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Abstract

Study of the 620 Asian immigrants with
tuberculosis notified in the Wandsworth
area of south London between 1973 and
1988 showed a bimodal pattern of tuber-
culosis notifications: in 1977 there was a
peak among Asians from East Africa,
and in 1981 a peak among those from the
Indian subcontinent. There was a mean
lag time of five years between clinical
presentation and immigration. Logit
analysis showed that, although overall
more men had tuberculosis than women,
glandular tuberculosis was more com-
mon among women of all groups, and
pulmonary tuberculosis was more com-
mon among Hindu women than Hindu
men. Both subgroups of Asians had a
substantially higher incidence of tuber-
culosis than white people, particularly at
extrapulmonary sites. Hindus were also
at a significantly greater risk of tuber-
culosis at all sites than Muslims
(Hindu:Muslim risk ratio 5'5 for women
and 3-7 for men). The increased suscep-
tibility to tuberculosis of Hindus, par-
ticularly Hindu women, may be related
to a culturally acquired immuno-
deficiency caused by vegetarianism and
associated vitamin deficiency.

Asians in Britain have a greater risk of
developing tuberculosis than the indigenous
population.! National surveys of tuberculosis
notifications in 1983 show that over a third of
all new cases in England and Wales were in
people from the Indian subcontinent.? Data
were presented separately for immigrants
from Pakistan and India, but no analysis of
risk according to other Asian subgroups has
previously been attempted.

Asians are a heterogeneous group with eth-
nic, cultural, and religious differences.>* We
have been impressed by the number of Hindu
patients with tuberculosis in our chest clinic.
In prospective studies of Asian outpatients,
we have found that vitamin D deficiency was
much more common among Hindu Asians,
most of whom were vegetarians,’ and we were
impressed by the number of Hindu patients
with osteomalacia who have a past history of
tuberculosis.

We therefore undertook an analysis of the
characteristics of Asian patients with tuber-
culosis in the Wandsworth area of London,
taking particular note of the effect of origin,
migration, sex, and religion. We attempted to

determine whether there was an excess of
Hindu patients with tuberculosis in this area,
and if so whether this was due to a local
concentration of Hindus in the community or
an increased risk in this religious subgroup.

Methods

PATIENTS

We reviewed the records of all patients diag-
nosed as having tuberculosis at the chest clinic
at St James’s Hospital, Balham, from 1973 to
1988. The chest clinic served the two district
general hospitals (St George’s and St James’s
Hospitals) in the Wandsworth area of south
London, an area virtually coterminous with
the Wandsworth Health Authority area.
Information about these patients had been
collected prospectively, by interviewing all
index patients, by the same specially trained
chest clinic clerk from 1973 to 1980, and by
the same chest clinic health visitor from 1980
to 1988. A standard set of questions, including
some relating to country of origin and dura-
tion of residence in Britain, were asked and
the data recorded on punched cards at the
time of diagnosis; the same chest consultant
(FJCM) supervised the data collection
throughout the 15 year period.

We selected records of all Asians with
tuberculosis who had emigrated to Britain
from India, Pakistan, and East Africa with all
white patients with tuberculosis born in the
United Kingdom for comparison. The coun-
try of residence immediately before immigra-
tion into Britain was taken as the country of
origin. Other racial groups and second genera-
tion Asians were excluded from this study.
The Asian patients were grouped by
religion—Hindu, Muslim, and other (for
example, Christian and Sikh)—by inspection
of their names by an experienced Asian
dietitian, who was unaware of our test
hypothesis. Only the Hindu and Muslim
patients were used in the subsequent analyses
as the numbers of patients of other religions
were very small.

An attempt was made to establish the diag-
nosis of tuberculosis in all cases, by examina-
tion of sputum by direct smear and culture for
pulmonary tuberculosis and by histological
examination and culture of lymph nodes and
specimens from other organs for extrapul-
monary tuberculosis. The principal site of the
tuberculosis was documented as follows:
pulmonary—parenchymal lung disease with or
without hilar lymphadenopathy; glandular—
infection of peripheral or hilar nodes without



parenchymal lung disease; other—any other
site.

The patient’s age, date of entry to Britain,
and country of origin were noted.

