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Long-term bowel functional outcomes following anal
sphincter-preserving surgery for upper and middle rectal

cancer: a single-center longitudinal study
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Purpose: Despite advances in neoadjuvant chemoradiotherapy and anal sphincter-preserving surgery for rectal cancer, bowel dysfunc-
tion is still unavoidable and negatively affects patients’ quality of life. In this longitudinal study, we aimed to investigate the changes in
bowel function with follow-up time and the effect of neoadjuvant chemoradiotherapy on bowel function following low anterior resec-
tion for rectal cancer.

Methods: In this study, 171 patients with upper or middle rectal cancer who underwent low anterior resection between 2012 and 2018
were included. Bowel function was assessed longitudinally with Memorial Sloan Kettering Cancer Center Bowel Function Instrument
and Wexner scores every 6 months after restoration of bowel continuity. Patients with at least 2 follow-up visits were included.

Results: Overall, 100 patients received neoadjuvant chemoradiotherapy. Urgency, soilage, and fecal incontinence were noted within 24
months in the patients treated with neoadjuvant chemoradiotherapy. After 2 years of follow-up, significant bowel dysfunction and fecal
incontinence were observed in the neoadjuvant chemoradiotherapy group. Low tumor level and neoadjuvant chemoradiotherapy were
associated with delayed bowel dysfunction.

Conclusion: Neoadjuvant chemoradiotherapy in combination with low tumor level was significantly associated with delayed bowel

dysfunction even after 2 years of follow-up. Therefore, careful selection and discussion with patients are paramount.
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INTRODUCTION

The oncological outcomes of rectal cancer have improved over re-
cent decades due to advancements in neoadjuvant concurrent
chemoradiotherapy (CCRT), surgical techniques, total mesorectal
excision (TME), and multidisciplinary team management [1, 2].
To avoid a permanent stoma, anal sphincter-preserving surgery

(SPS) is frequently performed to preserve the anal sphincter, even

in low-lying rectal cancers with colorectal or coloanal anastomosis
[3]. However, this leads to the development of bowel dysfunction
known as low anterior resection syndrome (LARS). The symp-
toms of LARS include urgency, fragmentation, clustering, inconti-
nence for flatus and/or feces, and frequent bowel movements [4].
Reportedly, these symptoms most frequently present during the
first postoperative year and stabilize over the long term [5]. Bowel
dysfunction is associated with reduced quality of life (QoL) [6, 7].
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Multiple risk factors are associated with bowel dysfunction, in-
cluding low tumor level, old age, protective ileostomy, and radia-
tion therapy [8]. Some studies have been focused on the effects of
radiotherapy on bowel function and the anal sphincter, particu-
larly the long-term observations that radiation therapy impairs
bowel function and can cause scarring of the anal sphincter that
results in increased fecal incontinence (FI) [9, 10]. Nowadays, the
paradigm has shifted toward longitudinal studies of long-term
outcomes regarding bowel function in patients with rectal cancer.
Nevertheless, few studies in the literature have compared long-
term longitudinal bowel functional outcomes between patients
with rectal cancer who received CCRT and those who did not.
The aim of this study was to assess the longitudinal trend of bowel
function among patients with rectal cancer after SPS by reporting
objective indicators at different postoperative intervals rather than
a single time point, as well as to report any risk factors associated
with delayed bowel dysfunction and FI with a focus on the effects
of CCRT.

METHODS

Ethics statement

The study protocol was approved by the Institutional Review Board
of Yonsei University (No. 4-2019-1098). Written informed consent
was obtained from patients during the interviews for bowel func-
tion assessment. The study was reported in line with the Strength-
ening the Reporting of Cohort Studies in Surgery criteria [11] and
was registered at ClinicalTrials.gov (identifier: NCT05339763).

202 Assessed for eligibility
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Study design

A total of 171 consecutively enrolled patients diagnosed with up-
per and middle rectal cancer were included in this retrospective
longitudinal study, which was conducted between November
2012 and July 2018 in our colorectal surgery department. Data
were collected prospectively.

