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WHEEZING IN BLACK PRETERM INFANTS: IMPACT OF VIT. D SUPPLEMENTATION STRATEGY 1 
 2 
SPECIFIC AIMS:  The over-arching goal of this project is to assess the comparative effectiveness of 3 
two vitamin D supplementation strategies in promoting pulmonary health in black infants born 4 
preterm. In 2006, 13% of all infants were born preterm and 18% of black infants were preterm.1 Although it is 5 
well known that the smallest preterm patients experience long-term pulmonary morbidity, larger preterm infants 6 
also experience a significant burden of wheezing illnesses in infancy and childhood.2-6 While the majority of the 7 
neonatal literature focuses on very low birth weight (VLBW <1500g) and very preterm (<32 wks gestational age 8 
(GA)) infants, they account for less than 2% of all births. We focus on a relatively understudied population of 9 
preterm infants born at 280/7-366/7 wks GA, who represent the majority of preterm births, and whose long-term 10 
morbidities therefore have significant public health implications. Wheezing in infancy (with or without viral 11 
infections) increases healthcare utilization, and in many infants is a harbinger of asthma. 12 
First recognized as a vitamin important for bone health and the prevention of rickets, vit. D is also a hormone 13 
with the potential to mediate a wide range of disease states, response to infection, regulation of inflammation, 14 
and propensity to allergy. The D pathway regulates lung inflammation and impacts morphogenesis, structure, 15 
cell growth, and survival in bronchial smooth muscle.7-10 Due to their developmental immaturity, preterm 16 
infants may be particularly vulnerable to any positive or negative effects of vit. D supplementation on 17 
the lung, airway, and immune system. The vit. D requirements for larger preterm infants have not been well 18 
established, nor have the specific needs for black preterm infants.  19 

We focus on black infants because of (1) higher rates of prematurity, (2) higher rates of wheezing illnesses, 20 
and (3) evidence of racial differences in the response to vit. D. Our preliminary data, supported by the 21 
literature,2 suggest that overly aggressive vitamin supplementation of black infants may result in an increase in 22 
wheezing episodes in infancy. However, black infants are also more likely to have rickets in infancy and low 23 
serum vit. D levels throughout their life, so it is imperative to identify a supplementation strategy that both 24 
meets the nutritional needs of preterm black infants and promotes pulmonary and immune health.  25 

Recommendations for preterm infants are primarily intended for VLBW infants and vary widely from 26 
approximately 200-1600 IU/day of vit. D,11-14 but there is a paucity of outcome data or specific 27 
recommendations for relatively healthy preterm infants >28 wks GA. For the general infant population, the AAP 28 
recommended dose of vit. D increased from 200 to 400 IU/day in 2008, based on evidence of higher serum 29 
levels with higher doses, rather than on documented impact on clinical outcomes.15 Reports of benefits of high 30 
doses in other populations and concerns about lower serum levels in black patients have created a trend 31 
towards using even higher doses in preterm and black infants. Historically, preterm infants have often been 32 
harmed by therapeutic exuberance or seemingly rational extrapolation of therapies from other populations.16-21 33 
Despite the push to maximize enteral vit. D, overly-aggressive supplementation may inadvertently cause harm 34 
and predispose infants to life-long diseases such as asthma and allergy. For most vitamins and hormones that 35 
have benefit at optimal levels, both excess and deficiency are associated with disease states; trials of 36 
aggressive vitamin supplementation often find unanticipated adverse effects.22-25  We will test two strategies: (I) 37 
sustained supplementation until 6 months of age adjusted for prematurity, and (II) cessation of 38 
supplementation when a minimum dietary intake of 200 IU/day is reached. We hypothesize that strategy II will 39 
be more effective in promoting pulmonary health and will be sufficient to prevent clinical vit. D deficiency. 40 

Aim 1: Determine the impact of a sustained versus diet-limited dosing strategy for vit. D 41 
supplementation on recurrent wheezing in black infants born preterm.  Hypothesis:  Based on 42 
provocative preliminary data supported by the literature, we predict that black infants receiving diet-limited 43 
supplementation (strategy II) will experience less wheezing in infancy, as measured by validated 44 
questionnaires, corroborated by exams by a pediatric pulmonologist. 45 

Aim 2:  Identify the impact of each dosing regimen on allergy and atopy. Hypothesis: Black infants 46 
receiving sustained supplementation (strategy I) will experience more allergic sensitization and atopic 47 
dermatitis in infancy, as measured by sensitive and specific biomarkers, validated questionnaires, and skin 48 
exams.   49 

Aim 3: Characterize the association between 25(OH)D3 levels and recurrent wheezing in black infants 50 
born preterm. Hypotheses: There will be a U-shaped association between 25(OH)D3 levels and wheezing. 51 
Optimal levels in black preterm infants may be lower than published goals. 52 

53 
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 55 

A1. Wheezing is a common and long-lasting complication of prematurity.[4 26-32] In a cohort of infants born 56 
at less than 29 weeks GA, 42% of parents reported their child wheezed at 12 months adjusted age.27 Hack et 57 
al. have reported that at eight years of age, 21% of extremely low birth weight survivors and 9% of controls had 58 
asthma.28 Similarly, Palta et al. found that 26% of very low birth weight (VLBW) 8 year olds had wheezed in the 59 
previous 12 months, compared to 14% of controls.31 Although most studies have focused on the outcomes of 60 
VLBW infants, particularly those with bronchopulmonary dysplasia (BPD), increased wheezing, asthma, 61 
respiratory infections, and healthcare utilization are also seen in larger premature infants.5 33-35 In a New 62 
Zealand cohort study, 23.8% of infants born at <33 weeks experienced recurrent wheezing by 12 months 63 
corrected age.4 At 3 years of age, 10.5% of all parents in the National Maternal and Infant Health Survey  64 
reported that their children had a physician diagnosis of asthma by 3 years of age. The odds of asthma were 65 
increased in premature infants, with odds ratios of 1.41 (1.04-1.92) for infants born at 32-34 wks, and 2.59 66 
(2.04-3.30) for infants born at 28-31 wks.2 Even infants of late-preterm and low-normal GA may be at 67 
increased risk for wheezing. In the Home Allergens and Asthma Study, 18.9% of infants born at 36-38.5 wks 68 
had asthma at 6 years of age compared to 6.1% of infants born at 38.5-40.5 wks.3 Late preterm infants (34-36 69 
wks GA) also have high rates of viral illness, emergency room visits, and hospitalizations in infancy.5 In these 70 
larger preterm infants without overt neonatal lung injury, early exposures may be perturbing the development 71 
of the lung, airway, or immune system and lead to recurrent wheezing later in life.36 72 

 73 

A2. One such candidate with the potential to impact lung and immune development is vit. D. Long known to 74 
regulate calcium and phosphorous homeostasis, vit. D is also a hormone implicated in a wide range of 75 
physiological processes and disease states, particularly those with an inflammatory or immune component. 76 
Polymorphisms in the vit. D receptor (VDR) have been associated with inflammatory response, immune 77 
function, fetal and postnatal growth, bone density, cancer, diabetes, cardiovascular diseases, and susceptibility 78 
to tuberculosis.37-53 While the impact of vit. D on the immune system is controversial, some authors have 79 
claimed that the beneficial effects of stimulating the D pathway include decreased inflammation and enhanced 80 
defense against pathogens.54-57 Vit. D has become a candidate therapy to decrease inflammation in lung 81 
diseases, such as asthma and cystic fibrosis; however, the VDR also plays a key role in the induction of lung 82 
inflammation.8 52 53 56 58-62 Furthermore, exposure of the immature immune system to D may skew T-cells 83 
towards a more allergic TH-2 cytokine expression profile.9 10 63-66 Vit. D also has the potential to alter lung and 84 
airway development; in bronchial smooth muscle cells, VDR plays a role in the up-regulation of genes involved 85 
in morphogenesis, cell growth, and survival, as well as structural proteins.7  In mice, in utero vit. D deficiency is 86 
associated with subsequent decreased lung volume.67 Preterm infants, with developmentally immature 87 
pulmonary and immune systems that have already been perturbed by preterm birth, may be 88 
particularly vulnerable to any positive and negative effects of vit. D on immune or pulmonary 89 
development. 90 

