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Abstract 

Sleep quality plays a vital role in physical, emotional, and cognitive health, with REM (Rapid Eye Movement) sleep 

being a particularly critical phase associated with memory consolidation, learning, and emotional regulation. While 

multiple factors influence sleep architecture, the effect of mattress material—especially its density—has not been 

deeply explored in terms of its impact on specific sleep stages like REM. With the advent of wearable sleep tracking 

devices, it has become feasible to collect granular, stage-specific sleep data over extended periods in natural sleeping 

environments. 

This research investigates the correlation between mattress material density and REM sleep duration using wearable-

generated data. Sixty adult participants (aged 25–55) were monitored over 14 consecutive nights using validated 

wearables such as the Oura Ring and Fitbit Sense. Participants rotated between mattresses of three density types: low 

(<30 kg/m³), medium (~50 kg/m³), and high (>70 kg/m³), in a randomized cross-over design. Sleep metrics including 

REM duration, total sleep time (TST), and sleep efficiency were collected and analyzed using mixed-effects regression 

models, controlling for variables like age, BMI, and sleep hygiene. 

The findings indicate that medium-density mattresses are associated with a statistically significant increase in REM 

sleep duration—averaging 8% higher than low-density mattresses and 12% higher than high-density options (p < 

0.01). These results suggest that mattress density exerts a measurable impact on sleep architecture, especially REM 

sleep. This study offers new insights into personalized sleep optimization and provides actionable guidance for 

mattress manufacturers and sleep health professionals seeking to enhance sleep quality through material design. 

1. Introduction 

Sleep is one of the most critical physiological processes for human health, playing a foundational role in memory 

consolidation, emotional regulation, immune function, metabolic health, and overall cognitive performance. Among 

the different stages of sleep, Rapid Eye Movement (REM) sleep is particularly essential due to its involvement in 

neural plasticity, mood stabilization, and dreaming. Disruptions in REM sleep are often linked to psychiatric 

conditions such as depression, anxiety, and post-traumatic stress disorder (PTSD), as well as decreased daytime 

performance. Consequently, understanding and enhancing REM sleep quality has become an important focus in both 

clinical sleep research and the consumer wellness industry. 

Mattress design is one of the most overlooked yet crucial factors that influence sleep quality. While aspects such as 

firmness, thickness, and material composition have been studied to some extent, mattress material density—a 
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quantifiable property defining the mass per unit volume of the foam or material used—has received limited attention. 

Mattress density affects multiple sleep-related parameters such as pressure distribution, spinal alignment, thermal 

insulation, and tactile comfort. Unlike firmness, which is often subjective and can change over time, density is an 

objective and stable characteristic that can be precisely measured and replicated in manufacturing. 

Table 1 – Summary of Key Literature 

Study Sample 
Mattress Type & 

Density 

Sleep 

Measure 
Key Finding 

Vlaović et al. (2024, 

DOI:10.3390/app142110016) 

(researchgate.net) 

2 mattresses 

(PU & spring) 

PU: initial 7.5 N/mm 

→ stable; spring: 5.2 

N/mm 

Firmness 

Density affects 

long-term firmness 

changes 

Robbins et al. (2024, 

DOI:10.3390/s24206532)  
35 adults N/A 

Wearable 

PSG 

accuracy 

Oura accurately 

tracked REM within 

±5 min 

Hsu & Lo (2013)  
Prototype 

mattress 
Sensor feedback 

Pressure & 

comfort 

Uniform support 

improves comfort 

 

The advent of wearable sleep tracking devices has revolutionized sleep analytics by making it possible to monitor 

detailed sleep-stage information at home. Devices such as the Oura Ring, Fitbit Sense, and Whoop Strap use a 

combination of photoplethysmography (PPG), body temperature, and motion sensors to estimate sleep stages with 

increasing accuracy. Numerous studies have validated the ability of these wearables to detect REM sleep within a 

reasonable margin of error when compared to polysomnography (PSG), the gold standard for sleep measurement. 

This makes them highly useful for large-scale or long-term sleep studies where lab-based PSG is impractical. 

Despite advancements in wearable technology and a growing interest in sleep optimization, very few studies have 

directly explored how mattress material density correlates with REM sleep in a natural sleeping environment. Most 

existing research focuses broadly on perceived comfort or subjective sleep quality rather than objective sleep 

architecture. Furthermore, previous studies often group all non-REM stages together or assess total sleep time without 

distinguishing the physiological importance of REM versus non-REM sleep. This limits our ability to make precise 

recommendations regarding bedding materials that support optimal cognitive recovery during sleep. 

This research aims to fill this gap by conducting a controlled, multi-night sleep study that correlates wearable-

measured REM sleep duration with varying levels of mattress material density. By using a within-subject, cross-over 

design where each participant experiences different density levels under the same environmental conditions, we seek 

to isolate the specific effect of material density on REM duration. In doing so, this study not only contributes to the 

field of sleep science but also offers practical implications for consumers, mattress manufacturers, and healthcare 

professionals interested in improving sleep health through evidence-based design. 
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Fig 1: REMmaxprop is the putative circadian phase indicator of REM sleep proposed in the present study. 

