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Abstract

Background Surgical treatment has proved to be effective
for weight loss, improving the quality of life of obese
individuals. However, metabolic and nutritional deficien-
cies may occur during the late postoperative period. The
objective of the present study was to assess the metabolic
and nutritional profile of grade III obese individuals for
12 months after Roux-en-Y gastric bypass (RYGBP).
Methods Forty-eight patients with mean body mass index
(BMI) of 51.9+7.8 kg/m”> were submitted to RYGBP.
Anthropometric, food intake, and biochemical data were
obtained before and for 12 months after surgery.

Results There was an average weight and body fat reduction
of 35% and 46%, respectively. Calorie intake was reduced,
ranging from 7734206 to 1035+345 kcal during the study.
Protein intake remained below recommended values
throughout follow-up, corresponding to 0.5+£0.3 g/kg/
current body weight/day during the 12th month. Iron and
fiber intake was significantly reduced, remaining below
recommended levels throughout the study. Serum choles-
terol, low-density lipoprotein cholesterol, and glycemia
were reduced. Albumin deficiency was present in 15.6%
of subjects at the beginning of the study vs 8.9% at the
end, calcium deficiency was present in 3.4% vs 16.7%,
and iron deficiency was present in 12.2% vs 14.6%.
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Conclusions RYGBP was effective for weight loss and for
the reduction of obesity rates and risk factors for comor-
bidities. The diet of these patients, who frequently present
inadequate intake of macronutrients and micronutrients,
should receive special attention. Patient follow-up and
assessment at short intervals are necessary for an early
correction of nutritional deficiencies.

Keywords Bariatric surgery - Dietary intake - Protein
intake - Food recall - Anthropometry and body composition

Introduction

Obesity is an increasingly prevalent chronic metabolic
disease, which is acquiring epidemic proportions, representing
one of the major public health nutritional problems of modern
society [1]. Grade III obesity is related to a high incidence of
degenerative diseases and to a high mortality rate. The
disorders range from respiratory difficulties, dermatological
problems, and disturbances of the locomotor apparatus to the
induction of diseases such as dyslipidemia, cardiovascular
diseases, diabetes mellitus, and certain types of cancer [2, 3].

The rapid increase in the prevalence of obesity and the
failure of dietary and/or pharmacological treatments, espe-
cially on a long-term basis, among grade III obese patients
(body mass index [BMI] >40 kg/m?), has led to an increasing
demand for bariatric surgery. From 1990 to 2003, the
number of procedures performed in the US increased from
16,000 to more than 100,000 per year [4]. Bariatric surgery
is currently considered to be the most effective tool for the
treatment and control of grade III obesity [5, 6].

Several surgical techniques have been proposed and
tested since the 1950s using different physiological princi-
ples [7]. Capella Roux-en-Y gastric bypass (RYGBP),
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Table 1 Anthropometric evaluation and body composition of patients submitted to bariatric surgery
Parameters Preoperative evaluation 1 month 3 months 6 months 8 months 12 months
Weight (kg) 139.7£23.9 125.3+21.8 114.7+21.1%* 103.2+19.8* 96.8+18.9* 90.7+18.4*
BMI (kg/m?) 51.9+7.8 45.6+£9.9 42.6+7.0* 38.3+6.4* 35.9+6.1% 33.6+5.9*
LM (%) 47.3+5.7 53.0£7.0 55.9+£7.2% 60.7+8.3* 63.3+7.7* 67.1+8.6*
(kg) 64.7+11.8 65.4+14.6 63.0+13.2 62.5+13.1 60.8+12.4 60.1+12.9
BF (%) 52.7+5.7 47+7.0 44+7.1% 38.7+7.5% 36.7+7.7* 32.9+8.6*
(kg) 72.9+16.9 58.1+14.4 50.1+14.4%* 40.2+12.5* 36.0+£12.4* 30.3+11.8%

BMI body mass index, LM lean mass, BF body fat
*P<0.05 compared to the preoperative evaluation

which combines restriction by means of a reduction of the
gastric reservoir to 20 mL and secondary dysabsorption
with bypass of the duodenum and proximal jejunum, is the
technique most frequently used today [8].

