CASE PROCEEDINGS

Vitamin C Deficiency in Inflammatory Bowel
Disease: The Forgotten Micronutrient
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Background: Micronutrient deficiencies are common in patients with inflammatory bowel disease (IBD). To date, the literature has focused on

vitamin D, vitamin B12, and iron deficiencies.

Methods: We report a case series of 20 patients with IBD and vitamin C deficiency treated at a single tertiary care center.

Results: Sixteen (80%) patients had symptoms of clinical scurvy, including arthralgia, dry brittle hair, pigmented rash, gingivitis, easy bruising,
and/or brittle nails. Eighteen patients underwent a nutritional assessment, 10 (56%) patients reported complete avoidance of fruits and vegetables,

and 3 (17%) reported reduced intake of fruits and vegetables.

Conclusions: Vitamin C deficiency should be considered in IBD patients, particularly those with reduced fruit/vegetable intake, as it can lead

to significant signs and symptoms.

Lay Summary

Nutritional deficiencies are common in patients with inflammatory bowel disease (IBD). This case series of patients with vitamin C deficiency and
IBD highlights the signs/symptoms of vitamin C deficiency and the need for appropriate dietary counseling in patients with IBD.
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INTRODUCTION

Patients commonly ask their gastroenterologists about
the role of diet in inflammatory bowel disease (IBD) to al-
leviate symptoms. Ideally, patients are referred to nutrition
experts, though a lack of access can sometimes lead to mis-
information. It is well studied that many IBD patients have
deficiencies in micronutrients and minerals including vitamins
A, B12, D, K, iron, and zinc.? The cause of these deficiencies
may be due to malabsorption related to the underlying disease
or specific dietary changes.

Vitamin C, or ascorbic acid, is a water-soluble micro-
nutrient absorbed in the distal small bowel involved in the

production of collagen, carnitine, and neurotransmitters.® It
is also essential in all phases of wound healing.* Vitamin C is
most commonly found in fruits and vegetables.’ Most patients
diagnosed with vitamin C deficiency can be treated with an
oral supplement (500 mg twice daily for 4 weeks) which can
lead to improvement in constitutional symptoms within 24
hours, skin changes and gingival bleeding within a few weeks,
and prevent long-term side effects including heart failure and
severe hemorrhagic events.®

Clinical vitamin C deficiency, or scurvy, is no longer a
disease of the 18th century with rising incidence in developed
countries over the last several decades, affecting up to 7.1%
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of the general population in the United States based on serum
vitamin C levels.® It is unclear whether this is due to dietary
changes, decreased health literacy surrounding nutrition or in-
creased chronic illness leading to malabsorption and diet re-
striction. Scurvy is a clinical diagnosis confirmed with plasma
vitamin C levels <0.2 mg/dL and clinical features including skin
ecchymosis, petechiae, perifollicular hemorrhage, impaired
wound healing, gingivitis, fatigue, dry brittle hair with hair loss,
and/or arthralgia.” Risk factors for scurvy include frequent
dieting and chronic diseases such as Crohn disease (CD), ce-
liac disease, anorexia nervosa, alcohol use disorder, psychiatric
illness, and kidney failure.® Due to the location of absorption,
patients who have undergone surgical alteration of the small
or large bowel may be at particular risk for developing scurvy,
though nutritional guidelines do not recommend checking vi-
tamin C in postoperative patients.”!!

Many foods that IBD patients may avoid are rich sources
of vitamin C. However, little is known about vitamin C defi-
ciency in IBD, with limited reports over the past few decades.
The goal of this study was to report a case series of patients
with IBD found to have vitamin C deficiency.

MATERIALS AND METHODS

We identified 20 patients with a diagnosis of IBD and
vitamin C deficiency, defined as a concentration <0.2 mg/dL
(reference range 0.2-2.0 mg/dL), who were treated at a single
tertiary IBD center from February 2018 to October 2019.
Patients with vitamin C deficiency were identified on routine
clinical visits. Testing was prompted by symptoms, physical ex-
amination, and/or reports of restricted eating or weight loss.
Demographics, disease characteristics, and laboratory data
were collected from the electronic medical record. The nutri-
tional assessments by a Registered Dietician nutritionist in the
IBD center were reviewed. These included body mass index
(BMI), diet recall, malnutrition assessment, multivitamin/sup-
plement use, and recommendations.

ETHICAL CONSIDERATIONS
The study was approved by Mount Sinai Hospital
Institutional Review Board. This case series does not meet
NIH classification for a clinical trial and does not require
registration.

