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Abstract

Animal models suggest that vitamin A deficiency affects lung development adversely and 

promotes airway hyperresponsiveness, and may predispose to an increased risk of asthma. We 

examined the long-term effects of vitamin A supplementation early in life on later asthma risk.

In 2006–2008, we revisited participants from two cohorts in rural Nepal who were enrolled in 

randomised trials of vitamin A supplementation. The first cohort received vitamin A or placebo 

for, 16 months during their pre-school years (1989–1991). The second cohort was born to mothers 

who received vitamin A, β-carotene or placebo before, during and after pregnancy (1994–1997). 

At follow-up, we asked about asthma symptoms and performed spirometry.

Out of 6,421 subjects eligible to participate, 5,430 (85%) responded to our respiratory survey. 

Wheezing prevalence during the previous year was 4.8% in participants aged 9–13 yrs and 6.6% in 

participants aged 14–23 yrs. We found no differences between the vitamin A supplemented and 

placebo groups from either trial in the prevalence of lifetime or current asthma and wheeze or in 

spirometric indices of obstruction (p≥0.12 for all comparisons).

Vitamin A supplementation early in life was not associated with a decreased risk of asthma in an 

area with chronic vitamin A deficiency.
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Asthma is a chronic lung disease that is associated with airway inflammation, airflow 

limitation, bronchial hyperresponsiveness and symptoms of episodic wheeze and cough. Its 

prevalence has increased rapidly over the recent decades in both developed and developing 

countries and it has emerged as one of the most prevalent noncommunicable diseases 

worldwide. Asthma currently affects 300 million individuals worldwide, and is responsible 

for 180,000 deaths and 15 million disability-adjusted life-years lost each year [1]. The 

worldwide burden of disease caused by asthma is comparable to that of diabetes mellitus or 

cirrhosis [2, 3].

The cause of the increase in asthma prevalence is likely to be multifactorial. Rapid 

urbanisation and higher concentrations of outdoor air pollution in highly populated cities 

may have contributed to the rise [4, 5]. A decrease in the incidence of infectious diseases 

may be associated with a shift in the cytokine balance and thus a greater risk of asthma, 

although this hypothesis remains unproven [6]. Dietary intake has also been implicated in 

the aetiology of asthma. In particular, a lower consumption of antioxidant vitamins may 

increase vulnerability to oxidative stress, which may in turn increase the risk or severity of 

asthma. Indeed, several observational studies have reported that lower levels of the 

antioxidant vitamins C and E are associated with a greater risk of asthma [7–12]. However, 

randomised controlled trials to examine the effect of supplementation with vitamins C and E 

on asthma risk have been inconclusive [13–15].

The causal relationship between vitamin A deficiency and asthma risk is less well 

characterised. Vitamin A is an antioxidant that plays a key role in lung development and 

regeneration of epithelial lung tissue [16, 17]. We recently reported that offspring born to 

mothers who received vitamin A before, during and after pregnancy as part of a randomised 

trial had better lung function than did those whose mothers received placebo [18]. Animal 

experiments have identified that vitamin A deficiency is associated with airway 

hyperresponsiveness [19] and that supplementation with all-trans retinoic acid, an active 

metabolic intermediate of vitamin A, reverses airway hyperresponsiveness associated with 

vitamin A deficiency [20]. While multiple observational studies [21–25] have found that 

vitamin A deficiency is associated with a higher risk of asthma, there are no randomised 

trials to support a causal relationship.

We undertook the present study to determine the effects of supplementation early in life with 

pre-formed vitamin A on subsequent asthma risk in an area with chronic vitamin A 

deficiency. To achieve this aim, we revisited participants from two cohorts of placebo-

controlled vitamin A supplementation trials in rural Nepal. The first cohort received vitamin 

A or placebo during their pre-school years [26]. The second cohort was born to mothers who 

received vitamin A, β-carotene or placebo before, during and after pregnancy [27]. Our 

hypothesis was that vitamin A deficiency early in life, which is known to affect pulmonary 

development adversely and promote airway hyperresponsiveness, may predispose to an 

increased risk of asthma during childhood and through young adulthood.
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METHODS

Study setting

We conducted our study in the Sarlahi District, located in the densely populated, low-lying 

southern plains of southern Nepal, known as the Terai. The Terai is an area of chronic under-

nutrition and vitamin A deficiency, where earlier surveys have repeatedly observed 

childhood xerophthalmia to be a public health problem [28–30], attributable to early 

weaning from the breast and a traditional rice-based diet low in animal, vegetable and fruit 

sources of vitamin A.

