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Adults at Ellisras
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Abstract

Cardiovascular disease is a notable cause of death globally. When undetected, 
varying measurements of BP between arms can lead to inaccuracies in the inter-
pretation and management of blood pressure consequently putting individuals in 
an avoidable risk through sub-optimal blood pressure control. The aim of the study 
was to determine the difference in blood pressure between the arms and its associa-
tion to cardiovascular risk in young adults at Ellisras. A total of 624 young adults 
aged 18 to 29 years old participated in the study. Blood pressure measurements and 
blood analysis were done according to standard procedures. Multivariate logistic 
regression was used to determine the association between interarm blood pressure 
and cardiovascular risk factors. There was significant (p ≤ 0.05) mean difference 
of diastolic blood pressure of the <10 mmHg and ≥ 10 mmHg groups. There was a 
positive significant association between systolic inter arm blood pressure difference 
and hypertension (B = 5.331; 95%CI = 12.260–23.183; P = 0.026) while no signifi-
cant association was found between diastolic blood pressure and interarm diastolic 
differences in diastolic blood pressure (B = 1.081; 95%CI = 1.032–1.131; P = 0.920). 
The current study showed positive associations between inter arm differences and 
a few cardiovascular risk factors including BMI and gender. Detection of an inter-
arm BP difference should motivate the need for a thorough cardiovascular/health 
assessment.

Keywords: inter arm blood pressure, young adults, cardiovascular risk,  
cross-sectional study, association

1. Introduction

Cardiovascular disease (CVD) is a notable cause of death globally [1]. One main 
contributing factor to cardiovascular disease development is arteriosclerosis and it 
is the key cause of morbidity and mortality [2]. Blood pressure (BP) measurement 
is the most commonly utilized method of assessing arteriosclerosis activity [3]. 
Systolic blood pressure (SBP) difference between arms (inter-arm difference/IAD) 
is one risk marker that is easy to measure since it does not require extra equipment 
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and seems acceptable to patients. Circumstances in which differences in BP were 
found in clinical settings were infrequent [4, 5].

When undetected, varying measurements of BP between arms can lead to 
inaccuracies in the interpretation and management of blood pressure consequently 
putting individuals in an avoidable risk through sub-optimal blood pressure control 
[6]. Furthermore it has been reported that systolic BP difference of 10 mmHg or 
greater between both arms was related with cardiovascular risk/complications 
[7, 8]. Moreover an inter arm difference is mostly encountered with differences 
in systolic of 10 mmHg or greater prevalent in 11% of hypertensive patients, 7% 
diabetic patients as well as 4% of the general population [5].

Past studies have discovered a rise in the incidence of big inter arm difference 
in hypertensive [9] and diabetic patients [10]. The association between inter arm 
difference and atherosclerosis-related diseases, such as coronary artery disease 
[11], and other peripheral artery disease were also reported [12, 13]. Nevertheless, 
the majority of these studies took place in populations that were Westernized/
urbanized with little sample sizes and comprising of certain disease groups. The 
prevalence of selected cardiovascular risk factors has been reported in young adults 
at Ellisras including BP/hypertension [14], but the inter arm BP difference was not 
investigated. Furthermore as far as we are aware, such a study was not reported 
among black South Africans in Limpopo Province. Therefore the study aimed to 
determine the blood pressure difference between arms and its association to cardio-
vascular risk in young adults at Ellisras.

2. Methods and materials

2.1 Sample

The study constituted of 624 young adults (306 males; 318 females) aged 18 
to 29 years old from the Ellisras Longitudinal Study (ELS) in Lephalale, Limpopo 
province in South Africa. The details of ELS are explained elsewhere [15]. The study 
was approved by the Ethics Committee at the University of Limpopo prior to the 
study commencing. Consent forms were also signed by the participants.

Participants with factors that could influence the reliability of the study includ-
ing pregnancy and chronic diseases or hospitalization were excluded.

2.2 Blood pressure measurements

Prior to being measured the participants rested for approximately 5 minutes. 
Afterwards, three blood pressure (BP) readings of systolic blood pressure (SBP) 
And diastolic blood pressure (DBP) were measured five minutes apart in both the 
left and right arms using an electronic Micronta monitoring kit, [16, 17]. Average 
BP was calculated for both arms. Then the difference between the average SBP and 
DBP in the left and right arms was calculated.

2.3 Cardiovascular risk factor measurements

All participants underwent height and weight measurements according to the 
standard procedures [18]. The weight and height were then used to determine the 
body mass index (BMI) [18].

There was fasting of between 8–10 hours before the collection of blood samples. 
All blood sample collections were carried out in schools by qualified nurses from the 
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Witpoort Hospital at Ellisras in the morning. The samples were collected, stored, 
transported, and analyzed according to standard procedures [14].

Blood glucose (fasting) was drained into fluoride tubes and measured using 
an Accu-chek [19]. The total cholesterol (TC) and high-density lipoprotein 
cholesterol (HDL-C) levels were both measured using standard procedure that 
utilizes spectrophotometry. The Friedewald equation was then used to determine 
low density lipoprotein cholesterol (LDL-C) (LDL-C = TC - HDL-C - TG/2.2) 
[20]. Triglycerides (TG) measurement was done through standard enzyme-based 
colorimetric technique. These measurements were all accomplished using an AU480 
Chemistry System from Beckman Coulter (Brea, Calif).

