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ABSTRACT

Objective Serum albumin is used as a marker of acute
inflammation. Several studies have addressed the
association between serum albumin and clinical outcome
in patients with ulcerative colitis (UC). While mucosal
healing (MH) has been indicated as the therapeutic goal
for UC, the association between serum albumin and MH
remains unclear. We evaluated this issue in patients with
UC overall and explored whether duration of UC affected
this association.

Design This cross-sectional study recruited consecutive
patients with UC. Study subjects consisted of 273
Japanese patients with UC. Serum albumin was divided
into tertiles based on its distribution in all study subjects.
One endoscopy specialist was responsible for measuring
partial MH and MH, which were defined as a Mayo
endoscopic subscore of 0—1 and 0, respectively. The
association between serum albumin and clinical outcomes
was assessed by multivariate logistic regression.

Results Rates of clinical remission, partial MH and

MH were 57.9%, 63% and 26%, respectively. Only high
serum albumin (>4.4 mg/dL) was significantly positively
associated with MH (OR 2.29 (95% CI: 1.03 to 5.29), p for
trend=0.043). In patients with short UC duration (<7 years)
only, high serum albumin was significantly positively
associated with MH and clinical remission. In patients with
long UC duration (=7 years), in contrast, no association
between serum albumin and clinical outcomes was found.
Conclusion In Japanese patients with UC, serum albumin
was significantly positively associated with MH. In patients
with short UC duration, serum albumin might be a useful
complementary marker for MH.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic inflam-
matory bowel disease (IBD) characterised
by a disease course involving relapses and
remissions." The association between anti-
tumour necrosis factor (TNF)-o. monoclonal
antibody treatment and long-term colectomy
rate among patients with UC is still unclear.”
Accumulating evidence suggests that mucosal

Key messages

What is already known about this subject?

» Serum albumin is associated with clinical outcomes,
disease activity and relapse in patients with ulcer-
ative colitis (UC). The association between albumin
and mucosal healing (MH) and whether duration of
UC affects this association remain unclear.

What are the new findings?

» Serum albumin was positively associated with MH
in patients with UC. In patients with short UC du-
ration only, high serum albumin was significantly
positively associated with MH and clinical remis-
sion. In patients with long UC duration, in contrast,
there was no association between serum albumin
and clinical outcomes.

How might it impact on clinical practice in the

foreseeable future?

» In patients with short UC duration, but not those with
long UC duration, serum albumin might be a useful
complementary marker for MH.

healing (MH) is inversely associated with
relapse, surgery, hospitalisation, and long-
term complications in patients with UC.”
In clinical settings, MH has been indicated
as a therapeutic goal for UC. Likewise, the
Selecting Therapeutic Targets in Inflamma-
tory Bowel Disease study recommended treat-
to-target strategies for patients with IBD.*’ To
maintain MH, the normalisation of serum
and faecal biomarkers have been determined
as short-term targets. Faecal calprotectin (FC)
is the most reliable marker for MH and is
therefore widely used.’” It requires repeated
stool examination, however, which is burden-
some for all patients. The prevalence and
incidence of UC are reportedly increasing
around the world.® Thus, the development of
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an easy, rapid, repeatable, and affordable serum marker
for MH is one of the unmet needs related to maintaining
MH in the clinical setting. Novel biomarkers for clinical
outcomes have recently been reported including serum
globulin, serum indirect bilirubin, neutrophil/lympho-
cyte ratio, C reactive protein/albumin ratio, albumin/
platelet ratio, and platelet/lymphocyte ratio.”"! Now, we
may be able to add serum albumin to this list.

Serum albumin is known as a marker of acute inflam-
mation.'? The serum albumin test is simple, rapid, rela-
tively non-invasive, repeatable, and affordable, and can
be measured at all medical institutions. There is abun-
dant evidence regarding the association between serum
albumin and clinical outcomes in patients with UC.* '*'®
In Japanese and Norwegian studies, serum albumin was
associated with clinical disease activity."” '* In Indian,
Spanish, Iranian and UK studies of patients with UC,
serum albumin was inversely associated with clinical
outcomes including relapse.'” Nevertheless, there is no
evidence regarding a possible association between serum
albumin and MH, although two studies showed no asso-
ciation between serum albumin and MH." ** We aimed
to resolve this discrepancy by evaluating the association
between serum albumin and clinical outcomes including
MH and exploring whether duration of disease affected
that association in Japanese patients with UC.

