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Abstract
Purpose

To explore the dynamic changes in Quality of Life (QoL), anxiety/depression status, and body image (BI) of women who received different types of breast
cancer (BC) surgery within an 8-years follow-up period.

Methods

Women with major BC surgeries were invited to complete the World Health Organization Quality of Life–Brief (WHOQOL-BREF), the European quality of life
�ve dimensions questionnaire (EQ-5D), and a body image scale within 8 years of surgery. Kernel smoothing methods were applied to describe dynamic
changes in QoL, anxiety/depression, and BI at different time points. Linear mixed effects models were constructed to identify the interaction between time,
different types of surgery, and the determinants of QoL in these patients.

Results

A total of 1,803 women who had undergone a mastectomy, a modi�ed radical mastectomy (MRM), and breast reconstruction (BR) were included. The BR
group exhibited a high QoL score of WHOQOL one to �ve years after surgery with some �uctuations. The MRM group had comparatively stable, low QoL
scores of WHOQOL items and less depressed/anxious. BR group generally showed �uctuated, lower scores of BI two years after operation, but they exhibited
more anxiety/depression status after �ve years. Medical comorbidities, the status of anxiety/depression, and BI were the major factors in�uencing all domains
and items of the WHOQOL BREF.

Conclusion

While MRM may decrease the likelihood of depression in patients with BC and BR would signi�cantly improve their QoL in the �rst 5 years. We recommend
that these �ndings should be considered and discussed in the patient participatory decision-making for breast surgery. 

Introduction
Breast cancer (BC) is the most common cancer in women globally, despite signi�cant investments, research, and new treatments[36, 57, 59]. In Taiwan, BC is
the highest type of cancer cases among Taiwanese women. It is the fourth leading cause of cancer death in Taiwan[65, 66]. According to the cancer treatment
guidelines, the most common BC surgical interventions include different type of mastectomies (total/simple mastectomy, modi�ed radical mastectomy
(MRM)) and breast reconstruction (BR) [4, 22, 44, 57]. However, women who undergo a mastectomy or an MRM will likely have BR, either with saline or silicone
implants, tissue from another part of the body, or a combination of the two after a consensus between the patient and breast surgeon/plastic surgeon [14, 27,
52, 57].

Improvements in early detection and treatment of BC with the absence of metastasis have led to a �ve yearsa survival rate 89% globally, and the life
expectancy of BC survivors has increased to nearly 23 years [8, 66]. Therefore, important health outcomes such as Quality of life (QoL) are a concern at the
�rst clinical consultation to maintain long time sustainable healthy outcomes among BC survivors [7, 8, 21, 41, 65].

QoL in BC survivors is a major health outcome measure that should be started at the �rst clinical encounter [43]. According to previous studies, surgical
decisions and methods of surgery highly in�uence QoL among these patients. For example, mastectomy or MRM affect women’s body image and percpetions
of physical esthetics. However, previous studies were conducted after a short term follow-up [12, 41, 56, 62]. Progression of BC treatments, including various
breast surgeries, removal of lymph nodes, chemotherapy, and radiotherapy, or a combination of these treatments, may greatly in�uence QoL,
anxiety/depression, and BI due to enormous changes in activities of daily life and societal interaction over the timeline [5, 18, 40, 71]. Therefore, awareness of
the long terms health effects of such treatments is important for policymakers to develop a proactive, long-term perspective of health care strategies [15, 46].

In addition, BC surgeries and anxiety/depression have a signi�cant relationship, and it appears that women undergoing mastectomy or MRM alone are more
vulnerable than their BR counterparts due to the removal of the breast, which plays a signi�cant role in the female BI (e.g., a sense of being less female,
reduced sense of attractiveness to a partner, and lowered levels of con�dence) [3, 17, 19, 48].

This study is a comprehensive analysis intended to show the long-term health effects of mastectomy and MRM compared with BR across the lifetime using
real-life data because few studies have been conducted examining the dynamic changes in QoL, psychological status, and BI in women who have undergone
BR compared with different types of mastectomies alone. Such studies have generally had examined short-term follow-up in Asian populations as well as
globally [25, 33, 65, 67]. The results of this study will help healthcare teams update and determine when and how to improve QoL among women with different
types of mastectomies and BR since the choice of surgical treatment heavily in�uences these patients’ long-term QoL, psychological status, and BI [8, 41, 51,
65]. Therefore, the aim of this study is to describe and compare the dynamic changes in QoL, psychological status, and BI of women who have undergone BC
surgery along with identifying the interaction between different time points, various types of BC surgery, and the determinants of QoL within an 8-year follow-
up period.

