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Background: To evaluate the current status of fatigue, sleep and physical activity in postoperative patients
with pituitary adenoma (PA).

Methods: Postoperative patients undergoing PA resection from November 2017 to November 2018 were
identified. A multi-centered survey was conducted with questionnaires on the characteristics of included
PA patients, multidimensional fatigue inventory (MFI-20), the Pittsburgh sleep quality index (PSQI)
questionnaire, and the international physical activity (IPA) questionnaire. The related scores and potentially
influencing factors were analyzed accordingly.

Results: A total of 184 patients were included. The time course after operation, PSQI were correlated with
the scores of general fatigue, physical fatigue, reduced activity and reduced motivation (all P<0.05); PSQI
and IPA, the time course after operation and gender were the independent factors associated with the level of
general fatigue (all P<0.05); PSQI, IPA and the time course after operation, adenoma size and gender were
the independent factors influencing the level of physical fatigue (all P<0.05); the time course after operation,
IPA, PSQI and gender were the independent factor influencing the level of reduced activity (all P<0.05); the
time course after operation, IPA, PSQI and adenoma size were the independent factor influencing the level
of reduced motivation (all P<0.05); the time course after operation was the independent factor influencing
the level of mental motivation (P=0.030).

Conclusions: Fatigue in PA patients after surgery is inversely associated with the time course after surgery

and physical activity, future studies on the related interventions are warranted.
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Introduction

Pituitary adenoma (PA) is the most common saddle-area
tumor, which mainly occurs in young adults with prevalence
of ranging from one in 865 adults to one in 2,688 adults (1).
The growth of PA lead to endocrine dysfunction and central
nervous compression, thereby causing related symptoms (2).
Although PA is generally benign and it can be surgically
removed, there are still some abnormal symptoms after
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surgery, which leads to the quality of life of surgical patients
being damaged (3,4). Among postoperative symptoms,
fatigue is a relatively widespread complaint (5). Previous
studies (6) have reported that PA patients have significantly
increased fatigue and decreased vitality compared with
health populations. However, it’s been reported that there
were no significant differences in fatigue scores between
the four types of PA patients, namely, Cushing's disease,
acromegaly, prolactinoma, and non-functional adenoma
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(7,8). Therefore, the fatigue and physical activity in patients
with PA need further clarification.

Regarding the cause of fatigue, some scholars (9,10) believe
that it may be related to postoperative pituitary dysfunction.
However, previous study (11,12) has reported that even for
the PA patients with hormone replacement therapy, the
patient’s fatigue still exists, which may be explained that the
endocrine replacement therapy cannot completely simulate
the physiological activity of normal pituitary hormone
secretion (13). Additionally, in patients with PA who are
not hormone-deficient, there are some reports of increased
drowsiness and fatigue (14). Therefore, some researchers
(15-17) believe that fatigue is associated with abnormal
sleep rhythm, especially when the tumor is large enough
to injury the upper nucleus, the circadian rhythm can be
seriously damaged. Physical activity is often significantly
associated with fatigue, and it is even considered as one of
the measures to alleviate fatigue (18,19), but in the relevant
reports of patients with PA, little attention is paid to physical
activity. Based on literature review, we have presumed that
the sleep and physical activity in PA patients are closely
related with the fatigue level. Currently, the related studies
are very rare, it’s necessary to identify the current status of
sleep, fatigue and physical activity in postoperative patients
with PA. Therefore, we have attempted to conduct a survey
to understand the fatigue, sleep, and physical activity of PA
patients after surgery, to provide insights into the clinical
management of PA patients.

Methods
Ethical considerations

This study was approved by the Medical Research Ethics
Committee of First Affiliated Hospital of Soochow
University (No.20170167).

Participants

From November 2017 to November 2018, postoperative
patients undergone PA resection in the neurosurgery
departments of two tertiary hospitals were recruited. The
inclusion criteria were as follows: adult patients with age
>18 years old; they underwent PA resection in the two
designated hospitals; the clinical data were complete.
Patients under the age of 18, patients with other kinds of
cancer were excluded from this present study.
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Survey process

The survey was conducted using uniform guideline with
several questionnaires that included a questionnaire on the
characteristics of included PA patients, Multidimensional
Fatigue inventory (MFI-20), the Pittsburgh Sleep Quality
Index (PSQI) questionnaire, and the International Physical
Activity (IPA) questionnaire.

