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Abstract: Fingertip pulse oximeters were widely used during the COVID-19 pandemic as
the main and readily available device (%Sp02). The aim of this study was to determine
the extent to which different colours of gel nail polish affect oxygen saturation (%Sp02)
measurements. Saturation measurements were taken using the Finger Clip Pulse
Oximeter P-01 (China) device, routinely available during the COVID-19 pandemic. The
study included 54 healthy female volunteers of undergraduate cosmetology students aged
between 24 and 36 years. Each participant was given an individual fingertip pulse
oximeter to measure saturation on different fingers painted with different colours of gel
nail polish: red, orange, yellow, green — fingers II-V of the right hand; blue, navy, violet,
no colour —fingers II-V of the left hand. Increasing wavelength (from violet ~400 nm to red
~680 nm) increased mean saturation levels. Long-wavelength colours (“red”) distorted the
measurement results to a lesser degree than short-wavelength colours (“green”). Nail
polishes significantly influence the results of oxygen saturation measurements, especially
of dark and metallic colour. Interference resulting from long-wavelength colours (e.g. red)
is minimal, while short-wavelength colours (e.g. green) cause the most interference. In
particular, light-absorbing colours (e.g. green) significantly reduced the %SpO, (P =
0.032), in contrast to longer-wavelength colours (e.g. red).
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1. INTRODUCTION

Modern technologies are used in many areas of life, and have gained a particularly strong
position in healthcare, participating in almost all branches of medicine - from maintaining
a healthy lifestyle to remotely monitoring the body's physiological functions (Page, 2021;
Aggarwal et. Al., 2023; Hess, 2024; Bishnoi et al., 2025). This is especially important
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during the COVID-19 pandemic (Bedford et al., 2020; Garcia et al., 2020; McKee &
Stuckler, 2020). Researchers suggest that one of the symptoms of coronavirus infection
may be a decrease in blood oxygen saturation due to infection of the carotid bodies by
SARS-COV-2 (Couzin-Frankel, 2020; Luks & Swenson, 2020; Tobin et al., 2020;
Wilkerson et al., 2020; Greenhalgh et al. 2021; Montemerani et al., 2021; Rahman et al.,
2021; Wilson-Baig, 2021; Fallahi et al., 2024). Fingertip pulse oximeters were widely used
during the COVID-19 pandemic as the main and readily available device (%SpO2)
(Badgujar , 2020; Satici et al., 2020; Mukhtar et al., 2021; Pérez et al., 2021; Lee et al.,
2022; Roberts, 2022; Wojtasz et al., 2022; Hol et al., 2023; Maradey—Lazaro, 2023;
Alassafi et al., 2024; Muhammad et al., 2024). Back in the 1980s, it was stated that nail
polish should be routinely removed before using pulse oximetry because it interferes with
the measurement to a varying degree (Coté et al., 1988; Hinkelbein et al., 2007; Haq et
al., 2018; Raipure et al., 2019; Dogan et al., 2021; Ballesteros-Pefia et al., 2015; Yikar et
al., 2019; Hossain et al., 2021). Recently, gel manicure have gained high popularity due
to their attractiveness and durability. It has been found that gel manicure can lead to an
overestimation of actual readings, delaying the detection of hypoxaemia (Yeganehkhah et
al., 2019; Yek et al., 2019).

The aim of this study was to determine the extent to which different colours of gel nail
polish affect oxygen saturation (%Sp0O2) measurements.

2. METHODOLOGY

A statistical analysis was performed, taking into consideration light wavelength of different
colours of gel nail polish and blood oxygen saturation level. The following colours of gel
nail polish were analysed: blue, violet, orange, green, navy, yellow, red; and in quality
control measurements without nail polish.

