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Abstract.

Regular 6-monthly distribution of high dose (200,000 IUs) vitamin A capsules (VAC) to children 1-5 years of age, in Leyte Province, the Philippines, was compared to providing extra VACs to give 3-monthly dosing, and to vitamin A fortified cooking oil (VAFO) promotion (with continued 6-monthly VACs).   Serum retinol (SR) was measured at baseline and after 6, 12, or 18 months (for VAFO).  No sustained increase in SR was determined from 3-monthly VAC, and the prevalence of vitamin A deficiency (VAD) as assessed bySR(<20 mcg/dl) remained around 30% (in line with national survey estimates over the previous 15 years).  The major difference found was that after 18 months VAFO (of which 9 months had sustained promotion) was associated with reducing the prevalence of VAD to < 10%.  The effective fortification and lack of effect of 6-monthly VAC results are in line with previous studies; testing 3-monthly VAC is new.  The results imply that promotion of fortified oil would reduce VAD in these conditions; whether it can replace or needs to be added to 6-monthly VAC remains to be determined.  A phased changeover to reliance on fortified commodities (including oil) with careful monitoring of VAD trends is indicated.
Introduction.

Addressing vitamin A deficiency has been agreed as a global priority since the World Summit for Children in 1990 established the goal of ‘virtual elimination of vitamin A deficiency and its consequences, including blindness’ (goal B (v): 1) .  More recently, WHO determined that for vitamin A deficiency ‘the only biochemical parameter validated and found practical for routine survey use is serum retinol concentration’2.  Assessments of the extent of vitamin A deficiency (VAD), using low SR as the indicator, were of some 250 million children affected in 19953, a prevalence of around 35% in the developing world, which has only fallen marginally since then4,5.
A reduction in child mortality (6- or 12-59 months) from trials studying intermittent high doses of vitamin A capsules (VAC) supplements (usually 6-monthly) in the 1980’s and 1990’s was estimated at 23%6,7.  This led to a campaign of distributing these supplements aiming to cover all children twice-yearly in developing countries, reaching an estimated 58% of this population in 20048.  While much of the incentive for this was to reduce mortality, few (if any) evaluations were made of the actual program impact on survival (as opposed to estimates from VAC coverage (e.g. 9), based on the previously estimated 23% mortality reduction), or on VAD itself.  Recently however the results of a large study on over a million children in India were presented, reporting no significant impact of VAC 6-monthly supplements on child mortality10.
Population prevalence estimates of VAD, as low serum or plasma retinol
, are scarce, partly because of the complexities and cost of drawing blood and biochemical assays.  The Philippines is one of the few developing countries to routinely make this assessment on a large and representative sample of the population.  The national prevalences of serum retinol (SR) <20 mcg/dl in under-5 children from 1993-2003 were as follows: 1993, 35.8%; 1998, 38.0%; 2003, 40.1%.  During this time, starting in 1991, the national vitamin A supplementation program (Araw ng Sangkap Pinoy or ASAP) reached 80-90% coverage of twice-yearly VAC distribution.  This anomaly – high program coverage with deteriorating vitamin A status – was noted in nutrition program assessments (e.g. by World Bank and UNICEF, 200012) and led to further analyses of the national data.  These suggested that the effect on SR (using observed time-after-dose estimates) was transitory and small, around 2-4 mcg/dl at 1-2 months after dose, returning to no dose levels after 3 months or so; the prevalences behaved similarly, dropping by an average of 6 ppts at months 1-2, but then increasing back to no dose levels13,14.  This would explain the observed lack of overall impact of the program on SR and hence VAD.

Disaggregating 1998 survey results by region and urban-rural strata indicated that in the highest prevalence areas (e.g. urbanized Visayas) the effect on SR was still seen at 3-4 months after dose, and was more pronounced in stunted children (Pedro et al13, figs 2-3).  This opened up the prospect that giving VACs every three months could ratchet up the SR and lead to a progressive reduction in VAD.  Testing this hypothesis was the basis of the study reported here.
The efficacy of 6-monthly VACs in producing sustained increases in SR reported in the literature shows mixed results (Annex 1), with about half the studies showing some effect at 2-3 months, but fewer (5 of 15) at 6 months.  Nonetheless, the recommendations to give VACs preferably 4-monthly (WHO-IVACG 2), with the observations from the analysis of the Philippine 1998 survey data, plus the prospect that the distribution system in place might be suitable for 3-monthly VAC distribution, indicated that three monthly VAC distribution should be tested for its impact on VAD.  At the same time, an arm of the study to receive promotion of fortified oil was included as a positive control.  The efficacy studies in the literature on SR effects of frequent low dose VA, mainly through fortification, are much clearer (Annex 2).  In 15 studies identified, typical increases were around 5 mcg/dl, range 2-14 mcg/dl.
Specifically in the Philippines, earlier studies15  had shown changes in SR from 6-monthly VAC and from fortification (as fortified MSG) in line with the general efficacy results – that is, no significant change from 6-monthly VAC, and an increase of 8 mcg/dl (equivalent to a decreased prevalence from about 45% to 20%) from fortification.  VAC three-monthly was not previously studied in the Philippines, or elsewhere (from our literature review).
The present study was deliberately built on the existing VAC distribution system through the municipal health services and village (barangay) health workers.  An extra distribution was thus inserted mid-way between the regular routine distributions, for the children selected for this intervention.  The aim was that the study should be similar to an effectiveness evaluation of a regular program implemented by the responsible institutions and staff, rather than an efficacy trial which would be less replicable for a wider population.  The assessments were done by the same team from the Food and Nutrition Research Institute, based in Manila, that is responsible for the regular surveys.  

Methods.

Design.  The study was a joint exercise between the Philippines Government’s Department of Science and Technology, Food and Nutrition Research Institute (FNRI), and Tulane University School of Public Health and Tropical Medicine, Department of International Health and Nutrition.  Appropriate clearances were obtained from the Institutional Review Board of Tulane, FNRI Institutional Ethics Review Committee, and the Ethics Review Subcommittee of the Regional Health Research and Development Committee (RHRDC) Region 8, who determined that the study should recruit malnourished (underweight) children as these were the most likely to benefit.  
The study area was in the Visayas region (central Philippines) as this was among the most VAD-affected areas from the 1998 survey; and in the initial results of the 2003 survey (available in December 200414) the province of Leyte, in this region, had a high prevalence and was considered suitable.  During a field visit in early 2005 based in Tacloban City, two municipalities were contacted (Provincial Governor’s and Mayor’s offices, and Provincial and Municipal Offices of Health); these two municipalities, Alangalang and Abuyog, agreed to collaborate in the study. These municipalities were not adjacent, one inland north west of Tacloban City, the other coastal to the south; they were considered to represent different ecological conditions, but both had extensive VAD (around 30%) as determined from the 2003 survey.
The study was based on randomized assignment to intervention groups as follows: 1  –  6-monthly VAC only (i.e. no additional intervention); 2  –  3-monthly VAC (first measurement 1-month after dose); 3  –  3-monthly VAC (first measurement 2-3 months after dose); 4  –  6-monthly VAC plus promotion of vitamin A-fortified edible oil (coconut oil: VAFO).  Each of these groups was divided in two, one (subgroup A) measured after 6 months, the other (subgroup B) after 12 months.  Group 4 eventually had a third subgroup (4C) to allow for a final measurement after 18 months, generated by dividing group 4B randomly in two sub-groups, just prior to the September 2006 endline survey.
The sample selection process is illustrated in figure 1.  The oil promotion interventions affected whole villages (barangays), so that clusters of villages were selected first for this; then villages were chosen from which children were selected for extra VAC administration.  The two municipalities contain 117 villages, and these were grouped by the coverage area for one midwife, called Barangay Health Stations (BHS), averaging about 6 villages each, 21 BHS in all.  Three BHS near the municipal centres were excluded, and one BHS in each municipality was then randomly selected from a list; from a map, a neighbouring BHS in each case was added.  This gave 24 villages for the oil promotion group.

