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Abstract

The aim of this study was to investigate whether intake of dietary sodium or potassium is related 

to changes in left ventricular (LV) diastolic functioning and LV mass index in young individuals 

with normal or elevated blood pressure. We prospectively analyzed echocardiographic data in 

1,065 young adults (18–39 years) enrolled in the Strong Heart Family Study who were free from 

cardiovascular disease at baseline: 501 (47%) participants were normotensive and 564 (53%) were 

pre-hypertensive or hypertensive. Dietary sodium and potassium intake was ascertained by using a 

Block food-frequency questionnaire at baseline. Cardiac geometry and functioning was assessed at 

baseline and 4 years later. Marginal models were used to assess the associations of average intakes 

of sodium and potassium with echocardiographic measures. Participants with pre-hypertension or 

hypertension were older, had higher body mass index and reported higher intakes of sodium than 

normotensive individuals at baseline. In prospective analyses, potassium intake was found to be 

negatively related to mitral E-velocity (p=0.029) in normotensive individuals whereas sodium/

potassium ratio was positively associated with atrial filling fraction (p=0.017). In pre-hypertensive 
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or hypertensive participants sodium consumption was positively associated with atrial filling 

fraction (p=0.034) and an increase in sodium/potassium ratio was related to higher LV mass index 

(p=0.046). In conclusion, an increase in dietary sodium/potassium ratio was related to an 

accentuation of atrial-phase LV diastolic filling in normotensive young individuals while in pre-

hypertensive or hypertensive individuals it was associated with higher LV mass index.

Keywords

Sodium; Potassium; Sodium/Potassium Ratio; Diastole; Left ventricular mass; Echocardiography

Sodium restriction and potassium supplementation are recommended dietary measures to 

prevent cardiovascular disease.1 Previous studies have linked dietary sodium intake with 

changes in cardiac structure, notably increased left ventricular (LV) mass.2,3 Already prior 

to cardiac remodeling, measures of cardiac functioning, deteriorate.4–6 In otherwise healthy 

patients at high risk or at an early stage for hypertensive disease, subtle changes in cardiac 

diastolic functioning can be detected by echocardiography as a consequence of dietary 

sodium loading which may indicate an early stage of LV remodeling.7 To this point 

surprisingly little is known about the relation between dietary sodium and potassium intake 

and LV structure and function in young individuals in large population-based samples as 

comprehensive prospective analyses are largely missing.3 Early identification of 

echocardiographic alterations in LV function in young populations could help to screen for 

those individuals at high risk for LV structural changes. The aim of this study was to 

investigate whether dietary sodium or potassium intake is related to changes in LV diastolic 

function and LV mass in young individuals with normal or elevated blood pressure (BP).

Methods

The Strong Heart Study (SHS) is a longitudinal population-based survey of cardiovascular 

risk factors and disease in American Indians from 13 communities in Arizona, Oklahoma, 

and South and North Dakota that was initiated in 1988. The SHS design and methods have 

been described previously.8 In brief, the Strong Heart Family Study (SHFS) was conducted 

between 2001 and 2003 (SHS exam IV) with a follow-up visit in 2007–2009 (SHS exam V). 

It enrolled 1468 men and 2197 women from 96 large families of SHS participants. All 

participants of the SHFS received extensive examinations including a transthoracic 

echocardiogram at both visits.9 For this analysis, we included only SHFS participants aged 

14-to 39-years. Participants with a history of any cardiovascular disease (i.e. myocardial 

infarction, angina pectoris, heart failure, coronary bypass surgery, angioplasty, carotid 

endarterectomy, valve replacement and significant valve disease [aortic or mitral stenosis or 

more than mild regurgitation] or history of stroke at SHS exam IV were excluded. 

Individuals with missing or incomplete dietary information or with extreme calorie intake 

(i.e., <500 kcal or > 3500 kcal per day) were also excluded from this analysis. Our final 

study population consisted of 1,065 study participants. Participants were followed-up for an 

average of 4 years. The institutional review boards (Cornell University, MedStar Health, and 

University of Oklahoma), Indian Health Service IRB (Phoenix, Oklahoma and Aberdeen) 

and each participating tribe approved the study. Written informed consent was obtained 
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from all participants at enrollment. BP status was assessed by the average of two blood-

pressure readings at baseline examination. Pre-Hypertension was defined as systolic blood 

pressure (SBP) between 120–139 mmHg and diastolic blood pressure (DBP) between 80–89 

mmHg with no hypertension treatment. Hypertension was defined as SBP≥140 or DBP≥90, 

or taking hypertension medication.10 Diabetes was diagnosed if fasting plasma glucose ≥ 