The primary form of vit. D available over-the-counter for infants is cholecalciferol (D3). It is hydroxylated in the 91 
liver to calcifediol (25(OH)D3), and then in the kidney to the active form calcitriol (1,25(OH)2D3). Typically, 92 
25(OH)D3 levels are measured to determine sufficiency and insufficiency. Optimal levels in term or preterm 93 
infants, however, have not been established.15 Some authorities recommend a level >50 ng/ml, while others 94 
consider 15-30 or 20-30 ng/ml insufficient and <15 or 20 deficient.51 59 68-70 Infants born to vit. D deficient 95 
mothers will also be deficient. Although in adults, vit. D supplementation has been proposed to improve a wide 96 
range of disease states,71-73 the safety and efficacy of aggressive supplementation in adults has also been 97 
questioned.74 75 However, even if aggressive supplementation were of proven benefit in adults, therapeutic 98 
effects and doses cannot safely be extrapolated from older populations to preterm infants.16-21   99 

For the general infant population, the American Academy of Pediatrics (AAP) recently increased its 100 
recommended enteral vit. D intake from 200 IU/day to 400 IU/day, based on a goal of achieving higher serum 101 
levels of 25(OH)D3, but not based on evidence of differences in clinical outcomes in infants.15 Breast milk 102 
generally has very low levels of vit. D (<25 IU/L),76 and so many recommendations have focused on 103 
exclusively or partially breast-fed infants. Among breastfed term infants in Berlin (a city with low sunlight 104 
exposure), supplementation with either 250 or 500 IU/day for 6 wks was sufficient to correct low serum levels.77 105 
There is a paucity of data on which to base recommendations for preterm infants >28 wks GA, 106 
especially after discharge from the NICU, with most recommendations focusing on term infants or acutely ill 107 
VLBW infants.  Infants born preterm are more likely to receive formula or human milk fortifiers designed for 108 

A. SIGNIFICANCE 
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convalescing preterms which contain higher levels of vit. D and calcium than term formulas. Thus, as their 109 
volume of intake increases with growth and maturation, they will reach higher levels of vit. D in their diet faster 110 
than term infants, thereby increasing the potential to reach a total intake much higher than 400 IU/day when 111 
also receiving supplemental vitamins. Similarly, black infants are less likely than white infants to be breast-112 
fed,78 and therefore they are more likely to be receiving vit. D fortified formulas. 113 

This study will test the comparative effectiveness of two different vit. D supplementation strategies in 114 
black infants born preterm: (I) sustained supplementation with 400 IU/day of D3 until 6 months of age 115 
adjusted for prematurity, or (II) cessation of supplementation when the infant is taking > 200 IU/day 116 
from diet. We will focus on a specific population, black preterm infants, with a unique potential for both positive 117 
and negative effects from vit. D supplementation, who may require a tailored approach to supplementation that 118 
may differ from the general infant population. This study will focus on clinical outcomes as well as surrogate 119 
markers of pulmonary health, allergy, and bone health. While arguments can be made in support of either 120 
supplementation strategy (summarized below), very few studies have targeted this population. The proposed 121 
study will therefore fill a large gap in the literature and have important public health implications. 122 

 123 

A3. Argument for continuing vit. D supplementation to promote higher total intake (strategy I): 124 

The rationale for more aggressive vit. D supplementation springs from a growing body of evidence that low 125 
levels of 25(OH)D3 are associated with disease states in older children and adults. Vit. D is thought to have 126 
anti-inflammatory properties, and is hydroxylated to its active form, 1,25(OH)2 D3, in T-cells, B-cells, and 127 
macrophages.54 63   In addition, vit. D deficiency and polymorphisms of genes in the D pathway have been 128 
associated with increased susceptibility to viral respiratory illnesses, tuberculosis, and HIV.[37 38 40 41 48 50 79 80]  129 

Vit. D deficiency is associated with wheezing illnesses in children. Among 6-14 year old Costa Rican children 130 
with asthma, lower vit. D levels are associated with markers of increased severity of allergy and asthma.59 131 
Lower 25(OH)D levels are associated with poorer asthma control.[60 81] Among American inner city youth, the 132 
prevalence of D deficiency is higher in children with asthma than in those without asthma.52 Several studies 133 
have also found an association between low D levels or rickets and acute lower respiratory infections in 134 
children.55 82-85 A polymorphism associated with decreased rates of transcription of vit. D receptor (VDR) RNA 135 
has been linked to increased rates of acute lower respiratory infections in infants.79 In vivo, D decreases the 136 
NF--mediated inflammatory response to respiratory syncytial virus (RSV) without impairing viral clearance.57 137 
Cord blood vit. D deficiency is associated with  wheezing and RSV bronchiolitis in infancy.86 87 138 

Although lower vit. D levels or polymorphisms decreasing sensitivity to D are associated with pulmonary 139 
infections and asthma, neither the presence nor direction of causality has been established. Results of 140 
supplementation trials have been mixed, although many are still ongoing.72 74 75 For instance, in a recent trial, 141 
supplementation did not speed treatment of tuberculosis.88 No studies, however, have targeted the association 142 
between vit. D status and wheezing with or without respiratory infection in black preterm infants. 143 

 144 

A4. Argument for stopping vit. D supplementation when a minimum dietary intake is reached (strategy II): 145 

While in vivo data show a role for vit. D in immune defenses, and epidemiologic studies have shown an 146 
association between low serum D levels and certain disease states, some authors have cautioned that claims 147 
about a role for D supplementation in combating infection are not well justified.74 In a cohort of infants at 6-36 148 
mo. of age, 25(OH)D level was not associated with illness in infancy, although vit. D binding protein genotype 149 
was, suggesting that simply targeting higher levels of vitamin D may not in fact promote health.89 In response 150 
to the “deficiency/disease model” which interprets associations between low 25(OH)D3 levels and several 151 
infectious and inflammatory disease processes in adults as proof that vit. D deficiency promotes disease, an 152 
“alternative hypothesis” also has been proposed.90 This hypothesis notes that vit. D metabolism is intricately 153 
regulated, and lower levels may actually be secondary to the disease process. This theory interprets short-term 154 
benefits of D supplementation in certain disease states, particularly auto-immune diseases, as resulting from 155 
short-term anti-inflammatory effects; a corollary of this theory mandates measurement of long-term outcomes 156 
in studies of vit. D supplementation. Finally, apparent associations between low vit. D levels and disease states 157 
may not result from a causal link, but rather from confounding by other related disease states, nutritional 158 
deficiencies, or socioeconomic disparities. 159 

