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SUMMARY. Background. The anemia and the undernutrition are frequent ulcerative colitis
(UC) complications, but the impact of undernutrition to anemia isn’t assessed from point of
view of practical approach. Our objective is to assess relationship between of the undernutri-

tion and the anemia in UC patients. Methods. The cross-sectional retrospective analysis
included data from medical records of 80 UC patients. Demographic characteristics,
disease behavior, gut involvement extension, immunosupressive therapy applying,
laboratory parameters (hemoglobin and total serum protein levels) were collected.
Body mass index (BMI) and fat mass were collected retrospectively from bioimped-
ance analysis data. Anemia was diagnosed retrospectively by WHO criteria: hemo-
globin level less than 13 g/dl for male and less than 12 g/dl for female. Substantial fat
mass loss was estimated by Tanita reference tables. A binary logistic regression was
performed to study the relationship between nutrition status parameters and anemia
occurrence adjusted for demographic and disease-associated characteristics. Results.
Prevalence of anemia in the sample was 40.0%. In adjusted binary logistic model total
serum protein level below 64 g/l and substantial fat mass loss were associated with
a high odds of anemia occurrence: OR 5.1 (95% CI 1.5; 17.8) and 8.5 (95% CI 1.1;
63.6) respectively. Adjusted model includes gender, age, disease activity, extent of
gut involvement, quantity of relapses from disease beginning and treatment with im-
munosuppressive medications as confounders. Conclusion. We assume undernutrition
is one of the causative agents of anemia in UC patients. Findings in the present study
could have significant implications for physicians caring for UC patients with anemia
and undernutrition.
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PE3IOME. Anemus u HCOOCTATOYHOCTh IMHUTAHUA ABJIAIOTCA YaCThIMU OCJIOKHCHUAMU SA3BCHHOI'O
KoJIuTa (HK), HO BJIMAHUC HEAOCTATOYHOCTHU IMUTAHWA HA Pa3BUTHC aHEMHU C HpaKTquCKOfI TOYKH
3pC€HUA HE OLICHUBAJIOCK. He_/lb uccnedo8anus — OLHCHUTH B3aUMOCBA3b MCXKIY HEAOCTATOYHOCTBIO

nuTaHus U aHeMuel y maruentoB ¢ K. Mamepuanet u memoowi. IIpoBeneHo nomnepedHoe pe-
TPOCHEKTUBHOE MCCIIEIOBaHUE, B KOTOPOE ObUIM BKIIOUEHBI JIaHHBIE U3 MEAUIMHCKUX KapT
80 manmenToB ¢ K. bpuin npoananu3upoBaHbl 1eMorpaguuecKkue XapaKTepUCTHKH MallieH-
TOB, 0COOEHHOCTH TEUEHMS 3a00JIeBaHMs, CTETICHb MOPAXKEHHS TOJICTON KUIIKH, TIPUMEHEHHUE
MMMYHOCYIIPECCUBHOM TEpaInu, JTJa0opaTopHbIe TIOKa3aTesv (ypOBHH TeMOTIOOMHA U 00IIIero
ceIBOpoTOuHOTrO Oenka). Crenenust o0 muaekce Maccol Tena (MMT) u macce KupoBoii Tka-
HU ObUTM cOOpaHbl PETPOCIIEKTUBHO HA OCHOBAHMU PE3YJbTATOB OMOMMIIEIAHCHOTO aHAIN3a
cocTaBa OpraHu3Ma MaleHTOB, KOTOPbI MPOBOIWIICS 32 BpeMsl UX MpeObIBaHUS B KJIMHUKE.
AHemus OblTa TMAarHOCTHUPOBAHA PETPOCIIEKTHBHO coriacHO kputepusim BO3: ypoBeHb re-
mMormoouHa menee 130 /i 1y Mmy>kunH u Meree 120 1/ 1yist JKeHIIMH. 3HaYUTeIbHasK ToTeps
Macchl Jkupa ObljIa OLIEHEeHa ¢ MOMOIIbI0 cripaBouHbIx Tabmuil Tanita. [{is onienku B3auMoc-
BSI3U MEX]Ty TTapaMeTpaMu COCTOSIHUS TUTAHUS U YACTOTON BO3HHUKHOBEHUSI aHEMHHU C yYETOM
neMorpadUIecKuX U CBSI3aHHBIX C 3a00JIEBAHMEM XapaKTEPUCTHK ObLT MPOBEICH OMHAPHBIN
JIOTUCTUYECKUN PErPECCUOHHBIN aHanu3. Pe3yibmamsi. PacnpocTpaHEeHHOCTh aHEMUU B U3Y-
yaeMoii nomyssiiuu narueHToB coctasuiia 40,0%. B ckoppekTupoBaHHOM OMHAPHOM JIOTUCTH-
YEeCKOM MOJIETTH YPOBEHB OOILIEr0 CHIBOPOTOUHOTO Oeska Hike 64 /71 U 3HAYUTENbHAS OTepst
Macchl xKupa ObLTH CBA3aHbI ¢ 00JIee BHICOKOI BEPOSITHOCTHIO BOSHUKHOBEHUSI aHEMUU: OTHO-
menue mancoB 5,1 (95% JAU 1,5; 17,8) u 8,5 (95% AU 1,1; 63,6) coorBercTBeHHO. [Tomumo
noKasatesiell HyTPUIIMOHHOTO cTaTyca, CKOPPEKTHPOBaHHAs MOJIENb BKIIIoUana B ceds cliemy-
fo111e (pakTopbl: MO, BO3PACT MAIlMEHTOB, aKTUBHOCTH 3a00J1€BaHMsI, CTENIEHb MOPAKEHUS KH-
HIEYHUKA, KOJIMYECTBO PEIMIMBOB OT Havaja 3a0oyieBaHusl U QaKT JICUCHUs UIMMYHOJIETIpec-
CUBHBIMH ITpernaparaMu. Bsi600vl. BEIIBUHYTO NPEANIOI0KEHHE O TOM, YTO HEAOCTATOYHOCTh
MUTaHUS ABJISIETCS OHUM U3 (PaKTOPOB PA3BUTHUS aHEMHH Yy TanneHToB ¢ K.