126 mg/dL or if the participant was on diabetes medications.11 Body mass index was 

calculated as body weight divided by height squared (kg/m2). An interviewer-administered 

Block 119-item food frequency questionnaire (FFQ) was applied to all participants at 

baseline.12,13 To compute measures of average daily sodium and potassium intake, the 

frequency response for each food on the FFQ was multiplied by the nutrient content of the 

documented portion size of the food, then summed for all foods.12,13 Echocardiographic 

measures of cardiac geometry and function were collected in all participants by expert 

sonographers and reviewed offline by a highly-experienced investigator. Cardiac geometry 

was assessed by the following parameters: LV internal diameter was measured at end 

diastole and adjusted for height while left atrial diameter was measured in end-systole. LV 

mass was calculated by a necropsy-validated formula and was normalized to height in 

meters2.7 (LV mass index).14 Left ventricular systolic function was assessed by calculating 

ejection fraction as the ratio of stroke volume/end diastolic volume.15 Stroke volume was 

calculated as the difference between end diastolic and end systolic volumes by the z-derived 

method and was normalized to height 2.04.16 LV diastolic function was evaluated by Doppler 

interrogation. Transmitral early (E) and late (A) LV filling velocity were measured at the 

annular level and used to compute the early peak rapid filling velocity to peak atrial filling 

velocity ratio (E/A ratio). Similarly, deceleration time (DT) of early diastolic LV filling, and 

the atrial filling fraction were calculated. Isovolumic relaxation time (IVRT), a raw index of 

active LV relaxation, was measured between aortic valve closure and mitral valve 

opening.4,17,18 The baseline characteristics and echocardiographic measures by hypertension 

status at baseline (SHS-exam IV) are compared using t-test, logistic or marginal models.19 

The marginal models were also used to assess the association of average intakes of sodium 

and potassium as well as sodium/potassium ratio in SHS exam IV with echocardiographic 

measures in SHS exam V separately for normotensive and pre-hypertension/hypertension 

groups. Models were adjusted for age, sex, field center, relatedness among family members, 

and the respective baseline echocardiographic measures. Similar to previous analyses from 

the Strong Heart Family Study the impact of relatedness among family members was 

considered by using standard kinship coefficients (i.e., 0.25 for parent/offspring, 0.25 for 

full siblings, 0.125 for half siblings, and 0 for no consanguinity).18–20 All p-values were 2-

tailed. A p-value <0.05 was considered significant. Data were analyzed with SAS 9.3 (SAS 

Corp, Cary, NC).

Results

Characteristics of study participants by BP status at baseline (SHS exam IV) are presented in 

Table 1. Participants with pre-/hypertension were significantly older, predominantly female, 

more likely to be diabetic, had higher body mass index, and consumed higher intakes of 

sodium. Echocardiographic measures of pre-/hypertensive and normotensive individuals at 

baseline and the follow-up exams are presented in Table 2. Left atrium diameter, LV 
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diameter, and LV mass index were significantly higher in prehypertensives/hypertensives. 

Among parameters of cardiac functioning, prehypertensives/hypertensives had a 

significantly higher heart rate and stroke work but lower systolic output reflected by lower 

ejection fraction. In diastole, mitral E velocity was similar, whereas mitral A velocity was 

significantly higher resulting in a lower E to A ratio in rehypertensives/hypertensives. Last, 

DT and IVRT were significantly longer, and atrial filling fraction was higher in 

prehypertensives/hypertensives. All changes of those cardiac geometry and functioning 

examinations in Table 2 were significant except heart rate and DT in both prehypertensives/

hypertensives and normotensives, A-velocity in normotensives and stroke work in 

prehypertensives/hypertensives. Associations of changes in cardiac geometry are presented 

in Table 3 and Table 4. In normotensive participants (Table 3), sodium or potassium intake 

was not associated with changes in left atrium diameter, LV diameter, or LV mass. Among 

parameters of cardiac diastolic functioning, potassium intake at baseline was found to be 

negatively related to change in mitral E-velocity (p = 0.0294, p = 0.0231 after further 

adjustment for baseline diabetes status), whereas sodium/potassium ratio was positively 

associated with change in the atrial filling fraction (p = 0.0171, p = 0.018 after further 

adjustment for baseline diabetes status). Sodium or potassium intake did not alter LV 

systolic functioning or other LV diastolic parameters such as DT, IVRT, or E to A ratio. In 

prehypertensives/hypertensives (Table 4), sodium/potassium ratio was found to be positively 

associated with LV mass index (p = 0.0459, p = 0.0486 after further adjustment for baseline 

diabetes status). Atrial filling fraction was observed to be positively related to sodium 

consumption (p = 0.0338, p = 0.0335 after further adjustment for baseline diabetes status), 

whereas other cardiac functioning parameters were not associated with either sodium or 

potassium intake.

