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Study Objectives: The aims of this study were to explore changes in the telomere length (relative telomere repeat copy/single-copy gene [T/S ratio]) and serum
neurofilament light chain (sNfL) levels in female patients with chronic insomnia disorder (CID), examine their relationships with emotional abnormalities and cogni-
tive impairment, and determine whether these 2 indicators were independently associated with sleep quality.
Methods: The CID group contained 80 patients diagnosed with CID, and 51 individuals constituted a healthy control group. Participants completed sleep, emo-
tion, and cognition assessments. Telomere length was detected through quantitative real-time polymerase chain reaction. Enzyme-linked immunosorbent assay
was used to determine sNfL concentrations.
Results: Relative to the healthy control group, the CID group had elevated Pittsburgh Sleep Quality Index, Hamilton Anxiety Scale-14, and Hamilton Depression
Rating Scale-17 scores and reduced Montreal Cognitive Assessment scale scores, a decreased T/S ratio, and an increased sNfL concentration. Subgroup analy-
sis according to various CID-associated sleep factors showed that poor sleep performance corresponded to a lower T/S ratio. Higher anxiety levels and more
cognitive dysfunction correlated with shorter telomere lengths. The T/S ratio negatively correlated with age, whereas the sNfL concentration positively correlated
with age in the CID group. The Pittsburgh Sleep Quality Index score negatively correlated with the T/S ratio but did not correlate with sNfL levels. Multiple linear
regression analysis showed that the T/S ratio had a negative and independent effect on Pittsburgh Sleep Quality Index scores.
Conclusions: The CID group had shorter telomeres and higher sNfL concentrations, and reduced telomere length independently affected sleep quality.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: The aims of this study were to explore changes in the telomere length (relative telomere repeat copy/single-copy
gene [T/S ratio]) and serum neurofilament light chain levels in female patients with chronic insomnia disorder, examine their relationships with emotional
abnormalities and cognitive impairment, and determine whether these 2 indicators were independently associated with sleep quality.
Study Impact: The study further identified that females with chronic insomnia disorder had a shorter telomere length, a higher serum neurofilament light
chain concentration, and the emotional and cognitive impairments associated with chronic insomnia. Crucially, we found that T/S ratio could be regarded
as an independent factor correlated with sleep quality.

INTRODUCTION

Insomnia is defined as a lack of satisfaction with sleep dura-
tion or quality, despite appropriate sleep opportunities and
environments, associated with an impact on daytime social
function.1 The clinical features of insomnia include difficulty
falling asleep, poor sleep maintenance, early awakening,
decreased sleep quality, reduced total sleep time and associ-
ated fatigue, mood disorders, and declines in cognitive func-
tion. According to statistics, the global prevalence of
insomnia is approximately 30–35%.2 Survey data from 10

countries in 2005 showed that 45.4% of respondents in China
reported experiencing varying degrees of insomnia.3 More-
over, insomnia is more prevalent in women than in men.
A potential reason for the sex difference in the prevalence of
insomnia is gonadal steroid effects.3

Chronic insomnia disorder (CID) refers to the continuous
experience of insomnia, characterized by symptoms occurring
more than 3 nights per week and a disease duration of more
than 3 months.1 CID differs from simple sleep loss, a decline in
sleep quality, and acute insomnia and has been associated with
irreversible brain dysfunction4 and an increased risk of anxiety
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and depression5 and age-related diseases, such as hypertension,
diabetes, heart disease, and stroke.6

As human longevity continues to be extended, aging has
attracted the attention of medical workers and the general public.
Studies have shown that early cognitive decline might predict fur-
ther cognitive impairments and dementia,7 and insomnia might
play a role in this process.8 Cognitive impairments are the primary
complaints of many patients with insomnia and are reported as
the reasons for their first visits to a doctor.4 Age-mismatched cog-
nitive impairment has been observed in patients with insomnia in
clinical practice. Numerous studies have also shown that insom-
nia affects cognitive function and might accelerate the aging pro-
cess.9,10 Moreover, insomnia has been associated with disorders
in the amyloid-b (Ab) metabolism in cerebrospinal fluid and an
increased risk of age-related pathology.11

Telomeres are nucleoprotein structures consisting of
repeated TTAGGG DNA sequences found at the end of each
chromosome in eukaryotic cells.12 The shortening of telomere
length after each cell cycle has been attributed to the incomplete
replication of the chromosomal end regions during mitosis.13

