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ABSTRACT

Decreased food intake is an effective mechanism for gastric bypass surgery (GBS) for successful
weight loss. This cross-sectional study aimed to assess dietary intake, micro-and macro-
nutrients in the patients undergoing GBS and determine the possible associations with weight
changes. We assessed anthropometric indices and food intake at 24 month-post gastric bypass
surgery. Dietary data was evaluated using three-day food records. After the 24 months of surgery,
among 35 patients (mean age: 43.5 + 11.2 years; 82.85% females), with the mean body mass
index (BMI) of 30.5 + 4.5 kg/m?, 17 cases were < 50% of their excess weight. The average daily
calorie intake was 1,733 + 630 kcal, with 14.88% of calories from protein. Consumption amounts
of protein (0.82 + 0.27 g/kg of the current weight), as well as fiber, and some micro-nutrients
(vitamin B9, E, K, B5, and D3) were lower than recommended amounts. Patients were classified
into three groups based on their success in weight loss after surgery. Calorie intake was not
significantly different between groups, but successful groups consumed considerably more
protein and less carbohydrate than the unsuccessful group (p < 0.05). Based on our findings, the
patients undergoing GBS had inadequate macro- and micro-nutrient intake after 24 months.
However, protein intake can affect patients' success in achieving better weight loss. Long-term
cohort and clinical studies need to be conducted to comprehend this process further.
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Obesity is a global health crisis with a rising trend worldwide within the past two decades.
According to the World Health Organization (WHO), more than half of Iranian adults have
a body mass index (BMI) of more than 25 kg/m? [1]. Obese individuals are at high risk of
disabilities and life-threatening chronic conditions, including diabetes, cardiovascular
diseases, and hypertension [2]. Also, overweight and obese people may experience

several acute and chronic situations more than people with normal BMI; such as stroke

[3], pulmonary abnormalities like obstructive sleep apnea [3,4], fertility problems [5,6],
osteoarthritis [7,8], and psychiatric disorders [9]. One of the main mechanisms responsible
for obesity-related complications is inflammation [3]. The excess amount of lipid
accumulation in adipose tissue resulted in high levels of pro-inflammatory cytokines and
oxidative stress stimulators, which are associated with the development of chronic conditions
mentioned [3,10-12]. Several studies revealed that weight loss had a significant relation with
positive changes in serum levels of pro-inflammatory cytokines and inflammation status
which may lead to prevention or even treatment of obesity-related complications [13].

However, most obese patients experience recurrent weight loss failure following conventional
weight loss methods, such as dietary regimens, physical exercise, and medication [14].
Bariatric surgery is considered the most effective and long-term treatment of morbid obesity
and its associated comorbidities [15].

Roux-en-Y gastric bypass (RYGB) is a successful procedure globally with its ability to
maintain weight reduction and sustain health improvements [15,16]. Despite the benefits of
RYGB for morbidly obese patients, they may face certain complications such as nutritional
deficiency or inadequacy that must be recognized [17,18]. Changes in stomach volume, lacks
of nutrient intake, food intolerance, and malabsorption are all possible factors that can lead
to dietary deficiency. As a result, long-term monitoring is critical for perceiving threats as
early as possible [19]. According to a recent report, micronutrient supplementation at a dose
of the recommended daily intake might not be enough and double the daily dose be required
after therapy related to inducing malabsorption, such as RYGB [20]. Therefore, laboratory
assessment of patients' vitamin and mineral intake could improve nutrient supplementation
to the RYGB patients based on their nutritional needs [21]. A recent study found that

at12 month-post GB surgery, a large percentage of patients had nutritional deficiencies,
especially in iron, vitamin D, and B12 intake [22]. Also, one study demonstrated that the
amount of daily micro-nutrient intake in many patients was lower than the amount of current
recommendations for patients after weight loss related surgery [23].

Therefore, studies on the long-term postoperative nutritional status of patients are essential.
To date, few studies have examined the long-term postoperative dietary intake of patients,
and micro-and macro-nutrient intake adequacy has been rarely investigated in this regard
[15]. The present study evaluated postoperative dietary intake adequacy in terms of energy
and micro-and macro-nutrients based on three-day food records at 24 month-post RYGB
surgery. Also, the study investigated the association between changes in nutrient intake and
weight in patients at 24 month-post surgery.
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MATERIALS AND METHODS

Patient selection

This cross-sectional study was conducted at a single bariatric clinic in Mashhad, Iran. The
subjects were selected from the patients undergoing gastric bypass surgery from 1 January-31
December 2017. The inclusion criteria were adult patients with obesity aged > 18 years,
undergoing gastric bypass surgery for morbid obesity (BMI > 40 kg/m?), and at least one or
more obesity-related comorbidities.

In total, 35 patients were participated based on the sampling process. The selected
participants were contacted via phone, and those who accepted to partake were asked to
complete a three-day food record (including data for two weekdays and one weekend day).

A trained interviewer instructed the patients on writing the information on the amount and
quality of the foods they consumed. The food records were evaluated by a dietitian, an expert
in dietary composition, and data analysis in Nutritionist IV software (Version 3.5.2, First
Databank® Inc., Hearst Corp., San Bruno, CA, USA). In addition, the total daily intake of
calories, micro-and macro-nutrients were obtained.

Anthropometric measurement

Height and weight were measured by a trained dietitian using a standard stadiometer

and a clinical scale (SECA), respectively. The described weight metrics were excess body
weight (EBW), BMI, percentage of total weight loss (%TWL), percentage of excess weight
loss (%EWL), and lost BMI units. Notably, BMI is determined by dividing weight (kg) by

the square of height (m?), and BMI loss was defined as the preoperative BMI minus the
postoperative BMI in our study. The %TWL was calculated as the preoperative BW (kg) minus
the postoperative BW (kg), divided by the postoperative BW, and multiplied by 100 [24]. The
%EWL was calculated as the preoperative BW (kg) minus the postoperative BW (kg), divided
by the preoperative BW (kg) minus the ideal body weight (kg), and multiplied by 100 [24].
The ideal body weight (IBW) was calculated based on the BMI of 25 kg/m?, and EBW was
defined as BW (kg) minus the IBW (kg).

