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4.  WYKAZ STOSOWANYCH SKROTOW

ANP — przedsionkowy peptyd natriuretyczny (ang. atrial natriuretic peptide)
ALT — aminotransferaza alaninowa

BDI — Inwentarz Depresji Becka (ang. Beck Depression Inventory)

BMI — wskaznik masy ciata (ang. body mass index)

BNP — moézgowy peptyd natriuretyczny (ang. brain natriuretic peptide)

DXA — dwuwigzkowa absorpcjometria promieniowania rentgenowskiego (ang. dual-

energy X-ray absorptiometry)

GGTP — gamma-glutamylotranspeptydaza

HDL - lipoproteina o wysokiej gestosci (ang. high-density lipoprotein)
HOMA-IR — ang. homeostatic model assessment for insulin resistance

NT-proBNP — N-koncowy fragment prohormonu mézgowego peptydu natriuretycznego

(ang. N-terminal pro-brain natriuretic peptide)
OGTT — doustny test obciazenia 75 g glukozy (ang. oral glucose tolerance test)
SHBG — biatko wiazace hormony pitciowe (ang. sex hormone-binding globulin)

TG — triglicerydy
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5.  WSTEP

W ogolnej populacji szacowany odsetek wystepowania klinicznej depresji wynosi
6%, a ryzyko zachorowania na depresje¢ w ciggu calego zycia oceniane jest na 15-18%
(1). Rozpowszechnienie subklinicznych objawdw depresji jest wigksze niz klinicznej
depresji (2-4). Lagodne zaburzenia nastroju moga z czasem przeksztalci¢ si¢
w pelnoobjawowa depresje (2). Pandemia koronawirusa miata istotny wptyw na zdrowie
psychiczne Polakow (5). Doktadna ocena czgstosci wystepowania zaburzen depresyjnych
jest trudna. Inwentarz Depresji Becka (Beck Depression Inventory, BDI) jest szeroko
rozpowszechnionym narzedziem do oceny nasilenia poznawczo-afektywnych
1 somatyczno-wegetatywnych objawow depresji (6, 7). Opublikowane badania sugeruja,
ze calkowita suma punktéw w BDI > 20 wskazuje na kliniczng depresje, a 10-20 — na
subkliniczne objawy depresji (8-10). Zaburzenia depresyjne wystepuja okoto dwukrotnie
czesdciej u kobiet w poréwnaniu do mezczyzn (1). W szczego6lnosci kobiety w okresie
pomenopauzalnym maja zwigkszone ryzyko rozwoju zaburzen depresyjnych (11).
Kobiety w pordwnaniu do mezczyzn czesciej zglaszaja zmiane apetytu i wahania masy
ciala, problemy ze snem oraz zmg¢czenie (12). Wymienione objawy mogg predysponowac

do pojawienia si¢ zaburzen metabolicznych (13).

Dane z pismiennictwa wskazuja, ze zwigzek pomiedzy nadmiarem masy ciata
1 depresja jest ztozony 1 dwukierunkowy (14, 15). Otylo§¢ moze predysponowac do
zaburzen nastroju, natomiast osoby z depresja maja tendencj¢ do zmiany masy ciata (15).
Badania genetyczne przeprowadzone przez UK Biobank 1 Psychiatric Genomics
Consortium wykazaly, ze objawy depresyjne sa zwigzane z wigksza masa tkanki
thuszczowej (16). Natomiast wyniki metaanalizy wskazuja na silniejszy zwigzek
pomiedzy depresja a wskaznikiem talia-biodra niz wskaznikiem masy ciala (body mass
index, BMI) (17). W badaniach uwzgledniajacych oceng sktadu ciata zaobserwowano, ze
objawy depresji wiaza si¢ ze zwigkszeniem masy androidalnej tkanki ttuszczowej (18).
Analiza przeprowadzona wsrdd kobiet z populacji koreanskiej wykazata zalezno$¢
pomiedzy zawartoscig trzewnej tkanki thuszczowej a klinicznymi objawami depresji (19).
W badaniu Framingham Heart Study zaobserwowano, ze nasilenie objawow
depresyjnych jest zwigzane ze zwigkszeniem objetosci trzewnej tkanki tluszczowej,

w szczegolnosci u kobiet w okresie okotomenopauzalnym i pomenopauzalnym (20).
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Kliniczna depresja charakteryzuje si¢ zaburzeniami regulacji osi podwzgorzowo-
przysadkowo-nadnerczowej, co moze objawiac si¢ przewlekta hiperkortyzolemig (21).
Receptory dla glikokortykosteroidow sg liczniejsze w trzewnej w poroOwnaniu do
podskornej tkanki tluszczowej (22, 23). Zgodnie z doniesieniami z piSmiennictwa
subkliniczne objawy depresji wigza si¢ z podobnymi zaburzeniami hormonalnymi jak
kliniczna depresja (10, 24). U kobiet w okresie pomenopauzalnym dochodzi do
zwigkszenia stosunku stezenia androgendéw do estradiolu we krwi w poréwnaniu do
kobiet przed menopauza. Wymienione zmiany hormonalne mogg prowadzi¢ do

akumulacji tkanki thuszczowej w okolicy jamy brzusznej (25).

Ektopowe gromadzenie tkanki thuszczowej, m.in. w watrobie oraz wokot innych
narzadéw jamy brzusznej, a takze w nasierdziu, powoduje wydzielanie cytokin
prozapalnych, co w konsekwencji prowadzi do powstania przewleklego zapalenia
o niskim nasileniu (26). U 0s6b z otyloscig dochodzi do uszkodzenia bariery krew-moézg,
co moze prowadzi¢ do przenikania cytokin prozapalnych do mézgowia (27). Uwaza sig,
ze zaburzeniom nastroju towarzyszy przewlekly proces zapalny o niskim nasileniu
rowniez w osrodkowym uktadzie nerwowym (1). Cytokiny prozapalne moga takze

wptywaé na funkcjonowanie osi podwzgdrzowo-przysadkowo-nadnerczowej (21, 27).

Otylo$¢ brzuszna (trzewna) wigze si¢ z zaburzeniami metabolicznymi takimi jak
insulinoopornos¢, stan przedcukrzycowy, cukrzyca, nadci$nienie tg¢tnicze, zaburzenia
lipidowe oraz stluszczenie watroby (28). Dane z przeprowadzonych badan wskazuja, ze
kliniczna depresja predysponuje do zaburzen metabolizmu glukozy. Osoby z depresja
maja o 37-60% zwigkszone ryzyko rozwoju cukrzycy typu 2 (29). Wptyw subklinicznych
objawow depresji na wystgpowanie zaburzen metabolizmu glukozy jest niejasny. Istotng
rolg w patogenezie stanu przedcukrzycowego oraz cukrzycy typu 2 odgrywa
insulinooporno$¢. Gtownymi posrednimi wskaznikami insulinoopornosci sa wskaznik
HOMA-IR (homeostatic model assessment for insulin resistance) oraz wskaznik
TG/HDL-C (triglyceride/high-density lipoprotein cholesterol) (30, 31). Dodatkowymi
wskaznikami powigzanymi ze stluszczeniem watroby s3 aktywno$¢ gamma-
glutamylotranspeptydazy (GGTP) oraz aminotransferazy alaninowej (ALT) (32).
Globulina wigzaca hormony piciowe (sex hormone binding globulin, SHBG), ktéra
nalezy do hepatokin, bierze udziat w transporcie hormondéw piciowych, ale jest takze

zwigzana z watrobowg insulinowrazliwoscig (33, 34).
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Peptydy natriuretyczne sg oligopeptydowymi neurohormonami uczestniczacymi
w regulacji gospodarki wodno-elektrolitowej oraz utrzymaniu homeostazy uktadu
sercowo-naczyniowego, ale moga rowniez mie¢ zwigzek z zaburzeniami metabolicznymi
(35, 36). Powoduja zwigkszenie diurezy oraz natriurezy, a takze hamujg aktywnosc
wspotczulnego ukltadu nerwowego. Ponadto moga stymulowac lipolize, regulowac
proliferacje adipocytéw, modyfikowac¢ wydzielanie adipokin oraz mie¢ posredni wplyw
na przyjmowanie pokarmu (35, 36). W odpowiedzi na rozcigganie $cian przedsionkow
1 komor, kardiomiocyty wydzielaja przedsionkowy peptyd natriuretyczny (atrial
natriuretic peptide, ANP) oraz mézgowy peptyd natriuretyczny (brain natriuretic
peptide, BNP). Aktywny BNP oraz nieaktywny N-koncowy fragment prohormonu
mozgowego peptydu natriuretycznego (N-terminal pro-brain natriuretic peptide, NT-
proBNP) powstaja z proBNP oraz sa wydzielane w rownych ilosciach, ale czas

pottrwania NT-proBNP jest dtuzszy niz BNP (36).

Peptydy natriuretyczne i ich receptory wystepuja w rdéznych regionach
centralnego uktadu nerwowego, w tym w podwzgorzu i przysadce (37). Badania
obejmujace modele zwierzgce wykazaty, ze osrodkowe podawanie BNP dziata
przeciwlekowo (38). Dane z piSmiennictwa wskazuja, ze peptydy natriuretyczne moga
uczestniczy¢ w odpowiedzi osi podwzgdrzowo-przysadkowo-nadnerczowej na czynnik
stresowy (39). Dozylne podawanie BNP moze réwniez zmniejsza¢ nasilenie procesu
zapalnego w mozgu (40). Opublikowane dotychczas doniesienia dotyczace osob
z chorobg niedokrwienng serca wskazywaly na zwigzek pomigdzy wysokim st¢zeniem
NT-proBNP we krwi oraz niskim poziomem lgku i depresji (41). Dane dotyczace osob

bez chordb uktadu sercowo-naczyniowego s3 ograniczone.

