
Introduction 
Undernutrition is a major concern after gastric bypass, a 

procedure that offers a glimmer of hope to severely obese pa-
tients by improving their quality of life, promoting a better 
perception of their body image, as well as a significant reduc-
tion in the onset or predisposition of several comorbidities.1,2 

Bypass is considered to be a validated technique for sus-
tainable weight loss over time (from 1 to 5 years minimum) 
post-surgery in patients with a body mass index (BMI) equal 
to or greater than 35-40 kg/m2.3 It should be noted that this 
type of surgery is not really a miracle, as it targets a single 
organ (the stomach), inducing a combination of food restric-
tion and malabsorption.4 

The definition of undernutrition differs considerably be-
tween a standard adult and an adult who has undergone gastric 
bypass. In order to detect undernutrition in a standard adult 
patient, we assess the percentage of weight loss: greater than 
or equal to 10% over 6 months, or greater than or equal to 5% 
in 1 month.1 In the case of an adult post-bypass patient, un-
dernutrition is considered a serious nutritional complication 
that cannot be diagnosed in the immediate post-operative pe-
riod, as weight loss after surgery is obviously the goal of the 
procedure. Undernutrition will certainly develop if weight loss 
is greater than or equal to 10% in just 1 month or greater than 
or equal to 40-50% in 6 months.5 

As a result of this mechanism, which is based on this 
two-fold key principle, a number of physiological defects 
are often installed: lack of assimilation, some food intoler-
ances, more or less rapid depletion of protein-energy re-

Screening for undernutrition in gastric bypass: a case study of 
four patients in the Marrakech Tensift Al Haouz region, Morocco 
 
Hiba Belmoudden, Btihaj Al Ibrahmi, Abdellatif Bour 
 
Team of Nutritional Sciences, Food and Health, Laboratory of Biology and Health, Department of Biology, Faculty of Sciences, 
University Ibn Tofail, FSK-Kenitra, Morocco 
 
 
 
ABSTRACT 

Undernutrition presents a major risk to patients’ health and well-being following gastric bypass surgery. After undergoing 
this surgery, the nutritional status of three women and one man was examined in this study. Follow-up visits were used to 

measure weight, body composition, and biological and bio-
chemical data. After 3 months of follow-up after gastric by-
pass surgery, our findings revealed a reduction in muscle 
mass. The average loss of muscle mass was 4.375±1.470 kg. 
Their initial body mass index, which was 45.01 kg/m2, on 
average, dropped to 28.38 kg/m2. Significant drops were ob-
served in the mean levels of albumin and pre-albumin (al-
bumin: 38.6 g/L to 24.8 g/L, pre-albumin: 195 mg/L to 113 
mg/L). In our study, patients with micronutritional deficien-
cies and gastric bypass demonstrated a significant and adap-
tive reduction in daily caloric intake. Early identification of 
undernutrition makes it possible to assess its severity and, 
as part of the patient’s overall follow-up, to implement ap-
propriate nutritional management.

Correspondence: Btihaj AL Ibrahmi, Team of Nutritional Sci-
ences, Food and Health, Laboratory of Biology and Health, 
Department of Biology, Faculty of Sciences, University Ibn 
Tofail, FSK-Kenitra, Morocco. 
Tel.: +212.0696538430. 
E-mail: ibtihaje2178@gmail.com 
 
Key words: undernutrition, gastric bypass, nutritional assess-
ment, post-operative follow-up, Morocco. 
 
Contributions: HB, collection of data, analysis and interpreta-
tion of data; HB, BAL, drafting the article, revision; AB, re-
vision.. All the authors read and approved the final version to 
be published. 
 
Conflict of interest: the authors declare no potential conflict 
of interest.  
 
Ethics approval and consent to participate: all precautions ac-
cording to the Declaration of Helsinki were taken to protect 
the privacy and confidentiality of the personal information of 
those involved in the research. 
 
Informed consent: informed consent was obtained from the 
participants, who were properly informed of the objectives and 
methods. 
 
Funding: none.  
 
Availability of data and materials: data and materials are avail-
able from the corresponding author upon request.  
 
Received: 28 July 2024. 
Accepted: 29 July 2024. 
 