In the preterm population, there is also reason for concern about the safety of aggressive supplementation. 160 
Exposing the immature immune system to vit. D may predispose infants to asthma and allergy later in life. In 161 
vitro studies and mouse models suggest that vitamins may skew T cells towards either less allergic T-helper 1 162 
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(vitamins B6, E, and C) or a more allergic T-helper 2 (vitamins D and A) phenotypes.9 10 64 65 91-95 There may be 163 
a critical developmental window for such an effect.36 If this is the case, premature infants could be more or less 164 
vulnerable than term infants. Milner et al. (2004) found that black infants exposed to multivitamins in the first 6 165 
mo. of life had a higher risk of asthma in early childhood, and that formula-fed vitamin-exposed infants of all 166 
races experience more food allergies.2 Vit. D supplementation at 3 years of age was not associated with 167 
asthma, suggesting that a critical window for exposure exists in early infancy, a time of rapid 168 
pulmonary and immunologic maturational changes.36 The study by Milner et al. assessed a cohort not yet 169 
impacted by the 2003 recommendations for a minimum of 200 IU of D from formula or vitamin supplements. 170 
The authors hypothesized that vit. D and A exposure in infancy were potentially skewing T-cells towards a 171 
more allergic T-helper-2 (Th2) cytokine profile.2 10 65 66 Vit. D exposure in infancy was also associated with 172 
allergy and asthma among Finnish young adults.96 These data suggest that infants’ developing immune 173 
systems may be vulnerable to immunomodulation,97 and we hypothesize that the preterm immune system may 174 
be even more vulnerable to the immunomodulatory effects of vit. D. In addition, preterm infants are more likely 175 
than term infants to receive vit. supplementation during this potentially critical window.2 The results of studies 176 
assessing the association between maternal vit. D status during pregnancy and respiratory disease in the 177 
offspring have been mixed, but fetal exposure and enteral exposure ex-utero should not be equated.61 98-100  178 

Furthermore, there is evidence for racial differences in the relationship between vit. D status and health. More 179 
may not always be better for black patients. In black diabetic adults, 25(OH)D levels are positively correlated 180 
with calcified atherosclerotic plaque.75 Among postmenopausal women, black women have less bone turnover 181 
than white women despite lower 25(OH)D levels and higher PTH levels.101 Consistent with our preliminary 182 
data, Milner et al. found that black, but not white, infants supplemented with multivitamins in the first 6 months 183 
of life had an increased risk of asthma at age 3 years.2 In a study of black children with asthma, patients with a 184 
certain polymorphism in CYP24A1 (an enzyme that inactivates 1,25(OH)2D) had lower vit. D levels but 185 
improved pulmonary function (as measured by FEV1/FVC), suggesting that in black children, higher 25(OH)D 186 
levels may not always be better for pulmonary health.102 Finally, among white mothers, both low and very high 187 
serum levels of vit. D are associated with having a small for GA infant (a U-shaped relationship), whereas for 188 
black mothers there is no association between maternal serum vitamin D levels and having a small infant.103 189 

Although low 25-OH D levels have been associated with pulmonary diseases in adult and pediatric 190 
populations, it is not known whether (1) this relationship exists in black infants born preterm, 191 
especially with regards to recurrent wheezing in infancy, (2) whether this is a causal relationship 192 
amenable to amelioration with supplementation, or (3) whether supplementation beyond that 193 
necessary to prevent rickets benefits or harms pulmonary health in this population. 194 

 195 
Figure 1: Proposed U-shaped relationship between vit. D status and health. 196 
 197 

Modulation or stimulation of the vit. D 198 
pathway has the potential to positively or 199 
negatively impact lung and airway 200 
development, response to respiratory 201 
infections, pulmonary inflammation, 202 
airway reactivity, and immune 203 
development, particularly in the 204 
developmentally immature preterm. 205 
Preterm infants could be particularly 206 
vulnerable to either the positive or negative 207 
effects of supplementation, because of their 208 
developmental immaturity and their elevated 209 
risk of chronic pulmonary morbidity. 210 
Furthermore, there are potentially 211 
competing outcomes, with one dosing 212 
strategy being preferable to minimize the 213 

risk of some disease states, but not others. For instance, the strategy II dosing approach could be superior for 214 
pulmonary health, but not bone health. It is important to study the actual effects of supplementation strategies, 215 
with a focus on clinically meaningful outcomes. 216 

Terminology:  In our review of the relevant literature, data are presented on both wheezing in infancy and 217 
asthma, but this should not be interpreted as a claim of equivalency. The focus of this study will be persistent 218 
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wheezing in the first year of life, although we will calculate an asthma predictive index as a secondary outcome. 219 
Furthermore, from both economic and psychosocial perspectives, recurrent wheezing during infancy itself is a 220 
clinically meaningful outcome. 221 

 222 

A5. The optimal dose of Vit. D for bone health in black preterm infants is not known: 223 

The consequences of any vit. D supplementation regimen on bone health must also be considered. While 224 
insufficient vit. D supplementation may lead to rickets or impaired resolution of osteopenia of prematurity, 225 
hypervitaminosis D may lead to hypercalcemia, hypercalciuria, polyuria, dehydration, hypertension, urinary 226 
tract stones, nephrocalcinosis, or metastatic calcifications.104 105 The goal of supplementation should be to 227 
provide adequate vit. D to maintain bone health without incurring the sequelae of hypervitaminosis. The AAP 228 
recently increased its recommended enteral vit. D intake from 200 IU/day to 400 IU/day, based on a goal 229 
of achieving higher serum levels of 25(OH)D3, but not based on evidence of more clinical rickets at the 230 
200 IU/day dose.15 This statement acknowledges that this change was made primarily due to extrapolation 231 
from studies in older patients, and is intended to target 25(OH)D3 levels >50 nmol/L (~20 ng/ml), although this 232 
target level is also extrapolated from older populations; the ideal level for even term infants not known. 233 
Furthermore, while the AAP statement addresses the fact that black patients have lower levels of 25(OH)D3 234 
than white patients, it does not address what portion of this may be due to racial differences in the “set-point” 235 
or secondary to comorbidities, and what portion may be due to true deficiency amenable to supplementation.  236 

Because preterm infants largely fail to match third trimester calcium and phosphorous accretion rates ex-utero 237 
due to limitations in parenteral and enteral nutrition and exposure to calcium wasting drugs, preterm infants 238 
often experience osteopenia. Therefore, some authorities recommend higher vit. D dosing in this 239 
subpopulation, although the primary treatment is provision of adequate enteral calcium and phosphorous, and 240 
osteopenia of prematurity is most common in infants <30 wks GA, not the population proposed in this study. 241 
Data on the optimal dose of vit. D for preterm infants are limited, and mostly focus on the nutritional 242 
management of very low birth weight infants in the NICU. Recommendations range widely from 200 IU to 1600 243 
IU.11-14 106 In a randomized trial of 39 infants born at <33 weeks GA, Backström et al found that subjects 244 
randomized to a supplement of 200 IU/kg up to 400 IU/day did not have significant differences in serum 245 
inorganic phosphate, plasma ionized calcium, alkaline phosphatase concentration, serum intact parathyroid 246 
concentration, or bone mineral content and density when compared to the group randomized to 960 IU/day.107 247 
Serum 25(OH)D3 levels were non-significantly higher in the 960 IU group at 6 weeks of age, and the authors 248 
concluded that 200-400 IU/day was sufficient to maintain bone health in preterm infants. In another study of 70 249 
preterm infants, no difference was found in bone mineral status at 3 months or 9-11 years of age among 250 
infants who had been randomized to 500 IU/day versus 1000 IU/day supplementation in early infancy.108 251 
Interestingly, exposure to breast-milk was positively correlated with lumbar bone mineral density at school age 252 
despite the lower levels of vit. D in breast milk compared to formula. 253 

