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A B S T R A C T   

Objectives: Examine risks for breakthrough COVID-19 infections in vaccinated patients with selected sleep 
disorders. 
Methods: Real-time search and analysis using the TriNetX platform to evaluate risk of COVID-19 breakthrough 
infections (BTI) for patients having ICD-10 diagnoses relating to insomnia, circadian rhythm disorders, and 
inadequate sleep. The sleep disorder and control cohorts underwent propensity matching including factors for 
age, gender, race, ethnicity, and multiple co-morbid conditions. 
Results: Of 24,720 patients identified as having a sleep disturbance relating to insomnia, circadian rhythm dis-
order, or inadequate sleep, 815 (3.2 %) were found to have a developed a BTI. There was a significant increased 
risk of BTI noted between the sleep disorder and control cohorts (adjusted odds ratio (aOR) of 1.40, 95 % 
confidence interval (CI) of 1.23–1.58). Subgroup analysis showed an elevated risk for BTI receiving two doses 
(aOR 1.53, 95 % CI 1.24–1.89) versus three doses (aOR 1.45, 95 % CI 1.24–1.69). Patients with the sleep 
disturbance were not found to be at an increased risk of hospitalization, intubation, death, or composite outcome 
of death and intubation. 
Conclusion: The presence of having a diagnosis of insomnia, circadian rhythm disorder, or inadequate sleep was 
associated with increased risk of COVID-19 breakthrough infection.   

1. Introduction 

The coronavirus disease (COVID-19) pandemic caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has led to sig-
nificant morbidity and mortality on a global scale. As of May 2023, there 
have been over 767 million confirmed causes and over 6.9 million 
deaths [1]. Vaccination efforts against COVID-19 played an important 
role in lowering morbidity and mortality associated with COVID-19 [2]. 
There has also been emerging evidence of waning immunity and 
breakthrough infections (BTI) despite vaccination efforts [3–5]. Higher 
rates of BTI have been shown to be present in immunosuppressed pa-
tients including those with HIV, rheumatoid arthritis, and solid organ 
transplant [6]. There has been an increased focus on identifying and 
addressing additional factors which have an impact on the effectiveness 
of vaccines, especially as new variants have emerged. 

Sleep has not been at the forefront when thinking of factors that 
affect vaccine efficacy despite there being a growing body of evidence 

examining the relationship between the immune system and sleep. Early 
evidence noted sleep restriction at the time of Influenza vaccination led 
to decreased antibody titers post inoculation [7]. Another study showed 
that subjects with adequate sleep who received Hepatitis A virus (HAV) 
vaccine had almost a twofold higher HAV antibody titers at 4 weeks 
compared to a sleep deprived group [8]. A recent meta-analysis exam-
ining insufficient sleep and antibody response to vaccination noted that 
insufficient sleep decreases the response to anti-viral vaccination; 
however, findings were more robust in men versus women [9]. One 
limiting factor of these studies has been the relatively small number of 
patients involved in the studies themselves [9]. The presence of chronic 
insomnia has shown to be associated with a lower antibody titer after 
Influenza vaccination versus in subjects without insomnia [10]. Shorter 
sleep duration, confirmed with actigraphy and sleep diaries, was noted 
to have lower secondary antibody response at the six-month mark for 
patients receiving Hepatitis B vaccination series [11]. 

Our study aims to further the level of evidence demonstrating the 
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relationship between sleep and vaccination efficacy. In this effort, we 
used data from a large national database to examine the relationship 
between the risk of breakthrough COVID-19 infections in patients with 
certain sleep related disturbances. 

