The Lancet

Saturday 24 May 1986

‘IMPACT OF VITAMIN A SUPPLEMENTATION
" ONCHILDHOOD MORTALITY
"A Randomised Controlled Community Trial

ALFRED SOMMER
.., EDI DJUNAEDI
. A. A. LOEDEN

IGNATIUS TARWOT]O
KEITH P. WEST, JR
ROBERT TILDEN
LisAa MELE "
AND THE ACEH STUDY GROUP

nternational Center for Epidemiologic and Preveniive
Ythslmology, Dana Center of the Wilmer Institute and School of
ic Health, Johns Hopkins University, Baltimore, Maryland;
’Dxrecmra(e of Nutrition and Nationa! Center for Health
earch and Development, Ministry of Health, Government of
! nena, and Helen Keller International, New York, USA

450 vxllages in northern Sumatra were
randomly assigned to either participate in a
A supplemcmation scheme (n=229) or serve for |

chool children aged over 1 year by local volunteers 1 to
nths after baseline enumeration and again 6 months
Among children aged 12-71 months at baseline,

greater than in those where supplemems were given
919,4- 9per 1000) (p<0-05). The 1mpact ofvuamm A

se results support earlier observations linking mlld
dmin A deficiency to increased mortality and suggest that
upplements given to vitamin A deficient populations may

decrease mortality by as much as 34%.
Introduction

A LONGITUDINAL observational studv in rura! central Java
dicated that children with ocular signs of mild vitamin A
ficlency were more likely than neighbourhood controls to
that mortality was directly related to severity of vitamin A
ficiency, and that poor survival was probably attributable,
east partly, to high rates of respiratory disease and
diarrhoea.!' We report here the results of a randomised,
ontrolled, community trial of vitamin A prophylaxis in
jorthern Sumatra.

Subjects and Methods

»The study was carried out in Aceh Province, which is at the
drthern tip of Sumatra and where xerophthalmia is prevalent.*®
‘The population is ethnically distinct from that of Java, where the
earlier observational study had been conducted.*"?

_For political and administrative reasons a cluster sampling
heme was emploved. The sampling frame consisted of 2048
villages in Aceh Utara and Pidie, two contiguous rural kabupatens
districts) chosen because they had no current or planned
.development projects or vitamin A supplementation schemes. From

All members of the two study teams, each consisting of an
ophthalmologist (team leader), a nurse, an anthropometrist, a
dietary interviewer, five enumerators, and a driver, all fluent in the
local dialect received a month’s classroom, hospital, and field
training. The enumerators, responsible for collecting demographic
data, were unaware that mortality was a research question. Stan-
dardisation exercises were done before and regularly throughout the
study. First, each village was visited to identify households
containing children aged 0-5 years and to mark: their dwellings.
Within 2 days the village was visited by the full team. Enumerators
visited every house containing preschool children, collected
socioeconomic, demographic, and medical data, and rounded up
children at a central point for their clinical examination. Dates of
birth were ascertained by reference to local events charted on the
Muslim calendar and then translated 1o their roman equivalent by
the use of a specially prepared conversion table. Eyes were
examined wirhi a focused iight and 2X loupes and diagnoses were
made according to standard diagnostic criteria.”® Parents were
carefully questioned about the presence of nightblindness.>” They
were also asked about a history of diarrhoea (4 or more loose, watery
stools per day), of fever or cough lasting at least 24 h in the previous
7 days, and of “‘ever having'' measles.

Recumbent length (if less than 24 months old) or standing height
(if 24 months or older) to the nearest 0- 1 cm, and weight (using a
calibrated Salter scale) to the nearest 0-1 kg, were measured on a
10% subsampic of'all study children.

All children with active xerophthalmia at baseline examination
received at [east one large dose of vitamin A and were referred 1o the
local health unit. They were excluded from the analyses of
subscquent morbidity and mortality. All children received vitamin
A at the follow-up examination 9~13 months later.