There is very little evidence that either the higher or lower range of current recommendations is 254 
superior for bone health in preterm infants. These studies have largely not addressed (1) impact on 255 
pulmonary health, (2) the potentially unique needs of black infants, or (3) the needs of healthy infants 256 
born moderately preterm and late preterm. This study aims to identify a supplementation strategy that 257 
will minimize recurrent wheezing in infancy while safely maintaining bone health. We hypothesize that 258 
strategy II (diet-limited) will be sufficient to prevent rickets and the impaired response to infection associated 259 
with D deficiency, and will also result in less recurrent wheezing in infancy than strategy I (sustained). 260 

 261 

A6. PRELIMINARY STUDIES 262 

Our preliminary data are based on an ongoing cohort study prospectively following infants without BPD born at 263 
280/7-346/7 wks GA at Rainbow Babies and Children’s Hospital (RB&C) (K23 HD056299). This study will enroll 264 
300 infants, and as of 6/13/11, 297 subjects had been enrolled from this single center. A questionnaire is 265 
administered at 3, 6, 9, and 12 mo. adjusted age to assess respiratory symptoms. Black infants make up 50% 266 
of this cohort. Our enrollment rate is on-target and our follow-up rate is 92%, demonstrating the ability to recruit 267 
and retain subjects, including a high percentage of minorities and socioeconomically disadvantaged 268 
participants. Until the time of this preliminary analysis, the policy of the Rainbow NICU was to supplement 269 
infants with 400 IU/day of vit. D if they were receiving less than 200 IU from formula or fortifier; this strategy is 270 
intermediate between the 2003 and 2008 AAP recommendations (table 4). Among the infants in this study, 271 
55% were discharged from the NICU on a vitamin supplement. After discharge, management was at the 272 
discretion of the family and their primary care provider.  273 
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Overall, black infants experienced more wheezing than white infants. At each assessment time point, black 274 
infants who had been discharged on vitamins reported more wheezing than black infants not on vitamins; white 275 
infants discharged on vitamins had less reported wheezing than white infants not on vitamins (table 1). Among 276 
those discharged on vitamins, 76% were still taking them at 3 months, and 49% at 6 months. Among infants 277 
not discharged on vitamins, 17% were taking them at 3 months, and 16% at 6 months. 278 

Table 1. Preliminary Data: Relationship Among Race, Vitamin Supplementation, and Wheezing. 279 

 

Percent reporting wheezing since previous assessment  
at each follow-up timepoint. 

3 month 6 month 9 months 12 months 

Black infants discharged on vitamins 34% (16/47) 42% (15/36) 45% (13/29) 44% (12/27) 

Black infants not discharged on vitamins 33% (15/46) 26% (10/39) 29% (10/34) 33% (10/30) 

Relative risk  1.0 1.6 1.6 1.3 

White infants discharged on vitamins 16% (9/55) 26% (14/54) 20% (10/51) 20% (9/45) 

White infants not discharged on vitamins 39% (16/41) 43% (16/37) 29%(10/34 ) 30% (7/27) 

Relative risk  0.4 0.6 0.7 0.7 

The above table includes all children at the time of the interim analysis in Aug. 2010, including those in the 280 
process of the year-long follow-up. Next, we focus on the subset of 143 infants who had completed the study at 281 
the time of the analysis, so that we can restrict our analysis to a group of infants that has had an equal 282 
opportunity to experience recurrent wheezing. In a logistic regression adjusted for GA and exposure to breast 283 
milk, the odds ratio of recurrent wheezing in white infants (n=73) discharged on vitamins compared to those 284 
not discharged on vitamins was 0.63 (95% CI: (0.22, 1.78)), and the adjusted odds ratio of recurrent wheezing 285 
in black infants (n=70) discharged on vitamins compared to those not discharged on vitamins was 1.33 286 
(95%CI: (0.44, 4.02)). The effect seems to be strongest in the more mature preterm infants, with the 287 
adjusted odds ratio for recurrent wheezing in black infants >30 wks GA of 1.55 (95% CI: (0.46, 5.26)), 288 
and for black infants >32 weeks of 3.32 (0.553, 19.98). This apparent maturity effect could potentially be due 289 
to a critical developmental window, or because the less mature infants have more competing causes of 290 
wheezing. Although these numbers are not statistically significant, we would not expect them to be since this is 291 
a preliminary analysis of an ongoing study that was not powered for a stratified analysis by race, and infants 292 
are still being enrolled and followed. The direction of the estimates for recurrent wheezing in the subset of 293 
infants who have completed the study is consistent with the cross-sectional data for all of the enrolled infants 294 
(table 1). Furthermore, this consistent pattern is seen despite some cross-over in vitamin exposure after 295 
discharge, which we would expect to bias our results towards the null. 296 

Our preliminary data also give us insight into the outpatient feeding practices for healthy black preterm infants 297 
in Cleveland. At enrollment (within ~2 wks of anticipated hospital discharge), 36% were receiving only maternal 298 
milk. At 3 mo. adjusted age, 4.5% were receiving only maternal milk, 82% were receiving only formula, and 299 
13.5% were receiving a combination of formula and maternal milk. By 6 mo. adjusted age, 0% were exclusively 300 
breast fed and 95.9% were exclusively formula fed. Therefore, the majority of infants in this population, despite 301 
efforts to promote breast feeding, are receiving the bulk of their nutrition from formula enriched with vit. D. 302 
Therefore, the question of whether to stop vit. D supplementation when infants reach a threshold dietary intake 303 
or leave them on supplementation in addition to their dietary sources is particularly relevant. 304 

In a separate pilot study, we enrolled 80 infants born preterm and term, and administered respiratory 305 
questionnaires and genotyped the patients for VDR polymorphisms. The best-enrolling site in this pilot was the 306 
University Hospitals clinic, which primarily treats socioeconomically disadvantaged black children from 307 
Cleveland; we received several calls from parents seeking out our recruiter if they had missed her during their 308 
child’s visit and expressing willingness to return to the hospital just to participate in the study. This again 309 
demonstrates our ability to recruit a population demographically similar to the one in the proposal. 310 

 311 

 312 

 313 

The proposed study is innovative because it (1) focuses on an understudied population of infants 28-36 wks 314 
GA, and (2) addresses the unique needs of black preterm infants, whereas most nutritional studies in preterm 315 
infants have not accounted for potential differences by race, and (3) focuses on the impact of vit. D 316 
supplementation on clinically meaningful measures of pulmonary health and overall health, whereas prior 317 

B. INNOVATION 



Version 3.19.14   7 

studies of vit. D in preterm health have mostly (a) focused exclusively on bone health and (b) measured short-318 
term surrogate endpoints as opposed to clinical outcomes. 319 

In 2006, the IOM highlighted the cost of moderately preterm infants, or those delivered between 30 and 34 320 
weeks gestation, as a significant contributor to the $26 billion dollars spent annually on prematurity in the 321 
United States.109 110 Despite the lack of current data on the vit. D needs of black infants born at 28-36 wks GA, 322 
and the paucity of information on how vit. D positively or negatively influences pulmonary and immune health, 323 
~100,000 black children per year are born at 30-36 wks GA in the U.S.,1 and choices about vit. D 324 
supplementation must be made for all of them. Therefore, this study has the potential to significantly impact 325 
public health recommendations. The results of this study could lead to a supplementation strategy that 326 
minimizes long-term morbidities in this population, including chronic wheezing and allergic diseases. 327 