Discussion

In this prospective community based study of young American Indians, an increase in 

sodium/potassium ratio was related to an increase in atrial filling fraction in normotensive 

individuals, whereas in pre-hypertensive or hypertensive individuals it was associated with 

an increase in LV mass.

Thus far, cross-sectional data on the impact of dietary sodium intake on LV diastolic filling 

in young and healthy individuals indicate that in normotensives and in individuals at early 

stage of hypertension high sodium intake is associated with impaired LV diastolic filling.7 

The largest prospective analyses including 1,042 participants to examine an association 

between sodium and potassium intake and changes in cardiac structure among young 

individuals were undertaken using data from the CARDIA Study.3 There the baseline higher 

sodium to potassium excretion ratio was found to be significantly associated with the higher 

prospective (5 years later) left ventricular mass among healthy young adults. However, this 

association was found to be contributed by the baseline left ventricular mass since it did not 

persist once the baseline left ventricular mass was adjusted in the model.3 Further structural 

and functional parameters were unfortunately not presented in this cohort study. Our data do 

not support changes in cardiac structure in normotensive individuals as a consequence of 

sodium or potassium intake. However, we observed slight changes and modifications in 

diastolic parameters associated with dietary sodium and potassium intakes. Mitral E-velocity 
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was inversely related to potassium intake whereas sodium/potassium ratio was positively 

associated with atrial filling fraction. These changes may be explained by hemodynamic 

responses to sodium loading. High sodium intake in normotensive individuals produces a 

rise in cardiac output by increasing LV preload which influences LV diastolic filling. Thus, 

a dietary pattern rich in sodium increases plasma volume as compared to a potassium rich 

diet and thereby atrial filling is increased. Despite diastolic changes, cardiac structure 

remained unchanged in normotensive individuals suggesting that the undamaged 

myocardium of normotensive individuals is still capable of tolerating increased preload for a 

certain period without increases in LV or left atrial diameters. Eventually, cardiac geometry 

will adopt. In fact, in pre-hypertensive or hypertensive participants, we found an increase in 

sodium/potassium ratio to be positively associated with LV mass after adjusting for baseline 

LV mass. Our findings therefore emphasize the view that an unhealthy dietary pattern 

characterized by excess sodium intake deteriorates the existing negative effects of BP 

elevations on LV mass.21 Our analyses in young individuals complement previous studies 

linking excess sodium intake with early cardiac diastolic functional changes and eventual 

structural changes on a population level.2 Strengths of our analysis include the sample size 

of our study population, a prospective design with long follow-up and standardized 

assessment of echocardiographic measures. In contrast, our study may lack generalizability 

as our cohort was limited to American Indians. Sodium and potassium intakes were 

determined at baseline using food frequency questionnaires that may not represent actual 

sodium and potassium intakes.22

Acknowledgments

The authors thank the Indian Health Service, the SHS participants, the participating tribal communities, and the 
SHS Center coordinators for their help in the realization of this project.

Funding Source

This study was supported by cooperative agreement grants U01-HL41642, U01-HL41652, U01-HL41654, U01-
HL65520, and U01-HL65521 and research grants R01-HL109315, R01HL109301, R01HL109284, R01HL109282 
and R01HL109319 from the National Heart, Lung, and Blood Institute, Bethesda, MD.

References

1. Whelton PK, Appel LJ, Sacco RL, Anderson CA, Antman EM, Campbell N, Dunbar SB, Frohlich 
ED, Hall JE, Jessup M, Labarthe DR, MacGregor GA, Sacks FM, Stamler J, Vafiadis DK, Van 
Horn LV. Sodium, blood pressure, and cardiovascular disease: further evidence supporting the 
American Heart Association sodium reduction recommendations. Circulation. 2012; 126:2880–
2889. [PubMed: 23124030] 

2. Schmieder RE, Messerli FH, Garavaglia GE, Nunez BD. Dietary salt intake. A determinant of 
cardiac involvement in essential hypertension. Circulation. 1988; 78:951–956. [PubMed: 2971474] 

