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Abstract
CVD is the leading cause of death worldwide. Diet is a key modifiable component in the development of CVD. No official UK diet quality
index exists for use in UK nutritional epidemiological studies. The aims of this study are to: (i) develop a diet quality index based on
components of UK dietary reference values (DRV) and (ii) determine the association between the index, the existing UK nutrient profile (NP)
model and a comprehensive range of cardiometabolic risk markers among a British adult population. A cross-sectional analysis was conducted
using data from the Airwave Health Monitoring Study (n 5848). Dietary intake was measured by 7-d food diary and metabolic risk using waist
circumference, BMI, blood lipid profile, glycated Hb (HbA1c) and blood pressure measurements. Diet quality was assessed using the novel
DRV index and NP model. Associations between diet and cardiometabolic risk were analysed via multivariate linear models and logistic
regression. A two-point increase in NP score was associated with total cholesterol (β −0·33mmol/l, P< 0·0001) and HbA1c (β −0·01%,
P< 0·0001). A two-point increase in DRV score was associated with waist circumference (β −0·56 cm, P< 0·0001), BMI (β −0·15 kg/m2,
P< 0·0001), total cholesterol (β −0·06mmol/l, P< 0·0001) and HbA1c (β −0·02%, P= 0·002). A one-point increase in DRV score was associated
with type 2 diabetes (T2D) (OR 0·94, P= 0·01) and obesity (OR 0·95, P< 0·0001). The DRV index is associated with overall diet quality and risk
factors for CVD and T2D, supporting its application in nutritional epidemiological studies investigating CVD risk in a UK population.
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Worldwide CVD is the number one cause of death accounting
for 31% of deaths in 2012 (17·5 million) and predicted to be
23·4 million deaths by 2030(1). The risk of CVD increases with
the number of metabolic risk factors present including elevated
blood sugar, high blood pressure (BP), dyslipidaemia and
abdominal obesity(2). A combination of three or more of these
risk factors are referred to as the metabolic syndrome (MetS)(3).
A person who has the MetS is twice as likely to develop CVD

and five times as likely to develop type 2 diabetes (T2D) as
someone who has less than two risk factors(2). In the UK, almost
one in four have the MetS – 20% in men(4) and 29% in
women(5). In this context reducing these metabolic risk factors
is of major importance in the prevention of CVD and T2D.
The MetS is multi-factorial(6–8). Some of the driving forces

causing the MetS are obesity, poor diet quality and physical
inactivity(7). Diet quality is a key modifiable component in the
development of these cardiometabolic risk factors, as demon-
strated in many randomised control trials and epidemiological
studies(8–14). Studies have shown a holistic approach to dietary

assessment, for example a diet quality index is a good measure
to capture the combined quality and effect of nutrients in a
person’s diet in relation to cardiometabolic health(13,15–24).
Evidence suggests a diet quality model may need to be country-
specific to its study population(14,15,25,26). A critical review of
twenty diet quality models found that they differ in many
aspects, for example dietary components included and cut-off
values used(15). This suggests that not all adequately capture
dietary components related to specific population’s diet and
health outcomes(14,15). The main argument is that the models
are often derived from a specific population and may not be
suitable in capturing important foods consumed in other
population groups(14,15,25,26).

No official UK diet quality index exists to measure overall diet
quality in nutritional epidemiological studies of the UK popula-
tion. One potential method is to apply the UK nutrient profile
(NP) model score developed by the Food Standards Agency in
2005. The NP model assesses quality of individual foods based
on the national dietary guidelines and the Eatwell Guide(27–29).

Abbreviations: BP, blood pressure; DRV, dietary reference value; HbA1c, glycated Hb; NP, nutrient profile; SBP, systolic BP; T2D, type 2 diabetes; TEI, total energy intake.
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The NP model has been previously validated in relation to food
and diet quality(29–33), but to our knowledge no other studies
have assessed the NP model in relation to cardiometabolic
health in a UK population and to adherence to the UK dietary
guidelines. The UK guidelines originates from the UK dietary
reference values (DRV)(34–36), which were reviewed in 2017 by
Public Health England in relation to prevention of CVD in a UK
population(24). The review highlighted a recommended daily
intake of nutrients: total carbohydrate, fibre, Na, added sugar,
total fat, SFA and food groups: fruit/vegetables and weekly
intake of fish (online Supplementary Table S1). The recom-
mendations are estimated for a healthy adult British population
with a mean energy intake (excluding energy from alcohol) of
8368 kJ (2000 kcal) for women and 10460 kJ (2500 kcal) for men.
The Airwave Health Monitoring study is currently the largest

study worldwide on police force employees(37). Recruitment
commenced in 2004 across all fifty-four police forces in Great
Britain. Since 2007 dietary data has been collected from parti-
cipants using 7-d food diaries making it a unique cohort to
investigate diet related non-communicable disease risk in a
large UK young adult population. The overall aims of this study
are to: (i) develop a UK specific diet quality score based on
adherence to the dietary guidelines stated in the UK Dietary
Policy for the Prevention of CVD(24), that is based on selected
components of UK DRV (index score) and (ii) determine the
association between the DRV index and the previously estab-
lished NP model with a comprehensive range of cardio-
metabolic risk markers among a British adult population.

