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Abstract 

Prevention is the recommended strategy for addressing childhood obesity and 
may be particularly important for minority groups such as Native Hawaiians, 
Pacific Islanders, and Filipinos (NHPIF) who display poorer health outcomes 
than other race/ethnic groups. Complementary feeding is a critical milestone 
in the first 1,000 days of life and plays a critical role in growth and eating habit 
formation. This cross-sectional study recruited NHPIF infants between 3 – 12 
months of age residing on O‘ahu, Hawai‘i to examine timing and types of 
complementary foods introduced first as well as the dietary diversity of those 
infants 6 – 12 months of age. Basic demographic information and early feeding 
practices were assessed via online questionnaire. Diet was evaluated using 
the image-based mobile food record completed over 4-days. Images were 
evaluated to derive the World Health Organization’s minimum dietary diver-
sity (MDD) score. Data were analyzed using descriptive statistics and linear 
regressions. Seventy participants completed the study with a majority being 
between the ages of 6 – 12 months (n=56). About half of the participants were 
provided a complementary food prior to 6 months of age with the most common 
first complementary food being poi (steamed, mashed taro). Grains were the 
most commonly reported food group while the high protein food groups was 
the least commonly reported. Approximately 25% of infants 6 – 12 months of 
age met MDD all four days. Meeting MDD was significantly associated with 
age. Findings illuminate opportunities for improvement (eg, delayed introduc-
tion) and for promotion (eg, cultural foods) in NHPIF complementary feeding.
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Introduction

Early feeding practices, including the type, timing, and diversity 
of complementary foods shape long-term eating and health 
behaviors. This period is linked with rapid growth and likely 
influences risk for obesity, chronic disease, and other health 
conditions later in life.1 Recent data from the Supplemental 
Nutrition Program for Women, Infants and Children (WIC) 
found that few infants frequently consumed fruits (14.4%) and 

vegetables (7.0%) and 14.0% had no exposure to sugary bever-
ages.2 The only assessment of complementary food practices in 
Hawai‘i,3 a location with a high proportion of Native Hawaiians, 
Pacific Islanders, and Filipinos (NHPIF), found that many infants 
did not meet complementary food timing recommendations, 
which is not unlike current national trends4 or what has been 
documented in the Asia Pacific region.5

Prevention is a recommended strategy for addressing child 
obesity and starts with nutrition in the first 1,000 days of life.1 
There are many external influences on infant feeding practices 
that include personal beliefs, family, socioeconomic status, and 
culture.6 Early feeding may be a significant disease prevention 
and health promotion stage in life especially for underserved 
minority populations like NHPIF, who are one of the highest-risk 
populations in the United States (US) with increased prevalence 
rates of diabetes, obesity, and cardiovascular risk factors and 
the poorest healthy life expectancies in comparison to other 
population groups.7-9 In early childhood, the prevalence of 
obesity in NHPIF children 2 – 8 years of age was second only 
to American Indians and Alaska Natives in comparison to other 
racial or ethnic groups in the US Affiliated Pacific Region.10 Data 
from the largest federally qualified community health center in 
Hawai‘i, which represents a community with a high proportion 
of NHPIF, found that children who underwent rapid growth 
between 12 months and 23 months were at the highest risk for 
child obesity in Pre-Kindergarten.11 Additional data from the 
Hawai‘i WIC found that 17.5% of Samoan children 12 months 
of age were at or above the 95th percentile of weight-for-age 
in comparison to 5.9% of white children; moreover, by 2 – 4 
years of age,  Samoan children were almost 4 times as likely 
to have a body mass index at or above the 95th percentile in 
comparison to white children of the same age.12 Researchers 
from those studies hypothesized that overall feeding patterns 
influenced these findings; however, it is unknown how com-
plementary feeding, ie, foods added to the diet in addition to 
human milk (or infant formula), have contributed individually 
to these numbers.

