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Small intestinal permeability to mannitol and
lactulose in the three ethnic groups resident in
West Birmingham

T H Iqbal, K 0 Lewis, J C Gearty, B T Cooper

Abstract
Background/Aims-Asymptomatic resi-
dents of tropical countries have differ-
ences in small intestinal morphology and
permeability compared with residents of
temperate zones. The aim of this study
was to investigate small intestinal perme-
ability and morphology in three ethnic
groups resident in Birmingham, UK.
Methods-28 white patients, 101 Indian
(Indian subcontinent), and 49 Afro-
Caribbean adult patients with dyspepsia
had endoscopic distal duodenal biopsies
and a hyperosmolar lactulose/mannitol
permeability test. Twenty normal white
subjects had the permeability test.
Results-Lactulose/mannitol excretion
ratios (LMER) were: white subjects 0O022
(median), white patients 0.022, Indians
0.031, Afro-Caribbeans 0.033. Differences
between the immigrant groups and the two
white groups were significant (p<0.001);
33°/ of Indians and 450/o of Afro-
Caribbeans had LMER outside the range

ofthe white groups. Afro-Caribbeans born
in the UK had significantly lower LMER
than those born abroad (p<0.05); a similar
trend was seen in Indians. Villous
height/mucosal thickness ratios, calcu-
lated from small intestinal biopsy
specimens, were lower in the immigrant
groups and correlated inversely with
LMER (r=0.28; p<0.05). Time resident in
the tropics also correlated inversely with
LMER.
Conclusions-There were significant dif-
ferences in small intestinal permeability
and morphology between immigrants res-

ident in a Western country and the native

white population. The data suggested that
these differences were related to environ-

mental factors.
(Gut 1996; 39: 199-203)
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Since the widespread adoption of peroral small
intestinal biopsy techniques it has become
evident that otherwise healthy, asymptomatic
residents of the tropics have differences in
small intestinal structure compared with
asymptomatic residents of temperate zones.1 2

These differences consist of minor degrees of
villous broadening and shortening and infiltra-
tion of the epithelium and lamina propria
by leucocytes.2 These differences have been

termed 'tropical enteropathy' and occur in
otherwise healthy people in contrast with
'tropical sprue,' which causes symptomatic
malabsorption.3 There is evidence that
emigrants from non-tropical countries living in
the tropics develop similar changes. American
soldiers serving in Vietnam developed 'tropical
jejunitis,' which improved within six months
of their return to the United States.4
Asymptomatic American Peace Corps volun-
teers stationed in Pakistan had changes similar
to tropical enteropathy,5 which developed
within six months of arrival in the country.
Those members of the Peace Corps not living
in 'native' conditions but maintaining a 'pro-
tected' lifestyle at a nearby American base had
less pronounced changes.5 The small intestinal
morphology returned to normal 'non-tropical'
appearances within 14 months of return to the
USA.6 In expatriate Pakistanis resident in
New York City there was a trend for small
intestinal morphology and xylose absorption to
'improve' with continued residence in tem-
perate climes.7 Studies on asymptomatic
expatriates from the West Indies showed that
xylose malabsorption tended to be less in those
who had lived for longer in the United States;
however, jejunal biopsy was normal in nine of
11 subjects with xylose malabsorption who had
a biopsy.8 Recent work from our unit has
demonstrated small bowel morphological
appearances consistent with a diagnosis of
tropical enteropathy among immigrants from
the tropics resident in Birmingham, UK.9

Xylose absorption has been widely used as a
test of small intestinal function over the past 40
years. The absorption of this pentose was
shown to be dramatically reduced in tropical
sprue10 and it was subsequently found that
minor degrees of malabsorption of xylose were
comparatively common in otherwise normal,
asymptomatic residents of the tropics having
morphological appearances of tropical entero-
pathy.1 2 11 However, the use of this pentose
alone as a marker of small intestinal function
has several drawbacks. Xylose is absorbed both
by passive and carrier mediated routes12 and it
is metabolised to a certain extent in the body
with only approximately 400/o of an injected
dose being recovered in the urine in humans.'0
Urinary recovery of a single compound after
oral ingestion is dependent on gastric empty-
ing, renal function, and reliability of urine
collection. For these reasons, xylose absorp-
tion tests have fallen out of favour and perme-
ability tests using pairs of passively permeating
molecules are increasingly being used to
assess small intestinal integrity. Permeability is
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measured by studying the absorption of
passively transported metabolically inert probe
molecules.13 These molecules are often used in
combination, which avoids the problems out-
lined above that can be associated with the use
of a single marker. 14 Studies using non-
metabolised sugar markersl5 16 have demon-
strated changed small intestinal permeability in
asymptomatic adult residents of the tropics
compared with white residents of temperate
zones. To date there have been no studies of
small intestinal permeability in asymptomatic
subjects of tropical origin resident in temperate
climes.

