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Background/Aims: Inflammatory bowel disease (IBD) patients frequently have zinc deficiency. IBD patients with zinc defi-
ciency have higher risks of IBD-related hospitalization, complications, and requiring surgery. This study aimed to examine the
effectiveness of zinc acetate hydrate (ZAH; Nobelzin) in IBD patients with zinc deficiency. Methods: IBD patients with zinc de-
ficiency who received ZAH from March 2017 to April 2020 were registered in this 2-center, retrospective, observational study.
Changes in serum zinc levels and disease activity (Crohn’s Disease Activity Index [CDAI]) before and after ZAH administration
were analyzed. Results: Fifty-one patients with Crohn’s disease (CD, n=40) or ulcerative colitis (UC, n=11) were registered.
Median serum zinc level and median CDAI scores significantly improved (55.5-91.0 pg/dL, P<0.001; 171.5-129, P<0.001,
respectively) in CD patients 4 weeks after starting ZAH administration. Similarly, median serum zinc levels and CDAI scores
significantly improved (57.0-81.0 pg/dL, P<0.001; 177-148, P=0.012, respectively) 20 weeks after starting ZAH administra-
tion. Similar investigations were conducted in groups where no treatment change, other than ZAH administration, was imple-
mented; significant improvements were observed in both serum zinc level and CDAI scores. Median serum zinc levels in UC
patients 4 weeks after starting ZAH administration significantly improved from 63.0 to 94.0 pg/dL (P=0.002), but no significant
changes in disease activity were observed. One patient experienced side effects of abdominal discomfort and nausea. Conclu-
sions: ZAH administration is effective in improving zinc deficiency and may contribute to improving disease activity in IBD.
(Intest Res 2022;20:78-89)
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INTRODUCTION

Previous studies have indicated that inflammatory bowel dis-
ease (IBD) is generally associated with weight loss and mal-
nutrition."" Micronutrient deficiency is frequently observed in
patients with IBD and has been associated with various symp-
toms, including anemia (deficiencies of iron, folate, and vita-
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min B,,), bone disease (deficiencies of Ca and vitamin D), hy-
percoagulable state (deficiencies of folate and vitamins B, and
B,,), and delays in wound healing (deficiencies of zinc and vi-
tamins A and C).” Given this, guidelines by the British Society
of Gastroenterology recommend regular screening for micro-
nutrient deficiency in IBD patients.’

Zinc is a micronutrient that plays a role in many functions,
such as reproduction, bone growth, regulating taste responses,
and immunity.” Compared to healthy people, those with IBD
tend to have zinc deficiency,”" the frequencies of which are
very high: 42.2% (326/773) in Crohn’s disease (CD) and 38.6%
(86/223) in ulcerative colitis (UC)." It is considered that the
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causes of zinc deficiency in IBD patients mainly include low
zinc intake, reduced zinc absorption, and chronic inflamma-
tion-induced hypoalbuminemia.'""*"*

IBD patients with zinc deficiency have a higher risk of sur-
gery, hospitalization, and complications related to IBD than
those without zinc deficiency." Moreover, a comparison be-
tween IBD patients with persistent zinc deficiency and those
with zinc deficiency but zinc levels returned to normal within
12 months revealed that the risks of surgery, hospitalization,
and complications related to IBD decreased in the latter."

In 2017, the use of a zinc acetate hydrate (ZAH; Nobelzin®)
agent was approved by the Japanese National Health Insurance
for zinc replacement therapy in patients with zinc deficiency.
Therefore, an increasing number of IBD patients with zinc defi-
ciency have received zinc replacement therapy in Japan.

However, to the best of our knowledge, no studies have ex-
amined the effectiveness of proactive zinc administration in
IBD patients with zinc deficiency. This study aimed to examine
the effectiveness of ZAH in IBD patients with zinc deficiency.

METHODS

1. Study Design and Aims

This two-center, retrospective, observational study was con-
ducted at the Hokkaido University Hospital and Sapporo Hi-
gashi Tokushukai Hospital. The observation period was from
March 2017 to April 2020. The period during which subjects
began ZAH administration ranged from October 25, 2017 to
August 31,2019.

2. Definition of Zinc Deficiency

To ensure effective functioning of zinc in the human body, a
serum zinc level of >80 pg/dL is recommended; the Japanese
Society of Clinical Nutrition recommends zinc replacement
therapy for patients with a serum zinc level below 80 pg/dL."”
Hence, this study defined a serum zinc level of >80 pg/dL as
normal and <80 pg/dL as deficient.

3. Participants

The patients are as follows: (1) patients who were diagnosed
with either UC or CD based on endoscopy or pathological di-
agnostic criteria;' (2) IBD patients who received ZAH for zinc
deficiency during the period from March 2017 to April 2020;
or (3) patients who underwent at least one follow-up after
starting zinc administration and whose serum zinc level and
disease activity were evaluated.
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4. Outcomes

The normalization rate of zinc during the observation period
and the factors contributing to the lack of improvement were
analyzed. Changes in the serum zinc levels, disease activity,
and hematological findings before and after ZAH administra-
tion (comparison between the administration start date and
either 4 or 20 weeks after starting administration), and the
correlations between serum zinc level and disease activity or
C-reactive protein (CRP) were examined. Observations up to
8 weeks after administration were conducted for patients
whose serum zinc level was not measured 4 weeks after ad-
ministration; the data on the measurement date closest to 4
weeks after administration were used. Regarding the assess-
ment at 20 weeks after administration, when observations
were conducted up to 24 weeks after administration, the data
on the measurement date closest to 20 weeks after adminis-
tration were used. Disease activity was assessed using the par-
tial Mayo score and Crohn’s Disease Activity Index (CDAI)

score for UC patients and CD patients, respectively." "

5. Statistical Analysis

The GraphPad Prism 8 software package (GraphPad Software
Inc, San Diego, CA, USA) was used for all statistical analyses.
All variables were expressed as a median (range) or number
(%). All reported P-values are two-sided; P<0.05 was consid-
ered statistically significant. P-values were calculated using
the chi-squared test for categorical variables and Mann Whit-
ney test or Wilcoxon matched-pairs signed-rank test for con-
tinuous variables. Correlations between serum zinc level,
CDAL and CRP were calculated using Spearman’s correlation
coefficient.

