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Abstract
Objective: Emerging evidence suggests that free sugars intake in many countries
exceeds that recommended by the WHO. However, information regarding real-
world dietary patterns associated with meeting the WHO free sugars guidelines
is lacking. The current study aimed to determine dietary patterns associated with
meeting the guidelines to inform effective free sugars reduction interventions in
New Zealand (NZ) and similar high-income countries.
Design: Dietary patterns were derived using principal component analysis on
repeat 24-h NZ Adult Nutrition Survey dietary recall data. Associations between
dietary patterns and the WHO guidelines (<5 and <10 % total energy intake) were
determined using logistic regression analyses.
Setting: New Zealand.
Participants: NZ adults (n 4721) over 15 years old.
Results: Eight dietary patterns were identified: ‘takeaway foods and alcohol’ was
associated with meeting both WHO guidelines; ‘contemporary’ was associated
with meeting the <10 % guideline (males only); ‘fast foods, sugar-sweetened
beverages and dessert’, ‘traditional’ and ‘breakfast foods’ were negatively associ-
ated with meeting both guidelines; ‘sandwich’ and ‘snack foods’ were negatively
associated with the <5 % guideline; and ‘saturated fats and sugar’ was negatively
associated with the <10 % guideline.
Conclusions: The majority of NZ dietary patterns were not consistent with WHO
free sugars guidelines. It is possible to meet the WHO guidelines while consuming
a healthier (‘contemporary’) or energy-dense, nutrient-poor (‘takeaway foods and
alcohol’) diet. However, the majority of energy-dense patterns were not associated
with meeting the guidelines. Future nutrition interventions would benefit from
focusing on establishing healthier overall diets and reducing consumption and free
sugars content of key foods.
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Evidence of the relationship between dietary sugars and
adverse health outcomes has caused sugars to become a
subject of public health concern(1–7). In 2015, the WHO
released a sugars intake guideline recommending a reduc-
tion of dietary free sugars(8) based on evidence that a diet
high in free sugars would lead to weight gain (low- and
moderate-quality evidence) and dental caries (very-low-
and moderate-quality evidence)(1,2). Free sugars are defined

by the WHO as ‘monosaccharides and disaccharides added
to foods and beverages by the manufacturer, cook or con-
sumer, and sugars naturally present in honey, syrups, fruit
juices and fruit juice concentrates’(8). Free sugars are, there-
fore, predominantly found in non-nutritive energy-dense
foods such as sugar-sweetened beverages (SSB) and
confectionary(9). The WHO guideline strongly recommends
that free sugars intake be reduced to <10 % of total energy
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(TE) intake(8), the equivalent of approximately twelve
teaspoons of sugar per day for adults. The WHO made
a further conditional recommendation that intakes be
reduced to <5 % TE for additional health benefits(8).

Nationally representative dietary surveys from several
high-income countries have indicated typical free sugars
intakes exceeding the WHO recommendations, including
the Netherlands (14·2 % TE)(10), Australia (11·7 % TE)(9), the
UK (12·3 % TE from non-milk extrinsic sugars)(11) and
the USA (14·6 % TE from added sugars)(12). Similarly,
recent analyses using 2008/2009 NZ Adult Nutrition
Survey (NZANS) data have found that New Zealand
(NZ) adults (over 15 years) consume more free sugars
than the WHO guidance (median intake 57 g/d or
11 % TE, the equivalent of 14·3 teaspoons of sugar)(13).
The majority (58 %) of NZ adults do not meet the
<10 % WHO recommendation(13). However, this figure
likely underestimates the true free sugars intake of NZ
adults; an estimated 21 % of men and 25 % of women
underreported energy intake in the NZANS(14), and it is
likely that underreporting was exacerbated for foods con-
taining free sugars as individuals are more likely to under-
report energy-dense foods(15).

New Zealand has the third highest adult obesity rate
among countries in the Organisation for Economic Co-
operation and Development (OECD)(16), and almost one
in three (32 %) NZ adults and one in eight (12 %) children
are now obese(17). This is an increase from 27 % of adults
and 8 % of children in 2006/2007(17). The increasing preva-
lence of obesity has occurred in parallel with greater avail-
ability of total sugars in NZ, which increased from
approximately 135 g per capita per day in 1982/1984
to 160 g per capita per day in 2000/2002(18). Dental decay
also remains themost prevalent chronic disease in NZ(19).
The 2009 NZ Oral Health Survey reported that dentate
NZ adults had a mean of fourteen decayed, missing or
filled teeth, and one in three dentate adults (35 %) had
untreated coronal decay (decay on the visible crown
of the tooth)(19).

It is evident that interventions and policies are urgently
required to reduce dietary free sugars. Such interventions
would benefit from focusing on both dietary patterns, that
is, the way in which foods and beverages are combined to
form a complete diet(20), and specific foods where con-
sumption could be reduced or products reformulated.
The causes of obesity and dental caries are multifactorial,
and dietary risk factors are additive in their effects(21).
Consequently, it is unlikely that disease prevalence can
be attributed solely to one food or beverage. Dietary
pattern analysis is, thus, advantageous as it acknowledges
that nutrients such as free sugars are not consumed in
isolation(20,22). Additionally, dietary patterns may be easily
translated into population dietary guidelines, and educa-
tional interventions as food-based recommendations are
more easily understood and adopted by the general public
than single-nutrient recommendations(20). Focusing on

dietary patterns has, thus, been suggested as the most
effective method for achieving dietary guidelines(20).

Our primary aimwas, therefore, to determine the dietary
patterns associated with meeting the WHO free sugars
guideline (<5 and <10 % TE). Secondary aims were to
determine the dietary patterns associated with moderate
and high intakes of free sugars, and whether dietary
patterns low, moderate or high in free sugars differ by
sex, age or ethnicity.

Methods

Study design and population
NZANS, NZ’s most recent national nutrition survey, was
conducted between October 2008 and October 2009. A full
report of the NZANS methodology can be found on the
Ministry of Health website(23). Briefly, 4721 NZ adults
over 15 years living in permanent private residences were
recruited, with sufficient sampling of Māori (Indigenous
New Zealanders), Pacific Islanders, and younger and older
age groups to produce robust data for all major ethnic and age
groups. A multi-stage, stratified, probability-proportional-
to-size sample design was used. Survey weights were
developed to ensure results were representative of all NZ
adults. Trained interviewers collected dietary data during
face-to-face 90-min interviews administered in participants’
homes using a computer-based multiple-pass 24-h diet
recall. Researchers distributed interviews across all days
of the week. To allow for the estimation of usual intake
of nutrients, a repeat 24-h diet recall was conducted on a
random subsample of 25 % of participants (n 1180).