Telomere length represents one of the most-recognized markers
of cell senescence because telomeres shorten with age, resulting
in chromosome instability and cell senescence or apoptosis.
Moreover, a number of studies in recent years have suggested
that telomere shortening is related to age-related diseases, such
as cancer,14 Alzheimer disease (AD),15 cardiovascular dis-
eases,16 diabetes,17 chronic obstructive pulmonary disease,18

and hypertension.19 Telomere shortening has also been associ-
ated with chronic stress20 and negative emotions.21

Sleep disorders, such as insomnia, can cause cognitive damage
and accelerate aging.9 The relationship between telomere length (a
marker of aging) and sleep has been studied in a healthy, older
population.22 The results of a study performed in a healthy popula-
tion (ages ranging from 45 to 77 years) to examine the relationship
between self-reported sleep quality and telomere length suggested
that good sleep quality could weaken the negative correlation
between age and telomere length. Adequate sleep was only posi-
tively correlated with telomere length in older individuals, suggest-
ing the existence of age-related sleep effects on telomere length.22

Sleep loss has been associated with increased oxidative stress
damage,23 cellular immune abnormalities, stress response,
inflammatory response,24 the unfolded protein response,25 and a
variety of physiological and pathological processes.26 These
mechanisms have also been found to be involved in cellular
aging processes. We hypothesized that telomere length might
serve as a potential marker linking insomnia with cellular senes-
cence. Previous studies focusing on healthy older individuals
demonstrated that high sleep quality corresponded to longer telo-
mere length;22 however, little attention has been paid to changes
in telomere length among female patients with CID. Neurofila-
ment light chain (NfL) is thought to serve as a marker of axonal
damage and has been associated with CID.4 Neurofilament is a
specific cytoskeleton protein expressed by neurons, composed of
NfL, neurofilament middle chain, neurofilament heavy chain,
and a-internexin.27 Recent studies have suggested that elevated
cerebrospinal fluid and serum levels of NfL are associated with
age.28–30 Therefore, the relationships between NfL, sleep, and
cognition are worth exploring.

In summary, the aims of this study were to assess changes
in telomere lengths and NfL levels in female patients with
CID; explore their relationships with concomitant CID symp-
toms, such as emotional abnormalities and cognitive impair-
ment; examine the effects of age on the correlation between
these 2 indicators in female patients with CID; and determine
whether these 2 indicators were independently associated
with sleep quality.

METHODS

Participants
According to strict inclusion and exclusion criteria, 80 female
patients with CID were recruited from the Department of Neu-
rology of The First Affiliated Hospital of Anhui University of
Science and Technology from June 2018 to October 2019. In
addition, 51 female healthy controls (HCs) with background
demographics (age and education) similar to those for patients
with CID were matched and recruited during the same period at
the same hospital.

The case group (CID group) inclusion criteria were as
follows:

1. According to the CID diagnostic criteria established in
the third edition of the International Classification of
Sleep Disorders (ICSD-3), patients were diagnosed with
CID if they reported insomnia symptoms no less than
3 times per week with a duration of no less than 3
months, associated with daytime dysfunction. Insomnia
symptoms should not be explained by any other type of
sleep disorder.31

2. Patients aged between 18 and 65 years.
3. Patients with normal verbal communication abilities and

the capacity to complete the scale tests.
4. Patients who voluntarily participated in the study and

signed the informed consent form.
The HC group consisted of healthy people selected to match

the CID group according to age, sex, and educational level
using the following inclusion criteria: (1) no history of insom-
nia, (2) no emotional (anxiety and depression) or cognitive dis-
orders, (3) normal verbal communication abilities and the
capacity to complete the scale tests, (4) no acute insomnia
reported the night before scale evaluation and blood sample col-
lection, and (5) voluntary participation in the study and the
signing of informed consent.

Patients experiencing secondary insomnia associated with
organic diseases, mental disorders, and nervous system diseases
were excluded. Participants with physical diseases, such as
heart diseases, lung diseases, liver diseases, kidney diseases,
autoimmune diseases, pathogenic microbial infections, tumors,
or any psychiatric disorders were excluded. Individuals who
reported the ingestion of high levels of caffeine (> 400 mg, 4–5
cups), tea, or alcohol or any history of psychotropic drug use
(including hypnosis, sedation, antianxiety, antidepression, and
antipsychotic medications) were not eligible for this study.