Teams first visited villages between September, 1982, and
August, 1983, and follow-up visits were made by the same team in
the same sequence 9~13 months later. The variation in follow-up
time resulted from attempts to minimisc the potential confounding
influence of the Muslim fasting month and post-tasting holidays.

Standard capsules (supplied by UNICEF) were given to every
child aged 1-35 years in programme villages, by a local volunteer
trained to do so. The capsule nipple was snipped off and the
contents (200000 IU vitamin A and 40 IU vitamin E) were
expressed into the child's mouth. This volunieer kept a list of
children treated and issued the household with a distribution card.
The first dose was given } -3 months after the baseline examination
and the second 6-8 months later. A distribution monitor visited
each village 2-4 weeks after the scheduled Jistribution and
interviewed 10% of eligible households. If coverage was less than
80% the loval distributor was encouraged to reach children
previously missed.

All data were collected on precoded forms, entered onto diskettes,
and shipped 1o the data management facility at the International
Center for Epidemiologic and Preventive Ophthalmology, Johns
Hopkins University, where the information was processed with the
SIR data management package run on an IBM 4341 computer.
Statistical analyses were made with SIR. SAS, and GLIM software,
Statistical tests for significance and development of confidence
intervals were adjusted for clustering associated with randomisation
by village rather than by individual, and for the small number of
events expected and observed inany one village by applving poisson
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0-2 (l-tailed). Strautied subgroup analyses are. strictly speaking,
inappropriate, and, because of the small numbers, not very reliable,

Although Indonesian government regulations proscribe
administration of vitamin A prophylactically to infants, a
considerable proportion of them received capsules nonetheless, so
the impact on infant mortality was also examined.

All study procedures were approved by a steering committee
consisting of representatives of the Indonesian Center for Nutrition
Research, the Directorate of Community Health Services, the
provincial health authorities, Johns Hopkms University, and Helen
Keller International.

Results

29 236 preschool-aged children were enumerated at
baseline. Follow-up information was available on 89-0% of
the programme children and 88-4% of the controls. The age
and sex distribution of children lacking fellow-up was
ideatical in the two groups.

Baseline Characteristics

Of the 25939 children with baseline and follow-up
information, details of the initial ocular examination are
available for 91-9% of programme children and 90-5% of
controls. Active xerophthalmia was more prevalent in
controls than in the programme group (2-25 versus 1 -88%),
but the difference was not significant and was accounted for
almost entirely by the males (table I). Xerophthalmia was
more prevalent among males than females, especially among
controls. Xerophthalmia prevalence was negligible during
the first 2 years of life (less than 0+ 5%).

TABLE 1= RASELINE PREVALENCY OF ACTIVE SERSPHTHALMIA

No of patients with:

: Night- ! Acuve
! blindness® |Bitot's spots® | xerophthalmia®
— : (XN) (X8 (XN, XIB, X3)
i i
Totalt : ;
Programme (n=12 28 | 136{(1-1!%) 143 01-16%) ¢ 231 (1-88%)
Control {n= 1] 378) ©150(1 - 22%) | 164 () 4YD) 1 256 (2-25%)
Males : ) ||
Programme (n=6043) | 69 (1-14%) | T2:-19%) | 120(1-99%)
Control (n=5583) ¢ BB(:58%) | 102 (! A1) i 150 (2-69%)
Females { i
Programme (n=5881) 66 (-12%) | 69(/-17%) | 108(] 84%)

Control (n = 5494) 61(1-11%) 59(,'4myo-.l 103 (1-87%)

'
i
'
b

«Prevalence rates for XN and X 1B are not mutualty exclusive. For “‘active
xerophlha‘mna an individua! was counted only once. There were only 6
patients with corneal ulceration (X3), 3 in each group. Conjunctival and
corneal xerosis were excluded as being potentially less reliable.”

+1ncludes 357 programme and 301 control children whose sex was unknown.

