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Objective:Objective:Objective:Objective:Objective: To evaluate the behavior of acute phase proteins and lipid profile in patients undergoing Roux-en-Y gastric bypass.

MethodsMethodsMethodsMethodsMethods: We conducted a prospective study, consisting of three moments: M1 - preoperative (24 hours before surgery); M2

– 30 days after surgery; and M3 – 180 days after surgery. We carried measured height and BMI, as well as determined the

concentrations of acute phase proteins (C-reactive protein (CRP), albumin and Alpha-1-acid glycoprotein) and total cholesterol,

LDL-c, HDL-c and triacylglycerol. ResultsResultsResultsResultsResults: participants comprised 25 individuals, with a mean age of 39.28 ± 8.07, 72% female.

At all times of the study there was  statistically significant difference as for weight loss and BMI. We found a significant

decrease in CRP concentrations between the moments M1 and M3 (p = 0.041) and between M2 and M3 (p = 0.018). There

was decrease in Alpha-1-GA concentrations between M1 and M2 (p = 0.023) and between M1 and M3 (p = 0.028). The

albumin values increased, but did not differ between times. Total cholesterol and triacylglycerol decreased significantly ay all

times. LDL-c concentrations decreased and differed between M1 and M2 (p = 0.001) and between M1 and M3 (p = 0.001).

HDL-c values increased, however only differing between M1 and M2 (p = 0.050). ConclusionConclusionConclusionConclusionConclusion: Roux-en-Y gastric bypass

promoted a decrease in plasma concentrations of CRP and Alpha-1-acid glycoprotein, improving lipid and inflammatory

profiles.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Obesity is defined as abnormal or excessive fat
accumulation and can harm one’s health1. It is a non-

communicable chronic disease2. Considered worldwide a
public health problem, it continues to increase in prevalence,
both in developed countries, as in developing ones3 5. In
Brazil, the prevalence of obesity in men and women aged
20 years or older is 12.5% and 16.9%, respectively. The
country Southern Region has a higher prevalence of obesity
when compared to other regions 6.

The treatment of obesity is complex and
multidisciplinary. There are different kinds of treatments,
which are non-pharmacological, pharmacological and
surgical. These treatments seek a lasting reduction and
maintenance of body weight up to levels considered
clinically satisfactory, with beneficial effects on possible
associated diseases as type 2 diabetes, hypertension and
dyslipidemia7.

Regarding surgical treatment, Roux en Y
gastric bypass (RYGB) reduces the stomach capacity

and concomitantly alters the production of hormone
responsible for regulating hunger and satiety8.
Cur rent l y ,  th i s  operat ion has  been the  most
frequently performed in Brazil, corresponding to 75%
of total operations employed for the treatment of
obesity9.

It is worth mentioning that the obese individual
is considered a having a chronic low-grade inflammatory
condition10. In this scenario are present the acute phase
proteins (APP), defined as those whose plasma concentration
range at least 25% when an inflammatory response ensues,
and can be categorized as negative when normal values
are reduced during inflammation, and positive, wherein
normal values are increased within inflammation11,12.
Produced mainly by hepatocytes, APP may also be
synthesized on immune cells, epithelial cells and
adipocytes11.

Given the above, this study aims to evaluate the
behavior of APP (C-reactive protein, Alpha-1-
acid glycoprotein and albumin) and lipid profile in patients
undergoing RYGB.
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METHODSMETHODSMETHODSMETHODSMETHODS

We conducted a prospective study in a public
hospital that is reference for bariatric surgery. We
evaluated patients undergoing Roux-en-Y gastric bypass.
The study was approved by the Ethics in Human Research
Committee under number 2422/2011. In addition, this
survey was conducted in accordance with the resolution
of the National Health Council no 466 of 12/12/2012.
All individuals involved in this study were informed and
signed an Informed Consent form. There were no conflicts
of interest.

The study consisted of three moments: M1 –
preoperative time (24 hours before surgery); M2 – 30 days
after surgery; and M3 – 180 days after surgery. The times
were chosen according to the outpatient treatment protocol
for patients undergoing bariatric surgery in that hospital.
Clinical and epidemiological variables recorded were age,
gender, use of drugs, associated diseases and smoking. All
these data were collected through interviews.

