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Long-term patient survival after intestinal transplantation (IT) remains low compared with other organ trans-
plants despite years of advancement in clinical experience. While patients with extremely high or low body
mass index (BMI) are often considered ineligible for IT, the impact of BMI on post-transplant IT survival remains
understudied.

Using the United Network for Organ Sharing Standard Transplant database, we conducted a retrospective co-
hort study on patients who underwent IT between April 11, 1994, and September 29, 2021. We assessed the
association of recipient and donor BMI at transplant with post-transplant mortality using Kaplan-Meier surviv-
al curves and univariate and multivariate Cox regression analyses.

A total of 1541 patients were included in our final sample. Of these patients, 806 were females (52.5%) and
most were in the normal-weight BMI subgroup (54.2%). Obese class Il (mean; 36.8+10.92 years) and under-
weight patients (mean; 37.6+13.37 years) were significantly younger than patients in other BMI categories.
The adjusted multivariate model demonstrated an increased risk of mortality in underweight IT recipients com-
pared to normal-weight IT recipients (@HR=1.25, 95% confidence interval [Cl], 1.02-1.54; P=0.032).There was
no significant association between donor BMI categories and survival in IT recipients.

Recipient BMI below normal is associated with an increased risk of mortality after intestinal transplantation
and represents a potentially modifiable patient characteristic to improve survival outcomes.

Body Mass Index ¢ Obesity ¢ Transplant Recipients ¢ Survival Analysis ¢ Intestine, Large ¢
Intestine, Small
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Introduction

The World Health Organization (WHO) defines obesity as ab-
normal or excessive fat accumulation, which poses a health
risk. It is further classified into classes: class 1 (body mass in-
dex [BMI] >30.0-34.9 kg/m?), class 2 (BMI >35.0-39.9 9 kg/m?),
and class 3 or severe (BMI 240.0 9 kg/m?) [1]. In the United
States (US) the prevalence of obesity has been steadily increas-
ing across all sexes, races, and ethnicities. According to data
from the National Health and Nutrition Examination Survey,
the prevalence of obesity in US adults increased from 30.5%
in 1999-2000 to 42.4% in 2017-2018 [2,3].

Obesity is associated with multiple comorbidities, including
cardiovascular, renal, non-alcoholic steatohepatitis, and met-
abolic syndrome, leading to end-organ dysfunction, which can
impact surgical outcomes, including transplant outcomes [4,5].
Due to obesity-related complications, many transplant pro-
grams have listed class 2 obesity (BMI 35-39.9 kg/m?) and class
3 obesity (BMI greater than 40 kg/m?) as absolute or relative
contraindication until patients undergo pre-transplant weight
reduction [6]. This precaution aims to prevent post-transplant
complications such as surgical site infections (SSls), increased
mortality rates, and graft failures [7]. Underweight patients
face equally significant yet often less emphasized challeng-
es. They are often plagued with comorbidities, including ma-
lignancies, metabolic and immunodeficiency diseases, which
have a negative impact on postoperative outcomes. Further,
underweight patients have higher risks of malnutrition, which
places them at a significant risk of postoperative death and
increased length of hospital stay [8-10]. While criteria to ex-
clude transplant candidates with high BMI are commonly es-
tablished, a corresponding low BMI threshold for patient ex-
clusion remains less clearly defined.

Intestinal transplantation is a life-saving modality for patients
with intestinal failure who have been non-responsive or devel-
oped life-threatening complications to parenteral nutrition [11].
There has been a gradual rise in intestinal transplantations in
the US since 2019, with about 90 intestinal transplants per-
formed annually [12]. In intestinal transplants, advancements in
therapy have contributed to a decrease in mortality rates [11].
Despite these advances, long-term patient and graft survival
remains substantially lower compared to other organ trans-
plants, except for lung transplants [20], with all-cause mortal-
ity rates of nearly 44% at 5 years [13].

Despite its increasing utility and clinical advancements, the
persistent suboptimal outcomes necessitate evaluation of ad-
ditional modifiable predictors of survival. BMI remains an im-
portant yet understudied potential modifiable factor in post-
transplant survival in intestinal transplantation.
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However, only a few studies with very small sample sizes have
explored this relationship [14,15]. Thus, this study aimed to
investigate the impact of recipient and donor BMI on surviv-
al outcomes after intestinal transplantation using data from
a national database.

Material and Methods

Data Source and Study Design

We conducted a retrospective cohort study using data ex-
tracted from the Standard Transplant Analysis and Research
(STAR) United Network for Organ Sharing (UNOS) database.
The UNOS database is nationally representative and contains
baseline demographic, clinical, and laboratory data of IT re-
cipients from over 250 transplant centers in the US. We also
retrieved data on donor information and post-transplant fol-
low-up information on recipients. Our study was deemed ex-
empt from consent requirements by the Institutional Review
Board, as we used de-identified patient data.

