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ORIGINAL RESEARCH

Longitudinal Associations Between 
Fat-Derived Dietary Patterns and Early 
Markers of Cardiovascular Disease Risk in 
the UK Biobank Study
Barbara Brayner , MSc; Michelle A. Keske, PhD; Gunveen Kaur, PhD; 
Sheikh Mohammed Shariful Islam , MBBS, MPH, PhD; Aurora Perez-Cornago , PhD; 
Carmen Piernas , MSc, PhD; Katherine M. Livingstone , GCHE, PhD

BACKGROUND: Although the impact of dietary fats on cardiovascular disease (CVD) risk is widely researched, longitudinal as-
sociations between dietary patterns (DPs) based on fat type and early markers of CVD risk remain unclear.

METHODS AND RESULTS: UK Biobank participants (46.9% men, mean age 55 years) with data on early markers of CVD risk 
(n=12 706) were followed longitudinally (2014–2020; mean 8.4 years). Two DPs (DP1, DP2) were derived using reduced rank 
regression (response variables: monounsaturated fat, polyunsaturated fat, and saturated fat based on two 24-hour dietary 
assessments. Multivariable logistic and linear regression were used to investigate associations between DPs and odds of 
elevated CVD risk (using the nonlaboratory Framingham Risk Score) and changes in early CVD markers, respectively. DP1 
(characterized by higher nuts and seeds and lower fruit and legumes intake) was positively correlated with saturated fat, 
monounsaturated fat, and polyunsaturated fat; DP2 (characterized by higher butter and high-fat cheese, lower nuts and seeds 
intake) was positively correlated with saturated fat and negatively with polyunsaturated fat and monounsaturated fat. DP2 
was associated with slightly higher odds of elevated CVD risk (odds ratio, 1.04 [95% CI, 1.00–1.07]). DP1 was associated with 
higher diastolic blood pressure (β, 0.20 [95% CI, 0.01–0.37]) and lower cardiac index (β, −0.02 [95% CI, −0.04 to −0.01]); DP2 
was associated with higher carotid intima medial thickness (β, 1.80 [95% CI, 0.01–3.59]) and lower left ventricular ejection 
fraction (β, −0.15 [95% CI, −0.24 to −0.07]) and cardiac index (β, −0.01 [95% CI, −0.02 to −0.01]).

CONCLUSIONS: This study suggests small but statistically significant associations between DPs based on fat type and some 
early markers of CVD risk. Further research is needed to confirm these associations.

Key Words: cardiovascular disease ■ dietary fat ■ dietary patterns ■ Framingham Risk Score ■ reduced rank regression

Cardiovascular disease (CVD) is the leading cause 
of death worldwide, with 31% of all deaths at-
tributed to it.1 CVD risk can be predicted using the 

Framingham Risk Score (FRS) according to an individ-
ual’s age, sex, body mass index (BMI), systolic blood 
pressure, antihypertensive medication use, smoking, 
and diabetes status.2 Because CVD can take years to 
develop, detecting early changes to the cardiovascular 

system can also provide important insight into CVD 
prevention.3,4 Changes in cardiac function, such as left 
ventricular ejection fraction (LVEF) and cardiac index, 
measure the ability of the heart to relax and contract 
and have been used to predict heart disease, CVD 
mortality, and nonfatal events.5–7 Similarly, early signs 
of vasculature changes, such as changes in arterial 
stiffness, augmentation index (AI), and carotid intima 

Correspondence to: Barbara Brayner, MSc, School of Exercise and Nutrition Sciences, Institute for Physical Activity and Nutrition, Deakin University, 
Melbourne Burwood Campus, 221 Burwood Highway, Melbourne, Victoria 3125, Australia. Email: bvitorinoalenca@deakin.edu.au

Supplemental Material is available at https://www.ahajo​urnals.org/doi/suppl/​10.1161/JAHA.121.024069

For Sources of Funding and Disclosures, see page 11.

© 2022 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0002-2699-4352
mailto:﻿
https://orcid.org/0000-0001-7926-9368
https://orcid.org/0000-0002-5652-356X
https://orcid.org/0000-0002-7536-922X
https://orcid.org/0000-0002-9682-7541
mailto:bvitorinoalenca@deakin.edu.au
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.024069
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2022;11:e024069. DOI: 10.1161/JAHA.121.024069� 2

Brayner et al� Dietary Patterns and Cardiovascular Disease Risk

medial thickness (CIMT), have also been strong pre-
dictors of CVD risk.8–11 Most CVDs can be prevented 
by lifestyle changes, such as a healthy diet; therefore, 
understanding how to reduce CVD risk and detect 
early changes in the cardiovascular system are crucial.1

Dietary fat has long been a focus in CVD preven-
tion,12–14 with recent dietary guidelines suggesting that 
the type of fat may play a more important role rather 

than total dietary fat.12,15,16 Diets high in saturated fat 
(SFA) intake have been associated with higher CVD 
risk,12,17–20 and replacing SFA with polyunsaturated fat 
(PUFA)18 or monounsaturated fat (MUFA) shows ben-
efits for reducing CVD risk.17 However, results from 
observational studies remain inconsistent,21,22 and a 
recent meta-analysis identified that the diverse dietary 
sources of SFA are likely to play a role in these incon-
sistencies.23 Thus, a dietary pattern (DP) approach that 
considers the combined effect of foods and nutrients 
on CVD risk may be a more physiologically relevant 
method for understanding the impact of dietary fat on 
early markers of CVD risk.24

DP methodologies have been increasingly used 
to investigate the relationship between diet and CVD 
risk25–29; however, few have considered the type of fat 
in creating the DPs.30–32 Reduced rank regression, a 
method that generates DPs based on nutrient intakes 
of interest, has been used to investigate associations 
between a DP derived based on SFA intake and mark-
ers of CVD30 and CVD incidence31; however, none 
have considered SFA together with MUFA and PUFA. 
Moreover, to the best of our knowledge, no studies 
have investigated DPs based on fat type and associa-
tions with the FRS and subclinical markers of CVD risk. 
Understanding the associations between dietary fat as 
part of an overall DP, with early markers of CVD risk, 
has the potential to inform future dietary strategies to 
reduce early CVD risk.

Thus, the primary aim of this study was to derive 
DPs associated with intake of SFA, PUFA, and MUFA, 
and to examine their longitudinal associations with the 
FRS in the population-based UK Biobank cohort study. 
The secondary aim was to examine the longitudinal as-
sociation between these DPs and early markers of car-
diac function (LVEF, cardiac index) and vascular health 
(blood pressure, AI, CIMT).

METHODS
This research has been conducted using the UK 
Biobank resource under applications number 14990 
and 34894.

This study was approved by the North West Multi-
Centre Research Ethics Committee. All participants 
signed an informed consent to participate in the UK 
Biobank study. Further information about the study 
can be found at http://www.ukbio​bank.ac.uk.

Data from UK Biobank were used, which is a pro-
spective cohort study that included over 500  000 
individuals, aged 40 to 69  years, living in the United 
Kingdom. Full details about the UK Biobank pro-
tocol have been published elsewhere.33 Briefly, the 
volunteers attended the assessment center located 
across England, Scotland, and Wales for the baseline 

CLINICAL PERSPECTIVE

What Is New?
•	 This is the first study to derive dietary patterns 

based on fat type and investigate their associa-
tion with early markers of cardiovascular dis-
ease (CVD) risk.

•	 The dietary pattern characterized by foods rich 
in saturated fat, such as butter and high-fat 
cheese, and low in foods rich in polyunsaturated 
fat, such as nuts and seeds, was associated 
with worsened cardiac function and vascular 
health. Similarly, the other dietary pattern iden-
tified was characterized by high saturated fat, 
monounsaturated fat, and polyunsaturated fat 
foods, such as nuts, seeds, and butter, and was 
also associated with worsened cardiac function 
and vascular health.

•	 This suggests that dietary patterns with foods 
high in fat and specifically high in saturated fat 
worsened the CVD risk in the UK Biobank co-
hort in the follow-up period of 8.4 years.

What Are the Clinical Implications?
•	 Because dietary guidelines internationally are 

shifting from a single nutrient focus to a dietary 
pattern focus, this study provides important in-
sight for dietary pattern recommendations spe-
cific to dietary fat and CVD risk.

•	 Although the changes in markers of CVD were 
small, these are signs of early changes in CVD 
risk that could be indicative of an important win-
dow of opportunity for interventions to prevent 
CVD progression.

Nonstandard Abbreviations and Acronyms

AI	 augmentation index
CIMT	 carotid intima medial thickness
DP	 dietary pattern
FRS	 Framingham Risk Score
MUFA	 monounsaturated fat
PUFA	 polyunsaturated fat
SFA	 saturated fat

http://www.ukbiobank.ac.uk
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measurements from 2006 to 2010. In this first visit, 
participants who signed a consent form completed 
self-reported questionnaires related to their lifestyle 
and undertook various physical measurements. Data 
described in the article, codebook, and analytic code 
will be made available upon request to UK Biobank 
and the pending return of data to the UK Biobank.

Diet
Dietary Intake

Dietary intake information was collected using a 24-
hour dietary assessment tool, the Oxford WebQ.34 The 
Oxford WebQ was developed and compared against 
an interviewer-administered 24-hour recall for energy 
and nutrient intake.34 It was also validated against re-
covery biomarkers.35 The online questionnaire con-
sisted of questions about the quantity of consumption 
of each of the 206 food and 32 beverages from the 
previous 24 hours. Information on energy and macro-
nutrient intake was calculated using the UK Nutrient 
Databank food composition tables for years 2012 to 
2013 and 2013 to 2014.36 The quantity of each food and 
beverage consumed was calculated by multiplying the 
portion size by the amount consumed.36 Dietary data 
were collected at 5 different time points: April 2009 to 
September 2009, February 2011 to April 2011, June 
2011 to September 2011, October 2011 to December 
2011, and April 2012 to June 2012. Consistent with our 
previous use of these data,37 and the stable dietary in-
take reported over this period,38 these were averaged 
(2009–2012) and considered baseline dietary data, 
and only participants with 2 or more valid dietary ques-
tionnaires were included.