Statistical analysis

Data analysis was performed in SPSS version 16 (IBM Corp., Armonk, NY, USA), and the
normality of quantitative data was evaluated using the Kolmogorov-Smirnov test. Numerical
data were expressed as mean and standard deviation, and the other variables were presented
as median with its range. Besides, paired t-test was applied for assessing within-group
differences. For comparing the differences between the means of two or more independent
(unrelated) groups, an one-way analysis of variance was used. In all the statistical analyses,
the p-value of less than 0.05 was considered significant.

Ethics statement

Ethics approval and consent to participate: All the procedures performed in the present
study were approved by the Ethics Committee of Mashhad University of Medical Sciences,
Mashhad, Iran with the registered number “IR. MUMS.MEDICAL.REC.1399.113".
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RESULTS

Characteristics and anthropometric changes of the participants

In total, twenty-nine women and six men with a mean age of 43.54 + 11.17 years (age range:
22-68 years) were enrolled in the study. The mean preoperative BMI of the patients was 45.35
+7.02 kg/m? (range: 36.78-62.67 kg/m?), and the mean EBW was 54.24 + 18.63 kg (range:
31.80-88.38 kg). According to the findings, the mean BMI reduced significantly to 30.50
4.53 kg/m? (p < 0.001), and the mean body fat percentage also decreased to 31.90 + 8.41% (p
<0.001). In addition, significant weight loss was observed in the patients during the study
period within the range of 14-81 kg. At 24-month post-surgery, 4 patients (12%) reached
normal weight (BMI: 18.5-25 kg/m?), 12 patients (34%) were still overweight (BMI > 25 kg/
m?), and 13 patients had grade I obesity (35 > BMI > 30 kg/m?), 6 of whom (17%) had the
BMI of > 35 kg/m? (grade II obesity). None of the patients were underweight, and the mean
weight loss was estimated at 39.79 + 16.35 kg with the mean EWL 0f 73.93 + 20.13%. After 24
months, only 8.57% of the patients showed less than 50% of EWL, while others experienced
a successful surgery outcome with the EWL of > 50%. Table 1 shows the characteristics and
anthropometric data of the study subjects before and after RYGB.

Energy, macro-nutrient, and micro-nutrient intake

Postoperative nutrient intakes were calculated using the three-day food records (Table 2).
Accordingly, patients had a mean intake of1,770 kcal/day (548.60-2,608.66 kcal/day),
representing 22.43 + 7.80 kcal x kg* x day™ of their current BW. No significant difference was
observed in the energy intake per unit of body weight in the subjects experiencing weight
loss. In terms of the percentage of the total energy, macronutrient intake comprised 14.88%
proteins, 31.84% fats, and 53.28% carbohydrates. On average, the participants reported the
consumption of 239.71 + 73.82 grams of carbohydrate, with 64.17 + 21.56 grams of fats a day.
Protein intake was 64.91 + 17.56 g/day, ranging from 25.95 to 94.08 g/day. Patients consumed
0.97 £ 0.25 g/kg IBW or 0.82 + 0.27 g/kg current BW daily. Sixteen patients consumed 49.41
g of protein daily, which reached fewer EWL than those who consumed > 60 g protein daily
(70.80 £ 14.34% vs. 76.56 + 24.05%, p = 0.039). Based on the analysis of the food records,
patients with an EWL of > 50% (successful surgery) consumed fewer calories than those
with an EWL of < 50% (unsuccessful surgery; 1,759.40 + 488.01 vs. 1,851.55 + 470.28 kcal).

Table 1. Characteristics of study participants at 24th month

Variables Mean
Age (yr) 43.5 £11.2
Height (m) 163.5 = 10.0
Weight (kg) 81.5+13.9
BMI (kg/m?) 30.5+ 4.5
EBW (kg) 54.9 +18.6
Pre-surgical BMI (kg/m?) 45.3£7.0
Pre-surgical weight (kg) 121.3 £22.1
Body fat percentage (%) 31.9+8.4
Pre-surgical fat percentage (%) 47.5 + 4.4
FFM (kg) 55.1+10.0
FFM (%) 68.1+8.4
WC (cm) 98.7 +14.9
Weight loss (kg) 39.8+16.3
EWL (%) 73.9 = 20.1
TWL (%) 32.0+9.5

Data are presented as mean = standard deviation according to normal distribution respectively.
BMI, body mass index; FFM, fat-free mass; WC, waist circumference; EBW, excess body weight; EWL, excess
weight loss; TWL, total weight loss.
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Table 2. Energy and macronutrient intake as estimated from 3-day food records

Variables Mean (SD)/Median (Q1-Q3) Minimum Maximum
Total energy (kcal/day) 1,767.3 (480.4) 548.6 2,608.7
CHO (% of energy) 53.3(6.3) 36.7 64.7
Protein (% of energy) 14.7 (2.5) 10.3 21.3
Total fat (% of energy) 31.8 (6.2) 20.3 45.3
Carbohydrate (g/d) 239.7 (73.8) 75.7 401.2
Protein (g/d) 64.9 (17.6) 26.0 94.1
Total fat (g/d) 64.2 (21.6) 17.8 129.1
SFA (g/d) 923.3 (7.8) 7.4 38.1
MUFA (g/d) 20.3 (8.5) 5.2 53.7
PUFA (g/d) 11.5 (6.9) 2.4 95.0
Fiber (g/d) 12.4 (9.6-16.1) 3.8 32.1
Food weight (g) 1,749.0 (492.9) 548.6 92,608.7
DED (kcal/g) 1.0 (1.0-1.0) 1.0 1.6

Data are presented as mean (SD) or median (range) according to normal and non-normal distribution respectively.
SD, standard deviation; CHO, carbohydrate; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids; DED, dietary energy density.