Study Population and Analysis

The study population included adult patients (aged >18 years)
who underwent their first IT from April 11, 1994, to September
29,2021. We excluded patients with multiorgan transplants and
those with missing data on BMI. The study’s main objective was
to assess the association of recipient and donor BMI at trans-
plant with increased post-transplant mortality. Recipient and
donor BMIs were the primary variables of interest in our study.
We categorized recipient and donor BMI into 6 main groups
based on the World Health Organization BMI classes — under-
weight (BMI <18.5 kg/m?), normal weight (BMI 18.5-24.9 kg/m?;
reference), overweight (BMI 25-29.9 kg/m?), obese class | (BMI
30-34.99 kg/m?), obese class Il (BMI 35-39.99 kg/m?), and obese
class Il (BMI 240 kg/m?) [16].

We considered recipient demographic and clinical information
for inclusion in the study analysis based on previous literature
and/or plausibility [17,18]. These variables were: recipient’s
self-reported race and ethnicity (classified as Non-Hispanic
White, Non-Hispanic Black, Hispanic, Non-Hispanic Asian, and
other/multiracial), recipient on life support (whether on 1 or
more of extracorporeal membrane oxygen devices, artificial
ventilation, prostaglandins, and inhaled nitrates), intensive
care unit admission at transplant, serum creatinine (an indi-
cator of kidney function), serum total bilirubin (an indicator of
liver malfunction), and graft total ischemic time, which is the
length of time between harvesting and reperfusion of the graft
into a patient [19-21]. To account for historical bias, we cate-
gorized participants into 3 groups from different eras: 1994-
2003, 2004-2013, and 2014-2021. For donor characteristics,
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Figure 1. Relative percentage distribution of donor and recipient BMI categories. The figure depicts the comparative distribution of
body mass index (BMI) categories among donors and recipients. Each BMI category is represented by a pair of bars, with
blue color indicating the percentage distribution of recipients and the green color for donors. The categories displayed on the
horizontal axis are ‘Underweight’, ‘Normal weight’, ‘Overweight’, ‘Obese Class I’, ‘Obese Class II', and ‘Obese Class III’. The
vertical axis represents the percentage distribution of each category. Figure created with RStudio 2023.03. 0-daily+82. pro2 for

Windows 10+ (installer-less), PBC.

we also explored variables found in prior studies to be inde-
pendently associated with post-transplant mortality and in-
cluded them in the multivariable model. The variables includ-
ed were donor and recipient sex match, donor and recipient
race match, and donor age.

Additionally, we considered the following recipient clinical vari-
ables for inclusion in our analysis: history of smoking or illic-
it drug use, history of pre-transplant malignancy, and histo-
ry of diabetes or hypertension. On donor-recipient matching,
we considered weight matching (donor-recipient weight ra-
tio 0.8-1), Cytomegalovirus (CMV) mismatch (an IgG-positive
donor CMV serology with a negative recipient CMV serology),
ABO mismatch (donor and recipient with different ABO blood
groups), and human leukocyte antigen mismatch (>4 mis-
matched antigens).

We calculated means and standard deviations for continu-
ous variables and computed percentages and standard de-
viations for categorical variables. Comparisons of donor and
recipient demographic, clinical, and matching variables were
made across the categories of BMI, using ANOVA for contin-
uous variables and the 2 test for categorical variables. Using
Kaplan-Meier survival curves, we compared survival across dif-
ferent BMI categories and assessed for differences in surviv-
al using the log-rank test.
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Univariate Cox regression analyses were utilized to compute
crude hazard ratios for mortality across different BMI catego-
ries, with normal weight (BMI 18.5-24.9 kg/m?) as the refer-
ence group. Subsequently, multivariate Cox analysis was per-
formed to estimate the hazard ratios of post-transplant survival
across different BMI categories while adjusting for potential
confounders (recipient race, recipient age, ICU stay, history of
diabetes mellitus (DM), serum creatinine, serum bilirubin, to-
tal ischemic time, race match, and weight mismatch). A back-
ward and forward selection method was used to select the final
multivariable model. A P value of less than 0.05 was consid-
ered statistically significant. All analyses were conducted us-
ing R statistical software (version 4.0.4) and SAS (version 9.4).