6. Ethical Considerations

This study commenced after obtaining approval from the hu-
man research ethics committees of Hokkaido University Hos-
pital (IRB No. 019-0241) and Sapporo Higashi Tokushukai
Hospital (IRB No. TGE01301-012). The study protocol was
posted on the websites of all the study sites. Patients opted out
from the study if they did not wish to give consent. The in-
formed consent was waived.

RESULTS
1. Patient Registration

Between March 2017 and April 2020, serum zinc levels were
measured in 482 IBD patients, of whom 276 were CD and 206
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were UC. Among them, 238 (238/276, 86.2%) of CD patients had
zinc deficiency (<80 pg/dL), and 103 (103/276, 37.3%) had
serum zinc levels of <60 pg/dL. Zinc deficiency (<80 pg/dL)
was observed in 140 UC patients (140/206, 68.0%), and serum
zinc level was <60 pg/dL in 49 cases (49/206, 23.8%). A total
of 56 IBD patients who received ZAH for zinc deficiency were
registered for this study. Of these, the following patients were
excluded: 4 patients who chose to discontinue the oral admin-
istration of the drug and 1 UC patient who underwent total
proctocolectomy. The remaining 51 patients were enrolled. Of
these, 32 CD patients and 9 UC patients whose serum zinc
levels were measured 4 weeks after ZAH administration, and
25 CD patients and 5 UC patients whose serum zinc levels
were measured 20 weeks after ZAH administration were fi-
nally included in the analysis (Fig. 1).

2, CD Patients

1) Patient Background

The median age of the CD patients was 39.5 years (range, 23—
63 years). This group consisted of 29 men (72.5%) and 11
women (27.5%) with a median duration of disease of 18 years
(range, 0-32 years). The disease affected the small intestine in
6 patients, the large intestine in 4 patients, and both the small
and large intestine in 30 patients. The median CDAI score was

56 IBD patients who received ZAH for zinc deficiency
from March 2017 to April 2020

Exclusion criteria:
« Self-interruption, change of doctor (n=4)
« History of total colectomy for UC (n=1)

Y

A
‘ 51 IBD patients whose serum zinc level was followed ‘

} l

Serum zinc level was Serum zinc level was
measured after 4 weeks in measured after 20 weeks in
32 CD patients 25 CD patients
9 UC patients 5 UC patients

Fig. 1. Patient enroliment. Of the 56 inflammatory bowel disease
(IBD) patients who were administered zinc acetate hydrate (ZAH)
for zinc deficiency from March 2017 to April 2020, patients who
self-interrupted administration, changed hospitals, or underwent
total colectomy for ulcerative colitis (UC) were excluded; a total
of 51 patients were included. Of these, analyses were conducted
on 32 Crohn's disease (CD) patients and 9 UC patients whose se-
rum zinc levels were measured 4 weeks after ZAH administration,
and 25 CD patients and 5 UC patients whose serum zinc levels
were measured 20 weeks after ZAH administration.
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175 (range, 18-546), the median serum zinc level was 57.5 pg/
dL (range, 31-74 pg/dL), and the median ZAH dose was 50
mg/day (range, 25-150 mg/day). Regarding concomitantly
administered drugs, 25 patients (62.5%) received enteral nu-
trition, 28 patients (70%) received 5-aminosalicylic acid/sala-
zosulfapyridine, 10 patients (25%) received corticosteroids, 21
patients (52.5%) received immunomodulators, 20 patients
(50%) received anti-tumor necrosis factor (TNF)-o. monoclo-
nal antibodies, and 12 patients (30%) received anti-interleukin

Table 1. Patients' Characteristics

Characteristics CD (n=40) UC (n=11)
Age (yr) 39.5 (23-63) 56.0 (28-87)
Sex

Male 29 (72.5) 7 (63.6)

Female 11 (27.5) 4(36.3)
Medical history (yr) 18 (0-32) 8 (0-47)
Smoking status

Current 12 (30.0) 2(18.2)

Former 5(12.5) 2(18.2)

Never 23 (57.5) 7 (63.6)
Disease type

CD: ileitis/colitis/ileo-colitis 6 (15.0)/4 (10.0)/

30 (75.0)
UC: proctitis/left side/pancolitis 0(0)/2 (18.2)/
9(81.8)

Activity index

CDAI 175 (18-546)

pMayo 3(0-9)
Serum zinc concentration (pg/dl)  57.5 (31-74) 63.0 (46-74)
Dose of ZAH (mg/day) 50 (25-150) 100 (25-100)

Concomitant medication

Enteral nutrition 25 (62.5) 0
5-ASA, SASP 28 (70.0) 10 (90.9)
Corticosteroid 10 (25.0) 2(18.1)
Immunomodulator 21 (52.5) 5(45.4)
Calcineurin inhibitor 0 0
Anti-TNF-a 20 (50.0) 2(18.1)
Anti-integrin 0 1(9.1)
Anti-IL-12/-23 12 (30.0) 0
JAK inhibitor 0 0

Values are presented as median (range) or number (%).