Data preparation
Prior to analysis, the thirty-three initial NZANS food
groups(24) were adapted into thirty-four new food groups,
which would produce easily interpretable dietary patterns
associated with free sugars intake (Table 1). For example,
‘non-alcoholic beverages’ were separated into ‘low-sugar
beverages’ and ‘sugar-sweetened beverages’ on the basis
of whether or not the mean total sugar content of a particu-
lar subgroupmet the cut-off for the lower rate of the UK Soft
Drinks Industry Levy (drinks containing added sugars with
a total sugar content ≥5 g/100 ml(25)). The food groups
‘beef and veal’, ‘lamb and mutton’, and ‘pork’ were aggre-
gated into an overarching ‘red meats’ food group based on
health outcomes associated with redmeat consumption(26).

Usual dietary intake, rather than a single day’s dietary
intake, was used in the present study to account for intra-
individual variability. To determine usual intake, partici-
pants’ intakes of each food group were adjusted using
repeat 24-h diet recall data and the Multiple Source
Method (MSM)(27). Analyses were performed by sex, and
it was assumed that all participants were habitual con-
sumers of each food group in the absence of FFQ data.
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Derivation and analysis of dietary patterns
Following a literature review of the strengths and limita-
tions of a posteriori dietary pattern derivation methods(28),
no one method appeared better than another. Principal
component analysis (PCA) was selected as the most appro-
priate method to derive dietary patterns in the present
study. PCA is a data reduction technique in which x

correlated foods or food groups are entered and trans-
formed to produce a smaller number of y uncorrelated
variables(29). The uncorrelated variables produced are
components that represent unique dietary patterns.

PCA was conducted on usual dietary intake (g/d) for the
thirty-four food groups using the survey-weighted correla-
tion matrix. The Kaiser–Meyer–Olkin measure of sampling

Table 1 Food groups used in dietary pattern analyses

No. Food group Examples of food items included

1 Grains and pasta Rice (boiled, fried, risotto, sushi, salad), flour, pasta/noodles, bran, cereal-based products and
dishes (pasta and sauce, lasagne, pasta salad, noodle soup, chow mein)

2 Bread and sandwiches* All types of bread (rolls, pita, focaccia, garlic), sandwiches, filled rolls, filled pita breads,
croissants, bagels, crumpets, sweet buns, bread-based stuffings

3 Breakfast cereals All types (muesli, wheat biscuits, porridge, puffed/flaked/extruded cereals)
4 Crackers* Single and multigrain crackers, rice wafers and crackers, high- and low-fat varieties
5 Biscuits* Plain, chocolate-coated, fruit-filled, cream-filled and fruit and/or nut biscuits
6 Cakes and muffins All cakes and muffins, slices, scones, pancakes, pikelets, waffles, doughnuts, pastry
7 Takeaway foods* Burgers, hot-dogs, pizza, tortillas, tacos, doner kebabs, burritos, nachos, dim sims, spring rolls,

wontons, bread-based batters
8 Puddings and desserts* Milk puddings, ice-cream, cheesecakes, fruit crumbles, mousse, steamed sponges, sweet pies,

pavlova, meringues
9 Milk* All milk (cow, soya, rice, and goat) and milk powder
10 Dairy products Cream, sour cream, yoghurt, dairy food, dairy-based dips
11 Cheese Cheddar, Edam, specialty (blue, brie, feta, etc.), ricotta, cream cheese, cottage cheese,

processed cheese
12 Unsaturated fats* Margarine and canola, olive, sunflower, sesame, peanut and vegetable oils
13 Saturated fats* Butter, butter/margarine blends, coconut oil, dripping, lard, chefade, palm oil, suet
14 Eggs and egg dishes All eggs (poached, boiled, scrambled and fried), omelettes, self-crusting quiches, egg stir-fries
15 Poultry All chicken, duck, turkey and mutton-bird muscle meats and processed meat, stews and stir-fries
16 Fish and seafood All fish (fresh, frozen, smoked, canned, battered and fingers), shellfish, squid, crab, shrimp/

prawns, fish/seafood dishes (pies, casseroles and fritters), fish and seafood products
17 Red meats* All beef and veal (all muscle meats including steak, mince, corned beef, roast and schnitzel, and

stews, stir-fries and curries), lamb and mutton (all muscle meats including chops, roast and
mince, and stews, stir-fries and curries), pork (all muscle meats including roast, chop, steak
and schnitzel, and bacon, ham, stews and stir-fries)

18 Sausages and processed meats Sausages, luncheon, frankfurters, saveloys/cheerios, salami, meatloaf and patties
19 Other meat Venison, rabbit, goat, organ meats (liver, kidney, heart, tongue), pâté, haggis
20 Pies and pasties All pies including potato top, pasties, savouries, sausage rolls, quiche with pastry
21 Vegetables All vegetables (fresh, frozen, canned) including mixes, coleslaw, tomatoes, green salads,

legumes and pulses, legume products and dishes (baked beans, hummus, tofu), vegetable
dishes

22 Potatoes, kumara and taro Mashed, boiled, baked potatoes and kumara, potato dishes (stuffed, scalloped potatoes), taro
roots and stalks

23 Potato products* Hot chips, wedges, croquettes and hash browns, crisps
24 Snack foods* Corn chips, popcorn, extruded snacks and other crisps (grain, kumara, etc.), fruit leathers/roll

ups
25 Snack bars Muesli bars, wholemeal fruit bars, puffed cereal bars, nut and seed bars
26 Fruit* All fruit, fresh, canned, cooked and dried
27 Nuts and seeds All nuts (including peanuts, almonds, etc.), all seeds (including sesame, sunflower, pumpkin),

nut butters and chocolate nut spreads, coconut (including milk and cream), nut-based dips
(pesto’s)

28 Sugar and sweets Sugars, syrups, confectionery, chocolate, jam, marmalade, honey, jelly, sweet toppings and
icing, ice-blocks

29 Soups and stocks All instant and homemade soups (excluding noodle soups), stocks and stock powders
30 Savoury sauces and condiments Gravies, tomato and cream-based sauces, soya, tomato and other sauces, cheese sauces,

mayonnaise, oil and vinegar dressings, chutney, marmite
31 Low-sugar beverages* Tea (including black tea, herbal tea, green tea), coffee, diet soft drinks, water (including mineral

and soda water, tap and filtered water), sweetened water, other non-alcoholic beverages
32 Sugar-sweetened beverages* Hot drinks (including Milo, hot chocolate, cocoa, cereal beverages, etc.), milkshakes, flavoured

milk, fruit juices (including apple, orange, grapefruit and grape), vegetable juices, cordials and
fruit drinks, regular soft drinks, sports drinks, energy drinks, powdered drinks