KJIKOUYEBBIE CJIOBA: BocnaluTelbHbIE 3a00JICBaHHMS KHUIICYHUKA, S3BCHHBIA KOJIUT,
HYTPUITMOHHBIN CTaTyC; HEIOCTATOYHOCTh MUTAHUS; JKUPOBasi Macca; oOInii 0eJI0K; aHeMHSI.

(UC), are severe chronic idiopathic disorders of

INTRODUCTION gastrointestinal tract, that present with periods of
Inflammatory bowel diseases (IBD), which relapses and remissions throughout their clinical
include Crohn’s disease and ulcerative colitis course [28, 26]. Anemia is one of the most fre-
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quent complications in IBD [1, 15, 11]. From the
practical point of view, anemia contributes to pa-
tients’ low quality of life, particularly because of
its negative impact on the feeling of wellbeing,
cognitive function, potentially limiting their
ability to perform social and physical activities
[33]. In addition, anemia in IBD patients is a sig-
nificant predictor of increased risk of hospitali-
zation and even increased patient mortality [5, 9,
17, 3].

The reported prevalence of anemia in patients
with IBD varies from 6% to 74% [7]. One of
causes of wide variability of anemia prevalence
is a heterogeneity of population of patients. In

Table 1
Prevalence of anemia in UC patients in different
populations
Population In-patients Out-patients
Europe 15-27%
Sweden 35% 5%
Switzerland 60% 18%
Brasil - 18%
Russian Federation 6-14% -

different studies hospitalized and outpatient cas-
es examined separately or mutually [27].

Prevalence of anemia in UC in different pop-
ulations presented in Table 1 [7, 23, 30, 25].

The anemia in IBD is likely to be multifacto-
rial in origin, frequently being the result of a
combination of iron deficiency (the major cause)
and anemia of chronic disease [27, 10, 24, 31,
32]. In some cases, anemia may also be induced
by sulfasalazine, thiopurines, hemolysis, and
myelodysplastic syndrome [10].

On the other hand IBD is frequently associ-
ated with undernutrition. Up to 75% of patients
with an active phase of IBD suffer from weight
loss and hypoalbuminemia. Undernutrition with
muscle and fat mass loss is more frequent in
Crohn’s disease than in UC and is usually re-
stricted to the active phase of disease [2, 12].
The presence of undernutrition has been linked
to adverse outcomes [6, 8].

The etiology of malnutrition in patients with
UC is multifactorial and includes poor nutrition-
al intake due to postprandial pain, diarrhea or
anorexia, malabsorption and maldigestion due to
either active disease, as well as protein loss
through the bowel and metabolic stress associat-
ed with both inflammation and steroid therapy
[21, 19].

