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Abstract
It is estimated in Western industrialized countries that inflammatory bowel 
disease (IBD) has a prevalence of 1 for every 200 inhabitants. In the past, the fat 
mass disproportionate increase in relation to the fat-free mass was considered 
uncommon in patients with IBD, due to the observation of the disease being more 
common with weight loss and malnutrition. However, more in-depth investig-
ations demonstrate that the fat/lean mass disproportion stands out both in 
prevalence in patients with new diagnoses of ulcerative colitis or Crohn's disease 
as well as a factor of poor prognosis to the natural evolution of the disease or to 
the therapeutic response. Another important aspect associated with obesity in IBD 
is the increased risk of drug clearance [including anti-tumor necrosis factor (TNF) 
and anti-integrin agents], resulting in short half-life and low trough drug concen-
trations, since the levels of TNF secreted by adipocytes sequester anti-TNF agents, 
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which could result in suboptimal response to biologics. In view of these charac-
teristic aspects of the inflammatory process of IBD, the identification of cellular 
functioning is necessary, which can be associated with the staging of the 
underlying disease, biochemical parameters, and body composition, helping as an 
indicator for a more accurate clinical and nutritional conduct.

Key Words: Inflammatory bowel disease; Crohn's disease; Ulcerative colitis; Phase angle; 
Cellularity; Bioelectrical impedance

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Inflammatory bowel disease (IBD) patients have a severe inflammatory 
process that negatively reflects their absorption of vitamins and minerals, resulting in 
poor nutritional status. Even though it has already been described that these patients 
need a greater supply of calories and proteins, how will we know if the cells of this 
patient will be able to metabolize and absorb these nutrients to avoid worsening their 
nutritional status by overfeeding? Having a tool that serves as a guide for cellular 
functionality and integrity, such as the phase angle through electrical bioimpedance, is 
of great relevance in the clinical and nutritional management of patients with IBD.

Citation: Fernandes SA, Rossoni C, Koch VW, Imbrizi M, Evangelista-Poderoso R, Pinto LP, 
Magro DO. Phase angle through electrical bioimpedance as a predictor of cellularity in 
inflammatory bowel disease. Artif Intell Gastroenterol 2021; 2(4): 111-123
URL: https://www.wjgnet.com/2644-3236/full/v2/i4/111.htm
DOI: https://dx.doi.org/10.35712/aig.v2.i4.111

INTRODUCTION
Inflammatory bowel diseases (IBD) are systemic diseases that affect the gastro-
intestinal tract and can be subdivided into ulcerative colitis (UC) and Crohn’s disease 
(CD)[1,2]. UC is characterized by an inflammatory process of the mucosa, which 
originates in the rectum and can progress continuously to the other segments of the 
colon, and CD can directly affect the gastrointestinal tract in all its extension, 
continuous or discontinuous form (more prevalent), presenting a transmural inflam-
matory process and being characterized by abscesses or fistula formations between 
bowel loops or between intestines and other organs[1]. This persistent inflammatory 
process contributes significantly to the impairment of the patient nutritional status and 
consequently the clinical condition of malnutrition. What draws a lot of attention is 
that malnutrition in patients with IBD is in patients with IBD is more prevalent when 
compared with patients without IBD[3]. The volume loss and/or muscle functionality 
and/or physical performance is a key marker of malnutrition and/or sarcopenia, in 
addition the disproportionate relationship between fat mass and lean mass is 
considered a factor of poor prognosis of the disease or for the therapeutic response[4].

Important tools recommended for assessing nutritional status are software-based 
anthropometric analyzes, such as bioelectrical impedance analysis (BIA), computed 
tomography (CT), and dual X-ray absorptiometry (DEXA)[5]. However, the easiest 
method and access to clinical practice ends up being bioimpedance, but it is not 
indicated in cases of changes in body composition (BC), such as changes in body 
fluids. On the other hand, the BIA not only provides the composition distribution 
within the classic model of compartmentalization of the human body, that is, fat mass 
and lean mass, but also provides a parameter called phase angle (PA), which through 
a mathematical formula, using the values of resistance and reactance, being these 
parameters of evaluation of the vitality and the integrality of the cell. Values above 6 
indicate preserved cellular activity[6], in addition to being currently considered an 
important predictor of morbidity and mortality, taking into account inflammatory 
processes and nutritional status[4,7-9].

http://creativecommons.org/Licenses/by-nc/4.0/
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RELATED ASPECTS OF IBD WITH PA
IBD
These diseases had their first phase of acceleration of incidence in the middle of the 
19th century, a period in line with a change in life habits brought about by the 
Industrial Revolution. Subsequently, a new period of increased incidence occurred in 
the new industrialized countries, in the mid-20th century. Since the 2000s, it has been 
estimated that in Western industrialized countries, IBDs have a prevalence of 1 for 
every 200 inhabitants[10,11].

