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One size does not fit all: universal cuff overestimates oscillometric blood 
pressure in persons with large arm circumference

Katrine Bovien Gørlitza, Esben Laugesena,b, Christian Trollea, Louise Jung Nørgårda, Siv Lajleva, 
Michele Colomboa, Mette Bohla,b and Klavs Würgler Hansena,c

aDiagnostic Centre, University Research Clinic for Innovative Patient Pathways, Silkeborg Regional Hospital, Denmark; bSteno Diabetes 
Center Aarhus, Aarhus University Hospital, Denmark; cDepartment of Clinical Medicine, Aarhus University, Denmark

ABSTRACT
Objective:  Some brachial cuffs for oscillometric blood pressure (BP) measurement are claimed to 
cover a wide range of upper-arm circumferences; however, their validation is rarely conducted. 
Our aim was to compare oscillometric BP measurements obtained with a universal cuff with those 
obtained with an appropriately sized cuff.
Methods: We utilised the Microlife B6 Connect monitor, conducting oscillometric BP measurements 
in a random sequence with both a universal cuff (recommended for arm circumferences from 22 
to 42 cm) and an appropriately sized cuff (medium for circumference 22–32 cm and large for 
32–42 cm). We included 91 individuals with an arm circumference of 22–32 cm and 64 individuals 
with an arm circumference of 32–42 cm.
Results:  For arm circumferences > 32 cm, systolic and diastolic BP measured with the universal 
cuff was higher than that measured with the large cuff (systolic 6.4 mmHg, 95% confidence 
interval [CI]). 3.9–8.8, diastolic 2.4 mmHg, 95%CI, 1.2–3.7, p < 0.001 for both). Overestimation of BP 
with the universal cuff was statistically significant after correcting for the sequence of 
measurements. No statistical difference was found between the universal cuff and medium cuff 
for circumferences in the 22–32 cm range. The bladder size in the universal cuff matched the 
dimensions of the medium-sized cuff; however, the cuff was larger.
Conclusion:  Overestimation of BP measured with a universal cuff in persons with large arm 
circumferences is clinically important. It poses the risk of unnecessary initiation or intensification 
of antihypertensive medication in persons using the universal cuff.

PLAIN LANGUAGE SUMMARY
What is the context?
•	 Clinical guidelines recommend individualisation of the size of the cuff used for blood pressure 

measurement according to the circumference of the upper arm.
•	 Many blood pressure monitors are sold with a single “universal” cuff claimed to cover a wide 

range of upper arm sizes.
•	 We compared blood pressure obtained with the Microlife B6 Connect monitor and a “universal” 

cuff with the results obtained with individual sized cuffs (medium size for arm circumference 
between 22 and 32 cm and large size for arm circumference between 32 and 42 cm).

What is new?
•	 In persons with large upper arm circumference is the systolic blood pressure 6.4 mmHg 

higher and the diastolic blood pressure 2.4 mmHg higher with the universal cuff than with 
the individual-sized large cuff.

What is the impact?
•	 The universal cuff overestimates blood pressure in persons with large arm circumference.

Introduction

Accurate measurement of blood pressure (BP) is 
crucial for the diagnosis and management of 

hypertension. The use of an appropriately sized cuff 
and bladder is a prerequisite for accurate measure-
ments. O’ Brien extensively reviewed this subject in 
1996 [1]. Originally rooted in experiences with 
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auscultatory measurements, extensive documentation 
supports the notion that a bladder size that is too 
small in comparison to the upper arm circumference 
(“undercuffing”) leads to overestimation of BP 
because the cuff pressure surpasses the pressure at 
the level of the artery. All guidelines advocate the 
use of a larger bladder size for arms with larger cir-
cumferences, although specific recommendations for 
dimensions may vary. Apart from specific cases, 
such as children and pregnancy, oscillometry is the 
prevailing technique for office BP measurement in 
the twenty first century. Auscultatory BP measure-
ments require initial total compression of the bra-
chial artery, which creates a no-flow state. In 
contrast, oscillometry relies on analysing pressure 
oscillations in the cuff across a pressure interval 
around the mean BP, corresponding to the peak 
amplitude of the oscillations [2]. Several attempts 
have been made to use a conical cuff with standard 
bladder dimensions for a wide range of upper arm 
sizes. Manufacturers claim that an internal algorithm 
can compensate for varying oscillometric signals 
caused by different arm circumferences [2–4]. The 
2023 European Society of Hypertension (ESH) guide-
lines recommend a bladder length of 75–100% and a 
bladder width of 37–50% of the middle upper arm 
circumference for auscultatory measurements [5]. 
For oscillometric measurements, the guidelines pri-
marily recommend adherence to device instructions. 
The 2021 ESH guidelines for out-of-office BP moni-
toring echo this recommendation but add a note 
that: “some devices have “wide range” cuffs which fit 
the arms of most adults but require proper valida-
tion” [6]. As of 2023, the criteria for the design and 
function of BP devices include validation of both the 
devices and the cuffs they utilise [7].