U os6b z otytoscia, w szczegolnosci z otytoscig trzewng, wystepuje niskie stezenie
BNP i NT-proBNP (36, 42). Dane z przeprowadzonych badan wskazuja, ze przewlekle
zapalenie o niskim nasileniu oraz insulinooporno$¢ wplywaja na zwigzek pomigdzy
niskim st¢zeniem NT-proBNP a nadwaga/otytoscig (43). Podczas hiperinsulinemicznej
klamry euglikemicznej dochodzi do obnizenia stezenia BNP we krwi (44). Wystepowanie
zespolu metabolicznego wigze si¢ z insulinoopornoscia (45). Wyniki badan Olsena i wsp.
wskazuja, ze u 0séb z rozpoznaniem zespotu metabolicznego (n=2070) bez wczedniej
przebytego zawatu mig$nia sercowego albo udaru mézgu stezenie NT-proBNP we krwi
jest niskie 1 wigze si¢ z wysokim st¢zeniem glukozy, trigliceryddw, insuliny we krwi oraz

niskg wartoscig ci$nienia tetna (46).
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6. CELE PRACY
Glowne cele

Ocena czgsto$ci wystgpowania zaburzen metabolicznych u kobiet z objawami depres;ji
1bez tych objawOw oraz ocena zalezno$ci pomigdzy parametrami metabolicznymi

a nasileniem objawow depresji w BDI.
Cele szczegolowe:

e ocena czestosci wystepowania stanu przedcukrzycowego i cukrzycy u kobiet
z subklinicznymi objawami depresji w porownaniu do grupy kontrolnej,

e porownanie warto$ci posrednich wskaznikoéw insulinooporno$ci oraz pomiarow
sktadu ciata w badanych grupach, zuwzglgdnieniem kobiet w okresie
pomenopauzalnym,

e ocena zalezno$ci pomig¢dzy nasileniem objawdw depresji w BDI a posrednimi
wskaznikami insulinoopornosci oraz pomiarami skladu ciala u kobiet
z subklinicznymi objawami depresji,

e ocena czestosci wystepowania zespotu metabolicznego u kobiet z objawami
depresji i bez tych objawoéw w populacji bez istotnych chorob uktadu sercowo-
naczyniowego,

e porownanie stezenia NT-proBNP we krwi w badanych grupach,

e ocena zalezno$ci pomigdzy stezeniem NT-proBNP we krwi a parametrami

metabolicznymi u kobiet z objawami depresji.
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7. PUBLIKACJANR1

,,The relationship between subclinical depressive symptoms and metabolic parameters in

women: a subanalysis of the Bialystok PLUS study”
7.1. GRUPA BADANA I METODY

Do analizy wlaczono kobiety z trwajacego badania populacyjnego Biatystok
PLUS. Na przeprowadzone badania uzyskano zgode Komisji Bioetycznej Uniwersytetu
Medycznego w Biatymstoku (Nr R-1-002/108/2016). Wszyscy uczestnicy badania

wyrazili §wiadomg zgod¢ na udziat w badaniu.

Sposrod 952 uczestnikéw badania Biatystok PLUS, po wzigciu pod uwage
kryteriow wykluczajacych, wyodrgbniono populacj¢ 250 kobiet. Osoby powyzej 65. roku
zycia nie byly wlaczane do analizy ze wzgledu na zwigkszone ryzyko zaburzen
poznawczych. Kryteriami wykluczajacymi z badania byty: wywiad depres;ji, schizofrenii,
choroby afektywnej dwubiegunowej, przyjmowanie lekéw przeciwdepresyjnych i/lub
przeciwpsychotycznych, cukrzyca w wywiadzie, otylo$¢ olbrzymia lub niedozywienie,
ostry stan zapalny, zaburzenia funkcji tarczycy, hormonalna terapia zastepcza,
antykoncepcja hormonalna, steroidoterapia, uzaleznienie od alkoholu, niedokrwisto§¢

oraz niewydolno$¢ watroby.

U uczestniczek badania wykonano pomiary antropometryczne. Na podstawie
wykonanych pomiaréw wyliczono wskaznik BMI. U badanych kobiet przeprowadzono
ocen¢ nasilenia poznawczo-afektywnych 1 somatyczno-wegetatywnych objawow
depresyjnych za pomocg BDI. Do grupy badanej wtaczono 68 kobiet w wieku 20-65 lat
z subklinicznymi objawami depresji (10-20 punktéw w BDI). Do grupy poréwnawczej
zakwalifikowano 182 kobiety z wynikami w BDI < 10 punktow. Wyodregbniono takze
podgrupe kobiet w okresie pomenopauzalnym, tzn. co najmniej po roku od ostatniego
krwawienia miesigcznego (34 kobiety z BDI 10-20 oraz 70 kobiet z BDI < 10 punktow).
Informacje o aktywnoS$ci fizycznej, paleniu papieroséw oraz spozyciu alkoholu byty
uzyskane z kwestionariuszy. U kobiet wykonano doustny test obcigzenia 75 g glukozy
(oral glucose tolerance test, OGTT) z oznaczeniem stezen glukozy 1 insuliny we krwi
oraz oznaczono odsetek hemoglobiny glikowanej we krwi. Cukrzyce rozpoznawano, gdy
stezenie glukozy w drugiej godzinie OGTT wynosito > 200 mg/dl i/lub odsetek
hemoglobiny glikowanej mial wartos¢ > 6,5%. Stan przedcukrzycowy diagnozowano,

gdy stezenie glukozy na czczo osiggato > 100 mg/dl i/lub stezenie glukozy w 2. godzinie
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OGTT znajdowato si¢ w przedziale 140-199 mg/dl (47). Wyniki pozostatych badan
laboratoryjnych pochodzity z probek krwi pobranych na czczo. Wyliczono wskaznik
HOMA-IR (stg¢zenie insuliny na czczo [ulU/ml] x stezenie glukozy na
czczo [mg/dl]/405) (30) oraz TG/HDL-C, a takze oznaczono aktywnos$¢ ALT oraz GGTP.
Za pomoca metody dwuwigzkowej absorpcjometrii promieniowania rentgenowskiego
(dual-energy X-ray absorptiometry, DXA) analizowano sktad ciata, m.in. catkowita masg¢
tkanki thuszczowej, catkowita mase tkanki beztluszczowej, a takze mas¢ androidalne;,

gynoidalnej oraz trzewnej tkanki thuszczowe;.

Analiza statystyczna uzyskanych wynikow zostala przeprowadzona z uzyciem
programu Statistica 13.0 1 STATA 16. Rozklad zmiennych analizowano za pomocg testu
Shapiro-Wilka. W zwiazku z tym, Ze dane nie wykazywaty rozktadu normalnego,
zastosowano testy nieparametryczne, a wszystkie warto$ci przedstawiono jako mediang
1 rozstep miedzykwartylowy. Porownanie grup przeprowadzono testem Manna-Whitneya
oraz chi-kwadrat. Do analizy korelacji zastosowano test Spearmana z poprawka
Bonferroniego. Ponadto zastosowano wieloczynnikowa regresje liniowa. Za poziom

istotnos$ci statystycznej przyjeto wartos¢ p < 0,05.
7.2. WYNIKI

Grupa badana i grupa poréwnawcza nie roéznity si¢ pod wzgledem wieku oraz
BMI (49,5 vs. 45,0 lat, p=0,063; 24,7 vs. 24,7 kg/mz, p=0,587). Czgstos¢ wystepowania
stanu przedcukrzycowego i cukrzycy byla wyzsza u kobiet z subklinicznymi objawami
depresji w poréwnaniu do grupy kontrolnej (57,3% vs. 42,3%, p=0,034). Wyniki
z badania DXA ujawnity wigkszg mase¢ trzewnej tkanki tluszczowej u uczestniczek
z grupy badanej niz poréwnawczej (p=0,03). Grupy nie rdznily si¢ istotnie statystycznie
catkowita masg tkanki thuszczowej 1 beztluszczowej, a takze androidalnej 1 gynoidalne;j
tkanki tluszczowej. W wieloczynnikowej regresji liniowej masa trzewnej tkanki
thuszczowej pozostala zalezna od obecnosci subklinicznych objawow depresji po
uwzglednieniu wieku, BMI oraz czynnikow zwigzanych ze stylem zycia (aktywnosSci
fizycznej, palenia papierosoOw oraz dziennego spozycia alkoholu). Aktywno$¢ ALT
oraz warto§¢ wskaznika HOMA-IR takze byly wyzsze u kobiet z BDI 10-20 punktow
w porownaniu do uczestniczek z BDI < 10 punktéw (p=0,044; p=0,038). U kobiet
z subklinicznymi objawami depresji nasilenie objawdéw somatyczno-wegetatywnych

korelowalo z masg trzewnej tkanki thuszczowej (R=0,51, p=0,001), wskaznikiem
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HOMA-IR (R=0,40, p=0,04) oraz aktywnosciag GGTP (R=0,44, p=0,004). W podgrupie
w okresie pomenopauzalnym u kobiet z subklinicznymi objawami depresji w porownaniu
do kobiet bez tych objawow obserwowano wyzszg mase trzewnej tkanki thuszczowej,
aktywnos¢ ALT 1 GGTP, warto§¢ wskaznikow HOMA-IR oraz TG/HDL-C (p=0,016;
p=0,038; p=0,010; p=0,008; p=0,046).
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8. PUBLIKACJANR?2

,The association between plasma N-terminal pro-brain natriuretic peptide concentration

and metabolic disturbances in women with depressive symptoms”
8.1. GRUPA BADANA I METODY

Do analizy wlaczono kobiety z trwajacego badania populacyjnego Biatystok
PLUS. Na przeprowadzone badania uzyskano zgode Komisji Bioetycznej Uniwersytetu
Medycznego w Biatymstoku (Nr R-1-002/108/2016). Wszyscy uczestnicy badania

wyrazili §wiadomg zgod¢ na udziat w badaniu.

Sposrod 1422 uczestnikow badania Biatystok PLUS, po wzieciu pod uwage
kryteriow wykluczajacych, wyodrgbniono populacj¢ 347 kobiet. Osoby powyzej 60. roku
zycia nie byly wlaczane do analizy ze wzgledu na zwigkszone ryzyko zaburzen
poznawczych oraz choréb uktadu sercowo-naczyniowego. Kryteriami wykluczajacymi
z badania byly: wywiad schizofrenii, choroby afektywnej dwubiegunowej, choroby
niedokrwiennej serca, udaru mozgu, miazdzycy konczyn dolnych, zatorowosci ptucnej,
zastawkowe] wady serca, migotania przedsionkow, operacji kardiochirurgiczne;,
niewydolnosci serca, frakcja wyrzutowa lewej komory ponizej 50% w badaniu
echokardiograficznym, wywiad przewleklej obturacyjnej choroby ptuc, cukrzycy typu 1,
marskosci watroby, zaburzenia funkcji tarczycy, BMI < 17kg/m?, ostry stan zapalny,
hormonalna terapia zastgpcza, antykoncepcja hormonalna, doustna steroidoterapia,
przyjmowanie lekéw przeciwpsychotycznych, niedokrwistos¢ 1 nadkrwistos¢, szacowane
przesaczanie kiebuszkowe < 60 ml/min/1,73m?. U wszystkich badanych os6b
przeprowadzono ocen¢ nasilenia objawow depresyjnych za pomoca BDI. Do badanej
grupy wilaczono 98 kobiet w wieku 20-60 lat, z sumg punktow w BDI > 10 (kliniczna
depresja 1 subkliniczne objawy depresji) lub rozpoznang depresja. Do grupy
poréwnawczej zakwalifikowano 249 kobiet z wynikami w BDI < 10 punktéw. Informacje
o aktywnosci fizycznej, paleniu papierosow oraz czgsto$ci spozywania alkoholu byty
uzyskane z kwestionariuszy. Catkowite dzienne spozycie kalorii bylo wyliczane z 3-
dniowych dzienniczkéw zywieniowych. U wszystkich badanych kobiet zostaly
wykonane pomiary antropometryczne, w tym obwaod talii mierzony w potowie odlegtosci
mig¢dzy najwyzszym punktem grzebienia kosci biodrowej a najnizszym punktem tuku
zebrowego. Dodatkowo zmierzono wartosci ci$nienia tetniczego krwi. Zespot

metaboliczny u kobiet rozpoznawano, gdy byly speilnione co najmniej trzy kryteria
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z ponizszych: obwod talii > 80 cm, stezenie glukozy we krwi na czczo > 100 mg/dl albo
farmakologiczne leczenie cukrzycy, stezenie triglicerydow > 150 mg/dl albo
farmakologiczne leczenie tego =zaburzenia, stezenie HDL < 50 mg/dl albo
farmakologiczne leczenie tego zaburzenia, skurczowe ci$nienie tetnicze krwi > 130 i/lub
rozkurczowe cis$nienie tetnicze krwi > 85 mmHg albo przyjmowanie lekow obnizajacych
ci$nienie t¢tnicze krwi u kobiet z wywiadem nadcisnienia tetniczego (45). U uczestniczek
z obu grup wykonano OGTT z oznaczeniem stezen glukozy 1 insuliny we krwi. Ponadto
u badanych zmierzono stezenie NT-proBNP oraz SHBG z porannej probki krwi pobranej

na CzCzo.

