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ABSTRACT
Background: It is unknown whether the Dietary Approaches to Stop Hypertension (DASH) dietary pattern is associated

with other blood pressure (BP) variables, beyond mean systolic blood pressure (SBP) and diastolic blood pressure (DBP).

Objectives: The study aimed to study the associations between the DASH dietary pattern and daytime and nighttime

mean BPs and BP variance independent of the mean (VIM).

Methods: A sample of 324 Chinese adults aged ≥ 60 y who were not on BP-lowering medications were included

in the analysis. The DASH score was calculated using data collected by a validated FFQ. The 24-h ambulatory BP was

measured and the mean and VIM SBP and DBP were calculated for both the daytime (06:00–21:59) and nighttime periods

(22:00–05:59). Multivariable linear models were constructed to assess associations between the DASH dietary pattern

and daytime and nighttime BP outcomes, adjusting for sociodemographic factors, lifestyle, BMI, and hypertension (clinic

SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg), and sleep parameters (only for nighttime BP outcomes). An interaction term

between DASH score and hypertension status was added to explore the potential differential association in normotensive

and hypertensive individuals.

Results: Every 1-unit increase in the DASH score was associated with a 0.18-unit (95% CI: −0.34, −0.01 unit) and

a 0.22-unit (95% CI: −0.36, −0.09 unit) decrease in nighttime VIM SBP and nighttime VIM DBP, respectively. DASH

score was not associated with any daytime BP outcomes, nighttime mean SBP, or nighttime mean DBP. A significant

interaction (DASH score × hypertension status) was detected for VIM SBP (P-interaction = 0.04), indicating a differential

association between DASH score and nighttime VIM SBP by hypertension status.

Conclusions: Independently of sleep parameters and other factors, the DASH dietary pattern is associated with lower

nighttime BP variability in elderly adults. J Nutr 2022;152:1755–1762.
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Introduction

In 2017, high blood pressure (BP) is the leading risk factor for
mortality, accounting for 10.4 million deaths and 218 million
disability-adjusted life-years globally (1). Most of the evidence
that has assessed the BP-attributable disease or mortality
burden has been based on mean BP measures, which are
typically measured during the day. Nighttime BP (2, 3), which
normally falls by 10%–20% from diurnal BP, and nondipping
nocturnal BP (2) are also risk factors for cardiovascular
events and mortality. In addition, BP variability, measured as
the variance in BP over time, has been recognized to have

its own merits independent of mean BP in predicting the
prognosis of hypertensive patients undergoing antihypertensive
drug treatment (4), and all-cause mortality and cardiovascular
diseases in both general and hypertensive patients (5). Increased
short-term BP variability during the day or night is associated
with cardiovascular mortality and cardiovascular events (5),
although data are still limited and primarily based on 3 large
studies (6–8).

The Dietary Approaches to Stop Hypertension (DASH) diet
includes multiple food and nutrient components emphasizing
fruits, vegetables, low-fat dairy products, whole grains, poultry,
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fish, and nuts. It also emphasizes a reduction in SFAs, red
meat, sweets, and beverages containing added sugars. Several
large randomized controlled feeding trials testing the original
DASH diet (9), the DASH diet with sodium reduction (10), and
the DASH diet with modified macronutrient content (11) have
documented strong and consistent evidence of BP reduction. A
meta-analysis including these earlier trials and 17 more recent
randomized controlled trials concluded that the DASH diet
was related to a reduced systolic blood pressure (SBP) and
diastolic blood pressure (DBP) by 5.2 mm Hg (95% CI: −7.0,
−3.4 mm Hg) and 2.6 mm Hg (95% CI: −3.5, −1.7 mm Hg),
respectively (12). Because of its well-established BP-lowering
effect, the DASH diet has been widely recommended by the
National High Blood Pressure Education Program (13) and the
American Heart Association (14).