For logistical reasons, villages with fewer than 20 underweight children (from the earlier weighing program data, see below) were excluded.  This left 30 larger villages from the 93 remaining after selecting those for oil promotion.  These 30 had approximately the required number of underweight children for groups 1-3 and all were included.  These were randomly assigned to the intervention groups (2A-B, 3A-B) and comparison group (1A-B).  From the population of underweight children, children were assigned to groups using random numbers, and then the child ID and name were entered into the final list. 
Underweight children were selected based on village listings derived from the comprehensive weighing programme (‘Operation Timbang’) carried out in January through March 2005 (and every year).  These are compiled by the Barangay Health Workers, and when investigated in field visits were considered to be largely complete and accurate.  In the selected barangays with >20 underweight children from the earlier weighing, children assessed at that time as underweight were selected and assigned randomly to groups as shown in figure 1 and described above. Informed written consent in the local language (Waray) was obtained from parents/guardians for participation (interview, blood sampling and anthropometry twice for all children included); and receipt of additional VAC 3 months after previous regular Garantisadong Pambata (GP) program distribution for applicable groups (groups 2 and 3). The consent forms were approved by the Tulane SPHTM Institutional Review Board, and that of the Food and Nutrition Research Institute.  The translation of the consent form to the vernacular was also certified by Philippine Commission on the Filipino Language. 
Each child was assessed at baseline (September 2005) and then once again after 6 or 12 months (March 2006 and September 2006), or March 2007 for group 4C.  Regular VAC distributions were done on Child Health Days
 in April-May and October-November each year, including deworming (twice yearly) and mass treatment for filariasis with albendazole and diethylcarbamazine citrate (DEC), respectively.  The additional VAC distributions were in August 2005, January 2006, and July 2006.  Promotion of consumption of vitamin A-fortified oil started in February 2006 with social preparation component.  The schedule is illustrated in figure 2.

There were a number of inadvertent deviations from this design, as shown in table 1.  The most important was that nearly half the children in groups 1A and 1B were given extra VAC in January 2006, along with those for whom the dose was intended.  This mistake appeared to be on a random selection of children in group 1, and the baseline SR values were not different between those inadvertently given an extra dose and those correctly not dosed.  This required assignment of the group 1A wrongly dosed children to a group designated 1QA, de facto similar to group 3A.  The effect on group 1B was likely to be negligible, as this group (designated group 1QB) was not re-measured until 8 months later.   Ten children in group 3 missed the extra dose in January 2006, designated as group 3XA and group 3XB; these were excluded from the analyses reported here.  In group 4A, a total of 32 children were also inadvertently dosed in January 2006; these were re-measured in March 2006, and this group designated 4QA is treated separately.  These errors were due, in part, to the study being near to an effectiveness trial, by using the existing health personnel for VAC administration rather than using a special team.


The intended initial assignment of sample children (see columns 2 and 3 in table 1) was largely achieved except for group 2 in which 24 cases out of 200 did not participate, dropping out at the time of VAC administration (to this group only) in August 2005, before the first survey.  In the other groups about 95% of those initially assigned completed both baseline and endline measurements: dropouts were 11 in group A (191/202 completed); 11 in group 3 (186/197); and 15 in group 4 (277/292). 


Vitamin A capsules.  Four bottles of VACs, containing 500 capsules each were obtained from the Department of Health through the National Center for Disease Prevention and Control.  Doses of 200,000 IUs of retinol, with 40 IU of vitamin E, in oily solution, were administered orally by health workers in the community.  The VAC distributed in barangays for extra dosing is the same VAC given by the DOH for the GP program.   
Promotion of vitamin A fortified oil.  Government regulations mandate that all edible vegetable oil should be fortified, at a level of 12.0 ppm RE (retinol palmitate), which is the minimum acceptable level set by the DOH Bureau of Food and Drugs, as stipulated in Republic Act 8976.  In practice, this only applies to commercial brands of oil, not those locally produced and used; and enforcement for branded oils is sporadic.  Promotion was done using printed materials distributed to households (‘flyers’) by barangay health workers and others; stickers for display in stores selling branded fortified oil; and banners displayed by barangay captains in centrally-located places advocating the use of fortified oil.  This campaign was intended to start after the baseline survey in September 2005, and to be reinforced at the time of the first extra VAC distribution in January 2006.  However, a field monitoring visit in March 2006 found that the promotion had hardly started, and a renewed campaign was designed to implement the agreed plans more vigorously.  To further the commitment of the barangay with the project, a follow through was made of oil promotion documents requested during social preparation such as making barangay promotional plans, barangay resolutions or ordinances, and minutes of barangay meetings that included the oil promotion of the project as an agenda.  Oil monitoring was repeated in July 2006, and at this time it was assessed that the promotion was now gaining momentum. Samples of oil from retailers were tested for vitamin A content in the field in July 2006 using a micro antimony trichloride method which was regarded as semi-quantitative – detecting concentrations roughly above and below 5 ppm (results are in table 5). Oil samples were also collected for laboratory testing in July 2006.  A follow up visit in July 2008 enquired again as to the extent and continuation of the promotion activities.

Survey measurements.  In the baseline and follow-up (‘endline’) surveys, each child’s caretaker was interviewed with a standardized questionnaire.  The variables from interview used in the analyses reported here concerned: measures of socioeconomic status, to check randomization; recent infection (see below); frequency of use of vitamin A-rich food items; and use of vegetable oil. 

Infection was assessed during interview by questions on the child’s sickness in the previous seven days.  These were coded as present/absent for diarrhea, fever, and measles; and none, upper or lower respiratory tract infections (URTI and LRTI).  In analysis, reported presence of either upper or lower RTI was used as one variable; and then lower only, excluding the milder and more common URTI. Children currently sick were interviewed further by the barangay health worker (who was present), and where necessary referred to the health center.
Children’s ages were calculated from birth date provided by the caretaker and checked with health records, and survey date.  Height was measured lying down for those under 2 years using a length board or infantometer, to the nearest 0.1 cm, standing height for the older children using microtoise.  Children were weighed using calibrated Detecto weighing scale.  Weight-for-age, height-for-age and weight-for-height were calculated using NCHS standards (which were applicable at the time).
Blood samples were collected to assess SR and hemoglobin. The collection of blood samples was done by finger prick using a sterile lancet.  Twenty (20) microlitres of free-flowing blood was pipetted for hemoglobin determination, after which, about 0.75-1.0 mL of blood was further drawn into the Becton Dickinson microtainer tube.  Samples were allowed to stand until clotting became evident and centrifuged at 3,000 rpm for 10-15 minutes.  Serum samples were then collected into polyethylene microcentrifuge tubes, packed and stored frozen inside the freezer of a household refrigerator while in the field.  Samples were kept inside a -20(C freezer after the freight, until analyzed.  Children with hemoglobin of < 11 g/dl were provided or prescribed with an iron supplement from the health center, if there was supply.  
Dietary questionnaire and sampling.  An in-depth interview of the child’s current dietary intake was conducted.  For the present analyses, the reported use of branded vegetable oil is the main variable of interest, as branded supplies should be fortified with vitamin A, providing a proxy measure of the intended adoption of fortified oil, in response to the promotion campaign.  

