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ABSTRACT

Obesity is a chronic disease associated with mortality and morbidity. Bariatric surgery as a long-term weight reduction treatment has been
increased. This study investigated the early state of iron storage and deficiency in patients underwent laparoscopic sleeve gastrectomy
(LSG). Thirty patients were selected as a prospective study underwent LSG according to specialized inclusion and exclusion criteria at
Soran Private Hospital in Erbil, from January 01, 2021, to September 01, 2021, after signing a consent form. All selected patients underwent
preoperative and 3 months’ post-operative hemoglobin (Hb), mean corpuscular volume (MCV), and serum ferritin (SF) assessments.
They were instructed to follow specialized diet regimen for 3 months’ post-operative and not to take any drugs and supplements. Results
showed a strong positive correlation between pre-operative and post-operative assessment for both Hb and MCV respectively (r = 0.72;
P < 0.001), (r = 0.76; P < 0.001), and a moderate correlation for SF (r = 0.41; P < 0.024). Significant difference (P < 0.05) was found
between pre-operative and post-operative for the three markers (Hb, MCV, and SF). Their values were decreased from pre-operative to
post-operative for the majority of the cases, but they were still within the normal range. The finding demonstrated that after 3 months
from LSG, no patients showed iron deficiency anemia. However, there was decrease in SF level which indicated that the storage capacity
of iron was decreasing. This suggests that the iron supplement has to be started since the food regime followed in by the patients was not

sufficient to maintain normal iron level.
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INTRODUCTION

besity as a chronic disease is considered as a major
Othreaten to the public health,”M reaching a pandemic

state.[?! Factors leading to obesity consist of association
of genetic, metabolic, food habits, behavioral, social, cultural,
and other aspects.® Recent data by the World Health
Organization (WHO) demonstrated that worldwide obesity
has been increased.! Over six-hundred million adults globally
are suffering from obesity, and more than 1.9 billion adults
were overweight.[

The association among obesity and accelerated mortality
is a fact.'® For example, an average increase in mortality by
30% is resulted by each 5 kg/m? increase in body mass index
(BMI) above 25 kg/m?. This increasing rate of mortality is
mainly due to vascular diseases and diabetes.!”! Furthermore,
the existence expectancy is decreased around 5-20 years in
obese patient with a BMI higher than 35.5!

Bariatric surgery (BS) reduces weight for obese patients
and keeps their weight loss by limiting the consumption
and/or induce mal-absorption of food. It is often used when
other treatments such diet, exercise and drugs have failed.™

Decreasing the size of the stomach is due to the restraining
strategies, and hence restrict the energetic intake and initiate
satiety.’ laparoscopic sleeve gastrectomy (LSG) method is
rapidly gaining popularity inside academic medical centers of
the USA and worldwide.%12!

Despite the benefit of BS, many complications and
the nutritional deficiencies are a worrying trend that need
attention.!'® The deficiencies develop because of the change
inside the physiology and anatomy of the gastrointestinal
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tract." The most obvious nutrients deficiency is the risk
of iron deficiency anemia (IDA). Restricted dietary intake,
reduced appetite, increased satiety, inadequate intake of iron,
and reduced secretion of hydrochloric acid are substantially
caused to the development of iron deficiency after LSG.!1516]
In general, different factors contributed to iron deficiency
such as poor adherence to dietary guidelines, recommended
supplementation, and insufficient professional guidance.!”!

Therefore, it is advocated that patients underwent LSG
ought to acquire postoperative follow-up according to the
accreditation and standards from the “American Society for
Metabolic and BS (ASMBS)” and the “International federation
for the surgery of obesity and metabolic disorders.”®!
However, it has been revealed that 47-90% of patients do not
acquire dietary intervention following surgery treatment.!*!

Iron deficiency prevalence ranged between 1% and 54.1%
for the duration of a follow-up of maximal 5 years following LSG
and the prevalence of anemia varies between 3.6% and 52.7%.2%

Affected patients rate by iron deficiency rely on the
suggested iron status markers and their standard ranges. None
of the iron marker is an ideal determinant. Consequently, the
desired screening technique is the combination of markers.
Therefore, hemoglobin (Hb), mean corpuscular volume
(MCV), and serum ferritin (SF) levels are the markers that
should be included for investigation of iron deficiency.2*%

This study aimed to evaluate the early state of iron storage
and iron deficiency in patients who underwent LSG for weight
reduction at pre- and post-operative using three markers (Hb,
MCV, and SF levels), and to find out the effectiveness of the
diet follow-up plan.