This study was approved by the Clinical Trial Ethics Com-
mittee of Huainan First People’s Hospital, and all participants
signed informed consent.
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Baseline data collection

Background information

General information (name, age, sex, educational level, and
body mass index [BMI]) and clinical data (including medical
history; personal history; family history; sleep, mood, and cog-
nitive function assessments; laboratory examination; and imag-
ing data) were collected.

Sleep evaluation

The Pittsburgh Sleep Quality Index (PSQI) can be used in the
diagnosis of insomnia and the evaluation of sleep quality among
patients with sleep disorders and the general population.32 In
the current study, the PSQI was used to assess the sleep status
of all participants over the course of 1 month. The 18 self-
assessment questions are divided into 7 components (partici-
pants answer each component using a range of 0–3 points). The
maximum score is 21 points, with a higher score indicating
worse quality of sleep. In China, a PSQI score above 7 is con-
sidered to indicate insomnia symptoms.33 We used total scores
to determine whether the participants experienced insomnia and
then assessed sleep quality. The 7 PSQI components of sleep
quality, sleep latency, total sleep time, sleep efficiency, sleep
disorder, hypnotic drug use, and daytime dysfunction were
explored individually and in detail.

The Insomnia Severity Index includes 7 items and assesses
the severity and impact of insomnia. All items are rated on a
scale of 0–4 (a score of 0 indicates no symptom, and a score of
4 indicates severe symptoms). The total score ranges from 0 to
28, with 0–7 points indicating no insomnia, 8–14 points indicat-
ing subthreshold insomnia, 15–21 points indicating moderate
insomnia, and 22–28 points indicating severe insomnia.34

Emotional evaluation

The Hamilton Depression Rating Scale (17 items) (HAMD-17)
is composed of 17 items, assessing depression, guilt, suicidal
tendencies and behaviors, difficulty falling asleep, lack of deep
sleep, early awakening, interest in work and other activities,
hysteresis, agitation, mental anxiety, physical anxiety, gastroin-
testinal symptoms, systemic symptoms, sexual symptoms,
hypochondria, weight loss, and self-awareness. The maximum
total score is 52, and the score positively correlates with depres-
sion severity. A score greater than 24 points was assessed as
severe depression, 17–24 points as moderate depression, 7–17
points as mild depression, and less than 7 points as no depres-
sive symptoms.35

The Hamilton Anxiety Scale (14 items) (HAMA-14) is used
to assess the severity of anxiety, including 14 items that assess
anxious mood; tension; fear; insomnia; cognitive function;
depression; somatic anxiety; sensory, cardiovascular, respiratory,
and urogenital symptoms; gastrointestinal symptoms; autonomic
nervous symptoms; and behavioral performance during the scale
interview.36 All items are scored on a scale of 0–4, with higher
scores indicating increasing severity. The maximum total score
is 56. Fewer than 8 points corresponds to no anxiety, 8–13 points
correspond to mild anxiety, a score of 14–20 is classified as mod-
erate anxiety, 21–28 is classified as severe anxiety, and greater
than 29 points is classified as extremely severe anxiety.

Assessment of cognitive function

The Montreal Cognitive Assessment scale (MoCA) has high
reliability and validity for the assessment of cognitive function
and the screening of cognitive impairments. The MoCA can
assess visual space and executive function, naming, memory,
attention, language, abstraction, delayed recall, and orienta-
tion.37 Among participants with less than 12 years of education,
1 point should be added to their test results to correct for educa-
tional level bias. The maximum score is 30, and scores above
26 are categorized as normal cognitive function, 18–26 as mild
cognitive impairment, 10–17 as moderate cognitive impair-
ment, and < 10 as severe cognitive impairment.

Blood sample collection and storage
A 4-mL sample of fasting venous blood was extracted from the
elbow between 8:00 AM and 10:00 AM and placed into a blood
collection vessel. The serum and blood cells were separated by
centrifugation in a TGL-16B centrifuge (ShangHai Anting Sci-
entific Instrument Factory, China) at 3,000 rpm for 5minutes.
The serum was placed in an Eppendorf tube (1.5mL), and both
serum and blood cells were stored at 280�C until testing. The
telomere lengths in peripheral blood leukocytes were detected
using a Roche Light Cycler II PCR 480 (Roche, Switzerland)
quantitative real-time polymerase chain reaction (qRT-PCR)
kit. Enzyme-linked immunosorbent assay (Millipore Corpora-
tion; USA) was used to determine serum NfL (sNfL)
concentrations.

