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ABSTRACT  
Background: Sleep is essential for infant health and cognitive development. Poor sleep 
increases the risk of childhood obesity and weakens immune health. Infant sleep is a 
major concern for parents, as disruptions can impact parental sleep and overall well- 
being, leading to various negative consequences. Prebiotic foods introduced during 
the complementary feeding period may potentially improve infant sleep and, 
consequently, parental sleep. However, to our knowledge, no studies have yet 
explored this relationship.
Methods: As a secondary outcome analysis of a three-arm parallel randomized control 
trial (ACTRN12620000026921), this paper compared the effects of kūmara (K group, n =  
93) or kūmara with added resistant starch (K+ group, n = 93) to a control group (n = 95) 
on infant sleep and caregiver sleep quality during the first four months of 
complementary feeding. Infant and caregiver sleep were subjectively assessed at 
baseline (prior to solids), and at two (Complementary Feeding 2, CF2) and four 
(Complementary Feeding 4, CF4) months post-introduction to solids, using the 
caregiver-reported Brief Infant Sleep Questionnaire (BISQ) and Patient-Reported 
Outcomes Measurement Information System (PROMIS®) scales for Sleep Disturbance 
and Sleep-Related Impairment, respectively.
Results: Compared to the control group, infants in the K group had significantly less 
nocturnal wakefulness (8.4 min, p = 0.023) at CF4. The K+ group showed a near- 
significant increase in daytime sleep (11.4 min, p = 0.053) but also trends toward more 
reports of problematic nighttime sleep at CF2. Caregiver sleep outcomes did not 
differ significantly.
Discussion: Kūmara consumption may reduce nocturnal wakefulness in infants, but 
further research incorporating objective sleep measures and exploring underlying 
mechanisms is needed.
Trial registration: Australian New Zealand Clinical Trials Registry identifier: ACTRN 
12620000026921.
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Introduction

Sleep is an essential component of healthy growth and development in infants [1–3]. The quantity and quality of 
infant sleep play a pivotal role in cognitive development as well as emotional and physical health [1,2]. Infant 
sleep problems have been associated with an increased risk of childhood obesity, emotional dysregulation, and 
may also have implications on immune health [4–6]. Beyond its impact on infant health, their sleep also has a 
significant effect on family dynamics, caregiver wellbeing, and parenting competency [7,8]. Caregivers often 
view sleep in infants as problematic [3], with between 33% to 50% of parents reporting issues with their child’s 
sleep behavior and poor sleep quality such as frequent night wakings and short sleep periods [9–11]. These con
cerns are among the most common reasons parents seek advice from health professionals [7,12]. Maternal 
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perception of infant sleep problems is strongly correlated with maternal mental health [10]. Caregivers who are 
mothers often experience fragmented sleep influenced by their infant’s sleep patterns, leading to fatigue, and in 
severe cases, depressive symptoms [10,13]. Caregiver-reported infant sleep, therefore, is an important aspect in 
determining parental views on sleep and how it could influence their own sleep patterns [7,14]. This relationship 
is bidirectional, as parenting challenges and stress can further contribute to infant sleep issues [15].

During the first year of life, infant sleep undergoes rapid and significant changes, transitioning from fragmen
ted sleep-wake cycles to more consolidated nocturnal sleep [16]. These changes are influenced by a range of fac
tors, including developmental maturation [16], environmental conditions [14], and dietary practices [17]. The 
introduction of complementary food also marks a pivotal moment in infant’s first year of life [18], where the 
foods introduced could affect infant sleep outcomes. Prebiotic foods have been shown to positively influence 
gut microbiota composition through microbial fermentation [19], enhancing the production of short-chain 
fatty acids (SCFAs), that could have a role in sleep regulation via the gut-brain axis [20,21], SCFAs play a 
role in hepatic gluconeogenesis, and are involved in secretion of hormones such as peptides YY (PYY), gluca
gon-like peptide-1 (GLP1) and leptin, which regulate appetite and promote satiety, potentially reducing night 
wakefulness and keeping infants asleep for a longer period of time [20]. Additionally, SCFAs and gut microbiota 
have been shown to influence serotonin production [21], a key precursor to melatonin, the hormone regulating 
sleep-wake cycles [22]. Given the potential mechanisms, prebiotic foods introduced during the complementary 
feeding period may have the potential to improve infant sleep and, in turn, caregiver sleep quality. However, 
there is no research examining the influence of introduction to prebiotic foods during complementary feeding 
on infant sleep patterns and dimensions of caregiver sleep that influence perceptions of their sleep quality, 
namely overnight sleep disturbance and sleep-related Impairment influencing daytime functioning.

Kūmara, a New Zealand-grown sweet potato, is a common and acceptable first food for infants [23], and 
has been recognized for its prebiotic effect [24]. Kūmara naturally contains resistant starch, a type of pre
biotic that can be fermented and utilized by infant’s gut microbiota [25]. A secondary outcome of the Seed
ing throUgh feediNg (SUN) randomized controlled trial [26] was designed to address this gap in knowledge 
by examining the effects of kūmara (K) and kūmara supplemented with resistant starch (K+) extracted from 
green banana on infant sleep during the early complementary feeding phase (around 6 months of age to 10 
months of age). This paper aimed to evaluate the effect of daily consumption of the intervention foods on 
caregiver-reported infant sleep patterns and caregivers’ sleep quality. Based on the existing literature, the 
study hypothesized that infants in both the K and K+ groups would have better and less problematic 
sleep, and therefore better caregiver sleep quality as compared to the control group. Furthermore, the K+ 

group, which has added resistant starch, was expected to have the most pronounced benefits, including 
enhanced sleep duration and fewer sleep problems when compared to the other groups.

Methods

Participants

The SUN trial was a three-arm, parallel randomized controlled trial conducted at The University of Auck
land Clinical Research Centre, New Zealand. Healthy infants residing in Auckland were eligible if they were 
3–6 months of age, born at ≥32 weeks of gestation, weighed >2.5 kg at birth, were immunized according to 
the New Zealand Immunization Schedule [27], had not yet been introduced to solids, and were expected to 
begin solids around 6 months of age (but not before 4 months) [28]. Full details of the study protocol, 
including the inclusion and exclusion criteria, have been published [26], and only essential details are sum
marized here. The study commenced in February 2022 and concluded in June 2024. Ethical approval was 
obtained from the Northern A Health and Disability Ethics Committees (Ministry of Health, New Zealand; 
reference 20/NTA/9). The trial was registered with the Australian New Zealand Clinical Trials Registry 
(ACTRN12620000026921). Digital or paper informed consent forms were obtained from primary care
givers, including parents and grandparents, for their participation and on behalf of infants prior to the col
lection of any biological samples. Participants were recruited through social media platforms (Facebook, 
Instagram), media releases, targeted events such as baby shows, and Plunket, New Zealand’s largest provider 
of children and family support services. Study materials were also promoted in General Practitioner prac
tices, childcare centers, shopping malls, universities, and postnatal and community groups.
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A total of 281 eligible infants were randomized in the study and stratified by sex, as shown in Figure 1. 
The number of participants included in the analysis at CF2 and CF4, as well as those excluded due to with
drawal, loss to follow-up, missing Patient-Reported Outcomes Measurement Information System (PRO
MIS®) Sleep-Related Impairment or Sleep Disturbance data, or incomplete Brief Infant Sleep 
Questionnaire (BISQ) information, are also presented in Figure 1.