Eligibility criteria

We included patients of both sexes, aged between 18 and 75 years,
who had been diagnosed with upper or middle rectal cancer (6
15 cm from the anal verge [AV]) with or without preoperative
CCRT, who underwent low anterior resection (LAR), and who
underwent follow-up with at least 2 outpatient visits for bowel
function assessment. Patients with recurrent tumors, surgically
unfit patients, patients with tumors infiltrating the puborectalis
muscle or external sphincter, those with preoperative FI, those
who were followed up only once at the outpatient clinic, those
with lower rectal cancer less than 6 cm from the AV, and those
who underwent abdominoperineal resection or intersphincteric
resection were excluded. We excluded patients with low rectal
cancer less than 6 cm from the AV because such patients have
comparatively poor bowel function, and thus poorer outcomes,
because of the low tumor location and anastomosis level (Fig. 1).

Preoperative neoadjuvant chemoradiation
Preoperative long-course neoadjuvant 5-fluorouracil-based ra-
diotherapy (45-50 Gy in 25-28 fractions) was provided to pa-

tients with locally advanced rectal cancer for tumor downstaging

31 Excluded
Low rectal cancer cases below 6 cm from AV

Tumors invading puborectalis or extemal sphincter
Patients who underwent APR or ISR

171 Included
Both sexes
Age 18-75yr
Between 2012-2018
Upper and mid rectal cancer (6-15 cm AV)
With or without CCRT
Low anterior resection

Follow-up at least 2 times for bowel function assessment

Patients who suffer from preoperative Fl
Patients with recurrent tumors
Surgically unfit patients

Followed up just once

!

100 In CCRT group

71 In non-CCRT group

Fig. 1. Flowchart showing patient selection criteria. AV, anal verge; APR, abdominoperineal resection; ISR, intersphincteric resection; FI, fecal

incontinence; CCRT, concurrent chemoradiotherapy.
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and, thereby, sphincter preservation. Surgery was performed 6

weeks after completion of chemoradiation.

Surgical procedure

The surgical procedure performed was LAR based on TME
principles. Anastomosis was performed by either stapling (dou-
ble stapling) after transabdominal specimen extraction through
mini-laparotomy or via a hand-sewn technique with transanal
specimen extraction. LAR was performed via open, laparoscop-
ic, or robotic approaches. Covering loop ileostomy was some-
times used when the anastomosis level was low (as in middle
rectal tumors), and these patients had higher rates of preopera-
tive neoadjuvant radiotherapy. The ileostomy was retrieved at
least 3 to 4 months postoperatively if no postoperative anasto-
motic complications arose. For those who had received adjuvant
chemotherapy, ileostomy closure was postponed until adjuvant

therapy completion.

Bowel function assessment follow-up

During follow-up at the outpatient clinic, a designated nurse inter-
viewed the patients using bowel function assessment question-
naires at several time intervals between November 2015—when we
began bowel function assessment at our institute using Memorial
Sloan Kettering Cancer Center (MSKCC) and Wexner scores—
and July 2019. Each patient was interviewed at least twice. Patients
who underwent covering ileostomy in initial surgery due to lower
anastomosis level were assessed for their bowel function after clo-
sure of the ileostomy, and all such patients had their ileostomies
taken down.

The MSKCC and Wexner score questionnaires were used. The
MSKCC questionnaire contains 18 questions divided into 3 sub-
scales: a frequency subscale including 6 items, a dietary subscale
with 4 items, and an urgency/soilage subscale with 4 items, along
with 4 single items. Each subscale is scored by adding the scores
for the component items, and the global score is the sum of all
subscale scores. Finally, the total score is calculated by summing
the global score and the scores for the 4 single items, with a maxi-
mum score of 90 [12].

The Wexner score questionnaire comprises 5 questions regard-
ing solid, liquid, and gas incontinence; the use of a pad; and life-
style alterations on a scale of 0 (no incontinence) to 20 (complete
incontinence). The lower the score, the better the continence. In
this study, FI was considered to be indicated by a Wexner score
>8, based on the findings of a previous study in which a Wexner
score of 8 was correlated with significant bowel-related QoL im-
pairment [7]. We defined bowel dysfunction as being indicated by
MSKCC score < 65; this was based on the findings of a previous

https://doi.org/10.3393/ac.2022.01067.0152
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study in which good bowel function after resection for rectal can-
cer was defined as being indicated by MSKCC score >65 and
poor bowel function by MSKCC score <65 [13].

We divided the patients into 2 groups (CCRT vs. non-CCRT)
based on whether the patients received CCRT.

