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Moderator:

This discussion with Dr. Lashner and Dr. Mason will address current information about
the existence of vitamin and mineral deficiencies in Inflammatory Bowel Disease (IBD),
as well as strategies to meet the particular nutritional requirements of IBD patients. To
start, perhaps you could introduce yourselves.

Dr. Lashner:

I’'m Bret Lashner, Director of the Inflammatory Bowel Disease Center at the Cleveland
Clinic in Cleveland. Previously, at the University of Chicago, | worked with some
renowned inflammatory bowel disease experts including Dr. Joseph Kirsner and Dr.
Irwin Rosenberg. | have a very busy clinical practice but also pursue some areas of
clinical research. In particular, I’'m looking at the risk factors for colorectal cancer and
ulcerative colitis, especially as that may relate to folic acid deficiency and also whether
supplementation may prevent the occurrence of cancer or dysplasia in ulcerative colitis.

Dr. Mason:

I’'m Joel Mason. | trained alongside Bret at the University of Chicago and have now
been at Tufts University for twelve years. | am an Associate Professor of Medicine and
Nutrition and head of the Adult Nutrition Support Service, which is an inpatient
consultation service in the hospital. | am Chief of the Division of Clinical Nutrition and
also Director of the Vitamin and Carcinogenesis program at the USDA Human Nutrition
Research Center on Aging at Tufts University. | am a member of the Division of
Gastroenterology in the medical school as well. Due to the influence of common
mentors at the University of Chicago, both Bret and | have an interest in the prevention
of colon cancer and both of us have published studies pertaining to this issue.

Moderator:
The first topic today is the general basis of vitamin mineral deficiencies in inflammatory
bowel disease. Perhaps you could both discuss that.

Dr. Lashner:

The two main inflammatory bowel diseases are Crohn’s disease and ulcerative colitis,
each having distinguishing features relative to inflammation of the gastrointestinal tract
and distinct types of vitamin and mineral deficiencies. Crohn’s disease can affect any
segment or area of the gastrointestinal tract, and, depending on which areas are
affected, a particular type of deficiency is likely to occur.

The most common area of involvement of Crohn’s disease is disease of the terminal
ileum, an area that is particularly suited to the absorption of Bi2. People with severe
terminal ileal disease or resection of the terminal ileum have a problem with Bi2
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deficiency. Crohn’s disease can also involve extensive areas of the small bowel,
leading to a generalized malabsorption of fat and other nutrients and, in turn, to further
vitamin deficiencies. The fat-soluble vitamins A, D, and E are particular problems when
there is fat malabsorption. Folic acid and the other water-soluble vitamins are mostly
absorbed in the proximal small bowel, so, if there is disease there or a patient has a
short bowel syndrome where most of the small bowel has been resected, there will be
major vitamin deficiencies.

Ulcerative colitis always involves the colon. When it is severe, there will be intestinal
losses through diarrhea and bleeding, and with that there will be problems with iron
deficiency. From diarrhea, you may have certain mineral and electrolyte deficiencies,
such as potassium and bicarbonate. A principal medication we use to treat ulcerative
colitis, sulfasalazine, is an inhibitor of folic acid absorption, another reason why people
might have vitamin deficiency.

Finally, there are many foods rich in vitamins that make people with inflammatory bowel
disease feel worse. Fruits and vegetables might exacerbate symptoms of the disease,
making abdominal pain and diarrhea somewhat worse, and patients naturally will avoid
these, another problem and reason to be vitamin deficient.

Dr. Mason:

| would just like to underscore the point that it is not just the direct effect of disease on
the gastrointestinal tract and the subsequent inability to assimilate nutrients that causes
deficiencies. In many ways it is the general effects that inflammatory bowel disease has
on a patient that lead to micronutrient deficiencies. For instance, Bret was pointing out
the fact that the inhibition of appetite or the inhibition of a desire to eat certain types of
foods that are rich in micronutrients plays an important role in some of the deficiencies
that appear in this disease. Similarly, the physician taking care of a patient may
recommend a diet that can lead to vitamin or mineral deficiencies. For example, a diet
that has few or no fresh fruits or vegetables will severely curtail the intake of necessary
nutrients. So there are a lot of factors other than the direct effect of these illnesses on
the integrity of the intestine that actually lead to micronutrient deficiencies in IBD
patients.

Dr. Lashner:

| agree. Another frequent dietary recommendation is that patients avoid milk and milk
products. And indeed, those who are lactase deficient will have an exacerbation of
abdominal pain and diarrhea with milk, but meanwhile they lose the valuable nutrients
from milk when it's removed from the diet. Another factor that should be mentioned is
corticosteroid therapy that is frequently used for both diseases. Steroids carry a major
risk for bone demineralization, osteoporosis and osteomalacia, especially when there is
fat malabsorption that may directly lead to vitamin and mineral deficiencies.

