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The impact of the preoperative red blood cell distribution width on weight loss prediction after slee-
ve gastrectomy

AIM: We aimed to evaluate whether RDW has a predictive impact on weight loss after obesity surgery.
MATERIAL AND METHODS: This was a single-institution retrospective study. Multiple linear regression analysis was used
to determine the variables affecting the %EBMIL and %EWL values. Surgery of patients with %EMBIL > 50% and
%EWL > 25% was considered successful.
RESULTS: Hundred and ten patients were included in the study. The %EBMIL and %EWL values of patients with
RDW>14.5% were lower. In the evaluation of successful surgeries, the probability of failure for those with RDW>14.5%
is 10.93 times higher for %EBMIL and 21.55 times for %EWL.
DISCUSSION: After the linear regression analysis, it was observed that the %EBMIL and %EWL were higher in the
patients whose RDW values were 14.5 and below in the preoperative period. In these patients, it is an indication that
more weight loss has occurred. Similar to our study, Wise et al. showed that weight loss was greater with a decrease in
the RDW value 10.
CONCLUSION: Preoperative RDW value can be used as a predictor of weight loss and surgical success. It can provide an
idea about whether the patient will lose enough weight and the success of the surgery.
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cessful. Bariatric surgery is a major surgery. sometimes
can cause serious complications even though providing
weight loss 2. Although not as much as the future mor-
tality and morbidity of obesity, bariatric surgery can
sometimes cause mortality and morbidity 2,3. In addi-
tion, a clear predictive value showing how much bene-
fit the operation will provide has not yet been revealed.
There are many studies to predict weight loss, and these
studies generally preferred inflammatory parameters 4,5.
Another inflammatory parameter is erythrocyte distribu-
tion width (Red Cell Distribution Width - RDW).
RDW is considered as an indicator of both chronic
inflammation and oxidative stress 6,7. Many studies have
been reported that RDW is a prognostic parameter in
many diseases. 
In our study, we aimed to evaluate whether RDW has
a predictive impact on weight loss after obesity surgery.

Introduction

Morbid obesity is a common health problem all over the
world 1. Many treatment methods for morbid obesity
have been applied from past to present and it is a chal-
lenge to predict which treatment method will be suc-
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Material and Methods

This was a single-institution retrospective study. Ethics
committee approval was obtained. Patients evaluated by
the Bariatric Surgery Council between June 2011 and
June 2019, eligible for surgery and underwent sleeve gas-
trectomy due to morbid obesity, were included in the
study. Data were obtained by scanning electronic patient
files. Patients who were referred to medical treatment,
who underwent a bariatric surgical procedure other than
sleeve gastrectomy, and who underwent revision surgery
were excluded from the study.
Baseline variables to be evaluated statistically; age, gen-
der, comorbidity status, preoperative body mass index
(BMI) and follow-up were determined. The independent
variables were determined as preoperative CRP value,
preoperative RDW value, and other hemogram parame-
ters that we think may affect weight loss such as neu-
trophil/lymphocyte ratio (NLR) and lymphocyte/mono-
cyte ratios (LMR). Dependent variables were determined
as % excess BMI loss (%EBMIL) and %excess weight
loss (%EWL). At least two-year follow-ups were taken
into account. It was recorded whether the patients came
to regular follow-up. In these two years, the lowest
weight and BMI were determined and %EBMIL and
%EWL were calculated with these values.
Data were evaluated in the statistical package program
of IBM SPSS Statistics Standard Concurrent User V 26
(IBM Corp., Armonk, New York, USA). Multiple lin-
ear regression analysis was used to determine the vari-
ables affecting the %EBMIL and %EWL values. In uni-
variate analysis between dependent and independent vari-
ables and descriptive and clinical characteristics, variables
with a p-value of <0.25 were considered as confound-
ing factors. Binary Logistic Regression Analysis was used
to determine the variables that affect the “failure” status
for %EBMIL and %EWL. A value of p<0.05 was con-
sidered statistically significant.

Results

Hundred and ten patients who met the criteria were
included in the study. Demographic data, preoperative
BMI values, and comorbidity status of the patients are
given in (Table I). The rate of surgeries considered “suc-
cessful” was 87.3% for %EBMIL and 85.5% for %EWL.
Baseline variables associated with %EBMIL were age,
BMI0 and regular follow-up (p=0.002, p<0.001, p=0.006,
respectively). Baseline variables associated with %EWL
were age, regular follow-up, and comorbidity (p=0.002,
p=0.001, p=0.029, respectively). The %EWL values of
patients with obesity-related comorbidity were lower than
those without comorbidity. LMR, CRP and RDW val-
ues of female patients were higher than male patients
(p=0.010, p=0.019, p=0.020, respectively). In the ana-
lyzes performed between baseline variables and depen-

dent and independent variables, it was thought that vari-
ables with p<0.25 might be a confounding factor, and
these variables were included as confounding factors in
the regression analyses.
No statistically significant relationship was found in the
results of univariate analysis between dependent and
independent variables. In comparisons between depen-
dent and independent variables, variables with p<0.25
were included in the regression models.