Materials And Methods
This study has begun after approval from the Institutional Review Board (IRB) of the National Cheng Kung University Hospital (review No: B-ER-110-050).
Every patient has submitted an informed consent form.
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Study population
This is a longitudinal cohort study with repeated measurement of QoL and BI using the Cancer Center Database (CCBD) of the National Cheng Kung University
Hospital (NCKUH) in Taiwan. This study included pathologically veri�ed women with BC who were diagnosed from January 2010 where follow-up was
continued until April 2021. Inclusion criteria were as follows: women with BC who had undergone total/simple mastectomy, MRM, or BR, age above 18 years
old, breast cancer with ICD-O-3(International Classi�cation of Diseases – Oncology, 3rd edition) and a pathological stage of 0–3, according to the American
Joint Committee on Cancer Staging Manual (7th edition) who were still within 10 years after surgery. Breast conservative surgery (BCS) (lumpectomy,
quadrantectomy, partial mastectomy, or segmental mastectomy), those with recurrent cancer, bilateral breast cancer surgeries, or who were unable to read or
answer questions were excluded. All eligible candidates who came to the Cancer Center at NCKUH for regular follow-up were encoded into the �nal data
analysis (supplementary �gure 1). At each visit, the NCKUH Cancer Center asked them to voluntarily �ll out the QoL questionnaire and the Body Image Scale
(BIS). An experienced research assistant was available to provide instructions, clarify the meaning of the items, or answer any questions from the participants
using a standardized method and assistance to self-complete the Taiwan version of the WHOQOL-BREF, the EQ-5D questionnaire, and BIS via tablet
computers. Demographic and clinical data for the participants were obtained from electronic medical records and NCKUH’s cancer registry.

Instruments
The World Health Organization Quality-of-Life-Brief (WHOQOL-BREF) is a standard QoL questionnaire, which was established under the guidance of the WHO
[23, 24]. It has been veri�ed to have proper psychometric properties. The Taiwan version of the WHOQOL-BREF was used. It comprises a total of 28 items,
including physical, psychological, social, and environmental domains and two local items (being respected/accepted and eating/food) [65, 69] and validated
to have good internal consistency reliability (Cronbach’s α > 0.91), test– retest reliability (correlation coe�cient > 0.75) and construct validity in patients with
malignancies [38, 69, 70]. All items were measured on a 5-point Likert scale, where a higher score indicates a better quality of life. The average score of all the
items in the same domain was multiplied by 20 to calculate the domain score. Then, the score for each domain ranged from 0 to 100. If there were missing
items in the same domain, then the domain scores were calculated using the average scores in the same domain. However, if more than two items were
missing, since there were so few items in the domain, the mean domain score was not calculated but for social domain, if one items was missing then mean
domain score did not calculate [31, 67].

The anxiety/depression status among patients who had undergone breast surgery was measured using the anxiety/depression domain from the European
Quality of Life Five Dimensions Questionnaire (EQ-5D) because no data from valid questionnaires were available in the NCKUH database. The EQ-5D
questionnaire is a universal, preference-based tool suitable for decision analysis [50, 60]. The EQ-5D questionnaire assesses �ve dimensions of QoL: mobility,
self-care, usual activities, pain or discomfort, and anxiety/depression, where each item has three levels of severity (no problems at all, some/moderate
problems, and severe/extreme problems) [9, 35].

The Body Image Scale (BIS) has been validated to measure discomfort related to BI women with breast cancer [19, 28]. The BIS has ten items covering three
concepts: affective, behavioral, and cognitive symptoms of body image. Each item in the scale has 4 responses (0 - not at all, 1- a little, 2 - quite a bit, and 3 -
very much), where the total score ranges from 0 to 30, and a total score higher indicates have high distress levels related to BI after cancer treatments or
surgeries. The Taiwan version of the BIS has been shown to have good internal consistency (Cronbach’s α = 0.90) for breast cancer [19, 58].

QoL function after major breast cancer surgeries.

Mastectomy, MRM, and BR are the major BC surgical approaches for women with BC. For each QoL assessment, the time point was de�ned as the period
between the date of surgery and the QoL assessment date. The kernel-smoothing method was applied to the analysis of the QoL functions in terms of time
after surgery [31, 68]. Speci�cally, a detailed time point per year and the mean QoL estimation at this time point were used to extract the average of the QoL
calculations, where the weights were identi�ed using a bandwidth parameter. The bandwidth was set as 0.5 for this study. A bootstrap approach was used to
construct the relevant con�dence intervals (CI) for the mean function of the QoL estimations. The subject’s units applied for bootstrapping rather than the
assessment. At each time point, a 95% CI was constructed based on the 2.5 and 97.5 percentiles of 1,000 estimations of the mean QoL functions using
bootstrapping [68].

Confounding factors for dynamic changes of QoL in women with major breast cancer surgeries.