Publisher’s note: all claims expressed in this article are solely 
those of the authors and do not necessarily represent those of 
their affiliated organizations, or those of the publisher, the ed-
itors and the reviewers. Any product that may be evaluated in 
this article or claim that may be made by its manufacturer is 
not guaranteed or endorsed by the publisher. 
 
©Copyright: the Author(s), 2024 
Licensee PAGEPress, Italy 
Italian Journal of Medicine 2024; 18:1778 
doi:10.4081/itjm.2024.1778 
 
This work is licensed under a Creative Commons Attribution 
NonCommercial 4.0 License (CC BY-NC 4.0).

[page 266]                                               [Italian Journal of Medicine 2024; 18:1778]

Italian Journal of Medicine 2024; volume 18:1778

Non
-co

mmerc
ial

 us
e o

nly



serves, and micronutritional deficiencies.6,7 As a result, un-
dernutrition can gradually set in. It is therefore crucial to 
maintain strictly regular and constant monitoring to diagnose 
it as soon as it appears.8 

Most people who have undergone this surgery are at sig-
nificant risk of developing serious nutritional complications, 
such as muscle wasting and excessive weight loss, which af-
fect up to 40% of patients.9,10 These problems can compromise 
the recovery of the patient’s quality of life. Careful nutritional 
management is therefore essential to prevent these complica-
tions and ensure optimal recovery after surgery.11 

The aim of this study is to highlight the vital importance 
of early diagnosis and personalized management in minimiz-
ing risks and improving overall undernourished patient health 
outcomes in the medium and long term. 

 
 

Materials and Methods 
Study background and sample 

This study is part of a larger study of 2021 patients, con-
ducted over a 15-month period from January 2022 to March 
2023. The overall study population included individuals con-
sulted and interviewed at various study sites. Of these partic-
ipants, 1054 were identified as showing signs of 
undernutrition using our specific assessment methodology, 
including those diagnosed as post-bypass undernourished 
(n=4). 

 
Participants 

Four participants were selected for this study, including 
three women (aged 38, 45, and 50) and one man (aged 42), 
all of whom had undergone gastric bypass surgery. The in-
clusion criteria included an adult age range (18 to 65 years). 
They also had to have been regularly followed up as part of 
multidisciplinary post-operative management after their 
bariatric surgery. 

However, due to delays or missed appointments, they un-
derwent irregular follow-ups, which contributed to the devel-
opment of undernutrition, underlining the importance of 
regular nutritional follow-up, recommended at least once a 
month during the first post-intervention year. 

 
Anthropometric measurements  
and body composition 

Anthropometric measurements, such as weight, height, 
and BMI, were carried out using a precise mechanical col-
umn scale (SECA 756) for weight, with fine graduation for 
increased accuracy. Height measurements were taken using 
a measuring tape accurate to 0.1 cm. In addition, body 
analyses were carried out using an impedance meter (In-
body 570), enabling a detailed assessment of participants’ 
body composition, including fat mass, lean mass, visceral 
fat, extracellular and intracellular water, as well as other 
parameters relevant to assessing the percentage of weight 
loss after gastric bypass. These measurements were taken 
while the participants were dressed only in underwear, 
without shoes or socks, and without any metal or jewelry, 
to avoid any interference with the electrodes of the meas-
uring devices. 

Biochemical and biological analyses 
After gastric bypass, biochemical and biological analyses 

are of vital importance in detecting and preventing complica-
tions associated with undernutrition, exacerbated by malab-
sorption of essential nutrients. These tests include albumin, 
pre-albumin, C-reactive protein (CRP), vitamin D, B12, folic 
acid (vitamin B9), ferritin, and hemoglobin. It is essential to 
understand that none of these markers taken individually is 
sufficient to diagnose a state of undernutrition; a global as-
sessment, taking into account all these parameters, is neces-
sary to obtain a complete picture of the patient’s condition for 
optimal post-surgical management. 

Albumin, with normal values between 35 and 50 g/L, and 
pre-albumin, ideally between 200 and 400 mg/L, are essential 
markers of protein-energy malnutrition. In particular, albumin 
is a crucial long-term indicator of overall nutritional status, 
and its reduction indicates a drop in protein reserves and cer-
tainly chronic undernutrition. Similarly, a decrease in pre-al-
bumin, which has a shorter half-life than albumin, is 
indicative of recent nutrition, making it a potentially more ac-
curate marker for detecting acute undernutrition. 