LOCAL DEMOGRAPHIC STATISTICS

Incidence rates were calculated after estima-
tion of the white and Asian populations in the
16 wards that comprise the Wandsworth
Health Authority area on the basis of the
“small area statistics’ of country of origin in
the 1981 population census. Individuals with
a head of household born in the United King-
dom were used to estimate the white popula-
tion, and those individuals born in India,
Bangladesh, Pakistan, and East Africa were
used to estimate the Asian population. An
estimate of the ratio of Hindus to Muslims in
the Wandsworth area was derived from
Hospital Activity Analysis data on the religion
of all hospital patients discharged and day
patients attending St George’s Hospital in the
1988 financial year, obtained from the Patient
Administration System. Validation of this
ratio was carried out by performing a meta-
analysis of published population statistics
according to country of origin.

STATISTICS

Confidence intervals for risk ratios for tuber-
culosis at different sites in the white and Asian
groups were calculated as described by Morris
and Gardner,® and a meta-analysis of binomial
proportions of Indian and Pakistani Asians
was performed to validate our proportion of
Hindus and Muslims according to the meth-
ods described by Gardner and Altman.’

The Statistical Package for Social Sciences
(SPSS) was used for multivariate analysis and
for logit analysis. Multivariate analysis of
variance and covariance (MANOVA) was
used to study the effect of religion and coun-
try of origin on the length of time the Asian
group had been in Britain. Logit analysis
(LOGLINEAR) was used to study the effects
of sex differences on the incidence of tuber-
culosis at different sites in the white, Hindu,
and Muslim groups. This allows analysis of
tables of frequencies (as the logarithms of the
actual frequencies) cross tabulated by more
than two factors (analogous to the y? analysis
for a simple two factor table). Some factors
included may not have a significant effect on
the results, and logit analysis enables the fit-
ting of a statistical model to describe the
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observed frequencies, using only those factors
or interactions of factors shown to be sig-
nificant. Estimates of the odds ratio derived
from each factor or interaction included in the
model can also be calculated.

Results

In all, 432 UK whites and 620 immigrant
Asians (420 Hindu, 151 Muslim, and 49 of
other religions) were diagnosed as having
tuberculosis during the 15 years studied. The
diagnosis of pulmonary tuberculosis was con-
firmed by culture or by direct smear in 86% of
cases. Extrapulmonary tuberculosis was con-
firmed by culture or histological examination
in 87% of cases. In 144 of the 1052 patients
tuberculosis was thought the most likely diag-
nosis by the clinician without bacteriological or
histological evidence.

ASIAN POPULATION OF WANDSWORTH
The population of the Wandsworth Health
Authority area, as derived from the 1981 census
‘“small area statistics,” is shown in table 1, with
the Patient Administration System sample for
the 1988 financial year. The proportion of
Asians who were Hindus was 0-384 (95%
confidence interval (CI) 0-363-0-405) and from
this we estimated there to be around 3800
Hindus and 6000 Muslims in Wandsworth.
Table 1 also shows that the mean age of the
patient sample population from St George’s
Hospital was similar to that of the Wandsworth
area population, and that the estimated
male:female ratios for whites, Hindus, and
Muslims in Wandsworth (0-92, 1-0, 1-13) were
very similar to the UK population sex ratios of
0-95,1:01,and 1-14.®

The assumption that the ethnic proportions
in the community were constant throughout
the 15 years of the study was validated by a
meta-analysis of estimates of Asians in Britain,
by country of origin, from 1971 to 1986 from
published data of the Office of Population
Censuses and Surveys.*!' The proportion of
Indian Asians did not alter significantly during
this time either for the total Asian population
(¥* = 83, v = 5) or for the immigrant Asian
population (y* = 4-6, v = 3). From this meta-
analysis estimates of 0-616 (95% CI 0-614—
0-619) and 0:629 (95% CI 0-627-0-632) respec-
tively were obtained for the proportion of
Asians from India. The figure for Asian
immigrants from India in the Wandsworth area
in 1981 was 0:629 (95% CI 0-617-0-641).

