the subsequent follow-up because of the loss 
or death of patients during the follow-up. However, the 
original number of cases at the time of the enrollment 
was used as the denominator for the calculation of the 
prevalence rate at follow-up if the number of follow-up 
cases was not reported, regardless of the loss of patients 
during the follow-up.

Statistical analysis
All statistical and sensitivity analyses were performed 
using Stata (version 16.0; StataCorp). All studies were 
stratified by the acute and chronic phases of PD. Subse-
quently, two groups in each stratification were identified 
according to the cut-off points: 3 months and 1 year. The 
global pooled prevalence of PD with inverse‐variance 
weights obtained from a random‐effects meta‐analy-
sis model was computed using the metaprop command 
in Stata, which showed the prevalence value and 95% 
CIs. The heterogeneity was assessed using the I2 sta-
tistic, which ranged from 0 to 100%. An I2 index of 25% 
or lower was defined as a low degree of heterogene-
ity, 26–50% as a moderate degree of heterogeneity, and 
greater than 50% as a high degree of heterogeneity. A 
random-effects meta-analysis was used to calculate the 
overall pooled prevalence of PD after aSAH throughout 
this study because of the high heterogeneity (expected 
and observed). Finally, the source of heterogeneity in 
two sets of primary outcomes, i.e., the prevalence of PD, 
was estimated by subgroup analysis in terms of WHO 
Regional Office and single/multiple pituitary hormone 
deficiencies. A value of P < 0.05 was considered statisti-
cally significant.
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Results
Search results
A total of 11,534 records (9715 in Scopus, 801 in Embase, 
727 in Web of Science, 290 in PubMed and 1 from manu-
ally retrieved from the references of the articles collected 
using search engines) were identified through the initial 
systematic search, and among them, 1569 were removed 
because they were duplicates. Then, the abstracts and 
titles of the remaining 9965 articles were evaluated. A 
total of 135 articles were chosen according to our inclu-
sion and exclusion criteria for the next stage consisting of 
the analysis of the full-text. The full-text analysis resulted 
in the exclusion of 108 studies for the reasons shown in 
Fig. 1. Finally, 27 studies were included in the final meta-
analysis. The process of the systematic literature search is 
shown in the flow diagram in Fig. 1.

Study characteristics
The included studies were published from 2004 to 2022, 
and the number of patients ranged from 20 to 417 per 

study, with a total of 1848 patients. According to the zon-
ing of the WHO Regional Office, a total of 21 of these 
studies were performed in the EURO [8, 10, 13, 14, 19, 
21–23, 29–41], 3 in the SEARO [42–44], 2 in the PAHO 
[45, 46], and 1 in the WPRO [47]. Among these studies, 
22 had prospective study designs, and 5 were cross-sec-
tional studies. A total of 740 patients had anterior circu-
lation aneurysms, 146 of which aneurysms were in the 
posterior circulation, and 24 were mixed types, although 
some studies did not provide the location of the aneu-
rysms. All relevant information for the included studies 
is listed in Table 1.

Quality assessment
The quality of most studies was considered as moder-
ate. Patients representing the aSAH population were 
recruited from Neurosurgical centers of large hospitals 
or Tertiary care centers. Most studies provided detailed 
inclusion and exclusion criteria, allowing the results of 
the present study to be representative of this population. 

Fig. 1  Flowchart of the search strategy
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Sample sizes were adequate in 3 studies (12%), but the 
rest of the studies failed to recruit enough patients 
because of the low prevalence of aSAH (6 to 10 per 100 
000 people). Full quality assessment is shown in Table 2.

Outcome measures
Pooled prevalence of PD in the acute and chronic phases 
after aSAH
A total of 14 articles [8, 14, 19, 21, 22, 29, 34–36, 39, 42, 
43, 45, 46] assessed the PD after aSAH in the acute phase 
(Fig. 2). The prevalence of PD after aSAH within 6 months 
in a total of 1148 patients was 0.50, with an estimated to 
range from 0.32 to 0.67 (I2 = 98.0%, P < 0.001). The subto-
tal prevalence of PD within 3 months was 0.59 (95% CI, 
0.44–0.75, I2 = 95.9%, P < 0.001) and 0.23 between 3 and 6 
months (95% CI, 0.13–0.33, I2 = 75.6%, P = 0.006).The 95% 
confidence interval of the prevalence within 3 months 
and 3–6 months had no overlap, as shown in Fig. 2; thus, 
the prevalence of PD within 3 months was significantly 
higher than that within 3–6 months (P < 0.001).

Similarly, 20 articles [8, 10, 13, 19, 21, 23, 30, 31, 33–
40, 42, 44, 45, 47] with a total of 1453 patients evaluated 
PD after aSAH in the chronic phase (Fig. 3). The preva-
lence of PD after aSAH after 6 months was 0.30, with an 
estimated range from 0.21 to 0.39 (I2 = 94.7%, P < 0.001). 
The subtotal prevalence of PD was 0.29 during 6–12 
months (95% CI, 0.12–0.46, I2 = 97.5%, P < 0.001), while it 
was 0.31 when assessed after 12 months (95% CI, 0.22–
0.41, I2 = 86.5%, P < 0.001). The prevalence rates of PD 
increased over time after 6 months but were not statisti-
cally significant (P = 0.817), indicating that the increase in 
the prevalence was not remarkable. The sensitivity analy-
sis of the pooled prevalence of PD after aSAH is shown in 
Additional file 1 and Additional file 2.

Global analysis of PD
The prevalence of each hormone deficiency in the acute 
and chronic phases was calculated by the comprehensive 
analysis of the included literature.

