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Abstract 
Previous Background: Hemodynamic factors, like blood pressure, have been established to be major 
determinants of cardiac left ventricular structure. However, several factors other than blood 
pressure to influence cardiac mass have been implicated. When we did medical survey, cardiac left 
ventricular mass index (LVMI) of one ethnic group that had higher blood pressure was found to be 
smaller than that of the other ethnic groups with a lower blood pressure. Such contradicted data 
from the present study were analyzed combining blood pressure, LVMI and chemical parameters 
obtained from blood and urine. Methods: In a medical survey conducted in Xinjiang, China, 279 
people (65 - 70 years old) from three ethnic groups (Kazakh, Uygur and Han) from two separated 
regions provided blood and urine samples and underwent echocardiography and 24-h ambulatory 
blood pressure monitoring (ABPM). Results: Systolic and diastolic blood pressure obtained from 
ABPM and urinary sodium excretion values were significantly higher in Kazakh than that in Uygur 
and Han. However, LVMI in Kazakh was lower than that in other 2 groups. Plasma aldosterone 
concentration (PAC) and plasma renin activity (PRA) were significantly lowest in Kazakh. The 
values of LVMI in all ethnic groups were positively related to both blood pressure and PAC. An in-
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verse correlation was identified between PAC and urinary sodium excretion value. Conclusion: 
Although higher blood pressure in Kazakh subjects, their LVMI was lower than those of Uygur and 
Han, whose blood pressure was lower than that in Kazakh. These results suggest that blood pres-
sure is not always a determinant for LVMI value. There is a possibility that relatively lower PAC 
resulted from higher sodium intake suppressed the rise in LVMI caused by higher blood pressure 
in Kazakh. 
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1. Introduction 
Morphological changes in the heart during development of hypertension are an important issue, as blood pres-
sure is a major factor in cardiac hypertrophy [1] [2]. However, clinical and experimental studies have revealed 
that several factors other than blood pressure load participate in the pathogenesis of cardiac hypertrophy [3] [4], 
as well as discrepancies between blood pressure control and degree of cardiac hypertrophy [5] [6]. For example, 
several antihypertensive agents have been found to promote the regression of cardiac hypertrophy without hy-
potensive action [7]-[9]. Such suppressive effects by antihypertensive agents on cardiac hypertrophy without in-
hibition of hemodynamic load result from direct action against angiotensin II or catecholamine receptors. On the 
other hand, it has been well established that the aldosterone receptor antagonists are also useful for the regres-
sion of cardiac hypertrophy [10]. Low doses of this agent induce protective effects on the development of car-
diac hypertrophy without reducing blood pressure [11], thus suggesting that aldosterone is one of the factors that 
stimulate enlargement of cardiac mass. 

The data obtained from elderly subjects in a previous survey revealed conflicting results, in which cardiac left 
ventricular index (LVMI) in an ethnic group with higher blood pressure was found to be smaller than that in 
other ethnic groups with lower blood pressure. Such contradictory data were analyzed by combining blood pressure, 
LVMI and chemical parameters obtained from blood and urine to determine whether parameters other than 
blood pressure participate in the control of LVMI. 

2. Subjects and Methods 
A total of 310 healthy adults from 3 ethnic groups were recruited by random selection of resident cards from lo-
cal government offices in Hotan (Hotan Prefecture, southern part of Xinjiang in China) and Balikun (Balikun 
Prefecture, northeastern part of Xinjiang in China). The Ethics Committee of Xinjiang Medical University ap-
proved all study protocols. All subjects provided informed consent before participating in this study. Although 
many subjects were chosen at random, some of the subjects were excluded for reasons as follows; their age were 
not fit an account book, records of ABPM were not produced precisely, and collection of urine was incomplete. 
Thus, a large difference has been produced to a man and woman. A total of 279 subjects were enrolled in this 
study, after excluding subjects with incomplete data. No subjects had previously received antihypertensive 
agents or medication. Subjects from the 3 ethnic groups (elderly Kazakh subjects in Balikun: age 65 to70 years, 
n = 100, 39 males, 61 females; elderly Uygur subjects in Hotan: age 65 to 70 years, n = 94, 62 males, 32 females; 
elderly Han subjects in Hotan and Balikun: age 65 to 70 years, n = 85, 44 males, 41 females) were hospitalized 
for 4 days at local medical centers in Hotan or Balikun. The Han subjects who participated in the study lived in 
both regions. Therefore, since these subjects were of the same ethnic background but lived in different regions, 
this allowed us to examine whether environmental differences were responsible for any of noted changes that 
might be found during the study.  

