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High blood pressure (BP) is the leading cause of death and 
disability in the world and the greatest burden of disease 
attributable to hypertension is present in countries located 
within the developing world.1 In many cases, developing 
countries have hot or very hot climates related to their prox-
imity to the equator.2 Urbanization in these regions can 
lead to heat islands which may further elevate ambient heat 
temperatures up to 3 degrees compared with rural settings.3 
This underscores the need to ensure that the equipment 
and devices used to diagnose and monitor high BP in these 

jurisdictions are reliable at the temperatures where they may 
be used.

Use of automated BP measurement, in the form of home, office, 
and ambulatory monitoring is increasing and automated devices 
are now the primary modality for diagnosing and monitoring hy-
pertension globally.4–6 These devices most commonly employ the 
oscillometric method to derive BP. To perform an oscillometric 
measurement, arterial pulses sensed by a BP cuff are processed 
through a pressure transducer, filtered, amplified, and a proprie-
tary algorithm is applied to determine BP.7
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BACKGROUND
Oscillometric blood pressure (BP) devices are typically labeled for use 
up to 40 °C. Many geographic regions have ambient temperatures ex-
ceeding 40 °C. We assessed the effect of increased ambient tempera-
ture (40–55 °C) on simulator-derived oscillometric BP measurement.

METHODS
Three Omron BP769CAN devices, 3 A&D Medical UA-651BLE devices, and 
accompanying cuffs were used. A custom heat chamber heated each de-
vice to the specified temperature. A noninvasive BP simulator was used 
to take 3 measurements with each device at differing temperatures (22, 
40, 45, 50, and 55 °C) and BP thresholds: 80/50, 100/60, 120/80, 140/90, 
160/110, and 180/130  mm Hg. Using each device as its own control 
(22 °C), we determined the relative differences in mean BP for each de-
vice at each temperature and BP setting, assessed graphical trends with 
increasing temperature, and examined variability.

RESULTS
Graphical trends of mean simulator-subtracted BP differences from 
room temperature showed no discernable pattern, with differences 
clustered around zero. Overall mean difference in BP (combined 

elevated temperatures minus room temperature) was −0.8  ± 2.1 
(systolic ± SD)/1.2 ± 3.5 (diastolic ± SD) mm Hg for the A&D device 
and 0.2 ± 0.4 (systolic ± SD)/−0.1 ± 0.1 (diastolic ± SD) mm Hg for 
the Omron. All individual elevated temperature differences (ele-
vated temperature minus room temperature) except A&D diastolic 
BP at 50 °C were within 5 mm Hg.

CONCLUSIONS
In this simulator-based study assessing within-device differences, 
higher ambient temperatures resulted in oscillometric BP 
measurements that were comparable to those performed at room 
temperature.
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Oscillometric devices are considered to be relatively robust 
in terms of their componentry, relative, for example, to aneroid 
devices and this quality is reflected in their longevity (typically 
lasting 5–10 years), lack of need for frequent calibration, and 
sturdiness.8 Specific to operating temperature, oscillometric 
devices are typically labeled for use between 10 and 40  °C.9 
However, the ability of these devices to operate at higher 
temperatures is unclear. This question is relevant because am-
bient temperatures in many regions of the world can reach 
40–55 °C.10 These high temperatures have implications for the 
storage and operation of oscillometric BP devices. Accordingly, 
our objective was to perform a noninvasive simulator-based 
study to examine, relative to room temperature and using 
each device as its own control, the effect of high ambient 
temperatures on oscillometric BP measurement.

METHODS

A heat chamber (Oster TSSTTVFDXLPP-033 XL) was 
modified by creating a sealed opening in the back to allow 
for the BP devices to be connected to the noninvasive BP 

simulator (Fluke, CuffLink, Carson City, NV) (external to the 
heat chamber). AVariac transformer (Powerstat, Bristol, CT) 
was used to control the heat chamber’s power supply, and a 
fan (Nidec Beta SL, Ho Chi Minh City, Vietnam) was placed 
inside the heat chamber to ensure air circulation and even 
temperature distribution. Prior to any BP monitors being 
exposed to elevated temperatures, trials were conducted to 
find Variac settings that produced stable and repeatable in-
ternal temperatures in the heat chamber. Temperatures were 
recorded using ThermoPro Dual Probe Digital thermometer 
(Thermor, Newmarket, Ontario, Canada). One probe of the 
thermometer was placed inside the heat chamber and at-
tached to the rack beside where the devices were placed. The 
thermometer probe was alongside but not touching the rack. 
Humidity and atmospheric pressure were not measured. 
The second probe measured ambient temperature outside 
the heat chamber. We identified the corresponding voltage 
settings for temperatures of 40, 45, 50, and 55 °C. Trials were 
conducted prior to the data collection to ensure tempera-
ture stability at the respective voltages, time to achieve the 
desired temperature and stability were recorded up to 135 