As regards the acute phase, a prevalence of ACTH defi-
ciency of 0.15 (95% CI, 0.09–0.21, I2 = 90.0%, P < 0.001) 
was calculated in 15 studies [14, 19, 21, 22, 29, 32, 34–36, 
39, 41, 43, 45, 46] that included 739 patients. The preva-
lence of GHD evaluated by 12 studies [14, 19, 21, 29, 34–
36, 39, 43, 45, 46] with a total of 632 patients was 0.36 
(95% CI, 0.21–0.51, I2 = 94.6%, P < 0.001). A total of 15 
studies including 786 patients [14, 19, 21, 29, 32, 34–36, 
39, 41–43, 45, 46] assessed a prevalence of TSH defi-
ciency of 0.17 (95% CI, 0.09–0.24, I2 = 94.7%, P < 0.001). 
Thirteen studies [14, 19, 21, 29, 34–36, 39, 42, 43, 45, 
46] with a total of 705 patients evaluated a prevalence 
of Gn deficiency of 0.33 (95% CI, 0.21–0.44, I2 = 93.4%, 
P < 0.001). The prevalence of hyperprolactinemia was 0.12 
(95% CI, 0.07–0.16, I2 = 69.3%, P = 0.001) calculated in 12 

studies [14, 19, 21, 29, 34, 35, 39, 42, 43, 45, 46] with a 
total of 621 patients. The 95% confidence intervals of the 
prevalence of GHD or Gn deficiency and the remaining 
ACTH deficiency or hyperprolactinemia had no overlap 
(Table 3); thus, the prevalence of GHD or Gn deficiency 
was significantly higher than that of ACTH deficiency 
and hyperprolactinemia.

As regards the chronic phase, the prevalence of ACTH 
deficiency was 0.21 (95% CI, 0.12–0.29, I2 = 91.21%, 
P < 0.001) which was evaluated in 880 patients of 19 stud-
ies [10, 13, 19, 21, 23, 31–33, 35–40, 45, 47]. A total of 22 
studies [10, 13, 19, 21, 23, 30–40, 44, 45, 47] that included 
1018 patients evaluated a prevalence of GHD of 0.18 
(95% CI, 0.14–0.22, I2 = 63.40%, P < 0.001). The preva-
lence of TSH deficiency calculated in 1062 patients of 22 
studies [10, 13, 19, 21, 23, 31–40, 42, 44, 45, 47] was 0.05 
(95% CI, 0.02–0.07, I2 = 41.94%, P = 0.070). The prevalence 
of Gn deficiency calculated in the same 1062 patients of 
the same 22 studies [10, 13, 19, 21, 23, 31–40, 42, 44, 45, 
47] was 0.14 (95% CI, 0.09–0.19, I2 = 82.57%, P < 0.001). 
Hyperprolactinemia after 6 months was evaluated in 19 
studies [13, 19, 21, 23, 31–35, 37–40, 42, 44, 45, 47] that 
included 918 patients, and the prevalence was 0.03 (95% 
CI, 0.01–0.04, I2 = 0.00%, P = 0.481). Among these hor-
monal deficiencies, the 95% confidence intervals of the 
prevalence of ACTH deficiency or GHD or Gn deficiency 
and the remaining TSH deficiency or hyperprolactinemia 
have no overlap suggesting that the prevalence of the 
deficiency of these three hormones was higher than that 
of TSH deficiency or hyperprolactinemia (Table  4). The 
amount of acticles on diabetes insipidus was too small; 
thus, no further analysis was performed after statistics.

Subgroup analysis for PD
The location of the WHO Regional Office where the 
included studies on PD after aSAH were included were 
EURO, SEARO, WPRO, and PAHO, and the related 
articles analyzed the prevalence of PD. Studies from the 
remaining two regions were not available.

Of the 15 studies, 11 studies [8, 14, 19, 21, 22, 29, 34–
36, 39] with a total of 827 patients calculated a prevalence 
of PD of 0.47 (95% CI, 0.28–0.65, I2 = 97.07%, P < 0.001) in 
the EURO. As regards the remaining 4 studies, 2 studies 
[45, 46] in the PAHO with a total of 148 patients had a 
calculated prevalence of 0.54 (95% CI, 0.46–0.62), and the 
other 2 studies [42, 43] in the SEARO had a calculated 
prevalence of 0.81 (95% CI, 0.77–0.86) with a total of 173 
patients. A statistically significant difference on the prev-
alence of PD in the acute phase was found among these 
three regions (Table 3, P < 0.001).

Of the 22 studies, 18 studies [8, 10, 13, 19, 21, 23, 30, 
31, 33–40] with a total of 1219 patients calculated a 
prevalence of PD of 0.33 (95% CI, 0.24–0.43, I2 = 93.12%, 
P < 0.001) in the EURO. As regards the remaining 4 
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Fig. 3  Pooled prevalence of PD in the chronic phases after aSAH. CI, confidence interval

 

Fig. 2  Pooled prevalence of PD in the acute phases after aSAH. CI, confidence interval
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studies, 2 studies [42, 44] in the SEARO with a total of 
133 patients had a calculated prevalence of 0.05 (95% CI, 
0.02–0.09), and one study [45] from PAHO with a total 
of 68 patients had a calculated prevalence of 0.25 (95% 
CI, 0.15–0.37). Finally, one study [47] in the WPRO had 
a calculated prevalence of 0.15 (95% CI, 0.05–0.32) with 
a total of 33 patients. A statistically significant difference 
on the prevalence of PD in the chronic phase was found 
among these four regions (Table 4, P < 0.001).

