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Abstract

Introduction—ABariatric surgery is the most effective method for producing sustained weight
loss, improving obesity-associated comorbidities and reducing inflammation in the morbidly obese
population. The red cell distribution width (RDW) is a novel marker of inflammation that is
usually reported as part of a complete blood count. In this study, we tested our hypothesis that red
cell distribution width might represent a novel biomarker predictive of excess body-mass index
loss (EBMIL) following laparoscopic Roux-en-Y gastric bypass (LRYGB).

Methods—Five hundred and forty-seven included LRY GB patients from a single institution were
individually reviewed, noting both pre-operative RDW and percent excess BMI loss at six months
and one year post-LRYGB (%EBMIL180 and %EBMIL365, respectively). Bivariate and
multivariate linear regression analysis was conducted between age, gender, initial body-mass index
(BMIg) and RDW and each of the two endpoints, to assess the independence of RDW as a
predictor of post-operative success.

Results—The median RDW was 13.9 (13.3 — 14.6)%, and median EBMIL180 and EBMIL365
were 55.4 (45.2 — 66.7)% and 71.3 (58.9 — 87.8)%, respectively. After controlling for age, gender
and BMIy, RDW was associated with %EBMIL365 (B = —-1.4 [-2.8 — —0.002]%, £ = .05), but not
%EBMIL180 (B = -0.6 [-1.6 — 0.5]%, ~£=.30. Upon Kruskal-Wallis analysis, patients with a pre-
operative RDW > 15.0% had significantly lower %EBMIL than those in the <13.0% (P < .001)
and 13.0-15.0% (P < .01) strata.

Conclusions—RDW is predictive of EBMIL at one year following LRYGB. This represents a
novel pre-operative biomarker that may provide clinically useful prognostic information.

Corresponding author: Eric S. Wise, M.D., Department of Surgery, Vanderbilt University Medical Center, 1161 215t Ave S, MCN
T2121, Nashville, TN 37232-2730. (eric.s.wise@vanderbilt.edu), Phone: (314) 374-0354, Fax: (615) 936-5988.

This manuscript is anticipated as a poster at the 2016 Annual Meeting of the Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES).

Disclosures:

Eric Wise, Kyle Hocking, Adam Weltz, Anna Uebele, Jose Diaz, Stephen Kavic and Mark Kligman have no conflicts of interest to
disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wise et al.

Keywords

Page 2

bariatrics; biomarkers; outcomes; laparoscopy; gastric bypass

Introduction

Morbid obesity is associated with chronic inflammation, a state that can be quantified with
well-known biomarkers including C-reactive protein and erythrocyte sedimentation rate.1: 2
Bariatric surgery is the most effective treatment for morbid obesity, resulting in more weight
loss, improvement in comorbidities and reduction in polypharmacy than any non-operative
therapy.3-> Of the commonly performed bariatric operations, the Roux-en-Y gastric bypass
is perhaps the most effective, consistently leading to sustained weight loss in the compliant
patient.® It is typically performed laparoscopically, with few complications and rapid
recovery. In anticipation of this operation, routine pre-operative blood work is often
conducted to assess the patient’s iron stores, as post-operative anemia is a common,
recognized sequela.’

The red cell distribution width (RDW) is a measurement that is usually reported as part of
the complete blood count (CBC). The RDW has traditionally been used to assist in the
differential diagnosis of anemia.? Its value reflects the variability in volume in circulating
erythrocytes, and is calculated by dividing the mean corpuscular volume (MCV) into the
standard deviation of the MCV of circulating erythrocytes.® More recently, RDW has been
recognized as a marker of both chronic inflammation and oxidative stress.® 9 Its elevation
has been noted in many inflammatory diseases such as cancer and rheumatologic conditions,
as well as in hemorrhage, among other pathologic states.8 In this study, we tested the
hypothesis that, perhaps as a surrogate for systemic inflammation, the preoperative RDW is
a biomarker that predicts weight loss after laparoscopic Roux-en-Y gastric bypass
(LRYGB).