Statistical analysis
In the current study, the normally distributed data are described
as the mean ± SD. Student’s t test was used to compare differ-
ences between the 2 groups. Comparisons of differences
between multiple groups were performed using 1-way analysis
of variance, with Bonferroni correction to perform comparisons
between 2 individual groups. For nonparametric data
(non–normally distributed), the variables are reported in terms
of the 25th, 50th, and 75th percentiles. The Mann–Whitney
U test was used to compare differences between 2 groups, and
the Kruskal–Wallis H test was used to compare differences
between multiple groups, with Bonferroni correction for com-
parisons between 2 individual groups. Comparisons of categori-
cal variables, such as sex, between 2 groups were performed
using the chi-square test. Pearson’s correlation analysis was
used to analyze the correlations among age, PSQI scores, rela-
tive telomere repeat copy/single-copy gene ratio (T/S ratio),
and sNfL concentrations. Correlations between multiple factors
and sleep quality were analyzed by multiple linear regression
analysis. The level of statistical significance was set at a
2-tailed P value of .05. SPSS version 22.0 statistical software
(IBM Corporation, Armonk, NY) was used to process data.

RESULTS

Baseline data
A total of 131 participants were included in this study, includ-
ing 80 participants in the CID group and 51 participants in the
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HC group. The baseline data for participants in the 2 groups
were reasonably well matched, with no significant differences
in age and BMI (P > .05; Table 1).

Sleep, negative emotions, and cognitive function
assessments
The scores for the PSQI and Insomnia Severity Index in the
CID group were higher than those in the HC group (P < .001;
Table 1). The CID group had higher HAMA-14 and HAMD-17
scores than those for the HC group (P < .001; Table 1). The
mean MoCA score for the CID group was lower than that for
the HC group (P < .001; Table 1).

Comparisons of the T/S ratio in peripheral blood
leukocytes and sNfL concentrations between the
2 groups
The T/S ratio in peripheral blood leukocytes in the CID group
was significantly lower than that in the HC group (P < .001;
Table 1). The CID group also had a higher sNfL concentration
than that in the HC group (P < .001; Table 1).

Comparison of the T/S ratio in peripheral blood
leukocytes between CID subgroups
The comparison of the T/S ratio between the CID subgroups is
shown in Table 2. No significant differences in the T/S ratio
were found for subgroups according to educational level (illiter-
acy, primary school, middle school, high school, and university
or above), degrees of depression (no depression, mild depres-
sion, and moderate-to-severe depression), or sleep latency (< 15
minutes, 16–30 minutes, 31–60 minutes, and > 60 minutes).

Significant differences in the T/S ratio were found according
to sleep quality (satisfactory, poor, and worse; H = 14.382, P =
.001). The subgroup with worse sleep quality had a lower T/S
ratio than both the poor sleep quality and the satisfactory sleep
quality subgroups (Figure 1A). CID subgroups with differences
in total sleep time (< 2 hours, 2–4 hours, and 4–6 hours) showed
significantly different T/S ratios (F = 13.055, P = .001). The

subgroup with a total sleep time of fewer than 2 hours had a
lower T/S ratio than the subgroups with a higher total sleep time
(Figure 1B). The subgroup with a total sleep time of 2–4 hours
had a lower T/S ratio than the subgroup with a total sleep time
more than 4 hours (Figure 1B). Significant differences in the T/S
ratios were observed according to sleep efficiency (< 40%,
40–60% and > 60%; F = 24.345, P < .001). The subgroup with
less than 40% sleep efficiency had a lower T/S ratio than the 2
subgroups with better sleep efficiency (Figure 1C). Compared
with the subgroup with the highest sleep efficiency, the subgroup
with 40–60% sleep efficiency had a lower T/S ratio (Figure 1C).
The T/S ratios differed significantly across 4 CID subgroups
with varying degrees of anxiety (no anxiety, mild anxiety, mod-
erate anxiety, and severe anxiety;H = 10.303, P = .016). The sub-
group with no anxiety had a higher T/S ratio than those of the
mild and moderate anxiety subgroups (Figure 1D). Significant
differences in T/S ratios were observed among CID subgroups
with varying degrees of cognitive impairments (F = 9.073, P =
.011). The T/S ratio in the subgroup with normal cognitive func-
tion was higher than those in subgroups with mild and moderate
to severe cognitive impairments (Figure 1E). Bonferroni correc-
tion was applied to the results of all subgroup comparisons.