For the assessment of nutritional status we carried
out anthropometric measurements of weight and height.
The nutritional status was classified by body mass index
(BMI) using the cutoff points defined by the World Health
Organization (WHO) 13.

Regarding the laboratory variables, the
examinations related to this study were collected in the
proposed times. Study participants were asked to follow
an overnight fast of 12 hours. Blood samples were
collected by venipuncture in the ulnar region of the
forearm, using vacuum tubes. Then the blood was
centrifuged and processed in the hospital Clinical Analysis
Service. Laboratory parameters included measurement of
C-reactive protein (CRP), alpha 1-acid glycoprotein (Alpha
1-AG), albumin and lipid profile. CRP was determined by
immunonephelometry method 14 (DadeBehring Siemens
Inc., Newark, DE, USA), alpha 1 AG, also by
immunonephelometry 15 (DadeBehring Siemens Inc.,
Newark, DE, USA) and albumin, by the automated
colorimetric method (Siemens Healthcare Diagnostics Inc.,
Newark, DE, USA) employing bromcresol purple as color
reagent14. Total cholesterol16, HDL-cholesterol17 and
triglycerides17 were determined by enzymatic method. LDL-
cholesterol was determined using the Friedewald
equation18 (LDL-c = Total cholesterol - HDL-c -
Triglycerides / 5) wherein triglycerides / 5 represents the
VLDL c.

The reference value used in that hospital for
CRP is < 3.3 mg/L, and alpha-1-GA, distinguishing as to
gender, are: Women: 40-120 mg/dL; men: 50-130 mg/
dL. The reference adopted for albumin is 3.4 to 5.0 g/dL.
Reference values for total cholesterol:   Desirable: < 200
mg/dL; borderline: 200-239 mg/dL; High: >240mg/dL.
Reference values for HDL-c: low: < 40 mg/dL; high:
> 60 mg / dL. Reference values for LDL-c: good: < 100 mg/
dL; desirable: between 100 and 129 mg/dL; borderline:

between 130 and 159 mg/dL; high: between 160 and 189
mg/dL; too high: >190 mg/dL. Reference values for
triacylglycerol: good: < 150 mg/dL; borderline: 150-
200 mg/dL; High: 201-499 mg/dL; too high: >500 mg/dL.
The adopted classification values for complications risk
were: no risk: <0.4; low risk: 0.4-1.2; medium risk: 1.2-
2.0; high risk: >2.019.

The sample consisted of patients aged between
18 and 60 years undergoing RYGB. The study included
individuals of both genders in the preoperative phase of
bariatric surgery at the hospital. We did not include
individuals with inability to perform the biochemical and
anthropometric measurements and who did not sign the
informed consent.

To evaluate the symmetry of variables we
considered the coefficient of variation and the Shapiro-Wilk
test (p values <0.05 are considered asymmetrical variables).
Data were presented as mean and standard deviation for
symmetrical variables and median and interquartile range
for asymmetric variables. The paired t test and the Wilcoxon
test for paired data were used to test the differences
between the different moments of the study, considering p
<0.05 for statistical significance.

RESULTSRESULTSRESULTSRESULTSRESULTS

The study included 25 patients with a mean age
of 39.2 (± 8.07) years. Most participants were female (72%)
and with comorbidities related to obesity, such as
hypertension (44%), type 2 diabetes mellitus (23.5%) and
dyslipidemia (5.9%). All patients were taking some kind of
medication, among which stand out hydrochlorothiazide
(11.5%), metformin hydrochloride (11.5%) and losartan
(9.6%). During follow-up there were participants losses,
13 at 30 days and 14 at 180 days; absence to appointments
was the main reason for losses.

