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Abstract

Objective To evaluate whether the baseline Dietary Inflammatory Index (DII®) was associated with weight loss and body
composition change after bariatric surgery.

Methodology This longitudinal study included 132 women with obesity (BMI > 35 kg/m?, 43.0 9.7 years), followed up for
6 months after bariatric surgery. The DII® was calculated from dietary data collected using 24-h dietary recall interviews.
Anthropometric variables, socio demographic variables, health-related habits, history of disease, as well as gastrointestinal
symptoms, both in the preoperative period (baseline) and 6 months after bariatric surgery were collected from the patients’
medical records.

Results Individuals with a more pro-inflammatory diet (DII > 0.35 median value) preoperatively experienced smaller weight loss
(—22.7% vs. —25.3%, p = 0.02) and fat mass loss (—31.9 vs. —36.2%, p = 0.026), with no difference in lean mass (p =0.14). In a
linear regression model, the baseline DII score was negatively associated with percentage change in weight and fat mass and
positively associated with weight and fat mass in the sixth month after surgery. In addition, a pro-inflammatory baseline DII score
was correlated with a lower intake of fruit (= — 0.26, p = 0.006), vegetables (»r=—0.47, p = 0.001), and legumes (»r=—0.21, p =
0.003) in the postoperative period.

Conclusion In this longitudinal study, a pro-inflammatory diet at baseline was associated with smaller reductions in weight and
body fat and poorer dietary quality (reduced consumption of fruits, vegetables, and legumes) 6 months after bariatric surgery.
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Introduction
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Obesity is a chronic disease defined as excessive fat accumu-
lation and is related to the development of various chronic
diseases [1]. It is estimated that in the world, there are 641
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million individuals with obesity, being 375 million women.
[2]. Currently, bariatric surgery is the most effective treatment
for reducing morbidity and mortality in patients with severe
obesity [3]. Roux-en-Y gastric bypass (RYGB) is the most
commonly used technique worldwide and is associated with
a low rate of complications and mortality [4].

Preoperative predictors that may influence weight loss in-
clude baseline weight [including relative weight expressed as
body mass index (BMI)], diabetes mellitus, advanced age, and
a family history of obesity [5—7]. It is also well known that the
individual’s dietary pattern is an important factor in the inci-
dence of obesity and chronic diseases [8, 9], and it is known to
be related to chronic subclinical inflammation [10—13]. In
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addition, specific dietary components may modulate the pro-
inflammatory state associated with weight loss in people with
obesity [10, 14].

The dietary inflammatory index (DII®), a validated instru-
ment developed to characterize an individual’s diet according
to its inflammatory properties [15], may be related to weight
change after bariatric surgery. Higher DII scores, indicating a
more pro-inflammatory diet, have been associated with great-
er weight gain/year, higher BMI, and greater risk of develop-
ing obesity [16, 17]. However, no study has e valuated wheth-
er the inflammatory potential of diet can influence weight loss
and body composition after bariatric surgery.

The objective of this study was to evaluate whether base-
line (i.e., preoperative) DII® predicts changes in body weight
and fat 6 months after bariatric surgery.

Methodology
Study Population

A total of 132 women with a BMI of > 35 kg/m” were enrolled
into the present study. All participants underwent surgical
treatment for obesity at the Hospital das Clinicas at the
Universidade Federal de Minas Gerais, Medical School and
treated by the Equipe de Terapia Nutricional da Obesidade
Grave (ETNO). All participants attended the outpatient clinic
from 2006 to 2015 and met these inclusion criteria: comple-
tion of data collection from the first consultation, completion
of the consultation corresponding to 6 months after surgery,
and reported daily caloric intake within pre-defined values
(500—4000 kcal/day) to rule out gross under- or over-estima-
tion. In addition, the 24-h recall was considered only when the
ingestion corresponded to the patient’s routine habits.

The study was performed through an analysis of the med-
ical records that was authorized by the ETNO runner, thus
informed consent individual does not apply. The study was
approved by the Research Ethics Committee of the
Universidade Federal de Minas Gerais (UFMG) (No.
1.966.953/2017) and was therefore carried out in accordance
with the ethical standards established in the Declaration of
Helsinki (1964).

Food Consumption and DIl Computation

The at pre and at post-operative diets were evaluated using a
24-h dietary recall (24HR) each time point, not necessarily
restricting to the last 24HR intake. Computation of micronu-
trient, macronutrient, and total caloric intake was performed
using Dietpro® software version 5.8, using the Brazilian food
composition table [18] in combination with the USDA data-
base [19], which was used to provide missing data.