TABLE U—AGE AND SEX DISTRIBUTION ON NON-XEROPHTHALMIC

CHILDREN
-- I Programaue , Control
Tetat* Tl 2estuoom) L 112209 (100%)
Sext i .
Aale P R385 (50%) C 5955 (50%)
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The age and sex distributions of the non-xerophthalmic i
children in the two groups were similar (table 11). The
disproportionate number of children purported to be in the
6th vear of life probably includes children really in their Sth
and 7th vears, as has been noted previousiv.” Programmeand -
control children were also similar for most other baseline 4%
demographic and socioeconomic variables, including
occupation of the head of the household, maternal education, -3
source of drinking water, distance to the nearest clnmemary : X
school, and distance to the nearest health centre. '
The two groups were also similar in most health variables 3
such as recent history of fever or cough or of ever having had -3
measles; relative risks of these variables for the two groups;
differed by less than 5% (table 111) except for diarrhoea, a
recent hlS[Or) being 23% commoner among control than S
programme children (p=<0:05), with the greatest excess in
girls. Recent diarrhoea was commonest during the 2nd year
of life, when the frequency was 9:8% in programme villages’
and 10-7% incontrol villages. Thereafter it steadily declined:;
The most objective baseline health variable was nutritional’
status. Anthropometric indices were similar for the two §
groups, both total and sex-specific (table 1\).
In 99% of children in the two study- groups. the interval
between baseline and follow-up examinaton was at least 11,
months, and for 59%, at least 12 months. This interval did
not vary among age-sex-specific categories by more thail-8
+2%.

Vitamin A Distribution Level

administration only interrogation of the child’s guardxan(s)
proved feasibie. Report forms provided by the locg
distributors were largely illegible, and most cards issued
households were faded, torn, or lost.
Over 93% of preschool children(12-71 nionths at baseline},
living in programme villages received zi least one large dos
of vitamin A between baseline and follow-up examinatio

Of our three methods of monuoring for capsule

UABLE HII—BASELINE MORBIDITY VARIABLES

Programime Contral
Tusi Yo Tow! T
- H re positive no Copouiive
Cough® | 1278 312 11355 1 32
Feverm | 1278 457 11583 €7
Measles+ 17 223 10 058 K
Diarrhoca® | 12761 71 1355 0 8T

*Present in past seven days. Data missing on 210 sregramme children an
controls.

+Anv time in past. Smialler denominator because fchunge:
after survey began

. VARLE IV=BASELINE ANTHRPOMETEY

Control

n=1271)

Programm
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TABLE V-NUMBER™® REPORTED TO HAVE RECEIVED VITAMIN A
CAPSULES DURING FOLLOW.UP

TABLE VI—AGE AND SEX-SPECIFIC MORTALITY DURING FOLLOW.UP

o received at least one capsule and almost 62% both. This
repancy may reflect disregard of normal government
puidelines ot of small differences in age.

Only 1% of control subjects received any capsule,
presumably obtained at the health centres by children
presenting with xerophthalmia.

mpact on Xerophthalmia and Mortalxly

¥ The prevalence of active_ x:rophthalmxa in programme

villages declined from 1-9% at baseline to 0- 3% at follow-up
and that in the control villages declined from 2+ 3% to 1-2%.
hese changes meant that the risk of xerophthalmia in
‘control villages relative to that in programme villages rose
fiom 1-2 at baseline to 4-0 at follow-up (p<0-05). Sex-
pecific prevalence rates followed a similar pattern.

‘During the follow-up period 75 preschool study children
from control villages and 53 from programme villages died,
,gwuig mortality rates of 7+4 and 4+9 per 1000, respectively
(p<0-05, two-tailed) (table vi). The relative risk of dying in
control versus programme villages was therefore 1-51 (95%
confidence limits 1+ -03, 2-28), equivalent to a reduction in
mortality in programme villages of 34%. Infants in control
villages had a mortality rate 21% greater than those in
programme villages.