CD can directly affect the gastrointestinal tract in all its extension, and it is 
traditionally subdivided into phenotypes considering: (1) Non-penetrating, non-
stenosing inflammatory involvement; (2) Stenosing involvement, resulting from 
fibrosis; and (3) Penetrating disease, characterized by abscesses or fistula formations 
between bowel loops or intestines and other organs. The disease occurs in cycles of 
inflammatory outbreaks and may cause the progression of its structural data[1].

UC occurs through the inflammatory affection of the mucosa, starting in the rectum, 
being able to progress continuously to the other segments of the colon. As in CD, the 
exact pathogenesis of the disease is not completely clarified, but four factors are 
related: Genetic susceptibility, intestinal microbial flora, uncontrolled immune 
response, and external environmental factors[2].

There are several environmental factors related both to the genesis of the disease 
and to the exacerbation of the inflammatory condition, among them smoking, low 
consumption of vitamin D, use of non-steroidal anti-inflammatory drugs, use of 
antibiotics, depression and psychosocial stress, low dietary fiber consumption, and 
high dietary consumption of fats and proteins[1,10].

Eating habits have been changing over time and may have been a crucial factor in 
the higher prevalence of IBD in Europe and North America. The dynamic changes in 
the diet of industrialized countries may be related to the increased incidence of IBD in 
these countries. It is worth remembering that when highlighting the diet in the 
pathogenesis of these diseases, the interaction between diet, microbiome, and mucosal 
barrier integrity must be emphasized, which are interconnected factors. The 
breakdown of hemostasis between such components can increase the chances of 
developing the disease or controlling the disease in those patients already diagnosed
[12].

In 1988, Sonnenberg[13] published his pioneering study associating increased 
consumption of sugar and margarine with the highest incidence of CD in Europe. 
Since then, several other studies have corroborated that the high-fat diet is a risk factor 
for the development of IBD as well as for the disease control. It is important to 
highlight the differences between the types of fat and their impact on disease: The pro-
inflammatory potential of ω-6 polyunsaturated essential fatty acids, the association 
between long-chain triglycerides, and the stimulation of the proliferation of intestinal 
lymphocytes as well as the pro-inflammatory mediators and the action of the high-fat 
diet capable of reducing intestinal permeability and increasing serum levels of 
endotoxins[14].

In the past, the disproportionate increase in fat mass in relation to the fat-free mass 
(FFM) was considered uncommon in patients with IBD, due to the observation of the 
disease being more common with weight loss and malnutrition. However, more in-
depth investigations demonstrate that the fat/lean mass disproportion stands out both 
in prevalence in patients with new diagnoses of UC or CD, as well as a factor of poor 
prognosis to the natural evolution of the disease or to the therapeutic response[15].

It is important to highlight the pathogenic mechanism of IBD, as its aggression 
process significantly compromises the proper cellular functioning and, consequently, 
the individual's homeostasis.

The pathogenesis of IBD-CD and UC-remains unclear. We know that intestinal 
inflammation results from a dysregulation of the immune system in response to 
changes in the commensal intestinal microbiota (non-pathogenic). Genetic studies 
have shown that interactions between microbiota and host have a prominent role in 
the pathogenesis of IBD and involve genomic regions that regulate defense against 
microorganisms and intestinal inflammation[16].

Among the genetic findings, some of the most cited are involving nucleotide 
oligomerization domain 2, autophagy genes, and components of the interleukin route 
23 - helper T cell 17 (IL23/Th17), which regulate intestinal immune mechanisms[17].

