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INTRODUCTION 
 

Sleep disorders become more prevalent in late 

adulthood and heavily affect the patients’ quality of life 

[1]. They can be caused by modifications of the 

physiological sleep architecture that occur during aging, 

but also by the concomitant presence of psychological 

stressful conditions such as loneliness, divorce, death of 

spouse, unemployment, or severe pathologies and use of 

multiple medications.  Insomnia  has higher prevalence  

 

rates in women than in men [2], and is the most 

common sleep disorder among the elderly population, 

with a prevalence of 48% [1, 3]. According to the 

International Classification of Sleep Disorders, 3rd 

edition (ICSD-3), insomnia is defined as the subjective 

perception of difficulty in sleep initiation, duration, 

consolidation and quality, resulting in a non-restorative 

sleep [4]. The effects of insomnia on quality of life, 

social relationships and professional performances 

represent a considerable social and economic burden. 
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ABSTRACT 
 

Chronic insomnia is the most common sleep disorder in the elderly population. From 9 to 50% of patients suffer 
of paradoxical insomnia, with the same symptoms and ailments, though characterized by normal sleep 
patterns. We have investigated the level of parameters related to stress in a group of post-menopausal female 
patients (age range 55-70 years) suffering by either objective or paradoxical insomnia, in particular we have 
measured 24-hours urinary cortisol, allostatic load index, Perceived Stress Scale (PSS) score, and, for the first 
time, mitokines (mitochondrial stress response molecules) such as FGF21, GDF15 and Humanin (HN). Results 
show that the two groups are different as far as sleep efficiency score, as expected, but not for stress 
parameters, that in some cases resulted within the normality range, although quite close to the top threshold 
(such as cortisol) or much higher with respect to normality ranges (such as PSS). Therefore, the consequences of 
paradoxical insomnia on the expression of these parameters are the same as objective insomnia. As far as the 
level of mitokines, we showed that FGF21 and HN in particular resulted altered (decreased and increased, 
respectively) with respect to control population, however with no difference between the two groups of 
patients. 
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Clinical consequences include neurocognitive deficits, 

fatigue, anxiety and depression [5]. The frequency and 

persistence of symptoms determine the severity of 

insomnia. In particular, the occurrence of symptoms for 

at least three times a week and persistence longer than 

three months are considered as chronic insomnia (IN), 

at variance with the sub-acute insomnia or the transient 

insomnia, which are considered as less pervasive and 

self-resolving. Interestingly, a sub-type of chronic 

insomnia characterized by misperception in quality  

and quantity of sleep is termed paradoxical insomnia  

(P-IN). Patients with P-IN experience the same 

symptoms/complaints of IN patients, though displaying 

normal sleep patterns, as evaluated by specific objective 

tests such as polysomnography [6]. The prevalence of 

P-IN varies between 9.2 and 50% among insomnia 

patients [5]. 

 

The onset and perpetuation of IN are considered 

associated with the activation of the Hypothalamic-

pituitary-adrenal (HPA) axis with a consequent release 

of key molecules, such as cortisol hormone [7]. Cortisol 

levels are higher in IN patients with respect to normal 

sleepers [7]. In particular, a positive association between 

high serum cortisol levels and the wake-time after sleep 

onset was found [8]. Moreover, evening serum levels of 

cortisol correlate with the number of the nocturnal 

awakenings, and at the same time sleep fragmentation 

increases cortisol levels [9]. In turn, excessive activation 

of the HPA axis induces sleep fragmentation [10], in a 

sort of vicious cycle between insomnia and stress. 

 

In last years, a new class of stress response molecules 

has attracted attention, namely mitokines, i.e. molecules 

whose expression is elicited in response to mito-

chondrial stresses [11]. These molecules include 

Fibroblast Growth Factor 21 (FGF21), Growth 

Differentiation Factor 15 (GDF15) and Humanin (HN). 

