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Abstract
Purpose: The purpose of this study was to determine the 
point prevalence of Inter-Arm Blood Pressure Difference 
(IAD) in a University Family Health Center (UFHC). 

Methods: 217 patients seen by the Uniformed Services 
University’s (USU) UFHC were assessed in this non-
randomized screening study. Blood pressure was 
measured simultaneously in both arms with automated 
sphygmomanometers in a seated position during normal 
scheduled appointment screening process after 5 minutes 
of sitting. The measure was repeated after one minute. 
The main outcome measure was to establish the point 
prevalence of either a systolic or diastolic IAD difference 
of ≥ 10 mmHg. Paired t-tests were used for categorical 
variables of active duty status, family history, gender, and 
smoking status, while an ANOVA test was used for race. 
Continuous variables of BMI and age were analyzed using 
a Pearson correlation. 

Results: The point prevalence of an IAD > 10 mmHg 
for either systolic or diastolic values combining two 
measurements was 14.2% for all participants with a mean 
age of 27.9 years. IAD had statistical significant association 
with hypertension, higher BMI, male gender, and non- 
Caucasians. 

Conclusions: An IAD of > 10 mmHg is prevalent in > 10% 
of a typical University Health Center population. Bilateral 
blood pressure readings should be taken at least once in an 
adult population. The frequency of repeated measurements 
and their true prognostic value requires greater study. 
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Introduction
Inter-arm difference (IAD) of ≥ 10 mmHg carries an 

increased cardiovascular risk especially in previously 
diagnosed hypertension or vascular disease [1]. Clarke 
published extensively on IAD being a specific measure 
associated with cardiovascular disease [2]. Does this 
mean simultaneous inter-arm blood pressure should be 
standard practice? The 2017 High Blood Pressure Clin-
ical Practice Guideline by the American College of Car-
diology recommends blood pressure should be checked 
initially in both arms and if significant difference to use 
the arm with the higher blood pressure for subsequent 
measurements [3,4]. IAD risk is based on a body of lit-
erature that has explored a wide array of patient popu-
lations including studies of general patient populations 
with ranges of 3% in non-hypertensive patients in Ko-
rea, and a rural England study by Clark Clark, et al. with 
an incidence of 20% for all comers [5,6].

It remains unclear if IAD is an early identification of 
an impending cardiovascular diagnosis [2,5,7,8]. Previ-
ous studies have not been representative of a popula-
tion seen within a typical University Family Health Clinic 
(UFHC) [1,2,5-11]. The Uniformed Services University 
UFHC cares for a relatively young active duty military 
population. A similar population was studied by Van 
der Hoeven which looked at Israeli Air Force applicants 
and found a prevalence of 12% [12]. One might surmise 
that a military population would have a lower incidence 
of hypertension because of the aerobic physical fitness 
requirement, which in the general population has been 
shown to reduce blood pressure in normotensive and 
hypertensive individuals [13]. Instead, the United States 
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part of the medical record for the primary care provider 
to review. The main outcome measure was to establish 
the point prevalence with an IAD of > 10 mmHg systolic 
or diastolic by on averaged calculation of both measure-
ments. For statistical analysis paired t-tests were used 
for categorical variables of active duty status, family his-
tory, gender, and smoking status, while an ANOVA test 
was used for race. Continuous variables of BMI and age 
were analyzed using a Pearson correlation.

Results
All statistical analysis was performed in SPSS. The 

study participants consisted of 110 males and 107 
females for total of 217 with a mean age of 27.9 years 
(Table 1). There were 168 active duty participants and 49 
non-military. The overall mean BP was 119/79 with an 
average of 120/75 for the right arm and 118/74 for the 
left arm. The distribution of measures was in a normal 

military has higher hypertensive rates than the general 
population when compared to young healthy individu-
als [14]. This oddity in hypertensive rates in the United 
States military was previously shown with rates of 11% 
of active duty members under the age of 40, which is in 
contrast to the general United States population report-
ed by the Center for Disease Control in 2013 for those 
under 40 as 7.3% [14,15]. The purpose of this study is to 
establish the point prevalence of ≥ 10 mmHg between 
arms for systolic or diastolic in a typical UFHC.

