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Abstract: This study aimed to assess the relationship between malnutrition and anemia in patients
with ulcerative colitis (UC). The cross-sectional retrospective study included 80 patients with UC.
Body mass index and total body fat mass were derived retrospectively from bioimpedance measure-
ments. Anemia was diagnosed retrospectively according to WHO criteria. A binary logistic regression
was performed to study the relationship between nutritional status parameters and anemia, and ad-
justed for demographic and disease-associated characteristics. The prevalence of anemia in the study
population was 40.0%. Among all included patients, 86.3% had acute disease corresponding to S1-S3
disease behavior. In the adjusted binary logistic model, total serum protein level below 64 g/L and
low body fat percentage were associated with high odds for the of development of anemia, with odds
ratios of 5.1 (95% CI 1.5; 17.8; p = 0.01) and 8.5 (95% CI 1.1; 63.6; p = 0.037), respectively. The adjusted
model included sex, age, disease activity, extent of gut involvement, quantity of relapses from disease
onset, and treatment with immunosuppressive drugs as confounders. Hypoproteinemia and low
body fat percentage were associated with anemia in patients with UC. These results suggested that
undernutrition may be involved as one of the causative factors of anemia in UC.
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1. Introduction

Crohn’s disease and ulcerative colitis (UC), collectively known as inflammatory bowel
disease (IBD), are characterized by chronic inflammation of the intestinal wall and follow
a relapsing clinical course [1,2]. Anemia is the most frequent extraintestinal systemic
complication in patients with IBD [3,4]. The reported data on the prevalence of anemia in
these patients vary from 6% to 74% depending on the population studied [5]. A systematic
review of anemia prevalence in IBD patients in European countries showed an average of
27% and 21% in Crohn’s disease and UC, respectively [5]. Anemia has a serious negative
impact on quality of life and can lead to cognitive dysfunction and reduced exercise
capacity [6]. In severe cases, anemia is associated with extreme fatigue, dyspnea at rest,
and heart failure caused by volume overload [7]. Importantly, the presence of anemia
in patients with IBD can predict an increased risk for hospitalization and even increased
mortality [8].
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The mechanisms of anemia in IBD are diverse. The majority of studies indicate that
the leading type of anemia in IBD patients is iron deficiency anemia (IDA), affecting 36% to
90% of patients with Crohn’s disease [9]. The causes of true iron deficiency in IBD include
chronic blood loss, decreased iron intake, and reduced iron absorption due to drug side
effects or duodenal involvement [10,11]. The second most common form of anemia in
this patient cohort is anemia of chronic disease or anemia of inflammation (Al), driven by
elevated blood concentrations of proinflammatory cytokines causing hepcidin-mediated
iron sequestration in macrophages, inhibition of erythropoiesis in the bone marrow, sup-
pression of erythropoietin production, and enhanced erythrophagocytosis [12]. The unique
characteristic of anemia in IBD is that IDA and Al can coexist in a significant proportion of
patients, providing variable contribution to the net decrease in hemoglobin level. This poses
a diagnostic challenge because the main laboratory parameters, such as transferrin and
ferritin levels, are changed in IDA and Al in opposite directions. The situation is further
complicated by the presence of other reported causative factors for anemia in IBD pa-
tients, including impaired absorption of vitamin By, /folic acid, hemolysis, myelodysplastic
syndrome, and inhibition of erythropoiesis by immunosuppressive drugs [3].

Apart from anemia, undernutrition is a well-recognized extraintestinal systemic man-
ifestation of IBD. Undernutrition is currently diagnosed as a gastrointestinal disorder
according to one of the existing definitions [13,14]. The most recent international consen-
sus on undernutrition diagnosis (Global Leadership Initiative on Malnutrition, GLIM) is
based on phenotypic and etiologic criteria [15]. Phenotypic criteria include weight loss
(%) and low body mass index (BMI), while etiologic criteria include reduced food intake
(or assimilation) and the presence of inflammation. Reduced food intake, malabsorption,
and predominance of catabolic processes due to hypercytokinemia are key mechanisms
of undernutrition in IBD [16]. Historically, severe protein-energy malnutrition has been
considered an etiological factor for anemia [17]. Indeed, certain aspects of undernutrition,
such as accelerated catabolism, sarcopenia, and hypoproteinemia, could contribute to
anemia development by decreasing the availability of free amino acids for globin chain
synthesis in erythroid progenitor cells. To the best of the researchers” knowledge, the role
of undernutrition in the genesis of anemia in patients with IBD has not been previously
studied. Therefore, the relationship between undernutrition and anemia in patients with
UC was investigated in a cross-sectional retrospective study.