Moderator:
We wanted to talk a little bit about folate and the B vitamins. Dr. Lashner, you’ve done
some important work with folate and | wondered if you could discuss that.
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Dr. Lashner:

| have published four studies in this area, looking at the role of folic acid
supplementation to prevent cancer and dysplasia in ulcerative colitis. Dysplasia is a
premalignant lesion, and since the risk of cancer and cancer mortality is so high in
ulcerative colitis, we recommend cancer surveillance colonoscopy. Patients have
periodic, often every one to two years, colonoscopy with extensive biopsy sampling of
their colon, and colectomy is recommended if dysplasia or asymptomatic cancer is
found.

You can imagine that after more than twenty years of performing cancer surveillance in
this country we’ve collected an incredible amount of data. The first study published in
Gastroenterology in 1989 was a case control study that looked at patients with cancer
or dysplasia followed in our surveillance program and compared them to people without
cancer or dysplasia. The principal exposure of interest was folic acid supplementation.
At the University of Chicago, at that time about 30% of patients were supplemented with
folic acid. These were mostly people who were on sulfasalazine, and from the work that
was done at the University of Chicago at the time, mostly by Dr. Rosenberg, folic acid
was supplemented to people with sulfasalazine but still at a rate of about 30% of
patients. In any case, those patients who were supplemented with folic acid had a
lower risk for cancer or dysplasia; not statistically significant, but the risk was quite
reduced.

Another study also was done at the University of Chicago on cancer surveillance
colonoscopy patients as they came in for their colonoscopy. | drew blood and
measured red blood cell folate levels as well as serum folate and some other vitamin
levels to see if they were associated with cancer. It turned out that higher folic acid
levels had a protective effect on the development of cancer or dysplasia. This was
statistically significant. For every 10 nanogram per milliliter (mL) increase in red blood
cell folate there was an 18% reduction in risk of cancer or dysplasia. Other vitamins
and minerals that were studied did not show a statistically significant effect, although
there seemed to be a small protective effect from increased vitamin A and vitamin D
levels.

A third study done at the Cleveland Clinic was a cohort study that looked at a large
group of patients followed in a cancer surveillance colonoscopy program. Charts were
reviewed, and when it was mentioned that folic acid supplementation was taken for at
least 6 months, that was considered the positive exposure, and indeed folic acid had a
protective effect but it was not statistically significant. It is interesting to note that by this
time, by the mid to late 1990’s, about 60% or more of our ulcerative colitis patients were
taking folic acid. In an earlier era, maybe 10 years ago, only 30% of patients were
supplemented. So the word is out that folic acid may be beneficial and many more
people are taking it now than were previously.

In these studies, we’ve also looked at the dose of folic acid that might be protective.

Typically, 0.4 mg is given in a multivitamin and 1 mg as a sole vitamin supplement. It
turns out that any supplementation of either 0.4 mg or 1 mg was sufficient to reduce the
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risk. There was no dose response. You didn’t get necessarily more protective effect
from folate beyond 0.4 mg.

The fourth study, which was published in the American Journal of Gastroenterology,
also looked at patients with ulcerative colitis having cancer surveillance colonoscopy.
This time we looked not just at their folic acid use; we also looked at an intermediary
marker of malignancy, p53 mutations. It seems that p53 mutations were associated
with cancer or dysplasia and folic acid deficiency. If patients were supplemented with
folic acid, they were less likely to have a p53 mutation in their mucosa, less likely to
develop dysplasia and less likely to develop cancer.

Moderator:
Dr. Mason, you've also published some work, | believe, on folate and the effects of
folate depletion on certain metabolic pathways.

Dr. Mason:
| have been concentrating a lot more on mechanistic issues over the past 7 or 8 years
and only more recently have started to venture into clinical studies as Dr. Lashner was
describing.

Similar to what Bret describes, we have found adverse effects on the p53 gene in
animal models of folate deficiency. We have found that modest folate depletion in
laboratory animals causes several aberrations of the p53 gene. Interestingly, not only
does it seem to be specific for the p53 gene but also it seems to be specific for that
region of the p53 gene that is most highly associated with the evolution of colorectal
cancer. There is a so called “hyper-mutable region” of p53 that seems to be particularly
sensitive to the adverse affects associated with folate depletion, and this region is also
the one that is most frequently disrupted in cancerous lesions.

There are a few other things I'd like to comment on or qualify in regard to Bret's
remarks. Bret was really the first one to appreciate the inverse relationship between
dietary folate and the risk of colorectal neoplasia and he did so in patients with
ulcerative colitis. Since 1989, when Bret published his initial observations, a whole host
of findings (now amounting to over 15 epidemiologic studies) have established an
identical effect in the general population. There is increasing interest not only in utilizing
folate as a cancer protective agent in the setting of ulcerative colitis or Crohn’s disease,
but also for the problem in the general population of colorectal cancer, which presently
is the second biggest cancer Killer in the Western world. We don’t know yet whether the
potential beneficial effects of folate in the setting of inflammatory bowel disease are
similar in nature to the potential benefits in the general population. Some of the larger
epidemiologic studies in the general population have seen a stepwise increase in
protection as one proceeds from a small dose of dietary folate (200 micrograms per
day) all the way up to about 1 mg per day. This contrasts a bit with some of Bret's
studies in inflammatory bowel disease, which suggest there is a threshold effect at 0.4
mg. | should note parenthetically that you have to be circumspect when you're
supplementing a patient with inflammatory bowel disease with large does of folate.
Particularly when you’re dealing with someone with Crohn’s who may have a subtle B12
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deficiency, you have to be a bit cautious giving large doses of folate in that setting
because you might mask Bi2 deficiency.