 328 

  329 
 330 

C1. We are proposing a masked placebo-controlled randomized clinical trial of the comparative effectiveness 331 
and safety of two different vit. D supplementation strategies in 300 black infants born preterm at 280/7-366/7 332 
weeks GA. Infants will be enrolled in the NICU or newborn nursery when they are tolerating full volume feeds 333 
and are off oxygen. All infants will receive a daily standard infant multivitamin containing 400 IU of D3 until they 334 
are taking at least 200 IU/day of vit. D daily from formula or fortifier. Most infants taking formula will reach this 335 
amount by 0-1 mo. adjusted age. Infants will then be randomized to receive either 400 IU of D3/day (Strategy I) 336 
or placebo (Strategy II). Study drug will be administered until 6 mo. adjusted age, at which time 337 
supplementation will be stopped. Although rates of exclusive breastfeeding beyond 6 mo. are extremely low in 338 
this population (0% in our preliminary data), we will continue to provide any exclusively breast-feeding infants 339 
with a 400 IU/ml D3 supplement. Study visits will occur at 3, 6, 9, and 12 mo. adjusted age. 340 

The primary outcome will be parent-reported recurrent wheezing (>2 episodes of wheezing with or without an 341 
infection) between initial hospital discharge and 12 mo. corrected age. Recurrent wheezing will be defined as 342 
one report of >1 wheezing 343 
episode since the last interview, 344 
or reports of single wheezing 345 
episodes at multiple follow-up 346 
visits. 347 

Secondary outcomes will 348 
include: history of upper and 349 
lower respiratory tract infections, 350 
pulmonary medication use, the 351 
Phadiatop Infant assay of 352 
allergic sensitization, 353 
hospitalization and ER visits, 354 
parental report of allergies and 355 
eczema, skin exams for 356 
eczema, a calculation of the 357 
asthma predictive index, 358 
25(OH)D3 levels, serum 359 
markers of bone health (alkaline 360 
phosphatase, calcium, 361 
phosphorous,), and a speed-of-sound bone density assessment. Economic data will be gathered for use in 362 
future studies and for availability for meta-analysis, but will not be analyzed as part of this study. 363 

 364 

Table 1. Summary of Study Design] 365 

Intake of vit. D. from formula  Study vitamin 

<200 IU/day Open label multivitamin containing 400 IU/day of vit. D 

>200 IU/day Randomized to 400 IU/day of vit. D (strategy I, n=150) or placebo (strategy II, n=150) 

 366 
 367 

C. APPROACH 
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Table 2 Outcome Measures 368 

 
Outcome 
Measure 

Measurement 
Tools 

Comments 

A
im

s
 1

 a
n

d
 3

 

Recurrent 
Wheezing 

International 
Study of Asthma 
and Allergies 
(ISAAC) 
questionnaire 
wheezing 
module. 

The ISAAC questionnaire has been validated for use in children.
111 112

 A slightly 
modified version to reflect the shorter assessment intervals and younger 
children in this study will be used. The phrasing of the core question about 
wheezing, “wheezing or whistling in the chest,” is standardized wording 
that has also been used in the American Thoracic Society child 
questionnaire ATS-DLD-78-C,

113
 and in the follow-up assessments of 

multi-center trials studying preterm infants (e.g., NO CLD
114 115

 and 
SUPPORT

116 117
, and in the study on which or preliminary data are based 

(K23-HD056299)). Parent-identified wheezing has been shown to have good 
agreement with concurrent physician auscultation.

118
  Additional questions 

based on the ATS-DLD-78-C will further identify whether wheezing occurred 
with or without a respiratory infection, for secondary analyses of wheezing 
episodes by apparent etiology. Such questions are used in clinical practice 
and are meaningful to providers and patients. Pulmonary medications, 
hospitalization, ER visits, and outpatient sick visits will also be captured. 

   

A
im

 2
 

Aeroallergen 
and Food 
Sensitivities 

Phadiatop Infant  
assay 
 
ISAAC 
questionnaire 
allergy module 
 

The Phadiatop® Infant assay, an in vitro test for IgE antibodies to food and 
inhalant allergens, has been recommended by the NHLBI and NIAID as the 
biomarker to measure sensitization in infants, It is 96% sensitive and specific.

123 

124
 The assay yields a positive or negative result for sensitization but does not 

report the specific antigen. Clinical allergy symptoms will be assessed by 
questionnaire. 
The ISAAC questionnaire has been validated for use in children; a modified 
version to reflect the shorter assessment intervals and younger children will be 
used. Additional questions about types of allergies and food allergies based on 
the ATS-DLD-78-C will also be used. Food sensitization in infancy is strongly 
associated with the risk of childhood asthma.

125
 

Eczema 
SCORAD and  
ISAAC eczema 
module. 

The validated European Taskforce on Atopic Dermatitis SCORAD eczema 
assessment tool will be completed during the follow-up visits.

126-128
 A question 

about prior diagnoses of eczema excerpted from the ISAAC eczema module 
will also be used. Eczema in infancy is associated with allergy in childhood.

125
 

Laboratory 
Values 

Eosinophil count. 
Eosinophilia at 9-11 mo. has been associated with increased risk of childhood 
asthma,

129
 and may also be elevated with food allergies. It will be assessed at 

the 12 mo visit, and used to calculate the Asthma Predictive Index,] 

Modified 
Asthma 
predictive 
index (API) 

Composite score 
comprised of 
other 
outcomes

129
 

The modified API is determined by recurrent wheezing, history of eczema, 
parental history of asthma, eosinophilia, sensitization to aeroallergens and 
foods, and wheezing apart from colds. 

129-131
 The API will be used to describe 

differences in risk in the study arms. We expect a similar distribution of family 
history in the arms, but will examine that assumption. 

S
a

fe
ty

 

Adverse 
Events 

e.g., fracture, 
kidney, stones, 
rickets, etc. 

Clinical adverse events potentially related to vit. D supplementation will result in 
unblinding and referral to specialty care. Adverse events will be reported to the 
DSMB, IRB, and NIH in compliance with local and federal guidelines.  

Laboratory 
values 

Alkaline 
phosphatase, , 
calcium, 
phosphorous, 
25(OH)-D 

Differences in serum markers of bone health will be compared. Hypocalcemia, 
hypercalcemia, hypophosphatemia, or hyperphosphatemia will result in 
unblinding, removal from the protocol, and referral to specialty care. Because 
the optimal serum levels of vit. D are not known, and because of potentially 
competing positive and negative clinical outcomes, serum levels of vitamin D 
will not be used to unblind a patient or remove them from the protocol except in 
cases of extreme deficiency (level <15 ng/ml) or excess (>80 ng/ml). 

Bone Density 
Tibial speed of 
sound  

Norms have been published for infant and pediatric speed of sound (ultrasound) 
measurements of bone density.