CRP, which is used to assess post-surgical inflammation, 
can mask signs of undernutrition by giving the impression of 
improvement due to elevated inflammation. That is why it is 
essential to interpret elevated CRP levels with care in order 
to differentiate between an inflammation reaction and true un-
dernutrition. 

Vitamin levels also play a crucial role. Vitamin D defi-
ciency (normally between 30 and 100 ng/mL) can lead to 
bone fragility and immunosuppression, while vitamin B12 de-
ficiency (recommended between 200 and 900 pg/mL) can re-
sult in anemia and neurological disorders. Vitamin B9 
(normally between 3 and 17 ng/mg) is monitored to prevent 
undernutrition by maintaining adequate cellular metabolism. 

Regarding iron status, ferritin (normally between 30 and 
400 ng/mL) is assessed to detect martial deficiency, a potential 
source of iron-deficiency anemia and increased fatigue. A de-
crease in hemoglobin (typically 12-16 g/dL for women and 
13-18 g/dL for men) affects cognitive and physical function 
in post-gastric bypass patients. 

In parallel, detailed dietary data was collected using a 
food diary and photos of meals eaten, enabling assessments 
of appetite, eating habits, and quantities consumed. This in-
formation was essential for adjusting individual nutritional 
management and preventing undernutrition in post-gastric by-
pass participants. 

 
Ethical considerations 

All precautions according to the Declaration of Helsinki 
were taken to protect the privacy and confidentiality of the 
personal information of those involved in the research. In-
formed consent was obtained from the participants, who were 
properly informed of the objectives and methods. 

 
 

Results 
Post-operative undernutrition is a serious and often un-

derdiagnosed complication, similar to the case of our study, 
which involved four patients who developed deficiency signs 
and undernutrition post-gastric bypass, despite successful ini-
tial weight loss. 
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Changes in muscle mass and correlation  
with weight loss 

Changes in muscle mass and their correlation with weight 
loss are shown in Table 1. Our sample (n=4) showed a de-
crease in muscle mass after 3 months of post-gastric bypass 
follow-up. Muscle mass losses averaged 4.375±1.470 kg. 
Women (Patients 1, 2, and 3) lost between 2.6 kg and 4.9 kg 
of muscle mass, while the man (Patient 4) lost 6.7 kg. These 
differences reflect variations in body composition and indi-
vidual responses to surgery. 

The regression coefficient measures the correlation be-
tween total weight loss and loss of muscle mass. In this case, 
the coefficients range from -0.696 to 2.77. Patient 1 showed 
a moderate negative correlation between weight loss and loss 
of muscle mass (coefficient of -0.696), while Patient 4 showed 
a strong positive correlation (coefficient of 2.77), suggesting 
a different response in men versus women. 

 
Interactions between albumin, pre-albumin, 
weight loss and body mass index after gastric 
bypass 

A change in BMI over 3 months was marked (Table 2). 
On average, their initial BMI of 45.01 kg/m2 decreased to 
28.38 kg/m2, reflecting a substantial reduction in obesity. The 
male percentages of body weight loss and excess weight were 
36.5% and 83.25%, respectively, indicating an apparent effi-
cacy of treatment in reducing body weight (Table 3). 

However, despite these apparent improvements in 
BMI, mean albumin and pre-albumin levels showed sig-
nificant decreases (albumin: from 36.6 g/L to 24.8 g/L, pre-
albumin: from 195 mg/L to 113 mg/L) (Table 3), 
suggesting possible underlying nutritional insufficiency 
despite weight loss. 

Patient 4 as an example showed a marked decrease in 
BMI from 42.61 to 21.31 kg/m2, but with even lower al-
bumin and pre-albumin levels (albumin: from 38 g/L to 23 
g/L, pre-albumin: from 221 mg/L to 143 mg/L), highlight-
ing the complexity of the individual metabolic response to 
surgery. 

 
Analysis of post-gastric bypass caloric  
requirements and intakes 

Patients in our study showed a significant, adaptive re-
duction in daily caloric intake after gastric bypass. All ex-
ceeded the average post-surgical caloric intake reduction, 
potentially threatening undernutrition due to these consid-
erable dietary restrictions (Figure 1). 