Analiza statystyczna uzyskanych wynikéw zostala przeprowadzona z uzyciem
programu Statistica 13.0 oraz STATA 16. Rozklad zmiennych analizowano za pomoca
testu Shapiro-Wilka. W zwiazku z tym, ze dane nie wykazywaty rozktadu normalnego,
zastosowano testy nieparametryczne, a wszystkie warto$ci wyrazono jako mediane
1 rozstep miedzykwartylowy. Poréwnanie grup przeprowadzono testem Manna-Whitneya
oraz chi-kwadrat. Do analizy korelacji zastosowano test Spearmana. Ponadto
zastosowano wieloczynnikowa regresje liniowa. Za poziom istotno$ci statystycznej

przyjeto wartos¢ p < 0,05.
8.2. WYNIKI

Kobiety z objawami depresji 1 bez tych objawdw nie roznity si¢ istotnie pod
wzgledem wieku oraz BMI (41,5 vs. 40,0 lat, p=0,373; 23,7 vs. 24,3 kg/m?, p=0,522).
Czestos¢ wystepowania zespotu metabolicznego byla wyzsza u kobiet z objawami
depresji w poréwnaniu do kobiet z grupy kontrolnej (20,4 % vs. 12,1 %, p=0,046),
pomimo braku istotnych rézni¢ w wystgpowaniu czynnikdw zwiazanych ze stylem zycia
(aktywnos$¢ fizyczna, catkowite dzienne spozycie kalorii, palenie papieroséw oraz
czestos¢ spozywania alkoholu). Stezenie NT-proBNP bylo nizsze u kobiet z objawami
depresji niz bez tych objawow (p=0,027). W wieloczynnikowej regresji liniowej stezenie
NT-proBNP bylo istotnie zwigzane z obecnoscig objawdw depresji po uwzglednieniu
wieku, obwodu talii oraz czynnosci serca. Dodatkowo stezenie NT-proBNP korelowato
ze stezeniem insuliny w 60. minucie OGTT (R= -0,25, p=0,029), rozkurczowym
ci$nieniem tetniczym krwi (R= -0,21, p=0,039), a takze ze stgzeniem SHBG (R=0,27,
p=0,007).
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9.

WNIOSKI

Glowne wnioski

Zaburzenia metaboliczne wystepuja czesciej u kobiet z objawami depresji w poréwnaniu

do kobiet bez tych objawdw, a wybrane parametry metaboliczne wigzg si¢ z nasileniem

objawow depres;ji.

Whioski szczegotowe

1.

Kobiety z subklinicznymi objawami depresji majg zwigkszone ryzyko stanu
przedcukrzycowego i cukrzycy typu 2.

Kobiety z subklinicznymi objawami depresji, w szczegdlnosci w okresie
pomenopauzalnym, maja wigkszg mase trzewnej tkanki thuszczowej oraz wigksze
nasilenie insulinoopornos$ci ocenianej za pomocg posrednich wskaznikow
w poréwnaniu do kobiet bez tych objawow.

Somatyczno-wegetatywne objawy depresji w BDI moga by¢ zwigzane
ze zwigkszonym ryzkiem zaburzen metabolizmu glukozy u kobiet
z subklinicznymi objawami depresji.

Zespdt metaboliczny wystepuje czesciej u kobiet z objawami depresji niz u kobiet
bez tych objawdw, nawet po wykluczeniu oséb z istotnymi chorobami uktadu
Sercowo-naczyniowego.

Stezenie NT-proBNP we krwi jest nizsze u kobiet z objawami depres;ji
w porownaniu do kobiet bez tych objawow.

Nizsze stg¢zenie NT-proBNP we krwi moze by¢ zwigzane z wyzszym ryzykiem

zaburzen metabolicznych u kobiet z objawami depresji.
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ABSTRACT

INTRODUCTION

Clinically overt depression is associated with an increased risk for insulin resistance.

Data regarding the impact of subclinical depressive symptoms on the risk of diabetes are limited.

OBJECTIVES
fat distribution and diabetes risk in women.
PATIENTS AND METHODS

The study aimed to assess the relationship of subclinical depressive symptoms with body

The analysis included 250 women, 68 with subclinical depressive symptoms

and 182 controls. A clinical examination, oral glucose tolerance test, and lipid and liver enzyme level
assessments were performed. Body composition was estimated by dual-energy X-ray absorptiometry.
The participants completed the Beck Depression Inventory (BDI) questionnaire.

RESULTS The women with subclinical depressive symptoms had higher visceral adipose tissue (VAT)
mass than the control group. The groups did not differ in the body mass index, waist circumference,
total fat, fat-free, android, and gynoid fat mass. Homeostatic Model Assessment for Insulin Resistance
(HOMA-IR) and alanine aminotransferase (ALT) activity were higher in the women with subclinical
depressive symptoms than in the control group. In the women with subclinical depressive symptoms,
we observed a positive correlation between the severity of somatic-vegetative symptoms reported in
the BDI and VAT mass, HOMA-IR, and gamma glutamyltransferase (GGT) activity. Dysglycemia occurred
more frequently in the women with subclinical depressive symptoms. In a subgroup analysis of post-
menopausal women, the individuals with subclinical depressive symptoms had higher HOMA-IR, GGT,

ALT, and triglyceride/ high-density lipoprotein cholesterol ratios than the control group.

CONCLUSIONS

INTRODUCTION Diabetes and depressive disor-
ders are among the most common diseases af-
fecting humans."? Mood disorders are consid-
ered spectrum disorders, since they range from
milder depressive symptoms of short duration
to full-blown clinical depression (major depres-
sive disorder).® Subclinical depression refers to
the presence of relevant depressive symptoms
that do not meet the criteria for major depres-
sive disorder.** Individuals with subclinical de-
pressive symptoms are at a high risk of devel-
oping major depressive disorder.® According to
the current literature, subclinical symptoms of

Subclinical depressive symptoms in women might predispose to dysglycemia.

depression are associated with brain structur-
al changes (mainly in the limbic brain regions),
similar to those in clinical depression.® According
to the World Health Organization data, 4.4% of
the global population suffered from depression
in 2015. The prevalence of depression is higher
in women than in men (5.1% vs 3.6%, respective-
ly).? The prevalence of subsyndromal depression
is even higher,®* and the number of individuals
with depressive disorders is constantly growing.?
COVID-19 pandemic has caused an increase in
mood disorders. According to a systematic review
of the studies published in the first half of 2020,
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WHAT'S NEW?

The present study is the first attempt to assess the relationship between sub-
clinical depressive symptoms and a predisposition to dysglycemia in women.
In our study, women with subclinical depressive symptoms had significantly
higher visceral adipose tissue mass, higher values for Homeostatic Model
Assessment for Insulin Resistance, and increased activity of alanine amino-
transferase. Dysglycemia occurred more frequently in women with subclinical
depressive symptoms. Additionally, we found a significant positive correlation
between the severity of somatic-vegetative symptoms and indirect indices of
insulin resistance in women with subclinical depressive symptoms. Previous
studies focused primarily on individuals with clinically overt depression and
indicated that depression is associated with an increased risk for diabetes.
We observed that subclinical depressive symptoms may also be associated
with metabolic disturbances.

the prevalence of depressive symptoms ranged
from 14.6% to 48.3%, and women were report-
ed as generally more likely to develop depressive
symptoms than men.’

The exact number of people suffering from
psychiatric disorders is difficult to assess, hence
the use of depression questionnaires for depres-
sion screening is recommended.' The Beck De-
pression Inventory (BDI) questionnaire is a di-
agnostic screening tool and a widely used self-
-report measure of depressive symptoms.? In
the general population, scores above 20 indi-
cate depression.® !

Obese individuals are at an increased risk of de-
veloping depression, while depressed patients are
at an increased risk of becoming obese.""'? Obe-
sity is associated with an increased risk of car-
diovascular disease, diabetes, dyslipidemia, and
nonalcoholic fatty liver disease.'® Depression is
associated with increased subcutaneous and vis-
ceral adipose tissue (VAT) content, and decreased
muscle mass.'"'® Abdominal adipose tissue, par-
ticularly VAT, may be related to metabolic distur-
bances.'*'® In a large study, Cho et al'’ demon-
strated that depressive symptoms in women are
associated with intra-abdominal fat and the ratio
of visceral to total adipose area. Increased VAT is
connected with decreased insulin sensitivity and
increased plasma lipid concentration.'*'® Changes
in body composition can be influenced by psycho-
logical, hormonal, and immunological factors."
Depression is characterized by dysregulation of
the hypothalamus-pituitary-adrenal (HPA) axis,
manifested in altered diurnal secretion of corti-
sol or in response to a stress task, pharmacolog-
ical challenge, or awakening.'® Previous studies
revealed that individuals with subclinical depres-
sive symptoms display a disturbed cortisol awak-
ening response.'®' The same abnormalities are
observed in a major depressive disorder.'® Alter-
ations in the HPA axis can promote differentia-
tion and proliferation of human adipocytes.?’-??

Depression is a known, significant predictor
for type 2 diabetes as well as its microvascular
and macrovascular complications, which lead
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to increased mortality."?* People with depres-
sion have a 37%-60% greater risk of developing
type 2 diabetes.?* The association between diabe-
tes and depression is complex and bidirectional.’!!
The severity of depressive symptoms is associat-
ed with insulin resistance, which is a pathogenic
factor of type 2 diabetes.?

Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR) is a widely recognized
indirect index of insulin resistance.?® Other sur-
rogate markers of insulin resistance are: triglyc-
eride to high-density lipoprotein cholesterol ra-
tio (TG/HDL ratio), gamma glutamyltransfer-
ase (GGT), and alanine aminotransferase (ALT)
activity.?6:?7

Postmenopausal women are at a higher risk of
depression and metabolic disturbances than pre-
menopausal women.?® Postmenopausal women
have higher androgen to estradiol ratio, which
predisposes them to increased central adiposity.
Hormonal changes can cause enhanced fat accu-
mulation in the visceral area.?®

The aim of the present study was to assess
the relationship between subclinical depressive
symptoms, body fat distribution, and diabetes
risk in women. Previous studies focused primar-
ily on individuals with clinically overt depression,
while there is support for the notion that subclin-
ical depression may also be associated with met-
abolic disturbances.