In a recent study, we showed that the circulating levels 

of these three mitokines increase with aging, and are 

inversely correlated with health parameters and survival 

in nonagenarians and centenarians [12]. Modifications 

of the levels of such mitokines have been poorly 

investigated in relation to sleep architecture. FGF21, 

normally involved in metabolism regulation and 

longevity, has resulted able to directly alter circadian 

rhythms in mice via the central nervous system [13]. 

GDF15, a distant member of the TGF-β family, exerts 

cardioprotective and neuroprotective effects and is 

considered a biomarker of mitochondrial dysfunction. 

Interestingly, overexpressed GDF15 is able to extend 

animal lifespan [14]. Only one study investigated 

GDF15 in relation to sleep disorders, and reported no 

correlation between GDF15 serum levels and 

Obstructive Sleep Apnea Syndrome (OSAS) [15]. HN is 

a mitochondrial DNA-encoded peptide endowed with 

cytoprotective and anti-apoptotic effects [16]. To our 

knowledge, no data are available on HN and sleep 

disorders. 

 

In the present work, we have investigated the levels of 

such mitokines and other stress-related parameters such 

as 24-hours urinary cortisol, Allostatic Load Index 

(ALI) [17, 18] and Perceived Stress Scale [19] (PSS) 

score in old female patients suffering of either objective 

or paradoxical chronic insomnia in order to compare 

their stress level. Sleep efficiency was evaluated both 

by actigraphic monitoring and test batteries. 

 

RESULTS 
 

The patients were recruited consecutively as they 

accessed the laboratory of sleep disorders at the Bellaria 

Hospital, Bologna. They were divided in two groups 

(objective and paradoxical insomniacs, O-IN and P-IN) 

based on sleep efficiency (SE) values extrapolated from 

a one-week actigraphic monitoring. SE is the ratio of 

total sleep time (TST) to time in bed (TIB) (multiplied 

by 100 to yield a percentage). SE normal value is > 

85%. Patients with SE < 85% were classified as O-IN (n 

= 14); those with SE > 85% were classified as P-IN (n = 

24). A clinical description of patients’ comorbidities is 

provided in Table 1. No difference was present between 

the two groups. The use of drugs by the patients such as 

statins, beta blockers, vitamin D, thyroid hormones, 

antihypertensive drugs (unbound ACE inhibitors, 

unbound angiotensin ii receptor blockers, dihydro-

pyridine derivatives and diuretics), bile acids and 

derivatives, antiplatelet agents, anti-fibromyalgia drugs, 

H2 receptor antagonists, acid pump inhibitors, 

adrenergic combination with anticholinergics also 

showed no difference (data not shown). Such drugs do 

not interfere with sleep homeostasis, except for beta-

blockers used for hypertension treatment, assumed by 

one O-IN and three P-IN patients. However, the patient 

can perfectly relate the onset of sleep disturbances to 

the start of beta blocker therapy, and this was not the 

case for these four patients. 

 

Anthropometry and pathology temporal onset 
 

No difference emerged between the two groups, except 

for BMI that resulted significantly higher in O-IN 

patients with respect to P-IN patients (p = 0.03) as 

reported in Table 2. 
 

Sleep evaluation 
 

In comparison with P-IN patients, O-IN ones showed  

a significantly higher wake after sleep onset - WASO  

(p < 0.001) and awakenings’ number - AN (p = 0.003), 

despite an identical Pittsburgh Sleep Quality Index - PSQI 
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Table 1. Study population comorbidities. 

Comorbidities O-IN(N = 14) (N, %) P-IN (N = 24) (N, %) q value 

Cardiovascular disorders (rhythm disturbances, flutter) 3 (21%) 4 (17%) 1 

Endocrine disturbances (hypothyroidism/hyperthyroidism, 

insulin resistance, metabolic syndrome, hyperuricemia) 

5 (36%) 10 (43%) 1 

Musculoskeletal system syndromes (arthrosis, osteoporosis, 

fibromyalgia) 