As regards the acute phase, the random effects pooled 
meta-analysis performed on 11 studies [14, 19, 29, 34–36, 

39, 43, 45, 46] with a total of 1212 patients showed an 
overall prevalence of single pituitary hormone dysfunc-
tion of 0.28 (95% CI, 0.20–0.35, I2 = 78.55%, P < 0.001) 
and an overall prevalence of multiple pituitary hormone 
dysfunctions of 0.25 (95% CI, 0.12–0.37, I2 = 95.04%, 
P < 0.001). Table  3 shows that the prevalence of single 
pituitary hormone dysfunction was higher than that of 
multiple pituitary hormone dysfunction, although not 
statistically significant.

As regards the chronic phase, the random effects 
pooled meta-analysis performed on 18 studies [10, 13, 

Table 3  Global Analysis and Subgroup Analysis of Pituitary Dysfunction in the acute phases
Variable No. of Articles No. of Cases No. of Participants Prevalence (95% CI) Heterogeneity Subgroup difference

Q test I2, %
Global Analysis for classification of PD

ACTH deficiency 15 121 739 0.15 (0.09, 0.21) P＜0.001 90.03% NA
NA
NA
NA
NA

GH deficiency 12 215 632 0.36 (0.21, 0.51) P＜0.001 94.57%

TSH deficiency 15 124 786 0.17 (0.09, 0.24) P＜0.001 94.66%

Gn deficiency 13 238 705 0.33 (0.21, 0.44) P＜0.001 93.37%

Hyperprolactinemia 12 64 621 0.12 (0.07, 0.16) P = 0.001 69.28%

Subgroup analysis of PD
WHO region P＜0.001

ARFO none none none none none none

PAHO 2 79 148 0.54 (0.46, 0.62) NA NA

SEARO 2 115 173 0.81 (0.77, 0.86) NA NA

EURO 11 301 827 0.47 (0.28, 0.65) P＜0.001 97.07%

EMRO none none none none none none

WPRO none none none none none none

Type P = 0.674

Single 11 175 606 0.28 (0.20, 0.35) P＜0.001 78.55%

Multiple 11 175 606 0.25 (0.12, 0.37) P＜0.001 95.04%
CI: confidence interval, NA: not applicable

Table 4  Global Analysis and Subgroup Analysis of Pituitary Dysfunction in the chronic phases
Variable No. of Articles No. of Cases No. of Participants Prevalence (95% CI) Heterogeneity Subgroup difference

Q test I2, %
Global Analysis for classification of PD

ACTH deficiency 19 124 880 0.21 (0.12, 0.29) P＜0.001 91.21% NA
NA
NA
NA
NA

GH deficiency 22 180 1018 0.18 (0.14, 0.22) P＜0.001 63.40%

TSH deficiency 22 33 1062 0.05 (0.02, 0.07) P = 0.070 41.94%

Gn deficiency 22 106 1062 0.14 (0.09, 0.19) P＜0.001 82.57%

Hyperprolactinemia 19 22 918 0.03 (0.01, 0.04) P = 0.481 0.00%

Subgroup analysis of PD
WHO region P＜0.001

ARFO none none none none none none

PAHO 1 17 68 0.25 (0.15, 0.37) NA NA

SEARO 2 21 133 0.05 (0.02, 0.09) NA NA

EURO 18 396 1219 0.33 (0.24, 0.43) P＜0.001 93.12%

EMRO none none none none none none

WPRO 1 5 33 0.15 (0.05, 0.32) NA NA

Type P＜0.001

Single 18 223 892 0.24 (0.16, 0.31) P＜0.001 90.73%

Multiple 18 55 892 0.07 (0.05, 0.10) P = 0.062 43.19%
CI: confidence interval, NA: not applicable
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23, 30, 31, 33–40, 42, 45, 47] with a total of 1784 patients 
showed an overall prevalence of single pituitary hor-
mone dysfunction of 0.24 (95% CI, 0.16–0.31, I2 = 90.73%, 
P < 0.001) and an overall prevalence of multiple pitu-
itary hormone dysfunction of 0.07 (95% CI, 0.05–0.10, 
I2 = 43.19%, P = 0.062). Table  4 shows that the 95% con-
fidence interval of the prevalence of single and multiple 
pituitary hormone dysfunction had no overlap; thus, the 
prevalence of single pituitary hormone dysfunction was 
significantly higher than that of multiple pituitary hor-
mone dysfunction.

Discussion
Our meta-analysis demonstrated that the prevalence of 
PD after aSAH in the acute phases decreased over time 
and tended to be stable in the chronic phases, which was 
consistent with previous studies [6]. In details, the prev-
alence of PD within 3 months was relatively high, up to 
59.3%, which was the first pooled prevalence found to 
the best of our knowledge. Can et al. [25] revealed that 
temporary and reversible endocrine changes in the early 
stages of aSAH (within 3 months) can interfere with the 
assessment of PD. This may have contributed to a higher 
prevalence of PD than it actually was. Then the over-
all prevalence in the acute phase affected by the preva-
lence of PD 3 months after aSAH was as high as 49.6%, 
which was similar to the results of Robba et al. [24], who 
reported a prevalence rate of 49.3% in PD after aSAH 
patients in the acute phase. The prevalence rate of 22.7% 
in PD between 3 and 6 months was comparable to that 
of PD in the chronic phase (overall 30.4%, 28.9% during 
6–12 months and 31.2% after 12 months, respectively) 
although a slight increase over time was observed, but 
without statistical significance. These results were almost 
the same as those of the study of Can et al. [25] showing a 
prevalence of 31% and 25% in PD from 3 to 6 months and 
after 6 months of aSAH onset, respectively. Our specula-
tion on the above findings was that most patients show-
ing PD complication between 3 and 6 months might have 
this complication lasting for a long time, suggesting that 
this group of patients might need extra attention. Addi-
tional care to patients with PD early in 3–6 months could 
mean a more appropriate treatment and improve their 
quality of life in a long-term after aSAH. All in all, the 
results showed the improving or the stable trend of PD 
with time, as other studies both analyzing the acute and 
chronic phases confirmed [20, 37, 42]. However, some 
authors [33, 40, 48] reported that an additional hormonal 
dysfunction may also occur during the follow-up lead-
ing to a gradual increase in the prevalence of PD, which 
was also found in our study. Nevertheless, the mecha-
nism responsible for this difference needs to be further 
investigated.

