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Treatment of bone disease after jejunoileal bypass
for obesity with oral la-hydroxyvitamin D3
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SUMMARY The effects of oral 1 oc-hydroxyvitamin D3 have been investigated in 12 patients with
bone disease after jejunoileal bypass for obesity. Bone histology became normal or improved
greatly after four to 12 months' treatment in eight patients but showed little change or worsened
in four. There was a significant rise in plasma calcium and fall in plasma alkaline phosphatase
concentration with 1 oc-hydroxyvitamin D3 therapy in the patients with a good histological response.
Administration of metronidazole and cotrimoxazole to two patients who had failed to respond to
loc-hydroxyvitamin D3 resulted in clinical and biochemical improvement; in one of these patients
histological improvement was also documented. It is concluded that oral la-hydroxyvitamin D3
can be effective in healing post-bypass bone disease; the failure of some patients to respond may
be related to bacterial contamination of the small intestine and in those patients antibiotics may

also be indicated.

Metabolic bone disease is common after jejunoileal
bypass for obesity and is characterised histologi-
cally by a combination of osteomalacia and hyper-
parathyroidism.1 The pathogenesis of this bone
disease is incompletely understood; its failure to
correlate with either the length of time after bypass
or the plasma 25-hydroxyvitamin D (250HD)
concentration suggests that malabsorption of
vitamin D and 250HD is not always the major
cause of bone disease and raises the possibility of
an abnormality in the metabolism of vitamin D
beyond the stage of 25-hydroxylation.

In this study we report the clinical, biochemical,
and histological effects of oral la-hydroxyvitamin
D3 (laOHD,), a synthetic analogue of 1,25
dihydroxyvitamin D, (1,25(0H)2D3) in patients
with post-bypass bone disease and provide some
preliminary evidence to suggest that interference
with the absorption or metabolism of vitamin D
by intestinal bacteria may contribute to bone
disease.
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Research Unit, Rayne Institute, St Thomas' Hospital, London
SE1 7EH.

Received for publication 19 February 1980

Methods

PATIENTS
Twelve patients, two male and 10 female, aged
41 to 59 years (mean 46.5) were studied. The length
of time since bypass at the time of the initial biopsy
ranged from 12 to 81 months (mean 55.0). All
patients had undergone end-to-side anastomosis,
in most cases of 10 cm ofjejunum to 25 cm of ileum.
The mean weight loss achieved after the operation
was 46.3 kg (range 25-83 kg). All patients were
treated with oral locOHD3 2 ,ug daily. The duration
of treatment ranged from four to 12 months (mean
7-2 months). No patient was taking any other
vitamin supplements, or any drugs known to
interfere with vitamin D metabolism or absorption.
Renal function as judged by plasma creatinine
levels was normal in all patients and none had
evidence of severe liver dysfunction. Sunlight
exposure was estimated to be within normal limits
in all patients studied. Dietary intakes were not
assessed.

BONE HISTOLOGY

8 vm undecalcified sections of transiliac biopsy
specimens were stained by haematoxylin and eosin,
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the von Kossa technique, or 10% toluidine blue
and were quantified with a Zeiss 25 point eye-piece
graticule. 10 ,um unstained sections were examined
by fluorescence microscopy after the oral admini-
stration of demethylchlortetracycline. Before the
first biopsy only a single label was given (900 mg
48 hours before the biopsy). Two labels were given
before the second biopsy, for periods of two and
four days respectively separated by two weeks,
the last dose being taken three to five days before the
biopsy. The mineral appositional rate was calculated
from the distance between the two fluorescent
bands divided by the number of days between the
midpoint of the two labels.2 Calcification fronts
were assessed both on sections stained with 10%
toluidine blue and by fluorescence microscopy of
unstained sections. Hyperparathyroidism was quali-
tatively assessed by two independent observers.
Control values for cancellous bone volume, osteoid
volume, calcification fronts, and mineral appo-
sitional rate were obtained from transiliac biopsies
taken from 20 normal subjects, eight male and
12 female, aged 24 to 73 years (mean 481 years).