7 (50%) 20 (87%) 1 

Vascular disorders (hypertension, venous insufficiency) 5 (36%) 11 (48%) 1 

Dyslipidemia  0 (0%)  11 (48%) 0.2 

Chronic respiratory diseases (asthma/chronic obstructive 

pulmonary disease) 

1 (7%) 3 (13%) 0.9 

Autoimmune disorders (Raynaud’s syndrome, Hashimoto) 1 (7%) 1 (4%) 1 

Gastrointestinal disturbances (gastroesophageal reflux, gastritis) 2 (14%) 3 (13%) 1 

The comparison between the two groups of patients (O-IN versus P-IN) was performed by using two-sided Mann-Whitney 
test with Benjamini-Hochberg correction, considering q (corrected p-value) <0.05 statistically significant (*). No significant 
difference emerged between the two groups of patients. 
O-IN = Objective Insomnia patients. P-IN = Paradoxical Insomnia patients. 
 

Table 2. Characterization of the study population. 

 Parameters Normal range O-IN (±SD) P-IN (±SD)  pvalue 

a) Subjects (N, gender) - 14 F 24 F - 

 Mean Age (years) - 61 (± 5) 61 (± 5) - 

 BMI  - 26 (± 6) 23 (± 3) 0.03* 

 Waist/hip ratio - 0.8 (± 0.1) 0.8 (± 0.1) 1 

 Age at onset of insomnia (years) - 37 (±16) 36 (±20) 0.86 

b) SE (%) > 85% 80 (± 6) 91 (± 3) < 0.001* 

 WASO (minutes) - 96 (± 26) 43 (± 13) < 0.001* 

 AN (number) - 16 (± 5) 11 (± 4) 0.003* 

 PSQI (score) ≤ 5 13 (± 4) 13 (± 4) 0.5 

c) Total cholesterol (mg/100mL) 130 - 200 212 (± 42) 218 (± 32) 1 

 HDL cholesterol (mg/100mL) > 43 71 (± 12) 67 (± 13) 0.3 

 LDL cholesterol (mg/100mL) 0-130 140 (± 32) 145 (± 30) 0.6 

 Triglycerides (mg/100mL) 35-180 89 (± 44) 96 (± 48) 0.6 

 HbA1c (mmol/mol) 20-44 33 (± 3) 33 (± 3) 1 

 Hs-CRP (mg/L) 0-6 3 (± 3) 3 (± 2) 1 

 IL-6 (pg/mL) 0.4-8.8 3 (± 2) 2 (± 1) 0.2 

 IL-10 (pg/mL) < 0.78 1 (± 1) 1 (± 1) 0.5 

 TNFα (pg/mL) 0.7-1.6 1 (± 0.4) 1 (± 0.3) 0.3 

d) 24-h UC (µg/24h) 20.9-292.3   224 (± 72) 204 (± 59) 0.38 

 PSS (score) 0-6 28 (± 5) 30 (± 8) 0.4 

 ALI (score) < 3 2.5 (± 1) 2 (± 1) 0.2 

a) Sample descriptive analysis, including anthropometric measurements and age at onset of insomnia. b) Sleep evaluation by 
actigraphic monitoring and PSQI questionnaire. c) Analysis of hematochemical parameters (total cholesterol, HDL cholesterol, 
LDL cholesterol, triglycerides, HbA1c), as well as pro- (hs-CRP, IL-6, TNFα) and anti-inflammatory molecules (IL-10). d) Stress 
assessment by quantification of 24-h UC (24-hours urinary cortisol), administration of PSS (Perceived Stress Scale test) and 
measurement of ALI (Allostatic Load Index). Values are expressed as mean ± SD, including relative normal range expressed 
when available as 10th and 90th percentiles. Statistical analysis was performed by using two-sided Mann-Whitney test, consider-

ing a p value ≤ 0.05 as statistically significant (*). O-IN = Objective Insomnia patients. P-IN = Paradoxical Insomnia patients. SE = 
Sleep Efficiency. WASO = Wake After Sleep Onset. AN = Awakenings’ number. PSQI = Pittsburgh Sleep Quality Index. 
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score (p = 0.5), see Table 2. Berlin Questionnaire - BQ 

gave similar results in the two groups (patients at high 

risk for OSAS: 43% O-IN vs 48% P-IN). 