What remains unclear is how the DASH dietary pattern
may influence BP beyond the typical daytime mean BPs. A
few feeding trials in hypertensive patients have shown that
the DASH diet affects the “around-the-clock” reduction in
BP, which was assessed by ambulatory blood pressure (ABP)
monitoring over a 24-h period (15–17). Some studies reported
a similar effect on nighttime BP, which was measured as the
nighttime mean BP (15, 17), hour by hour mean nighttime BP
(15), or nighttime BP dipping as seen in African Americans
(18) and participants with low-grade albuminuria (17). There
is still a lack of data relating the DASH diet with other BP
metrics, including BP variability. Because associations between
the DASH diet and BP outcomes may vary by baseline BP level,
it is critical to examine the associations in a mixed overall
sample, as well as in subgroups by hypertension status. The
goal of this study is to examine how the DASH diet is related
to the mean and variability of both daytime and nighttime BP
in an elderly Chinese sample, including those with or without
hypertension.

Methods
Study population
Data were based on a subcohort of the Kailuan study in the Kailuan
community, Tangshan City, Hebei Province, China. Since 2006–2007
(the baseline cohort), participants have been enrolled from 11 hospitals
providing health care to the Kailuan community. About one-third of
the participants in the Kailuan Cohort were shift-working coal miners
and ∼80% of the baseline participants were men. At the baseline
and subsequent biennial follow-ups, standardized questionnaires were
administered to collect demographic data, disease history, medication
use, and physical activity; as well, clinical and laboratory examinations
were conducted. Diet was assessed in the 2014 follow-up survey using
a standardized FFQ. In 2014–2015, a random subgroup of participants
from the Kailuan Cohort and patients with hypertension were selected
to conduct ABP monitoring for 24 h. The mean ± SD duration between
the dietary and ABP assessments was 13.2 ± 7.9 mo. To avoid influence
of night work shifts and/or antihypertensive medication use, we only
included participants who were aged 60 y or older (at or beyond the
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retirement age for men in China) and who were not on BP-lowering
medications, according to the self-reported medication use questions
in 2014. We further excluded participants who had missing dietary
assessment data (n = 28) and insufficient BP records (defined as having
valid BP measures < 70% for 24-h measures, <10 times for daytime
measures, <5 times for nighttime measures, or having no valid recording
for >2 h; n = 51) during ABP monitoring. The total sample size included
in the analysis was 324. The prevalence of hypertension in participants
> 60 y old was 57.9% in the Kailuan Cohort and 69.1% in our analytic
sample. The study was approved by the Ethics Committee of the Kailuan
Medical Group, Kailuan Company.

Dietary assessment and DASH score calculation
A self-administered semiquantitative FFQ including 40 food items was
used to assess usual dietary intake in the past year. This questionnaire
has been validated in the general Chinese population and has been
used in the 2002 Chinese National Nutrition Survey (19). Participants
were asked to report frequency of food consumption (options included
never or rarely and times per month, week, and day; all answers
were then converted to times per day) and the typical amount of
food consumption per eating event (converted to g/d). Similar to a
prior study (20), the habitual daily consumption of each food was
calculated by multiplying the frequency and amount consumed each
time. For condiments, participants were asked to estimate the average
amount of each condiment consumed at the household level per month
(which was then divided by 30 to convert to the total amount at the
household level per day) and the typical number of people who ate
condiment in the household. The average daily consumption of each
condiment per each household member was calculated as the total
amount per day divided by the number of people in the household who
consumed it (g/d). Nutrient content was calculated based on the Chinese
Food Composition Table (21). The DASH score was calculated from
9 dietary components, including vegetables, fruits, dairy, beans, whole
grains, meat, total fat, sodium, and sugar-sweetened beverages (22,
23). For each of these components, participants’ intake was grouped
into quintiles with 1 representing the lowest intake quintile and 5
representing the highest intake quintile. Because lower intakes of meat,
total fat, sodium, and sugar-sweetened beverages are recommended
in the DASH diet, these 4 dietary components were reverse coded,
with 1 representing the highest intake quintile (least optimal) and
5 representing the lowest intake quintile (most optimal). The DASH
score was calculated as the sum of the quintile scores of all dietary
components, ranging from 9 to 45.