“To compare age/sex/study group-specific mortality,
' children were classed as preschool children and infants (table
vl). Both infant and prcschool control boys died 70% more
frequently than did those in the programme villages. The
relative risk of death for boys in control versus programme
villages was 1 - 69 ($5% confidence limits 1- 14,2+ 51). Excess
mortality was less pronounced among control girls, in whom
. £ it was limited to preschool children.
To cxamme further the effect of large doses of vitamin A on

Y- U B o

- Programme villages Control villages
Programme villages Control villages
. Baseline Rare Rate
Age (mor-:ths) At least At least age Proportion | per | Proportion | per
ut baseline 1 capsule 2 capsules 1 capsule 2 capsules (months) dying 1000 dying 1000 RR
112-23 1899 (93-7) | 1854 (77-7) | 1707(0-7) | 1895(0-2) Both sexes
2007 (93-7) | 1946(78-1) | 1792(1-2) | 2010(0-1) 12-23 1911979 9-6 | 2211941 | 11-3 1-17
2192 (M4-0); 2130(78-7) | 1771 (1D 1956 (0-2) 24-35 14/2086 6-7 2512072 12-1 1-81
1806 (93-5) | 1765 (78-4) | 1509(0-7) | 1683 (0-1) 36-47 1112274 48 | 82016 40 0-83
2593 (92-4) | 2528(77:5) | 2121(1-Q) 2400 (0-2) 48-59 511887 2-6 711724 4-1 1-58
10 497 (83-2) 110 223(78-1) | 89%00(1-1) 9944 (0-2) 60-71 412686 15 13/2465 53 3-53
Total
1968 (62:4) | 1879(61°8) 1728(1-1) | 1914(0-1) preschool* | 53/10917 | 4-9 | 75/10230 | 7-4 1-51
(1-03,2-28)%
Infants (<12) 48/2074 23-1 55/1979 278 1-21
259 259 130 130 (0-73, 1-97)%
Total*
260 623 1438 208 0-71) 101/12 991 7-8 | 1307112209 | 10-6 1-36
. (1-01, 1-85)%
Numbcr of those for whom information was complete (age not known for 7 Malest
BY other programme children and 13 other controls). 0-11 181014 17-8 | 29/970 299 1-08
K Niimbers in parcntheses are percentages. 12-71 2815348 | 5-2 | 444998 | 8-8 1-69
Total
0-71) 46/6362 72 7315968 12:2 1-69
o (1-14,2-50)¢
received two doses (table V). Inevery age-group coverage  femalest o
oys and girls differed by less than 1%. 1(2)-“ 295 282 | 2542 23 054
=7 23/5245 4-4 2714933 5.5 1-25
In theory, only two-thirds of the infants were eligible for Total .
capsule and less than one-quarter for two. Surprisingly, (0-71) 51/6239 8-2 | 52/5875 8-9 1-09

71, 1-71)%

*Includes children with age unknown
+Excludes children for whom age and/or sex are unknown.
+95% confidence limits.

exceeded mortality in programme villages, a trend which was
more pronounced in boys; by the end of the follow-up period,
2-4 months after the second dose of vitamin A, cumulative
mortality had reached a plateau in programme villages, but it
continued to climb in contro! villages. The pattern among
infant boys mimicked that of preschool boys. Cumulative
mortality among infant girls in control villages was virtually
indistinguishable from that in programmae villages.
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haceline exvamination)




1172

Discussion

Mortality rates have been reported to be higher in
malnourished children in hospital with xerophthalmia than
in those with normal eyes.'"!* However, another study has
shown that in children admiwed to hospital for
xerophthalmia, severe malnutrition was the most important
factor associated with mortality.’ Interpretation of these
studies is hindered by the biases inherent in family
motivation and hospital admission criteria, and the impact
intensive therapy has on mortality.