Results

Between April 11, 1994, and September 29, 2021, there were
1582 adults who received intestinal transplants. After exclu-
sions for missing BMI data, the final analysis involved 1541
recipients categorized by BMI: underweight (N=220, 14.3%),
normal weight (N=835, 54.2%), overweight (N=343, 22.3%),
obese class | (N=90, 5.8%), obese class Il (N=41, 2.7%), and
obese class Ill (N=12, 0.8%) (Figure 1). Sex distribution across
the categories showed a slight female predominance (52.5%),
but the difference was not statistically significant (P=0.199).
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Table 1. Demographic and clinical characteristics of intestinal transplant recipients by BMI category.

Normal : Obese Obese Obese

: Overweight Total
weight (N=343) Class | Class Il Class Il P-value
(N=835) -

(N=90) (N=41) (N=12) (N=1541)

Underweight

(N=220)

Gender, n (%)

Female 125 448 164 48 17 7 809
(56.8%) (53.7%) (47.8%) (53.3%) (41.5%) (58.3%) (525%)  0.199*
Viale 95 387 179 42 24 5 732
(43.2%) (46.3%) (52.2%) (46.7%) (58.5%) (41.7%) (47.5%)
Race, n (%)
Non-Hispanic 175 663 273 72 31 8 1222
White (79.5%) (79.4%) (79.6%) (80.0%) (75.6%) (66.7%) (79.3%)
Non-Hispanic 20 90 38 8 3 4 163
Black (9.1%) (10.8%) (11.1%) (8.9%) (7.3%) (33.3%) (10.6%)
Hisoanic 16 68 27 9 7 0 127 0.286"
P (7.3%) (8.1%) (7.9%) (10.0%) (17.1%) (0.0%) (8.2%)
Non-Hispanic 7 12 4 0 0 0 23
Asian (3.2%) (1.4%) (1.2%) (0.0%) (0.0%) (0.0%) (1.5%)
Other/ 2 2 1 1 0 0 6
multiracial (0.9%) (0.2%) (0.3%) (1.1%) (0.0%) (0.0%) (0.4%)
Age in years
N 220 835 343 90 41 12 1541
37.6 405 437 47.1 46.8 36.8 413 .
iz (1) (13.37) (13.34) (12.57) (11.40) (10.23) (10.92) (1321 <0001
Median 37.0 40.0 450 48.0 48.0 34.0 420
Range 180,730 180,730 180,680 180,640 260,640 220,570  180,73.0
Age of donor in years
N 220 835 343 ) 41 12 1541
19.3 213 23.0 23.1 27.2 235 21.7 .
iz (2] (10.92) (11.30) (10.57) (10.20) (11.89) (11.97) 1112 <0001
Median 18.0 19.0 20.0 21.0 26.0 185 19.0
Range 2.0, 50.0 1.0, 61.0 3.0, 65.0 3.0, 52.0 50,480  13.0,49.0  1.0,65.0
Era, n (%)
34 159 10 8 0 255
<2004 (15.4) (19.04) (11.11) (19.51) (0.00) 20 (16.55)
) 126 390 47 16 8 165 752 0.01569
2004-2013 (57.27) 46.7) (52.2) (48.8) (66.67) (48.10) (48.80)
60 33 17 4
286 134 534
2014-2021 27.27 67 1.51 .
(@) (34.25) E56) B5T (EReE) (39.06) (34.65)
ICU stay, n (%)
o 207 780 311 85 36 10 1429
(94.1%) (94.7%) (91.7%) (96.6%) (87.8%) (83.3%) (93.8%)  0.092*
Ve 13 44 28 3 5 2 95
(5.9%) (5.3%) (8.3%) (3.4%) (12.2%) (16.7%) (6.2%)
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Table 1 continued. Demographic and clinical characteristics of intestinal transplant recipients by BMI category.

Normal : Obese Obese Obese

: Overweight Total
weight (N=343) Class | Class Il Class Il P-value
(N=835) -

(N=90) (N=41) (N=12) (N=1541)

Underweight

(N=220)

History of DM, n (%)

" 203 759 290 72 9 1362

(92.7%) (92.2%) (85.5%) (80.0%) (75.0%) (89.4%)  <0.001*
77777 Ye516644918123162

(7.3%) (7.8%) (14.5%) (20.0%) (29.3%) (25.0%) (10.6%)
| coomeev e e
No 77777777777777777777777777777 192 73 3, 82 % 9 1377

(87.7%) (89.7%) (92.1%) 91.1%) (87.8%) (75.0%) (89.9%) 0.276*
Ye5278527853 777777777777777777 155

(12.3%) (10.3%) (7.9%) (8.9%) (12.2%) (25.0%) (10.1%)
| o meen ey
N0204765 7777777777777777 33 86 37 0 1415