3. Rodriguez CJ, Bibbins-Domingo K, Jin Z, Daviglus ML, Goff DC Jr, Jacobs DR Jr. Association of 
sodium and potassium intake with left ventricular mass: coronary artery risk development in young 
adults. Hypertension. 2011; 58:410–416. [PubMed: 21788603] 

4. de Simone G, Greco R, Mureddu G, Romano C, Guida R, Celentano A, Contaldo F. Relation of left 
ventricular diastolic properties to systolic function in arterial hypertension. Circulation. 2000; 
101:152–157. [PubMed: 10637202] 

5. Musiari L, Ceriati R, Taliani U, Montesi M, Novarini A. Early abnormalities in left ventricular 
diastolic function of sodium-sensitive hypertensive patients. J Hum Hypertens. 1999; 13:711–716. 
[PubMed: 10516743] 

Haring et al. Page 5

Am J Cardiol. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



6. Phillips RA, Goldman ME, Ardeljan M, Arora R, Eison HB, Yu BY, Krakoff LR. Determinants of 
abnormal left ventricular filling in early hypertension. J Am Coll Cardiol. 1989; 14:979–985. 
[PubMed: 2794287] 

7. Langenfeld MR, Schobel H, Veelken R, Weihprecht H, Schmieder RE. Impact of dietary sodium 
intake on left ventricular diastolic filling in early essential hypertension. Eur Heart J. 1998; 19:951–
958. [PubMed: 9651721] 

8. Lee ET, Welty TK, Fabsitz R, Cowan LD, Le NA, Oopik AJ, Cucchiara AJ, Savage PJ, Howard 
BV. The Strong Heart Study. A study of cardiovascular disease in American Indians: design and 
methods. Am J Epidemiol. 1990; 132:1141–1155. [PubMed: 2260546] 

9. North KE, Howard BV, Welty TK, Best LG, Lee ET, Yeh JL, Fabsitz RR, Roman MJ, MacCluer 
JW. Genetic and environmental contributions to cardiovascular disease risk in American Indians: 
the strong heart family study. Am J Epidemiol. 2003; 157:303–314. [PubMed: 12578801] 

10. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, Jones DW, Materson 
BJ, Oparil S, Wright JT Jr, Roccella EJ. The Seventh Report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 report. 
JAMA. 2003; 289:2560–2572. [PubMed: 12748199] 

11. Standards of medical care in diabetes--2011. Diabetes Care. 2011; 34 (Suppl 1):S11–61. [PubMed: 
21193625] 

12. Block G, Hartman AM, Naughton D. A reduced dietary questionnaire: development and validation. 
Epidemiology. 1990; 1:58–64. [PubMed: 2081241] 

13. Cade J, Thompson R, Burley V, Warm D. Development, validation and utilisation of food-
frequency questionnaires - a review. Public Health Nutr. 2002; 5:567–587. [PubMed: 12186666] 

14. Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo E, Sachs I, Reichek N. 
Echocardiographic assessment of left ventricular hypertrophy: comparison to necropsy findings. 
Am J Cardiol. 1986; 57:450–458. [PubMed: 2936235] 

15. Teichholz LE, Kreulen T, Herman MV, Gorlin R. Problems in echocardiographic volume 
determinations: echocardiographic-angiographic correlations in the presence of absence of 
asynergy. Am J Cardiol. 1976; 37:7–11. [PubMed: 1244736] 

16. de Simone G, Daniels SR, Kimball TR, Roman MJ, Romano C, Chinali M, Galderisi M, Devereux 
RB. Evaluation of concentric left ventricular geometry in humans: evidence for age-related 
systematic underestimation. Hypertension. 2005; 45:64–68. [PubMed: 15557389] 

17. Drukteinis JS, Roman MJ, Fabsitz RR, Lee ET, Best LG, Russell M, Devereux RB. Cardiac and 
systemic hemodynamic characteristics of hypertension and prehypertension in adolescents and 
young adults: the Strong Heart Study. Circulation. 2007; 115:221–227. [PubMed: 17210838] 

18. De Marco M, de Simone G, Roman MJ, Chinali M, Lee ET, Calhoun D, Howard BV, Devereux 
RB. Cardiac geometry and function in diabetic or prediabetic adolescents and young adults: the 
Strong Heart Study. Diabetes Care. 2011; 34:2300–2305. [PubMed: 21873564] 

19. Wang W, Lee ET, Howard BV, Fabsitz RR, Devereux RB, MacCluer JW, Laston S, Comuzzie 
AG, Shara NM, Welty TK. Models of population-based analyses for data collected from large 
extended families. Eur J Epidemiol. 2010; 25:855–865. [PubMed: 20882324] 