The gut microbiota, in its role of modulating the intestinal inflammatory response, 
when altered by environmental factors such as diet, obesity, exposure to helminths, 
and the use of antibiotics, can lead to an increased risk of developing IBD. In patients 
with IBD, changes in the diversity and density of bacteria (and even viruses and 
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fungi), and in the functions of the bacteria present (oxidative stress, nutritional 
regulation) have been described[18-20]. It is still unclear what exactly are the microor-
ganisms involved, but recent studies show the importance of the phyla Firmicutes and 
Proteobacteria in the pathogenesis of IBD[19].

Other environmental factors such as geography (higher incidence in industrialized 
countries), diet high in fat and sugar and poor in fruits and vegetables, smoking, 
psychological stress, appendectomy, and medications also alter the risk for IBD[21].

Immune dysregulation in IBDs is characterized by epithelial damage (abnormal 
mucus production and inadequate cell repair), inflammatory increase via microbiota, 
and cell infiltration in the lamina propria, including T cells, B cells, macrophages, 
dendritic cells, and neutrophils, causing a failure immune regulation in the face of the 
inflammatory process. The cells activated in the lamina propria produce high levels of 
pro-inflammatory cytokines such as tumor necrosis factor (TNF)-α, interleukin (IL)-1-β, 
interferon-gamma, and IL23/Th17[21].

The immune system is divided into innate immunity and adaptive immunity. 
Innate immunity includes the function of the epithelial barrier of the intestinal mucosa, 
antibacterial proteins, pH of the stomach limiting microbial growth, innate immunity 
cells such as neutrophils, macrophages, dendritic cells, and natural killer T cells, in 
addition to cytokines and innate molecules (IL-1, TNF, denfensins). Adaptive 
immunity is pathogen-specific and usually initiated in circumstances in which innate 
immunity is not effective in isolation from the pathogen's aggression. After exposure 
to the pathogen, it usually takes several days to activate finally the adaptive immune 
response, including T and B cells. The microbiome's immune response is regulated in 
response to the aggressor's action, and it is this regulation that determines the immune 
protection of the microbiota or exacerbated inflammatory response with significant 
cellular damage. This regulatory compromise of immune action causes IBD[21].

By understanding the inflammatory routes involved in IBD, we can analyze some of 
the most used drugs for its treatment. The first to be used were corticosteroids, which 
manage to induce remission in most cases but have important adverse effects in the 
long term[22], not being indicated for the period of maintenance and control of the 
disease. Drugs such as azathioprine and methotrexate are also indicated for their 
immunosuppressive effects, including in combination with anti-TNF drugs[23-26]. 
Anti-TNF (infliximab, adalimumab, certolizumab), anti-interleukin 12/23 (uste-
kinumab), and anti-integrin (vedolizumab) present more complex actions on immuno-
logical routes according to their degree of cell selectivity, which is directly related to 
the profile medication safety[26-29].

As previously stated, the inflammatory process of IBD and the effective immune 
response to this inflammation have a direct connection with the patient's food intake 
as well as his nutritional status[21].

Nutritional status in IBD
Patients with UC and CD may be affected by malnutrition (6% and 22%)[3,30,31], but 
the prevalence is greater in CD, given its capacity to affect one or more parts of the 
gastrointestinal tract, reducing the absorption of macro and micronutrients[4]. Lack of 
treatment response, fistulizing and stenotic phenotypes, and previous bowel resections 
in CD are typical aspects of patients with higher risk of malnutrition[30].

Malnutrition in IBD is five times higher when compared with non-IBD patients[3]. 
According to the European Crohn's and Colitis Organization, IBD subjects should be 
routinely screened for malnutrition. Body mass index (BMI) and involuntary weight 
change should be assessed[30].

There are significant differences in nutritional status in IBD. CD patients remain 
malnourished for longer periods, with higher protein-energy malnutrition[5] and 
impaired absorption of micronutrients. On the other hand, UC patients have more 
protein-energy malnutrition during disease activity or hospitalization[30,32-34].

Symptoms that cause weight loss with depletion of body fat deposit, muscle mass, 
and fluid loss are diarrhea, high-output fistulas, decreased appetite, and restrictive 
diets often imposed in structuring disease during a flare[3,4,30,34]. Patients with active 
disease commonly have nausea, vomiting, abdominal pain, anorexia due to inflam-
mation, and medication6. Inflammatory response mediated by pro-inflammatory 
cytokines such as TNF and IL-1 and 6, increasing energy expenditure, and anorex-
igenic hormones contribute to undernutrition[7]. Active inflammation leads to chronic 
anemia and protein loss within the intestinal lumen[34].