2. Material and methods 

2.1. Database 

A retrospective cohort study utilizing the multi-Institutional research 
network TriNetX (Cambridge, USA) was performed. TriNetX is a global 
federated research network which provides real-time access to de- 
identified electronic health records (EMRs) of more than 85 million 
patients within 52 health care organizations (HCOs) in the United States 
of America. The de-identification process is determined and done at a 
network-level and attested to through a formal determination by a 
qualified expert as defined in the Health Insurance Portability and 
Accountability Act Privacy Rule (HIPAA). TriNetX obfuscates patient 
counts which are less than 10 to ensure patient anonymity. Clinical 
variables are derived directly from EMRs of included HCOs as well as 
retrieved through a built-in natural language processing system that 
extracts variables from clinical documents. Robust quality assurance is 
achieved at the time of extraction from EHRs before inclusion in the 
database, in a systemic and standardized format. The interface only 
provides aggregate counts and statistical summaries to protect patient 
health information and ensures that the data remain de-identified at all 
levels of data retrieval and dissemination. 

2.2. Study participants and cohorts 

2.2.1. Study participants and cohorts 
A real-time search and analysis of US Collaborative Network in the 

TriNetX platform was conducted and updated through February 11, 
2022. The sleep disorder cohort included adults aged 18 years and older 
who had International Classification of Disease, Ninth Revision and 
Tenth Revision, Clinical Modification (ICD-10-CM) code in their EHR for 
circadian rhythm disorders and insomnia. A complete list of ICD-10-CM 
codes can be found in Supplementary Table 1. For the purposes of this 
study, the diagnoses which were included in the sleep disorder cohort 
did not include obstructive sleep apnea (OSA) since evidence has not 
been definitive between COVID-19 outcomes and OSA. One meta- 
analysis noted that OSA was associated with progressing to severe 
COVID-19, ICU admission, and the need of mechanical ventilation [12]. 
However, this analysis mainly consisted of reviewing retrospective 
cohort studies. Furthermore, a cross sectional web-based survey across 
multiple countries noted that participants who were at high risk of OSA 
were also at increased odds of having COVID-19 [13]. However, a major 
limitation of this study was the use of subjective web-based data with 
self-reported answers about COVID-19, hospitalization, and only 
screening questionnaires regarding the risk of obstructive sleep apnea. 
In comparison, the only study to date which utilized objective sleep data 
with polysomnography and SARS-CoV-2 serology demonstrated a lack 
of relationship between OSA and SARS-CoV-2 seropositivity and symp-
tomatology [14]. Of note, the same study also noted further studies with 
objective measures are needed to confirm their findings. Thus, based on 
these contrasting findings at the time of our analysis, we elected to 
exclude OSA in our analysis. 

Patients in the sleep disorder cohort that had received at least one 
dose of COVID-19 vaccine were identified using Current Procedural 
Terminology (CPT) relevant codes for BNT162b2 (0002A), mRNA-1273 
(0012A) or 26 CE. COV2 (0031A) vaccine. Patients were required to 
have an ICD-10-CM code related to a sleep disorder within 3 months 
prior to vaccine administration. Control cohort included patients 
without ICD-10-CM codes for a sleep disorder who had received a 
COVID-19 vaccine. 

2.3. Study outcomes 

The primary outcome of the study was to compare the risk of COVID- 
19 breakthrough infection (BTI) within 6 months of vaccination and its 
adverse outcomes between the sleep disorder cohort and control cohort. 
Patients diagnosed with COVID-19 in their respective cohorts were 
identified using either ICD-10-CM code in their EHR: U07.1 COVID-19; 
or a positive test result identified with COVID-19 specific laboratory 
Logical Observation Identifiers Names and Codes (LOINCs), SARS 
coronavirus 2 and related RNA (TNX:LAB:9088). TriNetX allows 
defining index events and excluding patients with outcomes prior to the 
index event. This functionality allowed us to find patients who had 
SARS-CoV-2 infection after the COVID vaccine. Subgroup analysis was 
performed based on the number of vaccine doses (2 or 3 doses). We only 
included patients who had CPT codes for BNT162b2 (0002A) or mRNA- 
1273 (0012A) as only these vaccines have distinctions available for one, 
two or three doses in the TriNetX platform. Adverse events after COVID- 
19 included hospitalization, intensive care unit (ICU) care, endotracheal 
intubation, mortality and composite outcome of intubation and mor-
tality within 30 days. Status of hospitalization and ICU care was based 
on CPT code “Hospital Inpatient Services” (1013659) and “Critical Care 
Services” (1013729) respectively. Status of death was based on vital 
status code “Deceased” that TriNetX regularly imports from the Social 
Security Death index. Endotracheal intubation was identified based on 
CPT code 31500 “Intubation, endotracheal, emergency procedure” or 
mechanical ventilation CPT code 5A09. 