All apparatuses underwent calibration based on standard procedures. These 
blood analysis was carried out by workers in the Department of Pathology and 
Medical Science Unit at University of Limpopo.

The cut-off points were as follows: hypertension was defined as systolic and 
diastolic blood pressure ≥ 140/90 mmHg. Diabetes was defined as elevated FBG 
≥7.8 mmol/L while obesity was defined as BMI (kg/m2) ≥25 kg/m2 [21].

2.4 Statistical analysis

Inter arm systolic blood pressure difference (IASBPD) and inter arm diastolic 
blood pressure difference (IADBPD) were described as the absolute value of the 
left arm SBP/DBP minus the right arm SBP/DBP respectively. Both the IASBPD and 
IADBPD were grouped into two categories based on a cut-off point: <10 mmHg 
which is normal and ≥ 10 mmHg which is the category increasing cardiovascular 
risk [22]. Continuous variables were articulated as mean ± standard deviation while 
categorical variables were articulated as frequencies and percentages. Moreover 
comparisons of the variables were performed between the two cut-off groups using 
independent t test for continuous variables, and chi-square test for categorical 
variables. A multivariate logistic regression model was used to analyze the associa-
tion between IASBPD and IADBPD, height, weight, BMI, SBP, DBP, fasting glucose, 
TC, TG, HDL-C, LDL-C, diabetes and hypertension. All analyses were performed 
using SPSS software version 14.0 and P-value of ≤0.05 was considered statistically 
significant.

3. Results

Table 1 represents the Descriptive statistics of the general characteristics. 
There was significant (p ≤ 0.05) mean difference of diastolic blood pressure of the 
<10 mmHg and ≥ 10 mmHg groups. The prevalence of obesity, diabetes and hyper-
tension was insignificantly (p > 0.05) higher in the <10 mmHg group (1.8–30.9%) 
than the ≥10 mmHg (0–16.7%).

Table 2 shows the association between risk factors and inter arm differences in 
systolic blood pressure among Ellisras young adults. There was a positive significant 
association between IASBPD and hypertension (B = 5.331; 95%CI = 12.260–23.183; 
P = 0.026). There was also a positive significant association found between gender 
and IASBPD (B = 1.998; 95%CI = 0.022–3.903; P = 0.043).

Table 3 shows the association between risk factors and interarm differences in 
diastolic blood pressure among Ellisras young adults. There was a positive signifi-
cant association found between SBP and IADBPD (B = 1.003; 95%CI = 0.967–1.041; 
P = 0.001) while there was no significant association found between DBP and 
IADBPD (B = 1.081; 95%CI = 1.032–1.131; P = 0.920).
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Variables <10 mmHg ≥10 mmHg P-value

Height (cm) 168.26 ± 13.15 169.52 ± 10.19 0.743

Weight (Kg) 66.99 ± 14.22 67.74 ± 22.54 0.859

BMI (Kg/m2) 23.51 ± 5.47 23.58 ± 7.39 0.964

SBP (mmHg) 119.99 ± 12.88 117.92 ± 20.38 0.585

DBP (mmHg) 70.03 ± 9.62 81.50 ± 15.41 0.000

Fasting glucose (mmol/L) 5.54 ± 1.27 5.38 ± 0.87 0.677

TC (mmol/L) 4.14 ± 1.03 4.39 ± 1.05 0.406

TG (mmol/L) 1.01 ± 0.59 1.05 ± 0.48 0.827

HDL-C(mmol/L) 1.15 ± 0.34 1.18 ± 0.33 0.724

LDL- C (mmol/L) 2.80 ± 0.87 3.00 ± 0.84 0.429

Gender m = 301(49.2%)

f = 311(50.8%)

m = 5 (41.7%)

f = 7(58.3%)

0.606

Obesity 189(30.9%) 2(16.7%) 0.716

Diabetes 10(1.66%) 0(0%) 0.655

Hypertension 11(1.8%) 1(8.3%) 0.103

P ≤ 0.05.

Table 1. 
Descriptive statistics showing general characteristics.

Variables B 95%CI P-value

Lower upper

Age (years) 0.929 0.825 1.046 0.222

Gender 1.998 0.022 3.903 0.043

Height (cm) 1.002 0.981 1.024 0.853

Weight (kg) 1.038 0.986 1.092 0.159

BMI (Kg/m2) 0.882 0.764 1.018 0.087

SBP (mmHg) 1.000 0.974 1.026 0.983

DBP (mmHg) 1.012 0.980 1.045 0.464

Fasting glucose(mmol/L) 1.093 0.822 1.454 0.540

TC(mmol/L) 0.000 0.000 — 1.000

TG (mmol/L) 23.905 0.000 — 1.000

HDL-C (mmol/L) 1174525.430 0.000 — 1.000

LDL-C (mmol/L) 7854389.463 0.000 — 1.000

Diabetes 0.000 0.000 — 0.999

Hypertension 5.331 12.260 23.183 0.026

P ≤ 0.05.