Methods
This IRB approved study was performed at the Uni-

formed Services UFHC. Participants were recruited 
during the normal screening process for scheduled ap-
pointments. 217 patients voluntarily agreed to partic-
ipate in this nonrandomized study. The only exclusion 
criteria was being under 18-years-old. All participants 
completed a consent and screening questionnaire to 
assess for family and personal medical history, demo-
graphics, ethnicity, medications, smoking status, and 
pregnancy status. Body mass index was calculated from 
height and weight. As per previous literature, blood 
pressure was measured simultaneously in both arms 
with automated sphygmomanometers to reduce over-
estimation of IAD [2]. All blood pressure measurements 
were obtained in a comfortably seated position with the 
participant’s back supported, legs uncrossed, and bilat-
eral upper arms exposed and supported at heart level 
for at least 5 minutes prior to any measurements taken 
[16,17]. The measure was repeated after one minute. 
Participants and the screener were also asked to remain 
silent during the measurement process [12,16]. Each 
sphygmomanometer was calibrated to the manufac-
turer’s guidelines by medical maintenance. In addition, 
all blood pressure measurements were documented as 

Table 1: Patient characteristics.

Gender:
 Male: 110

 Female: 107

Race:
 Caucasian: 144

 Non-Caucasian: 77

Age:
 Mean: 27.9

Military Status:
 Active-duty: 168

 Civilian: 49

BMI:
 Mean: 24.7

Table 2: Inter-arm blood pressure difference by prevalence with systolic blood pressure, diastolic blood pressure, and combined 
measure and mean of the measurements.

Systolic Inter-arm Blood Pressure Difference ≥ 10 mmHg
1st measurement 2nd measurement Patients with IAD in 1st & 

2nd measurements
Averaged measurements

22/217

(10%)

18/217 

(8.3%)

7/217 

(3.2%)

26/217

(12%)

Diastolic Inter-arm Blood Pressure Difference ≥ 10 mmHg
1st measurement 2nd measurement Patients with IAD in 1st & 

2nd measurements
Averaged measurements

9/217

(4.1%)

3/217

(1.4%)

1/217

(0.5%)

5/217

(2.3%)

Combined: Systolic and/or Diastolic Inter-arm Blood Pressure Difference ≥ 10 mmHg
1st measurement 2nd measurement Patients with IAD in 1st & 

2nd measurements
Averaged measurements

29/217* 

(13.3%)

20/217**

(9.2%)

8/217

(3.6%)

31/217 

(14.2%)

*Two patients had a > 10 IAD with both systolic and diastolic pressures on the first measures; **One patient had a > 10 IAD with 
both systolic and diastolic pressures on the second measure.
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A breakdown of statistical analysis can be seen in 
Table 3 with analysis for patient characteristics and 
in Table 4 using blood pressure classifications. An IAD 
difference > 10 mm of Hg and hypertension (> 120 
systolic or > 80 diastolic) had a statistically significant 
association with a p value of 0.02 using a Fisher’s 
Exact test. Higher BMI demonstrated a small statistical 

bell-shaped distribution. The mean IAD was 5.2 systolic 
and 3.5 for diastolic. 22.5% of participants had at least 
one IAD measure of ≥ 10 mm of hg, but the overall point 
prevalence of IAD ≥ 10 mmHg on two averaged readings 
was 14.2% (Table 2). IAD prevalence in for active duty 
military was 11.9% as opposed to 20% for non-military.

Table 3: Statistical analysis of patient characteristics and inter-arm blood pressure difference.

Systolic IAD

(p-value and 95% CI)

Diastolic IAD

(p-value and 95% CI)

Statistical Test

Gender 110 M/107 F p = 0.014 

(0.28, 2.45)

p = 0.286 

(-0.31, 1.06)

t-test

Age 27.9 years (mean) p = 0.155 

(r = 0.097)

p = 0.602 

(r = -0.036)

Pearson 
correlation

BMI 24.7 (mean) p = 0.04 (r = 0.139) p = 0.997 

(r = 0)

Pearson 
correlation

Caucasian vs. 

Non-Caucasian w/IAD

144/73 p < 0.001 p = 0.788 ANOVA

Family History of hypertension 107/217 p = 0.878 

(-1.02, 1.19)

p = 0.31 

(-0.33, 1.04)

t-test

Family History of Diabetes 80/217 p = 0.437 

(-1.66, 0.72)

p = 0.916 

(-0.71, 0.79)

t-test

Family History of Dyslipidemia 67/217 p = 0.508 

(-0.76, 1.52)

p = 0.434 

(-0.43, 1)

t-test

Family History of Heart 
Operations

31/217 p = 0.944 

(-1.52, 1.63)

p = 0.855 

(-0.89, 1.08)

t-test

Family History of 

Obesity

54/217 p = 0.691 

(-1.53, 1.02)

p = 0.79 

(-0.69, 0.90)

t-test

Family History - Myocardial 
Infarction before the age of 50

18/199 p = 0.618 

(-1.49, 2.50)

p = 0.771 

(-1.43, 1.06)

t-test

Family History - Stroke 6/211 p = 0.805 

(-2.94, 3.78)

p = 0.934 

(-2.19, 2.01)

t-test

Table 4: Analysis of inter-arm blood pressure difference and blood pressure by classification.