Saturation measurements were taken using the Finger Clip Pulse Oximeter P-01 (China)
device, routinely available during the COVID-19 pandemic. The study included 54 healthy
female volunteers of undergraduate cosmetology students aged between 24 and 36
years. The results of 6 female volunteers were excluded for certain varnish colours
because the light wavelength of the colour of their nail polish significantly deviated from
the colour standard. The participants were all certified gel manicure professionals
(completed 25-hour training — 1 ETPS credit). Each participant was given an individual
fingertip pulse oximeter to measure saturation on different fingers painted with different
colours of gel nail polish: red, orange, yellow, green — fingers II-V of the right hand; blue,
navy, violet, no colour —fingers 1I-V of the left hand. The data were divided into two groups:
"with nail polish" and "without nail polish". For each group and colour the mean saturation
value and standard deviation (SD) were calculated. The Student's t-test for independent
samples with unequal variances (Welch's) was used to compare the groups. The test was
two-sided because the study was of exploratory nature and did not assume any a priori
trend of the results. P-values were presented accurately — in accordance with the
guidelines. No statistical power analysis was performed as it was a preliminary study.
Analyses were performed using Microsoft Excel 2019, R v4.2.2 and Python. The aim of
the study was to test whether the colour of nail polish (more specifically, its wavelength)
influences the blood oxygen saturation index (%Sp0O2) measured with a fingertip pulse
oximeter. Differences between adjacent colours of the spectrum, for example: green and
orange. Colours were compared with wavelengths to rank them according to their physical
properties, mean saturation value for each colour was calculated, and a t-test
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(independent samples) was used to see if there were statistically significant differences
between colour pairs. Therefore, a t-test was used to compare the mean values of two
independent groups (in our case, saturation values for two different nail polish colours).
The test enables to find out whether differences between two colours should be
considered random or real (significant). A t-test with unequal variances was chosen
because the group sizes could have been different and the variances were not necessarily
the same.

3. RESULTS AND DISCUSSION

Based on the statistical analysis, it can be concluded that the colour of nail polish can, in
some cases, influence the results of saturation measurements using the fingertip pulse
oximeter (Fig. 1).

In particular:

The green nail polish (530 nm) caused statistically significantly lower saturation values
compared to the orange polish (620 nm), suggesting that it may interfere with the
measurement to a greater extent.

The differences between red (700 nm) and green nail polishes, orange and yellow nail
polishes (580 nm) as well as red and yellow nail polishes were not statistically significant,
meaning that in these cases the colour had no clear effect on the saturation result.

A possible explanation for these results might be that colours with wavelengths close to
the range of light emitted or received by the pulse oximeter (especially green) may absorb
or reflect light in a way that interferes with the measurement. Orange nail polish, being
closer to red in the spectrum, appears to affect the results to a lesser degree.

These results suggest the need for caution when interpreting saturation measurements in
people with painted nails, especially to green colour.

Comparison of oxygen saturation between colors (with sample sizes)
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Fig. 1. Comparison of oxygen saturation (%Sp0O2) between nails painted to different colours of
nail polish.
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Only the difference between green and orange nail polish turned out to be statistically
significant (p = 0.0322), i.e. non-random.

Comparison of the “with nail polish” and “without nail polish” groups.

The analysis examined whether the mere presence of nail polish — irrespective of its colour
— affected the results of oxygen saturation (%SpO,) measurements carried out with a
pulse oximeter. The mean saturation in the “with nail polish” group was 95.50%, while in
the “without nail polish” group it was 96.88% (Fig. 2).
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Fig. 2. Oxygen saturation levels depending on the colour of nail polish.

This difference was confirmed by the Student's t-test (the Welch test), which
showed statistical significance:

T=-2.99, p=0.032 (p < 0.05) — Welch's t-test, two-sided.

This means that, regardless of its colour, nail polish statistically significantly
reduced the results of saturation measurements. It can be speculated that a layer
of nail polish — regardless of its colour — acts as an optical filter, limiting or altering
the way light from the pulse oximeter passes through the nail plate. It may be
caused by light absorption by pigments or its scattering by glitter or metallic
additives.

These results confirm previous observations that not only a specific colour (e.g.
green), but in general the presence of nail polish can affect saturation
measurements. Therefore, measurements conducted on individuals with painted
nails may be less accurate and saturation levels may be underestimated. This
should be taken into account especially in clinical and diagnostic settings (Fig. 3).

Mean saturation levels depending on the colour of nail polish:

Green nail polish: mean %SpO, = 86% % 3.4%

Red nail polish: mean %SpO, = 98% + 1.5%

Comparison between green and orange nail polish: T = -2.32, P = 0.032 —
statistically significant difference.

Other colour comparisons showed no statistically significant differences (P > 0.05
in each case).

Wavelength vs saturation:
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e Increasing wavelength (from violet ~400 nm to red ~680 nm) increased mean
saturation levels.
e Long-wavelength colours (“red”) distorted the measurement results to a lesser
degree than short-wavelength colours (“green”).
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Fig. 3. Average oxygen saturation for nails with and without nail polish.

4. CONCLUSIONS

1. Nail polishes significantly influence the results of oxygen saturation
measurements, especially of dark and metallic colour.