Methods

Study design

This is a cross-sectional analysis of data collected as part of the
Airwave Health Monitoring study(37).

Study population and ethics

Members of the police force in Great Britain were eligible for
inclusion. Further details of the recruitment procedures and
data collection methods have been described elsewhere(37).
This study comprises of 5848 participants who took part in the
health screen and provided dietary data between 2007 and
2012. Participants provided written informed consent and the
study had ethics approval from the National Health Service
Multi-Site Research Ethics Committee (MREC/13/NW/0588).

Measurements of metabolic health

The health screenings were carried out in dedicated Airwave
Health Monitoring Study clinics using a standard protocol.
Trained nurses conducted all clinical examinations.

Blood pressure. Sitting BP was taken using the Omron HEM
705-CP digital BP monitor (Omron Health Care). Three mea-
surements were taken 30 s apart and the average was used.

Anthropometry. Participants were measured in light clothing and
without shoes or socks. Height and sitting height were measured

using a Marsden H226 portable stadiometer (Marsden Group) and
weight using a Marsden digital weighing scale. Two measurements
are taken and the average was used. Waist circumference was
measured between the lower rib margin and the iliac crest in the
mid-axillary line using aWessex-finger/joint measure tape (Seca 201;
Seca). Two measurements were taken and the average was used.

Blood samples. All samples were taken non-fasting. Tests were
performed using serum sample except for glycated Hb (HbA1c)
determination, which was performed using whole EDTA blood
sample and glucose determination, which was performed using
fluoride/oxalate sample tube. Samples were measured using an
IL 650 analyser (Instrumentation Laboratory).

Socio-demographic, health and lifestyle data

Socio-demographic, health and lifestyle data were collected via a
self-administrated electronic questionnaire, which the participant
filled in during their clinic visit. Variables used for the present
study included; age, sex, education level, ethnicity, smoking status,
diagnosed diseases, medication usage and physical activity. Phy-
sical activity was measured using the International Physical Activity
Questionnaire short version and the metabolic equivalent minutes
per week were calculated for each participant and categorised;
high (at least 60min/d of at least moderate-intensity activity),
medium (at least 30min/d of at least moderate-intensity activity),
low (no activity is reported or less then medium category)(38).

Dietary data

Dietary intake was assessed with a 7-d food diary (estimated
weight) using instructions from food portion photographs and
common household measures as well as a general question sheet
to help validate the recorded intake. The diary used has been
previously validated in a larger UK epidemiological study(39). The
diaries were completed and returned via post or given to the
clinic during the respondent’s health screening. They were ana-
lysed using Dietplan (version 6.0; Forestfield Software), which
used the UK nutrient database based on McCance and
Widdowson’s ‘The Composition of Foods’ published by the UK
Food Standards Agency (2008, 6th edition). A study specific
operational manual and quality auditing protocol was designed
for coding and quality control of the food diaries(40). The dietary
data were checked for energy intake misreporting using the
Goldberg method(41) with the application of physical activity
levels based on reported metabolic equivalents. The methods and
results of under-reporting in this cohort have been previously
reported in detail(40). Sensitivity analysis was conducted to assess
potential bias to the analyses (online Supplementary Table S2).

Dietary reference values index dietary score computation

The sixteen-point DRV index is a priori score reflecting adherence
to Public Health England UK dietary policy for optimal health and
prevention of CVD(24), which are components derived from of the
UK DRV(42) (online Supplementary Table S1). The DRV index
score was based on the intake of the six nutritional components
(total carbohydrates, sugars, total fat, SFA, salt, dietary fibre) and
two food group components (fruit and vegetables combined, and
total fish), as listed in the UK Dietary Policy for the Prevention of
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CVD report. Due to the limitations of the UK nutrient database the
DRV for NSP fibre was used rather than Association of Official
Analytical Chemists and added sugar replaced with non-milk
extrinsic sugar (NMES). Salt intake is reported as sodium (salt=
Na×2·5). The DRV index score was limited to those stated in the
UK Dietary Policy for the Prevention of CVD(24) and therefore did
not include all UK healthy eating recommendations. The con-
struction of the DRV index scoring system was based on a pre-
viously reported method(29,43,44). The mean daily intakes of the
eight components were assessed according to the UK DRV and
scored accordingly; 1 point represents + /−2 SD of DRV criteria, 0
points if intake was worse than DRV criteria and 2 points if intake
was better than DRV criteria (Table 1). The points are summed to
calculate an overall score between 0 and 16 points, with a higher
score indicating a more favourable diet. The score was calculated
from the dietary intakes of all food and drink consumed except
alcohol, which was analysed separately and adjusted for with other
known confounders.