PATIENTS AND METHODS Study population Our
research was part of the Bialystok PLUS popu-
lation study. Ethical approval for the study
was obtained from the Ethics Committee of
the Medical University of Bialystok, Poland
(R-1-002/108/2016). All procedures performed
during the study were in accordance with the Dec-
laration of Helsinki. Participation was voluntary
and all participants provided a written informed
consent. The participants were given a detailed
explanation of all procedures prior to the com-
mencement of the study.

The study recruitment was described previous-
ly.*" In total, 952 participants, recruited between
November 2018 and July 2021, were examined.
People above 65 years of age were not included
due to a higher prevalence of cognitive impair-
ment in this age group than in younger individ-
uals. In older patients, it is difficult to distin-
guish between depression and cognitive decline.
Men were not eligible in the current study. Fi-
nally, taking into account the exclusion criteria
(see below), we included 261 women with a ful-
ly completed BDI test (FIGURE 1).

Exclusion criteria were: a personal history of
depression, schizophrenia, or bipolar disorder
(current or past), use of antidepressants and / or
antipsychotics, diabetes in medical history, mor-
bid obesity (body mass index, [BMI] 240 kg/m?),
underweight (BMI <18.5 kg/m?), decompensat-
ed hypothyroidism or hyperthyroidism (thyroid-
-stimulating hormone, [TSH] <0.35 pU/ml
or >5 uU/ml), pregnancy or a desire to become



952 participants

> 156 persons >65 years

796 participants

425 women

371 men

133 women meeting the exclusion criteria:
—®| epsychiatric disorders in medical history, use of antidepressants
and/or antipsychotics (n = 24)

» diabetes in medical history (n = 21)

* morbid obesity or underweight (n = 18)

* decompensated hypothyroidism or hyperthyroidism (n = 12)
*HIV infection (n = 1)

« acute infection (n = 5)

« hormonal contraception or hormone replacement therapy (n = 34)
» steroid therapy (n = 8)

* alcohol abuse (n = 19)

eanemia (n = 1)

292 women

31 women with incomplete Beck
Depression Inventory (BDI)

}

68 women with BDI 10-20 points

182 women with BDI <10 points

FIGURE 1

v

11 women with BDI >20 points

Selection of study groups from the population cohort study

pregnant within 6 months of commencement of
the study, advanced liver disease, HIV infection,
acute infection (high level of high-sensitivity
C-reactive protein [hsCRP] 210 mg/1), hormon-
al contraception, hormone replacement thera-
Py, steroid therapy, alcohol abuse (28 points in
Alcohol Use Disorder Identification Test or alco-
hol consumption >40 g per day), anemia (blood
hemoglobin <8 g/dl).

Beck Depression Inventory The BDI is a common-
ly available self-report rating inventory for diag-
nostic screening. The study participants complet-
ed the Polish version of the BDI that measured
the symptoms of depression within the preceding

month, with high scores reflecting greater se-
verity of depressed mood (range 0-63). In pre-
vious studies, the cutoff point for subclinical de-
pressive symptoms in the BDI was 10 points.'* %'
In our study, women who scored 10-20 points
on the BDI were assumed to have subclinical de-
pressive symptoms. Those who scored below 10
points on the BDI constituted the control group.

The items comprising the BDI are divided into
2 subscales. The cognitive-affective symptoms
include the following items: 1 (mood), 2 (pessi-
mism), 3 (sense of failure), 4 (self-dissatisfaction),
5 (guilt), 6 (punishment), 7 (self-dislike), 8 (self-
-accusation), 9 (suicidal ideas), 10 (crying), 11 (irri-
tability), 12 (social withdrawal), 13 (indecisiveness),
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while the somatic-vegetative symptoms include
the following items: 14 (body image change), 15
(work difficulty), 16 (insomnia), 17 (fatigability),
18 (loss of appetite), 19 (weight loss), 20 (somatic
preoccupation), and 21 (loss of libido).

Anthr tric and sociodemographic parameters
All study participants underwent a general phys-
ical examination. Anthropometric measure-
ments including height, weight, waist and hip
circumferences were taken. BMI was calculated
as body weight in kilograms divided by height
in meters squared. The body composition was
evaluated by a dual-energy X-ray absorptiometry
(DXA) scan (Lunar iDXA, GE Healthcare, Chi-
cago, Illinois, United States) at the Clinical Re-
search Center, Medical University of Bialystok.
The body composition analysis was controlled
by a qualified staff member. The equipment was
calibrated before each examination. The study
participants were positioned on the examina-
tion table in a supine position, with their feet
secured with an adjustable strap and their arms
by their sides. Each examination took approxi-
mately 8 minutes. Using this method, the body
composition including body fat (kg) and fat-
-free (kg) tissue was estimated. For each area
of the body (head, trunk, arms, and legs), DXA
assessed lean mass and fat mass with the pre-
cision (coefficient of variation) of 2% and 8%,
respectively.

In our study, postmenopausal status was de-
fined as the period of time after a woman has ex-
perienced 12 consecutive months without men-
struation. Daily alcohol intake was calculated
from monthly alcohol consumption. Physical ac-
tivity and smoking were assessed by self-report
questionnaires.

p

Biochemical and hormonal measurements Oral
glucose tolerance test (OGTT) with glucose and
insulin measurements in the blood was per-
formed. OGTT was carried out using 75 g of
glucose after an 8- to 12-hour overnight fast. All
participants were advised to follow their normal
diet. Blood samples were collected at 0, 1, and
2 h post glucose administration to determine
glucose and insulin levels. Plasma glucose lev-
els were measured immediately using the enzy-
matic reference method with hexokinase (Co-
bas c111, Roche Diagnostic Ltd., Rotkreuz, Swit-
zerland). Serum insulin, C-peptide, cortisol, and
TSH concentrations were assayed by electro-
-chemiluminescence immunoassay (Cobas e411,
Roche Diagnostic Ltd.). Plasma total cholester-
ol, high-density lipoprotein cholesterol (HDL-C),
triglyceride (TG), and GGT were assessed by
the enzymatic colorimetric method (Cobas 111,
Roche Diagnostic Ltd.). Plasma low-density lipo-
protein cholesterol (LDL-C) was calculated ac-
cording to the Friedewald formula. Serum con-
centrations of hsCRP were measured with high-
-sensitive immuno-turbidimetric assay (Cobas
c111, Roche Diagnostic Ltd.). ALT and aspartate
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aminotransferase (AST) were assessed as recom-
mended by the International Federation of Clin-
ical Chemistry and Laboratory Medicine with-
out pyridoxal phosphate (Cobas c111, Roche Di-
agnostic Ltd.). Glycated hemoglobin was deter-
mined with high-performance liquid chromatog-
raphy (D-10 Hemoglobin Testing System from
Bio-Rad, Hercules, California, United States).

HOMA-IR was calculated as fasting insu-
lin level (uIU/ml) x fasting plasma glucose lev-
el (mg/dl)/405,%° and TG/HDL-C ratio as serum
TG level (mg/dl)/HDL-C level (mg/dl).

Diagnosis of dysglycemia All blood measure-
ments were performed during a single appoint-
ment, and therefore only 1 fasting glucose mea-
surement was obtained. Diabetes was diagnosed
in the patients with glucose level at 2 h of OGTT
equal to or higher than 200 mg/dl or glycated
hemoglobin equal to or higher than 6.5%. Pre-
diabetes, that is, impaired fasting glucose (IFG)
and impaired glucose tolerance (IGT), was diag-
nosed as follows: IFG was diagnosed in the pa-
tients with fasting glucose level equal to or high-
er than 100 mg/dl and glucose level at 2 h of
OGTT below 140 mg/dl, and IGT was diagnosed
in the patients with glucose level at 2 h of OGTT
between 140 and 199 mg/dl. Glucose metabolism
was considered normal if fasting glucose level
was below 100 mg/dl, and glucose level at 2 h
of OGTT was below 140 mg/d1.32:3

Statistical analysis ~ Statistical analyses were per-
formed using Statistica 13.0 (Statsoft Inc., Tulsa,
Oklahoma, United States) and STATA 16 (Stata-
Corp LP, College Station, Texas, United States).
The variables were tested for normal distribution
using the Shapiro-Wilk test. Due to the non-normal
distribution of data, all values were expressed as me-
dian and interquartile range. Comparisons between
2 groups were performed using the Mann-Whitney
test for continuous variables and the ¥ test for
nominal variables. Correlation analysis (cognitive-
-affective symptoms and somatic-vegetative symp-
toms with HOMA-IR, GGT, ALT, TG/HDL ratio, and
visceral fat mass) were performed using the Spear-
man test with Bonferroni correction. Multiple lin-
ear regression analyses were used to evaluate the re-
lationships between the presence of subclinical de-
pressive symptoms and VAT, after adjusting for
possible confounding variables, such as BMI, age,
physical activity, smoking status, and daily alco-
hol consumption. The level of significance was set
at P below 0.05.

RESULTS Clinical characteristics and body compo-
sition in the study groups  The groups did not dif-
fer in age, BMI, or waist and hip circumferenc-
es (all P >0.05) (1aBLE 1). DXA analysis (TABLE 2)
revealed no significant differences in total fat
mass, arm and leg fat mass, android and gynoid
fat mass, or total fat-free mass. The women with
subclinical depressive symptoms had higher VAT
mass than those in the control group (P = 0.03).



