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Abstract
Purpose Eating patterns have been linked to obesity, an established risk factor for hypertension; however, their contribution 
to hypertension is poorly understood. This study aimed to examine associations of frequency of meals, snacks and all eating 
occasions (EO), and temporal eating patterns, with blood pressure (BP) and hypertension.
Methods Dietary data collected via two 24-h recalls during the 2011–2012 Australian National Nutrition and Physical Activ-
ity Survey (n = 4482 adults, ≥ 19 years) were analysed. Frequencies of EO, meals, and snacks were calculated. Temporal 
eating patterns were determined using latent class analysis. Multivariate regression models assessed associations of eating 
patterns with systolic BP (SBP), diastolic BP (DBP), and hypertension prevalence.
Results Among men, a higher snack frequency was inversely associated with DBP [β = − 0.59, 95% confidence interval 
(CI) (− 1.12, − 0.07)] and hypertension [odds ratio (OR) 0.86, 95% CI (0.75, 0.98)] after adjustment for covariates and 
BMI. However, these associations disappeared after additional adjustment for total energy intake and overall diet quality. 
Among women, a temporal eating pattern characterized by a later “lunch” meal was associated with SBP [β = 2.45, 95% CI 
(0.05, 4.84)], DBP [β = 1.69, 95% CI (0.25, 3.13)], and hypertension [OR = 1.49, 95% CI (1.00, 2.22)], when compared to 
a “conventional” eating pattern.
Conclusions In this study, an inverse association found between snack frequency and BP among men disappeared after 
adjustment for dietary factors and a “later lunch” pattern was associated with higher BP in women. Future research is needed 
to understand the relationship and potential mechanistic pathways between eating patterns and BP.
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Introduction

Poor dietary habits, obesity, and high systolic blood pres-
sure (SBP) are three major risk factors contributing to 
the global burden of disease [1]. As these risk factors are 
strongly interrelated, it has been postulated that diet is a 
key driver of global increases in BMI and subsequent SBP 
[1]. The adoption of a dietary pattern rich in plant-based 
foods but low in red meat and discretionary (e.g., non-core) 

foods has been identified as an important strategy for the 
prevention of cardiovascular disease and hypertension [2, 
3]. However, the contribution of eating patterns to hyperten-
sion is poorly understood [4]. Eating patterns, including the 
frequency and temporality of eating occasions [(EO), e.g., 
meals and snacks], may represent a unique cardiometabolic 
risk factor [5]. This is because the metabolic and physiologi-
cal functions in responses to food are also, in part, regulated 
by circadian clock systems. Thus, variations in the temporal 
distribution of food consumption may have important health 
implications [6].

Epidemiologic evidence [7–11] suggests that skipping 
breakfast and irregular meal habits are associated with 
poorer cardiometabolic health in adults, including incident 
hypertension [7]. However, evidence for associations with 
EO frequency is less consistent [4]. In three studies, a higher 
EO frequency (e.g., ≥ 5 EO per day) was associated with 
lower SBP [12, 13] and diastolic blood pressure (DBP) [13, 
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14]. In support of these findings, a review of short-term 
experimental studies found that six or more meals per day, 
compared to one meal, resulted in favourable decreases in 
cardiometabolic risk markers [15]. However, most of the 
reviewed studies did not control for differences in dietary 
intake and other population-based studies have found no 
evidence for a relation of EO frequency with blood pressure 
(BP) [16, 17]. Furthermore, research suggests that meals and 
snacks are differentially related to dietary intakes [18, 19] 
and obesity [19, 20], yet studies examining meals and snacks 
as separate EO in relation to hypertension are rare [12].

The temporal distribution of EO in relation to BP has 
rarely been examined [21, 22]. In the UK Cohort Study, 
Almoosawi et al. [21] found a positive association for higher 
total energy intake in the evening with 10-year increases in 
SBP and DBP. In a study of Spanish adult volunteers, con-
sumption of an afternoon meal was associated with lower 
SBP and DBP [22]. However, these studies focussed on tim-
ing of EO/energy intake at isolated periods of the day and 
did not simultaneously capture EO at other times of the day 
[4]. Data-driven statistical techniques (e.g., cluster and latent 
class analysis) have recently been identified as useful tools 
for capturing temporal eating patterns across the day, but 
have only been used to examine relations with diet quality 
and obesity [23, 24]. Therefore, the aim of this study was 
to examine the associations of frequency of meals, snacks 
and all EO, and temporal eating patterns, determined using 
a latent class analysis approach, with BP and hypertension, 
in Australian men and women. Based on the findings of our 
earlier studies that found a positive relation for snacking 
frequency and a “grazing” temporal eating pattern with 
measures of adiposity, we hypothesised that that these same 
eating patterns would be related to (obesity-associated) BP 
and hypertension [20, 23].