TABLE I - Descriptive and clinical characteristics of the patients.

Variables Statistics

Sex, n (%)
Male 27 (24.5)
Female 83 (75.5)

Age, (year)
mean±sd 39.8±11.3
M (min-max) 40.0 (17-68)

BMI0, (kg/m2)
mean±sd 47.24±5.12
M (min-max) 46.17 (35.62-59.16)

Comorbidity, n (%)
None 28 (25.5)
Obesity-related 70 (63.6)
Others 12 (10.9)

Regular Follow-up, n (%)
No 12 (10.9)
Yes 98 (89.1)

Anemia, n (%)
No 105 (95.5)
Yes 5 (4.5)

CRP
M (IQR) 0.92 (0.99)

NLR
M (IQR) 2.03 (1.14)

LMR
M (IQR) 4.36 (1.89)

RDW
M (IQR) 13.80 (1.73)

RDW, n (%)
≤14,5 76 (69.1)
>14,5 34 (30.9)

%EBMIL
mean±sd 76.5±21.8
M (min-max) 76.4 (34.4-135.8)

Surgical Success with EMBIL, n (%)
Successful 96 (87.3)
Failure 14 (12.7)

Total weight loss
mean±sd 35.1±9.2
M (min-max) 34.8 (17.4-54.2)

Surgical Success with EWL, n (%)
Successful 94 (85.5)
Failure 16 (14.5)

SD: standard deviation, M: Median value, IQR: Interquartile range
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The results of the multiple linear regression analysis per-
formed by controlling the effects of the baseline vari-
ables are given in (Table II). RDW was found to be
effective on %EBMIL and %EWL (Table III). The
%EBMIL values of patients with RDW>14.5% were
10.51 (95% confidence interval: 2.61-18.40) units low-
er than patients with RDW≤14.5%. 
The %EWL values are 5.17 (95% confidence interval:
1.55-8.79) units lower. In the evaluation of successful
surgeries, the probability of failure for those with
RDW>14.5% is 10.93 times higher for %EBMIL and
21.55 times for %EWL.

Discussion

In obesity treatment, weight loss is limited with meth-
ods such as diet, exercise and medication, and long-term
treatments increase the cost. In addition, regain of weight

in the following period renders these treatment methods
ineffective. There is no chance of permanent and effec-
tive treatment other than surgery 8.
Obesity surgery is major surgery. For this reason, the
patient to be operated on should be chosen well. Surgical
treatment of patients should be managed by a multidis-
ciplinary team. Patients who will benefit from surgery
should be well-identified. For this purpose, many stud-
ies have been carried out in recent years on the predic-
tive factors of weight loss and comorbidities.
In our study, we evaluated whether RDW is a predic-
tive value for weight loss and successful surgery. In the
evaluation of weight loss, %EBMIL and %EWL values
were considered. These values are the two most com-
mon parameters used to evaluate weight loss in bariatric
surgery. While making the calculations, the reference
BMI was taken as 25 kg/m2. 25 kg/m2 is the reference
value accepted in studies on bariatric surgery in the past
and is the cutoff value between healthy and overweight
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TABLE II - Correlations of %EBMIL and %EWL values with NLR, LMR and logCRP

EBMIL mean±sd EWL mean±sd

NLR rho=-0.019; p=0.848 rho=-0.026; p=0.787
LMR rho=-0.103; p=0.282 rho=-0.058; p=0.545
logCRP r=-0.168; p=0.079 r=-0.094; p=0.331

RDW
≤14.5 79.2±20.2 35.9±8.6
>14.5 70.6±24.4 33.4±10.2
Test statistics t=1.938; p=0.055 t=1.322; p=0.189

r: Pearson correlation coefficient, rho: Spearman correlation coefficient, sd: standard deviation, t: Indepent samples t test 

TABLE III - Multiple linear regression analysis results for variables affecting %EBMIL and %EWL values

Regression Coefficients*
95.0% Confidence Interval for β

β se βz t p Lower Bound Upper Bound

Model-1: EBMIL
Constant 163.45 17.22 9.490 <0.001 129.28 197.63

RDW
≤14.5 Reference
>14.5 -10.51 3.98 -0.223 -2.640 0.010 -18.40 -2.61

Variables included in the model: RDW, logCRP - Model Summary: F=7.604; p<0.001; R2=0.434; Adj R2=0.377