RESULTS

The median age was 27.5 years and 55% of patients
were women (Table 1). Fifteen (75%) patients had CD and 5
(25%) had ulcerative colitis (UC) with a median disease dura-
tion disease of 3.9 years (range 0.4-56.3 years). Nine (45%) pa-
tients had undergone IBD-related surgery (Table 1). Thirteen
(87%) patients with CD had active clinical disease (defined as
a Harvey—Bradshaw Index >5) and 4 (80%) patients had ac-
tive UC (defined as a partial Mayo Score >2). Fourteen (70%)

2

TABLE 1. Characteristics of Patient Population

Characteristics (Total n = 20)

Female gender, n (%) 11 (55)
Age, median years (range) 27.5 (19-71)
Race
White, n (%) 13 (65)
Black, n (%) 2 (10)
Asian, n (%) 3(15)
Hispanic, n (%) 2 (10)
Diagnosis
CD, n (%) 15(75)
UC, n (%) 5(25)
Disease Phenotype by Montreal Classification
Age at diagnosis
Al <16 years old 5(25)
A2 17-40 years old 12 (60)
A3 >40 years old 3(15)
Location
L1 ileal 6 (30)
L2 colonic 5(25)
L3 ileocolonic 9 (45)
L4 isolated upper disease 0(0)
Behavior
B1 nonstricturing, nonpenetrating 10 (50)
B2 stricturing 7 (35)
B3 penetrating 3(15)
Disease duration, median years (range) 3.9(0.4-56.3)
Prior IBD-related surgery
None, n (%) 11 (55)
Any prior surgery, n (%) 9 (45)

Disease activity for CD (Harvey—Bradshaw Index) (n = 15)

<5 remission (not active) 2(12)
>5 active 13 (87)
Disease activity for UC (partial Mayo Score) (n = 5)
<2 remission 1(20)
>2 active 4 (80)
Current IBD medications
None, n (%) 4 (20)
Anti-TNF (adalimumab, infliximab), n (%) 11 (55)
Oral corticosteroids (budesonide, prednisone), n (%o) 8 (40)
5-ASA, n (%) 5(25)
Ustekinumab, n (%) 2 (10)
AZA, 6-MP, n (%) 1(5
Vedolizumab, n (%) 1(5)
Past IBD medications
None, n (%) 5(25)
Corticosteroids (budesonide, prednisone), n (%) 16 (80)
Anti-TNF (adalimumab, infliximab, certolizumab 9 (45)
pegol), n (%)
5-ASA (mesalamine, sulfasalazine), n (%) 7 (35)
AZA, 6-MP, n (%) 6 (30)
Vedolizumab, n (%) 2 (10)
Ustekinumab, n (%) 1(5)

5-ASA, S-aminosalicylic acid; 6-MP, 6-mercaptopurine; Anti-TNF, Anti-Tumor Ne-
crosis Factor; AZA, azathioprine.
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patients were on biologic therapy and 8 (40%) were using cor-
ticosteroids. On nutritional assessment, 9 (45%) patients had a
normal BMI and 5 (25%) were underweight (BMI <18.5).1213

All patients were vitamin C deficient, with a mean concentra-
tion of 0.1 mg/dL (range 0.0-0.2 mg/dL). The median C-reactive
protein was 5.7 mg/L (range 0.3-89.4 mg/L with the upper limit
of normal being 5 mg/L) and 10 (50%) patients were anemic (he-
moglobin <13 g/dL in men and <12 g/dL in women). The median
ferritin was 23 ng/mL (range 4-433 ng/mL), and 7 (35%) patients
had vitamin D deficiency (defined as vitamin D3 <20 ng/mL), and
5 (25%) had vitamin B12 deficiency (defined as B12 concentration
<211 pg/mL). While 5 (25%) patients presented with vitamin C
deficiency alone, the majority had other concomitant nutritional
deficiencies (Table 2 and Fig. 1).

Signs and symptoms of scurvy were noted in 16 (80%)
patients. These included 9 (45%) patients with arthralgia, 6
(30%) with dry brittle hair/hair loss, 4 (20%) with pigmented
rash, 3 (15%) with gingivitis, 2 (10%) with poor wound healing,
2 (10%) with easy bruising, 2 (10%) with fatigue, and 1 (5%)
with brittle nails.

During nutritionist evaluation, 10 (56%) patients re-
ported complete avoidance of fruits and vegetables, and 3
(17%) reported reduced intake of fruits and vegetables. One
(5%) patient reported taking a multivitamin. Of those who
were avoiding these foods, 2 (22%) reported they were advised
by a health care provider to avoid fruits and vegetables given
their underlying IBD. Of note, some clinicians advise patients
to temporarily limit fiber intake to alleviate symptoms during a
flare, which may include fruits and vegetables, though patients
may inadvertently remain on this diet indefinitely.