@ Springer

The design and development of DII have been described
previously [15]. Briefly, the DII was calculated using a scoring
algorithm based on a review of 1943 articles that showed the
association of 45 food parameters with six inflammatory bio-
markers (IL-1b, IL-4, IL-6, IL-10, tumor necrosis factor-c,
and C-reactive protein (CRP). Articles were positively marked
(+ 1) if the effect was considered pro-inflammatory, negative-
ly (—1) in the case of an anti-inflammatory effect, or zero, if
the parameters did not produce a significant change in the
biomarkers to obtain literature-derived inflammatory effect
score for each food parameter. The 24HR-derived food and
nutrient consumption was first adjusted for total energy (i.e.,
per 1000 kcal) and then standardized to a globally representa-
tive energy-adjusted dietary database, which was constructed
based on dietary intake from 11 populations living in different
regions of the world. From this, the energy-adjusted standard-
ized dietary intake (expressed as z scores of the referent data-
base and then as centered proportions) was then multiplied by
the literature-derived inflammatory effect score for each DII
component. Individual scores were then summed to determine
the overall E-DII score for each individual, with positive
scores representing a more pro-inflammatory diet and nega-
tive values representing more anti-inflammatory diets.

In order to calculate the DII in this study, the following
food parameters, obtained through analyzing the24HR were
utilized: energy consumption, carbohydrate, protein, total fat,
cholesterol, saturated fat, monounsaturated fat, polyunsaturat-
ed fat, omega 3, omega 6, niacin, vitamin A, vitamin C, vita-
min D, vitamin E, iron, selenium, magnesium, zinc, beta car-
otene, and fiber.

Anthropometric Evaluation and Body Composition

The participant’s weight was measured on a platform-type
scale with a capacity of 300 kg and the height was determined
using a stadiometer attached to the scale (Filizola Electronica
300 kg, Sao Paulo, Brazil), as previously described [20, 21].
BMI was calculated and the participants were classified by
weight-status [22]. Weight loss was expressed as the change
in BMI, as an addition, the percentage of excess weight loss
was calculated by the formula % EWL = (initial weight —
weight in the 6th month/initial weight —ideal weight) % 100.
Percentage change was calculated by the formula % change =
(post-surgery variable — pre-surgery variable/pre-surgery var-
iable) x 100. Percentage change was calculated by the formula
% change = (post-surgery variable — pre-surgery variable/pre-
surgery variable) % 100.

Body composition was evaluated by means of bioelectrical
impedance (BIA) (model Biodynamics 310e, brand TBW,
Sao Paulo, Brazil), according to the protocol indicated by
the manufacturer.
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Other Variables

Data were collected from patients’ records on
sociodemographic variables, health status and health-related
behaviors (physical activity, use of medications, nutritional
treatment prior to surgery, and use of medication for weight
loss), supplements (multivitamin, vitamin B12 injections),
and gastrointestinal symptoms (nausea, vomiting).

Statistical Analyses

Results from descriptive analysis are presented as mean (stan-
dard deviation), median (minimum-maximum), or percentage.
The normality of the distribution was tested using the Shapiro-
Wilk test. Comparative analyses were performed by paired ¢
test and Student’s 7 test, and the Pearson correlation was com-
puted for all continuous variables.

To evaluate the variables of interest according to the most
pro and anti-inflammatory DII, the present study sample was
categorized as most anti-inflammatory or most pro-
inflammatory diet, according to the DII median (0.3 points).
The use of a median cutoft point has been used previously [11,
23] as a way of creating risk groups in epidemiological studies
[24].

In the final multiple linear regression model, the backward
elimination method was used, with the least significant variables
being removed from the model. The procedure was repeated until
all of the variables present in the model reached statistical signif-
icance (p <0.20). All statistical analyses were conducted using
SPSS® version 20.0, and the level of significance adopted for
rejection of the null hypothesis was = 0.05.

Results

Characteristics of study participants pre-operative and
6 months after bariatric surgery are shown in Table 1.
Among the women evaluated in this study, 87.1% (n=115)
had already undergone some type of nutritional treatment be-
fore undergoing bariatric surgery, with 74.2% (n=98) used
medication for weight loss.

The participants lost, on average, 31.8 kg (+12.6) and
12.2 kg/m?, corresponding to 44.6% (+14.3) of the excess
weight loss. Weight, BMI, fat, and lean mass 6 months after
bariatric surgery were significantly lower in comparison to
baseline values (p < 0.005, data not shown).