Chronic bowel inflammation or intestinal surgery may accelerate the intestinal 
transit resulting in increased stool volume and diarrhea, as well as the loss of epithelial 
integrity and small intestine bacterial overgrowth. Increased motility can cause 
malabsorption, altered BC, and micronutrient deficiencies[6,9]. CD patients with ileal 
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involvement frequently have reduced nutrient absorption, mainly vitamins C, B12, D, 
K, folate, and magnesium[30,33].

Micronutrient deficiency in IBD is often associated with disease complications2,4 as 
well as the use of certain medications. Glucocorticoids can reduce calcium, zinc, 
vitamin D, and phosphorus contributing to osteoporosis. Methotrexate and sulfas-
alazine therapies, used for long periods, might impair the absorption of folic acid 
causing anemia[32,34].

Malnutrition in patients with IBD should be treated adequately because it worsens 
prognosis, increases complication rates and mortality, and decreases quality of life[4]. 
Micronutrient deficiency should be corrected and is best achieved by a multidiscip-
linary team[2]. There is low staff awareness on the role of nutrition in patient care, and 
this can be the main barrier for nutrition recognition and optimization[30,35].

While in Europe and Asia CD patients usually gave have a lower BMI ≤ 18.5 kg/m2, 
in the United States, obesity (BMI ≥ 30.0 kg/m2) is more common in IBD patients, 
probably associated with local dietary habits[30]. The prevalence of obesity in IBD is 
15%-40%, and an additional 20%-40% are overweight[31,36]. An important feature in 
obese patients with CD is the loss of lean mass4 and sarcopenia (low muscle strength 
combined with low muscle mass or quality)[30,33,34].

Disproportional accumulation of visceral fat (VF) can be observed in CD patients[34,
37,38] regardless of nutritional status and may be associated with the maintenance of 
disease activity due to an overexpression of pro-inflammatory adipokines[31] and 
increased levels of lipopolysaccharides (LPS). Serum levels of LPS were correlated 
with the severity of the disease and were observed an increase 6-fold and 2-fold in 
activity CD and remission CD, respectively, when compared to controls[39].

The ratio of VF/BMI (expressed in grams of fat per BMI) was increased both in 
malnourished and obese CD patients when compared to controls, indicating the 
possible presence of an adiposopathy by a higher VF tissue volume[30]. The degree of 
VF may be caused by several factors, including corticosteroid use, prior abdominal 
surgery, structuring disease or penetrating complications, and CD activity[40].

Another important aspect associated with obesity in IBD is the increased risk of 
drug clearance (including anti-TNF and anti-integrin agents), resulting in short half-
life and low trough drug concentrations since the levels of TNF secreted by adipocytes 
sequester anti-TNF agents, which could result in suboptimal response to biologics[7,
36].

The risk of complications, hospitalizations, and infections might be increased in 
obese patients with IBD, and nutritional therapy for obesity could be a potential 
adjunct therapeutic target in patients with IBD[36,37].

The type and distribution of abdominal fat were associated with complicated 
disease in patients with IBD[41]. The use of corticosteroids increases body fat and 
decreases lean mass. Loss of muscle mass can occur during IBD and has been 
associated with increased morbidity and risk of infectious complications[42].

A systematic review demonstrated that approximately one-third of CD patients 
have altered BC, with reduced BMI, FFM, and fatty mass when compared with 
controls, despite only 5% being underweight by BMI criteria[7]. Taken alone, BMI is 
inaccurate for assessing BC[8]. CD patients have lower lean mass when compared to 
UC. Body fat decreases with increasing disease severity and FFM decreases with 
longer duration of the disease in both CD and UC[43].

Muscle loss is a key marker of malnutrition or sarcopenia, although the ability to 
monitor accurately lean tissue in clinical is limited7. Important recommended tools to 
evaluate the nutritional status are software-based analysis anthropometries such as 
BIA, CT, and DEXA[5].

ELECTRICAL BIA
The compartmentalization of the human body, not only in the classic model usually 
used in clinical practice, in which it is evaluated only the BC in fat mass and FFM, but 
also the cellular analysis as proposed by Ellis[44], has been applied studied.