Table 1 Population numbers (mean age) and male :female ratio by ethnic group in Wandsworth Area Health

Authority (AHA)

Wand. th AHA populati PAS data sample

All Male Female M:F Male Female
Total 185 257 (40) 89 115 96 142 093
UK 142 287 (37) 68 308 73 979 0-92
Asian 9846 (35) 5108 4738 1-08 820 (32) 1316 (33)
Hindu [3787] [1894] [1894] 1-00 304 (34) 526 (36)
Muslim [6059] [3214] [2844] 1113 516 (30) 790 (30)

Hindu and Muslim numbers in square brackets are calculated from the 1981 census ‘“‘small area statistics” (SAS) and a data
sample from the Patient Administration System (PAS) from St George’s Hospital. The SAS figures are for the Tooting, Bedford,
Graveney, Balham, Nightingale, Furzedown, Latchmere, St John, Shaftesbury, Northcote, Southfield, Earlsfield, St Mary Park,
Fairfield, Springfield, and Queenstown wards.
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Figure 1 Number of notifications of Asian patients with tuberculosis (TB) in
Wandsworth, according to country of origin (dashed line East Africa, solid line Indian
subcontinent ). The timing of political events thought to have affected the pattern in
notifications is also shown.

TIME TRENDS IN TUBERCULOSIS NOTIFICATIONS
A bimodal pattern in the number of tuber-
culosis notifications was observed, with a peak
in 1977 among Asians emigrating from East
Africa and a peak in 1981 among Asians
emigrating from the Indian subcontinent (fig
1). Asian immigrants had been in the UK for a
mean of 5-3 (95% CI 5-0-5-5) years before their
clinical presentation with tuberculosis.

Multivariate analysis showed that the age of
the Asian patients correlated positively with
their time in Britain before clinical presenta-
tion (r = 0-29, 95% CI 0-21-0-36), and that
their country of origin but not religion had a
significant effect on the time in Britain.
Muslims from the Indian subcontinent had
been in Britain for slightly longer than other
groups (mean 6-2 (95% CI 5-6-6-9) years).
Asian patients were on average some 16 years
younger than the white patients but no dif-
ferences in age emerged between Hindus and
Muslims or in relation to different sites of
tuberculosis (see table 2).

Table 2 Annual incidence of tuberculosis per 100 000 of population in Wandsworth,
mean age, and male :female (M:F) sex ratio for each group, by site of tuberculosis and
religious group (pooled data 1973-88)

Pulmonary Glandular Other All
HINDU
Incidence 3520 272-8 1144 739-2
Mean age 44 46 46 45
M:F ratio 1-04 0-68 1-83 0-97 -
MUSLIM
Incidence 715 68-2 264 166-2
Mean age 45 46 48 46
M:F ratio 242 0-94 2:43 1-60
CAUCASIAN
Incidence 1711 1-8 13 20-2
Mean age 62 58 64 62
M:F ratio 2:16 0-58 1-00 1-81
ALL
M:F ratio 1-71 0-72 1-66 1-36

INCIDENCE OF TUBERCULOSIS

In each of the 15 years studied there was a
similar excess of Hindus over Muslims in
incidence of tuberculosis. The data from the
whole period were thus pooled for analysis.
The annual incidences of tuberculosis for all
three groups are shown in table 2. Both Hindus
and Muslims presented with more extrapul-
monary tuberculosis than white people, but the
difference was most striking for Hindus; the
risk ratios of tuberculosis by site for Hindus
relative to Muslims are shown in figure 2.
Hindu men and women alike had risk ratios
that were significantly greater than unity for
tuberculosis at all sites, the highest risk ratio
(7-7) being for Hindu women with pulmonary
tuberculosis. After allowance had been made
for religion, country of origin had no indepen-
dent effect on the incidence or pattern of
tuberculosis.

EFFECTS OF SEX ON THE INCIDENCE OF
TUBERCULOSIS

There were substantial differences in sex ratio
between the religious groups and for the dif-
ferent sites of tuberculosis. To explore these
differences further, we fitted a logit model to
the numbers of tuberculosis notifications cross
tabulated by site of tuberculosis, religion, and
sex, comparing these with the calculated male
and female numbers.

A fully saturated model (that is, one contain-
ing all possible factors and interactions) was
required to describe the data adequately. Sex
ratios significantly greater than unity (indicat-
ing a greater risk for men than for women) were
found for tuberculosis overall (1-:2, 95% CI
1-1-1-4), for pulmonary tuberculosis (1-5,95%
CI 1-2-1-8), and for Muslims (1:3,95% CI 1-1-
1-6), and ratios significantly less than unity
(indicating a greater risk for women than for
men) were found for glandular tuberculosis
(0-6, 95% CI 0-5-0-8) and pulmonary tuber-
culosis in Hindus (0-7, 95% CI 0-5-0-9).

