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Vitamin D status in Crohn's disease: association with
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SUMMARY Forty patients with Crohn's disease were divided into undernourished (18) and well
nourished (22) groups depending on whether their midarm circumference was below or above
90% of the ideal standard. Plasma 25-(OH)D3 and the dihydroxylated metabolites,
24,25-(OH)2D3 and 1,25-(OH)2D3 were measured in the summer. Results were related to
clinical and biochemical parameters and also compared with results from patients with ulcerative
colitis and healthy subjects who served as controls. Plasma 25-(OH)D3 was reduced in the
undernourished Crohn's group compared with the well nourished Crohn's group, who did not
differ from the controls. Over 50% of the undernourished Crohn's group had evidence of
secondary hyperparathyroidism and raised alkaline phosphatase concentrations, although
concentrations of 1,25-(OH)2D3 were normal. The low 25-(OH)D3 concentrations related to
disease activity. It is suggested that undernourished Crohn's patients who have high levels of
disease activity are at risk of vitamin D deficiency, and attempts should be made to improve their
vitamin D nutrition.

25-hydroxy cholecalciferol (25-(OH)D3) is the
major circulating form of vitamin D which requires
further 1-alpha hydroxylation in the kidney to
produce its active metabolite, 1,25-dihydroxy chole-
calciferol (1,25-(OH)2D3).' The function of 1,25-
(OH)2D3 is to raise calcium and phosphate concen-
trations to supersaturation and maintain normal
mineralisation of newly formed bone. The metabolic
production of 1,25-(OH)2D3 is regulated in the
kidney by 1-alpha-hydroxylase and 24 hydroxylase
enzymes. In hypocalcaemic conditions parathor-
mone is secreted and stimulates production of
1,25-(OH)2D3. With a return of the serum calcium
to normal the renal 1-alpha-hydroxylase enzyme is
shut down with a corresponding increase in the
synthesis of 24,25-dihydroxy cholecalciferol (24,25-
(OH)2D3). The role of 24,25-(OH)2D3 is poorly
understood although there is some evidence to
suggest that it is important in bone formation.2
Various other metabolites are also produced from
25-(OH)D3' 35 but their clinical significance re-
mains uncertain,
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Reduced concentrations of plasma 25-(OH)D3
have been reported in patients with Crohn's dis-
ease,6 7 possibly because of malabsorption with a
broken enterohepatic circulation. Sonnenberg and
his associates,8 however, found normal levels of
plasma 25-(OH)D3. To examine the problem furth-
er we have measured 25-(OH)D3 and its major
metabolites 1,25-(OH)2D3 and 24,25-(OH)2D3 in
patients with Crohn's disease in the summer and
have looked particularly at the relationship to
nutritional status and disease activity.

Methods

PATIENTS
CLINICAL FEATURES
Forty patients with Crohn's disease (18 men, 22
women, aged 18-68 years) were studied during the
summer. They were all outpatients and the diagnosis
was based on conventional criteria with positive
histology available in 30 patients. Two control
groups included 20 well nourished patients with
ulcerative colitis (11 men, nine women, aged 18-66
years) attending the same clinic, and nine normal
healthy subjects (three men, six women, aged 22-59
years, mean 38 years). All subjects were studied
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over a two month period between May and July.
Details of clinical features in patients with inflam-

matory bowel disease were documented. Disease
activity in Crohn's disease was based on a simple
clinical index9 in which a score of five or more
indicated active disease. Drug therapy was noted
and at the time no subjects were receiving vitamin D
supplements or cholestyramine.

