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Assessment of blood oxygen saturation is an important mea-
sure of health on which many diagnostic and treatment deci-
sions are based. Blood oxygen saturation is most commonly
assessed via pulse oximetry, with increasing use across the

home, clinic, and hospital set-
tings during the COVID-19
pandemic.1 However, inaccu-

racies in pulse oximetry measurement have come under
scientific scrutiny over the past 2 years.2-6 Professional orga-
nizations, lawmakers, and the public have actively engaged
with the issue.4 A known design flaw of the pulse oximeter is
that patients with darker skin (compared with lighter skin) are
more likely to experience occult hypoxemia—defined concep-
tually as substantial arterial hypoxemia (SaO2) detected on
blood gas but not noted on simultaneous pulse oximetry
(SpO2).1 Less is known about whether underdiagnosis of hy-
poxemia for historically marginalized racial and ethnic groups
has consequences.

In their article “Racial and Ethnic Discrepancy in Pulse Ox-
imetry and Delayed Identification of Treatment Eligibility
Among Patients With COVID-19,” Dr Fawzy and colleagues
evaluate this measurement bias in pulse oximetry among a
population of hospitalized patients diagnosed with COVID-19.7

The authors show measurement bias was associated with dif-
ferences in delay in recognizing patients’ eligibility for
COVID-19 treatment, with racial and ethnic minoritized groups
being more affected. Although less visible, this is similar to the
ways in which race- and ethnicity-based cutoffs in pulmo-
nary function tests and estimated glomerular filtration fraction8

lead to underestimation of disease severity among patients of
racial and ethnic minoritized groups, which in turn delays treat-
ment of severe lung disease and limits access to timely kid-
ney replacement therapy, including transplantation.

The study by Dr Fawzy and colleagues was a retrospec-
tive analysis using a large database from 5 well-resourced
hospitals.7 As in other investigations of pulse oximetry, the au-
thors evaluated clinical SaO2 and SpO2 measurements within
10 minutes of each other, a design that allows for head-to-
head comparison of pulse oximetry estimations of arterial oxy-
genation with the gold standard from blood gas analysis. Using
race and ethnicity as a proxy for skin color, the authors chose
to aggregate the data for Black−Hispanic patients and Black pa-
tients into a single study group.

Dr Fawzy and colleagues reported higher rates of occult
hypoxemia (SaO2 <88% when SpO2 was 92%-96%) for Asian,
Black, and Hispanic patients compared with non-Hispanic
White patients, as well as delayed or unrecognized eligibility
for the US Centers for Disease Control and Prevention guideline-
concordant COVID-19 treatments (eg, steroids, remdesivir) for

Black and Hispanic patients.7 Using underdetection of a treat-
ment threshold to assess the consequences of undetected hy-
poxemia was a novel and key feature of this study. Remdesi-
vir has US Food and Drug Administration approved use for
patients whose SpO2 level is less than 94%, and dexametha-
sone is only recommended for patients with COVID-19 who are
receiving supplemental oxygen. These findings suggest that
underdetection of even mild hypoxemia can delay guideline-
appropriate care. Increased mortality and/or differential mor-
tality in patients of racial and ethnic minoritized groups has
been demonstrated in studies of acute respiratory distress
syndrome,9 a condition defined by arterial hypoxemia and for
which treatment decisions frequently are based on pulse ox-
imetry. Racial and ethnic discrepancy in the accuracy of com-
monly used pulse oximetry might play an important role in the
outcome disparities described in the pulmonary literature.

A recent investigation by Wong and colleagues3 similarly
demonstrated consequences of underdetection of hypox-
emia among a population of patients with respiratory dis-
ease. In this multicenter, retrospective, cross-sectional study
using data from 3 publicly available databases that included
215 hospitals and 382 intensive care units, the authors asso-
ciated higher odds of hospital mortality, elevated lactate, and
high sequential organ failure assessment scores with a higher
prevalence of occult hypoxemia among Asian, Black, and
Hispanic patients compared with White patients. The out-
come of interest (occult hypoxemia) was defined differently
than in Dr Fawzy and colleagues’ study (ie, SaO2 < 88% when
SpO2 > 88%), yet both studies showed that underdetected ar-
terial hypoxemia was harmful and more frequently encoun-
tered in patients of racial and ethnic minoritized groups.