PATIENTS AND METHODS

This research is a prospective study that included 30 patients,
selected from 55 patients undergoing LSG for managing
their weight loss that held at Soran Private Hospital in Erbil,
Kurdistan Region of Iraq from January 01, 2021, to September
01, 2021, using the most updated surgical technique.

All surgeries were performed by single laparoscopic and
bariatric after taking and signing patients written consent
form. Clinical reassessment was carried out each month
postoperatively during the period of the study. All patients
under went preoperative and 3 months post-operative Hb,
MCYV, and SF assessments at the same laboratory.

A deficiency was described as a serum plasma level
determined under the regular reference range. While,
excess level was defined as a serum plasma level over the
reference range for normal standard. The values of the tests
were measured to compare with the described values from
the references records as follows: The normal value of Hb
in men is 13.8-18.0 g/dl and in women is 12.1-15.1 g/dl.
The normal reference range of MCV is 80-100 fl. While, the
value of SF ranged between 30 and 300 ng/ml for males,
and 30-160 ng/ml for females, and a value <50 ng/ml is
considered as iron deficiency.!*!

All selected patients were instructed to follow the
specialized diet regimen for 3 months’ post-operative and not
to take any drug or herbal supplements during the study time.

The Inclusion Standard for the Patients in
this Study Include

Age between 18 and 40 years

Both male and female were included

BMI from 35 to 45 kg/m?

Normal preoperative blood test value (Hb, MCV, and SF)
No comorbid conditions (HT, DM, and blood disease)
Accept the procedure, follow-up, and signed the consent
form.

ok wh =

The Exclusion Criteria for the Patients in
this Study were as Follows

1. Patient with abnormal pre-operative blood tests

2. Patients who developed intra- or post-operative
complications (bleeding, leak, and conversion of surgery)

3. Failure to follow the regimen given.

The food regime that followed by the patients for post-
operative composed of 2 stages, stage one for the 1 month
and stage two for the next 2 months: 242!

Stage One

Week 1: Clear Liquids to give stomach time to heal and help
avoid post-operative implications. A clear liquid diet is often
the preliminary regimen. The patients start with sips of clear
liquid. The goal is to drink a minimum of 2.5 L each day.

The clear liquids include: Water, tea including herbal
or de-caffeinated coffee, fruit, clear chicken, beef, vegetable
broth, watery fruit juice such as apple, grape or cranberry,
diluted free of sugar squash, and flavored water. Liquids to be
avoided: Caffeine, sugary drinks, and carbonated drinks.

Week 2: Full Liquids: The patients should keep drinking
more of clear fluids as well as incorporating into fuller liquids
that are loaded in protein.

Full liquid choices include: Low fat milk, homemade
smoothies, yogurt drinks, smooth soups including cream of
tomato, chicken, meat, ice cream without sugar, and sorbet.

Foods to be avoided as follows: High-fat foods (whole-
milk yogurt), sweets foods, and food that has any lumps,
caffeine, sugary drinks, and carbonated drinks.

Week 3: Pureed Foods: The patients were guided to eat
60 g of protein daily. In addition, they are recommended
to add milk to mixture foods, ensuring that it is free of
lumps. patients are suggested to eat small portions, and
introduce new foods slowly including mashed fruit like
bananas, avocados, and canned fruit, blended steamed fish
in a low-fat sauce, tuna and salmon, mashed potato, low-
fat cheese and soft cheeses, liquidized meat, chicken or fish
stew, steamed or boiled vegetables, thick blended soups, and
scrambled eggs.

Foods not to eat include: meals rich in starch (pasta, rice,
and bread), hard uncooked vegetables, skin and seeds from
vegetables, fatty foods (oils and butter), and spicy food.

Week 4: Smooth meals: The patients can add soft foods
and lumps to diet. Well-cooked chicken and turkey, soft fish,
lean mince meats, vegetables cooked well, cheese with low-fat,
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eggs, soups with lumps, soft fruit, sweet potatoes, rice, and
cereal with low-sugar.

Foods not to consume: difficult digested foods including
steak, tough vegetables, nuts, white potatoes, and meals with
excessive fat.

Stage Two

On the week 5 the patients can consume solid food smoothly.
After the 1* month following LSG surgery diet instructions for
patient is to eat a healthy diet, high protein, and low fat. It
is necessary to have three small meals a day, have protein in
each meal. Plan the meals, drink lots of water, if feel hungry
between meals try taking a drink first.

