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Abstract

Background Obesity is considered a risk factor for many chronic diseases and obese patients are often considered higher
risk surgical candidates. The aim of this meta-analysis was to evaluate the outcomes of obese (body mass index > 30 kg/m?)
versus non-obese patients undergoing surgery for inflammatory bowel disease (IBD).

Methods PubMed, Scopus, and Embase libraries were searched up to March 2019 for studies comparing outcomes of obese
with non-obese patients undergoing surgery for IBD. A meta-analysis was conducted using Review Manager software to
create forest plots and calculate odds ratios and mean differences.

Results Four thousand three hundred and eleven patients from five observational studies were included. Obese patients were
older at the time of surgery and more likely to have diabetes. Obese patients had longer operative times (MD 23.28, 95% CI
14.63-31.93, p<0.001), higher intra-operative blood loss (MD 45.32, 95% CI 5.89-84.76, p=0.02), longer length of stay
(MD 0.90, 95% C1 0.60-1.20, p <0.001), higher wound infection rates (OR 1.76, 95% CI 1.39-2.23, p <0.001), and higher
total postoperative complication rates (OR 1.33, 95% CI 1.04-1.70, p=0.02).

Conclusions Obesity is associated with significantly worse outcomes following IBD-specific surgery, including longer opera-
tive times, greater blood loss, longer length of stay, higher wound infection rates, and higher total postoperative complica-
tion rates. Clinicians should be mindful of these increased risks when counselling patients and consider weight reduction

strategies where possible.
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Introduction

Obesity, defined by the World Health Organisation as
body mass index (BMI) > 30 kg/m? [1], is a significant and
increasingly prevalent public health burden worldwide. The
economic burden of obesity to the National bHealth Ser-
vice (NHS) in the UK is at least £5.1 billion per annum
[2]. Obesity was previously considered a rare occurrence
in patients with inflammatory bowel disease (IBD), but it is
now a growing epidemic even in this population [3], with
studies reporting 15-40% of patients with IBD as obese [4].
As the prevalence of IBD itself is also rising globally, there
is growing interest in the complex relationship between obe-
sity and IBD.
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Theoretically, surgical outcomes may be worse in obese
patients due to increased comorbidities and technical and
anatomical difficulties of surgery. Numerous studies report
increased rates of wound infection, conversion, incisional
hernia, thromboembolism, and anastomotic dehiscence
in obese patients [5—7]. However, there is still conflict-
ing literature which reports no effect of obesity on overall
complications in surgery [8, 9]. Further complicating the
picture, there is a body of evidence, suggesting that obese
patients undergoing general surgery may actually have better
long-term outcomes, potentially due to increased metabolic
reserves and an altered immune response [8, 10]. The impact
of obesity on outcomes in IBD-specific surgery may be even
more complex, since weight loss and poor nutrition are asso-
ciated with severe IBD states, and therefore, obesity may
reflect less severe disease in this group [11, 12]. However,
there are data which suggest that obesity is a risk factor
for developing Crohn’s disease (CD) [13] and that obese
patients with CD have a higher incidence of surgery, more
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perianal disease, and more frequent hospital admissions [14,
15]. Interestingly, the literature also reports that bariatric
surgery improves IBD outcomes for obese patients [16—18].

There is little consensus as to the association between
obesity and IBD, and the effect of obesity on IBD-specific
surgery. The purpose of this study was to summarise the
data available for perioperative outcomes in obese patients
undergoing surgery for IBD specifically.

Materials and methods
Search strategy and study selection

The preferred reporting items for systematic reviews and
meta-analysis (PRIMSA) guidelines were followed [8]. A
literature search was performed through Pubmed, Scopus
and Embase libraries using the terms ‘inflammatory bowel
disease’, ‘obesity’, and ‘surgery’. Reference lists of iden-
tified articles were searched separately to identify further
potential articles. The latest date for the search was March
2019. Two review authors (GH and AA) independently read
titles, abstracts and full texts to find eligible studies and any
discrepancies were discussed with AS

Studies comparing at least one postoperative outcome
in obese versus non-obese patients undergoing any type of
surgery for IBD were included. Obese patients were defined
as BMI > 30 kg/m? and non-obese as BMI < 30 kg/m?. Stud-
ies which had combined data of obese patients without a
diagnosis of IBD or studies which had pooled obese with
overweight patients (BMI > 25-30 kg/m?) were excluded.