Relationships between age and the T/S ratio and
sNfL concentration
The T/S ratio in peripheral blood leukocytes was negatively
correlated with age in the CID group (r = 2.731, P < .001;
Figure 2A1). A positive correlation between the sNfL concen-
tration and age was also observed in the CID group (r = .859,
P< .001; Figure 2A2).

Correlations between the PSQI score and the T/S
ratio and sNfL concentration
The results of the correlations analysis between PSQI scores
and the T/S ratio and sNfL concentration among patients with
CID showed that the PSQI score correlated negatively with the
T/S ratio (r = 2.386, P < .001; Figure 2B1) but did not corre-
late with the sNfL concentration (Figure 2B2).

Table 1—General data, sleep quality, emotion, cognition, T/S ratio, and sNfL.

Item CID (n = 80) HCs (n = 51) Statistic P

Age, y 48.900 ± 10.416 47.392 ± 10.088 t = 0.818 .415

BMI, kg/m2 23.519 ± 3.404 23.588 ± 2.957 t = 20.119 .905

PSQI score 14 (13, 16) 0 (0, 2) U = 0.000 <.001

ISI score 14 (11, 17) 0 (0, 0) U = 0.000 <.001

HAMA-14 score 12 (8, 16.75) 1 (1, 2) U = 34.500 <.001

HAMD-17 score 10 (7, 14) 1 (0, 2) U = 16.5000 <.001

MoCA score 18 (15, 22) 23 (20, 26) U = 1094.000 <.001

T/S ratio 1.313 ± 0.430 2.672 ± 0.373 t = 218.540 <.001

sNfL, pg/mL 72.220 ± 22.763 48.456 ± 10.775 t = 6.967 <.001

Normally distributed variables are expressed as means ± SDs; non–normally distributed variables are expressed as 50th (25th, 75th) percentiles. BMI = body
mass index, CID = chronic insomnia disorder, HAMA-14 = Hamilton Anxiety Scale (14 items), HAMD-17 = Hamilton Depression Rating Scale (17 items),
HC = healthy control, ISI = Insomnia Severity Index, MoCA = Montreal Cognitive Assessment, PSQI = Pittsburgh Sleep Quality Index, sNfL = serum
neurofilament light chain, T/S ratio = relative telomere repeat copy/single-copy gene ratio.
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Multiple linear regression analysis exploring the effects of
multiple factors on self-reported sleep quality
The contributions of multiple factors to PSQI scores were
explored by performing multiple linear regression analysis. PSQI
scores were incorporated into the model as the dependent vari-
able, Y, and age, educational level, BMI, T/S ratio, and sNfL con-
centration were incorporated into the model as independent
variables, X. The T/S ratio (b =24.079, P < .001) and sNfL con-
centrations were independent risk factors for PSQI scores, with
both having negative influences on PSQI scores (Table 3).

DISCUSSION

T/S ratio and sNfL concentration in female patients
with CID
Telomere length can be considered a marker for aging in indi-
viduals. In the current study, the T/S ratio in peripheral blood
leukocytes in the CID group was significantly lower than that in
the HC group, which suggested that CID might be involved in
the aging process and is consistent with previous research. In a
study of 126 volunteers comparing those older than 70 years

Table 2—T/S ratio comparison of each subgroup in CID.

Item Cases, n (%) T/S Ratio Statistic P

Education H = 5.694 .223

Illiteracy 13 (16.25) 1.180 (1.015, 1.630)

Primary school 26 (32.50) 1.245 (1.038, 1.490)

Middle school 25 (31.25) 1.190 (0.930, 1.783)

High school 7 (8.75) 1.100 (1.050, 1.420)

Graduate and above 9 (11.25) 1.750 (1.185, 2.190)

Anxiety H = 10.303 .016

No symptom 17 (21.25) 1.620 (1.220, 1.857)

Mild symptom 35 (43.75) 1.190 (0.970, 1.725)

Moderate symptom 21 (26.25) 1.120 (0.875, 1.315)

Severe symptom 7 (8.75) 1.200 (1.030, 1.570)

Depression H = 1.792 .408

No symptom 12 (15.00) 1.380 (1.112, 1.721)