Therefore the aims of this study were to
investigate small intestinal permeability and
morphology of two ethnic groups of immigrant
origin resident in Birmingham, UK and to
investigate any relations between small intesti-
nal permeability, small bowel morphology,
demographic factors, and diet.

Methods

SUBJECTS
Table I shows the age, sex, and race of the
subjects studied. Twenty healthy white hospital
employees served as normal controls for the
intestinal permeability test. The patients were
recruited at the time of upper gastrointestinal
endoscopy for dyspepsia. Twenty eight white,
101 Indian (74 from Punjab; 27 from
Bangladesh), and 49 Afro-Caribbean patients
took part. No patient had symptoms or signs
of intestinal disease (such as coeliac or
Crohn's disease) or diabetes mellitus and none
was taking non-steroidal anti-inflammatory
drugs.

In addition to these groups, two male and
three female white patients (mean age 50) with
untreated coeliac disease served as 'disease
controls' for the permeability studies.

PERMEABILITY TEST
Subjects were asked to fast from midnight and
to avoid alcohol and milk and milk products
(such as yoghurt and cheese) for 24 hours prior
to the test. On the morning of the test the
hyperosmolar test solution (1070 mosm) con-
sisting of 10 g lactulose (a disaccharide MW
342) and 2.5 g mannitol (a sugar alcohol MW
181) dissolved in 50 ml distilled water was
ingested. Subjects were asked to refrain from
eating and drinking for a further two hours and
then allowed to eat and drink freely (avoiding
milk/milk products and alcohol for the dura-
tion of test). A six hour urine collection was
made and an aliquot stored at -20°C until
analysis for lactulose and mannitol using high
performance liquid chromatography and

TABLE I Subjects

Number UK born Sex (MIF) Age mean (range)

White controls
White patients
Indian patients
Afro-Caribbean patients

20
28
101
49

20
28
18
11

11/9
9/19
50/61
16/33

20 (22-32)
42 (17-77)
40 (15-77)
47 (19-77)

pulsed amperometric detection, using cel-
lobiose and arabinose as internal standards.'7
Results were expressed as six hour total lactu-
lose to mannitol excretion ratios (LMER).
Patients underwent a small intestinal lactu-
lose/mannitol intestinal permeability test
within two weeks of endoscopy.

SMALL BOWEL MORPHOLOGY
At upper gastrointestinal endoscopy, an
approximately 10 mg pinch biopsy specimen
was taken from the junction of the second and
third parts of the duodenum using Olympus
13K biopsy forceps. This was oriented with the
villous surface uppermost on nylon micro fila-
ment mesh (Schuco International, London),
examined under the dissecting microscope,
and fixed in formalin. The specimens were
then embedded in paraffin wax; 3 pum sections
were cut and stained with haematoxylin
and eosin. The stained sections were then
examined by light microscopy. Only ade-
quately oriented specimens (that is, those
having five adjacent non-tangentially sectioned
villi) were deemed suitable for computer aided
image analysis.
Computer analysis was performed using the

Optimas Image Analysis Program (Data Cell,
Reading, UK).18 Villous height and crypt
depth (,umeters) were measured. Results were
expressed as villous height/mucosal thickness
ratios (VH/MT) where mucosal thickness is
the sum of villous height and crypt depth.
Lymphocyte infiltration of the epithelium was
assessed and the results were expressed as
intraepithelial lymphocyte counts per 100
enterocytes (IEL); at least 500 enterocytes
were counted per specimen.'9

DEMOGRAPHIC ASSESSMENT
Patients were questioned as to their country of
birth, date of arrival in the UK, and time since
last travel to country of birth. Patients were
also asked whether they ate meat or were
vegetarian.