Moderator:
You mentioned in one of your articles the effects of folate on concentration of
homocysteine. What are the implications of that?

Dr. Mason:

Homocysteine is an amino acid that circulates in the blood of all people and
interestingly, the disposal of homocysteine in the body is largely conducted through a
folate-dependent pathway. Homocysteine is converted to methionine through a folate-
dependent reaction, and, like most biochemical reactions, if you limit one of the
substrates (in this instance, folate) you cause an accumulation of the precursor
compounds. So in this situation, folate deficiency results in an accumulation of one of
the precursors, homocysteine, and that is used clinically as an indicator of folate
deficiency. In fact, in the last 5-7 years, tests for serum homocysteine levels have
become commercially available and are being used increasingly as a very sensitive
indicator of folate deficiency.

In my clinical practice, | use homocysteine quite a bit as a very sensitive indicator of
folate deficiency, in fact more sensitive than blood measurements of folate, whether that
is serum or red cell folate. In a study that we published in the American Journal of
Clinical Nutrition, we looked at indicators of folate status in people who harbor
precancerous polyps (so-called adenomatous polyps), versus people who harbor non-
precancerous polyps, (so-called hyperplasic polyps). We found that blood levels of
folate were identical in these two groups (both serum and red cell folate). We then
looked at colonic folate levels of these people. We took biopsies of the colon, some
distance away from the polyp itself so there wasn’t any local effect of the polyp and we
found that there was about a 40% decrease in colonic folate levels in those people who
harbor the precancerous polyps, indicating that even in the absence of blood indications
of folate deficiency there was some indication of folate depletion in those people who
harbor precancerous polyps. This suggests perhaps a particular sensitivity of the
colonic mucosa to folate depletion that might not necessarily be reflected in systemic
indicators. Now to get back to homocysteine, we also measured homocysteine in these
two groups, and interestingly, the group that harbored the precancerous polyps did have
a small but statistically significant increase in serum homocysteine compared to the
group who did not harbor precancerous polyps, suggesting that even though blood
concentrations of folate were not indicative of a difference in folate status between
these two groups, there indeed was a very subtle indication of differences in systemic
folate status, at least as reflected by homocysteine levels.

Dr. Lashner:
Both groups were in the normal range. How do you define ‘normal range’ of
homocysteine?

Dr. Mason:
Bret brings up a very interesting point. No one yet knows what a normal homocysteine
level is. Certainly one can go by the conventional definition of “normality”, which usually
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is defined as the mean of a “normal population” plus or minus 2 standard deviations.
But let me remind you that homocysteine has only recently been implicated as an
independent risk factor in cardiovascular disease. In this regard it is very comparable to
our understanding about serum cholesterol levels back in the early 1960s. In those
days, a normal cholesterol level was assumed to be about 240 mg per deciliter,
because if you looked at the mean cholesterol level in the United States in an
ambulatory healthy population and added 2 standard deviations, it was approximately
240 mg per deciliter. It was only 10 or 20 years later that we came to appreciate that
what we were defining as normal, still represented a level that was associated with a
very substantial risk of cardiovascular disease. Nowadays, a “normal cholesterol level”
is usually defined as one that is under 180-200 mg per deciliter, because that is at a
level that minimizes the risk of cardiovascular disease.

Dr. Lashner:

In that same line, do people who take multivitamins (0.4 mg of folic acid) consistently
have lower homocysteine levels? Can you push down your homocysteine levels with
folate supplementation?

Dr. Mason:

You can. In fact, one of the most effective ways of reducing serum homocysteine levels
in almost any population is by taking additional dietary folate. There are several large
intervention trials now, not with cancer risk necessarily, but more with cardiovascular
risk, where investigators are selecting people who have moderately high elevations of
homocysteine and supplementing them either with folate alone or with folate in addition
to Bs and Bi2, since Bs and Bi2 are also cofactors in the disposal of homocysteine from
the body.

Moderator:

| just picked up a news article last week referring to a paper on a large population study
by Giovannucci et. al., in the Annals of Internal Medicine. This is one of the studies |
think you were talking about.

Dr. Mason:

Right. Dr. Giovanucci is at the Harvard School of Public Health. This is his third
publication pertaining to folate and cancer arising from either the Health Professionals
Longitudinal Study or the Nurses Health Study. This most recent one is from the
Nurses Health Study. This is the third study in which he has demonstrated in these very
large prospective cohorts that increasing doses of folate intake are associated with a
very substantial reduction in the risk of colorectal neoplasia. Interestingly, Bret, who we
already mentioned was the first one to make this observation in the ulcerative colitis
population, found about a 60% reduction in his very first paper.

Dr. Lashner:
The odds ratio was 0.38, which means about a 62% reduction.

