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Consumer wearables are devices used for tracking activity, sleep, and other health-related 

outcomes (e.g. Apple Watch, Fitbit, Samsung, Basis, Mio, PulseOn, Whoop). Wearables 

promise a myriad of health-related information, including low heart rate alerts, a personal 

electrocardiogram (ECG) monitor for detecting arrhythmia, sleep tracking (e.g. sleep 

architecture), and pulse pressure designed to promote healthy living and alert high-risk 

consumers based on real-time data. Their relative low cost, the collection of longitudinal 

data, and the ability to display/transmit information suggest a host of benefits if used 

in clinical practice and to advance remote research. Unfortunately, due to technological 

limitations of photoplethysmographic (PPG) green light signaling, these health constructs 

may only be accessible for a population of people with lighter skin tones. We note with 

deep concern that there is increasing evidence that these devices are not as accurate, and 

may not work at all, in people with darker skin tones [1, 2]. The reduced accuracy of 

wearable devices in people with darker skin tones seems to have been known for some time, 

yet this issue has garnered little attention from the medical community. Apart from limited 

media coverage [3], anecdotal reports, and minimal research publications [1, 2, 4, 5], the 

role of dark skin tones on wearable accuracy is a severely underreported phenomenon that 

requires direct attention and action from industry and the scientific community. Our concern 

is amplified as these devices are now transitioning from consumer goods into health-related 

research and their internal algorithms are becoming Food and Drug Administration (FDA) 

approved. As such, they stand to exacerbate existing structural health disparities of people 

with darker skin tones and may compound existing structural health disparities for Black 

Americans [5]. The Black Lives Matter movement is calling for everyone to unveil and 

dismantle systemic bias throughout society. We challenge the healthcare community to 

work towards this goal and to ensure that digital health solutions do not reinforce existing 
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disparities in care and access as these devices are increasingly used in research and clinical 

practice.

One of the issues with wearables and skin tone is a technical challenge, in that wearables 

use a PPG green light signal. Blood, due to its color, readily absorbs green light, where the 

greater the volume of blood present (i.e. when the heart pumps during systole), the higher 

the green light absorption and thus heart rate can be measured accordingly. This green light 

technology is cheap and generally robust, however, skin tone affects the absorption of light 

differently, which interferes with the algorithm output. Studies have shown that green light 

lacks precision and accuracy, and may not read at all, when measuring heart rate in darker 

skin types [2]. There are also several other factors that influence PPG accuracy that may 

cause an interaction with skin tone, including tattoos, presence of arm hair, sweat, ambient 

temperature, level of activity, thickness of skin epidermis [6], and body mass [7]. This 

potentially affects health-related outcomes that rely on PPG including a host of sleep-related 

indices such as sleep duration, architecture [8], diagnosis of sleep apnea [9], long-term sleep 

patterns, and other sleep disorders [10]. Despite this, green light technology remains the 

industry standard in wearables.

A second problem with the current state of wearables research seems to be the lack of 

diversity in validation studies. The consumer wearable industry modus operandi is to bring 

to market a minimally viable product to the largest population as quickly as possible. Test 

marketing (there are too few true validation studies published) is often done with a local 

population that may lack a diversity of skin tones, and objective measurement of skin 

pigmentation is rarely reported. A lack of accurate information about how wearables work 

in diverse skin tones may cause unintended consequences by reinforcing existing healthcare 

disparities for those with darker skin tones. Inaccurate signal detection and validation in 

those with darker skin might lead to decreased utilization of novel wearable devices, or 

worse, provide false assurances about the effectiveness of monitoring. Thus, we urge both 

the industry and researchers to ensure that validation studies are performed in a diverse 

population.