Dietary Patterns

DPs were generated through reduced rank regression, 
derived from food groups and nutrient intake data col-
lected from the Oxford WebQ. Reduced rank regres-
sion is a method for generating DPs, which combines 
the strengths of both a priori methods by using prior 
knowledge of relationships between nutrient intakes 
and health outcomes, and the exploratory method with 
data-driven approaches. The number of response vari-
ables chosen for reduced rank regression determined 
the number of DPs generated.39 DPs were generated 
based on food group as predictor variables and nutri-
ent intake as response variables. The predictor vari-
ables were 48 food groups (Table  S1), divided from 
previously defined food groups in the UK Biobank,40 
and the response variables were percentage energy 
from SFA, PUFA, and MUFA, selected based on estab-
lished relationships between fat type and CVD.12,14,17 
Food items were grouped based on the food group-
ings used in the UK National Diet and Nutrition Survey 

and were adapted according to differences in SFA, 
PUFA, and MUFA content. Higher DP scores reflect a 
higher adherence to the DP, and lower scores indicate 
a lower adherence to the DPs.

Cardiovascular Outcomes
Nonlaboratory FRS

CVD risk was calculated at baseline (2006–2010) and 
first follow-up (2014–2020) using the nonlaboratory 
FRS.2 This method estimates risk based on the fol-
lowing variables: age (categorical), sex (binary), BMI 
(categorical), systolic blood pressure (categorical), anti-
hypertensive medication use (binary), smoking (binary), 
and diabetes status (binary) (Data S1). It differs from 
the original FRS method by using BMI instead of total 
cholesterol concentrations, which were not available in 
the UK Biobank for the time points used in this analy-
sis.2 The change in nonlaboratory FRS from baseline 
(2006–2010) to first follow-up (2014–2020) was used, 
because the change followed a normal distribution. 
A binary variable was created for FRS indicating low 
(<10%) and high (>10%) CVD risk.41,42 Weight (in kilo-
grams) was measured by digital scales (Tanita BC-
418MA body analyzer; Tanita Corporation of America, 
Arlington Heights, IL), and standing height (in centim-
eters) was measured using a Seca 202 device (Seca, 
Hamburg, Germany).43 BMI (in kilograms per square 
meter) was calculated from information on weight (in 
kilograms) divided by height (in meters) squared. These 
were grouped into underweight (≤18.5  kg/m2), nor-
mal weight (>18.5 to ≤24.9 kg/m2), overweight (>24.9 
to ≤29.9 kg/m2), or obese (>29.9 kg/m2) according to 
World Health Organization classification.44

Blood Pressure

Brachial systolic and diastolic blood pressure (in 
millimeters of mercury) was collected at baseline 
(2006–2010), first follow-up (2014–2020), and second 
follow-up (2019+). The Omron 705 IT electronic blood 
pressure monitor (Omron, Kyoto, Japan) connected to 
an appropriately sized cuff (determined by measuring 
the participant’s arm circumference) was used.45 This 
was measured by registered nurses who were trained 
and certified to conduct the assessment. The meas-
urement was done twice in each instance, with 1 min-
ute between each measurement. To maximize the 
sample size for this analysis, data on blood pressure 
available at the first follow-up (n=11 116) and second 
follow-up (n=1340) were used.

Augmentation Index

AI (in percentage) was assessed at the first (2014–2020) 
and second (2019+) follow-ups.46 The measurements 
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were made 4 times using a VICORDER (Skidmore 
Medical, Bristol, UK) blood pressure device by trained 
staff members. The measurement was performed 4 
times in each instance, and values were averaged. To 
maximize the sample size for this analysis, data on AI 
available at the first follow-up (n=11 209) and second 
follow-up (n=1247) were used.

Carotid Intima Medial Thickness

Information on CIMT (in micrometers) was assessed via 
ultrasound at the first (2014–2020) and second (2019+) 
follow-ups.47 The CardioHealth Station (Panasonic 
Biomedical Sales Europe BV, Leicestershire, UK) ultra-
sound machine was used, with a linear array transducer 
with a frequency of 5 to 13 MHz. The scans were per-
formed according to standard operating procedures, 
and every operator went through training. These were 
measured at 2 different angles at each side (right: 120°, 
150°; and left: 210°, 240°) in each instance, and values 
were averaged. To maximize the sample size for this 
analysis, data on CIMT available at the first follow-up 
(n=11 114) and second follow-up (n=1342) were used.

LVEF and Cardiac Index

LVEF (in percentage) and cardiac index (in liters per 
minute per square meter) measurements were ob-
tained through cardiovascular magnetic resonance at 
the first (2014–2020) and second (2019+) follow-ups. 
The clinical wide bore 1.5T scanner (MAGNETOM Area, 
Syngo Platform VD13A; Siemens Healthcare, Erlangen, 
Germany) was used. Measurements were performed 
once in each instance by radiographers who underwent 
standardized central training and followed the standard 
operating procedures. The body surface area for car-
diac index was calculated at the testing site based on 
the following formula: body surface area=0.20247×(wei
ght0.425)×(height0.725), as previously reported.48 To maxi-
mize the sample size for this analysis, data on LVEF and 
cardiac index available at the first follow-up (n=12 030) 
and second follow-up (n=426) were used.

Confounders
Confounders considered included age, sex, Townsend 
deprivation index, ethnicity, BMI, physical activity, 
smoking, and antihypertensive medication use.33 The 
Townsend deprivation index was used based on na-
tional census output areas. Participants received a 
score corresponding to the output area of their post-
code. This was assigned before their commence-
ment in the study. Data on ethnicity were based on 
the following question: What is your ethnic group? 
Categories were collapsed into White, Mixed (Asian or 
Asian British, Black or Black British, Chinese), or other 
based on previous use in the UK Biobank.49

Data on physical activity were assessed through 
an adapted version of the short International Physical 
Activity Questionnaire, covering the duration, intensity, 
and frequency of walking and moderate and vigorous 
activity. The metabolic equivalent, minutes per week, 
was derived from the time spent in each category of 
physical activity. Physical activity was divided into light, 
moderate, and vigorous.43 Further details can be found 
elsewhere.50

A continuous and binary (plausible/energy mis-
reporters) indicator of energy misreporting was cre-
ated.51,52 For the continuous indicator, a ratio of 
reported energy intake to estimated energy require-
ment was calculated. The estimated energy require-
ment was based on the predictive formulas from the 
US Dietary Reference Intake,53 where physical activity 
level was calculated based on total metabolic equiva-
lent hours per day divided by 24 hours and included in 
the formula as such. In addition, a binary variable was 
created (plausible/energy misreporters), where individ-
uals who reported energy intake in the 95% CI range 
for the ratio were considered adequate reporters.52 
Participants with values outside of this range were 
categorized as energy misreporters (over- and under-
reporters of energy intake), and this information was 
used for sensitivity analyses.

Inclusion and Exclusion Criteria

For the present analysis, participants were included if 
they had complete data for exposure and outcomes 
(n=28 130). Of these, participants were excluded if (1) 
they did not complete at least 2 valid dietary assess-
ments (valid dietary assessments are defined as en-
ergy intake within the range of 500 to 3500  kcal for 
women and 800 to 4200 kcal for men) (n=14 923); (2) 
were pregnant during the exposure period (2009–2012) 
(n=11); (3) had a CVD diagnosis: hospital admission or 
death based on International Classification of Diseases, 
Tenth Revision (ICD-10) codes, including coronary 
heart disease (I20-I25, K49, K50, K75, K40–K46), con-
gestive heart failure or cardiomyopathy (I50.0, I50.1, 
I50.9, I11.0, I13.0, I13.2, I42–43), and stroke (I60–I64) 
before or during baseline exposure period (2009–2012) 
(n=284); (4) had missing confounder data (n=399). For 
the secondary outcomes only, individuals were further 
excluded if they had LVEF <40%, indicating heart fail-
ure (n=241) (Figure S1).54

Statistical Analysis
Descriptive statistics were used for participant char-
acteristics and were presented as mean and standard 
deviation or frequency counts, and unadjusted linear 
regression analyses were used to investigate sex dif-
ferences in participants’ characteristics. Each DP was 
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treated as a continuous variable (DP scores), except 
for descriptive purposes where they were treated as 
tertiles. The primary outcome (FRS) and the second-
ary outcomes (markers of CVD risk) were treated as 
continuous variables. Multivariable adjusted linear re-
gression analyses were used to examine associations 
between DPs at baseline and change in FRS from 
baseline to follow-up. Restricted cubic splines, using 4 
knots at the default percentile by Harrell,55 were used 
to investigate other nonlinear associations between the 
DPs and changes in FRS. A likelihood ratio test was 
used to compare the linear and spline models, where 
the null hypothesis is that the linear model is a better 
fit. To align with clinical cut points for the FRS,56 logis-
tic regression analyses were also used to investigate 
the associations between the DPs and FRS at follow-
up as a binary variable (<10% low risk and ≥10% high 
risk). For the secondary outcomes, diastolic and sys-
tolic blood pressure, cardiac index, LVEF, CIMT, and AI 
outcomes were modeled using just the follow-up data 
(Figure S2).

An interaction term was added to the models to test 
for moderation effects by sex. According to recom-
mendations for reporting sex differences in CVD asso-
ciations, analyses were still presented stratified by sex 
regardless of whether interactions were significant.57 
Among other reasons: (1) Women and men have bio-
logical differences, and stratifying results by sex could 
uncover mechanisms that partially explain these differ-
ences. (2) Because each sex makes up roughly 50% 
of the population, potential differences found could 
have general relevance. (3) There are sex differences in 
CVD.57 Linear regression analyses were presented in 3 
models. Model 1 analyses were adjusted for age (con-
tinuous) and sex (binary). Model 2, for the primary out-
come, included confounders identified using a directed 
acyclic graph (Figure S3): Townsend deprivation index 
(continuous), physical activity (categorical), ethnicity 
(categorical), follow-up time (continuous), and energy 
misreporting (continuous). Model 3, for the secondary 
outcomes, included adjusted analyses included the 
following confounders (Figure  S4): BMI (continuous), 
energy misreporting, physical activity, ethnicity, sex, 
age, smoking (binary), follow-up time (continuous), and 
medication use (categorical). For CIMT and AI, robust 
linear regressions were used, because these variables 
were skewed. All results in the text will refer to the fully 
adjusted models unless otherwise specified. DPs were 
generated in SAS software (SAS Institute, Cary, NC), 
whereas all other analyses were performed in Stata SE 
15 (64 bit; StataCorp, College Station, TX).