MATERIALS AND METHODS

Study population

The study subjects consisted of patients with UC treated
at the Department of Gastroenterology and Metabology
at the Ehime University Graduate School of Medicine,
and at several affiliated hospitals in Ehime Prefecture. All
patients had been diagnosed with UC according to endo-
scopical, radiological, histological, and clinical criteria.
Consecutive outpatients and inpatients with UC who were
able to understand our study were candidates. After they
were informed about the study, however, some subjects
did not consent to participate in the colonoscopy, blood
test, and questionnaire portions of the study, while other
patients had missing data. The final analysis sample in
this study consisted of patients with data on endoscopy
findings, duration of UC, clinical remission, body mass
index (BMI), medication, C reactive protein (CRP), and
serum albumin. This study protocol conforms to the
ethical guidelines of the Declaration of Helsinki. Well-
trained staff obtained written informed consent from all
patients enrolled. The group analysed in this study was
registered during the period from 2015 to 2019.

Measurements

Information on duration of UC, endoscopic findings,
clinical remission, medication, serum albumin, and
CRP levels were collected from medical records. Serum
albumin and CRP had been measured during routine
blood tests and were obtained from patient files at the
time of each patient’s enrolment in in the study. Blood

samples were taken in the morning after overnight
fasting. Each patient’s BMI was calculated as their weight
(kg) divided by the square of their height (m®). Blood
examination was performed when a colonoscopy was
scheduled or performed, and up to 2months may have
passed between the blood test and the colonoscopy.

Assessment of clinical remission, endoscopic activity, and
MH

A charge-certified gastrointestinal endoscopist assessed
all patients’ clinical symptoms. Clinical remission was
defined as no rectal bleeding and no abnormally high
stool frequency (<3 times per day). A certified endos-
copist evaluated mucosal status by total colonoscopy.
All endoscopic findings used in our analysis had been
obtained within the last 6 months. In patients without
endoscopic findings in the last 6 months, a new endos-
copy was performed to assess mucosal status. Certi-
fied gastrointestinal endoscopists provided most of
the medical reports regarding endoscopic activity.
The Mayo endoscopic score (MES) classifies patients
into the following four categories®: 0, normal or inac-
tive disease; 1, mild disease with erythema, decreased
vascular patterns, and mild friability; 2, moderate
disease with marked erythema, absent vascular patterns,
friability, and erosions; and 3, severe disease with spon-
taneous bleeding and ulceration. Partial MH and MH
were defined as category 0-1 and 0, respectively, in this
study. One endoscopy specialist who was blinded to CRP
and serum albumin was responsible for evaluating MES,
partial MH and MH in all patients.

Statistical analysis

Serum albumin was divided into tertiles based on its
distribution among all study subjects. Serum albumin
level was classified into three categories: (1) low serum
albumin, <4.1g/dL (reference); (2) moderate serum
albumin, 4.1-4.4g/dL; and (3) high serum albumin,
>4.4g/dL. Estimations of crude ORs and their 95%CIs
for clinical remission, partial MH and MH in relation to
serum albumin were performed using logistic regression
analysis. Multiple logistic regression analyses were used
to adjust for potential confounding factors. Age, sex,
BMI, prednisolone use, anti-TNF-o. monoclonal antibody
preparation, CRP, disease extent (proctitis/non-protitis),
and disease duration (<7years/>7years) were selected
a priori as potential confounding factors. All statistical
analyses were performed using SAS software package
V.9.4 (SAS Institute). A receiver operating characteristic
(ROC) curve was generated, and the area under the curve
was calculated to show the utility of serum albumin in
indicating MH. We used Youden’s index to calculate the
cut-off value of albumin. The ROC curve, cut-off value of
serum albumin, sensitivity, and specificity were analysed
using JMP V.14.2 software (SAS Institute). All probability
values for statistical tests were two-tailed, and p<0.05 was
considered statistically significant.

