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Abstract: Long-term nutritional studies in subjects undergoing bariatric surgery that have assessed weight regain and
nutritional deficiencies are few. In this study, we report data 8 years after surgery on weight loss, use of dietary
supplements and deficit of micronutrients in a cohort of patients from five centres in central and northern Italy. The
study group consisted of 52 subjects (age: 38.1+10.6 yrs, 42 females): 16 patients had Roux-en-Y gastric bypass (RYGB),
25 patients sleeve gastrectomy (LSG) and 11 subjects adjustable gastric banding (AGB). All three bariatric procedures
led to sustained weight loss: average percentage excess weight loss, defined as weight loss divided by excess weight
based on ideal body weight was 60.6%+32.3. 80.7% of subjects (72.7%, AGB; 76%, SG; 93.7%, RYGB) reported at least
one nutritional deficiency: iron (F 64.3% vs. M 30%), vitamin B12 (F 16.6% vs. M 10%), calcium (F 33.3% vs. M 0%) and
vitamin D (F 38.1% vs. M 60%). Average weight loss was constant in RYGB and SG subjects from the third year after
surgery. Long-term nutritional deficiencies were greater than the general population among men for iron and among
women for vitamin B12.
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1. Introduction

Bariatric surgery is the most effective form of treatment for severe obesity (BMI > 35). Laparoscopic Roux-en-Y gastric
bypass (RYGB), adjustable gastric banding (AGB) and laparoscopic sleeve gastrectomy (LSG) are the most frequently
performed procedures. LSG and AGB are restrictive surgical procedures performed to reduce the quantity of food a
person can eat. RYGB is a restrictive/malabsorptive operation, which bypasses about 95% of the stomach, the entire
duodenum, and 40-150 cm of the jejunum. The risks of nutritional deficiencies are higher in patients undergoing RYGB
[1], but in our previous study, we showed that despite the widespread use of supplements, nutritional deficiencies are
frequent in patients 5 years after LSG [2].

In bariatric patients, recent long-term studies provide evidence of durable 10-year weight loss and improvement in
comorbidities and quality of life [3] and a reduced risk of developing new health-related comorbidities [4], together
with decreased health care utilisation and a drop in direct health care costs [5]. However, many essential long-term
health risks of bariatric surgery are still poorly understood. Weight regain (WR) is unluckily a frequent phenomenon
linked to all bariatric procedures [6]. Nutritional requirements in patients who have undergone bariatric surgery are
frequently not met despite the widespread use of vitamin-mineral supplements [7]. A recent systematic review revealed
that long-term data are needed for RYGB and LSG [8].
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In this study, we report data 8 years after surgery on weight loss, use of dietary supplements and deficit of some
micronutrients in an unselected cohort of patients from five centres in central and northern Italy. We also reviewed data
on the prevalence of the same nutritional deficiencies in Italy and Europe for comparison with the study sample.

2. Materials and Methods

This was a non-randomised prospective study. Sixty severely obese subjects undergoing a clinical evaluation before
bariatric surgery between 2011 and 2012 were initially included in the present study. Eight patients were excluded from
the study because they never answered our communications. Included patients underwent LAGB, LSG or RYGB. The
final data were obtained from 52 patients.

All of the subjects were evaluated preoperatively at five different centres in central and northern Italy. All procedures
were standardised at the different centres. The evaluation consisted of a selected counselling specialties (nutrition,
psychiatry, surgery and anaesthesiology) and gastrointestinal endoscopy as described before [9]. Anthropometric data
(weight, height, BMI) were collected at baseline and at each follow-up visit. Following overnight fasting, weight and
height were measured while the subjects were wearing only underwear. Outcome measures included absolute (EWL)
and percent excess weight loss (% EWL) %EWL = [(Initial Weight) — (Postop Weight)] / [(Initial Weight) — (Ideal Weight)]
in which ideal weight is defined by the weight corresponding to a BMI of 25 kg/m2. Informed consent was obtained
from all individual participants included in the study. The exclusion criteria were as follows: age <18 years or >65 years,
alcoholism, chronic kidney disease (CKD), or taking glucocorticoids, oestrogens or anti-convulsant therapies. All
surgical procedures were performed laparoscopically as described elsewhere [2].