CD, Crohn's disease; UC, ulcerative colitis; CDAI, Crohn's Disease Activity
Index; pMayo, partial Mayo score; ZAH, zinc acetate hydrate; 5-ASA,
5-aminosalicylic acid; SASP, salazosulfapyridine; TNF, tumor necrosis
factor; IL, interleukin; JAK, Janus kinase.
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(IL)-12/-23p40 antibodies (Table 1). In addition, as symptoms
associated with zinc deficiency, dysgeusia was observed in 1
case, dermatitis in 3 cases, and stomatitis in 1 case.

2) Clinical Results

There were 32 CD patients whose serum zinc levels were
measured 4 weeks after starting ZAH administration. The me-
dian serum zinc levels before and after ZAH administration
for 4 weeks improved significantly from 55.5 to 91.0 pg/dL
(P<0.001), and serum zinc levels normalized in 71.9% of pa-
tients (23/32) (Zn >80 pg/dL). Furthermore, the median
CDAI scores before and after ZAH administration significant-
ly improved from 171.5 to 129 (P<0.001) (Fig. 2A and B). Look-
ing at the changes in the CDAI score for each subscore, the
number of liquid/soft stools in the past 1 week, the sum of 7
daily abdominal pain ratings, the sum of 7 daily well-being rat-
ings, and bodyweight percent below standard weight were
significantly improved (Supplementary Table 1).

In the same group, 81.3% of CD patients (26/32) did not un-
dergo any treatment change other than ZAH from 4 weeks be-
fore to 4 weeks after starting ZAH administration. The median
serum zinc level before and after ZAH administration in the
same group significantly increased from 57.0 to 91.0 pg/dL
(P<0.001), and serum zinc levels normalized in 76.9% of pa-
tients (20/26). Furthermore, the median CDAI scores before
and after ZAH administration significantly improved from 145
to 116 (P=0.003) (Fig. 3A and B). There were 3 cases in which
the treatment was changed from 4 weeks before the start of
ZAH administration to the start of administration. Double dos-
es of adalimumab, infliximab, and enteral nutrition were intro-
duced, respectively. There were 3 cases in which the treatment
was changed from the start of ZAH administration to 4 weeks
after administration. Corticosteroids were started in 3 cases,
and ustekinumab was introduced in 2 cases.

There were no notable changes in other blood sampling
items 4 weeks after ZAH administration (Supplementary Ta-
ble 2).

There were 25 patients whose serum zinc levels were mea-
sured 20 weeks after starting ZAH administration. The median
serum zinc levels before and after ZAH administration for 20
weeks improved significantly from 57.0 to 81.0 pg/dL (P<0.001),
and serum zinc levels normalized in 52.0% of patients (13/25).
Furthermore, the median CDAI scores before and after ZAH
administration significantly improved from 177 to 148 (P=
0.012) (Fig. 2C and D). Looking at the changes in the CDAI
score for each subscore, the sum of 7 daily well-being ratings
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Fig. 2. Changes in serum zinc levels and Crohn's Disease Activity
Index (CDAVI) scores in Crohn's disease (CD) patients before zinc
acetate hydrate (ZAH) administration and 4 weeks or 20 weeks
after administration. (A, B) The serum zinc levels of 32 CD pa-
tients were measured 4 weeks after ZAH administration. Median
serum zinc levels significantly improved from 55.5 pg/dL (31-74)
to 91.0 pg/dL (43-171) (P<0.001). Median CDAI scores signifi-
cantly improved from 171.5 (43-546) to 129 (36-397) (P<0.001).
(C, D) There were 25 CD patients whose serum zinc levels were
measured 20 weeks after ZAH administration. Median serum zinc
levels significantly improved from 57.0 ug/dL (31-73) to 81.0 pg/dL
(58-189) (P<0.001). Median CDAI scores significantly improved
from 177 (43-546) to 148 (36-397) (P=0.012).

were significantly improved (Supplementary Table 1).

In the same group, 76.0% of CD patients (19/25) did not un-
dergo any treatment change other than ZAH from 4 weeks
before to 20 weeks after starting ZAH administration. The me-
dian serum zinc level before and after ZAH administration in
the same group significantly improved from 59.0 to 85.0 pg/
dL (P<0.001), and serum zinc levels normalized in 63.2% of
patients (12/19). Furthermore, the median CDAI scores be-
fore and after ZAH administration significantly improved
from 170 to 109 (P=0.004) (Fig. 3C and D). There was 1 case
in which the treatment was changed from 4 weeks before the
start of ZAH administration to the start of the administration,
and a double dose of adalimumab was administered. There
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Fig. 3. Changes in serum zinc levels and Crohn's Disease Activity Index (CDAI) scores before and after zinc acetate hydrate (ZAH) admin-
istration in Crohn's disease (CD) patients, in whom changes in treatment other than ZAH were not implemented from 4 weeks before to 4
weeks or 20 weeks after starting ZAH administration. (A, B) A total of 81.3% (26/32) of the CD patients did not undergo changes in treat-
ment other than ZAH from 4 weeks before to 4 weeks after starting ZAH administration. The median serum zinc levels significantly im-
proved from 57.0 pg/dL (31-74) to 91.0 pg/dL (43-171) (P<0.001). Median CDAI scores significantly improved from 145 (43-546) to 116
(36-397) (P=0.003). (C, D) A total of 76.0% (19/25) of CD patients did not undergo changes in treatment other than ZAH from 4 weeks
before to 20 weeks after starting ZAH administration. The median serum zinc levels significantly improved from 59.0 ug/dL (46-73) to
85.0 ug/dL (58-189) (P<0.001). Median CDAI scores significantly improved from 170 (21-430) to 109 (21-425) (P=0.004).