We observed an average percentage weight loss
of 14.14% at 30 days and the same average of 28.74%
at 180 days. In all stages of the study there was a significant
reduction in weight, BMI, triglyceride and total cholesterol
(p <0.05) (Table 1). LDL-c concentrations decreased and
differ between M1 and M2 (p = 0.001) and M1 and M3
(p = 0.001), while the HDL-c values increased with
statistically significant difference only between M1 and
M2 (p = 0.049) (Figure 1). The acute phase protein alpha-
1-GA also had its serum concentrations reduced (p =
0.028). Albumin concentrations, on their turn, showed an
increase, but without significant differences (Table 1). CRP
showed an inverse behavior in the two study periods, that
is, increased between M1 and M2 (p <0.05) and
significantly decreased between M2 and M3 (p <0.05).
The CRP / Albumin ratio showed a change of behavior in
the relationship of these proteins, in which participants
had the degree of complication shifted from high risk to
low risk (Figure 1).
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DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

In this study, the average age and the high
prevalence of females are similar to other studies that
analyzed the inflammatory profile in patients undergoing
surgical treatment of obesity20-22. The predominance of
women may be justified by a higher obesity prevalence
when compared to men in the world 4.

Overweight and obesity are associated with
increased r isk of developing certain metabol ic
abnormalities such as type 2 diabetes mell itus,
dyslipidemia and cardiovascular diseases such as
hypertension. The origin of these comorbidities was
initially attributed to hyperinsulinemia or insulin resistance.
However, chronic elevations in the concentration of
adipokines, such as tumor necrosis factor (TNF), play an
important role in the development of metabolic
complications associated with obesity 10. According to a
meta-analysis by Guh et al. 23, the risks of developing
type 2 diabetes and hypertension, are respectively 12.41
(95% CI 9.03-17.06) and 2.42 (95% CI 1.59-3.67) times
higher among women who are obese than among those
who are not, rendering obesity as an aggravating factor
of such diseases in women. In another meta-analysis24

that analyzed the effectiveness and adverse surgical
treatment of obesity events, the prevalence of individuals
preoperatively diagnosed with type 2 diabetes mellitus
who showed improvement or resolution of symptoms after
surgery ranged from 64% to 100% (median 100%).
When hypertension was analyzed by studies, 38%
(ranging from 16% to 83%) of patients had hypertension
preoperatively, of whom 25% to 100% (median 89%)
showed improvement or resolution of this condition,
resulting in improvement range of 95% to 100% (median
100%). In studies on dyslipidemia, 32% (range 3% to
65%) of subjects had this comorbidity preoperatively, of
whom 60% to 100% (median 88%) reported
improvement or resolution of dyslipidemia in moments
subsequent to the surgical procedure 24.

Figure 1 Figure 1 Figure 1 Figure 1 Figure 1 - Distribution of weight, BMI, CRP acute phase protein
and its relationship with albumin, Alpha-1-GA, albumin,
total cholesterol and HDL-cholesterol in the different
moments of the study.

* Wilcoxon test for paired data. Categories: 1- without risk; 2 low risk;
3- medium risk; 4-high risk. Significant difference: p <0.05.

Table 1-Table 1-Table 1-Table 1-Table 1- Anthropometric and biochemical parameters of the study participants.

Var iablesVar iablesVar iablesVar iablesVar iables Moment 1(n=25)Moment 1(n=25)Moment 1(n=25)Moment 1(n=25)Moment 1(n=25) Moment 2 (n=12)Moment 2 (n=12)Moment 2 (n=12)Moment 2 (n=12)Moment 2 (n=12) Moment 3 (n=11)Moment 3 (n=11)Moment 3 (n=11)Moment 3 (n=11)Moment 3 (n=11)
Mean ± DPMean ± DPMean ± DPMean ± DPMean ± DP Mean ± DPMean ± DPMean ± DPMean ± DPMean ± DP Mean ± DPMean ± DPMean ± DPMean ± DPMean ± DP

