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Background: Cardiometabolic diseases are highly prevalent in Aotearoa
New Zealand. Dietary intake is a modifiable risk factor for such diseases and
certain dietary patterns, specifically the Mediterranean diet (MedDiet), are
associated with improved metabolic health. This study aims to test whether an
intervention including a Mediterranean dietary pattern incorporating high quality
New Zealand foods (NZMedDiet pattern) and behavior change science can
improve the metabolic health of participants and their household/whanau.

Methods and analysis: This is a multi-center, three-stage trial with two parallel
group superiority randomized controlled trials (RCTs), and a longitudinal cohort
study embedded within the trial design. The first RCT (RCT 1) is a comparison
of the NZMedDiet pattern compared to usual diet for 12 weeks. The Behavior
Change Wheel was used to select and implement strategies to support participant
adherence to the NZMedDiet, such as web-based nutrition education on healthy
shopping and cooking. The second (RCT 2) compares online social support to
no online social support for 12 weeks, administered to participants immediately
following RCT 1. The third stage is a longitudinal cohort study where all participants
are followed from the beginning of their start of the active intervention for
12 months in total. The primary outcome measure for each stage is the metabolic
syndrome severity score (MetSSS). The duration of enrolment is 12—-15 months.
The total recruitment target is 200 index participants and their household/whanau
members who participate with them, and the primary analyses will be intention to
treat on index participants.

Discussion: The trial will test whether the NZMedDiet pattern and behavior change
support improves the cardiometabolic health of people in Aotearoa New Zealand.
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Clinical trial registration:

10.3389/fnut.2023.1298743

https://www.anzctr.org.au/Default.aspx, identifier

ACTRN12622000906752 and https://www.isrctn.com/, identifier ISRCTN89011056

(Spirit 2).
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Introduction (Spirit 6a)

Cardiometabolic diseases, including type 2 diabetes (T2DM) and
cardiovascular disease, are common. In 2017, one in three deaths were
caused by cardiovascular disease in Aotearoa New Zealand (1). Diet is
an important modifiable risk factor for cardiovascular disease (2), and
certain dietary patterns such as the Mediterranean diet (MedDiet) are
associated with a reduced risk of cardiometabolic disease (3, 4). The
MedDiet is rich in minimally processed plant-based foods and legumes;
low in saturated fat and red meat; and a distinguishing feature is its use
of olive oil (3). Nutrition knowledge regarding the benefits of adopting
a dietary pattern such as the MedDiet does not always translate into a
change in dietary behavior. Dietary change can be affected by barriers
to behavior change such as cost, acceptability, time, dietary knowledge,
nutrition competence and cultural practices (5).

Recent research from our group, and others, reports that the use
of, and adherence to, a MedDiet pattern in Aotearoa New Zealand is
low (6, 7). To promote a MedDiet pattern in countries such as
Aotearoa New Zealand, attention should be given to optimizing a
dietary intervention, taking into consideration the behavioral and
social structures that decrease barriers to adherence (8, 9). Studies of
interventions aimed at improving dietary patterns in community
living individuals report that barriers to a healthier diet include the
“good taste” of unhealthy food, inconvenience and difficulties in
enjoying non-fatty food (5, 10). Individual choice, cultural norms and
taste preferences of the study population are important to consider
when adapting a dietary pattern into a population. Studies recruiting
Maori, who are indigenous New Zealanders, and young adults of
various ethnicities, report that the provision of meal preparation
support and financial assistance for the use of healthy diets, may
be useful to support changes in dietary patterns (11, 12). Food
provision, barriers to which may have otherwise prevented dietary
change, such as the lack of prior exposure, uncertainty about how to
prepare the food, and cost, is a potential intervention that may enable
the uptake of a healthier diet (13). The social context of sharing and
consuming meals within a household/whanau is an important aspect
of many cultures and takes into consideration that all the household/
whanau members within a dietary intervention may facilitate ongoing
dietary change for all (12, 14, 15). The provision of food and related
education is reported to support adherence to a healthy diet, and
lower the burden associated with food preparation, particularly when
applied on a household/whanau basis (16). The behavior change wheel
framework is underpinned by the Capability, Opportunity and
Motivation Behavior (COM-B) theory and facilitates consideration of
the aforementioned barriers to adopting the desired dietary pattern
(17, 18). Consequently, this framework will be used to identify
effective and feasible strategies to overcome these and support
participant adherence.
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The primary objective of this trial is to evaluate if a Mediterranean
dietary pattern incorporating high quality New Zealand foods (NZ
MedDiet pattern), delivered in a household/whanau setting and
underpinned by behavior science can improve the cardiometabolic
health of people in Aotearoa New Zealand. We have chosen to do this
through the metabolic syndrome severity score (MetSSS). The
metabolic syndrome (MetS) refers to the clustering of several risk
factors including hypertension, obesity, dyslipidemia and insulin
resistance, which identifies individuals at greater risk of CVD and
T2DM (19). MetS is commonly classified in a dichotomous fashion,
as having or not having MetS. An alternative approach, which gives a
continuous and more nuanced description, is the Metabolic Syndrome
Severity Score (MetSSS) which quantifies the value of MetS latent
factors for an individual, and the resulting score behaves like a Z-score
in that it is normally distributed in a population. The MetSSS has been
shown to predict future cardiometabolic disease and can be modified
by diet, exercise, and pharmacological intervention to estimate change
in cardiometabolic disease risk, and is therefore a useful tool in
assessing the impact of a dietary intervention (19). It has been
validated in a New Zealand population and has been shown to
be responsive to diet and lifestyle interventions in people with
pre-diabetes (19-21).