(A) r=-0.439, P=0.005 (n=40) (C) r=-0.020, P=0913 (n=32) (E ) r=-0.301, P=0.148 (n=25)
600
* 100 200 -
- . — .
400 | = . = L
=z g T r '-9-— P e LI 1 8 100 13
5 Q 50 T b_"—e0 150 = .
200 0 -100 | .. 4] . TT T ae T !
o . T g o B0 * 150
@© = _'I - »
0 ‘ & o ST R .
20 40 60 80 _300 L -200 b *
Zn (ug/dL) Changes in Zn (ug/dL) Changes in Zn (ug/dL)
e r=-0.483, P=0.002 (n=40) 0 r=-0.047, P=0.800 (n=32) G r=-0.090, P=0.668 (n=25)
15
- 5 — . . 10 [
= 10 - g " %
= B hpmepeeae—— £ °F
£ 5t . . e d o -50 o %0 100 150 % o
o O 5 . 0 #mm‘_";l_‘_.—!
] » = <
“ 0 * - 9 - 50 100 150
(%] -
20 40 60 80 2 -10 g ST
5" 5 . S
_15 L -0+ *
Zn (ug/dL) Changes in Zn (ug/dL) Changes in Zn (ug/dL)

Fig. 4. Correlation between serum zinc level and Crohn's Disease Activity Index (CDAI) score or C-reactive protein (CRP) in Crohn's disease
(CD) patients. (A, B) Before zinc acetate hydrate (ZAH) administration, there was a moderate correlation between serum zinc level and
CDAI score (r=-0.439, P=0.005), and there was a moderate correlation between serum zinc level and CRP (r=-0.483, P=0.002). (C, D)
Four weeks after ZAH administration, there was no correlation between the degree of increase in serum zinc level and the degree of im-
provement in CDAI score (r=-0.020, P=0.913), and there was no correlation between the degree of increase in serum zinc level and the
degree of improvement in CRP (r=-0.047, P=0.800). (E, F) Twenty weeks after ZAH administration, there was no correlation between the
degree of increase in serum zinc level and the degree of improvement in CDAI score (r=-0.301, P=0.148), and there was no correlation
between the degree of increase in serum zinc level and the degree of improvement in CRP (r=-0.090, P=0.668).
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were 5 cases in which treatment was changed between the
start of ZAH administration and 20 weeks after administra-
tion. Corticosteroids were started in 3 cases, ustekinumab was
introduced in 1 case, adalimumab was introduced in 1 case,
azathioprine was introduced in 2 cases, enteral nutrition was
introduced in 1 case, and home parenteral nutrition was intro-
duced in 1 case.

There were no notable changes in other blood sampling items
20 weeks after ZAH administration (Supplementary Table 2).

The analysis was performed on the correlation between se-
rum zinc level and CDAI score or CRP. There was a moderate
correlation between serum zinc level and CDAI score before
ZAH administration (r=-0.439, P=0.005), and a moderate
correlation between serum zinc level and CRP before ZAH
administration (r=-0.483, P=0.002) (Fig. 4A and B). On the
other hand, 4 weeks after ZAH administration, no significant
correlation was demonstrated between the degree of increase
in serum zinc level and the degree of improvement in CDAI
score or CRP (Fig. 4C and D). Similarly, 20 weeks after ZAH

https://doi.org/10.5217/ir.2020.00124 « Intest Res 2022;20(1):78-89

administration, no significant correlation was demonstrated
between the degree of increase in serum zinc level and the de-
gree of improvement in CDAI score or CRP (Fig. 4E and ).
We also analyzed factors involved in the lack of serum zinc
level normalization even after ZAH administration. Each item
was compared by dividing the CD patients 4 weeks or 20
weeks after ZAH administration between the zinc normaliza-
tion group and non-normalization group. Naturally, the rate of
increase from the serum zinc level baseline was significantly
higher in the zinc normalization group during both periods. In
the group observed 4 weeks after ZAH administration, CRP
before administration was significantly higher (P=0.002), and
serum zinc level before administration was lower (P=0.007)
in the zinc-normalized group. The concomitant rate of cortico-
steroid was significantly higher in the zinc-normalized group
(P=0.041) (Table 2). On the other hand, 20 weeks after ZAH
administration, enteral nutrition was performed at a signifi-
cantly higher frequency in the zinc-normalized group
(P=0.022) (Table 3). Other than this, there were no significant

Table 2. Comparison of the Zinc Normalized and Non-Normalized Groups of CD Patients 4 Weeks after ZAH Administration

Variable Zinc normalized group (n=23)  Zinc non-normalized group (n=9) P-value
Serum zinc levels before administration (ug/dL) 59 (46 to 74) 49 (31 to 69) 0.007
Changes in serum zinc levels (pg/dL) 41 (13 to 103) 10 (-3 t0 17) <0.001
Dose of ZAH (mg/day) 50 (25 to 150) 50 (50 to 100) 0918
CDAI before administration 152 (43 to 322) 192 (48 to 546) 0.249
Changes in CDAI -23(-167 to 55) -36(-196 to 16) 0.315
CRP before administration (mg/dL) 0.15 (0.01 to 5.09) 1.76 (0.04 to 12.82) 0.002
Changes in CRP (mg/dL) -0.01 (-4.97 t0 0.19) 0.27 (-12.80 to 4.16) 0.294
Medical history (yr) 18 (1 to 29) 5(1to 31) 0.346
Small intestinal lesion 23 (100) 8(88.9) 0.104
Operation history 15 (65.2) 6 (66.7) 0938
No. of operations (times) 1(0to13) 1(0to12) 0.821
Colostomy 8 (34.8) 2(22.2) 0.491
Concomitant medication
5-ASA, SASP 17 (73.9) 6 (66.7) 0.682
Corticosteroid 8 (34.8) 0 0.041
Immunomodulator 16 (69.6) 3(33.3) 0.061
Anti-TNF-a 13 (56.5) 3(333) 0.238
Anti-integrin 0 0 NS
Anti-IL-12/-23 6 (26.1) 3(333) 0.682
Enteral nutrition 17 (73.9) 6 (66.7) 0.682

Values are presented as median (range) or number (%).