A high prevalence of hormonal dysfunction involv-
ing the growth hormone and gonadotropin was found in 
the acute phase, while ACTH deficiency and GHD were 
more common in the chronic phase. This may be related 
to the vulnerability of these pituitary endocrine cells to 
harmful stimuli [49]. In terms of the prevalence of hor-
monal dysfunction, Can et al. [25] reported a prevalence 
rate of 19.0% (95% CI, 13.0-26.0%) in GHD after aSAH in 
the chronic phase, and Dimopoulou et al. [10] reported 
a long-term prevalence rate of 13% in Gn deficiency and 
7% in TSH deficiency, which were similar to our results. 
Additionally, our results revealed that the prevalence of 
most hormonal disorders decreased over time, further 
supporting the decreasing prevalence of PD. However, 
a slight increase in the prevalence of ACTH deficiency 
was observed, but taking into consideration tha the 95% 
confidence intervals overlapped, the difference was not 
statistically significant and the above conclusion was still 
valid. The mechanism regulating the changes in these 
hormonal disorders is not clear, and may be related to the 
structural hypothalamic-pituitary damage and adaptive 
mechanisms to acute diseases [21, 50].

The analysis of the WHO Regional Office where the 
included literature was located revealed that the preva-
lence of PD after aSAH in the acute phase was the high-
est in SEARO, which was significantly higher than that in 
EURO and PAHO. The prevalence of PD in the EURO in 
the chronic phase was more common than in the other 
regions. No previous studies on WHO Regional Office in 
PD after aSAH are available up to now, thus our results 
on the prevalence of PD in each region could provide a 
reference for the detection and prevention of PD after 
aSAH in the corresponding WHO Regional Offices. 
The result of the prevalence of PD in the EURO was 
due to the performance of enough studies thanks to the 
advanced medical level of EURO. The conclusions related 
to other regions were not enough convincing in view of 
the small number of studies in those regions ; thus, the 
number of studies needs to be further increased.

Finally, our results showed that single pituitary hor-
mone dysfunction occurs a little more than three times 
than that of the multiple, result that was similar to that of 
previous studies [24], but only in the chronic phase. The 
prevalence of single hormone dysfunction in the acute 
phase was slightly higher than that of the multiple, but 
not statistically significant.

Limitations
This study has several limitations. The criteria to diag-
nose PD after aSAH are not unified, meaning that the 
diagnostic methods were different in diffreent stud-
ies. Thus, the large variation in the frequency of hor-
mone deficiencies found in this work from these studies 
might be due to different methodological approaches 
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for assessing pituitary function. The time to perform the 
diagnostic test also varied and not all patients were sub-
jected to dynamic testing to assess PD, which may lead 
to an underestimation of the number of PD patients. The 
high heterogeneity in our meta-analysis suggests that the 
pooled prevalence estimates should be interpreted with 
caution. These estimates may poorly represent the real 
outcomes without understanding the source of heteroge-
neity. Potential sources include studies with participants 
from different countries and the inconsistent diagnostic 
methods for PD. The heterogeneity is less likely to be 
explained by WHO region and single/multiple pituitary 
hormone dysfunction, since it remained high after sub-
group analysis. Lastly, only studies available in English 
were included, which might have influenced the geo-
graphic distribution of the included studies.

Conclusion
In conclusion, our results showed that the prevalence 
of PD after aSAH decreased over time. The prevalence 
of the acute phase and chronic phase was 0.50 and 0.30, 
respectively. Among the hormonal deficiencies, GHD 
was the most prevalent in the acute phase and ACTH in 
the chronic phase. Since the inconsistent diagnosis of PD 
may lead to high heterogeneity among studies, the result 
in this article should be considered with caution. Thus, 
multicenter studies with larger sample sizes further clari-
fying the diagnostic methods should be performed in the 
future to confirm this result. Some countries have limited 
research on PD after aSAH, and it is recommended to 
pay more attention to this disease within the Region of 
Americas, Eastern Mediterranean Region, Southeast Asia 
Region, and Western Pacific Region.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12883-023-03201-x.

Supplementary Material 1: Additional file 1

Supplementary Material 2: Additional file 2

Supplementary Material 3

Supplementary Material 4

Acknowledgements
None.

Authors’ contributions
Baosheng Huang and Fan Meng conceptualized and designed the study, 
provided financial support, and make a final evaluation of argument about 
studies selection. Xiaowei Song and Shengnan Cong determined the retrieval 
formula, conducted studies selection and data extraction, carried out data 
processing and paper writing, drafted the initial manuscript, and reviewed and 
revised the manuscript. Ming Zhang and Xiaokui Gan collected data, carried 
out the initial analyses, and reviewed and revised the manuscript. All authors 
approved the final manuscript as submitted and agree to be accountable for 
all aspects of the work.

Funding
This study was funded by the Nanjing Medical Science and Technique 
Development Foundation, Nanjing Department of Health (YKK19167) and 
Natural Science Foundation of Jiangsu Province (BK20171064). 

Data Availability
All information analyzed in this study was available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
On behalf of all authors, the corresponding author states that there is no 
conflict of interest.