2

Yagi S, et al. BMJ Open Gastro 2021;8:€000662. doi:10.1136/bmjgast-2021-000662



Table 1 Clinical characteristics of 273 study participants

Variable n (%)
Age, years, mean+SD 51+£16
Male sex (%) 161 (59)
BMI, kg/m?, mean=SD 22.72+4.62
Disease extent (pancolitis/left-sided/ 113/74/79/7
proctitis/others)
Disease duration, years, median+IQR 7+11
Medications
5-aminosalicylates (%) 249 (91.2)
Prednisolone (%) 59 (21.6)
TNF-o monoclonal antibody (%) 17 (6.2)
Azathioprine (%) 45 (15.5)
Clinical remission, % 158 (57.9)
Mayo endoscopic subscore (MES), 1.18+0.91
mean=SD
MES 0, n (%) 71 (26)
MES 1, n (%) 101 (37)
MES 2, n (%) 81 (29.7)
MES 3, n (%) 20 (7.3)
Partial mucosal healing (MES <1) (%) 172 (63)

Mucosal healing (MES=0) (%) 71 (26)
Albumin, g/dL, mean+SD 4.21+0.43
CRP, mg/dL, median+IQR 0.099+0.23

BMI, body mass index; CRP, C reactive protein; TNF, tumour
necrosis factor.

RESULTS

Characteristics of patients with UC in this study

After 114 patients were excluded due to incomplete
data, the final analysis sample in this study consisted of

273 patients. Table 1 shows the characteristics of the
study participants. The mean age was 51 years, and the
percentage of men was 59%. Mean BMI was 22.72kg/
m?® Use of 5-aminosalicylates, prednisolone, anti-TNF-o.
monoclonal antibody preparations and azathioprine was
reported for 91.2%, 21.6%, 6.2%, and 15.5% of patients,
respectively. Rates of clinical remission, partial MH
(including MES 0 and 1), and MH (MES 0) were 57.9%,
63% and 26%, respectively, and the mean serum albumin

level was 4.21+0.43 mg/dL.

The association between serum albumin level and clinical
outcomes

Crude and adjusted ORs and 95% ClIs for clinical remis-
sion and MH in relation to serum albumin level are
shown in table 2. In all patients, after adjustment for age,
sex, BMI, use of prednisolone, use of TNF-o. monoclonal
antibody preparations, CRP, disease extent, and disease
duration, high serum albumin was significantly positively
associated with MH (OR 2.29 (95% CI: 1.03 to 5.29), p
for trend=0.043). Serum albumin level was not associ-
ated with clinical remission or partial MH. In a sensitivity
analysis, only use of steroids was inversely associated with
MH in all patients. CRP was not associated with MH or
albumin.

Influence of disease duration on the association between
albumin level and clinical outcomes

The association between serum albumin and MH in
patient groups classified according to disease duration is
shown in table 3. In the short-duration group (<7 years),
high serum albumin was independently inversely asso-
ciated with clinical remission and MH (clinical remis-
sion: adjusted OR 3.65 (95% CI: 1.05 to 13.66), p for
trend=0.03, and MH: adjusted OR 6.85 (95% CI: 1.54 to
36.45), p for trend=0.005). In the long-duration group

Table 2 Crude and adjusted ORs and 95% Cls for association between clinical outcomes and serum albumin level

Variable Prevalence (%)

Crude OR (95% Cl) Adjusted OR (95% CI)

Clinical remission

Low albumin 48/93 (51.6)
Moderate albumin 60/98 (61.2)
High albumin 50/92 (61)
p for trend

Partial mucosal healing (MES <1)
Low albumin 51/93 (54.8)
Moderate albumin 67/98 (68.4)
High albumin 54/82 (65.9)
p for trend

Mucosal healing (MES <1)
Low albumin 18/93 (19.4)
Moderate albumin 27/98 (27.6)
High albumin 26/82 (31.7)
p for trend

]
1.48 (0.83 to 2.64)
1.46 (0.80 to 2.69)

:
1.78 (0.99 to 3.23)
1.59 (0.86 to 2.95)

]
1.59 (0.81 to 3.16)
1.94 (1.97 to 3.92)

)

1.13 (0.56 to 2.28)

1.41 (0.66 to 3.03)
0.38

:

1.26 (0.63 t0 2.53)

1.18 (0.56 to 2.50)
0.67

]
1.56 (0.74 to 3.38)

