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Abstract

The DASH-Sodium trial demonstrated beneficial effects on blood pressure (BP) of the DASH diet 

with lower sodium intake compared to typical American diet. The subsequent OMNIHEART trial 

reported additional BP benefits from replacing carbohydrate in the DASH diet with either protein 

or monounsaturated fats. The primary aim of this study is to assess possible BP benefits of an 

OMNIHEART-like diet in free-living Americans using cross-sectional U.S. population data of the 

INTERMAP Study. INTERMAP data include four 24-h dietary recalls, two timed 24-h urine 

collections, eight BP readings for 2,195 individuals ages 40-59 from eight US INTERMAP 

population samples. Analyses are conducted using two approaches: 1. Regression of BP on a 

linear OMNIHEART nutrient score calculated for each individual, and 2. A Bayesian approach 

comparing estimated BP levels of an OMNIHEART-like nutrient profile with a typical American 

nutrient profile. After adjustment for potential confounders, an OMNIHEART score higher by one 

point was associated with systolic/diastolic BP differences of −1.0/−0.5 mmHg (both P<0.001). 

Mean systolic/diastolic BPs were 111.3/68.4 and 115.2/70.6 mmHg for Bayesian OMNIHEART 

and Control profiles respectively, after controlling for possible confounders, with BP differences 

of −3.9/−2.2 mmHg, Pr(difference ≤ 0) ≈ 0.98/0.96. Findings were comparable for men and 

women, for non-hypertensive participants, and with adjustment for antihypertensive treatment. 
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Our findings from data on US population samples indicate broad generalizability of 

OMNIHEART results beyond the trial setting, and support recommendations for an 

OMNIHEART-style diet for prevention/control of population-wide adverse BP levels.
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Introduction

Adverse blood pressure (BP) – prevalent worldwide – is an independent major risk factor for 

cardiovascular diseases 1. Public health measures with an emphasis on primary and 

primordial prevention are needed to address this problem 2. The Dietary Approaches to Stop 

Hypertension-Sodium (DASH-Sodium) feeding trial examined the effects on BP of the 

DASH diet (rich in fruit, vegetables, grains, legumes, nuts/seeds, and low-fat/fat-free dairy 

products, with reduced total and saturated fats, cholesterol, sugars) 3 at higher, intermediate, 

and lower levels of sodium for 30 days, compared with a “typical American” control diet 4. 

Both DASH vs. control and lower (target 50 mmol/24-h or 1.2 g/24-h) vs. higher (target 150 

mmol/24-h or 3.5g/24-h) sodium resulted in significant reductions in BP; the greatest 

difference was seen for the DASH diet with lower sodium level compared to control diet 

with higher sodium (−8.9 mm Hg systolic, P<0.001). The DASH diet appears to be 

achievable and palatable for sustained periods in free-living populations 56. DASH plus 

reduced sodium is a recommended lifestyle modification for the prevention and management 

of prehypertension and hypertension 7. The Optimal Macronutrient Intake Trial for Heart 

Health (OMNIHEART) study compared the effects of three heart-healthy diets on BP: a 

carbohydrate-rich diet, a diet rich in protein (predominantly from nonmeat sources), and a 

diet rich in unsaturated fat (predominantly monounsaturated. Compared with the 

carbohydrate diet, both the protein and unsaturated fat diets significantly lowered systolic 

and diastolic BP in all participants and in those with hypertension 8.

A key unresolved question is the extent that BP lowering achieved by the DASH-Sodium 

and OMNIHEART diets over the short-term in trial settings translate into BP differences in 

free-living in populations. The International Study of Macronutrients, Micronutrients and 

Blood Pressure (INTERMAP) has reported several favorable single nutrient-BP 

associations 9-15. Here we use INTERMAP data to assess BP differences associated with the 

three OMNIHEART-like nutrient profiles compared to a typical American nutrient profile.

Methods

Population Samples and Field Methods (1996-1999)

INTERMAP surveyed 4,680 men and women ages 40-59 from Japan (4 population 

samples), People's Republic of China (3 samples), UK (2 samples), and US (8 samples). 

Participants were randomly recruited from general and occupational population samples 16. 

Each person attended the clinic on four occasions: visits 1 and 2 on consecutive days, visits 

3 and 4 on consecutive days on average 3 weeks later. For BP measurement, each participant 
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– having emptied his/her bladder – was seated for 5 minutes, feet flat on the floor, in a quiet 

room, with no physical activity, eating, drinking, or smoking in the preceding half hour. 