ANTHROPOMETRIC NUTRITIONAL ASSESSMENT
Standard anthropometric measurements were car-
ried out on all subjects during the summer and
winter. These included height, weight, midarm
circumference (MAC) and skinfold thickness.
Midarm circumference was measured at the mid-
point between acromioclavicular joint and olecra-
non process on the left or non-dominant side.
Skinfold thickness was measured with Holtain calip-
ers at triceps, biceps, subscapular, and suprailiac
regions and the sum of these four measurements
expressed as a total skinfold thickness in mil-
limetres. Midarm muscle circumference (MAMC)
was derived from midarm circumference and triceps
skinfold thickness (TSF,): MAMC (cm)=MAC
(cm)-0-314 TSF (mm).' With the exception of
total skinfold thickness, anthropometric measure-
ments were expressed as a percentage of ideal
standards for men and women.10 Weight was ex-
pressed as a percentage of minimum desirable
weight (ideal) based on Tables compiled by the
Society of Actuaries."1

Patients with Crohn's disease were divided into
two groups: (1) undernourished - with midarm
circumference less than 90% ideal standard (26.4 cm
in men, 25-7 cm in women) and (2) well nourished -
with midarm circumference at or above 90% ideal
standard.

LABORATORY MEASUREMENTS
Serum albumin, total calcium, inorganic phosphate,
and total alkaline phosphatase activity were meas-
ured on a Technicon SMA Plus auto analyser; total
serum calcium was adjusted for serum albumin.'2
Aspartate transaminase and gamma glutamyl trans-
ferase were measured by Boehringer Mannheim
automated analysis, and bone and liver alkaline
phosphatase enzymes were separated by electro-
phoresis on cellulose acetate. Serum prealbumin
was estimated by radial immunodiffusion on
Behring-M-partigen plates. Serum orosomucoids
were measured by rate reaction nephelometry using
a Beckman automated immunochemistry system.
Plasma parathormone (normal range less than 1-0
ng/ml) was measured by automated radioimmuno-
metric assay on a Kemtek 3000 immunoassay
system.13 Patients with raised parathormone had

radiographs of both hands examined by a radiologist
without prior knowledge of the condition. Not all
patients had every investigation.

VITAMIN D3 ASSAYS
25-(OH)D3, 24,25-(OH)2D3 and 1,25-(OH)2D3
were measured by radio immunoassay using sheep
antiserum (02282), which had a high affinity for
1,25-(OH)2D3 but also cross reacted to a small
degree with the other vitamin D3 metabolites.14
Vitamin D2 metabolites were not measured in this
assay.

After preliminary extraction, both dihydroxylated
metabolites, 24,25-(OH)2D3 and 1,25-(OH)2D3
were purified using Sep-Pak C18 cartridges and high
performance liquid chromatography; their elution
positions were checked at each assay with a refer-
ence preparation. A radioimmunoassay 5 was used
to measure 1,25-(OH)2D3; 24,25-(OH)2D3 was
measured in the same way but with different
volumes of metabolite and reagents.
Plasma 25-(OH)D3 was extracted using methyl-

tert-butyl-ether and radio immunoassay performed
without chromatography using the method above
but with some modifications. This procedure over-
estimates plasma concentrations of 25-(OH)D3,
because all vitamin D metabolites are measured.
The concentrations, however, were taken to reflect
levels of 25-(OH)D3 because this is the predominant
metabolite present in plasma.

INTERASSAY REPRODUCIBILITY
This was assessed by the coefficient of variation (Cv)
and was: 25-(OH)D3 - Cv 7*8%, n=10; 24,25-
(OH)2D3 - Cv 1511%, n=8; 1,25-(OH)2D3 - Cv
13-9%, n=8.

STATISTICAL ANALYSIS
Student's t test for unpaired data was used to test
significance between groups when the distribution of
data was parametric and the Mann Whitney test for
non-parametric distributions. Clinical features be-
tween Crohn's groups were compared using the x2
test and correlations were based on Pearson's
moment-product correlation coefficient (r) and
where specified Kendall's rank correlation coeffi-
cient (T).