Exploratory and Sensitivity Analysis

To further investigate any effect of energy misreport-
ing, under- and overreporters of energy intake were 

excluded before generating DPs and associations be-
tween these revised DPs, and outcomes were inves-
tigated. Tertiles of DPs were also derived to present 
descriptive statistics of total energy (kilojoules per day) 
and nutrient intakes by DP tertiles. Nutrient intakes in-
vestigated included carbohydrate (percent energy [E] 
per day), protein (percent E per day), total fat (percent 
E per day), animal fat (percent E per day), vegetable 
fat (percent E per day), transfat (percent E per day), 
omega-3 (grams per day), omega-6 (grams per day), 
energy density (kilojoules per gram per day), and fiber 
(grams per day) and were presented as mean and SD 
and by sex. Linear regression analyses were used to 
investigate sex differences in the above-mentioned nu-
trients, and analyses were adjusted for age, smoking 
status, and BMI.

RESULTS
Participant Characteristics
The final sample included for the primary analysis was 
12 706 participants who were followed up for an aver-
age of 8.4 (±1.7) years (minimum of 4.3 and maximum 
of 12.3 years). For secondary outcomes, the final sam-
ple was 12 485 (Figure S1).

Individuals had similar characteristics across tertiles 
of DPs (Table  S2). The characteristics of the partici-
pants who were excluded were comparable to those 
who were included (Table S3). Participants included in 
this study had a mean age of 55 (±7.4) years, and 53.1% 
were women. Most individuals were White (97.8%), 
and more than half of the participants reported mod-
erate physical activity levels (54%). Men were on av-
erage 1.5 years older (55.8±7.5 versus 54.3±7.2 years) 
and had a higher proportion of smokers (6.2% versus 
4.8%), and more men were overweight compared with 
women (50.8% versus 33.7%) (Table 1).

At baseline, the mean value for FRS was 13.1±8.72, 
whereas for systolic and diastolic blood pressure the 
mean values were 135.0±17.9 and 81.3±10.0 mm Hg, 
respectively. At follow-up, the mean value for FRS 
was 14.9±10.4, whereas for systolic and diastolic 
blood pressure the mean values were 137.5±18.6 and 
78.2±10.1 mm Hg, respectively. The mean values for 
cardiac index and LVEF were 2.54±0.93 L/min per 
m2 and 55.7±6.62%, respectively, whereas for CIMT 
and AI the mean values were 681.1±124.5  µm and 
20.0±8.87%, respectively.

Characteristics of DPs
Explained variation in food intake and response vari-
ables for each of the DPs generated through reduced 
rank regression are presented in Table 2. The results 
generated 3 DPs designated DP1, DP2, and DP3, ex-
plaining 41.9%, 23.8%, and 2.22% amount of variability 
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in the response variables intakes, respectively. DP3 
was not further investigated, because the explained 
variation in the response variables was lower than 
10%. DP1 scores ranged from −3.41 to 6.68, and DP2 
scores ranged from −5.89 to 5.03, with a higher score 
indicating the participant’s diet was better character-
ized by that pattern. DP1 was positively associated 
with intake of food groups such as nuts and seeds, 
vegetable dishes, and butter and negatively associated 
with fruits, legumes, and beer and cider (Tables  S4 
and S5). The full list of food groups factor loadings can 

be found in Figure  S5. DP1was positively correlated 
with MUFA (r=0.67), PUFA (r=0.55), and SFA (r=0.50) 
intake, suggesting participants with higher DP1 scores 
were consuming similar amounts of all 3 types of fats. 
Individuals in the third tertile of DP1 had higher intakes 
of both animal and vegetable fat. No major differences 
in protein and energy intake were observed between 
tertiles of DP1 (Tables S6 and S7).

DP2 was associated with higher butter, high-fat 
cheese, and ice cream intake, and lower consumption 
of nuts and seeds, vegetables, and vegetable dishes 

Table 1.  Overall Characteristics of the Participants at Baseline and According to Sex

Characteristics All, n=12 706 Men, n=5965 Women, n=6741 P value*

Age, y, mean (±SD) 55.0 (7.4) 55.8 (7.5) 54.3 (7.2) <0.001

Townsend deprivation index, n (%) 0.12

Low 5160 (40.6) 2478 (41.5) 2682 (39.8)

Medium 4392 (34.6) 2025 (34.0) 2367 (35.1)

High 3154 (24.8) 1462 (24.5) 1692 (25.1)

Race or ethnicity, n (%) 0.45

White 12 287 (97.8) 5812 (97.7) 6584 (97.9)

Mixed§ 238 (1.9) 120 (2.0) 117 (1.7)

Other 45 (0.3) 19 (0.3) 26 (0.4)

Smoking, n (%) 0.001

Yes 698 (5.5) 373 (6.2) 325 (4.8)

No 12 008 (94.5) 5592 (93.8) 6416 (95.2)

Physical activity, n (%)† 0.10

Light 2659 (20.9) 1299 (20.6) 1431 (21.2)

Moderate 6873 (54.1) 3198 (53.5) 3678 (54.6)

Vigorous 3174 (25.0) 1546 (25.9) 1632 (24.2)

BMI category, n (%)‡ <0.001

Underweight/normal weight 5484 (43.1) 2002 (33.5) 3482 (51.7)

Overweight 5303 (41.7) 3022 (50.7) 2281 (33.8)

Obesity 1919 (15.2) 941 (15.8) 978 (14.5)

BMI indicates body mass index.
*P value for unadjusted linear regression analysis for sex differences in baseline characteristics where variables were continuous. For categorical variables, 

P value represents unadjusted χ2 analysis for sex differences in baseline characteristics.
†Physical activity: light (total metabolic equivalent–hours a week <10), moderate (total metabolic equivalent–hours a week ≥10 and <50), and vigorous (total 

metabolic equivalent–hours a week >50).
‡ Underweight/normal weight (BMI <25 kg/m2), overweight (BMI ≥25 and <30 kg/m2), obese (BMI ≥30 kg/m2).
§Mixed includes Asian or Asian British, Black or Black British, Chinese.

Table 2.  Explained Variation in Food Intake and Nutrient Response Variables for Each DP and Correlation Coefficient 
Between DPs and Response Variables (n=12 706)

DP Explained variation, % Correlation coefficient

Total Nutrient response variables

Food intakes

Nutrient 
response 
variables SFA, %E PUFA, %E MUFA, %E SFA, %E PUFA, %E MUFA, %E

DP1 2.25 41.9 31.3 38.2 56.3 0.50 0.55 0.67

DP2 3.03 23.8 71.5 69.5 56.3 0.75 −0.66 −0.01

DP3 2.65 2.22 72.2 71.2 60.0 0.43 0.51 −0.74

%E indicates percentage of total energy; DP, dietary pattern; MUFA, monounsaturated fat; PUFA, polyunsaturated fat; and SFA, saturated fat.
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(Table S4). DP2 was negatively associated with MUFA 
(r=−0.01) and PUFA (r=−0.66) intake, whereas being 
positively correlated with SFA (r=0.75) intake suggest-
ing participants with higher DP2 scores were con-
suming higher amounts of SFA and lower amounts of 
PUFA. Individuals in the third tertile of DP2 had higher 
intakes of animal fat, but lower intake of vegetable fat. 
No major differences in carbohydrate, protein, and 
energy intake were observed between tertiles of DP2 
(Tables S6 and S7).

Association of DPs With FRS
As shown in Table 3, there were no significant asso-
ciations between DP1 and DP2 and change in FRS 
from baseline to follow-up in the overall sample (β 
coefficient per DP unit increase: DP1: 0.01 [95% CI, 
−0.14 to 0.16]; DP2: 0.09 [95% CI, −0.03 to 0.21]) or 
when stratified by sex. There was also no evidence 
for a nonlinear relationship between the DPs and FRS 
(DP1 splines and FRS: P=0.71; DP2 splines and FRS: 
P=0.81). When FRS was treated as a binary variable 
(<10% low risk and ≥10% high risk), DP1 was not asso-
ciated with CVD risk. DP2 was associated with slightly 
higher odds of elevated CVD risk in the overall sample 
(odds ratio [OR] per DP unit increase, 1.04 [95% CI, 
1.00–1.07]), and this association was only observed 
in men (OR per DP unit increase, 1.07 [95% CI, 1.07–
1.12]) (Figure). No sex interaction was observed with 
DPs on FRS (β coefficient for sex by DP interaction 
term: DP1: 0.06 [95% CI, −0.22 to 0.35]; DP2: 0.01 
[95% CI, −0.23 to 0.26]).

Association of DPs With Markers of CVD 
Risk
DP1 was associated with slightly higher diastolic blood 
pressure (β coefficient per DP unit increase: 0.23 [95% 
CI, 0.05–0.40]) in the minimally adjusted model and 
lower cardiac index (β coefficient per DP unit increase: 
−0.02 [95% CI, −0.04 to −0.01]) in the overall sample 
and men only (diastolic blood pressure, β coefficient 
per DP unit increase: 0.32 [95% CI, 0.06–0.57]; cardiac 
index, β coefficient per DP unit increase: −0.02 [95% 
CI, −0.04 to −0.01]) (Table 3). There was no evidence 
of DP1 being associated with systolic blood pressure, 
LVEF, CIMT, or AI. There was also no evidence of sex 
interactions with DP1 on markers of CVD risk (β coef-
ficient for sex by DP interaction term: −0.16 [95% CI, 
−0.70 to 0.38]; diastolic blood pressure: 0.01 [95% CI, 
−0.30 to 0.33]; cardiac index: −0.01 [95% CI, −0.03 
to 0.03]; LVEF: −0.06 [95% CI, −0.26 to 0.14]; CIMT: 
−0.76 [95% CI, −5.01 to 3.49]; AI: 0.04 [95% CI, −0.28 
to 0.35]).