20. de Simone G, Devereux RB, Izzo R, Girfoglio D, Lee ET, Howard BV, Roman MJ. Lack of 
reduction of left ventricular mass in treated hypertension: the strong heart study. J Am Heart 
Assoc. 2013; 2:e000144. [PubMed: 23744404] 

21. Sacks FM, Campos H. Dietary therapy in hypertension. N Engl J Med. 2010; 362:2102–2112. 
[PubMed: 20519681] 

22. Cobb LK, Anderson CA, Elliott P, Hu FB, Liu K, Neaton JD, Whelton PK, Woodward M, Appel 
LJ. Methodological issues in cohort studies that relate sodium intake to cardiovascular disease 
outcomes: a science advisory from the american heart association. Circulation. 2014; 129:1173–
1186. [PubMed: 24515991] 

Haring et al. Page 6

Am J Cardiol. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Haring et al. Page 7

T
ab

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 s

tu
dy

 p
ar

tic
ip

an
ts

 a
t b

as
el

in
e

V
ar

ia
bl

e

P
re

-H
T

N
 o

r 
H

T
N

 (
n=

56
4)

N
or

m
al

 B
lo

od
 P

re
ss

ur
e 

(n
=5

01
)

M
ea

n
ST

D
M

ea
n

ST
D

p-
va

lu
e*

*

A
ge

 (
ye

ar
s)

29
.2

9
6.

51
27

.4
6.

79
<

0.
00

01

W
om

en
 (

%
)

53
.1

9%
21

.9
6%

<
0.

00
01

Sy
st

ol
ic

 B
lo

od
 P

re
ss

ur
e 

(m
m

H
g)

*
12

6
11

10
8

7
<

0.
00

01

D
ia

st
ol

ic
 B

lo
od

 P
re

ss
ur

e 
(m

m
H

g)
*

82
9

69
7

<
0.

00
01

D
ia

be
te

s 
M

el
lit

us
 (

FP
G

) 
(%

)
16

.3
7%

5.
41

%
<

0.
00

01

B
od

y 
M

as
s 

In
de

x 
(k

g/
m

2 )
34

.5
8

8.
12

30
.8

7
8.

27
<

0.
00

01

So
di

um
 I

nt
ak

e 
(g

/d
)

27
17

11
58

25
54

10
99

0.
01

92

Po
ta

ss
iu

m
 I

nt
ak

e 
(g

/d
)

25
00

10
43

24
42

10
70

0.
36

75

So
di

um
/P

ot
as

si
um

 R
at

io
1.

11
0.

27
1.

09
0.

31
0.

31
40

T
ot

al
 E

ne
rg

y 
In

ta
ke

 (
kc

al
/d

)
20

88
76

5
20

03
74

9
0.

06
86

Fi
el

d 
C

en
te

r

 
A

ri
zo

na
38

.4
8%

32
.7

3%

 
O

kl
ah

om
a

34
.4

0%
29

.3
4%

 
So

ut
h 

D
ak

ot
a

27
.1

3%
37

.9
2%

H
T

N
, h

yp
er

te
ns

io
n;

 p
re

-H
T

N
, p

re
-h

yp
er

te
ns

io
n;

 S
T

D
, s

ta
nd

ar
d 

de
vi

at
io

n.

* Fr
om

 th
os

e 
w

ith
ou

t o
n 

hy
pe

rt
en

si
on

 m
ed

ic
at

io
ns

.

**
p-

va
lu

e 
fr

om
 te

st
in

g 
di

ff
er

en
ce

 o
f 

m
ea

ns
/r

at
es

 b
et

w
ee

n 
Pr

e-
H

T
N

/H
T

N
 a

nd
 N

or
m

al
 b

lo
od

 p
re

ss
ur

e 
gr

ou
ps

.

Am J Cardiol. Author manuscript; available in PMC 2016 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Haring et al. Page 8

T
ab

le
 2

E
ch

oc
ar

di
og

ra
ph

ic
 m

ea
su

re
s 

of
 s

tu
dy

 p
ar

tic
ip

an
ts

 a
t t

he
 b

as
el

in
e 

an
d 

fo
llo

w
-u

p 
ex

am
s

V
ar

ia
bl

e

B
as

el
in

e 
ex

am
 (

P
ha

se
 I

V
)

F
ol

lo
w

-u
p 

ex
am

 (
P

ha
se

 V
)

P
re

-H
T

N
 o

r 
H

T
N

N
or

m
al

 B
lo

od
 P

re
ss

ur
e

P
re

-H
T

N
 o

r 
H

T
N

N
or

m
al

 B
lo

od
 P

re
ss

ur
e

M
ea

n
ST

D
M

ea
n

ST
D

p*
M

ea
n 

(%
)

ST
D

p*
*

M
ea

n 
(%

)
ST

D
p*

*

C
ar

di
ac

 G
eo

m
et

ry

L
ef

t a
tr

iu
m

 d
ia

m
et

er
 (

cm
)

3.
74

0.
44

3.
48

0.
43

<
0.