No recent examination has assessed the infant diet quality of 
NHPIF. Unfortunately, data for NHPIF subpopulations are 
consolidated into the “other” category in national surveil-
lance summaries. As a result, national monitoring efforts do 
not allow for meaningful interpretations of NHPIF popula-
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tions.13 Consuming diverse foods to meet one’s nutrient needs 
is one tenet of a healthful diet. Among infants, Moursi, et al, 
reported the variety of food groups consumed was found to 
predict micronutrient density and dietary quality.14 Similarly, 
Steyn, et al, reported dietary diversity can act as a simple and 
quick indicator of the micronutrient adequacy of the diet.15 A 
longitudinal examination of infant dietary diversity among an 
international cohort of urban, predominantly human milk fed 
infants 6 – 12 months found that infants in Cincinnati (US) had 
a lower dietary diversity than infants in Shanghai (China) and 
Mexico City (Mexico).16

The aim of this study was twofold. First, to examine timing 
and types of complementary foods introduced first to NHPIF 
infants ages 3 – 12 months residing on O‘ahu, Hawai‘i. Second, 
to examine dietary diversity of those NHPIF infants 6 – 12 
months of age. These findings will provide an indication of 
complementary feeding practices as well as the healthfulness 
of the infant diet.

Methods

Study Sample

The target population for this cross-sectional study was NHPIF 
infants between 3 – 12 months of age residing on O‘ahu, Hawai‘i. 
The 3 – 12 month age range was selected based on previous 
research documenting that complementary food introduction 
occurs as early as 3 months.3 To be eligible to participate, the 
infant’s caregiver(s) had to be 18 years of age or older, have 
an iOS mobile device, and have reliable access to the Internet. 
Recruitment for a convenience sample of NHPIF infants was 
primarily community-based and occurred through community 
events (eg, Baby Expo), programs (eg, WIC), and networking. 
Seventy infants and their caregivers completed the study. Insti-
tutional Review Board (IRB) exemption from the University 
of Hawai‘i was received prior to the collection of data (IRB 
reference number: 2017-00845). Consent was obtained in writ-
ing from the caregivers for both their participation and their 
infant’s participation prior to collecting any data.

Questionnaire

All caregivers were asked to complete an online questionnaire 
administered through a research web application about them-
selves and their infant(s) at study onset. Caregivers reported 
basic demographic information and early life feeding practices 
such as timing and type of introduction of complementary food.

Dietary Assessment 

Dietary assessment of the infant occurred through surrogate 
reporting via caregiver with the mobile food recordTM (mFRTM; 
Purdue University, 1.2.1firstfoods-MF, Updated January 29, 
2019, West Lafayette, IN). The mFR is an application designed 

specifically for assessment of dietary intake which uses the 
camera on a mobile device to capture food and beverage intake, 
which is then used to estimate energy and nutrient intakes. The 
use of the mFR has resulted in increased accuracy of diet data 
collected for children,17 adolescents, and adults.18 Adults (18-49 
years) are the highest adopters of mobile devices and represent 
the majority of parents with young children. This study is the 
first time that an image-based dietary assessment approach has 
been used with infants.19 The mFR was loaded on to the care-
giver’s mobile device and training on the mFR application was 
completed prior to data collection. Caregivers were instructed 
to complete a 4-day food record (Thursday – Sunday) using the 
mFR. They were instructed to take pre- and post-images of all 
foods and beverages the participant consumed over the 4 day 
period. Breastfeeding events were recorded with a timer avail-
able on the mFR. As this was the first time this method has been 
applied to infants, study days were selected following previous 
studies.17,20 After the collection period concluded, a member 
of the research team reviewed the images from the mFR with 
caregivers to verify content, as needed, and to probe for any 
forgotten foods or beverages. At the end of the data collection 
period, caregivers were given a $40 gift card.