As noted in ESPEN guidelines on enteral nu-
trition in gastroenterology, the information re-
garding undernutrition in UC derives mainly

from case reports and there are no epidemiologi-
cal studies that would allow estimation of the
prevalence of underweight and weight loss in
UC patients. Complex specific information on
alterations of body composition in UC, i.e. rela-
tive changes in muscle mass and fat mass, are
not available. Studies reported trace elements
deficiencies and vitamins deficiencies leading to
anemia in UC patients [18].

As in a wide variety of diseases, including can-
cer, heart failure, renal failure, chronic obstructive
pulmonary disease and HIV, in IBD both altera-
tions in appetite and body weight loss occur [2].
Decreased appetite and involuntary weight loss
are common occurrences in chronic disease and
have a negative impact on quality of life and mor-
tality. Equal weight loss comes from fat and lean
mass isn’t infrequent condition in IBD patient.
This would lead to tissue losses of both fat (deple-
tion of energy stores) and muscle tissue (function-
al decline). Conditions and risk factors that lead to
cachexia and inadequate nutrition may indepen-
dently lead to increased mortality [4, 16].

It is clearly that decreased food intake, cata-
bolic activity due to inflammation and steroid
therapy contributes to nutritional status changes.
But the relationship between nutrition status and
hemoglobin level decline is neglected and re-
quires detailed consideration from practical ap-
proach. Protein and energy deficiency accompa-
nies undernutrition in UC patients, so pathophysi-
ological association between anemia and
undernutrition is potentially possible. On the other
hand, essentially all circulating serum iron nor-
mally is bound to transferrin, whereas transferring
decrease rapidly in undernutrition condition [2].

Thus the possible mechanism of pathogenic
association between undernutrition and anemia
presented in Figure 1.

The aim of study was to evaluate the relation-
ship between undernutrition and anemia among
patients with ulcerative colitis adjusted for con-
founding factors affecting hemoglobin level.

MATERIALS AND METHODS

Study design

A retrospective, cross-sectional study was
conducted among patients hospitalized to gastro-
enterology department of North-Western state
medical university (St. Petersburg, Russia) from
2011 until 2015.

Patients and data collection

Study data was exacted from patient’s medi-
cal records. Demographic characteristics, dis-
ease behavior, gut involvement extension, ap-
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. . . Table 2
plying of immunosupressive therapy, laboratory Criteria of fat mass loss
parameters were collected. Total body mass, F

. at mass percentage

body mass index (BMI) and fat mass were col- Age Malos Temales
lected retrospectively from bioimpedance anal-

. 20-39 <7% <21%
ysis data. - -

Anemia was diagnosed retrospectively by 40-59 =<10% <23%
WHO criteria: hemoglobin level less than 13 g/ 60-79 <12% <24%

dl for male and less than 12 g/dl for female. Fat
mass loss was estimated by Tanita reference ta-
bles (Table 2) [13].

Initial review of medical records identified
141 potentially eligible patients. After verifica-
tion of necessary data the final sample for statis-
tical analysis was formed (Figure 2).

Statistical analysis

The continuous variables were expressed as
medians with upper and lower quartiles. The cat-
egorical variables were expressed as numbers
with percentages. Bivariate analyses were per-
formed using Pearson’s chi squared tests.

N

Undernutrition

L]

Inflammation

J protein synthesis

Bleeding

Jdiron absorption

N
{ Food intake
(decrease in appetite)
_J
_________________ N
Steroid therapy
Immunosuppressive
therapy
Wy,
~
Sulfasalazine therapy
Wy,

Fig. 1. Possible mechanism of pathogenic association between undernutrition and anemia.

Initial sample

(n=141)
Cases excluded: no bioimpedance
analysis data (n=22)
Cases excluded: lack of data from anamnesis
(n=30)
Cases excluded: no hematological
laboratory parameters data (n=9)
A4
Final sample
(n=80)
Fig. 2. Final sample forming.
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The studied outcome was the case of anemia.
Confounders were gender, age, disease activity,
extent of gut involvement, quantity of relapses
from disease beginning and immunosuppressive
medications treatment. A binary logistic regres-
sion was performed to study the association be-
tween nutrition status parameters and anemia oc-
currence adjusted for demographic and disease-
associated characteristics. Independent effects of
each independent variable on the anemia were
assessed. Variables were entered into model by
forced entry method. We report crude and adjust-
ed odds ratios (OR) and corresponding 95% con-
fidence intervals (CI). SPSS 17.0 software (SPSS
Inc., Chicago, IL, USA) was used for statistical

calculations. For all tests, a p value of <0.05 was
considered statistically significant.