DP2 was associated with lower cardiac index (β co-
efficient per DP unit increase: −0.01 [95% CI, −0.02 to 
−0.01]), LVEF (β coefficient per DP unit increase: −0.15 

[95% CI, −0.24 to −0.07]), and slightly higher CIMT in 
the minimally adjusted model only (β coefficient per DP 
unit increase: 1.85 [95% CI, 0.07–3.63]) in the overall 
sample. In men, DP2 was associated with lower car-
diac index (β coefficient per DP unit increase: −0.02 
[95% CI, −0.03 to −0.01]) and higher systolic blood 
pressure (β coefficient per DP unit increase: 0.36 [95% 
CI, 0.02–0.71]) in the minimally adjusted model only. 
DP2 was also associated with lower LVEF in both men 
(β coefficient per DP unit increase: −0.16 [95% CI, 
−0.28 to −0.04]) and women (β coefficient per DP unit 
increase: −0.15 [95% CI, −0.27 to −0.02]). There was 
no evidence of DP2 being associated with diastolic 
blood pressure or AI. There was also no evidence 
of sex interactions with DP2 on markers of CVD risk 
(β coefficient for sex by DP interaction term, systolic 
blood pressure: 0.15 [95% CI, −0.31 to 0.61]; diastolic 
blood pressure: 0.06 [95% CI, −0.21 to 0.32]; cardiac 
index: −0.02 [95% CI, −0.04 to 0.01]; LVEF: −0.02 [95% 
CI, −0.19 to 0.15]; CIMT: 1.06 [95% CI, −2.42 to 4.55]; 
AI: 0.08 [95% CI, −0.19 to 0.35]).

Exploratory and Sensitivity Analyses

After excluding energy misreporters, results remained 
consistent for DP1, except for systolic blood pressure 
and cardiac index, which were negatively associated 
with DP1 in the overall sample (β coefficient per DP 
unit increase: −0.34 [95% CI, −0.68 to −0.01] and 
−0.03 [95% CI, −0.03 to −0.01], respectively) and di-
astolic blood pressure, which was no longer associ-
ated with DP1 in the overall sample (β coefficient per 
DP unit increase: 0.19 [95% CI, −0.02 to 0.41]). Results 
remained consistent for DP2, except for being associ-
ated with higher systolic blood pressure (β coefficient 
per DP unit increase: 0.33 [95% CI, 0.01–0.65]) in the 
overall sample in the minimally adjusted model only 
and with higher CIMT in men only (β coefficient per DP 
unit increase: 3.95 [95% CI, 0.74–7.16]) in the minimally 
adjusted model only. DP2 was also no longer associ-
ated with LVEF in the women only sample (β coefficient 
per DP unit increase: −0.12 [95% CI, −0.27 to 0.03]) 
(Table S8).

When comparing sex differences in intakes of the 
highest loading food groups, men had a higher intake 
of the following food groups with high factor loadings 
for DP1: buns, cakes, and pastries (58.0±46.9 versus 
49.2±39.9), and beer (277±438 versus 39.8±129); and 
of the following food group with highest loading for both 
DP1 and DP2: butter (6.80±9.60 versus 5.33±7.48) 
compared with women (Table  S5). In addition, men 
had a lower intake of the following food group with high 
negative factor loading for DP1: fruits (192±145 versus 
210±145) and for the food group with high negative 
factor loading for DP2: vegetables (153±117 versus 
196±128) compared with women.
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DISCUSSION
The present study investigated the longitudinal associa-
tions between DPs characterized by fat type and the 
FRS and early markers of CVD risk in a population-based 
sample of older UK adults. None of the DPs were associ-
ated with FRS in the main models. Only when FRS was 
treated as a binary variable, a DP positively correlated 
with SFA and negatively with PUFA (DP2) was associ-
ated with slightly higher odds of having a high FRS. DP2 
was also associated with lower LVEF and cardiac index, 
meaning worsened cardiac function and higher CIMT. In 
men only, DP2 was associated with higher systolic blood 
pressure and lower cardiac index. A DP positively corre-
lated with SFA, MUFA, and PUFA (DP1) was associated 
with higher diastolic blood pressure and lower cardiac 
index. These early changes in vascular health and car-
diac function after 8.4 years of follow-up, though small, 
provide evidence for the importance of early interven-
tions that could prevent a possible progression to CVD. 
Furthermore, these results indicate that the type of di-
etary fat within the context of a DP may be important for 
addressing some, but not all, early markers of CVD risk.

In this study, neither DP generated based on fat 
type was associated with the FRS (when treated as a 
continuous variable). This was an unexpected result, 
because other studies indicate associations between 
dietary fat type and CVD risk. Although there is limited 
research on the role of dietary fat type as part of a DP, 
a recent meta-analysis of 15 randomized controlled tri-
als reported that reducing SFA intake was associated 
with a 21% decrease in risk of CVD events,18 whereas 
another meta-analysis has reported higher CVD 

mortality with higher SFA intake.19 No studies to date 
have used reduced rank regression DPs to investigate 
associations with FRS; however, one study has investi-
gated the association between data-driven DPs using 
factor analysis, and FRS using a binary cutoff (<10% 
low risk and >10% high risk of CVD). This study of 1196 
adults followed up over 7  years identified 3 DPs, in-
cluding a refined foods pattern, high in corn tortillas, 
refined grains, and soft drinks that was associated with 
high FRS; a prudent pattern, high in fresh fruits and 
vegetables that was associated with lower FRS41; and 
a meat and fish pattern, high in red and processed 
meats, fish, and poultry that was not associated with 
CVD risk. Because the high fat meat and fish pattern 
did not differentiate between different meat sources, 
this hinders the comparability with the present study, 
where we separated food groups based on fat type. 
However, it could indicate that other components, 
other than dietary fat, such as high refined grains and 
soft drinks or low fruit and vegetable intake, may be a 
stronger predictor of CVD risk. Our study only found 
evidence of associations between a DP positively cor-
related with SFA and negatively with PUFA (DP2) and a 
slightly higher FRS when FRS was treated as a binary 
variable. However, we cannot rule out that this result 
is spurious because of sample variability or unknown 
confounding factors. Further research is needed to 
determine whether these discrepancies were caused 
by study design limitations, such as sample size and 
generalizability, or the distribution of the outcome itself.

Evidence for associations between DPs based on 
dietary fat and blood pressure is unclear.58 Our find-
ings indicated that a DP positively correlated with 
SFA, PUFA, and MUFA (DP1) was associated with 
higher diastolic blood pressure, whereas DP2 was 
associated with higher systolic blood pressure. This 
is consistent with literature where DPs with a lower 
fat content from dairy and meat sources, such as the 
Dietary Approaches to Stop Hypertension program, 
have been associated with lower blood pressure.58,59 
A recent meta-analysis suggests that the Dietary 
Approaches to Stop Hypertension DP is associated 
with lower blood pressure.59 However, it is important to 
note that the Dietary Approaches to Stop Hypertension 
DP is also higher in fruits and vegetables and lower in 
sodium, and that reductions seen in blood pressure 
could also be caused by these other dietary compo-
nents.59 Therefore, although DP1 and DP2 were asso-
ciated with higher blood pressure, it may be that lower 
intake of other foods present in these DPs, such as 
fruits and vegetables, could also have played a role. 
Unexpectedly, blood pressure was only positively as-
sociated with DPs in men but not women. It is worth 
noting that men and women can have differences in 
physiology, body composition, hormones, and me-
tabolism, which can differentially impact on their risk 

Figure.  OR (95% CI) of cardiovascular disease risk after 
an average 8.4  years of follow-up, as assessed using the 
nonlaboratory Framingham Risk Score, for DP1 and DP2 per 
1-unit increase.
DP1 scores ranged from −3.41 to 6.68, and DP2 scores ranged 
from −5.89 to 5.03. Analysis adjusted for age and sex (except 
when used to stratify), Townsend deprivation index, physical 
activity, and energy misreporting. Logistic regression analyses 
represent OR and 95% CI for high Framingham Risk Score (≥10% 
risk) compared with low-risk score (<10% risk), at follow-up 
(2014–2020) in DP scores at baseline (2009–2012). DP indicates 
dietary pattern; and OR, odds ratio.
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of CVD.60 For example, fat deposition in men is more 
prominent in the abdominal region, whereas in women 
it is concentrated on hips and thighs.61,62 These differ-
ences have been suggested to be positively linked to 
a healthier metabolic profile in women and inversely 
in men.61,62 Although men had a higher intake of high-
fat cheese and butter and lower intake of fruits and 
vegetables, whether the effect of sex was because of 
differences in food intake or physiological mechanisms 
warrants further investigation.

Our findings for associations with markers of CVD 
risk are comparable with other studies.63,64 A cross-
sectional study of 4601 US adults used reduced rank 
regression to generate DPs using metabolic syndrome 
components as response variables to investigate as-
sociations with left ventricle mass and function.63 A DP 
high in high-fat meats, cheese, and processed foods 
and low in fruits, vegetables, nuts, and fish was as-
sociated with a 0.21% decrease in LVEF.63 Moreover, 
a Mediterranean DP, characterized by a higher intake 
of fruits, vegetables, nuts, olive oil, and fatty fish and a 
lower intake of processed and red meat is associated 
with a 0.20% higher LVEF.64 Therefore, it seems that a 
DP higher in SFA and lower in PUFA could be associated 
with impaired cardiac function, but further randomized 
controlled trials are needed to investigate causality.