Original trials

The first trial, Nepal Nutritional Intervention Project-Sarlahi (NNIPS)-1, was a double-blind, 

placebo-controlled, cluster randomised trial, conducted between September 1989 and May 

1991, to evaluate the effect of 4-monthly, high-potency vitamin A supplementation on pre-

school child mortality [26]. We mapped and addressed households in 29 contiguous village 

development committees (VDCs), each with nine wards (our unit of randomisation), and 

conducted a baseline enumeration at which time we enrolled children aged ≤60 months into 

the trial. On each subsequent 4-monthly visit, infants born during the previous interval were 

also enrolled. The ages of children were updated at each visit. On each occasion, children 

aged ≥12 months were given, by trained field staff, an oil-based supplement containing 

placebo or 200,000 IU of vitamin A (60,000 μg retinol equivalents (RE)), according to their 

ward assignment. Infants aged 1–11 months of age were offered a half-dose (placebo or 

30,000 μg RE) and newborns aged <1 month a quarter-dose (placebo or 15,000 μg RE). 

During a 16-month period we enrolled, dosed and followed a total of 28,630 children. 

Vitamin A was found to reduce the risk of childhood death by 30% after the fourth visit 

[26]. Thereafter, all children aged 6–60 months received vitamin A supplementation 

throughout the last 8 months of the trial while the youngest infants remained in the trial. As 

a result, the supplementation intervals among children were variable. The majority of 

children received four doses over 16 months (>70%), whereas a smaller proportion received 

only one dose of vitamin A (<5%). We concurrently enrolled a subsample of 6,617 children 

into a more detailed substudy from 40 (15%) of the 261 wards, which were randomly 

sampled within geographical quadrants of the study area (10 from each quadrant). Out of 

these children, 6,462 (98%) were alive at the end of the trial.

The second trial (NNIPS-2) was a double-blind, placebo-controlled, cluster randomised trial 

of married females, conducted between April 1994 and September 1997, to evaluate the 

effect of weekly supplementation with vitamin A or β-carotene on mortality from all causes 

related to pregnancy [27]. We invited all eligible females from 30 VDCs to participate in this 

trial (total 270 wards, of which 261 were from NNIPS-1). The unit of randomisation was the 

ward, and each ward within a VDC was block-randomised to one of three treatments. We 

enrolled and continuously supplemented 44,646 females each week with an oral gelatin 

capsule containing 7,000 μg RE of provitamin A, 42 mg of β-carotene, or placebo. 

Supplementation with vitamin A or β-carotene reduced pregnancy-related mortality by 44% 

versus placebo [27]. Neither supplement had an effect on infant mortality [31]. We 

concurrently enrolled pregnant females and their liveborn infants from a subsample of three 
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contiguous VDCs (27 out of 270 wards) into a more detailed clinical and biochemical 

assessment protocol. 2,055 children were born alive to mothers in the subsample who 

completed the pregnancy-to-post partum dosing protocols, of whom 1,894 (92%) were alive 

at the end of the trial. All children aged 6–60 months received biannual vitamin A 

supplementation through a national programme.

Follow-up study

In 2006, we revisited the households of NNIPS-1 participants and offspring of NNIPS-2 

mothers and invited them to participate in a follow-up study. We used a household list 

derived from the original trials to generate an updated list of children who were eligible to 

participate in the follow-up study between October 2006 and March 2008. At follow-up, we 

conducted a survey in which we asked participants about respiratory symptoms (see online 

supplementary material). We selected the questions for our survey from recommended 

questionnaires [32, 33]. We also asked participants to undergo spirometry using a portable 

spirometer (SpiroPro; Jaeger, Hoechberg, Germany). Each participant performed spirometry 

in the sitting position with a noseclip, until three acceptable and reproducible manoeuvres 

out of a maximum of eight were obtained, in accordance with standard guidelines [34]. 