CD, Crohn's disease; ZAH, zinc acetate hydrate; CDAI, Crohn's Disease Activity Index; CRP, C-reactive protein; 5-ASA, 5-aminosalicylic acid; SASP,
salazosulfapyridine; TNF, tumor necrosis factor; IL, interleukin; NS, not significant.
P-values were calculated using the chi-square test for categorical variables and Mann Whitney test for continuous variables.
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Table 3. Comparison of the Zinc Normalized and Non-Normalized Groups of CD Patients 20 Weeks after ZAH Administration

Variable Zinc normalized group (n=13)  Zinc non-normalized group (n=12) P-value
Serum zinc levels before administration (ug/dL) 61 (47 to 71) 52 (31t0 73) 0.100
Changes in serum zinc levels (pg/dL) 46 (15 t0 127) 9(1to74) 0.004
Dose of ZAH (mg/day) 50 (25 to 150) (50 to 100) 0.347
CDAI before administration 177 (51 to 322) 189 (70 to 546) 0.602
Changes in CDAI -21(-137 to 21) -19 (-183 to 131) 0.948
CRP before administration (mg/dL) 0.15 (0.02 to 5.36) 0.27 (0.02 to 12.82) 0.526
Changes in CRP (mg/dL) -0.01 (-4.22 t0 0.21) -0.06 (-9.37 to 5.38) 0.758
Medical history (yr) 13 (1 to 31) 22 (110 32) 0.477
Small intestinal lesion 11 (84.6) 11(91.7) 0.588
Operation history 11 (84.6) 8 (66.7) 0.294
No. of operations (times) 1(0to 13) 2(0to12) 0.776
Colostomy 3(23.1) 3(25.0) 0910
Concomitant medication
5-ASA, SASP 8 (61.5) 8 (66.7) 0.790
Corticosteroid 2(15.4) 2(16.7) 0.930
Immunomodulator 6 (46.2) 7 (58.3) 0.371
Anti-TNF-a 9(69.2) 5(41.6) 0.165
Anti-integrin 0 0 NS
Anti-IL-12/-23 2(182) 4(333) 0.294
Enteral nutrition 5(38.4) 10 (83.3) 0.022

Values are presented as median (range) or number (%).

CD, Crohn's disease; ZAH, zinc acetate hydrate; CDAI, Crohn's Disease Activity Index; CRP, C-reactive protein; 5-ASA, 5-aminosalicylic acid; SASP,
salazosulfapyridine; TNF, tumor necrosis factor; IL, interleukin; NS, not significant.
P-values were calculated using the chi-square test for categorical variables and Mann Whitney test for continuous variables.

differences between the 2 groups for ZAH starting amount,
CDAI score at the start of the administration, changes in CDAI
score, changes in CRP, years of illness, presence or absence of
small intestinal lesions, presence or absence of surgical histo-
1y, presence or absence of an artificial anus, and the presence
or absence of biologics.

3. UC Patients

1) Patient Background

The median age of the UC patients was 56 years (range, 28-87
years). This group consisted of 7 men (63.6%) and 4 women
(36.3%) with a median duration of disease of 8 years (range,
0-47 years). The disease affected the left colon in 2 patients,
while the remaining 9 patients experienced total colitis. The
median partial Mayo score was 3 (range, 0-9), the median se-
rum zinc level was 63 pg/dL (range, 46-74 pg/dL), and the
median ZAH dose was 100 mg/day (range, 25-100 mg/day).
Regarding concomitantly administered drugs, 10 patients
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(91%) received 5-aminosalicylic acid/salazosulfapyridine, 2
patients (18.1%) received corticosteroids, 5 patients (45.4%)
received immunomodulators, 2 patients (18.1%) received
anti-TNF-a monoclonal antibodies, and 1 patient (9.1%) re-
ceived anti-integrin antibodies (Table 1). As symptoms associ-
ated with zinc deficiency, dysgeusia was observed in 3 cases
and stomatitis was observed in 2 cases.

2) Clinical Results

There were 9 UC patients whose serum zinc levels were mea-
sured 4 weeks after starting ZAH administration. The median
serum zinc levels before and after ZAH administration for 4
weeks improved significantly from 63.0 to 94.0 pg/dL (P=0.020),
and serum zinc levels normalized in 88.9% of patients (8/9).
Furthermore, the median partial Mayo scores improved from
3 (0-9) to 1 (0-4), but no significant differences were observed
(P=0.125), and no significant difference was found in the anal-
ysis for each subscore (Fig. 5A and B, Supplementary Table 3).
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Fig. 5. Changes in serum zinc level and partial Mayo score in ulcerative colitis (UC) patients before zinc acetate hydrate (ZAH) adminis-
tration and 4 weeks or 20 weeks after administration. (A, B) There were 9 UC patients whose serum zinc levels were measured 4 weeks
after ZAH administration. Median serum zinc levels significantly improved from 63.0 ug/dL (57-74) to 94.0 pg/dL (53-146) (P=0.020).
Median partial Mayo scores improved from 3 (0-9) to 1 (0-4) (P=0.125). (C, D) There were 5 UC patients whose serum zinc levels were
measured 20 weeks after ZAH administration. Median serum zinc levels significantly improved from 63.0 ug/dL (57-73) to 94.0 pg/dL (62-
109) (P=0.125). Median partial Mayo scores before and after ZAH administration improved from 3 (0-5) to 1 (0-3) (P=0.688).