TABLE 1

Characteristics

Clinical characteristics of the study groups

Women with subclinical

depressive symptoms (n = 68)

Control group

P value

BDI, points 13.0 (11-16) 4.0 (2.0-6.0) <0.0012
Age, y 49.5 (40.5-61.0) 45.0 (38.0-56.0) 0.06
Postmenopause 34 (50) 70 (38.5) 0.10
BMI, kg/m? 24.7(22.3-29.7) 24.7 (22.2-28.5) 0.59
Overweight/ obesity 32 (47.1) 85 (46.7) 0.96
Waist circumference, cm 89.1 (78.5-102.6) 87.9 (80.4-97.0) 0.79
Hip circumference, cm 96.5 (91.9-103.2) 96.2 (92.6-102.1) 0.87
Smoking, pack-years 11.1(2.5-15.0) 12.7 (1.5-18.7) 0.87
Current or ex-smoker 29 (42.6) 78 (42.8) 0.98
Not drinking alcohol 30(44.1) 62 (34.1) 0.19
<20 g alcohol/day 38(55.9) 116 (63.7)

>20 g alcohol/day 0 4(2.2)

Physical activity <1 h/week 42 (61.8) 117 (64.3) 0.65
Physical activity 1-5 h/week 21(30.9) 47 (25.8)

Physical activity >5 h/week 5(7.3) 18 (9.9)

Data are presented as median (interquartile range) or number (percentage) of patients. P values were derived from

the Mann-Whitney test or the X test.
a P<0.05

Abbreviations: BDI, Beck Depression Inventory; BMI, body mass index

TABLE 2 Body composition parameters of the study groups

Body part mass, kg Women with subclinical

Control group (n = 182)

depressive symptoms (n = 68)

Total fat 24.6 (18.7-33.6) 24.0(19.6-30.3) 0.67
Total fat-free 40.5 (37.6-44.6) 41.4 (38.2-45.0) 0.34
Trunk fat 13.0(9.2-18.1) 12.2(9.2-16.2) 0.28
Arm fat 2.8 (2.2-3.6) 2.6 (2.2-3.2) 0.37
Arm fat-free 4.2 (3.7-4.8) 4.2 (3.7-4.7) 0.97
Leg fat 8.2(6.1-10.4) 8.3(6.7-10.8) 0.30
Leg fat-free 14.4 (12.5-15.7) 14.5(12.9-16.1) 0.29
Android fat 2.0(1.4-3.0) 1.9(1.3-2.7) 0.23
Gynoid fat 4.4 (3.2-5.4) 4.2 (3.5-5.1) 0.72
VAT 0.7 (0.4-1.3) 0.5 (0.3-1.0) 0.03

Data are presented as median (interquartile range). P values were derived from the Mann—Whitney test.

a P <0.05

Abbreviations: VAT, visceral adipose tissue

The study groups did not differ significantly in
terms of physical activity, smoking, and alcohol
consumption.

Surrogate markers of insulin resistance in the study
groups In the women with subclinical depres-
sive symptoms, HOMA-IR and ALT activity were
higher than in the control group (P = 0.04 for
both parameters) (TABLE 3).

Relationships between insulin resistance markers
and the severity of cognitive-affective symptoms
and somatic-vegetative symptoms  In the group
of women with subclinical depressive symp-
toms, we observed a positive correlation

between the severity of somatic-vegetative
symptoms and VAT mass (R = 0.51, P = 0.001),
HOMA-IR (R = 0.40, P = 0.04), and GGT
(R=0.44,P =0.004).

Prevalence of dysglycemia in the study groups Dis-
turbances in glucose metabolism diagnosed on
the basis of OGTT and glycated hemoglobin lev-
els were more prevalent in the group with sub-
clinical depressive symptoms than in the con-
trol group (57.3% vs 42.3%, P = 0.03) (FIGURE 2).
New-onset diabetes was present in 2.9% and
prediabetes in 54.4% of the women with sub-
clinical depressive symptoms, as compared with
3.3% and 39% in the control group (P = 0.09).
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TABLE 3 Biochemical and hormonal characteristics of the study groups

Characteristics Women with subclinical Control group (n = 182) P value

depressive symptoms (n = 68)

Glucose 0 h OGTT, mg/dl 98.0 (94.0-105.0) 95.0 (90.0-102.0) 0.03
Glucose 1 h OGTT, mg/dl 141.0 (119.0-170.0) 136.0 (108.0-162.0) 0.12
Glucose 2 h OGTT, mg/dl 119.0 (104.0-143.0) 117.0 (103-135.0) 0.49
Insulin 0 h OGTT, plU/ml 10.1 (8.0-14.2) 9.4 (6.7-12.7) 0.09
Insulin 1 h OGTT, plU/ml 62.9 (48.2-95.9) 64.2 (39.6-92.5) 0.56
Insulin 2 h OGTT, pIU/ml 53.8 (33.1-74.2) 44.8 (31.6-63.1) 0.21
HOMA-IR 2.5(1.8-3.6) 2.2(1.5-3.1) 0.042
C-peptide 0 h, ng/ml 2.2(1.8-2.9) 2.1(1.7-2.5) 0.06
C-peptide 1 h, ng/ml 9.0 (7.0-10.5) 8.7 (6.9-10.8) 0.67
C-peptide 2 h, ng/ml 8.1(6.6-11.1) 8.1(6.3-10.7) 0.63
Glycated hemoglobin, % 5.4 (5.2-5.7) 5.3 (5.1-5.6) 0.23
Cortisol, pg/dl 12.3 (9.5-15.0) 11.4(9.1-14.9) 0.39
Total cholesterol, mg/dl 189.0 (162.0-205.0) 186.0 (164.0-210.0) 0.85
TG, mg/dl 83.0 (61.0-125.0) 717.0 (59.0-105.0) 0.1
HDL-C, mg/d 66.5 (61.2-74.0) 66.5 (57.0-74.4) 0.93
TG/HDL-C 1.3(0.8-2.0) 1.2(0.8-1.7) 0.15
LDL-C, mg/dl 114.7 (94.9-139.9) 119.1(98.4-141.3) 0.47
GGT, Iu/1 14.2 (9.2-20.6) 11.7 (9.5-16.1) 0.19
AST, U/ 19.4 (17.4-23.0) 19.1(16.4-22.7) 0.21
ALT, IUA 18.9(13.3-22.5) 16.3 (12.5-20.6) 0.04

Data are presented as median (interquartile range). P values were derived from the Mann—-Whitney test.

a P<0.05

Sl conversion factors: to convert total cholesterol, LDL-C, and HDL-C to mmol/I, multiply by 0.0259; to convert TG to

mmol/l, multiply by 0.0114.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase;
HDL-C, high-density lipoprotein cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; LDL-C,
low-density lipoprotein cholesterol; OGTT, oral glucose tolerance test; TG, triglyceride

Comparison of the body composition and insulin re-
sistance markers in the subgroup of postmenopaus-
alwomen VAT mass, HOMA-IR, TG/HDL ratio,
GGT, and ALT activity were higher in the post-
menopausal women with subclinical depressive
symptoms in comparison with the postmenopaus-
al women without subclinical depressive symp-
toms (P = 0.02, P=0.008, P = 0.046, P = 0.01,
P =0.04, respectively) (TABLE 4).

Multiple linear regression analysis of VAT Multiple
linear regression analysis showed that the pres-
ence of subclinical depressive symptoms was as-
sociated with significantly higher VAT mass af-
ter adjusting for possible confounding variables
(age, BMI, physical activity, smoking status, and
daily alcohol consumption) (TABLE 5).

Comparison of the body composition, insulin resis-
tance markers, and the prevalence of dysglycemia in
the group of women with clinical depression  Only
11 women scored above 20 points on the BDI,
which could indicate clinical depression. We ex-
cluded this group from the main analysis due
to the small sample size but the results are
worth mentioning. The group of women with
clinical depression did not differ in age, BMI,
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or waist and hip circumferences (all P >0.05)
from the group of women with subclinical de-
pression and the control group. The wom-
en with clinical depressive symptoms had sig-
nificantly higher VAT mass and fasting glu-
cose as compared with the subclinical depres-
sive symptoms and control groups: median
(interquartile range), 0.8 (0.3-1.5) kg vs 0.7
(0.4-1.3) kg vs 0.5 (0.3-1.0) kg, P = 0.05, and
103 (94.0-110.0) mg/dl vs 98.0 (94.0-105.0)
mg/dl vs 95.0 (90.0-102.0) mg/dl, P = 0.05, re-
spectively. Dysglycemia was recognized in 54.5%
of the women with clinical depression, as com-
pared with 57.3% in the group of women with
subclinical depressive symptoms, and 42.3% in
the control group (P = 0.09). We diagnosed predi-
abetes in 6 women and normal glucose tolerance
in 5 women in the group with clinical depression.

DISCUSSION  The main finding of our study was
that women with subclinical depressive symp-
toms were characterized by significantly great-
er VAT mass, bigger values of HOMA-IR and
ALT, and thus a higher incidence of prediabe-
tes as compared with the control group. Ad-
ditionally, the relationship between the indi-
ces of insulin resistance, and the intensity of
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FIGURE 2  Prevalence of dysglycemia in the analyzed groups. Dysglycemia
(prediabetes, diabetes) in women with subclinical depressive symptoms vs control
group, 57.3% vs 42.3%, P = 0.03

P values were derived from the ¥ test.

Data in the figure are presented as number of women with dysglycemia in the analyzed

groups.

Abbreviation: NGT, normal glucose tolerance

somatic-vegetative and cognitive-affective symp-
toms in the women with subclinical depressive
symptoms was assessed for the first time. We ob-
served a significant positive correlation between
the severity of somatic-vegetative symptoms in
BDI and VAT mass, HOMA-IR, and GGT activity
in the women with subclinical depressive symp-
toms from the population-based cohort study.
We compared the results obtained in the group
of women with subclinical depressive symptoms
with the published results of studies focusing
on individuals with clinical depression or with
depressive symptoms. Lee et al*” showed that
depressive mood is associated with increased
VAT mass but not with subcutaneous adipose
tissue mass. However, only overweight individ-
uals (those with already increased visceral fat
volumes) were included in the abovementioned
study, while we also examined women with nor-
mal BMI. Everson-Rose et al*® examined middle-
-aged women and demonstrated that visceral
fat volume was higher in women with depres-
sion, particularly in overweight and obese ones.
The results of a study by Cho et al'” also support
the finding that depressive symptoms are associ-
ated with higher VAT mass. Murabito et al*® ob-
served that exacerbation of depressive symptoms
is strongly associated with increased VAT vol-
ume, mostly in peri- and postmenopausal wom-
en. Everson-Rose et al*® reported similar obser-
vations. The present study revealed a significant
positive correlation between somatic-vegetative
depressive symptoms and VAT mass in the wom-
en with subclinical depressive symptoms. In

a previous study by other authors,*’ total fat mass
and abdominal adiposity were associated with
depressive symptoms, and this association was
found to be the strongest with neurovegetative
symptoms of depression (mainly with hyperpha-
gia and fatigability). Furthermore, Guedes et al*®
investigated individuals with the metabolic syn-
drome and showed a significant inverse correla-
tion between total lean mass and severity of de-
pressive symptoms. The authors suggested that
physical activity might be a confounding variable
in the relationship between depressive symptoms
and body composition. In our study, the groups
did not differ in terms of physical activity and fat-
-free mass. It is also worth highlighting that VAT
mass was significantly higher in the women with
subclinical depressive symptoms despite the fact
that the groups did not differ in BMI, waist, or
hip circumference.