00
01

3.
85

0.
47

<
0.

00
01

3.
61

0.
48

<
0.

00
01

L
ef

t v
en

tr
ic

ul
ar

 d
ia

m
et

er
 (

cm
) 

at
 d

ia
st

ol
e/

he
ig

ht
(m

)
3.

17
0.

23
3.

12
0.

21
0.

00
47

3.
27

0.
25

<
0.

00
01

3.
21

0.
24

<
0.

00
01

L
V

m
as

s 
in

de
x

78
.6

0
14

.2
3

71
.5

4
13

.4
6

<
0.

00
01

79
.6

7
15

.8
4

0.
03

45
69

.9
7

12
.8

1
0.

00
07

C
ar

di
ac

 F
un

ct
io

ni
ng

H
ea

rt
 R

at
e 

(b
ea

ts
/m

in
)

69
12

65
10

<
0.

00
01

69
12

0.
52

64
65

15
0.

96
77

E
F 

(%
)

59
.6

5
4.

96
60

.5
9

4.
94

0.
00

08
58

.0
6

4.
68

<
0.

00
01

59
.1

9
4.

13
<

0.
00

01

St
ro

ke
 w

or
k 

(m
l)

14
9.

34
34

.3
2

12
2.

18
24

.2
0

<
0.

00
01

15
0.

11
38

.9
0

0.
49

84
12

6.
72

30
.6

5
0.

00
17

E
-v

el
oc

ity
 (

cm
/s

)
89

.5
3

17
.0

2
90

.4
6

15
.1

4
0.

21
16

83
.3

2
17

.3
6

<
0.

00
01

83
.2

0
14

.9
8

<
0.

00
01

A
-v

el
oc

ity
 (

cm
/s

)
59

.3
6

15
.3

9
54

.8
1

13
.4

3
<

0.
00

01
61

.4
2

16
.3

1
0.

00
72

56
.2

3
13

.4
5

0.
14

37

E
 to

 A
 r

at
io

1.
59

0.
44

1.
74

0.
50

<
0.

00
01

1.
42

0.
39

<
0.

00
01

1.
54

0.
39

<
0.

00
01

D
ec

el
er

at
io

n 
tim

e 
(m

s)
17

2.
43

36
.1

1
16

6.
07

37
.1

5
0.

00
82

17
3.

73
43

.1
4

0.
63

30
16

5.
60

41
.0

9
0.

85
30

IV
R

T
 (

m
s)

78
.8

0
10

.4
4

76
.0

1
10

.5
3

0.
00

05
74

.6
5

10
.8

8
<

0.
00

01
73

.9
2

10
.4

5
0.

00
06

A
tr

ia
l f

ill
in

g 
fr

ac
tio

n
0.

27
0.

08
0.

24
0.

07
<

0.
00

01
0.

35
0.

34
<

0.
00

01
0.

33
0.

29
<

0.
00

01

H
T

N
, h

yp
er

te
ns

io
n;

 p
re

-H
T

N
, p

re
-h

yp
er

te
ns

io
n;

 S
T

D
, s

ta
nd

ar
d 

de
vi

at
io

n.

* p-
va

lu
e 

fr
om

 te
st

in
g 

di
ff

er
en

ce
 o

f 
m

ea
ns

 b
et

w
ee

n 
Pr

e-
H

T
N

/H
T

N
 a

nd
 N

or
m

al
 b

lo
od

 p
re

ss
ur

e 
gr

ou
ps

.

**
p-

va
lu

e 
fr

om
 te

st
in

g 
m

ea
su

re
 d

if
fe

re
nc

e 
be

tw
ee

n 
fo

llo
w

-u
p 

an
d 

ba
se

lin
e 

ex
am

s.