It is advised to wait for at least 30 min from the time of
eating to drinking. Drinking fluids during meals may cause to an

Table 1: The pre- and post-operative values of Hb, MCV, and SF

overfull stomach and vomiting. Stop eating when feel satisfied,
overeating will stretch stomach pouch and can cause vomiting.

Foods not to eat: Food with empty calories, alcohol as it
has high calories and absorption will steadily increase after
surgery. Some drink cause bloating and can increase stomach
size such as fizzy drinks. High fat foods may cause nausea and
will not help to lose weight. Tough meats are difficult to chew
and hard to digest.

The clinical follows-up assessment was done each month
through the period of study (3 times evaluation). It included
general examination, assessments of vital signs and searching
for symptoms and signs of anemia concentrating on the
following: Headaches, fatigue, weakness, shortness of breath,
dizziness, pale skin, irregular heartbeats, cold hands and feet,
hair loss, brittle nail, and glossitis.

Patient code Age/year Sex Preoperative tests 3 months post-operative tests
Hb/g/dL McV/fl SF/ng/mL Hb/g/dL MCcCV/fl SF/ng/mL
1 21 F 12.5 80 85 11 75 45
2 33 F 14 90 92 12 90 56
3 25 M 16 80 120 14 80 45
4 40 F 14.5 85 43 14 80 51
5 22 F 12 82 60 11 75 60
6 45 F 15 86 50 12 85 66
7 30 F 14 83 45 13 78 45
8 18 F 12.5 87 100 12 80 80
9 30 F 12 80 66 11.5 75 54
10 22 M 12 84 65 11 82 50
11 40 F 14 90 80 13 85 76
12 18 F 13 86 55 12 80 50
13 22 F 15 82 100 14 75 65
14 40 M 14.5 88 96 14 82 58
15 45 F 12.5 80 100 13 80 84
16 33 F 12.5 87 130 12.5 80 55
17 20 F 14 92 105 12 85 67
18 25 M 15 90 110 14 82 55
19 30 F 14 89 120 14 80 64
20 32 F 13 90 94 12 85 80
21 35 F 13 86 90 11.5 82 43
22 18 F 13.5 88 86 13 85 60
23 40 F 12 81 65 12 75 55
24 25 F 15 85 140 13 80 93
25 30 M 14 87 97 12 83 55
26 28 M 12.5 86 100 12 78 80
27 40 F 13.5 90 152 11.5 80 77
28 45 F 14 92 140 13 85 60
29 32 M 12.5 80 105 12 78 58
30 40 F 14 90 80 12.5 85 60

Hb: Hemoglobin, MCV: Mean corpuscular volume, SF: Serum ferritin
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Statistical Analysis

Statistical Package for the Social Sciences (IBM SPSS
version 24) was used. A statistically significant was considered
with P < 0.05. Measurements are provided as mean * standard
deviation. A number of descriptive methods were used
such as frequency distributive and descriptive statistical for
demographic variables. A few statistical tests such as t-test
paired samples and t-test two independent samples were used
to examine the differences in the average measurement before

Table 2: The mean, median, and mode of pre and post-operative
results

Iron Pre-operative Post-operative
markers Mean Median Mode Mean Median Mode
Hb 13.5 13.75 14 12.4 12 12
MCV 85.8 86 90 80.8 80 80
SF 92.3 95 100 61.5 59 60

Hb: Hemoglobin, MCV: Mean corpuscular volume, SF: Serum ferritin

Table 3: t-test of two Paired Samples for three variables Hb, MCV,
and SF

Paired samples Mean SD Std.
dest.:ril‘)tive error
statistics mean
Pair 1

Pre Hb 13.533 1.0981 0.2005

Post Hb 12.483 0.9692 0.1770
Pair 2

Pre MCV 85.87 3.893 0.711

Post MCV 80.83 3.788 0.692
Pair 3

Pre SF 92.37 28.440 5.192

Post SF 61.57 12.955 2.365

Hb: Hemoglobin, MCV: Mean corpuscular volume, SF: Serum ferritin

Table 4: Paired samples correlations

Pearson’s correlation n Correlation Sig.
Pair1  Pre Hb and Post Hb 30 0.721 0.000
Pair2  Pre MCV and Post MCV 30 0.765 0.000
Pair 3 Pre SF and Post SF 30 0.411 0.024

Hb: Hemoglobin, MCV: Mean corpuscular volume, SF: Serum ferritin

Table 5: t-test for independent two samples. Descriptive statistics

of Hb

Descriptive Sex N Mean SD Std.

statistics error

of Hb mean

Pre Hb Male 7 13.786 1.4960 0.5654
Female 23 13.457 0.9760 0.2035

Post Hb Male 7 12.714 1.2536 0.4738
Female 23 12.413 0.8874 0.1850

Hb: Hemoglobin

and after the operation for some studied variables. Pearson’s
test was used to find out the relationships between some
relevant variables.