Statistical analysis

Statistical analysis was performed using IBM SPSS ver. 25.0 (IBM
Corp). Quantitative data were described as mean * standard devi-
ation or median and range, while qualitative data were presented
as frequencies and proportions. The chi-square test was used for
categorical variables. The Student t-test and the Mann-Whitney
U-test were used to compare continuous variables. Risk factors for
bowel dysfunction and FI were identified using binary logistic re-
gression. P-values <0.05 were considered to indicate statistical

significance.

RESULTS

A total of 171 patients with rectal cancer were enrolled. The CCRT
group comprised 100 patients, and the non-CCRT group included
71 patients. No significant difference was noted in age, body mass
index, or preoperative carcinoembryonic antigen level between the
2 groups. The CCRT group contained more male patients than the
non-CCRT group (P=0.011). The mean tumor distance from the
AV was 8.9+1.7 cm in the CCRT group and 10.6+2.1 cm in the
non-CCRT group (P<0.001). All patients in both groups under-
went LAR. In the CCRT group, 59 patients (59%) were treated
with covering ileostomy; unsurprisingly, this was significantly
higher than the proportion in the non-CCRT group (P <0.001).
The non-CCRT group contained more patients with stapled anas-
tomosis than the CCRT group (P =0.042). Most procedures were
performed in a minimally invasive fashion including robotic and
laparoscopic approaches, and no significant difference in operative
method was observed between groups (Table 1).

In terms of bowel function, during the first 18 months of fol-
low-up, no significant difference was found between the 2 groups
except in the dietary subscale during the first 6 months; through-
out that period, the non-CCRT group demonstrated a significant-
ly higher dietary subscale score than the CCRT group (P=0.013).
Additionally, at 24 months of follow-up, patients treated with
CCRT were observed to have higher scores for urgency, fecal soil-
age, and incontinence than those in the non-CCRT group
(P=0.006). After 24 months of follow-up, the CCRT group exhib-
ited more bowel dysfunction in the form of higher urgency, fecal
soilage, and FI and lower dietary subscale scores than the non-

CCRT group. We believe that these changes can be largely at-
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Table 1. Baseline characteristics (n=171)

Group
Characteristic CCRT Non-CCRT P-value
(n=100) (n=71)

Age (yr) 581412 6074112  0.139

Sex 0.011
Male 69 (69.0) 35(49.3)

Female 31 (31.0) 36 (50.7)
Body mass index (kg/m’) 232+38 23.7+29 0.294
Preoperative CEA (ng/mL) 1.9 2.0 0.949
(0.5-103.5)  (0.5-27.2)

Distance from AV (cm) 89+1.7 10.6+2.1  <0.001

Degree of differentiation 0.074
Well-differentiated 11 (11.0) 17 (23.9)
Moderately differentiated 88 (88.0) 53 (68.8)

Poorly differentiated 1(1.0) 1(1.4)

T category 0.012
T1 12 (12.0) 4(5.6)

T2 15 (15.0) 22 (31.0)
T3 32(32.0) 28(39.4)
T4 41 (41.0) 17 (23.9)

N category 0.850
N+ 80 (80.0) 56 (78.9)

N- 20 (20.0) 15 (21.1)

Operative method 0.344
Robotic 50 (50.0) 29 (40.8)
Laparoscopic 47 (47.0) 41(57.7)

Open 3(3.0) 1(1.4)

Anastomosis method 0.042
Stapled 93 (93.0) 71 (100)
Hand-sewn 7(7.0) 0(0)

Covering ileostomy 59 (59.0) 10 (14.1) <0.001

Values are presented as mean+standard deviation, number (%), or
median (interquartile range).

CCRT, concurrent chemoradiotherapy; CEA, carcinoembryonic antigen;
AV, anal verge.

tributed to the delayed effects of CCRT (Table 2, Fig. 2).

Generally, the overall median MSKCC score of the cohort im-
proved with time, increasing from 71 to 80. The median frequen-
cy subscale also increased, from 25 to 26. The median dietary
subscale was nearly static but increased from 17 to 19 during the
last follow-up period, while the median urgency/soilage subscale
score also increased from 17 to 19. Notably, the median Wexner
score decreased over time from 6 to 0.

