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Objectives: Insulin-like growth factor 1 (IGF-1) is a crucial neurotrophin that is produced in the brain and periphery and may play an important role in insomnia and mood disorders. We aimed to analyze its serum concentrations in patients with chronic insomnia disorder (CID).

Methods: Patients with CID were enrolled in this study and divided into the CID group [Generalized Anxiety Disorder-7 (GAD-7) score < 10] and the CID with anxiety group (GAD-7 score ≥ 10). Age-and sex-matched healthy volunteers were recruited as controls. The Pittsburgh Sleep Quality Index (PSQI) was used to assess sleep quality and the GAD-7 and the Patient Health Questionnaire-9 to assess emotional status. All subjects were monitored via polysomnography, and the serum IGF-1 concentrations in their peripheral blood were detected via enzyme-linked immunosorbent assays.

Results: We enrolled 65 patients with CID (of whom 35 had anxiety) and 36 controls. The PSQI score and IGF-1 concentration in the CID and CID with anxiety groups were higher than those in the control group. The apparent difference in IGF-1 concentration between the CID and CID with anxiety groups was not statistically significant. The IGF-1 concentration in patients with CID was linearly correlated with the GAD-7 score, PSQI score, and stage 3 non-rapid eye movement (stage N3) time.

Conclusion: The serum IGF-1 concentration in patients with CID was lower than that of participants without CID, negatively correlated with anxiety score and sleep quality, and positively correlated with stage N3 time.
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1. Introduction

Sleep is a basic physiological requirement, essential to human life. Sleep disorders are common and have detrimental effects on people’s daily lives, learning, and work. Chronic insomnia is a common sleep disorder, affecting approximately 30% of the general population (1). It is characterized by persistent difficulty in falling asleep or sleep maintenance and resulting in insufficient sleep satisfaction, persisting for at least 3 months (2). Patients with chronic insomnia frequently experience a variety of nervous system symptoms, including fatigue, impaired focus, and excessive daytime sleepiness, which can increase mental disease, immunological dysfunction, and endocrine dysfunction for a long time (2–4).

Sleep is regulated by neuroendocrine signals and associated with the optimal production of hormones, including growth hormone (GH) and insulin-like growth factor 1 (IGF-1) (5, 6). Sleep deprivation and sleep restriction affect endocrine secretion; they increase cortisol concentrations in the evening and decrease concentrations of the anabolic hormone testosterone, GH, and IGF-1 (7, 8). IGF-1, a peptide hormone consisting of 70 amino acids, is a neurotrophic factor that mediates the effects of GH. IGF-1 affects metabolism, cognition, neuroprotection, regeneration, and functional plasticity (9, 10).

The IGF-1 concentration is the recommended biomarker for the diagnosis of growth-related diseases because it does not exhibit short-term variations to the same extent as GH. In mammals, adequate sleep increases the circulation of IGF-1 and insufficient sleep decreases the concentration of IGF-1 in the muscles (11–13). To the best of our knowledge, the IGF-1 concentration in patients with chronic insomnia remains unclear.

The aim of this study was to assess serum concentrations of IGF-1 in patients with chronic insomnia. We hypothesized that patients with insomnia have a decreased serum IGF-1 concentration, which may play a role in the endocrine system, providing more evidence for the evaluation and treatment of insomnia.