Furthermore, we found a difference in VAT
mass in the subgroup of postmenopausal wom-
en between the women with and without sub-
clinical depressive symptoms. Our observation
expands on previous findings of Xiong et al,*° as
our study included a new group of patients, that
is, those with subclinical depressive symptoms.
Xiong et al** demonstrated that postmenopaus-
al women with depressive symptoms had elevat-
ed VAT values as compared with women without
depressive symptoms.**

The relationship between depressive symptoms
and visceral fat may be associated with several po-
tential mechanisms, including HPA dysregulation
and hypercortisolemia, hormonal milieu, the role
of adipose tissue as an endocrine organ, inflamma-
tion, stress in utero, childhood adversity, and trau-
ma. In people with depressive symptoms, dysreg-
ulation of the HPA axis is observed. The receptors
for glucocorticoids are more abundant in visceral
than in subcutaneous tissue.?’"?' Postmenopausal
women with depressive symptoms are character-
ized by greater HPA axis dysregulation.”® However,
in our study, morning cortisol concentrations did
not differ significantly between the study groups.
In overweight and obese people, cortisol measure-
ment is problematic, since cortisol levels demon-
strate a U-shaped relationship with visceral and to-
tal fat mass,*® which might explain the lack of dif-
ference in the present analysis. Moreover, mood
disorders are mostly associated with flattening of
the diurnal cortisol curve (high cortisol levels in
the evening)."" Additionally, peripheral hypercor-
tisolemia can be present in depression, which can
be related to 113-hydroxysteroid dehydrogenase
type 1 activity.?""*! Menopause is significantly as-
sociated with changes in the hormonal milieu.
Increased fat distribution, especially VAT, is con-
nected with sex hormone levels (high bioavail-
able testosterone and high androgen to estradiol
ratio).?® Adipose tissue is a large endocrine organ
in the body, which can synthesize and release nu-
merous metabolic products. The 2 fat depots (sub-
cutaneous and visceral fat) may have different in-
tensity of metabolic activity. Increased visceral
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TABLE 4  Clinical, biochemical, and hormonal characteristics and body composition
parameters in the subgroup of postmenopausal women

Characteristics Postmenopausal P value

women with

Postmenopausal
women without
subclinical depressive
symptoms (n = 70)

subclinical depressive
symptoms (n = 34)

Age, y 61.0 (56.0-64.0) 59.0 (53.0-62.0) 0.05
BMI, kg/m? 27.3 (23.2-31.5) 25.8(23.4-29.9) 0.44
HOMA-IR 3.2(2.3-4.3) 2.3(1.8-3.1) 0.008¢
Total cholesterol, mg/dl  199.0 (166.0-214.0)  203.0 (180.0-223.0)  0.25
TG, mg/dl 113.0 (80.0-139.0) 93.0(76.0-114.0) 0.07
HDL-C, mg/dl 63.6 (54.0-70.9) 66.4 (57.1-74.4) 0.34
TG/HDL-C 1.8 (1.3-2.6) 1.5(1.1-2.0) 0.046°
LDL-C, mg/dl 131.3 (95.3-144.8) 129.7 (111.4-149.9)  0.46
GGT, IU/1 16.6 (14.0-26.0) 14.5(11.0-20.8) 0.012
AST, U/ 21.5(19.0-25.8) 21.3(18.5-24.8) 0.74
ALT, IU/I 20.4 (16.5-26.3) 18.3 (13.8-22.5) 0.04
Total fat mass, kg 27.9 (21.6-35.8) 27.2 (21.3-33.0) 0.94
Total fat-free mass, kg~ 40.5 (37.8-43.0) 41.0 (37.6-43.4) 0.87
Trunk fat mass, kg 15.7 (11.7-20.3) 14.3 (10.7-18.7) 0.37
Arm fat mass, kg 2.9 (2.5-4.0) 3.0(2.5-3.7) 0.69
Arm fat-free mass, kg~ 4.3 (3.8-4.8) 4.2 (3.7-4.6) 0.34
Leg fat mass, kg 8.2 (6.1-10.5) 8.7(7.1-12.1) 0.13
Leg fat-free mass, kg 14.0 (12.5-15.5) 14.3 (12.9-15.5) 0.41
Android fat mass, kg 2.5(1.8-3.3) 2.4 (1.7-3.0) 0.28
Gynoid fat mass, kg 4.6 (3.4-5.7) 4.4 (3.7-5.4) 0.63
VAT, kg 1.1(0.7-1.5) 0.8 (0.4-1.4) 0.02

Data are presented as median (interquartile range). P values were derived from
the Mann-Whitney test.

a P <0.05

Sl conversion factors: to convert total cholesterol to mmol/l, multiply by 0.0259
Abbreviations: see TABLES 1,2 and 3

TABLE 5 Presence of subclinical depressive symptoms and other factors associated
with visceral fat mass in women

Variable B SE P value
Age, y 11.440 1.762 <0.001°
BMI, kg/m? 92.452 4.199 <0.001°
Physical activity, activity level 5.537 29.078 0.85
(<1 h/week, 1-5 h/week, >5 h/week)

Smoking, yes vs no 81.988 39.587 0.042
Alcohol consumption, intake level (not 13.604 37.892 0.72
drinking alcohol, <20 g

alcohol/day, >20 g alcohol/day)

Subclinical depressive symptoms, yesvsno  102.348 43.066 0.022

Rz = 0.752
B, regression standardized coefficient
The values were assessed with multiple linear regression.
a P <0.05
Abbreviations: see TABLE 1
fat is connected with adipocyte hypertrophy and

hyperplasia, low grade systemic inflammation,
and altered secretion of adipokines. According to
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the literature, proinflammatory markers may con-
tribute to the development of depression.?’-21:42
The genetic variants that increase immune re-
sponse are frequent in patients with mood disor-
ders.?? Adults with a history of childhood trauma
or children of mothers experiencing stress during
pregnancy have increased levels of inflammation
markers and are at a high risk of HPA axis func-
tional disturbance and later psychopathology.?®-**

The association between insulin resistance and
depressive disorders is bidirectional. Impaired
insulin signaling in the brain may be responsi-
ble for depressive-like symptoms. The proposed
mechanism related to the onset of depression in
patients with insulin resistance is enhanced pro-
duction of proinflammatory markers, which could
activate several stress kinases in the brain. Con-
sequently, this may lead to phosphorylation of
insulin receptor substrate-1 on serine residues,
thus impacting insulin signaling response, which
can impair hippocampal neurogenesis and synap-
tic plasticity, HPA axis dysregulation, and can af-
fect the reward system."* Speed et al'? used Men-
delian randomization in the analysis of genome-
-wide association study results from the UK Bio-
bank and the Psychiatric Genomics Consortium,
and showed that depressive symptoms are relat-
ed to fat mass.

In our study, HOMA-IR was significantly high-
er in the women with subclinical depressive
symptoms. In their meta-analysis, Kan et al*
reported a positive association between severity
of depressive symptoms and insulin resistance
assessed by HOMA-IR. The excess of visceral fat
can indirectly impair insulin action in target or-
gans as well as in the liver. In postmenopausal
women, we observed higher TG/HDL-C ratios in
comparison with the control group. Visceral fat
is strongly associated with impaired suppression
of free fatty acids (FFA), high levels of FFA in
the liver, impaired carbohydrate oxidation, in-
creased production of triglyceride-rich lipopro-
teins, and decreased HDL-C levels.?® Depression
is related to higher TG and lower HDL-C concen-
trations." Previous studies demonstrated that
increased visceral fat is a marker of increased ec-
topic fat in other sites, such as the liver.'® ALT
and GGT have been used as surrogate markers
for liver fat accumulation, systemic and hepat-
ic insulin resistance, metabolic syndrome, type
2 diabetes, cardiovascular disease, and all-cause
mortality.?’ In the present study, in the group of
women with subclinical depressive symptoms,
ALT was higher than in the control group. More-
over, in the postmenopausal women, GGT was
higher in the subgroup of women with subclin-
ical depressive symptoms than in the control
group. These liver markers are associated with
increased hepatic glucose production, fasting gly-
cemia and fasting glucagon levels, increased in-
sulin secretion, decreased hepatic insulin clear-
ance, and oxidative stress.?’ In a previous study,*
elevated ALT was associated with the develop-
ment of depressive symptoms.



In our study, somatic-vegetative symptoms
positively correlated with HOMA-IR and GGT
activity. Austin et al*® demonstrated that somat-
ic depressive symptoms are more strongly asso-
ciated with HOMA-IR than cognitive depressive
symptoms. Khambaty et al*’ analyzed a 6-year
change in HOMA-IR in individuals aged 50-70
years. The analysis revealed that baseline somatic
symptoms, but not cognitive symptoms, predict-
ed a 6-year increase in insulin resistance. People
with somatic-vegetative depressive symptoms
tend to demonstrate poor health behaviors, for
example, high dietary fat and carbohydrate in-
take, smoking, physical inactivity."" As lifestyle-
-related factors are associated with nonalcoholic
fatty liver disease, hepatic steatosis is also relat-
ed to depression.*®

In our study, dysglycemia occurred more fre-
quently in the women with subclinical depressive
symptoms than in the control group. In a study
by Chen et al,"® prediabetes was significantly
associated with the risk of depression among
the study population with a mean age below 60
years. The prevalence of dysglycemia is constantly
increasing.’’ The combination of prediabetes and
depressive symptoms is associated with an in-
creased risk of developing diabetes.*®

There are several limitations to the present
study. The main limitation is a small sample size.
Additionally, we used a self-reported scale to de-
fine subclinical depressive symptoms, and did not
perform a comprehensive psychiatric evaluation.
Moreover, the literature provides different defini-
tions of subclinical depressive symptoms, and it
is therefore difficult to choose a universal cutoff
point. According to the study design, all the pro-
cedures and blood tests were performed during
a single meeting, and therefore only 1 fasting glu-
cose measurement was obtained. Diabetes was di-
agnosed in patients with glucose level equal to or
above 200 mg/dl at 2 h of OGTT or glycated he-
moglobin equal to or above 6.5%.

In conclusion, women with subclinical depres-
sive symptoms could have an increased risk of de-
veloping dysglycemia in comparison with women
without subclinical depressive symptoms, which
might be related to increased VAT mass. Further
research is needed to investigate whether subclin-
ical depressive symptoms can predispose to dys-
glycemia and to identify the mechanism through
which subclinical depressive symptoms contrib-
ute to increased visceral adiposity.
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ARTICLE INFO ABSTRACT

Keywords: Background: The relationship between brain natriuretic peptides and depression was studied in patients with
Depressive symptoms cardiovascular diseases (CVD), but the data in people without CVD are limited. Metabolic disturbances can be
NT-proBNP

associated with natriuretic peptides’ levels. The study aimed to assess serum N-terminal pro-brain natriuretic
peptide (NT-proBNP) level in women with depressive symptoms and its relationship with metabolic disturbances.
Methods: The analysis included 347 women (20-60 years old) from Bialystok PLUS cohort study: 98 with
depressive symptoms and 249 controls. Clinical examination, oral glucose tolerance test (OGTT) and assessment
of lipid, sex hormone binding globulin (SHBG) and NT-proBNP concentrations in the blood were performed. The
participants completed Beck Depression Inventory questionnaire.

Results: Metabolic syndrome was more frequent in the group of women with depressive symptoms compared to
women without depressive symptoms. Women with depressive symptoms had lower NT-proBNP level than the
control group - 45.88 (27.80-67.04) vs 56.49 (32.42-94.25) pg/mL, p = 0.027. Multiple linear regression
analysis of all women showed that NT-proBNP level was reversely associated with the presence of depressive
symptoms, waist circumference and heart rate and positively connected with age. In the group of women with
depressive symptoms, we observed negative correlations between NT-proBNP level and insulin concentration at
60 min of OGTT, diastolic blood pressure and a positive correlation with SHBG.

