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BACKGROUND: Vitamin D deficiency is a putative, pathogenic
cofactor in the increase in osteopenia and osteoporosis seen in
patients with Crohn’s disease.
OBJECTIVE: To determine the frequency of low serum 25-hydroxy-
vitamin D3 (25-OHD) levels and the associated alterations in bone
mineral density in a cohort of adults with Crohn’s disease.
METHODS: 25-OHD levels were determined in 242 consecutive
patients with Crohn’s disease seen in two tertiary inflammatory bowel
disease referral centres. Bone mineral density was assessed by dual
energy x-ray absorptiometry.
RESULTS: Nineteen (8%) patients exhibited vitamin D deficiency
(25-OHD less than 25 nmol/L) and 52 (22%) patients exhibited vita-
min D insufficiency (25-OHD less than 40 nmol/L). Mean T-scores at
the lumbar spine, femoral neck, total hip and ultradistal radius in the
group with low 25-OHD did not differ from those of the normal 
25-OHD group. Serum alkaline phosphatase and parathyroid hor-
mone levels were higher in the low 25-OHD group than in the nor-
mal group. Decreased red blood cell (RBC) folate predicted low
25-OHD in male patients, while smoking, RBC folate and serum iron
predicted low 25-OHD in female patients. The rate of low 25-OHD
deficiency in the winter was significantly higher than that in the
summer (11.9% versus 2.8%, respectively).
CONCLUSION: Vitamin D-deficient Crohn’s disease patients
exhibit biochemical evidence of metabolic bone disease, without
detectable differences in bone mineral density. Sunlight exposure,
nutrition and smoking status were predictors of vitamin D deficiency
in this patient cohort.
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Fréquence du déficit en vitamine D chez les
adultes atteints de la maladie de Crohn

CONTEXTE : La carence en vitamine D est un cofacteur pathogène et
généralement admis de la fréquence accrue de l’ostéopénie et de l’ostéo-
porose observées chez les patients atteints de la maladie de Crohn.
OBJECTIF : Déterminer la fréquence de faibles taux sanguins de 
25-hydroxyvitamine D3 (25-OHD) et les modifications de la densité
minérale osseuse qui y sont associées dans une cohorte d’adultes atteints
de la maladie de Crohn.
MÉTHODE : Les taux de 25-OHD ont été mesurés chez 242 patients
consécutifs, atteints de la maladie de Crohn, dans deux centres de soins
tertiaires, spécialisés dans les maladies inflammatoires de l’intestin. La
densité minérale de l’os a été évaluée au moyen de l’absorptiométrie dou-
ble énergie à rayons X.
RÉSULTATS : Une carence en vitamine D (25-OHD < 25 nmol/l) a été
décelée chez 19 patients (8 %) et une insuffisance en vitamine D (25-
OHD < 40 nmol/l), chez 52 patients (22 %). Les scores T moyens mesurés
au niveau de la colonne lombaire, au col du fémur, à la hanche et au
radius ultradistal chez les patients présentant un faible taux de vitamine D
ne différaient pas de ceux enregistrés chez les patients présentant un taux
normal de vitamine D. Les taux sériques de phosphatase alcaline et de
parathormone étaient plus élevés dans le groupe affichant de faibles
valeurs de 25-OHD que dans le groupe normal. Une diminution de la
concentration de folates dans les globules rouges (GRs) s’est avérée un
prédicteur de faible taux de 25-OHD chez les hommes, tandis que, chez
les femmes, ce sont le tabagisme, la concentration de folates dans les GR
et le fer sérique. Le taux de déficit en vitamine D s’est montré significa-
tivement plus élevé en hiver qu’en été (11,9 % contre 2,8 % respective-
ment).
CONCLUSION : Les patients atteints de la maladie de Crohn qui
présentent un déficit en vitamine D montrent des signes biochimiques
d’ostéopathie métabolique mais pas de différences décelables de la densité
minérale osseuse. L’exposition au soleil, l’alimentation et le tabagisme se
sont révélés des prédicteurs de déficit en vitamine D dans la cohorte à 
l’étude.