Nutrient profile score computation

The construction of the NP score has been described in detail
elsewhere(29,44,45). In brief, foods and drinks (except alcohol)
score points based on their content of negative nutrients:
energy, SFA, total sugar and Na and positive nutrients: fruit,
vegetables and nut content, fibre and protein. The nutrients
thresholds are derived from the UK DRV(46,47). One point for
each nutrient corresponds to 3·75% of the DRV. Each food item
is given an individual score (per 100 g) which then is energy
adjusted (nutrient density) using previously method(28,29,44):

ðEach food item individual score per 100 gð Þ ´
energy from the food itemÞ =TEI;

where TEI is total energy intake.
A total NP score (energy adjusted) is added up on all the foods

and drinks NP (energy adjusted) to provide a daily average score:

Total NP score=ΣNP energy adjustedð Þ scores =
number of days in the dairy:

An additional algorithm(44) is applied to the daily average NP
score to scale it from 1 to 100 points:

ScaledNP score= ð�2Þ ´ total NP score + 70:
The interpretation of the score is a higher score indicates a

diet high in food quality (‘healthy’ food and drinks).

Clinical definitions

Cardiometabolic risk factors and outcomes were defined by the
unified international criteria for the MetS previously described
with study adaptations(3). Elevated BP was defined by systolic
BP (SBP)≥ 130mmHg and diastolic BP (DBP)≥ 85mmHg or
on anti-hypertensive medication. Low serum HDL-cholesterol
men ≤1·0mmol/l, women ≤1·3mmol/l or on lipid-lowering
medication. TAG was excluded (not available in the study).
Elevated blood sugar was defined by Hb1Ac≥ 5·7% or on
glucose-controlling medication(48). Abdominal obesity was
defined on European population waist circumference men≥
94 cm, women≥ 80 cm(3). BMI were defined as weight
divided by the square of height in metres. BMI categories
underweight (BMI< 18·5 kg/m2), normal (18·5–24·9 kg/m2),
overweight (25–29·9 kg/m2) and obese (≥30 kg/m2)(49). CVD
and T2D outcomes were defined as per The National Institute
for Health and Care Excellence guidelines. Dyslipidaemia was
defined by total cholesterol:HDL ratio cut-off≥ 4·5mmol/l,
diagnosed or on cholesterol-lowering medication(50). Hyper-
tension was defined by SBP≥ 90mmHg and DBP≥ 140mmHg,
diagnosed or on anti-hypertensive medication. T2D was
defined as HbA1c≥6·5%, diagnosed or on glucose-controlling
medication(51,52).

Statistical analysis

Baseline socio-demographic and lifestyle characteristics of
participants were compared between sex of study sample using
Student’s t tests and χ2 as appropriate. Effect modifications by
sex were examined for all analyses and the stratified results
found no differences between observed associations and
metabolic markers. To obtain better statistical power in the
analyses men and women were combined in the study. All
variables were normally distribution except alcohol, which
was categorised based on revised UK recommended
allowances(53); 2 units/d (no alcohol, below or within, above).
Other categorical variables included sex (male, female),
smoking (never, current, former), and physical activity (low,
moderate, high).

Diet scores association with the mean intake of dietary
components included and not included (whole grains, sugar
sweetened beverages, red meat, low-fat dairy products, alcohol,
MUFA and PUFA) in the calculation of the dietary scores were
assessed using general linear models adjusted for sex and mean

Table 1. UK Dietary Reference Values Index scoring system for nutrient and food group mean intake per day as recommended by UK dietary reference
values(42) and guidelines for optimal health and prevention of cardiometabolic risk(24)

Points* CHO (%)† Fibre (g/d)‡ F&V (g/d) Fish (g/d)§ Na (mg/d) Fat (%)† SFA (%)† Sugar (%)*||

0 <47·5 <17·10 <380 <38 >2520 >36·75 >11·55 >11·55
1 >47·5 to <52·5 >17·10 to <18·9 >380 to <420 >38 to <42 <2520 to >2280 <36·75 to >33·25 <11·55 to >10·45 <11·55 to >10·45
2 >52·5 >18·9 >420 >42 <2280 <33·25 <10·45 <10·45