Table 2. 
The association between risk factors and inter arm differences in SBP.
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4. Discussion

In the current study, 12 participants (5 males and 7 females; 1.92% of the sample 
size) showed an inter arm difference ≥ 10 mmHg. A previous study has suggested 
that interarm BP difference was more usual among young healthy study partici-
pants, with an interarm blood pressure difference > 10 mm Hg reported in 111 
(12.6%) and 77 (8.8%) participants for SBP and DBP respectively [23]. The current 
study did not find similar results due to a low prevalence found. Another study 
conducted among hypertensive patients reported a prevalence of 7.7% (285 patients 
with a systolic interarm difference of ≥10 mm Hg), while 1.5% (57 patients) had 
a ≥ 10 mmHg diastolic interarm blood pressure difference. Furthermore, a study 
by Kim et al. [22] reported a 0.6% (21 patients) prevalence for both systolic and 
diastolic interarm difference ≥ 10 mmHg.

The different findings found between the current and other related studies could 
be because of the varying age groups, diseases profile of the participants (some 
being healthy and others suffering from hypertension and other chronic diseases) 
or even the different methods used to measure the interarm BP difference. The 
difference in systolic blood pressure between arms is considered a risk marker and 
advantageous due to that it is easy to measure clinically without additional equip-
ment and is more acceptable to patients. Furthermore, studies have associated a 
systolic inter arm difference ≥ 15 mmHg [24], and ≥ 10 mmHg with cardiovascular 
risk and mortality [7]. The inability to detect the interarm BP difference may result 
in insufficient treatment of people suffering from hypertension and interrupt 
hypertension diagnosis. Hence, it is vital to measure blood pressure in both arms. 

Variables B 95%CI P-value

Lower upper 0.105

Age (years) 0.858 0.713 1.032 0.203

Gender 1.970 0.963 5.596 0.596

Height (cm) 1.023 0.940 1.113 0.851

Weight (kg) 1.013 0.889 1.153 0.654

BMI (Kg/m2) 0.920 0.640 1.323 0.853

SBP (mmHg) 1.003 0.967 1.041 0.001

DBP (mmHg) 1.081 1.032 1.131 0.920

Fasting gucose(mmol/L) 1.024 0.624 1.632 1.000

TC(mmol/L) 187307.604 0.000 — 1.000

TG (mmol/L) 0.072 0.000 — 1.000

HDL-C (mmol/L) 0.000 0.000 — 1.000

LDL-C (mmol/L) 0.000 0.000 — 1.000

Diabetes 0.000 0.000 — 0.999

Hypertension 0.261 0.022 3.132 0.290

P ≤ 0.05.

Table 3. 
The association between risk factors and inter arm differences in diastolic blood pressure among Ellisras young 
adults.
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A previous study has reported that blood pressure measured in only one arm would 
lead to approximately 30% misdiagnosis of hypertensive patients being wrongfully 
classified as normotensive [25].

In multivariate logistic regression of the current study, a positive significant 
association was found between systolic interarm blood pressure and hypertension 
as well as gender. In addition there was also a positive significant association found 
between SBP and diastolic interarm blood pressure difference in the current study. 
A previous study by Kimura et al. [26], reported a positive association between 
systolic interarm systolic blood pressure > 10 mm Hg and SBP and BMI. This was 
different from the findings of the current study since we found a non-significant 
association between BMI and both IASBPD and IADBPD. Furthermore, another 
study by Grossman et al. [27], reported that interarm BP difference was not associ-
ated with age, BMI, and heart rate, but was in association with SBP in both young 
and healthy patients [27]. The latter findings are similar to the current study 
since we found an association between SBP and IADBPD. Moreover, A study by 
Grossman et al. [27] which is supported by another study by Ma et al. [28], reported 
that high inter arm systolic blood pressure difference seems to be more common in 
older than in younger people.

The study had several limitations. The study had limited variables to broadly 
represent the large spectrum of cardiovascular risk/health. The effect of controlling 
interarm blood pressure difference on cardiovascular risk could not be evaluated 
at this stage. The study did not have a large range in terms of the age hence the 
effect of age on the inter arm blood pressure difference could not be adequately 
determined. The cardiovascular health status of the participants was determined on 
a cross sectional basis hence some factors that can temporarily affect measurements 
may have affected the readings. The nature of the study cannot fully establish a 
cause and effect relationship, hence possible bias cannot be ruled out.

5. Conclusions

The current study found a low prevalence of interarm BP difference and showed 
positive associations between inter arm differences and a few cardiovascular risk 
factors including hypertension and gender. More similar studies should include a 
variety of risk factors and diseases as well as a broader age group. Carrying out such 
an investigation on a longitudinal basis is also necessary for exclusion of factors that 
can temporarily affect the findings. Detection of an interarm BP difference that is 
≥10 mmHg should motivate the need for a thorough cardiovascular/health assess-
ment to prevent late diagnosis and other related complications.
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