A confounding factor in accurately understanding the limitations of wearables on skin tone 

is the current standard of measuring skin tone: the Fitzpatrick Skin Type Scale (FST) 

[11]. Developed in 1975 by individuals with white skin for individuals with white skin 

[12], the FST is a subjective scale that classifies six skin type categories according to 

skin pigmentation and skin’s reaction to sun exposure. There is a substantive literature 

examining the racial biases and limitations of the FST [12–14]. The phototype designation 

with six categories has been shown to have only a weak correlation with skin color with 

large within-group variance of skin tone [13, 15, 16]. Further, the FST and other subjective 

measures (e.g. Taylor Pigmentation Scale) have been shown to be inaccurate and biased 

based on the administrator [17]. As such, the use of the FST may give false assurances 

about skin tone and wearable effectiveness. For example, a small study (N = 53) examined 

the accuracy of several wearables using the FST and found, “no statistically significant 

difference in accuracy across skin tones.” [4] We fear that these conclusions are misleading 

because too few people with the darkest skin tones were included (n = 9), as assessed by the 

FST rather than objective measurement. The most objective solution is the use of reflectance 
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spectrometry which accurately identifies skin color/tone using multiple color wavelengths 

for classification [18], and should be the gold standard for all validation studies examining 

skin tone.

There is a wearable revolution in healthcare coming, with the FDA and National Institutes of 

Health (NIH) calling for increased remote clinical outcomes to patient-generated measures 

that do not require clinician oversight; the Covid-19 crisis is accelerating the appeal for 

remote monitoring in clinical trials [19]. The application of wearables in clinical and 

research arenas offers enormous potential to increase health information and access to 

interventions; however, we caution that incomplete metrics about these devices may cause 

unintended consequences by reinforcing existing healthcare disparities for those with darker 

skin tones. Action is needed as increasing numbers of studies are undertaken without 

information about skin tone and wearable performance. For example, Fitbit alone has 

approximately 476 published studies and 449 studies registered on ClinicalTrials.gov [4] and 

the Apple Watch Heart Study recruited 419 927 people to track irregular heart rhythms [20]. 

There are further opportunities for inequalities as large US-based companies (e.g. IBM and 

Target) are starting to offer trackers as part of wellness programs. The historical standards of 

research and reporting on wearables must be improved upon.

Consumer wearable companies seem to be aware their devices lack accuracy in people 

with dark skin tones and a few companies are actively working with varying approaches to 

manage this deficiency. For example, Fitbit reported that it has increased the power of their 

green light transmitter, and newer versions of the Apple Watch have an additional infrared 

light sensor (which may be less affected by skin tone and more accurate than green light). 

Both Garmin [21] and Everion [22] are the most forthcoming by directly letting consumers 

know their validation studies show PPG data may not be accurate in individuals with dark 

skin. At the current time, however, there is minimal data publically available to understand 

the scope and magnitude of the potential problem, and whether the solutions above actually 

work as the pace of technology advances faster than researchers can keep up [3].

As scientists, we hold colleagues and ourselves to a high level of integrity, accountability, 

and ethical standards, when conducting human research and reporting our findings. 

With regard to wearables, our challenge to the scientific community is to consider how 

the inaccuracies of PPG technology for individuals with dark skin contribute to health 

disparities. These disparities in access to health care exacerbate the harm that social 

structures and policies cause to the health of Black Americans [5]. We believe that educating 

ourselves, and the research community at large, is critical. This includes: (1) directly 

working with wearables companies to improve upon their effectiveness and consumer 

reach to support people of color; (2) decreasing use of the Fitzpatrick scale and increasing 

reporting of more objective, non-offensive, standards of skin tone; (3) urging companies 

to advance their technology (e.g. using multiple wavelengths for varying skin tone [23], 

improved fit, or using hospital-grade technology); 4) holding the research community 

accountable for addressing and reporting bias; and 5) making sure that people of varying 

skin tones are included in validation and effectiveness research. Technological advancements 

are muted if their inherent biases continue historical structural health disparities [24]. It is 
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only through direct action to define and mitigate these biases that we will all benefit equally 

from the coming revolution in healthcare.
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