On follow-up, 10 (50%) patients did not have repeat
serum vitamin C, and 4 (20%) patients did not follow-up with a
nutritionist. Of those that had repeat serum vitamin C testing,
6 (60%) had normalized following supplementation. Overall,
13 (65%) patients reported improved symptoms. It is impor-
tant to note not all patients had appropriate follow-up within
4-6 weeks of starting vitamin C treatment. Some patients had
multiple nutrition deficiencies, and were taking iron, vitamin D,
vitamin B12, multivitamin, in addition to the vitamin C supple-
ments. At this time, we cannot discern that the arthralgia, hair
loss, and fatigue were solely attributable to vitamin C deficiency
in patients with multiple deficiencies, however 25% had vitamin
C deficiency alone with possible scurvy symptoms.

DISCUSSION

To the best of our knowledge, this is the largest case series
to date of IBD patients with vitamin C deficiency. Importantly the
signs and symptoms of scurvy occurred in 16 (80%) cases and the
most common clinical features were arthralgia (45%), dry brittle
hair/hair loss (30%), pigmented rash (20%), and gingivitis (15%).
This case series helps emphasize the clinical implications of scurvy
on patients with IBD and its potential to impact quality of life. The
majority of patients (56% complete and 17% partial) in our case

TABLE 2. Nutritional Assessment

Characteristics (Total n = 20)

BMI (kg/m?)
<18.5 underweight, n (%) 5(25)
18.5-24.9 normal weight, n (%) 9 (45)
25-29.9 overweight, n (%) 4 (20)
>30 obesity, n (%) 2(10)
Vitamin C plasma level (reference range 0.2-2.0 mg/dL)
0 mg/dL, n (%) 8 (40)
0.1 mg/dL, n (%) 10 (50)
0.2 mg/dL, n (%) 2(10)
Clinical signs and symptoms of scurvy
Arthralgia, n (%) 9 (45)
Dry brittle hair/hair loss, n (%) 6 (30)
Pigmented rash, n (%) 4 (20)
Dry skin, n (%) 4 (20)
Gingivitis, n (%) 3(15)
Poor wound healing, n (%) 2 (10)
Easy bruising, n (%) 2 (10)
Fatigue, n (%) 2 (10)

Brittle nails, n (%) 1(5
No. clinical scurvy manifestations

0 signs/symptoms, n (%) 4 (20)
1 signs/symptoms, n (%) 9 (45)
2 signs/symptoms, n (%) 1(5)
3 or more signs/symptoms, n (%) 6 (30)
Fruit and vegetable avoidance (n = 18)
Yes, n (%) 10 (56)
No, n (%) 5(27)
Partial, n (%) 3(17)
Advised to avoid fruits and vegetables? (n = 9)
Yes, n (%) 2(22)
No, n (%) 7(78)
Concomitant nutritional deficiencies
Vitamin C and vitamin D, n (%) 7 (35)
Vitamin C, vitamin D and iron, n (%) 5(25)
Vitamin C, vitamin D, iron and ferritin, n (%) 4 (20)
Vitamin C, vitamin D and vitamin B12, n (%) 2 (10)
Vitamin C alone, n (%) 5(25)

series reported avoidance of fruits and vegetables. We observed 2
patients whom reported being advised by a health care provider to
avoid these foods, and we speculate there are some possible explan-
ations including patients following advice from clinicians to tem-
porarily limit fiber intake during a flare, patients self-restricting,
patients receiving inappropriate dietary advice, patients unable to
eat vitamin C rich foods due to disease activity, or a connection
related to underlying IBD and/or inflammation. In general, up to
68% of IBD patients limit their diet in order to try to control their
disease and manage symptoms.'*
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NUTRITIONAL DEFICIENCIES (N=20)

VITAMIN C & VITAMIN G, VITAMIN G, VITAMIN C, VITAMIN G ALONE
VITAMIN D VITAMIN D & VITAMIN D, IRON VITAMIN D &
IRON & FERRITIN VITAMIN B12

FIGURE 1. A case series (n = 20) of patients with IBD and vitamin C defi-
ciency found to have concomitant nutritional deficiencies including
vitamin D, vitamin B12, iron, and ferritin.

Prior literature on vitamin C in IBD is limited. Several
studies from the 1970-80s highlight an early association be-
tween vitamin C deficiency in regional enteritis with fistulas,
CD and 1 study even followed patients over a 6-month period
to see if they could assess for risk factors and sufficient supple-
mentation through diet.'>? More recently, a few case reports
in IBD patients indicate clinical signs of scurvy with more
severe consequences including hemorrhagic and multiorgan
dysfunction.?'?