STATISTICS
Standard non-parametric statistical tests
(Wilcoxon's rank sum test, Mann-Whitney
U test, and Spearman's rank correlation
test) were used throughout to compare the
groups.

ETHICS
The study
Committee
Authority.

was approved by the Ethics
of West Birmingham Health

Results

SUBJECTS (TABLE I)
Although the controls were younger, the
patient groups were of similar mean age. All
patient groups showed a female preponder-
ance.
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INTESTINAL PERMEABILITY

Mannitol excretion
Median (total range) six hour mannitol excre-
tion was: white controls 15.11/% (8*3-193),
white patients 13.93% (6 1-33-3), Indian
patients 12.35% (4.6-28.7), Afro-Caribbean
patients 12-73% (3.5-29.6), untreated coeliac
patients 7.23% (3.8-97). Mannitol excretion
was significantly lower in the coeliac patients
than in the other groups (p<001 Mann-
Whitney U test). There were no significant
differences between the other groups.

Lactulose excretion
Median (total range) six hour lactulose excre-
tion was: white controls 0.325% (0.13-0-59),
white patients 0344% (002-0.82), Indian
patients 0.380% (0.06-1-61), Afro-Caribbean
patients 0.45% (0.03-2.08), untreated coeliac
patients 0.98% (0.91-1 83). The lactulose
excretion was significantly higher in the
untreated coeliac patients than in any of the
other groups (p<001 Mann-Whitney U test).
Among the other groups lactulose excretion
was significantly higher in the Afro-Caribbeans
compared with the white groups (p=0032).
There were no other significant differences
between the groups.

Lactulose:mannitol percentage excretion ratios
(LMER)
Figure 1 shows LMER for the white controls,
the three dyspeptic patient groups, and the
untreated coeliac patients. Median (total
range) LMER in the five groups were: (a)
white controls 0.022 (0.012-0.037); (b) white
patients 0-022 (0009-0 042); (c) Indian
patients 0.031 (0.008-0125); (d) Afro-
Caribbean patients 0.033 (0.008-0-18); (e)
untreated coeliac patients 0.178 (0.106-
0.257). Median LMER in the untreated
coeliac patients was significantly greater than
that of any of the other groups (p<0001).
Among the other groups, LMER of the Indians
and Afro-Caribbeans was significantly greater
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Figure 1: This figure shows lactulose/mannitol excretion
ratios (LMER) in white controls (WC), white patients
(WP), Indian patients (IP), Afro-Caribbean patients
(ACP), and untreated coeliac patients (CP). LMER in

the untreated coeliac was greater than that of the other three
groups (p<0001). LMER of the Indians and the
Afro-Caribbeans was greater than that of the white groups
(p<0 001). There were no differences between the two
white groups or between the two immigrant groups.
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Figure 2: LMER in the white groups (W. controls and
patients combined), Indians born overseas (I0), Indians
born in the UK (IUK), Afro-Caribbeans born overseas
(ACO), and Afro-Caribbeans born in the UK (ACUK).
Both groups of immigrants born overseas had LMER
greater than that of the white groups (p<0 001). ACUK
had LMER no differentfrom that of the white groups.
While IUK still had LMER greater than that of the white
groups (p=0 008) only 10% of this group fell outside the
normal white range compared with 35% of the IO group.

than that of the white groups (p<0.001); 330/o
Indians and 45% Afro-Caribbeans had values
outside the normal white range. Four other-
wise healthy patients (three Afro-Caribbeans
and one Indian) fell within the coeliac range.
There were no differences between the two
white groups or between the two immigrant
groups. In the Indian group there were no dif-
ferences between those of Punjabi or Bengali
origin.

Figure 2 shows intestinal permeability in the
white groups (controls and patients combined)
and in the other patient groups, which were
divided with respect to country of birth. Data
from the coeliac patients are not shown. Both
groups of immigrant origin born abroad had
LMER greater than that of the white groups
(p<0 001). Of the patients of Indian origin
born abroad there was no significant difference
in intestinal permeability between those born
in Punjab and those born in Bangladesh
although both Indian groups had LMER
greater than that of the white groups (p<0. 01
Mann-Whitney U test).
The patients of Afro-Caribbean descent

born in the UK had LMER no different from
that of the white groups but significantly lower
than those of their counterparts born overseas.
While the patients of Indian descent born in
the UK still had LMERs significantly greater
than that of whites (p=0.008), only 10% of
this group fell outside the normal white range
compared with 35% of their counterparts born
overseas.