Weight * 121.52   ± 23.74a 105.42   ± 18.41b 86.56    ± 17.06c

BMI* 49.71   ± 7.66a 41.57   ± 5.47b 33.43    ± 5.29c

Total cholesterol* 201.20   ± 43.21a 173.90   ± 29.76b 149.67    ± 40.55c

HDL-cholesterol* 36.88   ± 10.17a 31.54   ± 7.93b 41.67    ± 10.97a-b

LDL cholesterol* 136.76   ± 35.62a 112.27   ± 22.83b 93.30    ± 28.65b

Triacylglycerol** † 144 (110 - 187)a 117 (105 - 131)b 74.00(54.50 – 91.50)c

Alpha-1-GA ** † 104.99 (86.2 - 116)a 127 (122 - 168)b 69.90 (58.2-91.3)b

Albumin* 3.64   ± 0.25 3.70   ± 0.20 3.72    ± 0.22

Alpha-1-GA – Alpha-1-acid glycoprotein; CRP - C-reactive protein; Data that do not share the same letter within a horizontal row are
significantly different (p <0.05). * Paired t test, ** Wilcoxon test for paired data. † Results are expressed as median and interquartile
range.
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During the time of the study, weight and BMI
decreased significantly, achieving both a reduction > 20%
at 180 days, which corroborates the findings of other
studies that analyzed the impact of surgical obesity
treatment on these variables20,22 and demonstrates the
effectiveness of this procedure as to loss of body weight.
The reduction in body weight also seems to improve the
inflammatory condition in the obese individual, specifically
reducing pro-inflammatory markers (CRP, TNF-a, IL-6 and
leptin) and increasing an anti-inflammatory marker
(adiponectin), as concluded Forsythe et al. in a review25.
Moreover, the same review reports that the largest and
most consistent improvements are observed in those studies
in which the subjects had at least a 10% weight loss25,
which occurred in the present study from the 30th
postoperative day on.

Weight reduction in obese subjects and its relation
with the decrease of serum cholesterol render it difficult to
estimate the reduction of the latter is primarily due to the
reduced synthesis or lower absorption, since a metabolic
pathway or another will result in compensatory measures
to maintain cholesterol homeostasis26. Similar to the present
study, in which Total Cholesterol (TC), Triglycerides (TG)
and LDL-c were reduced with statistical difference after
180 days of operation, the study by Pedrosa et al. 27, who
analyzed the lipid profile of patients undergoing Roux-en-Y
gastric bypass, showed that after one year postoperatively
there was a significant decrease in serum concentrations
of TC, LDL-c and TG, and increased HDL-c . However, in
this study, HDL c was increased at 180 days compared
with the preoperative period, but without significant
differences. Possibly, the determining factor was the time
of analysis; if the study continued longer than 180 days,
perhaps it would display a difference. Thus, the loss of weight
after RYGB appears to limit the absorption of cholesterol26,
with consequent negative equilibrium of the same and
reduction in total cholesterol and LDL-c. This low absorption
and decrease in total cholesterol synthesis in the body may
contribute to the postoperative reduction of cardiovascular
risk26.

The CRP synthesis in the liver occurs primarily by
the action interleukin-6 (IL-6), the adipocytes being
responsible for producing about 30% of circulating IL-6 of
non-inflammatory origin. The weight loss and consequent
reduction of the fatty tissue caused by RYGB results in lower
serum IL-6 concentrations, reduced CRP hepatic synthesis
and consequent reduction in the deleterious biological
effects of this protein21,22. Some studies confirm this theory
by showing that 180 days after surgery, in addition to
significant weight loss, there is also reduction in CRP20,22,28,29.
In a systematic review, Selvin et al..30 showed that each
kilogram of body weight lost through modification of diet
and lifestyle corresponded to a 0.13mg/L reduction in CRP
concentration; however, weight loss induced by bariatric
surgery provoked a higher decrease, of 0.16mg/L by Kg
lost, indicating more effectiveness of the surgical treatment

on reducing inflammatory markers compared with weight
loss through diet and lifestyle changes.

For Alpha 1-AG, it is known to be an indicator of
tissue injury of inflammatory or infectious character, and its
hepatic synthesis is stimulated by cytokines such as IL-1, IL-
6, leptin and TNF-a, which are mostly secreted by
adipocytes21. In the study of John Cabrera et al. 21, Alpha 1-
AG was positively correlated with CRP in the RYGB pre- and
postoperative periods. The authors believe that the loss of
adipose tissue and consequent reduction in the synthesis of
cytokines may explain the positive correlation found,
suggesting that this protein may be used as a marker of
inflammation in obesity. As in this study, Anty et al.31 and
Iannelli et al.32 also observed a significant reduction of Alpha 1-
AG after weight loss induced by surgical treatment, with a
reduction in the inflammatory profile of the individual.