Results

CLINICAL FEATURES AND NUTRITIONAL STATUS
Clinical features of the two groups with Crohn's
disease and those with ulcerative colitis are in Table
1. Significantly more patients in the undernourished
Crohn's group had active disease and were taking
prednisolone compared with the well nourished
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Table 1 Clinical data in patients with Crohn's disease and ulcerative colitis

Age (yr) Male: Active Duration
mean±JSD Female disease Prednisolone Symptoms Disease distribution Surgical resection

(yr)

Crohn's 36±17 10:8 8* 13* 10 Ileocaecal 9 10 (56%)
MAC<90% ideal (44%) (72%) Ileocolon 4

Mean daily Diffuse small Mean small bowel
dose 11mg bowel 3 length resected 70 cm

Colon 2 Recurrence 7
Crohn's 41±14 9:13 3 8 13 Ileocaecal 10 13 (59%)
MAC>90% ideal (14%) (36%) Ileocolon 3

Mean daily Diffuse small Mean small bowel
dose 8 mg bowel 2 length resected 50 cm

Colon 4 Recurrence 9
Anorectal 3

Ulcerative 45±17 11:9 7 5 12 Rectal 5
colitis Distal 9

Total 6

Patients with Crohn's disease are in: (1) Undernourished group - midarm circumference <90% ideal standard.
(2) Well nourished group - midarm circumference >90% ideal standard.
* p<0-05 - significant differences between the two groups of patients with Crohn's disease.

Crohn's group. In other respects the two Crohn's significantly reduced plasma 25-(OH)D3 compared
groups were similar. In Crohn's disease, serum with the other three groups (p<0-001) (Fig. 1).
orosomucoids (mean±one SD) were significantly Plasma 24,25-(OH)2D3 was also very low in the
higher in the undernourished (1-27±0-62 g/l) com- undernourished Crohn's group, although both well
pared with the well nourished group (0.75±0-2 g/l, nourished groups with inflammatory bowel disease
n=15) p<0-01; the latter group did not differ from had levels significantly below healthy controls
patients with ulcerative colitis (0-77±0.35 g/l, n=17) (p<0O05) (Table 3). Plasma 1,25-(OH)2D3 was
or normal subjects (0-59±0-19 g/l). similar in all four groups. For all subjects studied

In Crohn's disease undernourished patients had there was a strong positive correlation between
significantly reduced nutritional parameters of 25-(OH)D3 and 24 ,25-(OH)2D3 (r = 0*828,
weight, midarm muscle circumference and total p<0001, n=67), although there was no correlation
skinfold thickness, compared with well nourished between 25-(OH)D3 and 1,25-(OH)2D3 (r=0.146).
patients who were similar to the other two groups The undernourished Crohn's group produced more
(Table 2). The low anthropometric measurements 1,25-dihydroxy cholecalciferol and less 24,25-
were paralleled by low serum protein levels. dihydroxy cholecalciferol in relation to the precur-

sor 25-(OH)D3 compared with normal controls
VITAMIN D METABOLITES AND NUTRITION (p<005), while the well nourished patients with
Undernourished patients with Crohn's disease had inflammatory bowel disease had an intermediate

Table 2 Nutritional parameters in patients with Crohn's disease, ulcerative colitis and normal subjects

Crohn's Crohn's
MAC<90% ideal MAC>90% ideal Ulcerative colitis Normal subjects

Weight (% ideal) 85 7+6-7t 110-7±16-0 117 9±17-4 109-9+14 3
Midarm muscle circumference 80-8±6-it 100-5+11-0 100 0±9-9 94-9+8-7
(% ideal)
Total skinfold thickness (mm) 31-5±10-Ot 56-4±27-2 615+24-1 64-4±25-7
Serum albumin g/l 37-6+6-1* 42-8+3-9 43 1+2-8 46-7±3-3
Serum prealbumin mg/dl 23-0±8-1* 30-0±6 7 27 2±5-2 29-7+4-3

Results expressed as mean± 1SD.
* p<0-01.
t p<0001 =significance values compared with well nourished Crohn's group.
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Fig. 1 Plasma 25-(OH)D3 in patients with Crohn's
disease, ulcerative colitis and normal subjects during the
summer. Patients with Crohn's disease are in two groups:
undernourished with midarm circumference (MAC) less
than 90% ideal standard; well nourished with midarm
circumference (MAC) greater than 90% ideal standard.
Mean levels are indicated.

position (Table 3).