A secondary objective of this study is to evaluate the effectiveness
of continued online social support (Spirit 7).

Methods and analysis

This protocol is reported in accordance with the SPIRIT (Standard
Protocol Items: Recommendations for Interventional Trials) guidance
(22). In preparation for this trial, a feasibility study was conducted to
test the recruitment and screening strategy, retention, acceptability of
the method of delivery of a component of the intervention, and to
collect relevant data to refine the power calculation for this
study (23).

Trial design (Spirit 8)

This is a multi-center, three-stage trial, with two randomized
controlled trials (RCTs); both parallel group superiority trials, and a
longitudinal cohort study. The first RCT (RCT 1) compares the effect
of Mediterranean dietary pattern incorporating high quality
New Zealand foods (NZMedDiet pattern) to usual diet on MetSSS, a
marker of cardiometabolic health for 12-weeks. The intervention in
RCT 1 includes elements of behavior change science including the
provision of food, recipes, weekly meal plans, access to web-based
nutrition education and opt-in online social support. From here on
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Longitudinal cohort study
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FIGURE 1
Study design.

Longitudinal cohort study

within the manuscript ‘RCT 1 intervention’ is referred to as a package
including these described aspects. The second RCT (RCT 2) compares
the opt-in online social support, to no online social support with an
outcome assessment 12weeks after the second randomization
(Figure 1). Those participants who were originally randomized to the
control group in RCT 1 will be given the RCT 1 intervention before
the second randomization. After the second randomization, both
groups continue to have access to the bespoke study website housing
nutrition information and education. The third stage is a longitudinal
cohort study where all participants are followed for 12 months from
the start of the dietary intervention. The trial design is summarized in
Figure 1 (Spirit 8).

Trial setting (Spirit 9)

The trial settings are four centers in Aotearoa New Zealand: two
based at university research units (University of Auckland and
University of Otago, Christchurch), one at a community-based
traditional Maori meeting place (Ta Kotahi Maori Asthma and
Research Trust at Kokiri Marae in Lower Hutt, Wellington), and the
other based at a hospital-based research unit (the Center for Endocrine
Diabetes and Obesity Research (CEDOR) in Wellington).

Eligibility criteria (Spirit 10)

Index participants and their household/whanau members will
be recruited through the four trial sites. Multiple recruitment
strategies will be used to recruit participants to the study. Advertising
to the public through television, newspaper and radio advertisements,
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study posters, study information sessions, and other hardcopy and
online media, including targeted social media, and institutional
mailing lists will be used. Participants will be recruited from the local
populations of the area of each study center. An important element of
recruitment for research in Aotearoa New Zealand is to enhance
Maori capacity and capability for research, and to include Maori and
their whanau as research participants. This will be enabled by the close
relationship between CEDOR and Kokiri Marae to support the staff
at Kokiri Marae and oversee the running of the trial at that site
(Figure 2).

[ables 1, 2 show the eligibility criteria for both index participants
and household/whanau participants. Screening will occur consistent
with our feasibility study (23). Potential participants who respond to
advertisements or who otherwise contact researchers will be directed
to the trial website' and an on-line questionnaire to complete as step
one of the two step screening process. The website provides
information about the trial and the questionnaire includes contact
information and questions to enable calculation of the AUSDRISK
(24). If this score is greater than 12, potential participants will
be invited to a second step of screening which is conducted
in-person at one of the study sites. This will include a fasting blood
sample and anthropometric measurements to enable the calculation
of the MetSSS. If they have a fasted MetSSS greater than 0.35, they
will be the index participant. Once identified, and having given
written consent for participating, household/whanau members of
the index participant will also be invited to participate in the trial.
Between one and five household/whanau members per index
participant will be invited. The food provision intervention (see

1 www.hrwp.co.nz
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Male:

log(TAG (mmol/L) x88.57)) + (0.0106 x Glucose (mmol/L) x18)

Female:

log(TAG (mmol/L) x88.57)) + (0.0203 x FPG1x18)

FIGURE 2
Formulae used for the calculation of the MetSSS.

-5.4559 + (0.0125 x Waist Circumference (cm)) - (0.0251 x HDL (mmol/L) x38.67) + (0.0047 x Systolic Blood Pressure) + (0.8244 x

-7.2591 + (0.0254 x Waist Circumference (cm)) - (0.0120 x HDL (mmol/L) x38.67) + (0.0075 x Systolic Blood Pressure) + (0.5800 x

TABLE 1 Inclusion and exclusion criteria for index participants.

Inclusion criteria Exclusion criteria

18-70years

three months apart

Previous bariatric surgery, or pre-existing Type 1, or Type 2 diabetes. Where a previous diagnosis of T2DM is

uncertain, this will be defined as ever having had two consecutive HbAlc results >50 mmol/mol that are at least

Metabolic syndrome severity Score (MetSSS) >0.35

Total cholesterol >8 mmol/L

1-5 household/whanau members agree to participate®

Chronic severe renal disease (eGFR <30 mL/min/1.72m?)