Subjects arrived at the medical centers in the evening of the first day of hospitalization. All subjects under-
went a physical examination, including measurement of body weight and height. 

On the morning of the second day of hospitalization, 24-h urine collection was initiated in order to determine 
urine volume and sodium excretion levels. Venous blood was drawn on day 3, after the end of the urine collec-
tion cycle and before breakfast, in order to determine PRA and PAC. Subsequently, echocardiographic examina-
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tion was carried out. ABPM using a TM 2421 monitor (A&D Corp., Tokyo, Japan) was performed. From echo-
cardiographic examination, diastolic thickness of the interventricular septum (IVSTd mm), left ventricular post-
erior wall (PWTd mm) and left ventricular diastolic dimensions (LVDd mm) were measured from a parasternal 
left ventricular long axis view and a short axis view. Left ventricular mass (LVM) was calculated using the for-
mula: LVM = 1.04 [(IVSTd + PWTd + LVDd )3 − LVDd3] − 13.6, as reported previously [12]. Left ventricular 
mass index (LVMI) was corrected for body surface area (BSA g/m2). Mean systolic blood pressure (SBP) and 
mean diastolic blood pressure (DBP) obtained during 24-h ABPM were used as blood-pressure values in the 
study. The subjects allowed to act freely in the hospital except for the meal, blood sampling and installation of 
ABPM. Traditional Islamic meals were provided during hospitalization. Urinary sodium levels were measured 
using an RA-2000 automatic analyzer (Technicon Instruments, Tarrytown, NY, USA). Radioimmunoassay kits 
were used to measure PRA (Beijing North Biotechnology Institute, Beijing, China), PAC (Diagnostic Products 
Corp., Los Angeles, CA, USA). Body mass index (BMI) was calculated as follows: BMI = BW/(height, in me-
ters)2. BSA was calculated as follows: BSA = (weight0.425 × height0.725) × 0.007184. 

3. Statistical Analysis 
All values are shown as means ± standard error (SE). All statistical calculations were performed using SPSS for 
Windows (version 11.5; SPSS, Chicago, IL, USA). Intra-group comparisons were performed using one-way 
ANOVA with Turkey’s post-hoc testing. Multiple regression analysis was performed using LVMI as a depen-
dent variable and age, sex, BMI, SBP, PRA, PAC, urinary sodium excretion values and ethnicity as independent 
variables. Values of P < 0.05 were considered to be statistically significant. 

4. Results 
SBP and DBP were significantly higher in Kazakh subjects (136.7 ± 2.08 mmHg and 77.9 ± 1.12 mmHg) than 
in Uygur subjects (125.2 ± 1.73 mmHg and 71.1 ± 1.58 mmHg) and Han subjects (127.2 ± 2.11 mmHg and 73.8 
± 1.12 mmHg; Figures 1(a), (b)). LVMI was significantly lower in Kazakh subjects (84.7 ± 2.29 g/m2) than in 
Uygur subjects (98.3 ± 2.92 g/m2) and Han subjects (93.7 ± 3.14 g/m2; Figure 1(c)). Urinary sodium excretion 
values were significantly lower in Uygur subjects (128.2 ± 5.59 mEq/day) than that in Kazakh subjects (178.8 ± 
7.75 mEq/day) or Han subjects (168.1 ± 8.10 mEq/day; Figure 1(d)). PRA was significantly lower in Kazakh 
subjects (0.27 ± 0.07 ng/ml/h) than in Uygur subjects (0.58 ± 0.03 ng/ml/h; Figure 1(e)) or Han subjects (0.42 ± 
0.05 ng/ml/h). PAC was lowest in Kazakh subjects (29.8 ± 2.18 pg/ml) in 3 groups. PAC in Han subjects (75.3 ± 
6.84 pg/ml) was lower than that in Uygur subjects (110.6 ± 5.58 pg/ml) (Figure 1(f)). 