RESULTS AND DISCUSSION

This study aimed to assess the pre and early post-operative
iron assessment in obese patients underwent LSG. This
is due to the fact that LSG is one of the most widely used
techniques and is account for about 37% of all range of
bariatric methods achieved across the world in 2013.
However, to ensure that the procedure is success, patients
should adhere to comprehensive lifestyle changes. Therefore,
the follow-ups practice is very important. For this purpose,
a multidisciplinary team is necessary that should involve a
surgeon, dietitian, psychologist, and family physician or
endocrinologist.!?! Dietitians in particular have a vital role
in this group before and after BS.?®! For instance, loss of
medical and nutritional follow-up’s patients did not achieve
considerable weight reduction and they were at higher risk
of developing nutritional deficiency according to several
studies.[?7:281

The present study was a prospective, follow up study that
included 30 patients after selection to eliminate bias, there
were 23 female (76.5%) and 7 male (23.5%) patients. The
median age was 30 and their age ranged from 18 to 40 years
old [Table 1]. Their BMI ranged from 35 to 45 kg/m?. All
patients underwent smooth recovery without any considerable
post-operative complications.

Table 1 presented the results of pre- and post-operative
tests of the three markers (Hb, MCV and SF) for all patients,
and the mean, median and mode of the results are presented
in Table 2. The significant levels between pre-operative and
post-operative for the three markers were statistically analyzed
[Tables 3-5], and the Pearson correlation coefficient between
pre-operative and post-operative of the three markers were
calculated [Table 4].

In our study, Hb level was not significantly changed after
3 months’ post-operative which means that no patient has
anemia, the MCV showed insignificant decrease, while SF
showed significant decrease which means that mild deficiency
has been occurred. The normal ranges of Hb according to
the WHO guidelines should not be <13 g/dL in men and not
<12 g/dL in women. "

A positive correlation (r = 0.76; P < 0.05) was found
between Hb level at pre and post-operative assessment
tests. Although these values of Hb were dropped from pre-
operative (mean value 13.5) to postoperative (12.4) as shown
on Tables 1-4, the values were still within the normal range.
This decrease may be due to the implication of the BS that
often decrease the level of Hb. For example, according to the
study conducted by Santos et al., the Hb levels were slightly
decreased from pre-operative to post-operative after 3 months
of surgery and were significantly decreased after 1 year of
surgery. 30311

Similarly, the mean value of MCV showed a significant
(P < 0.05) decrease from 85.5 at pre-operative tests to 80.8 at
post-operative tests, while the normal value ranged from 80 to
100 fl. Furthermore, the mean value of SF showed a significant
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Table 6: t-test for two independent samples with respect to sex variable and Hb

t-test for sex and Hb variables Pre Hb Pos Hb
Equal Equal Equal Equal
variances variance not variances variance not
assumed assumed assumed assumed
Levene’s test for equality of variances
F 3.364 3.474
Sig. 0.077 0.073
t-test for equality of means
T 0.688 0.548 0.714 0.592
Df 28 7.620 28 7.920
P-value 0.497 0.600 0.481 0.570
Mean difference 0.3292 0.3292 0.3012 0.3012
SE difference 0.4784 0.6010 0.4220 0.5087
95% confidence interval of the difference
Lower —-0.6507 —-1.0687 —-0.5631 —-0.8738
Upper 1.3091 1.7271 1.1656 1.4763

Hb: Hemoglobin

Table 7: t-test for independent two samples. Descriptive statistics
of MCV

Descriptive Sex n Mean SD SE mean

statistics of

MCV

Pre MCV Male 7 85.00 3.873 1.464
Female 23 86.13 3.946 0.823

Post MCV Male 7 80.71 2.059 0.778
Female 23 80.87 4.214 0.879

Hb: Hemoglobin, MCV: Mean corpuscular volume

(P < 0.05) decrease from 92.3 at pre-operative tests to 61.5 in
post-operative tests (Normal value 30-300 ng/mL for males,
and 30-160 ng/mL for females), the statistical analyses are
shown in Tables 3-7.