ABP monitoring
ABP was assessed by either the SunTech Oscar 2 24-HR Ambulatory
Blood Pressure (ABP) Monitor (SunTech Medical, Inc.) or the Spacelabs
90217 Ultralite Ambulatory Blood Pressure Monitor (OSI Systems,
Inc.). A trained physician put the ABP monitor onto the participant’s
nondominant upper arm and participants were asked to wear the ABP
monitor over a 24-h period. The ABP monitor measured BP at 15-min
intervals during the daytime period (between 06:00 and 21:59) and
at 30-min intervals during the nighttime period (between 22:00 and
05:59).

The mean daytime and nighttime SBP and DBP were calculated
separately.

BP variance independent of the mean (VIM) is a measure of BP
variability and was calculated separately by time of day for both SBP
and DBP, so that the variables were daytime VIM SBP, daytime VIM
DBP, nighttime VIM SBP, and nighttime VIM DBP.

The following formula was used to calculate VIM for each
participant i (24):

VIMi = Mk × SDi

x̄k
i

(1)

where M is the sample mean of SBP or DBP during the period of interest
(day or night); x̄ is the mean of SBP or DBP for each participant i over
the period of interest; SD is the SD of SBP or DBP over the period of
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interest for each participant i; and k is a constant estimated by plotting
SD of SBP or DBP against x̄ for all participants as:

SD = constant × x̄k (2)

VIM SBP/DBP may be superior to the CV in prognostic implications
because it removes the correlation with mean BP (25). Calculating
daytime and nighttime VIM SBP/DBP separately may also avoid the
influence of the “dipping” phenomenon that has been known to reduce
the prognostic power of 24-h ABP measurements (25). Higher VIM
values indicate greater BP variability.

Clinic BP measurement
Clinic BP was measured in the physician’s office by a calibrated desk
mercury sphygmomanometer on the participant’s right upper arm,
in the morning. Participants were asked to fast before the physical
checkup and to refrain from smoking, tea, coffee, and alcohol for
30 min before measurement. They were also rested in a seating position
for 5 min. Three BP measurements were taken with 5-min intervals
between any 2 consecutive measurements. The mean of the 3 measures
for SBP and DBP was calculated. Hypertension was defined as clinic
SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg.

Assessment of covariates
Demographic data, socioeconomic status, and lifestyle risk factors
were collected in the biennual questionnaire. Specifically, we collected
information on age, sex (male/female), education (elementary school
or lower, middle school, or high school or above), current smoking
status (yes/no), current alcohol intake (yes/no), and total energy intake
calculated from the FFQ. We also measured weight and height, which
were used to calculate BMI (in kg/m2) and to categorize weight
status (normal: BMI < 24; overweight: 24 ≤ BMI < 28; and obesity:
BMI ≥ 28) (26). Physical activity was assessed by the Chinese version
of the International Physical Activity Questionnaire (IPAQ-C) and
was grouped into high (≥1 h/d of moderate physical activity or
≥30 min/d vigorous physical activity), moderate (≥30 min/d and
< 1 h/d moderate physical activity), and low activity (<30 min/d
moderate physical activity), according to an established guideline for
the IPAQ-C (27). We also assessed the self-reported nighttime sleep
quality by asking questions regarding nighttime sleep duration (total
hours), current snoring status (categorized as no if less than once
per week or as yes if once or more per week), and 5 questions
regarding insomnia symptoms adapted from the Health Professionals
Follow-up Study (28), including 1) difficulty falling asleep (yes/no);
2) difficulty maintaining sleep during the night (yes/no); 3) early-
morning awakenings (yes/no); 4) nonrestorative sleep (yes/no); and 5)
excessive daytime sleepiness (yes/no). We defined insomnia as having
≥1 of the first 3 nighttime symptoms and ≥1 of the last 2 daytime
symptoms.