Dietary Diversity Score

Diet quality index scores like the healthy eating index do not 
currently exist from birth to 24 months due to the US Dietary 
Guidelines only applying to the population 2 years of age and 
older. Therefore, the global metric Minimum Dietary Diversity 
(MDD) score from the World Health Organization (WHO) was 
used to examine infant diet quality in this study.21 To the authors’ 
knowledge, the WHO MDD has rarely been used in developed 
countries and never in NHPIF populations. To calculate, the 
number of solid foods and liquids consumed in any amount more 
than a condiment was counted in the mFR recorded images each 
day. Using the WHO MDD metric, solids and liquids consumed 
in a day were categorized into seven food groups: (1) grains, 
roots, and tubers [grains]; (2) legumes and nuts [legumes]; 
(3) dairy products (milk, including formula, yogurt, cheese) 
[dairy]; (4) flesh foods (meat, fish, poultry, liver/organ meats) 
[flesh]; (5) eggs [eggs]; (6) vitamin A-rich fruits and vegetables 
[vitamin A FV]; and (7) other fruits and vegetables [other FV]. 
MDD is predictive of micronutrient density of the infant’s diet 
and considered met if the infant is reported to have consumed 
four or more of the seven food groups in a given day.21 Human 
milk is not counted in a food group as the WHO MDD metric 
is examining foods provided in addition to human milk.

Analysis

Descriptive statistics (frequency [percentage], mean [standard 
deviation (SD)]) were used to summarize the data. The MDD 
score was calculated as the mean number of food groups 
recorded across the four days of the mFR. The infants were 
further grouped by age (3 – 5 months versus 6 – 12 months), 
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by the mode of feeding (liquids only versus solids only versus 
liquids and solids), and by liquid food type (human milk versus 
formula versus both). It has been documented that dietary di-
versity is inherently different between infants fed human milk 
versus formula.22 Quantitative variables were compared among 
subgroups using analysis of variance (ANOVA) methods while 
categorical variables were compared using Chi-squared tests. 
The proportion meeting or not meeting the MDD (≥4 food 
groups) was also examined in the participants 6 – 12 months 
of age subgroup only, across all four days of the mFR with 
all modes of feeding combined as it is not recommended to 
compare dietary diversity across mode of initial feeding (eg, 
human milk or not human milk only). Linear regression was 
utilized in participants 6 – 12 months of age with age as the 
independent variable and the number of days meeting MDD 
as the dependent variable, sequentially adjusting for sex, food 
assistance, and human milk only consumption. Statistical sig-
nificance was set at P-value < .05. All analyses were conducted 
in IBM SPSS Statistics Version 25.0 (SPSS Inc: Chicago, IL).

Results

A total of 70 infants completed the study. The majority of 
participants were between the ages of 6 – 12 months (Table 
1). Approximately half of the participants were boys and over 
70% were reported as Native Hawaiian or Part Native Hawai-
ian. Participants came from all regions of the island of O‘ahu. 
Over 60%  of the infants were fed a combination of human milk 
and formula and slightly over 30% had only been fed human 
milk. At the time of the study over 50% of infants were still 
receiving human milk.

About half of the participants were introduced to complemen-
tary foods prior to 6 months of age (Table 1). The mean age of 
introduction was similar across participants fed human milk 
only, formula only, or both human milk and formula. A tradi-
tional Hawaiian dish, poi (steamed and mashed taro), alone or 
in combination with another food item (eg, human milk, infant 
cereal) was the first most commonly introduced complementary 
food followed by infant cereal (Table 2).

The images collected in the mFR were examined to count the 
number of food groups recorded (see Figure 1). With the excep-
tion of the dairy food group, complementary foods that were 
liquid in origin contributed a neglible amount to the food groups 
consumed by the participants. For both age groups, the legumes, 
flesh, and egg food groups were not major contributors to dietary 
diversity. The other FV group was significantly higher for the 
6 – 12-month-old group than the 3 – 5-month-old group. The 
grains and flesh food group were recorded significantly more 
by the formula-fed only participants in comparison to infants 
fed both human milk and formula. Participants who consumed 
human milk only recorded significantly less dairy than infants 
fed both human milk and formula (Figure 2).