F&V, fruit and vegetables; CHO, carbohydrates; DRV, dietary reference values.
* 1 point: mean dietary intake is within + /−2 SD of the DRV criteria, 0 point: exceed 2 SD of the DRV criteria (worse diet), 2 points: exceed 2 SD of the DRV criteria (better diet).
† % daily mean energy intake excluding alcohol.
‡ NSP fibre.
§ Total fish including oily fish.
|| Non-milk extrinsic sugars.
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energy intake, testing linear trend across quartiles. The asso-
ciation between diet scores with metabolic risk and adiposity
markers (HbA1c, total cholesterol, HDL-cholesterol, BP, waist
circumference, BMI) were analysed via multivariate general
linear models. Association with metabolic outcome (MetS clas-
sification – ‘yes’/’no’) were analysed via logistic regression
models. All analyses were adjusted for covariates; age, sex, BMI
(except adiposity markers analysis), mean alcohol intake,
smoking, physical activity, education level, dependent variable
specific diagnosis and treatments. Analyses were adjusted for
energy intake using the nutrient density method in both the diet
scores rather than the residual or partition method, as this is the
method previously applied in both the NP model and the UK
dietary guidelines (i.e. DRV macronutrient intakes are reported
as a proportion of TEI). Sensitivity analysis was tested on the

diet scores association with cardiometabolic markers stratified
by participants classified by Goldberg method as: (i) acceptable
energy reporters (n 2815) and (ii) energy under-reporters (n
2721) (online Supplementary Table S2). Participants on weight
loss diet and over energy reporters were excluded from the
analysis.

SAS 9.3 (SAS Institute Inc.) was used for all analysis and
statistical significance was set at P< 0·05.

Results

Demographic and lifestyle characteristics of the sample

Table 2 shows the descriptive statistics of the sample (n 5848)
across the DRV quartiles. The characteristics of healthy eaters

Table 2. Demographic and lifestyle characteristics across dietary reference values (DRV) index quartiles (Q), the Airwave Health
Monitoring Study (n 5848)
(Mean values with their standard errors; percentages)

Variables Q1 (least healthy) Q2 Q3 Q4 (healthiest)

Range (0–1·99) (2·00–3·99) (4·00–6·99) (7·00–16·00) Ptrend*

n 1758 1447 1098 1544
Sex (%) <0·0001

Female 25·13 25·72 19·69 29·44
Men 33·41 24·08 18·16 24·23

Age (years) 0·002
Mean 40·88 40·77 41·14 41·85
SE 0·23 0·23 0·22 0·24

Education level (%) 0·04
Post-graduate 3·87 3·66 5·19 4·53
Bachelor degree 31·74 28·40 26·68 30·89
A-level 8·42 7·33 7·56 5·76
Vocational 33·45 33·72 32·33 29·07
GCSE/O level 16·78 20·66 21·68 22·09
No formal qualification 5·75 6·22 6·56 6·93

Alcohol (g/d) <0·0001
Mean 15·28 14·80 13·22 11·66
SE 0·38 0·41 0·37 0·40
No alcohol (%) 17·85 20·22 19·87 25·19 <0·0001
Within guidelines (%) 44·70 42·65 46·28 46·64
Above guidelines (%) 37·45 37·13 33·85 28·17

Cigarette smoking (%) <0·0001
Never 67·03 67·86 71·13 71·63
Former 22·40 22·81 22·04 23·19
Current 10·57 9·33 6·83 5·18

Physical active (%) <0·0001
Low (<600min/week) 12·96 10·30 9·20 8·81
Moderate (>600min/week) 40·42 42·43 42·53 38·08
High (>3000min/week) 46·62 47·27 48·27 53·11

BMI (kg/m2) 0·0005
Mean 27·01 26·95 26·74 26·57
SE 0·10 0·10 0·10 0·11
Normal (18·5–24·99) (%) 29·62 32·69 34·88 35·62 <0·0001
Overweight (25–29·99) (%) 48·55 45·82 45·54 46·89
Obese (>30) (%) 21·83 21·49 19·58 17·49

Waist circumference (cm) <0·0001
Mean 90·71 89·30 88·62 87·63
SE 0·36 0·31 0·35 0·30

CVD (%)†
Hypertension 32·58 30·89 30·60 31·35 0·43
Dyslipidaemia 26·95 25·02 24·41 23·77 0·03
Diabetes type 2 4·49 3·39 3·37 3·17 0·05

Q1, first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth quartile.
* P value linear model (continuous variable) Mantel–Haenszel χ2 test (categorical variables).
† Self-reported or on specific health outcome treatment.
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are more likely to be women and have a healthier lifestyle: drink
less alcohol and exercise more. Healthier eaters had a lower BMI,
waist circumference and prevalence of dyslipidaemia and T2D
(unadjusted). Characteristics by sex are presented in the online
Supplementary Table S3.

Association between diet scores and nutritional
components

Table 3 shows that across the DRV index quartiles there is a
strong trend for a consumption of other ‘favourable’ nutritional
components both single nutrients and food groups and a
reverse association with ‘unfavourable’ ones except for total
sugar (variable includes sugar from fruit and fruit juices). Similar
trends are observed across the NP score except no association is
seen with alcohol intake. The diet scores are also associated
with each other (Ptrend< 0·0001), Spearman’s partial correlation
coefficient 0·64, P< 0·0001 adjusted for sex and age (results not
shown in table).