Consistent with previous research,65,66 a high SFA 
DP identified in this study was negatively associated with 
markers of vascular health. Research suggests that a 
higher SFA intake is associated with higher CIMT.65,66 For 
every 10-g/day increase in SFA, an increase of 0.03 mm 
in CIMT has been reported.66 Moreover, in a DP context, 
the Mediterranean DP has also been associated with lower 
CIMT.65 However, in the present study, DP2 was only asso-
ciated with CIMT in the overall sample, and results were not 
consistent when stratified by sex, suggesting no sex differ-
ences. Although limited, recent evidence suggests that a 
Mediterranean DP could be associated with lower AI.67 A 
1-year randomized controlled trial of 1294 European indi-
viduals free from chronic disease, investigated the effects 
of a Mediterranean diet on AI in a small subset (n=225) and 
reported lower augmentation AI following the intervention 
(−12.4 [95% CI, −24.4 to −0.5]).67 However, individuals in this 
intervention were older (aged 65–79 years) than in our study 
(aged 50–69 years), which could explain the lack of associ-
ations in our study. Future research is needed to confirm if 
the effect of diet on AI is dependent on age.

This study acknowledges several strengths and lim-
itations. The Oxford WebQ has been validated for en-
ergy and nutrient intake, and this study used repeated 
assessments to estimate an individual’s usual in-
take.35 However, it is a self-reported measurement and 
therefore could be subjected to misreporting biases. 
By only including individuals with at least 2 dietary 
assessments, selection bias could have been intro-
duced. Although our use of consecutive dietary intake 

assessments did not investigate change in dietary 
intakes between time points, previous research sug-
gests a moderate-to-substantial agreement between 
time points.38 Reduced rank regression generates DPs 
that reflect the dietary habits of the population of inter-
est; however, these may not reflect other populations 
with varying dietary habits. Nevertheless, this method 
has the strength of generating DPs based on specific 
nutrients (SFA, MUFA, and PUFA), which are known to 
be associated with CVD risk.12,17,19 Although this study 
presented results overall and stratified by sex, the cre-
ation of DPs was conducted in the overall population. 
This was done based on previous studies that have 
used a similar approach,29,68 but other studies may 
consider generating DPs stratified by sex.69 To retain 
a larger sample size and therefore increase our sta-
tistical power, this study investigated the association 
between diet and CVD risk from baseline to first fol-
low-up, and where first follow-up data were not avail-
able, second follow-up data were used. Because CVD 
risk increases with age, this variation in follow-up time 
points should be considered when interpreting the re-
sults. Nonetheless, the proportion of participants for 
whom we used the second follow-up time point was 
small, ranging from 3% to 11% depending on the out-
come, so this is unlikely to have significantly impacted 
on our findings. Another limitation of this study was 
the lack of baseline data for some of the subclinical 
markers of CVD risk, which may have limited our ability 
to detect prospective associations. A strength of this 
study was its prospective design, with over 8 years of 
follow-up, which appeared to be sufficient for captur-
ing early changes in vascular health. Furthermore, this 
study investigated the association between DPs based 
on the fat type and clinical markers of early CVD risk in 
a large sample free from chronic disease at baseline.

In conclusion, this study identified 2 DPs based on 
fat type. No strong associations between these DPs 
and early markers of CVD were observed. The DP 
characterized by SFA-rich foods such as butter and 
high-fat cheese and low in PUFA-rich foods such as 
nuts and seeds (DP2) was not associated with FRS in 
its continuous form, but we found a small association 
between DP and higher odds of high FRS in its binary 
form. This DP was also associated with lower LVEF and 
cardiac index, and higher CIMT. In men only, this DP 
was associated with higher systolic blood pressure and 
lower cardiac index, which suggests that sex may in-
fluence these associations. Conversely, the other DP 
identified in this study (DP1) was characterized by high 
SFA, MUFA, and PUFA foods, such as nuts, seeds, and 
butter, and was associated with higher diastolic blood 
pressure and lower cardiac index. Therefore, both DPs 
were associated with worsened early markers of CVD 
risk. Though the changes in markers of CVD were 
small, these are signs of early changes in CVD risk and 
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could be indicative of an important window of opportu-
nity for interventions that could prevent their progres-
sion. Because the early origins of disease suggest that 
biomarkers first manifest in early life, future studies are 
needed to investigate if these findings are consistent in a 
younger cohort. Moreover, the results described in this 
study could be specific to the sample in question, and 
further investigation in different cohorts is warranted to 
confirm these findings. This is the first study to derive 
DPs based on the fat type and investigate their associa-
tions with the FRS and early changes in vasculature and 
cardiac function. Our findings suggest that the type of 
fat, in the context of a DP, may be associated with small 
changes in some but not all early markers of CVD risk.
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Non-laboratory Framingham risk score 

The following criteria have been used for the calculation of non-laboratory Framingham risk 

score: current and past smoking status was assessed based on questions “Do you smoke tobacco 

now?” and “In the past, how often have you smoked tobacco?”. For this analysis, smoking was 

grouped into a binary variable for current smokers (yes) and non-smokers (no and previously). 

Medication use for blood pressure was based on the question “Do you regularly take any of the 

following medications? (you can select more than one answer)”. They could answer with the 

following: I) Cholesterol-lowering medication, II) Blood pressure medication, III) Insulin, IV) 

None of the above, V) Do not know or prefer not to answer. Participants who selected “do not 

know” or “prefer not to answer” were excluded from this study. Participants were divided into 

those who used blood pressure medication or those who didn’t. Diabetes status was based on 

the question: “Has a doctor ever told you that you have diabetes?” and could answer with either 

“yes”, “no”, “do not know” or “prefer not to answer”. For the purpose of this study participants 

who selected “do not know” or “prefer not to answer” were excluded. 

 

 

 

 

 



Table S1. Food groups used in dietary patterns. 

 Food group Food items included 

Cereals 

(6 items) 

1. Pasta, rice and cereals White rice, couscous, white pasta  

2. Whole meal pasta, rice 

and cereals 

Brown rice and whole meal pasta 

3. White bread Sliced bread, baguette, bap, bread roll and other 

bread 

4. Whole meal bread Whole meal sliced bread, whole meal baguette, 

whole meal bap, whole meal bread roll, mixed sliced 

bread, seeded sliced bread, mixed baguette, seeded 

baguette, mixed bap, seeded bap, mixed roll, seeded 

roll 

5. High fibre breakfast 

cereals 

Whole wheat cereal, bran cereal, porridge, muesli, 

oat crunch, oatcakes 

6. Other breakfast cereals Other cereal, plain cereal and sweet cereal 

Dairy 

products 

(8 items) 

7. Whole milk Whole milk >3.6g fat per 100g 

8. Skimmed milk Skimmed milk and semi skimmed milk >1g fat per 

100g 

9. Other milk Rice milk, oat milk and soy milk 

10. Cheese Goat cheese, hard cheese, soft cheese, blue cheese, 

cheese spread, feta, mozzarella, other cheese 



11. Low fat cheese Low fat hard cheese, low fat cheese spread and 

cottage cheese 

12. Yoghurt low fat Low fat yogurt 

13. Yoghurt full fat Full fat yogurt 

14. Ice cream, cream and 

dairy desserts 

Cream, ice-cream, milk-based pudding, other milk 

based pudding, cheesecake 

Fat spreads 

(5 items) 

15. Butter Animal fat spread lower and normal fat 

16. Margarine Plant-based spread lower and normal fat 

17. Olive oil  Olive oil (drizzling/dunking) 

18. High-fat sauces Cheese sauce, white sauce and gravy  

19. Low-fat sauces Chutney, ketchup, brown sauce, tomato sauce 

Meat and 

alternatives 

(10 items) 

20. Bacon and ham Bacon, ham, sausages 

21. Beef and veal  Beef and veal 

22. Non fried chicken, 

turkey pork and dishes 

Poultry and pork  

23. Fried poultry Breaded poultry, battered poultry 

24. Other meats Other meat, offal 

25. White fish White fish and tinned tuna  

26. Battered and fish 

products 

Battered fish, breaded fish, sushi 

27. Oily fish Oily fish 



28. Other seafood Prawns, lobster, crab and shellfish 

29. Eggs and eggs dishes Whole egg, omelet, scotch egg, other egg and egg 

sandwiches 

30. Meat alternatives Vegetarian sausages/burger, other vegetarian 

alternatives, tofu and quorn 

Fruit and 

Vegetables 

(6 items) 

31. Vegetables raw and 

boiled 

Side salad, beetroot, cabbage, kale, carrot, celery, 

courgette, cucumber, lettuce, fresh tomato, turnip, 

swede, watercress, vegetable in pieces, broccoli, 

butter squash, cauliflower, garlic, leek, onion, 

parsnip, sweet pepper, spinach, sprouts, tinned 

tomato, other vegetables, sweet potato, mushroom, 

sweet corn, olives 

32. Vegetables (mixed 

dishes) 

Vegetable salad with mayo, hummus, guacamole,  

33. Legumes Green bean, broad bean, pea, baked beans, pulses, 

corn 

34. Fruits Apple, avocado, mixed fruit, banana, berry, cherry, 

grapefruit, grape, mango, melon, orange, satsuma, 

peach nectarine, pear, pineapple, plum, other fruit, 

prune and dried fruit 

35. Boiled and baked potato Boiled baked potato and mashed potato 

36. Soups Homemade pulse soup, homemade meat soup, 

homemade fish soup, homemade vegetables soup, 



homemade pasta soup, homemade other soup, 

canned pulse soup, canned meat soup, canned fish 

soup, canned vegetables soup, canned pasta soup, 

canned other soup 

Nuts and seeds 

(1 item) 

37. Nuts and seeds Unsalted peanuts, unsalted nuts, seeds,  

Discretionary 

snack foods 

(3 items) 

38. Crisps, chips and savory 

snacks 

Pizza, crisp, fried potato, cheesy biscuits, salted nuts, 

salted peanuts, crisp bread, Indian snacks 

39. Buns, cakes, pastries 

and fruit pies, puddings, 

biscuits 

Fruit cake, scone, sponge pudding, crumble, danish, 

doughnut, pancake, cereal bar, chocolate covered 

biscuit and sweet biscuit 

40. Sugar, preserves and 

confectionery 

Spreads like jam and honey, stewed fruit, dark 

chocolate, milk chocolate, other chocolate, chocolate 

covered raisins, white chocolate 

Non-alcoholic 

beverages  

(5 items) 

41. Fruit juice Orange juice, grapefruit juice, pure fruit and 

vegetable juice, fruit smoothie  

42. High sugar beverages Fizzy drink, hot chocolate and dairy smoothie 

43. Soft drinks, diet Low calorie drink and low-calorie hot chocolate 

44. Tea and Coffee  Cappuccino, green tea, herbal tea, other tea, 

espresso, other coffee, instant coffee, filtered coffee, 

latte, standard tea, rooibos tea 

 



45. Water Water 

Alcoholic 

beverages 

(3 items) 

46.  Spirits and liqueurs Spirits and other alcohol 

47. Wine Red wine, rose wine, white wine and fortified wine 

48.  Beer and cider Beer and cider 

*Food groups were selected based on food groupings used the National Diet and Nutrition Survey (NDNS) from the UK and adapted 

according to their fat type of content. (39) 

 

 

 



Table S2. Characteristics at baseline overall and according to tertiles of dietary patterns (n =12,706). 

