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SUMMARY

BACKGROUND: Sleep abnormalities are frequent in patients with endocrine metabolic disorders (EMD) such as arterial hypertension,
diabetes and obesity. Adiponectin is a peptide largely secreted by adipocytes and has various properties e.g. anti-inflammatory, an-
tioxidant, antiatherogenic, pro-angiogenic, vasoprotective and insulin-sensitizing. Adiponectin inversely relates to body weight and
when its concentration decreases, the resistin concentration increases resulting in greater insulin resistance.

OBJECTIVE: The objective of this study is to examine factors influencing adiponectin levels in a population with EMD.

METHODS: This was a cross-sectional evaluation of 332 patients (18 to 80y) presenting arterial hypertension, pre-diabetes, diabetes,
and/or obesity. Investigation included clinical evaluation of comorbidities, general blood tests and adiponectin measures (ELISA).
Chronic sleep deprivation was determined if habitual sleep was <6 hours >4 days/week.

RESULTS: Arterial hypertension (78.5%), type-2 diabetes (82.3%), and overweight (45.0%)/obesity (38.8%) were frequent. Patients with
type-2 diabetes tended to have more chronic sleep deprivation (p=0.05). Adiponectin levels increased with age and were inversely
correlated with sagittal abdominal diameter (p=0.04) and fasting insulin (p=0.001). Chronic sleep deprivation was associated with
higher adiponectin concentration [OR=1.34; CI=1.13-1.58; p<0.005] and this was maintained after adjustment for gender, age, body
mass index, menopause, arterial hypertension, American Diabetes Association classification and physical exercise levels [OR=1.38;
CI=1.14-166: p=0.001].

CONCLUSION: In patients with EMD, adiponectin is influenced not only by obesity but also by age and sleep deprivation. The latter
finding may be explained by a compensatory effect or a counter requlation to minimize the harmful effects of sleep deprivation.
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INTRODUCTION

The frequent clustering of arterial hypertension, di-
abetes and obesity is potentially aggravated by factors
such as old age, smoking, alcohol consumption, sed-
entary lifestyle, among others. Chronic sleep depriva-
tion occurs in various endocrine-metabolic disorders
further aggravating a cascade of harmful effects *2.

A recent review suggests that sleep disturbance
and long sleep duration, but not short sleep duration,
are associated with increases in markers of systemic
inflammation®. Evidence suggests that sleep depriva-
tion induces harmful effects on metabolic abnormali-
ties, in the hypothalamic-pituitary—adrenal axis, and
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ultimately weight gain®, In fact, an explanation for
the biological changes found in patients with short or
long sleep duration remains obscure. For instance, in
healthy adults, sleep deprivation is associated with
cognitive, neurophysiologic and endocrine changes,
despite increased regional brain activity. These ap-
parently paradoxical findings may be explained by
adaptive behaviour or a compensatory effect >.

The adipose tissue secretes several bioactive mol-
ecules, known as adipokines that are influential to
whole-body homeostasis and serve as a measure of
adipose tissue activity®. Adiponectin is the most abun-
dant adipocytokine and has a regulatory effect on the
metabolism of glucose and lipid*®. High adiponectin
levels have been associated with positive cardiovas-
cular benefits; whereas low values of adiponectin are
connected to obesity, metabolic syndrome, type 2 dia-
betes and dyslipidaemia®. Previously, female diabetic
showed higher adiponectin levels than male indicating a
gender effect'® Furthermore, higher adiponectin levels
are inversely related to body weight and to insulin re-
sistance™. All this evidence indicates that a complex
set of variables influence adiponectin concentration.

The objective of the present study is to investigate
factors influencing adiponectin expression in a popu-
lation with endocrine-metabolic disorders.