Materials and Methods

This was a single institution retrospective study using the Synthetic Derivative de-identified
database at Vanderbilt University.10 As no patient identifiers were available, this study was
approved with waiving of informed consent by the Vanderbilt University Institutional
Review Board. The primary endpoints were percent excess BMI loss (over 25 kg/m?) at 180
+ 30 days and 365 + 45 days post-operatively (YEBMIL180 and %EBMIL365,
respectively), defined as 100%*(BMIly — BMIy)/(BMIg—25 kg/m?), where BMIy is the
preoperative BMI and BMl; is the postoperative BMI at either 180 or 365 days from
surgery.11: 12 Between 2004 and 2013, we identified 547 consecutive patients who had
primary LRYGB for morbid obesity (BMI > 35 kg/m?) with RDW obtained within thirty
days prior to surgery, and BMI documented preoperatively (BMlg), 180 days postoperatively
and 365 days postoperatively. Patients with missing data or re-operation during the follow up
period were excluded from the analysis. Derivation of the study cohort is outlined in Figure
1. Gender and age were also noted for each patient as these variables, in addition to BMl,
represented three critical factors for which a priori statistical adjustment was felt necessary,
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to determine the presence of an independent association of RDW with EBMIL. Variables
related to operative technique (e.g. pouch size, Roux limb length, etc.) were not considered
in this analysis.

The strength of associations of BMI, gender, age and RDW with each of the two endpoints
were assessed first using bivariate linear regression analysis, and subsequently using
standard least squares multivariate linear regression analysis. As RDW was independently
associated with %EBMIL365, further stratification was performed as patients were grouped
into three RDW classifications: <13.0%, 13.0-15.0% and >15.0%. Differences in
%EBMIL365 among these classifications were assessed using the Kruskal-Wallis test with
Dunn’s post-hoc test of multiple comparisons. Central tendency was expressed by median
(interquartile range). All statistical analysis was performed using GraphPad Prism 5 (La
Jolla, CA). The value P< .05 was used as the criterion for statistical significance.

Pre-operative variables for the 547 cohort are summarized in Table 1. Notably, the median
RDW was 13.9 (13.3 — 14.6)%, and median EBMIL180 and EBMIL365 were 55.4 (45.2 —
66.7)% and 71.3 (58.9 — 87.8)%, respectively. Upon bivariate linear regression analysis, both
BMlIg (B =-1.1[-1.2 - -1.0]%, A< .001) and RDW (B = -3.4 [-4.6 — -2.2]%, P< .001)
were significantly associated with %EBMIL180, while male gender (B = -8.9 [-13.2 -
-4.6]%, P<.001), BMly (B =-1.4 [-1.5--1.2]%, P<.001) and RDW (B = -4.6 [-6.2 -
-3.0]1%, P<.001; Figure 2A) were significantly associated with %EBMIL365 (Table 2).

Upon multivariate analysis, age at surgery (B = —0.2 [-0.3 — —-0.1]%, £ < .001) and BMly (B
=-1.2[-1.3--1.0]%, P<.001) were independently associated with %EBMIL180, while
male gender (B = -7.6 [-11.3 — —4.1]%, P< .001), age at surgery (B = —0.3 [-0.4 — —0.2]%,
P<.001), BMlg (B =-1.4[-1.5--1.2]%, P<.001) and RDW were all independently
associated with %EBMIL365 (B = —1.4 [-2.8 — -0.002]%, P = .05). Full results of the
multivariate analysis are reported in Table 3. The multiple linear regression expression for
prediction of %EBMIL365 was:

Estimated WEBMIL365 = 167.2+ —0.29(age, yrs.)+ 7.68(if female) +
~1.36(BMly, kg/m?)+ —1.42(RDW, %).

Upon Kruskal-Wallis analysis, patients with a pre-operative RDW > 15.0% had significantly
lower %EBMIL than those in the <13.0% (P < .001) and 13.0-15.0% (P < .01) strata (Figure
2B).