Blood pressure was measured twice at each visit with a random-zero sphygmomanometer; 

Korotkoff sounds I and V were criteria for systolic BP and diastolic BP. Measurements of 

height and weight, and questionnaire data on daily alcohol consumption over the previous 

seven days were obtained at two visits. Dietary data were collected at each visit by a trained 

interviewer with use of the multi-pass 24-hour recall method 17. Questionnaire data were 

obtained on possible confounders. Each participant provided two 24-hour urine collections, 

start and end timed at the research center; measurements included urinary volume, sodium, 

potassium, calcium, magnesium, creatinine 16, as well as amino acids and multiple urinary 

metabolites 18. We focus here on data for the 2,195 US INTERMAP participants. Dietary 

data for the US participants were converted to nutrient intakes (83 nutrients, including six 

individual sugars and the sum of glucose, sucrose and fructose from sugar-sweetened 

beverages) with use of the Nutrition Data System (version 2.91) maintained by the Nutrition 

Coordinating Center, University of Minnesota17, 19. Measurements/person were averaged 

for BP and nutrient variables across the four visits; for 24-hour urinary excretions, across the 

two collections.

The study received institutional ethics committee approval for each site; all participants gave 

written informed consent.

Statistical Methods

To investigate associations of OMNIHEART-like nutrient profiles with BP, two statistical 

approaches were used, 1) more commonly used nutrient score analyses and 2) Bayesian 

profile regression. The score analyses utilized a measure of “closeness” based on a score 

derived from a linear combination of individual nutrients. This score weighted each nutrient 

equally and did not take into account possible interactions between nutrients. The Bayesian 

profile approach, on the other hand, analyzed dietary patterns holistically, and thus 

encapsulated the complex manner in which individual nutrients combine to affect BP. These 

two statistical approaches were implemented as follows:

OMNIHEART Score Statistical Methods

OMNIHEART-protein (OMNI-PRO), OMNIHEART-monounsaturated fatty acids (OMNI-

MFA), and OMNIHEART-carbohydrate (OMNI-CHO) scores (adapted from Mellen et 

al. 20) were calculated for each participant and included as explanatory variables in separate 

regressions with BP. One point was given for each OMNIHEART nutrient target that was 

met, and half a point was given for an intermediate intake. The target nutrients and their 

values are given in Tables S1 to S3. Associations of the three OMNIHEART scores with 

systolic and diastolic BP were assessed by multiple regression, with and without adjustment 

for weight and height. Two models were used, the first unadjusted for possible confounders; 

the second adjusted for age, gender, sample, dietary supplement use, cardiovascular disease 

or diabetes diagnosis, physical activity, family history of high BP. Analyses were done for 

men and women combined and separately; excluding hypertensive individuals (see Table S6 

footnotes); excluding individuals with cardiovascular disease or diabetes; and adding 10/5 
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mm Hg to the systolic/diastolic BP of individuals taking antihypertensive medication, to 

account for possible antihypertensive treatment bias 21.

Bayesian Profile Regression Statistical Methods

An iterative Bayesian dimension-reduction and clustering technique was used 22, 23. At 

every iteration of the clustering technique the 2,195 study participants plus the three 

hypothetical OMNIHEART profiles and the hypothetical Control profile were assigned 

probabilistically to clusters based on the similarity of their nutrient profiles (comprising 61 

nutrients) as determined by the mixture-model setup described in the Online Supplemental 

Material.

Bayesian profile regression analysis 22, 23 matched three OMNIHEART nutrient profiles and 

a typical American nutrient profile (per the DASH-Sodium trial4) to US INTERMAP 

participants, and then compared BP levels estimated for each OMNIHEART profile, with 

those estimated for the typical American profile. To perform Bayesian clustering and profile 

regression the following data were computed: (i) for cluster assignments, a nutrient profile 

for each participant, based on 59 of the 83 available dietary nutrients (expressed as energy 

densities), plus urinary sodium and urinary potassium excretion (expressed as mmol/24-

hour, 1 mmol sodium = 23 mg, 1 mmol potassium = 39 mg) (Table S4); (ii) mean systolic 

and diastolic BP levels for each participant; (iii) data on possible confounders (see below). 

The profile regression approach allowed expected BP levels to be compared between 

individuals with hypothetical pre-specified nutrient profiles which may or may not have 

existed in the data. Thus nutrient profiles were constructed for (i) a hypothetical individual 

specified to match OMNI-PRO criteria; (ii) a nutrient profile to match OMNI-MFA criteria; 

(iii) a nutrient profile to match OMNI-CHO criteria; and (iv) a nutrient profile to match the 

typical American criteria (denoted “Control”) (Tables S1 to S3).

