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Abstract 

Background/ Objectives: Patients with poor sleep are at high risk for developing diabetes 

(T2DM). Since T2DM is linked to increased risk of obstructive sleep apnea (OSA), and Metformin 

is commonly used to treat T2DM, we examined how Metformin affects sleep stages in patients 

with concurrent T2DM and OSA-related symptoms of snoring and fatigue. T2DM patients on 

Metformin, progressively develop increased insulin resistance associated with sleep 

disturbances, and poor glycemic control. We explored changes in sleep patterns in T2DM 

patients on Metformin. We explored if Metformin affects sleep Architecture in T2DM patients. 

Methods: Evaluate PSG (polysomnogram data from T2DM patients on Metformin along with 

data on age, BMI and sex. Data to be analyzed as mean +SE and linear regression, t test p<0.5 

taken as significant. Results: Non-obese patients taking Metformin experienced a significant 

decrease in REM duration compared to patients on alternative therapies (p = 0.036). There was 

no such change in REM for obese patients taking Metformin. While there was no change in N3 

duration with Metformin use, linear regression identified a moderate negative correlation 

between N3 and age in patients taking non-Metformin therapies (R2 = 0.4555). No significant 

correlations between sleep stage duration and patient sex, smoking status, or body-mass index 

(BMI) were identified. Conclusion: T2DM patients on Metformin had OSA with reduced deep 

sleep (N3) and REM (Rapid Eye Movement) sleep. These diabetic patients with OSA being treated 

with Metformin had decreased REM sleep, regardless of sex, smoking history, and BMI. N3 and 

REM sleep are needed for timely secretion of growth hormone and memory consolidation. 

Metformin affects sleep architecture and impacts N3 and REM sleep. This may contribute to the 

development of insulin resistance. Future studies are needed to explore potential causes for this 

decrease and how it may affect treatment of T2DM. 

Keywords: diabetes; metformin; sleep apnea; sleep architecture; REM sleep; insulin  

resistance; N3 sleep; sleep stages 

 

1. Introduction 

According to the Centers for Disease Control and Prevention1, in 2021, roughly 8.9% of the U.S. 

population–or about 29.7 million people–had been diagnosed with diabetes mellitus. Of the U.S. 

adults who have been diagnosed with diabetes, about 91.2% have type II diabetes mellitus (T2DM)2. 

In T2DM, the body may produce insulin, but the tissues are insulin resistant, meaning that they 

cannot respond to that insulin. If untreated, T2DM can lead to a variety of health complications 

including cardiovascular disease, kidney failure, peripheral neuropathy, and sleep disordered 

breathing (SDB). 

Of these complications, SDB has a particularly interesting interplay with T2DM. SDB describes 

a spectrum of conditions which cause abnormal breathing during sleep, typically by affecting the 

upper airway 3. One type of SDB called obstructive sleep apnea (OSA) is a disorder where the upper 

airway partially or completely collapses during sleep, which can lead to apneas (transient pauses in 
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breathing), hypoxemia, and decreased quality and duration of sleep. Patients with OSA often present 

with snoring, daytime sleepiness, and fatigue4. 

In addition to having similar risk factors–including increased age, smoking, alcoholism, and 

increased BMI5, OSA and T2DM may exacerbate each other3,6,7,8. For instance, decreased sleep quality, 

such as frequent waking, has been associated with decreased insulin sensitivity and glucose tolerance 
7,9.10. Furthermore, T2DM may affect control of breathing and pharyngeal muscles, which can worsen 

OSA6Notably, OSA is more common among people with T2DM than among the general population. 

The overall prevalence of OSA diagnosed by PSG among people with T2DM ranges from 58-86% 11. 

However, there is some uncertainty about the true prevalence of OSA in diabetic patients. Heffner et 

al.12 found that only 18% of patients with T2DM were officially diagnosed with OSA by their primary 

care physician, although the investigators attributed this number to underdiagnosis. 