Bone mineral density (BMD) is reduced in patients with
Crohn’s disease (1-7). The mechanism underlying the lower

bone mineral density is not clearly understood; however, mul-
tiple etiologies are likely involved. These include disease activ-
ity, corticosteroid therapy, calcium and vitamin D deficiency,
acute inflammatory cytokine action on osteoclast and
osteoblast activity, sex hormone deficiency, smoking and over-
all poor nutrition (5-14).

Previous studies have demonstrated that between 17% and
68% of Crohn’s disease patients exhibit frank serum 
25-hydroxyvitamin D3 (25-OHD) deficiency, defined as a val-

ue less than 25 nmol/L (10 ng/mL) (3,8,12,15-20). Several
studies have identified an association between bone mineral
density and 25-OHD status (8,12,20), and reported that vita-
min D supplementation improved bone mineral density in
Crohn’s disease patients (21). In contrast, other studies have
failed to show an association between 25-OHD deficiency and
reduced bone mineral density (1,3-7,15,19).

25-OHD serves as the major precursor and most objective
measure of the active hormone 1,25-dihydroxyvitamin D3
(1,25-OHD) undergoing 1-alpha hydroxylation in the kidney.
1,25-OHD increases calcium and phosphate absorption and
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reabsorption in the gastrointestinal tract and kidneys, respec-
tively, thus maintaining normal mineralization of newly
formed bone (18,22). A low serum concentration of 
1,25-OHD delays osteoid deposition by osteoblasts, increases
parathyroid hormone (PTH) release and activity and results in
increased bone resorption. Prolonged vitamin D deficiency
results in osteomalacia in adults (22).

The main source of vitamin D in healthy individuals is
cutaneous ultraviolet irradiation of 7-dehydrocholesterol, with
a minor contribution from the intake of foods containing, or
fortified with, vitamin D (22,23). Serum vitamin D deficiency
is rarely, if ever, reported in healthy North American adults
(24,25). Serum 25-OHD levels vary seasonally, reaching the
highest levels in the summer months, and are lowest in the late
winter months (12,22-26). The absence of vitamin D deficiency
in North American adults in the winter is most likely due to
the ingestion of foods fortified with vitamin D (22,25). When
ingested, vitamin D is absorbed mainly at the jejunum of the
small intestine (27). Furthermore, enterohepatic recirculation at
the ileum normally prevents excessive excretion of vitamin D
(12,23). Any, or all, of these sources of vitamin D may be
affected in Crohn’s disease.

The aim of the present study is to determine, in a Canadian
cohort of adult patients with Crohn’s disease, the frequency of
low serum 25-OHD levels, the associated risk of low bone min-
eral density and to identify the causes of lowered vitamin D in
these patients.

PATIENTS AND METHODS
Patients
Between 1998 and 2000, 224 patients with Crohn’s disease who
had attended the Inflammatory Bowel Disease Research Centre
and Clinic, at the University of Alberta Hospital, Edmonton,
Alberta, were consecutively enrolled in a prospective longitudinal
investigation to assess the clinical efficacy of bisphosponate therapy
on bone mineral density in Crohn’s disease patients. An addition-
al 18 patients from Mount Sinai Hospital, Toronto, Ontario,  were
also enrolled, giving a total of 242 patients. Data relevant to vita-
min D were gathered at baseline assessment. Informed consent
from each patient was received in writing before being enrolled.
Crohn’s disease and the site of the disease was diagnosed on the
basis of endoscopic, radiological and histological examination.
Those patients with a serum 25-OHD concentration below 
25 nmol/L were classified as being vitamin D deficient and were
separately analyzed for the purposes of this study.

The following exclusion criteria were applied at baseline: age
less than 18 years; patients with known bone disorders other than
osteoporosis (such as hyperparathyroidism, Paget’s disease, renal
osteodystrophy and documented osteomalacia); patients with
abnormal thyroid function; patients with significant renal impair-
ment (serum creatinine twice the normal level); patients with
clinical short bowel syndrome; patients on total parenteral or
enteral nutrition; and patients with spinal anatomy that did not
allow adequate assessment with dual energy x-ray absorptiometry
(DEXA, Hologic 4500, Hologic Inc, USA). In addition, patients
who had received bisphosphonate or fluoride supplement in the
24 months before the data collection or pharmacological doses of
calcium (greater than 1.0 g/day) or vitamin D (greater than 
800 IU/day) in the six months before entry were excluded from
the study.