Questionnaire on the patients’ characteristics

There are 14 items including gender, age, education
background, PA type etc., which are used to understand
the general demographic characteristics and disease-related
information of included PA patient.

MFI-20

The MFI-20 was designed by Smets in 1993, it consists
of 20 items with 5 dimensions, namely general fatigue,
physical fatigue, reduced activity, reduced motivation and
mental fatigue.

PSQI This tool was developed for the evaluation of sleep
quality by Dr. Buysse, a psychiatrist at the University of
Pittsburgh. The score is ranged from 0 to 21. The higher
the score, the worse the sleep quality.

IPA

IPA was developed in 2001 by the International Consensus
Group on Physical Activity Measurement to assess the
level of physical activity in adults, the questionnaire
calculates the total weekly activity level according to the
time of individual reports of different intensity activities
per week, the physical activity can be divided into high,
medium and low levels.

Statistical analysis

Statistical analysis was performed using SPSS 21.0 (SPSS
Inc., Chicago, USA). Kolmogorov-Smirnov was used to
test whether the continuous data conformed to the normal
distribution. The scores of each fatigue subscale were
analyzed by independent sample ¢ test, one-way ANOVA
and post hoc analysis. Spearman correlation analysis were
conducted to evaluate the potential relationship, and
multiple stepwise regression analysis were performed to
identify the influencing factors of fatigue. All of the p
values were 2 tailed, and P<0.05 was considered as being
statistically significant.
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Table 1 The characteristic of included PA patients (n=184)

Characteristic ltems n %
Gender Male 81 44
Female 103 56
Marital status Married 169 91.8
Single 15 8.2
Living together with  Spouse 143 777
Children 19 103
Parents 7 3.8
Alone 15 8.2
Educational Elementary school 16 8.7
background Junior high school 48 26.1
High school 62 33.7
College 58 315
The type of pituitary  Prolactinoma 59 321
tumor Growth hormone tumor 26 1441
ACTH tumor 12 6.5
Thyrotropin tumor 4 2.2
Non-functional tumor 80 435
Others 3 1.6
Adenoma size Microadenoma (<10 mm) 50 27.2
Large adenoma (10-40 mm) 122  66.3
Giant adenoma (=40 mm) 12 6.5
The time course after 1 15 8.2
operation(months) 5 17 92
3 11 6
4 11 6
5 16 8.7
6 15 8.2
7 17 9.2
8 16 8.7
9 9 4.9
10 15 8.2
11 14 7.6
12 28 15.2

Table 1 (continued)
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Table 1 (continued)
Characteristic ltems n %
Combined disease  Hypertension 49  26.6
Heart disease 5 2.7
Diabetes 18 9.8
Others 4 2.2
None 116 63
First surgery Yes 156 84.8
No 28 15.2
Hormone therapy Yes 21 114
No 163 88.6
Category of hormone Bromocriptine 8 38.1
therapy drugs (n=21) Glucocorticoid 8 38.1
Thyroxine 5 238
Testosterone 1 4.8

Results
The characteristics of PA patients

A total of 184 patients were included in this present study.
The age of included patients ranged from 19-79 years old
with an average age of 48.56=+12.18. The characteristics of
PA patients are shown in Table 1.

The correlation analysis of postoperative time course, PSQI
score and various fatigue scores

Table 2 presents the correlation analysis of postoperative
time course, PSQI score and various fatigue scores. Results
indicated that the time course after operation, PSQI were
correlated with the scores of general fatigue, physical
fatigue, reduced activity and reduced motivation (all

P<0.05).

The factors for general fatigue

Table 3 presents the multiple stepwise regression analysis
on the factors for general fatigue. The results indicated
that PSQI and the rating level of IPA, the time course
after operation and gender were the independent factors
influencing the level of general fatigue (all P<0.05).
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Table 2 The correlation analysis of postoperative time course, PSQI score and various fatigue scores (n=184)

ltems General fatigue  Physical fatigue Reduced activity Reduced motivation Mental fatigue

The time course after operation (months)

r -0.35 -0.36 -0.44 -0.35 -0.18

P <0.001 <0.001 <0.001 <0.001 0.02
PSQl

r 0.51 0.39 0.35 0.29 0.02

P <0.001 <0.001 <0.001 <0.001 0.84
Table 3 Multiple stepwise regression analysis on the factors for general fatigue