Biochemical assays on blood samples. Hemoglobin was measured in the field by cyanmethemoglobin method16 using a portable spectrophotometer (DR 2400 by Hach), while the HPLC method17 was employed in the SR determination at the FNRI laboratory.
Standardizing serum retinol estimates.  The SR assays were done in batches such that the baseline and endline sample for each child was done in the same batch, to minimize differences introduced by measurement variation. The random assignment to groups was checked by anthropometric and socio-economic variables and no significant differences were found between treatment groups (see table 1 below and accompanying discussion).  No difference in baseline SR values between groups was therefore to be expected.  However, the values for group A were a factor of nearly 1.4 times higher than for groups B and C; for example, the mean for group A was initially estimated as 31.7 mcg/dl, 22.7 for group B, and 23.1 for group C.  Two sets of re-analyses of duplicate samples from the 3 batches were done (at different times), which showed significant differences for group A between original and repeated analyses, but no significant difference for groups B and C.  This indicated an issue of standardization between batches, probably due to errors in the external standard for the first assay batch; however this did not affect the estimated (proportional) changes between baseline and endline estimates within children as these were done in the same batches at the same times.  Nonetheless, adjusting group A to be directly comparable with groups B and C was desirable for consistent presentation of the results.
An adjustment factor of 1.4 was estimated from a number of observations.  First, as discussed above, the baselines should be the same, but differ by this factor.  Second, SR was significantly correlated with hemoglobin values; on regression, the ratio of the slopes between groups A and B was 1.396; if the group A estimates are deflated by 1.4 the regression lines are superimposed.  Third, in the first re-assay, the slope of the original vs re-assay results for group A was 0.82, and for group B 1.04 – these were significantly different as shown by the interaction term (p=0.01, n=129) – a factor of 1.27.  In the second re-assay this slope ratio was 1.39.  Finally, on further investigation it seemed that the likely source of this problem was the external retinol standard, which showed substantially different HPLC instrument responses between the first and the other batches.  The internal standard (retinyl acetate) peak areas could be compared in a few samples to the internal standard in the original batch A estimates, and this indicated that the internal standard response was a factor of around 1.4 lower than in later batches (being on the denominator this inflated the calculated concentrations in the first batch).   Unless otherwise stated, the SR values reported have been standardized by reducing those for group A by a factor of 1.4.  As mentioned, this does not affect the estimates of proportional SR change within child, although reducing the absolute estimated size by this factor.  The adjustment does not affect any substantive conclusions.
In cleaning the data. SR values greater than 50 mcg/dl (adjusted for group A) were excluded as likely overestimated outliers, as noted in table 1, except where otherwise noted.  This reduced the valid sample size to 807 from 827, i.e. by 2.4% for baseline values, and to 801 (3.1%) for estimates of change in SR by individual child, excluding if either baseline or endline was > 50 mcg/dl. 
Results.
Baseline group comparisons.  Table 2A compares the means of key variables between subgroups A, B and C, and between groups 1-4.  By time-between-measurements (subgroups A-C) no differences were significant in these variables.  By treatment group (1-4), group 2 as expected had higher SR, being measured one month after VAC dose (see below); between groups 1 and 3 there was no significant difference in SR.  Within group 4 (table 2B), there were no significant differences at baseline between the sub-groups re-measured after 6 months (4A), 12 months (4B) and 18 months (4C).  Thus the group assignments were effectively randomized, and group comparisons should be valid.

Effects of vitamin A doses on serum retinol.  The first relevant regular vitamin A dose was in April 2005, and an extra dose was administered to group 2 (only) in August 2005, with the baseline survey in September 2005.  This provided an initial test from the baseline data of whether an increase in SR could be detected one month after dosing, comparing group 2 with groups 1 and 3.    The results (table 3) showed a mean increase of 1.2 mcg/dl in SR (p=0.032), confirming that the methods were sufficiently sensitive to detect a small increase such as this
.  The equivalent prevalences were 40.6% and 23.2%, a reduction of 17.4 percentage points (ppts) (p = 0.00).  

The effect on SR of 3-monthly VAC compared to 6 monthly is summarized in table 4.  In all cases the SR values fell somewhat through time, and the necessary comparisons are the differences in changes in SR (note: these are repeated measures on the same children) by treatment.  Over 6 months, 3-monthly VAC (two capsules over a 6 month period, measured two months after the previous dose, group 3A),  compared to 6-monthly (one capsule, five months before the measure, group 1A), was associated with higher SR values of 1.79 mcg/dl.  When the groups were expanded in sample size by combining with other 3-monthly and 6-monthly treatments, over 6 months, this difference was 1.58 mcg/dl, significant at p=0.034.


Similar comparisons over a 12-month period showed no significant differences (table 4, second section).  Moreover, the group (2B) receiving three extra VAC (the first one month before the baseline) showed a similar change in SR (-1.13 mcg/dl) to the comparison groups (-0.48 or -1.29).  There was no evidence for continuing improvement with prolonged 3-monthly VAC administration.  Controlling for infection (see regression results under table 3) did not affect these results, which were analogous when analyzed by regression.

To further use the repeated measures design, general estimating equations (GEE) were also applied, controlling for age, gender, and infection.  This gave results of similarly low significance for groups 1-3.  A marked tendency for regression to the mean was observed, whereby low SR values at baseline tended to increase, in all groups, and higher baseline levels to fall.  This was investigated in the GEE using a dummy variable for low SR (<25 mcg/dl) at baseline.  The regression to the mean was highly significant in all groups.  The effects of VAC were no more significant in the children with low baseline SR values.  GEE results are discussed further below, for the fortified oil data.
Effects of promoting fortified oil.  Surveys of oil monitoring activities were carried out in March, July and Sept 2006, and March 2007, by visits to retailers and observations at health and municipal centres.  The first of these (March 2006) found that promotion was inconsistent, and recommended renewed attention; in July and September 2006 activity was found to have substantially increased and further encouragement was provided.  In March 2007 the activity was continuing and had developed further.  A follow up visit in July 2008 confirmed that vitamin A fortified oil (VAFO) remained available in many of the barangays and that awareness about VAFO remained high among communities and health workers. It was concluded that fortified oil promotion gained momentum around July 2006, which increased into 2007 (as indicated in Figure 2).  This was primarily attributed to the barangay commitment that was built up in the early phases of the study and supported by ongoing visits and monitoring by barangay health workers and district health personnel.  
Constraints on VAFO use and awareness observed at follow-up in July 2008 were the  higher price of VAFO, seasonal fluctuations leading to closures of village stores, and the wholesaling of “takal” (unlabelled) oil which made it difficult for store owners to determine whether their oil was fortified or not.  These factors were perceived as beyond the control of the barangay officials and health workers who had taken ownership of VAFO promotion in their respective communities, and would need to be addressed in future promotion efforts. 
The second oil monitoring survey (July 2006) tested samples of oil from retailers in the field using a colorimetric method to detect vitamin A content with a sensitivity of >= 5 ppm.  Branded oils are expected to be fortified, and were considered more likely to comply with regulations than those provided in bulk to retailers and then sold in small plastic containers.  The results of tests on 61 samples, from different stores in 24 barangays in the oil promotion group, are summarized in table 5.  About half the samples (29) were from bulk supplies of unknown brand, half (32) from branded containers.  More of the branded oils tested positive for vitamin A, but about one third did not, moreover the same brand varied in test results between stores, only three brands testing consistently positive.  Results from the third survey (September 2006), using lab analysis conducted by the Food Analytical Service Laboratory (FASL) of the FNRI-DOST, showed that 12 out of 14 branded oil samples had vitamin A, range: 172-2349 mcg/100 g vitamin A, while 6 out of 10 unbranded oil samples contained vitamin A in this range. 

The dietary questionnaire in the base- and end-line household surveys included questions on frequency of use of cooking oil in the previous seven days.  Results are shown in table 6, categorizing between no reported use and use for one day or more in the previous week. The frequency of oil use, certainly in the absence of promotion, is low – less than 10% of households reported use in the previous week.  This increased to 20% after 6 or 12 months promotion; these figures were not known at the time of the oil monitoring surveys, and suggest the promotion was having more effect than thought.  After 18 months for group 4 the reported oil use was 36%.  These increases in reported use in group 4 were all significant.

Changes in SR in the groups for which oil use was promoted are shown in table 7.  No increase in SR was seen in the oil fortification groups 6 months and 12 months after the baseline survey, with no or limited (about 3 months) promotion.  It was known that no SR increase had been found at 6 months (in fact a fall of 1.51 mcg/dl, see first row in table 7), and this was considered possibly due to slow start up of the promotion activities as assessed by the monitoring surveys of March and July 2006.  A decision to split the remaining group (4B) into two to allow a further 6 months of promotion was made just prior to the September 2006 survey (i.e. not to re-measure at that time half the group), to allow a further 6 months for the promotion to have a possible effect.  (The SR results at 12 months obviously could not be known at the time, before the survey.)  Group 4B was thus split randomly (same method as initially) into group 4B and 4C.