BIA provides us with data on the evaluated substrate in relation to its physical 
dimensions or changes in its conductive properties, where these properties may 
change due to changes in electrochemical processes, temperature, pH, hydration 
status, and viscosity of the fluid or biological tissue analyzed. With this information, it 
is feasible to monitor possible physiological changes in different living beings[45].

In different disease situations, the evaluation of the composition of the cellular 
structure and whether it has functioned has shown very important indexes in the 
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patient's prognosis, becoming an independent factor of mortality[46,47]
Compared to other methods of assessing BC with independent measurement by the 

observer, the BIA method is characterized by making a quick, non-invasive, low-cost, 
and portable measurement without presenting any risk to the patient[48]. Its electrical 
current is imperceptible, as it has a low amplitude (800 µA) and a high frequency (50 
kHz), enough to generate resistance to non-energy-conducting tissues and at the same 
time evaluate cell viability. In this body evaluation, there are two parameters of great 
importance: Body resistance (R) and reactance (Xc). R is the opposition offered by the 
body to the passage of electrical current, being inversely related to water and 
electrolytes contained in body tissues. Xc is the capacitance (viability) of the cell 
membrane properties, which may vary due to its integrity, function, and composition
[49].

Tissues of increased fluid and electrolytic composition such as cerebrospinal fluid, 
blood, muscles, are high electrical conductors. Fatty tissues, bones, and the air that fills 
some spaces in the body, such as the lungs, are highly resistant to electric current[50]. 
The conductivity of biological tissues is practically ionic, that is, the electrical charges 
are transferred by the ionization of salts, bases, and acids dissolved in the body fluid
[51]. Therefore, biological conductivity is directly proportional to the amount of body 
fluid volume. For this reason, in the patient who is in a state of hyperhydration, the 
value of lean mass is overestimated, with changes in the result of the body evaluation 
being one of the limitations of this method[50]

Bearing in mind that BIA is based on the theory of body symmetry, where the level 
of hydration and the percentage of fat are constant, when we are faced with different 
realities, with age group, ethnic group, body shape, or different clinical conditions, we 
do not have "universal" equations used in all situations, requiring another parameter 
as a reference point[52].

In view of these diversities, the clinically established bioimpedance parameter is the 
PA. The PA is calculated from the mathematical formula PA = tangent arc (Xc/R) x 
180, which considers R and Xc. In addition, the relationship of these components of the 
current results in a geometric graph, where the relationship of R and Xc will result in 
an angle then defined as PA (Figure 1)[53,54].

PA has gained popularity in recent years as it is a fast method, applicable in the 
clinic and that reflects cell vitality and integrality, where the higher values indicate 
preserved cell activity[6,53,55,56]. In healthy individuals, PA can vary between 6° and 
7°[53].

Because it is considered an important predictor of health status including inflam-
mation, malnutrition, and disease, low PA values are associated with apoptosis or 
alteration in the selective permeability of membranes, compromising their integrity 
and metabolic functions[4,7-9]. High PA indicates intact cell membranes and high 
body cell mass, showing a good relationship also with the skeletal muscle structure 
preserved in its volume and/or functionality. Thus, PA can be one of the markers for 
monitoring nutritional status[9].

There are still few published studies regarding the use of PA and assessment of 
nutritional status in IBD[3,8].

Emerenziani et al[34] evaluated the nutritional status and PA in CD patients who 
received conventional therapy and anti-TNF therapy and concluded that mean values 
of PA and FFM were significantly lower in patients under conventional therapy when 
compared with controls and patients with infliximab therapy. Mean PA value 
increased from 4.6 ± 0.3 to 6.2 ± 0.4 (P < 0.05), after the induction therapy with 
infliximab (12 ± 2 wk)[7]. Conversely, another study that also assessed the impact of 
biological therapy on BC of patients with CD did not observed difference between the 
PA values after 6 mo of infliximab therapy (6.2 vs 6.8; P = 0.94)[42].

Back et al[57] compared BC in patients with CD and UC and found that patients 
with CD have more impaired nutritional status when compared to patients with UC 
(PA 6.46 ± 0.76 and 6.83 ± 0.080; P = 0.006)[3]. In another UC study, with 59 patients in 
clinical remission (94.9%), the PA had a negative correlation with inflammatory 
markers, C-reactive protein (CRP) (r = 0.59; P < 0.001), and erythrocyte sedimentation 
rate (r = 0.46; P < 0.001) and positive correlation with lean mass[58].