For this study, age, marital status, education levels, family income, co-morbidities, pathological stage, type of lymph node dissection, sentinel lymph node
biopsy, time since chemotherapy, radiotherapy, hormone therapy, and interactions among types of surgeries (mastectomy, MRM, and BR) were considered as a
possible confounding factors according to previous literature [33, 65, 67]. Age was continuously calculated at each QoL assessment. Usually, in the initial
stage of treatments or diagnosis, the clinician records education level, income, marital status, comorbidities, height, and weight for future reference and
continuous follow up. The status of further treatments such as chemotherapy, radiotherapy, and hormone therapy are encrypted according to frequency of
occurrence, such as before surgery, in between surgeries, or after surgery. Medical comorbidities are included based on patient medical records, and include
cerebrovascular disease, coronary artery disease, chronic obstructive pulmonary disease (COPD), diabetes mellitus, and end-stage renal disease [1, 45]. In the
present study, the above-mentioned confounders were automatically entered [37, 68]. Furthermore, the state of metastasis at the time of the QoL assessment
was observed by referencing medical records and radiological reports. Disease progression at the time of the QoL assessment was based on
pathologic/radiographic evidence and followed institutional guidelines[67].

Statistical Analysis
A kernel-type smoother was applied to demonstrate the dynamic changes in the item scores, domain scores, and total scores for the Taiwan version of the
WHOQOL-BREF, the EQ5D anxiety/depression items, and the total BIS score [33, 65, 68] using STATA version 17.0 software. Groups comprising various
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pairings of mastectomy, MRM, and BR were used to compare the trends in QoL, anxiety/depression, and BI changes over time. The timeline of dynamic
changes depicted one year time points until 8 years after undergoing BC surgery, but the number of participants decreased during the time. A multiple linear
regression mixed effect model was constructed to identify the interaction between the different time points (e.g., prior to one year after surgery and more than
�ve years after surgery) and surgery type to identify the factors affecting QoL using repeated assessments of each item and the domain of the WHOQOL-BREF
questionnaire within individual subjects after controlling for the possible confounding factors mentioned above [34, 64, 65]. A negative coe�cient stated that
the variable prediction is a poor QoL score as a magnitude representing the effect. Statistical Analysis System software version 9.4 (SAS Institute, Cary, NC,
USA) was used to conduct the analyses. Two-sided p-values were applied.

Results
Clinical and demographic characteristics in women with breast cancer surgeries.

A total of 1,803 women with BC who had undergone surgical interventions (Total/simple mastectomy=28%, MRM= 66%, and BR=6%) participated in the study
and were continuously followed up by measuring the QoL and BI repeatedly from 2017 to 2021. The mean age (44.23) of the BR group was relatively low
compared with women who had undergone a mastectomy and MRM. Most patients undergoing a mastectomy and BR were in pathologic stage I. However, a
signi�cantly higher proportion of patients in stages II and III had undergone MRM alone. 72.24% in the mastectomy group received a sentinel lymph node
biopsy while 99.79% of the MRM patients had undergone axillary lymph node dissection. No one in the BR group was performed a regional lymph node
dissection. Most of the women with breast surgeries received chemotherapy for less than 6 months, and radiotherapy and hormonotherapy for less than one
year. During the follow-up period, 265 deaths occurred in the three groups, and most of them died 5 years post-surgery. Nevertheless, there were no other
signi�cant differences in the demographic and clinical characteristics among groups. The total mean BIS score, mean score of the health status determine
from the EQ5D scale, and mean QoL of WHOQOL- BREF score were compared for the three groups (Table 1).



Page 5/18

Table 1
Demographic and clinical characteristics and type of surgery among women with breast cancer

  Total(n) Mastectomy(M) MRM BR p Post hoc group
comparison

Total no. of patients 1803 508 1181 114    

Age (year); Mean ± SD.

≤55

56 to 64

≥65

1803

1091

394

318

53.51±10.31

309(60.8%)

120(23.6%)

79(15.5%)

54.05±12.01

684(57.9%)

262(23.6%)

235(19.9%)

44.23±9.39

98(85.9%)

12(10.5%)

4(3.51%)

<0.0001

<0.0001

MRM>BR, M>BR

MRM>BR, M>BR

Education ≤ 6 years

7–12 years

>12 years

44

144

121

10(11.2%)

38(42.7%)

41(46.1%)

33(17.6%)

94(50.3%)

59(31.5%)

1(2.94%)

12(35.2%)

21(61.7%)

0.0005 MRM>BR, M>MRM

Married or cohabitating 265 76(85.2%) 162(86.6%) 27(79.4%) 0.44  

In come family <US$1803.78 /month 127 30(33.7%) 81(43.3%) 16(47.1%) 0.18  

Comorbidity (+) 99 32(35.9%) 62(33.1%) 5(14.7%) 0.06  

Anxiety/Depression (+) 164 40(20.9%) 105(26.1%) 19(25.0%) 0.39  

BMI ≥27 309 84(19.9%) 212(23.2%) 13(12.4%) 0.02 MRM>BR

Breast side (right side) 889 240(47.2%) 581(49.2%) 68(59.6%) 0.06 M<MRM

Pathologic stage 0

1

2

3

4

Missing

227

516

656

308

66

30

175(34.5%)

220(43.3%)

106(20.9%)

2(0.39%)

1(0.02%)

25(2.15%)

248(21.3%)

528(45.3%)

295(25.3%)

62(5.25%)

29(25.6%)

48(42.5%)

22(19.5%)

11(9.73%)

3(2.63%)