Recommendation of iron intake and other nutrients are
available within the “Dietary Reference Intakes (DRIs)” set by
the “food and nutrition board” at the “Institute of Medicine
of the National Academies”. DRI is the general term for a set
of reference values used for planning and assessing nutrient
intakes of healthy people.®!! According to the practice
guidelines of the ASMBS, iron status have to be assessed at
every follow-up visit following BS. In case of ID, a daily iron
dosage of 150-200 mg should be provided via supplements.?4
This because of the fact that patients with BS are at high risk
of suffering from ID before and after surgery.’**

A study revealed an estimation of 15% of the prevalence
of iron deficiency 1 year after sleeve gastrectomy.*®! Therefore,
preoperative education is essential for better understanding
the complication of LSG. In both pre-operative and post-
operative, the coordination between expertise in medicine,
surgery, psychology, and nutrition is required.!”

Although the impact of variable sex on the three markers
at pre-and post-operative assessment were not effective

[Tables 6-10], Hb value at pre-operative for all female cases
was at normal range. Whereas for seven male cases, only three
cases had lower value at pre-operative assessment compared to
normal range. In addition, there was a significant decrease on
post-operative of the most patients. There were no significant
differences in the mean value of Hb between male and female
neither at pre nor at post-operative assessment. This refers
that sex variable has no effect on the Hb vale.

Similarly, the results of MCV of preoperative in all case
were within the normal range. However, there was a significant
decrease on MCV at post-operative compared to preoperative.
At preoperative assessment test, only two female cases had
a value <50 ng/ml which is considered as iron deficiency.
While, at postoperative assessment 4 patients had lower value
than normal range.

In addition, there was a significant decrease on the value
of SF for most cases from pre-operative to post-operative
assessment.

Several studies have documented that iron intake after
LSG is reduced below the minimal daily requirement (8.7 mg
a day for men over 18. 14.8 mg a day for women).*¥ In
addition, some others factors make contribution to the high
occurrence of iron deficiency after LSG such as failure to
provide supplements consistently,'** lack of patient adherence
to supplementation,’®! the link of iron supplement with
troublesome gastrointestinal side effects,®” large gaps in
dietary follow-up, and the absence of specialized nutritional
care after surgery. Hence, led to iron deficiency progresses
from mild iron deficiency, to iron-deficiency erythropoiesis
(erythrocyte production), and finally to IDA.!3657)

For iron supplementation following LSG, there are two
phenomena of thought. Few bariatric surgeons choose to
monitor laboratory levels of iron and then have patients start
iron once their iron levels begin to decrease. On the other hand,
others bariatric surgeons prefer to have patients start a daily
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Table 8: t-test for two independent samples with respect to Sex variable and MCV

t-test for sex and MCV t df Sig. (2-tailed) 95% Confidence Interval of the Difference
variables Lower T
Pre MCV
Equal variances assumed —0.666 28 0.511 —4.606 2.345
Equal variances not assumed —0.673 10.115 0.516 —4.866 2.605
Pos MCV
Equal variances assumed -0.093 28 0.926 —3.564 3.253
Equal variances not assumed -0.132 21.515 0.896 —2.592 2.282
MCV: Mean corpuscular volume
Table 9: t-test for independent two samples. Descriptive statistics of SF
Descriptive statistics of SF Sex n Mean SD Std. error mean
Pre SF Male 7 99.00 17.166 6.488
Female 23 90.35 31.106 6.486
Post SF Male 7 57.29 11.041 4.173
Female 23 62.87 13.431 2.801

Table 10: t-test for two independent samples w. r. to sex variable and SF

t-test for sex and SF t df Sig. (2-tailed) 95% confidence interval of the difference
variables Lower Upper
Pre MCV
Equal variances assumed 0.699 28 0.491 -16.721 34.025
Equal variances not assumed 0.943 18.851 0.358 —10.560 27.864
Pos MCV
Equal variances assumed —0.998 28 0.327 —17.040 5.872
Equal variances not assumed -1.111 11.960 0.288 —16.538 5.370

dose of iron soon after their operation to be able to prevent
levels from declining. The most important thing is to continue
to get blood work done as advised so iron supplementation
can be adjusted as needed and can keep normal iron levels.
However, sometimes patients’ loss to follow-up. If there is a
more effective and evidence-based guideline for repletion of
iron deficiency, patients are more likely to be participated.
Therefore, it is preferable to give patients who are not serious
about follow-up for any reason iron treatment, since our
study supported a decrease in iron stores in patients after the
3" month of the operation.!®

CONCLUSION

The finding data of patients participated in this study showed
decrease in their SF after 3 months from operation even with
adequate nutritional support but not to a level of causing IDA.