Data collection and analysis

Data were independently extracted by GH and AA and
entered into a Microsoft Excel proforma. Study character-
istics were entered as well as preoperative baseline data,
intra-operative and postoperative outcomes. The primary
endpoint was total 30-day complications and secondary
endpoints were operative time, blood loss, conversion rate,
length of stay, wound infection, wound dehiscence, venous
thromboembolism (VTE), and ileus.

Means and standard deviations were extracted directly
into the proforma and median and interquartile ranges
from one paper were converted using a recognised formula
[19]. Data from overweight and normal weight patients
were grouped together to compare obese versus non-obese
patients. Underweight patients were excluded.

Statistical analysis was performed using a random-effects
model in RevMan Version 5.3 to determine the pooled esti-
mate and corresponding 95% confidence interval (95% CI).
For dichotomous outcomes, an odds ratio (OR) was used
as the summary statistic, and for continuous outcomes, the
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mean difference (MD) was used. A p value <0.05 was con-
sidered statistically significant. We evaluated statistical het-
erogeneity using the I statistic.

The quality of included studies was assessed by AA and
GH independently using the Newcastle—Ottawa Scale (NOS)
with scoring based on patient selection, comparability of the
study groups, and assessment of outcomes. A score of 0-9
was allocated to each study.

Results

Figure 1 details the study selection process. The literature
search yielded 1126 papers and 18 full-text articles were
screened for eligibility. On reading full texts, 10 papers were
excluded, as results were not grouped by BMI categories, 1
paper was excluded as the results included patients without
an IBD diagnosis, and 2 papers were excluded, as there were
no results for postoperative outcomes. Table 1 shows the
characteristics of the five studies finally included [20-24]
and their quality assessment scores. Most studies were
observational and retrospective in design, conducted in the
United States from single-centre data, with only one study
conducted in the United Kingdom [24] and one reporting
from a national database [23].

Study population

In total, 4311 patients were included in the meta-analysis,
and their characteristics are shown in Table 1. Two papers
[20, 22] included patients with Crohn’s disease (CD) and
ulcerative colitis (UC), whilst the others considered patients
with either diagnosis alone. A range of operations were
assessed, as shown in Table 2. All studies were assessing
abdominal surgery bowel resections with only 5% of total
patients included having other types of surgery for IBD such
as stoma revision or reversal. Two studies [22, 24] only
looked at laparoscopic surgery, whilst the others included
both open and laparoscopic approaches.

There were some differences in baseline characteristics
between patients. All papers reported on patient age and the
meta-analysis showed that obese patients were significantly
older at the time of surgery (MD 4.04, 95% CI 1.24-6.85,
p=0.005).

Three papers [20, 22, 23] reported on preoperative dia-
betes and the meta-analysis found that obese patients were
significantly more likely to have diabetes (OR 3.51, 95% CI
2.47-5.00, p <0.001). The overall rate of diabetes was 10%
in obese patients and 3% in non-obese patients. The other
two papers [21, 24] found no significant difference in ASA
grade between the two groups.

Four papers [20-23] reported on preoperative steroid use
and the meta-analysis found that there was no significant
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Fig.1 PRISMA flow diagram

difference in the use of preoperative steroids between
obese and non-obese patients (OR 0.97, 95% CI 0.75-1.26,
p=0.84). McKenna [21] and Krane [22] performed univari-
ate and multivariate analyses to determine that steroid use
was not a good predictor of surgical site infection and overall
complications.

Total 30-day complications

All studies reported on the primary endpoint, with the meta-
analysis showing obese patients, had significantly higher
total 30-day complication rates (OR 1.33,95% CI 1.04-1.70,
p=0.02) (Fig. 2).