VITAMIN D METABOLITE CONCENTRATIONS AND
CLINICAL PARAMETERS IN CROHN 'S DISEASE
Concentrations of plasma 25-(OH)D3 (mean± 1
SD) were significantly lower in patients with active
disease (25X3+1X0 nmol/1, n=11) compared with
patients who had inactive disease (39.3±18*3 nmol/
1, n=29) - p<O005. There was also a significant
inverse correlation between serum orosomucoid
concentrations and 25-(OH)D3 (Fig. 2). Otherwise,
25-(OH)D3 and the two dihydroxylated metabolites
were not affected by clinical parameters, and results
were not significantly different between patients on
and off steroids.
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Fig. 2 Serum orosomucoid and plasma 25-OH)D3 in
patients with Crohn's disease during the summer.
Correlation coefficient r= -0487, p<001, n=33.

DIETARY VITAMIN D INTAKE
In those patients who completed the diary, total
daily vitamin D intake (mean±one SD) was 3.7±2*9
,ug in 12 undernourished Crohn's patients; 4.6+2.3
,ug in 16 well nourished patients; 5.1±3-8 ,g in 15
with ulcerative colitis and 4-4±1*9 ,ug in six normal
subjects. None of these differences were significant.
In patients with Crohn's disease there was no
significant correlation between daily vitamin D
intake and 25-(OH)D3 concentrations (Kendall's
T=0'172).

BIOCHEMICAL PARAMETERS IN RELATIONSHIP TO
25(OH)D3
Corrected calcium and serum phosphate were both
normal and similar between the four groups. Under-
nourished Crohn's patients, however, had signifi-
cantly increased total alkaline phosphatase activity
compared with the other three groups (p<OO1)
(Fig. 3). Well nourished Crohn's patients and
ulcerative colitis patients, however, also had mean
levels higher than normal subjects (p<005). Eleven

Table 3 1,25-(OH)2D3 and 24,25-(OH)2D3 concentrations in patients with Crohn's disease, ulcerative colitis and normal
subjects

Crohn's Crohn's
MAC<90% ideal MAC>90% ideal Ulcerative colitis Normal subjects

Plasma 1,25-(OH)2D3 pmol/l 124-1±67-2 107-0±32-2 109-2±52-6 126-5±36-7
Plasma 24,25-(OH)2D3 nmol/l o-60±0-46t 156±1-06 1*63±1-03 2-88±1-42
Ratio 1,25-(OH)2D3 nmolA x100% 0-59±0-39* 0-28±0-11 0-28±0-18 0-25±0-09
25-(OH)D3 nmol/l
Ratio 24,25-(OH)2D3 nmol/l x100% 2-6±1-81 3-4±1-43 3-4±1-75 5-0±1-46
25-(OH)D3 nmol/l

The ratios of each dihydroxylated metabolite to its precursor, 25-(OH)D3, are also shown. Results are expressed as Mean±1SD.
* p<O-Ol. t p<0-001=significance values compared with well nourished Crohn's group.
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Plasma parathormone was rai

in 10 undernourished Crohn's
eight well nourished Crohn's pa
with ulcerative colitis (25%) a

jects. In all 40 patients with C
was a significant inverse correl
thormone and 25-(OH)D3
p<0-05). Hand radiology was n

investigated with no signs sugg
roidism.

Discussion

This study shows that the maj
ished Crohn's patients had low I
during the summer months.
raised parathormone concent
have explained the normal cor

(OH)2D3. Although their cor

phosphate concentrations were
tients had high levels of alkali
this appeared to be predominan
striking contrast well nourishe

0 patients with ulcerative colitis, and normal healthy
subjects had similar results: levels of 25-(OH)D3
and 1,25-(OH)2D3 were normal, and most patients
had normal parathormone concentrations.
The greatest difference between the two Crohn's

groups was that the undernourished patients had
active disease. Disease activity was measured by a
simple clinical index9 which has been found to
correlate with the more comprehensive Crohn's
disease activity index,'6 and by serum orosomucoids
which also reflect disease activity.'7 Active disease

ag a a may be associated with a protein losing entero-
000 000 pathy'8 which may account for the low levels of
° g 0 ° 25-(OH)D3. Vitamin D metabolites circulate in
° °8 plasma bound to an alpha-2-protein, and in other