33 Alcoholic beverages Wine, beer, ciders, spirits, liqueurs and cocktails, ready-to-drink alcoholic sodas
34 Dietary supplements providing

energy
Meal replacements, protein supplements (powders and bars)

*Food groups differ from original food groups in the New Zealand Adult Nutrition Survey.
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adequacy (0·57;>0·5 acceptable) and Bartlett’s test of sphe-
ricity (P < 0·001; P< 0·001 acceptable) were used to ensure
that correlation within the dataset was adequate for per-
forming PCA. Resulting components were retained on
the basis of having an eigenvalue >1·0, their position on
a scree plot (before an ‘elbow’) and their interpretability.
An orthogonal varimax rotation was used to improve the
interpretability of components(29,30). Rotated components
were named based on food groups with component
loadings >±0·2. Component loadings depict correlations
between each food group and dietary pattern. Food
groups with a component loading >þ0·2 or >–0·2 for a
particular dietary pattern positively or negatively charac-
terised that pattern respectively, indicating high or low
intakes of the food group for participants adhering to
the pattern. The larger the positive or negative compo-
nent loading, the more meaningfully that food group
characterised the dietary pattern.

Component scores were extracted as standardised val-
ues with a mean of zero and variance of one. Component
scores, indicating how closely a participant adhered to a
particular dietary pattern, were adjusted for in all logistic
regression models. PCA does not produce mutually exclu-
sive dietary patterns. Therefore, participants received a
component score for each of the retained dietary patterns,
with half of the population receiving positive scores and
half receiving negative scores.

Statistical analyses
Stata/IC 15.0(31) was used to conduct all statistical analyses,
except for the estimation of usual intake of nutrients where
MSM was used. All survey data, except for specified socio-
demographic data presented in Table 2, were weighted,

and survey commands were used to produce proportions,
medians, percentiles, OR and 95 % CI. Subpopulation com-
mands were used for estimates by sex, age group (≤30 and
>30 years) and ethnicity (Māori, Pacific, or New Zealand
European and other (NZEO)). Prioritised ethnicity was
used with the following order of prioritisation: Māori,
Pacific and NZEO. When stratifying the population by
sex, age, ethnicity or free sugars intake, it was ensured that
there were a sufficient number of participants in each stra-
tum (defined as n≥ 30(24)) to produce robust results.

Total intakes of free sugars were calculated in 2017 by
Kibblewhite et al.(13) for all foods and beverages consumed
by NZANS participants based on the methods outlined by
Louie et al.(32). Free sugars were defined in the study by
Kibblewhite et al.(13) and in the present study using the
WHO definition of ‘monosaccharides and disaccharides
added to foods and beverages by the manufacturer, cook
or consumer, and sugars naturally present in honey, syrups,
fruit juices and fruit juice concentrates’(8). Total consump-
tion of free sugars was used to categorise each participant
as meeting the <5 or <10 %WHO free sugars guidelines or
not meeting the WHO guidelines. Maximum-likelihood
logistic regression models were subsequently fitted to
determine which of the resulting dietary patterns were
associated with meeting the <5 and <10 % WHO free sug-
ars guidelines. The dichotomous dependent variable used
in each model indicated whether participants met or did
not meet the <5 or <10 % WHO free sugars guideline.
Models were adjusted for sex, age, prioritised ethnicity
and component score for all derived dietary patterns. OR
(and 95 % CI) were calculated for the total population
and by sex, age and prioritised ethnicity.

Results

Sociodemographics
Table 2 describes the unweighted and survey-weighted
characteristics of the 4721 NZANS participants. Unweighted
values depict characteristics of the NZANS study population.
Survey-weighted values depict characteristics of the NZ
population. Compared with the total NZ population,
the study population comprised a slightly higher propor-
tion of females (56 v. 52 %) and adults ≤30 years (30 v.
27 %), and oversampled Māori (22 v. 11 %) and Pacific
(15 v. 5 %).

Table 3 shows the proportion of survey participants
who met the <5 % TE free sugars guideline (low free sug-
ars), met the <10 % TE but did not meet the <5 % TE free
sugars guideline (moderate free sugars), and who met nei-
ther (high free sugars). Less than one in eight (12 %)met the
<5 % WHO guideline, and fewer than one in three (42 %)
met the <10 % WHO guideline.

A significantly higher proportion of adults>30 years met
the <5 and <10 % WHO free sugars guidelines (14 and
34 %, respectively) than adults ≤30 years (7 and 20 %,

Table 2 Unweighted and survey-weighted characteristics of the
4721 participants in the New Zealand Adult Nutrition Survey

Total population
(unweighted)

(n 4721)

Total population
(survey-weighted)

(n 4721)

% n % n

Sex
Male 43·8 2066 47·8 2257
Female 56·2 2655 52·2 2464

Age (years)
≤30 30·0 1417 27·1 1279
>30 70·0 3304 72·9 3442

Ethnicity
Māori 22·0 1040 11·3 535
Pacific 14·8 701 4·8 227
NZEO 63·1 2980 83·9 3959

BMI (kg/m2)* 27·4 23·9, 31·8 26·6 23·6, 30·4
Energy intake (kJ)* 8333 6605, 10 454 8646 7001, 10 740
Free sugars intake
(g/d)*

55·0 33·2, 83·5 57·3 35·0, 84·3

Free sugars intake
(% TE)*

11·2 7·4, 15·6 11·1 7·3, 15·4

NZEO, New Zealand European and other; TE, total energy.
*Median (25th, 75th percentiles).
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respectively) (Table 3). No significant differences were
seen by sex or ethnicity. Participants consuming a diet
high in free sugars had a significantly higher mean
energy intake than participants with diets moderate or
low in free sugars. Median BMI did not significantly differ
between NZ adults consuming a diet low, moderate or
high in free sugars.

Dietary patterns
Eight dietary patterns were identified using PCA (Table 4),
which explained 34 % of the total variance in food group
intake. Dietary pattern 1 was a ‘sandwich’ pattern charac-
terised by high intakes of bread and sandwiches, unsatu-
rated fats (including margarine), cheese, red meat and
sugar and sweets (including sweet spreads). Pattern 2
was termed ‘fast foods, SSB and desserts’ and was charac-
terised by high intakes of SSB, takeaway foods, puddings
and desserts and pies and pasties, and low intakes of
vegetables, low-sugar beverages and fruit. Pattern 3,
‘traditional’, was characterised by foods commonly associ-
ated with NZ culture, including high intakes of potatoes,
kumara and taro, savoury sauces and condiments, vegeta-
bles, red meats, puddings and desserts, cakes and muffins,
and low intakes of soups and stocks and dietary supple-
ments. Pattern 4 was termed ‘takeaway foods and alcohol’
and was characterised by high intakes of potato products,
fish and seafood, alcoholic beverages and takeaway foods,
and low intakes of soups and stocks. Pattern 5 was termed
‘breakfast foods’ and was characterised by high intakes of
milk, breakfast cereals, sugar and sweets, puddings and
desserts and cakes and muffins, and low intakes of alco-
holic beverages and eggs and egg dishes. Pattern 6 was
termed ‘snack foods’ and was characterised by high

intakes of snack bars, cheese, crackers, dairy products
and fruit. Pattern 7 was termed ‘saturated fats and sugar’
and was characterised by high intakes of saturated fats,
cheese and sugar and sweets, and low intakes of unsatu-
rated fats and nuts and seeds. Pattern 8 was termed ‘con-
temporary’ and was characterised by high intakes of
grains and pasta, poultry, snack foods, nuts and seeds
and low-sugar beverages, and low intakes of biscuits.