Participants and their whanau are planning to live

together for the duration of the study outcome measures)

Current pregnancy or breastfeeding, or planning to conceive during the study (due to impact on interpreting

Access to the internet at home

Unstable body weight (active weight loss/gain >5kg in prior three months)

Able and willing to attend all site visits

Gastrointestinal disorder that alters the digestion and absorption of nutrients (e.g., ulcerative colitis, Crohn’s

disease, coeliac disease, an ileostomy or colostomy).

Willing to adhere to local health and safety regulations

Severe food allergies (anaphylaxis) in any household/whanau member

For the consumer insights study, there needs to be a

willingness to be interviewed injected steroids

Medication use — current use of medications that modify blood sugar levels, or anticipated regular use of oral or

HbAlc)

Does not agree to refrain from donating blood for three months prior to each study visit (due to impact on

Is participating in, or has recently participated in another research study involving an intervention which may alter

outcomes of interest to this study

individual taking part

Any other condition or situation, which in the view of investigators would affect the compliance or safety of the

*Additional whanau/household members, if they are eligible and interested, may also be enrolled as an index participant.

below) will be calculated based on the total number of people in the
household, for up to 6 members. All household/whanau members
who qualify for inclusion will complete age-appropriate
questionnaires (Table 3), will be invited to undertake clinical
measurements and to provide blood samples if aged 11 years and
over. If an index participant and household/whanau participant were
to separate over the course of the trial, attempts would be made to
gather data from those who continue living in the same building as
the index participant.

Who will take informed consent (Spirit 26a)

Written informed consent will be obtained from index
participants at Visit 1 by a member of the study team and from
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whanau/household participants at Visit 2 (Figure 1). Assent and
parental/caregiver consent will be collected from household/
whanau participants who are aged less than 16 years. However, if a
14- or 15-year-old child demonstrates an understanding of what the
study involves at Visit 2, they will be invited to complete consent.
Additional written consent will be requested from index
participants at visit 1 for several sub-studies. These include (1)
participation in a mixed meal tolerance test at two timepoints (2)
participation in a sub-study around the measurement of dietary
intake using a phone application. In addition, at visit 1, index
participants will be asked if they wish to learn more about a
qualitative study that runs in parallel with the current study. If so,
their contact details will be passed to a qualitative researcher who
will contact them by phone with further details and will take
consent, as applicable.
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TABLE 2 Inclusion criteria for household/whanau participants and exclusion criteria for household/whanau participants who provide a blood sample.

Living in the same

Age <1lyears
household as the
index individual

Consent/assent to consume | Pre-existing Type 1 diabetes.

the intervention food

Chronic severe renal disease (eGFR <30 mL/min/1.72m?)

Current pregnancy or breastfeeding, or planning to conceive during the study (due to impact on interpreting outcome measures)

Unstable body weight (active weight loss/gain >5kg in prior three months)

Gastrointestinal disorder that alters the digestion and absorption of nutrients (e.g., ulcerative colitis, Crohn’s disease, coeliac disease, an

ileostomy or colostomy).

Medication use — current use of medications that modify blood sugar levels, or anticipated regular use of oral or injected steroids

Does not agree to refrain from donating blood for three months prior to each study visit (due to impact on HbAlc)

Is participating in, or has recently participated in another research study involving an intervention which may alter outcomes of interest to this

study

Any other condition or situation, which in the view of investigators would affect the compliance or safety of the individual taking part

Children living in the household but who do not have a legal guardian also living in the household

TABLE 3 Summary of questionnaires.

Otago short-form FFQ (25)

How administered

On REDCap

What it measures

Habitual dietary intake

Which participants

All index participants and household/

whanau participants aged 11y and over

Three factor eating questionnaire

or child version (26)

Emailed survey which will be linked to

REDCap

Cognitive restraint uncontrolled eating and

emotional eating

All index participants and household/

whanau participants aged 11y and over

24h Food recall

On intake 24 website (https://intake24.

co.uk/info/recall)

Dietary intake in previous 24h

All index participants and household/

whanau participants aged 11y and over

and Behavior Change Support (31)

IPAQ Physical activity (27) On REDCap Habitual physical activity All index participants and household/
whanau participants aged 11y and over
SF 36 (28) On REDCap Quality of life All index participants and household/
whanau participants aged 11y and over
Kaupapa Maori Wellbeing On REDCap Covering the four realms of Te Whare Tapa Any Maori participants aged 11y and
questionnaire Wha to determine quality of life from a Maori | over
perspective
Gastrointestinal symptom rating On REDCap Gastrointestinal symptoms All index participants and household/
scale (29) whanau participants aged 11y and over
Self-evaluation COM On REDCap Evaluates the process; assesses participant Index participants
Questionnaire (30) perceptions of barriers and enablers
throughout the study to see if the behavior
change support is working as it is intended
Impact Evaluation for Nutrition On REDCap Assesses how the behavior change support Index participants

impacts participants (including engagement,

satisfaction, and perception of impact)

FFQ, food frequency questionnaire; IPAQ, international physical activity questionnaire; COM, capability opportunity motivation.

Additional consent provisions for
collection and use of participant data and
biological specimens (Spirit 26b)

Participants will be given the option to provide written consent

for their blood samples and related meta-data to be included in an
anonymous manner in a biobank.