2. Materials and Methods
2.1. Study Design

A retrospective cross-sectional study was performed to evaluate the potential asso-
ciation between undernutrition and anemia in patients with UC admitted to the hospital
between January 2011 and August 2015. This retrospective study was reviewed and ap-
proved by the Local Ethics Committee at the Elizabeth’s Hospital, Saint Petersburg, Russian
Federation (protocol # 125a, dated 29 October 2020). The patients have been selected
consecutively out of the patients admitted to the hospital. The parameters included in the
analysis were extracted from the medical records of all participants.

2.2. Patients and Data Collection

Inclusion criteria were as follows: (1) age of >18 years; (2) diagnosis of UC based on
colonoscopy and histological assessment of biopsy specimens. Criteria of non-inclusion
were: (1) undifferentiated colitis; (2) presence of other diseases or conditions associated with
anemia except IBD. Demographic characteristics, disease behavior, gut involvement pattern,
use of immunosuppressive therapy, and laboratory parameters (hemoglobin concentration
and total serum protein level) were collected. Total body mass, BMI, and total body fat
mass were collected retrospectively from the bioimpedance measurements. Anemia was
diagnosed retrospectively by the World Health Organization criteria: hemoglobin level
<13 g/dL for men and <12 g/dL for women. Patients with a low body fat percentage were
identified using reference tables for adults [18].
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An initial review of the medical records identified 141 potentially eligible patients.
After verification of the necessary data, the final sample (1 = 80) for statistical analysis
was obtained (Figure 1). The main reasons for exclusion were lack of clinical data (n = 30),
unavailability of hematological/laboratory data (1 = 9), and lack of bioimpedance analysis
(n=22).

Initial sample
(n =141)

Cases excluded: no bioimpedance
analysis data (n = 22)

Cases excluded: lack of clinical data in

— the clinical records (1 = 30)
Cases excluded: no hematological
laboratory parameters data (1 = 9)
A2
Final sample
(n=80)

Figure 1. Flow chart of the patients assessed in the study.

2.3. Statistical Analysis

Continuous and categorical variables are expressed as medians with upper and lower
quartiles and numbers with percentages, respectively. Bivariate analyses were performed
using Pearson’s chi-squared test. The study outcome was anemia. Confounders were sex,
age, disease activity, extent of gut involvement, quantity of relapses from disease onset, and
treatment with immunosuppressive drugs. A binary logistic regression was used to study
the association between nutritional status parameters and anemia occurrence, adjusted for
demographic and disease-associated characteristics. The effects of each independent vari-
able on anemia were assessed, and variables were entered into the model using the forced
entry method. Crude and adjusted odds ratios (ORs) and corresponding 95% confidence
intervals (Cls) were reported. SPSS software (version 17.0; SPSS Inc., Chicago, IL, USA) was
used for statistical calculations. For all tests, a p-value of <0.05 was considered significant.

3. Results

A total of 80 patients with UC were included in the final analysis, and their baseline
clinical characteristics are shown in Table 1. The majority of patients were men (63.7%),
86.3% of the patients were admitted to the hospital with acute disease (S1-S3 disease
behavior), and only 13.8% were in the remission phase of UC (S0 disease behavior). Half
had pancolitis, while the others had left-sided colitis and proctitis. The prevalence of anemia
in the sample population was 40.0%, and its prevalence across nutritional, demographic,
disease-associated, and laboratory characteristics is presented in Table 2.

In the bivariate analysis results, there was a significant association between ane-
mia occurrence and total serum protein levels < 64 g/L (p = 0.009). The associations
between BMI < 18.5 kg/m?, low body fat percentage, and anemia in crude analysis were
non-significant.