132-137
  

Randomization: Infants will be randomized 1:1 to a dosing strategy using permuted blocks. Block size will be 369 
randomly varied and investigators and study personnel will be blinded to block size. Randomization will be 370 
stratified by site and maternal milk exposure (receiving any maternal breast milk at enrollment). Families, 371 
treating physicians, and study staff will be blinded to assignment. Randomization will be performed by the 372 
CTSC-supported Case Western Reserve University Center for Clinical Investigation Statistical Sciences Core. 373 
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Inclusion criteria: (1) 280/7-366/7 wks GA at birth; (2) family identifies the child as black or African American; (3) 374 
<28 days of supplemental oxygen (subsequent oxygen therapy for <72 hrs for a brief subsequent illness or 375 
surgery will be allowed); (4) admitted to the NICU, special care nursery, transitional care nursery, or well-baby 376 
nursery as a neonate; and (5) <40 wks corrected GA at enrollment. 377 

Exclusion criteria: (1) BPD (>28 days of supplemental oxygen); (2) pre-existing diagnosis of moderate to 378 
severe osteopenia of prematurity and/or alkaline phosphatase >700; (3) history of fracture; (4) gastrointestinal 379 
surgery, including for NEC; (5) known gastrointestinal malabsorption; (6) major congenital anomaly; (7) 380 
congenital pulmonary or airway disorder (e.g., cystic fibrosis, tracheomalacia, swallowing disorder, 381 
bronchopulmonary sequestration); (8) documented wheezing or stridor prior to enrollment; (9) previous vit. D 382 
supplementation with >400 IU/day; (10) family plans to move more than the pre-determined catchment area at 383 
each site (60 miles from CWRU, to be determined before enrollment at each additional site);  (11) baseline 384 
hypo- or hypercalcemia, hypo- or hyperphosphatemia; and (12) baseline 25(OH)D level <10 ng/ml or >80 385 
ng/ml. 386 

We will exclude infants born at <28 wks GA or those with BPD (oxygen requirement >28 days), as these 387 
infants do not represent the majority of NICU patients, and they are likely to have more early lung injury and 388 
architectural developmental abnormalities pre-dating randomization; they are also more likely to have 389 
osteopenia of prematurity requiring treatment with higher than usual doses of vit. D, calcium, or phosphorous. 390 
The apparently “healthy” infants included represent the majority of preterm infants born in the U.S..  391 

Strategy I: Infants will receive 400 IU/day of D3 in the form of a standard infant multivitamin until they are 392 
taking 200 IU/day of vit. D from formula or human milk fortifier. This will also ensure sufficient intake of other 393 
vitamins, such as vit. A, until the volume of intake is sufficient. Once they are taking > 200 IU of vit. D from their 394 
diet, infants will be supplemented with 400 IU/day of D3 (D-Vi-Sol™) until 6 mo. corrected age.  395 

Strategy II: Infants will receive 400 IU/day of D3 in the form of a standard infant multivitamin until they are 396 
taking >200 IU/day of vit. D from formula or human milk fortifier. Subsequently, they will receive placebo 397 
(color-matched commercially available pediatric compounding solution). 398 

Study procedures: Infants will be assessed by home-visits at 3, 6, and 9 mo. adjusted age (If participants are 399 
uncomfortable having the study team come to their home or prefer to come to the clinic for any reason, they 400 
can be seen in clinic). If additional sites outside of Cleveland are added, the sites may choose to conduct the 3, 401 
6, and 9 month visits in the clinic if home visits are not feasible due to that site’s infrastructure. A scheduled 402 
clinic visit will occur at 12 mo. for physical exam and lab work. A dietary history and reinforcement of study 403 
supplement instructions will be done over the phone monthly between study visits until 6 mo adjusted age. The 404 
appropriate study medication (multivitamin, D3 supplement, or placebo) will be delivered to the home. A 1 ml 405 
syringe will be provided for administration to avoid any unintentional overdoses.105  406 

 407 

Summary of laboratory values treated as normal for eligibility and follow-up: 408 

Laboratory Test 
Range treated as normal for 

eligibility or follow-up 

25(OH)D  (ng/mL) 10-80 initially 

15-80 at 3 month follow-up and later 

Calcium (mg/dl) 6.9-11 at <40 weeks adjusted GA 

8.5-10.7 at >40 weeks adjusted GA 

Phosphorous  (mg/dl) 4-9.5 at <40 weeks adjusted GA 

4-9 at >40 weeks adjusted GA 

Alkaline Phosphatase (U/L) <700 at < 40 weeks adjusted GA 

<500 at >40 weeks adjusted GA 
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 409 
 410 

Table 3. Study procedures. 411 
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Assessment of dietary vit. D intake.* X X X X x x 

Home visit***   X X X  

Respiratory questionnaire   X X X X 

calcium, phosphorous, alkaline phosphatase** X X X   

25(OH)D3, X X X  X 

Lung exam X     X 

Skin Exam for eczema   X X X X 

Phadiatop® Infant assay      X 

Eosinophil Count      X 

Bone Density (tibial speed of sound ultrasound)      X 

*Also be assessed monthly by phone., **When possible, lab tests prior to hospital discharge will be run on  412 
scavenged blood or coordinated with scheduled blood draws to avoid an additional needle stick for the infants. 413 
*** If additional sites outside of Cleveland are added, the sites may choose to conduct the 3, 6, and 9 month visits 414 

 in the clinic if home visits are not feasible due to that site’s infrastructure. 415 

 416 

C2. Dosing: This effectiveness study compares supplementation strategies that can be feasibly followed by a 417 
family and primary care provider in a busy practice. D3 will be used, as this is the most common form of vit. D 418 
in over-the-counter infant supplements. Our preliminary data show that very few black preterm infants in 419 
Cleveland are exclusively breast-fed and most mothers stop breast-feeding by 3 mo. adjusted age, so most 420 
infants will be receiving a significant amount of vit. D from formula. Intake in both arms is within the current 421 
wide range of recommendations for preterm infants.11 14  422 

Due to a great heterogeneity in practice springing from the paucity of evidence for the needs of this population, 423 
both strategies represent vit. D exposures currently experienced by black preterm infants. Once an infant is 424 
taking a minimum of 200 IU/day (typically achieved by 0-1 mo. adjusted age in formula-fed premature infants), 425 
the daily intake of the two arms differs by 400 IU/day. Arm I results in a minimum daily intake of 400 IU, and an 426 
overall intake that exceeds the 2008 AAP recommendations. Arm II results in a minimum daily intake of 200 IU, 427 
and total intake over 6 months that is intermediate between the 2003 and 2008 AAP recommendations. Infants 428 
in arm I may slightly exceed the 2010 IOM recommendations for a total intake of <1000 IU/day in infants less 429 
than 6 months, and infants in arm II will likely remain within this range (table 4).138  430 

 431 

Table 4. Comparison of proposed trial arms and other supplementation strategies.  432 

 Trial Arms Other Strategies for Comparison 

 
Strategy I. 
Sustained 
supplementation 

Strategy II. 
Supplementation 
titrated based on 
dietary intake 

AAP  
2003 
report 

AAP 
2008 
report 

RB&C 
practice 
at time of 
Preliminary 
Data 

Minimum total daily intake 
(IU/day)  

400  200  200  400  200  

Dose of D supplement (IU/day) 400  400  200  400  400  

Initiation of D When on full feeds When on full feeds <2 mo. old <1 wk old On full feeds 

Dietary intake of D to start 
supplement (IU/day) 

All receive D < 200  <200  < 400  <200  

Dietary intake of D to stop 
supplement (IU/day) 

Continue until 6 mo  
adjusted age 

>200  >200  > 400 
Per family/ 
provider  

Supplementation if taking 
>1L/day  term formula (IU/day) 

400  Placebo None None None 
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Supplementation if taking 800 
ml/day of term formula (IU/day) 

400  Placebo None 400  None 

Supplementation if taking 800 
ml/day Enfacare (IU/day) 

400  Placebo None None None 

Supplementation if taking 400 
ml/day Enfacare (IU/day) 

400  Placebo None 400  None 

Supplementation if taking 300 
ml/day Enfacare (IU/day) 

400  400  200  400  400  

Supplementation if exclusively 
breast-fed (unfortified) (IU/day) 

400  400  200  400  400  

Total daily enteral D intake 
(IU/day of diet + supplement) 
for infant drinking:

*
 

  250 ml term formula 
  250 ml transititional formula 
  500 ml term formula 
  500 ml transititional formula 
1000 ml term formula 
1000 ml transititional formula 
1500 ml term formula 
1500 ml transititional formula 

 
 
 
~500 
~548 
~600 
~895 
~800 
~990 
~1000 
~1285 

 
 
 
~500 
~548 
~200 
~295 
~400 
~590 
~600 
~885 

 
 
 
~300 
~348 
~200  
~295  
~400  
~590  
~600  
~885  

 
 
 
~500 
~548 
~600 
~895 
~400 
~590 
~600 
~885 

   
 
 
~100-500** 
~148-548** 
~200-600** 
~295-895** 
~400-800** 
~590-990** 
~600-1000** 
~885-1285** 

* Term formula generally contains 400-410 IU/L, transitional or post-discharge preterm formulas contain 520-590 IU/L 433 
of vit. D. **A range is presented to represent infants on and off supplements after discharge. Total milk intake 434 
increases over time, with the volumes listed representing a typical progression in the first several months of age. 435 

 436 

We have selected the current supplementation dosing because we do not feel that a dosing strategy with a 437 
total daily intake of <200 IU is safe or ethical due to the risk of rickets. Conversely, although studies in a 438 
northern Finland cohort showed an association between supplement doses >2000 IU/day and allergy and 439 
atopy later in life, our preliminary data in black infants and the Milner (2004) cohort study showing increased 440 
asthma and allergy among supplemented black infants suggest an association at much lower doses in this 441 
population; both of these studies were based on over-the-counter vitamin use, which corresponded to 442 
recommended doses of 200-400 IU/day.2 94-96 With concerns about adverse effects at supplementation doses 443 
of 400 IU/day, and the current IOM recommendations to limit total (diet + supplement) intake to <1000 IU/day, 444 
we also do not feel that it would be ethical to expose this population to higher doses before the safety of the 445 
400 IU supplement is established with regards to wheezing and allergy. The current dosing strategy 446 
nevertheless allows for separation of total dietary intake of vit. D of 400 IU/day between the treatment groups 447 
(table 4). 448 

The vitamin supplements that will be used (multivitamins and D-only preparations) with a concentration of 400 449 
IU/ml of D3 are commercially available over-the-counter and are generally considered to be safe. Inclusion and 450 
exclusion criteria listed in the protocol are intended to exclude infants for whom the dosing strategies in the 451 
protocol may not be appropriate (for instance, those with severe osteopenia). Infants on study supplement with 452 
levels <15 ng/ml or >85 ng/ml at follow-up will stop their masked supplement and their levels will be reported to 453 
their primary care provider for management; they will continue with their follow-up visits.  454 

In Cleveland, study supplements will be dispensed by the MetroHealth investigational pharmacy for the 455 
MetroHealth inpatients, and by the University Hospitals investigational pharmacy for the University Hospitals 456 
inpatients and all outpatients, in order to standardize the packaging and delivery of masked supplement. At 457 
other sites, the local research pharmacists will dispense study drug in accordance with study, site, and federal 458 
procedures. Masked supplement will be prepared under standardized sterile conditions and in compliance with 459 
pediatric pharmacy best practices and regulations. The placebo will be Ora-Sweet SF commercially available 460 
flavored pediatric compounding solution that is sugar-free and alcohol-free. Since infants in both arms will be 461 
switched from a multivitamin to either the masked vit. D or placebo, no family will receive both the D-only 462 
product and the placebo for direct comparison. Study meds will be delivered to the home monthly by the 463 
research nurse or FedEx. The first time an infant is taking >200 IU/day from diet and is switched to masked 464 
D/placebo, the study supplement will be given to the family by the research nurse in person to reinforce 465 
medication dosing and teaching. Any remaining supplements from the previous months will be weighed by the 466 
research nurse at each visit to assess compliance. 467 

 468 
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Performance Sites: Infants will be recruited from two hospitals that are affiliated with CWRU that have level III 469 
NICUs and a track-record for collaborative neonatal research: University Hospitals Case Medical Center 470 
(containing the Rainbow Babies and Children’s Hospital and the MacDonald Women’s Hospital) and 471 
MetroHealth Medical Center. Combined, these centers admit over 900 preterm infants/year born at 300/7-366/7 472 
wks GA, >50% of whom are black.  CWRU is located Cleveland, OH, which is at 41o N latitude and averages 473 
66 sunny days, 97 partly cloudy days, and 202 cloudy days per year.139 Additional sites may be added if 474 
approved by the DSMB and NIH. 475 

Table 5. Study Timeline. 300 infants will be 476 
recruited over 39 mo. (~7-8 /mo.) at the two 477 
CWRU hospitals. 478 

 479 

C3. Statistical Analysis: 480 

Overall modeling strategy: Analyses will be 481 
based on an intent-to-treat approach. To assess the success of randomization, standard summary statistics 482 
will be used to compare baseline characteristics of interest (e.g., potential confounders) between the two arms. 483 
For instance, frequencies and proportions will be used to summarize GA (28-33 vs. 34-36 wks), birth weight, 484 
family history of asthma and allergy, socioeconomic status, daycare, number of children in the family, season 485 
of birth, and Synagis exposure. Pearson chi-squared tests will also be used to compare proportions between 486 
arms. Alternatively, means, standard deviations, medians, and inter-quartile ranges will be used to summarize 487 
continuous characteristics and outcomes. A two-sample Welch’s t-test will then be used to compare the mean 488 
of the variable between arms. 489 

Because the incidence of binary composite outcomes, such as recurrent wheezing, is not likely to be small, 490 
relative risks (RR) and odds ratios (OR) will not be similar, and so binary outcomes will be modeled using a 491 
Poisson regression model to estimate RR and a logistic regression model to estimate OR. Secondary analyses 492 
will include an interaction between GA and arm to investigate if the treatment effect on each outcome differs by 493 
GA. Continuous or binary outcomes that are measured at repeated times (such as allergy or eczema) will be 494 
modeled using generalized linear mixed models that model the correlated data among an infant over time 495 
using random intercepts and slopes. These models will include treatment arm and time since randomization to 496 
allow us to estimate the average treatment effects on responses over time. Additional models will include an 497 
interaction between treatment arm and GA, as well as treatment arm and time, to estimate the average 498 
treatment effect on the response at 3, 6, 9, and 12 mo. adjusted age. Unless otherwise specified, a 0.05 two-499 
sided significance level will be used for all analyses. All analyses will be performed using SAS 9.2. 500 

Covariate adjustment: Although imbalance between the arms will only occur by chance due to randomization, 501 
secondary analyses will include models that adjust for time since randomization, enrollment site, breast milk 502 
exposure at enrollment, Synagis, and GA. While covariate adjustment in a clinical trial setting may ensure 503 
achievement of the correct significance level as well as increase statistical power, if a covariate is not strongly 504 
related to an outcome but is imbalanced between arms, adjustment for an imbalanced covariate is not required 505 
and in fact, will decrease the precision and dilute the impact of the treatment when the outcome is binary (such 506 
as recurrent wheezing).140 Consequently, baseline variables that have a statistically significant unadjusted 507 
association with the outcome of interest (based on a significance level of 0.10) will also be included as 508 
covariates in secondary analyses, regardless of whether or not the variable is “balanced” among treatment 509 
arms. 510 