Characteristics All 

(n=12,706) 

Tertiles of DP1 Tertiles of DP2 

T1 T2 T3 T1 T2 T3 

Age (years), mean (± SD) 55.0 (7.4) 55.1 (7.2) 55.0 (7.4) 54.9 (7.5) 54.9 (7.4) 54.9 (7.4) 55.3 (7.4) 

Female, n (%) 6,753 (53.1) 2,069 (48.8) 2,386 (56.3) 2,298 (54.2) 2,271 (53.5) 2,392 (56.4) 2,090 (49.3)  

Townsend deprivation index, n (%)        

Low  5,169 (40.6) 1,746 (41.2) 1,755 (41.4) 1,668 (39.3) 1,729 (40.7) 1,743 (41.1) 1,697 (40.0) 

Medium 4,402 (34.6) 1,472 (34.7) 1,456 (34.3) 1,474 (34.8) 1,424 (33.6) 1,491 (35.1) 1,487 (35.1) 

High 3,155 (24.8) 1,024 (24.1) 1,031 (24.3) 1,100 (25.9) 1,089 (25.7) 1,008 (23.8) 1,058 (24.9) 

Ethnicity, n (%)        

White 12,407 (97.8) 4,122 (97.4) 4,122 (97.9) 4,141 (98.0) 4,081 (96.6) 4,156 (98.2) 4,170 (98.6) 

Mixed 239 (1.9) 92 (2.2) 72 (1.7) 75 (1.8) 122 (2.9) 64 (1.5) 53 (1.2) 

Other 44 (0.3) 17 (0.4) 18 (0.4) 9 (0.2) 23 (0.5) 14 (0.3) 7 (0.2) 



Smoking, n (%)        

Yes 693 (94.6) 234 (5.5) 220 (5.2) 239 (5.6) 189 (4.5) 200 (4.7) 304 (7.2) 

No 12,033 (5.4) 4,008 (94.5) 4,022 (94.8) 4,003 (94.4) 4,053 (95.5) 4,042 (95.3) 3,938 (92.8) 

Physical Activity†, n (%)        

Light 2,666 (21.0) 817 (19.2) 895 (21.1) 954 (22.5) 750 (17.7) 934 (22.0) 982 (23.1) 

Moderate 6,878 (54.0) 2,267 (53.4) 2,343 (55.2) 2,268 (53.5) 2,349 (55.4) 2,277 (53.7) 2,252 (53.1) 

Vigorous 3,182 (25.0) 1,158 (27.3) 1,004 (23.7) 1,020 (24.0) 1,143 (26.9) 1,031 (24.3) 1,008 (23.8) 

BMI category‡, n (%)        

Underweight/normal weight 5,481 (43.1) 1,757 (41.4) 1,861 (43.9) 1,863 (43.9) 1,902 (44.8) 1,809 (42.6) 1,770 (41.7) 

Overweight 5,311 (41.7) 1,851 (43.6) 1,755 (41.4) 1,705 (40.2) 1,746 (41.2) 1,770 (41.7) 1,795 (42.3) 

Obesity 1,934 (15.2) 634 (14.9) 626 (14.8) 674 (15.9) 594 (14.0) 663 (15.6) 677 (16.0) 

* SD, standard deviation; BMI, Body Mass Index.  

† Physical activity: light (total MET-hour a week < 10), moderate (total MET-hour a week ≥10 and <50) and vigorous (total MET-hour a week >50) 

‡ Underweight/normal weight (BMI <25 kg/m2), Overweight (BMI ≥25 kg/m2 and <30 kg/m2), Obesity (BMI ≥30 kg/m2) 



Table S3. Baseline characteristics of the participants included in the analysis (n =12,706) 

vs excluded (n =489,799). 

Characteristics Included 

(n=12,706) 

Excluded 

(n =489,799) 

Age (years), mean (±SD) 55.0 (7.4) 56.6 (8.1) 

Female, n (%) 6,741 (53.1) 266,617 (54.4) 

Townsend deprivation index, n (%)   

Low  5,160 (40.6) 162,204 (33.2) 

Medium 4,392 (34.6) 162,799 (33.3) 

High 3,154 (24.8) 164,132 (33.5) 

Ethnicity, n (%)   

White 12,287 (97.8) 460,269 (94.5) 

Mixed 238 (1.9) 22,235 (4.6) 

Other 45 (0.3) 4,514 (0.9) 

Smoking, n (%)   

Yes 698 (5.5) 52,283 (10.7) 

No 12,008 (94.5) 437,496 (89.3) 

Physical Activity†, n (%)   

Light 2,659 (20.9) 112,537 (23.0) 

Moderate 6,873 (54.1) 245,798 (50.2) 

Vigorous 3,174 (25.0) 131,444 (26.8) 

BMI category‡, n (%)   

Underweight/normal weight 5,484 (43.1) 159,547 (32.8) 

Overweight 5,303 (41.7) 206,799 (42.5) 

Obesity 1,919 (15.2) 120,308 (24.7) 



Framingham risk score 13.1 (8.73) 15.3 (9.31) 

Systolic blood pressure 135.0 (17.9) 137.9 (18.7) 

Diastolic blood pressure 81.3 (10.0) 82.2 (10.2) 

*SD, standard deviation; BMI, Body Mass Index.  

† Physical activity: light (total MET-hour a week < 10), moderate (total MET-hour a week ≥10 and <50) and vigorous 

(total MET-hour a week >50) 

‡ Underweight/normal weight (BMI <25 kg/m2), Overweight (BMI ≥25 kg/m2 and <30 kg/m2), Obesity (BMI ≥30 

kg/m2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S4. Intakes of response variables and five highest loading direct and inverse food groups across tertiles of dietary patterns (n 

=12,706). 

Food groups Factor 

loading 

Consum

ers (%) 

Tertiles of dietary pattern 

Tertile 1 Tertile 2 Tertile 3 

Mean SD Median IQR Mean SD Median IQR Mean SD Median IQR 

Dietary pattern 1               

Response variables               

SFA (%E/day) - - 9.55 2.25 9.50 8.01, 11.1 11.6 2.30 11.5 10.0, 13.1 13.2 2.71 13.0 11.3, 14.9 

PUFA (%E/day) - - 4.61 1.06 4.52 3.89, 5.25 5.48 1.11 5.40 4.70, 6.20 6.56 1.59 6.37 5.44, 7.47 

MUFA (%E/day) - - 9.32 1.74 9.30 8.18, 10.4 11.2 1.57 11.1 10.2, 12.2 13.1 1.9 12.9 11.8, 14.2 

Direct associations 

(g/day) 

              

Nuts and seeds 0.36 46.5 2.05 4.53 0 0, 2.25 3.47 6.36 0 0, 4.5 8.38 13.9 2.00 0, 11.0 

Vegetables and 

mixed dishes 

0.29 23.6 2.27 6.74 0 0, 0 4.08 10.3 0 0, 0 10.6 20.6 0 0, 13.0 

Butter 0.28 50.3 3.30 5.74 0 0, 5.00 5.50 7.52 1.67 0, 9.33 9.25 10.6 6.0 0, 15.5 

Eggs and egg dishes 0.27 46.1 12.07 21.6 0 0, 16.7 18.6 27.9 0 0, 30.0 31.4 41.6 16.7 0, 50.0 



Buns, cakes and 

pastries 

0.24 88.7 40.1 34.5 32.5 14.0, 60.0 53.6 40.9 45 24.0, 76.5 66.5 49.9 58.3 30, 90.2 

Inverse associations 

(g/d/day) 

              

Fruits -0.25 93.5 294 166 223 135, 334 192 128 175 100, 266 163 125 143 70.4, 230 

Legumes -0.25 61.0 24.4 32.1 16.3 0, 35.0 21.0 26.2 13 0, 33.3 21.1 27.2 11.7 0, 33.7 

Beer and cider -0.22 33.1 240 268 0 0, 287 123 268 0 0, 143 89.7 219 0 0, 71.7 

Wine -0.21 58.2 151 178 87.5 0, 250 103 134 58.3 0, 175 79.1 115 21.9 0, 125 

Yoghurt low fat -0.21 47.1 46.4 55.8 31.3 0, 78.1 31.9 43.9 0 0, 62.5 22.1 37.2 0 0, 31.2 

Dietary pattern 2               

Response variables               

SFA (%E/day) -  9.53 2.23 9.51 7.98, 11.0 11.1 2.17 11.1 9.65, 12.5 13.7 2.42 13.5 12.0, 15.2 

PUFA (%E/day) -  6.53 1.62 6.42 5.38, 7.49 5.30 1.20 5.24 4.49, 6.05 4.82 1.08 4.74 4.08, 5.47 

MUFA (%E/day) -  11.3 2.58 11.20 9.58, 12.9 10.9 2.30 10.9 9.46, 12.4 11.4 2.11 11.4 10.0, 12.8 

