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Background/Aims: Studies on the micronutrient status
of Asian patients with inflammatory bowel disease (IBD)
are scarce. We evaluated the prevalence of micronutrient
deficiency and verified the risk factors for micronutrient defi-
ciency in Korean patients with IBD. Methods: We measured
the serum levels of 25-hydroxyvitamin D3 [25-(OH)D], zinc,
and selenium to analyze the clinical risk factors for micro-
nutrient levels below the reference values. In addition, we
compared the 25-(OH)D levels of patients with IBD to those
of age- and sex-matched healthy controls. Results: Among
the 83 patients, 74 (89.2%) had suboptimal serum 25-(OH)D
levels. The mean plasma 25-(OH)D level in patients with IBD
was significantly reduced compared to that of the healthy
controls (12.3+6.2 ng/mL vs 20.0+£6.7 ng/mL; p<0.001).
The proportions of patients with lower serum zinc and se-
lenium levels were 39.0% and 30.9%, respectively. Female
sex (p=0.012) and Crohn’s disease (p=0.012) were associ-
ated with vitamin D deficiency. Patients younger than 40
years were at increased risk for zinc deficiency (p=0.045).
Female sex (p=0.015) and low serum albumin level (<3.3
g/dL) (p=0.047) were risk factors for selenium deficiency.
Conclusions: Many Korean patients with IBD have vitamin
D, zinc, and selenium deficiencies, suggesting the neces-
sity for monitoring levels of these micronutrients. (Gut Liver
2017;11:363-369)
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic relapsing dis-
ease that causes significant morbidity." Malnutrition is one of
its major comorbidities and is present in up to 85% of patients
with IBD.”* Malnutrition can be classified as macronutrient de-
ficiency and micronutrient deficiency. Macronutrient deficiency,
which means protein energy malnutrition, usually occurs in
patients with active and severe disease. Many novel treatment
modalities such as immunomodulators and biologics have been
introduced, and a great proportion of IBD cases are now in
clinical remission. Patients with IBD in remission usually have
a macronutrient intake similar to that of healthy controls. As
a consequence, the prevalence of macronutrient deficiency has
decreased.” However, micronutrient deficiency can occur in the
mild form of IBD or in the remission state of IBD; numerous
forms of micronutrient deficiencies have been reported.”*” Eval-
uation of micronutrient status at least once per year has been
recommended;® however, most clinicians focus little attention
on nutritional support in patients with IBD.

Vitamin D is a fat-soluble vitamin important for normal bone
metabolism because it facilitates intestinal calcium absorption
and increases osteoblastic differentiation. Vitamin D deficiency
in adults can result in osteopenia and osteoporosis, induce
osteomalacia and muscle weakness, and increase the risk of
fracture.” Patients with IBD are at increased risk for vitamin D
deficiency.'”" Long-term use of corticosteroids in patients with
IBD increases the risk of osteoporosis; therefore, maintenance
of appropriate vitamin D levels might be more critical for these
patients. In addition, some studies suggest that vitamin D defi-
ciency is not the result of disease and instead has a substantial
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role in the pathogenesis of IBD. ™" Therefore, monitoring and
appropriate supplementation of vitamin D are important.

Another essential micronutrient, zinc, has several physi-
ologic roles in growth and immune system modulation.'® Zinc
deficiency can cause susceptibility to infection, poor growth,
and impaired wound healing. Approximately 15% of patients
with IBD reportedly have zinc deficiency."” In previous studies,
zinc deficiency was shown to affect inflammation in IBD by
aggravating mucosa leakage, by increasing the number of pro-
inflammatory cells, and by modulating inflammatory cytokine
response.®

Selenium is a nonmetal trace element that acts as a catalyst
and antioxidant.” Selenium levels are reportedly decreased in
patients with Crohn’s disease (CD), and a low selenium concen-
tration may facilitate inflammatory and immune responses.” In
another experiment, selenium deficiency worsened colitis and
promoted tumorigenesis.”' Selenium supposedly modulates the
expression of the nuclear factor kB pathway and influences de-
velopment of inflammation and carcinogenesis.”