The hypothetical OMNIHEART and Control profiles were defined from published 

OMNIHEART and DASH-Sodium nutrient targets and were based on eight or more 

variables in the nutrient profiles (Tables S1 to S3) 3, 4, 24. For each of the putatively 

favorable nutrients the OMNIHEART target was set as the median value among 

INTERMAP participants with intake (or urinary excretion) greater than or equal to the 

published OMNIHEART target (Tables S1 to S3). For each of the putatively unfavorable 

nutrients the OMNIHEART targets were set as the median value among INTERMAP 

participants with intake (or urinary excretion) less than the published OMNIHEART target. 

Control targets were set by the opposite: i.e., the median of putatively favorable nutrient 

intake below the published Control target; the median of putatively unfavorable nutrient 

intakes above the published control target (Table S1-S3).

Statistical analyses were performed by J.M. and I.J.B. using the freely available package 

PreMiuM 25, 26 for R statistical software 27 and SAS version 9.3 (SAS Institute, Cary, NC, 

USA).
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Results

Mean systolic/diastolic BP was 120.4/75.7 mm Hg in men, 116.8/71.1 mm Hg in women 

(Table S5). Mean vegetable protein, starch, and fiber intakes were 5.2% of energy, 22.8% of 

energy, and 2.1 g/1,000 kJ respectively. Mean dietary magnesium, dietary calcium, and 

urinary potassium were 35.4 mg/1,000 kJ, 86.8 mg/1,000 kJ, and 57.7 mmol/24-h (2.3 g/24-

h). Mean saturated fatty acids intake, dietary cholesterol, and urinary sodium were 10.7 % 

kcal, 31.4 mg/1,000 kJ, and 162.6 mmol/24-h (3.7 g/24-h). Mean OMNI-PRO scores were 

1.5 for men and 1.9 for women – marginally lower than the mean OMNI-MFA and OMNI-

CHO scores.

One-hundred and thirty-three participants (6%) had an OMNI-PRO score of 4.5 or above, 

i.e., met at least half of the nutrient criteria (Figure S1). Eight participants (0.4%) met more 

than half the nutrient targets set out in Table S1 for the OMNI-PRO Bayesian profile; 447 

(20%) met more than half of the targets for the Control Bayesian profile (Figure S2).

OMNIHEART-Protein score analysis

In multiple regression analysis adjusted for confounders, OMNI-PRO score higher by one 

point was associated with systolic/diastolic BP lower by 1.6/0.9 mm Hg (P <0.001), 1.0/0.5 

mm Hg (P <0.001) with additional control for weight and height (Table 1). Associations 

were of similar magnitude for men and women, in analyses adjusted for antihypertensive 

treatment, and with exclusion of individuals with a cardiovascular disease or diabetes 

diagnosis. BP differences were smaller in analyses excluding hypertensive individuals 

(Table 1).

Similar patterns of findings were observed for OMNI-MFA and OMNI-CHO scores, 

although the BP differences for the latter were generally smaller (Tables S6 and S7).

Bayesian profile regression analysis

Mean posterior systolic and diastolic BPs were lower for the OMNI-PRO profile compared 

to Control profile in all models tested (Tables 2 and 3). In analysis of men and women 

combined, mean posterior systolic/diastolic BPs for OMNI-PRO profile were 114.1/70.9 

mm Hg compared with 119.2/74.0 for Control profile, i.e., OMNI-PRO minus Control BPs 

were −5.0/−3.1 mm Hg, Pr(diff≤0) ≈ 1.00/0.99. With adjustment for multiple possible 

confounders including gender, weight, height, and medical history of cardiovascular disease 

or diabetes, the differences were −3.9/−2.2 mm Hg, Pr(diff≤0) ≈ 0.98/0.96. The unadjusted 

posterior distributions for systolic and diastolic BP for OMNIPRO and Control nutrient 

profiles are illustrated in Figures 1 and 2. The distributions were approximately normal; 

there was a clear “shift to the left” (toward lower BP values) for the OMNI-PRO profile 

compared to Control for both systolic and diastolic BP.

Findings from sensitivity analyses, comprising gender-specific models, exclusion of 

hypertensive participants, or adding +10/+5 mm Hg for those using antihypertensive 

medication, were qualitatively similar to the foregoing (Tables 2 and 3).
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Equivalent analyses based on OMNI-MFA and OMNI-CHO profiles yielded similar 

findings (Tables S8 to S11).

Discussion

We found that compared to a typical American dietary pattern, an OMNIHEART-like 

dietary pattern was associated with lower BP in cross-sectional U.S. population data of the 

INTERMAP Study. Our findings, on 2,195 free-living Americans surveyed prior to the 

publication of the DASH and OMNIHEART trials, are consistent with the results of the 

trials, and with prior INTERMAP work on relations of multiple dietary factors to 

BP 3, 4, 8, 28.