<
0.0001

M>MRM>BR

Sentinel lymph node biopsy (+) 530 367(72.2%) 114(9.65%) 49(42.9%) <0.0001 M>MRM>BR

Axillary lymph node dissection (+) 1259 56(11.1%) 1150(97.8%) 53(46.9%) <0.0001 M<MRM

Regional lymph nodes dissection (+) 22 1(0.20%) 21(1.79%) 0    

Chemotherapy: Never

after diagnosis ≤6 months

after diagnosis >6 months

797

1004

2

364(71.6%)

144(28.3%)

0

367(31.1%)

812(68.7%)

2(0.17%)

66(57.9%)

48(42.1%)

0

<0.0001 M>MRM>BR

Radiotherapy: Never

after diagnosis ≤one year

after diagnosis >one year

1232

562

9

492(96.8%)

14(2.76%)

2(0.39%)

646(54.7%)

529(44.8%)

6(0.51%)

94(82.5%)

19(16.6%)

1(0.88%)

<0.0001 M>MRM>BR

Hormone therapy: Never

after diagnosis ≤one years

after diagnosis >one year

691

1108

4

258(50.8%)

250(49.2%)

0

385(32.6%)

792(67.1%)

4(0.34%)

48(42.1%)

66(57.9%)

0

<0.0001 MRM>M

M= Mastectomy, MRM= modi�ed radical mastectomy, BR= breast reconstruction signi�cant group in the post hoc test (Tukey's Studentized Range Test for
type I error/ Scheffe's post hoc test for type II error) SD – standard deviation, WHOQOL -World Health Organization Quality of Life Scale, EQ5D –Euro QOL
Five Dimensions Scale
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  Total(n) Mastectomy(M) MRM BR p Post hoc group
comparison

Death

Within One year

2 -5 years

6-12 years

12> years

265

14

164

85

2

28

0

17(3.35%)

10(1.97%)

1(0.20%)

224

12 (1.02%)

141(11.9%)

71(6.01%)

0

13

2 (1.75%)

6(5.26%)

4(3.51%)

1(0.88%)

<0.0001 M<MRM

Time period during which QoL was measured

Months after surgery (Mean±SD)

Less than One year after surgery

>1–5 years after surgery

>5 years after surgery

646

28

465

153

42.82±20.96

5(2.62%)

142(74.3%)

37(19.4%)

46.76±23.26

20(4.96%)

258(64.1%)

108(26.8%)

40.11±17.33

3(3.85%)

65(83.3%)

8(10.2%)

0.01

0.01

MRM>BR

Body image scale (0–30) Mean ± SD 487 12.94±4.37 14.35±5.07 13.75±4.27 0.02 M<MRM

WHOQOL scale total score Mean ± SD 599 96.91±9.69 94.82±11.60 96.42±9.38 0.14  

EQ5D scale health status score (0-100) Mean ±
SD

665 77.68±13.17 77.05±15.63 84.92±12.63 <0.0001 M>BR, MRM>BR

M= Mastectomy, MRM= modi�ed radical mastectomy, BR= breast reconstruction signi�cant group in the post hoc test (Tukey's Studentized Range Test for
type I error/ Scheffe's post hoc test for type II error) SD – standard deviation, WHOQOL -World Health Organization Quality of Life Scale, EQ5D –Euro QOL
Five Dimensions Scale

Dynamic changes in QOL in women with BC after surgery
Figure 1 demonstrates variations in QoL scores on four domains and some selected items of WHOQOL BREF. The MRM group appeared to be stable with a
low QoL score over time in the psychological domain, although the mastectomy and BR groups revealed relatively high QoL status for one to two years, after
which the same �uctuations occurred although the QoL status remained high. In the physical, social, and environmental domain, all groups showed a
substantial variance in QoL until six years, after which the BR and mastectomy groups had lower QoL scores compared with the MRM group. Also, we noticed
that the BR sample was signi�cantly smaller �ve years post-surgery and beyond. (Figure 1). Up to �ve years post-surgery, the three groups had a similar trend
in the general QoL status. The BR group had a wider 95% CI with a quite low general QoL score after �ve years compared with the mastectomy and MRM
groups. Also, we noticed that the BR sample was signi�cantly smaller �ve years post-surgery and beyond. The mastectomy group exhibited signi�cantly high
QoL from 7 to 8 years post-surgery during the follow-up; however, the MRM group exhibited a signi�cantly poor QoL status after 7.5 years. Over time, the BR
group had signi�cant �uctuations in the following items: “positive feelings,” “body image and appearance,” “eating/food (added for Taiwan),” “being respected
(added for Taiwan),” “activities of daily living” and “dependence on medical substances” with a drop in the QoL scores as compared to the mastectomy and
MRM groups. The MRM group exhibited a stable trend with a low QoL score during the follow-up period. Both the MRM and BR groups exhibited slightly high
variability on items of “pain and discomfort” compared with the mastectomy group at time point zero to 1.5 years, but after that, the three groups exhibited a
similar QoL status (�gure 1)