2. Methods


2.1. Participants

We prospectively enrolled patients diagnosed with chronic insomnia disorder (CID) according to the International Classification of Sleep Disorders—Third Edition as outpatients of the Department of Neurology, First Hospital of Jilin University, from March to July 2022. At the time of enrollment, none of the patients were using actual sleeping medication. The inclusion criteria were as follows: (1) age between 18 and 68 years, (2) sleep latency >30 min, (3) difficulty staying asleep, (4) waking up early, (5) daytime sleepiness, (6) impaired daytime function, (7) sleep difficulties and daytime function impairment lasting more than 3 days a week for more than 3 months, and (8) a Patient Health Questionnaire-9 (PHQ-9) score < 10. The exclusion criteria were as follows: (1) intracranial tumors, stroke, intracranial infection, brain trauma, and other central nervous system diseases; (2) diabetes, pituitary diseases, and other systemic diseases; and (3) taking medication that affect the secretion of growth hormones (bromocriptine, progesterone, etc.). These patients were divided into two groups according to their Generalized Anxiety Disorder-7 (GAD-7) score: the CID group (GAD-7 score < 10), and the CID with anxiety group (GAD-7 score ≥ 10). Sex-and age-matched healthy volunteers were recruited as controls. Demographic and clinical variables, including age, sex, marital status, body mass index (BMI), and insomnia duration were recorded.

This study was approved by the Ethics Committee of the First Hospital of Jilin University and followed the guidelines of the Declaration of Helsinki (1964). All the participants or their guardians provided written informed consent for participation in the study.



2.2. Questionnaires

Participants self-assessed their sleep quality using the Pittsburgh Sleep Quality Index (PSQI) questionnaire, which is one of the most widely validated and practical sleep disorder assessment scales, mainly used to provide a subjective measure of sleep quality in the last month. The questionnaire consists of 23 items grouped into seven components: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medications, and daytime dysfunction (14). Each component is scored from 0 (good sleep quality) to 3 (bad sleep quality), and the total PSQI score (ranging from 0 to 21) is obtained by summing the seven component scores. A total PSQI score ≤ 5 is associated with good sleep quality and > 5 with poor sleep quality. Higher sleep scores on the PSQI scale equate to poorer sleep quality (15).

Severity of anxiety was self-evaluated using the GAD-7 scale (16). The GAD-7 is a seven-item screening instrument, with each response scored from 0 (never) to 3 (almost every day). The total GAD-7 score ranges from 0 to 21, with a higher GAD-7 score indicating higher level of anxiety. A score ≥ 10 on the GAD-7 is the cutoff point for possible anxiety, with a sensitivity of 89% and specificity of 82% (17).

The PHQ-9, an effective self-rating depression scale, was used to assess depression symptoms. Participants rated depression symptoms of the past 2 weeks on a four-point scale, ranging from 0 (never) to 3 (almost every day). The total score ranges from 0 to 27, with higher scores reflecting greater levels of depression symptoms (18). A score of ≥10 on the PHQ-9 is the cutoff point for depression symptoms, with a sensitivity of 80% and a specificity of 92% (19).



2.3. Polysomnography

Before polysomnography (PSG), the participants were not permitted to consume caffeinated beverages, alcohol, or sleep medicines. PSG (Compumedics, Abbotsford, Australia) was performed in a standard, sound-attenuated sleep laboratory at our hospital, and participants were monitored for at least 8 h. These studies followed the American Academy of Sleep Medicine (AASM) standards for electroencephalography, electrooculography, chin muscle electromyography, electrocardiography, nasal pressure, finger oximetry, chest, and abdominal respiratory inductance plethysmography. Professional sleep technicians certified as PSG technologists analyzed the PSG results using the AASM version 2.3 for the Scoring of Sleep and Associated Events.



2.4. IGF-1 measurements

The IGF-1 concentration was measured in the morning under fasting conditions for all participants. Blood samples were collected at 8 a.m. Blood was centrifuged at 3,000 × g for 10 min, and the serum was stored at −20°C before further use. The IGF-1 concentration was measured using the Human IGF-1 Quantikine enzyme-linked immunosorbent assay, which has a measurement range of 2–1,200 ng/mL.