Discussion

RDW has been identified as a useful biomarker, predicting outcomes in numerous disease
states, including peripheral vascular disease, diabetes, autoimmune diseases!3 14, chronic
obstructive pulmonary disease and renal failure.22: 23 RDW has been most extensively
studied in cardiovascular disease where it has demonstrated prognostic utility in coronary
artery disease and heart failure following interventions.15-18 For example, RDW elevation is
associated with increased mortality after percutaneous coronary intervention and
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transcatheter aortic valve implantation.1% 20 Not surprisingly, obesity, a disease state
associated with increased mortality, is associated with increased RDW; as such, controlling
for initial BMI was necessary in this study.

Pathophysiologically, it is accepted that RDW summarily reflects the inflammatory state,
oxidative stress and nutritional deficiencies.2!: 22 The mechanism of impaired weight loss in
patients with elevated RDW is not clear, and can only be speculated. Chiefly, a higher RDW
may reflect a higher burden of pre-operative comorbidity, as these patients may be less
capable of adhering to the diet and exercise regimen required, more likely to take
medications that inhibit successful weight loss and more susceptible to physiologic stress of
the operation itself. Next, LRYGB is associated with malabsorption of vitamin By, and other
critical nutrients known necessary for successful weight loss.” Patients with an RDW
reflecting a baseline anemia and nutritional deficiency may have a more difficult time
adapting to the hormonal and nutritional pertubations experienced after bypass, and
concomitantly a more unfavorable profile of post-prandial gut hormone release.23-2° Finally,
the anisocytosis reflected in the elevation of RDW leads to impaired microcirculation,
diminished peripheral tissue oxygenation, promoting sustained inflammation and oxidative
stress in the post-operative state.2! Vaya and colleagues report that in obese patients,
elevations in RDW do not reflect systemic inflammation, as the values are not associated
with other established inflammatory markers. Rather, RDW may reflect severity of pre-
operative hyposideremia.2 While the mechanism of this association requires further
investigation, it may provide clinical utility for bariatric patients independent of gender, age
and BMl,.

Excess body-mass index loss after bariatric surgery is governed by pre-operative, intra-
operative and post-operative considerations. Intra-operative and post-operative
considerations include length of the Roux limb and those factors related to the ability for the
patient to adhere to appropriate diet and exercise recommendations, as well as the presence
of an appropriate support system to avoid recidivism. However, much of the variance in
post-operative EBMIL in LRYGB patients can be captured from pre-operative patient
variables.> Multiple pre-operative variables have been shown to predict short-term operative
success. Initial BMI has been the pre-operative factor most consistently predictive, however,
comorbidities such as hypertension, diabetes and psychiatric disorders, as well as race,
gender and the presence of pre-operative weight loss have all been reported as

well.3 6.26-28| this study, 547 LRYGB patients over a ten year period from a single
institution were retrospectively reviewed to test our hypothesis that RDW may predict
EBMIL. We aimed to determine the association between RDW and EBMIL, however, there
was a need to control for the baseline demographics of gender, age and BMlg such that any
significance in our suspected correlation could have wide applicability and validity. In
simple bivariate linear correlations, %EBMIL180 was inversely related to both higher BMIg
and higher RDW; %EBMIL365 was similarly inversely related to both higher BMIg and
higher RDW, but also to male gender. Upon multivariate analysis, RDW was no longer
associated with EBMIL180, but remained so with EBMIL365 (B = —1.4% per unit RDW, P
=.05).
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Clinically, stratification of the preoperative RDW in bariatric surgery patients may be a
simpler way to predict post-operative weight loss. As such, differences EBMIL365 was
analyzed among patients grouped into classes based on RDW: <13%, 13-15% or >15%.
From this analysis, pre-operative RDW >15% portends significantly lower EBMIL365
relative to the other two groups; conversely, patient with RDW <13% do not necessarily
benefit relative to those patients within the 13-15% range.