In a longitudinal study of 4000 preschool-aged Javanese
children we found that children with mild xerophthalmia
(night blindness, Bitot's spots, or the two conditions
together—a ranking shown to be closely correlated with
serum vitamin A levels®’) died at four times the rate for their
non-xerophthalmic peers; the excess mortality was related to
the severity of the xerophthalmia; and this ‘“‘dose-related”
risk was independent of the child’s general nutritional
starus.'? The shape of the dose-response curve suggested that
subclinical vitamin A deficiency (ie, in the absence of
detectable xerophthalmia) was also associated with increased
mortality. Follow-up of surviving children revealed that
respiratory and diarrhoeal diseases were 2-4 times more
likely to have developed in those who had been
xerophthalmic than in their non-xerophthalmic peers.’
Again, vitamin A status seemed to be more important than
anthropometric status in predicting morbidity.

The present study was thus undertaken, partly to
determine whether supplements of vitamin A given to
preschool children (12-71 months of age) would reduce their
mortality by at least 15%. Ideally all “treatment” children
would have received at least the recommended daily
allowance. But this would have required a special,
impracticable delivery system. Instead we opted for the
regular Indonesian government scheme of twice-a-vear
administration of UNICEF-supplied capsules by trained
local volunteers, although we realised that it did not cover
infants. The Government of Indonesia would not condone
the use of placebos but field-workers collecting demographic
data were unaware that mortality was a research issue.

Strict randomisation of the 450 study villages seemed to
have worked reasonably well. The populations were similar
in most baseline characteristics investigated except for
xerophthalmia and history of recent diarrhoea, which were
slightly more prevalent among the controls. The differences
between programme and control. populations in mortality
were out of proportion to their baseline differences; the
baseline difference in diarrhoeal history was greatest for
females, whereas excess mortality was greatest for males; and
the most objective, quantifiable baseline indices of health
status, weight-for-height and height-for-age, were virtually
identical in the two groups on both an age and sex specific
basis.

There wac na evidence durine the cource of the studv of
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falling, and more closely resemble those of neighbouring
“medium” infant mortality rate countries (eg, Philippines,
Malaysia, Thailand), where the median mortality in
preschool-aged children is 3 per 1000.H

Results  were  strongly  positive,  ¢ven in this
“intent-to-treat” analysis. Xerophthalmua prevalence among -
preschool children living in programme villages declined by
85%, a result similar 10 those obtained in 01er carefully
conducted pilot trials,” ™" and it confirms the high
distribution rate of capsules reported. Preschool control
children died 1-5 times more frequently than did programme
children (95% confidence limits 1+03, 2-28), cquivalent toa
34% reduction in non-infant mortality among residents of
programme villages. To control for bascline differences in
prevalence of xerophthalmia and history of recent diarrhoea
between programme and control villages, the proporiion of
children with xerophthalmia or recent history of diarrhoea at 4
baseline was included as a covariate (predictor variable}in the
analysis. Mortality results (relative risks and their confidence
limits) were nearly identical when either xerophthalmia alone
or when both xerophthalmia and diarrhoea were included in 38
the analysis. '

Although the study was not designed to investigate
subgroups, and the numbers concerned preclude definite
conclusions, they provide additional evidence consistent with .
the beneficial impact of vitamin A supplementation:
mortality among controls was greater at almost every age,
including the first year of life; the difference in cumulative
mortality increased with time, even though male and female ‘i
controls had initial mortality rates that were the same as or '
lower than those in programme villages; the impact was 3
greatest among boys, in whom vitamin A deficiency is
generally far more prevalent;** and among boys, the tim
related mortality patiern corresponded with the expected
temporal impact of capsule distribution. This inter
consistency and agreement with previous studies is mof
important than the size of the p value or width of th
confidence limits, which are direct consequences of thie:
enormous sample size required. :

These results are especially encouraging for the following}
reasons: capsule distribution was less than universal
probably missed those who needed it most;®! single larg
dose supplementation maintains raised serum vitamin A3

levels for only 1-3 months;?? distribution did not start unul
2.
l 3 months after cnumeranon, xcrophthalmxc controls t

Vitamin A deficiency is associated wuh changes in surfa :
epithelium and these may disrupt normal barrier funcuo\i
support bacterial growth (as seen on the conjunctiva®’ and 2
presumably the bladder?*), and obstruct smaller branches of%
the tracheobronchial tree. Abnormalities in systemic immun
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sustained. The rise in blood retinyl ester levels after one large

;. dose of vitamin A given to deficient patients do not last for

more than 812 weeks;?>* and holo-retinol-binding-protein
levels rise, but not above normal levels.3:*!