Received: 14 November 2022 / Accepted: 5 April 2023

References
1.	 Golanov EV, Bovshik EI, Wong KK, Pautler RG, Foster CH, Federley RG, et al. 

Subarachnoid hemorrhage - Induced block of cerebrospinal fluid flow: role of 
brain coagulation factor III (tissue factor). J Cereb Blood Flow Metab. 2018;38 
5:793–808. https://doi.org/10.1177/0271678x17701157.

2.	 van Gijn J, Kerr RS, Rinkel GJ. Subarachnoid haemorrhage.Lancet. 2007;369 
9558:306 – 18; https://doi.org/10.1016/s0140-6736(07)60153-6.

3.	 Neifert SN, Chapman EK, Martini ML, Shuman WH, Schupper AJ, Oermann EK, 
et al. Aneurysmal Subarachnoid Hemorrhage: the last decade. Transl Stroke 
Res. 2021;12 3:428–46. https://doi.org/10.1007/s12975-020-00867-0.

4.	 Petridis AK, Kamp MA, Cornelius JF, Beez T, Beseoglu K, Turowski B, et al. Aneu-
rysmal Subarachnoid Hemorrhage. Dtsch Arztebl Int. 2017;114 13:226–36. 
https://doi.org/10.3238/arztebl.2017.0226.

5.	 Kagerbauer SM, Rothoerl RD, Brawanski A. Pituitary dysfunction after aneurys-
mal subarachnoid hemorrhage. Neurol Res. 2007;29 3:283–8. https://doi.org/
10.1179/016164107x165633.

6.	 Schneider HJ, Kreitschmann-Andermahr I, Ghigo E, Stalla GK, Agha A. 
Hypothalamopituitary dysfunction following traumatic brain injury and 
aneurysmal subarachnoid hemorrhage: a systematic review. JAMA. 2007;298 
12:1429–38. https://doi.org/10.1001/jama.298.12.1429.

7.	 Kreitschmann-Andermahr I. Subarachnoid hemorrhage as a cause of 
hypopituitarism. Pituitary. 2005;8. https://doi.org/10.1007/s11102-006-6044-2. 
3–4:219 – 25.

8.	 Schneider HJ, Schneider M, Kreitschmann-Andermahr I, Tuschy U, Wallaschof-
ski H, Fleck S, et al. Structured assessment of hypopituitarism after traumatic 
brain injury and aneurysmal subarachnoid hemorrhage in 1242 patients: the 
german interdisciplinary database. J Neurotrauma. 2011;28 9:1693–8. https://
doi.org/10.1089/neu.2011.1887.

9.	 León-Carrión J, Domínguez-Morales Mdel R, Barroso y Martín JM, Murillo-
Cabezas F. Epidemiology of traumatic brain injury and subarachnoid 
hemorrhage. Pituitary. 2005;8(3–4):197–202. https://doi.org/10.1007/
s11102-006-6041-5.

10.	 Dimopoulou I, Kouyialis AT, Tzanella M, Armaganidis A, Thalassinos N, Sakas 
DE, et al. High incidence of neuroendocrine dysfunction in long-term survi-
vors of aneurysmal subarachnoid hemorrhage. Stroke. 2004;35 12:2884–9. 
https://doi.org/10.1161/01.Str.0000147716.45571.45.

11.	 Kreitschmann-Andermahr I, Poll E, Hutter BO, Reineke A, Kristes S, 
Gilsbach JM, et al. Quality of life and psychiatric sequelae following 
aneurysmal subarachnoid haemorrhage: does neuroendocrine dysfunc-
tion play a role? Clin Endocrinol (Oxf ). 2007;66 6:833–7. https://doi.
org/10.1111/j.1365-2265.2007.02821.x.

12.	 Srinivasan L, Roberts B, Bushnik T, Englander J, Spain DA, Steinberg GK, 
et al. The impact of hypopituitarism on function and performance in 
subjects with recent history of traumatic brain injury and aneurysmal 

http://dx.doi.org/10.1186/s12883-023-03201-x
http://dx.doi.org/10.1186/s12883-023-03201-x
http://dx.doi.org/10.1177/0271678x17701157
http://dx.doi.org/10.1016/s0140-6736(07)60153-6
http://dx.doi.org/10.1007/s12975-020-00867-0
http://dx.doi.org/10.3238/arztebl.2017.0226
http://dx.doi.org/10.1179/016164107x165633
http://dx.doi.org/10.1179/016164107x165633
http://dx.doi.org/10.1001/jama.298.12.1429
http://dx.doi.org/10.1007/s11102-006-6044-2
http://dx.doi.org/10.1089/neu.2011.1887
http://dx.doi.org/10.1089/neu.2011.1887
http://dx.doi.org/10.1007/s11102-006-6041-5
http://dx.doi.org/10.1007/s11102-006-6041-5
http://dx.doi.org/10.1161/01.Str.0000147716.45571.45
http://dx.doi.org/10.1111/j.1365-2265.2007.02821.x
http://dx.doi.org/10.1111/j.1365-2265.2007.02821.x


Page 12 of 13Song et al. BMC Neurology          (2023) 23:155 

subarachnoid haemorrhage. Brain Inj. 2009;23 7:639–48. https://doi.
org/10.1080/02699050902970778.

13.	 Kreitschmann-Andermahr I, Hoff C, Saller B, Niggemeier S, Pruemper S, Hutter 
BO, et al. Prevalence of pituitary deficiency in patients after aneurysmal sub-
arachnoid hemorrhage. J Clin Endocrinol Metab. 2004;89 10:4986–92. https://
doi.org/10.1210/jc.2004-0146.