Association between diet scores and cardiometabolic
markers

A higher NP score (per two-point increase) was associated with
HbA1c (β −0·01%, P< 0·0001), total cholesterol (β −0·33mmol/l,
P< 0·0001) and an increase in BMI (β 0·06 kg/m2, P= 0·01)
(Table 4). The DRV score (per two-point increase) was inversely

associated with HbA1c (β −0·02%, P= 0·003), total cholesterol
(β −0·06mmol/l, P< 0·0001), HDL-cholesterol (β −0·01mmol/l,
P= 0·001), BMI (β −0·15kg/m2, P< 0·0001) and waist circum-
ference (β −0·56 cm, P< 0·0001) (Table 4). No significant asso-
ciations were found with SBP and DBP with any of the diet
scores. Standardised coefficients for both scores are presented in
the online Supplementary Table S4.

Association between diet scores and cardiometabolic
outcomes

Individuals with a higher NP score (more favourable diet) were
less likely to have elevated blood sugar (OR= 0·98, P= 0·001).
NP was not associated with CVD hypertension and dyslipi-
daemia or T2D (Table 5).

DRV score was associated with a reduced risk for several
metabolic outcomes (Table 5). Individuals with a higher DRV
score (more favourable diet) were less likely to have T2D (OR
0·94, P= 0·01), elevated blood sugar (OR 0·97, P= 0·01),
abdominal obesity (OR 0·94, P< 0·0001) and obesity (OR 0·95,
P< 0·0001). No association were seen with DRV score and CVD
hypertension and dyslipidaemia.

Sensitivity analysis

Sensitivity analysis was carried out to test if bias may have been
introduced by an element of participants’ energy misreporting

Table 3. Mean intake of nutritional components across diet scores quartiles (Q) 1 (least healthy) and 4 (healthiest) adjusted for sex
and energy in Airwave Health Monitoring Study (n 5848)
(Means adjusted for sex and mean energy intake)

DRV score NP score

Q1 Q4 P* Q1 Q4 P*

Nutrients
Energy intake (kJ/d) 7749 7134 <0·0001 8192 6180 <0·0001
Energy intake (kcal/d) 1852 1705 1958 1477 <0·0001
Alcohol (g/d) 15 12 <0·0001 13 14 0·23
Protein (g/d)† 81 80 0·3 81 79 0·03
Fat (g/d)† 81 57 <0·0001 87 54 <0·0001
SFA (g/d)† 30 19 <0·0001 34 18 <0·0001
MUFA (g/d) 28 21 <0·0001 28 22 <0·0001
PUFA (g/d) 14 12 <0·0001 13 12 <0·0001
Carbohydrate (g/d)† 203 244 <0·0001 231 206 <0·0001
Fibre (g/d)†‡ 11 17 <0·0001 12 15 <0·0001
Total sugar (g/d)† 76 105 <0·0001 95 82 <0·0001
Na (mg/d)† 2930 2652 <0·0001 2996 2470 <0·0001

Food groups
Fruit and vegetables (g/d)† 222 461 <0·0001 256 395 <0·0001
Whole grains (g/d) 32 68 <0·0001 34 61 <0·0001
Fish (g/d) 13 33 <0·0001 18 28 <0·0001
Oily fish (g/d) 7 21 <0·0001 10 17 <0·0001
Low-fat dairy products (g/d) 168 228 <0·0001 171 214 <0·0001
Red meat (g/d) 80 51 <0·0001 71 57 <0·0001
Processed meat (g/d) 42 26 <0·0001 42 25 <0·0001
Sweet and sugary beverages (g/d) 61 59 0·6 71 44 <0·0001

Diet quality score
DRV score 2 7 <0·0001
NP score 54 60 <0·0001

DRV, dietary reference value index; NP, nutrient profile model.
* P value for linear trend across diet score quartiles.
† Nutrients and food groups included in the diet scores.
‡ NSP fibre.
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(online Supplementary Table S2). The stratified analysis
showed that the reverse association between DRV score SBP,
and HDL-cholesterol was NS in acceptable energy reports only
in energy under-reporters. No other modification was observed
for DRV score and the other metabolic risk markers. The stra-
tified analysis only showed modified association between NP
score, BMI and waist circumference. The stratified analyses
showed the NP score association with BMI was reverse in
both groups (energy reporters and energy under reporters).
Furthermore, NP scores relationship with waist circumference
inversed in both these groups. In addition, sensitivity analyses
were conducted for cardiometabolic health outcomes in logistic
regression models excluding energy misreporting no difference
were observed (result tables not shown).