The results for the anxiety and depression status appeared to be quite different from those obtained for the psychological domain, where the BR group had
high anxiety and depression scores with massive �uctuations from 6 to 8 years, followed by the mastectomy group and the MRM group, which exhibited a
stable trend with lowering of anxiety and depression during the follow-up, in that order and the BR group had a wider 95% CI after �ve years compared with the
mastectomy and MRM groups because of small sample size in BR group (�gure2). Although, there seem no signi�cant differences on the proportions of
patients with severe depression among the three groups (the supplementary Table 1). This �nding corroborates the results shown in Figure 2, because a high
domain score indicates a higher likelihood of depression/anxiety in EQ5D. The BR group had better BI status at the time of surgery, but after one and a half
years, this group exhibited the least satisfactory BI throughout the follow-up period. The mastectomy group had a better BI compared with the MRM and BR
groups. However, the MRM group showed a stable trend with satisfaction with BI scores between those of the mastectomy and BR groups and they seemed to
be less depressed/anxious throughout of follow up (Figure 2).

QOL in different timeline after breast cancer surgeries
In this study, a comparison was made between major BC surgeries at different time points after surgery based on mixed effects analyses in all domains and
QOL items and anxiety and depression after control of confounders (Table 2). As compared with the mastectomy group with MRM, the results showed that the
MRM group had a lower QoL score items related to self-esteem and sexual activities in the �rst year of surgery. Also, the MRM group had poor QoL in terms of
pain �ve years after surgery compared with the mastectomy group. The BR group had a signi�cantly high anxiety and depression status and poor QoL in the
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physical domain on some items and on the item “being respected” added for Taiwan less than one year of surgery compared with the mastectomy group.
Similarly, �ve years after surgery, the BR group had a high anxiety and depression status and low QoL status in the physical, social, and environmental
domains and some of the items in the other four domains as compared with the mastectomy group. When compared with the MRM and BR groups, the MRM
group exhibited poor QoL status in items measuring pain one year after surgery as compared with the BR group. Similarly, the BR group appeared to have poor
QoL in the social and environmental domains and in some items in each domain �ve years after surgery compared with the MRM group. However, the
comparisons demonstrated that the BR group has better QoL between one and �ve years after surgery (Table 2).
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Table 2
Regression coe�cients for interaction between major breast cancer surgeries and different time point after surgery based on Multiple Linear Regression

analyses (mixed effects models) of the WHOQOL-BREF and EQ5D scale (statistical signi�cance only where shown (p < 0.05))
SURGERIES Mastectomy (Ref.) vs MRM Mastectomy (Ref.) vs BR MRM (Ref.) vs BR

TIME POINT

ITEMS SCORE

after
surgery ≤
1 Year

after
surgery 1
to 5Year
(Ref.)

after
surgery >5
Year

after surgery
≤1 Year

after
surgery 1
to 5 Year
(Ref.)

after surgery
>5 Year

after
surgery ≤1
Year

after
surgery
1 to 5
Year
(Ref.)

after surgery
>5 Year

Anxiety/Depression       0.66(0.30)*   0.57(0.16)2     0.67(0.20)2

WHOQOL BREF

General QoL

                 

physical domain       -19.54(9.61)*   -10.41(5.41)*     -12.96(6.60)*

Pain     -0.62(0.21)2 2.31(0.65)2     2.06(0.64)2    

Medical
dependency

          0.82(0.42)*      

Mobility       -1.05(0.49)*     -1.51(0.59)*    

Sleep and rest           -0.86(0.39)*      

Daily Activities       -0.79(0.49)*          

Psychological
domain

                 

Positive feelings           -0.70(0.37)*      

Thinking                 -0.68(0.33)*

Self-esteem -1.01(0.47)
*

               

Social domain           -23.67(4.92)1     -18.23(5.55)2

Personal
relationships

          -0.72(0.24)2      

Sexual activity -1.13(0.51)         -1.45(0.36)1     -1.26(0.34)2

Social support       -0.81(0.36)*   -0.60(0.20)2      

Being respected
(SDTW)

          -19.82(4.54)1     -16.33(5.23)2

Environment
domain

          -14.28(4.
52)2

    -13.33(5.31)*

Physical
environment

          -0.83(0.38)*     -0.96(0.34)2

Financial resources           -0.78(0.37)*     -0.74(0.37)*

Opportunities             -1.38(0.51)2    

Home environment           -0.96(0.24)1     -0.53(0.25)*

Access quality care           -0.65(0.24)2     -0.54(0.25)*

Eating/food
(EDTW)

          -13.73(4.53)2     -12.92(5.33)*

Signi�cant showing as a p * <0.05, 1 = <0.001, 2 = <0.01and standard errors value under parentheses. All models were controlled for the following
confounders: age group (>55/<55 years old), marital status (yes/no), Education levels (⩾12/<12years), family income (>/<1803.78 /month) co-morbidities,
pathological stage, type of lymph node dissection (sentinel lymph node biopsy(+/-) axillary lymph node dissection(+/-)),time after chemotherapy
(>6/<6months), time after radiotherapy (<one year), hormone therapy( >/<one year), and interactions among type of surgery (mastectomy, modi�ed radical
mastectomy(MRM and breast reconstruction(BR)) WHOQOL-BREF - World Health Organization Quality of Life Questionnaire, EQ5D- Euro QOL Five
Dimensions Questionnaire, SDTW- items added in the social domain speci�c to Taiwan, EDTW- items added in the environmental domain speci�c to
Taiwan