Dr. Mason:
I'd like to point out that there are now 17 epidemiologic studies, some of which are in
inflammatory bowel disease such as the ones that Bret had done. The rest are in the
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general population. In all of these studies, you find a risk reduction in the 40-60%
range. It is amazing how consistent these studies are.

Dr. Lashner:
The consistency is amazing. Some are not statistically significant but, even so, virtually
anyone who has looked at folate has found a protective effect.

Dr. Mason:

In fact, in the many studies that have been done in the general population, all but a few
show a statistically significant benefit or protection of increasing levels of dietary folate.
There are rarely fields in medicine with evolving fields of knowledge where there is so
much consistency amongst epidemiologic studies.

Moderator:
Thank you. | think we can move to the next topic, vitamin Bi2. Who would like to start?

Dr. Lashner:

Bi2 absorption is complex. We eat Bi2 and it is bound in our stomach to dietary R-
proteins. The stomach also secretes intrinsic factor and, in the duodenum, pancreatic
enzymes cleave the R-proteins from the Bi2 and free it to bind with the intrinsic factor.
The Biz-intrinsic factor complex is subsequently absorbed in the terminal ileum, leading
to normal Bi2 absorption. Disruption anywhere along that pathway will lead to Bi2
deficiency.

In Crohn’s disease, the most common place for that pathway to be interrupted is in the
terminal ileum where there is active disease or after there’s been a resection. The other
common place is the pancreas. Pancreatic insufficiency from acute or chronic
pancreatitis is rare, but it's occurring often enough in patients with Crohn’s disease that
we’re thinking that it might be an extraintestinal manifestation of IBD. Other reasons for
pancreatic disease are duodenal Crohn’s disease with obstruction of the pancreatic duct
and pancreatic damage from some medications used for IBD, namely azothiaprine or 6-
mercaptopurine. Steroids are thought to have an effect for induction of pancreatitis.
Then, of course, disease of the gastric antrum where intrinsic factor can’t be adequately
secreted is another reason why people might have Bi2 deficiency. Joel, are you going
to talk about oral supplementation?

Dr. Mason:

The prevalence of Bi2 deficiency that has been reported in IBD largely depends upon
whether you look at ulcerative colitis or patients with Crohn’s disease. The reasons are
inherent to the nature of where the disease affects the intestine: Bi2 deficiency in
ulcerative colitis is rarely reported. When it occurs, it is usually thought to be due to an
illness or disease condition that is independent of the ulcerative colitis. However, in
Crohn’s disease (because it so commonly affects the ileum), the prevalence of Bi2
deficiency is reported anywhere from 5-50%.

The risk of someone developing Bi2 deficiency is largely related to the extent of the
disease in the ileum and there have actually been studies done where they look at the
radiologic extent of disease in a patient with Crohn’s ileitis. Those patients who have
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more than 100 cm of disease almost invariably develop Bi2 deficiency. Those who have
less than about 40 cm of disease almost invariably don’t have Bi2 deficiency, while, in
between, people may or may not develop Bi2 deficiency.

Traditionally, Bi2 deficiency both as a result of pernicious anemia as well as a result of a
diseased ileum has been treated with parenteral Bi2. However, one thing that
physicians often forget is that studies done over the years demonstrate in both these
settings that a high percentage of patients can be very suitably treated just by giving
vitamin Bi2 in large oral doses, usually 500 micrograms to 1,000 micrograms a day.
Even if you lose a large portion of the ileum or your ability to secrete intrinsic factor,
about 1% of ingested Bi2 gets across the intestinal wall and into the blood stream. So if
you are taking a large dose, even though the absorption might be very inefficient,
enough gets in that it actually meets the needs of the person. The needs of Bi2 are
minuscule, amounting to about 2 micrograms per day. Therefore, there is reason to
consider the use of an oral supplement containing either 500 or 1,000 micrograms of
Bi2. The advantage of this is that even though it represents a huge amount of Bz, it is
inexpensive and it is associated with absolutely no side effects.

Dr. Lashner:
How long does it take to get Biz deficient? Don’t we have body stores that will last
several years?

Dr. Mason:

It does take a long time. Because the needs of Bi2 are so low, much lower than most
vitamins, and because the liver does contain a fair amount of Bi2 and because there is
an enterohepatic circulation, it does take a long time to develop Bi2 deficiency; or at
least that has been the conventional thinking.

| just came back from a meeting, the 6" Biannual Conference on Folate, Bi2 and One
Carbon Metabolism. There were data presented at that meeting suggesting this
traditional way of thinking (that it takes so long to become depleted of Bi2) might be
somewhat misguided. The investigators selected a group of people who require
parenteral Bi2_due, | believe, to ileal disease. The Biz status of those subjects was
followed using a very sensitive indicator of cellular Bi2 status, called serum
methylmalonic acid. Like homocysteine, methylmalonic acid levels rise very early on in
B12 deficiency because Biz is a cofactor in the disposal of methylmalonic acid. This is
also a commercially available assay and one that is used extensively in my clinical
practice. In this study, which was performed by Bob Allen and Sally Stabler at the
University of Colorado, they showed that some people (and this varies from person to
person), actually start developing biochemical evidence of Bi2 deficiency in as little as
one month after their last B12 injection.