Patient 1 reduced her intake by 1740 kcal/day, from 
2480 kcal/day to 740 kcal/day, thus exceeding the reference 
mean of 600<750<900 kcal/day used to assess post-bypass 
requirements.12 For Patient 2, intakes fell from 1860 
kcal/day to 860 kcal/day, a reduction of 1000 kcal/day, also 
above this average. The post-bypass caloric intake of Patient 
3 was also reduced, from 2800 kcal/day to 1000 kcal/day, a 
reduction of 1800 kcal/day (Figure 1). Lastly, Patient 4 re-
duced his intake by 2230 kcal/day, dropping drastically from 
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Table 1. Evolution of muscle mass and weight loss. 

Patients                          Muscle mass                        Muscle mass                          Lost kilos                         Regression 
                                      at 0 months(kg)                after 3 months (kg)                                                                coefficient 
Patient 1                                        19.3                                             16.7                                              31                                         -0.696 
Patient 2                                        23.8                                             20.5                                              44                                         -0.985 
Patient 3                                          29                                              24.1                                              48                                          0.153 
Patient 4                                        44.2                                             37.5                                              66                                           2.77 
If the coefficient is close to 0: a weak relationship; if it is close to 1: a strong relationship. 
 
 
Table 2. Evolution of body mass index and biological values. 

Patients                           Initial BMI                   BMI after 3 months           Initial albumin (g/L)     Albumin after 3 months 
Patient 1                                       43.27                                           32.79                                             38                                             28 
Patient 2                                       43.44                                           26.72                                             43                                             21 
Patient 3                                       51.73                                           34.72                                            35.5                                          26.8 
Patient 4                                       42.61                                           21.31                                             38                                             23 
BMI, body mass index. 
 
 
Table 3. Variations in biological values and weight loss. 

Patients                     Initial pre-albumin                  Pre-albumin                       % weight loss           % loss of excess weight 
                                             (mg/L)                           after 3 months                                  
Patient 1                                         184                                              128                                               24                                             57 
Patient 2                                         234                                              135                                               39                                             91 
Patient 3                                         195                                              113                                               33                                             64 
Patient 4                                         221                                              143                                               50                                            121
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3150 kcal/day to 920 kcal/day, demonstrating the strict man-
agement necessary to meet adjusted nutritional requirements 
after surgery and aligning with the reference average. 

 
Analysis of nutritional markers post-gastric 
bypass 

The results of nutritional markers for the four patients are 
shown in Figure 2. Ferritin, essential for iron storage, aver-
aged 11.65±2.25 ng/mL, below normal values, suggesting a 
predisposition to iron-deficiency anemia. Vitamin B12 levels 
show a mean of 172.725±16.54 pg/mL, while vitamin B9 
(folic acid) has a mean of 2.975±0.74 ng/mL, and vitamin D 
has a mean of 19.45±7.21 ng/mL, all showing deviations from 
reference values. 

 
Analysis of protein profiles before  
and after bypass 

The results of variations in protein levels before and 
after bypass are presented in Figure 3. Before the interven-
tion, protein levels varied between 10.7 kg and 13.4 kg. 
After surgery, protein levels decreased to 8.3-10.4 kg. Post-
operative protein requirements were calculated to be be-
tween 52.8 g/day and 78.4 g/day (Figure 3). Actual observed 
protein intakes were slightly lower than calculated require-
ments, ranging from 38.7 g/day to 53 g/day. When analyzing 
spontaneous post-bypass protein intakes, the mean was 
0.5025±0.1204 g/kg/day, while the mean protein require-
ments were 0.8±0.05 g/kg/day (Table 4). 

 
 

Discussion 
Our study had several main objectives: adequate and 

complete diagnosis to determine cases of undernutrition 
(n=2021), including patients who had developed post-bypass 
undernutrition (n=4) in just 3 months post-surgery. 

Regular clinical follow-up after bypass surgery is very 
important, indeed essential, to prevent undernutrition, and the 
results of our study (n=4) reinforce the hypothesis of non-as-
similation of macros and micronutrients leading to severe de-
ficiencies and to potential protein-energy malnutrition.13,14 
These four selected patients did not attend their appointments 
during the first 3 months post-operatively, and this lack of 
rigor prevented early detection, enabling any kind of person-
alized adjustment in terms of food intake and nutritional sup-
plementation. 