BIOCHEMISTRY

Blood and urine for all measurements were obtained
in the fasting state. Plasma levels of calcium,
phosphate, alkaline phosphatase, albumin, bilirubin,
and aspartate aminotransferase were measured on
a Vickers M 300 analyser. Plasma calcium levels
were corrected for plasma albumin concentration.3
Serum magnesium was measured by atomic ab-
sorption spectroscopy. Plasma 250HD concen-

trations were measured by a competitive protein-
binding assay4 using normal human serum as binding
protein and plasma 1,25(0H)2D3 levels in patient

11 were measured by radioimmunoassay.5 Plasma
parathyroid hormone (PTH) levels were measured
by an immunoradiometric assay using an antiserum
supplied by the Medical Research Council (Code
BW 211/41).6 Plasma and urine creatinine were

measured by the alkaline picrate method on a

Mark 1 autoanalyser. Urinary phosphate was

measured with acid molybdate and aminonaphthol-
sulphonic acid as reducing agent on a Mark 1
autoanalyser. The maximum tubular reabsorption
capacity for phosphate relative to the glomerular
filtration rate ((TmpO4/GFR) was calculated from
the phosphate/creatinine clearance ratio.7

STATISTICS

Statistical analyses were performed using Student's
t test for paired and unpaired data.

Results

BONE HISTOLOGY

The details of quantitative bone histology before
and after l1cOHD3 therapy are shown in Table 1.
In six patients (1-6) osteoid volume and calcification
fronts were normal after treatment and evidence of
hyperparathyroidism, initially present in all but
patient 1, had resolved except in patient 5. In
patients 7 and 8 the osteoid volume had decreased
but was still slightly greater than normal, calcifica-
tion fronts had returned to normal, and evidence
of hyperparathyroidism had disappeared. The
mineral appositional rate was normal after treatment
in patients 3-7; patients 1 and 8 had received only
a single label of demethylchlortetracycline and in
patient 2 no double labelling could be detected.

In the four remaining patients (9-12), despite an

Table 1 Quantitative bone histology in 12 patients before and after laOHD3 therapy

Patient Cancellous bone volume
no. %. total bone area

Before After

2

3
4
5

6
7
8
9
10
11
12

23-4
429
52-0
27-1
33.5
21*4
372
300
30.5
30-4
32.5
329

Normal
mean ± SD

26-4
31-8
19-5
28-3
29.5
28-3
32-0
25.0
34.5
43.5
55.4
35.3

24.4±5.4

Osteoid volume %.
total cancellous volume

Before After

6-2
12.1
140
80
62
10.3
13-6
9.8

14-7
20.7
32-7
26-0

2-1
2-7
2-0
1*7
1*6
3.7
6-1
6-2
13-2
13-0
35.4
29.0

1.74±1*1

Calcification fronts %
total osteoid surface

Before After

23-9
74.8
67 1
64
660
45.4
2.7
640
19-0
8.6
2.2
4.7

67.5
88-3
94-8
84-4
86-6
78-9
73.4
88.9
84-8
42-3
24-7
36-6

73.9±7.4

Mineral appositional
rate gm/day
After

ND
0-68
0-71
0.53
0-41
047

0-26
0-24
ND
ND

Hyperparathyroidism

Before After

0

++

±4

±_

0

0

0

0

0

0

0

±++ +

0.55±0-13

*No double label given. ND: no double labelling detected.
Hyperparathyroidism: 0 = none. ± = mild. + l = moderate.
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increase in calcification fronts, especially in patient
9, the osteoid volume remained grossly abnormal,
increasing in patients 11 and 12 and showing little
change in patients 9 and 10 when allowance was

made for the large increase in cancellous bone
volume in the second biopsy of patient 10. Histologi-
cal evidence of hyperparathyroidism persisted in
these four patients, increasing in patient 9, and a