Frontiers in Nutrition

Intervention for RCT 1 (Spirit 6b and 11a)

The two arms in RCT 1 are: (a) the intervention arm, which is
a package that includes food provision designed to supply the
majority of estimated energy requirements for participants,
combined with recipes, weekly meal plans, access to web-based
nutrition education and opt-in online social support; and (b) the
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control arm, which is usual dietary intake and lifestyle, i.e.,
usual care.

The food provision will comprise food delivery to the participants’
homes for 12weeks and is provided free of charge. The food will
be assembled and delivered by two commercial companies, one of
which is a meal kit home delivery service and the other is a grocery
provider. The meal kit home delivery service will deliver food and
recipes for five evening meals and fruit, and the grocery provider will
deliver food that can be used for breakfast, lunch and snacks.

The food from both companies will be predominantly plant-based
and rich in fruit and vegetables, grains, legumes, seafood, nuts, with
some meat and dairy. The five New Zealand food groups used as the
basis of the food provision are: vegetables; fruit; grain foods; legumes,
nuts, seeds, fish and other seafood, eggs, poultry or red meat with fat
removed; and reduced-fat milk and milk products. The amount of
food provided is designed to provide approximately 75% of estimated
energy requirements for the index participant and up to five members
of their household/whanau. The food provided will align with a
Mediterranean dietary pattern and when combined with the
remaining ~25% energy requirements provided by participants
themselves, will aim to fall within the acceptable total energy and
macronutrient reference ranges for fat, carbohydrate and protein (32).
Further details on the estimated energy, macronutrient distribution
and food provided will be published separately. If a participant and
their household/whanau go on holiday during the 12-week
intervention period, the food delivery will be temporarily paused and
will resume when they return home. During this time, they will
be encouraged to adhere to the dietary pattern and will continue to
have access to the education and social support resources.

The meal kit home delivery service and the grocery provider
deliver food that has come from two sources; food provided in-kind
to the study by New Zealand food and beverage (F&B) companies and
food that is purchased by the research team. The food provided
in-kind will be transported from the F&B companies directly to the
meal kit home delivery service and the grocery provider, and then
distributed to study participants. The involvement of the F&B
companies was such that a nationwide call was made by the funding
body (High Value Nutrition National Science Challenge) to F&B
companies in New Zealand who wished to partner in the research
study. The researchers assessed whether their foods align with the
dietary pattern and if so, agreed on the quantity of food to be provided.
The F&B companies had no direct role in the design or composition
of the dietary pattern. Regular communication will take place between
the researchers and the F&B companies who provide food.

The meal kit home delivery service will deliver meals that will
have been pre-selected on behalf of the participants by a study
dietitian. These meals will be either vegetarian, fish-based, or contain
lean meat wherever possible. There are three grocery boxes that will
be provided weekly by the grocery provider which have been
developed by the research team to align with weekly breakfast, lunch
and snack suggestions and recipes. These will be rotated over three
weeks to provide variety, with each box being provided four times over
the 12-weeks. An additional ‘Starter Box’ of products will be provided
at the beginning of the 12-week period. The ‘Starter Box’ will include
items that participants can use either immediately or throughout the
entire 12-week period such as macadamia nuts, dried fruit, fish oil
dressing, honey and seaweed snacks. Examples of the items in the
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other three boxes that are provided in a rotating manner are breakfast
cereal, reduced-fat milk, seeds, rice cakes, olive oil, tuna, nuts, beans,
lentils and fruit. The menu plans and recipes will be accessible through
the study website.

The implementation of the dietary intervention incorporates
elements of behavior change science which will be delivered by a
multidisciplinary team including trained research staff and allied
health care professionals including dietitians. Each site will have one
research assistant and a doctoral student to support the clinic visits
and arrange for the provision of food. The site staff will also make
participants aware of the website and social media support options
available to them and will play the website video titled “Introduction
to the diet” so participants will be aware of what the dietary pattern
entails. The behavioral aspects of the trial aim to support adherence
to the NZMedDiet pattern and will include private Facebook groups
and Facebook Messenger chats with a dietitian and peer support
(online social support) which will be managed by one doctoral
student who is a registered dietitian; a behavior change contract
signed by participants prior to beginning RCT 1; and educational
and motivational resources hosted on a participant facing website
and YouTube channel. The website will be developed prior to the
trial starting and will have six tabs covering: 1. Research Team, 2.
Industry partners, 3. Nutrition support 4. Industry products, 5.
Participant frequently asked questions and 6. Contact Us. The
Nutrition Support section will link to short videos which will cover
an introduction to the diet, goal setting, sample menus and recipes.
The Nutrition support will also include multiple one-minute videos
recorded by members of the research team, such as those entitled
“Planning your shopping,” “Meal Planning,” “Getting to know your
ingredients,” “Cooking” and “What to do with leftover food/ kai,”

» o«

“Understanding your health data,” “Keeping motivated” and
“Healthy Holiday Tips” The behavior change wheel was used to
design these resources to overcome identified barriers to the
behavior, such as time and cost (17, 18). The participants will be able
to interact with the website and online social support as little or as

much as they chose.

Control arm for RCT 1; usual dietary intake
and lifestyle

Participants allocated to the control arm will continue their usual
lifestyle and diet for 12-weeks. Nutritional education and social
support will not be provided. At the end of this 12-week period, they
will receive the intervention package described above, for 12-weeks.