2.29 (1.03 to 5.29)
0.043

ORs were adjusted for age, sex, body mass index, use of prednisolone, use of tumour necrosis factor-o. monoclonal antibody, C reactive protein, di

MES, Mayo endoscopic subscore.

extent and di

duration.
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Variable Prevalence (%) Crude OR (95% Cl) Adjusted OR (95% Cl)

Clinical remission

Moderate albumin 25/48 (52.1) 1.86 (0.79 to 4.51) 1.79 (0.58 to 5.05)

p for trend 0.03

Low albumin 18/38 (39.5) 1 1

High albumin 29/43 (67.4) 3.17 (1.30 to 8.09) 1.91 (0.58 to 6.44)

Mucosal healing (MES=0)

Moderate albumin 8/48 (16.7) 1.32 (0.40 to 4.73) 1.58 (0.39 to 6.97)

p for trend 0.005

Clinical remission

Moderate albumin 35/50 (70) 1.44 (0.64 to 3.29) 0.97 (0.37 to 2.50)

p for trend 0.46

Low albumin 36/55 (65.5) 1 1

High albumin 25/39 (64.1) 0.94 (0.40 to 2.25) 0.64 (0.23 to 1.76)

Mucosal healing (MES=0)

Moderate albumin 19/50 (38) 1.98 (0.86 to 4.69) 1.75 (0.69 to 4.58)

p for trend 0.63

ORs were adjusted for age, sex, body mass index, use of prednisolone, use of tumour necrosis factor-o. monoclonal antibody, C
reactive protein, and disease extent.
MES, Mayo endoscopic subscore; UC, ulcerative colitis.

(27 years), these associations between serum albumin
and clinical outcomes disappeared. In the short-duration
group, the area under the ROC curve for serum albumin
level (cut-off 4.40g/dL) was 0.609 (figure 1).

DISCUSSION

This is the first study to show a significant positive asso-
ciation between serum albumin and MH in patients with
UC. While serum albumin is independently positively
associated with clinical remission and MH in the short-
duration UC group, there was no association between

serum albumin and any clinical outcome in the long-
duration UC group.

Previous studies have suggested associations between
serum albumin and disease activity, relapse, and colec-
tomy in patients with UC.” In a Japanese retrospective
study of patients with UC, the prevalence of low serum
albumin (<3.5g/dL) was 35.3% in the moderately active
UC group; in the mildly active UC group, on the other
hand, there were no patients with low serum albumin.'*
Similarly, in a Norwegian study of IBD, serum albumin
was inversely related with the median Simple Clinical
Colitis Activity Index, which is also used as an indicator of

=
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long UC duration (> 7 years)
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Figure 1

Open access

Short UC duration (< 7 years)
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Receiver operating characteristic curve of serum albumin as a marker for mucosal healing defined as Mayo

endoscopic subscore 0. The receiver operating characteristic curve of serum albumin as a marker for mucosal healing had an
AUC of 0.609 in patients with short UC duration. When the cut-off serum albumin level was set to 4.40g/dL, the sensitivity and
specificity of this marker were 68% and 57.3%, respectively. In patients with long UC duration, the sensitivity and specificity
were 81.8% and 32.4%, respectively (cut-off value, 4.10g/dL), and the AUC was 0.537. We used the Youden’s Index to
calculate the cut-off serum albumin values. AUC, area under the curve; UC, ulcerative colitis.

clinical activity of UC."” In an Indian prospective study of
55 patients with UC, serum albumin was inversely associ-
ated with the failure of medical treatment.'® Similarly, in
a Spanish cohort study of patients with UC treated with
steroids, the Ho index, which includes serum albumin,
was inversely associated with response to cyclosporine.'’
In a UK cohort study, serum albumin was significantly
lower in patients with UC who required surgery than in
patients who did not."® The findings in the present study
are partially consistent with these findings in patients
with UC.