To properly identify undernutrition in our study popu-
lation, we calculated BMI before and after the bypass, as 
this indicator of weight health has its limitations, particularly 
in our case, with instances of undernutrition despite a high 
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Figure 1. Evolution of caloric needs and intake before and 
after bypass surgery.

Figure 2. Analysis of nutritional markers in post-gastric 
bypass.

Figure 3. Variations in protein levels before and after 
bypass.

Table 4. Spontaneous protein values and post-by-pass requirements. 

Patients                             Spontaneous protein intake post-bypass               Protein requirements post-bypass 
                                                                    (g/kg/day)                                                             (g/kg/day) 
Patient 1                                                                     0.55                                                                                   0.8 
Patient 2                                                                     0.42                                                                                   0.8 
Patient 3                                                                     0.39                                                                                   0.8 
Patient 4                                                                     0.65                                                                                   0.8
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BMI after 3 months. Thus, BMI can considerably mask un-
dernutrition; its reduction demonstrates a positive response 
to the intervention and not to nutritional status. Albumin and 
pre-albumin were also analyzed, demonstrating underlying 
protein-energy undernutrition in all patients. These results 
are similar to a study carried out in Spain in 2015,15 noting 
hypoprealbuminemia in 40% of patients in the study popu-
lation after 3 months. 

According to the results of our study, a decrease in body 
protein reserves was noted after 3 months of bypass, support-
ing undernutrition, especially as post-intervention protein re-
quirements were not met.16 Spontaneous intakes calculated in 
post-bypass patients (n=4) were 0.5025±0.1204 g/kg/day after 
3 months. This is similar to a study carried out in France in 
2020 in 21 morbidly obese patients,17 after 3 months from the 
bypass, reinforcing the hypothesis that protein intakes do not 
cover patients’ protein requirements.18 Calculated spontaneous 
protein intakes were 0.43±0.03 g/kg/day, a value similar to 
the results of our study as being very low compared with av-
erage protein requirements (0.8±0.05 g/kg/day). 

Our study revealed micronutritional deficiencies, follow-
ing short-circuiting of the small intestine and dietary restric-
tion.19 The elements most concerned are vitamin B12, vitamin 
B9, vitamin D, and ferritin.20,21 As a result, deficiencies rein-
force existing undernutrition. What we obtained after analyz-
ing these elements in our study population are low levels after 
3 months, similar to the results of a study carried out in the 
USA in 2013,22 a study carried out in Australia in 2020,23 and 
another carried out in Australia in 2023.24 These three studies 
confirm that bariatric surgery increases the risk of deficien-
cies,25 yet the four elements concerned are vitamin B12, vita-
min B9, vitamin D, and ferritin.26,27 

The study of our patient sample (n=4 out of n=2021) 
shows a growing concern about post-operative undernutrition. 
On average, they lost muscle mass after just 3 months, under-
lining the protein-energy degradation with reduced post-op-
erative caloric intake compared to calculated caloric 
requirements.28 This underscores the importance of dietary 
and nutritional follow-up in order to lose weight post-bypass 
without any deterioration in nutritional status or to limit 
macro- and micro-nutritional deficiencies. In addition, these 
claims were validated in a recent study carried out at the 
Cleveland Clinic in the Arab Emirates, aimed at assessing the 
value of regular dietary and nutritional follow-up and its ob-
vious positive effects on the health status of gastric bypass 
patients.29 

 

 
Conclusions 

Our study conducted in the Marrakech Tensift Al Haouz 
region revealed encouraging results regarding post-gastric by-
pass undernutrition, with a relatively low incidence among 
patients followed up. These findings underline the effective-
ness of the intensive follow-up protocols we implemented, 
despite the challenges posed by the inclusion of patients from 
a variety of healthcare institutions. In comparison with other 
studies, our results show significant variations that can be at-
tributed to distinct care management practices and demo-
graphic factors.  

Our observations corroborate the crucial importance of 
rigorous, personalized clinical follow-up to optimize long-
term clinical outcomes after bariatric surgery. This approach 

not only makes it possible to closely monitor patients’ nu-
tritional parameters but also to tailor nutritional management 
strategies to the specific needs of each individual. By 
strengthening our monitoring strategies and improving post-
gastric bypass nutritional management, we aim to reduce the 
risk of nutritional complications and improve patients’ over-
all quality of life. 
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