Statistical analysis
All analyses were performed on Stata/SE 15.0 (StataCorp). Normally
distributed continuous variables were presented as mean ± SD and
categorical variables were presented as n (%). Pairwise Pearson
correlation coefficients were calculated between the BP outcomes. The
Bonferroni-adjusted significance level at P = 0.05/28 (where n = 28 is
the number of pairs) was used to determine statistical significance of
the correlation coefficients. We applied the restricted cubic spline with
3 knots to test linearity between DASH score and the BP outcomes
and all of the Wald tests for linearity were nonsignificant (P = 0.29–
0.94), suggesting that we could not reject the null hypotheses that
each examined BP outcome follows a linear function of the DASH
score. Therefore, multivariable linear regression was used to analyze
the association between the DASH score tertiles and the BP outcomes.
Covariates for daytime BP outcomes included age (60–64, 65–69, or
≥70 y), sex (men or women), total energy intake (kcal/d), BMI (<24.0,
24.0–27.9, or ≥28.0), current smoking status (yes/no), current alcohol
intake (yes/no), physical activity (low compared with moderate or high),
education, and hypertension status. For the nighttime BP outcomes, the
3 sleep variables of nighttime sleep duration (<7 h, 7–8 h, or >8 h),

snoring (yes/no), and insomnia symptoms (yes/no) were in addition
adjusted for. To understand how hypertension status may modify the
association between the DASH score and BP outcomes, a continuous-by-
categorical interaction term was included in the models. The statistical
significance level was set at P < 0.05.

Results

Table 1 presents the characteristics of the study participants.
The mean age was 66.3 ± 6.0 y. Two-thirds (66.7%) of
the participants were male and a little more than two-thirds
(69.1%) had hypertension. The mean BMI was 25.4 ± 3.3 and
18.5% of the participants had obesity (BMI ≥ 28.0). About
one-third (35.1%) of the participants usually slept <7 h in
the night and 12.0% of the participants reported insomnia-like
symptoms. The mean DASH score was 28.2 ± 3.7 and the mean
total energy intake was 2186 ± 1375 kcal/d. By hypertension
status (n = 100, normotensive; n = 224, hypertensive), we
observed significant group differences (normotensive compared
with hypertensive) in BMI (24.7 ± 3.1 compared with
25.7 ± 3.4; P = 0.009), difficulty initiating sleep (15.0%
compared with 7.1%; P = 0.026), early-morning awakenings
(17.0% compared with 9.4%; P = 0.049), nonrestorative sleep
(17.0% compared with 9.4%; P = 0.049), excessive daytime
sleepiness (18.8% compared with 10.5%; P = 0.044), and total
energy intake (1930 ± 1248 compared with 2300 ± 1415 kcal;
P = 0.025).

Table 2 presents the Pearson correlation coefficients (ρ)
between the BP outcomes. Mean SBP and DBP measured during
the day and night were significantly correlated with each other
(ρ = 0.467–0.811). The VIM SBP and VIM DBP correlation
coefficients during the daytime and nighttime were 0.726 and
0.711, respectively (all P < 0.002). The correlations were
smaller between nighttime VIM SBP and daytime VIM SBP (ρ
= 0.332), nighttime VIM SBP and daytime VIM DBP (ρ =
0.256), nighttime VIM DBP and daytime VIM SBP (ρ = 0.252),
and nighttime VIM DBP and daytime VIM DBP (ρ = 0.294).
As expected, none of the correlations between the mean and
variability measure were statistically significant (ρ = −0.04 to
0.148, P = 0.21–1.00).

Table 3 presents the adjusted associations between the DASH
score and BP outcomes. A 1-unit increase in the DASH score
was not significantly associated with mean SBP or DBP during
the daytime or nighttime, although the point estimates were
all negative. The DASH score was significantly and negatively
associated with nighttime BP variability. For every unit increase
in the DASH score, there was a 0.18-unit (95% CI: −0.34,
−0.01 unit) decrease in the VIM SBP and a 0.22-unit (95% CI:
−0.36, −0.09 unit) decrease in the VIM DBP.