Risk factors associated with delayed bowel dysfunction
and FI
We performed univariate and multivariate analyses to identify

risk factors associated with delayed bowel dysfunction and FI.
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Table 2. Comparison of bowel function changes by time point between
the 2 groups

CCRT Non-CCRT

Time point — — P-value
6 mo (n=109)

No. of patients 73 (67.0) 36 (33.0)

MSKCC score 71 (48-85) 72 (48-85) 0.638
Frequency 26 (17-40) 24 (17-40) 0.104
Dietary 17 (6-20) 20 (10-20) 0.013
Urgency/soilage 17 (9-20) 16 (10-20) 0.850

Wexner score 6 (0-20) 6 (0-15) 0.288

12 mo (n=106)

No. of patients 75 (70.8) 31(29.2)

MSKCC score 71 (50-85) 72 (56-85) 0.768
Frequency 26 (17-34) 25(16-31) 0.169
Dietary 17 (8-20) 17 (12-20) 0.168
Urgency/soilage 16 (9-20) 18(10-20)  0.214

Wexner score 5 (0-20) 3(0-14) 0.205

18 mo (n=68)

No. of patients 51 (75.0) 17 (25.0)

MSKCC score 76 (50-87) 69 (44-85)  0.089
Frequency 26 (18-32) 26 (16-37) 0.573
Dietary 18 (9-20) 18(8-20)  0.156
Urgency/soilage 18 (8-20) 15 (11-20) 0.758

Wexner score 3 (0-20) 4(0-20) 0.452

24 mo (n=55)

No. of patients 24 (43.6) 31(56.4)

MSKCC score 70 (48-84)  77(52-87)  0.104
Frequency 26 (15-31) 25 (17-30) 0.549
Dietary 18 (11-20)  20(12-22)  0.068
Urgency/soilage 15 (6-20) 19 (9-20) 0.006

Wexner score 6 (0-15) 0(0-20) 0.006

>24 mo (n=73)

No. of patients 23 (31.5) 50 (68.5)

MSKCC score 72 (52-89) 80 (56-87) 0.024
Frequency 26 (18-30) 27 (20-35) 0.292
Dietary 18 (10-20) 20 (13-20) 0.005
Urgency/soilage 19 (10-20) 20 (11-20) 0.020

Wexner score 2(0-13) 0(0-18) 0.004

Values are presented as median (interquartile range).
CCRT, concurrent chemoradiotherapy; MSKCC, Memorial Sloan Kettering
Cancer Center.

The only risk factor for delayed bowel dysfunction (=24 months)
was CCRT, which was noted in the univariate analysis only
(P=0.029). For delayed FI, CCRT was a risk factor in the univari-
ate analysis alone, while tumor distance from the AV (6-7 cm)
maintained its significance in the multivariate analysis as well
(odds ratio, 0.166; 95% confidence interval, 0.028-0.989; P =0.049)
(Tables 3, 4).
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Fig. 2. Changes in bowel function with time in both groups. (A) Concurrent chemoradiotherapy (CCRT) group. (B) Non-CCRT group. MSKCC,
Memorial Sloan Kettering Cancer Center.

Table 3. Univariate analysis of risk factors for delayed bowel dysfunction (MSKCC score < 65, 224 months)

X Univariate analysis
Factor -
QOdds ratio 95% CI P-value

Age (<60 yr vs. =60 yr) 0.208 0.042-1.043 0.052
Sex (female vs. male) 2.343 0.568-9.672 0.328
CCRT (yes vs. no) 0.199 0.051-0.770 0.029
T3-T4 category (no vs. yes) 0.555 0.134-2.298 0.514
Tumor differentiation grade (non-MD vs. MD) 0.343 0.040-2.914 0.441
Illeostomy repair time interval (<3 mo vs. =3 mo) 0.267 0.024-2.921 0.354
Distance of tumor from AV (6-7 cm) (no vs. yes) 0.259 0.062-1.089 0.075
Anastomotic leakage (no vs. yes) - - 0.136

MSKCC, Memorial Sloan Kettering Cancer Center; Cl, confidence interval; CCRT, concurrent chemoradiotherapy; MD, moderately differentiated; AV,
anal verge.
“The variable listed first in the parenthesis is the reference category.