Subjects and methods

Sample and study design

This study is a secondary analysis of data drawn from the 
nationally representative, cross-sectional 2011–2012 Aus-
tralian National Nutrition and Physical Activity Survey 
(NNPAS 2011–12) and was registered at anzctr.org.au as 
ACTRN12617001029381. The NNPAS, conducted between 
May 2011 and June 2012, was administered by the Aus-
tralian Bureau of Statistics (ABS); full details of the study 
design and methods have been described elsewhere [25]. 
Briefly, 12,153 participants aged 2 or more years (includ-
ing 9338 adults, aged ≥ 19 years; 77% response rate) were 
selected using a multistage, probability sampling design of 
private dwellings (Fig. 1). The Australian Government Cen-
sus and Statistics Act 1905 provided the ABS with ethics 

approval to conduct the survey components of the NNPAS 
[25].

Blood pressure

All BP measurements were voluntary, excluded pregnant 
women, and were taken by trained ABS staff during the 
home visit. Participants were asked to sit comfortably and 
relax their left arm. Two SBP and DBP measurements were 
taken on the left arm, with the palm facing upwards, using an 
automated BP monitor. The second reading was used, except 
where there was greater than 10 mmHg difference between 
the first and second readings, in which case, a third reading 
was taken and the second and third readings averaged. If 
all three readings differed from each other by > 20 mmHg, 
then these readings were considered invalid. Participants 
were classified as hypertensive (≥ 140/90 mmHg) or non-
hypertensive (< 140/90 mmHg) [26]. No data about use of 
BP medications were collected; however, participants’ self-
reported whether they had current or previous hypertensive 
disease.

Dietary assessment

Dietary data were collected over two 24-h recalls, conducted 
approximately 9 days apart, on a different day of the week. 
During each dietary recall, based on the validated USDA 
automated multiple 5-pass method, participants were asked 
to identify the type of EO (e.g., breakfast, lunch, dinner, or 
snack) and the time when each EO commenced. The Aus-
tralian Supplement and Nutrient Database 2011–2013 was 
used to determine energy and nutrient intakes from all foods 
and beverages and dietary information was averaged across 
the two recall days to obtain mean estimates of eating pat-
terns, total energy intakes, and food intakes.

Frequencies of all EO, meals, and snacks

The methods used to calculate mean total frequencies of 
all EO, meals, and snacks have been described previously 
[18, 27]. Briefly, an EO constituted any eating event that 
provided a minimum energy content of 210 kJ (50 kcal) and 
was separated in time from the surrounding EO by 15 min. 
This approach was informed by the previous research and 
current recommendations for defining EO in eating patterns 
research [4, 27]. EO were then classified as meals and snacks 
according to participants’ self-report of EO. Meals included 
EO reported as breakfast, brunch, lunch, dinner, and supper, 
whereas snacks included EO reported as morning/afternoon 
tea and beverage break were classified as snack EO. Based 
on the sample distribution, frequencies of all EO, meals and 
snacks were divided into categories of 1–3, 4–5, or ≥ 6 EO, 
1–2, 3, or > 3 meals, and 0–1, 2–3, or > 3 snacks.
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Temporal eating patterns

Temporal eating patterns were determined using latent class 
analysis, as reported in detail previously [23, 28]. Briefly, 
three latent classes of temporal eating patterns were identi-
fied for men and women based on frequency and timing of 
EO across the day and labelled according to their defining 
characteristics. The optimal number of classes was selected 
based on model fit indices, likelihood ratio tests comparing 
k with k−1 class models, and pattern interpretability [29]. 
The first pattern was labelled as “conventional” due to the 
probability of participants having three EO at “conven-
tional” mealtimes in Australia (e.g., between 7 and 8 a.m., 
12–1 p.m., and 6–7 p.m.). The second pattern was distin-
guished by a > 0.9 probability of a “lunch” meal approxi-
mately 1 h later than the “conventional pattern” and labelled 
the “later lunch” pattern. The probability of a “dinner” meal 
1 h later than the conventional pattern was also higher (e.g., 
> 0.6) in participants with a “later lunch” pattern. The third 
pattern was labelled the “Grazing” pattern, because it was 

characterized by frequent but less distinct meal occasions 
and a higher probability of having an EO after 8 p.m. These 
temporal eating patterns have been associated with socio-
demographic and eating pattern characteristics [28], diet 
quality, and, among women, adiposity outcomes [23].

Covariates

The following socio-demographic, health behaviours, and 
anthropometric variables, collected during the household 
survey, were considered as potential covariates due to their 
previous reported relation with hypertension risk [1, 26].