Conclusions: NT-proBNP level is decreased in women with depressive symptoms, which might be connected with
metabolic disturbances in this group.

Insulin resistance
Metabolic syndrome

1. Introduction half-life of NT-proBNP is longer than BNP (Gruden et al., 2014).

Centrally administered BNP had anxiolytic-like effect in animal

Natriuretic peptides (NPs) are released from cardiomyocytes in
response to increased ventricular or atrial wall stress reflecting volume
or pressure overload. They promote diuresis, natriuresis and peripheral
vasodilation, stimulate lipolysis, regulate adipocyte proliferation,
modulate adipokine secretion and have an indirect influence on food
intake (Gruden et al., 2014). Active brain natriuretic peptide (BNP) and
inactive N-terminal pro-brain NP (NT-proBNP) are produced from
proBNP and released at equimolar concentrations, although plasma

models (Biro et al., 1996). Fangauf et al. (2018) in a cross-sectional
analysis, found a link between high serum NT-proBNP level and low
risk of anxiety and depression in patients with coronary artery disease.
BNP and natriuretic peptide receptor-A are present in distinct regions of
the central nervous system (Abdelalim et al., 2006; Hodes and Licht-
stein, 2014). BNP is connected with the stress-responsive hypothal-
amic-pituitary-adrenal axis in animal and human study (Jaszberényi
et al.,, 2000; Amir et al., 2010). Additionally, intravenous BNP can
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reduce inflammation in brain in an animal model (James et al., 2010).
The dysfunction of hypothalamic-pituitary-adrenal axis and neuro-
immune activation are associated with the pathogenesis of depression
(Malhi and Mann, 2018; Pariante, 2017).

Depressive symptoms are different in women and men. Appetite
disturbance/weight change, sleep problems, low energy, fatigue and
pain are frequent in women compared to men with depressive symptoms
(Kuehner, 2017). These symptoms can predispose to metabolic distur-
bances. In general population, low levels of BNP and NT-proBNP can be
observed in people with obesity (Chlabicz et al., 2019; Gruden et al.,
2014). Olsen et al. (2005) studied 2070 patients without previous
myocardial infarction or stroke and observed that metabolic syndrome
was connected with low NT-proBNP level. Aditionally, in this study
serum NT-proBNP level was negatively associated with plasma glucose,
serum triglyceride, and serum insulin level and positively with pulse
pressure (difference between systolic and diastolic blood pressure). The
majority of subjects with metabolic syndrome have insulin resistance
(Alberti et al., 2009).

The relationship between psychological status and ANP level was
described in multiple studies but the association with BNP concentration
was studied mainly in people with cardiovascular disease (CVD) (Fan-
gauf et al., 2018; Hodes and Lichtstein, 2014; Miiller-Tasch et al., 2021).
Therefore, the present study aimed to assess plasma NT-proBNP level
and its relationship with metabolic disturbances in women with
depressive symptoms with no overt heart disease. In our study, we tested
the hypothesis of a natriuretic peptide-related link between depression
and metabolic syndrome in women. In particular, we hypothesized that
NT-proBNP would be negatively associated with the presence of
depressive symptoms, central obesity (measured by waist circumfer-
ence) and indirect insulin resistance indices.

2. Methods
2.1. Study population and design

The study was a part of the Bialystok PLUS population study. The
study recruitment was described previously (Chlabicz et al., 2019).
Ethical approval for the study was obtained from the Ethics Committee
of the Medical University of Bialystok, Poland (approval number:
R-1-002/108/2016). All procedures performed in the study were in
accordance with the Declaration of Helsinki. The women were recruited
between July 2017 and May 2022. The exclusion criteria were: history
of schizophrenia, bipolar disorder, ischemic heart disease, stroke,
atherosclerosis of lower extremities, pulmonary embolism, valvular
heart disease, atrial fibrillation, cardiac surgery, previously diagnosed
heart failure or left ventricular ejection fraction below 50 % in the
current echocardiography, chronic obstructive pulmonary disease,
decompensated thyroid disease or diabetes, type 1 diabetes, body mass
index (BMI) <17 kg/m? level of high-sensitivity C-reactive protein
(hsCRP) >15 mg/L, use of antipsychotic medications, hormonal
contraception or hormone replacement therapy, oral steroid therapy,
hemoglobin level in blood <8 g/dL or >16 g/dL, estimated glomerular
filtration rate (eGFR) <60 mL/min/1.73 m?, liver cirrhosis in medical
history, above 60 years of age. The study population comprised 98
women with depressive symptoms and 249 control women.

2.2. Assessment of depressive symptoms

The study participants completed the Polish version of Beck
Depression Inventory (BDI). In this study, average Cronbach’s alpha
coefficient for BDI was 0.853. Scores >10 points indicate clinical
depression or subclinical depressive symptoms (Dedovic et al., 2010;
Lapinska et al., 2022). Clinical depression and subclinical depressive
symptoms may be associated with metabolic disturbances (Lapinska
etal., 2022; Pan et al., 2012). Women with depression in medical history
or BDI score of >10 points were included in the group with depressive

Psychoneuroendocrinology 158 (2023) 106409

symptoms. Women with BDI result of <10 points constituted the control
group.

2.3. Data collection and measurements

BMI was calculated as body weight in kilograms divided by height in
meters squared. Waist circumference was measured at the midpoint
between the inferior margin of the ribs and the superior border of the
iliac crest with an accuracy of 0.5 cm. Blood pressure was measured at
least twice during one visit with an automatic blood pressure monitor.
The mean of the first and second measurement was used for the analysis.
Data on comorbidities and medications were taken from the question-
naire. To diagnose metabolic syndrome (MetS), any three of the pre-
sented criteria had to be fulfilled: waist circumference >80 cm, elevated
fasting glucose >100 mg/dL or pharmacological treatment of elevated
glucose, elevated triglycerides (TG) >150 mg/dL (1.7 mmol/L) or
pharmacological treatment for elevated TG, reduced high-density lipo-
protein cholesterol (HDL-C) <50 mg/dL (1.3 mmol/L) or pharmaco-
logical treatment for reduced HDL-C, elevated blood pressure: systolic
>130 and/or diastolic >85 mmHg or antihypertensive treatment in a
patient with a history of hypertension (Alberti et al., 2009). Trans-
thoracic echocardiography was performed using B-mode ultrasound
(Vivid 9, GE Healthcare, Chicago, IL, USA). Physical activity, smoking
and alcohol consumption were assessed by self-report questionnaires.
Additionally, two hundred fifty women completed a three-day dietary
diary to identify total energy intake per day.

Oral glucose tolerance test (OGTT) was carried out using 75 g of
glucose after an 8- to 12-h overnight fast in individuals without history
of diabetes. Plasma glucose concentrations were measured immediately
by the enzymatic reference method with hexokinase (Cobas c111, Roche
Diagnostic Ltd., Switzerland). Serum insulin, thyroid-stimulating hor-
mone and sex hormone binding globulin (SHBG) levels were assayed by
electro-chemiluminescence immunoassay (Cobas e411, Roche Diag-
nostic Ltd., Switzerland), plasma creatinine, HDL-C, TG by the enzy-
matic colorimetric method (Cobas c111, Roche Diagnostic Ltd.,
Switzerland) and serum concentrations of hsCRP were measured by
high-sensitive immuno-turbidimetric assay (Cobas c111, Roche Diag-
nostic Ltd., Switzerland). Serum insulin level was analyzed only in
women without medical history of diabetes. The concentration of NT-
proBNP was determined by the electrochemiluminescence method on
automated Roche Cobas e411 analyzer (Roche Diagnostic Ltd.,
Switzerland). The minimal detectable value for NT-proBNP was 5 pg/
mL. The concentrations below the detection threshold were assumed as
50 % of the minimum measurement range (five persons). eGFR was
calculated by Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation.

2.4. Statistical analysis

Statistical analyses were performed using Statistica 13.0 (Statsoft,
OK, USA) and STATA 16 (StataCorp, TX, USA). The variables were tested
for normal distribution using the Shapiro-Wilk test. Due to the non-
normal distribution of data, all values were expressed as median and
interquartile range. Comparisons between the groups were performed
using the Mann-Whitney U test for continuous variables and Chi-
squared test for nominal variables. Correlation analyses were per-
formed using the Spearman test. We used multiple linear regression
analysis to evaluate the relationships between the log-transformed level
of NT-proBNP and the presence of depressive symptoms after adjusting
for age, heart rate and waist circumference. The level of significance was
set at p < 0.05.

3. Results

The group of women with depressive symptoms and the control
group did not differ in age, BMI or antihypertensive medication or beta-
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blocker use (all p > 0.05). NT-proBNP values were lower in women with
depressive symptoms in comparison to the control group (p = 0.027)
(Table 1). MetS was more common in the group of women with
depressive symptoms (20 subjects, 20.41 %) compared with women
without depressive symptoms (30 subjects, 12.05 %; p = 0.046)
(Table 1). Multiple linear regression analysis of all women showed that
NT-proBNP level was reversely associated with the presence of depres-
sive symptoms, waist circumference and heart rate and positively con-
nected with age (Table 2). In the group of women with depressive
symptoms, we observed correlations between NT-proBNP level and in-
sulin concentration at 60 min of OGTT (R=-0.25, p = 0.029), SHBG
(R=0.27, p = 0.007) and diastolic blood pressure (R=-0.21, p = 0.039).

4. Discussion

The main finding of our study was the observation that women with
depressive symptoms and without CVD were characterized by lower
plasma NT-proBNP concentrations compared with the control group.
Additionally, we observed a relationship between NT-proBNP concen-
trations and metabolic parameters in women with depressive symptoms.

In a previous study, Fangauf et al. (2018) studied 529 patients with
coronary artery disease and revealed a negative association of
NT-proBNP concentration with depression and vital exhaustion. Miil-
ler-Tasch et al. (2021) researched 180 patients with stable chronic sys-
tolic heart failure and showed a negative association of NT-proBNP with
quality of life but not with depression scores. In contrast, Politi et al.
(2007) observed a positive correlation between plasma NT-proBNP level
and Hamilton Depression Rating Scale scores in psychiatric patients
with major depressive disorders without ischemic heart disease, heart
failure, hypertension or diabetes. However, the study group was rela-
tively small and consisted of both men and women (18 and 22 partici-
pants, respectively). Additionally, they included patients with severe
depressive disorders, and their metabolic status (e.g., the presence of
central obesity or insulin resistance) was not fully known. Our study
extends previous research into a group of women with depressive
symptoms and without severe CVD from the population-based cohort
study. Women have naturally higher levels of NT-proBNP and BNP than
men (Chlabicz et al., 2019). Chang et al. (2007) observed that free
testosterone level is inversely associated with BNP and NT-proBNP and
proposed that testosterone, not estradiol, is important in gender differ-
ences. Cyclical production of testosterone by the ovaries begins with the
onset of ovulation; mild peak of the concentrations is in mid-cycle and
remain elevated during the luteal phase (Davis, Wahlin-Jacobsen,
2015). Some authors observed that hormone replacement therapy and
hormonal contraceptives have impact on BNP and NT-proBNP levels;
therefore, we excluded women using these medications from our study.