reduced mineral appositional rate was found after
treatment in patients 9 and 10; in patients 11 and
12 no double label could be detected.
Comparison of the responders (patients 1-8)

and the non-responders (9-12) revealed no significant
difference in age, stool frequency, length of time
since bypass, duration of locOHD3 therapy, or

post-bypass weight loss. The non-responders had
more severe bone disease initially and a significantly
higher mean pre-treatment plasma PTH concen-

tration (1.38±0 56 vs 0.75 ±0 32 ,ug/l) (mean +SD;
P<0-025). There were no significant differences in
pre-treatment plasma calcium, phosphate, mag-

nesium, alkaline phosphatase, or 250HD concen-

trations.

BIOCHEMISTRY
In the group of 12 patients the mean plasma calcium
before treatment (2.27±0.14 mmol/l) was signifi-
cantly lower than after treatment (2.38 ±014
mmol/l; P<0-005) and there was a significant fall
in plasma alkaline phosphatase activity during
treatment (17 2±9.6 vs 15.2+11.2 King Armstrong
Units/dl; P<0 025). The mean plasma creatinine
after treatment (68.8±+15 8 ,umol/l) was significantly
higher than before treatment (56.8+10.8 V±mol/l;
P<0-0025). There was no significant change in
plasma phosphate, 250HD, PTH, serum magnesium,
or TmPo4/GFR with locOHD3 therapy.
When the patients were divided into responders

and non-responders on the basis of their histological

26-
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E

.5 2.3-
a
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a
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Belbre After
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Fig. 1 Corrected plasma calcium before and after
JcsOHD3 therapy in the responders and non-responders
The normal range is shown between the two continuous
horizontal lines.

response to treatment, significant changes in plasma
calcium and alkaline phosphatase levels occurred
in the responders but not in the non-responders
(Table 2, Figs. 1 and 2). There was no significant
change in plasma phosphate, 250HD, PTH, serum
magnesium or TmpO4/GFR in either group during
lxOHD3 therapy. No consistent pattern was seen

in the plasma PTH response to laOHD3 and post-
treatment plasma PTH levels correlated poorly
with histological evidence of hyperparathyroidism
in the responders, being raised (1 -85 and 2.4 ,ug/l)
in patients 1 and 7. However, plasma PTH levels
remained raised in the four non-responders after
laOHD3 therapy.

Table 2 Biochemistry before and after JaOHD3 therapy in responders (patients 1-8) and non-responders (9-12)

Responders (n 8) Non-responders (n =4) Normal range

Before After P Before After P

Corrected plasma
calcium (mmol/l) 2-31 ±0-12 2.44±0-06 <0 01 2-21 ±018 2.26±0.18 NS 2.25-2.55

Plasma phosphate
(mmol/l) 0.94±0.21 1.01±0.15 NS 0.85±0 31 0.83±0-19 NS 0-8-1-4

Serum magnesium
(mmol/l) 0-80±0-08 0-76±0-09 NS 0-80±0-08 0-80±0-07 NS 0.7-09

Plasma alkaline
phosphatase (kau/dl) 14-9±6.7 12-0±8-4 <001 21.8±13.7 21.5±14-6 NS 4-13

Plasma 250HD (nmol/l) 12.5±6.6 11.8±85 NS 7.4±8.5 8.4±6.1 NS 20-100
Plasma PTH (eg/l) 0.75 ±0-32 0-91 ±079 NS 1-38 ±0.56 1-90 ±026 NS 0-09
TmpO4/GFR (mmol/l) 0.86±0.30 0.87±0-15 NS 0.67±0-06 0.79±0-24 NS 0-8-1-35

Results are expressed as mean ± SD.
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Fig. 2 Plasma alkaline phosphatase activity before
and after 1 acOHD3 therapy in the responders and non-
responders. The normal range is shown between the two
continuous horizontal lines.