Covariates IAD Mean Change Statistical Test P-Value
< 10 ≥ 10

Hypertension Category (Using Averaged Measurement)

Normal 147 17 Fisher’s Exact test 0.02

Stage I Hypertension* 35 11

Stage II Hypertensive** 5 2

Hypertension Category (Using Lowest Measurement)
Normal 159 26 Fisher’s Exact test 1

Stage I Hypertension* 24 4

Stage II Hypertensive** 4 0

Hypertension Category (Using Highest Measurement)
Normal 115 9 Chi-sq test < 0.001

Stage I Hypertension* 53 10

Stage II Hypertensive** 19 11

*Stage I hypertension: 120/80 to 139/89;**Stage II hypertension: 140/90 to 159/99.
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and at the very least to perform serial monitoring in the 
arm with the higher pressure reading.

Future research should focus on monitoring the 
changes in IAD over time from young and healthy to 
symptomatic cardiovascular or peripheral vascular dis-
ease. This would allow study of the natural progression 
and opportunities for treatment and prevention.

Conflict of Interest Statement
None to declare.

References
1. Weinberg I, Gona P, Odonnell CJ, Jaff MR, Murabito JM 

(2014) The Systolic Blood Pressure Difference Between 
Arms and Cardiovascular Disease in the Framingham 
Heart Study. Am J Med 127: 209-215.

2. Clark CE, Taylor RS, Shore AC, Ukoumunne OC, 
Campbell JL (2012) Association of a difference in systolic 
blood pressure between arms with vascular disease and 
mortality: a systematic review and meta-analysis. Lancet 
379: 905-914.

3. Whelton PK, Carey RM, Aronow WS, Casey DE, Collins 
KJ, et al. (2017) ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/
ASH/ASPC/NMA/PCNA guideline for the prevention, 
detection, evaluation, and management of high blood 
pressure in adults: a report of the American College of 
Cardiology/American Heart Association Task Force on 
Clinical Practice Guidelines. Journal of the American 
College of Cardiology 13: 24430.

4. Clark CE, Campbell JL, Evans PH, Millward A (2006) 
Prevalence and clinical implications of the inter-arm blood 
pressure difference: A systematic review. J Hum Hypertens 
20: 923-931.

5. Song BM, Kim HC, Shim JS, Lee MH, Choi DP (2016) Inter-
Arm Difference in Brachial Blood Pressure in the General 
Population of Koreans. Korean Circ J 46: 374-383.

6. Seethalakshmi K, Biju Bahuleyan (2015) Inter arm blood 
pressure difference: an indicator of cardiovascular risk. 
International Journal of Research in Medical Sciences 3: 
3782-3785.

7. Arnett DK, Tang W, Province MA, Oberman A, Ellison 
RC, et al. (2005) Interarm differences in seated systolic 
and diastolic blood pressure: the Hypertension Genetic 
Epidemiology Network study. J Hypertens 23: 1141-1147.

8. Johansson JK, Puukka PJ, Jula AM (2014) Interarm blood 
pressure difference and target organ damage in the general 
population. J Hypertens 32: 260-266.

9. Kim SA, Kim JY, Park JB (2016) Significant interarm 
blood pressure difference predicts cardiovascular risk in 
hypertensive patients: CoCoNet study. Medicine 95: 3888.

10. Kurian S, Manjula VD, Joseph RP (2016) Prevalence of 
raised interarm BP difference in young healthy adults–A 
cross sectional study. National Journal of Medical Research 
6: 5-8.

11. Clark CE, Taylor RS, Butcher I, Stewart MC, Price J, et al. 
(2016) Inter-arm blood pressure difference and mortality: a 
cohort study in an asymptomatic primary care population at 
elevated cardiovascular risk. Br J Gen Pract 66: 297-308.

12. van der Hoeven NV, Lodestijn S, Nanninga S, van Montfrans 
GA, van den Born BJ (2013) Simultaneous compared with 
sequential blood pressure measurement results in smaller 

significance with higher IAD with a p value of 0.04 using 
a Pearson correlation. Non-Caucasian with IAD had a 
statistically significant association with IAD > 10 mmHg 
as compared to Caucasians with a p value of < 0.001 
using ANOVA comparing only those with an IAD.