It is likely that many of these patients with T2DM have been prescribed the oral medication 

Metformin. According to the American Diabetes Association1 Standards of Medical Care in Diabetes, 

Metformin is the first line drug for treating T2DM in patients over the age of 10 years old. Metformin 

can be used as a monotherapy or in combination with other antidiabetic drugs, depending on the 

severity of the diabetes. It works by improving insulin sensitivity, decreasing glucose production in 

the liver, and decreasing glucose absorption by the intestines14. Over the years, Metformin prescribing 

has increased. In 2000, FDA-approved prescriptions of Metformin numbered 2.27 per 1000 people in 

the U.S., but by 2015, this number had increased to 235 per 1000 people 15. As of 2023, Metformin was 

being taken by over 200 million people worldwide16. 

Some of the rarer side effects of Metformin include insomnia and nightmares17,18. Although there 

is limited research on the mechanism behind this effect of Metformin, it has been well documented 

that diabetes and differential glycemic control affect sleep architecture–the organization and stages 

of sleep. A higher Hemoglobin A1c (HbA1c) has been associated with decreased REM sleep latency 

(the time between falling asleep and the first REM cycle)19, and decreased sleep efficiency (percent of 

time in bed that is spent asleep) 20. However, there is conflicting data on the relationship between 

T2DM and sleep stage duration. While Pallayova et al.21 found that people with T2DM experience 

decreased slow-wave (N3) sleep and increased REM sleep, a more recent study by Chen et al.22 

suggested the opposite, that T2DM leads to increased slow-wave and decreased REM sleep. 

Additionally, our previous work investigating the effect of insulin on sleep architecture showed that 

insulin therapy was associated with reduced REM and N3 sleep, without differences between 

genders in patients with high BMI23, 24. It is important to note such changes to sleep architecture 

because healthy sleep architecture accounts for the various benefits of sleep. For example, the deep 

stages of non-REM sleep aid in tissue repair 25, and REM sleep is important for memory consolidation 

and learning26. 

Given the rise in Metformin prescriptions and the data indicating that both diabetes and 

Metformin affect sleep, the purpose of this study is to determine whether Metformin is associated 

with changes to sleep architecture in patients presenting with T2DM and OSA. Specifically, we aim 

to study the relationship between different phases of sleep and total time in sleep in these patients. 

2. Hypothesis 

We hypothesize that Metformin affects sleep and influences sleep architecture. Thus, we sought 

to determine sleep architecture in T2DM patients taking Metformin for metabolic control who 

showed sleep-disturbance side effects of excessive daytime sleepiness, snoring, and fatigue. 

3. Methods 

We conducted a retrospective community-based cohort study that was approved by California 

University of Science and Medicine IRB-HS-2020-11. Study participants included a diverse patient 

population in an underserved area in Southern California. PSG was medically indicated in these 
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patients because of suspected sleep disorders, and patients were referred to the Sleep Clinic for 

evaluation and treatment by their primary care physicians27. 

Inclusion criteria included: (1) Adult patients 18 years of age or older, (2) Patients with T2DM 

and currently receiving treatment, (3) Diabetic patients undergoing overnight PSG only (without 

CPAP treatment) under technician observation in a sleep laboratory. 

Exclusion criteria included: (1) Non-Diabetic patients, (2) Diabetic patients not taking 

conventional medication of Metformin or Insulin, (3) Under 18 years of age, (4) Patients undergoing 

split night study or CPAP treatment, (5) Sleep study that was less than 6 hours long, (6) Patient who 

consumed oxybate (Xyrem) on the night of study, as oxybates increase slow wave sleep28. 

Patients underwent six channels: EEG, EOG, EMG, EKG, and pulse oximetry. Thoracic and 

abdominal respiratory effort was measured through respiratory inductance plethysmography (RIP) 

belts, body position, and air flow monitoring was done through thermistor and body position 

sensors. Sleep staging was done by an experienced sleep technician using American Academy of 

Sleep Medicine (AASM) guidelines29 and verified by a physician, both of whom were blind to the 

study. Data on age, gender, BMI, and medications were collected. N1, N2, N3 and REM sleep stage 

data were analyzed. Each sleep stage was analyzed in relation to total sleep time. Data analysis 

included the mean + standard deviation and t-test with statistical significance determined by p-

value<0.05. 