However, the total daily calorie intake had no significant difference between these subjects
(p = 0.75). Furthermore, no significant differences were observed in the total calories from
protein, carbohydrates, and fats between the patients with successful and unsuccessful
surgeries. Micronutrient daily intake is summarized in Table 3.

The dietary energy density (DED) refers to the energy amount (kilocalories) per weight of
food (gram; keal/g), which significantly had positive correlations with BMI loss, preoperative
BMI, and %TWL (p < 0.05), however, it had no significant correlation with %EWL (p = 0.55)
and %TWL (p = 0.052). On the other hand, the energy intake of the patients was negatively
correlated with age (p < 0.05), and no correlation was denoted with weight change
parameters, such as %EWL (p = 0.345). Of all the macronutrients, only carbohydrate intake
was positively correlated with age, and fat and protein were unrelated (p = 0.071 and p = 0.64,
respectively).

Table 3. Micronutrient intake as estimated from 3-day food records

Variables Mean (SD)/Median (Q1-Q3) Minimum Maximum

Sodium (mg) 1,244.5 (973.8-118.9) 465.6 4,335.3
Potassium (mg) 1,923.0 (737.3) 738.7 4,012.0
Magnesium (mg) 157.3 (118.9-231.9) 63.6 419.5
calcium (mg) 539.4 (188.5) 166.3 953.5
Iron (mg) 12.2 (3.4) 4.4 29.1
Zinc (mg) 7.7 (2.3) 2.7 13.2
Vitamin A (RE) 435.5 (291.4-614.2) 140.0 4,433.5
Vvitamin B2 (mg) 1.3 (0.4) 0.6 2.4
Vitamin B1 (mg) 1.4 (0.5) 0.6 2.5
Vitamin B6 (mg) 1.0 (1.6-0.8) 0.4 3.0
Folic acid (mg) 195.1 (135.6-246.8) 76.0 472.2
Vitamin B12 (ug) 2.7 (3.5-1.8) 0.7 95.6
Vitamin C (mg) 74.4 (51.3) 5.6 297.5
Vitamin E (mg) 2.7 (1.2-3.9) 0.7 28.0
Vitamin B7 (mg) 8.0 (4.6) 0.7 20.2
Vitamin K (ug) 36.3 (19.7-79.9) 43 250.1
Vitamin B5 (mg) 3.4 (1.3) 1.5 7.0
Vitamin D (ug) 0.3 (0.0-1.1) 0.0 2.7
Vitamin B3 (mg) 16.0 (5.6) 4.3 33.2

Data are presented as mean (SD) or median (range) according to normal and non-normal distribution respectively.
SD, standard deviation.
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Within- and between-group comparisons of the changes from baseline to endpoint measures for anthropometric data and dietary intake based on
weight loss success

Variables Group 1 (n =17) Group 2 (n = 6) Group 3 (n =12) p value®
Value p value® Value p value® Value p value®

BMI (kg/m?)

Baseline 45.0 £7.5 52.0+5.6 42.6 +4.9

24 mon 33.5+3.5 31.6 £1.5 25.8+2.5

Change? Nn.5+4.5 <0.001 20.4+5.4 <0.001 16.8 + 4.6 <0.001 <0.001
FFM percentage (%)

Baseline 53.4+4.2 46.7 2.8 54.5+£2.4

24 mon 63.6 +7.0 67.0 £3.9 73.8+8.4

Change* -10.2 + 6.4 <0.001 -20.3+2.6 <0.001 -19.3+8.1 <0.001 <0.001
Fat percentage (%)

Baseline 46.6 £ 4.2 53.3+2.8 45.5+2.5

24 mon 36.4 £7.0 33.0+3.9 26.2 + 8.4

Change? 10.2 £ 6.4 <0.001 20.3+2.6 <0.001 19.3+£8.1 <0.001 <0.001
Age (yr) 46.7 £10.6 - 37.0 + 8.1 - 33.8+9.2 - 0.004
Mean calorie intake per current BW (kcal/kg) 20.6 £5.1 - 17.0 £ 4.9 - 927.7+9.4 - 0.006
Mean calorie intake (kcal) 1,789.4 + 398.5 - 1,416.6 + 370.0 - 1,911.3 + 574.3 - 0.114
CHO (% of energy) 56.0 +5.1 - 49.8+7.2 - 51.2+6.1 - 0.038
Protein (% of energy) 14.8 + 2.1 - 15.3+3.9 - 14.3+2.4 - 0.714
Total fat (% of energy) 29.0 £5.7 - 34.8+6.1 - 34.4+56 - 0.026
Protein consumed per current BW (g/kg) 0.8+0.2 - 0.6 +0.2 - 1.0+0.3 - 0.020

Values are expressed as mean + standard deviation.

BMI, body mass index; FFM, fat-free mass; BW, body weight; CHO, carbohydrate.

*p value for comparing the changes in variables between the groups. One-way analysis of variance was used. Tp value for comparing baseline with endpoint
values within each group. Paired sample t-test was used. *End-baseline.

Subjects were also divided into 3 groups (group 1= unsuccessful, group 2= moderately-
successful, and group 3= excellently-successful) based on 3 popular criteria: EWL< 50%,
TWL < 25%, BMI > 35 kg/m? related to fail in weight loss, EWL > 50%, TWL > 20%, 30-34.9
kg/m? BMI related to good weight loss. And EWL > 50%, TWL > 20%, BMI < 30 kg/m?
related to excellent weight loss. Based on these groups' classification, significant between-
groups differences in BMI, FEM, mean calorie intake per BW, carbohydrate, fat, and protein
consumed per BW were seen (p < 0.05) (Table 4).