The role of micronutrients has been investigated actively
in IBD, leading to the discovery of problems in the evaluation
of micronutrient status and in the correction of micronutrient
deficiency. The majority of recent studies of micronutrient de-
ficiency were performed in America and Europe. These studies
reported that 30.8% to 49.8% of IBD patients had vitamin D

deficiency™**

and prevalence of zinc deficiency in IBD patients
were reported as 150%." In another study performed in France,
selenium concentration was significantly decreased in CD pa-
tients.” Little information is available regarding the micronutri-
ent status of Asian patients with IBD. The aim of this study was
to evaluate the prevalence of micronutrient (vitamin D, zinc,
and selenium) deficiency in Korean patients with IBD and to
verify the factors that affect micronutrient deficiency in patients

with IBD by using multivariate analysis.

MATERIALS AND METHODS
1. Study subjects

Between 2013 and 2015, patients diagnosed with IBD at
Seoul National University Bundang Hospital who had under-
gone blood testing for serum vitamin D, zinc, and selenium
were enrolled. These micronutrients were measured during the
first or second visit to our clinic if there were no contraindica-
tions and if patient did not refuse the laboratory examination.
Pregnant and lactating patients were excluded. Patients with a
predisposing vitamin D-related disorder, such as rickets, primary
hyperparathyroidism, chronic kidney disease, and malignancy,
were also excluded. We reviewed the medical records of these
patients. Data regarding age, sex, type of IBD, duration of ill-
ness, smoking status, history of intestinal resection, and current
medication were collected. Serum levels of C-reactive protein
(CRP) and albumin were also evaluated. Reference values for

CRP and albumin were O to 0.5 mg/dL and 3.3 to 5.2 g/dL, re-
spectively.

2. Definition of micronutrient deficiency

Vitamin D level was measured as serum 25-hydroxyvitamin
D3 [25-(0H)D] using ultra performance liquid chromatography-
tandem mass spectrometry.” Vitamin D deficiency was defined
as a 25-(0H)D level of less than 10 ng/mL (50 nmol/L). A 25-
(OH)D level of 10 to 19 ng/mL (50 to 75 nmol/L) was defined as
vitamin D insufficiency, and a level of >20 ng/mL was consid-
ered to indicate a sufficient level of vitamin D.>”

Selenium and zinc levels were measured using inductively
coupled plasma mass spectrometry. Zinc was considered defi-
cient when the serum level was <70 ug/dL."® Selenium levels
<95 pg/L were classified as selenium deficiency."

3. Healthy controls and vitamin D status

Healthy controls were selected from the cohort involved in a
previous study performed by Lim et al.”’ This cohort included
participants who had undergone routine physical examination
at Seoul National University Bundang Hospital. The healthy
control pool was established using this cohort, and patients
were matched to the healthy controls at a 1:1 ratio according to
age and sex.

4. Statistical analysis

SPSS for Windows version 18.0 (SPSS Inc., Chicago, IL, USA)
was used for the statistical analysis. Baseline characteristics of
the patients were presented as descriptive data. The vitamin D
levels of the patients with IBD and the healthy controls were
compared using Student t-test. Univariate binary logistic regres-
sion analysis was used to identify possible covariates as signifi-
cant risk factors for micronutrient deficiency. Variables with
p<0.10 were then subjected to multivariate logistic regression
analysis to identify independent contributors. All results were
considered statistically significant when p<0.05.

5. Ethical standards

This study was approved by the Institutional Review Board
of Seoul National University Bundang Hospital (IRB number:
B-1512/328-114) and was conducted in accordance with the
Declaration of Helsinki.