Follow-up visits

Food habits, caloric intake through food research, level of physical activity and lifestyle; anthropometric data, routine
and specific biochemical examinations and vitamin status were assessed. Nutritional follow-up visits provided proper
food choices and portion sizes using a visual guide, while also providing education on proper eating behaviour to avoid
dumping syndrome, meal patterns and monitoring supplements. An adequate physical activity programme with low
intensity aerobic features (at least 150 minutes/week walking) was also provided.

Laboratory data and diagnostic criteria

Vitamins and minerals assessments were performed before and after 8 years postoperatively. The blood plasma samples
were taken in the morning (between 7:00 AM and 9:00 AM). Serum iron was measured by the colorimetric method and
the immunoturbidimetric system, respectively. Serum 25- hydroxyvitamin D (250HD) concentrations were determined
using an immunoradiometric assay (DiaSorin, Stillwater, MN). Serum vitamin B12 was measured by using
immunoenzymatic method. Measurement of plasma calcium was performed via blood testing with ion-selective
electrodes. All of these measurements were performed twice, and the interassay and intraassay coefficients of variation
ranged from 1.8-9.2%. The deficit limits of serum micronutrients are: iron less than 200 pg/mL, vitamin B12 less than
200 pg/mL, 250HD less than 25 nmol/L and calcium less than 9 mg/dL.

Nutritional supplements

Patients were considered adherent if they reported use of nutritional supplements at least 5 days per week. The
following categories of supplements were considered: multivitamin/mineral with a specific formula for the type of
bariatric surgery, a multivitamin/mineral for bariatric surgery, general multivitamin/mineral supplements, 250HD
(with or without calcium) containing at least 400 U vitamin D3, iron containing at least 65 mg iron sulphate or a B
complex multivitamin.

Data on prevalence of nutritional deficiencies

We searched PubMed, using the following keywords as title/abstract fields: (‘deficiency’” AND ‘prevalence’) AND
(“vitamin D’ OR ‘vitamin B12” OR ‘iron’ OR ‘calcium’) AND (‘Italy’ OR ‘Europe’).

We obtained data on the prevalence of iron [10-12], 250HD [13-14] and vitamin B12 [15-16] deficiency. We could not
find recent epidemiological data on calcium deficiencies. Deficiency of 250HD was mostly similar in males and females
in European adults. Vitamin B12 deficiency in the UK occurs in about 6% of people under the age of 60.

Statistical analysis

Statistical analysis was performed using Sofa Statistics 1.5.4 software. The means + SD (interquartile range) were used
as descriptive statistics for normally distributed or skewed continuous variables, respectively. All quantitative variables
were tested for normal distribution using the Kolmogorov-Smirnov test. Differences in continuous variables were
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assessed with a Student t-test for paired data. For all of these analyses, a p-value <0.05, based on a two-sided test, was
considered statistically significant.

3. Results

The study group consisted of 52 subjects (age: 38.1+10.6 yrs, 42 females). RYGB was performed in 16 patients, 25 patients
had SG and 11 subjects had AGB. All procedures were laparoscopic, there was no operative mortality and revisional
bariatric surgery was not performed in any patient. Table 1 shows the main characteristics of subjects before the surgery.

Table 1. Clinical Characteristics of the Subjects before the surgery

(n) AGB (11) SG (25) RYGB (16) Total (52)
Age 37.9 37.7 38.8 38.1+10.6
Gender M2-F9 M8-F17 MO-F16 M10-F42
BW 130.6 136.6 137.6 135.7429.6
BMI 45 47.2 49.8 47.5£8.5
BMI 30-34.9 (%) 1(9) 0 0 1(1.9)
BMI 35-40 (%) 3(27.3) 5 (20) 1(6.2) 9 (17.3)
BMI 40.1-50 (%) 4 (36.4) 12 (48) 9 (56.2) 25 (48.1)
BMI 50.1-60 (%) 3 (27.3) 6 (24) 4 (25) 13 (25)
BMI >60.1 (%) 0 2(8) 2 (12.6) 4(7.7)

AGB: laparoscopic adjustable gastric banding. SG: sleeve gastrectomy. RYGB: Roux-en-Y gastric bypass. BW: body weight (kg).
Data as mean * SD or proportions (%)

The mean BMI was 47.5 kg/m2. 17.3% were severely obese (BMI 35-40 kg/m?2), 48.1% were morbidly obese (BMI 40.1-50
kg/m2), 25% were super-obese (BMI 50.1-60 kg/m2), and 7.7% were super-super obese (BMI over 60.1 kg/m?2). There
were no statistically significant differences in most of the baseline features between the different bariatric surgery types
(Table 2).