The results of the binary logistic regression analysis are presented in Table 3. Two bi-
nary logistic models were used in this study. Model 1 included BMI-level binary variables
and total serum protein level binary variables as the main independent variables and others
as covariates. In Model 2, BMI was replaced by a fat mass level binary variable (low body
fat percentage).
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Table 1. Nutritional, demographic, disease-associated, and laboratory characteristics of the patients.

Variables n (%) Median (Q1; Q3)
All 80 (100.0)
Nutritional status
BMI, kg/m? 22.1 (19.6; 25.3)
<18.5 kg/m? 12 (15.0)
>18.5 kg/m? 68 (85.0)
Fat mass loss
Yes 8 (10.0)
No 72 (90.0)
Total serum protein, g/L 69 (64; 74)
<64 g/L 16 (20.0)
>64¢g/L 64 (80.0)
Hemoglobin, g/dL 129.5 (114.0; 145.0)
Anemia
Yes 32 (40.0)
No 48 (60.0)
Demographic characteristics
Gender
Male 51 (63.7)
Female 29 (36.3)
Age 34.5 (27.0; 50.8)

Disease-associated characteristics
Acute disease

Yes (S1-S3) 69 (86.3)
No (S0) 11 (13.8)
Extent of gut involvement
Proctitis and left-sided colitis 40 (50.0)
Pancolitis 40 (50.0)
Immunosuppressive therapy
Yes 20 (25.0)
No 60 (75.0)
Quantity of relapses from disease beginning 5(3;8)

Table 2. Prevalence of anemia stratified by nutritional, demographic, disease-associated, and labora-

tory data.
A i %
Patient Characteristics nemia, u (%) p Value
Yes No

All 32 (40.0) 48 (60.0)

BMI level 0.206
<18.5 kg/m? 7 (8.8) 5 (6.3)
>18.5 kg/m? 25 (31.3) 43 (53.8)

Fat mass losses 0.054
Yes 6 (7.5) 2 (2.5)
No 46 (57.5) 26 (32.5)

Total serum protein 0.009
<64 g/L 11 (13.8) 5(6.3)
>64g/L 21 (26.3) 43 (53.8)

Gender 0.255
Male 18 (22.5) 33 (41.3)

Female 14 (17.5) 15 (18.8)
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Table 2. Cont.

Anemia, n (%)

Patient Characteristics p Value
Yes No
Acute disease 0.511
Yes (51-S3) 29 (36.3) 40 (50.0)
No (S0) 8 (10.0) 3(3.8)
Extent of gut involvement 0.361
Proctitis and left-sided colitis 14 (17.5) 26 (32.5)
Pancolitis 18 (22.5) 22 (27.5)
Immunosuppressive therapy 0.598
Yes 11 (13.8) 9 (11.3)
No 23 (28.7) 37 (46.3)

Table 3. Association between anemia and nutritional, demographic, disease associated, and labora-

tory data.
Adjusted *
Patient Ch teristi Crude juste
atien aracteristics Model 1 Model 2
OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value
BMI level 0.168 0.259 - -
<18.5 l<g/m2 2.4(0.7;8.4) 2.2 (0.6; 8.5)
>18.5kg/ m? reference reference
Fat mass loss 0.050 - - 0.037
Yes 5.3 (0.1;28.2) 8.5 (1.1; 63.6)
No reference reference
Total serum protein 0.012 0.010 0.009
<64 g/L 45 (1.4;14.6) 5.1 (1.5;17.8) 5.6 (1.5;20.7)
>64¢g/L reference reference reference
Acute disease 0.360 0.269 0.153
Yes (S1-S3) 1.9 (0.5; 7.9) 2.6 (0.5; 14.1) 3.6 (0.6; 20.9)
No (S0) reference reference reference
Extent of gut involvement 0.362 0.601 0.730
Proctitis and left-sided colitis reference reference reference
Pancolitis 1.5 (0.6; 3.7) 1.3 (0.4; 4.0) 1.2 (0.4;4.5)
Immuno-suppressive therapy 0.599 0.697 0.744
Yes 1.3(0.5;3.7) 1.3 (0.4; 4.4) 1.2 (0.3; 4.5)
No reference reference reference

Note: * adjusted for age, disease activity, extent of gut involvement, immunosuppressive therapy, and quantity of
relapses from disease onset.