Dr. Lashner:
That’s interesting. So now the next question is, if you have virtually no Bi2 absorption
capacity for whatever reason, how often do you have to give parenteral B12?

Dr. Mason:
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That is exactly the clinical question addressed by this study. As you are well aware,
Bret, physicians traditionally give Bi2 injections to people either every month or every
three months because the thought is that you don’t have to give it any more frequently
because Bi2 stores last so long. What Allen and Stabler were asking is, is this really
adequate? It is not clear why, but in some people the traditional regimen doesn’t seem
to be adequate because when they return for their monthly or every three month
injection, their methylmalonic acid levels were already on the rise.

Dr. Lashner:
So is oral supplementation to these people who have Bi2 malabsorption likely to keep
levels up?

Dr. Mason:

When you identify someone who you’re convinced has true Bi2 deficiency, | think you’re
obliged to give them a series of parenteral injections to quickly replete them. This is
because the neurologic and psychiatric complications of Bi2 deficiency can become
irreversible after a certain point, and one shouldn’t be awaiting the potential benefits of
oral therapy, which are slow compared to the immediate benefits of parenteral therapy.
So, once identified, | immediately give these people 3-5 parenteral injections of Bi2
each amounting to 500-1000 micrograms. That will quickly replete their stores. Then
one can go on an oral regimen.

Even though oral therapy is going to work for many people, there are clearly some
people for whom it is not going to work, and | think as a physician you should monitor
their Bi2 status on a fairly regular basis for the first year or two when they are on oral
therapy, just to be sure that they are being adequately repleted. If you convince
yourself as their physician that oral therapy is working fine for them after the first year or
two, then you can probably feel assured that is going to continue to work for them
unless they have progression of their disease. But as reflected in some of the studies
that have been done in pernicious anemia, there is a significant minority of people who
still need parenteral therapy.

Moderator:
Is there a fairly simple test for B12?

Dr. Mason:
There is a very simple test, plasma Bi2. Increasingly, people are using serum
methylmalonic acid levels as a more sensitive indicator of Bi2 deficiency.

In years past it was said that anyone who had a Biz level greater than 200
picograms/mL was Bi2 sufficient. Interestingly, studies published in just the last 10
years indicate that, although the majority of people whose serum Biz levels are greater
than 200 picograms/mL are Biz sufficient, approximately 7-10% of people in the low-
normal range, which is 200-400 picograms/mL, actually develop both biochemical, (i.e.
methylmalonic acid elevation) and clinical sequelae of Bi2 deficiency. It is not known
why a small percentage of people who live in this low normal range develop frank
symptoms of Bi2 deficiency. These people somehow have an altered B12 “thermostat”, if
you will. They require higher serum Bi2 levels to maintain normal physiologic functions.
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Moderator:
Just to complete this part of the discussion, the literature shows deficiencies of Bi1, B2
and Bs reported in IBD. Do these have significance for you, and do you have any
comments?

Dr. Mason:

There are certainly reports of deficiencies of a variety of B vitamins in the setting of IBD.
They're not as well defined as some of the other deficiencies that we have already
discussed, in part because one B vitamin deficiency appears frequently in conjunction
with other B vitamin deficiencies. Most investigators haven’t bothered to dissect out all
of the different B vitamin deficiencies that appear. In general, the administration of a
single multivitamin tablet is usually enough to ward off most of these B vitamin
deficiencies that you are speaking of.

Moderator:
We can then move on to the fat-soluble vitamins A, D, E and K. Dr. Lashner, some
comments?

Dr. Lashner:

The fat-soluble vitamins for the most part require intact dietary fat absorption for their
absorption to occur. Fat malabsorption will occur in IBD with extensive mucosal
disease, with short bowel syndrome and, once again, with pancreatic disease where
there are insufficient enzymes or bile to form the appropriate micelles for the fat
absorption.

Dr. Mason:

Certainly there are reports indicating a significant minority of patients with IBD develop
low fat-soluble vitamin levels. There are reports of approximately 20% of patients with
low serum retinol levels relating to vitamin A status. There are reports indicating
occasional episodes of vitamin E deficiency and flagrant neurologic decompensation
based on that.

One other comment that | would make is that in general, a modest supplementation with
these fat-soluble vitamins is usually sufficient to overcome results of any mild fat
malabsorption, even though there are occasional patients with flagrant fat
malabsorption that require upwards of 5-10 times the recommend daily allowance to
remain in a vitamin-sufficient state.

Another comment that | would like to make is that one would have to be somewhat
cautious in the use of vitamin A because there certainly are occasions where people
have made themselves vitamin A toxic, which is primarily on a chronic basis and
presents as hepatic toxicity. More recently, it has been identified that as little as 15,000
international units (IU) a day of vitamin A might be teratogenic in pregnant women, so
nowadays we certainly have to be attentive to the vitamin A needs of IBD patients.
Particularly because this tends to be a disease of young adults involving many women
in the childbearing years, one has to be careful not to be overzealous with the
supplementation of vitamin A.
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Dr. Lashner:
By the same token, there is a risk of night blindness with low levels of vitamin A;
something that is easily correctable if recognized.