Figure 1.  Mean differences in BP (elevated temperature minus room temperature), by systolic BP simulator setting. (a) A&D device. (b) Omron device. 
Abbreviation: BP, blood pressure.
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minutes. Three Omron BP769CAN (Omron Healthcare, 
Kyoto, Japan) devices, 3 A&D Medical UA-651BLE devices 
(A&D, Tokyo, Japan), and accompanying cuffs were used to 
perform BP measurements. Both devices are specified to op-
erate from 10 to 40 °C (transport/storage −20 to 60 °C).9,10 
The first device of each brand was used to test at room tem-
perature only, the second device of each brand was used 
to test at 40 °C and then at 50 °C. The third device of each 
brand was tested at 45 °C and then at 55 °C. Static calibra-
tion with a mercury sphygmomanometer of each device was 
done before and after testing at each temperature by trained 
personnel. All devices were within 3 mm Hg of the mercury 
sphygmomanometer at each testing time.

At room temperature (22  °C) and each elevated tem-
perature setting, the following protocol was observed for 
each device:

	1.	 The heat chamber was heated to the desired temperature 
and the test BP device was placed inside. The BP cuff was 
connected to a polyvinyl chloride pipe dowel and the BP 
device was connected to the simulator, which was situated 
external to the heat chamber.

	2.	 After opening the heat chamber to insert the BP device, 
the heat chamber was resealed, the system was left to 
equilibrate until the desired temperature was reachieved 
and stable for 10 minutes.

	3.	 BP measurements were performed by using a thin pole 
to activate the BP device inside the heat chamber without 
allowing heat escape. For all BP measurements, the heart 
rate on the BP simulator was set at 80 beats per minute. 
Three BP measurements were performed at each of the 
following BP simulator settings: 80/50, 100/60, 120/80, 
140/90, 160/110, and 180/130 mm Hg. Temperature was 
verified to be constant before and after each set of 3 BP 
measurements.

Data analysis

The analysis focused on assessing relative mean differences 
between the BP simulator and each BP devices across the 
range of temperatures and simulator BP settings, using each 
device as its own control, and assessed by examining graph-
ical trends and using paired t-tests. Measurements at room 
temperature were considered the baseline state. In all cases, 

Figure 2.  Mean differences in BP (elevated temperature minus room temperature), by diastolic BP simulator setting. (a) A&D device. (b) Omron device. 
Abbreviation: BP, blood pressure.
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room temperature readings were subtracted from elevated 
temperature readings. Analysis of absolute differences be-
tween each device and the simulator and between devices 
was not performed because the simulator and each BP de-
vice use a different proprietary algorithm to derive BP 
and no additional gold standard BP measurement method 
(i.e., blinded, simultaneous, 2-observer auscultation) was 
performed. Stated another way, if Device 1 produces a BP 
measurement closer to that produced by the simulator that 
is Device 2, it does not mean that the Device 1 is more valid, 
it shows that the first device is likely to have an algorithm 
more similar to that used in the simulator. Likewise, because 
of the lack of gold standard auscultatory measurements, as-
sessment of BP differences between the 2 device models were 
not considered meaningful and were not performed.

RESULTS

For both devices, examination of graphical trends of 
mean simulator-subtracted BP differences from room tem-
perature showed no discernable trends, with differences 
clustered around zero, when plotted for systolic (Figure  1: 
a—A&D, b—Omron) and diastolic BP (Figure 2: a—A&D; 
b—Omron).

Mean differences in BP from room temperature at each 
elevated temperature setting (40, 45, 50, and 55  °C) are 
shown in Table  1. Overall mean differences (combined el-
evated temperatures minus room temperature) were −0.8 ± 
2.1 (systolic ± SD)/1.2 ± 3.5 (diastolic ± SD) mm Hg for the 
A&D device and 0.2 ± 0.4 (systolic ± SD)/−0.1 ± 0.1 (dias-
tolic ± SD) mm Hg for the Omron. All but one (A&D dias-
tolic BP at 50 °C) were within 5 mm Hg.

The results, for each simulator setting, of combining 
the BP results at all high temperatures and subtracting 
room temperature BP are shown in Table 2. Overall mean 
differences were −0.1 ± 2.6 (systolic ± SD)/1.5 ± 0.7 (diastolic 
± SD) mm Hg for the A&D device and 0.2 ± 0.4 (systolic ± 
SD)/−0.1 ± 0.2 (diastolic ± SD) mm Hg for the Omron. All 
mean differences were within 5 mm Hg.

DISCUSSION

The results of this simulator study indicate that, for the 
2 devices tested, marked elevations in ambient temperature 
produced generally similar mean BP results to those found 
at room temperature. Furthermore, increasing temperatures 
from 40 to 55 °C did not lead to a temperature dependent 
systematic error in BP measurement in the 2 devices tested. 
Mean BP differences for both devices were well within the 
5 ± 8 mm Hg threshold borrowed from validation standards 
and widely accepted as a general indication that an auto-
mated device is producing acceptable results.11 We are not 
aware of any prior published studies of a similar nature. 
Although this study was not intended as a comparison of the 
2 different devices, we note that the Omron device exhibited 
less variability in BP measurements at elevated temperatures 
than the A&D device.