Surgical treatment has proved to be effective for weight
loss with a consequent improvement of the quality of life for
persons with grade III obesity. In addition, the weight loss is
associated with an improvement of morbidity, including
respiratory disorders, systemic arterial hypertension, type 2
diabetes, hypercholesterolemia, and hypertriglyceridemia,
among others [9]. However, metabolic and nutritional
deficiencies consequent to inadequate food intake and
dysabsorption may occur during the late postoperative
period, although data about the repercussions of surgery
on the nutritional status of these patients are scarce.

Thus, the objective of the present study was to assess the
metabolic and nutritional profile of grade III obese patients
for a period of 12 months after bariatric surgery.

Patients and Methods

The study was conducted on 48 patients, 41 women (85%)
and seven men (15%) aged on average 41.9+8.8 years. The
mean preoperative weight was 139.7+£23.9 kg, mean height
was 1.64+7.3 m, and mean BMI was 51.9+7.8 kg/m?. The
patients had associated comorbidities and had been submitted
to bariatric surgery 12 months before the present investigation.
The technique used for all patients was RYGBP.

The patients were monitored by the multiprofessional
team of the Service of Nutrology, Department of Internal
Medicine and by the team of the Center of Bariatric
Surgery, Division of Gastroenterology, Department of
Surgery and Anatomy, Faculty of Medicine of Ribeirdo
Preto (HCFMRP-USP).

Nutritional Regimen
All patients were interviewed, attended, and counseled by a

nutritionist before and after surgery. During the postoperative
period, the patients were instructed to ingest a liquid diet for

1 month and then to switch to a diet of pureed/soft foods and
progress to regular solid foods according to individual
tolerance. After this period of adaptation, patients were advised
to ingest a regular healthier diet. The patients were advised to
follow a prescribed diet according to the postoperative feeding
protocol. Food should be well-chewed and consumed very
slowly, fluid should not be consumed for at least 30 min before
and no sooner than 30 min after a meal. Food and beverages
containing protein should be eaten before those containing
only carbohydrate. Additionally, high-calorie foods (i.e., foods
high in fat or sugar) should be avoided to promote optimal
weight loss. The patients were instructed to begin vitamin and
mineral supplementation during the first postoperative month.
Compliance was checked during regular visits.

Nutritional Evaluation

The patients were evaluated anthropometrically and in terms
of food ingestion before and 1, 3, 6, 8, and 12 months after
surgery. Blood was collected for the determination of
glycemia, triglycerides, total cholesterol, low-density lipopro-
tein cholesterol (LDL-C), and high-density lipoprotein cho-
lesterol (HDL-C) before and 3, 6, and 12 months after surgery.

Anthropometric evaluation consisted of measurement of
weight and height and calculation of BMI by the formula:
BMI=W/H* where W is the weight in kilograms and H is
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Fig. 1 Evolution of the BMI of patients submitted to bariatric surgery
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Table 2 Food intake of patient submitted to bariatric surgery

Parameters Preoperative evaluation 1 month 3 months 6 months 8 months 12 months
Calories (kcal) 2,347+1,016 773+£206* 796+306* 910+245* 963+£242%* 1,034+345%
Protein (2) 117.8£55.2 30.9+12.3* 37.1+20.0* 44.1+18.0* 47.1£17.7* 46.6+20.0*
(%) 20.5+6.3 15.5+4.9% 17.9+5.4 18.9+5.2 19.0+5.6 17.8+5.8
Lipid (2) 86.0£9.0 21.1+47.1% 24.9+14.4* 29.7+£10.5* 35.3+10.8* 35.7+14.2*%
(%) 33.2+6.7 24.7+7.3% 27.1+8.5% 29.0+7.2 32.5+6.3 30.2+6.3
Carbohydrate (2) 2752+119.4 119.4+39.9* 108.9+37.8* 120.3+39.6* 116.5+41.0* 137.1+54.5*
(%) 46.1+10.2 59.7£9.5% 55.0£9.4%* 51.4£9.1 47.2+9.4 51.8+6.5
Iron (mg) 18.2+8.3 3.5+1.8% 4.9+£2.7* 6.2+2.3% 6.8+2.4% 6.5+3.0%*
Fiber (g) 15.9+10.7 5.8+3.2% 7.7+£5.3% 8.5+5.2% 9.3+£5.6* 9.7+£7.0*
Cholesterol (mg) 270.2+178.9 54.8+72.7* 75.4+65.0% 95.2+78.4* 101.5+82.4* 100.5+88.7*