RESULTS

A total of 80 of UC patients were recruited
into the study. Baseline clinical characteristics of
patients with UC are shown in Table 3. Majority
of the patients were males. 86.3% of patients
were admitted to the hospital with acute disease
(S1-3 disease behavior), and only 13.8% of pa-
tients were into remission phase of UC (SO dis-
ease behavior). Half of patients had pancolitis,
others had left-sided colitis and proctitis. Preva-
lence of anemia in the sample was 40.0%.

Prevalence of anemia across nutritional, de-

- o . Table 3 mographic, disease-associated and laboratory
Nutritional, demographic, disease-associated and labora- characteristics is presented in Table 4. In the
tory data bivariate analysis results, there were signifi-
Variables N (%) | Median (Q1; Q3) cant association between anemia occurrence
All 80 (100.0) and low total serum protein level (p=0.009).
Nutritional status There is no significant association between fat
BMLI, kg/m2 22.1 (19.6; 25.3) mass loss, BMI <18.5 kg/m? and anemia in
<18.5 kg/m2 12 (15.0) crude analysis.
> 18.5 kg/m2 68 (85.0) The results of binary logistic regression are
Fat mass loss presented in Table 5. Two binary logistic models
Yes 8 (10.0) were fitted. The model 1 includes BMI level bi-
No 72 (90.0) Table 4
Total serum protein, g/l 69 (64; 74) Prevalence of anemia stratified by nutritional, demograph-
<64 g/l 16 (20.0) ic, disease-associated and laboratory data
64 ¢/l 64 (80.0) Patients characteristics Anemia N (%) P
. Yes No value
Hemoglobin, g/dl 129.5 (114.0;
145.0) All 32 (40.0) | 48 (60.0)
Anemia BMI level 0.206
Yos 32@00) < 18.5 kg/m2 7(88) | 5(63)
No 48 (60.0) > 18.5 kg/m2 25(31.3) | 43 (53.8)
- — Fat mass losses 0.054
Demographic characteristics Yes 6(7.5) 229
Gender No 46 (57.5) | 26 (32.5)
Male S1(63.7) Total serum protein 0.009
Female 29 (36.3) <64 g/l 11(13.8) | 5(6.3)
Age 34.5(27.0; 50.8) > 64 g/l 21(26.3) | 43 (53.8)
Disease-associated characteristics Gender 0.255
Acute disease Male 18 (22.5) | 33 (41.3)
Yes (S1-3) 69 (86.3) Female 14 (17.5) | 15 (18.8)
No (S0) 11 (13.8) Acute disease 0.511
Extent of gut involvement Y;? (?810_)3) 289((1306’03)) 4;) SOS;))
" : 0 . )
Proct1tlsce:)r;ﬁilseft—31ded 40 (50.0) Extent of gut involvement 0.361
Pancolitis 40 (50.0) Pr°"“tlscaoliidﬁl:ﬂ'“ded 14 (17.5) | 26 (32.5)
Immunosuppressive therapy Pancolitis 18(22.5) | 22 (27.5)
Yes 20 (25.0) Immunosuppressive 0.598
No 60 (75.0) therapy )
QuanFity ofrela'pse.s 5(3: 8) Yes 11 (13.8) | 9(11.3)
from disease beginning ’ No 23 (28.7) | 37 (46.3)
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nary variable and total serum protein level bina-
ry variable as main independent variables and
other variables as covariates. In the model 2 BMI
level was replaced by fat mass level binary vari-
able (fat mass loss).

In the model 1 variation in anemia across to-
tal serum protein background was remained on
significant level after adjustment for covariates.
In the model 2, variation in anemia across fat
mass losses shifted from non-significant to sig-
nificant level after adjustment for covariates.

Model 2 was fitted better then model 1 (e.g.
Nagelkerke R? was 0.238 vs 0.182 respectively),
so patients with low body fat percentage had 8.5
times greater odds for belonging to the patients
with anemia. Those who had low total serum pro-
tein level had 5.6 times greater odds for this one.

DISCUSSION

The results of this first to our knowledge
study of relationship between total serum protein
level, fat mass loss and hemoglobin level suggest
practically significant interaction between nutri-
tional status and anemia. Serum protein level be-
low 64 g/l and fat mass loss were associated with

a high frequency of anemia: OR 5.1 (95% CI 1.5;
17.8) and 8.5 (95% CI 1.1; 63.6) respectively.