4. Results 

In 29 patients taking Metformin, there was a significant REM sleep decrease compared to 22 

control patients who did not take Metformin, but rather some other form of diabetes therapy, such 

as Lantus or Novolog (p = 0.03, Table 1, Fig 1). There was no significant change in N3 sleep between 

patients taking Metformin and non-Metformin patients taking an alternative therapy (p = 0.75, Table 

1). 

Table 1. Patient sample data for age, BMI, sleep stages, and total REM sleep time. 

 Metformin Patients Control Patients 

Age at Time of PSG (Mean ± 

SD) 

62.9 ⁤± 11.6 63.6 ⁤± 10.8 

BMI (Mean ± SD) 36.1 ⁤± 9.8 35.7 ⁤± 8.1 

N1 (% of TST) (Mean ± SD) 3.6⁤ ± 2.7 4.6 ⁤± 3.1 

N2 (% of TST) (Mean ± SD) 74.6 ⁤± 14.9 68.3 ⁤± 17.1 
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N3 (% of TST) (Mean ± SD) 14.9 ⁤± 11.6 16.0 ⁤± 13.1 

REM (% of TST) (Mean ± 

SD) 

6.9 ⁤± 6.5 11.0 ⁤± 6.8 

REM Minutes (Mean ± SD) 20.4 ± 22.5 32.5 ± 21.2 

Of the 29 patients prescribed Metformin, 20 patients were women and 9 patients were men. 

There was no significant difference in both REM sleep time and N3 sleep time between sexes (Figure 

1). Moreover, of the patients on Metformin, 13 patients had a prior smoking history or were active 

smokers, 14 had never smoked tobacco, and 2 had an unknown smoking history. There was no 

significant difference in either REM sleep duration or N3 sleep duration between smokers and non-

smokers. 

 

Figure 1. Average N3 and REM sleep duration between sexes on Metformin. 

Using data from 12 non-obese patients, of whom 7 patients were prescribed Metformin and 5 

patients were not, we found that patients taking Metformin experienced significantly shorter 

durations of REM sleep than patients on alternative therapy (p = 0.036, Figure 2). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 January 2026 doi:10.20944/preprints202601.0715.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.0715.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 11 

 

 

Figure 2. Average N3 and REM sleep duration between non-obese (healthy, overweight) and obese patients. 

Using data from 36 obese patients, of whom 20 patients were prescribed Metformin and 16 

patients were not, we found no significant difference between the duration of REM sleep between 

Metformin patients and non-Metformin patients, although Metformin patients on average had a 

lower duration of REM sleep (Figure 2). In both non-obese patients and obese patients, no significant 

difference in N3 sleep duration was observed between patients taking Metformin and those taking 

alternative therapies. 

A linear regression analysis demonstrated that among patients using Metformin (R2 = 0.0965) 

and patients on alternative therapy (R2 = 0.052), REM sleep duration was not dependent on age 

(Figure 3). 

 

Figure 3. REM sleep vs age in Metformin and control patients. 
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However, linear regression analysis also revealed a moderate inverse relationship between N3 

sleep and age in non- Metformin patients (R2 = 0.4555) that does not appear in patients taking 

Metformin (R2 = 0.0003, Figure 4). 

 

Figure 4. N3 sleep vs age in Metformin and control patients. 

Discussion: Both T2DM and OSA have been associated with noticeable effects on sleep 

architecture30, 31,32. For instance, both T2DM and higher HbA1c scores have been correlated with 

decreased duration of REM sleep20,22,30, 31,32. But while at least three independent case reports have 

documented patients with T2DM experiencing recurrent nightmares with Metformin use32, 33,34, there 

is limited existing research on whether Metformin alters sleep architecture. To our knowledge, this 

study is one of the first to explore the relationship between T2DM, OSA, and Metformin and how 

they may jointly affect sleep architecture. 

Our data shows that the percentage of REM sleep was significantly decreased in patients taking 

Metformin compared to those using other diabetes therapies. Meanwhile, there was no significant 

difference in the percentage of N3 sleep between patients taking Metformin versus those on 

alternative treatments. 