RESULTS
1. Baseline characteristics

A total of 83 patients with IBD were enrolled in the study
(Table 1). Among them, 64 (77.1%) were men and the median
age was 32 years. Thirty-four (41.0%) were diagnosed with CD
and 49 (59.0%) were diagnosed with ulcerative colitis. The me-
dian duration of illness was 5 months. Five patients (6.0%) had
undergone intestinal resection. Micronutrient status of 83 IBD



Table 1. Clinical Characteristics of the 83 Patients with Inflammatory
Bowel Disease
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Table 2. Micronutrient Status of the 83 Patients with Inflammatory
Bowel Disease

Variable Value Variable Value
Male sex 64 (77.1) Serum vitamin D, mg/mL 11.9+6.0
Age, yr 32 (16-70) Serum vitamin D status, ng/mL
Type of IBD Optimal (>20) 9(10.8)
Crohn'’s disease 34 (41.0) Insufficiency (10-19) 41 (49.4)
Ulcerative colitis 49 (59.0) Deficiency (<10) 33 (39.8)
Duration of illness, mo 5(1-228) Serum zinc, pg/dL 76.6+14.9
Disease location Serum zinc status, pg/dL
Crohn'’s disease 34 (100) Optimal (>70) 51 (61.0)
Terminal ileum 10 (29.4) Deficiency (<70) 32 (39.0)
Colon 1(2.9) Serum selenium, pg/L 101.5+16.7
Tleocolon 23 (67.6) Serum selenium status, ug/L
Ulcerative colitis 49 (100.0) Optimal (>95) 58 (69.1)
Proctitis 16 (32.7) Deficiency (<95) 25 (30.9)
Left sided 10 (20.4) Data are presented as mean+SD or number (%).
Pancolitis 23 (46.9)
Smoking status 50 -
Never 46 (56.8) e
Past 19 (23.5) :ET 40 -
Current 16 (19.8) >
History of intestinal resection 5 (6.0) ac’ 30 —T
Current medication g
Corticosteroids 26 (31.3) (lfs 20 E
Immunomodulators 9 (10.8) :E,
TNF-q inhibitors 3(3.6) % 10 1 N
Serum CRP, mg/dL 0.5 (0-13.9)
Serum albumin, g/dL 4.2 (2.4-4.9) 0 T !

Data are presented as number (%) or median (range).
IBD, inflammatory bowel disease; TNF, tumor necrosis factor; CRP,
C-reactive protein.

patients was listed in Table 2.
2. Vitamin D status of IBD patients and healthy controls

Sixty-six healthy controls were available for matching with
the study patients. The mean serum level of 25-(OH)D in pa-
tients with IBD was significantly lower than that of healthy
controls (12.3+6.2 ng/mL vs 20.0+6.7 ng/mL; p<0.001) (Fig. 1).

3. Factors affecting vitamin D deficiency

Seventy-four patients (89.2%) had suboptimal levels of se-
rum 25-(OH)D (vitamin D insufficiency, 49.4% and vitamin D
deficiency, 39.8%). In the univariate binary logistic regression
analysis, female sex, age younger than 40 years, and diagnosis
of CD were possible risk factors for vitamin D deficiency. These
variables were included in the multivariate logistic regression
analysis; female sex (relative risk [RR], 4.735; 95% confidence
interval [CI], 1.414 to 15.857; p=0.012) and diagnosis of CD (RR,

IBD patients Healthy controls

Fig. 1. Serum 25-hydroxyvitamin D3 (25-[OH]D) levels in inflamma-
tory bowel disease (IBD) patients and healthy controls.

4.012; 95% CI, 1.352 to 11.900; p=0.012) were associated with
vitamin D deficiency (Table 3).

4. Factors affecting zinc deficiency

There were 32 patients (38.5%) with serum zinc levels below
reference values (70 pg/dL). Patients younger than 40 years,
those diagnosed with CD, current users of corticosteroids, and
those with serum CRP levels >0.5 mg/dL were at higher risk for
zinc deficiency by univariate binary logistic regression. In the
multivariate logistic regression analysis, patients younger than
40 years were at increased risk for zinc deficiency (RR, 3.683;
95% CI, 1.152 to 11.777; p=0.028) (Table 4).