CLINICAL SYMPTOMS
Two of the three responders who complained of bone
pains before treatment with 1OC0HD3 noticed a
definite improvement during therapy. Bone pains
persisted despite treatment in all four non-respond-
ers. No patient had clinical evidence of proximal
myopathy before or after treatment.

EFFECT OF ANTIBIOTIC THERAPY IN

PATIENTS 10 AND 11
Patient 10 (Fig. 3)
Plasma calcium remained low and plasma alkaline
phosphatase and PTH levels high in this patient
despite seven months' treatment with locOHD3.
A post-treatment bone biopsy showed little im-
provement of his bone disease and metronidazole
400 mg three times daily and cotrimoxazole
(trimethoprim 80 mg+sulphamethoxazole 400 mg/
tablet) two tablets twice daily were added to the
treatment regime. Over the following five months
there was a progressive rise in plasma calcium
concentration and plasma alkaline phosphatase and
PTH levels fell to within the normal range. A third
bone biopsy after five months of combined therapy
showed a reduction in osteoid volume to 9% and
an increase in calcification fronts and mineral
appositional rate to normal. There was also an
improvement in bone pain during this time.

Patient 11
Investigations carried out in October 1977

revealed hypocalcaemia (corrected plasma calcium
1-94 mmol/l) and severe histological bone disease.
In December 1977 treatment was started with oral
laOHD3, 2 ,ug daily, but because of persistent
hypocalcaemia the dose was increased to 3 ,g daily
in April 1978 and 4 ,ug daily in May 1978. In
September 1978 the plasma calcium was still low
(2.04 mmol/l) and a second bone biopsy showed that
the bone disease had become more severe. Plasma
1,25(0H)2D3 was undetectable (<8 ng/l; normal
range 20-60). Treatment was started with metro-
nidazole 400 mg three times daily and cotrimoxazole
two tablets twice daily; lcOHD3 was continued
at a dose of 4 tig daily. One month later the plasma
calcium had risen to 242 mmol/l. After three
months of combined treatment with antibiotics
and locOHD3 the plasma alkaline phosphatase
activity had fallen from 42 to 23 KA Units/dl and
the plasma 1,25(OH)2D3 levels measured on two
occasions were 20 and 23 ng/l respectively.

Metronidazole
+ co-trimoxazoleLS age 60 1lOHD3(pg/day) f=

15l
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Fig. 3 Corrected plasma calcium and PTH
concentrations in patient 10 during treatment with
laOHD3 alone and with combined JaOHD3 and
antibiotic therapy. The continuous horizontal lines sho"
the normal range for plasma calcium and plasma PTH.
Bone biopsies were carried out at 0, 7, and 12 months.
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Discussion

This study has shown that, although oral locOHD3
therapy was effective in healing post-bypass bone
disease in some patients, one-third failed to respond.
Although the non-responders had more severe bone
disease before treatment than the responders, there
appeared to be a genuine difference in the histologi-
cal response shown by the two groups. In the
responders histological parameters became normal
or improved greatly and post-treatment mineral
appositional rates were normal, whereas in the
non-responders the osteoid volume either showed
little change or increased, histological evidence of
hyperparathyroidism persisted or worsened and
the mineral appositional rate was low. The increase
in calcification fronts in the non-responders suggests
an increase in the extent of mineralisation of
osteoid; however, the lack of change in osteoid
amount and the low mineral appositional rate in
these patients indicate that the overall mineral-
isation rate did not increase significantly in response

to lcOHD3.
Prediction of the histological response from

plasma biochemistry was often difficult, as, even

though in the responders as a group there were
significant changes in plasma calcium and alkaline
phosphatase levels, in individual patients these
changes were usually small and often occurred
within the normal range. The response of the
plasma PTH to lcOHD3 was variable; its rise
in some patients with a good histological response
was unexpected and contrasts with the fall in plasma
PTH levels which usually occurs during treatment
*of renal bone disease with lcOHD38.
The aetiology of post-bypass bone disease is not