95% CI
ltems B E B t P
Lower limit  Upper limit
Constant 9.90 1.42 7.00 <0.001 7.1 12.69
PSQl 0.48 0.07 0.44 6.94  <0.001 0.34 0.62
The rating level of International Physical Activity -1.43 0.44 -0.20 -3.27 0.001 -2.29 -0.57
The time course after operation (months) -0.19 0.07 -0.18 -2.96 0.004 -0.32 -0.07
Gender 1.19 0.47 0.15 2.55 0.010 0.27 2.1
Adjusted R*=0.37
Table 4 Multiple stepwise regression analysis on the factors for physical fatigue
95% CI
ltems B E B t P
Lower limit ~ Upper limit

Constant 9.97 1.81 5.52 <0.001 6.40 13.53
PSQl 0.28 0.08 0.24 3.57 <0.001 0.13 0.44
The rating level of International Physical Activity -1.95 0.50 -0.24 -3.89 <0.001 -2.93 -0.96
The time course after operation (months) -0.29 0.08 -0.25 -3.85 <0.001 -0.44 -0.14
Adenoma size 1.46 0.48 0.19 3.06 0.003 0.52 2.40
Gender 1.44 0.54 0.17 2.69 0.008 0.39 2.50

Adjusted R?=0.31

The factors for physical fatigue the factors for reduced activity. Results indicated that the

Table 4 shows the multiple stepwise regression analysis on time course after operation, the rating level of IPA, PSQI

the factors for physical fatigue. The results indicated that
PSQI, the rating level of IPA and the time course after
operation, adenoma size and gender were the independent
factors influencing the level of physical fatigue (all P<0.05).

The factors for reduced activity

Table 5 presents the multiple stepwise regression analysis on
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and gender were the independent factor influencing the
level of reduced activity (P<0.05).

The factors for reduced motivation

Table 6 presents the multiple stepwise regression analysis on
the factors for reduced motivation. The results indicated

that the time course after operation, the rating level of
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Table 5 Multiple stepwise regression analysis on the factors for reduced activity
95% Cl
ltems B E § t P
Lower limit  Upper limit
Constant 13.88 1.65 8.43 <0.001 10.63 17.12
The time course after operation (months) -0.44 0.08 -0.38 -5.74 <0.001 -0.59 -0.29
The rating level of International Physical Activity -1.59 0.51 -0.20 -3.14 0.002 -2.59 -0.59
PSQl 0.22 0.08 0.18 2.69 0.008 0.06 0.37
Gender 1.16 0.54 0.14 213 0.034 0.09 2.23
Adjusted R°=0.30.
Table 6 Multiple stepwise regression analysis on the factors for reduced motivation
95% CI
ltems B E B t P
Lower limit Upper limit
Constant 10.07 1.03 9.82 <0.001 8.04 12.09
The time course after operation (months) -0.21 0.05 -0.28 -4.02 <0.001 -0.31 -0.10
The rating level of International Physical Activity -1.30 0.33 -0.26 -3.89 <0.001 -1.96 -0.64
PSQl 0.14 0.05 0.18 2.57 0.010 0.03 0.24
Adenoma size 0.72 0.33 0.15 2.22 0.030 0.08 1.36
Adjusted R°=0.22
Table 7 Multiple stepwise regression analysis on the factors for mental fatigue
95% ClI

ltems B E B t P

Lower limit Lower limit
Constant 10.42 0.24 42.76 <0.001 9.94 10.90
The time course after operation (months) -0.07 0.03 -0.16 -2.17 0.030 -0.13 -0.10

Adjusted R?=0.02.

IPA, PSQI and adenoma size were the independent factor
influencing the level of reduced motivation (all P<0.05).
The factors for mental fatigue

Table 7 shows the multiple stepwise regression analysis on
the factors for mental fatigue. The results indicated that
the time course after operation was the independent factor
influencing the level of mental motivation (P=0.030).