5. Factors affecting selenium deficiency

Twenty-five patients (30.1%) had serum selenium levels be-
low reference values (95 pg/L). Possible covariates as significant
risk factors for selenium deficiency in the univariate analysis
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Table 3. Univariate and Multivariate Analysis of Risk Factors for Vitamin D Deficiency in Patients with Inflammatory Bowel Disease

No. of vitamin D

Univariate analysis

Multivariate analysis

Vartable deficiency (%) ~val Relative risk (95% CI) ~val
p-value elative ris o p-value
Sex 0.066 0.012
Male 22 (34.4) 1
Female 11 (57.9) 4.735 (1.414-15.857)
Age, yr 0.086 0.307
>40 9 (28.1) 1
<40 24 (47.1) 1.755 (0.597-5.163)
Type of IBD 0.022 0.012
Ulcerative colitis 14 (28.6) 1
Crohn'’s disease 19 (55.9) 4,012 (1.352-11.900)
CI, confidence interval; IBD, inflammatory bowel disease.
Table 4. Univariate and Multivariate Analysis of Risk Factors for Zinc Deficiency in Patients with Inflammatory Bowel Disease
No. of zinc Univariate analysis Multivariate analysis
Varable deficiency (%) ~val Relative risk (95% Cl) ~val
p-value elative ris o p-value
Age, yr 0.004 0.028
>40 6 (19.4) 1
<40 26 (51.0) 3.683 (1.152-11.777)
Type of IBD 0.008 0.143
Ulcerative colitis 13 (27.1) 1
Crohn'’s disease 19 (55.9) 2.209 (0.765-6.378)
Current use of corticosteroids 0.061 0.152
No 14 (53.8) 1
Yes 18 (32.1) 2.213 (0.745-6.568)
Serum CRP, mg/dL 0.087 0.262
<0.5 13 (30.2) 1
>0.5 19 (48.7) 1.837 (0.635-5.313)

CI, confidence interval; IBD, inflammatory bowel disease; CRP, C-reactive protein.

Table 5. Univariate and Multivariate Analysis of Risk Factors for Selenium Deficiency in Patients with Inflammatory Bowel Disease

No. of selenium

Univariate analysis

Multivariate analysis

varable deficiency (%) ~val Relative risk (95% CI) ~val
p-value elative ris o p-value
Sex 0.019 0.015
Male 15 (24.2 1
Female 10 (52.6) 4.871 (1.352-17.544)
Current use of corticosteroids 0.041 0.360
No 13 (23.6) 1
Yes 12 (46.2) 1.722 (0.537-5.519)
Serum CRP, mg/dL 0.017 0.108
<0.5 8 (19.0) 1
>0.5 17 (43.6) 2.724 (0.803-9.240)
Serum albumin, g/dL 0.001 0.047
>3.3 18 (24.7 1
<3.3 7 (87.5 10.346 (1.035-103.447)

CI, confidence interval; CRP, C-reactive protein.



were female sex, current use of corticosteroids, serum CRP levels
>0.5 mg/dL, and serum albumin levels <3.3 g/dL. Female sex (RR,
4.871; 95% CI, 1.352 to 17.544; p=0.015) and low serum albu-
min levels (<3.3 g/dL; RR, 10.346; 95% CI, 1.035 to 103.447;
p=0.047) were independent risk factors for selenium deficiency
by multivariate logistic regression analysis (Table 5).

DISCUSSION

Our study showed that a considerable proportion of Korean
patients with IBD had vitamin D, zinc, and selenium deficien-
cies. When compared with healthy controls, vitamin D levels
were significantly lower in patients with IBD. Furthermore, we
evaluated risk factors for these micronutrient deficiencies.

Currently, there is little evidence for routine evaluation of mi-
cronutrients. However, some literatures addressed importance of
micronutrient in IBD patients.” Analysis of these micro-nutrients
does not lead additional risk or discomfort to the patients, as we
used blood sample which was already taken for routine blood
exam. Furthermore, these exams are relatively inexpensive.
Based on this, we routinely monitored micronutrient in patients
who visited our IBD clinic.