2.5. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics for Windows version 23.0 (IBM Corp., Armonk, NY, United States). The Shapiro–Wilk test was used to assess the normal distribution of continuous variables. Continuous data with a normal distribution [age, BMI, insomnia duration, GAD-7 score, PHQ-9 score, PSQI score, IGF-1 score, total sleep time, sleep latency, sleep efficiency, rapid eye movement (REM) sleep, stage 1 non-REM (stage N1), stage 2 non-REM (stage N2), stage 3 non-REM (stage N3), stage N1 time, stage N2 time, stage N3 time, REM sleep latency, REM arousal index, arousal index, apnea-hypopnea index (AHI), periodic limb movement index (PLMI), mean SaO2, minimum SaO2, and end-tidal CO2] were expressed as means and standard deviations and compared among groups by using one-way ANOVA. Categorical data (male sex and marital status) were expressed as absolute values and percentages and compared among groups by using the chi-square test. The correlations of IGF-1 concentration with the GAD-7 score, PSQI score, and stage N3 time were examined using the Pearson correlation test. Univariate and multivariate linear regression were used to assess the association between IGF-1 and clinical parameters including sex, age, BMI, insomnia duration, GAD-7 score, PHQ-9 score, PSQI score, total sleep time, sleep latency, sleep efficiency, wake after sleep onset, stage N1 time, stage N2 time, stage N3 time, REM sleep time, REM sleep latency, REM arousal index, arousal index, AHI, PLMI, mean SaO2, minimum SaO2, and end-tidal CO2. In the post hoc analysis, the Bonferroni method was used to calculate the adjusted p-value. The statistical significance level was set to p < 0.05.




3. Results


3.1. Baseline characteristics and IGF-1 serum levels

A total of 82 patients with CID and 45 age-and sex-matched controls were enrolled in this study. Among them, 65 patients with CID (35 of whom had anxiety) and 36 controls completed PSG and IGF-1 measurements (Figure 1). Baseline characteristics and IGF-1 concentrations are summarized in Table 1 for each group. Male sex, age, marital status, BMI, and PHQ-9 score were very similar in the CID, CID with anxiety, and control groups. The PSQI score and IGF-1 concentration significantly differed among the three groups (both p < 0.001). The GAD-7 score in the CID with anxiety group was higher than that in the CID and control groups (both p < 0.001). IGF-1 serum concentrations are presented in Figure 2.
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FIGURE 1
 Flowchart shows the screening process for participants.




TABLE 1 Clinical characteristics and IGF-1 in the patients with CID, CID with anxiety, and HC.
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FIGURE 2
 The serum levels of IGF-1 in CID, CID with anxiety patients, and HC. * indicates statistically different (p < 0.05).




3.2. PSG parameters

A comparison of the PSG parameters between the two groups is presented in Table 2. Total sleep time, sleep latency, sleep efficiency, stage N1, stage N3, REM sleep, stage N1 time, stage N2 time, stage N3 time, REM sleep time, and arousal index significantly differed among the groups (all p < 0.001).



TABLE 2 The polysomnography parameters in CID, CID with anxiety, and HC.
[image: Table2]



3.3. Correlation analysis for IGF-1 concentrations with GAD-7, PSQI, and PSG parameters in CID and CID with anxiety groups

Using Pearson correlation analysis, the IGF-1 concentration in patients with CID was significantly correlated with the GAD-7 score (r = −0.289, p = 0.02), PSQI score (r = −0.318, p = 0.0098), and stage N3 time (r = 0.328, p = 0.008; Figure 3).



3.4. Univariable and multivariable analysis actors affecting IGF-1 serum levels in CID and CID with anxiety groups

Table 3 summarizes the univariate and multivariable regression analysis of factors affecting the IGF-1 serum concentration. In the univariate model, IGF-1 concentration was associated with age (p = 0.017), GAD-7 score (p = 0.005), PSQI score (p = 0.003), and stage N3 time (p = 0.007). However, none of these or any other variables associated with IGF-1 concentration upon multivariable analysis.



TABLE 3 Univariable and multivariable analysis for the IGF-1.
[image: Table3]




4. Discussion

In this study, the IGF-1 serum concentration in patients with CID was lower than that in patients without CID. Moreover, the IGF-1 concentration was negatively correlated with participants’ anxiety score and sleep quality and positively correlated with stage N3 time during PSG, which indicates that IGF-1 may play an important role in insomnia and mood disorders.