 

Hematochemical and inflammatory profile 

 

All patients displayed levels of total cholesterol and  

LDL cholesterol slightly above the normal reference 

range. On the contrary, hematochemical parameters and 

inflammatory biomarkers were within normal ranges and 

showed no difference between the two groups (Table 2). 

 

Stress evaluation 
 

O-IN and P-IN patients were both characterized by high 

levels of urinary cortisol and PSS scores. Conversely, 

the ALI score was within the normal range (Table 2). 
 

As far as mitokines normality ranges are not available, 

so we compared insomnia patients with a group of 

women of the same age and BMI that did not report 

sleep disturbances (Table 3). FGF21 levels were 

significantly lower in patients with respect to controls (p 

= 0.024). Conversely, HN circulating levels resulted 

significantly increased in patients (p = 0.036), while 

GDF15 levels did not differ between patients and 

controls. However, no difference emerged between O-

IN and P-IN patients (data not shown). Finally, the 

levels of these mitokines resulted not correlated with 

other parameters measured in this study (hemato-

chemical and inflammatory parameters, PSQI, PSS, 

ALI, cortisol) (data not shown). 

 

DISCUSSION 
 

There is an actual debate on whether O-IN and P-IN have 

to be considered separated disorders characterized by 

different pathogenesis and biological features [20]. In fact, 

people suffering of P-IN report symptoms of insomnia 

and complain for diurnal fatigue, even though they 

display normal sleep patterns (SE > 85%) [21]. From a 

clinical point of view, these patients are treated in the 

same way as O-IN patients, very often with unsatisfactory 

results [22]. We characterized a group of P-IN as 

compared with a group of O-IN for a number of 

parameters related to stress response, namely 24-h urinary 

cortisol, allostatic load, Perceived Stress Scale scores, and 

stress response molecules such as GDF15, FGF21 and 

HN. Other parameters related to inflammation, lipid and 

glucose metabolism were also measured. In order to avoid 

gender/endocrine bias, only post-menopause female 

patients were enrolled. The study population was divided 

in two groups based on SE threshold of 85%. 

 

The two groups of patients were similar regarding the 

pathology temporal onset and the presence of co-

morbidities. Conversely, anthropometric analysis showed 

a slightly higher BMI in O-IN patients with respect to P-

IN patients. It is well established that chronic insomnia 

predisposes to weight gain and metabolic disorders [23, 

24]. However, our data suggest that this is true only for 

O-IN patients. Since the sample size is quite low and 

the BMI values are not extremely different from those 

of age-matched women without sleep disturbances, 

more data are needed to confirm this hypothesis. 

 

To assess the general health status of the study 

population, we analyzed some hematochemical and 

inflammatory parameters. They were almost all normal 

for both groups of patients, confirming a good health 

status with no inter-group differences. Only total 

cholesterol and LDL cholesterol levels were found 

slightly above the normal cut-off. This is in 

accordance with literature, which describes a strong 

association between sleep disturbances and hyper-

cholesterolemia [25–27]. Interestingly, insomnia and 

hypercholesterolemia/dyslipidemia are associated 

independently from body-weight and BMI [27]. 

Moreover, short sleep duration affecting the metabolism 

represents per se a risk factor for hypercholesterolemia, 

since adolescence [26]. Hence, there is a strong 

bidirectional relationship between insomnia and 

hypercholesterolemia. 

 

Sleep evaluation by 7-days actigraphic monitoring 

showed significant higher WASO and AN in O-IN 

patients with respect to P-IN patients, despite identical 

PSQI scores of self-reported sleep quality. Thus, data 

reflect clinical definitions of the two insomnia sub-

types. In addition, the BQ gave similar results in the two 

groups of patients indicating no difference in the risk of 

OSAS development. However, during the enrollment a 

cardio-respiratory monitoring to exclude OSAS 

predisposition has not been performed. This could 

represent a limitation of the study. 