We recently purchased several Microlife B6 
Connect oscillometric BP monitors (Widnau, 
Switzerland). They were all delivered with a so-called 
universal conical cuff with a semi-rigid shield, and 
the manufacturer’s instructions stated that these 
cuffs, designated M-L, could be used for all arm 
circumferences between 22 and 42 cm. Documentation 
on the performance of the universal cuff in persons 
with obese arms, using the Microlife BP A100, was 
restricted to comparison solely with auscultatory 
measurements and within a limited number of per-
sons [4,8].

The aim of the present clinical quality control 
study was to compare oscillometric BP measurements 
with the universal cuff with those obtained with a 
medium cuff (for arm circumference 22–32 cm) and a 
large cuff (32–42 cm), while applying a pragmatic 

study protocol that could be fitted into a standard 
clinical routine setting.

Materials and methods

The Microlife B6 Connect is presented by the com-
pany as a "a consumer" product, that is, for home BP 
monitoring. In our clinic, this monitor is used for 
both office and home BP measurement. Starting in 
January 2023, we conducted office BP measurements 
using this monitor in patients scheduled for visits to 
endocrinological or hypertension clinics at the 
Silkeborg Regional Hospital, Denmark. Measurements 
were performed using monitors placed at each of the 
seven consultation offices used for this purpose. All 
patients provided informed consent, and their BPs 
were measured using a universal (M-L) cuff. Patients 
with an arm circumference between 22 and ≤32 cm 
were assessed with the medium cuff, while patients 
with a circumference between >32 cm and ≤42 cm 
were assessed with a large-sized cuff. M and L cuffs 
were microlife cuffs purchased from the Danish pro-
vider of the Microlife BP monitor. Each patient 
underwent three measurements conducted in a ran-
domised order using both the universal cuff and the 
cuff corresponding to their arm circumference. The 
monitor displays the average of three measurements. 
In cases of large differences between the individual 
readings, the monitor presents a weighted average 
using the so-called “Microlife Average Mode” [9].

Using data from our previous study, we found that 
the standard deviation (SD) of two single-arm sequen-
tial systolic BP examinations (calculated as the aver-
age of three measurements) was ± 5.4 mmHg [10]. 
With a minimal relevant difference of 3 mmHg, a type 
I error of 5%, and a type II error of 15%, we calcu-
lated that 58 persons should have their BP measured 
in each category of arm circumference.

Statistical analysis

Data are presented as the mean ± SD. BP data were 
compared using Student’s paired t-test. The distribu-
tion of the first measurement with the universal cuff 
between the two categories of arm circumference and 
the distribution of sex was assessed using the Chi2 
test. Multiple regression was performed with the dif-
ference in BP measured with universal cuff-BP mea-
sured with the M or L cuff as the dependent variable 
and the sequence of measurement and category of 
arm circumference (22 to ≤ 32 or 32 to ≤ 42 cm) as 
independent variables.
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Results

The study was terminated when 155 persons (age 
60.6 ± 14.1 years, 112 males) had been included. Of 
these, 91 had an arm circumference of 22–32 cm 
(28.8 ± 2.2 cm) and 64 had an arm circumference of 
32–42 cm (34.8 ± 2.3 cm). No statistical significant dif-
ferences was found between the group with arm cir-
cumference ≤ 32 cm and the group with circumference 
> 32 cm with respect to sequence of measurement with 
universal or appropriate size cuff or clinical data (Table 
1) In persons with an arm circumference > 32 cm, sys-
tolic and diastolic BP were significantly higher when 
measured with the universal cuff than with the appro-
priately sized L cuff (Table 2). No statistical difference 
was noted between the BP measured with the universal 
cuff and the M-sized cuff for persons with an arm cir-
cumference < 32 cm (Table 2). Adjusting for the order 
of measurement did not change the results (Table 3). A 
Bland-Altman plot of systolic BP (universal cuff) - sys-
tolic BP (appropriately sized cuff) vs. the average BP is 
shown in Figure 1.