Factors determining on QOL among women undergoing major breast cancer surgery
Multiple linear regression mixed models were performed to identify factor affecting the QOL among patients undergoing mastectomies, MRM, and BR. Lymph
node dissection was associated with a lower score in the physical domain of the QoL. In addition, marital status was correlated with higher scores of many
items in the psychological domain of the QoL. Education level, radiotherapy less than one year and a positive sentinel lymph node biopsy were negatively
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associated with the social domain in QoL. On the other hand, lower scores in many items of the environment domain were associated with married women
who had a lymph node dissection and a sentinel lymph node biopsy. Women receiving hormone therapy within less than one-year post-surgery were positively
associated with the item score related to sexual activity. Finally, we found that medical comorbidities, anxiety/depression status, and body image were the
major factors in�uencing general QoL and almost all domains and items of the WHOQOL BREF. After controlled confounding, it was found that the MRM
group had a signi�cantly low QoL score for the energy & fatigue, mobility, work capacity, spirituality, self-esteem, and personal relationships items compared
with the mastectomy group. Furthermore, the BR group had a positive relationship with items of mobility as compared with MRM. However, we did not �nd any
statistically signi�cant association in scores of each item or domain between the mastectomy and BR groups (Table 3).
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Table 3
Regression coe�cients based on Multiple Linear Regression analyses (mixed effects models) of the WHOQOL-BREF and bod

  Age
(⩾55/<55Yr)

Married/

cohabited
(Yes/No)

Education
levels

(⩾12/

<12years)

Family
income
<US$1803.78

(yes/no)

Medical
comorbidities
(yes/no)

Chemotherapy:

≤6 months
(yes vs No)

Radiotherapy:
≤one year
(yes/no)

Hormone
therapy
≤one
years (yes
/no)

Lymph
Node
Dissecti
(yes vs 

WHOQOL
BREF

General QoL

        -0.17(0.08) *        

physical
domain

        -5.60(1.58)2       -8.00((3

Pain         0.19(0.09)*        

Medical
dependency

        0.42(0.10)1        

Energy &
fatigue

        -0.23(0.08)2        

Mobility -0.18(0.09)*       -0.25(0.08)2       -0.39(0.2

Sleep and rest           -024(0.12)*      

Daily
Activities

                 

Work capacity         -0.26(0.08)2        

Psychological   4.65(2.23)*     -4.29(1.69)2        

Positive
feelings

  0.35(0.13)2     -0.28(0.10)2        

Spirituality   0.33(0.13)*     -0.26(0.10)*        

Thinking         -0.20(0.08)*        

Body
appearance

                 

Self-esteem         -0.15(0.07)*        

Negative
feelings

-0.21(0.10)*                

Social domain     -3.59(1.30)2       3.32(1.48)*    

Personal
relationships

  0.21(0.08)*              

Sexual
activity

    -0.20(0.08)*         0.18(0.09)* -0.42(0.2

Social support     -0.16(0.05)2       0.17(0.06)2    

Being respect
(SDTW)

  3.78(1.68)* -3.96(1.22)2   -2.73(1.26)*   2.85(1.39)*    

Environmental   5.73(1.72)2     -2.79(1.31)*       -6.35(3.2

Safety, &
security

0.19(0.09)*                

Physical
environment

  0.58(0.11)1     -0.21(0.09)* -0.21(0.11)*      

Financial
resources

0.21(0.10)*     0.35(0.09)1          

Opportunities       0.20(0.07)*     0.16(0.08)*    

Signi�cant showing as a p * <0.05, 1 = <0.001, 2 = <0.01and standard errors value under parentheses. All models were controlled for the following confounder
income (>/<1803.78 /month) co-morbidities, pathological stage, type of lymph node dissection (sentinel lymph node biopsy(+/-) axillary lymph node dissectio
therapy( >/<one years) and interactions of types of surgeries(mastectomy, modi�ed radical mastectomy and breast reconstruction) WHOQOL-BREF - World H
SDTW- items added in the social domain speci�c to Taiwan, EDTW- items added in the environmental domain speci�c to Taiwan
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  Age
(⩾55/<55Yr)

Married/

cohabited
(Yes/No)

Education
levels

(⩾12/

<12years)

Family
income
<US$1803.78

(yes/no)

Medical
comorbidities
(yes/no)

Chemotherapy:

≤6 months
(yes vs No)

Radiotherapy:
≤one year
(yes/no)

Hormone
therapy
≤one
years (yes
/no)

Lymph
Node
Dissecti
(yes vs 

Leisure
activities

  0.30(0.13)*     -0.36(0.10)2   0.26(0.11)*   -0.71(0.2

Home
environment

  0.17(0.08)*              

Access quality
care

    -0.13(0.06)*           -0.39(0.