HISTOLOGY (TABLE II)
No patient had partial or subtotal villous
atrophy. Fifty one per cent ofbiopsy specimens
from the white groups, 45% from Indians, and
570/o from Afro-Caribbeans were deemed satis-
factory for computer aided image analysis.
VH/MT ratios were significantly lower in the
two groups of immigrant descent born abroad
compared with white subjects. There was no
difference between the two groups of immi-
grant descent born abroad. The combined
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TABLE II Histologicalfindings

Number VH/MT Intraepithelial lymphocytes

White groups 15 0-76 5 (1-17)
(0.73-0 83)

Indians (born overseas) 34 0-71* 9 (2-51)
(0.63-0.78)

Afro-Caribbeans 18 0.72* 8 (2-11)
(born overseas) (0 66-0.78)

Indian and Afro-Caribbeans 20 0.75 7 (3-45)
(UK born) (0.64-0 83)

*Significant difference from the white groups and UK born Indians and Afro-Caribbeans
(p<0-Ol).
The patients of Indian and Afro-Caribbean origin are divided into those born abroad and those
of immigrant descent born in the UK combined and taken as a single group. Data shown as
medians and total ranges.

group of patients of immigrant descent born in
the UKhad significantly greater VH/MT ratios
compared with those of either group of immi-
grant origin born overseas but no different
from that of the white groups. There were no
significant differences in intraepithelial lym-
phocyte count although there was a trend for
this to be more pronounced in overseas born
Indians.

CORRELATION BETWEEN HISTOLOGY AND
PERMEABILITY
An inverse relation was seen between small
intestinal permeability (as represented by
LMER) and histology as represented by
VH/MT (r=028, p=002 Spearman rank
correlation). There was no correlation between
LMER and intraepithelial lymphocyte count.

OTHER CORRELATIONS
There were no correlations between LMER
and age or sex.

There were no significant correlations
between duration of residence in the UK and
LMER nor between time since last travel to
country of birth and mannitol excretion, lactu-
lose excretion, or LMER. Although there was a
trend for those of immigrant origin who had
travelled to the tropics within the past six
months to have higher LMER than those who
had not, this did not achieve statistical signifi-
cance. The proportion of lifetime spent in the
tropics plotted against LMER for the whole
immigrant group (Indians and Afro-Caribbeans
taken together) showed an inverse trend with
those having spent a greater proportion of life
abroad having greater LMER. However, this
did not achieve statistical significance (r=0' 12;
p=0-207 Spearman rank correlation).

There was no difference between vegetari-
ans and meat eaters.

Discussion
In this study we have found that a significant
proportion of otherwise healthy patients of
tropical origin in our community have altered
small intestinal permeability and we have
confirmed our previous finding that minor
degrees ofvillous atrophy occur in these people
compared with native white subjects.9 The
observed change in small intestinal permeabil-
ity is largely due to increased permeation to
lactulose; this difference achieving statistical

significance in the Afro-Caribbean group
compared with the white groups and occurring
as a trend among the Indians. Mannitol per-
meation showed no significant differences
between the ethnic groups. This implies that
the differences in small intestinal permeability
are largely due to increased 'leakiness' of the
bowel rather than reduced absorptive capacity.
The coeliac disease 'control' group had signifi-
cantly lower mannitol and higher lactulose
permeation and LMERs than the other groups.
However one patient of Indian and three of
Afro-Caribbean origin had LMERs within the
coeliac range. This degree of abnormality in
intestinal permeability was unexplained as the
corresponding small bowel biopsy specimens
from these patients did not seem any worse
than those from other immigrants and none of
the patients had symptoms of intestinal
disease. Exclusion of these four 'outliers' from
the results did not affect the significance of the
LMER differences between the patients of
immigrant origin and the white groups.

It is recognised that measurable quantities of
lactose may be excreted in the urine in subjects
with primary lactase deficiency after ingestion
of milk. Kynaston et al20 raised questions
about separating lactose and lactulose in the
urine of children receiving high lactose diets.
In view of these concerns and in recognition of
the fact that this study involved subjects from
ethnic groups having a high prevalence of
primary lactase deficiency,2' we have always
instructed patients undergoing permeability
testing to avoid milk and milk products for 24
hours prior to and for the duration of the test.
Moreover, we have not had problems separat-
ing lactose from lactulose, the former eluting
just prior to lactulose.