When including the interaction term between the DASH
score and hypertension, no significant associations were
observed between the DASH score and any of the daytime BP
outcomes in either the normotensive or hypertensive individuals
(Figure 1). Also no interaction was detected (all P-interaction
> 0.4).

For nighttime BP outcomes (Figure 2), the estimated
association between the DASH score and VIM SBP (Figure 2C)
was −0.36 (95% CI: −0.61, −0.11; P = 0.004) in nor-
motensive participants; however, the association was not
significant in hypertensive individuals (β = −0.05, 95%
CI: −0.25, 0.15; P = 0.648). There was a significant
interaction between the DASH score and nighttime VIM
SBP (P-interaction = 0.04). Although the interaction was
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TABLE 1 Sample characteristics for elderly Chinese adults by hypertension status1

All

Normotensive (clinic
SBP < 140 mm Hg or

DBP < 90 mm Hg)

Hypertensive (clinic
SBP ≥ 140 mm Hg or

DBP ≥ 90 mm Hg) P

n 324 100 (30.9) 224 (69.1)
Age, y 66.3 ± 6.0 65.4 ± 6.1 66.7 ± 5.9 0.075

60–64 133 (41.1) 48 (48.0) 85 (38.0) 0.183
65–69 113 (34.9) 33 (33.0) 80 (35.7)
≥70 78 (24.1) 19 (19.0) 59 (26.3)

Male 216 (66.7) 63 (63.0) 153 (68.3) 0.350
Education

Elementary school or lower 42 (13.0) 12 (12.0) 30 (13.4) 0.882
Middle school 257 (79.3) 81 (81.0) 176 (78.6)
High school or above 25 (7.7) 7 (7.0) 18 (8.0)

Current smokers 69 (21.3) 20 (20.0) 49 (21.9) 0.703
Current alcohol drinker 105 (32.4) 27 (27.0) 78 (34.8) 0.165
Moderate or high physical activity2 38 (11.7) 7 (7.0) 31 (13.8) 0.077
BMI, kg/m2 25.4 ± 3.3 24.7 ± 3.1 25.7 ± 3.4 0.009

Normal (<24.0) 115 (35.5) 44 (44.0) 71 (31.7) 0.061
Overweight (24.0–27.9) 149 (46.0) 43 (43.0) 106 (47.3)
Obesity (≥28.0) 60 (18.5) 13 (13.0) 47 (21.0)

Nighttime sleep duration, h 6.8 ± 1.2 6.7 ± 1.2 6.8 ± 1.2 0.626
<7 104 (32.1) 40 (40.0) 64 (28.6) 0.116
7–8 155 (47.8) 41 (41.0) 114 (50.9)
>8 65 (20.1) 19 (19.0) 46 (20.5)

Snoring 62 (19.1) 21 (21.0) 41 (18.3) 0.569
Insomnia-related symptoms

Difficulty initiating sleep 31 (9.6) 15 (15.0) 16 (7.1) 0.026
Difficulty maintaining sleep 47 (14.5) 18 (18.0) 29 (13.0) 0.233
Early-morning awakenings 38 (11.7) 17 (17.0) 21 (9.4) 0.049
Nonrestorative sleep 38 (11.7) 17 (17.0) 21 (9.4) 0.049
Excessive daytime sleepiness 41 (12.7) 18 (18.8) 23 (10.5) 0.044
Insomnia 39 (12.0) 17 (17.0) 22 (9.8) 0.067

DASH score 28.2 ± 3.7 27.7 ± 4.0 28.5 ± 3.5 0.096
Total energy, kcal/d 2186 ± 1375 1930 ± 1248 2300 ± 1415 0.025