Transport   0.21(0.07)2 -0.11(0.05)*   -0.13(0.05)*       -0.39(0.

Eating/food
(EDTW)

  5.36(1.72)2     -2.90(1.31)*        

Signi�cant showing as a p * <0.05, 1 = <0.001, 2 = <0.01and standard errors value under parentheses. All models were controlled for the following confounder
income (>/<1803.78 /month) co-morbidities, pathological stage, type of lymph node dissection (sentinel lymph node biopsy(+/-) axillary lymph node dissectio
therapy( >/<one years) and interactions of types of surgeries(mastectomy, modi�ed radical mastectomy and breast reconstruction) WHOQOL-BREF - World H
SDTW- items added in the social domain speci�c to Taiwan, EDTW- items added in the environmental domain speci�c to Taiwan

Discussion
After excluding patients with conservative surgery and control of confounding in the mixed effects models, we found that the BR group had better QoL from
one to �ve years post-surgery, and signi�cant �uctuations were observed after �ve years’ time in terms of QoL compared with the mastectomy and MRM
groups. The MRM group showed a stable trend toward low scores in almost all items and domains of WHOQOL as compared with the mastectomy and BR
groups. Medical co-morbidities, anxiety/depression status, and BI highly impacted all items and domains of QoL. All these �ndings would be useful to future
patients undergoing BC surgeries and enhancement of the shared decision-making processes that occur among health care teams and patients.

The dynamic changes summarized in Figures 1 and 2 provided additional information for patients received mastectomies and MRM to decide whether BR
would be worthwhile for QoL. This result was consistent with a previous study conducted by Wu et al. (2019) in Taiwan on BCS and mastectomy patients
within a �ve year follow-up period. The BCS patients exhibited slightly  high QoL �uctuations 30 months post-surgery up to �ve years post-
surgery [65].  Furthermore, in this study, the QOL curves of women who had BR exhibited an elevated trend in all four domains immediately after surgery until
�ve years post-surgery with wider �uctuations, followed by the mastectomy group and the MRM group, which remained stable with low QoL scores, in that
order. This may have been related to surgical site complications or a lack of reimbursement for BR and expiration of catastrophic illness status 5 years after
diagnosis in the current scheme of Taiwan’s National Health Insurance (NHI)[29, 30, 54]. 

Furthermore, after controlling for possible confounding factors, no signi�cant relationship in general QoL was found in the women who underwent BR as
compared to those undergoing mastectomy and MRM. Similarly, there was a speci�c interaction between speci�c post-surgery time points and surgery type on
QoL. Women who underwent BR exhibited lower QoL status �ve years post-surgery compared with the mastectomy and MRM groups in physical domain,
social domain, environmental domain, and some items of each domain, but there were no signi�cant in�uences in the psychological domain on QoL. These
results will help policymakers and health care teams determine further comprehensive treatment strategies for BC survivors who received BR beyond �ve years
post-surgery [11, 13]. However, this is the �rst study to carry out an analysis of the interaction between time and type of surgery. However, this was a small
sample that became even smaller after �ve years in the BR group. Therefore, future studies should focus on whether BR patients have better QoL after �ve
years post-surgery using repeated measured data to make the results of this study more robust. 

The levels of anxiety and depression in women who had undergone BR were comparatively higher than those in the mastectomy and MRM groups �ve years
post-surgery. Also, the “positive feeling” and “body image and appearance” items �uctuated highly with high scores on QoL in the BR group between one to
�ve years post-surgery even their psychological status was not evaluated using a validated questionnaire. As a previous study found that anxiety/ depression
among women who had received BR was signi�cantly low one-year post-surgery [15, 48, 55]. Therefore, there is a need to determine the long-term
psychological status of women who have undergone BR and a necessity for a long-term plan for QoL in BC survivors also this our study is a such good
feasibility.    

According to the results in the changes in BI, the �ndings indicated that patients who underwent BR experienced many �uctuations and dissatisfaction of their
body after one and half years and onwards. This may have been due to high expectations of surgical outcomes of BR after mastectomy or MRMs. Patients
could have had di�culty understanding what their post-operative appearance, post operative treatments such as radiotherapy or chemotherapy, and
complications might be. However, over time, they may have experienced many changes in their bodies and ended up unhappy with their BI. Furthermore, the
mastectomy and MRM patients have a �xed scar in their breast area post-surgery, and may have found that they can had alternatives such as external
(prosthesis) [2, 26, 53] to keep their BI stable and didn’t have any worries about further recurrent or post-surgical complications. However, one study examined
changes in BI and QoL in women who underwent BCS compared with mastectomies and found similar �uctuation in BI after BCS, but that study did not
include BR patients [65]. The type of lymph node dissection has been found to highly in�uence post-surgical lymphedema in mastectomy and MRM patients,
and this may increase dissatisfaction with BI [32, 54, 61, 63]. However, an examination of interaction with post-surgical lymphedema among women
undergoing mastectomy, MRM, and BR was not included in this study. 
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The results of this study indicated that medical comorbidities, anxiety/depression, and BI highly in�uence QoL among women who have undergone major BC
surgeries. These results appear to have been veri�ed by other studies in Asia and other countries in terms of the key determinants in�uencing the QoL of
women with major breast cancer surgeries from a long-term perspective [6, 16, 29, 39, 47-49, 72]. Additionally,  women undergoing BC surgeries who received
hormone therapy less than one year post-surgery positively related their long term QoL items to sexual activity due to balancing hormones and expressed
gratitude for the ability to mitigate menopausal and vaginal symptoms, increase their BI and self-esteem, maintain their sexual desire, and continue interactive,
friendly relationships (in the case of young BC survivors), all of which contribute to their long-term sexual health [20, 42].  However, future studies need to
assess the relationship between hormone therapy and sexual health from a QoL perspective in more detail. 