These findings are relevant because mean temperatures in 
many regions of the world are increasing.12 In some regions, 

temperatures reach 40–53 °C.10,13 The frequency and duration 
of these extreme temperature rises are expected to increase.14,15 
In many of the countries that achieve extreme heat, cooling 
infrastructure is scarce,15 increasing the likelihood of BP de-
vice exposure to high ambient temperatures. In 2010, 31.1% 
of adults worldwide had hypertension.16 Age-standardized 
prevalence hypertension is decreasing in high-income coun-
tries but is increasing in low- and middle-income countries.17 
There is a high burden of hypertension in many of the coun-
tries with extremely hot climates.2,18 Given the potential ex-
posure of oscillometric BP devices to these high temperatures 
in these countries with a high burden of disease, our findings 
are reassuring and indicate that oscillometric BP measure-
ment results would not be expected to be compromised by 
elevated ambient temperatures. Indeed, oscillometric devices 
are generally made of robust componentry relative to aneroid 
devices (which contain more moving parts and require fre-
quent calibration)8 and are approved for storage and trans-
port in temperatures up to 60 °C.9,10 Electronic components 
of a BP device (microcontrollers, battery management sys-
tems, voltage regulators, and boost converters) and pneu-
matic components (air pumps and valves) are designed to 
work within operational temperature limits of 10–40  °C.18 
Current standards require additional justification if the sur-
face temperature of a device exceeds 41 °C.19 To ensure the 

Table 1.  Differences in BP  (high temperature minus room 
temperature), by elevated temperature setting

Temperature (°C) Mean difference ± SD

A&D systolic 40 −2.1 ± 1.2

45 1.4 ± 1.5

50 −1.9 ± 1.3

55 2.3 ± 2.0

Overall A&D  
systolic

(Mean ± SD) −0.8 ± 2.1

A&D diastolic 40 3.2 ± 0.6

45 −1.6 ± 0.8

50 5.1 ± 0.5

55 −2.0 ± 0.3

Overall A&D  
diastolic

(Mean ± SD) 1.2 ± 3.5

Omron systolic 40 0.3 ± 0.3

45 0 ± 0

50 −0.2 ± 0.3

55 0.6 ± 0.2

Overall Omron 
systolic

(Mean ± SD) 0.2 ± 0.4

Omron diastolic 40 −0.1 ± 0.2

45 0.1 ± 0.3

50 −0.1 ± 0.1

55 −0.1 ± 0.1

Overall Omron 
diastolic

(Mean ± SD) −0.1 ± 0.1

Abbreviation: BP, blood pressure.
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manufacturer is in compliance for stable and reliable usage 
normal testing for thermal stability of the electronic and 
pneumatic components of the device is tested by recording 
the temperatures using thermocouples or temperature meters 
under the following conditions: (i) when the device capac-
itor is short circuited or disabled, (ii) during continuous op-
eration while unattended, (iii) when the applied load on the 
device is increased,19 and (iv) reversed battery connection.20 
Then the effects of temperature on mechanical and electrical 
integrity of the device and its components is usually tested by 
placing the device in a circulating air oven at a temperature 
10  °C higher than the maximum temperature observed on 
the enclosure of the device,19 typically for 5–7 hours. Given 
the current manufacturing standards for ensuring stability 
of operation within “normal operating range” our approach 

followed a similar process and therefore we are confident in 
our results in the temperature ranges of 40–55 °C. Thus, the 
procedures performed in this study more broadly extend as-
sessment of these devices beyond what would have been ex-
pected to be performed during the device manufacturing 
process and allow introspection into the idea that the normal 
operating range may be increased beyond 40 °C.

The major strengths of this work include the assessment of 2 
commonly used oscillometric devices and the use of a carefully 
controlled environment to ensure that devices were exposed to 
stable ambient temperature while testing. We did not simulta-
neously measure humidity thus we cannot conclude what the 
combined effects of heat plus high humidity might have had on 
operation of these devices. The duration of heat exposure in this 
study was limited, which may not reflect real-world conditions 
in a hot climate. When a device is continually operated at an 
increased operational temperature (above 40 °C), it is possible 
that high temperature may affect both electronic and pneu-
matic components of the BP device. For example, a decrease 
in operational performance (e.g., lower pump flow rate or air 
valve release rates) and/or reductions in mechanical integrity 
(damage to the diaphragm/orifice) may ensue. High opera-
tional temperatures may also affect the batteries, resulting in 
lower supply voltages, which may affect electronic or pneu-
matic components that are designed for use at different opera-
tional voltages. Finally, our study design used 3 devices to avoid 
exposing the same device to several temperatures. However, this 
design allows for the possibility that variability between devices 
may have accounted for some of the differences observed. 
Overall, to address these gaps in knowledge, field work in 
human participants situated in hotter climates using accurate 
reference standard measurements instead of simulated BP is 
needed to substantiate the results of the present study.
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