In this cross-sectional study of 35 patients at 24 months after gastric bypass surgery, we
assessed the dietary intake adequacy of macro-nutrients and micro-nutrients. According to
the current research, the mean total energy and protein daily intake long after the surgery
were 1,767.30 + 480.45 kcal and 0.82 + 0.27 g/kg of the current weight, respectively. Intake
amount of protein and some micro-nutrients (vitamin B9, E, K, BS, and D3) was less than
recommended amount for bariatric surgery patients. Our results indicate that patients
who consumed more protein lost more weight. The calorie intake was lower in the groups
of successful weight loss, which is clinically meaningful, although there is no statistically
significant difference between the groups.

As mentioned earlier, weight loss is significantly related to preventing and treating obesity-
related complications, which are mainly stimulated by inflammation and oxidative stress
[3,7,10,11]. Nowadays, bariatric surgery is one of the common methods for durable weight
loss and improvement in these comorbidities. But achieving proper weight loss depends on
several factors such as the quantity and quality of the patient's daily diet [25-27]. Our results
emulate previous findings by Wardé-Kamar et al. [28], who have demonstrated an average
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daily calorie intake 0f 1,733 + 630 kcal for 69 RYGB patients 30 months postoperatively.
While, a study that was conducted on Mediterranean subjects in 2013 regarding dietary
intake and nutritional deficiencies following RYGB [23] indicated that 24 months after the
surgery, the total calorie intake of the patients was 1,533 kcal/day, which is a little lower value
compared to the results of the present study. The discrepancy in this regard could be due to
the differences in the periods following bariatric surgeries. As we mentioned, our analysis
has performed 24 months after the bariatric intervention; however, others evaluated food
intake in different periods such as a year or three years after the surgery. Also, increased
calorie intake long after the bariatric surgery has been a cause for concern; because the
higher calorie intake may result in higher weight regain. Therefore, as the total calorie
intake of our study population was higher than other studies, monitoring the possibility of
weight regain in study subjects should be continued. Other possible reasons may be due to
differences in study populations, geographical regions, and surgical procedures. Moreover,
filling up the self-report daily calorie consumption form may produce unreliable results;
since patients may overestimate or underestimate their food intake.

According to the literatures, adequate protein intake is essential after bariatric surgeries in
considering its contribution to reduced satiety, improved body composition, and increased
weight loss and fat-free mass [29,30]. Some studies have emphasized the role of high-protein
diets in improving body composition and preventing postoperative weight regain, a common
long-term complication of bariatric interventions [31]. The dietary reference intake for

daily protein in the general population has been set at 0.8 g/kg of BW [32]. Due to reduced
daily intake of macronutrients and malabsorption after surgeries, adequate daily protein
consumption amount differs from recommended amount before surgery [29,30]. Some
studies have evaluated subjects' adequate daily protein intake requirements after bariatric
surgeries, although their recommendations are not definitive. The Endocrine Society Clinical
Practice Guidelines recommend the daily protein consumption of 60-120 grams to maintain
the fat-free mass during the postoperative weight-loss period in bariatric patients [33]. In this
regard, Moize et al. [30] have recommended consumingl.5 grams of protein per kg of the
ideal BW per day to prevent lean tissue loss [30]. However, Rinaldi Schinkel et al. [34] have
stated that the target protein intake in these patients is approximately 2.1 g/kg of the ideal
BW or 1.2 g/kg of the current weight. Thus, they agreed upon the higher requirement of daily
protein intake in bariatric patients compared to the requirement for the general population.
In the present study, the daily intake of protein was estimated at 0.97 + 0.25 g/kg of the

ideal BW or 0.82 + 0.27 g/kg of the current weight, which confirmed the inadequate protein
consumption of the patients at two years after the gastric bypass surgery. Several possibilities
could answer the low intake of protein in patients at 25 month-post bariatric surgery. For
instance, some patients felt nauseous when eating eggs, fish, or even chicken. Also, some
preferred to eat small amounts of food to avoid vomiting and gastric reflux. Notably, it is also
important to consider that high-caloric, and high-density foods are poor in protein, resulting
in low total daily protein intake. Therefore, dietary sources or protein supplements should be
further considered to improve protein intake long after bariatric surgeries.

In the current research, we also evaluated the percentage of different fatty acids. We reported
that the mean intake of fat was 64 g/day which about one-third was from sources rich in
monounsaturated fatty acids. Also, more than one-third of total fat intake was from saturated
fatty acids, which are much higher than the limited portion of saturated fatty acids intake in
the Mediterranean diet. These data confirmed the importance of nutritional consultation
long after bariatric surgeries to correct the dietary habits and the date even implicate
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appropriate advice to prevent weight regain, other nutritional deficiencies and complications.
Regarding fiber intake in the current study, patients consumed less than recommended
amount which may due to the limitation of gut function imposed by the surgery or due to
poor intake of vegetables and fruits. The result is consistent with the report from Novais et al.
[35] and Ziadlou et al. [36].

We compared our data with the recommended reference values after bariatric surgery to
assess the adequacy of daily micronutrient intake in the subjects long after the surgical
procedure. According to the current results, the dietary intake of calcium, magnesium, iron,
and zinc in study subjects were 539.4 + 188.4 mg, 157.3 mg, 12.16 + 3.41 mg, and 7.7 + 2.3 mg,
respectively, and were significantly lower values than the reference values (1,200-2,400, 400,
45-60, and 15 mg, respectively). The consumption of fat-soluble and water-soluble vitamins
was measured in the present study. According to the findings, the intake of vitamin A, D, E,
and K was significantly lower than the reference values. In contrast, the dietary consumption
of vitamins C and B was insufficient by more than 50% of the recommended daily allowance.
Therefore, it could be inferred that the reduced absorption of micronutrients and their
inadequate intake may lead to long-term complications such as hair loss, anemia, vitamin
deficiencies, osteoporosis, and clinical manifestations, which previous studies confirm
[37,38]. For instance, a review conducted in 2020 on the incidence of iron deficiency anemia
reported that 16.7% of subjects became anemic one year after RYGB [39].