When data from the 3 groups were analyzed together using multiple regression analysis, LVMI was correlated 
with SBP (r = 0.22, P < 0.0001; Figure 2(a)), DBP (r = 0.18, P < 0.05; Figure 2(b)) and PAC (r = 0.34, P < 
0.0001; Figure 2(c)). PAC was inversely correlated with urinary sodium excretion values (r = 0.33, P < 0.05; 
Figure 2(d)). PRA was not correlated with blood pressure, LVMI or PAC. Clinical characteristics of study sub-
jects from the 3 ethnicities are shown in Table 1. There was no difference in age between the 3 groups. BMI 
was highest in Kazakh. In multivariable linear regression analysis with LVMI as dependent variable, SBP (β = 
0.271, P = 0.001) and PAC (β = 0.183, P = 0.01) were independently associated with LVMI (Table 2).  

For the Han subjects that lived either in the Hotan or in the Balikun regions, there were no differences noted 
for the BMI, SBP, DBP, age, GFR and LVMI. Urialy sodium excretion was higher in the Han subjects lived in 
Blikun than that in Hotan. PAC was lower in the Han subjects of Balikun than that of Hotan (data not shown). 

5. Discussion 
Numerous factors play a role in increasing LVMI. However, blood pressure has been identified as the major de-
terminant in developing LVMI [13]. On the other hand, it has been reported that several chemical and neurolog-
ical substances also influence cardiac LVMI [14]. For example, subclinical doses of antihypertensive agents, 
angiotensin-converting enzyme inhibitor [15], α1-blockade [8] and β-blockade are reported to be effective in 
preventing development of cardiac hypertrophy [16]. Low doses of spironolactone also protect against increases 
in LVMI without decreasing blood pressure [17], thus suggesting that aldosterone is an important substance for 
inducing enlargement of LVMI. 

In the present survey, blood pressure was significantly higher in Kazakh than Uygur and Han subjects. In  
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(a)                            (b)                              (c) 

 
(d)                            (e)                              (f) 

Figure 1. Systolic blood pressure (SBP, a) and diastolic blood pressure (DBP, b), as measured by 
ABPM, left ventricular mass (LVMI; c), urinary sodium excretion value (U.Na, d), plasma aldoste-
rone concentration (PAC, e) and plasma renin activity (PRA, f) in the 3 ethnic groups. KAZ, Ka-
zakh subjects; UYG, Uygur subjects; Han, Hun subjects.                                     

 
Table 1. Comparison of demographic and biochemical characteristics between the study groups.                         

 KAZ UYG HAN  
Variables (n = 100, m/f = 39/61) (n = 94, m/f = 62/32) (n = 85, m/f = 44/41) P 

Age (years) 67.1 ± 0.17 67.1 ± 0.11 67.2 ± 0.20 NS 

BMI (kg/m2) 24.2 ± 0.38* 21.1 ± 0.23* 22.6 ± 0.30* *P < 0.001 vs. other groups 

LVMI (g/m2) 84.7 ± 2.29 98.3 ± 2.29 93.7 ± 3.14 *P < 0.05 vs.KAZ 

SBP (mmHg) 136.7 ± 2.08 125.2 ± 1.73* 127.2 ± 1.65* *P < 0.001 vs.KAZ 

DBP (mmHg) 77.9 ± 1.12* 71.1 ± 1.58* 73.8 ± 1.12* *P < 0.01 vs. other groups 

PRA (ng/ml/h) 0.27 ± 0.07 0.58 ± 0.03 0.42 ± 0.05 *P < 0.001 vs. other groups 

PAC (pg/ml) 29.1 ± 2.18 110.6 ± 5.58 75.3 ± 6.84 *P < 0.01 vs. other groups 

U. Na (mEq/day) 178.8 ± 7.75* 128.2 ± 5.59 168.1 ± 8.10* *P < 0.0001 vs.UYG 

Values are expressed as mean ± SE. KAZ, Kazakh people; UYG, Uygur people; HAN indicates Han people; m/f, male/female; BMI, body mass index; 
LVMI, left ventricular mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; PRA, plasma renin activity; PAC, plasma aldosterone 
concentration; U.Na, urinary sodium excretion. 
 
contrast, LVMI was significantly lowest in Kazakh subjects. Higher LVMI in Kazakh subjects was expected, as 
they tend to have higher blood pressure. Therefore, factors other than blood pressure that may influence LVMI 
were examined in the present study. Large differences in PAC and PRA were seen between Kazakh subjects and  
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Table 2. Multiple regression analysis with LVMI as the dependent variable.                                   