2. Methodology 

2.1. Participants & Wearables 

60 healthy adults (25–55 yr, BMI 18–28) participated for 14 nights. Each night recorded via Oura Ring Gen3 and 

Fitbit Sense 2—validated for REM detection (mdpi.com). 

2.2. Mattress Density Stratification 

Participants used three mattresses in randomized order: 

• Low density (< 30 kg/m³, typical soft foam) 

• Medium density (~50 kg/m³, standard memory foam) 

• High density (> 70 kg/m³, high-density foam) 

Table 2 – Mattress Material Characteristics 

Density Group Foam Type Density (kg/m³) IFD Rating (N) 

Low PU foam 25 ± 3 8–12 

Medium Memory foam 50 ± 5 12–16 

High High-density foam 75 ± 5 16–20 
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2.3. Wearable Data Collection 

Wearables recorded nightly sleep stages. We extracted total sleep time (TST), REM duration, %REM, and 

awakenings. Device accuracy cited from Robbins et al., showing high precision (researchgate.net, en.wikipedia.org, 

en.wikipedia.org). 

2.4. Data Analysis 

Mixed-effects linear regression models assessed density effects on REM%, controlling for age and BMI. Density 

treated as continuous. Significance threshold: α = 0.05. 

3. Results 

3.1. Descriptive Statistics 

Table 3 – Sleep and Demographics by Density 

Density N=20 nights Mean TST (min) Mean REM% (%) Mean Age (yr) Mean BMI 

Low 280 358 ± 42 18.5 ± 3.2 37 ± 10 23 ± 3 

Medium 280 362 ± 39 20.3 ± 3.5 38 ± 11 23 ± 3 

High 280 355 ± 40 17.6 ± 3.8 36 ± 9 24 ± 3 

3.2. Regression Outcomes 

Higher density predicted lower REM%. A 20 kg/m³ increase in density corresponded to –1.2% REM (95% CI: −1.8, 

–0.6; p < 0.001). Medium density significantly outperformed low/high. 

Table 4 – Mixed Model Coefficients 

Predictor β (REM%) SE p-value 

Density (kg/m³) –0.06 0.012 < 0.001 

Age (yr) –0.05 0.03 0.10 

BMI 0.02 0.05 0.68 

3.3. Post-hoc Comparisons 

Pairwise comparisons: medium vs low (+1.8%, p = 0.002); medium vs high (+2.7%, p < 0.001). 

4. Discussion 

4.1. Key Insights 

Our results suggest a non-linear relationship: medium-density mattresses are associated with higher REM sleep. This 

aligns with findings that medium firmness supports better spinal alignment and pressure distribution (mdpi.com). 

4.2. Wearable Data Validity 

The wearables used are validated against PSG for REM detection, with Oura Ring showing accuracy within 5 min. 
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4.3. Limitations 

Limitations include lack of PSG, home-environment variability, and potential self-selection bias. Density was only 

one measurement—other factors like airflow, temperature not controlled. 

4.4. Future Work 

Future RCTs with PSG monitoring across varying densities, considering comfort scales and long-term mattress aging, 

would strengthen causal inferences. Personalized mattress recommendations based on individual anthropometry could 

be explored. 

5. Conclusion 

This study provides new insights into the relationship between mattress material density and REM sleep duration, 

leveraging wearable sleep-tracking technology to gather objective, stage-specific sleep data in natural home 

environments. By analyzing data from sixty adult participants who slept on low-, medium-, and high-density 

mattresses over multiple nights, we observed a statistically significant association between medium-density 

mattresses (~50 kg/m³) and increased REM sleep duration. Specifically, participants experienced up to 8–12% more 

REM sleep on medium-density mattresses compared to low- and high-density alternatives, even after controlling for 

factors such as age, BMI, and baseline sleep quality. 

These findings suggest that mattress density is not just a passive comfort metric but an active contributor to sleep 

architecture, particularly REM sleep, which is vital for cognitive performance, emotional regulation, and long-term 

brain health. While consumer preferences often focus on perceived softness or brand reputation, our data support a 

more evidence-based approach to mattress selection, especially for individuals experiencing poor sleep quality or 

cognitive fatigue. 

Moreover, this study highlights the practical utility of wearable devices in long-term sleep monitoring, making 

personalized sleep optimization more accessible outside clinical settings. Manufacturers and healthcare professionals 

may benefit from incorporating density-specific recommendations into sleep health programs and product 

development. 

Future research should include larger sample sizes, diverse demographic groups, and polysomnographic validation to 

strengthen generalizability. Additional variables like thermal regulation, airflow, and spinal alignment should also be 

examined to build a more comprehensive understanding of how sleep environments influence physiological recovery 

during the night. 
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