Our results must be taken in the context of several limitations. These findings result from
retrospective data collection of patients who adhered to appropriate six-month and one-year
postoperative follow-up, potentially introducing a selection bias. External validation is also
required; as such, we report the multiple linear regression expression for the prediction of
EBMIL365 derived from our 547 patient cohort. Additionally, the preoperative RDW values
may have been unduly influenced by factors that are wholly unrelated to the success of the
operation, including a transient inflammatory condition, recent hemorrhage or blood
transfusion.8 Next, the endpoint of %EBMIL365 reflects a time frame during which active
weight loss is generally ongoing and thus, provides only a short-term measure of the success
of the operation. Finally, we have not considered the correlation between RDW and
reduction of comorbities or polypharmacy, perhaps more important endpoints to some
patients than weight loss. Further studies are warranted to both overcome the limitations of
this report and to better define the mechanism of impaired weight loss as a function of
chronic inflammation as indicated by RDW as a surrogate measure.
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1621 patients

959 patients without a documented BMI
pre-operatively (within 30 days), and at

six months (30 days) and one year (45 days)
post-operatively

662 patients

15 patients with either clearly spurious values
or an initial BMI < 35 kg/m?

647 patients

100 patients without a documented
pre-operative (within 30 days) red cell
distribution width

547 patientfinal cohort

Figure 1.
Derivation of the 547 patient study cohort
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Patients, stratified by preoperative RDW

Graphical depictions of the relationship between red cell distribution width (RDW) and
percent excess body-mass index loss at one year postoperatively (%EBMIL365)

a- Simple linear regression analysis of %EBMIL365 vs. RDW revealed a significant
relationship between the variables (P < .001, Pearson /2 = .06, n = 547). Linear regression

line shown with 95% confidence band

b- Box-and-whisker plots of %EBMIL365, by preoperative RDW stratum. Whiskers
represent 51 and 95t percentiles, box represents interquartile range, median represented by
horizontal line within box, outliers represented as individual points. Kruskal-Wallis statistic

=18.6, P<.001, n =547, **P< .01, ***P < .001.
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Table 1

Baseline characteristics and outcome measures from the 547 patient cohort

Pre-operative Variable (n = 547) Median (Interquartile Range) or % (Number)
Male Gender 20% (n=112)
Age at Surgery (years) 47.6 (38.8 - 55.8)

Initial Body-Mass Index (BMlg; kg/m?)  47.3 (42.6 - 53.4)
Red Cell Distribution Width (%) 13.9 (13.3-14.6)

Outcomes

EBMIL, six months post-operatively (%) 55.4 (45.2 — 66.7)
EBMIL, one year post-operatively (%) 71.3 (58.9-87.8)
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Table 2

Bivariate linear regression analysis of pre-operative factors with excess BMI loss at both six months and one
year post-operatively.

Pre-operative B (95% Cl), P value, EBMIL, 6 B (95% Cl), P value, %W EBMIL,
Variable EBMIL, 6 months EBMIL, 1 year 1year
months
Male Gender -15(-4.8-1.8)% .37 -8.9 (-13.2 - -4.6)% <.001
Age at Surgery  -0.05 (0.2 - 0.07)% .39 -0.1(-0.3-0.04)% .15
BMlg -11(-12--1.0)% <.001 -14(-15--1.2)% <.001
RDW -34(-46--22)% <.001 -4.6 (-6.2--3.0) <.001

Surg Endosc. Author manuscript; available in PMC 2017 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Wise et al.

Table 3

Page 12

Multivariate linear regression analysis of pre-operative factors with excess BMI loss at both six months and

one year post-operatively. Multivariate regression for %EBMIL, six months: r2 = .36, n = 547, F = 76.2, P< .
001; Multivariate regression for %EBMIL, one year: r = .33, n = 547, F = 67.4, P= <.001.

Preoperative B (95% CI), Pvalue, EBMIL,6 B (95% ClI), P value, %W EBMIL,
Variable EBMIL, 6 months EBMIL, 1 year 1 year
months
Male Gender -04(-31--23)% .76 7.6 (-11.3--4.1)% <.001
Age at Surgery -0.2(-0.3--0.1)% <.001 -0.3(-0.4--0.2)% <.001
BMlIq -1.2(-1.3--1.0)% <.001 -1.4(-15--12)% <.001
RDW -0.6 (-1.6-0.5)% .30 -1.4(-2.8--0.002)% .05
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