Patient demographics and disease information, such as age at
baseline, diagnosis date, gender, smoking status, Crohn’s disease

activity in the last year and corticosteroid use in the last year, were
obtained through a questionnaire conducted at baseline. Other
baseline information was gathered by reviewing patients’ records,
and by blood, urine and DEXA analysis. Weight and height were
obtained to determine body mass index (BMI) (in kg/m2), and dis-
ease site was recorded as colonic, ileal, ileocolonic or jejunal/
duodenal.

BMD measurements
BMD (g/cm2) of the lumbar spine (L1-L4), the femoral neck, total
hip and ultradistal radius was measured at baseline by DEXA
using standard protocols. Vertebral BMD values were normalized
using the Hologic reference database; hip values were normalized
using the National Health And Nutrition Examination Study III
database (28). Osteopenia (T-values greater than –1.0 but less
than or equal to –2.5) and osteoporosis (T-values less than –2.5)
were diagnosed using the lowest value of the lumbar vertebrae
(L1-L4 inclusive, unless there was a specific reason to exclude a
given vertebra), total hip density or femoral neck density (29).

Biochemical measurements
Blood samples were drawn at baseline to determine the following
serum values: serum alkaline phosphatase (U/L), phosphorous
(mmol/L), calcium (mmol/L), PTH (pmol/L), 25-OHD (nmol/L),
albumin (g/L), sodium (mmol/L), potassium (mmol/L), chloride
(mmol/L), creatinine (µmol/L), random glucose (mmol/L),
platelet count (×109/L), white blood cell (WBC) count (×109/L),
hemoglobin (g/L), total protein (g/L), magnesium (mmol/L), 
C-reactive protein (CRP) (mg/L), iron (µmol/L), total iron bind-
ing capacity (µmol/L), ferritin (µg/L), carotene (µmol/L),
vitamin B12 (pmol/L), red blood cell folate (nmol/L), testosterone
(nmol/L), follicle stimulating hormone (U/L), luteinizing hor-
mone (U/L), estradiol (pmol/L), and thyroid stimulating hormone
(U/L). Urine samples were also collected for a 24 h period at base-
line to measure urine N-telopeptide (nmol/mmol urine creati-
nine) and urine creatinine (mmol/24 h). CRP, WBC, platelet
count and serum ferritin served as markers of inflammation and
Crohn’s disease activity (30,31). Urinary N-telopeptide was meas-
ured as a marker of bone resorption (32).

25-OHD determination
Serum levels of 25-OHD were determined by prior extraction 
with acetonitrile. Quantification of 25-OHD was performed 
by competitive radioimmunoassay (DIASORIN 25-OHD
Radioimmunoassay kit, DIASORIN Corporation, USA). The
intra- and interassay coefficients of variance were less than 12%
each, respectively.

Statistical analysis
Descriptive statistics were reported as a mean ± SD for continuous
variables that were normally distributed, unless otherwise stated.
Results for the group of Crohn’s disease patients with serum 
25-OHD deficiency were compared with those of the patient
group with normal levels of 25-OHD. For comparison of means of
continuous variables between two groups, an unpaired t-test was
performed. If the data was not normally distributed the Mann-
Whitney rank test was employed. Comparison of discontinuous
variables was performed using a χ2 test.

To determine if any continuous variables could predict vitamin D
status in the Crohn’s disease patients, a univariate analysis of the
data from the 242 patients was first performed using Pearson’s cor-
relation test. All significantly associated variables were then 
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subjected to forward stepwise regression analysis to develop a mul-
tivariate model.

For all tests, significance was defined as P<0.05 (95% CI), with
normality and variance defined at P<0.01. The statistical program
Sigma Stat (V.2.03, SPSS Inc, USA 1998) was used for all statis-
tical procedures.