In Model 1, variation in anemia across the total serum protein background remained
at a significant level after adjustment for covariates. The variation in Model 2 across low
body fat percentage shifted from a non-significant to a significant level after adjustment for
covariates.

Model 2 fitted better than Model 1 (e.g., Nagelkerke R? was 0.238 vs. 0.182, respec-
tively), so patients with low body fat percentage had 8.5 times greater odds for belonging
to the patients with anemia compared to the patients with normal or increased body fat.
Those who had total serum protein level < 64 g/L had 5.6 times greater odds of being ane-
mic compared to their counterparts with normal protein concentration. The relationships
between hemoglobin concentration, total serum protein, and total body fat mass are shown
in Figure 2. A direct correlation between hemoglobin level and total serum protein level
was observed (¢ = 0.479, p < 0.001).
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Figure 2. The relationship between hemoglobin level (g/L) and total serum protein (g/L): (A) as well
as total body fat mass (kg); (B) in the sample of patients with ulcerative colitis (n = 80). The direct
correlation between hemoglobin level and total serum protein is observed (¢ = 0.479, p < 0.001).

4. Discussion

The main finding of the present study is the relationship between poor nutritional
status and anemia in patients with UC. The phenotypic undernutrition indicators associated
with anemia were decreased total serum protein and total body fat mass deficit. Based
on the available literature, the pathogenetic pathways connecting these two factors with
anemia were considered.

Hypoproteinemia in IBD may result from either systemic inflammation or decreased
absorption of amino acids in the gastrointestinal tract. The main mechanism of hypopro-
teinemia in inflammation is elevated blood concentrations of proinflammatory cytokines,
such as tumor necrosis factor-«, interleukin-1{, and interleukin-6 [19,20]. These cytokines
inhibit the biosynthesis of negative acute phase proteins such as albumin and transferrin in
hepatocytes, and increase the fractional catabolic rate of albumin. In addition, increased
leakage of albumin into the interstitial space due to increased microvascular permeability
occurs during acute phase or exacerbated chronic inflammation [21], which all result in hy-
poalbuminemia. Because many globulins are positive acute-phase proteins demonstrating
elevated levels during inflammation, it is hypothesized that hypoproteinemia was due to
hypoalbuminemia in the cohort of patients in this study. Therefore, if hypoalbuminemia
is regarded as a marker of inflammation intensity, it would be logical to anticipate that
patients with hypoalbuminemia will develop AI [12]. In this respect, it would be of interest
to correlate the levels of albumin with disease activity and the extent of colonic involve-
ment. The second potential cause of hypoproteinemia in the current patient sample is the
decreased rate of blood protein synthesis in hepatocytes due to decreased available amino
acids [22]. This can be attributed to a decreased protein intake, impaired digestion of dietary
protein, and decreased amino acid absorption. Lambert et al. [23] demonstrated normal
protein intake in patients with IBD. The decreased amino acid absorption rate secondary to
mucosal injury is a likely plausible explanation mainly in patients with Crohn’s disease,
because only 5% of dietary protein is absorbed in the colon. Nonetheless, decreased amino
acid absorption can contribute to hypoproteinemia in patients with UC because of systemic
hypercytokinemia effects on enterocyte apoptosis [24]. Irrespective of the exact mechanism,
if one considers hypoproteinemia as a phenotypic criterion of undernutrition, it will lead to
the appreciation of factors such as depletion of the free amino acid pool for globin synthesis
within maturing erythroid cells in the pathogenesis of anemia in IBD.