Discussion
Asian immigrants are a culturally diverse
group. As culture and lifestyle are known to
have important consequences for health, we
were interested to explore whether such cul-
tural differences among Asians, in particular
those consequent on major religious differen-
ces, might affect susceptibility to tuberculosis.

In this study we identified the religion of
Asians by their names. This is accepted as a
reliable method of identifying religion among
Asians,'? and has been implemented by others.'
The Hindu family name (for instance, Patel,
Bhatia, Thakkar) is quite characteristic of a
particular subdivision of a caste—indeed, it
indicates the person’s social status and
traditional occupation—and Muslim names
can readily be recognised by the religious name
preceding the personal name (for instance,
Mohammed, Abdul, Syed, or any of the 99
names of Allah).

The method of deriving population
estimates of Hindus and Muslims in the
locality is open to criticism because one group
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Risk of TB for Hindus relative to Muslims
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spouse of someone already resident to enter the
country." In both instances there was a lag of
five years before the diagnosis of tuberculosis,
which agrees well with the mean of 5-3 years
found in this study for the time patients had
been in the UK. Other studies have also shown
that the highest rates of tuberculosis among
Asians occur within five years of immigration
to the UK."” These data suggest that immigra-
tion is an important precipitating factor in the
development of active tuberculosis, and sup-
port the hypothesis that this may become
manifest because of the development of an
immunodeficiency state. We cannot exclude
the alternative hypothesis that the disease was
contracted after a return visit to the tropics'®;
but if patients had acquired active tuberculosis
in the tropics an early peak in tuberculosis
notifications after immigration might be
predicted, and thereafter sporadic occurrences
reflecting return to the country of origin at
random intervals. The pattern we observed was
clearly different from this.

The strikingly increased risk of tuberculosis,
particularly at extrapulmonary sites, for Hindu
Asians, has not been previously recognised,
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Figure 2 Risk of tuberculosis (TB) (with 95% confidence intervals) for Hindus
relative to Muslims according to site of tuberculosis for women and men. The scale is
logarithmic.

may use the hospital more often, and religion
was not recorded in 26% of the people dischar-
ged from hospital in the Patient Administration
System Sample, though it is likely that min-
ority religions would be recorded more
accurately. Thus some validation of our
estimate was desirable. Religion was not
included in the population census, but data on
country of origin can be obtained from the
Labour Force Surveys. A recent survey of
Asians attending outpatients at St George’s
Hospital showed that 95% of Pakistani Asians
were Muslim and that 48% of Indian Asians
and 63% of East African Asians were Hindu."
Thus using Indian origin to estimate Hindu
religion will over-estimate the proportion of
Hindus by a factor of around 1-3. Meta-
analysis showed that the UK national Indian-
Asian proportions remained constant at 0-629
during 1971-86, suggesting a proportion of
Hindus of around 0-484, not grossly different
from the value of 0-384 used in this study. The
differences in risk between Hindu and Muslim
were so striking, however, that even if the
proportion obtained by meta-analysis of
national data were used (that is, 0-629) the risk
ratio of Hindus to Muslims would still be
significantly greater than unity (risk ratio for all
tuberculosis: 1:6, 95% CI 1:4-2-0). The con-
stancy of the Indian-Asian proportions over
the time of the study validates our decision to
pool data from the whole of the 15 years.

We found two peaks in the cases of tuber-
culosis seen in the Wandsworth chest clinic; the
peak in East African emigrés in 1977 may be
attributed to the expulsion of Asians from
Uganda in 1972, when Ugandan Asians
accounted for 43% of all immigrants to the
United Kingdom." The peak in immigrants
from the Indian subcontinent in 1981 may be
attributed to changes in immigration control
between 1974 and 1977, which allowed the

and is as yet unexplained. It cannot be
attributed to social class, as Asian immigrants
in the UK are more likely to be in social classes
I and II than native white people'’ and Asian
patients come from an economically privileged
section of our community: the national housing
and dwelling survey in 1978'" showed that
Asians in Wandsworth had higher proportions
of professional, non-manual, and self employed
individuals and of owner occupiers of dwellings
than any other ethnic group. Cultural factors
may be relevant and a major difference between
Hindus and Muslims is in their diet.