Dr. Mason:

Absolutely, Bret, and one of the nice things about this whole discussion is that most of
these vitamin and mineral deficiencies are eminently treatable conditions. These are
things that, if a physician takes the time to think about them and diagnose them, they
can be attended to in a very easy fashion.

| think that one of the fat-soluble vitamins that we are most concerned about in IBD is

vitamin D. If there is going to be a fat-soluble vitamin deficiency, it frequently is vitamin
D. There seems to be a particular sensitivity in the human body to vitamin D depletion
compared to depletion of the other fat-soluble vitamins. In fact, | think the consensus of
the literature is that anywhere from 20-60% of patients with IBD are noted to have low
circulating vitamin D levels. Just to underscore the importance of that, the prevalence
of significant bone disease in patients with low vitamin D levels is much higher than in
those patients with normal vitamin D levels.

Moderator:
Would it be your feeling that about two times the RDA might be a good level at which to
supplement?

Dr. Mason:

As | indicated: in this setting of IBD, routine supplementation with about 2-4 times the
RDA is probably a reasonable goal. There are studies primarily in postmenopausal
women where up to 800 IU (which is 4 times the RDA) can be administered with
complete safety. There are no reports of vitamin D toxicity with this range of vitamin D
supplementation.

Dr. Lashner:

The biggest problem we see with mineral metabolism in IBD is with steroid use.
Steroids are used for both Crohn’s disease and ulcerative colitis. They work very well,
and because they work so well patients are reluctant to stop them and frequently we
find prednisone-dependent patients or patients who take prednisone for a very long
time. When that happens, there are severe consequences with bone demineralization
either through osteoporosis or osteomalacia. The effects of steroids on vitamin D and
calcium are still being elucidated, but we know there is a decrease in the absorption of
calcium, a decrease in activation of vitamin D and there are direct effects on bone
demineralization itself from steroids. These people with chronic steroid use are very
much prone to avascular necrosis of the bone as well as osteopenic syndromes. Joel,
you might want to talk about supplementation of patients on and off steroids with vitamin
D and calcium.

Dr. Mason:
Bret, all my patients with IBD are on a multivitamin/multimineral tablet but | would agree
with you that one has to be particularly attentive to patients on chronic steroids in regard
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to their vitamin D and bone status. These are patients who | am very careful about
making sure that they are also taking a generous amount of calcium in their diet; | am
frequently aiming toward somewhere between 800-1200 mg per day.

Parenthetically, recently there was a large study that effectively demonstrated that one
of the bisphosphonates is very effective in attenuating or even preventing corticosteroid-
induced bone disease. Therefore, in addition to the nutritional approach to preventing
corticosteroid-induced disease, we now have a pharmacological approach. These may
prove to be highly complementary.

One of the other things | would add is that because sclerosing cholangitis sometimes
complicates these diseases, one occasionally sees patients with IBD that have chronic
cholestasis. There are studies that indicate that, if one has a serum bilirubin level
chronically above 5 mg/dl, one is more prone to these fat-soluble vitamin deficiencies,
probably because you’re putting insufficient amounts of bile into the intestine to
consistently maintain the critical micellar concentration for fat absorption.

Dr. Lashner:
What kind of doses of vitamin D and calcium do you recommend to people on steroids?

Dr. Mason:

| have been usually asking people to take 400-800 IU of vitamin D a day as well as
somewhere between 800-1200 mg of calcium. It is pretty hard for most people to get
800-1200 mg of calcium in their diet through foodstuffs alone. Frequently attaining that
level requires some type of calcium supplementation.

Dr. Lashner:
If patients are not on steroids, you would still recommend the calcium, | assume, but
what about vitamin D?

Dr. Mason:
| guess | am less rigorous in that setting, but please recall that all my patients with IBD
are on a multivitamin/multimineral supplement that at the very least contains 200 U of
vitamin D, and, since the average adult American intake of vitamin D is somewhere on
the order of 100-200 IU, these people are getting a total of somewhere around 300-500
U per day.

Moderator:
Perhaps we can move on to iron, then. This is something that both of you have
discussed quite a bit. Your comments on iron, Dr. Mason?

Dr. Mason:

| think that Bret would certainly agree that anemia is exceedingly common in IBD, and in
most cases it's due to either anemia of chronic disease and/or iron deficiency. Iron
deficiency is exceedingly common in IBD for obvious reasons.

Dr. Lashner:

7/5/01 12



ROUNDTABLE DISCUSSION: , Dr. B. Lashner and Dr. J. Mason
October 12, 1998, Boston, MA

Anemia is virtually universal. Certainly this is true for ulcerative colitis when the
bleeding becomes severe and in Crohn’s disease when the inflammation becomes
severe. For the most part, it's iron deficiency anemia for patients with ulcerative colitis
and chronic disease for people with Crohn’s disease, but there is a fair amount of
overlap.

Moderator:
Can you discuss prevention and management?