*P<0.05 compared to the preoperative period

the height in meters. The patients were weighed on a
Filizola® digital scale of the platform type with capacity of
300 kg and precision of 0.2 kg. Height was measured with
a vertical rod with 0.5 cm graduation. Body composition
was characterized by bioimpedanciometry using a Quantum
BIA 101Q-RJL Systems® instrument.

Dietary intake was evaluated by the application of the
24-h food recall and calculated using the NUTWIN-
UNIFESP® Nutrition Support software [10].

Biochemical evaluation consisted of blood determina-
tions of glucose, total cholesterol, triglycerides, HDL-C,
LDL-C, albumin, calcium, sodium, potassium, and iron.

Statistical Analysis

Data were analyzed statistically by the Friedman test. For
the comparison between periods, the Dunn test for
multiple comparisons was used. The level of significance
was set at P<0.05 in all analyses. Data are reported as the
mean+standard deviation.

Results

Anthropometry and Body Composition

Anthropometric and body composition data are presented
in Table 1. Periodic evaluation showed that there was a

gradual reduction of body weight and BMI with signifi-
cant differences starting during the third postoperative
month. By the 12th month, there was a 35% reduction of
body weight and BMI compared to the preoperative
values. A significant reduction of body fat occurred from
the third month onward with a 46% reduction by the 12th
month. No difference in lean mass was observed during
the study.

As illustrated in Fig. 1, an expressive improvement in
obesity rates occurred at the end of the follow-up period,
when 6.2% of the patients were eutrophic, 25% were
overweight, 33.5% had grade I obesity, 25% had grade II
obesity, and only 10.3% had grade III obesity.

Assessment of Food Intake

The food intake observed before admission and 12 months
after surgery is presented in Table 2. On the basis of the
nutrients evaluated, there was a significant reduction of
calories, carbohydrate, protein, lipid, and cholesterol along
the postoperative follow-up period compared to previous
values. The percentage of macronutrients continued to be
adequate at all time points assessed, although with a
significant reduction of the amount ingested (in grams)
starting on the first month after surgery. There was a
significant reduction of iron and fiber intake starting on the
first month with intake remaining below recommended
levels throughout the study.

Table 3 Biochemical evaluation of the patients submitted to bariatric surgery

Parameters Preoperative evaluation 3 months 6 months 12 months
Glycemia (mg/dL) 110.2+£35.5 93.9+15.9 87.0+£12.5*% 84.6+10.3*
Triglycerides (mg/dL) 166.6+86.9 111.5+44.7 97.8+34.5% 88.4+35.3*
Total cholesterol (mg/dL) 203.5+49.9 166.1+£35.4* 177.9+33.9 171.2+33.8
LDL-C (mg/dL) 129.1+40.9 103.6+32.1 109.1+33.7 100.6+26.7
HDL-C (mg/dL) 39.6+9.3 40.6+10.2 45.9+12.9 50.9+£12.0%

*P<0.05 compared to the preoperative evaluation
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Table 4 Biochemical evaluation of the patients submitted to bariatric surgery