14.	 Kronvall E, Valdemarsson S, Säveland H, Nilsson OG. Pituitary dysfunction after 
aneurysmal subarachnoid hemorrhage is associated with impaired early out-
come. World Neurosurg. 2014;81. https://doi.org/10.1016/j.wneu.2013.10.038. 
3–4:529 – 37.

15.	 Suarez JI, Tarr RW, Selman WR. Aneurysmal subarachnoid hemorrhage.N Engl 
J Med. 2006;354 4:387 – 96; https://doi.org/10.1056/NEJMra052732.

16.	 Kelly DF, Gonzalo IT, Cohan P, Berman N, Swerdloff R, Wang C. Hypopitu-
itarism following traumatic brain injury and aneurysmal subarachnoid 
hemorrhage: a preliminary report. J Neurosurg. 2000;93 5:743–52. https://doi.
org/10.3171/jns.2000.93.5.0743.

17.	 Schneider HJ, Aimaretti G, Kreitschmann-Andermahr I, Stalla GK, Ghigo E, 
Hypopituitarism. Lancet. 2007;369 9571:1461–70. https://doi.org/10.1016/
s0140-6736(07)60673-4.

18.	 Bacigaluppi S, Robba C, Bragazzi NL. Pituitary dysfunction after aneurysmal 
subarachnoidal hemorrhage. Handb Clin Neurol. 2021;181:41–9. https://doi.
org/10.1016/b978-0-12-820683-6.00004-x.

19.	 Tanriverdi F, Dagli AT, Karaca Z, Unluhizarci K, Selcuklu A, Casanueva FF, et al. 
High risk of pituitary dysfunction due to aneurysmal subarachnoid haemor-
rhage: a prospective investigation of anterior pituitary function in the acute 
phase and 12 months after the event. Clin Endocrinol (Oxf ). 2007;67 6:931–7. 
https://doi.org/10.1111/j.1365-2265.2007.02989.x.

20.	 Bendel S, Koivisto T, Ruokonen E, Rinne J, Romppanen J, Vauhkonen I, et al. 
Pituitary-adrenal function in patients with acute subarachnoid haemorrhage: 
a prospective cohort study. Crit Care. 2008;12 5:R126. https://doi.org/10.1186/
cc7084.

21.	 Klose M, Brennum J, Poulsgaard L, Kosteljanetz M, Wagner A, Feldt-
Rasmussen U. Hypopituitarism is uncommon after aneurysmal subarach-
noid haemorrhage. Clin Endocrinol (Oxf ). 2010;73 1:95–101. https://doi.
org/10.1111/j.1365-2265.2010.03791.x.

22.	 Lanterna LA, Spreafico V, Gritti P, Prodam F, Signorelli A, Biroli F, et al. Hypocor-
tisolism in noncomatose patients during the acute phase of subarachnoid 
hemorrhage. J Stroke Cerebrovasc Dis. 2013;22 7:e189–e96. https://doi.
org/10.1016/j.jstrokecerebrovasdis.2012.11.002.

23.	 Aimaretti G, Ambrosio MR, Di Somma C, Gasperi M, Cannavo S, Scaroni C, et 
al. Residual pituitary function after brain injury-induced hypopituitarism: a 
prospective 12-month study. J Clin Endocrinol Metab. 2005;90 11:6085–92. 
https://doi.org/10.1210/jc.2005-0504.

24.	 Robba C, Bacigaluppi S, Bragazzi N, Lavinio A, Gurnell M, Bilotta F, et al. 
Clinical prevalence and outcome impact of pituitary dysfunction after aneu-
rysmal subarachnoid hemorrhage: a systematic review with meta-analysis. 
Pituitary. 2016;19 5:522–35. https://doi.org/10.1007/s11102-016-0733-2.

25.	 Can A, Gross BA, Smith TR, Dammers R, Dirven CM, Woodmansee WW, et al. 
Pituitary Dysfunction after Aneurysmal Subarachnoid Hemorrhage: a system-
atic review and Meta-analysis. Neurosurgery. 2016;79(2):253–64. https://doi.
org/10.1227/neu.0000000000001157.

26.	 Munn Z, Moola S, Riitano D, Lisy K. The development of a critical appraisal 
tool for use in systematic reviews addressing questions of prevalence. Int J 
Health Policy Manag. 2014;3 3:123–8. https://doi.org/10.15171/ijhpm.2014.71.

27.	 Krewer C, Schneider M, Schneider HJ, Kreitschmann-Andermahr I, Buchfelder 
M, Faust M, et al. Neuroendocrine disturbances one to five or more years 
after traumatic Brain Injury and Aneurysmal Subarachnoid Hemorrhage: 
data from the german database on Hypopituitarism. J Neurotrauma. 2016;33 
16:1544–53. https://doi.org/10.1089/neu.2015.4109.

28.	 Bhattacharya S. The World Health Organization and global smallpox 
eradication. J Epidemiol Community Health. 2008;62 10:909–12. https://doi.
org/10.1136/jech.2006.055590.

29.	 Aimaretti G, Ambrosio MR, Di Somma C, Fusco A, Cannavo S, Gasperi M, 
et al. Traumatic brain injury and subarachnoid haemorrhage are condi-
tions at high risk for hypopituitarism: screening study at 3 months after 
the brain injury. Clin Endocrinol (Oxf ). 2004;61 3:320–6. https://doi.
org/10.1111/j.1365-2265.2004.02094.x.

30.	 Blijdorp K, Khajeh L, Ribbers GM, Sneekes EM, Heijenbrok-Kal MH, van den 
Berg-Emons HJ, et al. Diagnostic value of a ghrelin test for the diagnosis of 
GH deficiency after subarachnoid hemorrhage. Eur J Endocrinol. 2013;169 
4:497–502. https://doi.org/10.1530/eje-13-0436.