Technicians reviewed all of the flow–volume curves performed each day with a supervisor. 

Flow–volume curves were transmitted weekly to the investigators in the USA for additional 

review. We performed direct supervision and in-person review of all flow–volume curves 

with each technician approximately every 3 months. This study was approved by the 

institutional review boards of the Johns Hopkins University (Baltimore, MD, USA) and the 

Institute of Medicine, Tribhuvan University (Kathmandu, Nepal).

Biostatistical methods

We aimed to determine whether there were differences in the prevalence of asthma or in 

measures of airflow limitation [35] at follow-up according to supplement assignment. We 

employed an intent-to-treat analysis and fit regression models using generalised estimating 

equations with a compound symmetry correlation matrix [36] to account for clustering by 

ward. We calculated simple ward-level summaries for all outcomes and compared the ward-

level means of forced expiratory volume (FEV1) to forced vital capacity (FVC) ratio, peak 

expiratory flow (PEF), maximum mid-expiratory flow (MMEF) and forced expiratory flow 

at 75% of FVC (FEF75%) by supplement assignment using standard techniques [37]. 

Socioeconomic indicators, age or sex did not confound the effects of supplement assignment 

on outcome estimates (data not shown). Multivariable adjustment by height did not 

confound the effect of supplement assignment on spirometric indices of obstruction (see 

online supplementary material). We used R (www.r-project.org) and SAS (Cary, NC, USA) 

for statistical analysis.

RESULTS

Characteristics of the NNIPS-1 study population

The status of participants from the original NNIPS-1 subsample, aged 14–23 yrs at follow-

up, is summarised in figure 1. Out of 6,462 children who were alive at the end of the trial, 

1,405 (21.7%) were no longer living in the study area and 303 (4.7%) had died. No 
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information was available for 20 (0.4%) participants. 4,523 were eligible to participate and 

3,879 (86% of those eligible) responded to our respiratory survey. 3,345 attempted 

spirometry (74% of those eligible), and 3,075 performed spirometry according to standard 

criteria. We did not find differences between study groups in the proportion of participants 

who died (p=0.45), who moved out of the study area (p50.58), who did not complete the 

respiratory survey (p=0.11) or who refused to participate in the study (p=0.69). Participants 

who completed the respiratory survey were more likely to be of higher caste (p=0.01), to live 

in households that owned land (p<0.001), to own livestock (p<0.001) and to have a father 

who was a farmer (p<0.001) than the remaining 2,738 participants from the original 

substudy. We did not find important differences in demographic or socioeconomic status 

between study groups at follow-up (table 1).

Characteristics of the NNIPS-2 study population

The status of participants from the NNIPS-2 original subsample, aged 9–13 yrs at follow-up, 

is summarised in figure 2. Out of 1,894 children who were alive at the end of the trial, 118 

(6.2%) were no longer living in the study area and 110 (5.8%) had died. No information was 

available for 8 (0.4%) participants. 1,658 children were eligible to participate and 1,551 

(93.5% of those eligible) responded to our respiratory survey. 1,371 children attempted 

spirometry (83% of those eligible), and 1,322 performed spirometry according to standard 

criteria. We did not find differences between study groups in the proportion of children who 

died before the close-out of the trial on September 30, 1997 (p=0.09), who died after 

September 30, 1997 (p=0.62), who moved out of the study area (p=0.78), who did not 

complete the respiratory survey (p=0.55) or who refused to participate in the study (p=0.40). 

Children who completed the respiratory survey were more likely to be of higher caste 

(p=0.04), to live in households that owned land (p<0.001), to own livestock (p<0.001) and to 

have a father who was a farmer (p<0.001) than the remaining 504 participants from the 

original substudy. We did not find important differences in demographic or socioeconomic 

status between study groups at follow-up (table 2).

Prevalence of asthma

There was no difference in lifetime or current self-reported asthma in adolescent to adult 

participants who received vitamin A supplementation or placebo in their pre-school years 

(table 1) or in children born to mothers who received vitamin A supplementation, β-carotene 

or placebo before, during and after pregnancy (table 2) at follow-up. Among those who 

reported ever having asthma in either cohort, only 30% (26 out of 88) reported being 

actually diagnosed by a physician or health worker, suggesting low access to medical 

personnel in the region. The low proportion of participants who reported having asthma in 

both cohorts vis-à-vis the higher prevalence of wheezing suggests that there is a large subset 

of individuals who have under-recognised, and possibly under-treated, asthma.