Albumin is considered a negative APP. The
reduction in the synthesis of APP is believed to occur by
increased need for amino acid for synthesis of positive APP
and other inflammatory mediators11. Also, during the
inflammatory process, some changes occur in vascular
permeability resulting in loss of albumin to extravascular
medium and consequent rapid drop in plasma
concentrations33. In the present study there was no
significant difference in the concentration of albumin in
the analyzed moments. Similarly, other studies have also
found non-impressive results. Farias et al.34 analyzed the
serum albumin of women undergoing RYGBand observed
a low percentage of individuals with hypoalbuminaemia
(12.5%; n = 1) after eight months. Nicoletti et al.35 reported
a reduction in serum albumin just 12 months after surgery,
there being no difference in times three and six months,
and suggested that serum albumin cannot be an effective
indicator of the protein profile in post bariatric surgery time.

The median CRP / Albumin ratio, which indicates
the of risk of inflammatory stress complications19, was at its
highest degree in the preoperative moment (M1) and 30
days after surgery (M2). However, at 180 days (M3) the
median of this ratio was ranked among medium and low
risk for complications. This variation can be attributed to
the possible inflammatory state caused by the surgical
procedure, which tends to regress not earlier than three
months after surgery22.

It is noteworthy that the study sample sustained
a large loss of patients during follow-up, for reasons
expected as sample characteristics studied, making the
sample small. The 180-day follow-up period, while being
the most critical period and of major changes for patients
undergoing RYGB, is still a short period when it comes to a
major surgical procedure. Such factors can be considered
as limitations of the study.

Thus, we conclude that in the sample studied
RYGB induced weight loss and reduction of BMI, total
cholesterol and triacylglycerol, also causing a decrease in
concentrations of CRP and Alpha-1-acid glycoprotein, and
consequently improving lipid and inflammatory profile.
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R E S U M OR E S U M OR E S U M OR E S U M OR E S U M O

Objetivo:Objetivo:Objetivo:Objetivo:Objetivo: avaliar o comportamento das proteínas de fase aguda e o perfil lipídico em pacientes submetidos à derivação gástrica em
Y-de-Roux. Métodos: Métodos: Métodos: Métodos: Métodos: estudo prospectivo, constituído por três momentos: M1 – pré-cirúrgico (24 horas antes do procedimento
cirúrgico); M2 – 30 dias pós-cirúrgico; e M3 – 180 dias pós-cirúrgico. Foram realizadas aferição antropométrica de peso, altura e IMC,
como também determinação das concentrações das proteínas de fase aguda (proteína c reativa (PCR), albumina e alfa-1-glicoproteína-
ácida) e de colesterol total, LDL-c, HDL-c e triacilglicerol. Resultados: Resultados: Resultados: Resultados: Resultados: participaram desse estudo 25 indivíduos, com média de idade
de 39,28±8,07, sendo 72% do sexo feminino. Em todos os momentos do estudo observou-se diferença estatística significativa
quanto à redução de peso e IMC. Verificou-se diminuição com diferença nas concentrações da PCR entre os momentos M1 e M3
(p=0,041); M2 e M3 (p=0,018). As concentrações da a1-GA reduziram e foram diferentes entre os momentos M1 e M2 (p=0,023);
M1 e M3 (p=0,028). Os valores de albumina aumentaram, mas não diferiram entre os momentos. O colesterol total e o triacilglicerol
diminuíram com diferença entre todos os momentos. As concentrações de LDL-c diminuíram e diferiram entre os momentos M1 e
M2 (p=0,001); M1 e M3 (p=0,001). Os valores de HDL-c aumentaram, entretanto apenas diferiram entre os momentos M1 e M2
(p=0,050). Conclusão: Conclusão: Conclusão: Conclusão: Conclusão: a derivação gástrica em Y-de-Roux promoveu diminuição nas concentrações plasmáticas da PCR e alfa-1-
glicoproteína ácida, melhorando o perfil inflamatório e lipídico.

Descritores: Descritores: Descritores: Descritores: Descritores: Derivação Gástrica. Obesidade. Mediadores da Inflamação. Perda de Peso.
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