1n = 324. Values are mean ± SD or n (%). DASH, Dietary Approaches to Stop Hypertension; DBP, diastolic
blood pressure; SBP, systolic blood pressure.
2According to a published cutoff (27), categorization of physical activity is defined as high (≥1 h/d of moderate
physical activity or ≥30 min/d vigorous physical activity), moderate (≥30 min/d and < 1 h/d moderate physical
activity), and low activity (<30 min/d moderate physical activity).

not significant (P-interaction = 0.24), a greater negative
association was observed for nighttime VIM DBP (Figure 2D),
comparing normotensive (β = −0.32, 95% CI: −0.52, −0.11;
P = 0.002) with hypertensive individuals (β = −0.17, 95%

CI: −0.34, −0.01; P = 0.04). The associations were not
significant for nighttime mean SBP or DBP and no interaction
was detected with hypertension status for nighttime mean
BPs.

TABLE 2 Pearson correlation coefficients between daytime and nighttime BP measures in elderly Chinese adults1

Mean BP BP variability

Daytime
SBP

Daytime
DBP

Nighttime
SBP

Nighttime
DBP

Daytime
VIM SBP

Daytime
VIM DBP

Nighttime
VIM SBP

Nighttime
VIM DBP

Mean BP
Daytime SBP 1.000 — — — — — — —
Daytime DBP 0.6532 1.000 — — — — — —
Nighttime SBP 0.8112 0.4672 1.000 — — — — —
Nighttime DBP 0.5202 0.7102 0.7382 1.000 — — — —

BP variability
Daytime VIM SBP 0.072 0.041 0.091 0.062 1.000 — — —
Daytime VIM DBP 0.134 0.060 0.148 0.056 0.7262 1.000 — —
Nighttime VIM SBP − 0.004 − 0.033 − 0.025 − 0.041 0.3322 0.2562 1.000 —
Nighttime VIM DBP 0.139 0.108 0.054 0.038 0.2522 0.2942 0.7112 1.000

1n = 324. Values are Pearson correlation coefficients. BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure; VIM, variance independent of the mean.
2Correlations are significant using the Bonferroni-adjusted significance level at P = 0.05/28.
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TABLE 3 Multivariable linear analysis for the association between the DASH score and daytime
and nighttime BP outcomes in elderly Chinese adults1

Daytime2 Nighttime3

β (95% CI) P β (95% CI) P

Mean SBP, mm Hg − 0.23 (−0.86, 0.39) 0.467 − 0.43 (−1.21, 0.35) 0.281
Mean DBP, mm Hg − 0.09 (−0.44, 0.26) 0.625 − 0.26 (−0.66, 0.15) 0.210
VIM SBP − 0.10 (−0.26, 0.05) 0.183 − 0.18 (−0.34, −0.01) 0.036
VIM DBP − 0.04 (−0.89, 0.88) 0.564 − 0.22 (−0.36, −0.09) 0.001

1n = 324. BP, blood pressure; DASH, Dietary Approaches to Stop Hypertension; DBP, diastolic blood pressure; SBP, systolic blood
pressure; VIM, variance independent of the mean.
2Models for daytime BP outcomes adjusted for age, sex, total energy intake, BMI, current smoking, alcohol intake, physical activity,
education, and hypertension.
3Models for nighttime BP outcomes adjusted for the variables included in footnote 2 and in addition adjusted for nighttime sleep
duration, snoring, and insomnia.

Discussion
In this study, we found that the DASH diet in older Chinese
adults was associated with reduced nighttime BP variability,
particularly among adults without hypertension. The observed
association was adjusted for demographic and lifestyle factors,
BMI, energy intake, and sleep parameters. Future intervention
trials are warranted to investigate whether the DASH diet has
extended benefits in stabilizing BP, which would likely have

additional protective value for cardiovascular health (29) and
survival (30) in older adults.