2. Interference resulting from long-wavelength colours (e.g. red) is minimal, while
short-wavelength colours (e.g. green) cause the most interference.

3. In particular, light-absorbing colours (e.g. green) significantly reduced the %SpO,
(P =0.032), in contrast to longer-wavelength colours (e.g. red).

REFERENCES

Aggarwal, A. N., Agarwal, R., Dhooria, S., Prasad, K. T., Sehgal, I. S., & Muthu, V., 2023. Impact
of fingernail polish on pulse oximetry measurements: a systematic review. Respiratory care,
68(9), 1271-1280. DOI: 10.4187/respcare.10399

Alassafi, M. O., Aziz, W., AlIGhamdi, R., Alshdadi, A. A., Nadeem, M. S. A,, Khan, I. R,, ... &
Albishry, N., 2024. Complexity reduction of oxygen saturation variability signals in COVID-19
patients: Implications for cardiorespiratory control. Journal of Infection and Public Health, 77(4),
601-608. DOI: 10.1016/j.jiph.2024.02.004

Badguijar, K. C., Badgujar, A. B., Dhangar, D. V., & Badguijar, V. C., 2020. Importance and use of
pulse oximeter in COVID-19 pandemic: general factors affecting the sensitivity of pulse
oximeter. Indian Chemical Engineer, 62(4), 374-384. DOI: 10.1080/00194506.2020.1845988

Ballesteros-Pena, S., Fernandez-Aedo, |., Picdn, A., & Lorrio-Palomino, S., 2015. Influence of nail
polish on pulse oximeter readings of oxygen saturation: a  systematic
review. Emergencias, 27(5), 325-331.

Bedford, J., Enria, D., Giesecke, J., Heymann, D. L., lhekweazu, C., Kobinger, G., ... & Wieler, L.
H., 2020. COVID-19: towards controlling of a pandemic. The lancet, 395(10229), 1015-1018.
DOI: 10.1016/S0140-6736(20)30673-5


https://doi.org/10.4187/respcare.10399
https://doi.org/10.1016/j.jiph.2024.02.004
https://doi.org/10.1080/00194506.2020.1845988
https://doi.org/10.1016/S0140-6736(20)30673-5

System Safety: Human - Technical Facility - Environment 8(1), 2026 144

Bishnoi, A., Sharma, A., Vinay, K., Jindal, A., & Singh, |., 2025. Erroneous Pulse Oximetry
Readings and Local Cutaneous Variables: What We Should Know. Indian Dermatology Online
Journal, 16(4), 667-668. DOI: 10.4103/idoj.idoj_696_24

Coté, C. J., Goldstein, E. A., Fuchsman, W. H., & Hoaglin, D. C., 1988. The effect of nail polish on
pulse oximetry. Anesthesia & Analgesia, 67(7), 683-686.

Couzin-Frankel, J., 2020. The Mystery of the Pandemic’s “Happy Hypoxia”. Science, 368, 455-456.
DOI: 10.1126/science.368.6490.455

Dogan, S. D., Yikar, S. K., Arslan, S., & Nazik, E., 2021. The effect of nail polish and henna on the
measures of pulse oximeters in healthy persons. Journal of PeriAnesthesia Nursing, 36(5), 532-
535. DOI: 10.1016/j.jopan.2020.10.013

Fallahi, M. J., Pezeshkian, F., Ranjbar, K., Javaheri, R., & Shahriarirad, R., 2024. Evaluation of the
predictors and frequency of silent hypoxemia in COVID-19 patients and the gap between pulse
oximeter and arterial blood gas levels: A cross-sectional study. Health Care Science, 3(3), 172-
180. DOI: 10.1002/hcs2.98

Garcia, S., Labaka, L., Hernantes, J., & Borges, M. R., 2020. Monitoring the health system
saturation risk during COVID-19 pandemics. In International Conference on Information
Technology in Disaster Risk Reduction (pp. 274-286). Cham: Springer International Publishing.
DOI: 10.1007/978-3-030-81469-4_22

Greenhalgh, T., Knight, M., Inada-Kim, M., Fulop, N. J., Leach, J., & Vindrola-Padros, C., 2021.
Remote management of covid-19 wusing home pulse oximetry and virtual ward
support. BMJ, 25;372:n677. doi: DOI: 10.1136/bmj.n677

Haq, A., Zafar, K., Fatima, M., & Shafique, M., 2018. Effects of different nail polish colors on arterial
blood oxygen saturation values (SpO2) in pakistani population. In Proceedings of the 2018 3rd
International Conference on Biomedical Imaging, Signal Processing (pp. 6-9). DOI:
10.1145/3288200.3288202