Mentella et al[38] investigated the association of disease activity, BMI, and PA with 
vitamin D deficiency in patients with IBD and reported a negative association between 
BMI and vitamin D serum levels in both CD and UC patients (P < 0.01), and PA was 
associated to hypovitaminosis D in both groups (CD: Odds ratio = 0.64, P < 0.05; UC: 
Odds ratio = 0.49, P < 0.01).

Recently, Cioffi et al[8] showed that BIA-derived PA is a valid indicator of 
nutritional status in CD patients, the values decrease with increasing disease activity, 
and PA was slightly better in patients receiving biologic therapy (infliximab).
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Figure 1 The relation of body resistance and reactance that results in a geometric graph indicating the angulation of the electric current 
according to the cellular structure. Adapted Kyle et al[50]. R: Body resistance; Xc: Reactance.

PA might be considered a valid tool to assess nutritional status in IBD patients, as 
supported by nutritional biomarker evaluation[8] or as a complement of the other 
nutrition assessment methods. Its measurement in isolation may not be sensitive 
enough to capture all factors that can influence nutritional status[9].

It is possible to associate laboratory parameters with PA so that their values show 
greater reliability to the actual clinical condition of the patient with IBD. When 
analyzing the association between PA and biochemical parameters, previous studies 
have shown that hemoglobin was lower in patients with CD with active disease, 
compared to those in remission. Albumin, CRP, and total protein did not differ 
between groups with active and remission CD and, interestingly, all serum protein 
parameters, such as albumin, pre-albumin, and total protein, were directly correlated 
to PA. However, fibrinogen and CRP were inversely associated[8].

The cellular nutrition for its preservation of functionality and structure is very 
important for a good response to treatment of IBD, including the surgical approach in 
the pre, peri, and post-operative period[4,8,42].

IBD, nutrition in surgery 
The clinical intractability of IBDs is one of the main factors for surgical indication 
(Figure 2)[59,30]. People with CD may need at least one surgery throughout their lives, 
that is about 80% to 90%, of which 50% will need the second surgery and 25% a third 
surgery. Patients with CD and UC will undergo one or more surgical procedures 
during their lifetime, 47% and 16%, respectively[61-64].

In CD, the location of the disease (ileal, colonic, ileocolic), the severity of symptoms 
(disease activity), the history of previous surgeries, the presence of very complex 
diseases, and the nutritional status are conditioning factors in the definition of the 
surgical procedure (colectomy total proctocolectomy, total recto colectomy). A weight 
loss of ≥ 15% in 3 mo and hypoalbuminemia (< 2.5 g/dL) are risk factors for surgical 
complications, which can be increased in patients who received biological therapy 
preoperatively[30,64-66].

Some data related to nutritional aspects are noteworthy when considering surgical 
intervention. At an outpatient level, the nutritional deficit of patients with CD is 
between 50% and 60% and in UC between 50% and 60%[64]. This malnutrition 
condition increases, when hospitalized, that is, about 80% to 90% and 60% to 70% of 
CD and UC, respectively. Considering this scenario, nutritional screening for the 
identification of patients at risk should be performed routinely, since it is an indication 
of the need for early nutritional intervention. The following tools are recommended: 
Perioperative nutrition screen score or nutritional risk screening 2002[30], associated 
with the analysis of the percentage of weight loss, biochemistry, food intake, and BC, 
since these changes are directly related to postoperative[30,67,68] complications, due 
to nutritional deficit and immunological[68].

With the advances of studies that seek to evaluate changes in BC and their impact 
on IBD, the presence of sarcopenia stands out. Ryan et al[69] demonstrated that 52% of 
patients with CD and 37% with UC had sarcopenia. The impact of changes in BC in 
IBD promotes undesirable consequences such as bone demineralization (osteopenia 
and osteoporosis), inadequate response to therapy, impaired surgical response, and 
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Figure 2 Factors of indication for surgery in inflammatory bowel diseases. Adapted from Rubin et al[59].

poor quality of life[69-71]. In addition to these, Erős et al[72], identified sarcopenia, 
through meta-analysis, as an independent predictor of surgical complications. These 
showed reduced fat and reduced body fat mass, according to the increase in the 
severity and duration of IBD, respectively.