The results of this study should be interpreted
with caution due to its potential limitations. Ma-
jor limitation of the study was its retrospective
design with medical records collection, caused
lack of objective laboratory data of disease activ-
ity, e.g. C-reactive protein level. Furthermore,
the cross-sectional design does not allow making
clear inferences about causality. However, most
of the studied factors are known to precede the
hemoglobin level measurement, such as age,
gender, disease behavior etc., potentially inter-
acts with iron metabolism and erythropoiesis.
For example, disease severity may both cause of
undernutrition and be a result of it, although it
has been suggested that this bias is a minor com-
ponent of hemoglobin level inequalities.

The advantage of study was inclusion both
patients with UC relapse (S1-S3) and patients
with UC in remission phase (S0). Patients with
relapses correspond common in-patient cases
category, patients with remission correspond
common out-patient cases category. Given that
the sample is reasonable representative, the ac-
ceptable validity of the nutritional status and the

Table 5
Association between anemia and nutritional, demographic, disease-associated and laboratory data
Adjusted*
Patient’s characteristics Crude 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 - -
BMI < 18.5 kg/m2 (0.72;‘24) 2.2 (0.6; 8.5)
BMI > 18.5 kg/m2 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 4.5 (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 (S1-3) 1.9 (0.5;7.9) 2.6 (0.5; 14.1) 3.6 (0.6; 20.9)
No (S0) Reference reference reference
Extent Oii‘l‘:tmv"l"e' 0.362 0.601 0.730
Proctitis anfi .left-s1ded Reference reference reference
colitis
Pancolitis 1.5 (0.6; 3.7) 1.3 (0.4; 4.0) 1.2 (0.4; 4.5)
Immunosuppressive 0.599 0.697 0.744
therapy
Yes 1.3 (0.5;3.7) 1.3(0.4;4.4) 1.2(0.3;4.5)
No reference reference reference

* adjusted for age, disease acuteness, extent of gut involvement, immunosuppressive therapy and quantity of relapses from

disease beginning.
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Fig. 3. Directed acyclic graph of possible causal structure of anemia occurrence in UC patients with considering of under-

nutrition condition.

inclusion of many potential confounding factors,
we feel confident that our findings can be gener-
alized to the Russian adult UC patients.

Nevertheless, pathogenic mechanism of rela-
tionship between fat mass loss, total serum pro-
tein decline and low hemoglobin level isn’t quite
clear. As is known, fast progressing malnutrition
in IBD patients is characterized by transferrin and
albumin decreasing with lesser changes in body
composition [2]. The rapid decrease of transferrin
quantity potentially results to iron transport dis-
ruption and anemia worsening.

On the other hand, the reduction of fat mass
indicatives the exhaustion of body energy stor-
age on the background of active inflammation
and catabolism may indirectly reduce the activi-
ty of synthetic processes, e.g. synthesis of hemo-
globin and erythropoiesis.

The relation between anemia and fat mass
loss in different diseases was assessed in small
number of studies. In cancer patients it was es-
tablished that hemoglobin level positively, sig-
nificantly correlated with serum albumin level.
Albumin was significantly lower in patients with
Hb<10.0 g/dL compared to the levels in patients
with Hb>10 g/dL. Also it was found that BMI is
positively correlated with hemoglobin level [20].
Another study reported that the response to
erythropoiesis-stimulating agents in patients
with chronic kidney disease is influenced by
body composition and fat tissue favors the body’s
response to given therapy [29].

In contrast to our results in healthy preadoles-
cents the prevalence of iron deficiency and iron
deficiency anemia was established significantly
higher in boys and girls in the highest quartiles of
percentage body fat than in peers in the lowest
quartile [22].

Thus it seems substantial fat loss may be an
anemia causative agent under the condition of
active systemic inflammation.

Directed acyclic graph [14] for depicting po-
tential causal structure of anemia occurrence in
UC patients with taking into account undernutri-
tion is presented in Figure 3.

CONCLUSIONS

We assume undernutrition is one of the causa-
tive factors of anemia in UC patients. Decreased
serum protein level (<64 g/l) and substantial fat
mass loss were associated with a high frequency
of anemia. Findings in the present study could
have significant implications for physicians car-
ing for UC patients with anemia associated with
undernutrition.
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