Table 2 .Postoperative changes (96 months) in body weight, BMI, and % excess body weight loss

10 (95% Cl) 196 (95% Cl) p* A
AGB (11)

B 130.6+25. | 115.7-145.8 113.0£17.9 102.5-125.5 0.03 17.6+22.5 §

2

BMI 45.048.5 39.3-50.6 38.945.9 34.9-429 0.02 6.017.1 #

EBW 57.7£24.3 41.4-74 40.1£16.8 28.8-51.4 0.03

FEWL 22.9+32.3 1.1-44.6
SG (25)

+
BW ]36'2‘33' 123.4-149.9 91.1415.3 85.1-97.1 <0.001 45.6+27.8 §
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BMI 47.2492 | 43.6-50.8 31.624.9 29.7 - 33.6 <0.001 15.648.6 #
EBW | 64.5+30.3 | 52.0-77.1 19.0+14.1 13.1-24.8 <0.001
TEWL 70.0+21.9 60.9 - 79.0
RYGB (16)

n
BW 137'2‘2"" 124.7 -150.5 87.3£16.0 79.5-95.1 <0.001 50.3+28.8 §
BMI 49.847.1 46.4-53.3 32.046.5 28.8-35.2 <0.001 17.949.1 #
EBW | 68.9+229 | 57.7-80.1 18.6+17.4 10.0 - 27.1 <0.001
TEWL 71.7427.4 57.1-863

ALL SUBJECTS

+
BW ]35'2‘29’ 127.4-1439 94.6+18.5 89.4-99.7 <0.001 4114293
BMI 475485 | 452-499 33.3+6.3 31.5-35.0 <0.001 14.39.4
EBW | 64.4+268 | 57.0-719 23.3+17.7 18.3 - 28.3 <0.001 4114293
TEWL 60.6+32.3 51.6-69.5

AGB: laparoscopic adjustable gastric banding SG: sleeve gastrectomy. RYGB: Roux-en-Y gastric bypass. BW: body weight. EBW:
excess body weight to the ideal body weight (BMI=25 kg/m2) %EWL: % weight loss achieved to the ideal body weight. Data as
mean * SD and 95% CI. *t-test .# p=0.002 § p=0.008

All three bariatric procedures led to sustained weight loss (Figure 1). The mean BMI decreased from a baseline of 47.5
kg/m?2 to 33.3 kg/m2 and average weight loss was 41.1+29.3 kg after 96 months. Average percentage excess weight loss,
defined as weight loss divided by excess weight based on ideal body weight at BMI 25kg/m2, was 60.6%*32.3 from
baseline to 8 years after surgery. RYGB patients had the greatest weight loss of 50.3+28.8 kg (%EWL = 71.7+27.4%) at the
end of follow-up period, although not dissimilar to what observed in SG patients 45.6+27.8 kg (%EWL = 70.0+21.9%),
whereas weight loss in AGB patients was lower (17.6+22.5 kg; %EWL = 22.9+32.3%).

Figure 1. Weight loss (%) in patients undergoing AGB, SG and RYGB procedures 8 years after surgery
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nutritional deficiencies (Table 3).