 

Stress assessment underlined an overload of stress in both 

groups of patients. In particular, high levels of urinary 

cortisol (over 200 µg/24 hours) were found, as well as 

PSS scores. Concerning urinary cortisol, the observed 

levels were within the normal range, although quite close 

to the top threshold. The effect of glucocorticoids on 

sleep homeostasis is particularly evident in Cushing’s 

syndrome. This syndrome caused by a prolonged 

exposure to glucocorticoids shows significant sleep 

alterations such as increased sleep latency as well as 

wake time during sleep, along with others [28]. Previous 

works reported levels for urinary cortisol of 27.2 µg/24 

hours in old men (mean age 76.6) [29], 99.3 µg/24 hours 

in old persons of both sexes (mean age 74.1) [30] as well 

as 63.7 µg/24 hoursin young women (age range 20 - 30 

years) [31]. 
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Table 3. Mitokine assessment. 

Mitokines (pg/mL) NORMAL subjects (n=51) INSOMNIA patients (n = 38) p value 

FGF21  361 (±266) 245 (±196) 0.024* 

GDF15  829 (±460) 934 (± 397) 0.1 

HN  962 (±685) 1201 (± 635) 0.036* 

Values are expressed as mean ± SD. Statistical analysis was performed by using two-sided Mann-Whitney test. The 
comparison between normal sleepers and all insomnia patients of the study population matched for age and sex was 
performed by using two-sided Mann-Whitney test, considering a p value ≤ 0.05 statistically significant (*). 
 

Therefore, even if we may consider variations due to 

different measurement conditions (such as collection in 

the 24 hours or at specific day time points) and possible 

confounders like gender and age, our data indicate the 

presence of an elevated amount of urinary cortisol in 

these insomnia patients, suggesting that they are 

experiencing a situation of stress. Conversely, ALI 

score was within the normal range, suggesting that these 

patients maintained the capacity to cope with such an 

elevated stress burden. This is possibly due to the fact 

that these patients were in general free of overt chronic-

degenerative diseases, or to possible bias of the modest 

sample size. As a whole, these data suggest that both 

groups of patients are characterized by a hyperactivation 

of the HPA axis. This is in partial contrast with a report 

by Mohammadi et al. [32], showing no differences 

between P-IN, psychophysiological insomnia patients 

and normal sleepers in terms of cortisol concentrations. 

However, these authors measured cortisol in serum 

collected after awakening, so our data on 24-hour 

urinary cortisol are not totally comparable with 

Mohammadi’s ones, and are likely more indicative of 

the global stress levels of the patients. 

 

As mentioned, mitokines are molecules expressed in 

response to mitochondrial stresses [11]. Little is known 

regarding the precise relationship between insomnia and 

mitochondrial dysfunction and consequently the release 

of mitokines. However, recent reports indicate that sleep 

disorders can affect mitochondria. In particular, short 

sleep time increases mitochondrial ROS production, lipid 

peroxidation and expression of genes related to oxidative 

stress response in a D. melanogaster model [33]. 

Furthermore, melatonin, a hormone regulating the sleep-

wake cycle normally used for insomnia treatment has 

powerful antioxidant capacities, regulating the 

mitochondrial function and reducing oxidative stress 

response [34]. We have measured for the first time three 

of the most studied mitokines (FGF21, GDF15 and HN) 