Associations between dietary patterns and the
WHO free sugars recommendations
For the total population, adherence to the ‘takeaway
foods and alcohol’ dietary pattern was positively associ-
ated with meeting both the <5 and <10 %WHO guidelines
(Table 5). In the total population, every SD increase in ‘take-
away foods and alcohol’ component score was associated
with a 19 % (1·19; 95 % CI 1·04, 1·36) or 23 % (1·23; 95 % CI
1·11, 1·35) increase in the likelihood of meeting the
<5 and <10 % guidelines, respectively. Males and
NZEOwere more likely to meet the <5 and<10 % recom-
mendations, and adults >30 years were more likely to
meet the <10 % recommendation when adhering to
‘takeaway foods and alcohol’.

Adherence to the ‘contemporary’ pattern was neither
positively nor negatively associated with meeting the
<5 % (1·07; 95 % CI 0·90, 1·26) or <10 % (1·06; 95 % CI
0·97, 1·16) WHO guidelines for the total population.
However, males adhering to the ‘contemporary’ pattern
were 17 % (1·17; 95 % CI 1·04, 1·31) more likely to meet
the <10 % recommendation.

Adherence to the ‘breakfast foods’ and ‘fast foods, SSB
and dessert’ patterns was negatively associated with
meeting the <5 and <10 % WHO guidelines for the total

Table 3 Survey-weighted proportion of participants meeting the WHO <5% and <10% TE free sugars guideline and
not meeting the guideline by sex, age and prioritised ethnicity

Low free sugars
(<5% TE*)

Moderate free sugars
(5–10% TE†)

High free sugars
(>10% TE)

% n % n % n

11·9 562 29·9 1413 58·2 2745
Sex
Male 12·2 274 28·9 652 59·0 1331
Female 11·7 288 30·9 761 57·4 1414

Age (years)
≤30 7·4 94 19·8 253 72·9 932
>30 13·6 468 33·7 1160 52·7 1813

Ethnicity
Māori 11·3 61 27·7 148 61·0 326
Pacific 14·9 34 30·4 69 54·7 124
NZEO 11·8 468 30·2 1196 58·0 2295

BMI (kg/m2)‡ 26·9 24·1, 31·7 27·1 23·8, 30·3 26·4 23·3, 30·2
Energy intake (kJ)‡ 8097 6566, 10 665 8282 6776, 10 326 8932 7218, 10 961
Free sugars intake (g/d)‡ 15·1 11·4, 22·9 37·6 28·9, 48·7 77·9 59·8, 106·0
Free sugars intake (% TE)‡ 3·5 2·4, 4·4 7·7 6·4, 8·9 14·6 12·2, 18·0

TE, total energy; NZEO, New Zealand European and other.
*Free sugars intake <5% TE, that is, met the <5% WHO free sugars guideline.
†Free sugars intake ≥5% TE but <10% TE, that is, met the <10% WHO free sugars guideline only.
‡Median (25th, 75th percentiles).
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population and for all sex, age and ethnic groups. In the
total population, a 1 SD increase in ‘breakfast foods’ com-
ponent score was associated with a 51 % (0·49; 95 % CI
0·41, 0·58) and 47 % (0·53; 95 % CI 0·47, 0·59) reduction
in the likelihood of meeting the<5 and<10 % guidelines,
respectively. Similarly, in the total population, a 1 SD

increase in ‘fast foods, SSB and dessert’ component score
was associated with a 62 % (0·38; 95 % CI 0·32, 0·44) and
67 % (0·33; 95 % CI 0·29, 0·38) reduction in the likelihood
of meeting the <5 and <10 % guidelines, respectively.

For the total population, adherence to the ‘traditional’
pattern was associated with a 20 % (0·80; 95 % CI 0·69,
0·93) and 11 % (0·89; 95 % CI 0·81, 0·98) reduction in the
likelihood of meeting the <5 and<10 % guidelines, respec-
tively. The association with the<5 % guideline persisted for
females, adults >30 years and NZEO. The association with
the <10 % guideline persisted for females, adults ≤30 years
and NZEO.

Adherence to the ‘sandwich’ pattern was negatively
associated with meeting the <5 % recommendation for

the total population (0·77; 95 % CI 0·66, 0·90) but neither
positively nor negatively associated with meeting the
<10 % recommendation (0·93; 95 % CI 0·84, 1·02). The
association with the <5 % recommendation persisted
for males, both age groups and NZEO. Similarly, for
the total population, adherence to the ‘snack foods’ pat-
tern was negatively associated with meeting the <5 %
recommendation (0·80; 95 % CI 0·70, 0·92) but neither
positively nor negatively associated with meeting the
<10 % recommendation (0·96; 95 % CI 0·86, 1·06). The
association with the <5 % guideline persisted for males,
adults >30 years and NZEO. Converse to the total popu-
lation, females were less likely to meet the <10 % guide-
line when adhering to the ‘snack foods’ pattern.

Conversely, for the total population, adherence to the
‘saturated fats and sugar’ pattern was neither positively
nor negatively associated with meeting the <5 % recom-
mendation (0·89; 95 % CI 0·76, 1·05) but negatively associ-
ated with the <10 % recommendation (0·88; 95 % CI 0·81,
0·97). The neutral association with the <5 % guideline

Table 4 Rotated component loadings for food groups included in the eight identified dietary patterns