(92.7%) (92.8%) (92.6%) (97.7%) (90.2%) (83.3%) (929%)  0.383*
Yes 77777777777777777777777777777 6 s 25 2 s 2 108

(7.3%) (7.2%) (7.4%) (2.3%) (9.8%) (16.7%) (7.1%)
| oeresmestor
N 219 816 337 ss a 2 1513
Mean (SD) (09.992) (ol.él4) (01.517) (01.528) (01.315) (01.532) (01.512) <0.0017
Fwedan 08 00 Y 00 00 T 09
B 02,90 01,100 01,130 03,71 02,20 06,35 01,130
| e e A e
N 219 81 334 87 a 2 1504
biterrn (E12) (;222) (73.482) (73.f6) (63.527) (1?:28) (1;:81) (73..578) Rt
[ hedian O 2 00 00 T 2 08 00
B 01,500 01,501 01,870 01,431 02,482 02,457 01,870
| rreemte e
N 208 768 390 83 39 2 1420
Mean (SD) (27.é6o) (27.253) (27.575) (17.571) (48.il4) (17.637) (27.3641) 04837
[ hedian IO 75 73 75 76 75 66 75
| R 09,230 09,317 04,340 37,112 40,313 50,105 04,340
CHAategory, n (%)
LoW45 77777777777777777 61 70 3 o o 208

(20.5%) (19.3%) (20.4%) (14.4%) (22.0%) (0.0%) (19.3%) 0.432*
ngh 777777777777777777777777777 75 e4 a3 17 32 2 1243

(79.5%) (80.7%) (79.6%) (85.6%) (780%)  (100.0%)  (80.7%)

Indexed in:  [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Ameyaw PA. et al:
Effect of BMI on survival outcomes after intestinal transplantation
© Ann Transplant, 2024; 29: e943994

Table 1 continued. Demographic and clinical characteristics of intestinal transplant recipients by BMI category.

Normal
weight
(N=835)

Underweight Overweight

(N=343)

(N=220)

Sex match, n (%)

No 107 415 155
(48.6%) (49.7%) (45.2%)
Yes 113 420 188
(51.4%) (50.3%) (54.8%)
Race match, n (%)
No 101 357 131
(45.9%) (42.8%) (38.2%)
Yes 119 478 212
(54.1%) (57.2%) (61.8%)
Weight mismatch, n (%)
No 166 591 181
(75.5%) (70.8%) (52.8%)
Yes 54 244 162
(24.5%) (29.2%) (47.2%)
Time to death, secs
N 220 835 343
3698.5 4371.7 4142.8
b () (3395.46)  (3450.89)  (3433.95)
Median 2142.0 5106.0 3867.0
Range 0.0, 7734.0 0.0, 7734.0 0.0, 7734.0

0.0, 7734.0

Obese
Class Il
(N=41)

Obese
Class 1l
(N=12)

Total

(N=1541) P-value

33 20 4 734
(36.7%) (48.8%) (33.3%) 47.6%)  0.175*
57 21 8 807
(63.3%) (51.2%) (66.7%) (52.4%)
39 17 8 653
(43.3%) (41.5%) (66.7%) 42.4%)  0.254*
51 24 4 888
(56.7%) (58.5%) (33.3%) (57.6%)
35 4 1 978
(38.9%) (9.8%) (8.3%) (63.5%)  <0.001*
55 37 11 563
(61.1%) (90.2%) (91.7%) (36.5%)
90 41 12 1541
4060.9 4068.3 5107.8 4204.2
(3466.44)  (3594.09)  (3316.21)  (3446.25)  0.271*
3422.5 3874.0 7734.0 3912.0

0.0, 77340 82.0,7734.0 0.0,7734.0

* Chi-Square p-value; # Kruskal-Wallis p-value.

Most of the recipients were non-Hispanic Whites, accounting
for 79.3% of the cohort, with no significant differences across
BMI categories (P=0.286) (Table 1).

The mean age of recipients was 41.3+13.21 years, with a signif-
icant difference across BMI categories (P<0.001). Donors’ mean
age was 21.7+11.12 years, also varying significantly with re-
cipients’ BMI (P<0.001). Most of the transplants occurred after
2004, with 752 (48.80%) of ITs occurring in 2004-2013 and 534
(34.65%) in 2013-2021. Most recipients (93.8%) did not have a
pre-transplant ICU stay, but the differences were not statistically
significant across BMI categories (P=0.092). Notably, the incidence
of DM was higher in overweight and obese recipients (P<0.001).