Intervention for RCT 2 (Spirit 6b and 11a)

At the end of the 12-weeks of RCT 1, participants randomized to
the RCT 1 intervention will immediately be randomized to continuing
the opt-in online social support or stopping it. Participants
randomized initially to the RCT 1 control will then receive the RCT 1
intervention package described above for 12-weeks and will then
be randomized to RCT 2 to either continuing the opt-in online social
support or stopping it (Figure 1). All participants will continue to have
access to the bespoke study website housing nutrition information.
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Criteria for discontinuing or modifying
allocated interventions (Spirit 11b)

Enrolled participants from either arm can withdraw from the
study at any time during the study. The reason for withdrawal will
be captured.

Strategies to improve adherence to the
intervention (Spirit 11c)

Ongoing support will be provided by a member of the research
team which includes the development and provision of additional
short videos for the study website containing strategies around
adhering to the intervention during holiday periods such as Christmas
and New Year. Participants will also receive ongoing bespoke
individualized support from the same team member in response to
barriers they may encounter and queries they may have. Measurements
and outcomes (Spirit 12).

Outcomes for RCT1 and RCT2

The primary outcome for RCT 1 and RCT 2 is MetSSS in index
participants. Secondary outcome measures for RCT 1 and RCT 2 for
index and household/whanau participants are listed in Table 4. The
behavior change elements of the trial are designed to support
adherence to the dietary intervention and will be assessed using the
Food Frequency Questionnaire (FFQ) and the Mediterranean
adherence diet score which is taken from the FFQ data. While online
engagement metrics as count scores will be assessed, these have little
to no clinical relevance and will be used as modifying factors in
the analysis.

Outcomes for longitudinal cohort study

The primary outcome measure for the longitudinal cohort study
is MetSSS in index participants 52 weeks after the start of the RCT 1
intervention package, whether that be at the beginning of the trial for
those randomized to this arm initially, or after the initial 12-week
control period for those randomized to the usual care arm of RCT 1.
Secondary outcome measures for index and household/whanau
participants are also listed in Table 4.

Details of outcome measures

Clinical assessment including anthropometry, blood sample
provision and bioelectrical impedance (BIA) or dual x-ray
absorptiometry (DXA) scans will be carried out at the research sites
as described in Table 5. Height (cm) will be measured using a wall
mounted stadiometer and weight (kg) will be measured using
electronic scales. Body composition to include fat mass and lean
mass in kg and as %body weight will be measured using either DXA
and/or BIA, depending on what is available at the site. Waist
circumference (cm) will be measured using a non-stretch tape and
blood pressure (BP) (mmHg) will be measured using an automated
blood pressure machine. The mean of three measurements of height,
weight and waist circumference will be used for these outcome
variables. For BP, three measurements will be recorded and the mean
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of the second and third measurements will be used. Adherence to
the dietary pattern will be measured during the intervention period
using a 24-h dietary recall and a FFQ (25). The FFQ includes
additional questions specifically related to the dietary pattern of
interest. The dietary pattern will be assessed using the FFQ data to
create a Mediterranean diet adherence score based on the number
of serves of olive oil, vegetables, fruit, breads & cereals, legumes,
nuts, fish and seafood, eggs, poultry, dairy foods, red meat and
sweets that the participants consume (33). A fecal sample will
be collected from index participants for future microbiome analysis
(Table 5).

A number of sub-studies may be undertaken which include
consumer insights including that of Pacific island participants; mixed
meal tolerance tests; use of a phone application for the measurement
of dietary intake; fecal microbiome analyses. Details of these
sub-studies will not be described in this paper.

Participant timeline (Spirit 13)

The duration of the study is 52-weeks after the intervention
component of RCT 1.

Sample size (Spirit 14)

The sample size uses a clinically important difference of 0.4 for the
MetSSS score based on detecting a ‘moderate’ effect size. This is
because the MetSSS score was designed to represent the total number
of standard deviations different for an overall risk factor profile for
poor cardiovascular outcomes (19, 34). The standard deviation for the
MetSSS for the calculation, 0.83, was derived from a large Auckland-
based cohort study of these risk factors in a similar sample to that for
recruitment (20). A t-test based sample size calculation used 90%
power and a two-sided type I error rate of 0.05 was for 184 total
participants and increased to 200 index participants to allow for a 10%
non-completion rate. A smaller effect size is likely to be detectable by
using baseline MetSSS as a co-variate in an ANCOVA.

Assignment of interventions

Allocation sequence generation in RCT 1 and in
RCT 2 (Spirit 16a)

Index participants and their household/whanau will be block
randomized into RCT 1 at site level to either start the intervention
package or continue usual dietary intake for 12 weeks. If there is a
second person within the household/whanau who meets the
criteria for an index participant, they will be allocated to the same
arm as the first index participant, where applicable. Index
participants will be randomized using a computer-generated
sequence. Household/whanau members will be randomized to the
same arm as their corresponding index participant. Index and
household/whanau participants will all be randomized once their
data have been collected at Visit 2. It is not possible to blind index
participants or their household/whanau members to the
intervention in RCT 1. Nor is it practical to blind study staff
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TABLE 4 Primary and secondary outcome measures for RCT1, RCT2 and the longitudinal cohort study for index participants and for household/whanau

members.