Operative time

Operative time was reported by all papers and the meta-
analysis demonstrated that operative times were significantly
longer in obese patients (MD 23.28, 95% CI 14.63-31.93,
p<0.001) (Fig. 3).

Blood loss
Four papers reported intra-operative blood loss and the
meta-analysis demonstrated intra-operative blood loss was

significantly higher in obese patients (MD 45.32, 95% CI
5.89-84.76, p=0.02) (Fig. 4).
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Table 1 Characteristics of selected studies
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NOS

Surgery

Diagnosis

Gender (M/F)

Age (mean)

No. patients

Setting ~ Study type Group

Year

Study

9

All abdominal surgery (90% were resections)

142/237 CD

1
1

Obese 379
1940

Retrospective

USA

2011

Causey [23]

41 871/1069

Non-obese

national data-

base

42.4% CD/57.6% UC  All laparoscopic resection

44.5% CD/55.5% UC

3.5 44/41

4

Retrospective Obese 85
541

Single centre

2013 USA

Krane [22]

298/243
26/39

3
5

37

Non-obese
Obese

69.2% CD/30.8% UC  All abdominal resection
67.5% CD/32.5% UC

CD

47

65
292

Retrospective
Single centre

2016 USA

Guardado [20]

139/153
38/45
89/65
89/65

41.1
37
40

Non-obese
Obese

Laparoscopic ileocecal resection

17
83

2016 UK Prospective

Pares [24]

Non-obese
Obese

Single centre

8

Proctocolectomy or proctectomy with ileal

ucC

42.5
3

154
755

Retrospective
Single centre

2017 USA

McKenna [21]

pouch-anal anastomosis

451/304

7.1

Non-obese

CD Crohn’s disease, UC ulcerative colitis, NOS Newcastle Ottowa Scale

Conversion

Three papers reported on the conversion rate from lapa-
roscopic to open and the meta-analysis showed that there
was no significant difference between obese and non-obese
patients (OR 1.50, 95% CI 0.87-2.58, p=0.14) (Fig. 5).

Length of stay

Three papers reported on length of hospital stay with the
meta-analysis, showing that length of hospital stay was
significantly longer in obese patients (MD 0.90, 95% CI
0.60-1.20, p <0.001) (Fig. 6), corresponding to an increased
hospital stay of nearly 1 day.

Wound infection

All papers reported on wound infection with the meta-anal-
ysis showing significantly higher wound infections rates
in obese patients (OR 1.76, 95% CI 1.38-2.23, p <0.001)
(Fig. 7).

Wound dehiscence

Three papers reported on wound dehiscence with the meta-
analysis, showing that there was no significant difference in
wound dehiscence between obese and non-obese patients
(OR 1.81,95% C10.87-3.76, p=0.10) (Fig. 8).

VTE

Four papers reported on VTE with the meta-analysis, show-
ing that there was no significant difference in VTE between
obese and non-obese patients (OR 0.98, 95% CI 0.59-1.65,
p=0.94) (Fig. 9).

lleus

Three papers reported on ileus with the meta-analysis, show-
ing that there was no significant difference in ileus between
obese and non-obese patients (OR 1.14, 95% CI 0.67-1.96,
p=0.62) (Fig. 10).

Discussion

We conducted the first meta-analysis of surgical outcomes
in obese patients undergoing surgery for IBD. Our results
showed that obesity had a significant effect on intra-opera-
tive and postoperative outcomes.

Pre-operatively, obese patients were significantly older.
This may be due to a delayed diagnosis of IBD in patients
with higher BMI or may reflect a different disease course
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Table 2 Description of surgical

Stud,
procedures Y

Procedure type (number)

Causey [23]

Krane [22]

Guardado [20]

Pares [24]
McKenna [21]

Adhesiolysis (24)

Small bowel resection (283)

Partial colectomy + stoma (760)

ITleocolic resection + anastomosis (548)

Total colectomy =+ ileostomy +ileorectal anastomosis (161)
Proctocolectomy =+ ileal pouch—anal anastomosis (141)
Stoma creation, revision or closure (171)

Intestinal stricturoplasty (29)

Closure of intestinal fistula (48)

Tleocolic resection (108)