Table 1. Summary of Demographic, Early Infant Feeding and 
Complementary Food Introduction of Infants 3 – 12 Months (n=70)

Variable Mean (SD)
Age of the infants in months (n=70) 7.4 (2.1)

n (%)a

Age group
3 – 5 months 14 (20)
6 – 12 months 56 (80)
Sex
Boy 38 (54)
Girl 32 (46)
Race/Ethnicityb

Part-Native Hawaiian or Native Hawaiian 50 (71)
Pacific Islander only 4 (6)
Part-Filipino/Filipino 35 (50)
Region on O‘ahu participant resided in
Central 15 (21)
Leeward 12 (17)
North Shore 14 (20)
Windward 12 (17)
Town 17 (24)
Received assistance to pay for foodd 26 (37)
Human milk or formula feeding
Human milk only 22 (31)
Human milk and formulae 44 (63)
Formula only 4 (6)
Currently receiving human milk 40 (57)
Timing of complementary food introduction
Before 6 months 37 (53)
   3 months or Less 4 (6)
   4 – 5 months 33 (47)
6+ months 30 (43)
Missing response 3 (4)

Mean (SD)
Timing of complementary foods in months by milk type
Human milk only (n=21, missing response=1) 4.9 (1.4)
Human milk and formula (n=42, missing response=2) 5.2 (1.2)
Formula only (n=4) 4.6 (1.3)

a May not add up to 100% due to rounding
b More than one race/ethnicity may have been self-selected, therefore will not add to 100%
c Self-reported Pacific Islander ethnic groups included Chamorro, Samoan, Tongan, 
Maori, Tahitian, and Micronesian
d Includes assistance from Supplemental Nutrition Education Program (SNAP) and 
Special Supplemental Nutrition Program for Women, Infants, and Children (WIC)
e Includes infants who have received infant formula at some point or are currently 
receiving infant formula
SD = Standard Deviation
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Table 2. Frequency of the First Complementary Food Provided 
to Infants 3 – 12 Months as Reported by Caregivers via Online 
Questionnaire (n=70)

Food n %a

Poi (steamed mashed taro with water) 20 29
Infant cerealb 19 28
Baby food 7 10
Water 3 4
Avocado 2 3
Carrot 2 3
Response not recorded 2 3
Baby cracker 1 2
Banana 1 2
Banana mixed with juice 1 2
Green beans 1 2
Poi mixed with human milk 1 2
Poi mixed with infant cereal 1 2
Poi mixed with sweet potato and banana 1 2
Rice mixed with eel 1 2
Rice mixed with soup 1 2
Rice, oatmeal, bread 1 2
Sugar water 1 2
Sweet potato 1 2
Sweet potato mixed with banana 1 2
Peas mixed with water 1 2
Pumpkin pie cheese cake 1 2

a Total may not add up to 100% due to rounding
b Infant cereal includes responses such as baby cereal and rice cereal

The mean number of days participants 6 – 12 months of age 
met MDD was 2.0 (SD = 1.6). Girls met MDD on more days 
than boys (2.6 days [1.5 SD] vs 1.5 days [1.5 SD], respectively, 
P-value = .014 data not shown). Only about a quarter (27%) of 
participants 6 – 12 months of age met MDD for all 4 days with 
no difference in the proportion meeting MDD by day (Table 
3). However, age seemed to be significantly associated with 
the likelihood of meeting MDD, in all the models considered 
(Table 4).

Table 3. The Number of Days Infants 6 – 12 Months of Age (n=56) 
Met the Minimum Diet Diversity (MDD)a Score by Number of Days 
and Day of Week
Number of Days Met MDD n %b

0 15 27
1 10 18
2 5 9
3 11 20
4 15 27

Met MDD By Day of Weekc n %
Thursday 32 57

Friday 29 52
Saturday 26 46
Sunday 26 46

a Meet MDD is considered met if the infant is reported to have consumed four or more 
of the seven food groups
b Numbers may not add up to 100% due to rounding
c Chi-squared tests were found to not be significantly different between the proportion 
meeting MDD by day of week (χ2 (3, n = 224) = 1.77, P-value = .62).