There were no notable changes in other blood sampling items
4 weeks after ZAH administration (Supplementary Table 4).

There were 5 UC patients whose serum zinc levels were
measured 20 weeks after starting ZAH administration. The
median serum zinc levels before and after ZAH administra-
tion for 20 weeks improved from 63.0 to 94.0 pg/dL (P=0.125),
and serum zinc levels normalized in 60.0% (3/5) of patients.
Furthermore, the median partial Mayo scores improved from
3 to 1, but no significant differences were observed (P=0.688),
and no significant difference was observed in the analysis for
each subscore (Fig. 5C and D, Supplementary Table 3).

There were no notable changes in other blood sampling
items 20 weeks after ZAH administration (Supplementary Ta-
ble 4).

The sample size for the UC patients was small, and no inves-
tigations could be conducted for the group in which treatment
changes other than ZAH were not conducted during the ob-
servation period.

4. Adverse Events

Adverse effects were observed in 1 case and included abdom-
inal discomfort and nausea. The symptoms disappeared im-
mediately after drug administration was discontinued. There
were a limited number of cases where serum copper levels
were measured. However, the copper deficiency was ob-
served in 1 out of 13 patients whose serum copper levels were
measured 4 weeks after ZAH administration, and zero out of
14 patients whose serum copper levels were measured 20
weeks after ZAH administration.

www.irjournal.org

DISCUSSION

In this observational study: (1) high improvements in zinc de-
ficiency and disease activity were obtained in CD patients, re-
gardless of 4 or 20 weeks after starting ZAH administration;
(2) high improvements in zinc deficiency were obtained in
UC patients 4 weeks after starting ZAH administration, where-
as disease activity showed improving tendencies but no sig-
nificant differences; (3) significant improvements in serum
zinc level and disease activity were obtained in CD patients
even for groups where there were no treatment changes other
than ZAH during the observation period; (4) there were no
clear factors which prevented zinc normalization in CD pa-
tients, but it was thought that high CRP and refractory small
intestinal lesions which may require enteral nutrition were
present; and (5) the adverse events of gastrointestinal disor-
ders and copper deficiency were each identified in 1 patient.
Existing studies have pointed to micronutrient deficiencies
in IBD patients. The frequency of these conditions tends to be
high in those with high disease activity and those who have
undergone many surgeries.” Previous reports have found that
the prevalence rate of zinc deficiency is nearly 40% in both CD
and UC, and compared to the control group, the frequency of
zinc deficiency in CD patients is high (the median serum zinc
levels: 74.3+9.7 pg/dL in the CD group and 62.3+9.3 pg/dL in
the control group; P<0.001)."”"" Another study discovered that
low zinc intake prior to UC onset is associated with the onset
of the disease.” Furthermore, IBD patients with zinc deficien-
cy have higher risks of surgery, hospitalization, and complica-

85



Kensuke Sakurai, et al. ® Zinc acetate hydrate for IBD patients

tions related to IBD." Thus, the frequency of zinc deficiency in
IBD patients is high, and IBD patients experience disadvan-
tages due to this deficiency.

Conversely, an animal experiment investigating the effec-
tiveness of zinc replacement reported that administering zinc
to mice with dextran sulfate sodium-induced enteritis contrib-
uted to the improvement in inflammation.”' Furthermore, a
study of UC patients compared a group that received an intes-
tinal injection of Polaprezinc® (a zinc-containing anti-ulcer
agent) with another group that did not (the control group)
and found that the Mayo and endoscopy scores (modified
Matts” endoscopic classification) at 1 week significantly im-
proved in the group for which the intestinal injection was per-
formed.”” In CD patients, the permeability of the intestinal
mucosa may be increased even when remission is achieved.
On the other hand, Sturniolo et al.* performed a comparative
examination of serum zinc levels and the permeability of in-
testinal mucosa, evaluated using the lactulose/mannitol ratio
as an indicator. Serum zinc levels in CD patients before and
after 8-week oral administration of zinc sulfate thrice daily
were measured. This study found that serum zinc levels signif-
icantly increased following the administration of zinc sulfate,
and the increase in serum zinc levels led to an improvement
of the permeability of intestinal mucosa.”* However, it should
be noted that the mean zinc level in the patients registered
prior to the administration of zinc sulfate was 96.4 ng/dL,
which is within the normal range. Additionally, the patients
were in a state of clinical remission (CDAI <150 was continu-
ously maintained for at least 3 months prior to administra-
tion) when they received the zinc sulfate. To our knowledge,
no research examining the usefulness of administering zinc to
clinically active IBD patients with zinc deficiency has been
published to date. Therefore, this research was conducted. As
a result, this study indicates that the oral administration of
zinc improved zinc deficiency in a large number of patients
and improved disease activity in IBD patients.