METHODS
Study design and patients

This is a cross sectional evaluation of 332 patients
with endocrine-metabolic disorders. We consecu-
tively recruited patients from an outpatient clinic
at Centro Integrado de Diabetes e Hipertensdo (CIDH)
in Fortaleza, Brazil. Initially, 400 subjects from the
central database were examined. Sixty-eight were
excluded due to difficulty of posterior examination
(N=34), severe associated comorbidities (N=23) or
refusal to participate in the study (N=11). Three-hun-
dred and thirty-two of them attended the eligible
criteria for the desired analyses. Plasma adiponectin
levels were obtained in a subsample of 120 patients.
The study involved individuals of both genders, aged
from 18 to 80 years old, with a Body Mass Index
(BMI) from 18.5-45.0 kg/m?. All patients underwent
clinical evaluation, investigation of comorbid disor-
ders and blood tests. None had severe heart disease,
renal insufficiency, stroke, dementia, severe depres-
sion, gastrointestinal and/or liver dysfunction or pre-
vious diagnosis of cancer. In this study, patients with

type 1 diabetes and/or on use of insulin or glucocor-
ticoids were not included. The local Research Ethics
Committee (HUWC-CEP 031-04-09) approved the
protocol and all included patients provided written
informed consent.

Assessments

Three previously trained health workers assessed
demographic and clinical information using a face-to-
face interview. Endocrine-metabolic disorders were
investigated. Arterial hypertension was defined as a
systolic blood pressure >140mm Hg, diastolic blood
pressure >90mm Hg, and/or current use of antihy-
pertensive medications™. American Diabetic Associ-
ation (ADA) classification rated patients as normal,
with glucose intolerance or diabetes. The presence
of a fastening >126mg/dl, post-prandial glucose con-
centration >200mg/dl, or diabetes symptoms and a
plasmatic glucose concentration (last mealtime in-
dependent) >200mg/dl defined diabetes®™. Interme-
diate plasma glucose levels situated between those
considered normal and those considered diabetic
characterized impaired glucose tolerance. A fasting
blood glucose level of above 6.0 mmol/L or a blood
glucose level of over 7.8 mmol/L 2 hours after con-
suming 75g of glucose established impaired glucose
tolerance. Overweight was considered if Body Mass
Index (BMI) >25 kg/m? and obesity if BMI >30 kg/m?.
Hyperlipidaemia was defined as an alteration in lipid
profile, in which the Low Density Cholesterol (LDL)
>100mg/dl, High Density Cholesterol (HDL) <40mg/
dl and/or triglycerides >150mg/dl®. Chart review
confirmed the clinical information.

Questionnaires investigated sleep duration, physical
exercise and comorbidities. Patients were questioned
about how many hours of sleep they usually get
during the week and during the weekend. Less than
six hours of sleep per day occurring at least four days
per week defined the presence of chronic sleep depri-
vation. Less than 30 minutes of exercise per day and/
or the absence of heavy physical exertion at home or
at work, namely cleaning, hand washing clothes or
other defined physical inactivity.

Biochemical analyses

Blood sampling and laboratory measurements
were obtained in all patients. Samples were taken for
biochemical investigations in blood collection tubes
(Vacutainer - Vacuum II ®). Blood was drawn from an
antecubital vein with the participants in a sitting po-
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sition and was collected between 7:00 am and 9:30
AM, without stasis; the serum was separated after
centrifugation for 10 minutes and stored at -70 de-
grees Celsius for the analyses. Adiponectin levels
were determined by ELISA using commercial kits
(Kit Assay Designs Cortisol ELISA, Michigan, USA®).

Statistical analysis

Descriptive statistics are presented as mean (stan-
dard deviation), range and frequency (percentage
values). Fisher exact tests for categorical variables,
Mann-Whitney U test for continuous variables and
Student’s t test for normally distributed data with
equal variances compared between groups. Patients
were grouped as having or not <6 hours of sleep.
Adiponectin and variables were correlated (Pearson
test). A logistic regression analysis model examined
the associations of variables with reduced hours of
sleep (<6h). In this model, gender, age, menopause,
BMI, arterial hypertension, ADA classification and
physical exercise level were all included. In this re-
gression model all variables were included in a single
step (enter). Statistical analysis used SPSS for Win-
dows, version 21.0 and p < 0.05 was required for the
statistical significance.