Table 4. Linear Regression Results Examining the Association Between the Number of Minimum Dietary Diversity Days and Age in Infants 
6 – 12 Months (n=56)

Model 1 
B (SE)

Model 2 
B (SE)

Model 3 
B (SE)

Model 4 
B (SE)

Constant -2.08 (0.97) -3.36 (1.03) -2.08 (1.23) -1.78 (1.23)
Age 0.50 (0.12)*** 0.49 (0.11)*** 0.46 (0.11)*** 0.44 (0.11)***
Sex 0.96 (0.35) 0.98 (0.35) 0.97 (0.34)

Food Assistance -0.65 (0.36) -0.62 (0.35)

Human Milk -0.56 (0.37)

R-Squared 0.26 0.35 0.39 0.41
Adjusted R-Squared 0.24 0.32 0.35 0.37

*** indicates P-value<.001
Model 1: Age
Model 2: Age + Sex
Model 3: Age + Sex + Food Assistance
Model 4: Age + Sex + Food Assistance + Human Milk
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Figure 1. The Mean Number of Food Groups Recorded Across 4 daysa of Infants 3 – 12 Months (n=70), 
by Mode of Feeding and Age Subgroup.

FV = Fruits and Vegetables
3 – 5 months old n=14, 6 – 12 months old n=56
a Only 1 participant did not complete all 4 days of the mobile food record (participant was between 3 – 5 months old and only 
completed 3 days)
b Infants 6 – 12 months were significantly higher (P-value=.011) than infants 3 – 5 months
c Infants 6 – 12 months were significantly higher (P-value=.016) than infants 3 – 5 months
* Indicates a significant difference (P-value <.05, based on ANOVA)  
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Figure 2. The Mean Number of Solid and Liquid Food Groups Recorded Across 4 daysa by Mode 
of Feeding (Human Milk Only, Formula Only, or Both) of Infants 3 – 12 Months (n=70)

FV = Fruits/Vegetables
Human milk only n=22, Formula only n=4, Both human milk and formula n=44
a 1 participant did not complete all 4 days of the mobile food record (participant was between 3 – 5 months old and only completed 
3 days)
b Formula only fed infants were significantly higher (P-value=.036) than infants fed both human milk and formula-fed
c Infants fed human milk only were significantly lower (P-value=.000) than infants fed both human milk and formula
* Indicates a significant difference (P-value <.05, based on ANOVA)
** Indicates a significant difference (P-value <.001, based on ANOVA) 

Discussion

This study is the first to report timing and type of complemen-
tary foods introduced specifically in NHPIF infants. Guidelines 
recommend that infants are not developmentally ready to begin 
consuming complementary foods until approximately 6 months 
of age.23 Nevertheless, similar to a study published in 1995 on 
complementary feeding practices in Hawai‘i,3 this study found 
that half of the participants were introduced to complementary 
food prior to this 6 months recommendation.23 This is consistent 
with a recent United Nations International Children’s Emergency 
Fund finding that the East Asia and Pacific regions have the 
highest proportion of infants in the world introduced to comple-
mentary food prior to 6 months of age.24 The relationship between 
the early introduction of complementary foods and obesity is 
unclear due to studies reporting conflicting results.25,26 It has 
nevertheless been proposed that dietary diversity is one of the 
10 recommended approaches to prevent childhood obesity.27

Several studies have documented that a high proportion of in-
fants consume foods from the grains group.16,24 This may be of 
particular significance to Native Hawaiian and Pacific Islanders 
who attribute significant cultural value to tubers such as taro 
and sweet potato, classified in the grains group, due to their 
nutrient composition. For Native Hawaiians in particular, poi 

is traditionally considered the perfect first complementary food 
for infants.28 Indeed, poi, nutrient dense, hypoallergenic, and 
easily modified to meet a semi-liquid food texture suitable for 
complementary food,29 was the most common first complemen-
tary food in our study. Future studies should consider examin-
ing which food(s) within a food group contribute the most to 
inform future research protocols and health promotion efforts.