Moreover, the incidence of postoperative calcium deficiency and bone loss was reported

to be 10% [40] and 8%-13%, respectively [38,41]. Some studies have also investigated the
incidence of vitamins deficiency, reporting the reduced serum levels of fat-soluble and
water-soluble vitamins long after mal-absorptive surgical procedures [38]. In summary, our
findings indicated the inadequate dietary intake of micronutrients at 24 month-post bariatric
surgery, highlighting the importance of long-term clinical and biochemical laboratory
research to identify, thus, prevent postoperative complications.

EWL is a standard marker to evaluate whether bariatric surgeries are successful [42,43], the
percentage estimated at 73.93 + 20.1% in the present study. Several studies have indicated
that achieving more than 50% EWL shows the favorable response of the patient to bariatric
surgery [42,43]. However, our findings confirmed that the majority of patients experienced
acceptable weight loss long after the surgery. As mentioned earlier, the mean daily energy
intake per BW of the subjects was estimated at 22.4 + 7.8 kcal/kg.

DED varies in different foods, with the lowest amount reported in the fruits and vegetables with
high water content [44,45]. In addition, foods with higher fat content have higher DEDs than
foods with higher carbohydrate and protein contents since each gram of fat produces 9 kcal,
while each gram of carbohydrate and protein produces 4 kcal. A low DED diet is associated with
increased nutrient quality and reduced energy intake [44,45]. Previous studies have confirmed
that lower energy intake is achieved by constant food weight and reduced dietary energy density
simultaneously, resulting in better weight loss [44]. In the present study, the mean DED was
approximately 1 kcal/g in the bariatric patients at two years after the surgery.

Interestingly, a significant positive correlation was observed between dietary energy density
and BMI loss. Moreover, positive correlations were denoted between the current DED and
preoperative BMI. As mentioned earlier, successful weight loss could be attained with a diet
with a low energy density, and preferably with foods with high water content.
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Our assessment also demonstrated the significant changes in BMI and FFM percentage
between groups of weight loss success category. Interestingly, among groups, the excellent-
weight loss success group has shown lowest BMI and highest FFM percentage after bariatric
surgery, which were consistent with previous reports [46,47].

CONCLUSION

Based on the current study findings, macro- and micro-nutrients inadequacy were seen
in patients at 24 months after bariatric surgery. Compared to the reference values, the
insufficient intake of protein and fiber and vitamin B9, E, K, B5, and D3 were reported.
Patients who had fewer calories intake daily and consumed the recommended amount of
protein experienced better weight loss. Therefore, this study indicates the importance of
nutritional assessments after the bariatric surgery and, if necessary, applicable nutritional
supports in both short and long terms after the surgery need to be provided.

ACKNOWLEDGMENTS

The authors are thankful to all patients for their assistance in completing the 24 h dietary
recall questionnaire.

REFERENCES

1. Tabrizi]S, Sadeghi-Bazargani H, Farahbakhsh M, Nikniaz L, Nikniaz Z. Prevalence and associated factors
of overweight or obesity and abdominal obesity in Iranian population: a population-based study of
Northwestern Iran. Iran ] Public Health 2018;47:1583-92.

PUBMED

2. Janghorbani M, Amini M, Willett WC, Mehdi Gouya M, Delavari A, Alikhani S, Mahdavi A. First
nationwide survey of prevalence of overweight, underweight, and abdominal obesity in Iranian adults.
Obesity (Silver Spring) 2007;15:2797-808.

PUBMED | CROSSREF

3. Ellulu MS, Patimah I, Khaza'ai H, Rahmat A, Abed Y. Obesity and inflammation: the linking mechanism
and the complications. Arch Med Sci 2017;13:851-63.
PUBMED | CROSSREF

4. Arnardottir ES, Maislin G, Schwab RJ, Staley B, Benediktsdottir B, Olafsson I, Juliusson S, Romer M,
Gislason T, Pack Al The interaction of obstructive sleep apnea and obesity on the inflammatory markers
C-reactive protein and interleukin-6: the Icelandic Sleep Apnea Cohort. Sleep (Basel) 2012;35:921-32.
PUBMED | CROSSREF

5. Ehrmann DA. Polycystic ovary syndrome. N Engl ] Med 2005;352:1223-36.

PUBMED | CROSSREF

6. Naderpoor N, Shorakae S, Joham A, Boyle J, De Courten B, Teede HJ. Obesity and polycystic ovary
syndrome. Minerva Endocrinol 2015;40:37-51.
PUBMED

7. Wang T, He C. Pro-inflammatory cytokines: the link between obesity and osteoarthritis. Cytokine Growth
Factor Rev 2018;44:38-50.