The increase in SR estimated in the longest oil promotion group (4C) is striking and highly significant, of 5-6 mcg/dl difference in change compared to all the other comparison groups. This more than halves the prevalence of low SR, bringing it to below 10%.  Moreover this would be expected to continue downwards.  Since this group (4C) was created during the study, no direct comparison group, not exposed to oil promotion, was available, since groups 1B, 2B, and 3B were re-surveyed as planned (it being expected that these would show response to 3 monthly VAC).  Extensive enquiries were made as to any other possible treatment that the group 4C population might have been exposed to different to the previous years and groups 1-3 and 4A and 4B, and none was found.  The March 2007 survey was before the routine VAC distribution. Given the consistency of change in all other groups, and the clear difference of group 4C, it was concluded that the increase in SR was likely to be due to the increased use of fortified oil.  Some direct evidence for this increased use was later seen from the oil use frequency data (table 6), and from retrospective enquiries during a field visit in July 2008, when the promotion was observed to be continuing.
Modeling these data with a generalized estimating equation (GEE), a statistically significant intervention effect is demonstrated (p=0.000) (model 1, table 8), comparing with group 4A, selected as being measured at the same season as group 4C.  Similar results were obtained comparing with group 4B.   When controlling for a potential differential impact based on SR concentration at baseline, the intervention effect remains highly significant at p=0.000 (model 2, table 8).  Access to fortified oil demonstrates a strong beneficial effect on SR whereas twice yearly VAC supplementation alone does not.  While the results of model 2 demonstrate a differential effect for low vs. higher SR values at baseline, interpolation of the mean SR values of each group into the generalized estimating equation suggests that vitamin A fortified oil provides a broader beneficial impact than 6 monthly VAC supplementation alone.  These results are shown in figure 3. 

The effects of regression to the mean can be seen in figure 3: the mean SR in the group starting below 25 mcg/dl, with oil promotion (C), increases by about 6 mcg/dl (from 20 to 26 mcg/dl), and the group starting higher remains the same on average, at nearly 30 mcg/dl; in contrast the group with little exposure to oil promotion showed regression to the mean, with the high starting group falling and the lower group increasing slightly, much less than the fortified oil group C.  Thus although the regression to the mean complicates the picture, the effects of fortified oil are clear. Similar results were obtained with 3-monthly VAC as the comparison group, shown in models 3 and 4 in table 7.  
The following proviso for this analysis is recognized.  Although data for the groups compared were collected at end line during the same time of year, the groups were not assessed contemporaneously.  Twelve months separated end line data collection for the two groups.  GEE analysis is noted to have some limitations when assessing differences between groups over different time periods but was deemed an appropriate analysis method here, in the absence of a contemporaneous comparison group for treatment group 4C.
Comparing treatments.  The changes in mean SR and prevalences of low SR in the different treatment groups are summarized in figure 4, as means and prevalences.  In this figure, for simplicity, the mean values for the four treatment groups at each time are plotted; thus group 1, September 05 is the baseline for groups 1-4; March 06 is the end measurement for groups 1A, 2A, 3A and 4A; September 06 is the end measurement for groups 1B, 2B, 3B, 4B; and March 07 is the end measurement for group 4C (plus 4QC).  The substantial impact of prolonged promotion of fortified oil is apparent, compared with all other groups.  Conversely, the lack of sustained impact of three monthly administration of VAC is clear. 

In a study in the Philippines published in 1979, Solon et al15 obtained almost the same responses to 6 monthly VAC and to vitamin A fortified monosodium glutamate; 3-monthly VAC was not tested.  These results are superimposed on ours, as shown in figure 5.  This lends credence to the estimated impact of fortified oil, to an extent compensating for the lack of a contemporaneous comparison group.


The size of the effect of fortified oil is an important aspect. The greater effect in the children starting with low SR (see figure 3), plus the expected continuing exposure to additional vitamin A through fortification, make it likely that the mean would increase to at least 30 mcg/dl with continued promotion of fortified oil.  Prevalences of low SR fell to well below 10% in group 4C.  

Discussion.  
Impacts of interventions on serum retinol.  The results show that doubling the frequency of VAC administration has little sustained effect on SR (SR) levels.  The increases in mean SR found, of 1-2 mcg/dl after 3-monthly VAC over 6 months (measured 2 months after the last dose, and barely significant) were not sustained after 12 months of three monthly dosing.  The mean SR increase at 6 months was associated with only minor reductions in prevalences of low SR, for example of about 6ppts (NS) at 6 months in the one case where the mean SR increased significantly.  One month after VAC administration an increase in SR of 1.2 mcg/dl, associated in this case with a reduction in low SR prevalence of 17 ppts (p=0.00) was indicated, comparing the dosed group with undosed.  
These results indicate that the effects of VAC on SR are transient, as had been concluded from analysis of national survey data 12, 13, returning to pre-dose levels at around two months after dose.  More important however is the finding that no cumulative increase, after 12 months of 3-monthly VAC dosing, was seen. Thus 3-monthly VAC distribution did not reduce the extent of VAD as determined by low SR.
In contrast to the VAC results, the effects of promotion of vitamin A fortified oil (VAFO) do appear to have a substantial cumulative effect through time.  After about 9 months the mean SR was increased by 5-6 mcg/dl (p=0.00), and the prevalence of low SR significantly reduced (p=0.01-0.1), to less than 10%.  The responses to the dietary questionnaire indicated an increase in the use of branded oil, which is the fortified product.  This implies that continued promotion and use of fortified oil would be effective in reducing the prevalence to very low levels.
The new aspect of this study is to test 3-monthly VAC distribution, compared to 6-monthly.  The transient response to 6-monthly VAC is consistent with the findings of most other studies (see Annex 1).  The finding that this is essentially not altered by 3-monthly VAC is in line with the inference that any rise in SR persists for less than three months, and strongly suggests that frequent low dose vitamin A provision – by supplementation and/or fortification – will be needed to reduce the extent of vitamin A deficiency as measured by low SR.

The literature also generally supports the finding that SR is increased by use of fortified foods (see Annex 2), a common range being around 5 mcg/dl, as was found here. Our 6-monthly VAC and fortification results are thus in line with expectations from the literature, and indeed from studies done thirty years ago in the Philippines15.
Limitations.  The interventions in this study were done under conditions of a routine program operated by the health services, including village health and nutrition volunteers. In part this was so that the experiences of the national vitamin A program could be understood better, and in part so that if modifications to that program – particularly doubling the frequency of vitamin A capsule distribution – were shown to be warranted then this could be reasonably be expected to be feasible through the existing health structure.  An unforeseen consequence was that there were some deviations from the study design, especially inadvertent additional VAC administration. However, these appeared not to affect the overall results and conclusions; and conclusions did not differ (except in sample sizes) when comparisons were made using the original or the de facto group assignments.  

Potential confounding factors were randomized across groups, and this randomization was shown to be effective comparing values of a number of starting indicators.  The effects of infectious disease should also be balanced between groups; controlling for infection analytically has the expected effect of not changing the overall differences, but increasing the significance somewhat due presumably to reducing random effects on SR (see notes to table 3). Moreover the methods were sensitive enough to detect quite  minor responses that did occur – for example one month after additional VAC in group 2, and 3- vs 6-monthly VAC after 5 months – so the largely negative findings on increased VAC frequency are not considered to be due to lack of sensitivity in the design or estimation methods.  