Therefore, patients undertaken LSG should start iron
supplements at 3 months or earlier as the patient can tolerate
the supplements. Follow-up is mandatory to detect early
iron deficiency. Further assessments are needed on iron state
after 6 months and 1 year and then annually to have more
information about the quality of nutrition state of patients
after sleeve gastrectomy.

It is suggested that iron supplements should not be used
until patients have been evaluated by their primary health-
care provider such as nutritionists, dietitian or their surgical
team. This is to ensure that supplementations were taken
appropriate and under their supervision. When patients
are counseled about iron supplementation, it is important
to remind them that iron supplements may be associated
with GI irritation, nausea, constipation, dark stools,
and abdominal pain. To prevent iron toxicities, patients
using iron supplements should be reminded not to take
multivitamin supplements that contain iron. Patients should
be encouraged to contact their primary health-care provider
if they experience any adverse effects or their symptoms
worsen. To monitor their iron level, patients should be
advised to maintain routine checkups.

CONFLICTS OF INTEREST

The authors confirmed that they have no conflicts of interest of
the research submitted.

ACKNOWLEDGMENT

The authors thank Soran Private Hospital team, Noor
Laboratory for make us share and use the patients’ information

158 http://journals.cihanuniversity.edu.iq/index.php/cuesj

CUESJ 2022, 6 (2): 153-160



Zebari, et al.: Iron Assessment after Laparoscopic Sleeve Gastrectomy

and tests as well as the support from the Department of
Nutrition and Dietetics, Cihan University- Erbil.

10.

11.

12.

13.

14.

15.

16.

REFERENCES

E. M. H. Mathus-Vliegen, D. Nikkel and H. S. Brand. Oral aspects
of obesity. International Dental Journal, vol. 57, no. 4, pp. 249-
256, 2007.

D. Ryan, S. Barquera, O. B. Cavalcanti and J. Ralston. The global
pandemic of overweight and obesity: Addressing a twenty-First
century multifactorial disease. In: Handbook of Global Health.
Springer International Publishing, Champaign, pp. 739-773,
2021.

J. M. Yamashita, P G. de Moura-Grec, A. R. de Freitas, A. Sales-
Peres, E C. Groppo, R. Ceneviva, and S. H. D. C. Sales-Peres.
Assessment of oral conditions and quality of life in morbid obese
and normal weight individuals: A cross-sectional study. PLoS One,
vol. 10, no. 7, pp. 0129687, 2015.

R. L. Kolotkin, K. Meter, and G. R. Williams. Quality of life and
obesity. Obesity Reviews, vol. 2, no. 4, pp. 219-229, 2001.

World Health Organization. Obesity and Overweight. 2021.
Available from: https://www.who.int/news-room/fact-sheets/
detail/obesity-and overweight#: ~:text=0f%20these%20
over%20650%20million%20adults%20were%200bese.,tri
led%20between%201975%20and%202016 [Last accessed on
2022 Jun 17].

L. Sjostrom, K. Narbro, C. D. Sjostrom, K. Karason, B. Larsson,
H. Wedel, T. Lysting, M. Sullivan, C. Bouchard, B. Carlsson,
C. Bengtsson, S. Dahlgren, A. Gummesson, P Jacobson,
J. Karlsson, A. K. Lindroos, H. Lonroth, I. Naslund, T. Olbers,
K. Stenlof, J. Torgerson, G. Agren, L. M. S. Carlsson and Swedish
Obese Subjects Study. Effects of bariatric surgery on mortality
in Swedish obese subjects. New England Journal of Medicine,
vol. 357, no. 8, pp. 741-752, 2007.

Prospective Studies Collaboration, G. Whitlock, S. Lewington, P
Sherliker, R. Clarke, J. Emberson, J. Halsey, N. Qizilbash, R. Collins
and R. Peto. Body-mass index and cause-specific mortality in
900 000 adults: Collaborative analyses of 57 prospective studies.
The Lancet, vol. 373, no. 9669, pp. 1083-1096, 2009.

K. R. Fontaine, D. T. Redden, C. Wang, A. O. Westfall and D.B.
Allison. Years of life lost due to obesity. JAMA, vol. 289, no. 2,
pp. 187-193, 2003.