in the framework of insomnia. We found a significant 

difference in the circulating levels of FGF21 and HN, but 

not GDF15, between patients and age-matched women 

without sleep disorders, who were enrolled in a previous 

study conducted in our laboratory. Once again, no 

difference between O-IN and P-IN was present, 

suggesting that the two insomnia subtypes are similar 

regarding the levels of stressmolecules, such as 

mitokines. FGF21 shows a circadian production with a 

peak in the early morning and a decline in the afternoon, 

like cortisol [35]. In fact, FGF21 acts centrally at the 

level of suprachiasmatic nucleus of the hypothalamus and 

the dorsal vagal complex in the hindbrain by regulating, 

among others, circadian rhythms and glucocorticoids 

release [13]. In particular, it has been shown a reduced 

activity in light condition in response to a ketogenic diet 

in FGF21 knockout mice  as compared to wild type and 

transgenic FGF21 over-expressing mice [13]. Moreover, 

it has been demonstrated in mice that FGF21 acts, among 

others, also at the level of hypothalamic pacemaker 

neurons in the brain. At this level, FGF21 contributes to 

the suppression of female ovulation during starvation in 

FGF21 over-expressing mice, and this action is reduced 

in mice lacking the FGF21 co-receptor β-Klotho in the 

central nervous system [36]. Overall, these findings 

support the existence of a FGF21-neuroendocrine axis.  

 

Hence, our data may suggest that the decrease of such 

hormone observed in insomniac patients could participate 

in the disruption of the normal sleep/wake rhythms.  

 

HN is a potent neuroprotective factor towards different 

pathologies such as cardiovascular diseases, inflam-

mation and Alzheimer’s disease [37]. According to our 

data, sleep disturbances could elicit the production and 

release of HN, possibly as an attempt to counteract the 

stress induced by insomnia. At variance, GDF15 levels 

did not differ between insomniac patients and normal 

sleepers, therefore our data suggest that it is apparently 

not involved in sleep homeostasis. Literature described 

GDF15 as a robust biomarker of age and predictor of 

health and overall mortality in the oldest old [12]. Given 

the absence of differences between patients and 

controls, we reasoned that insomniac patients are not 

biologically older (or aged faster) than non-insomniac 

people, at least in the age range of our study sample. 

Other biomarkers of age, such as DNA methylation age 

test should be performed to confirm this hypothesis. It is 

known that GDF15 is associated with cholesterol levels 
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[38], which in our population were slightly increased. 

However, no correlation between GDF15 and 

cholesterol was found (data not shown). 

 

Overall, these data indicate some mitokines as possible 

markers of insomnia, with a yet-to-be-determined 

possible biological role in sleep homeostasis. 

 

We are aware of some important limitations of this 

study, in particular the small sample size, which was 

further reduced by the subdivision into the two subtypes 

of chronic insomnia. In addition, the measurement of 

total FGF21 circulating levels could represent a 

limitation, as in some animal models exogenous FGF21 

is reported to be rapidly degraded in the circulation 

becoming potentially inactive in a relatively short time 

[39, 40]. However, in normal human samples it has 

been demonstrated that the majority of total FGF21 

detected in plasma is active FGF21 [41]. 

 

In conclusion, we provide evidence that O-IN and P-IN 

patients are characterized by similar circulating levels of 

stress response molecules, and therefore the 

consequences of paradoxical insomnia on the 

expression of these molecules are the same as O-IN. 

Moreover, we studied for the first time the level of 

mitokines in insomniac patients, showing that also this 

class of stress response molecules is affected by sleep 

alteration. Considering the wide range of biological 

effects of these mitokines, it is possible that a part of the 

clinical symptoms associated with insomnia could be 

accounted for by their complex derangement. This 

consideration may eventually open a new research 

perspective on the study of sleep disorders. 

 

MATERIALS AND METHODS 
 

Study procedures and screening 
 

In this prospective study, patients were recruited 

consecutively to their outpatient access via the Italian 

Sleep Disorders Center at IRCCS Institute of 

Neurological Sciences, Bologna. After a preliminary 

screening via telephone and/or email, eligible participants 

were invited to the Sleep Disorders Clinical Center for 

enrolment and signing of the informed consent. 

 

Thirty-eight women (age range: 55-70 years) diagnosed 

with chronic insomnia were recruited. Patients were free 

of sleep-inducing drugs since at least three months. 