Chronic sleep deprivation reportedly reduces the total IGF-1 concentration in rats (20, 21). Chennaoui et al. also discovered that the IGF-1 system responds to sleep deprivation, with serum IGF-1 concentrations decreasing after 25 h of sleep deprivation and increasing again after a night of recovery (7). Kimura et al. reported that decreases in the symptoms of patients with circadian rhythm sleep–wake disorders were associated with increased serum concentrations of IGF-1 (22). Although the results differ among those studies, they all suggest that sleep deprivation is related to IGF-1. Disruptions during sleep, such as insomnia, can affect GH and IGF-1 concentrations, because GH is preferentially released during slow-wave sleep. In addition, a delay in sleep can result in a decrease in GH secretion (23). Our results appear to support the link between IGF-1 and insomnia and are in line with those of other studies on IGF-1. Besides, because of the small size of the age subgroups in our study, further work is needed to confirm these data.

Several potential mechanisms underlying decreased IGF-1 concentrations in patients with CID may be involved. First, as mentioned above, although GH secretion occurs in pulses throughout the day, slow-wave sleep after sleep onset is associated with particularly large bursts of GH secretion. Secretion of growth-promoting hormone cells also increases during slow-wave sleep. The relationship between nocturnal GH release and slow wave activity suggests that it can reflect the GH release hormone activity. GH-releasing hormone may promote sleep and reduce the awakening threshold of REM sleep. Symptoms of insomnia include difficulty falling asleep, decreased total sleep time, reduced slow-wave sleep time, and increased sleep fragmentation (5). These symptoms cause a decrease in GH secretion, which, in turn, causes a decrease in the IGF-1 concentration. This was supported by the correlation between IGF-1 concentration and the N3 stage in this study. Additionally, the hypothalamic–pituitary–adrenal (HPA) axis is activated in patients with CID, which has a suppressant effect on the GH-IGF-1 axis (24). In particular, cortisol secretion is negatively correlated with GH secretion, which subsequently affects the IGF-1 concentration (25). Second, patients with CID have HPA-axis dysfunction, exhibiting an increase in the release of adrenocorticotropic hormone, increased sympathetic nervous system activity, and increased inflammatory cytokine concentration (24, 26). Experimental studies have also suggested that altered sleep may impact concentrations of inflammatory markers, such as interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and C-reactive protein (27). Proinflammatory cytokines may suppress the GH/IGF-1 axis and decrease both circulatory and tissue concentrations of IGF-1 (28–30).

Furthermore, IGF-1 is a neuroprotective agent, involved in brain development and survival (31). Thus, IGF-1 may play an important role in the amelioration of anxiety and memory deficits (32). A higher intraindividual IGF-1 concentration is reportedly associated with a better mood. Previous studies have revealed that IGF-1 concentrations are negatively correlated with anxiety levels (33, 34), which is consistent with our results. However, in other studies, individuals with depressive and/or anxiety disorders had higher IGF-1 concentrations than those without such disorders, which may indicate a response mechanism to counteract the impaired neurogenesis (35). Although the IGF-1 concentration was appeared lower in the CID with anxiety group than in the CID group in our study, the difference was not statistically significant. We plan to conduct further studies with larger samples to verify this result. Based on our results, we hypothesize that the HPA axis plays a role in the relationship between the GAD-7 score and the IGF-1 concentration. A dysfunctional HPA axis has been implicated in the pathogenesis of anxiety disorders. Proinflammatory cytokines, including IL-6 and TNF-α, have been implicated in the etiologies of clinical anxiety disorders, which may affect the IGF-1 concentration (36). However, anxiety may affect IGF-1 in diverse ways, and further clarity will require further investigation.

[image: Figure 3]

FIGURE 3
 Relations between serum levels of IGF-1 and GAD-7 score, PSQI score, and stage N3 time in PSG.