Gao et al. 29 assessed DASH diet adherence and associations with hypertension at baseline 

among 5,972 US adults of the Multi-Ethnic Study of Atherosclerosis (MESA), using an 

additive DASH score based on 9 nutrient targets (not including sodium) assessed by food 

frequency questionnaire. Less than 30% of MESA participants met a single DASH nutrient 

target. Compared with normotensive participants, those with uncontrolled hypertension were 

less likely to meet DASH targets for saturated fat, calcium, and magnesium intakes. 

Compared to individuals with uncontrolled hypertension, controlled hypertensive 

participants were more likely to meet all DASH nutrient targets, indicating that hypertension 

awareness led to modified dietary behavior. In the INTERMAP Study, restricting the 

analysis to non-hypertensive participants reduced but did not eliminate the BP difference, 

suggesting that dietary modification in response to hypertension awareness did not account 

for the beneficial BP difference observed for the DASH nutrient profile.

Strengths of our study include four standardized multi-pass in-depth 24-h dietary recalls, 

two timed 24-h urine collections, repeated blood pressure measurements with extensive 

quality control; random selection of free-living Americans from defined populations, also 

extensive high quality data on dietary nutrients and availability of data on multiple 

confounders. We did not adjust analyses for smoking or socioeconomic status as smoking 

has not been found to be consistently associated with clinic-measured blood pressure 

levels30, and previous INTERMAP analysis had demonstrated that the inverse association 

between years of education (a proxy for socioeconomic status) and blood pressure was 

explained almost entirely by dietary differences31. We included height and weight in 

regression models rather than body mass index because previous work had shown weight 

adjusted for height to be more strongly associated with blood pressure levels than body mass 

index32.

Both statistical methods gave similar results despite differences in modeling assumptions. 

The frequentist OMNIHEART score approach measured OMNIHEART adherence using a 

relatively crude metric that did not take into account subtleties related to which combination 

of nutrients were in compliance, while the Bayesian approach was more sophisticated in this 

regard. The fact that both approaches gave similar results suggests that associations with BP 

of OMNIHEART diet adherence are robust with regard to variations in nutrient intakes 

meeting the OMNIHEART targets for any particular individual.
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Limitations include: the cross-sectional nature of the findings – temporality cannot be 

assessed, and the possibility of reverse causation cannot be completely excluded (although 

sensitivity analysis data in non-hypertensive participants indicate that bias of this type was 

unlikely); effect-size underestimation due to limited reliability in nutrient measurement 

(regression-dilution bias) despite multiple standardized measurements33-35; results limited to 

adults ages 40-59 years.

The beneficial BP differences estimated here for OMNIHEART-like nutrient profiles 

compared with a typical American nutrient profile in free-living Americans are compatible 

with the findings of the OMNIHEART trial 8. Our results from observational population 

data thus lend further support for recommendations for a reduced sodium OMNIHEART-

like diet for prevention and control of population-wide adverse BP levels 36.

Perspectives

The DASH-Sodium trial demonstrated beneficial effects on BP of the DASH diet with lower 

sodium intake, and the subsequent OMNIHEART trial reported additional benefits for BP 

by replacing carbohydrate in the DASH diet with either protein or monounsaturated fats. 

Linear nutrient score and Bayesian approaches were applied to cross-sectional INTERMAP 

data to assess whether short-term BP lowering achieved by the DASH-Sodium and 

OMNIHEART diets in a trial settings were translated into BP differences observed in 

population data. Both linear nutrient score and Bayesian approaches indicated favorable BP 

differences associated OMNIHEART-like diets compared to a typical American diet, 

supporting recommendations for a reduced sodium OMNIHEART-style diet for prevention 

and control of population-wide adverse BP levels.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What Is New?

To the best of our knowledge, this is the first study examining the association between an 

OMNIHEART-like lower sodium diet with lower BP in free-living Americans in cross-

sectional U.S. population data.

What is Relevant?