There is increasing interest in the concept of ‘treat-to-
target’ in IBD as a means of standardising management
and preventing complications. To date, MH has been
regarded as the therapeutic goal for UC.*® Surveillance
colonoscopy is essential as a means of assessing MH
regardless of clinical symptoms, but strict control based
on the close monitoring of biomarkers allows patients to
maintain MH.* FC is the most reliable marker for MH
and is therefore widely used. Yet it requires stool exam-
ination and repeated colonoscopy, which is burdensome
for all patients, but especially for the elderly, women,
adolescents, and asymptomatic patients with UC. As FC
has been significantly correlated with serum albumin
in Japanese, Korean, Swiss, and Canadian studies of
patients with UG, serum albumin might be useful as a
complementary marker for FC, especially in patients with
short duration of UC. Additionally, pretreatment serum
albumin level predicted response to anti-TNF treatment
in 728 patients with UC.** Monitoring serum albumin
might therefore be a useful tool in UC management
including acute severe UC. As serological markers might
be less sensitive and less specific for intestinal inflam-
mation compared with FC,27 however, serum albumin
should be used as a complementary marker rather than
as a substitute for calprotectin. We have previously found

associations between platelet,” globulin,” and bilirubin®
values and clinical outcomes including MH, though the
sensitivity and specificity of these serum markers for clin-
ical outcomes was not sufficiently high to justify using any
of them alone. To assess MH using serum markers only,
combinations of these markers should be studied in the
future.

The mechanism underlying the link between serum
albumin and MH remains unclear, but there are several
biologically plausible options. Inflammation in the intes-
tine might injure the vascular endothelium, permit
leakage from the mucosa, and suppress the synthesis of
albumin in the liver.” In 43 patients with UC, CRP was
significantly inversely associated with serum albumin.”
Associations have likewise been reported between plasma
TNF-o. levels and serum albumin levels in community-
dwelling Japanese elderly women.”' Intestinal tract
inflammation might lower serum albumin in patients
with active UC.

Only a few studies have explored the influence of
disease duration on biomarker accuracy in patients
with IBD. In patients with Crohn’s disease, disease dura-
tion did not affect the utility of FC as a biomarker.” In
patients with UC, the immunochemical faecal occult
blood test is a more accurate biomarker for MH when
disease duration is <4 years.” In this study, likewise, there
was a positive association between serum albumin and
MH only in patients with short duration of disease. A
higher frequency of bleeding is also observed in patients
with shorter disease duration,” while long disease dura-
tion with chronic inflammation is associated with higher
frequencies of intestinal fibrosis® and malnutrition.
Differences in rates of bleeding, fibrosis, and malnutrition
between patients with short-duration and long-duration
UC might affect the association between serum albumin
and clinical outcomes. However, it remains uncertain
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why UC duration affects the association between serum
albumin and MH.

Our study has several limitations. First, as this was
a cross-sectional study, we cannot confirm that there
is a causal relationship between serum albumin levels
and MH. Future longitudinal studies and intervention
studies are needed to confirm the association between
changes in albumin levels and endoscopic findings.
Second, the extended interval between some partic-
ipants’ colonoscopies and their blood tests may have
resulted in misclassification. Third, it is likely that most
of the patients in this cohort had been receiving anti-
inflammatory treatment for a considerable time. Long-
term treatment with medications such as prednisolone
might promote MH and change serum albumin levels.
Long-term treatment might also obscure the associa-
tion between serum albumin and MH. Fourth, patients
with other diseases that can lower serum albumin levels,
such as liver cirrhosis, and renal dysfunction, were not
excluded from this study. Fifth, although FC is a reliable
marker of MH, we could not measure FC in this cohort.
Sixth, we did not perform an independent, completely
blinded, central evaluation of the endoscopic findings.
Finally, the patients in the present study are likely not
representative of all patients with UC in Japan. Never-
theless, their median age, male:female ratio, and rates of
biological, prednisolone, 5-aminosalicylate, and thiopu-
rine use (51 years, 59%, 6.2%, 21.6%, 91.2%, and 15.5%,
respectively) were similar to those in a Japanese national
study based on 2016 UC claims data (44 years, 63.9%,
9%, 15.5%, 96.2%, and 13.8%, respectively).** Further
research is warranted to evaluate the association between
serum albumin and clinical outcomes in other cohorts of
patients with UC. In particular, more investigation into
the relationship between biomarker accuracy and disease
duration is warranted.

In conclusion, serum albumin may be independently
positively associated with MH in Japanese patients with
UC. In short-duration patients with UC, serum albumin
might be useful as a complementary marker for MH.
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