As for the enrolled patient background, 85% of the patients
in the CD group included small intestinal lesions. The main
absorption sites for zinc are the duodenum and jejunum, and
it is possible that inflammation in the small intestine caused
impaired zinc absorption.** In 62.5% of CD patients presented
with zinc deficiency despite receiving enteral nutrition thera-
py containing zinc. The median CDAI before ZAH administra-
tion was 175, which was mainly in patients with mild disease
activity, but 80% of patients used Bio products. A comparison
between the zinc normalized group and the non-normalized
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group showed no significant difference in the changes in
CDAI and CRP before and after ZAH administration. Howev-
er, there was a significant difference in the CRP before admin-
istration and the presence or absence of corticosteroid or en-
teral nutrition. The condition of the intestinal mucosa may be
involved in the normalization of serum zinc level by ZAH ad-
ministration, and it is necessary to evaluate the endoscopic
activity of the intestinal mucosa before and after zinc adminis-
tration in the future. Only 27.2% of UC patients were on Bio,
and most were maintained in remission with 5ASA or immu-
nomodulator.

It was difficult to examine patients at a fixed interval after
starting ZAH administration since this was a retrospective
study and the main subjects were outpatients. Therefore, this
study set the time periods of 4-8 weeks after administration
and 20-24 weeks after administration. The blood sampling
data and disease activity at the points within these observa-
tion periods and the closest to 4 or 20 weeks after starting ad-
ministration were used, and the changes in serum zinc level
before and after ZAH administration and the accompanying
changes in disease activity were evaluated.

Results showed that the serum zinc level and disease activi-
ty after ZAH administration significantly improved in the CD
group compared to before ZAH administration. However, the
possibility that improvements in disease activity due to other
treatments may have influenced improvements in serum zinc
levels could not be rejected. The same examinations were
then conducted on groups where treatment changes did not
occur other than administering ZAH within the observation
period showed similar significant improvements in serum
zinc level and disease activity in the CD group. Therefore, it is
thought that the disease activity of CD may have improved
from the normalization of serum zinc level. These are thought
to be valuable results which support the active zinc replace-
ment therapy for CD patients with zinc deficiency.

When the change in CDAI score was analyzed for each sub-
score, the number of liquid/soft stools in the past 1 week, the
sum of 7 daily abdominal pain ratings, the sum of 7 daily well-
being ratings, and bodyweight percent below standard weight
were significantly improved. Originally, it has been reported
that zinc deficiency causes chronic diarrhea and that zinc
supplementation improves the permeability of the intestinal
mucosa, which explains the reduction in the number of

stools.”* For improvement of abdominal pain and body
weight, endoscopic evaluation of the intestinal tract is still re-

quired.
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We analyzed whether there was a correlation between the
degree of increase in serum zinc level and the degree of im-
provement in CDAI score or CRP, but no correlation was ob-
served at any time of 4 weeks or 20 weeks after ZAH adminis-
tration. In many cases, the serum zinc level after ZAH admin-
istration was 130 pg/dL or higher, and it was considered that
increasing the serum zinc level above a certain level may not
improve disease activity. On the other hand, a moderate cor-
relation was demonstrated between serum zinc level and
CDAI score or CRP before ZAH administration. To our knowl-
edge, although there is a report on the correlation between
urinary zinc level and CDAI score in patients with CD, no re-
port has been found that demonstrates a correlation between
serum zinc level and CDATI score or CRP, and it is considered
to be valuable data.”

7.AH was originally used as a therapeutic agent for Wilson'’s
disease and has copper-chelating activity; therefore, patients
receiving ZAH may develop copper deficiency.”**" There were
13 and 14 patients in this study whose serum copper levels
were measured during the course after 4 and 20 weeks, re-
spectively. Of these, only 1 patient showed copper deficiency
after 4 weeks, and ZAH could be used in a relatively safe man-
ner. Measurements not only of serum zinc level but also se-
rum copper level are thought to be essential during ZAH ad-
ministration.

Other reported side effects primarily include gastrointesti-
nal disorder, anemia, and skin disorders, but only 1 patient re-
ported gastrointestinal disorders in this study, with symptoms
rapidly improving after discontinuing ZAH administration.

There were several limitations to this study. First, the num-
ber of patients included was small. Second, there were very
few cases in which endoscopy was performed before and after
administration of ZAH, and the condition of the intestinal mu-
cosa before and after administration of ZAH could not be
evaluated. In addition, serum zinc level has a circadian
rhythm, and it is known that it is also affected by diet and hor-

28-30
How-

mones such as insulin-like growth factor-1, free T4.
ever the patient background and sample collection status
have not been unified. Therefore, in the future, it will be neces-
sary to conduct a prospective study on zinc supplementation
after unifying the patient background and blood collection
time to evaluate the disease activity and the degree of inflam-
mation of the intestinal mucosa. However, despite these limi-
tations, this retrospective study is considered to be a valuable
result in affirming aggressive zinc replacement therapy for CD
patients with zinc deficiency.
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In conclusion, our findings indicate that the administration
of zinc formulations for IBD patients with zinc deficiency may
normalize serum zinc levels, potentially improving disease ac-
tivity, particularly in CD patients.
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See “Effectiveness of administering zinc acetate hydrate to patients with inflammatory bowel disease and zinc defi-
ciency: a retrospective observational two-center study ” on page 78-89.