PUBMED | CROSSREF

8. Kulkarni K, Karssiens T, Kumar V, Pandit H. Obesity and osteoarthritis. Maturitas 2016;89:22-8.
PUBMED | CROSSREF

9. Rosik CH. Psychiatric symptoms among prospective bariatric surgery patients: rates of prevalence and
their relation to social desirability, pursuit of surgery, and follow-up attendance. Obes Surg 2005;15:677-83.
PUBMED | CROSSREF

https://e-cnr.org https://doi.org/10.7762/cnr.2021.10.4.341 349


http://www.ncbi.nlm.nih.gov/pubmed/30524990
http://www.ncbi.nlm.nih.gov/pubmed/18070771
https://doi.org/10.1038/oby.2007.332
http://www.ncbi.nlm.nih.gov/pubmed/28721154
https://doi.org/10.5114/aoms.2016.58928
http://www.ncbi.nlm.nih.gov/pubmed/22754038
https://doi.org/10.5665/sleep.1952
http://www.ncbi.nlm.nih.gov/pubmed/15788499
https://doi.org/10.1056/NEJMra041536
http://www.ncbi.nlm.nih.gov/pubmed/25411807
http://www.ncbi.nlm.nih.gov/pubmed/30340925
https://doi.org/10.1016/j.cytogfr.2018.10.002
http://www.ncbi.nlm.nih.gov/pubmed/27180156
https://doi.org/10.1016/j.maturitas.2016.04.006
http://www.ncbi.nlm.nih.gov/pubmed/15946460
https://doi.org/10.1381/0960892053923815
https://e-cnr.org

%

CI1I

Nutrient Intake Adequacy after Gastric Bypass Surgery CLINICAL NUTRITION RESEARCH

https://e-cnr.org

10.

Pahlavani N, Sadeghi O, Rasad H, Azizi Soleima F. The relationship between inflammation, oxidative
stress, blood sugar, blood lipid, body mass index, fat mass, and body weight in patients with type 2
diabetes. ] Diabetes Nurs 2014;2:42-51.

11. Longo M, Zatterale F, Naderi J, Parrillo L, Formisano P, Raciti GA, Beguinot F, Miele C. Adipose tissue
dysfunction as determinant of obesity-associated metabolic complications. Int ] Mol Sci 2019;20:2358.
PUBMED | CROSSREF

12. Pahlavani N, Malekahmadi M, Firouzi S, Rostami D, Sedaghat A, Moghaddam AB, Ferns GA, Navashenaq
JG, Reazvani R, Safarian M, Ghayour-Mobarhan M. Molecular and cellular mechanisms of the effects of
Propolis in inflammation, oxidative stress and glycemic control in chronic diseases. Nutr Metab (Lond)
2020;17:65.

PUBMED | CROSSREF

13. Bianchi VE. Weight loss is a critical factor to reduce inflammation. Clin Nutr ESPEN 2018;28:21-35.
PUBMED | CROSSREF

14. Faria SL, Faria OP, Buffington C, de Almeida Cardeal M, Ito MK. Dietary protein intake and bariatric
surgery patients: a review. Obes Surg 2011;21:1798-805.

PUBMED | CROSSREF

15. Vinolas H, Barnetche T, Ferrandi G, Monsaingeon-Henry M, Pupier E, Collet D, Gronnier C, Gatta-
Cherifi B. Oral hydration, food intake, and nutritional status before and after bariatric surgery. Obes Surg
2019;29:2896-903.

PUBMED | CROSSREF

16. Al-Najim W, Docherty NG, le Roux CW. Food intake and eating behavior after bariatric surgery. Physiol
Rev 2018;98:1113-41.

PUBMED | CROSSREF

17.  Mischler RA, Armah SM, Wright BN, Mattar SG, Rosen AD, Gletsu-Miller N. Influence of diet and
supplements on iron status after gastric bypass surgery. Surg Obes Relat Dis 2016;12:651-8.
PUBMED | CROSSREF

18. Asghari G, Khalaj A, Ghadimi M, Mahdavi M, Farhadnejad H, Valizadeh M, Azizi F, Barzin M,
Hosseinpanah F. Prevalence of micronutrient deficiencies prior to bariatric surgery: Tehran Obesity
Treatment Study (TOTS). Obes Surg 2018;28:2465-72.

PUBMED | CROSSREF

19. SherfDagan S, Goldenshluger A, Globus I, Schweiger C, Kessler Y, Kowen Sandbank G, Ben-Porat T, Sinai T.
Nutritional recommendations for adult bariatric surgery patients: clinical practice. Adv Nutr 2017;8:382-94.
PUBMED | CROSSREF

20. Aills L, Blankenship J, Buffington C, Furtado M, Parrott J; Allied Health Sciences Section Ad Hoc
Nutrition Committee. ASMBS allied health nutritional guidelines for the surgical weight loss patient.
Surg Obes Relat Dis 2008;4 Suppl:S73-108.

PUBMED | CROSSREF

21. Marcotte E, Chand B. Management and prevention of surgical and nutritional complications after
bariatric surgery. Surg Clin North Am 2016;96:843-56.
PUBMED | CROSSREF

22. Hosseini-Esfahani F, et al. Nutrient intake and deficiency of patients 1 year after bariatric surgery: Tehran
Obesity Treatment Study (TOTS). J Gastrointest Surg 2021;25:911-8.

PUBMED | CROSSREF

23. Moizé V, Andreu A, Flores L, Torres F, Ibarzabal A, Delgado S, Lacy A, Rodriguez L, Vidal J. Long-term
dietary intake and nutritional deficiencies following sleeve gastrectomy or Roux-En-Y gastric bypass in a
mediterranean population. ] Acad Nutr Diet 2013;113:400-10.

PUBMED | CROSSREF

24. van de Laar AW, van Rijswijk AS, Kakar H, Bruin SC. Sensitivity and specificity of 50% excess weight loss
(50% EWL) and twelve other bariatric criteria for weight loss success. Obes Surg 2018;28:2297-304.
PUBMED | CROSSREF

25. Grosse CS, Cope VC. Dietary fibre intake and bowel habits after bariatric surgery: a structured literature
review. Obes Surg 2019;29:2247-54.