Significant associations were only observed between the
DASH score and the 2 nighttime BP variability outcomes and,
unlike we expected, not for any of the mean BP outcomes. We
did see that the DASH diet score was associated with mean
SBP/DBP in the expected direction. The nonsignificant results
could be due to our small sample size, the lack of DASH

FIGURE 1 The associations between DASH score and daytime mean SBP (A), daytime mean DBP (B), daytime VIM SBP (C), and daytime VIM
DBP (D) in normotensive (clinic SBP < 140 mm Hg or DBP < 90 mm Hg, n = 100) and hypertensive (clinic SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg,
n = 224) elderly Chinese adults. Lines represent the estimated linear relation. Shaded areas represent the 95% CI at each level of the DASH
score. Models adjusted for age, sex, total energy intake, BMI, current smoking, alcohol intake, physical activity, and education. DASH, Dietary
Approaches to Stop Hypertension; DBP, diastolic blood pressure; SBP, systolic blood pressure; VIM, variance independent of the mean.

DASH dietary pattern and 24-h blood pressure 1759



FIGURE 2 The associations between DASH score and nighttime mean SBP (A), nighttime mean DBP (B), nighttime VIM SBP (C), and nighttime
VIM DBP (D) in normotensive (clinic SBP < 140 mm Hg or DBP < 90 mm Hg, n = 100) and hypertensive (clinic SBP ≥ 140 mm Hg or
DBP ≥ 90 mm Hg, n = 224) elderly Chinese adults. Lines represent the estimated linear relation. Shaded areas represent the 95% CI at each
level of the DASH score. Models adjusted for age, sex, total energy intake, BMI, current smoking, alcohol intake, physical activity, education,
nighttime sleep duration, snoring, and insomnia. DASH, Dietary Approaches to Stop Hypertension; DBP, diastolic blood pressure; SBP, systolic
blood pressure; VIM, variance independent of the mean.

score variability in our population, or reverse causality between
eating pattern and daytime BP, which may have brought the
observed association toward the null. Our findings suggest that
nighttime BP VIM is a more sensitive, and potentially less
biased, BP measure for the DASH diet. Although not significant
in our study, findings from randomized controlled trials seem
to support that the DASH diet has a greater BP-lowering
effect in hypertensive rather than normotensive subjects (8).
Hypertension treatment may also modify the DASH diet’s effect
on BP. Comparing the effect of the DASH diet in hypertensive
adults with or without treatment and normotensive adults in
a meta-analysis (28), the greatest reduction of mean SBP and
DBP was seen in untreated hypertensive adults and the smallest
seen in treated hypertensive adults. Although we only included
individuals who were not undergoing treatment of hypertension
at the initial survey into our analysis, treatment status may have
changed thereafter, attenuating the association by averaging
the untreated and treated adults. The same meta-analysis also
formally tested the potential modifying impact of hypertension
status and concluded that the DASH’s BP-lowering effect was
independent of baseline BP levels (31). Similarly, our study
did not observe any significant interaction between DASH and
hypertension status on mean SBP/DBP.

Interestingly, the DASH diet was associated with nighttime
DBP variability, even after further adjustment of the 3 nocturnal
sleep variables, including sleep duration, snoring, and insomnia.
It is recommended that adults aged 60–64 y sleep for 7–9 h/night
and that adults 65 y and older sleep 7–8 h/night (32). Among the
older Chinese population (60 y and older), the pooled estimated
mean sleep duration was 6.82 h/d (95% CI: 6.59, 7.05 h/d) (33).
The mean sleep duration was similar in our sample (6.8 ± 1.2
h) and about one-third of the older adults slept less than the
recommended duration. Short sleep duration could confound
the relation between diet and nighttime BP. Meta-analyses
of human intervention studies estimated that partial sleep
deprivation (≤5.5 h/night) increases the mean energy intake by
204–385 kcal/d (34, 35). On the other hand, data primarily from
observational studies indicate that diet may also influence sleep
duration and quality, suggesting a cyclic relation between sleep
and diet (36). In addition, short sleep duration is associated with
increased risk of future hypertension by 23% (95% CI: 6%,
42%), according to the pooled analysis of 6 longitudinal studies
(37). Snoring appears to be another independent risk factor for
the development of hypertension, as observed in prospective
studies in both men (38) and women (39). Reported snoring
and difficulty initiating sleep were significantly associated with
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the DASH score in our sample (data not shown). Current
evidence suggests a positive association of insomnia and its
symptoms, such as difficulty initiating sleep, with elevated BP
(29). When these sleep parameters were in addition adjusted in
our model, we did see a slight attenuation in the β-coefficients
of 3 out of 4 nighttime BP outcomes (data not shown). It is
possible that sleep partially mediates the observed associations
between the DASH dietary pattern and nighttime BP outcomes
in the overall sample. Because the insomnia-related symptoms
were more prevalent in hypertensive individuals, they may have
mediated the adjusted associations so that those observed for
normotensive individuals appeared stronger.