RESULTS

The majority of patients had arterial hyperten-
sion (78.5%), type 2 diabetes (82.3%), and overweight
(45.0%) or obesity (38.8%). Menopause affected half
of the women (50.6%). Patients with arterial hyper-
tension frequently had type 2 diabetes (83.4%), were
older (60.1+10.6 vs 51.2+11.2, p<0.005) and had higher
BMI (29.845.3 kg/m? vs 27.9+4.1 kg/m?, p=0.007). Ta-
ble 1 depicts general characteristics of patients in the
entire group of patients and according to the presence
of chronic insufficient sleep (<6h). Reduced sleep time
tended to be more frequent in patients with reduced
glucose tolerance (ADA classification, p=0.05).

In this population, adiponectin levels were in-
versely to sagittal abdominal diameter (Pearson Ex-
act Test: r=-0.176, p=0.04) and to fasting insulin levels
(Pearson Exact Test: r=-0.226, p=0.008) (Figure 1A and
1B). Adiponectin levels were higher in patients with
chronic sleep deprivation (4.2+2.7) than in those with-
out (2.5+2.0) (Students’ t test, p=0.001) (Figure 2). Old-
er age [OR=1.02; CI=1.00-1.05; p=0.03] and increased
adiponectin levels [OR=1.34; CI=1.13-1.58; p<0.005]
were associated with reduced hours of sleep (<6h).

Adiponectin concentration remained associated with
sleep deprivation after adjustment for gender, age,
menopause, BMI, arterial hypertension, ADA classi-
fication and physical exercise level [OR=1.38; CI=1.14-
1.66: p=0.001] (Table 2).

DISCUSSION

This study shows that in patients with endocrine
metabolic disorders, adiponectin levels are higher
in older patients and are negatively related to sag-
ittal abdominal diameter and fasting insulin. These
findings are in agreement with previous reports
demonstrating higher adiponectin levels with in-
creasing age in both genders, regardless of the pres-
ence of obesity™. The role of increased adiponectin
with increasing age is unclear. Kizer et al. suggest
that age-related homeostatic dysregulation explains
high adiponectin levels over time in long-lived adults.
These higher values have been associated with great-
er physical disability and mortality™.

Previous studies confirm that adiposity is nega-
tively related to adiponectin levels'®" . In this work,
only sagittal abdominal diameter was inversely re-
lated to adiponectin concentration indicating that
this measure is a reliable predictor of visceral adi-
posity™*™. Similar to our findings, high fasting insu-
lin was associated with lower levels of adiponectin.
More precisely, increased resistin has been associ-
ated with lower adiponectin®. Our findings confirm
that low values of adiponectin are connected to adi-
posity and high fasting insulin.

Presently, sleep deprivation was independently
associated with elevated adiponectin levels. We hy-
pothesize that the latter findings can be explained
by a compensatory mechanism to limit the harmful
effects of sleep deprivation. In agreement, a count-
er-regulatory effect mitigating further damage was
previously suggested?'. To the best of our knowledge,
to date, no study reported a relationship between
chronic sleep deprivation and adiponectin levels in a
population with endocrine-metabolic disorder. Pre-
vious studies relating adiponectin levels with chron-
ic sleep alterations show controversial results. In
healthy young volunteers, Robertson et al. described
no changes of adiponectin levels after three weeks
of reduced daily sleep duration®. Simpson et al. re-
ported differential effects according to gender and
ethnicity®. Taheri et al. described, in a population of
recruited volunteers, no change in adiponectin levels
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TABLE 1: CLINICAL CHARACTERISTICS OF PATIENTS ACCORDING TO THE PRESENCE/ABSENCE OF SIXHOURS OF SLEEP

Variables All cases 26 h/sleep <6h sleep p-value
N=322 N=243 N=79

Male/Female, N/ 131/191 103/140 28/51 b 0.29

(%) (40.7)/(59.3) (42.3) (35.4)

Age (y), Range 29-80 29-80 31-79 2036

Mean (SD) 58.2(11.3) 57.5 (1) 606 (11.2)

Menopause N, % 162 (50.6) 13 (80.7) 46 (90.1) b 015

Arterial Hypertension Yes/No 253 (78.5) 186 (77.8) 65 (82.3) b 0.43

(ADA) (Normal, Red. Tolerance, Diabetes) 22/35/265 18/21/204 4/14/61 b 0.05

N/% (6.8/10.9/82.3) (7.5/8.6/83.9) (5anr7/77.2)