Mean serum creatinine and bilirubin levels tended to increase
with higher BMI categories, although serum bilirubin val-
ues showed no significant differences across BMI categories
(P=0.186), but serum creatinine values did (P<0.001). On av-
erage, the total ischemic time was 7.6 h, without significant
variation among BMI groups (P=0.483).

This work is licensed under Creative Common Attribution-
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No significant differences were observed in pre-transplant ma-
lignancy (P=0.276) and life support requirements (P=0.383)
across recipient BMI subgroups. Similarly, there were no signifi-
cant differences in HLA matching across the recipient BMI sub-
groups (P=0.432). However, weight mismatch occurred signifi-
cantly more often in higher recipient BMI categories (P<0.001).

From the Kaplan-Meier curves stratified by recipient BMI cat-
egories (Figure 2), underweight recipients showed lower sur-
vival rates across the study period. Survival curves for other
recipient BMI categories were comparable, with no statisti-
cally significant differences in long-term survival. For donor
BMI, Kaplan-Meier curves for post-transplant recipient mortal-
ity across categories of donor BMI did not significantly differ
(log-rank P-value=0.21) (Figure 3). The overall survival prob-
abilities at 1, 2, 3, 4, and 5 years were 78%, 69%, 65%, 59%,
and 54%, respectively (Table 2). When stratified by recipient
BMI categories at transplant, at 1, 2, 3, 4, and 5 years, over-
weight recipients had survival probabilities of 79%, 69%, 65%,
62%, and 57% compared to 79%, 71%, 66%,63%, and 61%
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Figure 2. Survival curves by recipient BMI categories. Kaplan-Meier survival curves illustrating the survival probability over the follow-
up period for recipients categorized by recipient BMI categories at the time of transplant. The categories are ‘Underweight’,
‘Normal weight’, ‘Overweight’, ‘Obese Class I’, “Obese Class II’, and ‘Obese Class III'. Numbers at risk at various time points
are displayed below the x-axis for each category. Figure created with RStudio 2023.03. O-daily+82. pro2 for Windows 10+

(installer-less), PBC.

for recipients with normal weight. Compared to the normal-
weight category, underweight recipients had survival proba-
bilities of 77%, 66%, 62%, 57%, and 49% at 1, 2, 3, 4, and 5
years, respectively (Table 3).

The Kaplan-Meier curves corresponded with results from the
univariate Cox regression analysis (Table 4). For recipient BMI,
underweight recipients had a significantly higher risk of post-
transplant mortality (HR=1.269, 95% Cl=1.045-1.542, P=0.016)
compared to the normal-weight reference group. Overweight
recipients (HR=1.1, 95% Cl=0.927-1.305, P=0.276), obese class
| recipients (HR=1.132, 95% Cl=0.844-1.517, P=0.408), obese
class Il recipients (HR=1.146, 95% Cl=0.747-1.759, P=0.534),
and obese class Il recipients (HR=0.712, 95% Cl=0.295-1.720,
P=0.451) showed no significant differences in mortality risk
in the unadjusted model. In contrast, donor BMI analysis re-
vealed that in the unadjusted model, having an overweight

(HR=1.275, 95% Cl 1.067-1.522, p=0.007) and obese class
Il (HR=15.221, 95% Cl=2.122-109.184, p=0.007) donor con-
ferred a higher risk of post-transplant mortality on recipients
when compared with getting a transplant graft from a nor-
mal-weight donor.

The multivariable analysis results are displayed in Tables 2
and 5. After adjusting for covariates, underweight recipients
had 25% higher mortality compared to recipients within the nor-
mal-weight range (HR=1.25, 95% Cl=1.02-1.54, P =0.032). Other
recipient BMI categories, however, did not show a significant
mortality difference: overweight (HR=1.08, 95% Cl=0.90-1.30,
P=0.396), obese class | (HR=1.08, 95% Cl=0.79-1.47, P=0.635),
obese class Il (HR=0.98, 95% Cl=0.62-1.55, P=0.924), and obese
class Il (HR=0.70, 95% Cl=0.29-1.72, P=0.443) (Table 2).
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Figure 3. Survival curves by donor BMI categories. Kaplan-Meier survival curves illustrating the survival probability over the follow-up
period for donors categorized by donor BMI categories at the time of transplant. The categories are ‘Underweight’, ‘Normal
weight’, ‘Overweight’, ‘Obese Class I’, “Obese Class II’, and ‘Obese Class III’. Numbers at risk at various time points are
displayed below the x-axis for each category. Figure created with RStudio 2023.03. 0-daily+82. pro2 for Windows 10+ (installer-

less), PBC.