Right hemicolectomy (31)

Sigmoidectomy (5)

Total abdominal colectomy +ileostomy (182)

Total abdominal colectomy + ileorectal anastomosis (25)
Proctocolectomy +ileostomy (83)

Proctocolectomy +ileal pouch—anal anastomosis (58)
Proctectomy + ileostomy (36)

Proctectomy + ileal pouch—anal anastomosis (9)

Segmental colectomy (193)

Total abdominal colectomy +ileorectal anastomosis (78)
Proctocolectomy =+ ileal pouch—anal anastomosis (38)
Proctectomy +ileal pouch—anal anastomosis (27)

Small bowel resection (30)

Stoma closure (29)

Ileocecal resection + protective stoma (100)

Proctocolectomy or proctectomy + ileal pouch—anal anastomosis (909)

Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Causey 2011 122 374 433 1940 37.8% 1.65[1.30,2.10) —
Guardado 2015 28 65 105 292 152% 1.35[0.78, 2.33] —
Krane 2013 20 a5 149 541 156% 0.81[0.47,1.38] I
Mckenna 2017 a4 154 356 FA5  2T1% 1.34 [0.95,1.90] T
Pares 2016 3] 17 24 a3 4.3% 1.02[0.33, 3.22)
Total {95% CI) 700 3611 100.0% 1.33[1.04,1.70] .
Total events 259 1067

o 2 — . - . —_ —_ R — Il Il I 1
Heterogeneity: Tau®= 0.03; Chi*=6.20, df=4 (P=018); F= 35% s 07 15 %

Testfor overall effect £2=2.25(F=0.02)

Fig.2 Total 30-day complications, forest plot

Favours [Obese] Favours [Mon Obese]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Causey 2011 177 898 379 164 898 1940 354% 13.00[3.12, 22.88] ——
Guardado 2015 262.25 615 G5 2345 532 282 200% 27.75[11.60,43.80] e —
Krane 2013 2831 1057 85 251 855 541 11.2%  3210[8.50,55.70]
MckKenna 2017 2814 539 56 256.5 B4.7 429 21.4% 24.90([9.51,40.29) e —
Pares 2016 165 42 17 130 48 83 121% 35.00[12.52 57.48] —
Total (95% CI) 602 3285 100.0% 23.28[14.63, 31.93] -
Heterogeneity: Tau®= 29.57; Chi*= 5.76, df=4 (P=0.22); F= 31% -EED -2{5 1 245 5*0

Test for overall effect: Z=5.28 (P = 0.00001)

Fig. 3 Operative time, forest plot

Favours [Obese] Favours [Mon Obese]
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Guardado 2015 5375 2486 65 4375 258 292 334% 10.00 [3.33, 16.67] -
Krane 2013 2295 20349 85 168 185 541 231% 61.50([15.44 107.56] —_—
Mckenna 2017 2755 1461 56 201.8 1658 429 246% 73.70([32.34,115.06] . E——
Pares 2016 85 124 17 34 47 83 19.0% 51.00[8.81,11081]
Total {95% Cl) 223 1345 100.0%  45.32 [5.89, 84.76] ——e
;letn:;ogeneltyl:IT?fu :;3021 .EBSD;F(.:T|D=U124.86, df=3(FP=0.002), F=80% 10 20 b a0 100
estfor overall effect Z=2.25 (P = 0.02) Favours [Obese] Favours [Non Obese]
Fig.4 Intra-operative blood loss, forest plot
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Guardado 2015 7 65 26 292 38.0% 1.23[0.81, 2.98] —
Krane 2013 11 85 41 541 5BT% 1.81[0.89, 3.68] —i—
Pares 2016 1] 17 4 a3 3.4% 0.50[0.03, 9.81]
Total (95% CI) 167 916 100.0% 1.50 [0.87, 2.58] -+
Total events 18 71
?et?;ogenmtyl:l T?fu ;;P?;;’hlpz—udg1gi df=2(FP=061)F=0% 0z o 10 a0
estior overall effect: Z=1.47 (F=0.14) Favours [Obese] Favours [Non Obese]
Fig.5 Conversion, forest plot
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Guardado 2015 712 65 61 1.1 292 87.0% 0.90[0.58,1.22]
Krane 2013 82 4aha a5 7747 A 5.8% 0.80[-0.73,1.73]
Mckenna 2017 8.4 4 56 7.2 35 429 7.3% 1.20[0.10, 2.30]
Total {95% CI) 206 1262 100.0% 0.90 [0.60, 1.20] .
Heterogeneity: Tau?= 0.00; Chi®= 0.69, df=2 (P =0.71); F=0% 52 51 1 15 é
Testfor overall effect: £=5.94 (P = 0.00001) Favours [Obese] Favours [Non obese]
Fig.6 Length of stay, forest plot
Obese Non Obese Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CIl M-H, Random, 95% Cl
Causey 2011 87 378 181 1940 551% 1.72[1.25, 2.37] ——
Guardado 2015 14 65 40 292 123% 1.73[0.88, 3.41] m
Krane 2013 4 a5 25 54 48% 1.02 [0.35, 3.00]
McKenna 2017 28 154 Ta 785 251% 2.011[1.25, 3.24] I —
Pares 2016 3 17 7 a3 2.6% 2.33[0.54,10.10]
Total (95% CI) 700 3611 100.0% 1.76 [1.39, 2.23] <
Total events 106 328
ity == CChif= = = ‘RF= } } t t } }
Heterogeneity: Tau®= 0.00; Chi*=1.46, df=4 (P=0.83); F=0% 01 0= 05 3 : 0