Regarding the baseline DII, the median was 0.35, with a
minimum value of —3.43 (more anti-inflammatory) and a
maximum value of 4.08 (more pro-inflammatory). A more
baseline pro-inflammatory diet was correlated with a lower
intake of fruit (r=—0.26, p=0.006), vegetables (r=—0.47,
p<0.001), and legumes (r=—10.21, p =0.003) in the postop-
erative period (Fig. 1).

Table1 Characteristics of study participants preoperative and 6-m post-
operative bariatric surgery (n=132)

Data before Data 6 months after

surgery surgery
Age (years) 43.5(£9.7) 449 (£9.7)
Weight (kg) 130.8(£25.6) 98.9 (£19.2)
BMI (kg/m?) 51.8 (+8.0) 39.6 (+7.3)
Fat mass (kg) 61.9 (£12.9) 423 (£12.9)
Lean mass (kg) 65.7 (£8.4) 57.0 (£7.8)
Physical activity (%) 41 (31.1%) 78 (60.9%)
Use of medications (%) 112 (84.8%) 88 (66.7%)
Hypertension (%) 106 (80.3%) 67 (50.8%)
Diabetes (%) 45 (34.1%) 14 (10.7%)
Metabolic syndrome (%) 59 (44.7%) 17 (16.3%)
Alopecia (%) - 10 (7.6%)
Nausea (%) - 8 (6.1%)
Vomiting (%) - 11 (8.3%)

Variables expressed as absolute and relative frequency, mean (+ SD)
BMI body mass index

Those individuals who consumed a more pro-
inflammatory diet in the preoperative period had a lower per-
centage of change in weight (—22.7% vs. —25.3% p =0.024)
and fat mass (—31.9% vs. —36.2% p = 0.026) when compared
to a more anti-inflammatory diet (Fig. 2).

In a linear regression model, the baseline DII and baseline
weight were negatively associated with the percentage of weight
change (F'=3.0, p=0.02), explaining 8.6% of its variation
(Table 2) as well as positively associated with postoperative
weight (6-month follow-up) (F=11.6, p<0.001), explaining
7.8% of its variation (Table 3), independent of adjusting vari-
ables. The baseline DII was also negatively associated with le-
gume intake, which was positively associated with the change in
fat mass even after adjusting for age and postoperative caloric
intake (F'=3.4, p=0.01), explaining 9.7% of variation (Table 2).
However, this model lost statistical significance when the base-
line weight was included. Finally, baseline DII and baseline
weight also were positively associated with postoperative fat
mass (F'=8.4, p <0.001), explaining 7.4% of variation (Table 3).

Discussion

To our knowledge, this paper provides the first evidence that a
baseline pro-inflammatory diet may predict change in weight
and body fat mass after bariatric surgery. However, previous
studies have demonstrated the relationship between pro-
inflammatory DII scores and obesity. In a multicenter cross-
sectional study, the most pro-inflammatory DII was associated
with higher BMI values in a cardio metabolic risk population
[16]. In a cohort study, a pro-inflammatory diet was directly
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Fig. 1 Correlation between the baseline (preoperative) DII and the postoperative consumption of legumes, fruits, and vegetables. p values by Pearson’s

correlation. DII: Dietary Inflammatory Index

associated with the risk of being overweight and obese, in
addition to promoting greater weight gain. Therefore, the

a p=0.024
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authors suggest that diet-induced inflammation may contrib-
ute to maintaining or increasing obesity [17].

b
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Fig. 2 Change (%) in weight (a) and fat mass (b), according to baseline (preoperative) DIL. p values by Student’s # test. DII, Dietary Inflammatory Index

@ Springer



OBES SURG (2019) 29:457-463

461

Table 2 Regression model for explaining the variation of weight and
body fat changes (dependent variables) 6 months after bariatric surgery

Independent variables Dependent variables

Weight change (%)* Change in fat mass (%)*

DIl —1.56 (—=3.69-2.75) —0.69 (—7.73-6.35)

Baseline weight 0.04 (0.09-0.01)  NI*

Legumes NI 1.92 (0.15-0.39)
Adjusted-R? 8.6 9.7
p values 0.02 0.01

Data are 3 (95% CI). *Models adjusted for age and caloric intake after
surgery

DII dietary inflammatory index

NI Model loses significance, when variable is included in the model

Weight [including relative weight expressed as body mass
index (BMI)], presence of diabetes mellitus, age, and a family
history of obesity are considered important predictors of
weight loss after bariatric surgery [5—7]. However, previous
studies do not describe how the baseline dietary pattern could
be associated with post-surgical results. In fact, several dietary
patterns have been directly related to metabolic improvement
and reduction in adiposity [25-27]. Together, the results indi-
cate the importance of the analysis of food patterns and nutri-
tional monitoring from the preoperative phase of the patient
people with obesity in order to identify food predictors for the
postoperative period.