The period of exposure to VAFO promotion was increased, splitting the 12 month (expected) exposure group in half, and continuing one half for a further 6 months.  This decision was made before knowing the 12 month SR results, based on concern that promotion efforts had been slow in starting.  No comparison group could be continued to the 18-month point, as the main part of the study concerned 3-monthly vs 6-monthly VAC.  However after extensive enquiries it was determined that no other intervention had taken place except the VAFO promotion, and it was concluded that the increased SR, being much greater than seen in any other group, was likely to be due to the VAFO promotion.  This was supported by finding that previous studies had shown very similar SR increases from fortified products.

Is it useful to try to raise serum retinol in deficient populations?  WHO states that vitamin A deficiency – including ‘nonocular systemic manifestations of VAD[that] have often been misleadingly referred to as “sub-clinical”’ represents a problem in its own right, and that ‘the only biochemical parameter validated and found practical for routine survey use is SR concentration’2.  Others have argued that the objective is to reduce child mortality, and that this may be achieved without necessarily increasing SR, moreover with protection persisting for 4-6 months after dosing18,19,20.  
The mortality reduction from VACs in 1-5 year-old children has been estimated as 23% based on 8 efficacy studies from the 1980’s6, from effects on diarrheal disease and measles mortality, probably affecting their severity; but not on respiratory diseases.  This potential effectiveness may be modified by changes in disease patterns and their fatality risk – here, by the major expansion of measles immunization which has recently reduced measles deaths hugely including in Sub-Saharan Africa21, and oral rehydration therapy which has a major impact on diarrheal disease mortality.  Recent reports suggest that in large study in India, no significant impact of VAC on child mortality was found10.  It is therefore important to ask whether benefits to human health and development, beyond possible child mortality reduction, are likely to accrue from reduction in vitamin A deficiency itself.B benefits from VACs, presumably greatest in the period immediately after the dose, are likely to be increased with a higher frequency of dosing.  From this angle 3-monthly VACs may have more benefit than 6-monthly.  But it would still seem a better policy to increase vitamin A intake with frequent low dose supplements of by fortification.
Biologically, response to providing additional vitamin A in low SR populations appears to raise SR to 30 mcg/dl or higher.  Thus, for example, Ferraz et al22, based on supplementation trials in Brazil (200,000 IUs, measured after 30-45 days), and Stephensen23, suggest that deficient levels of SR may start around 30 mcg/dl, a level below which liver reserves may be marginal. Developed countries’ children of this age have mean SR above 40 mcg/dl, and essentially zero prevalence below 30 mcg/dl24.  Such observations suggest that with good nutrition children’s SR tends to values well above 30 mcg/dl2.  The deficiency prevalence estimates using a SR cut-off of 20 mcg/dl are already that at least one-third of children are deficient, and this must rise to at least half if the cut-point should really be higher, making VAD possibly as common as anemia.
Given the extensive role of vitamin A in disease resistance, in terms of barriers to infection, immune responses, and recovery from infection, as well as broadly in gene expression and in other functions, it seems very likely that there would be benefits to health and development from adequate vitamin A status associated with normal SR levels, for a large proportion of the children in poor countries affected by VAD. These benefits may be complex to determine, and may interact with other aspects of nutritional status: for example, Sempertegui et al25 in Ecuador found that vitamin A had a protective effect in underweight children but was associated with increased respiratory disease incidence in normal children. 
Overall it would be hard to argue that deficient SR levels are likely to be irrelevant to health – any more than in the now-discredited ‘small but healthy’ argument26.  Further, like for underweight, risk is likely to be associated with the mild vitamin A deficiency that affects many more children than severe forms of the deficiency27.  But it may be difficult experimentally and ethically – bearing in mind the problems in finding morbidity effects of VA in earlier controlled studies6,7 – to determine the precise benefits from improving vitamin A status; this too has parallels with anthropometric deficits.
Raising SR levels in deficient populations seems straightforward to achieve, even with a low vitamin A supply in the available diet: frequent physiological intakes of vitamin A can be achieved by daily or weekly supplements, but probably most readily by promoting fortified foods, as exemplified in this study, and summarized from the literature in Annex 2.  Indeed, the only intervention that does not raise SR sustainably seems to be infrequent high doses of VACs. One constraint to promoting widespread interventions to increase vitamin A status, through fortification and frequent low dose supplementation, is the perception that most benefits are being achieved by 6-monthly high dose VACs, so there is little pressure for new initiatives.  The case for change may be that allowing vitamin A deficiency to persist, when there are established and cost-effective interventions ready to be applied, is not defensible because of the likelihood of damage to health and child development; but solid evidence for benefit may have to wait for evaluation of large-scale programs that provide for frequent low dose vitamin A.
The effective fortification and lack of effect of 6-monthly VAC results are in line with previous studies; testing 3-monthly VAC is new.  The results imply that promotion of fortified oil in the Philippine environment would be effective in reducing the extensive VAD; whether it can replace or needs to be added to 6-monthly VAC remains to be determined, although it seems clear that the effect of VAFO is greater than VACs.  A phased changeover to reliance on fortified commodities (including oil) with careful monitoring of VAD trends is indicated.
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Table 1.    Actual groupings and their numbers

	Group
	Similar to group
	#

aim
	#

Init-ially assigned
	# 

Actual

March

07
	#

SR change
	Aug 05

Extra

Dose VAC?


	Sept 05

Surveyed

‘Baseline’?
	Jan 06

Extra

Dose VAC?
	Mar 06

Survey

‘Mid’

(A)?
	July 06

Extra

Dose VAC
	Sept 06

Survey

‘End’

(B)?
	March 07 Survey

(C)?
	Doses

Extra/Reg, Aug 05 to endline
	Period,

months

	1A  Control
	
	100
	202

A+B
	57
	57
	Not
	Yes
	Not
	Yes
	No
	No
	No
	0X + 1R = 1
	6

	1B  Control
	
	100
	
	51
	51
	Not
	Yes
	Not
	No
	No
	Yes
	No
	0X + 2R = 2
	12

	1Q  A
	3A
	0
	
	42
	41
	Not
	Yes
	Rec’d!!
	Yes
	No
	No
	No
	1X + 1R = 2
	6

	1Q B
	1B
	0
	
	41
	41
	Not
	Yes
	Rec’d!!
	No
	No
	Yes
	No
	1X + 2R = 3
	12

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2A  Extra-3
	
	100
	176

A+B
	90
	80
	Rec’d
	Yes
	Rec’d
	Yes
	Yes 
	No
	No
	2X + 1R = 3
	6

	2B  Extra-3
	
	100
	
	83
	82
	Rec’d
	Yes
	Rec’d
	No
	Yes
	Yes
	No
	3X + 2R = 5
	12

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3A  Extra-2
	
	100
	197
A+B
	94
	91
	Not
	Yes
	Rec’d
	Yes
	Yes 
	No
	No
	1X + 1R = 2
	6

	3B  Extra-2
	
	100
	
	82
	81
	Not
	Yes
	Rec’d
	No
	Yes
	Yes
	No
	2X + 2R = 4
	12

	3AX+3BX
	Dropped
	0
	
	10
	10
	Not
	Yes
	Not, error
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4A Oil
	1A
	150
	292
	133
	126
	Not
	Yes
	Not
	Yes
	No
	No 
	No
	1R = 1
	6

	4B Oil
	1B
	150
	
	61
	60
	Not
	Yes
	Not
	No
	No
	Yes
	No
	2R = 2
	12

	4QA Oil
	3A
	0
	
	18
	17
	Not
	Yes
	Rec’d!!
	Yes
	No
	No
	No
	1X + 1R = 2
	6

	4QB
	
	
	
	6
	6
	Not
	Yes
	Rec’d!!
	No
	No
	Yes
	No
	1X + 2R = 3
	12

	4C
	
	
	
	51
	50
	Not
	Yes
	Not
	No
	No
	No
	Yes
	3R = 3
	18

	4QC
	4C
	
	
	8
	8
	Not
	Yes
	Rec’d!!
	No
	No
	No
	Yes
	1X + 3R = 4
	18

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total
	
	900
	867
	827
	801
	175 Rec’d
	866
	486 Rec’d
	
	
	
	
	
	


N’s.  
Initial sample was 867 children (drawn from listing), of which 40 could not be found or did not agree to participate (4.3%).   Of 827 cases, 20 were excluded on cleaning (as > 50 mcg/dl, equivalent to 2.5 SDs), giving 807 valid cases at baseline.  Differences in SR within children matched at baseline and endline gave 801 cases with SR changes. Inadvertent dosing (groups 1QA, 1QB, 4QA, 4QB, 4QC) are shown as ‘Rec’d!!’.  From Gp 3, the 10 cases not dosed in Jan 06, in error (3AX+3BX) were not included in the data analysis.