Hess, D. R., 2024. Pulse oximetry: 2023 year in review. Respiratory Care, 69(8), 1033-1041. DOI:
10.4187/respcare.12023

Hinkelbein, J., Genzwuerker, H. V., Sogl, R., & Fiedler, F., 2007. Effect of nail polish on oxygen
saturation determined by pulse oximetry in critically ill patients. Resuscitation, 72(1), 82-91.
DOI: 10.1016/j.resuscitation.2006.06.024

Hol, L., Schultz, M. J., Martin-Loeches, |., van Meenen, D. M., Serpa Neto, A., Paulus, F., &
PRoAcT-Covid Investigators., 2023. Differences in Ventilation Management and Outcomes
between the Two First Waves of the COVID-19 Pandemic—A Comparison between Two
Nationwide Observational Studies in The Netherlands. Journal of Clinical Medicine, 12(13),
4507. DOI: 10.3390/jcm12134507

Hossain, M. S., Rahman, M. A., Khatun, R., Islam, S. A., Munira, S., Hasan, M. |., & Mandal, M.
A., 2021. Effect of Red Nail Polish on Pulse Oximetry Reading. Kyamc Journal, 17(4), 181-183.

Lee, S. K., Ma, J. W,, Chan, K. Y., Cheong, Y. S., Hong, W. T., Ong, R. C. Y, ... & Chua, A. L.,
2022. Pulse oximeter as a home assessment tool: Knowledge and user experience among the
community in Malaysia during the COVID-19 pandemic. Asian Pacific Journal of Tropical
Medicine, 15(5), 213-219. DOI: 10.4103/1995-7645.345941

Luks, A. M., & Swenson, E. R., 2020. Pulse oximetry for monitoring patients with COVID-19 at
home. Potential pitfalls and practical guidance. Annals of the American Thoracic Society, 17(9),
1040-1046. DOI: 10.1513/AnnalsATS.202005-418FR

Maradey—Lazaro, J. G., 2023. Development of a monitoring system for COVID-19 monitoring in
early stages. Periodicals of Engineering and Natural Sciences, 11(2), 48-61. DOI:
10.21533/pen.v11.i2.99

McKee, M., & Stuckler, D., 2020. If the world fails to protect the economy, COVID-19 will damage
health not just now but also in the future. Nature Medicine, 26(5), 640-642. DOI:
10.1038/s41591-020-0863-y

Montemerani, S., Urbanelli, A., Cini, S., Sbrana, G., Tori, T., Mando, M., lannelli, G. & Schiraldi,
F., 2021. Hemogasanalysis Point of Care (EPOC) in Pre-Hospital: The Importance of An Early



https://doi.org/10.1126/science.368.6490.455
https://doi.org/10.1016/j.jopan.2020.10.013
https://doi.org/10.1002/hcs2.98
https://doi.org/10.1136/bmj.n677
https://doi.org/10.1145/3288200.3288202
https://doi.org/10.1145/3288200.3288202
https://doi.org/10.4187/respcare.12023
https://doi.org/10.4187/respcare.12023
https://doi.org/10.1016/j.resuscitation.2006.06.024
https://doi.org/10.3390/jcm12134507
https://doi.org/10.1513/AnnalsATS.202005-418FR
https://doi.org/10.21533/pen.v11.i2.99
https://doi.org/10.21533/pen.v11.i2.99

145 Maria Radziejowska, Alina Kazlouskaya, Pawet Radziejowski
Diagnosis of Silent Hypoxemia in a Context of Scarce Health-Care Resources. DOI:
10.21203/rs.3.rs-823204/v1

Muhammad, B. J., Ali, S. T., Saleh, K. N., Suliman, A. K., & Saleh, G. N., 2024. Enhancing Oximeter
Accuracy: EvaluatingTemperature, Nail Polish, Artifacts and Shielding Factors Through
Measured Data. In: 5th International Conference on Biomedical and Health Sciences, (CIC-
BIOHS’2024), pp. 12-17 DOI:http://doi.org/10.24086/ biohs2024/paper.1246.