Test for overall effect: Z= 4.66 (P = 0.00001)

Fig.7 Wound infection, forest plot

or disease severity in obese patients. Furthermore, surgery
may be delayed in obese patients due to reluctance of sur-
geons to operate on a higher risk group.
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Favours [Obese]

Favours [Non Obese]

Intra-operatively, we found significantly longer opera-
tive times and higher blood loss in obese patients. Causey
et al. reported operative time increasing in proportion with
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CIl M-H, Random, 95% CI
Causey 2011 g 379 23 1840 883% 2.03[0.93, 442 T
Guardado 2015 I B4 2 292 5.8% 0.89[0.04,18.70]
Fares 2016 i 17 3 83 5.9% 0.66[0.03,13.30]
Total (95% CI) 461 2315 100.0% 1.81 [0.87, 3.76] e
Total events g 28
?etlta;ogenemrl:l T?fu ;ZDP?;%h|P=_DD.?141, df=2 (P=069) F=0% '0.01 Df1 1'0 1DE|'
estfor overall effect Z=1.59 (F = 0.11) Favours [Obese] Favours [Mon Obese]
Fig.8 Wound dehiscence, forest plot
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Causey 2011 3] 79 26 1940 33.4% 1.18[0.48, 2.50] —m—
Guardado 2015 3 B4 9 2982 150% 1.52[0.40,5.78] T
Krane 2013 1 85 12 541 6.3% 0.52[0.07, 4.09]
Mckenna 2017 g 154 48 755 452% 0.81[0.37,1.74] —i—
Total (95% CI) 683 3528 100.0% 0.98 [0.59, 1.65] ’
Total events 18 95
Heterogeneity: Tau®= 0.00; Chi*=1.20, df= 3 (P = 0.75); F= 0% ID 0 051 1*0 1DD{
Test for overall effect: £2=0.07 (P = 0.94) Favours [Obese] Favours [Non Obese]
Fig.9 Venous thromboembolism, forest plot
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Krane 2013 ] 85 20 541 28.3% 1.63[0.59, 4. 46]
MckKenna 2017 12 154 58 T7H5 BBE% 1.02[0.583,1.94]
Pares 2016 1] 17 3 a3 32% 0.66 [0.03,13.30]
Total (95% CI) 256 1379 100.0% 1.14 [0.67, 1.96] e
Total events 17 a1
Heterogeneity: Tau®= 0.00; Chi*=0.74, df=2 {F = 0.69); F= 0% D.'EIS 052 é 2'[]

Test for overall effect Z= 048 (P =0.62)

Fig. 10 Ileus, forest plot

increased BMI [23]. Obesity increases operative times due
to technical demands created by a thick abdominal wall and
higher intra-abdominal fat levels, which make exposure and
dissection difficult. In particular, stoma creation is much
more challenging with a thicker abdominal wall. Similar
technical challenges are likely to account for the increased
blood loss found in our meta-analysis in the obese groups.
These results are consistent with higher operative times and
blood loss in obese patients undergoing colorectal cancer
surgery [25, 26].