Discussion
This study supports the previous literature with 

a prevalence of > 10% IAD > 10 mmHg in the general 
population. Our study included a younger mean age, 
27.9 years, as compared to previous studies. In the 
United States it is quite rare in clinical practice to 
look for an IAD despite a large body of literature over 
the past 17 years. Due to the increased prevalence 
of CAD and PVD associated with IAD > 10 mmHg, the 
United Kingdom recommends monitoring an inter-arm 
difference, while no association in the United States 
does as the long term significance remains unknown 
[18]. United States guidelines do call for at least one 
time bilateral blood pressure measurements with 
subsequent readings taken in the higher of the two 
arms. Previous observational studies on IAD show it is 
a modest predictor of future cardiovascular events in 
those without cardiovascular disease [2].

A strength of this study was the use of a repeated 
simultaneous measure of IAD. Only 5.0% of participants 
had a measure ≥ 10 mmHg in either their systolic or 
diastolic for both measurements. 22.5% of participants 
had at least one systolic or diastolic measure ≥ 10 mm of 
hg. If a third measure had been done it may have further 
decreased our prevalence. Although the question 
remains, is a single reading sufficient to screen for IAD or 
is there a need for multiple readings? A limitation of this 
study was the sample size and especially in comparison 
of much larger general population studies. Another 
limitation was our inability to use the same model of 
electronic sphygmomanometer for all measures as the 
deflation rates were not the same and could contribute 
to some overestimation. This limitation highlights the 
real consideration for clinics from the financial aspect of 
purchasing new sphygmomanometers.

We feel that IAD should not be routine but should 
be an adjunct to screen once in young adulthood as 
it may detect anatomical associated IAD. From there 
it should be a consideration for use as an annual 
measurement in hypertensive patients or those with 
increased cardiovascular risks. The argument for not 
routinely performing bilateral measurements stems 
from no current clinical guidance on how to manage 
an IAD > 10 mmHg [19]. The United States Preventive 
Services Task Force recommends measuring blood 
pressure annually for adults > 40 years, diagnosed 
with hypertension, overweight or obese, or African 
Americans; and every 3 to 5 years for adults 18 to 39 
years who are normotensive. A reasonable approach 
would be to integrate IAD use with these parameters 

https://doi.org/10.23937/2469-5793/1510101
https://www.ncbi.nlm.nih.gov/pubmed/24287007
https://www.ncbi.nlm.nih.gov/pubmed/24287007
https://www.ncbi.nlm.nih.gov/pubmed/24287007
https://www.ncbi.nlm.nih.gov/pubmed/24287007
http://www.ncbi.nlm.nih.gov/pubmed/22293369
http://www.ncbi.nlm.nih.gov/pubmed/22293369
http://www.ncbi.nlm.nih.gov/pubmed/22293369
http://www.ncbi.nlm.nih.gov/pubmed/22293369
http://www.ncbi.nlm.nih.gov/pubmed/22293369
https://www.ahajournals.org/doi/full/10.1161/HYP.0000000000000065
https://www.ahajournals.org/doi/full/10.1161/HYP.0000000000000065
https://www.ahajournals.org/doi/full/10.1161/HYP.0000000000000065
https://www.ahajournals.org/doi/full/10.1161/HYP.0000000000000065
https://www.ahajournals.org/doi/full/10.1161/HYP.0000000000000065
https://www.ahajournals.org/doi/full/10.1161/HYP.0000000000000065
https://www.ahajournals.org/doi/full/10.1161/HYP.0000000000000065
https://www.ahajournals.org/doi/full/10.1161/HYP.0000000000000065
http://www.ncbi.nlm.nih.gov/pubmed/17036043
http://www.ncbi.nlm.nih.gov/pubmed/17036043
http://www.ncbi.nlm.nih.gov/pubmed/17036043
http://www.ncbi.nlm.nih.gov/pubmed/17036043
http://www.ncbi.nlm.nih.gov/pubmed/27275174
http://www.ncbi.nlm.nih.gov/pubmed/27275174
http://www.ncbi.nlm.nih.gov/pubmed/27275174
https://www.msjonline.org/index.php/ijrms/article/view/2006
https://www.msjonline.org/index.php/ijrms/article/view/2006
https://www.msjonline.org/index.php/ijrms/article/view/2006
https://www.msjonline.org/index.php/ijrms/article/view/2006
https://www.ncbi.nlm.nih.gov/pubmed/15894889
https://www.ncbi.nlm.nih.gov/pubmed/15894889
https://www.ncbi.nlm.nih.gov/pubmed/15894889
https://www.ncbi.nlm.nih.gov/pubmed/15894889
https://www.ncbi.nlm.nih.gov/pubmed/24284500
https://www.ncbi.nlm.nih.gov/pubmed/24284500
https://www.ncbi.nlm.nih.gov/pubmed/24284500
https://www.ncbi.nlm.nih.gov/pubmed/27310982
https://www.ncbi.nlm.nih.gov/pubmed/27310982
https://www.ncbi.nlm.nih.gov/pubmed/27310982
https://www.scopemed.org/?mno=226773
https://www.scopemed.org/?mno=226773
https://www.scopemed.org/?mno=226773
https://www.scopemed.org/?mno=226773
http://www.ncbi.nlm.nih.gov/pubmed/27080315
http://www.ncbi.nlm.nih.gov/pubmed/27080315
http://www.ncbi.nlm.nih.gov/pubmed/27080315
http://www.ncbi.nlm.nih.gov/pubmed/27080315
http://www.ncbi.nlm.nih.gov/pubmed/24102851
http://www.ncbi.nlm.nih.gov/pubmed/24102851
http://www.ncbi.nlm.nih.gov/pubmed/24102851