Discussion

This cross-sectional study demonstrates that both diet scores NP
model and DRV index are associated with over nineteen other
dietary components essential to assess a person’s diet quality

including nutritional components included in the UK dietary
guidelines and Eat-Well guide. Similar results have been pre-
viously shown with the NP model(17,29,33,54), suggesting that diet
nutrient based scores may capture intake of a number of other
important food groups in a person’s diet. The ‘healthiest diets’
(DRV quartile 4) consumed a mean daily energy intake of
7134 kJ (1705 kcal), total fat 57 g (30% TEI), SFA 19 g (10% TEI),
carbohydrate 244 g (57% TEI) and 461 g of fruit/vegetables,
which are in line with the national dietary guidelines(34–36,53)

except for lower intake of NSP fibre (17 g v. recommendation of
24 g/d). Similar results were seen for NP score. The results
support the application of both scores in epidemiological
studies to capture intake of essential nutrients and food groups
in a UK diet. However, these results are based on a specific
study population (95% white British) who are younger (mean
age 41 years) and primary men (60%) (online Supplementary
Table S3). Therefore, the ‘healthiest diets’ identified in this study
based on these diet scores does not necessarily represent a
random sample from the general UK population. The scores are
based on specific components from the UK dietary guidelines,
which may not capture all food groups in a UK diet.

Table 4. Associations between diet scores and cardiometabolic risk markers in Airwave Health Monitoring Study (n 5848)
(β-Coefficients with their standard errors)

DRV score NP score

β* SE P β* SE P

HbA1c (%) −0·02 0·004 0·003 −0·01 0·003 <0·0001
SBP (mmHg) 0·22 0·118 0·05 0·12 0·076 0·17
DBP (mmHg) −0·10 0·080 0·28 −0·01 0·052 0·72
HDL-cholesterol (mmol/l) −0·01 0·003 0·001 −0·003 0·002 0·10
Total cholesterol (mmol/l) −0·06 0·008 <0·0001 −0·33 0·050 <0·0001
Waist circumference (cm)† −0·56 0·092 <0·0001 0·05 0·060 0·41
BMI (kg/m2)‡ −0·15 0·036 <0·0001 0·06 0·02 0·01

DRV, dietary reference values index; NP, nutrient profile model; HbA1c, glycated Hb; SBP, systolic blood pressure; DBP, diastolic blood pressure.
* Multivariate linear regression models provide regression coefficients (β) in outcome variables for 2-point increase in diet scores adjusted for age, sex,

smoking, alcohol, physical activity, BMI, education level, diagnosis and treatment for specific outcome.
† Adjusted for height not BMI.
‡ Not adjusted for BMI.

Table 5. Associations between diet scores and cardiovascular risk and diabetes in Airwave Health Monitoring Study (n 5848)
(Odds ratios and 95% confidence intervals)

DRV score NP score

Cases/subcohort OR* 95% CI P OR* 95% CI P

Cardiovascular risk and diabetes
Hypertension 1840/4008 1·01 0·99, 1·03 0·52 1·01 1·00, 1·03 0·06
Dyslipidaemia 1471/4377 0·99 0·97, 1·02 0·64 1·01 0·99, 1·03 0·07
Type 2 diabetes 214/5848 0·94 0·90, 0·99 0·01 0·98 0·95, 1·01 0·25

Metabolic syndrome risk factors†
Increased blood pressure 3015/2833 1·01 0·99, 1·03 0·31 1·02 1·00, 1·03 0·03
Low HDL-cholesterol 872/4976 1·04 1·01, 1·06 0·006 1·03 1·01, 1·05 0·002
Increased blood sugar 2408/3440 0·97 0·96, 0·99 0·01 0·98 0·97, 0·99 0·001
Obesity‡ 1180/4669 0·95 0·93, 0·98 <0·0001 1·00 0·99, 1·02 0·57
Abdominal obesity§ 2934/2914 0·94 0·92, 0·96 <0·0001 1·00 1·00, 1·01 0·96

DRV, dietary reference values; NP, nutrient profile.
* Logistic regression models represent the increase in health outcome per 1-point increase in the diet score, adjusted for age, sex, BMI, alcohol, smoking,

physical activity and education level.
† Based on metabolic syndrome risk classification
‡ Not adjusted for BMI.
§ Adjusted for height not BMI.
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Furthermore, such country-specific diet scores may not capture
essential food and nutrient groups commonly consumed in
other countries. Similar limitations to diet scores have been
previously discussed by Kant(14) and Moeller et al.(14,26).
However, in this study population both scores, which only
including eight dietary components demonstrated association
with nineteen dietary components.
The DRV score was inversely associated with HbA1c,

total cholesterol and adiposity markers (BMI and waist
circumference). These relationships were driven by diets higher
in fruit, vegetables, fibre and lower in sugar, Na, fat and SFA
(online Supplementary Table S5), which have also been
demonstrated in other single nutrient studies and RCT(8,12,55,56).
The Cardiovascular disease risk Reduction trial (CRESSIDA)(56)