Table 3 . Patients’ nutritional deficiencies (%)

% After 8 years
Prevalence
in adult
. References
AGB (11) SG (25) RYGB (16) Total (52) population
F 66.7 58.8 68.8 64.3 8.2 - 32.9
Iron M 0 37.5 / 30 3 [10-12]
Total 54.6 52 68.8 57.7 ?
L F 33.3 41.2 37.5 38.1
Vitamin
5 M 50 75 / 60 28 - 76 [13-14]
Total 36.3 48 37.5 42.3
L F 22.2 17.6 12.5 16.6 6
Vitamin
M
B1> 0 12.5 / 10 6 [15-16]
Total 18.2 16 12.5 15.4 6 - 20
F 22.2 29.4 43.8 33.3
) M Data
Calcium 0 0 / 0 not
ilabl
Total 18.2 28 43.8 30.8 available
No deficiency 27.3 24 6.3 19.2
1 deficiency 36.4 16 50 30.8
2 deficiencies 9.1 36 25 26.9
3 or more 27.3 24 18.7 23.1
deficiencies
TOTAL® 72.7 76 93.7 80.7

AGB: laparoscopic adjustable gastric banding. SG: sleeve gastrectomy. RYGB: Roux-en-Y gastric bypass. Nutritional deficiency
limits: iron less than 200 pg/mL, vitamin B12 less than 200 pg/mL, 1,25-dihydroxyvitamin D less than 25 nmol/L, calcium less than
9 mg/dL. ° Subjects with at least one nutritional deficiency

The prevalence of some nutritional deficiencies was higher in females for iron (F 64.3% vs. M 30%), vitamin B12 (F
16.6% vs. M 10%) and calcium (F 33.3% vs. M 0%). Deficiency in 250HD was more prevalent in males (F 38.1% vs. M
60%).

The rate of dietary supplement use was similar between SG (88%) and RYGB (93.8%), while this was 72.8% in AGB
patients (Table 4). 3.8% of patients with nutritional deficiencies did not use supplements (9.1%, AGB; 4%, SG; 0% RYGB).
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Table 4 . Patients’ supplement use (%)

8 years post-operation

% AGB (11) SG (25) RYGB (16) Total (52)

Bariatric supplements 9.1 40 31.2 30.8

Bariatric procedure

. 27.3 24 18.8 23.1
specific supplements

Multivitamin
18.2 12 12.5 13.5

supplements
Vitamin D 3 + calcium 27.3 20 43.8 28.8

Generic vitamin B

0 8 12.5 7.7

supplements
Iron 27.3 12 25 19.2

Total patients that take

72.8 88 93.8 86.5

at least one supplement

Patients with
deficiencies that do not 9.1 4 0 3.8
take supplements

For oral supplements, patients were considered to take the specified supplement if they reported taking that supplement at least 5
days per week. AGB: laparoscopic adjustable gastric banding, SG: sleeve gastrectomy, RYGB: Roux-en-Y gastric bypass.

4. Discussion

Our data confirm that the different bariatric surgery options offer the possibility of weight loss that, although with a
different WR, is lasting after a period of eight years.

There are several studies in the literature that have evaluated the long-term effects of bariatric surgery on WR,
nutritional deficiencies and supplement use. Our data on weight loss (%EWL; AGB: 22.9+32.3%, SG: 70.0+21.9%, RYGB:
71.74#27.4%) turns out to be similar to those present in the literature. Another paper showed that in AGB patients
percentage of weight loss was 14.9% at year 7 and mean year 3 to 7 regain was 1.4% of baseline weight [17], For SG
patients, a recent review showed in long-term studies (8+years of follow-up) a %EWL between 54 and 62.5% [18]. In a
2016 review and meta-analysis on the midterm results of RYGB, the %EWL was 70% in 10 years [19]. In RYGB subjects,
a recent trial revealed that a mean percentage of weight loss after 7 years was 28.4% and between years 3 and 7, there
was a mean regain of 3.9% [17]. A total of 405 of 564 patients undergoing RYGB (71.8%) had more than 20% estimated
weight loss by 10 years [20].

Our data revealed that the maximal weight loss occurred after 12-24 months in the majority of patients. From the second
year onwards, the weight lost remained stable and there was no further WR. On the contrary, the weight of LAGB
patients, as expected, continued to rise. It has been demonstrated that SG generates 30% sustained WL, although a
portion of patients had WR in the long term [21] The mechanism of postoperative WR is barely known because of the
deficiency of long-term data. The easiest explanation may be related to the enlargement of the gastric pouch, which
would increase the amount of food eaten per meal. A decrease in ghrelin, a fast-acting hormone that plays a role in meal
initiation, may be related to weight loss after bariatric surgery [22], but long term variations in ghrelin levels do not
appear to correlate with WR after the RYGB nadir weight has been achieved [23]. WR may be related to a decrease in
the resting metabolic after long-term follow-up in bariatric patients [24].