Based on prior investigations and the most recent studies
on pulse oximetry, 2 questions stand: (1) Why has this racial
and ethnic discrepancy in the accuracy of commonly used pulse
oximetry not been addressed? (2) How should clinicians re-
spond given the increased awareness of the problem and some
of its ramifications?

Historical neglect of patients of racial and ethnic minori-
tized groups and a diminished concern for their health out-
comes may explain in part why this phenomenon—differential
pulse oximetry accuracy—has been recognized for more than 30
years10 and has not been corrected. Using White patients as the
standard in biomedical design has led to both differential care
and innovation inertia for optimizing the way devices and algo-
rithms work for patients of racial and ethnic minoritized groups.11

The economics associated with ignoring the issue cannot be ex-
cluded from this discussion. Hospitals and practitioners con-
tinue to buy and use these devices despite their inaccuracy for
non-White patients. The observation that designing a new de-
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vice and exchanging millions of machines in hospitals and clin-
ics across the country may be deemed unpopular could suggest
that racial equity in patient care is not something these institu-
tions are willing to pay for—or at least not enough of a priority
to insist on devices that work equitably. Similarly, changing this
injustice paradigm presents a challenge for clinicians, in part be-
cause of the passivity of medical education—students of medi-
cine are taught how the system works, not how to change it.12

There is no single easy solution to the problem of pulse ox-
imetry’s racial and ethnic bias. Although an easy bedside ad-
justment for the measurement disparity is an attractive idea,
there is no proven approach because of the noise and variable
bias of the currently available devices. Interestingly, the de-
sign flaws of the pulse oximeter have been corrected in some
devices. These improved devices use more wave lengths of light
and perform equally for different skin tones; they have been
used in limited settings but have not been widely produced or
distributed.1

The next generation of oxygen monitors should be de-
signed and tested to work equally on all patients. However, this
is an unlikely scenario without market pressure. Hospital sys-
tems, medical practitioners, and regulatory entities need to
press for regulatory scrutiny and design equity by limiting pur-
chasing choices to devices with equal performance for pa-
tients of all skin tones. In the meantime, a clinical strategy for
avoiding undertreating hypoxia in patients with darker skin
is, unfortunately, lowering the threshold for suspected dis-
ease and obtaining more arterial blood gases. Ultimately, pulse

oximetry is a (flawed) measure of blood arterial saturation,
which is connected to tissue hypoxia through oxygen deliv-
ery and uptake. There are multiple clinical trends that can be
used to globally assess tissue hypoxia in patients with an ar-
ray of illnesses. Increasing invasive testing, such as arterial
blood gases, puts patients of racial and ethnic minoritized
groups at higher risk of rare but possible complications, as well
as physical pain, but these need to be balanced against the risks
of hypoxemia, which are not uncommon.

Although differences in pulse oximetry may seem to be
most meaningful near treatment thresholds, certain patient
populations (ie, Black patients undergoing extracorporeal
membrane oxygenation for acute respiratory distress syn-
drome) have high rates of occult hypoxemia,4 indicating a need
for greater awareness when treating these groups. Moreover,
with children, even mild occult hypoxemia can have substan-
tial long-term effects.5 Why tolerate a device that consis-
tently works less well in patients with darker skin tones?

Additionally, the association of underdetection of occult
hypoxemia with treatment delay cannot be disassociated from
the multilevel injustices and persistent disparities underly-
ing the worse COVID-19 outcomes experienced by patients of
racial and ethnic minoritized groups. These larger and sys-
temic issues exist outside of device design issues demon-
strated by these investigations.7Although the device measure-
ment error is real and based purely on optics, the decision to
do nothing about a faulty device is a human one, and one that
can and should be corrected.
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