also showed that an intervention diet adhering to the UK
dietary guidelines measured by Na, total fat, SFA, NMES, fruit/
vegetables and whole grains lowered BMI, BP and lipid profile
in a UK study population. The intervention trial provided diet
education based on food groups from the ‘Eat-Well Guide’,
which are food recommendations based on the UK dietary
guidelines. The CRESSIDA study highlighted that six nutrients
and one food group could be used to measure and reflect the
intake of a wide range of foods from ‘Eat-Well Guide’. Similar
results were shown previously with the NP score and a wide
range of foods from ‘Eat-Well Guide’(33). Our study also showed
that both diet scores were additionally associated with five
different dietary components which were not included in the
scores but considered essential to a healthy diet (lower intakes
of red meat, processed meat and alcohol and higher intakes of
low-fat dairy products and whole grains). This suggests that the
diet scores may serve as an efficient dietary scoring method in
epidemiological studies.
NP score only showed inverse association HbA1c and total

cholesterol. In contrary, NP was associated with a higher BMI.
However, stratified sensitivity analysis of NP association with
BMI showed that the association was reversed in both accep-
table energy reporters and energy under-reporters. These
findings are challenging to compare as only one other study,
the Supplementation en Vitamines et Mineraux Antioxydants
(SUVIMAX) cohort, to our knowledge, has investigated an
adaptation of NP model in relation to cardiometabolic risk
factors in a French population(57). The SUVIMAX cohort saw no
association with waist circumference, fasting glucose, or blood
lipids. Another study by Arambepola et al.(33) also did not
report any correlation with NP model (energy adjusted) and
BMI. The NP model’s limitations have been discussed by several
authors(29,32,33,47). The main limitation is that NP model only
measure one aspect of diet quality (food quality and density)
and it does not measure overall nutritional intake, diet patterns
or variety of foods consumed. Another limitation may be the
method applied to nutrient density of the score. There exist
various methods of energy adjusting diet scores such as residual
and partition methods. This study chose to apply a nutrient
density (energy adjusted) method previously applied in other
studies of the NP model(29,32,33). However, such nutrient density
methods may be limited in capturing healthiness in certain food
groups such as olive oils and fatty fish(32,58). Furthermore, it may
be argued that if energy intake lies in the causal pathway

between certain nutrient groups, for example high fat and sugar
and cardiometabolic outcomes, it should be treated as a med-
iator rather than a confounder.

The DRV score inverse association with HDL-cholesterol was
not significant in acceptable energy reporters suggesting that
the association may have been biased by some element of
misreporting of dietary intake. Neither of the diet scores (DRV
or NP) showed a positive association HDL-cholesterol. Single
nutrient analyses (online Supplementary Table S5) showed that
dietary variables carbohydrate, sugar and fat, which are incor-
porated in both the scores was driving an inverse association
with HDL-cholesterol. Both diet scores also showed a
significant lower intake of PUFA and MUFA across all quartiles.
Suggesting that neither of them captured essential nutrients in
the diet which are positively associated with HDL-cholesterol
such as PUFA and MUFA(8,12). This may explain why no positive
relationship was observed, as reported for DASH and MDS,
which include these nutrients(13,59).

This study also reported an increase in SBP with a higher
DRV score. However, this association was no longer significant
in the stratified sensitivity analysis in acceptable energy repor-
ters, only in energy under-reporters. Suggesting some intro-
duction of bias in misreporting of nutrients or foods high in Na,
for example processed foods in this group.

The study also showed NP score had reverse relationship
with elevated blood sugar, which was driven by its relationship
with HbA1c. No other associations were observed for cardio-
metabolic outcomes as seen with other NP models(54,57,60).
SUVIMAX cohort found a lower UK NP score (adapted version)
was associated with the MetS (OD 1·06)(57). The USA NP model
found a higher score (healthier food quality) was associated
with a lower risk of T2D, CVD and mortality rates in participants
from the Nurses’ Health Study and Health Professionals Follow-
Up Study(60).

Our study also observed that participants classified as con-
suming a healthier diet (higher DRV score) were less likely to be
obese, abdominal obese and to have T2D. These results were
predominately driven by the DRV inverse relationship with
BMI, waist circumference and HbA1c, which are in line with
previous studies of other diet quality scores(14). Nicklas et al.
reported similar inverse relationships and OR with metabolic
risk factors elevated blood sugar, abdominal obesity and
obesity was by reported in US National Health and Nutrition
Examination Survey for individuals aligned with the national
diet guidelines(16).