Variable Sandwich

Fast foods,
SSB and
desserts Traditional

Takeaway
foods and
alcohol

Breakfast
foods

Snack
foods

Saturated
fats and
sugar Contemporary

Grains and pasta 0·06 –0·05 –0·13 –0·06 0·01 –0·03 0·02 0·59
Bread and sandwiches 0·57* 0·06 –0·08 –0·01 –0·01 0·07 0·13 0·05
Breakfast cereals –0·06 –0·02 0·00 0·06 0·45 0·06 –0·09 0·00
Crackers –0·01 0·02 –0·05 0·01 –0·04 0·44 0·14 –0·09
Biscuits 0·09 0·08 0·17 0·05 0·12 0·10 –0·16 –0·20
Cakes and muffins –0·14 0·16 0·20 –0·09 0·20 0·00 0·08 –0·08
Takeaway foods –0·03 0·28 –0·13 0·26 0·03 –0·05 –0·04 0·03
Puddings and desserts 0·01 0·23 0·26 –0·13 0·20 0·12 0·02 –0·04
Milk 0·07 –0·09 0·03 0·11 0·53 –0·08 0·05 0·07
Dairy products –0·15 –0·03 0·03 0·04 0·16 0·40 –0·06 –0·06
Cheese 0·22 –0·01 –0·01 –0·01 –0·07 0·46 0·20 0·04
Unsaturated fats 0·55 –0·04 0·10 –0·02 0·08 –0·04 –0·29 –0·06
Saturated fats –0·04 –0·04 0·04 –0·01 0·02 0·06 0·67 0·00
Eggs and egg dishes 0·15 –0·15 0·04 0·14 –0·21 –0·09 0·12 –0·10
Poultry –0·13 0·13 0·18 –0·03 0·05 0·00 –0·02 0·51
Fish and seafood 0·00 –0·16 –0·07 0·54 0·09 0·02 0·03 –0·09
Red meats 0·22 0·01 0·29 –0·01 –0·11 –0·07 0·19 –0·02
Sausages and processed
meats

0·14 0·06 0·18 0·17 0·02 0·03 –0·17 –0·12

Other meats 0·13 –0·15 –0·01 0·01 –0·06 –0·10 –0·03 –0·03
Pies and pasties 0·05 0·23 0·11 –0·05 –0·12 –0·03 0·02 –0·07
Vegetables –0·02 –0·42 0·32 0·00 –0·03 0·03 –0·03 0·07
Potatoes, kumara and taro –0·01 –0·01 0·53 –0·07 0·02 –0·09 0·07 –0·08
Potato products –0·02 0·12 0·00 0·58 0·01 –0·01 –0·07 –0·03
Snack foods 0·08 0·04 0·03 –0·02 –0·07 0·02 –0·15 0·25
Snack bars –0·02 0·08 –0·05 0·02 –0·11 0·47 –0·05 0·03
Fruit –0·02 –0·21 0·02 –0·11 0·10 0·31 –0·14 –0·02
Nuts and seeds 0·12 –0·06 –0·01 –0·01 0·02 0·12 –0·24 0·24
Sugar and sweets 0·22 0·15 –0·02 –0·04 0·37 –0·11 0·29 0·02
Soups and stocks 0·18 –0·02 –0·23 –0·26 –0·02 –0·02 –0·09 –0·18
Savoury sauces and
condiments

0·02 –0·03 0·36 0·10 –0·03 0·11 –0·07 0·12

Low-sugar beverages 0·11 –0·37 –0·07 0·09 0·15 0·01 0·13 0·21
Sugar-sweetened beverages 0·08 0·51 0·05 0·05 –0·03 0·05 –0·03 0·17
Alcoholic beverages 0·06 0·02 0·12 0·29 –0·31 0·02 0·15 0·13
Dietary supplements 0·09 0·11 –0·21 0·01 0·12 0·01 0·13 –0·04
Variance explained (%) 6·04 5·76 4·39 4·07 3·72 3·54 3·49 3·45

SSB, sugar-sweetened beverages.
*All bold values indicate component loadings ≥0·20 considered in the naming of dietary pattern.
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Table 5 Associations between dietary patterns and meeting the <5% TE and <10% TE WHO free sugars intake recommendations

Sex Age group Ethnicity*

Total population Male Female ≤30 years >30 years Māori Pacific NZEO

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Associations between meeting the <5% TE WHO guideline
Sex (female)† 0·60 0·41, 0·87 – – 0·26 0·12, 0·56 0·69 0·44, 1·07 0·57 0·33, 0·99 1·19 0·63, 2·22 0·57 0·36, 0·89
Age 1·00 1·00, 1·01 1·00 0·98, 1·01 1·01 1·00, 1·03 – – 1·01 0·99, 1·04 1·02 1·00, 1·03 1·00 0·99, 1·01
Ethnicity‡
Māori 1·07 0·74, 1·55 1·06 0·63, 1·77 1·11 0·64, 1·90 1·38 0·60, 3·18 0·97 0·66, 1·43 – – –
Pacific 1·34 0·93, 1·91 1·01 0·57, 1·81 1·91 1·25, 2·90 1·51 0·74, 3·10 1·25 0·85, 1·83 – – –

Dietary pattern
Sandwich 0·77 0·66, 0·90 0·74 0·61, 0·90 0·80 0·59, 1·08 0·60 0·44, 0·83 0·80 0·67, 0·97 0·94 0·71, 1·25 0·82 0·58, 1·15 0·77 0·66, 0·90
Fast foods, SSB and dessert 0·38 0·32, 0·44 0·36 0·29, 0·45 0·39 0·31, 0·48 0·33 0·25, 0·44 0·39 0·33, 0·47 0·44 0·31, 0·62 0·39 0·31, 0·48 0·38 0·32, 0·44
Traditional 0·80 0·69, 0·93 0·88 0·72, 1·08 0·70 0·57, 0·87 0·95 0·77, 1·18 0·77 0·65, 0·92 0·79 0·61, 1·04 1·10 0·88, 1·39 0·80 0·69, 0·93
Takeaway foods and alcohol 1·19 1·04, 1·36 1·22 1·05, 1·41 1·12 0·90, 1·40 1·18 0·94, 1·48 1·16 0·99, 1·37 1·09 0·91, 1·29 1·03 0·83, 1·29 1·19 1·04, 1·36
Breakfast foods 0·49 0·41, 0·58 0·56 0·44, 0·71 0·35 0·26, 0·49 0·45 0·31, 0·67 0·48 0·39, 0·59 0·58 0·42, 0·81 0·33 0·21, 0·53 0·49 0·41, 0·58
Snack foods 0·80 0·70, 0·92 0·78 0·64, 0·94 0·86 0·69, 1·07 0·75 0·55, 1·03 0·79 0·68, 0·92 0·91 0·67, 1·23 0·84 0·67, 1·06 0·80 0·70, 0·92
Saturated fats and sugar 0·89 0·76, 1·05 0·79 0·64, 0·99 1·18 0·94, 1·47 0·90 0·59, 1·38 0·89 0·74, 1·06 0·84 0·63, 1·12 0·83 0·62, 1·12 0·89 0·76, 1·05
Contemporary 1·07 0·90, 1·26 1·01 0·82, 1·24 1·24 0·95, 1·62 0·69 0·46, 1·02 1·17 0·99, 1·39 0·85 0·58, 1·25 1·13 0·87, 1·48 1·07 0·90, 1·26