This study addresses a key unresolved question regarding the extent to which BP 

lowering results achieved in the DASH-Na and OMNIHEART diets trials translate to 

free-living populations.
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Summary

The beneficial BP differences estimated here for OMNIHEART-like lower sodium 

compared with a typical American higher sodium nutrient profiles in free-living 

Americans are compatible with the findings of the OMNIHEART trial, thus lending 

further support for recommendations for a reduced sodium OMNIHEART-like diet for 

prevention and control of population-wide adverse BP levels.
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Figure 1. 
Unadjusted posterior systolic blood pressure distribution obtained from Bayesian profile 

regression for Control nutrient profiles (A), OMNIHEART-P (protein arm) (B), and from 

OMNIHEARTP minus Control (C), US INTERMAP participants. Vertical lines represent 

(from left to right) lower bound of the 95% credible interval, mean, and upper bound of the 

95% credible interval. The distribution from the Control nutrient profile (A) had a median of 

119.2 (116.4, 121.8). The distribution from the OMNIHEART-P profile (B) had a median of 

114.1 (111.3, 116.6). The distribution of the difference between the two profiles (C) had a 
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median of −5.0 (−8.7, −1.5) and the probability that the difference was less than or equal to 

zero was approximately 1.
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Figure 2. 
Unadjusted posterior diastolic blood pressure distribution obtained from Bayesian profile 

regression for Control nutrient profiles (A), OMNIHEART (protein arm) (B), and from 

OMNIHEART (protein arm) minus Control (C), US INTERMAP participants. Vertical lines 

represent (from left to right) lower bound of the 95% credible interval, mean, and upper 

bound of the 95% credible interval. The distribution from the Control nutrient profile (A) 

had a median of 74.0 (72.1, 75.8). The distribution from the OMNIHEART-P profile (B) 

had a median of 70.9 (68.8, 72.8). The distribution of the difference between the two 
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profiles (C) had a median of −3.1 (--5.7, −0.5) and the probability that the difference was 

less than or equal to zero was approximately 1.

Molitor et al. Page 16

Hypertension. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Molitor et al. Page 17

T
ab

le
 1

E
st

im
at

ed
 m

ea
n 

di
ff

er
en

ce
 in

 b
lo

od
 p

re
ss

ur
e 

(m
m

 H
g)

 a
nd

 9
5%

 c
on

fi
de

nc
e 

in
te

rv
al

s 
fo

r 
O

M
N

IH
E

A
R

T
 s

co
re

 (
pr

ot
ei

n 
ar

m
) 

hi
gh

er
 b

y 
1 

po
in

t, 
m

ul
tip

le
 

re
gr

es
si

on
 m

od
el

s,
 U

S 
IN

T
E

R
M

A
P 

Pa
rt

ic
ip

an
ts

 (
N

=
2,

19
5)

M
od

el
Sy

st
ol

ic
 b

lo
od

 p
re

ss
ur

e
D

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e

W
it

ho
ut

 a
dj

us
tm

en
t 

fo
r 

w
ei

gh
t,

 
he

ig
ht

W
it

h 
ad

ju
st

m
en

t 
fo

r 
w

ei
gh

t,
 

he
ig

ht
W

it
ho

ut
 a

dj
us

tm
en

t 
fo

r 
w

ei
gh

t,
 

he
ig

ht
W

it
h 

ad
ju

st
m

en
t 

fo
r 

w
ei

gh
t,

 
he

ig
ht

D
if

fe
re

nc
e 

(9
5%

 C
I)

 m
m

 H
g

D
if

fe
re

nc
e 

(9
5%

 C
I)

 m
m

 H
g

D
if

fe
re

nc
e 

(9
5%

 C
I)

 m
m

 H
g

D
if

fe
re

nc
e 

(9
5%

 C
I)

 m
m

 H
g

O
ve

ra
ll 

(N
=

2,
19

5)
*

−
1.

74
 (

−
2.

16
, −

1.
33

)‡
−

0.
98

 (
−

1.
38

, −
0.

58
)‡

−
0.

96
 (

−
1.

25
, −

0.
67

)‡
−

0.
50

 (
−

0.
78

, −
0.

22
)‡

†
−

1.
55

 (
−

1.
96

, −
1.

14
)‡

−
0.

98
 (

−
1.

38
, −

0.
58

)‡
−

0.
87

 (
−

1.
15

, −
0.

59
)‡

−
0.

54
 (

−
0.

82
, −

0.
26

)‡

M
en

 (
N

=
1,

10
3)

*
−

1.
52

 (
−

2.
08

, −
0.

95
)‡

−
0.

99
 (

−
1.

54
, −

0.
44

)‡
−

0.
71

 (
−

1.
14

, −
0.

27
)‡

−
0.

35
 (

−
0.

78
, 0

.0
7)

†
−

1.
34

 (
−

1.
91

, −
0.

78
)‡

−
0.

86
 (

−
1.

41
, −

0.
31

)‡
−

0.
68

 (
−

1.
10

, −
0.

26
)‡

−
0.

33
 (

−
0.