RESULTS
Serum 25-OHD deficiency
Demographic characteristics of the patients with normal serum
25-OHD and those with serum 25-OHD deficiency are given
in Table 1. Of the 242 consecutive patients assessed at base-
line, 19 (8%) were found to have a serum 25-OHD of less than
25 nmol/L. Of those patients with 25-OHD deficiency, 
11 (57.9%) were osteopenic, one (5.3%) was osteoporotic and
seven (36.8%) had normal BMD. These BMD results did not
differ significantly from the prevalence of low BMD in the non-
25-OHD deficient Crohn’s disease cohort (48.6% osteopenia
and 14.2% osteoporosis, P>0.05). In the 25-OHD deficient
patients, decreased bone mineral density was most pronounced
at the femoral neck and lumbar spine (47.4% and 42.1%, respec-
tively). This distribution of decreased bone mineral density did
not differ from that of patients with normal levels of 25-OHD
(51.9% femoral neck and 46.1% lumbar spine, P>0.05). Age at
baseline, disease duration, BMI, corticosteroid use, and disease
location did not differ between the deficient and normal 
25-OHD group. There were a greater percentage of smokers in
the 25-OHD deficient group than in the normal group (62.5%
and 35.6%, respectively); however, this difference did not show
statistical significance (χ2=5.929, P=0.115).

Serum 25-OHD insufficiency
Vitamin D insufficiency has been defined conservatively as a
serum 25-OHD level below 40 nmol/L. Long term exposure to
25-OHD at this level may also be of clinical importance,
although the effect on BMD has not been determined. Fifty-two
patients (22%) demonstrated serum 25-OHD insufficiency
(levels below 40 nmol/L).

Biochemical parameters
The biochemical characteristics of the 25-OHD deficient and
normal 25-OHD groups are compared in Table 2. Serum alka-
line phosphatase levels were higher in the 25-OHD deficient
group than in the normal 25-OHD group (108.9±52.8 U/L
versus 83.8±31.9 U/L, respectively, P=0.015), as was serum
PTH (5.0±3.1 pmol/L versus 3.5±1.8 pmol/L, respectively,
P=0.012). In contrast to this evidence of metabolic bone dis-
ease, no significant differences in urine N-telopeptide levels, a
measure of bone resorption, were demonstrable between the
two groups (Table 2). Serum albumin was lower in the 
25-OHD-deficient group compared with the normal 25-OHD
group (37.4±4.9 g/L versus 40.1±4.0 g/L, respectively,
P=0.006), as was serum carotene (1.2±0.7 µmol/L versus
1.9±0.9 µmol/L, respectively, P<0.001). No other biochemical
parameter differed significantly between the two groups.

Biochemical characteristics for the 25-OHD-insufficient
group were similar to those in the 25-OHD-deficient group
(Table 3).

BMD
The mean T-scores at the lumbar spine, femoral neck, total hip
and ultradistal radius for the normal 25-OHD and 
25-OHD-deficient groups is shown in Table 2. No significant
differences in the T-scores at any of these skeletal sites were
found. In the 25-OHD-deficient group, age at diagnosis was
the only variable to correlate, negatively, with low T-scores,
and only at the lumbar spine and femoral neck (–0.587 and
–0.625, respectively, P<0.05) (Figure 1). Furthermore, when
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TABLE 1
Demographic characteristics of 19 patients with Crohn’s
Disease and serum 25-hydroxyvitamin D3 (25-OHD)
deficiency, compared with 219 Crohn’s disease patients
with normal serum 25-OHD

Normal Deficient
Demographic characteristics 25-OHD 25-OHD
Age (years) Mean ± SD 38.5±12.4 40.4±10.0
Sex (M/F) 97/122 09/10
Age at diagnosis (years) Mean ± SD 27.2±12.0 30.3±9.9
Years since Crohn’s disease diagnosis 11.3±8.7 10.1±8.9

Mean ± SD
Crohn’s disease location: (% of patients) (% of patients)

Colon 21.7 11.8
Ileum 37.7 41.2
Colon and ileum 40.1 41.2
Jejunum/duodenum 0.5 5.8

% smokers (at any time) 35.6 62.5
BMI (kg/m2) (Mean ± SD) 24.9±4.6 27.1±4.6
Number of flares requiring

a physician’s visit in last year (% of patients) (% of patients)
≤ 2 78.8 80.4
3-6 20.3 18.8
7-10 0.9 0.8

Patients who used steroids in last year (%) 51.6 47.4
Patients with normal bone density (%) 37.2 36.8
Patients with osteopenia (%) 48.6 57.9
Patients with osteoporosis (%) 14.2 5.3

25-OHD deficiency is defined as a serum 25-OHD concentration below 25
nmol/L. BMI Body mass index; F Female; M Male