2.4. Statistical analysis 

All statistical analysis were conducted using the TriNetX software 
using the browser-based real-time analytics feature, TriNetx Live (Tri-
NetX LLC, Cambridge, MA). Baseline characteristics of cohorts were 
described using means, standard deviations, and proportions. One-to- 
one (1:1) propensity score matching was performed for age, gender, 
race, ethnicity, hypertension, hyperlipidemia, diabetes mellitus, 
ischemic heart disease, heart failure, chronic kidney disease, chronic 
lower respiratory disease, cirrhosis, malignancy, autoimmune diseases, 
BMI and nicotine dependence between the sleep disorder cohort and 
control cohort. TriNetX platform utilizes input matrices of the user- 
identified covariates to conduct logistic regression analysis to obtain 
propensity scores for all individual subjects. The propensity scores 
generated are used to match patients using greedy nearest-neighbor 
algorithms with a caliper width of 0.1 pooled standard deviations. Tri-
NetX randomizes the order of rows to eliminate bias resulting from 
nearest-neighbor algorithms. After propensity matching, the risk of each 
outcome was calculated and expressed as adjusted odds ratios (aOR) 
with 95 % confidence intervals (CIs). Two-sided p-values <0.05 was 
considered as statistically significant. Statistical analysis was performed 
using the TriNetX Analytics function in the online research platform. 

3. Results 

We identified 24,720 patients with a sleep disorder that had received 
a COVID-19 vaccine (mean age 59.2+/-16.5, female 64.5 %). In this 
cohort, 19,107 patients (77 %) had received BNT162b2 (0002A), 5110 
(20 %) had received mRNA-1273 (0012A) and 801 (3 %) had received 
26 CE. COV2 (0031A) vaccine. 11,503 (46.5 %) patients had received 
two doses and 7938 (32.1 %) patients had received three doses of either 
BNT162b2 (0002A) or mRNA-1273 (0012A) vaccines. 24,226 (98 %) 
patients had insomnia, 1052 (4.5 %) had circadian rhythm sleep disor-
der and 809 (3.2 %) had sleep deprivation. Demographics and co- 
morbid diseases before and after propensity score matching in the 
sleep disorder and control cohort can be found in Table 1. 

815 patients (3.2 %) developed breakthrough COVID-19 in the sleep 
disorder cohort (mean age 59+/-16, female 64 %). After propensity 
score matching, patients in the sleep disorder cohort were at an 
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increased risk for breakthrough COVID-19 (aOR 1.40, 95 % CI 
1.23–1.58). Sub-group analysis based on number of vaccine doses 
showed patients with two doses (aOR 1.53, 95 % CI 1.24–1.89) and 
three doses (aOR 1.45, 95 % CI 1.24–1.69) were also at an increased risk 
for breakthrough COVID-19 compared to control cohort after propensity 
score matching. 

Patients in the sleep disorder cohort that developed breakthrough 
COVID-19 were not at an increased risk for hospitalization (aOR 1.23, 
95 % CI 0.93–1.63), ICU care (aOR 0.9, 95 % CI 0.54–1.50), intubation 
(aOR 0.86, 95 % CI 0.47–1.59), mortality (aOR 1.47, 95 % CI 0.72–3.00) 
and composite outcome (aOR 0.62, 95 % CI 0.33–1.17) after propensity 
score matching. These trends were consistent with further subgroup 

analysis for 2 dose series versus the 3-dose subgroups (Table 2). See 
Supplementary Table 2 for clinical and demographic factors for the set 
of patients used in evaluation of these clinical outcomes. 