Table 4. Univariate and multivariate analysis of risk factors for delayed fecal incontinence (Wexner score > 8, 224 months)

Factor® Univariate analysis Multivariate analysis
P-value Odds ratio 95% CI P-value

Age (<60 yr vs. 260 yr) 0.113 0.167 0.019-1.462 -
Sex (female vs. male) 0.456 2.083 0.377-11.518 -
CCRT (yes vs. no) 0.029 0.254 0.039-1.631 0.148
T3-T4 category (no vs. yes) 0.239 0.241 0.027-2.115 -
Tumor differentiation grade (non-MD vs. MD) >0.999 0.619 0.069-5.574 -
Illeostomy repair time interval (<3 mo vs. =3 mo) 0.260 - - -
Distance of tumor from AV (6-7 cm) (no vs. yes) 0.012 0.166 0.028-0.989 0.049
Anastomotic leakage (no vs. yes) >0.999 - - -

Cl, confidence interval; CCRT, concurrent chemoradiotherapy; MD, moderately differentiated; AV, anal verge.
“The variable listed first in the parenthesis is the reference category.
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DISCUSSION

In recent years, the standard treatment for locally advanced rectal
cancer has been CCRT combined with TME, which has demon-
strated good oncological outcomes. However, adverse effects of
radiotherapy on bowel function that negatively affect patient QoL
have also been documented [14]. In the current study, we investi-
gated the changes in bowel function following SPS for rectal can-
cer. We hypothesized that the bowel dysfunction and FI are due to
effects of CCRT, especially a delayed impact. Furthermore, we
raised multiple questions: When does bowel function usually im-
prove? Is CCRT alone the cause of these adverse effects?

In this longitudinal study, patients underwent follow-up in
6-month intervals after surgery or ileostomy takedown to assess
their bowel function using MSKCC and Wexner scores. Delayed
bowel dysfunction and FI were observed in patients who had re-
ceived CCRT at and after 24 months of follow-up.

The effects of bowel dysfunction are reportedly due not only to
increased proximal colonic motility and reduction in the func-
tional capacity of the neorectum, but also the associated anal
sphincter dysfunction [15, 16]. Multiple cross-sectional and longi-
tudinal studies have been conducted to investigate bowel dysfunc-
tion and its risk factors. In a longitudinal study of patients with
low rectal cancer who underwent ultralow anterior resection
(ULAR) with coloanal anastomosis, Cheong et al. [17] found that
these patients still experienced major bowel dysfunction even 3
years after surgery, with risk factors of ULAR, male sex, old age,
and adjuvant chemoradiotherapy. Additionally, Pieniowski et al.
[18] observed no change in the prevalence of major bowel dys-
function over time, and approximately 50% of the patients who
underwent SPS for rectal cancer experienced major bowel dys-
function 7 to 16 years after surgery. Findings of 2 other longitudi-
nal studies demonstrated that 47.5% and 46% of patients experi-
enced bowel dysfunction symptoms at 13.7 and 14.6 years, respec-
tively [19, 20]. According to our results, the prevalence of bowel
dysfunction symptoms and FI reached as high as 43% among pa-
tients treated with radiation at 24-month follow-up, which aligned
with previously reported results [21, 22]. Studies have reported
the incidence of bowel dysfunction to be approximately 19% to
52% [23]. In a recent meta-analysis by Croese et al. [24], the esti-
mated prevalence of bowel dysfunction was 41%. In the present
study, we observed a decline in symptoms of bowel dysfunction 1
year after surgery. Similar results were reported by Park et al. [13]
in a cross-sectional study, in which they observed that a short fol-
low-up period (<1 year) was associated with major bowel dys-
function and FI. In recently published data from a retrospective

cross-sectional study from our group investigating bowel function
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after resection of low-lying rectal cancer, we found partial im-
provements in bowel function 1 year after ileostomy takedown,
and patients who underwent follow-up before 1 year still experi-
enced major bowel dysfunction [25]. Furthermore, Perez et al.
[26] reported similar findings of stabilized bowel function after
the first year of follow-up.

Cheong et al. [17] reported ULAR as a risk factor for major
bowel dysfunction during longitudinal follow-up with patients.
Other studies have reported the same finding but in terms of the
tumor height from the AV. Alavi et al. [8] pointed out that the
nearer the tumor was to the AV (<6 cm), the worse the bowel
function was in terms of the MSKCC score. In our study, we at-
tempted to decrease the selection bias by excluding any low rectal
cancer less than 6 cm from the AV, and the procedure performed
was therefore LAR.