Fiorindi et al[73] conducted an intervention study with 61 IBD patients (45 CD and 
16 UC) that sought to analyze the effect of long-term nutritional pre-rehabilitation on 
the postoperative result in elective surgery for IBD. In the initial assessment, muscle 
mass reduction was present in 28% of the cases and significantly associated with the 
presence of ileostomy and a previously performed IBD surgery. During the 
preoperative, intervention phase, there was an improvement in body weight, BMI, fat 
free mass, fat free mass index, and the PA[43].

Despite this, PA derived from electrical bioimpedance is a valid indicator of 
nutritional status in patients with CD, since its values decrease with the increase in 
disease activity, a clinical condition that is decisive in the decision of the surgical 
procedure in IBD. Thus, the assessment of BC should be recommended in clinical 
practice for the screening, monitoring, and determination of nutritional intervention, 
even in the preoperative period of patients with IBD[4,8,42,74].

This nutritional intervention when performed early, with the objective of nutritional 
rehabilitation in the preoperative of elective surgeries, ERAS Principles, demonstrates 
positive responses in the modulation of the BC of individuals with IBD. And so, it 
represents an important strategy to mitigate the response to surgical stress in lean 
tissue, even more evident in patients who are at high nutritional risk. Likewise, the use 
of early nutritional therapy in the postoperative period will provide a significantly 
reduced hospital stay and a faster recovery of intestinal function[8,30,63].

Still within the context of artificial intelligence and the improvement in the 
assessment of BC, proposals for the use of raw BIA measures can be an interesting 
alternative for populations where the use of regression formulas does not apply. In 
addition to using the isolated PA as a prognostic marker, R and Xc have been used 
graphically in a method called the electrical bioimpedance vector (BIVA)[75].

This method consists of the direct analysis of the R and Xc vectors, where their 
clinical applicability depends on a healthy reference population for comparison. The 
measurements must be adjusted by the height (H) of each individual and recorded in a 
Cartesian plane where the horizontal axis represents the standardized resistance for 
the height (R/H) and the vertical axis represents the reactance standardized by the 
height (Xc/H). Ellipses of tolerance of 50%, 75%, and 95% (or Z score), of the reference 
population, are drawn from a centralized mean vector[76,77].

The vector of the studied population will be compared with that of the reference 
population, determining within which Z score range it is for hydration information, 
cell body mass, and cell integrity[77].

From validation studies with different populations and diseases, the position of the 
vector on the graph brought clinical significance to the method. Not only as a classi-
fication of a single measure, the method also allows the monitoring and change of BC 
status[78].
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Figure 3 Graphic representation of electrical bioimpedance vector by quadrants and ellipses, according to body conditions[79]. Fernandes 
SA, Leonhardt LR, da Silva DM, Alves FD, Marroni CA. Bioelectrical impedance vector analysis evaluates cellularity and hydration in cirrhotic patients. World J 
Hepatol 2020; 12: 1276-1288. Copyright ©The Author(s) 2020. Published by Baishideng Publishing Group Inc.

The upward or downward displacement of vectors parallel to the largest axis of the 
ellipse indicates a progressive change in tissue hydration (dehydration towards the 
upper pole; hyperhydration with apparent edema towards the lower pole). Vectors 
migrating parallel to the smallest axis, above on the left, indicate more cell mass and, 
below on the right, indicate less body cell mass (Figure 3)[79].

When changes in nutritional status and hydration occur simultaneously, the vectors 
migrate in the two main directions. In the context of IBD, to date, there are no studies 
using the BIVA to study the degrees of hydration and cellularity of these pediatric or 
adult patients.

CONCLUSION
Assessing the individual's cellular condition has shown to be a watershed in the 
therapeutic planning of patients, whether in the clinical and/or nutritional approach. 
Given this knowledge, the PA is shown to be a very important parameter in this 
context of cellularity, because in addition to informing the integrality and cellular 
functionality, it is a method independent of the observer. In different populations, the 
PA is an independent marker of mortality and is indicated as a parameter for 
monitoring clinical and nutritional prognosis. We show in this bibliographic review 
that there are some studies on IBD and PA and their importance in the management of 
these patients, making the therapeutic approach more accurate and expanding a long-
term vision for the result of sustained remission of the disease. It should be noted that 
there are still few studies that address the PA and IBD and none using the BIVA 
method in this population, which indicates an area of research to be explored.
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