Another finding from our study was the relationship be-
tween the pro-inflammatory baseline diet with lower con-
sumption of fruits, legumes, and vegetables in the postopera-
tive period, indicating the importance of the pro-inflammatory
characteristic of the diet 6 months after the surgery. Fruits,
vegetables, and legumes have antioxidant, fiber, and protein
components that are inversely related to oxidative stress and
inflammation [23, 28, 29]. They also provide greater satiety
and delayed gastric emptying [30, 31]. The consumption of
legumes is associated with greater weight loss [32, 33].

The dietary pattern of people with obesity is characterized by
the consumption of calorie-density and nutrient-sparse foods, all
of which are known to be pro-inflammatory [12, 13]. As a

corollary, their diets are characterized by low intake of legumes,
vegetables, whole grains, fruits, fish, and a high intake of proc-
essed meat (e.g., sausages), sugar-sweetened drinks, processed
foods, and saturated fat [34, 35]. Bariatric surgery patients also
have lower intake of fruits, vegetables, and grains, despite im-
provement in diet quality after surgery [36, 37].

It is important to remember that after bariatric surgery, the
food standards differ from those of the normal population.
That is, the intake of 60 g of protein per day or 1.5 g of protein
per kg of the ideal weight [38] is recommended, along with a
caloric intake of 1000 to 1200 kcal/day [39], and supplemen-
tation of multivitamins and minerals is compulsory after sur-
gery [40, 41]. In this context, the implementation of better
eating habits should be continuously encouraged, beginning
in the preoperative period, which optimizes the improvement
in the quality of the most anti-inflammatory diet and, conse-
quently, the expected clinical-nutritional results.

It is important to note that there was no difference in the
percentage of change in lean mass in relation to the baseline
DII. This result indicates that the ratio of DII to weight loss is
related to loss of fat mass and not to lean mass. This point is
important to note, because the loss of lean mass is associated
with a reduction in the baseline metabolic rate, making weight
loss and weight maintenance more difficult [42].

In addition to adiposity, the DII is associated with inflam-
matory markers. In a study conducted in Belgium, Shivappa
et al. [43] found an association between pro-inflammatory DII
and high concentrations of IL-6, homocysteine, and leuko-
cytes. Furthermore, in the Seasonal Variation of Blood
Cholesterol Study (SEASONS) in the USA, the pro-
inflammatory DII was associated with higher concentrations
of CRP [44]. As we can observe, diet and chronic subclinical
inflammation characteristics of people with obesity are inter-
connected, forming a vicious cycle [8, 45]. Thus, having a
baseline pro-inflammatory DII may be associated with main-
taining dietary patterns with pro-inflammatory characteristics,
potentiating sustained chronic subclinical inflammation and
making it difficult to lose weight and fat mass after surgery.

In summary, this is the first study to show that the DIl is a tool
capable of evaluating the inflammatory potential of dietary pat-
terns on the clinical-nutritional results in bariatric subjects.

Table 3 Regression model for
explaining the variation of weight
and body fat mass (dependent
variables) after 6 months of

Independent variables

Dependent variables

Postoperative weight (kg)*

Postoperative body fat mass (kg)*

bariatric surgery
DII

Baseline weight
Adjusted-R?
p values

2.02 (0.33-3.70)
0.66 (0.59-0.72)

1.78 (0.51-3.04)
0.43 (0.38-0.47)

7.8 74
p<0.001

0.011

Data are 3 (95% CI). *Models adjusted for age and caloric intake after surgery

DIl dietary inflammatory index
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However, it does have its limitations, as the number of study
participants does not allow for large statistical controls, but we
know that there are several factors that are associated with chang-
es in body composition. Despite previous training in the stan-
dardization of anthropometric measures and dietary assessment,
the possibility of interpersonal variability should be considered.
Specifically, the use of a single 24HR food recall represents more
current data than usual [46], although this food questionnaire has
been exhaustively used to study association between food intake,
dietary indexes, and cardiometabolic risk factors [9, 14, 47].

Conclusion

In this longitudinal study, a pro-inflammatory diet in the pre-
operative period was associated with smaller weight and body
fat loss and poor diet quality (reduced consumption of fruits,
vegetables and legumes), 6 months after bariatric surgery. In
addition, our results indicate the importance of diet quality,
with emphasis on its inflammatory profile, as well as the im-
portance of nutritional monitoring in the preoperative period.
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