Mild symptom 63 (78.75) 1.200 (1.020, 1.620)

Moderate to severe symptoms 5 (6.25) 1.030 (0.955, 1.435)

Cognition impairment H = 9.073 .011

No 8 (10.00) 1.813 (1.365, 2.310)

Mild 34 (42.50) 1.170 (1.015, 1.553)

Moderate to severe 38 (47.50) 1.205 (1.017, 1.533)

Sleep quality H = 14.382 .001

Satisfaction 5 (6.25) 1.620 (1.325, 2.140)

Poor 46 (57.50) 1.275 (1.075, 1.731)

Worse 29 (36.25) 1.020 (0.850, 1.310)

Total sleep time H = 13.055 .001

<2 hours 6 (7.50) 0.865 (0.678, 1.095)

2–4 hours 56 (70.00) 1.195 (1.020, 1.523)

4–6 hours 18 (22.50) 1.595 (1.170, 1.981)

Sleep efficiency H = 24.345 .000

<40% 13 (16.25) 1.020 (0.773, 1.085)

40–60% 50 (62.50) 1.205 (1.020, 1.493)

>60% 17 (21.25) 1.840 (1.425, 1.998)

Sleep latency H = 3.088 .214

<15 minutes 2 (2.50) 1.210 (1.000, 1.210)

16–30 minutes 4 (5.00) 1.718 (1.350, 1.811)

31–60 minutes 6 (7.50) 1.275 (1.048, 1.574)

>60 minutes 68 (85.00) 1.195 (1.020, 1.608)

Normally distributed variables are expressed as means ± SDs; non–normally distributed variables are expressed as 50th (25th, 75th) percentiles. CID = chronic
insomnia disorder, T/S ratio, relative telomere repeat copy/single-copy gene ratio.
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with those aged 60–69 years, insomnia was only associated
with shorter telomere lengths in individuals older than
70 years.38 This study suggested that sleep disturbances may
increase cellular aging during later years of life. However, the
current study involved patients with CID who were younger
than 65 years to avoid the effects of older age on telomere
length, further supporting that insomnia shortens telomere
length. Another difference was that participants in our study
were all female patients with CID. But it is also worth mention-
ing that women’s sleep is susceptible to estrogen, which may be
a limitation of this study, and male participants need to be
included in future studies. We hypothesized that differences in
T/S ratio between men and women might influence the results.
Telomere length has been negatively correlated with oxidative
stress and cellular DNA damage.39,40 Oxidative stress could
lead to DNA damage in circulating blood cells or epigenetic

modifications of nuclear DNA, resulting in excessively short-
ened telomere lengths.40 A previous study showed that insom-
nia might lead to increased levels of inflammatory cytokines
and oxidation, which might also promote the shortening of telo-
mere length.41 To the best of our knowledge, telomerase is the
primary protein responsible for the maintenance of telomere
structure and length.42 Long-term sleep loss can cause an
imbalance in the hypothalamic-pituitary-adrenal axis43 and the
abnormal secretion of cortisol,44 which can reduce telomerase
activity, resulting in shortened telomeres.45

The CID group had higher sNfL concentrations than the HC
group. sNfL is a marker of axonal injury and has been associ-
ated with neuron loss.46 Under normal physiological condi-
tions, NfLs are stable in axons.29 However, during some
neurodegenerative diseases, such as amyotrophic lateral sclero-
sis, dementia with Lewy bodies, and Parkinson disease, the

Figure 1—Comparison of T/S ratio among CID subgroups.

CID = chronic insomnia disorder, T/S ratio = telomere repeat copy/single-copy gene ratio.

Figure 2—Correlations between age or PSQI and T/S ratio or sNfL in the CID group.

(A1, A2) Correlation between age and T/S ratio or sNfL in the CID group. (B1, B2) Correlation between PSQI and T/S ratio or sNfL in the CID group. CID = chronic
insomnia disorder, sNfL = serum neurofilament light chain, T/S ratio = telomere repeat copy/single-copy gene ratio.
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reduced expression or hyperphosphorylation of NfL subunit
proteins can result in the destruction of the NfL network.47 A
previous study showed that functional and structural damage to
neurons, axons, and glial cells could be detected in patients
with CID, associated with increased NfL protein levels.4