All donor BMI categories remained non-significant, after ad-
justing for variables in the multivariable analysis underweight
(HR=1.07, 95% Cl=0.87-1.33, P=0.516), overweight (HR=1.10,
95% Cl1=0.91-1.33, P=0.331), obese class | (HR=0.85, 95%
C1=0.55-1.30, P=0.450), and obese class Il (HR=1.06, 95%
(1=0.26-4.28, P=0.935) (Table 5). The final multivariate model
for recipient BMI revealed that recipient age continued to be
a significant predictor of post-transplant mortality (HR=1.02,
95% Cl=1.01-1.02, P<0.0001), alongside recipient ICU stay
(HR=1.98, 95% Cl=1.51-2.59, P <0.001), era of IT (2014-2021 vs
<2004, HR= 0.55, 95% Cl=(0.44, 0.69), P<0.0001), DM (HR=1.30,
95% Cl=1.04-1.62, P =0.019), serum creatinine (HR=1.08, 95%
C1=1.02-1.15, P=0.013), and serum bilirubin (HR=1.01, 95%
Cl=1.00-1.02, P =0.005). Additionally, a longer total ischemic
time was significantly associated with poorer survival out-
comes (HR=1.04, 95% CI=1.00-1.07, P =0.015). However, race
and weight match did not significantly influence outcomes
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(HR=0.87, 95% Cl=0.74-1.01, P=0.073; HR=0.93, 95% Cl=0.79-
1.09, P=0.366, respectively).

Discussion

€943994-8

There has been an overall steady increase in global intestinal
transplant rates regionally since 1985, with North America
accounting for 76% of this volume [23]. Despite the signifi-
cant strides made through improved immunosuppression reg-
imens resulting in reduced cellular rejection rates, aggressive
approach to CMV and EBV disease prophylaxis, and improved
surgical techniques [24], long-term patient and graft surviv-
al remains significantly lower compared to other organ trans-
plants [25]. Despite improvement in some centers, overall post-
transplant patient survival since 2000 remains at 58% and
47% at 5 and 10 years, respectively [23]. There is, therefore, a
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Table 2. Multivariate Cox proportional hazards model for recipient BMI and other covariates in intestinal transplant survival analysis.

Variable name Hazard ratio 95% Confidence interval P-value
Recipient BMI category — Obese Class | 1.08 (0.79, 1.47) 0.635
 Recipient BMI category - Obese Class Il 098 062,155 0924
 Recipient BMI category - Obese Class Ill 070 029,17 0443
© Recipient BMI category - Overweight 8 090,130 0396
© Recipient BMI category - Underweight s Loz, 1549 00322
CRace 093 083,108 0203
A 2 Lo,102 <000l
e 198 st,259) <0001
ERA20042003 0% ©74,109 0288
eRA2014201 055 (044,069 <0001
 Diabetes melitus 30 (L0416 oot9
©Serum creatinine 8 w2115 0013
©Sewumbilrubin o1 (100,102 000s
© Totalischemic time in seconds 4 (Loo, 107 o015
Racematch 087 ©74,100) oo7a
© Weight mismatch 093 ©79,109 0366

Table 3. Survival probabilities for recipient BMI.

Recipient
BMI
categories
78% 69% 65% 62% 59% 56% 54% 539% 52% 51%
Overall (76%, (67%, (63%, (60%, (56%, (53%, 2%, (51%,  (50%,  (49%,
80%) 72%) 67%) 64%) 61%) 589%) 57%) 56%) 55%) 54%)
Normal 79% 71% 66% 63% 61% 58% 57% 56% 55% 54%
. (76%, (68%, (63%, (60%, (57%, (55%, (4%,  (52%,  (51%,  (50%,
L 82%) 74%) 69%) 66%) 64%) 62%) 60%) 59%) 58%) 57%)
76% 68% 61% 61% 58% 54% 53% 52% 50% 49%
Obese % % % % % % % % 0% %
P (67%, (59%, (52%, (52%, (48%, (45%, @4%,  (43%  (41%  (40%,
85%) 78%) 72%) 72%) 69%) 66%) 65%) 64%) 61%) 60%)
Obese 68% 63% 61% 59% 54% 54% 54% 54% 54% 51%
(55%, (50%, (48%, (45%, (40%, (40%, 40%,  (40%,  (40%,  (38%,
ool 84%) 80%) 78%) 76%) 71%) 71%) 71%) 71%) 71%) 69%)
Obese 92% 83% 83% 83% 83% 67% 67% 58% 58% 58%
P 77%, (65%, (65%, (65%, (65%, (45%, @5%,  (36%,  (36%,  (36%,
100%)  100%)  100%)  100%)  100%)  99%) 99%) 94%) 94%) 94%)
79% 69% 65% 62% 57% 55% 53% 52% 52% 51%
Overweight  (75%, (64%, (60%, (57%, (52%, (49%, @8%,  (47%  (47%  (46%,
83%) 74%) 70%) 67%) 62%) 60%) 59%) 58%) 57%) 56%)
77% 66% 62% 57% 53% 49% 45% 45% 43% 42%
Underweight  (72%, (60%, (56%, (51%, (47%, (43%, B9%,  (38%,  (37%,  (36%,
83%) 73%) 69%) 64%) 60%) 56%) 539%) 52%) 50%) 49%)
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Table 4. Univariate Cox analysis- recipient and donor BMI categories.