Table 2A.   Baseline characteristics of all treatment and data collection schedule groups

	Characterisitic
	Group, time from base- to end-line
	Group (treatment)

	
	A
6 mo
	B
12 mo
	C
18 mo
	1
6-mo VAC
	2
3 mo VAC
	3
3 mo VAC
	4
6 mo VAC + VA oil promotion
	Total

	Children’s age, mean, months
	32.4
	31.8
	33.6
	32.4
	31.3
	32.6
	32.5
	32.3

	Serum retinol mean (mcg/dl)
	22.6
	22.7
	23.1
	22.0
	23.1
	21.8
	23.4
	22.7

	Serum retinol, % <20 mcg/dl
	34.3
	34.2
	25.4
	41.6
	23.2
	39.6
	30.3
	33.6

	N for serum retinol
	420
	328
	59
	190
	164
	182
	271
	807

	Anthropometry
	
	
	
	
	
	
	
	

	HAZ
	-2.32
	-2.44
	-2.25
	-2.23
	-2.14
	-2.47
	-2.35
	-2.36

	Stunting %
	61.6
	65.9
	62.2
	56.4
	61.4
	68.5
	66.1
	63.4

	WAZ
	-2.23
	-2.31
	-2.15
	-2.22
	-2.26
	-2.30
	-2.25
	-2.26

	Underweight %
	63.9
	68.5
	58.1
	63.9
	63.6
	66.0
	66.8
	65.2

	WHZ
	-1.13
	-1.15
	-1.08
	-1.17
	-1.10
	-1.12
	-1.13
	-1.13

	Wasting %
	10.1
	9.9
	14.9
	9.4
	6.3
	11.7
	12.7
	10.4

	Other
	
	
	
	
	
	
	
	

	Hemoglobin, mean g/dl
	11.2
	11.2
	11.4
	11.2
	11.2
	11.0
	11.4
	11.2

	Anemia, Hb < 11 g/dl
	36.1
	36.3
	29.7
	36.6
	35.8
	43.7
	29.5
	35.6

	Infection, % any within 2 weeks
	66.4
	60.3
	63.0
	59.2
	63.1
	61.9
	68.0
	63.6

	N for anthropometry, Hb, infection
	438
	355
	74
	202
	176
	197
	292
	867


Groups A-C: No differences significant.

Groups 1-4: serum retinol, 1 vs 3, NS; overall, mean, p=0.01; prevalence, p=0.00

Hemoglobin, p=0.01; anemia, p=0.02.  Others NS.

Table 2B.   Baseline characteristics of group 4 (VA fortified oil promotion).

	Characterisitic
	Group 
	

	
	4A
6 mo
	4B
12 mo
	4C
18 mo
	Total

	Children’s age, mean, months
	32.1
	32.1
	33.6
	32.5

	Serum retinol mean (mcg/dl)
	23.6
	23.4
	23.1
	23.4

	Serum retinol, % <20 mcg/dl
	28.3
	38.8
	25.4
	30.3

	N for serum retinol
	145
	67
	59
	271

	Anthropometry
	
	
	
	

	HAZ
	-2.34
	-2.51
	-2.25
	-2.35

	Stunting %
	66.9
	68.7
	62.3
	66.1

	WAZ
	-2.24
	-2.38
	-2.15
	-2.25

	Underweight %
	68.2
	73.1
	58.1
	66.8

	WHZ
	-1.12
	-1.20
	-1.08
	-1.13

	Wasting %
	12.6
	10.5
	14.9
	12.7

	Other
	
	
	
	

	Hemoglobin, mean g/dl
	11.3
	11.5
	11.4
	11.4

	Anemia, Hb < 11 g/dl
	29.8
	28.4
	29.7
	29.5

	Infection, % any within 2 weeks
	72.9
	62.7
	63.0
	68.0

	N for anthropometry, Hb, infection
	151
	67
	74
	292


No differences significant.
Table 3.  Comparison at baseline (September 2005) of serum retinol estimates one month and five months after previous VAC

	Group
	Mean SR (n)
	Prevalence low SR (n)

	1+3(A+B), 5 months after VAC
	21.9 (372)
	40.6% (372)

	2 (A+B), one month after VAC
	23.1 (164)
	23.2% (164)

	Total
	22.3 (536)
	35.3% (536)


For mean SR, p=0.032; for prevalence, p=0.000.

Table 4.  Changes in serum retinol from 3-monthly vs 6-monthly VAC, over 6 and 12 months.

	Group and definition 

(baseline estimate 3-4 months after previous dose)
	Mean change in SR

mcg/dl  (n)
	Difference in mean change,
from extraVACs

	Over 6 months (Sept 05 – March 06)
	
	

	1 VAC in 6 months, endline 5 mo after previous dose (Grp 1A)
	-2.06 (57)
	+1.79

p=0.12

	2 VAC in 6 months,  endline 2 mo after previous dose (Grp 3A)
	-0.27 (91)
	

	1 VAC in 6 months, endline 5 mo after previous dose (Grps 1A+4A)
	-1.68 (183)
	+1.58

p=0.034*

	2 VAC in 6 months,  endline 2 mo after previous dose (Grp 1QA+3A)
	-0.10 (132)
	

	Over 12 months (Sept 05 – Sept 06)
	
	

	2 VAC in 12 months, endline 5 mo after previous dose (Grp 1B)
	-1.29 (51)
	+1.03

p=0.40

	4 VAC in 12 months, endline 2 mo after previous dose (Grp 3B)
	-0.26 (81)
	

	2 VAC in 12 months, endline 5 mo after previous dose (Grp 1B+1QB)
	-0.48 (92)
	+0.22

p=0.83

	4 VAC in 12 months, endline 2 mo after previous dose (Grp 3B)
	-0.26 (81)
	

	Over 13 months (Aug 2005—Sept 06)
	
	

	2 VAC in 13 months, endline 5 mo after previous dose (Grps1B+1QB)
	-0.48 (92)
	-0.65

p=0.50

	5 VAC in 13 months, endline 5 mo after previous dose (Grp 2B)
	-1.13 (82)
	


*Prevalences of low SR: groups 1A+4A, 30.1-31.6; 1QA+3A, 43.9-39.0; both changes NS.

Regression results, controlling for infection, with change in serum retinol as dependent variable:

· Dummy independent variable for 2 VAC/6 months (groups 1QA+3A) compared with 1 VAC/6 months (groups 1A+4A): coefficient = 1.89 (p=0.048, n=314).

· Dummy independent variable for 4 VAC/12 months (group 3B) compared with 2 VAC/12 months (group 1B): coefficient = 1.48 (p=0.29, n=132).