This study has several limitations. First, it was an observational study without in-depth investigation into underlying mechanisms. We are currently monitoring IGF-1 concentrations in patients with CID after treatment, in order to elucidate these mechanisms. Second, previous studies have revealed that orexin neurons are modulated by IGF-1 (37), which may play an important role in the pathophysiology of insomnia. This aspect was not considered in the current study. Therefore, we will focus on the correlation between hypothalamic secretion and IGF-1 in the future. In addition, our study was limited by the small sample, and future studies will be conducted with larger samples to allow age stratification, which should provide a stronger evidence base for the clinical diagnosis and treatment of insomnia and mood disorders.



5. Conclusion

In conclusion, the serum IGF-1 concentration in patients with CID was lower than that in participants without CID, negatively correlated with anxiety score and sleep quality, and positively correlated with stage N3 time during PSG. This indicates a potentially important role of IGF-1 in insomnia and emotional disorders. Further studies are needed to examine the relationship between IGF-1 and insomnia and their influence on accompanying symptoms.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of the First Hospital of Jilin University. The patients/participants provided their written informed consent to participate in this study.



Author contributions

YZ wrote the manuscript. QS and HL conducted the data acquisition and data analysis. YW and DW prepared the figures. ZW managed the study and edited the final manuscript. All authors contributed to the article and approved the submitted version.



Funding

The work was supported by the National Natural Science Foundation of China (Grant number 82071489), the National key research and development program of China (Grant number 2022YFC2503904), and the Foundation of the Department of Science and Technology of Jilin Province (Grant Number 20200404093YY) to ZW.



Acknowledgments

The authors would like to acknowledge the following individuals at Jilin University: Chunhui Wei for their technical support.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Roth, T
. Insomnia: definition, prevalence, etiology, and consequences. J Clin Sleep Med. (2007) 3:S7–S10.

 2. Riemann, D, Nissen, C, Palagini, L, Otte, A, Perlis, ML, and Spiegelhalder, K. The neurobiology, investigation, and treatment of chronic insomnia. Lancet Neurol. (2015) 14:547–58. doi: 10.1016/S1474-4422(15)00021-6 

 3. Staner, L
. Comorbidity of insomnia and depression. Sleep Med Rev. (2010) 14:35–46. doi: 10.1016/j.smrv.2009.09.003


 4. Buysse, DJ
. Insomnia. JAMA. (2013) 309:706–16. doi: 10.1001/jama.2013.193 

 5. Van Cauter, E, Spiegel, K, Tasali, E, and Leproult, R. Metabolic consequences of sleep and sleep loss. Sleep Med. (2008) 9:S23–8. doi: 10.1016/S1389-9457(08)70013-3 

 6. Obál, F Jr, Kapás, L, Gardi, J, Taishi, P, Bodosi, B, and Krueger, JM. Insulin-like growth factor-1 (IGF-1)-induced inhibition of growth hormone secretion is associated with sleep suppression. Brain Res. (1999) 818:267–74. doi: 10.1016/s0006-8993(98)01286-4 

 7. Maggio, M, Colizzi, E, Fisichella, A, Valenti, G, Ceresini, G, Dall'Aglio, E , et al. Stress hormones, sleep deprivation and cognition in older adults. Maturitas. (2013) 76:22–44. doi: 10.1016/j.maturitas.2013.06.006 

 8. Chennaoui, M, Drogou, C, Sauvet, F, Gomez-Merino, D, Scofield, DE, and Nindl, BC. Effect of acute sleep deprivation and recovery on insulin-like growth factor-I responses and inflammatory gene expression in healthy men. Eur Cytokine Netw. (2014) 25:52–7. doi: 10.1684/ecn.2014.0356 

 9. Aleman, A, and Torres-Alemán, I. Circulating insulin-like growth factor I and cognitive function: neuromodulation throughout the lifespan. Prog Neurobiol. (2009) 89:256–65. doi: 10.1016/j.pneurobio.2009.07.008 