Variable name Hazard ratio 95% Confidence interval P-value
Recipient
© Recipient BMI category - Underweight 127 (oasise) o016
" Recipient BMI category - Normal weight (reference) o - e R
© Recipient BMI category - Overweight o o308 0276
© Recipient BMI category - Obese Class | 2 Os1s17) 0408
© Recipient BMI category - Obese Class Il 146 Q741759 0533
© Recipient BMI category - Obese Class I~ o712 0295172 0as1
CDomor
© Donor BMI category - Underweight 0947  (0786,1141) 0569
" Donor BMI category - Normal weight (reference) r - e B
© Donor BMI category - Overweight 1275 oer1s22) 0007
© Donor BMIcategory - Obese Class | AT or1s
© Donor BMI category - Obese Class 1l 098 (311,301 0956
© Donor BMi category - Obese Class Il 15221 (2122,109.188) 0007

Table 5. Multivariate Cox proportional hazards model for donor BMI and other covariates in intestinal transplant survival analysis.

Variable name Hazard ratio 95% Confidence interval P-value
Donor BMI category — Obese Class | 0.85 (0.55, 1.30) 0.450
© Donor BMIcategory - Obese Class Il 06 026,428 0935
© Donor BMI category - Overweight o 091,133 0331
© Donor BMI category - Underweight o 087,133 ost6
CRaee 093 083,105 0241
A 2 o110 <0001
0 196 (150,258 <0001
CeRA2004203 o1 o7s11) 0344
eRA2014200 oss (044,069 <0001
 Diabetes melltus 129 104160 0021
©seumcreatinine 8 ao2,115 o012
©sewmbilubin o 100,100 0004
| Totalischemictime inseconds 03 o1,106 0020
Racematch oss 07410 0065
© Weight mismatch o1 076,108 072
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need to carefully select patients for improved outcomes. This
study aimed to improve patient selection and optimization by
investigating the impact of recipient and donor BMI on surviv-
al outcomes after intestinal transplantation.

In our study, recipient BMI below normal body weight was
found to be detrimental to post-intestinal transplant survival
outcomes, with a 29% increased risk of death compared to nor-
mal BMI. However, there was no statistically significant increase
in mortality risk associated with the other BMI categories. This
finding agrees with a retrospective study involving 94 patients
who had undergone intestinal, multivisceral, and modified mul-
tivisceral transplantations in the United Kingdom, where poor-
er survival outcomes were noted in the underweight group,
although it was not statistically significant [15]. Additionally,
our findings were consistent with results from liver transplant
studies [26,27]. Du et al found a relatively increased risk of
mortality and hospital length of stay in underweight patients
after liver transplantation [26]. Longer survival was also noted
among overweight and obese patients after liver transplanta-
tion using data from UNOS [26]. A retrospective study utiliz-
ing the Scientific Registry of Transplant Recipient’s database
found underweight recipients had higher risk of death than
patients in other BMI classes, but the difference was not sta-
tistically significant (HR=1.28, P=0.15) [27]. Notably, studies
from kidney, lung, and heart transplants have demonstrated
increased mortality risks on both ends of the BMI spectrum
for recipients after transplantation. A retrospective analysis of
the International Society for Heart and Lung Transplantation
Registry revealed higher mortality rates in underweight and
all obesity classes after heart transplantation, and chronic re-
jection and infection were common causes of death among
patients in these BMI categories [28]. Similarly, a systematic
review and meta-analysis by Upala et al found an increased
risk of death in patients who were underweight and obese
after lung transplantation compared to patients with normal
BMI [29]. A similar finding was noted in kidney transplanta-
tion, with worse mortality outcomes associated with both ex-
tremes of recipient BMI before transplant [30].