Intervention

Participants were randomized into one of three groups: control (n = 95), K (n = 93), or K+ (n = 93) (Figure 
1). Control group infants received no intervention (i.e., were introduced to solids according to the New 
Zealand Dietary Guidelines [28]), while the K and K+ groups received either standard freeze dried kūmara 
powder (K) or kūmara powder with added resistant starch (K+), respectively, alongside introduction to 
solids according to the New Zealand Dietary Guidelines [28]. Randomization was conducted using a ‘par
ticipant randomization form’ designed for the study on REDCap (Research Electronic Data Capture) hosted 
at the University of Auckland. Participants were allocated to study groups by an independent administrator, 
using a randomization list prepared by the trial statistician and concealed until the point of allocation. The 
two groups with kūmara intervention remained double-blinded throughout the trial. Intervention products 
were provided in identical 5 g sachets and consumed daily for four months, starting from the introduction 
of solids (approximately 6 months of age) until infants reached approximately 10 months of age. Adherence 
was tracked using a daily consumption log completed prospectively by caregivers, along with information 
collected through a monthly questionnaire on the average daily amount consumed in the past month. Any 
unused kūmara powder was returned to the research team and recorded at the participant’s two-monthly 
clinic visit. Adherence to the protocol was defined as the daily consumption of 5 g of the intervention food 
on at least 80% of the monitored days within the previous month [26]. No additional dietary advice was 
provided to caregivers during the study period.

Outcome assessment

Demographic data were collected at baseline using mother (caregivers who were not the child’s mother did 
not complete the questionnaire, n = 3) and child questionnaires, which included infant ethnicity, gestational 
age, mode of delivery, and caregiver education. Infants and parents sleep information were collected at three 
timepoints: Baseline (4–6 months of age, prior to the introduction of solids), Complementary Feeding 
Month 2 (CF2; two months post-randomization, approximately 8 months old), and Complementary Feed
ing Month 4 (CF4; four months post-randomization, approximately 10 months old). At each timepoint, 
infant sleep was assessed using the BISQ [29], and caregiver sleep quality was assessed using the 8-item 
short forms PROMIS® v1.0 Sleep-Related Impairment and PROMIS® v1.0 Sleep Disturbance [30].

Brief infant sleep questionnaire (BISQ)
The BISQ is a validated tool widely used in research to assess sleep patterns and behaviors in infants and 
toddlers [29,31]. It captures data on sleep-wake rhythms, sleep-related behaviors, sleeping arrangements, 
and bedtime routines over the past two weeks [29]. Total 24 h sleep duration was derived from the addition 
of nocturnal sleep and daytime sleep questions [29]. Problematic sleep was defined using dichotomous out
comes based on the variables collected from the BISQ questionnaire. Only the BISQ variables related to 
sleep-wake rhythms and caregiver-perceived problematic sleep were examined in this paper.

Infants were classified as having problematic sleep if they had <9 h of total sleep duration, >3 night awa
kenings, >1 h nocturnal wakefulness [29], or a settling time >30 min [9]. Caregiver perceptions of proble
matic sleep were captured by the question, ‘Do you consider your child’s sleep a problem?’ with responses 
categorized as ‘yes’ for ‘a very serious problem’ or ‘a small problem’, and ‘no’ for ‘not a problem at all’ [32]

Patient-reported outcomes measurement information system (PROMIS®) sleep disturbance 8a and 
sleep-related impairment 8a
Caregiver sleep quality was assessed using the Sleep Disturbance 8a [30] and Sleep-Related Impairment 8a 
[30]. These questionnaires consist of eight items rated on a 5-point scale, measuring the frequency of 
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Figure 1. CONSORT flow chart of SUN participants.
CF2; Complementary Feeding Month 2. CF4; Complementary Feeding Month 4. BISQ; Brief Infant Sleep Questionnaire. PROMIS® Disturbance; PRO
MIS® Short Form v1.0 – Sleep Disturbance 8a. PROMIS® Impairment; PROMIS® Short Form v1.0 – Sleep-Related Impairment 8a.
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problems related to sleep impairment and Sleep Disturbance over the past week [30]. Raw total scores were 
converted to standardized T-scores using the HealthMeasures Scoring Service (www.assessmentcenter.net/ 
ac_scoringservice). The T-scores are based on a normative adult reference population in the United States. 
Scores above 55 for Sleep Disturbance and 54 for Sleep-Related Impairment indicate the presence of symp
toms, with increasing scores indicating greater severity [30,33]. Internal consistency was assessed using 
Cronbach’s alpha. The Sleep Disturbance and Sleep-Related Impairment scales demonstrated high internal 
consistency of Cronbach’s α of 0.87 and Cronbach’s α of 0.89, respectively. The ‘Disturbed’ and ‘Impaired 
Sleep’ of caregivers were defined using dichotomous outcomes based on T-scores. Sleep Disturbance was 
dichotomized into mild-to-severe disturbance (T-score >55) and within normal limits (T-score ≤55). Simi
larly, Sleep-Related Impairment was categorized as mild-to-severe impairment (T-score >54) and within 
normal limits (T-score ≤54) [33].

Data analysis

The main trial was powered to detect differences in the primary outcome (detailed in the protocol paper) 
[26]. No additional sample size calculations were performed for secondary outcomes, as these were con
sidered exploratory and dependent on the sample size determined for the primary outcome. This paper 
examined the effects of kūmara (K) and kūmara with added resistant starch (K+) on infant sleep patterns 
and caregiver sleep quality at CF2 and CF4, compared with a control group. Statistical analyses were con
ducted using IBM SPSS Statistics (version 28.0; IBM Corp., Armonk, NY, USA). A two-sided p-value of 
<0.05 was considered statistically significant. Researchers were blinded to group allocation during data pro
cessing and analysis.

Means, standard deviations (SDs), and proportions were used to describe participants’ baseline charac
teristics as well as infant and caregiver sleep measures at CF2 and CF4. Adjusted regression analyses were 
performed to assess the effects of the intervention foods on infant and caregiver sleep variables at CF2 and 
CF4, using the control group as the reference. All models were adjusted for sex (the stratification factor), the 
corresponding baseline values of each outcome variable, and the age of introduction to solids at baseline. 
Since the four-month intervention began at the introduction to solids, the variable was included in the 
model to account for the variations in age at which the infant started solids. Multiple linear regression 
was used for continuous sleep variables, with results presented as beta coefficients (mean differences) 
and 95% confidence intervals (95% CI). For dichotomous sleep variables, multiple logistic regression was 
used, with results reported as odds ratios (OR) and 95% CI.

Additional exploratory analyses were conducted to compare infants’ and caregivers’ sleep measures 
between K and K + groups at CF2 and CF4.

Results

Table 1 presents the baseline characteristics, including infant baseline sleep measures (BISQ) and caregiver 
sleep quality (PROMIS® questionnaires) of participants who completed the BISQ at baseline.