J. L. Colquitt, K. Pickett, E. Loveman and G. K. Frampton. Surgery
for weight loss in adults. Cochrane Database of Systematic Reviews,
vol. 2014, no. 8, pp. CD003641, 2014.

E. J. DeMaria. Bariatric surgery for morbid obesity. New England
Journal of Medicine, vol. 356, no. 21, pp. 2176-2183, 2007.

H. Buchwald. The evolution of metabolic/bariatric surgery.
Obesity Surgery, vol. 24, no. 8, pp. 1126-1135, 2014.

J. E. Varela and N. T. Nguyen. Laparoscopic sleeve gastrectomy
leads the US utilization of bariatric surgery at academic medical
centers. Surgery Obesity and Related Diseases, vol. 11, no. 5,
pp. 987-990, 2015.

G. A. Decker, J. M. Swain, M. D. Crowell and J. S. Scolapio.
Gastrointestinal and nutritional complications after bariatric
surgery. The American Journal of Gastroenterology, vol. 102,
no. 11, pp. 2571-2580, 2007.

N. Steenackers, I. Gesquiere and C. Matthys. The relevance
of dietary protein after bariatric surgery: What do we know?
Current Opinion in Clinical Nutrition and Metabolic Care, vol. 21,
no. 1, pp. 58-63, 2018.

E. Aigner, A. Feldman and C. Datz. Obesity as an emerging risk
factor for iron deficiency. Nutrients, vol. 6, no. 9, pp. 3587-3600,
2014.

M. M. Hood, J. Corsica, L. Bradley, R. Wilson, D. A. Chirinos and
A. Vivo. Managing severe obesity: Understanding and improving
treatment adherence in bariatric surgery. Journal of Behavioral

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Medicine, vol. 39, no. 6, pp. 1092-1103, 2016.

J. Melissas, A. J. Torres, Y. I. Yashkov, L. A. Lemmens and
R. A. Weiner. International federation for surgical obesity (IFSO)
center of excellence program for bariatric surgery. In: S. Agrawal,
(eds). Obesity, Bariatric and Metabolic Surgery. 1% ed. Springer,
Heidelberg, pp. 575-580, 2016.

A. A. Saber, M. M. Bashah and S. Zarabi. Metabolic and
bariatric surgery accreditation and quality improvement
program (MBSAQIP) by American society for metabolic and
bariatric surgery (ASMBS) and American college of surgery
(ACS). In: S. Agrawal, (eds). Obesity, Bariatric and Metabolic
Surgery. 1% ed. Springer International Publishing, Heidelberg,
pp. 581-584, 2016.

J. C. Peacock, C. E. Schmidt and K. Barry. A qualitative analysis
of post-operative nutritional barriers and useful dietary services
reported by bariatric surgical patients. Obesity Surgery, vol. 26,
no. 10, pp. 2331-2339, 2016.

A. Al-Mutawa, S. Al-Sabah, A. K. Anderson and M. Al-Mutawa.
Evaluation of nutritional status post laparoscopic sleeve
gastrectomy-5-year outcomes. Obesity Surgery, vol. 28, no. 6,
pp. 1473-1483, 2018.

J. D. Cook and C. A. Finch. Assessing iron status of a population.
The American Journal of Clinical Nutrition, vol. 32, no. 10,
pp. 2115-2119, 1979.

L. R. Zacharski, D. L. Ornstein, S. Woloshin and L. M. Schwartz.
Association of age, sex, and race with body iron stores in adults:
Analysis of NHANES III data. American Heart Journal, vol. 140,
no. 1, pp. 98-104, 2000.

H. E Bunn. Approach to the anemias. In: L. Goldman and
A. 1. Schafer, (eds). Goldman-Cecil Medicine. 25" ed. Elsevier
Saunders, Philadelphia, PA, p. 158, 2016.

J. I. Mechanick, A. Youdim, D. B. Jones, W. T. Garvey, D. L. Hurley,
M. M. McMahon, L. J. Heinberg, R. Kushner, T. D. Adams,
S. Shikora, J. B. Dixon, S. Brethauer and American Association of
Clinical Endocrinologists; Obesity Society; American Society for
Metabolic and Bariatric Surgery. Clinical practice guidelines for
the perioperative nutritional, metabolic, and nonsurgical support
of the bariatric surgery patient-2013 update: Cosponsored by
American association of clinical endocrinologists, the obesity
society, and American society for metabolic and bariatric surgery.
Endocrine Practice, vol. 19, no. 2, pp. 337-372, 2013.