Outcome variables RCT1 RCT 2 LCS Proposed analysis

Primary outcome

MetSSS X X X ANCOVA with baseline measurements as covariate, see
text for details of sensitivity analysis confounders and
sub-group

Secondary outcomes

Weight X ANCOVA with baseline measurements as covariate

Body mass index X X X ANCOVA with baseline measurements as covariate,
consideration of logarithm transformation

Lean mass (FFM calculated from BIA and DXA measurements) X X X ANCOVA with baseline measurements as covariate

Fat mass (calculated from BIA and DXA Measurements) ANCOVA with baseline measurements as covariate

Dietary pattern measured using Food Frequency Questionnaire X

Individual components of MetSSS

Glucose ANCOVA with baseline measurements as covariate

Triglycerides X X ANCOVA with baseline measurements as covariate,
consideration of logarithm transformation

HDL cholesterol X X X ANCOVA with baseline measurements as covariate

Systolic blood pressure X X X ANCOVA with baseline measurements as covariate

Waist circumference X X X ANCOVA with baseline measurements as covariate

HbAlc X X X ANCOVA with baseline measurements as covariate

Insulin X X X ANCOVA with baseline measurements as covariate,
consideration of logarithm transformation

HOMA X X X ANCOVA with baseline measurements as covariate,
consideration of logarithm transformation

Total cholesterol X X X ANCOVA with baseline measurements as covariate

LDL cholesterol X X X ANCOVA with baseline measurements as covariate

Diastolic BP X X X ANCOVA with baseline measurements as covariate

hsCRP X X X Mann-Whitney test with Hodges Lehmann estimator

Quality of life

SF36 (MCS and PCS and all dimensions) X X X ANCOVA with baseline measurements as covariate

Kaupapa Maori Wellbeing questionnaire X X Analyzed and reported separately

Online engagement metrics X X Count scores

Self-evaluation COM Questionnaire X X X Count scores

Impact evaluation X X X Qualitative thematic analysis

LCS, longitudinal cohort study; MetSSS, metabolic syndrome severity score; FEM, fat free mass; BIA, bioelectrical impedance; DXA, dual-energy X-ray absorptiometry; HDL, high density
lipoprotein; HOMA, homeostatic model assessment; LDL, low density lipoprotein; hsCRP, high sensitivity C reactive protein; MCS, mental component summary; PCS, physical component

summary.

collecting data, however the principal investigator, study
statistician and the laboratory team will remain blinded throughout
the study and analysis period. Participants will be informed of
which arm of RCT 2 they are randomized to after they have
completed the RCT 1 intervention.

Concealment mechanism (Spirit 16b)

Participants will be randomized after eligibility and written
consent has been confirmed at visit 1 and baseline measurements have
been completed (index participants) and visit 2 (household/
whanau participants).

Frontiers in Nutrition

Implementation (Spirit 16c)

A member of the study team will log into the online system to seek
randomization. The allocated arm will be recorded in the participant’s
file and in the Site File.

Assignment of interventions: blinding
Who will be blinded (Spirit 17a)

The Principal investigator, laboratory technicians and study
statistician will be blinded.
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TABLE 5 Schedule of measurements for index participants.

Study period timepoints

Eligibility Enrolment Intervention and follow up
Visit 1 Visit 2 Phone Email Contact Visit 3a Visit 3b Visit 4 Visit 5
Screening Baseline contact Control only
Enrolment
RCT1 control group Week 0 Week 12 Week 24 Week 36 Week 64
RCT1 intervention group Week 12 Week 24 Week 52
Eligibility screen
Informed consent
Medical history
Education about RCT 1 and RCT 2 v
Questionnaires
Otago short-form FFQ v v v v v
24h dietary recall v v v v v v
IPAQ Physical activity v v v v v
Kaupapa Maori Wellbeing questionnaire v v v v v
Three factor eating questionnaire v v v v v
Gastrointestinal symptom rating scale v v v v v
Self-Evaluation COM questionnaire v v v v v
Impact evaluation for nutrition and
behavior change support 7 7 7 7
SF-36 quality of life v v v v v
Assessments
Height
Clinical measurements® v v v v
Body composition v v v v
Current medications v v v v v
Adverse events v v v v v
Fasting blood samples v v v v v v
Fecal sample v v v v ”

“Weight, waist circumference, height, blood pressure in triplicate. "HbAlc, fasting glucose, lipids and metabolites and hormones related to metabolic health Household/whanau members will attend visits 2, 3a/3b, 4, and 5.

e 32 Jopuelr]
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Procedure for unblinding if needed (Spirit 17b)
Not applicable.

Data collection and management

Plans for assessment and collection of outcomes
(Spirit 18a)

In addition to clinical measurements and blood samples, data
will also be collected using participant-completed questionnaires
on paper and/or electronically through the study period (Table 5).
Data will be collected during interviewer-led assessments at the
relevant timepoints, and during the phone calls. Body composition
using a DXA scan and/or BIA will be measured in index
participants only.

Plan to promote participant retention and
complete follow-up (Spirit 18b)

If randomized to the intervention, participants may opt out of
intervention activities that are offered but remain enrolled in the study
and continue with clinical assessments, complete questionnaires and
allow researchers access to their medical records. Index and
household/whanau participants will receive phone, text message or
email reminders regularly to complete the questionnaires, depending
on their preference.