Supplementary Table 1. Changes in the CDAI Score for Each Subscore before and after ZAH Administration in CD Patients

At 4 week At 20 week
Variable
Day 1 4 Weeks P-value Day 1 20 Weeks P-value
No. of liquid/soft stools, 1 wk 56 (0-210) 46 (0-140) 0.018 60 (0-210) 58 (0-210) 0.558
Sum of 7 daily abdominal pain ratings 0 (0-70) 0 (0-70) 0.007 0 (0-70) 0 (0-70) 0.133
Sum of 7 daily ratings, well being 28 (0-147) 0(0-112) <0.001 14 (0-147) 0(19) 0.047
No. of other groups of symptoms/findings 0 (0-40) 0 (0-20) 0.125 0 (0-40) 0 (0-20) 0.125
Arthritis/arthralgias 1(3.1) 1(3.1) NS 0 0 NS
Iritis/uveitis 0 0 NS 0 0 NS
Erythema nodosum, pyoderma gangrenosum, or 1(3.1) 0 0314 1(4) 1(4) NS
aphthous stomatitis

Anal fissure, fistula, or abscess 3(9.4) 1(3.1) 0.302 3(12) 0 0.074
Other fistula 1(3.1) 0 0.314 1(4) 0 0.312
Fever/temperature > 100°F/37.8°C 1(3.1) 0 0.314 1(4) 0 0.312
Taking opiate antidiarrheal agent 0 (0-30) 0 (0-30) 0.500 0 (0-30) 0 (0-30) 0.500
Abdominal mass 0 (0-20) 0 (0-0) NS 0 (0-20) 0 (0-0) NS
Hematocrit 46 (0-110) 44 (0-128) 0.161 44 (17-110) 44 (8-104) 0.677
Bodyweight percent below standard weight 12 (0-31) 11.5 (0-29) 0.041 13 (0-27) 13 (0-25) 0.066

Values are presented as median (range) or number (%). The values calculated for each score are listed. For the following items, the number of people (%)
with each symptom is listed. Arthritis/arthralgias, iritis/uveitis, erythema nodosum, pyoderma gangrenosum, or aphthous stomatitis, anal fissure, fistula,
or abscess, other fistulae, fever/temperature > 100°F/37.8°C.

CDAI, Crohn's Disease Activity Index; ZAH, zinc acetate hydrate; CD, Crohn's disease; NS, not significant.

P-values were calculated using the chi-squared test for categorical variables and the Wilcoxon matched-pairs signed-rank test for continuous variables.
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Supplementary Table 2. Laboratory Data before and after ZAH Administration in CD Patients

. At 4 weeks At 20 weeks
Variable
Day 1 4 Weeks P-value Day 1 20 Weeks P-value

WBC (/ub) 6,475 (3,350-13,950) 6,850 (4,110-13,750) 0.367 6,430 (3,110-13,950) 6,190 (2,680-16,200) 0.634
Hb (g/dL) 12.6 (8.5-15.1) 12.4 (8.0-16.1) 0.702 12.5(8.5-15.1) 123 (9.2-15.5) 0.593
PLT (x 104/pL) 28.4(11.7-42.7) 27.9 (10.1-49.5) 0.965 27.8 (11.7-41.1) 28.6 (13.7-43.2) 0.249
CRP (mg/dL) 0.31(0.01-12.82) 0.12 (0.01-9.61) 0.213 0.18 (0.02-12.82) 0.25 (0.01-5.44) 0.182
ALB (g/dL) 3.4 (1.8-4.8) 3.6 (1.9-4.4) 0.141 3.5(1.8-4.8) 3.7 (2.9-4.6) 0.105

Values are presented as median (range).

ZAH, zinc acetate hydrate; CD, Crohn's disease; WBC, white blood cell; Ho, hemoglobin; PLT, platelet; CRP, C-reactive protein; ALB, albumin.
P-values were calculated using the Wilcoxon matched-pairs signed-rank test for continuous variables.
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Supplementary Table 3. Changes in the Partial Mayo Score for Each Subscore before and after ZAH Administration in UC Patients

. At 4 weeks At 20 weeks
Variable

Day 1 4 Weeks P-value Day 1 20 Weeks P-value
Stool frequency 1(0-3) 1(0-2) 0.750 1(0-2) 1(0-2) NS
Rectal bleeding 0(0-3) 0(0-1) 0.250 0(0-3) 0(0-0) 0.500
Physician's global assessment 2 (0-3) 0(0-2) 0375 0(0-2) 0(0-1) 0.750

Values are presented as median (range).
ZAH, zinc acetate hydrate; UC, ulcerative colitis; NS, not significant.
P-values were calculated using the Wilcoxon matched-pairs signed-rank test for continuous variables.
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Supplementary Table 4. Laboratory Data before and after ZAH Administration in UC Patients

. At 4 weeks At 20 weeks
Variable
Day 1 4 Weeks P-value Day 1 20 Weeks P-value

WBC (/uL) 5,390 (2,660-10,890) 5,900 (3,860-9,330) 0.820 5,390 (2,660-6,690) 4,510 (3,330-6,000) 0.813
Hob (g/dL] 12.6 (8.5-14.6) 12.4 (10.4-14.4) 0.488 1.7 (10.2-13.4) 12.1(10.5-13.4) 0.875
PLT (x 104/uL) 20.6 (9.4-35.2) 21.6(16.7-34.4) 0.289 19.9 (11.0-24.4) 21.2 (17.3-24.9) 0.188
CRP (mg/dL) 0.70 (0.02-7.27) 0.33(0.01-1.07) 0.055 0.63 (0.17-1.48) 0.09 (0.03-0.37) 0.063
ALB (g/d ] 7 (3.4-4.3) 9(3.4-4.3) 0.496 3.7 (3.5-4.1) 9(3.7-4.0) 0.625

Values are presented as median (range).

ZAH, zinc acetate hydrate; UC, ulcerative colitis; WBC, white blood cell; Hb, hemoglobin; PLT, platelet; CRP, C-reactive protein; ALB, albumin.
P-values were calculated using the Wilcoxon matched-pairs signed-rank test for continuous variables.
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