Table 5.  Tests on oil: samples estimated at >/< 5 ppm vitamin A in cooking oil

	
	Total samples tested
	Known branded samples
	Bulk supplies of unknown brand

	Positive (>= 5 ppm)
	28 (46%)
	19 (59%)
	9 (31%)

	Negative
	33 (54%)
	13 (41%)
	20 (69%)

	Total
	61
	32
	29


For known brands obtained from two or more stores:

	Total
	Always positive
	Mixed
	Always negative

	11
	3
	7
	1


Table 6.  Reported frequency of cooking oil use (% reporting use once or more per week)

	Groups 
	After 6 months
	After 12 months
	After 18 months

	
	Base
	End
	P (n)
	Base
	End
	P (n)
	Base
	End
	P (n)

	1—3  (no oil promotion)
	7%
	7%
	1.00 (287)
	10%
	8%
	0.46 (263)
	NA
	NA
	NA

	4 (with oil promotion)
	3%
	21%
	0.000 (151)
	3%
	22%
	0.002 (67)
	10%
	36%
	0.006 (59)


Note: p for McNemar test

	Group and definition
	Mean of each child’s

change in SR

mcg/dl  (n)
	Difference in mean change 

associated with

fortified oil
	Baseline 

low SR prevalence
	Endline 

low SR prevalence
	SR low SR prevalence 

change

(p)

	Original group assignments
	
	
	
	
	

	No fortified oil promotion

(change in SR Sept 05-Mar 06: Group 4A)
	-1.51 (126)
	
	26.6%

(128)
	25.4%

(130)
	-1.2%

(NS)

	Some fortified oil promotion for 3 months from June 06 

(change in SR Sept 05-Sept 06: Group 4B) 
	-1.15 (60)
	+5.65

p=0.000

(4B vs 4C)
	39.3%

(61)
	40.0%

(60)
	-0.7%

(NS)

	Fortified oil promotion for 9 months from June 06

(change in SR Sept 05-March07: Group 4C)
	+4.50 (50)
	
	19.6%

(51)
	8.0%

(50)
	-11.6%

(p=0.08)

	Including de facto assignments
	
	
	
	
	

	Some fortified oil promotion for 3 months from June 06 (change in SR Sept 05-Sept 06: Groups 4B+4QB) 
	-0.82 (66)
	+5.46

p=0.000

(4B+4QB vs 

4C+4QC)
	38.8%

(67)
	39.4%

(66)
	+0.6%

(NS)

	Fortified oil promotion for 9 months from June 06

(change in SR Sept 05-March07: Groups 4C+4QC)
	+4.64 (58)
	
	25.4%

(59)
	6.9%

(58)
	-18.5%

(p=0.005)


Table 7.   Changes in serum retinol (SR) associated with fortified oil promotion

Table 8. Impact of nine months access to fortified oil in combination with twice yearly VAC supplementation on serum retinol compared with (a) twice yearly VAC supplementation and (b) quarterly VAC supplementation

	
	Nine months access to VA fortified oil compared with twice yearly VAC supplementation (groups 4C vs 4A)
	Nine months access to VA fortified oil compared with quarterly VAC supplementation (groups 4C vs 3A)

	
	Model 1
	Model 2
	Model 3
	Model 4

	
	Coeff                       
	P value
	Coeff                       
	P value
	Coeff                       
	P value
	Coeff                       
	P value

	Constant
	 4.778                     
	0.000
	 5.416                         
	0.000
	 4.501                          
	0.000
	 5.400                       
	0.000

	Age in months at baseline
	 0.004                     
	0.274
	 0.001                         
	0.852
	 0.003                          
	0.451
	-0.001                       
	0.827

	Gender
	 0.175                     
	0.017
	 0.066                         
	0.256
	 0.251                          
	0.002
	 0.169                       
	0.007

	Infection
	-0.129                    
	0.038
	-0.082                         
	0.100
	-0.094                          
	0.206
	-0.099                       
	0.104

	Group
	-0.125                    
	0.204
	 0.027                         
	0.726
	 0.112                          
	0.306
	 0.078                       
	0.376

	Time
	-0.211                    
	0.000
	-0.572                        
	0.000
	-0.064                          
	0.431
	-0.635                       
	0.000

	Group * Time
	 0.636                    
	0.000
	 0.530                        
	0.000
	 0.493                          
	0.000
	 0.527                       
	0.000

	Low SR at baseline
	
	
	-1.007                        
	0.000
	
	
	-1.075                       
	0.000

	Low SR at baseline * Time
	
	
	 0.738                        
	0.000
	
	
	 0.838                       
	0.000

	
	
	
	
	
	
	
	
	

	Wald chi2(6)
	50.81
	
	283.60
	
	48.93
	
	222.70
	

	Prob > chi2
	0.0000
	
	0.0000
	
	0.0000
	
	0.0000
	

	Number obs
	366
	
	366
	
	288
	
	288
	


Figure 1.  Diagram of sampling scheme.



Figure 2.  Timing of interventions and surveys

	
	2005
	2006
	2007

	
	Apr
	May
	Jun
	Jul
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VAC: regular on ASAP (Child Health Days) (R: all groups) in April and October; extra (X: groups 2 and 3) in July-August and January.

Two assessments on each child, at baseline (September 2005 for all children) and endline, shown as                 .

Grps A – 6 months between baseline and endline,  Sept 05-Mar 06.  

Grps B – 12 months between baseline and endline, Sept 05 – Sept 06.  

Grp 4C –18 months between baseline and endline, Sept 05-Mar 07 (VAFO).

Grps 1A and 1B, 6-monthly VAC comparison groups.

Grps 2A and 2B, first extra dose (X) 1 month before baseline, then 3-monthly VAC.

Grps 3A and 3B, only regular dose 6 months before baseline, then 3-monthly VAC.

Grps 4A, B, C, 6-monthly VAC plus fortified oil VAFO promotion: (+) – limited, + – more, ++ –  intense.

Grps 4, VAFO, only really implemented from mid-2006 on, so half original group 4B (12 month follow up) kept a further 6 months to Mar 08, 18 months from baseline. M: monitoring oil promotion and VA content of samples; (M) retrospective monitoring in XXX (Lisa)
Figure 3. Differential effect of nine months’ access to fortified oil in combination with twice yearly VAC supplementation (group 4C) compared with twice yearly VAC supplementation alone (group 4a), using mean serum retinol by group and low vs higher serum retinol at base line and GEE model (see text) to interpolate end line serum retinol value
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 Figure 4.  Plots of changes in mean SR and of prevalences < 20 mcg/dl.
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Figure 5.  Comparing impacts of VAC and fortification on mean serum retinol: 

Solon 1979 (S-) and current results (VA-).
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Solon F, Fernandez TL, Latham MC, Popkin BM.  An evaluation of strategies to control vitamin A deficiency in the Philippines.  Am J Clin Nutr. 1979 Jul;32(7):1445-53.
Results show observations over 12 month (VAC, groups B) from our study.  Solon study was 6-monthly VAC only (S-VAC), over 18 months. Our study included 3-monthly VAC (VAC 3m) as well as 6-monthly (VAC 6m). VAFO: fortified oil promotion.  MSGF: fortified MSG.
Annex 1
Reported results of trials of periodic high dose vitamin A on serum retinol
	Country
	Age, dose, frequency, type1
	Effect on serum retinol2

	
	
	Reported
	at 2-3 mo
	at 6 mo

	Brazil (Araujo et al, 1987)
	0-5 y, 200,000 IUs every 6 mo (c)
	Substantial at 6 mo
	+
	+

	Ghana, India and Peru

 (WHO, 1998)
	Infants, 25,000 IUs three times between 6 weeks and 5 months of age (a)
	Effect at 2-3 months; not at 6 months
	+
	--

	India (Pereira & Begum, 1969)
	2-5 y, 180,000 IUs, once (b)
	Effect at 10 wks, not at 25 wks
	(+)
	--

	India (Pereira & Begum, 1971)
	2-6 y, 90,000 IUs, once (b)
	Effect at 8 wks, not at 18 wks
	+
	--

	India (Thanangkul et al, 1974)
	Newborns, 50,000 IUs (b)
	Effect at 42 wks
	+
	+

	India (Ramakrishnan et al, 1995)
	6-36 mo, 200,000 IUs 4 monthly repeated (a)
	Effect at 12 mo
	?
	+

	India (Orissa: Gorstein et al, 2003)
	12-48 mo, 200,000IUs with immn. (c)
	Increase 3.2 mcg/dl at 4 weeks; lower than baseline at 4 mo.
	?
	-