Prevalence of wheezing

The overall prevalence of wheezing in the previous year was 6.6% (254 out of 3,852) in 

participants aged 14–23 yrs and 4.8% (73 out of 1,522) in participants aged 9–13 yrs at 

follow-up. There was no difference in the prevalence of either lifetime or current wheezing 

in adolescent and adult participants who received vitamin A supplementation or placebo in 
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their preschool years (table 1), or in children who were born to mothers who received 

vitamin A supplementation, b-carotene or placebo before, during and after pregnancy (table 

2). Of those who reported wheezing in the previous year, 50.2% (164 out of 327) also 

reported that they had at least one wheezing attack accompanied by shortness of breath and 

45.0% (147 out of 327) were awakening at night by wheezing. We did not find any 

differences between supplement assignment groups in either cohort (tables 1 and 2) with 

respect to the number of attacks per year, wheezing accompanied by shortness of breath or 

wheezing-related night-time awakenings.

Prevalence of cough and phlegm

The prevalence of chronic productive and nonproductive cough in the two cohorts was nine 

per 1,000 participants (47 out of 5,427) and 13 per 1,000 participants (70 out of 5,427), 

respectively. We did not find differences in cough or phlegm symptoms between study 

groups in either cohort (tables 1 and 2). Stratified by sex and cohort, females aged 14–23 yrs 

had a similar prevalence of chronic productive cough as males (10 versus 12 per 1,000 

participants, respectively; p50.64). Girls aged 9–13 yrs had a similar prevalence of chronic 

productive cough as boys of a similar age (four versus one per 1,000 participants, 

respectively; p50.37).

Spirometric indices of obstruction

The distributions of FEV1/FVC by sex and cohort are shown in figure 3. We did not find any 

differences in FEV1/FVC, PEF, FEF75% or MMEF by supplement assignment in NNIPS-1 

participants (table 3). Despite a 46-mL increase in FEV1 and FVC among the offspring of 

females who received vitamin A versus placebo [18], there were no differences in FEV1/

FVC, PEF, FEF75% or MMEF between study groups (table 4).

DISCUSSION

This study aimed to investigate the effect of vitamin A supplementation early in life on the 

subsequent risk of asthma in two cohorts of participants enrolled at different developmental 

periods in placebo-controlled vitamin A supplementation trials.

In the first trial, a large dose of vitamin A or placebo was given to study participants every 4 

months for 16 months beginning when they were aged ≤5 yrs, after which all children 

received prophylactic vitamin A until age 6 yrs. In the second trial, vitamin A, β-carotene, or 

placebo was given weekly to mothers of study participants before, during and after 

pregnancy for, 3 yrs. After 1994, all pre-school-aged children were subsequently exposed to 

a high-coverage semi-annual vitamin A supplementation as part of a national programme 

[38]. The results of our study indicate that vitamin A supplementation early in life did not 

affect the prevalence of asthma or measures of airways obstruction in participants aged 9–23 

yrs.

There are several reasons why vitamin A deficiency, despite our findings, may be associated 

with a higher prevalence of asthma. Increased asthma might be expected in vitamin A-

deficient individuals because vitamin A is necessary for proper lung epithelial cell 

differentiation and lung development [39–41]. Therefore, it would be reasonable to speculate 
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that early lung development abnormalities may be implicated in the early origins of asthma. 

Animal studies have shown that vitamin A deficiency promotes airway hyperresponsiveness 

and alters the mechanical properties of the lung parenchyma. Vitamin A deficiency is also 

associated with a reduced abundance and function of muscarinic M2 receptors, which may 

help explain the diminished ability to limit cholinergic-mediated bronchoconstriction [19]. 

While supplementation with retinoic acid reverses the vitamin A deficiency-induced airway 

hyperresponsiveness and the decrease in muscarinic M2 receptors [20], it does not appear to 

reverse alterations in parenchymal mechanics and structure resulting from vitamin A 

deficiency [42].