 10. Dyer, AH, Vahdatpour, C, Sanfeliu, A, and Tropea, D. The role of insulin-like growth factor 1 (IGF-1) in brain development, maturation and neuroplasticity. Neuroscience. (2016) 325:89–99. doi: 10.1016/j.neuroscience.2016.03.056 

 11. Chennaoui, M, Arnal, PJ, Dorey, R, Sauvet, F, Ciret, S, Gallopin, T , et al. Changes of cerebral and/or peripheral adenosine a₁ receptor and IGF-I concentrations under extended sleep duration in rats. Int J Mol Sci. (2017) 18:2439. doi: 10.3390/ijms18112439


 12. Chennaoui, M, Arnal, PJ, Drogou, C, Sauvet, F, and Gomez-Merino, D. Sleep extension increases IGF-I concentrations before and during sleep deprivation in healthy young men. Appl Physiol Nutr Metab. (2016) 41:963–70. doi: 10.1139/apnm-2016-0110 

 13. Mônico-Neto, M, Dáttilo, M, Ribeiro, DA, Lee, KS, de Mello, MT, Tufik, S , et al. REM sleep deprivation impairs muscle regeneration in rats. Growth Factors. (2017) 35:12–8. doi: 10.1080/08977194.2017.1314277 

 14. Buysse, DJ, Reynolds, CF 3rd, Monk, TH, Berman, SR, and Kupfer, DJ. The Pittsburgh sleep quality index: a new instrument for psychiatric practice and research. Psychiatry Res. (1989) 28:193–213. doi: 10.1016/0165-1781(89)90047-4 

 15. Mollayeva, T, Thurairajah, P, Burton, K, Mollayeva, S, Shapiro, CM, and Colantonio, A. The Pittsburgh sleep quality index as a screening tool for sleep dysfunction in clinical and non-clinical samples: a systematic review and meta-analysis. Sleep Med Rev. (2016) 25:52–73. doi: 10.1016/j.smrv.2015.01.009 

 16. Plummer, F, Manea, L, Trepel, D, and McMillan, D. Screening for anxiety disorders with the GAD-7 and GAD-2: a systematic review and diagnostic metaanalysis. Gen Hosp Psychiatry. (2016) 39:24–31. doi: 10.1016/j.genhosppsych.2015.11.005 

 17. Spitzer, RL, Kroenke, K, Williams, JB, and Löwe, B. A brief measure for assessing generalized anxiety disorder: the GAD-7. Arch Intern Med. (2006) 166:1092–7. doi: 10.1001/archinte.166.10.1092


 18. Sun, Y, Kong, Z, Song, Y, Liu, J, and Wang, X. The validity and reliability of the PHQ-9 on screening of depression in neurology: a cross sectional study. BMC Psychiatry. (2022) 22:98. doi: 10.1186/s12888-021-03661-w 

 19. Chin, WY, Chan, KT, Lam, CL, Wong, SY, Fong, DY, Lo, YY , et al. Detection and management of depression in adult primary care patients in Hong Kong: a cross-sectional survey conducted by a primary care practice-based research network. BMC Fam Pract. (2014) 15:30. doi: 10.1186/1471-2296-15-30 

 20. Everson, CA, and Crowley, WR. Reductions in circulating anabolic hormones induced by sustained sleep deprivation in rats. Am J Physiol Endocrinol Metab. (2004) 286:E1060–70. doi: 10.1152/ajpendo.00553.2003 

 21. Kim, E, Grover, LM, Bertolotti, D, and Green, TL. Growth hormone rescues hippocampal synaptic function after sleep deprivation. Am J Phys Regul Integr Comp Phys. (2010) 298:R1588–96. doi: 10.1152/ajpregu.00580.2009 

 22. Kimura, S, Toyoura, M, Toyota, Y, and Takaoka, Y. Serum concentrations of insulin-like growth factor-1 as a biomarker of improved circadian rhythm sleep-wake disorder in school-aged children. J Clin Sleep Med. (2020) 16:2073–8. doi: 10.5664/jcsm.8778 