Participants’ characteristics were similar across the control and both intervention groups at baseline, 
reflecting the randomization process. No major imbalances were observed between the groups. Approxi
mately 64% of the infants were European, while 11% were Māori, 2% were Pacific, 19% were Asian, and 
3% were MELAA (Middle Eastern/Latin American/African) and/or Other ethnicity. The majority of infants 
(>95%) were born full term (>37 weeks), delivered vaginally (>60%), and exclusively breastfed at baseline 
(>60%). The mean (SD) age of introduction to solids was 5.3 (0.6) months. Around 60% of infants started 
solids at 5 months of age and 34% started at 6 months of age. Additionally, over 90% of the caregivers had 
completed tertiary and higher education. A small proportion of the caregivers reported Sleep Disturbance 
(28.3%) while around half experienced impaired sleep (52.4%). Infants in this cohort slept an average of 
10.5 h during nighttime, and napped for 3.4 h during the day, adding up to 13.8 h of total sleep duration. 
No infant slept less than 9 h in a 24-hour period. The majority of the infants had no caregiver-reported sleep 
problems, 81.9% had three or fewer night wakings, 81.2% were awake for one hour or less during the night, 
and 83.8% took 30 min or less to settle to sleep at night. However, around one third (38.4%) of the parents 
viewed their infant sleep as problematic.
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Table 1. Baseline characteristics of SUN participants that completed BISQ at baseline.
All (n = 271) Control (n = 95) K+ (n = 88) K (n = 88)

n n n n

Age of infants at baseline (months)
Mean (SD) 271 4.9 (0.5) 95 4.9 (0.5) 88 4.9 (0.5) 88 5.0 (0.4)
Infant’s sex

Female 134 49.5 47 49.5 44 50.0 43 48.9
Male 137 50.6 48 50.5 44 50.0 45 51.1

Infant ethnicitya

European 173 64.1 57 60.0 58 66.7 58 65.2
Māori 30 11.1 10 10.5 9 10.3 11 12.5
Pacific 5 1.9 1 1.1 1 1.1 3 3.4
Asian 53 19.6 19 20.0 18 20.7 16 18.2
MELAA + Others 9 3.3 8 8.4 1 1.1 0.0 0.0
Missing 1 1

Infant gestational age (weeks)
≥37 262 96.7 91 95.8 87 98.9 84 95.5
<37 9 3.3 4 4.2 1 1.1 4 4.5

Mode of delivery
Vaginal 176 64.9 61 64.2 58 65.9 57 64.8
Caesareanb 95 35.1 34 35.8 30 34.1 31 35.2

Mode of milk feedingc

Exclusive breastfeedingd 157 66.2 52 62.7 47 61.0 58 75.3
Full breastfeedinge 19 8.0 8 9.6 5 6.5 6 7.8
Partial breastfeedingf 60 25.3 23 27.7 24 31.2 13 16.9
Formula feedingg 1 0.4 0 0.0 1 1.3 0 0.0
Missing 34 12 11 11

Age of introduction to solids (months)
Mean (SD) 268 5.3 (0.6) 94 5.3 (0.6) 87 5.3 (0.6) 87 5.4 (0.5)
4 months 11 4.1 7 7.4 3 3.4 1 1.1
5 months 164 61.0 56 59.6 54 61.4 54 62.1
6 months 90 33.5 31 33.0 28 31.8 31 35.6
7 months 3 1.1 0 0.0 2 2.3 1 1.1
Missing 3 1 1 1

Caregiver education level
Secondary school or lower 14 5.2 6 6.3 5 5.7 3 3.4
Tertiary/university 257 94.8 89 93.7 83 94.3 85 96.6

PROMIS® questionnaire
Sleep Disturbance T-score
Mean (SD) 269 51.6 (6.7) 94 51.3 (6.7) 88 51.3 (7.2) 87 52.4 (6.3)
Normal 193 71.7 68 72.3 65 73.9 60 69.0
Mild to Severe 76 28.3 26 27.7 23 26.1 27 31.0
Missing 2 1 1
Sleep-Related Impairment T-score
Mean (SD) 269 55.5 (7.6) 95 55.1 (7.5) 87 54.8 (8.3) 87 56.8 (7.0)
Normal 128 47.6 52 54.7 42 48.3 34 39.1
Mild to Severe 141 52.4 43 45.3 45 51.7 53 60.9
Missing 2 1 1

BISQ
Nocturnal sleep duration, h

Mean (SD) 271 10.5 (1.1) 95 10.5 (1.1) 88 10.5 (1.2) 88 10.5 (1.1)
Daytime sleep duration, h

Mean (SD) 271 3.4 (1.0) 95 3.3 (0.9) 88 3.4 (1.0) 88 3.4 (1.2)
Total sleep duration, h

Mean (SD) 271 13.8 (1.5) 95 13.7 (1.5) 88 13.9 (1.5) 88 13.8 (1.4)
≥9 h 271 100 95 100 88 100 88 100
<9 h 0 0 0 0 0 0 0 0

Night wakings, no.
Mean (SD) 271 2.3 (1.5) 95 2.4 (1.6) 88 2.1 (1.2) 88 2.3 (1.6)
≤3 wakings 222 81.9 77 81.1 74 84.1 71 80.7
>3 wakings 49 18.1 18 18.9 14 15.9 17 19.3

Nocturnal wakefulness, min
Mean (SD) 271 47.5 (39.9) 95 48.9 (43.7) 88 49.2 (0.7) 88 44.4 (34.7)
≤ 1 h 220 81.2 77 81.1 72 81.8 71 80.7
> 1 h 51 18.8 18 18.9 16 18.2 17 19.3

Settling time, min
Mean (SD) 271 24.1 (19.4) 95 23.6 (20.4) 88 26.1 (20.6) 88 22.7 (17.1)
≤30 min 227 83.8 81 85.3 71 80.7 75 85.2
> 30 min 44 16.2 14 14.7 17 19.3 13 14.8

Problematic sleep
No 167 61.6 55 57.9 60 68.2 52 59.1
Yes 104 38.4 40 42.1 28 31.8 36 40.9

Data are presented as number (n); mean (Standard Deviation); percentage. aInfant ethnicity was prioritized using the Statistics NZ classification 
Level 1: Māori, Pacific Peoples, Asian, MELAA, Other, and European [3,6,20,21,23,34]; MELAA and Other were combined for analysis purposes. 
bCeasarean includes planned and emergency. cMode of milk feeding status at baseline. dExclusive breastfeeding: Only breastmilk from the breast 
or expressed breastmilk and prescribed medicines have been given from birth. eFull breastfeeding: breastmilk only with other liquids except a 
minimal amount of water or prescribed medicines in the past 48 h. fPartial breastfeeding: Mixture of breastmilk and infant formula. gFormula 
feeding: Infant formula only. BISQ; Brief Infant Sleep Questionnaire, MELAA + Others; Middle Eastern/Latin American/African + Other ethnicity, 
PROMIS®; Patient-Reported Outcomes Measurement Information System.
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The baseline characteristics of all participants who participated in the SUN trial, as well as those with 
completed the BISQ at CF2 and CF4 are presented in Appendix A. At least 90% of the total participants 
completed the BISQ at both CF2 and CF4, and no difference in baseline characteristics were found between 
these groups and the overall study population. The mean intervention adherence among infants who com
pleted the BISQ at CF2 and CF4 were similar between groups, with more than 80% adherence observed for 
both the K and K+ groups. Among infants whose caregivers completed the BISQ at CF2 and CF4, fewer 
infants in the K group adhered to the protocol (68.3%) compared to the K+ group (78.5%) (data only 
reported in text). Most BISQ responses were provided by mothers (98.4%; n = 250) at CF2 and (98.4%; 
n = 249) at CF4. Only three fathers (1.2%) and one grandparent (0.4%) completed the BISQ at CF2 and 
CF4, respectively (data only reported in text).