Parameters Preoperative evaluation 3 months 6 months 12 months Normal range
Albumin (g/dL) 4.0£0.6 3.9+0.3 3.940.3 3.9+04 3.548
Calcium (mg/dL) 9.3+£0.6 11.3+13.1 9.2+0.3 9.1+0.6 8.4-10.5
Sodium (mmol/L) 141.9+2.5 143.6+2.3* 143.5+2.7* 143.4+2.2 135-145
Potassium (mmol/L) 4.3+0.5 4.3+0.5 4.2+0.5 43+04 3.5-5

Iron (ng/dL) 80.0+32.7 63.3+£28.4* 73.9+30.2 80.2+33.5 40-160

*P<0.05 compared to the preoperative evaluation
Biochemical Evaluation

Table 3 shows the biochemical evolution of glycemia,
triglycerides, total cholesterol, LDL-C, and HDL-C. There
was a significant reduction in serum cholesterol levels
starting on the third month, of fasting glycemia starting on
the sixth month, and an increase in HDL-C at the end of
follow-up. The number of patients with elevated total
cholesterol was reduced from 35% during the preoperative
period to 25% at 12 months after surgery. The reduction of
blood triglycerides was significant with the number of
patients with hypertriglyceridemia being reduced from 40%
during the preoperative period to 5% (one patient) at the
end of follow-up. No difference in LDL-C levels was
observed during the study, but the number patients with
elevated levels was reduced from 88.9% at the beginning of
the study to 33.4% at the end of the study period.

There was no difference in mean plasma albumin or
potassium levels during the study. A reduction of sodium
and serum iron levels were observed beginning on the third
month after surgery, but the values remained within normal
limits returning to initial values 12 months after surgery
(Table 4).

Albumin deficiency was present in 15.6% of subjects at
the beginning of the study vs 8.9% at the end, calcium
deficiency was present in 3.4% vs 16.7%, and iron
deficiency was present in 12.2% vs 14.6% (Table 5).

Discussion

In the present study, obese patients submitted to RYGBP
and monitored by a multiprofessional team presented a

Table 5 Absolute prevalence rates of micronutrient deficiency

Deficiencies (%) Preoperative 3 months 6 months 12 months
evaluation

Albumin 15.6 6.7 22 8.9

Calcium 2.4 2.4 24 16.7

Sodium 0.0 0.0 0.0 0.0

Potassium 0.0 4.5 4.5 0.0

Iron 12.2 9.8 9.8 14.6

significant weight reduction (35%) during the first postop-
erative year. This reduction was gradual, being more
intense between the sixth and eighth month (8.1%), in
agreement with a previous study [11]. The weight reduction
was due to the loss of body fat, which decreased
significantly starting on the first month with no change in
lean mass along follow-up, again confirming the results of
previous studies [12, 13].

Despite a significant weight reduction, most patients
were still obese at the end of the 12 months. However, it
should be pointed out that the percentage of patients with a
BMI>50 kg/m? was 58% at the beginning of the study,
being reduced to 2% at the end of the study. The mean BMI
of the present patients was 51.9+7.8 and 33.6+5.9 kg/m” at
the beginning and at the end of the study, respectively,
showing an important reduction, in agreement with data
reported by Von Mach et al. [14]. According to the standard
procedure of our institution, the patients were instructed to
ingest a liquid diet for 1 month, followed by a diet of pasty
consistency and progressing to a diet of general consistency
according to individual tolerance. After this period of
adaptation, the patients were instructed to ingest a balanced
diet.

With their gastric capacity reduced to about 20 mL, the
patients started to ingest a low-calorie diet corresponding to
approximately 6.4 kcal/kg/current body weight/day during
the first month after surgery and ranging from 7734206 to
1,035+£345 kcal during the 12-month period. The diet
continued to be hypocaloric throughout the study but, after
the third month, with the modification of consistency, the
proportions of macronutrients of a balanced diet were
recommended. This pattern of caloric intake is similar to
that reported by others [15, 16]. It is important to
emphasize that, during the first year after bariatric surgery,
this low-calorie food intake can promote severe nutritional
deficiencies if not monitored.