Associations between meeting the <10% TE WHO guideline
Sex (female)† 0·67 0·53, 0·84 – – 0·36 0·21, 0·60 0·78 0·59, 1·02 0·55 0·33, 0·92 0·70 0·41, 1·18 0·69 0·53, 0·91
Age 1·01 1·01, 1·02 1·01 1·00, 1·02 1·01 1·00, 1·02 – – 1·02 1·01, 1·03 1·01 0·99, 1·02 1·01 1·00, 1·02
Ethnicity‡
Māori 1·09 0·86, 1·39 1·07 0·73, 1·57 1·14 0·83, 1·56 1·18 0·76, 1·84 1·06 0·79, 1·41 – – –
Pacific 1·45 1·13, 1·87 1·29 0·86, 1·93 1·62 1·18, 2·23 1·52 0·92, 2·49 1·42 1·07, 1·89 – – –

Dietary pattern
Sandwich 0·93 0·84, 1·02 0·90 0·80, 1·01 0·99 0·84, 1·16 0·87 0·72, 1·04 0·94 0·83, 1·06 0·89 0·72, 1·09 0·86 0·73, 1·02 0·95 0·84, 1·07
Fast foods, SSB and dessert 0·33 0·29, 0·38 0·37 0·31, 0·44 0·27 0·23, 0·33 0·32 0·25, 0·41 0·34 0·29, 0·39 0·32 0·25, 0·41 0·36 0·28, 0·46 0·33 0·29, 0·39
Traditional 0·89 0·81, 0·98 0·93 0·82, 1·05 0·84 0·74, 0·96 0·81 0·66, 0·99 0·93 0·84, 1·03 0·99 0·82, 1·20 1·12 0·93, 1·34 0·87 0·78, 0·97
Takeaway foods and alcohol 1·23 1·11, 1·35 1·27 1·12, 1·44 1·15 0·99, 1·33 1·18 0·95, 1·45 1·22 1·09, 1·36 0·96 0·82, 1·13 0·95 0·80, 1·12 1·31 1·16, 1·47
Breakfast foods 0·53 0·47, 0·59 0·57 0·49, 0·66 0·47 0·40, 0·56 0·61 0·48, 0·76 0·50 0·44, 0·57 0·54 0·45, 0·64 0·49 0·40, 0·60 0·53 0·46, 0·61
Snack foods 0·96 0·86, 1·06 1·02 0·90, 1·16 0·84 0·72, 0·98 0·84 0·69, 1·03 0·97 0·87, 1·09 0·91 0·73, 1·12 0·97 0·72, 1·32 0·95 0·85, 1·06
Saturated fats and sugar 0·88 0·81, 0·97 0·87 0·78, 0·98 0·90 0·78, 1·05 0·83 0·67, 1·04 0·88 0·79, 0·98 0·88 0·73, 1·06 0·87 0·65, 1·15 0·88 0·79, 0·97
Contemporary 1·06 0·97, 1·16 1·17 1·04, 1·31 0·88 0·76, 1·03 1·02 0·85, 1·22 1·04 0·93, 1·16 0·93 0·76, 1·14 0·99 0·81, 1·21 1·08 0·97, 1·20

TE, total energy; NZEO, New Zealand European and other; SSB, sugar-sweetened beverages.
All bold values were significantly positively or negatively associated with meeting the <5 or <10% TE recommendation (P< 0·05).
*Prioritised ethnicity used for all analyses by ethnicity.
†Males used as the reference category.
‡NZEO used as the reference category.
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persisted for all subgroups except for males, while the neg-
ative association with the <10 % guideline persisted for
males, adults >30 years and NZEO.

The ‘takeaway foods and alcohol’ pattern was more
strongly associated with meeting the <10 % WHO guide-
line than the <5 % guideline. The ‘sandwich’, ‘traditional’,
‘breakfast foods’ and ‘snack foods’ patterns were more
strongly negatively associated with meeting the <5 %
guideline than with the <10 % guideline. Conversely, the
‘fast foods, SSB and dessert’ and ‘saturated fats and sugar’
patterns were more strongly negatively associated with
meeting the <10 % guideline than with the <5 % guideline.

Discussion

As far as we are aware, this is the first NZ study – and the
second globally – to examine adults’ dietary patterns spe-
cifically associated with meeting the WHO free sugars
guideline(33). Dietary patterns were derived using a repre-
sentative sample of the NZ adult population. The eight
unique dietary patterns identified were termed ‘sandwich’,
‘fast foods, SSB and dessert’, ‘traditional’, ‘takeaway foods
and alcohol’, ‘breakfast foods’, ‘snack foods’, ‘saturated fats
and sugar’ and ‘contemporary’. The ‘takeaway foods and
alcohol’ pattern was positively associated with meeting
both the<5 and<10 % free sugars guidelines. The ‘contem-
porary’ pattern was neither positively nor negatively asso-
ciated with the guideline in the total population, but was
associated with the<10 % guideline in males only. The ‘fast
foods, SSB and dessert’, ‘traditional’ and ‘breakfast foods’
patterns were negatively associated with both the <5 and
<10 % guidelines. The ‘sandwich’ and ‘snack foods’ pat-
terns were negatively associated with the <5 % guideline
only, while the ‘saturated fats and sugar’ pattern was neg-
atively associated with the <10 % guideline only.

The ‘takeaway foods and alcohol’ pattern was character-
ised by fish and seafood, potato products, takeaway foods
and alcoholic beverages. The fish and seafood food group,
containing battered, fried and crumbed fish, and the potato
products food group, containing hot chips and wedges, are
commonly purchased together from takeaway stores as
‘fish and chips’ in NZ(34). While this dietary pattern was
low in free sugars, it was likely high in energy, saturated
fat and Na(35). A 2019 analysis of the UK National Diet
and Nutrition Survey using latent class analysis found that
‘prudent eaters’ and ‘high fat consumers’ similarly met the
WHO free sugars guideline(33). Prudent eaters consumed
the highest proportion of alcohol and fish as well as fat
spreads and fruit, while high fat consumers had the highest
intakes of meat and dairy but lowest fish intakes(33).
Comparable with the present findings, neither pattern
met the WHO saturated fat or Na intake guideline(33).
These findings indicate that it is possible to meet the
WHO free sugars guideline while consuming an energy-
dense, nutrient-poor dietary pattern, and that prevalent

groups across populations are consuming such diets.
These diets high in saturated fats, Na and alcohol are similar
to diets high in free sugars – they are associated with poor
health outcomes(26).