Table 2 compares the Control group with the K and K+ groups for caregiver sleep quality (PROMIS® 
questionnaires) and infant sleep variables (BISQ) at CF2 and CF4. A significant mean difference was 
observed in nocturnal wakefulness at CF4, where infants in the K group were awake 8.4 min (on average) 
less per night compared to the control group (β = −8.4, 95% CI: –15.66 to –1.20, p = 0.023) (Table 2). At 
CF2, infant daytime sleep duration in the K+ group was 11.4 min longer (β = 0.19, 95% CI: –0.00–0.39, 
p = 0.053) than the control group, suggesting a trend close to statistical significance. No significant differ
ences were found between groups for caregiver Sleep Disturbance T-scores, Sleep-Related Impairment T- 
scores, or other infant sleep measures.

Table 3 presents odds ratios comparing the odds of proportions of caregivers and infants with proble
matic sleep between the K or K+ group and the control group. In this study cohort, no infants had a 
total sleep duration of <9 h; hence, this outcome measure was not included in Table 3. Infants in the K+ 

group were more likely to wake more than three times a night (OR = 2.99, 95% CI: 0.95–9.45, p = 0.061) 
compared to the control group at CF2. Caregivers in the K+ group were also more likely to perceive 
their infant’s sleep as problematic (OR = 2.13, 95% CI: 1.00–4.54, p = 0.051) at CF2. Conversely, infants 

Table 2. Comparison of adjusted mean differences in caregiver sleep quality scores (PROMIS® questionnaires) and 
caregiver-reported infant sleep variables (BISQ) between K+ vs Control and K vs Control at CF2 and CF4.

Control1 K+a

Mean differenceb (95% 
CI) 

K+ vs Control
p- 

value Ka

Mean differenceb (95% 
CI) 

K vs Control
p- 

value

Caregiver
Sleep Disturbance, T-score

CF2 51.1 ± 5.6 51.3 ± 6.9 0.45 (−1.17; 2.06) 0.584 51.9 ± 5.5 0.43 (−0.97; 1.83) 0.546
CF4 50.8 ± 6.4 50.6 ± 7.3 0.12 (−1.75; 2.00) 0.896 49.9 ± 6.6 −1.10 (−2.86; 0.76) 0.252

Sleep-Related Impairment, 
T-score
CF2 54.4 ± 7.5 53.6 ± 8.2 −0.56 (−2.47; 1.35) 0.563 54.9 ± 7.1 0.27 (−1.51; 2.04) 0.767
CF4 53.7 ± 7.0 53.8 ± 8.4 0.07 (−1.83; 1.98) 0.939 54.3 ± 8.3 −0.01 (−2.04; 2.03) 0.995

Infant
Nocturnal sleep duration, h

CF2 10.7 ± 0.9 10.5 ± 1.0 −0.18 (−0.41; 0.06) 0.134 10.8 ± 0.9 0.04 (−0.01; 0.29) 0.749
CF4 10.7 ± 1.0 10.6 ± 1.0 −0.10 (−0.36; 0.16) 0.458 10.8 ± 1.0 0.05 (−0.22; 0.32) 0.724

Daytime sleep duration, h
CF2 2.6 ± 0.7 2.9 ± 0.6 0.19 (−0.00; 0.39) 0.053 2.7 ± 0.8 0.01 (−0.19; 0.21) 0.918
CF4 2.4 ± 0.6 2.5 ± 0.7 0.15 (−0.04; 0.34) 0.119 2.4 ± 0.7 0.01 (−0.18; 0.20) 0.921

Total sleep duration, h
CF2 13.4 ± 1.1 13.4 ± 1.3 −0.01 (−0.31; 0.30) 0.967 13.5 ± 1.0 0.07 (−0.21; 0.35) 0.627
CF4 13.1 ± 1.1 13.2 ± 1.1 −0.02 (−0.34; 0.31) 0.914 13.2 ± 1.1 0.07 (−0.25; 0.39) 0.650

Night wakings, no.
CF2 2.5 ± 1.6 2.1 ± 1.4 −0.32 (−0.75; 0.11) 0.139 2.4 ± 1.8 0.02 (−0.43; 0.46) 0.946
CF4 2.2 ± 1.6 2.1 ± 1.5 0.03 (−0.41; 0.47) 0.893 2.3 ± 1.7 0.16 (−0.30; 0.61) 0.497

Nocturnal wakefulness, min
CF2 38.5 ± 28.7 31.4 ± 31.9 −6.66 (−14.76; 12.00) 0.095 35.6 ± 28.3 −0.12 (−8.10; 7.86) 0.973
CF4 34.1 ± 29.5 27.3 ± 25.0 −5.64 (−13.26; 1.98) 0.146 24.7 ± 20.8 −8.40 (−15.66; –1.20) 0.023

Settling time, min
CF2 20.7 ± 16.4 18.9 ± 14.1 −2.04 (−6.12; 2.04) 0.327 19.5 ± 18.3 −1.14 (−5.82; 3.54) 0.637
CF4 19.9 ± 17.6 18.4 ± 14.5 −9.60 (−5.58; 3.66) 0.680 17.6 ± 11.3 −1.50 (−5.82; 2.76) 0.482

95%CI: 95% confidence interval; CF2: Complementary Feeding month 2; CF4: Complementary Feeding month 4. aValues are represented as mean ± 
standard deviation (SD). bPairwise comparisons were conducted using multiple linear regression models with the control group as reference. 
Analyses were adjusted for sex, age at introduction of solids, and corresponding sleep variable measured at baseline. Bold text indicates stat
istically significant differences (p < 0.05). BISQ; Brief Infant Sleep Questionnaire, PROMIS®; Patient-Reported Outcomes Measurement Information 
System.
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in the K group at CF4 were less likely to wake for more than an hour at night (OR = 0.22, 95% CI: 0.04–1.10, 
p = 0.066), compared to the control group. No significant differences were observed between groups for 
caregivers with mild to moderate Sleep Disturbance or Sleep-Related Impairment at either timepoint.

Comparisons between the K and K+ groups at CF2 and CF4 revealed no significant mean differences or 
odd ratios for any of the sleep outcome variables (Appendices B and C).

Discussion

To the best of our knowledge, this is the first randomized control trial to investigate the effects of prebiotic 
intervention foods – standard kūmara (K) and kūmara with added resistant starch extracted from green 
banana (K+) – on caregiver-reported infant sleep and caregivers’ sleep quality during the first four months 
of complementary feeding. This study hypothesized that both infants in the K and K+ groups would have 
better and less problematic sleep leading to better caregiver sleep quality as compared to the control group, 
with K+ expected to have the most pronounced effects due to its additional prebiotic properties. The base
line sleep measures are comparable to a study that assessed sleep using BISQ in a cohort of infants of similar 
age from Australia and New Zealand [9], as well as a recently published New Zealand study that used the 
BISQ- Revised [35]. Distribution of ethnicities of infants who completed BISQ questionnaire at baseline 
largely reflected the 2023 New Zealand census data [36], although Māori and Pacific populations were 
slightly underrepresented. Given that the trial was not designed to achieve a fully representative sample, 
caution is warranted when generalizing these findings both within New Zealand and internationally.