Am J Cardiol. Author manuscript; available in PMC 2016 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Haring et al. Page 9

T
ab

le
 3

C
ha

ng
es

 o
f 

ca
rd

ia
c 

ge
om

et
ry

 a
nd

 c
ar

di
ac

 f
un

ct
io

ni
ng

 m
ea

su
re

s 
af

te
r 

ad
ju

st
in

g 
fo

r 
ag

e,
 g

en
de

r,
 c

en
te

r,
 f

am
ily

 r
el

at
ed

ne
ss

 a
nd

 r
es

pe
ct

iv
e 

ba
se

lin
e 

ec
ho

ca
rd

io
gr

ap
hi

c 
m

ea
su

re
s 

in
 n

or
m

ot
en

si
ve

 p
ar

tic
ip

an
ts

V
ar

ia
bl

e
So

di
um

P
ot

as
si

um
So

di
um

/P
ot

as
si

um
 R

at
io

E
st

im
at

ed
 C

oe
ff

.
St

dE
rr

P
E

st
im

at
ed

 C
oe

ff
.

St
dE

rr
P

E
st

im
at

ed
 C

oe
ff

.
St

dE
rr

P

C
ar

di
ac

 G
eo

m
et

ry

L
ef

t a
tr

iu
m

 d
ia

m
et

er
 (

cm
)

−
0.

00
00

15
0.

00
00

12
0.

19
96

−
0.

00
00

22
0.

00
00

12
0.

06
93

0.
02

15
0.

04
21

0.
61

04

L
ef

t v
en

tr
ic

ul
ar

 d
ia

m
et

er
 (

cm
) 

at
 d

ia
st

ol
e/

he
ig

ht
(m

)
−

0.
00

00
06

0.
00

00
07

0.
34

84
−

0.
00

00
02

0.
00

00
07

0.
75

35
−

0.
01

97
0.

02
42

0.
41

56

L
ef

t v
en

tr
ic

ul
ar

 m
as

s 
in

de
x

−
0.

00
01

03
0.

00
03

76
0.

78
35

0.
00

01
89

0.
00

03
79

0.
61

78
−

1.
83

75
1.

34
30

0.
17

20

C
ar

di
ac

 F
un

ct
io

ni
ng

H
ea

rt
 R

at
e 

(b
ea

ts
/m

in
)

−
0.

00
02

25
0.

00
06

60
0.

73
32

−
0.

00
00

35
0.

00
06

70
0.

95
87

−
0.

65
36

2.
34

37
0.

78
05

E
je

ct
io

n 
Fr

ac
tio

n 
(%

)
−

0.
00

00
72

0.
00

01
52

0.
63

48
−

0.
00

01
80

0.
00

01
55

0.
24

62
0.

63
11

0.
54

51
0.

24
76

St
ro

ke
 w

or
k 

(m
l)

−
0.

00
07

02
0.

00
11

86
0.

55
43

−
0.

00
08

33
0.

00
12

07
0.

49
04

−
2.

02
24

4.
34

74
0.

64
20

E
-v

el
oc

ity
 (

cm
/s

)
−

0.
00

06
87

0.
00

06
19

0.
26

77
−

0.
00

13
63

0.
00

06
24

0.
02

94
2.

44
87

2.
22

76
0.

27
23

A
-v

el
oc

ity
 (

cm
/s

)
0.

00
02

59
0.

00
05

26
0.

62
26

0.
00

01
48

0.
00

05
32

0.
78

15
0.

14
88

1.
90

13
0.

93
76

E
 to

 A
 r

at
io

−
0.

00
00

18
0.

00
00

16
0.

25
13

−
0.

00
00

26
0.

00
00

16
0.

10
55

0.
01

41
0.

05
71

0.
80

54

D
ec

el
er

at
io

n 
tim

e 
(m

s)
−

0.
00

07
15

0.
00

18
39

0.
69

77
−

0.
00

04
43

0.
00

18
63

0.
81

19
−

5.
51

09
6.

63
20

0.
40

65

Is
ov

ol
um

ic
 r

el
ax

at
io

n 
tim

e 
(m

s)
0.

00
01

26
0.

00
04

67
0.

78
77

−
0.

00
02

21
0.

00
04

75
0.

64
25

1.
37

76
1.

66
58

0.
40

87

A
tr

ia
l f

ill
in

g 
fr

ac
tio

n
0.

00
00

06
0.

00
00

13
0.

62
16

−
0.

00
00

10
0.

00
00

13
0.

44
08

0.
11

47
0.

04
79

0.
01

71

C
oe

ff
., 

co
ef

fi
ci

en
t; 

P,
 p

-v
al

ue
; S

td
E

rr
, s

ta
nd

ar
d 

er
ro

r.