In the current study, to analyze the relationship between the
T/S ratio and each specific factor of the PSQI, different CID
subgroups were assigned according to sleep quality, sleep time,
sleep efficiency, and sleep latency. Comparisons among sub-
groups divided by other sleep factors indicated that subgroups
with better sleep quality, more sleep time, and higher sleep effi-
ciency had longer telomere lengths than those with poor sleep
performance, suggesting that sleep quality, time, and efficiency
were associated with changes in the T/S ratio; however, no
effect on the T/S ratio was observed for sleep latency. The
results of comparisons among subgroup differences were con-
sistent with previous studies.48,49 Insomnia, total sleep time in
individuals with insomnia, and long sleepers with no insomnia
have all been associated with short telomeres.50 In addition,
studies in the general population and in children have reported
positive correlations between telomere length and sleep dura-
tion.48,49 However, another study showed no associations
among sleep duration, sleep latency, and telomere length in
samples of healthy women.51 The inconsistency of the partici-
pants may be the main reason for this difference.

Anxiety, depression, and cognitive impairment were
associated with CID and changes in the T/S ratio
and sNfL concentration
In the current study, the total scores on the anxiety and depres-
sion scales in the CID group were significantly higher than
those in the HC group. Increased anxiety and depression (espe-
cially mild anxiety and depression, as only 15% and 7%,
respectively, were severe) can occur after experiencing symp-
toms of insomnia. Previous studies have shown that most
insomnia cases were accompanied by anxiety and depres-
sion.52,53 Among young women, a serious lack of pleasure and
daytime anxiety after waking could be attributed to poor sleep
quality.54 A limited understanding exists regarding the underly-
ing mechanisms of insomnia and negative emotions. The amyg-
dala, which is located in the medial temporal lobe, plays a key
role in emotional processing,55,56 which is associated with
major mood disorders, such as schizophrenia, anxiety, major

depression, and obsessive-compulsive disorder,57,58 The amyg-
dala receives nerve signals from neurons that regulate the
sleep–wake cycle, including b-aminobutyric acid and dopami-
nergic, serotonergic, and norepinephrinergic neurons associated
with the regulation of sleep arousal.59,60 In a clinical study,
amygdalar atrophy was observed in patients with CID using
magnetic resonance imaging.61 The severity of insomnia was
associated with changes in the right medial central amygdala,
whereas anxiety was associated with the basolateral nucleus.
Insomnia has also been associated with the abnormal secretion
of cortisol,62 dysfunction in the hypothalamic-pituitary-adrenal
axis,63 and serotonin and dopamine dysfunction,64 which could
promote the occurrence of negative emotions.

The results of the present study showed that the total MoCA
scores of patients in the CID group were significantly lower
than those in the HC group, suggesting cognitive impairment
among patients with CID. An earlier study of patients with AD
demonstrated that the overexpression of inflammatory cyto-
kines caused by insomnia had an adverse effect on cognitive
function.65 The disruption of normal sleep structures in rats
caused damage to the hippocampus and resulted in cognitive
dysfunction.66 Another mechanism that might link insomnia to
cognitive function was the neurodegenerative process associ-
ated with Ab. Cerebrospinal fluid proteins (including Ab and
t) could be found in the extracellular spaces around brain cells
and have been associated with neurodegenerative diseases. The
clearance rate of Ab has been found to increase during sleep,
and insomnia led to its accumulation and associated cognitive
decline.67

The current study also compared subgroups based on educa-
tion, anxiety, depression, and cognitive function. No differ-
ences in the T/S ratios were observed between subgroups
distinguished by educational level and depression, which was
consistent with previous studies.21,68 According to these results,
the subgroup with no anxiety had a longer T/S ratio than those
with mild and moderate anxiety. The T/S ratio in the subgroup
with normal cognitive function was higher than those in sub-
groups with mild and moderate-to-severe cognitive impair-
ments. These differences suggested that anxiety and cognitive
impairments in CID were associated with shorter telomere
lengths and aging. Telomeres are nucleoprotein structures con-
sisting of repeated DNA fragments that are highly sensitive to
oxidative stress. The shortening of the telomere length in

Table 3—Multiple linear regression analysis of T/S ratio and sleep factors.