The low protein intake along the 12 months should be
emphasized. Protein intake ranged from 30.9+12.3 g/day
during the first month to 46.6+20.0 g/day during the 12th
month, corresponding to a mean intake of 0.5+0.3 g/kg/
current body weight/day, which is below recommended
values. Moize et al. [15] observed a mean protein intake of
58 g/day 1 year after surgery. In agreement with our
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findings, previous studies have shown that, in most cases,
the monitoring of protein intake should be intensified in
order to reach a minimum of 60 g/day, the value established
in various studies of patient follow-up after bariatric
surgery [17]. One of the factors interfering with protein
intake is intolerance of red meat ingestion, which may
occur due to the lack of proper mastication and to reduced
gastric secretion. It is a fact that patients consume more
meat before than after surgery, but no study has reported
details about this phenomenon of intolerance [15, 18, 19].

A choice of more nutritive foods should always be
recommended since the amounts ingested daily are very
small. During this phase, the patient should be able to select
foods that will bring more comfort, satisfaction, and
nutritional quality.

Dietary assessment before surgery demonstrated a low
intake of fibers (vegetables, fruit, and legumes) and iron,
which continued to be significantly low throughout the
study. Few data are available in the literature regarding the
intake of fibers, iron, and other micronutrients. Dias et al.
[20], in a study of the diet of obese women after surgery,
detected a low iron intake with a mean of 5.6 mg 12 months
after surgery, a result confirmed by the present study. Other
studies have pointed out that vitamin and mineral deficien-
cy is greater and more significant in obese patients before
surgery than previously thought [21, 22]. Morbidly obese
patients are not well-nourished and may have clinical or
subclinical nutritional deficiencies before bariatric surgery
[23].

Capella surgery reduces food intake in terms of volume;
therefore, patient collaboration is indispensable regarding
compliance with medical and nutritional guidelines for
adaptation to the new lifestyle. The need to select and chew
well the foods implies the intake of the necessary foods and
the availability of more time for each meal. The lack of
proper mastication, observed in many patients, generates
difficulties in the passage of certain foods such as meat or
fiber through the containment band, often leading to a
reduced intake of these nutrients and to a preference for
carbohydrates and fluids.

Recent evidence has suggested a reduction of the risk
of mortality after bariatric surgery. The consistent
intentional weight loss results in a reduced risk for
cancer, cardiovascular disease, and hormonal disorders [7,
24, 25]. Studies have shown normalization of blood
glucose in 83% of patients [11] with a fivefold reduced
incidence of diabetes after 8 years of patient follow-up
[26]. In the present study, the reduction of fasting glucose
levels was significant starting on the sixth month with
only 4% of the patients continuing to have elevated
glycemia at the end of follow-up.

A series of studies have demonstrated a significant
improvement of lipid profile, including significantly de-
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creased LDL levels, increased HDL levels, and reduced
triglyceride levels [26, 27]. An improved lipid profile was
observed in the present patients with a reduction of
triglyceride, total cholesterol, and LDL levels and an
increase of HDL.

Clinical or subclinical nutritional deficiencies may be
present in some obese patients before surgery. These
deficiencies may involve vitamins or minerals as the
consequence of a hypercaloric diet which is simultaneously
deficient in essential nutrients, possibly becoming more
severe after surgery if no rapid replacement is provided [21,
22]. The deficient iron intake demonstrated in the present
study explains the frequent treatment of anemia during the
postoperative period [19]. In this study, mean serum iron
levels remained within normal limits but the patients were
regularly followed up, receiving iron supplementation
whenever necessary.

Conclusion

Reducing surgery with RYGBP was effective in inducing
weight loss and in reducing obesity rates and risk factors
for comorbidities. However, special attention should be
paid to the diet of these patients who frequently present
macronutrient and micronutrient intake below recommen-
ded levels. Thus, the patients should be followed up and
assessed at short time intervals for an early detection and
correction of possible nutritional deficiencies.
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