Finally, we measured the size of the cuffs and blad-
ders (Table 4). In the M and L cuffs, the bladder was 
easily removed as it was placed in an open pocket in 
the cuff. The bladder in the universal cuff is sealed 

within two layers of fabric and can be removed only 
when the cuff is opened with scissors. In the M and 
universal cuffs, the bladder size had similar dimen-
sions, while the cuff itself was wider and longer than 
both the M and L cuffs. The cuff length was mea-
sured as the largest circumference, allowing full over-
lap of the Velcro patches.

Discussion

We found a significant overestimation of systolic BP 
in persons with an arm circumference > 32 cm when 
using the universal cuff compared to the appropriately 
sized L cuff. This discrepancy has clear clinical impli-
cations, posing the risk of inaccurate hypertension 
diagnosis and unnecessary initiation or intensification 
of antihypertensive medication.

The clinical characteristics related to arterial stiffness 
(age, sex, antihypertensive treatment, diabetes status 
and LDL cholesterol) are evenly distributed between 
the two groups of arm circumference. Although we 
have no information about smoking, it seems fair to 
conclude that the higher BP measured with the univer-
sal cuff compared to the appropiately sized cuff in per-
sons with arm circumference >32 cm is related to the 

Table 1.  Clinical characteristics and sequence of measurements 
for the persons in the two groups of arm circumference.

Upper arm 
circumference  

≤ 32 cm (n = 91)

Upper arm 
circumference  

> 32 cm (n = 64)

Sequence (Universal cuff 
first / last 
measurement)

48/43 32/32 p = 0.7

Circumference (cm) 28.8 ± 2.2 34.8 ± 2.3 Not Relevant
Sex (male %) 34.1 % 26.6 % p = 0.3
(male/ female) (31/60) (17/47)
Age (Years) 61.0 ± 15.3 59.8 ± 12.6 p = 0.6
Diabetes (%) 80.2 % 70.3 % p = 0.2
(yes/no) (73/18) (45/19)
Antihypert. treatment (%) 65.9 % 76.6 % p = 0.2
(yes/no) (60/31) (49/15)
Recent LDL cholesterol 

(mmol/l)
2.0 ± 0.8  
(n = 86)

1.8 ± 0.8  
(n = 61)

p = 0.1

Table 2.  Comparison of blood pressure measured with the universal cuff and an appropriately sized cuff, irrespective of sequence 
of measurements.

Upper arm 
circumference

A
Systolic (Universal 

cuff)
(mmHg)

B
Systolic

(Appropriately sized 
cuff)

(mmHg)

A-B
Mean

(95%CI)
(mmHg)

C
Diastolic

(Universal
cuff)

(mmHg)

D
Diastolic

(Appropriately sized 
cuff)

(mmHg)

C-D
Mean

(95% CI)
(mmHg)

≤32 cm 136.8 ± 20.4 138.5 ± 18.9 −1.8 (−3.8–0.3) 
(p = 0.1)

77.1 ± 10.1 77.3 ± 9.8 −0.1 (−1.2–0.9) 
(p = 0.81)

>32 cm 147.6 ± 19.8 141.2 ± 17.4 6.4 (3.9–8.8) 
(p < 0.001)

81.9 ± 10.9 79.5 ± 11.3 2.4 (1.2–3.7) 
(p < 0.001)

Table 3.  Multiple regression with difference in blood pressure 
(universal cuff – appropriately sized cuff) as dependent vari-
able and sequence of measurement and category of arm cir-
cumference as independent variable.

Dependent variable

Systolic (universal cuff) 
- Systolic (appropriately 

sized cuff)
Beta (95%CI) mmHg

Diastolic (universal 
cuff) - Diastolic 
(appropriately  

sized cuff)
Beta (95% CI)

Independent variables:
Sequence
Appropriately sized cuff 

first = 0
Universal cuff first = 1

8.0 (5.1 − 10.9)* 4.0 (2.6 − 5.5)*

Circumference
≤32 cm = 0
>32 cm = 1

7.9 (5.0 − 10.8)* 2.7 (1.3–4.2)*

Constant −5.5 (−7.90 – −3.2)* −2.2 (−3.3 – −1.0)*

*p < 0.001.
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arm circumference per se, rather than altered arterial 
properties. Two previous studies from 2009 and 2010 
compared oscillometric measurements using a univer-
sal cuff against auscultatory measurements using an 
appropriately sized cuff. These studies encompassed 
individuals with a wide range of arm circumferences 
[4,8]. None of these studies reported any statistically 
significant differences in BP; however, the studies were 
underpowered because they included only 16 persons 
with an arm circumference < 30 cm and 17 persons 
with an arm circumference > 30 cm. The authors con-
cluded that the universal cuff provides accurate BP 
readings over a wide range of arm circumferences, and 

acknowledged that further studies with an adequate 
number of patients are needed. The universal cuff was 
validated in a 2021 study involving the Microlife 
BPA100 Plus device and passed the validation criteria. 
However, in this study, among the 37 individuals with 
an arm circumference between 32.5 and 42.0 cm, the 
specific results for this group were not specified [11].