Patients who are underweight are often malnourished and
have low functional status, which leads to increased hospital
length of stay, mortality, and postoperative complications such
as wound infections, respiratory infections, venous thrombo-
embolism, and renal dysfunction [26,31]. Micronutrient defi-
ciencies can worsen electrolyte abnormalities and increase
vulnerability to refeeding syndrome, ileus, and cardiac arrhyth-
mias [26]. Preoperative hypoalbuminemia is a strong predic-
tor of morbidity and mortality in patients undergoing gastro-
intestinal surgeries [36]. Underweight surgical candidates have
a low threshold to tolerate preoperative starvation and sur-
gery-induced stress as a result of their underlying malnutri-
tion [31]. Recipient characteristics shown in prior studies to
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be associated with increased mortality after organ transplan-
tation include increasing age, diabetes mellitus, renal dysfunc-
tion, ICU stay, and longer total ischemic time [17,32,33]. The
predictors of post-transplant mortality in our study were con-
sistent with these known variables. However, after adjusting
for these variables in our multivariate analysis, being under-
weight still remained significant and thus was an independent
predictor of post-transplant mortality.

All donor BMI categories, as well as overweight and obese re-
cipient BMI, were not associated with significantly higher mor-
tality rates. Our findings of favorable survival outcomes in re-
cipients with BMI in the overweight and obese categories may
be explained by the obesity paradox, which has been demon-
strated in hemodialysis and cardiovascular diseases [35,37]. In
our context, overweight/obese patients may have better nutri-
tional reserves, including lipid stores and muscle mass, com-
pared to underweight recipients who might be having more
severe forms of intestinal failure. Also, the relatively fewer re-
cipients in the obesity classes 2 and 3 could have led to the
underpowering of the outcome of interest. There is conflict-
ing data on post-transplant survival outcomes and pre-trans-
plant obesity in liver, lung, kidney, and heart transplantation
[26-30,34]. In contrast to our findings, most of these studies
found that recipient obesity was associated with poor surviv-
al outcomes [28-30]. Obesity and its well-documented health
ramifications, including impaired pulmonary function, wound
infection, metabolic syndrome, cardiovascular adverse events,
and the increased technical difficulties of operating on obese
patients, present unique challenges that can adversely affect
post-transplant outcomes [35]. Class 2 and 3 obesity are list-
ed as relative and absolute contraindications for certain or-
gan transplants in the hope of achieving positive post-trans-
plant survival outcomes and good stewardship of scarce donor
organs [35].

Additional studies are needed to determine whether a recipi-
ent BMI below normal values should be considered a contra-
indication to intestinal transplantation. Our study provides ev-
idence of the need to improve nutrition in the broad context of
prehabilitation prior to intestinal transplantation to enhance
survival outcomes. This will require a great deal of multidisci-
plinary effort, as most intestinal transplant candidates are pa-
tients with intestinal failure who have developed severe, intol-
erable complications of parenteral nutrition [11].

Although our study provides evidence that underweight BMI IT
recipients have comparatively worse survival outcomes, limita-
tions of the study should be considered when interpreting our
study findings. First, the data in the UNOS dataset is retrospec-
tive and observational; therefore, conclusions from the study
represent associations rather than causation. Also, peripheral
edema and/or ascites are a consequence of hypoalbuminemia
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from malabsorption and malnutrition in patients with intesti-
nal failure requiring IT. In such cases, a high BMI might be in-
dicative of fluid overload rather than actual body fat, poten-
tially leading to a misrepresentation of overweight or obesity
in these groups. In addition, the study population was limited
to patients considered to be eligible candidates for the trans-
plant waitlist. It is possible that patients who had extremely
high or low BMI were not included in this group, as they might
have been excluded from the waitlist, and subsequently were
not transplanted. This could result in a selection bias, where
patients at the extremes of the BMI spectrum, potentially with
other negative health factors, were not considered for anal-
ysis. This exclusion could have led to an underestimation of
the variations in survival outcomes across different BMI cate-
gories in the study. Lastly, the study’s relatively small sample
size, distributed across 6 BMI categories, might have restrict-
ed our ability to detect significant differences in survival ben-
efits among the BMI groups.
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Conclusions

Our study sought to examine the impact of BMI on survival
outcomes in intestinal transplantation. Underweight recipients
were found to have an increased risk of mortality after trans-
plant. No significant mortality increase was associated with re-
cipient BMI in the overweight and obesity categories, as well
as all donor BMI categories. The knowledge that recipient BMI
below normal range is an independent predictor of mortali-
ty and a potentially alterable pre-transplant characteristic can
be acted upon to improve survival outcomes. Additional re-
search is needed to improve patient selection through recipi-
ent nutritional optimization, rehabilitation, and identification
of additional modifiable pre-transplant predictors of outcome.
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