Socio‑demographics

Education level was categorised as: low (completed some 
high-school or less), medium (completed high-school or 
completed some high-school and/or certificate/diploma) 
or high (having a tertiary qualification). Country of birth 
was categorised by the ABS as: Australia, predominantly 

Fig. 1  Flowchart of included 
participants from the 2011–
2012 Australian National 
Nutrition and Physical Activity 
Survey (NNPAS 2011–12)

NNPAS 2011-12 
Total survey participants

n = 12153

Adults aged ≥19 years 
n = 9341

Completed two 24 hour 
dietary recalls 

n = 6053 (65%)

Not pregnant, breastfeeding 
or undertaking shift work in 

past 4 weeks 
n = 5366

Final analytic sample 
n = 4482

Missing data on eating occasion type or time of eating 
occasion consumption

n = 116 excluded
Reported no energy intake during a 24 hour recall

n = 8 excluded
Missing data for blood pressure

n = 578 excluded
Missing data for BMI or covariates

n = 182 excluded
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English-speaking countries (other than Australia) and all 
other countries.

Health behaviours

Smoking status was self-reported and categorised as cur-
rent smoker, ex-smoker, and never smoked. Participants 
were categorised as meeting or not meeting current Aus-
tralian physical activity guidelines (150 min and 5 sessions), 
based on self-reported frequency and duration of walking 
for recreation or transport and moderate or vigorous leisure-
time physical activity [30, 31]. Self-reported information 
on sleep duration the night before the survey and how much 
time participants spent sitting or lying down at work, during 
transport and leisure activities in the past week, were used to 
calculate (per day) total minutes spent sleeping per day and 
in sedentary behaviour, respectively. Participants reported 
whether they were currently on a weight-loss diet for health 
reasons (yes/no). Average daily total energy intake and diet 
quality scores were calculated from the 2 days of recall. The 
established food-based Dietary Guidelines Index (DGI) was 
used as a measure of overall diet quality [32–34]. The DGI 
assesses compliance with recommendations outlined in the 
Australian Dietary Guidelines, and is the sum of 13 com-
ponents (score range of 0–130), each corresponding to an 
Australian Dietary guideline and scored proportionally out 
of 10. The components include meeting recommendations 
for food variety, intakes of fruits, vegetables (including leg-
umes), grain foods, dairy and alternatives, meat and alterna-
tives, unsaturated fat, fluids, discretionary foods, saturated 
fat, salt, added sugar, and alcohol. Higher scores indicate a 
better diet quality. Measurement of height (cm) and weight 
(kg) were taken to one decimal point by trained ABS staff 
using a portable stadiometer and digital scales. BMI (weight 
[kg]/height  [m]2) was calculated.

Analytic sample

The analytic sample included the 65% of adult participants 
who completed both dietary recalls (n = 6053; Fig. 1). Par-
ticipants were eligible for this analysis if they were not preg-
nant, breastfeeding, or undertaking shift-work in the past 
4 weeks (n = 5366) and were excluded if they reported no 
energy intake during either dietary recall (n = 8 excluded) 
or did not report the time at which an EO commenced or 
the type of EO (n = 116 excluded). Of the remaining 5242 
participants, 578 (11%) had missing data for BP and a fur-
ther 182 (3.9%) were missing data for BMI and covariates: 
BMI (n = 149), physical activity (n = 28), and sedentary time 
(n = 5). The final analytic sample was 2099 men and 2383 
women.

Statistics

All statistical analyses were stratified by sex and used Stata 
statistical software, Version 14.2 (Stata Inc., College Sta-
tion, TX, USA). Point estimates and standard errors were 
determined by applying person and replicate weights that 
accounted for the probability of participant selection and 
the clustered survey design, respectively. Descriptive sta-
tistics for sample characteristics are presented as weighted 
means (95% CI) or weighted percentages. After examining 
the distribution of the data, the following variables were 
log-transformed to improve normality: BMI, daily total sed-
entary time, and total energy intake. Weighted geometric 
means (95% CI) were used for all log-transformed variables.

The F test (for continuous data) and adjusted Pearson χ2 
test (for categorical data) were used to determine sex-spe-
cific differences in sample characteristics by hypertension 
status. Multiple linear regression (for continuous outcomes) 
and logistic regression (for binary outcomes) were used to 
test for associations of frequencies of all EO, meal and 
snacks (continuous), and temporal eating patterns, with SBP 
and DBP (continuous) and hypertension prevalence (binary). 
Four models were tested: model 1 was an unadjusted model; 
model 2 adjusted for age (years, continuous), education level 
(low, medium or high), country of birth (Australia, other pre-
dominantly English-speaking countries, all other countries), 
smoking status (never, former or current), daily, meeting 
physical activity guidelines (yes/no), daily sedentary time 
(min; continuous), sleep duration (h, continuous), dieting for 
health reasons (yes/no); model 3 further adjusted for BMI, 
and model 4 further adjusted for total energy intake and DGI 
scores (both continuous). In light of the previous research 
that reported a positive association among participants with 
the highest EO frequencies (i.e., > 5 EO) [13], in the pre-
sent study, any observed statistically significant (P < 0.05) 
adjusted association between the continuous measures of 
frequencies of EO, meals, or snacks, and the outcome vari-
ables were further explored by examining associations for 
eating pattern frequency categories (e.g., 1–3 [reference], 
4–5 or ≥ 6 EO; 1–2 [reference], 3 or > 3 meals and 0–1 [ref-
erence], and 2–3 or > 3 snacks). Finally, the effect of energy 
misreporting, defined as the ratio of total energy intake to 
total energy expenditure was considered [35]; however, its 
inclusion did not improve its predictive power when BMI 
was already in the model. A previous study has also shown 
that energy misreporting bias can be statistically corrected 
using predictors of energy misreporting (i.e., dieting behav-
iours and BMI) [36].