4. Discussion 

Our study shows that there is a higher risk of breakthrough COVID 
-19 infections (BTIs) in vaccinated patients with sleep disorders in 
comparison to patients without any sleep disorders (aOR 1.40, 95 % CI 
1.23–1.58). This trend was also consistent across subgroups of patients 
receiving two doses (aOR 1.53, 95 % CI 1.24–1.89) and three doses (aOR 
1.45, 95 % CI 1.24–1.69). Our findings of increased BTIs in patients with 
sleep disturbances is consistent with prior studies which have shown 
that clinical protection post vaccination is decreased in patients with 
disturbed sleep [7–11]. Sleep after Hepatitis A vaccination doubled 
virus-specific T helper cells that are known to play a crucial role in 
adaptive immunity [15]. Furthermore, nocturnal sleep also has been 
shown to facilitate the cytokine environment which promotes the 
adaptive immune response [16]. These prior studies provide support for 
sleep having an impact on vaccine efficacy and are consistent with our 
results. However, specific mechanisms of sleep affecting vaccine efficacy 
through clearly outlined cellular mechanisms remain undetermined. 

Another implication to consider with an increased risk of COVID-19 
BTI is the clinical burden associated with the post-acute sequelae of 
SARS-CoV-2 (PASC), or commonly known as Long Covid. Literature is 
continuing to expand on this new syndrome however a consensus is 
emerging regarding symptoms including pulmonary manifestations like 
persistent shortness of breath, and extrapulmonary manifestations like 
chronic fatigue, sleep disturbances, and gastrointestinal difficulties 
[17]. An examination of a national database involving the US Depart-
ment of Veterans Affairs (VA) found that patients with COVID-19 had 
higher risk of death and health care utilization beyond the first 30 days 
of the illness and this finding was present in the cohort of patients who 
did not require any hospitalization [18]. A subsequent analysis by the 
same authors found similar trends for patients with BTI who survived 
the first 30 days of the illness when compared to contemporary controls 
with no record of a positive SARS-CoV-2 test [19]. These findings sug-
gest that post-acute sequelae, even in patients with BTI, has clinical and 

Table 1 
Clinical and demographic factors.   

Before Matching After Matching 

Sleep Disorder No Sleep Disorder P Value Sleep Disorder No Sleep Disorder P Value 

Total Number of Patients, n 24,720 1,630,721  24,717 24,717  
Demographic Factors: 
Age 59.2+/-16.5 52.2+/-19.1 <0.0001 59.2+/-16.5 59.5+/-16.7 0.0405 
Mean Body Mass Index (BMI) 29.6+/-6.93 28.9+/-6.59 <0.0001 29.6+/-6.93 29.9+/-6.97 0.0001 
Female 15,562 899,969 <0.0001 15,559 15,459 0.3522 
Male 9156 729,368 <0.0001 9156 9252 0.3718 
White 18,667 1,081,608 <0.0001 18,664 18,675 0.9084 
Black 3753 231,178 <0.0001 3753 3853 0.2126 
Comorbid Conditions: 
Essential Hypertension 15,486 392,519 <0.0001 15,483 15,687 0.0573 
Hyperlipidemia 15,313 379,789 <0.0001 15,310 15,694 0.0004 
Neoplasms 13,221 324,741 <0.0001 13,218 13,336 0.2872 
Chronic lower respiratory disorders 8990 170,553 <0.0001 8987 8837 0.1600 
Diabetes 6902 168,660 <0.0001 6899 6816 0.4044 
Ischemic Heart Disease 5760 115,958 <0.0001 5759 5494 0.0045 
Nicotine Dependence 5178 93,964 <0.0001 5175 5070 0.2440 
Chronic Kidney Disease 3716 69,024 <0.0001 3713 3575 0.0800 
Heart Failure 3148 51,197 <0.0001 3146 2943 0.0055 
Rheumatoid Arthritis 1209 18,688 <0.0001 1207 1028 0.0001 
Psoriasis 876 17,804 <0.0001 873 796 0.0552 
Cirrhosis 767 9798 <0.0001 766 599 <0.0001 
Ulcerative Colitis 413 7976 <0.0001 411 332 0.0035 
Systemic Lupus Erythematous 394 5762 <0.0001 392 306 0.0010 
Crohn’s Disease 323 6741 <0.0001 322 253 0.0038 
Ankylosing Spondylitis 115 1855 <0.0001 115 86 0.0404 

N: Number of patients. 