Direct associations 

(g/day) 

              

Butter 0.37 50.3 2.42 4.92 0 0, 3.20 4.76 6.78 0 0, 7.5 10.9 10.6 8.75 0, 17.5 

High-fat cheese 0.34 67.1 8.54 11.2 5.00 0, 13.3 12.2 12.5 10.0 0, 20.0 22.7 19.2 20.0 10, 33.3 



Ice cream and dairy 

desert 

0.27 47.1 13.6 25.5 0 0, 20.0 21.7 31.1 0 0, 37.5 39.1 47.3 25.0 0, 60.0 

Beef and veal 0.24 50.7 16.8 27.3 0 0, 30.0 27.6 32.8 20.0 0, 48.0 40.8 40.4 40.0 0, 60.0 

Buns, cakes and 

pastries 

0.21 88.7 41.9 37.7 34 14.0, 60.7 51.6 39.8 44.0 23.3, 72.2 66.7 48.9 59.6 30.1, 91.3 

Inverse associations 

(g/day) 

              

Nuts and seeds -0.36 46.5 9.21 14.1 3.00 0, 13.3 2.76 5.33 0 0, 3.00 1.94 4.29 0 0, 2.00 

Vegetables and 

mixed dishes 

-0.26 23.6 10.8 20.4 0 0, 13.0 4.07 10.1 0 0, 0 2.09 7.19 0 0, 0 

Vegetables raw and 

boiled 

-0.20 95.3 213 145 185 111, 288 167 112 150 85.5, 228 148 105 130 72.0, 204 

Margarine -0.19 51.6 7.34 8.47 5 0, 12.0 5.07 6.65 2.45 0, 8.50 3.39 5.77 0 0, 5.00 

Meat alternatives -0.18 8.70 8.87 26.5 0 0, 0 2.72 12.0 0 0, 0 1.51 8.72 0 0, 0 

* %E, percentage of total energy; SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids; MUFA, monounsaturated fatty acids. 

 

 

 



Table S5. Intakes of response variables and five highest loading direct and inverse food groups by sex (n =12,706). 

Food groups Consume

rs (%) ‡ 

All (n=12,706) Males (n=5,965) Females (n=6,741) B (95% CI) † P value† 

Mean ± SD Median (IQR) Mean ± SD Median (IQR) Mean ± SD Median (IQR) 

Response variables          

SFA (%E/day) - 11.4 ± 2.84 11.3 (9.45, 13.3) 11.4 ± 2.84 11.3 (9.42, 13.2) 11.5 ± 2.85 11.4 (9.51, 13.3) -0.11 (-0.21, -0.01) 0.027 

PUFA (%E/day) - 5.56 ± 1.51 5.36 (4.50, 6.40) 5.42 ± 1.46 5.22 (4.41, 6.24) 5.67 ± 1.54 5.47 (4.59, 6.54) -0.23 (-0.29, -0.18) <0.001 

MUFA (%E/day) - 11.2 ± 2.35 11.2 (9.68, 12.7) 11.2 ± 2.32 11.1 (9.61, 12.6) 11.3 ± 2.37 11.2 (9.76, 12.7) -0.13 (-0.21, -0.04) 0.003 

Dietary pattern 1          

Direct associations 

(g/day) 

         

Nuts and seeds 46.5 0 ± 9.64 0 (0, 4.84) 4.57 ± 10.1 0 (0, 4.50) 4.73 ± 9.22 0.50 (0, 5.00) 0.11 (0.05, 0.17) <0.001 

Vegetables and 

mixed dishes 

23.6 5.68 ± 14.3 0 (0, 0) 5.08 ± 13.7 0 (0, 0) 6.20 ± 14.8 0 (0, 6.5) 0.06 (0.01, 0.11) 0.049 

Butter 50.3 6.02 ± 8.56 1.50 (0, 10.0) 6.80 ± 9.60 0 (0, 11.0) 5.33 ± 7.48 1.75 (0, 8.52) 0.28 (0.24, 0.32) <0.001 

Eggs and egg dishes 46.1 20.7 ± 32.5 0 (0, 33.3) 21.5 ± 33.6 0 (0, 33.3) 19.9 ± 31.4 0 (0, 30.0) 0.04 (0.01, 0.08) 0.017 

Buns, cakes and 

pastries 

88.7 53.3 ± 43.5 44.5 (21.7, 76.0) 58.0 ± 46.9 49.1 (23.7, 82.7) 49.2 ± 39.9 41.7 (20.0, 69.6) 0.16 (0.13, 0.19) <0.001 



Inverse associations 

(g/d/day) 

         

Fruits 93.5 201 ± 145 177 (100, 275) 192 ± 145 166 (88.5, 268)  210 ± 145 187 (108, 281) -0.10 (-0.13, -0.07) <0.001 

Legumes 61.0 22.3 ± 28.7 13.5 (0, 33.7) 24.1 ± 30.7 16.2 (0, 35.0) 20.7 ± 26.7 11.7 (0, 32.0) 0.11 (0.07, 0.15) <0.001 

Beer and cider 33.1 150 ± 335 0 (0, 143) 277 ± 438 71.7 (0, 382) 39.8 ± 129 0 (0, 0) 0.78 (0.73, 0.84) <0.001 

Wine 58.2 111 ± 148 58.3 (0, 175) 158 ± 158 43.7 (0, 175) 107 ± 138 60.0 (0, 175) 0.13 (0.09, 0.17) <0.001 

Yoghurt low fat 47.1 33.4 ± 47.3 0 (0, 62.5) 42.3 ± 42.3 0 (0, 41.7) 39.0 ± 50.6 20.8 (0, 62.5) -0.07 (-0.10, -0.03) <0.001 

Dietary pattern 2          

Direct associations 

(g/day) 

         

Butter 50.3 6.02 ± 8.56 1.50 (0, 10.0) 6.80 ± 9.60 0 (0, 11.0) 5.33 ± 7.48 1.75 (0, 8.52) 0.28 (0.24, 0.32) <0.001 

High-fat cheese 67.1 14.5 ± 15.9 10.0 (0, 20.0) 15.3 ± 17.0 10.0 (0, 21.2) 13.8 ± 14.8 10.0 (0, 20.0) 0.11 (0.08, 0.14) <0.001 

Ice cream and dairy 

desert 

47.1 24.7 ± 37.2 0 (0, 40.0) 26.4 ± 39.6 0 (0, 40.0) 23.1 ± 35.0 0 (0, 40.0) 0.16 (0.12, 0.20) <0.001 

Beef and veal 50.7 28.5 ± 35.4 15.0 (0, 60.0) 32.1 ± 37.6 30 (0, 60.0) 25.3 ± 33.0 0 (0, 40.0) 0.07 (0.05, 0.10) <0.001 

Buns, cakes and 

pastries 

88.7 53.3 ± 43.5 44.5 (21.7, 76.0) 58.0 ± 46.9 49.1 (23.7, 82.7) 49.2 ± 39.9 41.7 (20.0, 69.6) 0.16 (0.13, 0.19) <0.001 



Inverse associations 

(g/day) 

         

Nuts and seeds 46.5 0 ± 9.64 0 (0, 4.84) 4.57 ± 10.1 0 (0, 4.50) 4.73 ± 9.22 0.50 (0, 5.00) 0.11 (0.05, 0.17) <0.001 

Vegetables and 

mixed dishes 

23.6 5.68 ± 14.3 0 (0, 0) 5.08 ± 13.7 0 (0, 0) 6.20 ± 14.8 0 (0, 6.5) 0.06 (0.01, 0.11) 0.049 

Vegetables raw and 

boiled 

95.3 176 ± 125 153 (87.9, 238) 153 ± 117 131 (71.5, 206) 196 ± 128 175 

(105, 263) 

-0.27 (-0.29, -0.24) <0.001 

Margarine 51.6 5.28 ± 7.24 1.75 (0, 8.75) 7.1 ± 8.5 4.39 (0, 12.0) 3.68 ± 5.41 0 (0, 6.20) 0.42 (0.39, 0.46) <0.001 

Meat alternatives 8.70 4.38 ± 17.8 0 (0, 0) 3.96 ± 17.7 0 (0, 0) 4.76 ± 17.9 0 (0, 0) 0.10 (0.02, 0.18) 0.011 

*%E, percentage of total energy; SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids; MUFA, monounsaturated fatty acids. 

† P value, beta coefficient and 95% confidence interval for linear regression analysis for dietary components differences between males and females adjusted for age, smoking status and BMI. 

‡ % of non-zero consumers for each food group. 

 

 



Table S6. Energy and nutrient intake across tertiles of dietary patterns (n =12,706). 

 Tertiles of dietary pattern 

Tertile 1 Tertile 2 Tertile 3 

Mean SD Mean SD Mean SD 

Dietary pattern 1       

Total energy (kj/day) 8,400 1,900 8,379 1,861 9,098 1,968 

Carbohydrate (%E/day) 52.9 7.64 50.4 6.39 47.1 6.48 

Protein (%E/day) 16.1 3.02 16.2 2.95 15.9 2.96 

Total fat (%E/day) 25.9 3.96 31.1 3.23 36.1 4.12 

Animal fat (%E/day) 14.1 3.89 17.5 4.26 20.5 5.56 

Vegetable fat (%E/day) 11.8 3.52 13.6 3.84 15.6 4.91 

Trans fat (%E/day) 0.43 0.16 0.51 0.18 0.58 0.20 

Omega-3 (g/day) 1.67 0.68 1.93 0.71 2.39 0.83 

Omega-6 (g/day) 8.85 3.16 10.4 3.23 13.6 4.47 

Energy density (kj/g/day) 5.83 1.23 6.45 1.31 7.07 1.41 

Fiber (g/day) 18.2 5.86 17.5 5.28 18.2 5.58 

Dietary pattern 2       

Total energy (kj/day) 8,563 1,943 8,272 1,848 9,042 1,947 

Carbohydrate (%E/day) 50.9 7.48 50.6 7.28 48.9 6.87 

Protein (%E/day) 16.4 3.11 16.2 2.99 15.6 2.76 

Total fat (%E/day) 30.0 5.91 30.1 5.39 32.9 5.01 

Animal fat (%E/day) 14.3 4.62 17.1 4.36 20.8 4.73 

Vegetable fat (%E/day) 15.8 4.90 13.1 3.80 12.2 3.61 

Trans fat (%E/day) 0.40 0.16 0.49 0.16 0.63 0.18 

Omega-3 (g/day) 2.28 0.90 1.87 0.72 1.84 0.69 

Omega-6 (g/day) 12.8 4.71 10.1 3.61 10.0 3.44 

Energy density (kj/g/day) 6.01 1.31 6.36 1.35 6.99 1.44 



Fiber (g/day) 20.1 6.03 17.1 5.05 16.8 5.03 

*%E, percentage of total energy intake, kj, kilojoules, g, grams; SD, standard deviation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S7. Energy and nutrient intake by sex (n =12,706). 