ISSN: 2469-5793DOI: 10.23937/2469-5793/1510101

Do et al. J Fam Med Dis Prev 2019, 5:101 • Page 5 of 5 •

16. Smith L (2005) New AHA recommendations for blood 
pressure measurement: American Heart Association 
Practice Guidelines. Am Fam Physician 72: 1391-1398.

17. Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, et al. 
(2005) Recommendations for blood pressure measurement in 
humans and experimental animals. Circulation 111: 697-716.

18. Parker E, Glasziou P (2009) Use of evidence in hypertension 
guidelines: should we measure in both arms? Br J Gen 
Pract 59: 87-92.

19. Wolff T, Miller T (2007) Evidence for the Reaffirmation of 
the US Preventive Services Task Force Recommendation 
on Screening for High Blood Pressure Screening for High 
Blood Pressure. Ann Intern Med 147: 787-791.

inter-arm blood pressure differences. J Clin Hypertens 
(Greenwich) 15: 839-844.

13. Whelton SP, Chin A, Xin X, He J (2002) Effect of aerobic 
exercise on blood pressure: a meta-analysis of randomized, 
controlled trials. Ann Intern Med 136: 493-503.

14. Smoley BA, Smith NL, Runkle GP (2008) Hypertension in 
a population of active duty service members. J Am Board 
Fam Med 21: 504-511.

15. Nwankwo T, Yoon SS, Burt V, Gu Q (2013) Hypertension 
among adults in the United States: National Health and 
Nutrition Examination Survey, 2011-2012. NCHS Data 
Brief 133: 1-8. 

https://doi.org/10.23937/2469-5793/1510101
https://www.aafp.org/afp/2005/1001/p1391.html
https://www.aafp.org/afp/2005/1001/p1391.html
https://www.aafp.org/afp/2005/1001/p1391.html
https://www.ncbi.nlm.nih.gov/pubmed/15699287
https://www.ncbi.nlm.nih.gov/pubmed/15699287
https://www.ncbi.nlm.nih.gov/pubmed/15699287
http://www.ncbi.nlm.nih.gov/pubmed/19275828
http://www.ncbi.nlm.nih.gov/pubmed/19275828
http://www.ncbi.nlm.nih.gov/pubmed/19275828
https://www.ncbi.nlm.nih.gov/pubmed/18056663
https://www.ncbi.nlm.nih.gov/pubmed/18056663
https://www.ncbi.nlm.nih.gov/pubmed/18056663
https://www.ncbi.nlm.nih.gov/pubmed/18056663
http://www.ncbi.nlm.nih.gov/pubmed/24102851
http://www.ncbi.nlm.nih.gov/pubmed/24102851
http://www.ncbi.nlm.nih.gov/pubmed/11926784
http://www.ncbi.nlm.nih.gov/pubmed/11926784
http://www.ncbi.nlm.nih.gov/pubmed/11926784
http://www.ncbi.nlm.nih.gov/pubmed/18988717
http://www.ncbi.nlm.nih.gov/pubmed/18988717
http://www.ncbi.nlm.nih.gov/pubmed/18988717
http://www.ncbi.nlm.nih.gov/pubmed/24171916
http://www.ncbi.nlm.nih.gov/pubmed/24171916
http://www.ncbi.nlm.nih.gov/pubmed/24171916
http://www.ncbi.nlm.nih.gov/pubmed/24171916

	Title
	Corresponding author
	Abstract
	Keywords
	Abbreviations
	Introduction
	Methods
	Results
	Discussion
	Conflict of Interest Statement 
	Table 1
	Table 2
	Table 3
	Table 4
	References