- - - -- protein losing states such as the nephrotic syn-
drome, low 25-(OH)D3 is thought to be caused by

Colitis Normal excess loss of the protein bound metabolite in the
urine.19 Other clinical parameters and steroid medi-

oncentrations in cation did not appear to be responsible for the low
rive colitis, and normal concentrations of 25-(OH)D3, and the dietary
ots represent patients findings are in keeping with other observations that
centrations associated dietary vitamin D intake is not important for
ormalgamma glutamyl maintaining adequate vitamin D3 levels.20 21 Simi-
epresent the normal larly malabsorption of vitamin D3 due to steator-

rhoea probably contributed little to the low levels of
25-(OH)D3 in the malnourished Crohn's patients.
Patients with Crohn's disease had normal serum

patients with raised aspartate transaminase levels, and this would tend
an increased bone to rule out liver disease as a cause for low vitamin D

nal gamma glutamyl concentrations.
s had normal aspar- It is possible that the undernourished Crohn's
ns. group had low 25-(OH)D3 because of ultra violet
ised above 1-0 ng/ml deprivation as a result of bowel symptoms; this is
s patients (55.6%), unlikely, however, because all patients were out-
atients (36.4%), five patients and claimed to indulge in normal outdoor
nd no healthy sub- activity. Sufficient vitamin D is probably generated
rohn's disease there in the summer in the undernourished patients, but
ation between para- low 25-(OH)D3 is most likely to be due to excess
(r=-0-356, n=40, loss of the vitamin from the gastrointestinal tract as
iormal in all patients a result of protein losing enteropathy and an
esting hyperparathy- interrupted enterohepatic circulation. Communities

which have a good overall exposure to ultra violet
light may still have a high prevalence of osteomala-
cia and rickets.2224 One explanation is that these
communities feed chiefly on poor vegetarian and

jority of undernour- cereal based diets that may bind to bile acid vitamin
levels of 25-(OH)D3 D complexes and cause vitamin D wastage severe
Many patients had enough to lead to bone disease through an inter-
-rations which may rupted enterohepatic circulation.25 More direct evi-
icentrations of 1,25- dence comes from a recent study26 where plasma
Trected calcium and disappearance of intravenously administered 3H-
e normal, these pa- (25-(OH)D3) was more rapid in patients with
ine phosphatase and malabsorption, including a number with Crohn's
itly of bone origin. In disease, compared with controls; the authors felt
-d Crohn's patients, that loss of endogenous vitamin D in these patients

-
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could be a result of an interrupted enterohepatic
circulation.
No subject in the study had symptoms or signs of

osteomalacia. Calcium and phosphate concentra-
tions were always normal, but the majority of
patients in the undernourished Crohn's group had
raised alkaline phosphatase concentrations, largely
from bone. In previous work27 high alkaline phos-
phatase levels were attributed to liver disease, but
this study did not include details of isoenzymes to
alkaline phosphatase nor measurements of 5-nucleo-
tidase or gamma glutamyl transferase, so their
conclusions about the prevalence of bone disease
are open to discussion. More substantial evidence
for osteomalacia would require bone biopsy, but this
was not thought to be justified on a group of patients
who were on the whole asymptomatic. Clearly,
however, osteomalacia is now recognised to be more
common than previously suspected in Crohn's dis-
ease and may exist without clinical or biochemical
abnormalities.2829
We conclude that undernourished patients with

Crohn's disease, who may be identified by simple
measurements of the midarm circumference, have
reduced vitamin D levels compared with nourished
patients and a control population, and that one of
the principal determinants of this low vitamin D
status is an increased disease activity. These patients
should avoid drugs such as cholestyramine which
may further lower 25-(OH)D3,30 and should take
advantage of the sun whenever possible and in
winter might benefit from vitamin D supplements.
Whether improvement in nutrition and disease
activity would be associated with an improvement in
vitamin D status would require further investi-
gation.
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