Independent Variable b Std. Error t P

Constant 23.040 3.807 6.051 .000

Age 20.054 0.059 20.915 .363

Education 0.170 0.267 0.636 .527

BMI 0.019 0.087 0.220 .827

T/S ratio 24.079 0.903 24.517 .000

sNfL 20.021 0.025 20.840 .404

BMI = body mass index, sNfL = serum neurofilament light chain, Std. Error = standard error, T/S ratio, relative telomere repeat copy/single-copy gene ratio,
b = unstandardized coefficient.s
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leukocytes may be triggered by factors such as oxidative stress
and chronic systemic inflammation. Moreover, increased oxi-
dative stress in patients with anxiety may also shorten telomere
lengths.21 In the study by Scarabino et al,69 shorter telomere
lengths were related to the occurrence of AD. Evidence sug-
gests that amyloid plaques in the brain are accompanied by neu-
roinflammatory states. In patients with AD and mild cognitive
impairment, peripheral immune activation accompanied by a
neuroinflammatory state might be associated with shorter
telomeres. However, it should be noted that differences in the
telomere lengths across the various anxiety and cognitive
impairment subgroups may also be caused by insomnia, sug-
gesting that insomnia might affect mood, cognition, and telo-
mere length simultaneously. Additional research remains
necessary to explore these links.

T/S ratio independently affected sleep quality
To explore the factors that influence sleep quality, the correla-
tions between the T/S ratio and sNfL concentrations and PSQI
scores were analyzed. The results showed that the T/S ratio was
negatively correlated with PSQI scores, whereas the sNfL con-
centration was not correlated with PSQI scores, suggesting that
shortened telomere length corresponded to poor sleep quality.
Furthermore, the result of the multiple linear regression analysis
(including age, educational level, BMI, T/S ratio, and sNfL con-
centration) also indicated that only the T/S ratio was an inde-
pendent influencing factor for PSQI scores. In general, the
correlation between T/S ratio and sleep quality was indepen-
dent, implying that the shortening of telomere length and the
process of aging were directly associated with sleep quality
among patients with CID.

We hypothesized that age-related changes in sNfL levels
would play an important role in sleep quality. Specifically,
although changes in both indicators among the CID group were
associated with changes in sleep quality and age, only changes
in the T/S ratio were independently and directly associated with
sleep quality, whereas changes in the sNfL levels appeared to
be more strongly related to age than to sleep. Previous studies
have shown that telomere length and sNfL levels were age
related.12,28 Telomere lengths decrease and the sNfL concentra-
tions increase during aging. These phenomena were confirmed
by the current study. Pearson’s correlation analysis showed that
the T/S ratio in peripheral blood leukocytes in the CID group
was significantly negatively correlated with age, whereas sNfL
concentration was positively correlated with age. In summary,
the correlations between age and these 2 indicators and the
results of the multiple linear regression observed in this study
indicate that the T/S ratio could be regarded as an independent
factor correlated with sleep quality.

CONCLUSIONS

Telomere length and the sNfL level are 2 biological indicators
correlated with age. Moreover, their associations with sleep
quality have been reported in previous studies of the general
population. Our study further identified that female patients

with CID had shorter telomere lengths and higher sNfL concen-
trations, and the emotional and cognitive impairments associ-
ated with CID might be associated with these 2 indicators.
Crucially, we found that the T/S ratio could be regarded as an
independent factor correlated with sleep quality. In this study, a
large sample of patients with chronic insomnia was enrolled,
but a limitation was that only female patients were enrolled and
there was a lack of objective sleep data, mainly due to low will-
ingness to complete polysomnography monitoring. Although a
complete sleep history was obtained at the beginning of the
study, a weakness of the work was that specific tools to evaluate
sleep-disordered breathing, such as the Berlin and STOP
BANG questionnaires, were not administered. In view of this,
we will focus on expanding the sample, including male partici-
pants, completing the assessment of obstructive sleep apnea
syndrome (OSAS) scales, and analyzing objective sleep data in
the future. In summary, early treatment to avoid the chronic
process of insomnia may have significance for the prevention
of aging-associated decline, and neurobiological indicators,
such as sNfL concentration, may be used to indicate the severity
and prognosis of insomnia.

ABBREVIATIONS

AD, Alzheimer disease
BMI, body mass index
CID, chronic insomnia disorder
HAMA-14, Hamilton Anxiety Scale (14 items)
HAMD-17, Hamilton Depression Rating Scale (17 items)
HC, healthy control
MoCA, Montreal Cognitive Assessment
NfL, neurofilament light chain
PSQI, Pittsburgh Sleep Quality Index
sNfL, serum neurofilament light chain
T/S ratio, telomere repeat copy/single-copy gene ratio
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