The ‘fast foods, SSB and desserts’ and ‘saturated fats and
sugar’ patterns were characterised by the consumption of
energy-dense food groups and food groups proportionally
high in free sugars. The ‘sandwich’, ‘traditional’, ‘breakfast
foods’ and ‘snack foods’ patterns were positively character-
ised by food groups high in free sugars and nutrient-dense
(e.g., fruit and vegetables) food groups. The ‘fast foods, SSB
and desserts’, ‘breakfast foods’ and ‘saturated fats and
sugar’ patterns were additionally characterised by low
intakes of nutrient-dense food groups. Nonetheless, all four
patterns were negatively associated with meeting the free
sugars guideline. Similarly, the aforementioned UK study
found a ‘high sugar/high fat consumers’ group consuming
high free sugars and nutrient-dense food groups (cereals,
vegetables and potatoes), and a ‘junk food eaters’ group
lacking nutrient-dense food groups (fruit) and consuming
high free sugars (confectionary and potentially non-
alcoholic beverages)(33). The current study did not distin-
guish between low-sugar and SSB in their non-alcoholic
beverage food group, so it is unknown whether beverages
contributed to the group not meeting the WHO guideline.
Two studies conducted on children in high-income coun-
tries have likewise found associations between dietary pat-
terns and high free sugars intake(36,37). Ambrosini et al.(37)

identified an ‘energy-dense’ pattern in English children
characterised by the consumption of food groups high in
sugars (confectionary, cakes and biscuits and SSB) and
low intakes of nutrient-dense food groups (fruit, vegetables
and high-fibre breads and cereals). Ambrosini et al.(37) also
identified a ‘non-energy-dense pattern’ characterised by
the consumption of food groups high in sugar (SSB, fruit
juices and breakfast cereals) and low intakes of milk,
margarines and oils, cheese and crisps(37). Farajian
et al.(36) similarly identified ‘pattern one’ characterised
by the consumption of refined carbohydrates (sweets,
fast foods and SSB) and ‘pattern 2’ characterised by the con-
sumption of food groups high in sugar (SSB, fruit juices and
sweet spreads) and nutrient-dense food groups (vegetables
and legumes). Comparable to the present findings, previ-
ously identified dietary patterns associated with high free
sugars intake were characterised by the consumption of
energy-dense food groups, food groups proportionally
high in free sugars and nutrient-dense food groups. This
evidence suggests that consuming an overall dietary pat-
tern dense in free sugars or frequently consuming individ-
ual foods high in free sugars may lead individuals to exceed
the WHO free sugars guideline.

With regard to beverage intake profiles, associations
between the ‘fast foods, SSB and desserts’ and ‘contempo-
rary’ dietary patterns and the WHO free sugars guideline
were consistent with prior studies. The ‘fast foods, SSB
and desserts’ dietary pattern, which was negatively
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associated with the WHO guideline, was characterised by
high intakes of SSB and low intakes of low-sugar bever-
ages. The ‘contemporary’ pattern, which was positively
associated with meeting the <10 % WHO guideline for
males, was characterised by high intakes of low-sugar bev-
erages. High intakes of SSB or fruit juice were common to
all aforementioned dietary patterns associated with high
free sugars intake identified by Ambrosini et al.(37) and
Farajian et al.(36). An analysis of British adults’ beverage
consumption found that those who solely consumed
low-calorie beverages were nine times less likely to exceed
<5 % TE from free sugars than those who solely consumed
SSB(38). A dietary pattern characterised by an unhealthy
beverage profile may be somewhat predictive of not meet-
ing the WHO guideline as SSB have a low satiety value, in
addition to being dense in sugars(39). Consequently, SSB
consumption has been linked with weight gain as the
energy consumed through SSB is not wholly compensated
for by reduced energy intake from other foods and
beverages(39).

The majority of the most prevalent dietary patterns that
explained the largest amount of variance in NZ adults’ diets
were associated with not meeting the WHO free sugars
guideline. The ‘fast foods, SSB and dessert’ and ‘breakfast
foods’ patterns were associated with not meeting both
guidelines. The ‘sandwich’ and ‘snack foods’ patterns were
associated with not meeting the <5 % guideline only, and
the ‘saturated fats and sugar’ pattern was associated with
not meeting the <10 % guideline only. To date, studies
identifying dietary patterns comprising similar food
groups have reported stronger associations with short-term
chronic disease risk factors than with longer-term disease.
A ‘fast foods/dessert’ dietary pattern was associated with
higher energy, fat and saturated fat intakes and metabolic
syndrome in Lebanese adults(40). A ‘fast energy’ dietary pat-
tern was also associated with increased risk of metabolic
syndrome in Swedish adults(41). A ‘high fat/sugar/take-
away’ pattern was associated with shorter maternal gesta-
tion and infant birth length in Australian women(42). A ‘high
sugar/high fat consumers’ pattern was associated with high
free sugars, total fat, and saturated fat and low fruit and veg-
etables and dietary fibre intakes(33). A ‘bread and butter’
pattern was associated with a higher risk of type 2 diabetes
in Native Canadians(43), and a ‘white bread’ pattern was
inversely associated with HDL-cholesterol in American
men(44). No association was found between a ‘high-white
bread’ or ‘high-salty snacks’ pattern and adenocarcinoma
of the oesophagus and distal stomach in Nebraskan
adults(45). Similarly, no significant association was found
between a ‘Western breakfast’ pattern and stomach cancer
in Japanese men(46), but a ‘breakfast foods’ pattern was
associated with a lower risk of impaired glucose tolerance
in Hispanic elders(47). In contrast to the present findings,
Farajian et al.(36) reported that consuming breakfast more
frequently or eating a greater number of meals and snacks
was associated with lower free sugars intake in Greek

children. It is, therefore, highly plausible that consuming
breakfast and snacking are not inherently negatively asso-
ciated with meeting the WHO guideline, but that it was the
breakfast or snack foods and beverages selected by NZ
adults that led to higher free sugars intake.

The ‘traditional’ pattern, characterised by foods tradi-
tional to NZ culture, including red meats, starchy and
non-starchy vegetables, savoury sauces and condiments,
puddings and desserts, and cakes and muffins, was also
negatively associated with meeting the WHO free sugars
guideline. Studies identifying traditional patterns that com-
prise similar food groups have found inconsistent associa-
tions with health outcomes, including higher risks of gastric
cancer in Italians(48), raised total and HDL-cholesterol,
glucose and systolic blood pressure in Dutch adults(49),
but no association with high blood pressure in European
women(50) or prostate cancer in American men(51).
Studies have also reported associations with both higher
BMI(52,53) and lower BMI(54,55) in comparison to other
derived patterns. These inconsistent findings may be due
to the slight variations between countries in what is incor-
porated in a traditional diet. However, a similar ‘traditional’
pattern previously identified in NZ adults was positively
characterised by starchy vegetables, other vegetables, red
and other meats, sugars and preserves, cream, regular milk
(2·5–4·0 % fat), coffee and tea, and negatively characterised
by takeaway foods. This pattern was positively associated
with BMI and waist circumference in some but not all NZ
adults(53).