 All (n=12,706) Males 

(n=5,965) 

Females 

(n=6,741) 

P value† 

 

Mean SD Mean SD Mean SD 

Total energy (kj/day) 8626 1937 9365 1988 7980 1638 <0.001 

Carbohydrate (%E/day) 50.1 7.27 49.7 7.27 50.5 7.24 <0.001 

Protein (%E/day) 16.1 2.98 15.7 2.80 16.4 3.09 <0.001 

Total fat (%E/day) 31.0 5.62 30.7 5.58 31.3 5.64 <0.001 

Animal fat (%E/day) 17.4 5.30 17.3 5.32 17.4 5.29 0.017 

Vegetable fat (%E/day) 16.7 4.43 13.4 4.40 13.9 4.44 <0.001 

Trans fat (%E/day) 0.51 0.19 0.50 0.19 0.51 0.20 0.001 

Omega-3 (g/day) 2.00 0.80 2.09 0.83 1.93 0.77 <0.001 

Omega-6 (g/day) 11.0 4.18 11.7 4.41 10.4 3.87 <0.001 

Energy density (kj/g/day) 6.45 1.43 6.82 1.41 6.13 1.35 <0.001 

Fiber (g/day) 18.0 5.58 18.5 5.86 17.6 5.29 <0.001 

* %E, percentage of total energy intake, kj, kilojoules, g, grams; SD, standard deviation. 

† P value for linear regression analysis for dietary components differences between males and females adjusted for age, smoking 

status and BMI. 

 

 

 

 

 

  



Table S8. Changes in markers of CVD risk overall and stratified by sex per 1 unit increase in dietary patterns score 

after excluding energy misreporters from the analysis (n =8,470). 

 All (n=8,470) Males (n=3,769) Females (n=4,701) 

Dietary Pattern 1 Dietary Pattern 2 Dietary Pattern 1 Dietary Pattern 2 Dietary Pattern 1 Dietary Pattern 2 

β‐coef 95% CI β‐coef  95% CI β‐coef  95% CI  β‐coef  95% CI  β‐coef  95% CI  β‐coef 95% CI  

Framingham risk 

score§ 

            

Model 1 0.07 -0.11, 0.25 0.02 -0.13, 0.18 0.16 -0.15, 0.47 -0.08 -0.33, 0.17 -0.03 -0.23, 0.18 0.14 -0.04, 0.32 

Model 2 -0.03 -0.21, 0.15 0.05 -0.10, 0.20 -0.05 -0.34, 0.24 -0.01 -0.24, 0.23 -0.03 -0.23, 0.18 0.15 -0.02, 0.32 

Systolic blood 

pressure§ 

            

Model 1 0.22 -0.16, 0.60 0.33 0.01, 0.65 0.43 -0.09, 0.95 0.47 0.05, 0.90 -0.01 -0.56, 0.55 0.15 -0.33, 0.63 

Model 3 -0.34 -0.68, -0.01 -0.02 -0.29, 0.26 -0.30 -0.76, 0.16 0.05 -0.32, 0.41 -0.39 -0.88, 0.10 -0.05 -0.48, 0.37 

Diastolic blood 

pressure§ 

            

Model 1 0.19 -0.02, 0.41 0.16 -0.02, 0.34 0.38 0.07, 0.69 0.18 -0.07, 0.43 0.01 -0.30, 0.30 0.14 -0.12, 0.40 

Model 3 -0.09 -0.28, 0.10 0.11 -0.04, 0.27 -0.05 -0.32, 0.22 0.14 -0.07, 0.40 -0.15 -0.43, 0.11 0.10 -0.13, 0.33 



Cardiac index||             

Model 1 -0.03 -0.05, -0.01 -0.01 -0.03, 0.01 -0.02 -0.04, -0.01 -0.02 -0.03, -0.01 -0.03 -0.07, 0.01 -0.01 -0.03, 0.03 

Model 3 -0.03 -0.04, -0.01 -0.01 -0.03, 0.01 -0.02 -0.04, -0.01 -0.02 -0.03, -0.01 -0.03 -0.06,-0.01 0.01 -0.01, 0.02 

LV ejection 

fraction|| 

            

Model 1 0.06 -0.10, 0.21 -0.16 -0.29, -0.03 -0.02 -0.23, 0.20 -0.19 -0.37, -0.01 0.13 -0.08, 0.35 -0.12 -0.30, 0.07 

Model 3 0.01 -0.12, 0.13 -0.15 -0.27, -0.02 -0.02 -0.20, 0.16 -0.13 -0.27, -0.02 0.06 -0.11, 0.23 -0.12 -0.27, 0.03 

Carotid IMT||             

Model 1 -1.26 -3.89, 1.44 2.68 0.51, 4.84 -2.49 -6.36, 1.87 3.95 0.74, 7.16 -0.53 -3.87, 2.81 1.23 -1.58, 4.05 

Model 3 -1.52 -4.19, 1.14 1.92 -0.23, 4.08 -1.81 -5.95, 2.32 3.03 -0.17, 6.23 -1.03 -4.36, 2.29 0.59 -2.20, 3.38 

Augmentation 

index|| 

            

Model 1 0.12 -0.08, 0.31 0.01 -0.15, 0.18 0.12 -0.13, 0.36 0.04 -0.17, 0.25 0.12 -0.18, 0.42 -0.03 -0.29, 0.23 

Model 3 0.06 -0.13, 0.25 -0.10 -0.26, 0.07 0.11 -0.14, 0.35 -0.07 -0.28, 0.14 0.02 -0.28, 0.31 -0.15 -0.41, 0.11 

*SD, standard deviation; LV, left ventricular; IMT, intima medial thickness. Values in bold represent statistically significant associations. 

† Secondary outcome analyses included 12,486 individuals. 

‡ Model 1: analysis adjusted for age and sex (except when used to stratify). Model 2: analysis adjusted for Model 1 plus Townsend deprivation index, physical activity, follow-up time and energy 

misreporting. Model 3: analysis adjusted for Model 2 plus BMI, smoking status and blood pressure medication use. 



§ Regression coefficients from linear regression analyses represent change in outcome from baseline (2006-2010) to follow-up (2014-2020) per 1 unit increase in dietary pattern scores. Dietary 

pattern 1 scores ranged from -3.41 to 6.68 and dietary pattern 2 scores ranged from -5.89 to 5.03. 

|| Regression coefficients from linear regression analyses represent values for the outcome at follow-up (2014-2020) per 1 unit increase in dietary pattern scores. Dietary pattern 1 scores ranged 

from -3.41 to 6.68 and dietary pattern 2 scores ranged from -5.89 to 5.03. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S1. Flow diagram of subjects included in the analysis of the UK Biobank. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Excluded due to missing data or reported “don’t know” or “prefer not to answer”. The total number 

excluded represents being excluded for any combination of variables. 

 

Consenting participants in the UK 

Biobank (n=502,540) 

Outcome data at follow-up 

(n=28,130) 

Not included (n=474,410) 

• No outcome data at follow-up (n=474,410) 

Excluded (n=14,923) 

• <2 complete and valid Oxford WebQ (n=14,923) 

Excluded (n = 295) 

• Pregnancy (n=11) 

• Cardiovascular disease (baseline dietary exposure: 

2009-2012, n=284) 

 

Missing data* (n=206) 

• Physical activity (n=185) 

• Townsend (n=21) 
Participants included in main 

analysis (n=12,706) 

Completed at least 2 dietary 

assessments (n=13,207) 

Excluded (n=241) 

• Left ventricle ejection fraction <40% (n=241) 

Participants included in secondary outcomes 

(n=12,465) 



 

Figure S2. Panel A: Histogram of participants follow-up in years. Panel B: Diagram showing 

exposure, covariate and outcome timepoints used in this study.  

 

 

Panel A.  



 

 

Panel B.  

 

 

 

 

 

 

 

 

 

 



 

Figure S3. Directed Acyclic Graph (DAG) of the relationship between dietary patterns and 

Framingham risk score. 

 
This graph represents the relationship between the exposure, dietary patterns based on SFA, PUFA, 

MUFA and the primary outcome Framingham risk score. The graph includes the causal pathway as 

well as possible moderators, mediators, confounders and covariates. Energy misreporting, physical 

activity, ethnicity and Townsend deprivation index were considered as confounders as they can 

influence both exposure and outcome. Sex was considered a moderator as it can influence the 

strength of the associations between exposure and outcome.  

 
 
 
 
 
 
 



 

Figure S4. Directed Acyclic Graph (DAG) of the relationship between dietary patterns and 

markers of cardiovascular disease (CVD) risk. 
 
 
 

 
 

This graph represents the relationship between the exposure, dietary patterns based on SFA, PUFA, 

MUFA and the secondary outcomes cardiovascular health markers. The graph includes the causal 

pathway as well as possible moderators, mediators, confounders and covariates. Body mass index 

(BMI), energy misreporting, physical activity, ethnicity, sex and age were considered as confounders 

as they can influence both exposure and outcome. Lastly, smoking and blood pressure medication use 

were considered to be covariates as they only influence the outcome



 

Figure S5. Factor loadings of the 48 food groups for dietary patterns 1 and 2. 
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