The risks of long-term nutritional deficiencies have been known since the beginning of bariatric surgery [25]. In our
sample, despite the widespread use of nutritional supplements, most patients have at least one nutritional deficiency.
In comparison with healthy adults, our sample of bariatric patients demonstrated a higher deficiency of iron, 250HD
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and vitamin B 12 (table n.3). Patient data reveal a higher prevalence of iron deficiency in RYGB patients than in SG and
AGB patients. Our results are different of data from a systematic review suggesting that SG and RYGB are comparable
with regard to the risk of postoperative anaemia and iron deficiency [26].

An important finding was the iron deficiency in males undergoing SG (unfortunately, in our study sample there were
no males undergoing RYGB). Data from the literature show that obesity is significantly associated with iron deficiency
[27] and long-term energy restriction does not affect iron status [28]. It is necessary therefore to pay attention to the risk
of iron deficiency in male patients undergoing SG.

Although 250HD supplementation (in the form of vitamin D3 or a multivitamin) was prescribed for the vast majority
of patients, the nutritional deficiency of this vitamin was 42.3% in these subjects, particularly in patients undergoing
SG. These data are however in line with the prevalence in the general population [13-14]. Another study showed that,
in RYGB subjects, supplementation does not warrant the nutritional status of this vitamin, because after surgery 91% of
women and 85% of men had 250HD deficiency. The study also revealed no change in serum calcium before and after
surgery [29]. It is interesting to note that adiposity loss should lead to a release of 250HD into the bloodstream and
increase circulating 250HD levels with fat mass loss through lifestyle modifications without supplementation [30]. In
recent years, several studies have shown that the current limits of blood 250HD might have been wrongly estimated
and that, therefore, widespread nutritional deficiencies in the population may be overestimated [31]. There is no clear
evidence for a beneficial effect of 250HD supplementation on cardio-metabolic parameters in obese individuals, and
data on such parameters with weight loss are very scarce [32]. Interestingly, our data show that 250HD deficiency is
more prevalent among males than women; this aspect contradicts the lower 250HD concentrations found in obese
females than males, due to the higher fat mass[33].

Vitamin B12 deficiency was found to be higher, mainly in women, compared to the data from the general population,
and showed no particular differences between procedures or between sexes. Because vitamin B12 deficiency can, if
discovered late, lead to irreversible neurological damage, subjects of both sexes who have had bariatric surgery should
be supplemented with 1 mg of oral vitamin B12 per day for life [34]. Supplements taken 8 years after surgery were
generic multivitamin and minerals, bariatric surgery supplements, supplements specific for a surgery type or B complex
supplements. The use of multivitamins, calcium, iron and 250HD is lower when compared to another cohort of bariatric
patients; however, the use of at least one supplement is higher [35].

There are many limitations to our study. There was a higher prevalence in the sample of women than men; in particular,
there was no male patient who underwent RYGB. Many important nutritional blood tests, such as albumin, vitamin B1,
folic acid and zinc were not performed. We do not have data on nutritional deficiencies before surgery, so we decided
to compare our patients' data with epidemiological data in the literature.

5. Conclusions

From the third year after surgery, weight loss in patients undergoing RYGB and SG appears constant. Nutritional
deficiencies, despite the use of new surgery-specific supplements in part of the sample, appear similar to other papers
published a few years ago. In comparison with the general population, nutritional deficiencies in bariatric patients are
greater among men for iron and among women for vitamin B12.