In the present study, the prevalence of suboptimal vitamin D
levels in patients with IBD was 89.2%, which was higher than
that previously reported.””*® This finding was consistent with
those of previous studies in that a significantly higher percent-
age of Asians were found to have vitamin D deficiency com-
pared to Caucasians.”*” Female sex and presence of CD were
independent risk factors for vitamin D deficiency in the patients
of the present study. The incidence of vitamin D deficiency dif-
fered according to sex and this incidence might be affected by
lifestyle, such as dietary intake or sunlight exposure.” CD is a

*1%” Because the me-

known risk factor for vitamin D deficiency.
dian duration of illness was only 5 months in this study, vita-
min D deficiency might not be a consequence of disease; how-
ever, it might be associated with the pathogenesis of CD.”***
Other risk factors mentioned in previous studies were long dura-
tion of disease, severe disease activity, high CRP levels, and use
of corticosteroids,” but we did not verify these variables.

We also evaluated the prevalence and risk factors for zinc de-
ficiency. In a previous report, the mean serum zinc level in the
Korean general population was 113.3+1.56 pg/dL.** The mean
level of serum zinc for IBD patients in our study was consider-
ably lower than that of the Korean general population but rela-
tively similar to that of Western IBD patients."” The prevalence
of zinc deficiency was 38.5% in this study. These data are very
meaningful because little information is available regarding zinc
deficiency in patients with IBD. In the present study, younger
patients were at increased risk for zinc deficiency. Some reports
suggest that younger age is correlated with severe disease and
results in poor prognosis with IBD.”*® High prevalence of zinc
deficiency in younger patients might be affected by more severe
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disease activity, causing poor zinc absorption and increased
intestinal loss of zinc, but evidence to date has been scanty.
One important fact to note is that zinc deficiency not only is the
consequence of poor dietary intake but also is correlated with
the inflammatory process in IBD. This hypothesis is supported
by the finding that zinc deficiency was highly prevalent even
though sufficient supplements were provided through multivita-
min additives to patients with IBD.”

The prevalence of selenium deficiency was 30.9%. The
mean serum selenium level in healthy Korean subject was
112.05+30.42 pg/L, which was higher than that for healthy
European adults.”>* Similar to the general population, Korean
patients with IBD showed higher mean levels of serum sele-
nium compared with Caucasians.” Soil selenium is important
for determining content levels in food and influences serum
selenium levels."" This environmental factor might contribute
to the difference in mean selenium levels in Koreans and Eu-
ropeans. This is the first study to evaluate selenium deficiency
in Asian patients with IBD. This study showed that a relatively
high proportion of patients with IBD had selenium deficiency,
even during early stages of disease. In the present study, risk
factors for selenium deficiency were female sex and low levels
of serum albumin (<3.3 g/dL). In the general population, women
tend to have lower selenium levels.** Plasma albumin is cor-
related with plasma selenium;*” however, the mechanism is not
well known. The optimal plasma selenium concentration for
cancer prevention and decreased total mortality is considered
to be 124 pg/L.*® Cancer prevention is a very important issue in
IBD because prolonged, severe inflammation increases the risk
of colitis-associated cancer.” Little evidence exists regarding the
cancer prevention effect of selenium in patients with IBD. Be-
cause dietary supplementation of selenium and optimization of
selenoprotein biosynthesis led to favorable outcomes in murine
IBD models,”"** a positive role for selenium in cancer prevention
is indicated. Aggressive management of selenium deficiency
might be required.

The present study has several limitations. First, we could not
measure disease activity because of the study’s retrospective de-
sign. As a result, we could not directly evaluate the correlation
between disease activity and micronutrient deficiency. Instead,
we tried to assess disease severity by monitoring concurrent
corticosteroids use and by measuring serum CRP levels. Second,
we could not monitor dietary intake, which is an important fac-
tor affecting micronutrient status.

Beyond these limitations, our study has several strengths. This
study is the first to evaluate micronutrient status in an Asian
population with IBD; most other IBD studies have focused on
Caucasian populations. Furthermore, we tried to reveal risk fac-
tors for micronutrient deficiency and succeeded in finding some
contributors.

In conclusion, a substantial number of Korean patients with
IBD had vitamin D, zinc, and selenium deficiencies. Our study
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suggests the need for monitoring these micronutrients in pa-
tients with IBD.
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