Data management (Spirit 19)

When an index participant consents to take part, they will
be allocated a unique participant identification number. A
corresponding household/whanau participant will be allocated a
unique participant identification number which connects to the
identification number of their corresponding index participant.
Consent forms and other paperwork containing personal identifiable
data including completed paper questionnaires will be stored in a
locked filing cabinet or password protected computer at each site. Data
collected on REDCap will be stored within the REDCap system.
Dietary intake data collected on Intake 24 is stored on that platform.
Personal and research data entered directly onto a computer by
participants or by a member of the research team will only
be accessible to members of the research team. Participant details will
be anonymized in all publications and other means of dissemination
that result from the trial.

Confidentiality (Spirit 27)

The principles of confidentiality will be adhered to. Data will
be collected and retained in accordance with the Privacy Act 2020 and
the National Ethics Advisory Committee National Ethical Standards
for Health and Disability Research and Quality Improvement.
Personal data will be kept only for as long as it is required. All data
analysis will take place on encrypted, password-protected computers.
No data will be released to any unauthorized third party without the
written approval of Principal Investigator. Data will be available for
monitoring by the Health and Disability Ethics Committee or
regulatory agencies if requested. An archiving plan will be developed
for all study materials in accordance with the Sponsor’s archiving
policy, and study materials will be archived for 10years from the end
of the trial. Access to the protocol, data and the statistical code will
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be available through application to the Principal Investigator once the
primary manuscripts have been submitted.

Plans for collection, laboratory evaluation and
storage of biological specimen for genetic or
molecular analyses in this trial/future use

Analysis of blood samples will be limited to analytes that will give
information on the cardiometabolic health of participants. This will
include but are not limited to HbA ¢, lipids, glucose, insulin and high
sensitivity C reactive protein. Participants will be given the option to
provide consent for their blood and fecal samples to be included in an
anonymous manner in a biobank.

Statistical analyses

The primary analysis will be conducted according to the intention
to treat principle. Appropriate data descriptions and plots will be used
for all variables. Change from baseline variables will also be described
as paired differences but, in general, baseline values of response
variables will be used as covariates in analyses rather than analyzing
change from baseline. For RCT 1 and RCT 2 and for the index
participants, the primary analysis for the primary outcome variable
will be Analysis of Covariance (ANCOVA) with the baseline value of
the MetSSS as a continuous covariate and the randomized treatment
as the main explanatory variable. This strategy will also be used for all
continuous outcome variables with the appropriate baseline value of
any specific outcome variable as the covariate. The baseline
measurement will be just before the relevant randomization. Normal
distribution assumptions for residuals will be checked for models of
continuous outcome variables and if these are badly violated
transformations, such as a logarithm transformation, will be used. For
some variables, outlined in Table 4, it is already established that the
logarithm transformation is likely to be appropriate. Where
appropriate transformations cannot be identified a rank-based
procedure, the Mann-Whitney test with the Hodges-Lehmann
estimator of location difference, will be used. For the primary outcome
variable, the MetSSS, a sensitivity analysis will be a secondary analysis
adjusting for possible confounding by important explanatory variables
that may have not been evenly distributed by the randomization.
These will be as a composite categorical variable for whether
medication was changed for any of blood pressure control, glucose
management, or lipid control; and separately, for physical activity
assessed by the international physical activity questionnaire score.
Analysis will be by ANCOVA with these confounding variables in
addition to the baseline MetSSS and randomized treatment. Another
secondary analysis will be to explore if randomized treatment
allocation is associated with different effects in subgroups; using an
appropriate treatment by subgroup interaction models. These
subgroups are: age, sex, baseline diet adherence score, household size,
and whether a household has children. For the continuous variables
the analysis of the interaction will be on the continuous scale but for
illustrative purposes, and for use in a Forest-like plot, will also
be estimated for the first and third quartile of the continuous predictor
distribution. Another important secondary analysis will be of all
participants treating each household as a cluster and using a Mixed
Linear model with baseline measurement and randomized treatment
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as fixed effects, and household clusters as random effects. If in the
event there are very few clusters, the random effect may not
be estimable and then this will be equivalent to ANCOVA. The
Intraclass correlation coefficient for the clustering effect will
be estimated directly from the variance components in the mixed
linear models, should a cluster effect be estimable. Categorical and
ordinal variables will be analyzed by logistic regression, the latter
corresponding to ordinal regression, for the individual participant
analysis, and by a Generalized Mixed Linear Model for all participants.
There may be other effect modifiers that we will consider but these will
be outlined in the Statistical Analysis Plan.

For the longitudinal cohort study stage, a similar ANCOVA
strategy will be used for the final measurement of the continuous
outcomes. A mixed linear model will also be used to examine linear
trends in changes in outcomes by accounting for correlation between
measurements in the same participants as well as the clustering effect
for an analysis of all participants.

SAS version 9.4 will be used for analyses.

Oversight and monitoring

Composition of the coordinating center and the
trial steering committee (Spirit 5d)

The study is led by a Senior Leadership Team who meet every
two weeks and will be responsible for the oversight of the trial. It is
composed of the Principal Investigator and senior members of the
research team. The Operations Team meets every two to four weeks
and will be responsible for the day-to-day running of the trial. In
addition, author FEL operates as research program manager and
works closely with all sites and with food providers. The trial also
has an independent Maori advisory committee providing oversight
the
Maori participants.

to support research team, Maori researchers and

Safety

As per standard procedure, any changes to the protocol or serious
adverse events will be communicated to the Health and Disability
Ethics Committee. Any significant changes in the protocol will
be notified to participants by study staff, and any changes to the
informed consent will be actioned at the next scheduled study visit.
There is no Data Monitoring Committee for this trial and The Sponsor
is responsible for monitoring the conduct of the trial.