PUBMED | CROSSREF

26. Elliot K. Nutritional considerations after bariatric surgery. Crit Care Nurs Q 2003;26:133-8.
PUBMED | CROSSREF

27. Parkes E. Nutritional management of patients after bariatric surgery. Am J Med Sci 2006;331:207-13.
PUBMED | CROSSREF

28. Wardé-Kamar J, Rogers M, Flancbaum L, Laferrere B. Calorie intake and meal patterns up to 4 years after
Roux-en-Y gastric bypass surgery. Obes Surg 2004;14:1070-9.

PUBMED | CROSSREF
https://doi.org/10.7762/cnr.2021.10.4.341 350


http://www.ncbi.nlm.nih.gov/pubmed/31085992
https://doi.org/10.3390/ijms20092358
http://www.ncbi.nlm.nih.gov/pubmed/32817750
https://doi.org/10.1186/s12986-020-00485-5
http://www.ncbi.nlm.nih.gov/pubmed/30390883
https://doi.org/10.1016/j.clnesp.2018.08.007
http://www.ncbi.nlm.nih.gov/pubmed/21590346
https://doi.org/10.1007/s11695-011-0441-y
http://www.ncbi.nlm.nih.gov/pubmed/31102207
https://doi.org/10.1007/s11695-019-03928-y
http://www.ncbi.nlm.nih.gov/pubmed/29717927
https://doi.org/10.1152/physrev.00021.2017
http://www.ncbi.nlm.nih.gov/pubmed/26806728
https://doi.org/10.1016/j.soard.2015.09.007
http://www.ncbi.nlm.nih.gov/pubmed/29520704
https://doi.org/10.1007/s11695-018-3187-y
http://www.ncbi.nlm.nih.gov/pubmed/28298280
https://doi.org/10.3945/an.116.014258
http://www.ncbi.nlm.nih.gov/pubmed/18490202
https://doi.org/10.1016/j.soard.2008.03.002
http://www.ncbi.nlm.nih.gov/pubmed/27473805
https://doi.org/10.1016/j.suc.2016.03.006
http://www.ncbi.nlm.nih.gov/pubmed/32040813
https://doi.org/10.1007/s11605-020-04530-9
http://www.ncbi.nlm.nih.gov/pubmed/23438491
https://doi.org/10.1016/j.jand.2012.11.013
http://www.ncbi.nlm.nih.gov/pubmed/29484610
https://doi.org/10.1007/s11695-018-3173-4
http://www.ncbi.nlm.nih.gov/pubmed/30903429
https://doi.org/10.1007/s11695-019-03837-0
http://www.ncbi.nlm.nih.gov/pubmed/12744593
https://doi.org/10.1097/00002727-200304000-00007
http://www.ncbi.nlm.nih.gov/pubmed/16617236
https://doi.org/10.1097/00000441-200604000-00007
http://www.ncbi.nlm.nih.gov/pubmed/15479596
https://doi.org/10.1381/0960892041975668
https://e-cnr.org

%

CI1I

Nutrient Intake Adequacy after Gastric Bypass Surgery CLINICAL NUTRITION RESEARCH

https://e-cnr.org

29.

Faria SL, Faria OP, Buffington C, de Almeida Cardeal M, Ito MK. Dietary protein intake and bariatric
surgery patients: a review. ] Acad Nutr Diet 2013;113:400-10.
PUBMED | CROSSREF

30. MoizeV, Geliebter A, Gluck ME, Yahav E, Lorence M, Colarusso T, Drake V, Flancbaum L. Obese patients
have inadequate protein intake related to protein intolerance up to 1 year following Roux-en-Y gastric
bypass. Obes Surg 2003;13:23-8.

PUBMED | CROSSREF

31. Faria SL, de Oliveira Kelly E, Lins RD, Faria OP. Nutritional management of weight regain after bariatric
surgery. Obes Surg 2010;20:135-9.
PUBMED | CROSSREF

32. Trumbo P, Schlicker S, Yates AA, Poos M; Food and Nutrition Board of the Institute of Medicine, The
National Academies. Dietary reference intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol,
protein and amino acids. ] Am Diet Assoc 2002;102:1621-30.

PUBMED | CROSSREF

33. Heber D, Greenway FL, Kaplan LM, Livingston E, SalvadorJ, Still C; Endocrine Society. Endocrine and
nutritional management of the post-bariatric surgery patient: an Endocrine Society Clinical Practice
Guideline. ] Clin Endocrinol Metab 2010;95:4823-43.

PUBMED | CROSSREF

34. Rinaldi Schinkel E, Pettine SM, Adams E, Harris M. Impact of varying levels of protein intake on protein
status indicators after gastric bypass in patients with multiple complications requiring nutritional
support. Obes Surg 2006;16:24-30.

PUBMED | CROSSREF

35. Novais PF, Rasera I Jr, Leite CV, Marin FA, de Oliveira MR. Food intake in women two years or more after
bariatric surgery meets adequate intake requirements. Nutr Res 2012;32:335-41.
PUBMED | CROSSREF

36. Ziadlou M, Hosseini-Esfahani F, Mozaffari Khosravi H, Hosseinpanah F, Barzin M, Khalaj A, Valizadeh M.
Dietary macro- and micro-nutrients intake adequacy at 6th and 12th month post-bariatric surgery. BMC
Surg 2020;20:232.

PUBMED | CROSSREF

37. Chen M, Krishnamurthy A, Mohamed AR, Green R. Hematological disorders following gastric bypass
surgery: emerging concepts of the interplay between nutritional deficiency and inflammation. BioMed
Res Int 2013;2013:205467.