Many studies have highlighted the adverse effects of CCRT on
bowel function, especially in long-term outcomes. Peeters et al.
[10] found that patients who underwent radiation treatment ex-
perienced increased rates of FI, pad-wearing, anal bleeding, and
mucus discharge. Furthermore, their overall satisfaction with
bowel function was significantly lower than that of those who un-
derwent surgery only. Pollack et al. [9] assessed the long-term ef-
fects of short-course radiotherapy on anorectal function using a
questionnaire, anal manometry, and endorectal ultrasound; they
reported that patients who had received radiation had significant-
ly more frequent symptoms of FI and soiling, more bowel move-
ments per week because of lower resting and squeeze pressures,
and more scarring of the anal sphincter. Similar results were re-
cently obtained by Quezada-Diaz et al. [27]; they observed that
patients who had been exposed to radiotherapy alone had worse
bowel function in terms of MSKCC score than those exposed to
neoadjuvant chemotherapy alone. Results from a newly published
randomized controlled trial also emphasize that CCRT and low
anastomosis are independent risk factors of postoperative bowel
dysfunction and decline in QoL [28].

In the present study, we observed that CCRT was associated
with delayed FI after 2 years of follow-up in only the univariate
analysis; meanwhile, tumor distance from the AV (<7 cm) was
identified as a significant risk factor. Additionally, we observed
the delayed deleterious effects of CCRT on bowel function in
terms of MSKCC score.

Some studies have highlighted the effects of the covering stoma
on bowel dysfunction. Walma et al. [29] demonstrated the risk of
diverting ileostomy for FI and impairment of QoL after TME for
rectal cancer. Furthermore, they mentioned that ileostomy rever-
sal within 3 months was superior to delayed closure. Similar re-

sults were reported by Park et al. [13] in a cross-sectional study;

https://doi.org/10.3393/ac.2022.01067.0152


https://doi.org/10.3393/ac.2022.01067.0152

Annals of
COLOPROCTOLOGY

they reported that ileostomy was associated with major FI and
severe bowel dysfunction. We believe that stoma presence is as-
sociated with major bowel dysfunction because patients who un-
dergo covering ileostomy initially present with tumors that are
nearer the AV, receive more CCRT, and require a lower anasto-
mosis level, which results in greater bowel dysfunction. However,
in our study, we did not find the ileostomy closure time to be a
risk factor for bowel dysfunction. A recently published longitudi-
nal study [30] in a Scandinavian population addressed bowel
function at 1 and 2 years of follow-up; this research indicated
that major bowel dysfunction was common in young female pa-
tients and possibly persistent over time. This group of patients
should be advised regarding early stoma closure to decrease such
complications.

A strength of this study is that it revealed changes in bowel
function over time in short 6-month intervals until more than 24
months of follow-up (constituting a longitudinal pattern). Addi-
tionally, it showed that combining CCRT and low anastomosis
level to treat a tumor near the AV in a patient who undergoes
LAR with a protective stoma affected bowel function in long-term
follow-up.

Additionally, it is important to carefully select patients based on
oncological safety. This is especially crucial in those with low-ly-
ing rectal cancer for whom CCRT is usually recommended.
During the restaging period, if the tumor demonstrates a good re-
sponse, SPS can be safely performed while considering a distal re-
section margin of more than 1 cm to prevent local recurrence. In
other words, if the tumor still abuts the anal sphincter complex af-
ter CCRT, APR is a safer surgical treatment option than anal SPS.
CCRT should also be reserved for locally advanced rectal cancers
to minimize its deleterious effect on bowel function.

This study has the following limitations: retrospective design,
lack of available anal manometric data, lack of QoL assessment,
and selection bias due to loss to follow-up of some patients and
heterogeneity of groups; however, we attempted to minimize this
by excluding low rectal cancer cases (any case below 6 cm from
the AV). Thus, further prospective studies are needed before
drawing solid conclusions.

In conclusion, patients with CCRT showed significantly poor
bowel function relative to patients without CCRT in this longitu-
dinal study, even after 24 months from bowel restoration. CCRT
with a low anastomosis level was a significant risk factor for de-
layed bowel dysfunction and FI. Therefore, preoperative counsel-
ing and patient selection are key for avoiding such complications

that can compromise QoL.
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