After four months of complementary feeding, infants in the K group woke on average 8.4 min less per 
night compared to the control group, as reported by caregivers. While this difference may appear small in 
isolation, it could represent a meaningful improvement, especially for sleep-deprived caregivers when accu
mulated across an entire week (58.8 min) [10]. No significant differences in the frequency of night wakings 
were observed, suggesting that the positive effect for infants in the K group might be due to shorter dur
ations of wakefulness rather than fewer night wakings. This aligns with the findings of a non-significant 
trend in which infants in the K group had lower odds of staying awake for more than an hour at night 
(classified as problematic sleep) compared to controls (p = 0.066). This highlights a potential benefit of 
kūmara in facilitating infants to return to sleep swiftly, possibly preventing the development of a sleep pro
blem [37]. In this study, kūmara, identified as a prebiotic food [24], was blanched and cooled twice to 

Table 3. Comparison of adjusted odds ratios for caregiver sleep problems (PROMIS® questionnaires) and infant problematic 
sleep1a (BISQ) between K+ vs Control and K vs Control at CF2 and CF4.

Controlb K+b
Odds ratio (95%CI)c 

K+ vs Control p-value Kb
Odds ratio (95%CI)c 

K vs Control p-value

Caregiver
Sleep Disturbance, T-score

CF2 18 (20) 21 (25.0) 1.36 (0.62; 2.97) 0.444 23 (27.7) 1.57 (0.72; 3.41) 0.256
CF4 17 (19.1) 21 (25.0) 1.54 (0.70; 3.40) 0.285 12 (14.3) 0.70 (0.30; 1.64) 0.416

Sleep-Related Impairment, T-score
CF2 42 (46.7) 37 (44.0) 0.76 (0.38; 1.53) 0.435 47 (56.0) 1.34 (0.68; 2.67) 0.402
CF4 40 (44.9) 38 (45.2) 0.85 (0.43; 1.69) 0.638 41 (48.8) 0.90 (0.46; 1.76) 0.757

Infant
Night wakings (>3 wakings)

CF2 19 (21.6) 16 (19.3) 0.87 (0.39;1.95) 0.733 22 (26.5) 1.34 (0.61; 2.95) 0.472
CF4 15 (17) 15 (18.3) 1.41 (0.56; 3.53) 0.466 18 (21.7) 1.55 (0.64; 3.71) 0.329

Nocturnal wakefulness (>1 h)
CF2 7 (8.0) 12 (14.5) 2.99 (0.95; 9.43) 0.061 9 (10.8) 1.63 (0.53; 5.01) 0.399
CF4 8 (9.1) 5 (6.1) 0.66 (0.19; 2.26) 0.503 2 (2.4) 0.22 (0.04; 1.10) 0.066

Settling time (>30 min)
CF2 9 (10.2) 5 (6.0) 0.49(0.14; 1.76) 0.274 10 (12.0) 1.24 (0.44; 3.46) 0.683
CF4 10 (11.4) 6 (7.3) 0.56 (0.15; 2.12) 0.396 4 (4.8) 0.40 (0.11; 1.47) 0.166

Problematic sleep (Yes)
CF2 36 (40.9) 40 (48.2) 2.13 (1.00; 4.54) 0.051 42 (50.6) 1.75 (0.88; 3.47) 0.112
CF4 39 (44.3) 39 (47.6) 1.37 (0.69; 2.70) 0.366 39 (47.0) 1.22 (0.64; 2.33) 0.544

95%CI: 95% confidence interval; CF2: Complementary Feeding month 2; CF4: Complementary Feeding month 4. aTotal sleep duration measured by 
BISQ <9 h (n = 0), excluded from the table. bValues are represented as n (%).cPairwise comparisons were conducted using adjusted binary logistic 
regression models with the control group as reference. Analyses were adjusted for sex, age at introduction of solids, and corresponding sleep 
variable measured at baseline. BISQ; Brief Infant Sleep Questionnaire, PROMIS®; Patient-Reported Outcomes Measurement Information System.
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increase its resistant starch (resistant starch class 3) content [38], which may have enhanced the infant’s gut 
health and promoted satiety [39], reducing the need for prolonged nighttime feedings and allowing infants 
to go back to sleep quicker. However, further investigation is required to confirm this proposed mechanism. 
Examination of infant gut microbiota composition and SCFA production could provide insight into the 
effects of prebiotic food on sleep regulation [20,21].

In the K+ group, a trend of infants sleeping 11.4 min longer during the daytime (p = 0.053) compared to 
the control group was observed at CF2 (around 8 months of age). Although not statistically significant, this 
may hold clinical importance, as caregivers often consider daytime naps essential for an infant’s overall 
functioning, including potential cognitive benefits (1), and for supporting caregivers’ daily routines (2). 
This increase in daytime sleep, however, did not translate to lower odds of caregiver-reported problematic 
sleep. In fact, infants in the K+ group were reported to have higher odds of staying awake for more than an 
hour at night (p = 0.061) and having problematic sleep (p = 0.051) compared to the control group at CF2. 
One possible explanation is that longer daytime naps could result in shorter night time sleep periods, [40] 
which in this study may have contributed to infants staying awake for more than an hour at night. Pro
longed nighttime wakefulness is a common cause of caregiver perceived infant sleep problem [41], and 
therefore leading to higher parental reported problematic sleep in this study cohort. Another potential 
explanation for this relationship is the variability in infants’ tolerance to resistant starch, in which infants 
in K+ group received a higher dose of resistant starch through the intervention food compared to the K 
group. While gastrointestinal discomfort associated with resistant starch intake has been observed in adults 
[42], there is a paucity of studies examining feeding interventions involving resistant starch in infancy. In 
addition, dietary guidelines on total fiber intake, of which resistant starch is categorized as a fraction [43], 
are lacking in infants under 12 months of age [44,45]. Although an in-vitro study examining the fermenta
tion capacity of healthy infants’ fecal samples has demonstrated their ability to ferment resistant starch [25], 
existing human research has primarily focused on its beneficial effects in managing watery stools or diarrhea 
[46], leaving its gastrointestinal impact on otherwise healthy infants largely unexplored. This warrants 
future research that incorporates direct measures of gastrointestinal symptoms or use of validated question
naires to better understand these effects. In contrast with the hypothesis, the added prebiotic effect did not 
contribute to better and less problematic sleep in infants from K+ group, suggesting a complex relationship 
between sleep and feeding at this age.

There were no significant differences or trends in caregiver sleep quality across groups, as assessed by the 
PROMIS® Sleep Disturbance and impairment scores. This is not unexpected since the SUN study did not 
specifically recruit participants who had infants with sleep issues [47], and minor changes in infant sleep 
might not drastically affect caregiver’s perceptions of their sleep quality. It is possible that objective 
measures of caregiver sleep may be more sensitive in detecting subtle changes in their sleep-wake patterns 
associated with infant sleep [48].