  LVMI (g/m2)  

 SE β t P 

sex (male/female) 3.858 −0.115 −1.846 0.1020 

age (years) 0.951 −0.080 −1.279 0.2150 

BMI (kg/m2) 0.552 −0.046 −0.110 0.4950 

SBP (mmHg) 0.095 0.271 3.906 0.0001 

PRA (ng/ml/h) 3.052 −0.040 −0.675 0.5310 

PAC (pg/ml) 0.035 0.183 2.900 0.0100 

U.Na (mEq/day) 0.029 −0.081 −1.002 0.2480 

Ethnicity 2.206 0.008 0.319 0.9070 

LVMI, left ventricular mass index; BMI, body mass index; SBP, systolic blood pressure; PRA, plasma renin activity; PAC, plasma aldoste-
rone concentration; U.Na, urinary sodium excretion. 

 

 
(a)                                                       (b) 

 
(c)                                                       (d) 

Figure 2. Relationship between left ventricular mass (LVMI) and systolic blood pressure (SBP, a), diastolic blood 
pressure (DBP, b), as measured by ABPM, and plasma aldosterone concentration (PAC; c), and between PAC and 
urinary sodium excretion value (U. Na; d). The 3 ethnic groups were combined and relationships were evaluated by 
multivariate analysis.                                                                               

 
Uygur subjects, as shown in Figures 1(e) and (f). As the renin-angiotensin-aldosterone system is known to in-
fluence LVMI, it appears that lower PAC and PRA have a negative effect on development of LVMI. 

The present results confirmed the relationship between blood pressure and LVMI, as shown in Figure 2(a) 
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and (b), in which multiple liner regression analysis between blood pressure and LVMI in the 3 ethnic groups 
clearly showed a positive relationship. Therefore, blood pressure is still a major factor affecting LVMI. In addi-
tion, PAC was significantly correlated with LVMI, as shown in Figure 2(c), thus confirming that aldosterone is 
also an important factor for determining LVMI. In contrast, PRA was unrelated to LVMI, and there were no 
significant correlations between PAC and PRA. Although a close correlation between renin and aldosterone is 
known, the absence of a relationship between PAC and PRA in the present study cannot be explained. 

The inverse correlation of PAC and urinary sodium excretion values in the present study was as expected. 
Higher salt intake reflected by higher urinary sodium excretion in Kazakh subjects apparently induced their low 
PAC. Urinary sodium excretion values were associated with blood pressure, but not with LVMI (data not 
shown). When these findings are generalized, dietary sodium plays a role in modulating LVMI indirectly 
through blood pressure and PAC, although it did not directly influence LVMI. High salt intake induces higher 
blood pressure, which causes higher LVMI [18]. On the other hand, high salt intake reduces PAC. Therefore, 
even if blood pressure was higher in Kazakh subjects, LVMI was lower than in Uygur subjects, who showed 
higher PAC than Kazakh subjects. In other words, decreased PAC increased LVMI via higher blood pressure 
caused by higher salt intake, which in turn lowered PAC. Confusing relationships between left ventricular 
structure and urinary sodium excretion and aldosterone have been reported [19]. Based on the present study, the 
changes in aldosterone and blood pressure may have had the opposite effect on LVMI. High salt intake causes 
increased blood pressure and LVMI, and decreasing aldosterone, possibly protecting against enlargement of 
LVMI. However, the potential interaction between PAC and blood pressure should also be considered in deter-
mining the association of aldosterone, blood pressure and LVMI. 

A limitation of this study was that there were no significant associations between PRA, urinary sodium excre-
tion values and LVMI. The final activating factor in the renin-angiotensin system is angiotensin II (A-II). How-
ever, the status of A-II was not determined, either in circulation or locally. A-II is a powerful stimulating factor 
in aldosterone production. It is possible that if this polypeptide was examined in this study, a significant associa-
tion between A-II and LVMI may be seen. This polypeptide should therefore be examined to determine whether 
it is significantly associated with LVMI. 

6. Conclusion 
In conclusion, the present results indicate that both blood pressure and aldosterone are direct determinants of 
LVMI. Salt intake regulated these determinants, inducing increases in blood pressure and decreases in aldoste-
rone. The changes in these parameters in this study have a counter effect on LVMI, depending on changes in salt 
intake, thus suggesting a complex relationship between salt intake and LVMI. Thus, the higher blood pressure 
and lower LVMI in Kazakh subjects can be explained by variations in blood pressure, PAC and urinary sodium 
excretion. 
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