The reasons for vitamin C deficiency in IBD patients are
likely multifactorial, but potential risk factors include avoid-
ance of fruits and vegetables, surgical resection, and disease ac-
tivity. Only 1 (5%) patient reported taking a multivitamin at the
time of initial vitamin C level. Due to the retrospective nature
of the case series, it is difficult to know for certain who was
taking a multivitamin since they are available over the counter
and therefore subject to ascertainment bias. Many patients with
IBD have tried a specific diet, most commonly the specific car-
bohydrate diet (SCD), a low FODMAP diet, CD-TREAT, or
IBD-AID. In all of these diets, foods high in vitamin C are gen-
erally allowed, however in some, such as the IBD-AID diet, al-
tered textures, such as puree, are suggested. Of all these diets,
the SCD is likely the most restrictive although it specifically re-
commends vitamin C supplementation.?”’” One study evaluating
nutritional adequacy of the SCD in children with IBD found
8 (100%) patients had adequate vitamin C levels with multivi-
tamin.”’ Patients are advised to adhere to these diets under the
guidance of a nutritionist, but when they undertake these spe-
cific diets alone, they have the potential to restrict certain food
groups and cause more harm than good.

While it is important to replete patients with vitamin C
deficiency, it is key to maintain an adequate sustained level
of vitamin C in the diet. We recommend that all of our IBD
patients consume adequate fruits and vegetables, making
note that heat can destroy the ascorbic acid content of many
foods.’ Steaming and microwaving retain higher concentrations
of ascorbic acid than boiling because of the reduced contact

with water at lower temperatures. It is recommended to cook
vitamin C rich fruits/vegetables for shorter time periods, at
lower temperatures using minimal cooking water to retain
higher concentrations.” In patients with small bowel disease at
risk for stricture, we recommend soft, fleshy fruits and veget-
ables without seeds or peels. If there is concern about poten-
tial obstructive symptoms, we recommend cooking vegetables
until they are fork tender and/or making smoothies. If a pa-
tient has iron deficiency anemia, combining foods high in vi-
tamin C with a source of iron will increase iron absorption.’
Importantly in 2020, The International Organization for the
Study of Inflammatory Bowel Disease (IOIBD) published a
resource on dietary guidance for patients with IBD and these
recommendations included moderate to high consumption of
fruits and vegetables in CD patients without stricturing disease,
and no restriction of fruits and vegetables for patients with
UC.? It is important to ask all patients with IBD about dietary
intake, particularly fruits and vegetables, not only those who
report weight loss or have an abnormal BMI.

Our case series had a number of limitations. First, all
cases were collected at a single tertiary care center, and these
results may not be generalizable to a broader IBD popula-
tion. Second, it is difficult to differentiate some symptoms of
scurvy from those of underlying IBD or IBD medication side
effects (eg, arthralgias could be in the setting of IBD-associated
arthropathy, myopathy secondary to steroids, and hair loss
could be due to poor protein intake, or medications such as
mercaptopurine or 5-aminosalicylic acid). Of note, 13 (65%)
patients who received supplementation reported improvement
in symptoms. This case series is not able to estimate an inci-
dence and prevalence of vitamin C deficiency in IBD patients
and this is an area that warrants further study. Finally, it is im-
portant to note the plasma vitamin C concentration can be read
as normal (>0.2 mg/dL) in the setting of recent vitamin C in-
take, even if tissue levels are still deficient.’ Therefore, patients
with underlying vitamin C deficiency can be missed. A better
measurement of body stores of vitamin C is ascorbic acid in
leukocytes, but this is not widely available for clinical use.’
While vitamin C has antioxidant qualities, in some cases it can
be a pro-oxidant which may affect the quality of the serum vi-
tamin C levels in patients with active inflammation.* In this
case series, 17 patients reported active disease activity at time
of vitamin C deficiency (Table 1).

CONCLUSIONS

In conclusion, we report a case series of IBD patients with
vitamin C deficiency. Most of these cases occurred in the set-
ting of decreased fruit and vegetable intake. Health care practi-
tioners should be mindful of this micronutrient deficiency when
evaluating patients with IBD. Further prospective studies are
needed to define the prevalence of vitamin C deficiency in pa-
tients with IBD and better understand the clinical implications
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and risk factors. This case series highlights that IBD patients can
be deficient in the “forgotten micronutrient” vitamin C. These
observations highlight the need for appropriate dietary coun-
seling in patients with IBD and referral to a nutritionist should
be encouraged, particularly for those with restricted diet pat-
terns or weight loss. Further research is needed to understand
the true prevalence and impact of vitamin C deficiency in IBD.

DATA AVAILABILITY
The data that support the findings of this study are avail-

able on request from the corresponding author.
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