Sensitivity analysis

As data on BP medications use were not collected in the 
NNPAS [25], a sensitivity analysis was conducted that 



1903European Journal of Nutrition (2019) 58:1899–1909 

1 3

included only participants who self-reported no current or 
previous hypertensive disease (n = 1612 men and n = 1853 
women).

Results

Table 1 presents the characteristics of men and women par-
ticipants in the NNPAS 2011–12 by hypertension status. 
Of the participants, 24% of men and 20% of women were 
classified as having hypertension. Among both sexes, there 
were significant differences by hypertension status for age, 
education level, meeting physical activity guidelines, BMI, 
and self-report status of previous or current hypertensive 
disease (P < 0.05). Differences were also found for total 
daily energy intake, DGI scores, and frequency of all EO 
and snacks between non-hypertensive and hypertensive men 
(P < 0.05). For the snack frequency categories, a higher and 
lower proportion of hypertensive men reported having fewer 
than two snacks and more than three snacks per day, respec-
tively, compared to non-hypertensives (P < 0.05). No signifi-
cant differences were found among women for the dietary 
or eating pattern variables according to hypertension status.

The sex-specific associations of frequency of all EO, 
meals, and snacks (continuous) with SBP and DBP are pre-
sented in Table 2. In the basic model, a statistically signifi-
cant positive association was found between meal frequency 
and SBP among women which disappeared after adjustment 
for the covariates in model 2. Among men, inverse associa-
tions were found between frequency of all EO and snacks 
and DBP, and after adjustment for covariates (model 2) and 
BMI (model 3).

After further analysis that examined these associations by 
categories of snack and EO frequency, the inverse associa-
tions were observed among men who reported > 3 snacks 
[DBP: β = − 2.23, 95% CI (− 4.14, − 0.32); P = 0.023] 
and ≥ 6 EO [DBP: β = − 2.32, 95% CI (− 4.45, − 0.20); 
P = 0.032], compared to those who reporting < 2 snacks and 
≤ 3 EO. However, these associations with DBP for men were 
attenuated after further adjustment for the total energy intake 
and DGI scores: β = − 1.56, 95% CI (− 3.59, 0.47); P = 0.13 
and β = − 1.37, 95% CI (− 3.62, 0.89); P = 0.23, respectively.

Results of the regression analyses showed no associa-
tions between latent classes of temporal eating patterns and 
SBP or DBP among men (Table 2). Among women, a “later 
lunch” temporal eating pattern was positively associated 
with SBP and DBP, when compared to a “conventional” 
pattern, after adjustment for covariates and BMI, and after 
further adjustment for dietary intakes.

Associations of frequency of all EO, meals, and snacks 
(continuous) and latent classes of temporal eating patterns 
with hypertension prevalence are shown in Table 3. Among 

men, a significant inverse association was found for fre-
quency of all EO and snacks but not meals.

After further analysis that examined these associations by 
categories of snack and EO frequency, the inverse adjusted 
associations (model 3) were only observed among men 
who reported > 3 snacks [OR 0.52, 95% CI (0.30, 0.81); 
P = 0.006] and ≥ 6 EO [OR 0.54, 95% CI (0.34, 0.84); 
P = 0.008], compared to those who reporting < 2 snacks and 
≤ 3 EO. However, again, these associations attenuated after 
further adjustment for total energy intake and DGI scores, 
and no significant associations were found among women. 
Compared to a “conventional” temporal eating pattern, a 
“later lunch temporal” eating pattern was also associated 
with hypertension prevalence among women, but only after 
adjustment for covariates and BMI scores.

Results of the sensitivity analyses which included only 
men and women with no self-reported current or previ-
ous hypertensive disease, showed similar null associations 
of frequency of EO, snacks, and meals with SBP, DBP or 
hypertension prevalence, after adjustment for covariates, 
BMI, and dietary intakes (Supplementary Table 1). How-
ever, among women, the finding of a positive association 
between a “later lunch” pattern and DBP (but not SBP or 
hypertension prevalence) persisted after exclusion of those 
with no self-reported current/previous hypertensive disease.