PUBMED | CROSSREF

38. LupoliR, Lembo E, Saldalamacchia G, Avola CK, Angrisani L, Capaldo B. Bariatric surgery and long-term
nutritional issues. World J Diabetes 2017;8:464-74.
PUBMED | CROSSREF

39. Enani G, Bilgic E, Lebedeva E, Delisle M, Vergis A, Hardy K. The incidence of iron deficiency anemia post-
Roux-en-Y gastric bypass and sleeve gastrectomy: a systematic review. Surg Endosc 2020;34:3002-10.
PUBMED | CROSSREF

40. Shah M, Sharma A, Wermers RA, Kennel KA, Kellogg TA, Mundi MS. Hypocalcemia after bariatric
surgery: prevalence and associated risk factors. Surg Endosc 2020;34:3002-10.

PUBMED | CROSSREF

41. LiuC, Wu D, ZhangJF, Xu D, Xu WF, Chen Y, Liu BY, Li P, Li L. Changes in bone metabolism in morbidly
obese patients after bariatric surgery: a meta-analysis. Obes Surg 2016;26:91-7.
PUBMED | CROSSREF

42. Grover BT, Morell MC, Kothari SN, Borgert AJ, Kallies KJ, Baker MT. Defining weight loss after bariatric
surgery: a call for standardization. Obes Surg 2019;29:3493-9.
PUBMED | CROSSREF

43. Montero PN, Stefanidis D, Norton HJ, Gersin K, Kuwada T. Reported excess weight loss after bariatric
surgery could vary significantly depending on calculation method: a plea for standardization. Surg Obes
Relat Dis 2011;7:531-4.

PUBMED | CROSSREF

44. Rolls BJ. Dietary energy density: applying behavioural science to weight management. Nutr Bull
2017;42:246-53.
PUBMED | CROSSREF

45. Laurenius A, Larsson I, Melanson KJ, Lindroos AK, Lonroth H, Bosaeus I, Olbers T. Decreased energy
density and changes in food selection following Roux-en-Y gastric bypass. Eur J Clin Nutr 2013;67:168-73.
PUBMED | CROSSREF

https://doi.org/10.7762/cnr.2021.10.4.341 351


http://www.ncbi.nlm.nih.gov/pubmed/21590346
https://doi.org/10.1007/s11695-011-0441-y
http://www.ncbi.nlm.nih.gov/pubmed/12630609
https://doi.org/10.1381/096089203321136548
http://www.ncbi.nlm.nih.gov/pubmed/18575942
https://doi.org/10.1007/s11695-008-9610-z
http://www.ncbi.nlm.nih.gov/pubmed/12449285
https://doi.org/10.1016/s0002-8223(02)90346-9
http://www.ncbi.nlm.nih.gov/pubmed/21051578
https://doi.org/10.1210/jc.2009-2128
http://www.ncbi.nlm.nih.gov/pubmed/16417753
https://doi.org/10.1381/096089206775222168
http://www.ncbi.nlm.nih.gov/pubmed/22652372
https://doi.org/10.1016/j.nutres.2012.03.016
http://www.ncbi.nlm.nih.gov/pubmed/33046020
https://doi.org/10.1186/s12893-020-00880-y
http://www.ncbi.nlm.nih.gov/pubmed/23984326
https://doi.org/10.1155/2013/205467
http://www.ncbi.nlm.nih.gov/pubmed/29204255
https://doi.org/10.4239/wjd.v8.i11.464
http://www.ncbi.nlm.nih.gov/pubmed/31485928
https://doi.org/10.1007/s00464-019-07092-3
http://www.ncbi.nlm.nih.gov/pubmed/28470489
https://doi.org/10.1007/s11695-017-2705-7
http://www.ncbi.nlm.nih.gov/pubmed/25982806
https://doi.org/10.1007/s11695-015-1724-5
http://www.ncbi.nlm.nih.gov/pubmed/31256357
https://doi.org/10.1007/s11695-019-04022-z
http://www.ncbi.nlm.nih.gov/pubmed/21159563
https://doi.org/10.1016/j.soard.2010.09.025
http://www.ncbi.nlm.nih.gov/pubmed/29151813
https://doi.org/10.1111/nbu.12280
http://www.ncbi.nlm.nih.gov/pubmed/23299713
https://doi.org/10.1038/ejcn.2012.208
https://e-cnr.org

%

CI1I

Nutrient Intake Adequacy after Gastric Bypass Surgery CLINICAL NUTRITION RESEARCH

46. Pedroso FE, Angriman F, Endo A, Dasenbrock H, Storino A, Castillo R, Watkins AA, Castillo-Angeles M,
Goodman JE, Zitsman JL. Weight loss after bariatric surgery in obese adolescents: a systematic review and
meta-analysis. Surg Obes Relat Dis 2018;14:413-22.

PUBMED | CROSSREF

47.  Courcoulas AP, Christian NJ, Belle SH, Berk PD, Flum DR, Garcia L, Horlick M, Kalarchian MA, King WC,
Mitchell JE, Patterson EJ, Pender JR, Pomp A, Pories WJ, Thirlby RC, Yanovski SZ, Wolfe BM; Longitudinal
Assessment of Bariatric Surgery (LABS) Consortium. Weight change and health outcomes at 3 years after
bariatric surgery among individuals with severe obesity. JAMA 2013;310:2416-25.

PUBMED | CROSSREF

https://e-cnr.org https://doi.org/10.7762/cnr.2021.10.4.341 352


http://www.ncbi.nlm.nih.gov/pubmed/29248351
https://doi.org/10.1016/j.soard.2017.10.003
http://www.ncbi.nlm.nih.gov/pubmed/24189773
https://doi.org/10.1001/jama.2013.280928
https://e-cnr.org

	Macro- and Micro-nutrient Intake Adequacy in Gastric Bypass Patients after 24 Months: a Cross-sectional Study
	INTRODUCTION
	MATERIALS AND METHODS
	Anthropometric measurement
	Statistical analysis
	Ethics statement

	RESULTS
	Energy, macro-nutrient, and micro-nutrient intake

	DISCUSSION
	CONCLUSION
	REFERENCES