Exclusion criteria were: presence of type I and type II 

diabetes; chronic viral hepatitis; celiac disease or other 

intestinal malabsorption syndromes; other neurological 

disorders or dementia; cancer; pathology with poor 

prognosis in the short term; chronic therapy with anti-

coagulants; immunosuppressant and antineoplastic 

drugs; use of anti-inflammatory drugs or occurrence of 

inflammatory-infective events within 7 days before the 

enrollment. 

 

A standardized questionnaire, including socio-

demographic information, lifestyle, health status and 

morbidity (present and past diseases, prescribed 

medicines), anthropometric measurements (height, 

weight, waist and hip circumference, Body-Mass Index 

– BMI) was administered to the participants by a trained 

nurse/researcher. 

 

Hematochemical and inflammatory measurements 
 

Fasting blood samples were drawn by venipuncture in 

the morning and processed at 3 hours from withdrawn. 

Serum was obtained after clotting and centrifugation at 

760g for 10 min at 4°C; plasma was separated by 

centrifugation at 2000g for 10 min at 4°C. Both plasma 

and serum were rapidly frozen and stored at - 80°C or 

immediately processed for the analysis. 

 

Biochemical parameters included serum glycated 

hemoglobin (HbA1c), triglycerides, total cholesterol, 

HDL cholesterol, LDL cholesterol, high-sensitivity C 

Reactive Protein (hs-CRP) were measured in fresh 

serum by the clinical laboratory of the accredited 

Nigrisoli Hospital (Bologna, Italy) with high quality 

standards. Inflammatory cytokines such as IL-6, IL-10, 

TNFα were analyzed in serum using a high sensitivity 

enzyme immunosorbent assay (ELISA, R&D Systems) 

according to the manufacturer’s instructions. 

 

Sleep measurements 
 

Patients were asked to wear a wrist actigraph device 

(model GT3X, Actigraph Corporation, FL) on the non-

dominant arm for 7 days and to fill a sleep diary over 

the recording period. Daily sleep diary data were 

merged with daily actigraphic data to determine an 

average of sleep efficiency (SE), wake after sleep onset 

(WASO), awakenings’ number (AN). 

 

The Pittsburgh Sleep Quality Index (PSQI) for self-

reported sleep quality and the Berlin Questionnaire 

(BQ) for obstructive sleep apnea screening were 

administered to patients. 
 

Stress assessment 
 

Fresh urine collected in 24 hours were immediately 

processed for cortisol measurement in chemiluminescence 

by the clinical laboratory at the accredited Nigrisoli 

Hospital (Bologna, Italy). The Perceived Stress Scale 

(PSS) [19] for measuring the perception of stress was 

administered to patients. The “Allostatic Load Index” 
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(ALI), a multiparametric score that evaluates the 

efficacy of the organism to cope with external stressors 

[17] was calculated considering the following 

parameters: BMI, systolic and diastolic blood pressure, 

waist-hip ratio, HbA1c, triglycerides, total cholesterol, 

HDL cholesterol, LDL cholesterol and hs-CRP. 

 

FGF21, GDF15, and HN concentrations were determined 

in plasma samples by ELISA assay using commercial 

kits, R&D for FGF21 (DF2100) and GDF15 (DGD150); 

CUSABIO for HN (CSB-EL015084HU), according to 

the manufacturer’s instructions. 

 

Statistical analysis 

 

The data are presented as mean ± standard deviation 

(SD) and were analyzed using Mann–Whitney U-test, 

with Benjamini-Hochberg correction when applicable, 

considering q (corrected p-value). Statistical analyses 

were performed using IBM SPSS statistics software 

version 25. P-values < 0.05 were considered statistically 

significant. 

 

Ethics approval 
 

The study protocol was approved by the local Ethical 

Committee (Comitato Etico Interaziendale Bologna-

Imola, Ethical Clearance no. 15042 issued on Sept 23, 

2015) within the framework of a larger study registered 

on the National Institute of Health Clinical Trials 

(clinicaltrials.gov. Identifier: NCT03985228). The trial 

was conducted in accordance with the Helsinki 

Declaration and informed written consent was obtained 

for all participants. 
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