Strength and limitations

Strengths of the study include the high average adherence rate to the kūmara intervention (>80%) and a 
moderately good adherence to protocol (>68%), along with a high completion rate for the BISQ (>90%) 
at CF2 and CF4, despite these questionnaires being secondary outcomes of the main trial. Additionally, 
the baseline characteristics of infants whose caregivers completed the BISQ were similar to those of the 
overall SUN cohort, minimizing selection bias. Another strength of the study was the use of PROMIS® 
sleep questionnaires, which provides a comprehensive assessment of caregiver sleep by evaluating nighttime 
sleep disturbance, and daytime functioning using the Sleep-Related Impairment questionnaire [30].

Several limitations should be considered when interpreting these findings. Firstly, the BISQ is a subjec
tive assessment tool and is therefore susceptible to reporting and recall biases [3]. It is less accurate at cap
turing the duration of sleep as compared to an objective assessment tool such as actigraphy [49]. The BISQ 
is typically used in larger cohort studies that have recruited more participants (i.e. >500) [9,50], which may 
partly account for the trends observed in this study not achieving statistical significance. Additionally, as 
this is an exploratory investigation and a secondary outcome of the SUN study, the sample size was not 
powered to detect significant changes in sleep measures. Furthermore, participants were not recruited 
based on sleep problems, which limits the findings related to problematic sleep and explains the absence 
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of infants with less than 9 h of nocturnal sleep per night. Lastly, the caregivers were skewed towards highly 
educated (>90% completed tertiary and higher education) and mothers who were exclusively breastfeeding 
(>60%) at baseline, potentially limiting the generalizability of these findings to more diverse feeding 
methods.

Conclusions

To our knowledge, the study is the first randomized controlled trial to explore the effects of prebiotic inter
vention foods on caregiver-reported infant sleep and caregiver sleep quality during complementary feeding. 
The findings provide preliminary insights into the potential benefits of kūmara by reducing nocturnal wake
fulness in infants after four months of daily consumption. However, while the kūmara enriched with resist
ant starch (K+) showed a (non-significant) trend of increased daytime sleep duration at ten months of age, it 
was associated with trends toward more caregiver-reported sleep problems and extended nighttime wake
fulness (>1 h). These findings are partially aligned with the study hypothesis, with infants in the K group 
demonstrating reduced nocturnal wakefulness at the end of the four-month intervention, whereas no 
such improvement was observed in the K+ group infants. In addition, there was no significant difference 
in caregiver sleep quality between groups at any timepoint.

Future studies should incorporate objective sleep measures such as actigraphy and explore gut micro
biota diversity and short-chain fatty acid concentrations to better understand the mechanisms underlying 
the observed effects. Research specifically powered for infant sleep as a primary outcome are essential to 
confirm these findings and to inform evidence-based recommendations for complementary feeding prac
tices that support both infant sleep and caregiver wellbeing.

Author contributions

XF: Conceptualization, Methodology, Software, Data curation, Investigation, Writing – original draft, Pro
ject administration; ALL, CRW, and BCG: Conceptualization, Methodology, Resources, Writing – review & 
editing, Supervision, Project administration; CRW: Funding acquisition; TC and YJ: Formal analysis, Writ
ing – review & editing; RLL: Investigation, Project administration, Writing – review & editing; NM: Inves
tigation, Writing – review & editing; BCG: Validation. All authors have read and approved the final article.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was funded by New Zealand Ministry of Business Innovation and Employment as part of the High Value 
Nutrition – National Science Challenge.

Data availability statement

The authors confirm that the data supporting the findings of this study are available within the article and its sup
plementary materials.

Notes on contributors

Xiaoxi Fu completed her PhD in Nutrition at the Faculty of Medical and Health Sciences, University of Auckland, New 
Zealand, in 2025. Her research focuses on the effects of introducing a prebiotic-rich first food on infant sleep patterns 
during the first year of life, as part of the Seeding Through Feeding (SUN) Study. Her research interests are in paediatric 
nutrition, infant sleep, and population health.
Amy L. Lovell is a Senior Lecturer in the Discipline of Nutrition at the University of Auckland. She completed her PhD 
in Nutrition at the Faculty of Medical and Health Sciences, University of Auckland, New Zealand, in 2019. She teaches 
across the Nursing, Medicine, Pharmacy, and Postgraduate Medical Sciences programs. Amy is a New Zealand 

10 X. FU ET AL.



Registered Dietitian (NZRD) and a paediatric oncology dietitian at the Starship Blood and Cancer Centre (Te Whatu 
Ora). Her research interests include early-life nutrition, feeding difficulties, and nutrition for children with a cancer 
diagnosis.
Clare R. Wall is a Professor and Head of the School of Medical Sciences at the University of Auckland. She completed 
her PhD at Queensland University of Technology, Brisbane, Australia. She qualified as a dietitian in the United King
dom in 1984 and subsequently specialised in paediatric dietetics, working across both the UK and Australia. She is a 
New Zealand Registered Dietitian and Deputy Chair of the Council of Deans of Nutrition and Dietetics (Australia and 
New Zealand), and serves on the Australia New Zealand Steering Committee for the NNEdPro network. Her research 
focuses on the determinants of nutritional status and health outcomes in paediatric populations, with particular 
emphasis on pregnancy and early life. She has contributed to several large research programmes, including Growing 
Up in New Zealand, and led the Infant Health priority research programme within the High-Value Nutrition National 
Science Challenge.
Teresa Gontijo De Castro is a Dietitian and holds a Master’s and PhD in Public Health Nutrition from the University of 
São Paulo (USP), Brazil. She is a Senior Research Fellow at the Department of Nutrition and Dietetics at the University 
of Auckland, New Zealand. She is also serving as a Collaborating Professor for the Postgraduate Programme in Nutri
tion and Health at the Federal University of Minas Gerais, Brazil.  Teresa has expertise in nutritional and life-course 
epidemiology, early-life nutrition, population nutrition monitoring, and food environment monitoring.
Yannan Jiang is a Senior Research Fellow in the Department of Statistics and a member of the Centre for Translational 
Health Research at the University of Auckland. She completed her first degree in Mathematics at Beijing Normal Uni
versity and her MSc and PhD in Statistics at the University of Auckland. She joined the National Institute for Health 
Innovation (formerly known as Clinical Trials Research Unit) in 2005 as a Senior Biostatistician and has been a found
ing member of the Statistical Consulting Centre since 2009. In 2021, she was appointed Lead Biostatistician of the Glo
bal Vaccine Data Network (GVDN). Her research focuses on statistical methodology and collaborative work in 
national and international studies, including study design, data analysis, and reporting. She is an invited statistical 
reviewer for medical journals, and a member of the New Zealand Statistical Association (NZSA).
Robyn L. Lawrence is New Zealand Registered Dietitian and Lecturer in Nutrition & Dietetics at Massey University, 
with a PhD in Perinatal Science from the Liggins Institute, University of Auckland. Her research focuses on maternal 
and infant nutrition, and gestational diabetes, with a strong interest in supporting women through pregnancy and 
beyond.
Nisha Mahawar is a New Zealand Registered Dietitian who completed her Master’s degree in Nutrition and Dietetics at 
the University of Auckland. She was involved in the Seeding throUgh feediNg (SUN) randomized controlled trial as a 
clinical researcher, contributing to the day-to-day research operations.
Barbara C. Galland is a Professor at the University of Otago. She completed a Bachelor of Science (1st class honours) in 
Physiology in 1984 and a PhD in Pharmacology in 1989 at the University of Otago. Her research has a primary focus on 
children’s sleep health as part of her multidisciplinary and collaborative research programme. Her research builds on 
the growing awareness that good sleep health is essential for optimal child development, influencing behavioural regu
lation, learning, physical and mental health, and overall well-being. She has considerable expertise in large-scale studies 
using wrist-worn actigraphy and experience in smaller-scale studies employing polysomnography to explore sleep 
architecture. All her research has a strong focus on sleep metrics essential for understanding the complexities of sleep.