Model-2:EWL
Constant 34.70 7.90 4.393 <0.001 19.03 50.38

RDW
≤14.5 Reference
>14.5 -5.17 1.83 -0.261 -2.835 0.006 -8.79 -1.55

Variables included in the model: RDW - Model Summary: F=4.810; p<0.001; R2=0.327; Adj R2=0.259

*Adjusted for sex, age, BMI0, comorbidity, regular follow-up, anemia
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people in the World Health Organization (WHO) obe-
sity classification 9-11.
In our study, comorbidities were evaluated in three
groups as “none, obesity-related comorbidity, and other
comorbidities”. In univariate analysis, no significant cor-
relation was found between %EBMIL and comorbidity,
but a significant correlation was found between comor-
bidity and %EWL. We would expect comorbidity to be
effective for both weight loss parameters.
Most of the patients had regular follow-ups. The rate of
patients who came to regular follow-up was 89.1%. The
rates of %EBMIL and %EWL of these patients were
determined as 78% and 36%, respectively. Due to these
statistically significant rates, it has been observed that the
rate of weight loss may be higher in patients with reg-
ular follow-up.
In the predictive factors evaluated in terms of weight
loss, inflammatory parameters were generally emphasized.
There are many studies conducted with NLR and LMR
values, especially CRP 12,13. In one study, statistical analy-
sis of the effect of CRP on predicting weight loss was
done with %EWL 14. Even if the weight of the patients
is the same, preoperative body mass indexes may be dif-
ferent. For this reason, we found it more appropriate to
evaluate with %EBMIL and %EWL. With our statisti-
cal analysis, we found that CRP had no effect on pre-
dicting weight loss.
In the study of Bulur et al, it was shown that NLR
decreased after sleeve gastrectomy 15. This rate, which is
considered an inflammatory parameter, did not show a
statistically significant relationship when evaluated with
weight-loss parameters in our study. Although it has been
shown in another study that this rate decreases with
weight loss, statistical analysis on weight loss estimation
has not been performed 16. In addition, the effect of
LMR on weight loss was not statistically significant in
our study.
Another inflammatory parameter that we think may have
an effect on weight loss in bariatric surgery is RDW.
RDW is a measure of the change in the size of ery-
throcytes, reflecting the degree of anisocytosis on the
peripheral smear to the complete blood count. Numerous
observational studies have linked mortality and morbid-
ity to a high RDW for many diseases. These diseases are
cardiovascular and cerebrovascular events, venous throm-
boembolism, malignancies, sepsis, chronic obstructive
lung disease, chronic kidney disease and liver diseases.
However, RDW can only be an indicator of other neg-
ative prognostic factors such as age, comorbidities, or
physiological stress 17-19. The relationship between a high
RDW value and increased mortality and morbidity has
not been fully revealed. Patho-physiologically, RDW is
considered to reflect inflammatory status, oxidative stress
and nutritional deficiencies 19. It is often thought that
inflammation and oxidative stress affect RDW by alter-
ing erythrocyte hemostasis. In addition, it was found that
the risk of metabolic syndrome and related long-term
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mortality were higher in those with high RDW 20.
Another study stated that RDW height is not secondary
to inflammation, but RDW increases as a result of a
low-calorie diet applied during bariatric surgery 9.
Since RDW is a value that can be affected by anemia,
anemia was evaluated both within the comorbidity
groups and alone. There was no significant relationship
between anemia and weight loss parameters. Independent
of anemia, the RDW value could be used to predict
weight loss rates and treatment success.
RDW values were grouped as ≤14.5% and >14.5%.
While making this grouping, previous studies on diseases
affected by inflammatory parameters were taken into con-
sideration (21-24). And also, the reference range for the
RDW value of our hospital is 11.5-14.5. However, since
we did not have a patient with an RDW value below
11.5, RDW was analyzed in two groups. Similar to the
studies in the literature, surgery of patients with
%EMBIL > 50% and %EWL > 25% was considered
successful 25,26.
After the linear regression analysis, it was observed that
the %EBMIL and %EWL were higher in the patients
whose RDW values were 14.5 and below in the preop-
erative period. In these patients, it is an indication that
more weight loss has occurred. Patients with an RDW
greater than 14.5 have a higher possibility of surgical
failure, both for the %EBMIL and %EWL. As a result
of these analyzes, when the effect of all other parame-
ters was zeroed, it was observed that the preoperative
RDW value was alone effective on weight loss and sur-
gical success, depending on whether it was below or
above 14.5.
There are few studies in the literature that investigated
the use of RDW in obesity surgery. Our results are sim-
ilar to the study of Wise et al 10. However, successful
and unsuccessful surgeries and other inflammatory para-
meters were also evaluated in our study. Also, our fol-
low-up time is longer. In this way, the maximum val-
ue of %EBMIL was taken into account, not the values
in the short follow-up period. In addition, not only
%EBMIL but also %EWL were calculated for weight
loss. Weight loss rates were not evaluated with a single
parameter.
It should be kept in mind that RDW can be affected
by inflammatory parameters, as well as many other para-
meters such as anemia and hemorrhage. Vaya et al 9