Dr. Lashner:

What you really need to do is to control the underlying disease. Stop the bleeding in
ulcerative colitis or deal with the inflammation in Crohn’s. Frequently the hemoglobin
will rise and that’s good, that would avoid supplementation. Iron supplementation orally
at corrective doses can have a fair number of Gl side effects; it can be constipating,
cause abdominal pain, and can actually exacerbate symptoms of IBD. Because of that,
we will tend to give lower doses that aren’t necessarily therapeutic or parenteral iron
which | don’t like giving but | have to give in certain circumstances.

Moderator:
Dr. Mason you've talked about doses of up to 40 mg a day as being pretty well
tolerated.

Dr. Mason:

Yes. | would agree with Bret that conventional therapeutic doses of iron in a person
who has been identified as having an iron deficiency anemia is usually about 60 mg of
elemental iron three times a day. That is usually given as a 325 mg tablet of ferrous
sulfate three times a day. That amount of iron is frequently, in my experience as it is
with Bret's and other gastroenterologists’, enough to cause significant Gl symptoms.
Sufficiently significant, mind you, that those patients just stop taking their medicine. So,
like Bret, except in particularly dire circumstances, | frequently supplement people in a
more gradual fashion using lower doses. In many instances, if you can stop the
bleeding as Bret indicates and give them a more modest dose, it might take a little bit
longer for them to replete but nevertheless you get to the point you want to reach. It just
might take you a few extra months to get to that point.

Dr. Mason:

One other comment | would like to make on iron: we physicians frequently associate
iron depletion solely with the development of iron deficiency anemia but it is also
important to keep in mind that iron deficiency anemia is just the end result of iron
depletion. Iron constitutes a component of many important proteins in the body other
than hemoglobin. There are a number of other heme containing proteins such as
myoglobin and the cytochromes.

It is fairly clear that iron depletion that is not severe enough to cause anemia can still
result in certain constitutional symptoms such as fatigue and lassitude, and this is
important to keep in mind when one sees patients in clinic who complain of fatigue.
That might be due to chronic inflammation, which is a common cause of lassitude in IBD
patients, but one also must keep in mind that this might be, at least in part, a result of
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iron depletion that is not severe or prolonged enough to be causing iron deficiency
anemia, but nevertheless sufficiently severe to cause effects on muscles and other
organs resulting in fatigue.

Moderator:
The next topic is vitamin C.

Dr. Lashner:
Vitamin C is a water-soluble vitamin that is easily absorbed, and frankly | can’t imagine
that this has ever been a problem with people with IBD, although | haven’t measured it.

Dr. Mason:

| am sure that there are occasional reports of vitamin C deficiency, because if one has
severe dietary restrictions, one is going to get vitamin C deficient eventually. | would
agree with Bret that it is vanishingly rare in my experience. | think one thing that is
worth mentioning, though, is that vitamin C, since it is a mild organic acid, does
enhance the absorption of inorganic iron, which is the form of iron that is present in
virtually all of the nutritional supplements. Some people when they give iron
supplementation to patients with iron deficiency actually co-administer large doses of
vitamin C to enhance the absorption.

Moderator:
In the next section, | grouped calcium, magnesium, phosphate and potassium together.
We talked a little bit already about calcium, so perhaps we can talk nextabout
magnesium.

Dr. Lashner:

Magnesium is an essential mineral. Its absorption very much follows calcium. When
there is calcium malabsorption there will be magnesium malabsorption and when there
is no calcium malabsorption there will be no magnesium malabsorption.

One problem with magnesium is that very little of it is absorbed. If you give it, it acts as
an osmotic agent to promote diarrhea. In fact, that is the reason citrate of magnesium
and magnesium hydroxide, otherwise known as milk of magnesia, actually act as
cathartics. So supplementing IBD patients daily with magnesium, especially magnesium
oxide, is fraught with the problem of diarrhea as a side effect.

Moderator:

A review article mentioned something to the effect that it probably was not worthwhile to
supplement magnesium orally as part of a multivitamin/multimineral regimen because 1)
it's cathartic, and 2) if patients develop serious magnesium deficiency you probably
have to go the injectable route anyway to correct it. Does that make sense to you?

Dr. Lashner:
Calcium supplementation to preserve bone health is very worthwhile. If you are giving
calcium and vitamin D so the calcium is absorbed, the dietary magnesium follows right
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along with it and is very much tied into it. It can be problematic to have magnesium in a
daily supplement, and serious magnesium depletion may require parenteral magnesium

anyway.

Moderator:

How about potassium? | think in an earlier discussion a point was made that if a patient
can develop a potassium deficiency this is a serious situation that requires some urgent
medical attention.

Dr. Lashner:

Potassium is one of the electrolytes that is low when there is dehydration and diarrhea.
When potassium is exceedingly low, it's life threatening, and it has to be dealt with
parenterally or certainly aggressively orally. There is no reason why potassium has to
be put into a multivitamin supplement. There is plenty of potassium in the diet and
unless the diarrhea is severe enough to cause worry and imminent hospitalization, then
| don’t think that it needs to be supplemented.

Dr. Mason:
| would agree with that and the same thing with bicarbonate.

Dr. Lashner:
Bicarbonate is lost in diarrhea, but still for the most part it doesn’t need to be
supplemented orally on a regular basis.