S. Sherf-Dagan, A. Goldenshluger, I. Globus, C. Schweiger,
Y. Kessler, S. G. Kowen, T. Ben-Porat and T. Sinai. Nutritional
recommendations for adult bariatric surgery patients: Clinical
practice. Advances in Nutrition, vol. 8, no. 2, pp. 382-394, 2017.
R. Endevelt, O. Ben-Assuli, E. Klain and S. Zelber-Sagi. The role
of dietician follow-up in the success of bariatric surgery. Surgery
for Obesity and Related Diseases, vol. 9, no. 6, pp. 963-968, 2013.
P Shankar, M. Boylan and K. Sriram. Micronutrient deficiencies
after bariatric surgery. Nutrition, vol. 26, no. 11-12, pp. 1031-
1037, 2010.

J. Harper, A. K. Madan, C. A. Ternovits and D. S. Tichansky. What
happens to patients who do not follow-up after bariatric surgery?
The American Surgeon, vol. 73, no. 2, pp. 181-184, 2007.

W. Jr. Salgado, C. Modotti, C. B. Nonino and R. Ceneviva. Anemia
and iron deficiency before and after bariatric surgery. Surgery for
Obesity and Related Diseases, vol. 10, no. 1, pp. 49-54, 2014.

J. Santos, P Salgado, C. Santos, P Mendes, J. Saavedra, P
Baldaque, L. Monteiro and E. Costa. Effect of bariatric surgery
on weight loss, inflammation, iron metabolism, and lipid profile.
Scandinavian Journal of Surgery, vol. 103, no. 1, pp. 21-25, 2014.
National Institute of Health: Office of Dietary Supplements. Iron:
Fact Sheet for Consumers. 2022. Available from: https://www.
ods.od.nih.gov/factsheets/iron-healthprofessional/#change
[Last accessed on 2022 Jul 29].

M. Rugz, E Carrasco, P Rojas, J. Codoceo, J. Inostroza, K. Basfi-Fer,
A. Valencia, A. Csendes, K. Papapietro, E Pizarro, M. Valencia,

159

http://journals.cihanuniversity.edu.iq/index.php/cuesj

CUESJ 2022, 6 (2): 153-160



Zebari, et al.: Iron Assessment after Laparoscopic Sleeve Gastrectomy

33.

34.

35.

J. L. Westcott, K. M. Hambidge and N. E Krebs. Heme-and
nonheme-iron absorption and iron status 12 mo after sleeve
gastrectomy and roux-en-y gastric bypass in morbidly obese
women. The American Journal of Clinical Nutrition, vol. 96, no. 4,
pp. 810-817, 2012.

M. Coupaye, K. Puchaux, C. Bogard, S. Msika, P Jouet, C. Clerici,
E. Larger and S. Ledoux. Nutritional consequences of adjustable
gastric banding and gastric bypass: A 1-year prospective study.
Obesity Surgery. Vol. 19, no. 1, pp. 56-65, 2009.

K. K. Mahawar, W. R. J. Carr, N. Jennings, S. Balupuri and
P K. Small. Simultaneous sleeve gastrectomy and hiatus hernia
repair: A systematic review. Obesity surgery, vol. 25, no. 1,
pp. 159-166. 2015.

0. Jamil, R. Gonzalez-Heredia, P Quadri, C. Hassan, M. Masrur, R.

36.

37.

38.

Berger, K. Bernstein and L. Sanchez-Johnsen. Micronutrient
deficiencies in laparoscopic sleeve gastrectomy. Nutrients, vol. 12,
no. 9, pp. 2896, 2020.

T. Diamantis, K. G. Apostolou, A. Alexandrou, J. Griniatsos,
E. Felekouras and C. Tsigris. Review of long-term weight loss
results after laparoscopic sleeve gastrectomy. Surgery for Obesity
and Related Diseases, vol. 10, no. 1, pp. 177-183, 2014.

B. Lowry, K. Hardy and A. Vergis. Iron deficiency in bariatric
surgery patients: A single-center experience over 5 years.
Canadian Journal of Surgery, vol. 63, no. 4, pp. E365-E369, 2020.
J. L. Roberts and A. D. Stein. The impact of nutritional
interventions beyond the first 2 years of life on linear growth:
A systematic review and meta-analysis. Advances in Nutrition,
vol. 8, no. 2, pp. 323-336, 2017.

160

http://journals.cihanuniversity.edu.iq/index.php/cuesj

CUESJ 2022, 6 (2): 153-160