Discussion

PA is the most common tumor in the sellar region and the
third common tumor related disease among craniocerebral
surgery (20). It’s been reported that the PA accounts for
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about 10% to 25% of intracranial tumors (21). Most PA
are benign tumors, only 0.1% to 0.2% PA are invasive, and
the degree of malignancy is generally related to prognosis
of PA patients (22). The clinical manifestations of PA are
mainly the abnormalities of endocrine hormones and the
symptoms of tumor compression on surrounding tissue
structures. The goal for PA treatment is to eliminate tumor
compression, protect nerve function, restore hormone
and metabolic order (23). Numerous studies (16,24,25)
have reported that PA patients have symptoms such as
fatigue, infertility, daytime sleepiness, sleep disturbance,
depression and anxiety, etc., which often persist even after
PA resection. The complications and high recurrence rate
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of PA have caused major blows to patients, and patients
often cannot adapt properly (26). Therefore, understanding
the current status and risk factors for the sleep, fatigue
and physical activity in postoperative patients with PA
is very essential. The results of this present survey have
indicated that the shorter the postoperative time course,
the greater the degree of general fatigue, physical fatigue,
reduced activity, reduced motivation, and mental fatigue.
Additionally, all types of fatigue but not the mental fatigue,
are also significantly related to gender, sleep status and the
level of physical activity. The type of PA and the hormonal
status of the postoperative patient, whether or not to receive
hormonal therapy, whether or not to have a basal disease,
whether or not recurrence, and the degree of fatigue were
not related.

The sleep condition of PA patient surgery was generally
acceptable in this present study. 81% PA patients have
subjectively thought that their quality of sleep is good
or better, but there are nearly 40% PA patients have
complained that there is dysfunction in the daytime sleep.
Patients in the post-rehabilitation period are mainly home-
based with insufficient physical strength and energy. The
abnormal state of postoperative sleep is also present in other
disease related populations (27,28). It’s been reported that
there was abnormal sleep in patients with non-functional
adenomas from 1 to 18 years after operation (29). It may be
explained that the patient's circadian rhythm is disturbed
by the tumor or surgery (30). However, this report mainly
focused on non-functional large glands, in patients with
other types of tumors, the causes of sleep abnormality have
yet to be further confirmed.

In our study, more than 70% PA patients have a low
overall level of physical activity, which may be related to
the modern sedentary lifestyle, the PA patient is mainly at
home during the postoperative rehabilitation period, thus
they rarely engaged in medium and heavy level of physical
activity. In addition, in order to avoid cerebrospinal fluid
leakage after transsphenoidal approach, PA patients after
surgery are generally instructed to avoid over-intensity
activities. The related experts (31) have reached consensus
on behavioral activities after transsphenoidal approach for
PA, namely mental workers can start work 2 weeks after
surgery, while manual workers need to wait 4 weeks, and the
competitive sports should be proceeded more than 6 weeks
after surgery.

The results have shown that there is a negative correlation
between postoperative fatigue and postoperative time course
for patients with PA, indicating that as the postoperative time
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progressed, the patient gradually recover and the fatigue in
each dimension gradually ease. The general fatigue, physical
fatigue, reduced activity and reduced motivation were
positively correlated with sleep dysfunction, which is similar
to the results of previously published studies (32,33). Sleep
is important for the recovery of physical fitness, people with
insufficient sleep or abnormal sleep are often accompanied
by varying degrees of fatigue (6,34,35). In addition, the
patient's fatigue is also significantly negatively associated with
the level of physical activity, and patients with less physical
activity are with higher level of fatigue (36). Proper physical
activity helps maintain muscle strength, patients with less
postoperative activity will have reduced muscle strength,
decreased muscle strength, which is one of the mechanisms
leading to fatigue after surgery (37,38). In this present study,
the level of physical activity of PA patients after surgery is
relatively low. Therefore, it is potentially possible to increase
the postoperative physical activity to reduce the postoperative
fatigue in future studies.

Several limitations of this present study must be
considered. Firstly, our study is a cross-sectional design,
and the causal relationship between variables is not yet
conclusive, and further prospective studies are needed to
identify the influencing factors and changes in the quality of
life of PA patients. Secondly, this study was only followed up
for one year, the long-term fatigue level of PA patients and
related influencing factors remain to be further explored.
The future studies should be focused on the related
interventional research to improve the fatigue based on the
factors that influence the fatigue of PA patients.

In conclusion, the level of fatigue in PA patients after
surgery is negatively correlated with the time course after
surgery and physical activity. Future studies should put more
attention to the fatigue, sleep and activity of PA patients after
surgery. Exercise and sleep intervention strategies may be
potentially effective to reduce the fatigue, thereby improving
the quality of life of PA patients after surgery.
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