reported that elevated RDW in patients with obesity
does not reflect systemic inflammation because it is not
associated with other inflammatory markers. Parameters
affecting inflammation such as CRP, NLR, LMR, RDW
values and anemia status were included in our study.
However, inflammatory parameters are not limited to
these. It should also be noted that RDW may also be
affected by other factors. Achieving weight loss after
surgery is difficult to predict based on a single bio-
chemical value alone. It is also important for these
patients to pay attention to their diet in the postopera-
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tive period, do sports and come to their follow-ups reg-
ularly. Although regular follow-up was evaluated in our
study, we did not have objective data to evaluate other
parameters. These conditions can be considered as a
shortcoming of the study.

Conclusion

In conclusion, preoperative RDW value can be used as
a predictor of weight loss and surgical success after sleeve
gastrectomy. It is a new preoperative biomarker that can
provide clinically useful prognostic information. In this
way, in the preoperative period, it can provide an idea
about whether the patient will lose enough weight and
the success of the surgery.
However, there is no significant relationship between
CRP and NLR values and weight loss. Only RDW val-
ue can be used predictively. The mechanism between
RDW and weight loss is unclear. However, this study
will shed light on larger studies that will examine the
effect of inflammatory parameters on weight loss after
bariatric surgery.

Riassunto

INTRODUZIONE: L’obesità patologica è un problema di
salute comune in tutto il mondo. Uno dei metodi più
efficaci per perdere peso è la chirurgia. Prevedere la perdi-
ta di peso prima della chirurgia bariatrica è molto impor-
tante. Sebbene ci siano molti studi sulla previsione del-
la perdita di peso nella chirurgia bariatrica, il numero di
studi che utilizzano l’ampiezza di distribuzione dei glob-
uli rossi (RDW) è molto basso. Abbiamo mirato a val-
utare se RDW ha un impatto predittivo sulla perdita di
peso dopo un intervento chirurgico per l’obesità.
MATERIALI E METODI: questo è stato uno studio retro-
spettivo di un’unica istituzione. Sono stati determinati il
™peso e l’IMC più bassi e sono state calcolate la % di
perdita dell’indice di massa corporea in eccesso (%
EBMIL) e la % di perdita di peso in eccesso (% EWL).
L’analisi di regressione lineare multipla è stata utilizzata
per determinare le variabili che influenzano i valori
%EBMIL e %EWL. Nell’analisi univariata tra variabili
dipendenti e indipendenti e caratteristiche descrittive e
cliniche, le variabili con un valore p<0,25 sono state con-
siderate come fattori di confondimento. L’analisi di
regressione logistica binaria è stata utilizzata per deter-
minare le variabili che influiscono sullo stato di “falli-
mento” per %EBMIL e %EWL. La chirurgia dei pazi-
enti con %EMMIL > 50% e %EWL > 25% è stata
considerata di successo. Un valore di p<0,05 è stato con-
siderato statisticamente significativo.
RISULTATO: Nello studio sono stati inclusi centodieci
pazienti. Nessuna relazione statisticamente significativa è
stata trovata nei risultati dell’analisi univariata tra vari-
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abili dipendenti e indipendenti. Nel confronto tra vari-
abili dipendenti e indipendenti, nei modelli di regressione
sono state incluse variabili con p<0,25. I risultati del-
l’analisi di regressione lineare multipla eseguita control-
lando gli effetti delle variabili di base sono riportati nel-
la (Table II). RDW è risultato efficace su %EBMIL e
%EWL. 
I valori %EBMIL dei pazienti con RDW >14,5% erano
10,51 (intervallo di confidenza al 95%: 2,61 - 18,40)
unità inferiori rispetto ai pazienti con RDW ≤14,5%. I
valori %EWL sono 5,17 (intervallo di confidenza al 95%:
1,55 - 8,79) unità inferiori. Nella valutazione di inter-
venti chirurgici di successo, la probabilità di fallimento
per quelli con RDW >14,5% è 10,93 volte superiore per
%EBMIL e 21,55 volte per %EWL.
CONCLUSIONE: il valore RDW preoperatorio può essere uti-
lizzato come predittore di perdita di peso e successo chirur-
gico dopo sleeve gastrectomia. Può fornire un’idea se il
paziente perderà abbastanza peso e il successo dell’inter-
vento chirurgico. Questo studio farà luce su studi più ampi
che esamineranno l’effetto dei parametri infiammatori sul-
la perdita di peso dopo la chirurgia bariatrica.
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