Discussion

To our knowledge, this is one of the first studies among 
adults to examine associations of meal and snack frequency 
and temporal eating patterns, based on the timing and fre-
quency of EO across the day, with BP and hypertension 
prevalence [12]. Among men, frequency of all EO and 
snacks was inversely associated with DBP and lower odds 
of hypertension prevalence, but these associations disap-
peared after adjustment for overall diet quality scores and 
total energy intakes. Among women, a “later lunch” pattern, 
identified using latent class analysis in our earlier study [28], 
and characterized by a later lunch EO (e.g., between 1 and 
2 p.m.) was associated with higher SBP, DBP, and hyper-
tension prevalence. However, only associations with DBP 
persisted after exclusion of persons with the self-reported 
previous/current hypertension.

Only a few studies have examined the relationship 
between EO frequency and BP among adults [12, 13, 16, 
17], with conflicting findings. However, it is difficult to com-
pare the results of these studies, because they define EO 
using different approaches. For example, EO have mostly 
been self-reported by participants in response to a single 
survey question where an EO is not further defined [12, 
17]. Whereas in another study, in a small sample of healthy 
volunteers (n = 115), EO was defined as any eating event 
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Table 1  Characteristics of men and women in the NNPAS by hypertension status

Men (n = 2099) Women (n = 2383)

Non-hypertensive 
(n = 1538)

Hypertensive (n = 561) P value Non-hypertensive 
(n = 1883)

Hypertensive (n = 500) P value

Socio-demographics
 Age (years) 43.1 (42.4, 44.8) 56.2 (54.2, 58.2) < 0.0001 44.7 (44.0, 45.5) 58.4 (56.8, 60.0) < 0.0001
 Education level (%) < 0.05 < 0.0001
  Low 18 25 25 43
  Medium 53 54 44 33
  High 29 21 32 24

 Country of birth (%) 0.95 0.12
  Australia 69 69 70 61
  Predominantly 

English-speaking 
countries

13 13 11 15

  All other countries 18 18 19 24
Health behaviours or 

characteristics
 Smoking status 0.14 0.56
  Never 47 39 59 55
  Former 35 40 27 31
  Current 18 20 14 14

 Meets physical activ-
ity  guidelinesa (%)

48 41 0.04 45 35 < 0.01

 Daily sedentary  timeb 
(min)

306.7 (289.8, 324.6) 297.2 (273.0, 323.4) 0.54 260.3 (247.9, 273.2) 263.1 (237.0, 292.1) 0.86

 Currently on a diet 
for health reasons 
(%)

12 8 0.06 17 15 0.43

 Sleep duration (h) 7.9 (7.8, 8.0) 7.9 (7.7, 8.0) 0.81 8.0 (7.9, 8.1) 8.0 (7.7, 8.2) 0.52
 Total energy  intakeb 

(kJ)
9498 (9304, 9696) 8463 (8170, 8766) < 0.0001 7087 (6928, 7250) 6890 (6587, 7206) 0.31

 Dietary Guidelines 
 Indexc (score)

80.1 (79.0, 81.2) 77.6 (75.7, 79.6) < 0.05 80.7 (79.5, 82.0) 81.8 (80.1, 83.5) 0.31

 BMIb (score) 26.8 (26.5, 27.2) 28.9 (28.2, 29.5) < 0.0001 25.9 (25.5, 26.3) 28.7 (27.9, 29.6) < 0.0001
 Systolic blood pres-

sure (mmHg)
118.7 (117.9, 119.5) 148.3 (145.6, 151.0) < 0.0001 112.5 (111.7, 113.1) 148.8 (146.9, 150.8) < 0.0001

 Diastolic blood pres-
sure (mmHg)

73.4 (72.8, 74.0) 88.7 (87.5, 89.8) < 0.0001 72.9 (72.2, 73.6) 89.0 (87.9, 90.2) < 0.0001

 No current or previ-
ous hypertensive 
disease (%)

85 63 < 0.0001 86 56 < 0.0001

Eating patterns
 Eating occasion 

frequency
4.9 (4.8, 5.0) 4.7 (4.5, 4.8) < 0.01 4.8 (4.7, 4.9) 4.7 (4.6, 4.9) 0.37

 Meal frequency 2.9 (2.8, 2.9) 2.9 (2.8, 2.9) 0.79 2.9 (2.9, 3.0) 3.0 (2.9, 3.0) 0.55
 Snack frequency 2.1 (1.98, 2.2) 1.8 (1.7, 2.0) < 0.01 1.9 (1.9, 2.0) 1.8 (1.7, 2.0) 0.19
 Categories of eating 

occasion frequency 
(%)

0.07 0.54

  1–3 19 24 18 20
  4–5 57 60 61 62
  ≥ 6 23 17 21 18

 Categories of meal 
frequency (%)

0.27 0.89
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(including kilojoule-free events) separated in time by 15 min 
[13]. A higher EO frequency has been associated with lower 
hypertension prevalence [12] and incidence [13], whereas 
other studies have found no associations with BP [16, 17]. 
In the present study, EO frequency was inversely associ-
ated with DBP and hypertension prevalence among men, 
but these associations attenuated after further adjustment 
for total energy intakes and overall diet quality.