ORCID

Xiaoxi Fu http://orcid.org/0000-0002-0444-3816
Amy L. Lovell http://orcid.org/0000-0002-1708-9633
Clare R. Wall http://orcid.org/0000-0003-1062-3909
Teresa Gontijo De Castro http://orcid.org/0000-0003-1275-4072
Yannan Jiang http://orcid.org/0000-0002-7663-9164
Robyn L. Lawrence http://orcid.org/0000-0001-5614-6365
Nisha Mahawar http://orcid.org/0000-0002-8935-3421
Barbara C. Galland http://orcid.org/0000-0002-2376-3575

References

[1] Tham EK, Schneider N, Broekman BF. Infant sleep and its relation with cognition and growth: a narrative review. 
Nat Sci Sleep. 2017;9:135–49.

[2] Mindell JA, Leichman ES, Rotella K. Maternal beliefs and cognitions about naps in infants and toddlers. Eur J 
Pediatr. 2024;183(1):263–9.

[3] Paavonen EJ, Saarenpää-Heikkilä O, Morales-Munoz I, Virta M, Häkälä N, Pölkki P, et al. Normal sleep devel
opment in infants: findings from two large birth cohorts. Sleep Med. 2020;69:145–54.

NUTRITIONAL NEUROSCIENCE 11

http://orcid.org/0000-0002-0444-3816
http://orcid.org/0000-0002-1708-9633
http://orcid.org/0000-0003-1062-3909
http://orcid.org/0000-0003-1275-4072
http://orcid.org/0000-0002-7663-9164
http://orcid.org/0000-0001-5614-6365
http://orcid.org/0000-0002-8935-3421
http://orcid.org/0000-0002-2376-3575


[4] Hart CN, Jelalian E. Shortened sleep duration is associated with pediatric overweight. Behav Sleep Med. 
2008;6(4):251–67.

[5] Davis KF, Parker KP, Montgomery GL. Sleep in infants and young children: part one: normal sleep. J Pediatr 
Health Care. 2004;18(2):65–71.

[6] Morales-Muñoz I, Lemola S, Saarenpää-Heikkilä O, Kylliäinen A, Pölkki P, Paunio T, et al. Parent-reported early 
sleep problems and internalising, externalising and dysregulation symptoms in toddlers. BMJ Paediatr Open. 
2020;4(1):e000622.

[7] El-Sheikh M, Kelly RJ. Family functioning and children’s sleep. Child Dev Perspect. 2017;11(4):264–9.
[8] Morrell J, Steele H. The role of attachment security, temperament, maternal perception, and care-giving behavior 

in persistent infant sleeping problems. Infant Ment. Health J. 2003;24(5):447–68.
[9] Teng A, Bartle A, Sadeh A, Mindell J. Infant and toddler sleep in Australia and New Zealand. J Paediatr Child 

Health. 2012;48(3):268–73.
[10] Hiscock H, Wake M. Infant sleep problems and postnatal depression: a community-based study. Pediatrics. 

2001;107(6):1317–22.
[11] Mindell JA, Collins M, Leichman ES, Bartle A, Kohyama J, Sekartini R, et al. Caregiver perceptions of sleep pro

blems and desired areas of change in young children. Sleep Med. 2022;92:67–72.
[12] Mindell JA, Leichman ES, Puzino K, Walters R, Bhullar B. Parental concerns about infant and toddler sleep 

assessed by a mobile app. Behav Sleep Med. 2015;13(5):359–74.
[13] Thomas KA, Foreman SW. Infant sleep and feeding pattern. Eff Maternal Sleep. 2005;50(5):399–404.
[14] Sadeh A, Tikotzky L, Scher A. Parenting and infant sleep. Sleep Med Rev. 2010;14(2):89–96.
[15] Philbrook LE, Teti DM. Bidirectional associations between bedtime parenting and infant sleep: parenting quality, 

parenting practices, and their interaction. J Fam Psychol. 2016;30(4):431–41.
[16] Henderson JMT, France KG, Blampied NM. The consolidation of infants’ nocturnal sleep across the first year of 

life. Sleep Med Rev. 2011;15(4):211–20.
[17] Fu X, Lovell AL, Braakhuis AJ, Mithen RF, Wall CR. Type of milk feeding and introduction to complementary 

foods in relation to infant sleep: a systematic review. Nutrients. 2021;13(11):4105.
[18] Kuo AA, Inkelas M, Slusser WM, Maidenberg M, Halfon N. Introduction of solid food to young infants. Matern 

Child Health J. 2011;15(8):1185–94.
[19] Roberfroid M, Gibson GR, Hoyles L, McCartney AL, Rastall R, Rowland I, et al. Prebiotic effects: metabolic and 

health benefits. Br J Nutr. 2010;104(S2):S1–63.
[20] Heath A-LM, Haszard JJ, Galland BC, Lawley B, Rehrer NJ, Drummond LN, et al. Association between the faecal 

short-chain fatty acid propionate and infant sleep. Eur J Clin Nutr. 2020;74(9):1362–5.
[21] Silva YP, Bernardi A, Frozza RL. The role of short-chain fatty acids from gut microbiota in gut-brain communi

cation. Front Endocrinol (Lausanne). 2020 Jan 31;11:25.
[22] Erland LA, Saxena PK. Melatonin natural health products and supplements: presence of serotonin and significant 

variability of melatonin content. J Clin Sleep Med. 2017;13(2):275–81.
[23] Padarath S, Gerritsen S, Mackay S. Nutritional aspects of commercially available complementary foods in New 

Zealand supermarkets. Nutrients. 2020;12(10):2980.
[24] Michelini S, Balakrishnan B, Parolo S, Matone A, Mullaney JA, Young W, et al. A reverse metabolic approach to 

weaning: in silico identification of immune-beneficial infant gut bacteria, mining their metabolism for prebiotic 
feeds and sourcing these feeds in the natural product space. Microbiome. 2018;6(1):171.

[25] Gopalsamy G, Mortimer E, Greenfield P, Bird AR, Young GP, Christophersen CT. Resistant starch is actively 
fermented by infant faecal microbiota and increases microbial diversity. Nutrients. 2019;11(6):1345.

[26] Wall CR, Roy NC, Mullaney JA, McNabb WC, Gasser O, Fraser K, et al. Nourishing the infant Gut microbiome to 
support immune health: protocol of SUN (seeding through feeding) randomized controlled trial. JMIR Res 
Protoc. 2024;13:e56772.