Mukhtar, A., Rady, A., Hasanin, A., Lotfy, A., El Adawy, A., Hussein, A., ... & Mostafa, H., 2021.
Admission SpO2 and ROX index predict outcome in patients with COVID-19. The American
journal of emergency medicine, 50, 106-110. DOI: 10.1016/j.ajem.2021.07.049

Page, M. J., Moher, D., Bossuyt, P. M., Boutron, |., Hoffmann, T. C., Mulrow, C. D., Shamseer L,
Tetzlaff JM, Akl EA, Brennan SE, Chou R, Glanville J, Grimshaw JM, Hrébjartsson A, Lalu MM,
Li T, Loder EW, Mayo-Wilson E, McDonald S, McGuinness LA, Stewart LA, Thomas J, Tricco
AC, Welch VA, Whiting P & McKenzie, J. E., 2021. PRISMA 2020 explanation and elaboration:
updated guidance and exemplars for reporting systematic reviews. BMJ, 25;372:n689. doi: DOI:
10.1136/bmj.n160

Pérez, R. N., Gascon, M. M., Guisado-Clavero, M., & Ares-Blanco, S., 2021. Oxygen saturation
changes in relation to the use of gloves: an uncontrolled before and after intervention study.
DOI: 10.21203/rs.3.rs-275983/v1.

Rahman, A., Tabassum, T., Araf, Y., Al Nahid, A., Ullah, M. A., & Hosen, M. J., 2021. Silent hypoxia
in COVID-19: pathomechanism and possible management strategy. Molecular biology
reports, 48(4), 3863-3869. DOI: 10.1007/s11033-021-06358-1

Raipure, A., Ankalwar, V., Tirpude, N. G., & Gaikawad, K., 2019. Effect of nail paint on pulse
oximetry values and clinical importance. J Med Sci Clin Res, 7(9), 261-265.

Roberts, J. R., 2022. InFocus: treating hypoxia in discharged COVID-19 patients. Emergency
Medicine News, 44(1), 1-8. https://journals.lww.com/em-news/fulltext/2022/01000/infocus___
treating_hypoxia_in_discharged_covid_19.8.aspx

Satici, C., Demirkol, M. A., Alkan, M., & Esatoglu, S. N., 2020. Falsely low values of oxygen
saturation measured by pulse oximetry in patients with coronavirus disease 2019. Lung
India, 37(6), 553-554. DOI: 10.4103/lungindia.lungindia_392_ 20

Tobin, M. J., Laghi, F., & Jubran, A., 2020. Why COVID-19 silent hypoxemia is baffling to
physicians. American journal of respiratory and critical care medicine, 202(3), 356-360. DOI:
10.1164/rccm.202006-2157CP

Wilkerson, R. G., Adler, J. D., Shah, N. G., & Brown, R., 2020. Silent hypoxia: a harbinger of clinical
deterioration in patients with COVID-19. The American journal of emergency medicine, 38(10),
2243-e5. DOI: 10.1016/j.ajem.2020.05.044

Wilson-Baig, N., 2021. Happy hypoxia in COVID-19: pathophysiology and pulse oximetry
accuracy. Journal of Paramedic Practice, 13(7), 288-296. DOI: 10.12968/jpar.2021.13.7.288

Woijtasz, I., Cofta, S., Czudaj, P., Jaracz, K., & Kazmierski, R., 2022. Effect of face masks on blood
saturation, heart rate, and well-being indicators in health care providers working in specialized
COVID-19 center. International journal of environmental research and public health, 19(3),
1397. DOI: 10.3390/ijerph19031397

Yeganehkhah, M., Dadkhahtehrani, T., Bagheri, A., & Kachoie, A., 2019. Effect of glittered nail
polish on pulse oximetry measurements in healthy subjects. Iranian journal of nursing and
midwifery research, 24(1), 25-29. DOI: 10.4103/ijnmr.lUNMR_176_17

Yek, J. L. J., Abdullah, H. R., Goh, J. P. S., & Chan, Y. W., 2019. The effects of gel-based manicure
on pulse oximetry. Singapore medical journal, 60(8), 432. doi: 10.11622/smedj.2019031

Yikar, S. K., Arslan, S., & Nazik, E., 2019. The Effect of Nail Polish on Pulseoximeter’s
Measurements in Healthy Individuals. Int J Caring Sci, 12(2), 1144-114.



https://doi.org/10.1016/j.ajem.2021.07.049
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1164/rccm.202006-2157CP
https://doi.org/10.1164/rccm.202006-2157CP
https://doi.org/10.1016/j.ajem.2020.05.044
https://doi.org/10.12968/jpar.2021.13.7.288
https://doi.org/10.3390/ijerph19031397
https://doi.org/10.11622/smedj.2019031