A strength of the current study was the use of a large
(n 4721) nationally representative sample. Oversampling
of Māori, Pacific, and younger and older age groups
allowed sufficient statistical power to make comparisons
by sex, age and ethnicity. The NZANS additionally col-
lected repeat 24-h dietary recall data. Singular 24-h dietary
recalls were designed to quantitatively assess actual dietary
intake over the past 24 h and are, therefore, not represen-
tative of individuals’ usual intake(56). However, repeat
NZANS recall data allowed dietary intake to be adjusted
for intraindividual variation to estimate usual intake using
the web-based programme MSM. MSM requires at least
two independent days of dietary intake data and has pre-
viously been shown to be effective, even for food groups
with high proportions of non-consumers(57). FFQ data, fur-
ther days of dietary intake data and a large sample size all
lead to better estimates of usual intake(57). Repeat recall
data was collected for 25 % of NZANS participants, but
an FFQ was not conducted in the NZANS. However,
NZANS remains the most appropriate data source as it is
the most recent and largest nationally representative
dietary survey for NZ.

A limitation of the diet recall method is its use of retro-
spective questioning, which relies on participants’memory
and thus provides the opportunity for misreporting
food and beverage intake(56). Gemming et al.(14) reported
that 25 % of women and 21 % of men in NZANS were
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low-energy reporters, with higher proportions of over-
weight, obese, Pacific and adults over 65 years reporting
low energy intakes. Underreporting may have been exac-
erbated for food groups dense in free sugars due to social
desirability bias(58). Consequently, the proportion of partici-
pants meeting the WHO free sugars guideline in NZ may
have been overestimated. The underreporting of specific
energy-dense food groups may have produced some
correlated measurement error by increasing or decreasing
correlations between energy-dense and other food groups
and, subsequently, distorting the patterns produced(30).
NZ adults’ dietary patterns may have also changed since
2008/2009. Additionally, the earlier estimation of free sug-
ars in foods introduced some subjectivity(13). However,
92 % of these food composition estimates were able to
be made using objective methods, which reduced the
potential for bias(13). Despite the inherent limitations of diet
recalls, they are an appropriate population-based dietary
assessment method(56).

A literature review of the strengths and limitations of a
posteriori dietary pattern derivation methods indicated that
no one method was better than another(30,44,59,60). In con-
trast to cluster analysis, PCA aggregates foods rather than
participants, which was advantageous for the purposes
of the current study. However, PCA did require some sub-
jective decisions to bemade, such as the grouping of foods.
Due to the design of NZANS, some foods, such as chocolate
nut spreads and other nut butters, could not be disaggre-
gated from foods they were originally grouped with, which
had similar ingredients but different nutrient compositions.
Grouping foods was largely up to the authors’ discretion,
though. The additional disaggregation of food groups in
the current study, such as low-sugar beverages and SSB,
led to patterns that could not be more easily and accurately
interpreted than previous papers of a similar nature.
Additional subjective decisions included the number of
components to retain, method of rotation and the naming
of dietary patterns. For example, the ‘takeaway foods and
alcohol’ dietary pattern was partially named as such based
on the correlation between the ‘fish and seafood’ and
‘potato products’ food groups and the assumption that
these were purchased as fish and chips from takeaway
stores. Furthermore, the ‘traditional’ pattern could alter-
natively have been named ‘Western’. To reduce this
subjectivity, critical decisions were made based on rec-
ommendations in the literature and following discussion
between co-authors. More objective measures, such as
Kaiser’s criterion and scree plots, were used where pos-
sible. Additionally, the present dietary patterns only
explained 34 % of the total variance in dietary intake.
However, this is similar or higher than that explained
by other studies(53,61-63).

Nonetheless, the investigation of dietary patterns was in
itself a strength, as free sugars and foods high in free sugars
are not consumed in isolation but as part of meals and
snacks to form a complete diet(64). The presented results

provide an insight into the ways in which NZ adults com-
monly combine foods and beverages to form diets that
might or might not meet the WHO free sugars guideline.
The patterns presently derived are specific to NZ adults
as dietary patterns can differ between cultures and geo-
graphic locations. However, similar high-income popula-
tions with a comparable food supply could also see such
associations with the WHO guideline if they consumed
the presently derived dietary patterns. The use of data-
driven a posteriori methods, as opposed to theoretically
driven a priori methods, was a further strength, as the
derived dietary patterns were not limited by current nutri-
tion knowledge or the selected definition of a ‘healthy diet’.
Moreover, the dietary patterns were formed using pre-
existing correlations between food groups in NZ adults’
diets and thus, although largely negatively associated with
meeting the WHO guideline, were inherently feasible to
achieve. By way of considering food groups as a whole
rather than specific foods or beverages, low- or high-cost
versions of dietary patterns could also be adopted. For
example, non-alcoholic beverages within the ‘contempo-
rary’ pattern could consist of cheap municipal tap water
or more expensive barista-made coffees.

Conclusions

The current study provided insights into the dietary pat-
terns of NZ adults, which may be used in the design and
implementation of public health policies and interventions
aimed at reducing free sugars intakes in both NZ and other
high-income countries with similar dietary patterns. Results
showed that the majority of NZ adults’ dietary patterns do
not meet the WHO free sugars guideline. All eight dietary
patterns differed in composition, but all needed to be
altered to varying degrees to reflect a healthy diet that
would meet WHO free sugars recommendations and other
nutrient recommendations. The ‘takeaway foods and
alcohol’ dietary pattern, whichwas associatedwithmeeting
bothWHO free sugars guidelines, showed that it is possible
to meet the free sugars guideline while consuming an
energy-dense, nutrient-poor diet. A ‘contemporary’ pattern,
associated with meeting the <10 % guideline in males, did
instead include fewer energy-dense food groups and more
nutrient-dense food groups. Efforts to reduce free sugars
intakewould, therefore, benefit frompromotingmore over-
all healthy diets rich in sources of whole grains, lean pro-
tein, PUFA and MUFA and unsweetened beverages – a
message consistent with the current NZ dietary guidelines.
Simultaneously implementing evidence-based policies to
reduce the consumption of specific foods high in free sug-
ars, saturated fats and Na, and healthier reformulation of
processed foods would provide the greatest population
health benefits; the latter is an advantageous adjunct to pro-
moting behaviour changes because it requires little to no
participant agency. Further research is warranted to
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quantify the potential health and financial gains that may be
achievedby reducing free sugars intake to<10%TEaswell as
the most effective interventions and policies to do so.
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