Traditionally Hindus are vegetarians; in
prospective studies we have shown that at least
half of the Hindus in the Wandsworth area are
vegetarians, compared with fewer than 1% of
Muslims.” A postal study of Asians in north
London showed a prevalence of tuberculosis
2-8 times higher among strict vegetarians than
among those taking a mixed diet, leading the
authors to conclude that dietary factors were of
major importance in determining susceptibility
to tuberculosis.'® It was also suggested that iron
or vitamin B12 deficiency may account for the
susceptibility to tuberculosis, on the basis of
in vitro studies showing impaired neutrophil
function in cobalamin depleted individuals,?
though it is recognised that macrophages and
lymphocytes rather than phagocytes are
concerned in the host defence against tuber-
culosis.”!

This study of 620 Asian immigrants with
tuberculosis strongly supports the view that a
vegetarian diet is a risk factor because the
Hindus (who comprise the majority of Asian
vegetarians) were at the greatest risk. We have
no direct evidence on the specific factor or
factors in the diet that might be responsible,
but circumstantial evidence suggests that
vitamin D deficiency may play a part.
Vegetarian (Hindu) Asians are known to be
more likely to suffer from osteomalacia?> and
rickets” and to have lower concentrations of
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25-hydroxyvitamin D.?* The lag of five years
after immigration to the UK before clinical
presentation with tuberculosis, similar to the
interval before development of osteomalacia,
suggests that reduced exposure to the sun after
immigration, leading to progressive depletion
of vitamin D stores, may be implicated.

A link between vitamin D deficiency and
impaired host defence against tuberculosis has
been postulated before*—indeed, fish liver oil
was recommended for the treatment of tuber-
culosis in the eighteenth century and vitamin D
was used to treat lupus vulgaris before the
advent of chemotherapy.? Furthermore, there
is evidence for an immunoregulatory role for
1,25-dihydroxyvitamin D, in both murine
macrophages®” and human granulocyte-macro-
phage progenitor cells.? It has been suggested
that 1,25-dihydroxyvitamin D produced by la-
hydroxylases present in macrophages may act
in an autocrine manner to control macrophage
function.”

The excess of extrapulmonary tuberculosis
that we found among Asians is well known and
has been attributed to the younger age of these
patients,” pulmonary tuberculosis being com-
moner in the older white patients. It has also
been suggested that impaired host defences
may be overcome by small numbers of invading
mycobacteria at extrapulmonary sites, whereas
immunocompetent individuals succumb to
pulmonary tuberculosis only when large num-
bers of organisms invade the respiratory tract.”
We found that, unlike the other groups, Hindu
women were more likely than men to suffer
from tuberculosis. This finding may be
explained by the fact that Asian women,
especially Hindu women, have lower vitamin D
intake and exposure to the sun than Asian men
and more overt osteomalacia.?* We also found
that women of all groups were more likely than
men to suffer from glandular tuberculosis—an
effect which has not been described before, and
for which we do not have a satisfactory explana-
tion.

In conclusion, our 15 year survey of tuber-
culosis in south London confirms the increased
susceptibility of immigrant Asians to tuber-
culosis, and indicates that Hindus were at
particular risk. Infection was more likely to be
at extrapulmonary sites in Asians than whites,
and developed a mean of five years after
immigration. Pulmonary tuberculosis was
more common in white and Muslim men than
in women. The sex ratio was reversed,
however, in Hindus, who also had a strikingly
increased risk of all varieties of tuberculosis,
especially glandular tuberculosis. These find-
ings could be explained by an immuno-
deficiency state developing after immigration
to which Hindus are particularly vulnerable.
We suggest that cultural factors should be
considered in relation to the pathogenesis of
tuberculosis in Asians. If specific nutritional
deficits associated with vegetarianism do
indeed produce a state of immunodeficiency
and increased susceptibility to tuberculosis,
these findings might be important for prevent-
ing and treating one of the world’s most

important public health problems, accounting
for 8-10 million new cases a year worldwide.*
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patients’ names by religion, Sister Maureen Malone for help
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on epidemiological aspects of the study. A preliminary com-
munication was presented to the Medical Research Society.
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