	Indonesia (Kusin et al, 1980)
	1-5 y, 300,000 IUs, once (b)
	No effect
	--
	--

	Indonesia (Humphrey et al, 1994)
	1-5 y, 100 cf 200,000 IUs, once (b)
	Effect of 200,000 IUs greater at 6 mo
	(+)
	+

	Jordan (Patwardhan et al, 1966)
	0-6 mo, 300,000 IUs, once (a)
	No effect
	--
	--

	Nepal (Tilden et al, 1993)
	6 mo - 5 y, 200,000 IUs, 6-monthly (b)
	Small effect only
	?
	--

	Philippines (Solon et al, 1979)
	6 mo, 200,000 IUs, once (b)
	No effect
	--
	--

	Philippines (Perlas et al, 1996)
	1-5 y, 200,000 IUs, once (a)
	Effect at 2 mo, probably not at 6 mo
	+
	--

	Sri Lanka (Madatuwa et al, 2007)
	School age, 200,000 IUs. (b)
	SR estimated at 1-6 mo, 7-12, etc
	+
	+

	Thailand (Dhanamitta et al, 1980)
	Infants, 100-200,000 IUs, once (c)
	No effect
	--
	--


1  For type of study, (a) indicates a randomized, double blind, placebo controlled trial; (b) indicates other comparison groups, (c) indicates a study without use of a comparison group.  2  + = significant effect; (+) = minor or uncertain effect; -- = no effect; ? = unknown or unreported.
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Gorstein J., Bhaskaram P, Khanum S, Hossaini R, Balakrishna N, Goodman TS, deBenoist B, Krishnaswamy K. (2003) Safety and impact of vitamin A supplementation delivered with oral polio vaccine as part of the immunization campaign in Orissa, India.  Food and Nutrition Bulletin; 26 (4): 319 – 331.
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Annex 2.  Results of literature review on reported effect sizes on serum retinol (SR) of frequent low dose vitamin A.

	Country,  date, 
	Subjects, intervention
	Period, comparisons
	Size of effect on mean SR (mcg/dl)

	Bangladesh (Persson et al, 2001)
	8-12 y. Diet+anthelmintic
	6 weeks. Increase in exptl vs control
	SR + 2 mcg/dl

	Bangladesh (Ahmed et al, 2005)
	14-18y. 

Twice weekly MMNs
	3 months.

MMNs vs iron-folate
	SR: 33.2 to 38.0 mcg/dl. (+3.8 mcg/dl)

	Bangladesh (Rahmann et al, 1995)
	Infants 25,000IUs monthly.  
	3 months.

VA vs control
	SR: 19.2 to 21.9 mcg/dl

(+2.7 mcg/dl)

	Ecuador (Sempertegui et al, 1999)
	6-36 mo.

10,000 IUs weekly for 40 weeks.
	10 months.

Exptl vs placebo
	Response increased with incr WAZ– e.g. 40.2 to 47.6 mcg/dl in mid group.

 (About +7mcg/dl)

	Guatemala (Arroyave et al, 1981)
	1-5 y

Fortified sugar
	1 & 2 yrs

Compared through time only
	< 20, 16.2 to 30.2 mcg/dl; 20-30, 24.9 to 30.1 mcg/dl (+ 5 to 14 mcg/dl) 

	India (Vinod Kumar & Rajogopalan, 2006)
	5-15 y.  

Daily MMNs.  Dewormed.
	 9 mo.

Exptl vs control.
	SR: 47.2 to 53.3 mcg/dl; control 43.6 to 32.1 (!).

(+6.1 mcg/dl)

	India (Varma et al, 2007)
	36-66 mo.

Premix, community.
	6 mo

Fortified vs non-fortified
	Calculated (?) 31.4 to 34.3 mcg/dl equ.

(+2.9 mcg/dl)

	Indonesia(Muhilal et al, 1988)
	MSG fortification
	11 mo
	19.1 to 26.3 mcg/dl

(+7.2 mcg/dl)

	Indonesia (Jalal et al, 1998)
	3-6 y.

 Daily beta-carotene etc
	3 weeks

Various combinations incl deworming
	Various, e.g. 17.7 to 24.3; mcg/dl; 15.4 to 28.6 mcg/dl.  Typically +6 to 12 mcg/dl.

	Philippines (Solon et al, 1979)
	1-16 y

Fortified MSG
	18 mo

MSG vs PH vs VAC
	Only MSG had effect: 21.0 to 28.5 mcg/dl.  VAC no change, PH SR fell.  

(F-MSG: +7.5 mcg/dl)

	Philippines

(Solon et al, 1996)
	3-6 y

Fortified margarine, supplied weekly.
	6 mo
	SR 26.4 to 28.8 mcg/dl; 26.6 to 25.1 in control

(+ 2 to 4 mcg/dl)

	Philippines (Solon et al, 2000)
	6-13 y

Fortified wheat bread

(pan de sal), 5d/wk for 30 weeks
	7.5 mo

Effect only in those starting < 20 mcg/dl (regression to mean controlled, cf control)
	In <20 mcg/dl start, mean SR 17.7 to 30.0; control 16.6 to 25.1

(+  3.8 mcg/dl, allowing for control)  

	Philippines (Ribaya-Mercado et al, 2000)
	7-13 y

Deworming + fortified snacks daily
	12 weeks

Compared through time only
	SR 19 to 30 or 25 mcg/dl (+6 to 11 mcg/dl)

	S Africa (van Stuijvenberg et al, 1999)
	6-11 y. 

Fortified biscuits
	6-12 mo

Fort vs non-fort
	6 mo,21.1 to 24.0 mcg/dl;at 12 mo, to 24.9; control no change

(+3 to 4 mcg/dl)

	Tanzania (Ash et al, 2003)
	6-11 y

Fortified drink
	6 mo

Exptl vs control
	27.2 to 29.2 mcg/dl (calc), control no change.  (+2 mcg/dl)
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Group 1, comparison, 6-monthly VAC.  	1A, over 6 months   	(n=99)


						1B, over 12 months	(n=103)


Group 2, 3-monthly VAC, previous VAC at baseline one month earlier (Aug 05)


						2A, over 6 months   	(n=90)


						2B, over 12 months 	(n=86)


Group 3, 3-monthly VAC, previous VAC at baseline 4-5 months earlier (Apr-May 05)


						3A, over 6 months 	(n=98)


						3B, over 12 months	(n=99)





Group 4A, oil promotion intended over 6 months (Sept 05—Mar06), in practice little implementation in this period, hence this is comparison group (n=151).





Group 4B, oil promotion re-started June 06, endline Sept 06, thus 3 months exposure; this group originally n=141, split before endline survey to give n=67.





Group 4C, oil promotion June 06 to March 07, 9 months, n=59














2 municipalities in Leyte, total 117 villages (barangays): Abuyog (63) and Alanalang (54), 


grouped into 21 Barangay Health Stations (BHS, each covered by one midwife).


4 BHS selected for oil study arm.  


Of remaining 93 villages, 30 had >=20 underweight children, these 30 selected for 3-monthly VAC study arm





3-monthly VAC 





30 villages, 981 underweight children: 600 randomly selected.





Fortified oil promotion 





24 villages, 469 children: 300 randomly selected. All children also received 6-monthly VAC








�   Currently, Mead Johnson Nutrition, Research & Development-Asia


�   Presently Save the Children Regional Nutrition Advisor, Mozambique.


�   Presently with FANTA, AED, Washington DC


�    Retinol was analyzed here in samples from blood that has been allowed to clot, i.e. in serum; serum and plasma samples give interchangeable results 28, 29 ; historically the survey results have been referred to as ‘plasma retinol’; here the more precise term ‘serum retinol’ is used.





�  Child health days are also known as Garantisadong Pambata (GP) days


�    Including values of SR > 50 mcg/dl, which were higher for group 2 (8 cases, 9%), increased the mean difference to 2.1 mcg/dl.


�    The mean change in SR in group 4QA, 2 months after inadvertent VAC dosing, was 0.04 mcg/dl, similar to group 3A.
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