Am J Cardiol. Author manuscript; available in PMC 2016 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Haring et al. Page 10

T
ab

le
 4

C
ha

ng
es

 o
f 

ca
rd

ia
c 

ge
om

et
ry

 a
nd

 c
ar

di
ac

 f
un

ct
io

ni
ng

 m
ea

su
re

s 
af

te
r 

ad
ju

st
in

g 
fo

r 
ag

e,
 g

en
de

r,
 c

en
te

r,
 f

am
ily

 a
nd

 r
es

pe
ct

iv
e 

ba
se

lin
e 

ec
ho

ca
rd

io
gr

ap
hi

c 

m
ea

su
re

s 
in

 p
re

-h
yp

er
te

ns
iv

e/
hy

pe
rt

en
si

ve
 p

ar
tic

ip
an

ts

V
ar

ia
bl

e
So

di
um

P
ot

as
si

um
So

di
um

/P
ot

as
si

um
 R

at
io

E
st

im
at

ed
 C

oe
ff

.
St

dE
rr

P
E

st
im

at
ed

 C
oe

ff
.

St
dE

rr
P

E
st

im
at

ed
 C

oe
ff

.
St

dE
rr

P

C
ar

di
ac

 G
eo

m
et

ry

L
ef

t a
tr

iu
m

 d
ia

m
et

er
 (

cm
)

0.
00

00
06

0.
00

00
11

0.
57

99
0.

00
00

04
0.

00
00

12
0.

76
54

−
0.

00
93

0.
04

81
0.

84
75

L
ef

t v
en

tr
ic

ul
ar

 d
ia

m
et

er
 (

cm
) 

at
 d

ia
st

ol
e/

he
ig

ht
(m

)
0.

00
00

03
0.

00
00

06
0.

60
25

−
0.

00
00

02
0.

00
00

07
0.

80
93

0.
03

45
0.

02
75

0.
20

98

L
ef

t v
en

tr
ic

ul
ar

 m
as

s 
in

de
x

0.
00

03
65

0.
00

04
31

0.
39

83
−

0.
00

02
04

0.
00

04
70

0.
66

42
3.

67
82

1.
83

70
0.

04
59

C
ar

di
ac

 F
un

ct
io

ni
ng

H
ea

rt
 R

at
e 

(b
ea

ts
/m

in
)

0.
00

05
12

0.
00

04
35

0.
23

98
0.

00
04

32
0.

00
04

71
0.

35
92

0.
09

93
1.

85
70

0.
95

74

E
je

ct
io

n 
Fr

ac
tio

n 
(%

)
−

0.
00

00
41

0.
00

01
55

0.
79

15
0.

00
00

09
0.

00
01

69
0.

95
57

−
0.

10
08

0.
66

41
0.

87
95

St
ro

ke
 w

or
k 

(m
l)

0.
00

02
66

0.
00

13
01

0.
83

79
0.

00
12

77
0.

00
14

23
0.

37
00

−
5.

31
19

5.
57

45
0.

34
12

E
-v

el
oc

ity
 (

cm
/s

)
0.

00
11

78
0.

00
06

05
0.

05
20

0.
00

03
94

0.
00

06
59

0.
55

03
4.

71
86

2.
55

57
0.

06
55

A
-v

el
oc

ity
 (

cm
/s

)
0.

00
07

47
0.

00
05

68
0.

18
93

0.
00

06
40

0.
00

06
18

0.
30

08
0.

36
44

2.
40

79
0.

87
98

E
 to

 A
 r

at
io

0.
00

00
05

0.
00

00
13

0.
69

86
−

0.
00

00
01

0.
00

00
15

0.
92

47
0.

05
47

0.
05

70
0.

33
74

D
ec

el
er

at
io

n 
tim

e 
(m

s)
−

0.
00

09
00

0.
00

16
69

0.
58

98
−

0.
00

04
68

0.
00

18
15

0.
79

65
−

3.
82

28
7.

22
30

0.
59

69

Is
ov

ol
um

ic
 r

el
ax

at
io

n 
tim

e 
(m

s)
−

0.
00

01
68

0.
00

04
42

0.
70

40
−

0.
00

00
30

0.
00

04
80

0.
94

97
−

1.
07

52
1.

89
16

0.
57

00

A
tr

ia
l f

ill
in

g 
fr

ac
tio

n
0.

00
00

30
0.

00
00

14
0.

03
38

0.
00

00
24

0.
00

00
15

0.
12

37
0.

06
81

0.
06

15
0.

26
85

C
oe

ff
., 

co
ef

fi
ci

en
t; 

P,
 p

-v
al

ue
; S

td
E

rr
, s

ta
nd

ar
d 

er
ro

r.

Am J Cardiol. Author manuscript; available in PMC 2016 May 01.