Given that the bladder dimensions were compara-
ble between the universal cuff and the medium-sized 
cuff in our study, the observed overestimation of 
oscillometric BP in arms with a circumference of  
> 32 cm was not unexpected. A larger dimension of 
the cuff fabric and a conical semi-rigid shield in the 

Figure 1.  The Bland–Altman plot for persons with a mid-upper arm circumference > 32 cm (n = 64) illustrates the difference 
between systolic blood pressure measured with the universal cuff (Sy univ) and systolic blood pressure measured with an appro-
priately sized cuff (Sy appr) plotted against their average. The dashed lines represent mean + 1.96 SD (25.7 mmHg), mean 
(6.4 mmHg) and mean – 1.96 SD (−13.0 mmHg).

Table 4.  Bladder size, maximal cuff circumference allowing full overlap of Velcro hooks, cuff width and dimension of flexible 
plastic shield.

Medium Medium-Large = Universal Large

Bladder size 23.5 × 13.0 cm 23.5 × 13.0 cm 29.0 × 14.0 cm
Cuff proximal circumference 36.5 cm 50.5 cm 46.0 cm
Cuff distal circumference 33.0 cm 47.0 cm 46.0 cm
Cuff width 14.5 cm 17.5 cm 15.0 cm
Semi-rigid U-shaped plastic shield Length proximal 27.0 cm

length distal 24.5 cm width 13.5 cm
thickness 0.1 cm
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universal cuff apparently cannot compensate for a 
bladder size matching the arm circumference in the 
range of 22 to 32 cm. Similarly, it has been shown 
that oscillometric systolic BP measured with another 
oscillometric device is overestimated by 4.8 mmHg if 
a medium-sized cuff is used in persons with an arm 
circumference demanding a large-size cuff [12]. We 
advocate that manufacturers of BP monitors consis-
tently provide information on bladder size within 
their cuffs. Additionally, it is crucial that they thor-
oughly document the performance of their monitors 
and recommend cuffs specifically for different catego-
ries of arm circumferences [2,3,13].

The strength of our study lies in the much larger 
number of patients with an arm circumference > 32 cm 
compared with previous studies, and the fact that we, 
unlike previous studies, was not funded by the manu-
facturer. This study has several limitations. It is 
unknown whether similar results are applicable to 
many other manufacturers of BP monitors with a uni-
versal cuff [14]. The study design was simple and prag-
matic, allowing a relatively large number of patients to 
be examined during routine clinical contact. The rec-
ommended study protocol was not applied to validate 
BP monitoring [15]. This would require a complex 
protocol with a total of nine single-arm serial measure-
ments with both types of cuffs and auscultatory mea-
surements by two trained investigators using a double 
stethoscope [16,17]. Therefore, we lack results from 
auscultatory measurements conducted with an appro-
priately sized bladder as a reference. Instead, our com-
parison was based on oscillometric measurements by 
using an appropriately sized cuff. Although this may be 
considered a limitation, it prompts consideration of 
whether auscultatory measurements should remain the 
only valid reference for assessing the performance of 
oscillometric devices when considering various cuff 
size recommendations. Auscultatory measurements are 
prone to human error and, importantly, most, if not 
all, large-scale clinical hypertension studies conducted 
over the past decade have used oscillometric measure-
ments with appropriately sized cuffs.

We measured BP in triplicate using each cuff type, 
but the final result was a weighted average deter-
mined by a proprietary algorithm. While the lack of 
full insight into this algorithm is unsatisfactory, it is 
unlikely that it would differentially impact the mea-
surements with different cuffs.

In conclusion, we have reported a clinically signif-
icant overestimation of oscillometrically measured BP 
among persons with large arm circumferences when 
using a universal cuff compared to oscillometric BP 
readings obtained with an appropriately sized cuff. 

Our results underline the importance of using an 
appropriately sized cuff to obtain accurate BP mea-
surement. This knowledge should also be dissemi-
nated to private individuals using a universal cuff for 
home BP monitoring.
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