 23. Chennaoui, M, Léger, D, and Gomez-Merino, D. Sleep and the GH/IGF-1 axis: consequences and countermeasures of sleep loss/disorders. Sleep Med Rev. (2020) 49:101223. doi: 10.1016/j.smrv.2019.101223 

 24. Vgontzas, AN, Bixler, EO, Lin, HM, Prolo, P, Mastorakos, G, Vela-Bueno, A , et al. Chronic insomnia is associated with nyctohemeral activation of the hypothalamic-pituitary-adrenal axis: clinical implications. J Clin Endocrinol Metab. (2001) 86:3787–94. doi: 10.1210/jcem.86.8.7778 

 25. Ghizzoni, L, Mastorakos, G, Vottero, A, Magiakou, MA, Chrousos, GP, and Bernasconi, S. Spontaneous cortisol and growth hormone secretion interactions in patients with nonclassic 21-hydroxylase deficiency (NCCAH) and control children. J Clin Endocrinol Metab. (1996) 81:482–7. doi: 10.1210/jcem.81.2.8636254 

 26. Castro-Diehl, C, Diez Roux, AV, Redline, S, Seeman, T, Shrager, SE, and Shea, S. Association of Sleep Duration and Quality with Alterations in the hypothalamic-pituitary adrenocortical Axis: the multi-ethnic study of atherosclerosis (MESA). J Clin Endocrinol Metab. (2015) 100:3149–58. doi: 10.1210/jc.2015-1198 

 27. Mullington, JM, Simpson, NS, Meier-Ewert, HK, and Haack, M. Sleep loss and inflammation. Best Pract Res Clin Endocrinol Metab. (2010) 24:775–84. doi: 10.1016/j.beem.2010.08.014 

 28. Witkowska-Sędek, E, and Pyrżak, B. Chronic inflammation and the growth hormone/insulin-like growth factor-1 axis. Cent Eur J Immunol. (2020) 45:469–75. doi: 10.5114/ceji.2020.103422 

 29. Cirillo, F, Lazzeroni, P, Sartori, C, and Street, ME. Inflammatory diseases and growth: effects on the GH-IGF Axis and on growth plate. Int J Mol Sci. (2017) 18:1878. doi: 10.3390/ijms18091878 

 30. Succurro, E, Andreozzi, F, Sciacqua, A, Hribal, ML, Perticone, F, and Sesti, G. Reciprocal association of plasma IGF-1 and interleukin-6 levels with cardiometabolic risk factors in nondiabetic subjects. Diabetes Care. (2008) 31:1886–8. doi: 10.2337/dc08-0553 

 31. Rubovitch, V, Edut, S, Sarfstein, R, Werner, H, and Pick, CG. The intricate involvement of the insulin-like growth factor receptor signaling in mild traumatic brain injury in mice. Neurobiol Dis. (2010) 38:299–303. doi: 10.1016/j.nbd.2010.01.021 

 32. Aksu, I, Ates, M, Baykara, B, Kiray, M, Sisman, AR, Buyuk, E , et al. Anxiety correlates to decreased blood and prefrontal cortex IGF-1 levels in streptozotocin induced diabetes. Neurosci Lett. (2012) 531:176–81. doi: 10.1016/j.neulet.2012.10.045 

 33. Llorens-Martín, M, Torres-Alemán, I, and Trejo, JL. Exercise modulates insulin-like growth factor 1-dependent and-independent effects on adult hippocampal neurogenesis and behaviour. Mol Cell Neurosci. (2010) 44:109–17. doi: 10.1016/j.mcn.2010.02.006 

 34. Mitschelen, M, Yan, H, Farley, JA, Warrington, JP, Han, S, Hereñú, CB , et al. Long-term deficiency of circulating and hippocampal insulin-like growth factor I induces depressive behavior in adult mice: a potential model of geriatric depression. Neuroscience. (2011) 185:50–60. doi: 10.1016/j.neuroscience.2011.04.032 