TABLE 2
Biochemical and bone mineral density characteristics in
Crohn’s disease patients with normal and deficient serum
levels of 25-hydroxyvitamin D3 (25-OHD) 

Normal Deficient
25-OHD 25-OHD

Biochemical characteristics (n=219) (n=19)
Alkaline phosphatase (U/L) 83.8±31.9 108.9±52.8*
Phosphate (mmol/L) 1.1±0.2 1.1±0.2
Calcium (mmol/L) 2.3±0.1 2.2±0.1
Parathyroid hormone (pmol/L) 3.5±1.8 5.0±3.1*
Albumin (g/L) 40.1±4.0 37.4±4.9*
Carotene (µmol/L) 1.9±0.9 1.2±0.7*
RBC Folate (nmol/L) 970.7±361.3 916.8±381.8
N-telopeptide (nmol/mmol creatinine) 46.3±40.0 53.6±29.8
T Score
L1-L4 T-score –0.84±1.16 –0.67±1.09
Femoral neck T-score –0.90±1.10 –0.73±1.14
Total hip T-score –0.42±1.07 –0.49±1.08
UD radius T-score –1.08±1.04 –1.28±0.94

Values are reported as mean ± SD. 25-OHD deficiency is defined as a serum
25-OHD concentration below 25 nmol/L. *Denotes statistically significant dif-
ference relative to normal 25-OHD group (P<0.05, CI=95%); L1-L4 Lumbar
vertebra 1 to 4; RBC Red blood cell; UD Ultradistal.
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regression analysis was performed, only age at diagnosis was
predictive of low T-scores at these two sites (r=0.605 and
r=0.666, respectively, P<0.05). Similar results were seen in the
25-OHD-insufficient group (data not shown).

Determinants of 25-OHD deficiency
Pearson correlation was carried out between serum 25-OHD
and clinical characteristics in the Crohn’s disease population.
Carotene and RBC folate both positively correlated with
serum 25-OHD (r=0.250 and r=0.349, respectively, P<0.05) in
the male population. In addition to the positive correlation
with carotene and RBC folate (0.292, and 0.184, respectively,
P<0.05) in the female Crohn’s disease population, smoking
negatively correlated with serum 25-OHD (r=–0.258, P<0.05),
and serum creatinine and iron positively correlated with serum
25-OHD (r=0.186, 0.226, respectively, P<0.05).

When forward regression analysis was performed, only RBC
folate predicted serum 25-OHD (r=0.325, P<0.05) in the male
Crohn’s disease population. In the female Crohn’s disease pop-
ulation, smoking, RBC folate and serum iron predicted serum
25-OHD (r=0.418, P<0.05). PTH was excluded from this
analysis because of its known relationship to vitamin D.

When serum levels of 25-OHD were compared in smokers
and nonsmokers with Crohn’s disease, 25-OHD was signifi-
cantly lower in smokers (49.4±21.6 versus 58.3±23.3, respec-
tively, P<0.005).

Finally, only two of the 19 patients with low serum 
25-OHD had elevated serum PTH levels above the upper limit
of normal (greater than 6.8 pmol/L) at baseline. Both patients
reported being smokers and one of these patients had a BMI of
17.6 kg/m2. In both cases, serum alkaline phosphatase levels
were within normal range (30 to 130 IU/L).

Seasonal variation of 25-OHD levels
Table 4 shows the number of patients with deficient and nor-
mal 25-OHD levels, relative to the seasonal time of measure-
ment (ie, winter, October to March, and summer, April to
September). Sixteen (84.2%) of the 19 patients with deficient
25-OHD levels were identified during the winter. When the
frequency of 25-OHD deficiency in patients during summer and
winter periods was compared, patients in the winter period
exhibited a significantly higher frequency of vitamin D defi-
ciency than did patients in the summer period (11.9% versus
2.8%, respectively, P=0.02).