Studies examining the separate effects of meal and snack 
frequency on BP outcomes are rare [12]. Compared to par-
ticipants who reported no snacks, Kim et al. [12] found that 
a snack frequency of three per day was associated with lower 
odds of hypertension, but associations attenuated (e.g., 95% 
CI included one) after adjustment for adiposity measures. In 
the present study, snack frequency (specifically > 3 snacks) 
was inversely associated with BP outcomes among men, but 
again associations attenuated after adjustment for overall 
diet quality and total energy intakes. Notably, with respect to 
adjustment of dietary factors, the previous studies on eating 
patterns and BP have only adjusted for either total energy 
intakes [13] or energy and nutrient intakes [12, 16, 17], and 
not a measure of overall diet quality based on food intakes.

The findings from the present study suggest that diet qual-
ity may be an important factor in the relation between EO 
frequency and BP, and is supported by the previous studies 
that have shown a beneficial effect of healthful dietary pat-
terns for the prevention of hypertension [37]. In a previous 
study of NNPAS participants. [18], snack frequency was 

associated with better diet quality scores for intakes of fruits 
and dairy products, two food groups recommended as part of 
the Dietary Approaches to Stop Hypertension (DASH) diet 
[3]. However, in the same study, snack frequency was also 
associated with poorer scores for intakes of discretionary 
foods and added sugars among men [18]. Future research 
that examines the role of diet quality on the relation between 
EO frequency and hypertension is warranted.

Epidemiological evidence suggests a positive association 
between evening energy intakes or the later timing of an EO 
and obesity [38], but studies examining temporal patterns of 
eating in relation to BP are rare. In one study, higher energy 
intake at breakfast was associated with lower hypertension 
prevalence but not 10-year incidence, and higher energy 
intake in the evening was associated with higher hyper-
tension incidence, which remained borderline significant 
after adjustment for baseline BMI [21]. Another study, in 
the same cohort, found no association between time of day 
macronutrient intakes and BP [39]. Keller et al. found that 
the consumption of an afternoon meal, but not other conven-
tional Spanish meals, was modestly associated with lower 
SBP and DBP, even after adjustment for dietary intake and 
waist circumference [22]. In the present study, a temporal 
eating pattern characterized by having a later “lunch” meal 
was associated with SBP, DBP, and hypertension prevalence 
among women, after adjustment for potential covariates, 
BMI, and diet quality. However, rather than examining the 
timing of a single meal or energy intake across stratified 

Values are weighted means (95% confidence intervals) or weighted percentages. Significant sex-specific differences by hypertension status 
assessed using an F test for continuous variables or design-adjusted Pearson χ2 test
a Whether met physical activity guidelines of 150 min and 5 sessions/week
b Values are geometric means (95% CI)
c DGI represents a total diet quality score (score range 0–130) with higher scores indicating better overall diet quality

Table 1  (continued)

Men (n = 2099) Women (n = 2383)

Non-hypertensive 
(n = 1538)

Hypertensive (n = 561) P value Non-hypertensive 
(n = 1883)

Hypertensive (n = 500) P value

  < 3 31 32 26 25
  3 53 48 54 54
  > 3 15 20 20 21

 Categories of snack 
frequency (%)

< 0.05 0.59

  < 2 45 51 48 51
  2–3 37 38 39 38
  > 3 18 11 13 11

 Latent classes of 
temporal eating pat-
terns (%)

0.09 0.17

  Conventional 40 47 41 37
  Later lunch 36 30 32 39
  Grazing 24 23 27 24
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Table 2  Associations of eating patterns with systolic and diastolic blood pressure in Australian men and women

Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg)

Model  1a Model  2b Model  3c Model  4d Model  1a Model  2b Model  3c Model  4d

Men 
(n = 2099)

 Eating fre-
quency

  Eating 
occasion 
fre-
quency

− 0.49 
(− 1.22, 
0.25)

− 0.65 
(− 1.41, 
0.11)

− 0.47 
(− 1.24, 
0.30)

− 0.18 
(− 1.11, 
0.74)

− 0.80 
(− 1.36, 
− 0.23)**

− 0.88 
(− 1.45, 
− 0.31)**

− 0.63 
(− 1.17, 
− 0.09)*

− 0.39 (− 0.98, 
0.20)

  Meal fre-
quency

0.47 (− 1.96, 
2.91)

− 1.29 
(− 3.41, 
0.84)

− 0.86 
(− 3.13, 
1.40)

0.13 (− 2.35, 
2.62)

− 1.04 
(− 2.43, 
0.35)

− 1.46 
(− 2.99, 
0.08)

− 0.88 
(− 2.48, 
0.71)