The significant decrease in SBP/DBP variability associated
with the DASH score was more consistently observed in
normotensive individuals during nighttime. Are there addi-
tional explanations for the absence of associations in the
hypertensive individuals? First, as previously mentioned, hy-
pertensive individuals may have begun treatment since their
inclusion in the study, which would alter their expected
patterns of BP. For example, among the most commonly
used antihypertensive medicine classes in China (30), calcium
channel blockers and diuretics alone or in addition to
other drugs have significant lowering effects on short-term
BP variability (40). Second, hypertensive individuals may
have changed their lifestyle behaviors since their diagnosis.
Compared with the normotensive older adults, the mean DASH
score (mean ± SD: 28.5 ± 3.5 compared with 27.7 ± 4.0;
P = 0.096) and the proportion of moderate or high physical
activity (13.8% compared with 7.0%, P = 0.077) were higher
in hypertensive individuals, although the difference did not
reach statistical significance. Adoption of a healthier lifestyle
after a hypertension diagnosis has been observed in China (41)
and in other populations (42). Screening for hypertension and
awareness of BP-lowering behaviors, without actual behavior-
changing interventions, have been associated with future SBP
reduction in 2 y (43). Collectively, both of the foregoing
explanations could help reduce variability in the DASH score
distribution and could attenuate the observed association
between the DASH diet and the participants’ BP profiles.

To our knowledge, this study is the first to explore the
relations between the DASH diet and daytime and nighttime BP
profiles that include not only the mean, but also BP variability.
However, there are some limitations to note. We cannot make
any causal inference regarding the DASH dietary pattern and
nighttime BP variability, given the cross-sectional nature of
this single study. The DASH diet score was relatively high and
unvarying in our sample. Aging adults tend to consume less total
energy (44) and to eat healthier, as observed in their reduction
in unhealthy fat intake (45) and overall dietary pattern (46).
These observations could explain the DASH diet score’s low
variability in our older adult sample. Ambulatory daytime BP
may be influenced by many factors, including body position and
physical and mental activity (2), which we did not assess for
further control in the analysis. Although it is believed nighttime
BP is less affected by the factors aforementioned, the overnight
BP profile could be influenced by central and reflex autonomic
modulation, effects of hormone fluctuations, or other intrinsic
and external factors (47). Residual confounding cannot be
excluded even though nutritional status, lifestyle, and sleep
behaviors have been controlled for in this study. Circadian
stage– and sex-dependent BP response to the DASH intervention
has been observed (48), indicating sex differences in BP
variability in relation to the DASH dietary pattern. However,
∼70% of our sample were male. Whether the association

observed from our male-dominant sample exists in the female
population remains to be investigated. The generalizability
of our findings, therefore, should not be extrapolated to
other populations with differing characteristics (e.g., female,
younger age, other racial/ethnic groups, populations with more
variability in DASH score distribution, or different baseline
disease conditions).

In conclusion, our study findings support an association
between the DASH-style diet and stabilized nighttime BP. Future
DASH feeding trials should consider monitoring BP during
sleep and including measures of BP variability, with the aim to
investigate their potential causal relation.
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