DISCUSSION
This study, comprising 242 patients, demonstrates that 8% of
adult patients with Crohn’s disease exhibit deficient serum 
levels of 25-OHD. This finding is highly significant, consider-
ing that deficient levels of 25-OHD are almost never reported
in the healthy North American population (24,25).
Nevertheless, the frequency of 25-OHD deficiency in our
cohort is lower than the previously reported range of 17% to
68% (3,8,12,15-20). This difference may be explained by the
fact that some of the previous studies used heterogeneous
inflammatory bowel disease populations, others focused on
small subsets of Crohn’s patients with small bowel involve-
ment, and most were characterized by small study populations.
Furthermore, global variation in exposure to sunlight and
dietary intake and sources of vitamin D could account for the
difference in the reported incidence of serum 25-OHD defi-
ciency between this current study and others that have been
reported from Norway (19), Finland (15), Austria (12,17),
Denmark (20), Netherlands (3), Germany (8), Wales (18) and
Chicago, USA (16). Edmonton, the site of the present
research, receives approximately 728 h of sunlight between
October and March, and approximately 1577 h of sunlight
between April and September, a variation sufficient to alter
serum 25-OHD levels between seasons (33).

Many experts in the area of vitamin D research also exam-
ine the issue of 25-OHD insufficiency, defined conservatively
as a serum 25-OHD below 40 nmol/L. In our study, 52 patients
(22%) with Crohn’s disease demonstrated serum 25-OHD insuf-
ficiency (levels below 40 nmol/L) at the time of analysis. Similar
to the 25-OHD-deficient group, the 25-OHD-insufficient group
demonstrated no significant differences in T-scores at the lum-
bar spine, femoral neck, total hip or ultradistal radius, and con-
tinued to demonstrate elevated levels of alkaline phosphotase
and PTH, but not N-teleopeptide (Table 3). Nevertheless,
patients with 25-OHD below 25 nmol/L demonstrated even
higher levels of PTH and alkaline phosphatase.

It is conceivable that our results represent an under-reporting
of the incidence of 25-OHD-deficiency. Our study observed
that the majority of patients exhibiting deficient serum levels
had their 25-OHD levels assessed during the winter months
(84.1%), yet the total distribution of measurements was equal
between the winter and summer months. We would have
expected a higher incidence of serum 25-OHD deficiency if all
measurements were carried out within a specified time period
during the winter months. In fact, when only those patients
who had been assessed for vitamin D status during the winter
months were considered, almost 12% demonstrated 
25-OHD deficiency. Our results further demonstrated that
there was a four-fold higher probability of 25-OHD deficiency
if patients were assessed in the winter months, rather than in
the summer. This would concur with the results of Vogelsang
et al (12), who observed that 25-OHD levels in Crohn’s dis-
ease patients were higher in the summer than in the winter
and that of the patients with low 25-OHD levels in the winter,
less than half continued to exhibit low levels in the summer.

Our study confirms previous reports that serum levels of 
25-OHD do not correlate with, or predict, bone mineral status
in patients with Crohn’s disease (1,3-7,15,19). Furthermore,
while 63% of patients with deficient serum 25-OHD exhibited
low BMD, this frequency did not differ from the study popula-
tion with normal levels of 25-OHD (Table 2). This has led to
the conclusion that factors other than 25-OHD insufficiency
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TABLE 3
Biochemical and bone mineral density characteristics in
Crohn’s disease patients with normal and insufficient
serum levels of 25-hydroxyvitamin D3 (25-OHD) (25-OHD
levels of less than 40 nmol/L)

Normal Deficient
25-OHD 25-OHD

Characteristics (n=190) (n=25)
Alkaline phosphatase (U/L) 82.9±31.0 94.1±41.0*

Phosphate (mmol/L) 1.1±0.2 1.1±0.2

Calcium (mmol/L) 2.3±0.1 2.3±0.1

Parathyroid hormone (pmol/L) 3.3±1.7 4.6±2.4*

N-telopeptides (nmol/mmol creatinine) 43.8±28.4 48.4±26.2

Values are reported as mean ± SD. 25-OHD insufficiency is defined as a
serum 25-OHD concentration below 40 nmol/L. *Denotes statistically signifi-
cant difference relative to normal 25-OHD group (P<0.05, CI=95%).
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may be primarily responsible for the increased incidence of
osteopenia and osteoporosis in patients with Crohn’s disease.
Nevertheless, it does appear that a deficiency in 25-OHD did
have adverse effects on bone metabolism. Patients with low
serum 25-OHD experienced a higher mean alkaline phos-
phatase and serum PTH, when compared to the patients with
normal 25-OHD levels. Similar findings have been previously
reported in other studies (8,19). It has been recognized that
secondary hyperparathyroidism, as a consequence of 25-OHD
deficiency, along with an increase in bone formation rate mark
the beginnings of 25-OHD deficiency-induced metabolic bone
disease, which is often asymptomatic and subclinical (16,34-
36). Furthermore, a long term borderline 25-OHD serum level
will contribute to a nutritional deficiency disorder resulting in
osteoporosis (35,36).