75
, 0

.0
8)

W
om

en
 (

N
=

1,
09

2)
*

−
1.

68
 (

−
2.

28
, −

1.
08

)‡
−

0.
83

 (
−

1.
41

, −
0.

24
)‡

−
0.

82
 (

−
1.

19
, −

0.
44

)‡
−

0.
48

 (
−

0.
86

, −
0.

10
‡

†
−

1.
74

 (
−

2.
33

, −
1.

15
)‡

−
1.

06
 (

−
1.

63
, −

0.
48

)‡
−

1.
03

 (
−

1.
40

, −
0.

65
)‡

−
0.

71
 (

−
1.

08
, −

0.
33

)‡

E
xc

lu
di

ng
 h

yp
er

te
ns

iv
e 

in
di

vi
du

al
s 

(N
=

1,
60

0)
*

−
1.

31
 (

−
1.

69
, −

0.
94

)‡
−

0.
62

 (
−

0.
98

, −
0.

26
)‡

−
0.

71
 (

−
1.

00
, −

0.
43

)‡
−

0.
26

 (
−

0.
54

, 0
.0

3)

†
−

1.
08

 (
−

1.
45

, −
0.

71
)‡

−
0.

57
 (

−
0.

93
, −

0.
21

)‡
−

0.
60

 (
−

0.
87

, −
0.

32
)‡

−
0.

28
 (

−
0.

56
, −

0.
01

‡

E
xc

lu
di

ng
 in

di
vi

du
al

s 
w

ith
 a

 
ca

rd
io

va
sc

ul
ar

 d
is

ea
se

 o
r 

di
ab

et
es

 
di

ag
no

si
s 

(N
=

1,
85

2)

*
−

1.
59

 (
−

2.
02

, −
1.

16
)‡

−
0.

87
 (

−
1.

29
, −

0.
45

)‡
−

0.
99

 (
−

1.
30

, −
0.

68
)‡

−
0.

49
 (

−
0.

79
, −

0.
19

)‡

†
−

1.
43

 (
−

1.
86

, −
1.

00
)‡

−
0.

86
 (

−
1.

28
, −

0.
44

)‡
−

0.
86

 (
−

1.
15

, −
0.

56
)‡

−
0.

51
 (

−
0.

80
, −

0.
22

)‡

A
dj

us
te

d 
fo

r 
an

tih
yp

er
te

ns
iv

e 
tr

ea
tm

en
t 

(N
=

2,
19

5)
*

−
1.

90
 (

−
2.

36
, −

1.
43

)‡
−

0.
94

 (
−

1.
39

, −
0.

50
)‡

−
1.

04
 (

−
1.

35
, −

0.
73

)‡
−

0.
48

 (
−

0.
78

, −
0.

18
)‡

†
−

1.
75

 (
−

2.
20

, −
1.

29
)‡

−
1.

02
 (

−
1.

45
, −

0.
58

)‡
−

0.
97

 (
−

1.
26

, −
0.

67
)‡

−
0.

56
 (

−
0.

85
, −

0.
27

)‡

* U
na

dj
us

te
d 

m
od

el

† A
dj

us
te

d 
fo

r 
ag

e,
 g

en
de

r,
 s

am
pl

e,
 c

ar
di

ov
as

cu
la

r 
di

se
as

e 
or

 d
ia

be
te

s 
di

ag
no

si
s,

 f
am

ily
 h

is
to

ry
 o

f 
hi

gh
 b

lo
od

 p
re

ss
ur

e,
 d

ie
ta

ry
 s

up
pl

em
en

t u
se

, p
hy

si
ca

l a
ct

iv
ity

‡ St
at

is
tic

al
ly

 s
ig

ni
fi

ca
nt

 C
.I

.

Hypertension. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Molitor et al. Page 18

T
ab

le
 2

Po
st

er
io

r 
m

ea
ns

 a
nd

 9
5%

 c
re

di
bi

lit
y 

in
te

rv
al

s 
fo

r 
sy

st
ol

ic
 b

lo
od

 p
re

ss
ur

e 
fo

r 
O

M
N

IH
E

A
R

T
 (

pr
ot

ei
n 

ar
m

) 
an

d 
C

on
tr

ol
 n

ut
ri

en
t p

ro
fi

le
s,

 U
S 

IN
T

E
R

M
A

P 

pa
rt

ic
ip

an
ts

, B
ay

es
ia

n 
an

al
ys

es

M
od

el
O

M
N

IH
E

A
R

T
C

on
tr

ol
D

if
fe

re
nc

e 
(O

M
N

IH
E

A
R

T
-C

on
tr

ol
)

M
ea

n 
(9

5%
 C

I)
M

ea
n 

(9
5%

 C
I)

M
ea

n 
(9

5%
 C

I)
P

r(
di

ff
≤0

)

O
ve

ra
ll 

(N
=

2,
19

5)
*

11
4.