 35. Bot, M, Milaneschi, Y, Penninx, BW, and Drent, ML. Plasma insulin-like growth factor I levels are higher in depressive and anxiety disorders, but lower in antidepressant medication users. Psychoneuroendocrinology. (2016) 68:148–55. doi: 10.1016/j.psyneuen.2016.02.028 

 36. Gądek-Michalska, A, Tadeusz, J, Rachwalska, P, and Bugajski, J. Cytokines prostaglandins and nitric oxide in the regulation of stress-response systems. Pharmacol Rep. (2013) 65:1655–62. doi: 10.1016/s1734-1140(13)71527-5 

 37. Zegarra-Valdivia, JA, Pignatelli, J, Fernandez de Sevilla, ME, Fernandez, AM, Munive, V, Martinez-Rachadell, L , et al. Insulin-like growth factor I modulates sleep through hypothalamic orexin neurons. FASEB J. (2020) 34:15975–90. doi: 10.1096/fj.202001281RR 



OPS/images/fpsyt-14-1102642-t002.jpg
1.HC 2.CID (n=30) 3. CID with p value Post hoc Bonferroni (P)
1vs.2 1vs3 2vs3

(n=36) anxiety

Total sleep time

(min) 393.1531.93 301.98466.36 281.88443.46 53.300 <0.001% <0.001% <0.001* NS
min)
Sleep latency (min) 15.73£3.10 39.87+7.60 41.83£7.41 186473 <0.001* <0.001* <0.001* NS
Sleep efficiency (%) 90.51+4.02 71.72£11.69 66.93+11.96 57.124 <0.001* <0.001* <0.001* NS
Wake afier sleep

270722044 582443454 819445775 17.956 <0001 0034 <0001 NS
onset (min)
Stage N1 (%) 491£1.07 19.55£6.56 21441640 104.963 <0.001% <0.001% <0.001* NS
Stage N2 (%) 49.834645 51.44£10.03 50.01+7.81 0358 0.700
Stage N3 (%) 20.88+4.82 12.2747.37 10.14£4.70 35.561 <0.001* <0.001% <0.001% NS
REM sleep (%) 24391833 16.75£8.15 18.934+11.48 5796 0.004% 0.027 NS NS
Stage N1 time (min) 19.22£4.10 58.88+23.56 60.46+20.83 59319 <0.001* <0.001% <0.001% NS
Stage N2 time (min) 195.99+31.10 155.63+£48.34 142.99+26.78 21.050 <0.001% <0.001% <0.001% NS
Stage N3 time (min) 81.94£19.49 37.49+24.06 28.66+14.30 75.892 <0.001* <0.001% <0.001% NS
REM sleep time
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CID, chronic insomnia disorder; HC, healthy controls; REM, rapid eye movement; Stage N1, stage 1 non-REM; Stage N2, stage 2 non-REM; Stage N3, stage 3 non-REM; AHI, apnea-hypopnea
index; PLMI, periodic limb movement index; Sa0, arterial oxygen saturation. NS, no significance. *p value <0.05 (statistcall different)
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IGE-1, insulin-like growth factor-1; BMI, body mass index; GAD-7, generalized anxiety disorder-7: PHQ-9, patient health questionnaire-9; PSQI, pitisburgh sleep quality index; REM, rapid
eye movement; Stage N1, stage 1 non-REM; Stage N2, stage 2 non-REM; Stage N3, stage 3 non-REM; AHI, apnea-hypopnea index; PLMI, periodic limb movement index; Sa0, arterial oxygen
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1.HC (n=36) 2.CID (n=30) 3. CID with p value Post hoc Bonferroni (P)
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CID, chronic insomia disorder; HC, healthy controls; BMI, body mass index; GAD-7, generalized anxiety disorder-7; PHQ-9, patient health questionnaire-9; PSQU, pittsburgh sieep quality
index; IGF-1, insulin-like growth factor-1. NS, no significance. * p value <0.05 (stat
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