yet fully understood. Low plasma 250HD levels
are common after bypass' 9 10 and possible con-
tributory factors include a low dietary vitamin D
intake, reduced endogenous vitamin D synthesis,
malabsorption of dietary vitamin D and 250HD,
and malabsorption of 250HD undergoing entero-
hepatic circulation." Malabsorption of vitamin D
may occur as a result of the reduced intraluminal
bile acid concentration in the upper small intestine
after bypass'2 and some evidence that this occurs

is provided by the failure of post-bypass patients to
achieve normal plasma 250HD concentrations
during oral vitamin D supplementation.'013 Indirect
evidence for malabsorption of 250HD has also been
reported,9 although bile acids may not be required
for the absorption of this metabolite ;14 thus in-
creased faecal losses of dietary and endogenous
250HD may occur. Calcium malabsorption has
also been reported after bypass'5 and may con-
tribute to bone disease.

The reason for the failure of four patients to
respond to locOHD3 is not clear. Non-compliance
with therapy is unlikely, as all four patients were
co-operative and attended regularly for blood
tests. None had evidence of severe hepatic dys-
function, which sometimes occurs after bypass'6
and could impair the 25-hydroxylation of locOHD3,
and sunlight exposure, age, weight loss, time since
bypass, and duration of therapy were comparable
in responders and non-responders. Our earlier
finding that plasma 250HD levels were often similar
in patients with and without bone disease' suggested
either that factors unrelated to vitamin D deficiency
were involved in the bone disease or that there
might be an abnormality of vitamin D metabolism
beyond the stage of 25-hydroxylation. The effect
of antibiotics in two patients raises the possibility
that bacteria present in the small intestine after
bypass might affect vitamin D metabolism. After
bypass, increased numbers of the bacteria normally
found in the lower intestine have been demonstrated
in the jejunum,'2 some of which can metabolise
bile acids and steroid hormones by a variety of
reactions including dehydroxylation.'7 18 If vitamin D
metabolites undergo enterohepatic circulation they
could be inactivated by bacteria present within
the intestinal lumen. Alternatively, the beneficial
effect of antibiotics might be due to a reduction
of bile acid deconjugation, thus increasing the
intraluminal bile acid concentration and improving
vitamin D absorption. Variability in the degree of
bacterial colonisation of the small intestine after
bypass could explain the rapid development of
bone disease in some patients and its complete
absence after many years in others, and might
also explain 'resistance' to vitamin D therapy in
some patients. However, additional studies are
required before definite conclusions can be drawn
about the role of bacterial contamination in post-
bypass bone disease.

Effective prophylaxis or treatment of post-bypass
bone disease is important as it is a common and
sometimes severe complication of jejunoileal bypass.
Our results indicate that oral locOHD3 can be
effective and is safe. There is no evidence that
1ocOHD3 is more effective than other forms of
vitamin D, but the practical advantages associated
with its narrow therapeutic dose range and short
plasma half-life may make it preferable to treatment
with the parent vitamin.'9 No serious side-effects
were encountered and, in particular, hypercalcaemia
never occurred during fortnightly or monthly
monitoring, even when locOHD3 was continued for
up to six months after the bone disease had healed.
Some patients, however, respond poorly to
lacOHD3; this may be related to bacterial colonisa-

673

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.21.8.669 on 1 A

ugust 1980. D
ow

nloaded from
 

http://gut.bmj.com/


674 Compston, Horton, Laker, Merrett, Woodhead, Gazet, and Pilkington

tion of the small intestine and antibiotics may
be indicated in these patients in addition to vitamin
D therapy.

We thank J Sainsbury Limited and the Special
Trustees of St Thomas' Hospital for generous
financial support, and Adrian Webb for preparation
of the bone tissue sections. We are grateful to Dr
T L Clemens and Dr J L H O'Riordan, The Middle-
sex Hospital, London WI for performing the plasma
1,25-dihydroxyvitamin D3 assay.
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