Despite increased operative times and blood loss, we
found no significant difference in conversion rates between
the two groups. Causey et al. [23] looked at initial opera-
tive approach and showed no significant difference between
initial open or laparoscopic approach, but McKenna et al.
[21] reported that for both 2 and 3 stage ileal pouch—anal

Favours [Obese] Favours [Mon Obese]

anastomosis (IPAA), obese patients were significantly less
likely to undergo laparoscopic surgery.

Postoperatively, obese patients had a clinically and sta-
tistically significant longer length of hospital stay by nearly
1 day. Overall, the meta-analysis demonstrated higher rates
of wound infection as well as total 30-day complication rates
in obese patients. Causey et al. found that total postoperative
complications increase directly with increasing BMI and on
multivariate analysis, with diabetes and several other pre-
operative variables accounted for, and obesity was indepen-
dently associated with significantly higher total complica-
tions [23].

Few papers considered longer term outcomes. Krane et al.
[22] reported significantly increased rates of incisional her-
nia in obese patients. McKenna et al. [21] looked at long-
term follow-up after IPAA surgery and found no significant
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differences in functional outcomes including incontinence
and pouchitis.

Our aim was to provide more clarity for the obese IBD
population and our results have been consistent, with low
statistical heterogeneity for all outcomes except blood loss.
Heterogeneity in our analysis may be due to the different
complexities of the surgical procedures performed, inclusion
of both CD and/or UC patients, surgeon factors, and differ-
ences in severity of IBD.

The meta-analysis is primarily limited by a small num-
ber of studies available. All studies were observational and
mainly retrospective which have inherent disadvantages as
well as the limited generalisability of results, since most
studies were from the USA. Furthermore, we found that
obese patients were significantly older and more likely to
have diabetes which may confound results.

We defined obesity as BMI> 30 kg/m?, but there is
increasing discussion from many authors as to whether BMI
is too simplistic a measure of risk, since it does not look
at adipose tissue type or distribution. Other descriptors of
risk include waist circumference, waist circumference-to-hip
ratio, subcutaneous fat, visceral fat, and subcutaneous-to-
visceral fat ratio. Computerised tomography scans are the
gold standard for estimating distribution of visceral and sub-
cutaneous fat and several authors have looked at adipose
ratios in patients undergoing surgery for IBD. High visceral
fat area was found to be associated with increased 30-day
complications in patients undergoing surgery for CD [27].
Connelly et al. found that an increased visceral-to-subcu-
taneous fat ratio was predictive of increased postoperative
morbidity in patients undergoing ileocolectomy for CD.
They noted that BMI alone did not predict this increased
morbidity [28]. Similarly, Stidham et al. [29] found that
increased subcutaneous-to-visceral fat increased infectious
complications after bowel resections in patients with CD,
but BMI as a measure was not predictive of any surgical
complications.

Conclusions

There is a need to further clarify the complex interplay
between obesity, IBD, and surgical outcomes, in particular
to evaluate stoma complications, anastomotic leak, and other
long-term outcomes not considered in this paper. Further
research is needed to consider if BMI is an adequate meas-
ure of risk or if other descriptors of body fat are more suit-
able. The role of conservative weight loss methods as well
as obesity surgery prior to IBD surgery needs investigation.

Despite the limitations of a small number of observa-
tional studies, this meta-analysis shows that outcomes are
significantly worse in obese patients undergoing surgery for
IBD. Clinicians should be mindful of increased operative
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time, blood loss, length of stay, wound infections and over-
all early complications and counsel patients appropriately.
Weight reduction strategies should be considered where pos-
sible to improve outcomes.
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