Dr. Mason:

Again, | would agree with Bret, when a patient with IBD becomes particularly ill on an
acute basis, their needs can become extraordinary for a variety of things including
nutrients. In that setting one has to cater the delivery of nutrients in a very selected
fashion to these people based on their particular needs.

Moderator:
Any more comments on that, or should we move on to zinc?

Dr. Lashner:

There are a whole host of trace elements that can be deficient in IBD. The biggest ones
are zinc, selenium and chromium. The latter two deficiencies in my experience are
exclusively seen in patients with short bowel syndrome who are on total parenteral
nutrition. This is something that is just not seen in IBD patients who do not require total
parenteral nutrition. | don’t take care of home TPN patients but | do think there is a
weekly supplement of trace elements, isn’t there?

Dr. Mason:

In the vast majority of TPN formulas there is a standard mix of trace elements that
includes zinc, selenium and chromium. | would agree with Bret that selenium and
chromium are required in such small amounts that the development of deficiency of
those in conventional IBD is uncommon. Zinc turns out to be the only trace mineral that
appears with any reasonable frequency as a deficiency in patients with IBD.

7/5/01 15



ROUNDTABLE DISCUSSION: , Dr. B. Lashner and Dr. J. Mason
October 12, 1998, Boston, MA

Moderator:
The percentage of IBD patients with zinc deficiency is fairly high, is it not?

Dr. Mason:

Low zinc levels have been seen in approximately 40-50% of hospitalized patients with
IBD, although this is obviously a biased sampling because those statistics reflect
particularly ill patients who are hospitalized. One has to realize also that serum zinc
levels, particularly in the setting of acute illness, are fairly unreliable because serum zinc
is a “negative acute phase reactant.” The more systemic inflammation there is, the
lower the serum zinc levels go, partly because there is a redistribution of zinc in the
body in the setting of acute illness and a lot of zinc gets redistributed from the
intravascular compartment into the liver.

Having said that, there still does seem to be occasional occurrences of flagrant zinc
deficiency in patients with IBD. The reason is that about half of the zinc excreted from
the body under normal circumstances is through the stool, and when one has chronic
diarrhea the losses of zinc on a daily basis go up tremendously. In fact, in a study done
some years ago, it was found that in patients with diarrhea due to IBD the average dose
of zinc required was about three fold the normal level that is required.

Zinc is necessary for a number of things because it is involved in a number of metallo-
proteins. It seems to be very important in maintaining adequate wound healing, which
is obviously important in the recovery from IBD. It seems to be important in maintaining
fertility, and infertility amongst male patients with IBD is an occasional problem,
especially with sulfasalazine where the sperm counts are sometimes reversibly
inhibited. As a clinical presentation, zinc deficiency usually presents as a rather non-
specific rash. It can be on various parts of the body.

My particular habit is to supplement people with voluminous diarrhea or at least those
having chronic diarrhea, because zinc deficiency is sometimes hard to diagnose, and as
| mentioned serum levels are not very good indicators. The only qualification | would
make is that one has to be careful not to use too much zinc because before the days of
ipecac, the most common way to induce vomiting in the emergency room was by giving
huge doses of zinc. It's a very good agent for creating nausea when given in large
doses.

Moderator:
1-2 times the RDA would not be a problem?

Dr. Mason:
No. Not at all. That is far below the amount necessary to induce any kind of Gl
symptoms.

Moderator:

We’ve seen some reports on deficiencies of biotin in patients with IBD. Have either of
you looked at that or have any comments? I'm not sure if that has any clinical
significance at all.
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Dr. Mason:

I've also seen those reports. | think that only under exceptional circumstances does
biotin deficiency probably appear. As | indicated before, if one gives a comprehensive
mix of B vitamins, one is probably not going to become significantly biotin deficient.

Moderator:
Dr. Mason, in your article you mentioned that there is considerable rationale for placing
all patients with IBD on a multivitamin/multimineral supplement.

Dr. Mason:

My personal belief is that the prevalence of micronutrient deficiencies (vitamin and
mineral deficiencies) in patients with IBD is so high, the potential benefits of
supplementation great enough and the potential adverse effects so low that it warrants
the use of a multivitamin/multimineral preparation in all patients with IBD.

Dr. Lashner:

| fully agree. | ask everybody to take it. Frequently they don’t, mainly because they
don’t believe me. They don’t think that vitamin supplementation is important to their
care despite what | say. Education is very important. | think they do need to take
multivitamin/mineral supplements.

Moderator:

Given what has been learned in recent years concerning the nutritional deficiencies
commonly associated with IBD, do you feel it would be feasible to develop and make
available a non-prescription multivitamin/mineral supplement that would more closely
match the needs of most IBD patients than the currently available general
supplements?

Dr. Lashner:

Yes, if attention is given to important points of our discussion including the need for
daily folate, fat-soluble vitamins and calcium supplementation, and the appropriate use
in this group of oral doses of iron, Bi2 and vitamin D that are above the RDA for the
general adult population.

Moderator:

Thank you both for coming today and for your discussion of this important aspect of the
management of Inflammatory Bowel Disease.
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