The presence of the study teams was unlikely to have
influenced the results of our study because the only difference
between programme and control villages in their interaction
with study personnel consisted of at most two contacts in 12
months with the local vitamin A distributor in treatment
areas. This distributor was neither trained nor instructed to

" yndertake any other intervention.

Vitamin A status probably modulates the incidence and

. severity of disease caused by a varicty of pathogenic

‘organisms. The impact that vitamin A supplementation will

%7 have on mortality will therefore depend upon a constellation

of factors, including the prevalence and severity of vitamin A

;g;gﬁcicncy; the frequency of exposure to pathogenic

:organisms, size of the inoculum, and their virulence; and the
“presence and degree of other adverse influences with which
the young child must contend (eg, malnutrition, parasitic

e

% 7load). The results of the study reported here and those done in

Java'”? confirm the importance that vitamin A deficiency in

. childhood has on mortality in Indonesia and show the impact
2 that,supplementation can have on child survival.

,Thxs study was carried out under cooperative agreement DSAN-CA-0267

3 \_llhose listed as authors: Dr Akbar Pandji, Dr Koesdiono, Dr Daniel Kraushar,
and Dr Hugh R. Taylor; Barbara Hawkins, Imam Satity, and William
.Flumenbaum. Dr Scott Zeger developed the statistical methodology.

" Correspondence should be addressed to A. S, Dana Center for Prevennve
Ophthalmology, Wilmer Institute 120, 600 North Wolfe Street, Baltimore,
Maryland 21205, L_SA.
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PRE-OPERATIVE IDENTIFICATION OF
PATIENTS AT HIGH RISK OF DEEP VENOUS
THROMBOSIS AFTER ELECTIVE MAJOR
ABDOMINAL SURGERY

HENRY M. SUE-LING DAVID JOHNSTON
MICHAEL J. MCMAHON PETER R. PHILIPS!
J. ANDREW DAVIES

Umersity Departments of Medicine and Surgery,
Gencral Infirmary, Leeds, and Health Care Research Unit,
Unitversity of Newcastle upon Tyne

Summary Eighteen items of clinical and laboratory
information were measured on the day
before operation in 85 patients who underwent elective major
abdominal surgery. Postoperatively, deep venous thrombosis
(DVT) was detected by '®I-fibrinogen scan in 23 patients.
Stepwise logistic discriminant analysis was used to identify
factors which predicted DVT. Seven such factors were
identified, which were then used to construct a predictive
index. In descending order of predictive power, they were:
age, euglobulin lysis time (ELT), previous abdominal
surgery, varicose veins, antithrombin IIl concentration,
cigarette smoking, and platelet count. Pre-operatively, the
predictive index correctly identified 91% of the patients in
whom DVT developed, and wrongly allocated to the high-
risk group 19% of those in whom it did not. A shortened
version of the predictive index based only on age and ELT
(I=-11-5+0-133 age+0-006 ELT) was 91% sensitive and
63% specificin the prediction of DVT. In a prospective study
of 43 patients, this shortened predictive index correctly
identified pre-operativelv 93% of patients in whom DVT
developed, and wrongly allocated to the high-risk group only
17% of those in whom it did not.

Introduction

DEeP  venous thrombosis (DVT) develops in
approximately 30% of general surgical patients after elective
major abdominal surgery.’ Prophylactic measures, such as
the administration of low-dose heparin or dextran,
significantly reduce the frequency of postoperative deep
venous thrombosis and pulmonary embolism.’”* However,
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