31.	 Giritharan S, Cox J, Heal CJ, Hughes D, Gnanalingham K, Kearney T. The preva-
lence of growth hormone deficiency in survivors of subarachnoid haemor-
rhage: results from a large single centre study. Pituitary. 2017;20 6:624–34. 
https://doi.org/10.1007/s11102-017-0825-7.

32.	 Tolli A, Borg J, Bellander BM, Johansson F, Hoybye C. Pituitary function 
within the first year after traumatic brain injury or subarachnoid haemor-
rhage. J Endocrinol Invest. 2017;40 2:193–205. https://doi.org/10.1007/
s40618-016-0546-1.

33.	 Karaca Z, Tanriverdi F, Dagli AT, Selcuklu A, Casanueva FF, Unluhizarci K, et al. 
Three years prospective investigation of pituitary functions following sub-
arachnoid haemorrhage. Pituitary. 2013;16 1:76–82. https://doi.org/10.1007/
s11102-012-0377-9.

34.	 Robba C, Aspide R, Pegoli M, Kondratyeva E, Gritti P, Fustini MF, et al. Pituitary 
dysfunction after aneurysmal subarachnoid hemorrhage: a prospec-
tive cohort study. J Neurosurg Anesthesiol. 2022;34 1:44–50. https://doi.
org/10.1097/ANA.0000000000000705.

35.	 Kronvall E, Sonesson B, Valdemarsson S, Siemund R, Saveland H, Nilsson OG. 
Reduced quality of life in patients with Pituitary Dysfunction after Aneu-
rysmal Subarachnoid Hemorrhage: a prospective longitudinal study. World 
Neurosurg. 2016;88:83–91. https://doi.org/10.1016/j.wneu.2015.12.057.

36.	 Khajeh L, Blijdorp K, Heijenbrok-Kal MH, Sneekes EM, van den Berg-Emons 
HJ, van der Lely AJ, et al. Pituitary dysfunction after aneurysmal subarach-
noid haemorrhage: course and clinical predictors—the HIPS study. J 
Neurol Neurosurg Psychiatry. 2015;86:8905–10. https://doi.org/10.1136/
jnnp-2014-307897.

37.	 Hannon MJ, Behan LA, O’Brien MM, Tormey W, Javadpour M, Sherlock M, et al. 
Chronic hypopituitarism is uncommon in survivors of aneurysmal subarach-
noid haemorrhage. Clin Endocrinol (Oxf ). 2015;82(1):115–21. https://doi.
org/10.1111/cen.12533.

38.	 Jovanovic V, Pekic S, Stojanovic M, Tasic G, Djurovic B, Soldatovic I, et al. 
Neuroendocrine dysfunction in patients recovering from subarachnoid 
hemorrhage. Horm (Athens). 2010;9(3):235–44. https://doi.org/10.14310/
horm.2002.1273.

39.	 Lammert A, Bode H, Hammes HP, Birck R, Fatar M, Zohsel K, et al. Neuro-
endocrine and neuropsychological outcome after aneurysmal subarachnoid 
hemorrhage (asah): a prospective cohort study. Exp Clin Endocrinol Diabetes. 
2011;119 2:111–6. https://doi.org/10.1055/s-0030-1262815.

40.	 Lammert A, Bode H, Hammes HP, Birck R, Fatar M, Zohsel K, et al. Aneurysmal 
subarachnoid hemorrhage (aSAH) results in low prevalence of neuro-endo-
crine dysfunction and NOT deficiency. Pituitary. 2012;15(4):505–12. https://
doi.org/10.1007/s11102-011-0357-5.

41.	 Tölli A, Borg J, Bellander B-M, Höybye C. Pituitary function in the Acute Phase 
of Traumatic Brain Injury and Subarachnoid Hemorrhage. Int J Clin Med. 
2015;06 06:411–22. https://doi.org/10.4236/ijcm.2015.66054.

42.	 Khursheed N, Ramzan A, Shoaib Y, Bashir I, Wani A, Shafiq A. Is hypothyroid-
ism and hypogonadism an issue after aneurysmal subarachnoid hemor-
rhage-an institutional experience? Int J Endocrinol Metab. 2013;11 3:179–83. 
https://doi.org/10.5812/ijem.8241.

43.	 Jaiswal AK, Yadav S, Sahu RN, Mehrotra A, Behari S, Mahapatra AK. An evalua-
tion of neuroendocrine dysfunction following acute aneurysmal subarach-
noid hemorrhage: a prospective study. Asian J Neurosurg. 2017;12(1):34–6. 
https://doi.org/10.4103/1793-5482.146395.

44.	 Dutta P, Mukherjee KK, Chaudhary PK, Masoodi SR, Anand S, Pathak A, 
et al. Pituitary dysfunction in survivors of spontaneous subarachnoid 
hemorrhage of anterior communicating artery and middle cerebral artery 
aneurysms: a comparative study. Neurol India. 2012;60 4:390–4. https://doi.
org/10.4103/0028-3886.100729.

45.	 Vieira G Jr, de Albuquerque LA, de Avellar AB, Pereira JL, Dellaretti M, 
Miranda PA, et al. Long-term Follow-Up of Anterior Pituitary Deficiency 
after Aneurysmal Subarachnoid Hemorrhage: prospective cohort. J 
Stroke Cerebrovasc Dis. 2016;25 10:2405–14. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2016.06.011.

46.	 Pereira JL, Albuquerque LA, Dellaretti M, Carvalho GT, Vieira G Jr, Brochado 
VM, et al. Pituitary deficiency after aneurysmal subarachnoid hemorrhage. 
Clin (Sao Paulo). 2013;68 6:745–9. https://doi.org/10.6061/clinics/2013(06)04.