Author Contributions: A.F., G.R. and R.B.F. performed the literature search, participated in the data collection and analyses, and
drafted the manuscript; M.D., V.G. performed the literature search and drafted the manuscript; A.B., E.P., M.C. and P.S. participated
in the design of the study, data collection, and drafted the manuscript; M.L. was the principal investigator of the study, led its design,
coordinated the steps of the data collection and data analyses, and drafted the manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of Helsinki, and the protocol
was approved by Institutional Research Board (School of Sports and Exercise Science, University of Rome “Tor Vergata”, Faculty of
Medicine and Surgery - protocol number ITPro2012-000108). All participants could choose if they wanted to participate in the study
and could at any time withdraw their consent.


https://doi.org/10.20944/preprints202102.0445.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 February 2021 d0i:10.20944/preprints202102.0445.v1

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study
Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lange J, Konigsrainer A. Malnutrition as a Complication of Bariatric Surgery - A Clear and Present Danger? Visc Med. 2019
Oct;35(5):305-311. doi: 10.1159/000503040. Epub 2019 Sep 17. PMID: 31768394; PMCID: PMC6873028.

2. Lombardo, M., Franchi, A., Padua, E., Guglielmi, V., D'Adamo, M., Annino, G., Gentileschi, P., Iellamo, F., Bellia, A. and
Sbraccia, P., 2019. Potential Nutritional Deficiencies in Obese Subjects 5 Years After Bariatric Surgery. Bariatric Surgical Practice and
Patient Care, 14(3), pp.125-130.

3. O'Brien PE, MacDonald L, Anderson M, Brennan L, Brown WA. Long-term outcomes after bariatric surgery: fifteen-year
follow-up of adjustable gastric banding and a systematic review of the bariatric surgical literature. Ann Surg. 2013 Jan;257(1):87-94.
doi: 10.1097/SLA.0b013e31827b6c02. PMID: 23235396.

4. Xia Q, Campbell JA, Ahmad H, Si L, de Graaff B, Palmer AJ. Bariatric surgery is a cost-saving treatment for obesity-A
comprehensive meta-analysis and updated systematic review of health economic evaluations of bariatric surgery. Obes Rev. 2020
Jan;21(1):e12932. doi: 10.1111/0br.12932. Epub 2019 Nov 16. PMID: 31733033.

5. Nguyen NT, Kim E, Vu S, Phelan M. Ten-year Outcomes of a Prospective Randomized Trial of Laparoscopic Gastric Bypass
Versus Laparoscopic Gastric Banding. Ann Surg. 2018 Jul;268(1):106-113. doi: 10.1097/SLA.0000000000002348. PMID: 28692476;
PMCID: PMC5867269.

6. Velapati SR, Shah M, Kuchkuntla AR, Abu-Dayyeh B, Grothe K, Hurt RT, Mundi MS. Weight Regain After Bariatric Surgery:
Prevalence, Etiology, and Treatment. Curr Nutr Rep. 2018 Dec;7(4):329-334. doi: 10.1007/513668-018-0243-0. PMID: 30168043.
7. Donadelli SP, Junqueira-Franco MV, de Mattos Donadelli CA, Salgado W Jr, Ceneviva R, Marchini JS, Dos Santos JE, Nonino

CB. Daily vitamin supplementation and hypovitaminosis after obesity surgery. Nutrition. 2012 Apr;28(4):391-6. doi:
10.1016/j.nut.2011.07.012. Epub 2011 Nov 4. PMID: 22055480.

8. O'Brien PE, Hindle A, Brennan L, Skinner S, Burton P, Smith A, Crosthwaite G, Brown W. Long-Term Outcomes After
Bariatric Surgery: a Systematic Review and Meta-analysis of Weight Loss at 10 or More Years for All Bariatric Procedures and a
Single-Centre Review of 20-Year Outcomes After Adjustable Gastric Banding. Obes Surg. 2019 Jan;29(1):3-14. doi: 10.1007/s11695-
018-3525-0. PMID: 30293134; PMCID: PMC6320354.

9. Lombardo M, Bellia Alfonso, Mattiuzzo Francesca, Franchi Arianna, Ferri Carola, Elvira Padua, Guglielmi Valeria, D'adamo
Monica, Giuseppe Annino, Gentileschi Paolo, lellamo Ferdinando, Lauro Davide, Federici Massimo, And Sbraccia Paolo. (2015).
Frequent Follow-Up Visits Reduce Weight Regain In Long-Term Management After Bariatric Surgery.. Bariatric Surgical Practice
And Patient Care, Vol. 10, Issn: 2168-0248, Doi: 10.1089/Bari.2015.0021.

10. Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N, Lozano R, Regan M, Weatherall D, Chou DP, Eisele TP, Flaxman
SR, Pullan RL, Brooker SJ, Murray CJ. A systematic analysis of global anemia burden from 1990 to 2010. Blood. 2014 Jan 30;123(5):615-
24. doi: 10.1182/blood-2013-06-508325. Epub 2013 Dec 2. PMID: 24297872; PMCID: PMC3907750.

11. WHO. The global prevalence of anaemia in 2011. Geneva: World Health Organization; 2015.

12. Heath AL, Fairweather-Tait SJ. Clinical implications of changes in the modern diet: iron intake, absorption and status. Best
Pract Res Clin Haematol 2002; 15: 225-41

13. Bettica P, Bevilacqua M, Vago T & Norbiato G. High prevalence of hypovitaminosis D among free-living postmenopausal

women referred to an osteoporosis outpatient clinic in northern Italy for initial screening. Osteoporosis International 1999 9 226-229.
(https://doi.org/10.1007/s001980050141)

14. Isaia G, Giorgino R, Rini GB, Bevilacqua M, Maugeri D & Adami S. Prevalence of hypovitaminosis D in elderly women in
Italy: clinical consequences and risk factors. Osteoporosis International 2003 14 577-582. https://doi.org/10.1007/s00198-003-1390-7
15. Dali-Youcef, N., & Andres, E. (2009). An update on cobalamin deficiency in adults. QJM, 102(1), 17-28.
doi:10.1093/gjmed/hcn138 https://pubmed.ncbi.nlm.nih.gov/18990719/

16. A Hunt, D Harrington e S Robinson, Vitamin B12 deficiency, in BM], vol. 349, 4 September 2014, DOI:10.1136/bmj.g5226,
PMID 25189324

17. Courcoulas AP, King WC, Belle SH, et al. Seven-Year Weight Trajectories and Health Outcomes in the Longitudinal
Assessment of Bariatric Surgery (LABS) Study. JAMA Surg. 2018;153(5):427-434. d0i:10.1001/jamasurg.2017.5025

18. Felsenreich, D. M., Langer, F. B.,, & Prager, G. (2018). Weight Loss and Resolution of Comorbidities After Sleeve
Gastrectomy: A Review of Long-Term Results. Scandinavian Journal of Surgery, 145749691879819. doi:10.1177/1457496918798192
19. Monaco-Ferreira, D. V., & Leandro-Merhi, V. A. (2016). Weight Regain 10 Years After Roux-en-Y Gastric Bypass. Obesity
Surgery, 27(5), 1137-1144. doi:10.1007/s11695-016-2426-3

20. Maciejewski ML, Arterburn DE, Van Scoyoc L, Smith VA, Yancy WS Jr, Weidenbacher HJ, Livingston EH, Olsen MK.
Bariatric Surgery and Long-term Durability of Weight Loss. JAMA Surg. 2016 Nov 1;151(11):1046-1055. doi:
10.1001/jamasurg.2016.2317. PMID: 27579793; PMCID: PMC5112115.


https://doi.org/10.20944/preprints202102.0445.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 February 2021 d0i:10.20944/preprints202102.0445.v1

21. Castagneto Gissey L, Casella Mariolo JR, Genco A, Troisi A, Basso N, Casella G. 10-year follow-up after laparoscopic sleeve
gastrectomy: Outcomes in a monocentric series. Surg Obes Relat Dis. 2018 Oct;14(10):1480-1487. doi: 10.1016/j.s0oard.2018.06.021.
Epub 2018 Jul 2. PMID: 30093311.

22. Korner J, Inabnet W, Febres G, Conwell IM, McMahon D], Salas R, Taveras C, Schrope B, Bessler M. Prospective study of
gut hormone and metabolic changes after adjustable gastric banding and Roux-en-Y gastric bypass. Int J Obes (Lond). 2009
Jul;33(7):786-95. doi: 10.1038/ij0.2009.79. Epub 2009 May 5. PMID: 19417773; PMCID: PMC2710396.