Orexins may offer one potential explanation for the relationship between Metformin, glucose 

metabolism, and sleep architecture. Orexins (or hypocretins) are excitatory neurotransmitters that are 

synthesized in the hypothalamus and function to promote wakefulness and regulate REM sleep35, 36,37. 

Recent evidence indicates that orexins provide protection against development of peripheral insulin 

resistance as observed in older patients. Animal studies have shown that increased orexin receptor 

type 2 activity improves leptin sensitivity, thereby mitigating diet- induced obesity and insulin 

insensitivity38. Notably, orexin expression was found to be downregulated in hyperglycemic rodents 

with diabetes39. 

Orexin activity is similarly decreased during REM sleep 40. This is relevant for patients on 

Metformin because a randomized trial in patients with T2DM found that 3-month treatment with 

Metformin not only improved insulin sensitivity but also increased serum orexin concentrations by 

26% (p = 0.025). The same study also identified a negative correlation between serum orexin 
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concentrations and insulin resistance (r = - 0.301, p = 0.024)40. Since increased orexin levels can 

promote waking and suppress REM, this may help explain the sleep disturbances experienced by 

patients taking Metformin41. This connection may be worthwhile investigating in future studies. 

For decades, REM sleep has been implicated in memory consolidation. REM is characterized by 

aperiodic neural activity—an unsynchronized signal without oscillations on EEG—and a recent 

study by Lendner et al.42 demonstrated that this aperiodic activity is predictive of memory retention. 

It is also well-documented that aging is associated with changes in sleep architecture, specifically a 

decrease in REM sleep 43. An even greater decrease in REM sleep has been observed in elderly patients 

with mild cognitive impairment or Alzheimer’s disease44. Our results suggest that patients with OSA 

and T2DM taking Metformin experience a decline in REM sleep that may compound the already 

decreased REM seen in aging patients, thereby possibly impacting both their memory and quality of 

life. However, additional research is needed to establish clinical significance. 

The data does not demonstrate a significant relationship between REM or N3 sleep and 

biological sex, even though many previous studies have shown that non-diabetic female patients tend 

to spend more time in non-REM and less time in REM sleep than male patients45, 46. One possible 

reason our data differs from the existing literature is that many of the female patients in this study 

are older and peri- or postmenopausal, which is associated with a decline in female sex hormones. 

Additionally, all the patients in this study were diagnosed with T2DM, whereas past studies 

focused on non-diabetic populations. 

The lack of correlation between REM sleep and obesity was consistent with prior studies that 

found that obese and non-obese populations experienced similar durations of REM sleep 47. While 

obesity is one of the strongest risk factors for OSA, people with obesity can have varying levels of 

OSA severity. Of the U.S. adults who have been diagnosed with obesity, roughly 69% have some 

level of OSA, but only about 32% have moderate to severe OSA48. The different levels of OSA severity 

may, in turn, have different effects on REM sleep duration. While severe OSA has been linked to a 

decrease in REM sleep in obese adolescents, mild OSA has been linked to an increase in REM 48,49 

further concluded that the odds ratio for symptoms of OSA in patients with increased BMI was 2.4, 

suggesting that many non-obese patients have OSA, and thus, changes in REM. Therefore, it may be 

reasonable to attribute the similarities in REM sleep between obese and non-obese populations to the 

wide range of OSA severity among these patients. 

Limitations of this study include the relatively small sample size and that the study population 

was derived from Southern California, which may narrow the generalizability of these findings. 

Moreover, while our data revealed correlations between Metformin use and changes in sleep 

architecture, further studies would be required to identify causal relationships and clinical 

significance. 

Conclusion: This study provides evidence that Metformin is associated with a decrease in REM 

sleep in patients with T2DM and OSA, and thus, a decline in sleep quality in these patients regardless 

of sex differences, smoking history, and BMI. Future studies using larger populations are needed to 

explore potential causes for such a decrease and how that relationship may affect the therapeutic 

options for patients with concurrent T2DM and sleep disorders. 
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