1 
(1

11
.4

, 1
16

.6
)

11
9.

2 
(1

16
.4

, 1
21

.8
)

−
5.

04
 (

−
8.

71
, −

1.
48

)
1.

00

†
11

1.
3 

(1
07

.6
, 1

14
.6

)
11

5.
2 

(1
11

.9
, 1

18
.4

)
−

3.
91

 (
−

7.
69

, −
0.

27
)

0.
98

M
en

 (
N

=
1,

10
3)

*
11

6.
6 

(1
13

.0
, 1

20
.6

)
12

1.
4 

(1
18

.9
, 1

23
.9

)
−

4.
83

 (
−

9.
20

, −
0.

13
)

0.
98

†
11

3.
9 

(1
10

.0
, 1

17
.8

)
11

7.
7 

(1
14

.3
, 1

20
.9

)
−

3.
74

 (
−

7.
76

, 0
.2

7)
0.

97

W
om

en
 (

N
=

1,
09

2)
*

11
3.

0 
(1

09
.3

, 1
16

.6
)

11
7.

9 
(1

14
.6

, 1
21

.1
)

−
4.

90
 (

−
9.

79
, −

0.
03

)
0.

98

†
10

7.
7 

(1
02

.7
, 1

12
.4

)
11

2.
3 

(1
07

.8
, 1

16
.6

)
−

4.
59

 (
−

9.
23

, −
0.

07
)

0.
98

E
xc

lu
di

ng
 h

yp
er

te
ns

iv
e 

in
di

vi
du

al
s 

(N
=

1,
60

0)
*

11
1.

9 
(1

09
.4

, 1
14

.0
)

11
5.

6 
(1

13
.3

, 1
18

.1
)

−
3.

81
 (

−
7.

06
, −

0.
66

)
0.

99

†
11

2.
3 

(1
09

.5
, 1

15
.1

)
11

4.
4 

(1
11

.6
, 1

17
.1

)
−

2.
03

 (
−

5.
02

, 0
.8

7)
0.

92

E
xc

lu
di

ng
 in

di
vi

du
al

s 
w

ith
 c

ar
di

ov
as

cu
la

r 
di

se
as

e 
or

 d
ia

be
te

s 
di

ag
no

si
s 

(N
=

1,
85

2)
*

11
3.

6 
(1

10
.7

, 1
16

.3
)

11
8.

8 
(1

16
.2

, 1
21

.4
)

−
5.

25
 (

−
9.

18
, −

1.
44

)
1.

00

†
11

1.
8 

(1
08

.2
, 1

15
.3

)
11

5.
8 

(1
12

.4
, 1

19
.1

)
−

4.
00

 (
−

7.
74

, −
0.

32
)

0.
98

A
dj

us
te

d 
fo

r 
an

tih
yp

er
te

ns
iv

e 
tr

ea
tm

en
t (

N
=

2,
19

5)
*

11
5.

7 
(1

12
.3

, 1
18

.8
)

12
0.

5 
(1

17
.2

, 1
23

.5
)

−
4.

78
 (

−
9.

34
, −

0.
36

)
0.

98

†
11

1.
7 

(1
07

.6
, 1

15
.3

)
11

5.
3 

(1
11

.5
 1

19
.0

)
−

3.
70

 (
−

7.
58

, 0
.1

8)
0.

97

* U
na

dj
us

te
d 

m
od

el

† A
dj

us
te

d 
fo

r 
ag

e,
 g

en
de

r,
 s

am
pl

e,
 c

ar
di

ov
as

cu
la

r 
di

se
as

e 
or

 d
ia

be
te

s 
di

ag
no

si
s,

 f
am

ily
 h

is
to

ry
 o

f 
hi

gh
 b

lo
od

 p
re

ss
ur

e,
 s

pe
ci

al
 d

ie
t, 

di
et

ar
y 

su
pp

le
m

en
t u

se
, p

hy
si

ca
l a

ct
iv

ity
, w

ei
gh

t, 
he

ig
ht

Hypertension. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Molitor et al. Page 19