The authors found a significant difference in the dairy food 
group between infants fed formula only or both formula and 
human milk in comparison to those fed human milk only. Since 
formula in contrast to human milk is included in the Dairy food 
group of the WHO MDD metric, there is notable concern that 
dietary diversity may appear higher for infants fed formula 
versus those fed human milk.21Accordingly, reaching MDD was 
not assessed comparing human milk to formula. Recently, the 
WHO MDD scoring system was updated to include an eighth 
food group for human milk.30 Unfortunately, this study was 
completed prior to the publication of the updated WHO MDD 
metric. In addition, the 2020 US Dietary Guidelines for the 
first time will include dietary recommendations for pregnancy, 
infants, and toddlers less than two years of age. Despite these 
additional guidelines, the development of a diet quality index 
score for ages 1 – 2 years, like the healthy eating index, is 
currently unclear.31
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Another important finding of this study was the low quantity 
of foods in the high protein groups (eggs, legumes, and flesh), 
consistent with the findings of a previous study that examined 
dietary diversity in three international cohorts.16 As six of the 
top eight food allergens fall into one of these high protein food 
groups (eggs, peanuts, tree nuts, fish, shellfish, and soy), the 
low consumption of these foods may delay the development 
of food allergies in childhood, as previously suggested.32,33 

However, recommendations on the timing of the introduction of 
high allergen foods are now shifting as evidence now suggests 
that early introduction of these foods will reduce the likelihood 
of developing a food allergy in childhood.34-36 Hence, there is 
limited clarity in the relationship between dietary diversity and 
the development of food allergies.37,38

This study is the first to examine dietary diversity in NHPIF 
infants 6 – 12 months of age. Results are similar to a study on 
infant diet quality in the US. In that study, the mean number 
of WHO food groups consumed over a 24-hour period was 
2.4 groups for infants 6 months of age.16 Moreover, only 28% 
of the infants, ages 8 – 12 months, meet the MDD. However, 
the study was conducted in a predominately white, urban, US 
infant population that was primarily fed human milk. This is 
noteworthy since dietary diversity is significantly influenced 
by the consumption of human milk.22 The interaction between 
infant diet diversity and human milk intake is important to 
consider as more than half of the infants in the present study 
received both human milk and formula. This additional layer 
of complexity highlights the need for further exploration of the 
influences on infant diet diversity.

The association between age and dietary diversity found in this 
study aligns with other studies documenting a higher proportion 
of infants at 12 months of age meeting MDD, in contrast to 
younger infants of 6 months of age.16,43 As an infant develops 
head control, accepts and swallows foods of developmentally 
appropriate textures, it is instinctively anticipated that the number 
of complementary foods introduced into the diet will increase.

Finally, this study employed a cross-sectional design to provide 
data on the timing and types of complementary foods introduced 
to a cohort of NHPIF infants ages 3 – 12 months, as well as 
dietary diversity of a sub-sample of infants 6 – 12 months, 
residing on O‘ahu, Hawai‘i. Hence, the use of a convenience 
sample may not be representative of the broader racial or ethnic 
targeted groups. Despite several areas of concern, such as a 
high proportion of infants being introduced to complementary 
foods before the recommended six months of age, and a low 
proportion of infants meeting MDD, the healthy and culturally 
informed complementary feeding practice of providing poi 
was identified. Moreover, an innovation employed in the study 
was the first time use of an image-based dietary assessment 
tool to enumerate the dietary intake of infants. The use of an 
image-based dietary assessment approach improves accuracy 
and reduces the risk of recall bias.19 Other important factors 

to consider when examining infant diet diversity, such as its 
relationship with obesity in later life,39 was beyond the scope 
of this study. In addition, the study was limited to caregivers 
with access to an iOS mobile device. The application used 
to collect data was of original design, developed only for the 
iOS platform. Future studies will include other mobile device 
platforms such as Android. Future studies should also examine 
dietary diversity of NHPIF infants in more depth with an updated 
WHO MDD metric using an image-based dietary assessment 
approach to determine how dietary diversity is associated with 
other indicators of health such as obesity over a period of time.
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