Discussion

This trial has been designed to investigate the effect of the
Mediterranean dietary pattern incorporating high quality
New Zealand foods, implemented using elements of behavior science,
on the cardiometabolic health of people in Aotearoa New Zealand.
The trial has a number of strengths, the first of which relates to the
trial design which is an efficient way to answer three separate but
linked important questions which is important in the reduction of

participant burden and overall research costs. It comprises two RCTs
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and a longitudinal cohort study which allows the effect of the 12-week
combined intervention package (RCT 1) and then subsequent ongoing
online social support (RCT 2) to be tested. This is then followed by
testing of whether any dietary changes and effects on cardiometabolic
health are maintained at 12months through a longitudinal
cohort study.

The inclusion of household/whanau participants, including any
children over 5years in the household/whanau is important when
the of the
cardiometabolic health, where shared genetics and/or environmental

considering impact dietary intervention on
factors influence health outcomes. Not only do household/whanau
participants receive the study food, which is likely to improve uptake
and adherence for the index participant, but the household/whanau
participants are also included in the measurements, allowing an
assessment of whether their health status can also be improved.
Furthermore, in this study we are providing a substantive proportion
of the whole household/whanau weekly food requirements in order
to reduce barriers to change from cost and availability, and to
increase the opportunity for trying new foods and facilitate change
in dietary pattern. While other studies have provided food to
facilitate adherence to an intervention (13, 35), the current study
provides up to 75% of estimated energy requirements across all food
groups in a way that aligns with the NZMedDiet pattern. We have
demonstrated that the approach of both a household/whanau based
intervention and the provision of food for a whole diet intervention
is acceptable and culturally relevant for people in Aotearoa
New Zealand in our feasibility study (23).

The current trial has also taken a broad collaborative approach in
a significant partnership between academia and the food industry and
aims to provide locally produced food. The study team has established
relationships with over thirty food companies and negotiated the
provision of food that aligns with the dietary pattern. Importantly,
although contributing foods and beverages that align with the
NZMedDiet pattern, the food industry has not been involved with or
influenced the trial design and will not be involved with the data
analysis or reporting of the trial findings. The goal of the funding
body, High Value Nutrition National Science Challenge, is to bring
together academics and the food industry to grow science excellence
and knowledge to deliver food to the world which is associated with
positive health outcomes. The relationships built are important and
demonstrate an ability for academics and industry to work together
for better health for communities. Food grown and produced in
Aotearoa New Zealand is known to be nutritious and of high quality,
and foods which align with the MedDiet dietary pattern can
be predominantly sourced in Aotearoa New Zealand. In this trial,
engagement and partnership with the local food industry to provide
food for the participants allows the provision of locally sourced,
seasonable and fresh food.

Another key component of this trial is the importance of Maori
as the indigenous New Zealanders across the trial. This includes Maori
as co-investigators on the Science Leadership Team, one study site
being based at Kokiri Marae where Maori participants will be recruited
using local protocols for engagement. The trial includes Maori
research staff, Maori F&B companies and Maori participants in the
study. The trial also has an independent Maori committee providing
oversight to support the research team, Maori researchers and
Maori participants.
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The use of the MetSSS as the primary outcome measure was
carefully considered as the dietary intervention may have small but
collectively important effects on multiple risk factors for cardiometabolic
disease. Therefore, a composite outcome measure which incorporates
several of these, rather than choosing one specific risk factor, is
attractive. MetSSS is a continuous variable derived from the traditional
components of the metabolic syndrome (20, 36). The MetSSS has been
shown to predict future cardiometabolic disease and can be modified
by lifestyle including diet and exercise, and pharmacological
interventions to corresponding change in cardio-metabolic disease risk.
It is therefore a useful tool in assessing the impact of a dietary
intervention on metabolic health (19). In an Aotearoa New Zealand
population, the MetSSS positively associated with impaired glucose
regulatory status and history of cardiovascular disease for all ethnic
groups (20, 21). This places it in a good position to have utility as a tool
to quantify an individual’s cardiometabolic disease risk within the multi-
ethnic population of Aotearoa New Zealand (20).

There are several challenges faced by the study team to effectively
deliver this trial. The feasibility study has shown that it is possible to
recruit individuals and household/whanau to a whanau-based
intervention. It also showed that the two-step screening process was
effective and efficient and that the commercial meal kit home delivery
service was acceptable. However, in the current trial we also need to
bring together F&B providers, co-ordinate collection and delivery of
these foods integrated into the dietary pattern and further enable and
facilitate adoption and adherence to this. Informed by the feasibility
study we have incorporated more behavior change support and
further information on how to prepare or use foods which participants
may not have encountered before. One particular challenge will be to
maintain participants in the trial after the provision of food has
finished and adoption of the dietary pattern when they are purchasing
all of their own food. This is one of the important research questions
being addressed; whether substantive food provision and support
enables subsequent sustained dietary pattern change.

In summary, this trial combines two RCTs and a longitudinal
cohort study to investigate whether a household/whanau-based
dietary intervention incorporating high quality whole foods from
New Zealand, consistent with a Mediterranean dietary pattern,
combined with dietary change support, improves the cardiometabolic
health of New Zealanders.
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