T
ab

le
 3

Po
st

er
io

r 
m

ea
ns

 a
nd

 9
5%

 c
re

di
bi

lit
y 

in
te

rv
al

s 
fo

r 
sy

st
ol

ic
 b

lo
od

 p
re

ss
ur

e 
fo

r 
O

M
N

IH
E

A
R

T
 (

pr
ot

ei
n 

ar
m

) 
an

d 
C

on
tr

ol
 n

ut
ri

en
t p

ro
fi

le
s,

 U
S 

IN
T

E
R

M
A

P 

pa
rt

ic
ip

an
ts

, B
ay

es
ia

n 
an

al
ys

es

M
od

el
O

M
N

IH
E

A
R

T
C

on
tr

ol
D

if
fe

re
nc

e 
(O

M
N

IH
E

A
R

T
-C

on
tr

ol
)

M
ea

n 
(9

5%
 C

I)
M

ea
n 

(9
5%

 C
I)

M
ea

n 
(9

5%
 C

I)
P

r(
di

ff
≤0

)

O
ve

ra
ll 

(N
=

2,
19

5)
*

70
.9

 (
68

.8
, 7

2.
8)

74
.0

 (
72

.1
, 7

5.
6)

−
3.

06
 (

−
5.

75
, −

0.
48

)
0.

99

†
68

.4
 (

65
.9

, 7
0.

8)
70

.6
 (

68
.3

, 7
2.

8)
−

2.
23

 (
−

4.
69

, −
0.

31
)

0.
96

M
en

 (
N

=
1,

10
3)

*
74

.6
 (

71
.9

, 7
7.

2)
75

.1
 (

72
.6

, 7
7.

9)
−

0.
54

 (
−

4.
40

, −
3.

09
)

0.
62

†
70

.1
 (

66
.9

, 7
3.

1)
70

.6
 (

67
.6

, 7
4.

1)
−

0.
55

 (
−

4.
34

, 2
.8

0)
0.

62

W
om

en
 (

N
=

1,
09

2)
*

69
.6

 (
67

.2
, 7

1.
8)

71
.6

 (
69

.5
, 7

3.
6)

−
2.

00
 (

−
5.

10
, −

0.
97

)
0.

90

†
64

.6
 (

61
.2

, 6
7.

7)
66

.9
 (

64
.0

, 6
9.

7)
−

2.
33

 (
−

5.
47

, −
0.

55
)

0.
95

E
xc

lu
di

ng
 h

yp
er

te
ns

iv
e 

in
di

vi
du

al
s 

(N
=

1,
60

0)
*

69
.5

 (
67

.1
, 7

1.
8)

71
.8

3 
(7

0.
1,

 7
3.

7)
−

2.
34

 (
−

5.
35

, −
0.

46
)

0.
95

†
68

.8
 (

66
.4

, 7
1.

3)
70

.6
 (

68
.4

, 7
2.

6)
−

1.
80

 (
−

4.
16

, 0
.7

7)
0.

92

E
xc

lu
di

ng
 in

di
vi

du
al

s 
w

ith
 c

ar
di

ov
as

cu
la

r 
di

se
as

e 
or

 d
ia

be
te

s 
di

ag
no

si
s 

(N
=

1,
85

2)
*

71
.1

 (
69

.1
, 7

3.
1)

74
.2

 (
72

.5
, 7

6.
0)

−
3.

09
 (

−
5.

66
, −

0.
45

)
0.

99

†
68

.6
 (

66
.1

, 7
1.

1)
71

.1
 (

68
.7

, 7
3.

3)
−

2.
41

 (
−

5.
00

, −
0.

25
)

0.
96

A
dj

us
te

d 
fo

r 
an

tih
yp

er
te

ns
iv

e 
tr

ea
tm

en
t (

N
=

2,
19

5)
*

72
.1

 (
69

.6
, 7

4.
0)

74
.7

 (
72

.7
, 7

6.
5)

−
2.

67
 (

−
5.

78
, −

0.
08

)
0.

97

†
68

.6
 (

65
.9

, 7
1.

2)
70

.6
 (

68
.1

, 7
2.

9)
−

2.
00

 (
−

4.
64

, 0
.6

1)
0.

93

* U
na

dj
us

te
d 

m
od

el

† A
dj

us
te

d 
fo

r 
ag

e,
 g

en
de

r,
 s

am
pl

e,
 c

ar
di

ov
as

cu
la

r 
di

se
as

e 
or

 d
ia

be
te

s 
di

ag
no

si
s,

 f
am

ily
 h

is
to

ry
 o

f 
hi

gh
 b

lo
od

 p
re

ss
ur

e,
 s

pe
ci

al
 d

ie
t, 

di
et

ar
y 

su
pp

le
m

en
t u

se
, p

hy
si

ca
l a

ct
iv

ity
, w

ei
gh

t, 
he

ig
ht

Hypertension. Author manuscript; available in PMC 2015 December 01.