47.	 Goto Y, Oshino S, Nishino A, Fujinaka T, Nakamura H, Yuguchi T, et al. Pituitary 
dysfunction after aneurysmal subarachnoid hemorrhage in japanese 
patients. J Clin Neurosci. 2016;34:198–201. https://doi.org/10.1016/j.
jocn.2016.07.003.

48.	 Kreitschmann-Andermahr I, Hartmann Y, Poll E, Schneider HJ, Buchfelder M, 
Stalla GK. The german database on hypopituitarism after traumatic brain 
injury and aneurysmal subarachnoid hemorrhage - description, objectives 

http://dx.doi.org/10.1080/02699050902970778
http://dx.doi.org/10.1080/02699050902970778
http://dx.doi.org/10.1210/jc.2004-0146
http://dx.doi.org/10.1210/jc.2004-0146
http://dx.doi.org/10.1016/j.wneu.2013.10.038
http://dx.doi.org/10.1056/NEJMra052732
http://dx.doi.org/10.3171/jns.2000.93.5.0743
http://dx.doi.org/10.3171/jns.2000.93.5.0743
http://dx.doi.org/10.1016/s0140-6736(07)60673-4
http://dx.doi.org/10.1016/s0140-6736(07)60673-4
http://dx.doi.org/10.1016/b978-0-12-820683-6.00004-x
http://dx.doi.org/10.1016/b978-0-12-820683-6.00004-x
http://dx.doi.org/10.1111/j.1365-2265.2007.02989.x
http://dx.doi.org/10.1186/cc7084
http://dx.doi.org/10.1186/cc7084
http://dx.doi.org/10.1111/j.1365-2265.2010.03791.x
http://dx.doi.org/10.1111/j.1365-2265.2010.03791.x
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2012.11.002
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2012.11.002
http://dx.doi.org/10.1210/jc.2005-0504
http://dx.doi.org/10.1007/s11102-016-0733-2
http://dx.doi.org/10.1227/neu.0000000000001157
http://dx.doi.org/10.1227/neu.0000000000001157
http://dx.doi.org/10.15171/ijhpm.2014.71
http://dx.doi.org/10.1089/neu.2015.4109
http://dx.doi.org/10.1136/jech.2006.055590
http://dx.doi.org/10.1136/jech.2006.055590
http://dx.doi.org/10.1111/j.1365-2265.2004.02094.x
http://dx.doi.org/10.1111/j.1365-2265.2004.02094.x
http://dx.doi.org/10.1530/eje-13-0436
http://dx.doi.org/10.1007/s11102-017-0825-7
http://dx.doi.org/10.1007/s40618-016-0546-1
http://dx.doi.org/10.1007/s40618-016-0546-1
http://dx.doi.org/10.1007/s11102-012-0377-9
http://dx.doi.org/10.1007/s11102-012-0377-9
http://dx.doi.org/10.1097/ANA.0000000000000705
http://dx.doi.org/10.1097/ANA.0000000000000705
http://dx.doi.org/10.1016/j.wneu.2015.12.057
http://dx.doi.org/10.1136/jnnp-2014-307897
http://dx.doi.org/10.1136/jnnp-2014-307897
http://dx.doi.org/10.1111/cen.12533
http://dx.doi.org/10.1111/cen.12533
http://dx.doi.org/10.14310/horm.2002.1273
http://dx.doi.org/10.14310/horm.2002.1273
http://dx.doi.org/10.1055/s-0030-1262815
http://dx.doi.org/10.1007/s11102-011-0357-5
http://dx.doi.org/10.1007/s11102-011-0357-5
http://dx.doi.org/10.4236/ijcm.2015.66054
http://dx.doi.org/10.5812/ijem.8241
http://dx.doi.org/10.4103/1793-5482.146395
http://dx.doi.org/10.4103/0028-3886.100729
http://dx.doi.org/10.4103/0028-3886.100729
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2016.06.011
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2016.06.011
http://dx.doi.org/10.6061/clinics/2013(06)04
http://dx.doi.org/10.1016/j.jocn.2016.07.003
http://dx.doi.org/10.1016/j.jocn.2016.07.003


Page 13 of 13Song et al. BMC Neurology          (2023) 23:155 

and design. Exp Clin Endocrinol Diabetes. 2011;119 1:15–20. https://doi.org/1
0.1055/s-0030-1253414.

49.	 Bondanelli M, De Marinis L, Ambrosio MR, Monesi M, Valle D, Zatelli MC, et 
al. Occurrence of pituitary dysfunction following traumatic brain injury. J 
Neurotrauma. 2004;21 6:685–96. https://doi.org/10.1089/0897715041269713.

50.	 Kioussi C, Carrière C, Rosenfeld MG. A model for the development of 
the hypothalamic-pituitary axis: transcribing the hypophysis. Mech Dev. 
1999;81(1–2):23–35. https://doi.org/10.1016/s0925-4773(98)00229-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.1055/s-0030-1253414
http://dx.doi.org/10.1055/s-0030-1253414
http://dx.doi.org/10.1089/0897715041269713
http://dx.doi.org/10.1016/s0925-4773(98)00229-9

	﻿Prevalence of pituitary dysfunction after aneurysmal subarachnoid hemorrhage: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Literature search
	﻿Inclusion and exclusion criteria
	﻿Study selection
	﻿Quality assessment
	﻿Data extraction
	﻿Study characteristics
	﻿Outcome measures
	﻿Statistical analysis

	﻿Results
	﻿Search results
	﻿Pooled prevalence of PD in the acute and chronic phases after aSAH


	﻿Global analysis of PD
	﻿Subgroup analysis for PD
	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