Table 2 
Clinical outcomes of breakthrough infections.   

Sleep 
Disorder, N 

Control, 
N 

Adjusted Odds Ratio (95 % 
Confidence Interval) 

Hospitalization 127 106 1.23 (0.93–1.63) 
Critical Care 29 32 0.9 (0.54–1.50) 
Intubation 20 23 0.86 (0.47–1.59) 
Death 19 13 1.47 (0.72–3.00) 
Composite 

(Intubation +
Death) 

16 26 0.62 (0.33–1.17) 

2 Dose Subgroup    
Hospitalization 99 97 1.02 (0.75–1.38) 
Critical Care – – – 
Intubation 17 18 0.94 (0.48–1.84) 
Death 15 14 1.07 (0.51–2.23) 
Composite 

(Intubation +
Death) 

17 21 0.83 (0.43–1.58) 

3 Dose Subgroup    
Hospitalization 61 43 1.47 (0.97–2.2) 
Critical Care 13 11 1.1 (0.52–2.67) 
Intubation 10 10 1.0 (0.41–2.42) 
Death 10 10 1.0 (0.41–2.42) 
Composite 

(Intubation +
Death) 

10 10 1.03 (0.42–2.51) 

N: Number of patients. 
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societal implications. Thus, optimizing risk factors like sleep related 
disorders should be part of the management of PASC patients. 

Our study did not find any significant differences between rates of 
hospitalization, intubation, and mortality between sleep disorder and 
control cohorts (Table 2). In contrast, diseases like chronic obstructive 
pulmonary disease (COPD), primary lung diseases, hypertension, un-
derlying immunocompromised status, diabetes, and obesity have shown 
to have higher risk for severe outcomes due to COVID-19 [20]. The lack 
of significant difference between adverse outcomes between patients 
with sleep disorders and controls is likely due to the fact both cohorts 
were vaccinated and in turn have clinical protection against severe 
disease. 

There are limitations in our study given the nature of our analysis 
and study design. Our analysis was completed using a large multi- 
institutional EMR database and therefore did not involve the use of 
objective measures of sleep duration like actigraphy or subjective 
measures like sleep diaries or patient reported questionnaires. Further-
more, our study design does not capture the lack of uniformity in 
exposure and response to BTIs that is likely present across the various 
participating institutions along with not capturing patients who did not 
report for clinical evaluation. Additionally, there was no component of 
quantitative vaccination data, like immunoglobulin titers, that was used 
in our analysis. This option was not available for search based on our 
study design. Despite these limitations, the strength of our study centers 
on leveraging the breadth and depth of the TriNetX database and com-
plimenting the findings of prior work which has examined vaccine 
responsiveness in a much smaller number of patients. Our results are 
novel due to utilization of a large, propensity matched US-based multi- 
institutional cohorts along with the fact that cohorts were not only 
matched for basic demographic factors but also multiple comorbidities 
which can affect vaccination efficacy. 

5. Conclusion 

Our retrospective cohort study provides real world evidence that 
patients with sleep disorders have a higher risk of getting COVID-19 
breakthrough infections, but this did not result in higher rates of hos-
pitalization, intubation, and mortality. Our analysis did not incorporate 
OSA as part of the sleep disorders cohort. As COVID-19 management 
shifts from centering on acute care to managing it chronically, or even 
seasonally, the findings in our study point to expanding clinical assess-
ments to include sleep associated disorders like insomnia and circadian 
rhythm disorders, especially in the context of ever-increasing supplies of 
therapeutics and vaccines. 
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