Smoker (never, previous, current) 210/76/36 157/26/58 51/10/18 b 0.86

N/% (65.2/23.6/11.0) (65.2/10.8/24.0) (64.6/12.6/22.8)

Alcoholism N, % 28 (8.7) 24 (10.0) 4 (5.0) b 0.42

BMI Range. Mean 19.1-50.5 19.1-50.5 21.8-429 a0.39

(SD) 29.4(5.1) 29.3(5.2) 29.8 (4.8)

Hip-Waist Variation. Mean 0.84-1.77 0.84-1.75 0.89-1.77 2 0.87

(SD) 1.05(0.1) 1.05 (0.10) 1.05 (011)

Abdominal circumference (cm) Range Mean 59-148 59-148 87-135 2022

(SD) 103.9 (10.9) 103.5(11.2) 105.2 (9.9)

Neck circumference (cm) Range Mean 24-50 24-50 30.5-48 a0.73

(SD) 38.5(3.8) 386 (3.8) 384 (3.9)

Thigh circumference (cm) Range Mean 34-103 34-79 37-103 a0.34

(SD) 50.8 (8.) 505 (7.3) 51.5(10.1)

Avrterial systolic pressure Range Mean 98-220 98-220 100-204 a0.35

(SD) 138 (21.0) 1375 (21.0) 1401 (21.4)

Arterial diastolic pressure Range Mean 60-120 60-120 60-106 a0.29

(SD) 81.6 (10.7) 81.3(10.6) 82.8 (11.0)

Physical activity (sedentary/mild/moderate & intense) 179/80/62 139/57/45 40/23/16 b 049

Sun exposure (score) 0-56 0-56 0-42 c0.75
13.9(12.2) 13.7 (12.6) 14.2 (10.6)

Abbreviations: ADA= American Diabetic Association; BMI= Body Mass Index; SD= Standard Deviation a Student's t-test; b Fisher exact test; c Mann-Whitney test

FIGURE 1: ADIPONECTIN LEVELS WERE INVERSE TO SAGITTAL ABDOMINAL DIAMETER (A) AND TO FASTING

INSULIN LEVELS (B).
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FIGURE 2: EFFECTS OF
SLEEP RESTRICTION ON
ADIPONECTIN LEVELS.
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TABLE 2: LOGISTIC REGRESSION ANALYSIS OF FACTORS
ASSOCIATED WITH REDUCED HOURS OF SLEEP (<6H)

Variable Exp B Cl p-value
Gender 133 [0.78-2.26] 0.28
Age 1.02 [1.00-1.05] 0.03
Menopause 149 [0.89-2.49] 012
Arterial hypertension 0.75 [0.39-145] 040
ADA Classification 0.87 [0.56-1.34] 0.53
BMI 102 [0.97-1.07] 0.39
Waist-Hip 1.20 [011-131] 0.87
Neck circumference 0.98 [0.92-1.05] 0.73
Vitamin D 1.00 [0.97-1.03] 0.65
Adiponectin 1.34 [113-1.58] <0.005"
Sun exposure 1.00 [0.98-1.02] 0.75
Physical activity 114 [0.83-1.57] 0.39
Alcoholism 0.86 [0.60-1.21] 0.39
Smoker 0.99 [0.73-1.33] 0.95

Multivariate analysis (adjustments for gender, age, menopause, BMI, arterial hyper-
tension, ADA classification, and physical exercise level, enter model)

Adiponectin | 1.457

| pa7-1.81] | 0001

Abbreviations: ADA= American Diabetic Association; BMI= Body Mass Index p<0.05" p<0.01"