Strengths and weaknesses 

This study as a few strengths: Firstly, we included more than eight years of repeated measured data to demonstrate dynamic changes in QoL, psychological
status, and BI after major BC surgeries. This will help lead to an understanding of the continued progress being made in surgeries for women with BC and is
important for health care teams to get an overview of QoL outcomes from a long-term perspective that will in turn lead to further development of the
healthcare system. Secondly, this is the �rst study to include BR patients to understand dynamic changes in QoL, psychological status, and BI in this
population. It provides insights for health care teams including policymakers to get a clear picture of the timeline as to when and how they need to make
effective clinical decisions for patient undergoing BR. Finally, our statistical models provided easy identi�cation of the signi�cant interaction between speci�c
time points and type of surgery on all items and domains of the QoL, as well as anxiety/depression among survivors of BC.

This study has some limitations. First, psychological status (anxiety/depression) data was extracted from anxiety/depression items in the EQ5D questionnaire
due to a lack of stored data using a validated anxiety/depression scale in the database at the NCKUH. However, because we did not used anxiety/depression
as a post-surgical complication, and our results showed similar with previous studies �ndings also this did not in�uence the results for the dynamic changes
within given time points[6, 39]. However, it is recommended that future studies use valid anxiety and depression scales such as The Beck Depression Inventory
(BDI) [10, 48] to obtain the long-term psychological status of women undergoing BC surgery.  Second, the participants of this study were included only in the
Cancer Center database at the NCKUH in Taiwan. To generalize these results, the indices need to be re-assessed using multiple settings, regions, or ethnic
groups. Third, this study did not include bilateral breast surgeries, recurrent cancer, and post-surgical complications of mastectomies such as lymphedema or
pitting edema due to MRM. Future studies should consider these factors to identify the long-term effects on BI due to mastectomies among BR patients.
Finally, we were not able to assess the surgical skills of the health care teams and the cuff size of the bra to add analytical models. These factors most
commonly in�uence body image and psychological status based on QoL, so they should be included in future studies as determinants of BI among patients
undergoing and surviving breast cancer surgery. Also, ability of women to cope effectively with their disease was not included in this study; therefore, a
phenomenological qualitative study is recommended in the future to compare women who received BR compared with those undergoing mastectomies in a
�ve-year follow-up.

Conclusion
The most signi�cant determining factors among all items and domains of the QoL were anxiety/depression, medical comorbidities, and BI in patients with
breast cancer who received surgery. Those who received BR exhibited a generally better QoL from one to �ve years post-surgery. However, after �ve years,
signi�cant �uctuations were observed among the women who received BR in terms of QoL compared with the mastectomy and MRM groups. Additionally, the
MRM group exhibited stable trends during the follow-up, with a generally lower QoL scores. However, the BR group exhibited high anxiety/depression �ve years
post-surgery compared with the mastectomy and MRM group. The BR groups was dissatis�ed with BI after 1.5 years and onward. While all these �ndings had
better to be considered in patient participatory decision making, future studies with a large sample size are warranted for a more de�nitive recommendation of
change of management guidelines.

Applications:  These comprehensive study �ndings will be bene�cial to apply to the clinical decision-making process and to provide information for the
healthcare team related to when and how they can help improve QoL among women undergoing major BC surgeries, as well as long-term survivors. Future
studies need to focus on a qualitative perspective to develop actual scenarios �ve years post-surgery and beyond involving women with breast cancer, their
family members, and their health care teams.  
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Figure 1

Dynamic changes of the quality-of-life score in four domains and selected items score among patients with mastectomies, modi�ed radical mastectomy
(MRM), and breast reconstruction (BR). The shaded area in the graph shows a 95% con�dence interval (CI) for each domain/item score.
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Figure 2

Dynamic changes of the quality-of-life in anxiety/depression of EQ5D scale and body image on BIS scale among patients with mastectomies, modi�ed radical
mastectomy (MRM), and breast reconstruction (BR). The shaded area in the graph shows a 95% con�dence interval (CI) for each domain/item score.
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