25-OHD deficiency may occur in patients with Crohn’s dis-
ease for a number of reasons, including low sunlight exposure,
malabsorption and reduced vitamin D intake. In this study, very
few patients demonstrated low 25-OHD in the summer
months. Indeed, only three of the 108 patients who were
assessed between April and September exhibited low serum 
25-OHD, two of them being assessed in the first week of April.
This observation is in agreement with the accepted notion that

skin generation of 25-OHD through sunlight exposure is likely
a significant source of 25-OHD in patients with Crohn’s disease
(12,16,18,23). Low serum RBC folate levels was predictive of
25-OHD deficiency in both males and females. Furthermore,
patients with low serum 25-OHD exhibited lower albumin and
carotene levels than those with normal levels of circulating 
25-OHD. These findings imply that nutritional status, possibly
related to the dietary intake of foods fortified with 25-OHD,
plays an important role in determining 25-OHD deficiency in
our patients with Crohn’s disease.

Intestinal vitamin D malabsorption did not appear to be a
major factor in determining 25-OHD status in our patients, as
disease location did not influence serum 25-OHD levels. This
is likely explained by the fact that the site of vitamin D absorp-
tion, the proximal jejunum, is not frequently involved in
Crohn’s disease (27). Only two out of 242 patients in our study
reported jejunal disease involvement. In addition, enterohep-
atic interruption, an important aspect of vitamin D absorption,
remained intact since vitamin B12, a measure of ileal dysfunc-
tion, did not appear to be related to, or influence, serum levels
of 25-OHD.

Interestingly, our data observed that smoking in females
predicted deficient serum levels of 25-OHD. Whether smok-
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Figure 1) Relationship of serum 25-hydroxyvitamin D3 (25-OHD) to T-scores at the lumbar spine, femoral neck, total hip and ultradistal radius in
242 patients with Crohn’s disease. Bone mineral density was assessed by dual energy x-ray absorptiometry. *r-values represent Pearson correlation
coefficients between 25-OHD and the different skeletal sites assessed. No statistically significant relationship was demonstrated between 25-OHD and
T-scores at any skeletal site assessed (P>0.05)

Siffledeen.qxd  24/07/2003  1:48 PM  Page 477



ing has a 25-OHD-lowering effect in females has never been
previously reported in patients with Crohn’s disease, but a
few mechanisms are proposed. One study has suggested
women who smoke are thinner than their nonsmoking coun-
terparts (37), yet we did not find any relationship between
BMI and 25-OHD in the present study. Smoking has also

been suggested to decrease estrogen production in females
(38), conceivably leading to decreased intestinal uptake of
vitamin D, decreased renal production of 1,25-OHD, and
reduced levels of 25-OHD (39). Further studies are required
to elucidate the precise mechanism behind the 25-OHD-
reducing effect of cigarette smoke in Crohn’s disease patients,
and to determine what implications this has for their BMD.
This study did not examine the effects of small intestinal sur-
gery, fat malabsorption or dietary intake on 25-OHD levels.

In summary, 25-OHD-deficient Crohn’s disease patients
exhibit biochemical evidence of metabolic bone disease,
although no detectable difference in BMD was observed.
Sunlight exposure, nutrition and smoking status were predic-
tors of 25-OHD deficiency in this patient cohort.
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TABLE 4
The number of patients with deficient and normal 
25-hydroxyvitamin D3 (25-OHD) levels, relative to the
seasonal time of measurement (ie, winter, October to
March and summer, April to September)

Summer Winter 
Patient group n (%) n (%)
Normal serum 25-OHD levels (n=218) 105 (47.1) 118 (52.9)

Deficient serum 25-OHD levels (n=19) 3 (15.8) 16 (84.2)

Percentage 25-OHD deficiency (2.8) (11.9)*

25-OHD deficiency is defined as a serum 25-OHD concentration below 
25 nmol/L. *P=0.02 relative to summer months
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