Previous workers have demonstrated similar
differences in small intestinal permeability
among asymptomatic residents of the tropics
compared with residents of temperate
zones.15 16 These differences have been found
to involve increased permeability to disaccha-
rides among subjects resident in various tropi-
cal countries15 and both increased permeability
to lactulose as well as decreased permeation of
the polyhydric alcohol mannitol in the case of
normal Sudanese adults.16 Neither of these
studies involved any assessment of small bowel
histology.

This study has confirmed previous work
from our unit demonstrating minor degrees of
villous atrophy among immigrants from the
tropics resident in West Birmingham.9 A cor-
relation has been demonstrated between the
observed differences in small intestinal per-
meability and morphology. This is consistent
with previous work demonstrating correlation
between intestinal permeability as measured
by combined disaccharide/monosaccharide
probes and small bowel morphology both in
patients with coeliac disease22 and in subjects
with lesser degrees of villous atrophy.23

While the significance of the observed differ-
ences in intestinal permeability and morphol-
ogy is as yet unclear, the fact that they are
much less pronounced in those of immi-
grant descent born in the UK implies that
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environmental rather than genetic factors may
be important in their pathogenesis. This is in
accord with the results of early studies on
fetuses24 and animal experiments both with
germ free animals and isolated loops of small
intestine,25 which suggested that environmen-
tal factor(s) may be of importance in the
pathogenesis of tropical enteropathy. British
residents with evidence of tropical enteropathy
do not have identifiable haematological or
biochemical abnormalities nor is there any
evidence that the enteropathy has any relation
to height and weight.9
The finding of greater abnormalities of

intestinal permeability among second genera-
tion Indians compared with second generation
Afro-Caribbeans is unexplained. It is of
interest, however, that patients of Indian
descent born in the UK tended to travel to
their parent's country of origin much more fre-
quently than the UK born Afro-Caribbeans.
Only one of 18 UK born Indians had never
travelled to the Indian sub-continent and
most had travelled frequently to the tropics.
This is in contradistinction to the Afro-
Caribbeans of whom most (seven of 11) had
never travelled to the Caribbean. Although we
were unable to show any direct correlation
between demographic factors and intestinal
permeability one might speculate that a
possible explanation for the difference in
intestinal permeability between second genera-
tion Indians and Afro-Caribbeans may lie in
the relative frequency of foreign travel and the
comparatively greater LMER among the UK
born Indians reflected more frequent exposure
of the gut to a tropical environment.
No evidence of intestinal parasitosis was

found in any of the patients although rigorous
attempts were not made in this to exclude pre-
vious intestinal parasitosis. It is possible that
the differences in intestinal structure and per-
meability shown may be a reflection of past or
present subclinical parasitic infestation and
this deserves further study particularly in view
of the presence of higher circulating IgE con-
centrations among immigrants from the tropic
compared with indigenous whites.26

While no clear difference in small intestinal
permeability or histology was shown between
meat eaters and vegetarians in this study, pre-
vious work has suggested that ingestion of
spices may increase intestinal permeability to
various probe markers.27 However in that short
study no intestinal mucosal damage was seen
and it was suggested that the increased intesti-
nal permeation was due to changes in mucosal
blood flow or other 'premucosal' factors. In the
light of these findings and Lindenbaum's work
on the effects of local diet on small intestinal
structure and xylose absorption among asymp-
tomatic Americans in Pakistan,5 the effects of
individual dietary constituents on intestinal
permeability deserves further study.

In conclusion we have found significant
abnormalities in small intestinal morphology
and permeability in otherwise healthy asymp-
tomatic immigrants from the tropics resident

in a British inner city compared with native
white people; the consequences of these
abnormalities remain unknown. Our findings
suggest that particular care must be taken in
the interpretation of the results of small intesti-
nal investigations in patients born in the
tropics.
This study was presented in part at the British Society
of Gastroenterology (Gut 1994; 35 (suppl 2): S28) and
at Digestive Diseases Week (Gastroenterology 1994; 106:
A420).
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