This study highlights some of the limitations of the NP model
in relation to capturing diet quality and associated cardio-
metabolic health outcomes. The nutrient composition of indi-
vidual foods is not the only determinant of the overall nutrient
composition of diets. Assessing the healthiness of diets is
complex and often requires a holistic approach to capture
association with health outcomes(14). The NP model may not
reflect the variety of different foods that make up the diets and
the healthiness of the diets, for example dietary patterns.
Therefore, assessing a single food healthiness in its own would
not be expected to capture the combination of different foods
and quantity needed for a balanced diet. These limitations were
also discussed in detailed by Nicklas et al.(58), which highlighted
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issues related to NP models’ algorithms applied such the
nutrients and food groups studied and their threshold values
applied and their nutrient density score. The NP model origi-
nated for use of guiding the public health in choosing healthier
foods, that is labelling ‘Traffic Light System’ and may therefore
serve as a better tool in this context rather than capturing
associations between overall healthiness of diet and health
outcomes in epidemiological studies.
In summary, evidence suggests the NP model is a relevant

tool to measure quality of individual foods contributing to an
individual diet in a UK population. However, our study
demonstrates that a diet score (DRV index) assessing overall
diet quality as alignment to important components of the
national dietary guidelines performs better in capturing diets
relation to cardiometabolic risk, compared with a food-based
score (NP model). This also supports the importance of pro-
moting both overall dietary guidelines in the public health as
well as food choices ‘Eat Well Guide’ and labelling ‘Traffic Light
System’ and in relation to their beneficial roles on cardio-
metabolic health.
The main strength of this study is the dietary and clinical data

on a relatively large sample of British adults. Data from 7-d food
diary provide in-depth insights in relation to adiposity and
metabolic markers, compared with usual measures of diet in
cohort studies. Use of a 7-d food diary is known to limit mea-
surement errors and provide accurate estimates of individual
diet intake(61) compared with other methods such as FFQ or
24-h recall(62,63). This method also allows for an in-depth
analysis of overall diet quality. Another strength is the study’s
rigorous quality control of the dietary data; regular coder
training, a standard operational protocol and quality control
audit cycle helped maintain a low mean code error, which has
been described elsewhere(40).
The first and major limitation of this study is the use of cross-

sectional study design, which cannot provide evidence of a
causal relationship between the diet scores and metabolic risk
factors. These results could be due to the reverse causality in
individuals who have made diet improvements after being
informed of a medical condition. Another limitation lies in the
non-generalisation of the results due to those who completed
the food diaries may introduce selection bias, leading to
underestimation of the strength of the association. Participants
volunteering to complete food diaries may be more health
conscious and vary in lifestyle characteristics. However, the diet
and clinical data reported in this study is comparable with the
general UK population. The dietary data (mean energy and
macronutrient intake) is comparable with the NDNS(12,64). The
mean daily energy intake reported in this study was 7000 kJ
(1673 kcal) for women and 8665 kJ (2071 kcal) for men com-
pared with 6527 kJ (1560 kcal) and 8502 kJ (2032 kcal) in the
NDNS. The Airwave Health Monitoring Study population is a
young cohort, which may differ from the general population in
health outcomes. However, the sample’s prevalence of cardio-
vascular risk factors (online Supplementary Table S2) is both
comparable with the total cohort(37), and representative of the
general UK population (Health Survey for England 2012)(65);
hypertension (28% v. Health Survey 29%), obesity (20% v.
Health Survey 19·5%) and diabetes (5% v. Health Survey 5·8%).

Only dyslipidaemia is lower in the sample 4·75%, compared
with two thirds of general population(66).

Another limitation in this study is the prevalence and sys-
tematic bias of underreporting, which have been discussed
elsewhere(40). Despite both diet scores were energy adjusted
(nutrient density methods) sensitivity analysis found con-
founding effect of the under-reporters between the association
of DRV index, HDL-cholesterol and SBP. Furthermore, differ-
ences were observed for NP model and adiposity markers BMI
and waist circumference (online Supplementary Table S2).
Ideally nutritional assessments and misreporting should have
been investigated further by other validating methods such as
doubly labelled water, urine biomarkers, for example urine Na,
K and N to help confirm accuracy of self-reported dietary data
and to limit bias. However, these analyses were not available
for this study.

In conclusion, this study suggests that the NP model was
associated with an overall diet quality (higher DRV score)
aligning with important components of UK dietary guidelines.
However, the NP model is only inversely associated with total
cholesterol and elevated blood sugar (HbA1c). Its relationship
to other cardiometabolic risk factor remains inconclusive.
Whereas, the DRV index captured important food patterns and
quality, which are inversely associated with several metabolic
risk factors, adiposity markers and T2D. The study supports the
application of the DRV index in epidemiological studies
investigating overall diet quality in relation to metabolic risk of
CVD and T2D in a UK population. However, more studies,
especially longitudinal studies, are needed to support these
findings and to confirm the effectiveness of the DRV index on
cardiometabolic health.
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