[27] Wātaka Tuku Awhikiri ā-Motu National Immunisation Schedule [Internet]. Health New Zealand Te Whatu Ora; 
2024. Available from: https://info.health.nz/immunisations/national-immunisation-schedule

[28] Healthy Eating Guidelines for New Zealand Babies and Toddlers (0–2 years old) [Internet]. Wellington: Ministry 
of Health.2021. Available from: https://www.health.govt.nz/system/files/documents/publications/healthy-eating- 
guidelines-for-new-zealand-babies-and-toddlers-nov21-v2.pdf

[29] Sadeh A. A brief screening questionnaire for infant sleep problems: validation and findings for an Internet 
sample. Pediatrics. 2004;113(6):e570–7.

[30] Yu L, Buysse DJ, Germain A, Moul DE, Stover A, Dodds NE, et al. Development of short forms from the 
PROMIS™ sleep disturbance and sleep-related impairment item banks. Behav Sleep Med. 2011;10(1):6–24.

[31] Mindell JA, Sadeh A, Wiegand B, How TH, Goh DYT. Cross-cultural differences in infant and toddler sleep. Sleep 
Med. 2010;11(3):274–80.

[32] Harskamp–van Ginkel MW, Imkamp NLE, van Houtum L, Vrijkotte TGM, Ben Haddi-Toutouh Y, Chinapaw 
MJM. Parental discontent with infant sleep during the first two years of life. Behav Sleep Med. 
2023;21(6):727–40.

[33] PROMIS® Score Cut Points. (2025). Available from: https://www.healthmeasures.net/index.php?option=com_ 
content&view=category&layout=blog&id=200&Itemid=1213

12 X. FU ET AL.

https://info.health.nz/immunisations/national-immunisation-schedule
https://www.health.govt.nz/system/files/documents/publications/healthy-eating-guidelines-for-new-zealand-babies-and-toddlers-nov21-v2.pdf
https://www.health.govt.nz/system/files/documents/publications/healthy-eating-guidelines-for-new-zealand-babies-and-toddlers-nov21-v2.pdf
https://www.healthmeasures.net/index.php?option=com_content&view=category&layout=blog&id=200&Itemid=1213
https://www.healthmeasures.net/index.php?option=com_content&view=category&layout=blog&id=200&Itemid=1213


[34] Ethnicity standard classification: Findings from public consultation November 2019 [Internet]. Statistics New 
Zealand Tatauranga Aotearoa; 2020. Available from: https://www.stats.govt.nz/consultations/ethnicity- 
standard-classification-findings-from-public-consultation-november-2019/

[35] Fangupo LJ, Haszard JJ, Russell-Camp T, Taylor RW, Richards R, Galland BC, et al. The measurement of young 
children’s nocturnal sleep health and the development of the perception of infant and toddler sleep scale (PoITSS) 
in aotearoa New Zealand whānau (families). Sleep Health. 2024;10(5):567–75.

[36] 2023 Census population counts (by ethnic group, age, and Māori descent) and dwelling counts [Internet]. Stats 
NZ Tatauranga Aotearoa; 2023. Available from: https://www.stats.govt.nz/information-releases/2023-census- 
population-counts-by-ethnic-group-age-and-maori-descent-and-dwelling-counts/

[37] Yan S, Chen J, Zhang F. Infant sleep patterns and maternal postpartum fatigue: a cross-sectional study. Journal of 
Obstetrics and Gynaecology Research. 2022;48(5):1193–201.

[38] Zaman SA, Sarbini SR. The potential of resistant starch as a prebiotic. Crit Rev Biotechnol. 2016;36(3):578–84.
[39] Chambers ES, Morrison DJ, Frost G. Control of appetite and energy intake by SCFA: what are the potential 

underlying mechanisms? Proc Nutr Soc. 2015;74(3):328–36.
[40] Acebo C, Sadeh A, Seifer R, Tzischinsky O, Hafer A, Carskadon MA. Sleep/wake patterns derived from activity 

monitoring and maternal report for healthy 1- to 5-year-old children. Sleep. 2005;28(12):1568–77.
[41] Mindell JA, Kuhn B, Lewin DS, Meltzer LJ, Sadeh A. Behavioral treatment of bedtime problems and night wak

ings in infants and young children. Sleep. 2006;29(10):1263–76.
[42] Chen Z, Liang N, Zhang H, Li H, Guo J, Zhang Y, et al. Resistant starch and the gut microbiome: exploring ben

eficial interactions and dietary impacts. Food Chem X. 2024;21:101118.
[43] Lupton JR, Brooks J, Butte N, Caballero B, Flatt J. Fried SJNAPW, DC, USA. Dietary reference intakes for energy, 

carbohydrate, fiber, fat, fatty acids, cholesterol, protein, and amino acids. J Am Diet Assoc. 2002;5:589–768.
[44] Capra S. Nutrient reference values for Australia and New Zealand: including recommended dietary intakes. 2006.
[45] Dahl WJ, Stewart ML. Position of the academy of nutrition and dietetics: health implications of dietary fiber. J 

Acad Nutr Diet. 2015;115(11):1861–70.
[46] Raghupathy P, Ramakrishna BS, Oommen SP, Ahmed MS, Priyaa G, Dziura J, et al. Amylase-resistant starch as 

adjunct to oral rehydration therapy in children with diarrhea. J Pediatr Gastroenterol Nutr. 2006;42(4):362–8.
[47] Hiscock H, Bayer JK, Hampton A, Ukoumunne OC, Wake M. Long-term mother and child mental health effects 

of a population-based infant sleep intervention: cluster-randomized, controlled trial. Pediatrics. 2008;122(3): 
e621–7.

[48] Gossé LK, Wiesemann F, Elwell CE, Jones EJH. Concordance between subjective and objective measures of infant 
sleep varies by age and maternal mood: implications for studies of sleep and cognitive development. Infant Behav 
Dev. 2022;66:101663.

[49] Galland BC, Short MA, Terrill P, Rigney G, Haszard JJ, Coussens S, et al. Establishing normal values for pediatric 
nighttime sleep measured by actigraphy: a systematic review and meta-analysis. Sleep. 2018;41(4). doi:10.1093/ 
sleep/zsy017.

[50] Santos IS, Del-Ponte B, Tovo-Rodrigues L, Halal CS, Matijasevich A, Cruz S, et al. Effect of parental counseling on 
infants’ healthy sleep habits in Brazil: a randomized clinical trial. JAMA Network Open. 2019;2(12):e1918062.

NUTRITIONAL NEUROSCIENCE 13

https://www.stats.govt.nz/consultations/ethnicity-standard-classification-findings-from-public-consultation-november-2019/
https://www.stats.govt.nz/consultations/ethnicity-standard-classification-findings-from-public-consultation-november-2019/
https://www.stats.govt.nz/information-releases/2023-census-population-counts-by-ethnic-group-age-and-maori-descent-and-dwelling-counts/
https://www.stats.govt.nz/information-releases/2023-census-population-counts-by-ethnic-group-age-and-maori-descent-and-dwelling-counts/
https://doi.org/doi:10.1093/sleep/zsy017
https://doi.org/doi:10.1093/sleep/zsy017

	Abstract
	Introduction
	Methods
	Participants
	Intervention
	Outcome assessment
	Brief infant sleep questionnaire (BISQ)
	Patient-reported outcomes measurement information system (PROMIS®) sleep disturbance 8a and sleep-related impairment 8a

	Data analysis

	Results
	Discussion
	Strength and limitations

	Conclusions
	Author contributions
	Disclosure statement
	Data availability statement
	Notes on contributors
	ORCID
	References