in relation to chronic sleep deprivation®. In obese
subjects, plasma low adiponectin level was associ-
ated with obstructive sleep apnea®. In partial agree-
ment with the latter study, low adiponectin levels,
increased levels of inflammatory markers, and ath-
erogenic lipid profiles were found in association with
obstructive sleep apnoea in hypertensive patients?.
In opposition to the previous studies, an increase
of adiponectin levels was associated with sleep ap-
nea®®?” Furthermore, adiponectin also shows a cir-
cadian pattern®. Regrettably, in the present work,
sleep apnoea and circadian rhythm were not inves-
tigated. Together, all this evidence indicates that ad-
iponectin levels are influenced by a range of factors.
In this study, patients with diabetes tended to
have more sleep deprivation. Both, short and long
sleep duration, and poor glucose control are report-
ed in patients with type 2 diabetes?®*. In our study,
no gender effect was found®. In opposition to our
findings, higher levels of adiponectin were found in
women®"®, In hypertensive patients, gender and re-
nal function influenced adiponectin levels®.
Interestingly, in this population, adiponectin
measures did not correlate with anthropometric
measures or to Gamma-glutamyltransferase (GGT)
measures. Hsieh et al. showed that low serum adi-
ponectin level may precipitate hepatic steatosis in
patients with type 2 diabetes®®. Another data sup-
ported a role for low circulating adiponectin in the

pathogenesis of non-alcoholic fat liver disorder3*.

Limitations must to be acknowledged. In this
study, chronic sleep deprivation was evaluated only
by questionnaires and objective sleep measures were
not recorded. Nonetheless, the strength of the pres-
ent study is that it is the first to examine adiponectin
levels in relation to sleep deprivation in patients with
multiple endocrine-metabolic disorders.

In summary, we show that chronic sleep depriva-
tion affects approximately 1/4 of patients with endo-
crine-metabolic disorders. Patients with type 2 dia-
betes tended to have more chronic sleep deprivation.
Adiponectin levels increased with age and higher val-
ues were independently associated with chronic sleep
deprivation. Increased sagittal abdominal diameter
and fasting insulin levels were negatively correlated
with adiponectin levels. These findings reinforce the
concept that low adiponectin levels have an obnoxious
effect, and multiple factors and counter-regulatory ef-
fects may influence adiponectin levels.
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RESUMO

INTRODUGAO: Problemas de sono sdo frequentes em pacientes com disttirbios endécrino-metabdlicos (DEM), como hipertensdo arteri-
al, diabetes e obesidade. A adiponectina é um peptideo segregado por adipécitos e apresenta diversas propriedades, como por exemplo,
anti-inflamatéria, antioxidante, antiaterogénica, pré-angiogénica e vasoprotetora. A adiponectina relaciona-se inversamente com o
peso corporal.

OBJETIVO: Examinar os fatores que influenciam os niveis de adiponectina em uma populagdo com DEM.

METODOS: Trata-se de uma avaliagdo transversal com 332 pacientes (18 a 80 anos) apresentando hipertensdo arterial, pré-diabetes,
diabetes e/ou obesidade. A investigagdo incluiu avaliagdo clinica de comorbidades, exames de sangue e medidas de adiponectina
(Elisa). A restri¢do crénica do sono foi determinada com o sono habitual <6 horas >4 dias/semana.

RESULTADOS: Doengas como hipertensdo arterial (78,5%), diabetes tipo 2 (82,3%) e sobrepeso (45,0%)/obesidade (38,8%) foram fre-
quentes. Pacientes com diabetes tipo 2 apresentaram uma tendéncia na restricdo crénica do sono (p=0,05). Os niveis de adiponectina
aumentaram com a idade e foram inversamente correlacionados com o diédmetro abdominal sagital (p=0,04) e com a insulina em
jejum (p=0,001). A restrigdo crénica do sono foi associada & maior concentracdo de adiponectina [OR=1,34; CI=1,13-1,58; p<0,005] e
isso foi mantido apés ajuste por género, idade, indice de massa corporal, menopausa, hipertensdo arterial, classificagdo dos niveis da
American Diabetes Association e exercicio fisico [OR=1,38; CI=1,14-1,66: p=0,001].

CONCLUSOES: Em pacientes com DEM, a adiponectina é influenciada ndo apenas pela obesidade, mas também pela idade e pela
restrigdo de sono. O Ultimo achado pode ser explicado por um efeito compensatério ou por um regulamento contrdrio para minimizar
os efeitos nocivos da restricdo do sono.

PALAVRAS-CHAVE: Restricdo do sono. Diabetes. Hipertensdo. Adiponectina. Obesidade.
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