− 0.46 (− 2.18, 
1.26)

  Snack fre-
quency

− 0.69 
(− 1.46, 
0.09)

− 0.59 
(− 1.37, 
0.19)

− 0.46 
(− 1.22, 
0.30)

− 0.32 
(− 1.24, 
0.59)

− 0.73 
(− 1.33, 
− 0.13)*

− 0.77 
(− 1.35, 
− 0.20)**

− 0.59 
(− 1.12, 
− 0.07)*

− 0.41 (− 0.99, 
0.18)

 Temporal 
eating pat-
terns

  Conven-
tional 
(refer-
ence, 
n = 941)

– – – – – – – –

  Later 
lunch 
(n = 702)

− 2.44 
(− 4.93, 
0.05)

− 1.13 
(− 3.42, 
1.16)

− 0.80 
(− 2.94, 
1.33)

− 0.68 
(− 2.82, 
1.46)

− 0.97 
(− 2.66, 
0.71)

− 0.63 
(− 2.37, 
1.11)

− 0.19 
(− 1.74, 
1.36)

− 0.10 (− 1.65, 
1.45)

  Grazing 
(n = 456)

− 2.72 
(− 5.59, 
0.15)

0.63 (− 2.19, 
3.46)

0.77 (− 1.89, 
3.42)

0.75 (− 1.86, 
3.36)

− 1.61 
(− 3.86, 
0.64)

− 0.99 
(− 3.19, 
1.21)

− 0.81 
(− 2.68, 
1.05)

− 0.58 (− 2.49, 
1.34)

Women 
(n = 2383)

 Eating fre-
quency

  Eating 
occasion 
fre-
quency

− 0.07 
(− 1.06, 
0.91)

− 0.07 
(− 0.88, 
0.75)

− 0.06 
(− 0.75, 
0.86)

− 0.51 
(− 1.46, 
0.43)

− 0.02 
(− 0.58, 
0.54)

− 0.03 
(− 0.58, 
0.52)

− 0.10 
(− 0.47, 
0.67)

− 0.27 (− 0.88, 
0.35)

  Meal fre-
quency

2.33 (0.06, 
4.59)*

− 0.13 
(− 2.03, 
1.78)

0.14 (− 1.82, 
2.09)

− 0.76 
(− 2.86, 
1.33)

− 0.07 
(− 1.72, 
1.58)

− 0.28 
(− 1.83, 
1.27)

− 0.01 
(− 1.55, 
1.53)

− 0.65 (− 2.15, 
0.85)

  Snack fre-
quency

− 0.62 
(− 1.73, 
0.50)

− 0.08 
(− 1.01, 
0.84)

0.00 (− 0.92, 
0.92)

− 0.52 
(− 1.56, 
0.52)

0.03 (− 0.54, 
0.61)

0.07 (− 0.51, 
0.64)

0.15 (− 0.43, 
0.74)

− 0.16 (− 0.81, 
0.49)

 Temporal 
eating pat-
terns

  Conven-
tional 
(refer-
ence, 
n = 1001)

– – – – – – – –

  Later 
lunch 
(n = 807)

2.13 (− 0.72, 
4.97)

2.38 (− 0.01, 
4.77)

2.55 (0.12, 
4.97)*

2.45 (0.05, 
4.84)*

1.69 (0.16, 
3.21)*

1.56 (0.11, 
3.01)*

1.73 (0.27, 
3.19)*

1.69 (0.25, 
3.13)*

  Grazing 
(n = 575)

0.08 (− 2.76, 
2.93)

2.41 (− 0.27, 
5.10)

2.20 (− 0.52, 
4.92)

1.93 (− 0.87, 
4.72)

0.98 (− 0.69, 
2.66)

0.85 (− 0.83, 
2.54)

0.64 (− 1.08, 
2.35)

0.50 (− 1.22, 
2.22)
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time-periods, the present study examined temporal eating 
patterns based on a novel latent class analysis approach, 
which captures the timing multiple EO across the day and 
the likely correlations of energy intakes between EO [4].

The possible mechanisms by which the later timing of a 
“lunch” meal might increase SBP and DBP among women 
are unclear. The timing of the “dinner” (evening) meal also 
tended to be later in women with this pattern and research 
has shown that insulin sensitivity gradually lowers across 
the day, into the evening [40]. In addition, in an experimen-
tal trial that controlled for dietary intakes, the timing of an 
evening meal high in energy and carbohydrates but low in 
fibre was associated with reduced insulin sensitivity and 

higher blood glucose levels, when compared to participants 
who had the same meal in the morning [41]. Insulin metabo-
lism may contribute to the association between temporal eat-
ing patterns and BP due to its role in modulating vasodilator 
effects on the endothelium via nitric oxide bioavailability 
[40]. Measures of insulin sensitivity and blood glucose lev-
els in future epidemiological research examining temporal 
eating patterns and BP are needed.