23. Abu Dayyeh BK, Jirapinyo P, Thompson CC. Plasma Ghrelin Levels and Weight Regain After Roux-en-Y Gastric Bypass
Surgery. Obes Surg. 2017 Apr;27(4):1031-1036. doi: 10.1007/s11695-016-2418-3. PMID: 27966064.
24, Meena Shah, Vinaya Simha, Abhimanyu Garg, Long-Term Impact of Bariatric Surgery on Body Weight, Comorbidities, and

Nutritional Status, The Journal of Clinical Endocrinology & Metabolism, Volume 91, Issue 11, 1 November 2006, Pages 42234231,
https://doi.org/10.1210/jc.2006-0557

25. Avinoah E, Ovnat A, Charuzi I. Nutritional status seven years after Roux-en-Y gastric bypass surgery. Surgery. 1992
Feb;111(2):137-42. PMID: 1736382.
26. Kwon Y, Kim HJ, Lo Menzo E, Park S, Szomstein S, Rosenthal R]. Anemia, iron and vitamin B12 deficiencies after sleeve

gastrectomy compared to Roux-en-Y gastric bypass: a meta-analysis. Surg Obes Relat Dis. 2014 Jul-Aug;10(4):589-97. doi:
10.1016/j.so0ard.2013.12.005. Epub 2013 Dec 17. PMID: 24582411.

27. Zhao, L., Zhang, X., Shen, Y., Fang, X,, Wang, Y., & Wang, F. (2015). Obesity and iron deficiency: a quantitative meta-
analysis. Obesity Reviews, 16(12), 1081-1093. d0i:10.1111/obr.12323

28. Cheng HL, Griffin HJ, Bryant CE, Rooney KB, Steinbeck KS, O'Connor HT. Impact of diet and weight loss on iron and zinc
status in overweight and obese young women. Asia Pac J Clin Nutr. 2013;22(4):574-82. doi: 10.6133/apjcn.2013.22.4.08. PMID:
24231018.

29. da Rosa CL, Dames Olivieri Saubermann AP, Jacqueline ], Pereira SE, Saboya C, Ramalho A. Routine supplementation does
not warrant the nutritional status of vitamin d adequate after gastric bypass Roux-en-Y. Nutr Hosp. 2013 Jan-Feb;28(1):169-72. doi:
10.3305/nh.2013.28.1.6166. PMID: 23808446.

30. Gangloff A, Bergeron J, Lemieux I, Després JP. Changes in circulating vitamin D levels with loss of adipose tissue. Curr
Opin Clin Nutr Metab Care. 2016 Nov;19(6):464-470. doi: 10.1097/MCO.0000000000000315. PMID: 27537278

31. Manson JE, Brannon PM, Rosen CJ, Taylor CL. Vitamin D Deficiency - Is There Really a Pandemic? N Engl ] Med. 2016 Nov
10;375(19):1817-1820. doi: 10.1056/NEJMp1608005. PMID: 27959647.

32. Bassatne A, Chakhtoura M, Saad R, Fuleihan GE. Vitamin D supplementation in obesity and during weight loss: A review
of randomized controlled trials. Metabolism. 2019 Mar;92:193-205. doi: 10.1016/j.metabol.2018.12.010. Epub 2019 Jan 4. PMID:
30615949.

33. Muscogiuri G, Barrea L, Somma CD, Laudisio D, Salzano C, Pugliese G, de Alteriis G, Colao A, Savastano S. Sex Differences
of Vitamin D Status across BMI Classes: An Observational Prospective Cohort Study. Nutrients. 2019 Dec 12;11(12):3034. doi:
10.3390/nu11123034. PMID: 31842281; PMCID: PMC6950363.

34. Langan RC, Goodbred AJ. Vitamin B12 Deficiency: Recognition and Management. Am Fam Physician. 2017 Sep 15;96(6):384-
389. PMID: 28925645.
35. Ben-Porat T, Elazary R, Goldenshluger A, et al. (2017) Nutritional deficiencies four years after laparoscopic sleeve

gastrectomy —are supplements required for a lifetime? Surg Obes Relat Dis 13, 1138-1144


https://doi.org/10.20944/preprints202102.0445.v1