Low body fat percentage was the second nutritional parameter that demonstrated
a significant association with anemia in the adjusted binary logistic regression model.
Three principal mechanisms of decreased body fat mass in IBD have been described in the
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literature [25,26]. First, enterocellular malabsorption may be accompanied by impaired ab-
sorption and resynthesis of triglycerides due to mucosal injury by leukocyte infiltration [27],
enterocyte apoptosis [28], and loss of tight junctions between enterocytes [29]. Second, fat
deficit might be accounted for by decreased food intake due to decreased appetite and
postprandial abdominal pain [23]. In this case, the caloric requirements of the body are not
fully met, resulting in the partial utilization of endogenous substrates and triglycerides.
Third, hypercytokinemia is associated with increased catabolism of triglycerides and an
accelerated basal metabolic rate [30]. The changes in protein-related compartments were
not analyzed in the present study; however, it is known that approximately 42% of patients
with IBD develop sarcopenia, which persists during disease remission and is found in
patients with normal and even increased BMI [31,32]. The latter phenomenon, termed
sarcopenic obesity, may explain the lack of association between BMI and anemia in the
current study, as BMI in such patients cannot be considered a reliable criterion of under-
nutrition [33]. Meanwhile, sarcopenia might have demonstrated a strong association with
anemia, considering that the free amino acid pool for globin synthesis is derived from
muscle protein catabolism or intestinal absorption.

This research confirmed the association between anemia and fat tissue deficit. This
finding could be explained by existing data on the stimulatory effects of the adipose tissue-
derived hormone leptin on in vitro and in vivo erythropoiesis [34,35] in conjunction with
the well-established direct correlation between plasma leptin concentration and body fat
mass [36]. Thus, patients with body fat deficit might have relative leptin deficiency which
contributes to the development of complex anemia in this patient cohort.

The data obtained previously on cancer patients lend support to this view. In particular,
Maccio et al. [37] investigated 888 patients with solid cancer and showed that leptin
concentration, albumin level, and BMI were positively correlated with hemoglobin level.
However, the association between hemoglobin concentration and total body fat percentage
demonstrates a bell-shaped curve and seems to have a more complex pattern than direct
correlation. It is well established that the majority of patients with morbid obesity have
anemia, a mixture of IDA and Al according to its origin. Markedly elevated plasma leptin
stimulates hepcidin expression in hepatocytes, thereby causing sequestration of iron in
macrophages and decreasing iron absorption in the small intestine [38—40]. In conclusion,
the results obtained improved the understanding of anemia pathogenesis in IBD patients
and added two potentially new etiological factors: deficiency of amino acids for globin
synthesis and leptin deficiency-mediated decreased erythropoiesis.

The present study has several limitations. First, important parameters relevant to dis-
ease activity (e.g., C-reactive protein and proinflammatory cytokines) and iron metabolism
(transferrin, ferritin, hepcidin, etc.) were not presented and analyzed because of the study’s
retrospective design. Second, alterations in protein-related body compartments highly
relevant to the mechanisms of anemia were not analyzed because of the lack of data in the
records. Third, the number of patients with anemia in our cohort was relatively small (1 =
32). When performing statistical analysis and modeling, we relied on the total numbers
of patients in the sample rather than on the prevalence of parameters under study in the
cohort. Moreover, it was impossible to envisage the real prevalence of anemia, hypopro-
teinemia, etc. in the population studied at the moment of study initiation. According to
the generally held principles of logistic regression modeling, it is sufficient to have at least
10 observations per each studied independent variable. Fourth, the cross-sectional study
design provides only limited evidence for the causal role of undernutrition in anemia.
It should be noted, however, that the majority of analyzed factors with putative effects
on iron metabolism and/or erythropoiesis, such as age, sex, and disease behavior, have
already influenced the end-point at the time of hemoglobin measurement. This minimizes
the probability of dynamic changes, although UC severity may be both the cause and
consequence of malnutrition. Therefore, both patients with initial undernutrition and those
with undernutrition secondary to severe UC might have been included in the study. It
is presumed that such secondary interactions had minimal effect on the results of binary
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logistic regression modeling. Further studies will provide additional evidence of causality
for the relationship between undernutrition and anemia in IBD patients using such criteria
as “dose-response” effect, consistency of relationship, and experimental support.

5. Conclusions

Hypoproteinemia and low body fat percentage are associated with anemia in patients
with UC. These results suggest that undernutrition may be one of the causative factors
involved in the complex etiology of anemia in UC.
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