Strengths of this study include the examination of asso-
ciations with BP in a large nationally representative sam-
ple, adjusted for BMI, and multiple important confounders, 
including a measure of overall diet quality. Eating patterns 
were determined from 2 days of dietary recall, and an EO was 

Table 2  (continued)
Values are presented as β coefficients (95% confidence intervals). Associations were examined using the Wald tests of associations for linear 
regression; *P < 0.05, **P < 0.01
a Crude analysis
b Adjusted for age (years, continuous), sedentary time (min/day, continuous), education level (low/medium/high), country of birth (Australia/
other mainly English-speaking countries/all other countries), meets PA guidelines (yes/no), smoking status (never smoked/past smoker/current 
smoker), and dieting (yes/no)
c Model 2 and additionally adjusted for BMI scores
d Model 3 and additionally adjusted for Dietary Guideline Index scores and total energy intake

Table 3  Associations of eating patterns with hypertension prevalence in Australian men and women

Values are presented as odds ratios (95% confidence intervals). Associations were examined using the Wald tests of associations for logistic 
regression; *P < 0.05, **P < 0.01
a Crude analysis
b Adjusted for age (years, continuous), sedentary time (min/day, continuous), education level (low/medium/high), country of birth (Australia/
other mainly English-speaking countries/all other countries), meets PA guidelines (yes/no), smoking status (never smoked/past smoker/current 
smoker), and dieting (yes/no)
c Model 2 and additionally adjusted for BMI scores
d Model 3 and additionally adjusted for Dietary Guideline Index scores and total energy intake

Model  1a Model  2b Model  3c Model  4d

Men (n = 2099)
 Eating frequency
  Eating occasion frequency 0.87 (0.80, 0.97)* 0.85 (0.75, 0.96)** 0.87 (0.76, 0.98)* 0.94 (0.81, 1.08)
  Meal frequency 1.03 (0.76, 1.40) 0.88 (0.64, 1.21) 0.92 (0.66, 1.30) 1.12 (0.77, 1.61)
  Snack frequency 0.86 (0.76, 0.96)* 0.85 (0.75, 0.96)* 0.86 (0.75, 0.98)* 0.91 (0.79, 1.05)

 Temporal eating patterns
  Conventional (reference, n = 941) – – – –
  Later lunch (n = 702) 0.70 (0.52, 0.93)* 0.78 (0.56, 1.08) 0.81 (0.59, 1.12) 0.82 (0.59, 1.13)
  Grazing (n = 456) 0.81 (0.55, 1.20) 1.14 (0.74, 1.74) 1.15 (0.76, 1.75) 1.22 (0.81, 1.82)

Women (n = 2383)
 Eating frequency
  Eating occasion frequency 0.94 (0.83, 1.08) 0.95 (0.83, 1.08) 0.97 (0.84, 1.10) 0.93 (0.79, 1.09)
  Meal frequency 1.10 (0.81, 1.50) 0.94 (0.70, 1.27) 0.96 (0.70, 1.31) 0.93 (0.79, 1.09)
  Snack frequency 0.91 (0.79, 1.05) 0.95 (0.83, 1.09) 0.95 (0.82, 1.10) 0.93 (0.79, 1.09)

 Temporal eating patterns
  Conventional (reference, n = 1001) – – – –
  Later lunch (n = 807) 1.34 (0.94, 1.90) 1.47 (1.00, 2.16) 1.51 (1.01, 2.25)* 1.49 (1.00, 2.22)*
  Grazing (n = 575) 0.97 (0.64, 1.45) 1.11 (0.71, 1.73) 1.06 (0.67, 1.68) 1.04 (0.64, 1.67)
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defined using an evidence-based approach [27]. While the 
novel methodology used to determine temporal eating patterns 
is also considered a study strength, it should be noted that 
findings from data-driven, exploratory methods may not be 
generalizable to populations from other countries. For exam-
ple, the temporal eating patterns found in the present study 
may reflect the sociocultural and lifestyle characteristics of 
the Australian adult population; further research is needed to 
better understand differences in temporal eating patterns in 
other populations. Limitations of the present study include the 
cross-sectional study design which does not permit the assess-
ment of temporal relationships and the lack of data on anti-
hypertensive medications which may have led to an underes-
timation of associations with BP. However, in the analysis that 
excluded participants with no current/previous self-reported 
hypertension, the association between a “later lunch pattern” 
with DBP persisted.

In conclusion, a temporal eating pattern distinguished by a 
later “lunch” meal when compared to a “conventional” Aus-
tralian mealtime pattern was associated with higher BP in 
women. Among men, a higher snack frequency was inversely 
associated with BP, but these associations disappeared after 
adjustment for total energy intake and overall diet quality. 
Future research that considers the role of overall diet quality 
and cardiometabolic indicators (e.g. insulin and glucose levels) 
on the relation between eating patterns and BP is warranted.
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