Our findings, however, conflict with available epidemiological evidence from observational 

studies on the association between vitamin A and asthma [20–24]. Thus, we need to 

consider reasons for why we may have not seen an effect of vitamin A supplementation on 

asthma. One possibility is that asthma may alter the metabolism of vitamin A. Factors 

implicated in asthma exacerbations, such as pulmonary infections or airway inflammation, 

have been shown to decrease serum retinol by increasing cellular demand or urinary 

excretion of retinol [23, 43–45]. Thus, inflammation causing reduction in serum retinol may 

explain why observational studies have found an association between asthma and vitamin A 

[20–24] and would explain why vitamin A supplementation did not reduce the risk of 

asthma in either of our trials. Another possibility is that incomplete follow-up of the original 

trial participants because of loss to follow-up or death may have affected our findings. Our 

follow-up study included 59% of the original NNIPS-1 subsample and 75% of the original 

NNIPS-2 subsample. However, we did not find differences in participants’ characteristics 

according to supplement assignment at follow-up. Differential mortality between 

supplement allocation groups, as observed in NNIPS-1 but not in NNIPS-2, could lead to a 

survivor bias where children who died might have been at greater risk of having asthma; 

however, the number of children who died in the NNIPS-1 trial was too small (11–16 deaths 

per 1,000 child-yrs) [25] to result in an important survivor bias. A third possibility is that the 

duration of supplementation was relatively short: a maximum of 16 months in NNIPS-1 trial 

participants, and during and shortly after pregnancy for the offspring of NNIPS-2 trial 

participants.

Future studies may need to consider longer periods of vitamin A supplementation in the 

critical years of lung development [46, 47] to study the long-term effects of asthma risk. A 

fourth possibility is that implementation of a national vitamin A supplementation 

programme in pre-school-aged children may have masked the effects of early childhood 

supplements provided during our trials. A fifth possibility is that early vitamin A 

supplementation affects lung growth later in life [18] by increasing both FEV1 and FVC 

roughly equally, suggesting that lung size and airway calibre were symmetrically influenced 

by vitamin A supplementation. Finally, compliance with supplementation could have 

affected our results; however, this is unlikely because compliance in both trials was high. 

Specifically, compliance with vitamin A supplementation in the NNIPS-1 children was 

>90%, and >75% of the NNIPS-2 pregnant females received at least half of their eligible 

doses of vitamin A or β-carotene (i.e., more than half of a dietary allowance).
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One limitation of this study is that we were not able to evaluate airway hyperresponsiveness 

or reversibility in this study. Airway hyperresponsiveness, evaluated by means of a 

methacholine challenge, would have provided additional data to support the relationship 

between vitamin A and asthma, but it would have been less feasible for us to perform given 

that our study was designed to visit participants at their homes. Furthermore, our study was 

not designed to have medically trained personnel at all times in the field in case of any 

serious adverse events. Data regarding nutrition from birth to the time of follow-up and 

retinol levels at the time of follow-up were not available and would have helped us to better 

understand the relationship between asthma and vitamin A.

In summary, early vitamin A supplementation did not increase asthma risk. While vitamin A 

deficiency early in life affects pulmonary development adversely, it was not associated with 

an increased prevalence of asthma in an area with chronic vitamin A deficiency.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Eligibility for census and enrolment of study participants aged 14–23 yrs from the original 

6,617 children of a well-defined subsample. Nepal Nutritional Intervention Project-Sarlahi 

(NNIPS)-1 follow-up study, 2006–2008.
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FIGURE 2. 
Eligibility for census and enrolment of study participants aged 9–13 yrs from the original 

2,055 live births of a well-defined subsample. Nepal Nutritional Intervention Project-Sarlahi 

(NNIPS)-2 follow-up study, 2006–2008.
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FIGURE 3. 
Box-percentile plot of forced expiratory volume in 1 s (FEV1) to forced vital capacity 

(FVC) ratio in study participants aged 9–23 yrs. Nepal Nutritional Intervention Project-

Sarlahi (NNIPS)-1 and −2 follow-up study, 2006–2008. The box-percentile plot uses width 

to encode information about the distribution of the data over the entire range of data values.
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