Adherence: Adherence will be measured at 3, 6, 9, and 12 mo. using the amount of remaining supplement 511 
during the previous 3 months. Because this study also blinds families, treating physicians, and study staff to 512 
the assigned strategy, we expect adherence to be similar between the two arms. Using a generalized mixed 513 
model, we will test this assumption by estimating the average difference in adherence between the two arms 514 
over time. We do not plan to use adherence as a covariate in the analyses or to perform subgroup analyses in 515 
adherent patients only as it is well known that such analyses will produce a biased treatment effect.141 516 

Model fit: The fit of each model will also be tested using residual analysis and appropriate action will be taken if 517 
there is evidence of lack of fit (e.g. transformations or categorization of covariates or outcomes, sensitivity 518 
analyses to gauge effect of outliers on outcomes of interest, etc.).  519 

Accounting for correlated data within twin pairs: We expect ~10% of all mothers will have twins where both 520 
twins will be randomized to the same arm. Standard methods for accounting for correlated data among twins 521 

 YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 

Staff training                     

Database Design                     

Enrollment                     

Follow-up visits                     

Data Analysis                     
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(GEE, mixed models, etc.) may not converge due to the small number of twin pairs. Consequently, multiple 522 
outputation will be used to ensure that correlated data among twins is appropriately modeled.115 142  523 

Interim analysis: One interim analysis will be performed after one-half of the sample completes the 6-month 524 
follow-up. Recurrent wheezing will be the primary focus of planned interim analyses of efficacy and safety, 525 
although secondary outcomes will also be presented. Details of the interim analysis are in the Data Safety 526 
Monitoring Plan (DSMP). 527 

Missing data: We estimate a 15% rate of drop-out throughout the study. For composite outcomes (such as 528 
recurrent wheezing), the models discussed assume that data are completely missing at random while for 529 
outcomes measured at multiple time points, the models discussed assume that data are missing at random. 530 
However, it is likely that data will be missing not at random and so sensitivity analyses will be conducted to 531 
ascertain the effect of missing data on the estimated treatment effects. In particular, a model based approach 532 
that jointly models the response to treatment and the drop-out process will be used.143 533 

Aim 1: We will model the RR (or OR) of recurrent wheezing between the two arms using a Poisson (or logistic) 534 
regression model. Assuming that the rate of recurrent wheezing with Strategy II is 30%, and a two-sided 535 
significance level of 0.05, a sample size of 115 infants per group will detect a RR of 1.6 with 80% power. 536 
Allowing for ~15% loss to follow-up and ~10% of all mothers having twins where both twins are randomized to 537 
the same arm, it is expected that a sample size of 300 infants (230/0.85*1.1) will be obtained. Consequently, 538 
we expect that this estimate of power is conservative.  539 

Aim 2: The main marker for allergic sensitization for this aim will be the Phadiatop Infant® assay.  We will 540 
estimate the OR of sensitization between Arm I and II using a logistic regression model and the RR using a 541 
Poisson regression model. In one study, 21% of two-year-olds had a positive Phadiatop Infant test.123 542 
Aeroallergen sensitization rates as high as 18-31% have been reported in high risk infant cohorts. Assuming 543 
that the rate of sensitization with Arm II is 20% and a two-sided significance level of 0.05, a sample size of 115 544 
infants per group will detect a OR of 2.31 with 80% power. Clinical symptoms of allergy or eczema will be 545 
measured by questionnaires. In this case, we will model the average RR of allergy or eczema between the two 546 
arms over time using a generalized linear mixed model assuming a Poisson distribution and the average OR of 547 
allergy or eczema between the two arms over time using a generalized linear mixed model assuming a 548 
binomial distribution. Approximately 15%-18% of infants suffer from eczema.144-146 Estimates of the prevalence 549 
of objectively measured food allergies in infants and toddlers range widely from approximately 2-5%.125 147 If we 550 
conservatively assume an average rate of eczema or allergy in Arm II of 15%, a correlation of 0.5 among 551 
repeated measures, and a two-sided significance level of 0.05, a sample size of 115 infants per group will 552 
detect an average OR over time of 2.06  with 80% power. 553 

Aim 3: We will use a logistic (or Poisson) regression model to estimate the OR (or RR) of recurrent wheezing 554 
per 1 unit increase in 25(OH)D3 level. Because 25(OH)D3 levels are measured at enrollment, 3 months, and 6 555 
months, levels will be entered into the logistic or Poisson regression models in 1 of 2 ways: 1) each measure of 556 
25(OH)D3 will be included in the model (separately or simultaneously); or 2) the level of vit. D received over 6 557 
months will be summarized using the average of the three 25(OH)D3 measures. If all 3 measures of 25(OH)D3 558 
are included in the model simultaneously, spurious results may occur if they are collinear. Although steps will 559 
be taken to reduce multi-colinearity (e.g., centering), if the correlation among the three 25(OH)D3 measures is 560 
higher than 0.70, each level will only be included in the models separately. To address our hypothesis of a U-561 
shaped association between 25(OH)D3 and recurrent wheezing, the association between 25(OH)D3 and 562 
recurrent wheezing will be modeled using a restricted cubic spline with knots defined using the quintiles or 563 
quantiles of 25(OH)D3 levels. Using Wald-type contrasts, if our data suggests a simpler association between 564 
25(OH)D3 and recurrent wheezing (e.g., a quadratic or piecewise linear association), this association will be 565 
simplified accordingly. Because subjects with lower levels of 25(OH)D3 may not be comparable to subjects 566 
with higher levels (despite randomization), adjustment for baseline covariates will be required in the primary 567 
analysis for this aim using the criteria for covariate adjustment discussed previously. 568 

 569 

C4. Limitations and Rationale for Proposed Approach:  570 

Although some experts have recommended higher levels of supplementation than proposed for strategy II, we 571 
feel that safety must be established first, given the preliminary data supported by the literature suggesting 572 
harm in this population, given the recent FDA warning about the risk of adverse events in infants 573 
unintentionally exceeding 400 IU/day of supplementation, and given the IOM recommendation to limit total 574 
intake to <1000 IU/day.2 105 138 Others might question whether study subjects should be exposed to the enteral 575 
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vit. D amounts in strategy I, due to the suggestion of increased wheezing illnesses with vit. D supplementation. 576 
However, the population of black preterm infants in Cleveland is at high risk for vit. D deficiency, and we do not 577 
believe clinical practice should be changed to restrict vit. D supplementation based on observational data 578 
alone. In short, while a rationale exists for both higher and lower dosing, given the suggestion of competing 579 
benefits and morbidity with supplementation, and the paucity of studies measuring clinically relevant outcomes 580 
in this population, we believe equipoise exists for this study. 581 

This is an effectiveness study comparing two dosing strategies that could practically be used by pediatricians. 582 
We have not targeted specific plasma levels of 25(OH)D3, because (1) it would be impractical to routinely 583 
finely titrate supplementation dose to a target level on all healthy preterm infants, and (2) the optimal levels in 584 
this population are not known. Aim 3 will assess the relationship between levels and recurrent wheezing. 585 

Recruitment and retention are challenges for all clinical studies. The research team has a track record for 586 
success with similar populations. Examples of proven strategies include using experienced research nurses 587 
with a prior history of serving the local community through clinical care, and frequent contact with families (e.g., 588 
sending birthday cards hand-written by the PI). If we are not on-target for recruitment, we will consider 589 
additional strategies, including expanding enrollment to other CWRU-affiliated NICUs.  590 

 591 

C5. Summary: We propose a comparative effectiveness trial of two clinically relevant vit. D supplementation 592 
strategies, focusing on outcomes that are meaningful to patients and providers. The results of this study have 593 
the potential to improve care for the >100,000 black infants born at 28-36 wks GA in the U.S. yearly. 594 

 595 
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