One of many possible pathomechanisms of depression is hyperac-
tivity of the hypothalamic-pituitary-adrenal axis (Malhi and Mann,
2018). BNP and their receptors are present in the hypothalamus and
pituitary (Porzionato et al., 2010). Previous studies demonstrated that
intracerebroventricular injection of BNP had inhibitory effect on the
stress induced corticotropin release (Porzionato et al., 2010). Amir et al.
(2010) observed that in response to examination stress, plasma cortisol
levels were increased, while NT-proBNP level in the blood decreased.
Natriuretic peptides modulate anxiety symptoms and panic attacks
(Meyer and Herrmann-Lingen, 2017). Coexistence of depression and
anxiety is more frequent in women compared to men in clinical and
general population samples (Malhi and Mann, 2018). The results of
previous study showed an inverse association between the anxiety
subscale scores of the Hospital Anxiety and Depression Scale and plasma
NT-proBNP concentrations (Fangauf et al., 2018). Depression is associ-
ated with high prevalence of childhood physical and emotional abuse in
women (Malhi and Mann, 2018). Kaczmarczyk et al. (2019) observed an
impact of adverse childhood experience to natriuretic peptide levels in
women.

Other possible explanations for low levels of NT-proBNP in women

Psychoneuroendocrinology 158 (2023) 106409

Table 1
Clinical, biochemical and hormonal characteristics of the studied groups.
Women with Women without p value
depressive symptoms  depressive symptoms
(n=98) (n = 249)
Age, years 41.50 (35.00-53.00) 40.00 (34.00-49.00) 0.373
BDI, points 14.00 (12.00-18.00) 4.00 (1.00-6.00) <0.001*
BMI, kg/m? 23.67 (21.26-27.49) 24.31 (21.46-27.44) 0.522
Total energy intake 1739.55 1652.85 0.077
per day, kcal (1484.84-2070.03) (1433.12-1952.06)
Ex-smoker, n; % 40; 40.82 89; 35.74 0.379
Current smoker, n; % 14; 14.29 25; 10.04 0.260
No alcohol drinks, n; 15; 15.31 22; 8.84 0.203
%
Alcohol once per 45; 45.92 138; 55.42
month or rarely, n;
%
Alcohol 2-4 times 33; 33.67 73; 29.32
per month, n; %
Alcohol >2 times per 5; 5.10 16; 6.43
week, n; %
No sport, n; % 38; 38.78 79; 31.73 0.129
Sport <1 h/week, n; 21; 21.43 41; 16.47
%
Sport >1 h/week, n; 39; 39.80 129; 51.81
%
Antidepressive 13;13.27 0; 0 <0.001*
medications, n; %
Beta-blockers, n; % 5; 5.10 16; 6.43 0.642
Angiotensin 7;7.69 13;6.10 0.609
converting
enzyme inhibitors
or angiotensin
receptor blockers,
n; %
Diuretics, n; % 4; 4.40 3;1.41 0.111
Calcium channel 2; 2.20 6; 2.82 0.757
blockers, n; %
Triglyceride 6; 6.98 4;1.94 0.031*
lowering
medications, n; %
Diabetes in medical 3; 3.06 2; 0.80 0.112
history, n; %
Left ventricular 60.76 (57.45-63.52) 60.98 (57.99-63.88) 0.396
ejection fraction,
%
Heart rate, beats per 72.50 (67.50-82.00) 73.00 (66.50-80.00) 0.709
minute
Systolic blood 113.00 110.50 0.487
pressure, mmHg (103.50-121.00) (103.00-121.00)
Diastolic blood 79.00 (71.50-84.50) 77.50 (71.00-83.00) 0.389
pressure, mmHg
Waist circumference, 78.00 (71.50-84.50) 76.50 (70.50-84.00) 0.582
cm
TG, mg/dL 78.00 75.50 (57.00-102.00) 0.490
(55.00-114.00)
HDL-C, mg/dL 69.81 (61.62-74.68) 66.60 (57.09-75.80) 0.206
Glucose 0 min OGTT, 95.00 93.00 (88.00-98.00) 0.195
mg/dL (88.00-101.00)
Glucose 60 min 128.00 123.00 0.835
OGTT, mg/dL (105.00-154.00) (104.00-155.00)
Glucose 120 min 109.00 112.00 0.820
OGTT, mg/dL (96.50-132.00) (95.00-129.00)
Insulin 0 min OGTT, 9.46 (6.91-11.93) 9.45 (6.84-12.80) 0.705
wlU/mL
Insulin 60 min 60.17 (41.03-97.55) 61.26 (38.84-86.34) 0.780
OGTT, ulU/mL
Insulin 120 min 41.27 (26.00-59.27) 42.31 (30.34-62.75) 0.233
OGTT, plU/mL
SHGB, nmol/L 69.86 (47.63-96.49) 71.71 (47.87-97.87) 0.910
NT-proBNP, pg/mL 45.88 (27.80-67.04) 56.49 (32.42-94.25) 0.027*
Metabolic syndrome, 20; 20.41 30; 12.05 0.046*

n; %

Data are presented as median (interquartile range) or n; %. p values were
derived from Mann-Whitney U test or Chi-squared test
* indicates statistically significant p values
Abbreviations: BDI, Beck Depression Inventory; BMI, body mass index; HDL-C,

high-density
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natriuretic peptide; OGTT, oral glucose tolerance test; SHBG, sex hormone
binding globulin; TG, triglycerides.

Table 2
The association between log(NT-proBNP) and the presence of depressive
symptoms after adjustment for age, heart rate and waist circumference.

B SE B P
Age, years 0.008 0.002 0.243 <0.001*
Heart rate, beats per minute -0.006 0.002 -0.180 0.001*
Waist circumference, cm -0.004 0.002 -0.134 0.017*
Depressive symptoms present, yes or no -0.096 0.039 -0.125 0.015*

Adjusted R2 = 0.10, p < 0.001*

The values were assessed with multiple linear regression.

* indicates statistically significant p values

Abbreviations: NT-proBNP, N-terminal pro-brain natriuretic peptide; B, un-
standardized regression coefficient; p, standardized regression coefficient

with depressive symptoms compared to the control group are impaired
synthesis and release from cardiomyocytes and glycosylation of proBNP.
Depressive symptoms are associated with ectopic fat accumulation in
women (Lapinska et al., 2022). Excess epicardial fat may reduce wall
stress and decrease release of NPs (Obokata et al., 2017). It should be
emphasized that in our group we analyzed the general population and
that NT-proBNP concentrations were within normal range. Additionally,
glycosylation can be altered in persons with depression (Yamagata et al.,
2018). Glycosylation of proBNP may lead to impaired conversion of this
molecule and, consequently, to lower plasma concentrations of BNP and
NT-proBNP (Gruden et al., 2014).

In our study, women with depressive symptoms more frequently had
MetS compared to control group. This result is consistent with previous
data (Pan et al., 2012). It is also worth highlighting that both groups did
not differ in BMI and lifestyle factors (diet, sport and smoking). In
depression and MetS, several shared mechanisms, such as central
obesity, insulin resistance and sympathetic nervous system activation
are discussed (Pan et al., 2012). We observed a reverse relationship
between NT-proBNP level and waist circumference. Chlabicz et al.
(2019) showed that NT-proBNP level is negatively associated with
android/gynoid fat mass index in people without severe CVD in general
population. Central obesity was the most important MetS feature in
relation to depressive symptoms in women (Marijnissen et al., 2013).
Central obesity is connected with excess of visceral fat mass. Depression
is associated with increased visceral adipose tissue content in women
(Cosan et al., 2021). The association between depressive symptoms and
visceral fat may be connected with hypercortisolemia, because gluco-
corticoid receptors are abundant in visceral adipose tissue and these
adipocytes show hypersensitivity to cortisol (Cosan et al., 2021). This
subtype of adipose tissue is related to metabolic disturbances such as
inflammation and insulin resistance (Smith, 2015). Baldassarre et al.
(2017) observed that chronic low-grade inflammation and insulin
resistance were involved in a relationship between low NT-proBNP
levels and overweight/obesity. According to the results of a previous
study, acute hyperinsulinemia can cause decreased BNP levels (Dobr-
zycka et al., 2022). In women with depressive symptoms, we observed
correlations between NT-proBNP level and indirect insulin resistance
indices: insulin concentration at 60 min of OGTT and SHBG. SHBG is a
hepatokine which transports sex hormones but is also connected with
hepatic insulin sensitivity (Simons et al., 2023). Chlabicz et al. (2019)
showed a strong association between NT-proBNP and SHBG
concentration.

There are several limitations to the present study: small sample size,
use of questionnaires to define depressive symptoms and lack of mea-
surement of other forms of NPs. We observed a weak relationship be-
tween NT-proBNP levels and the presence of depressive symptoms or
metabolic parameters. We suspected that it could be a consequence of
heterogenous depression presentation. This disease might have different

Psychoneuroendocrinology 158 (2023) 106409

pathogenesis and clinical and biological presentations in women (Malhi
and Mann, 2018). Additionally, NT-proBNP levels are connected with
different physiological and pathological states which we could not
exclude.

In conclusion, NT-proBNP level is decreased in women with
depressive symptoms, which might be connected with metabolic dis-
turbances in this group. The results of the present study could not fully
elucidate the patomechanism of this relationship. Further studies will be
needed to confirm these findings and understand the associated
mechanism.
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11. STRESZCZENIE W JEZYKU POLSKIM

WSTEP: W ogélnej populacji szacowany odsetek wystepowania klinicznej depresji
wynosi 6%, a rozpowszechnienie subklinicznych objawdw depresji jest wigksze.
Dane z pismiennictwa wskazuja, ze kliniczna depresja jest czynnikiem ryzyka rozwoju
cukrzycy, ale wptyw subklinicznych objawow depresji jest niejasny. Dodatkowo peptydy
natriuretyczne mogg mie¢ zwigzek z zaburzeniami metabolicznymi, a takze nasileniem
objawéw depresji, ale dane z przeprowadzonych badan dotycza gldwnie oséb
z chorobami uktadu sercowo-naczyniowego.

CELE PRACY: Ocena czestosci wystgpowania zaburzen metabolicznych u kobiet
Zobjawami depresji 1 bez objawdéw oraz zaleznosci pomiedzy parametrami
metabolicznymi a nasileniem objawow depresji.

GRUPA BADANA | METODY: Do badan wilaczono kobiety z trwajacego badania
populacyjnego Biatystok PLUS. U wszystkich badanych o0s6b przeprowadzono oceng
nasilenia objawow depresyjnych za pomoca Inwentarza Depresji Becka (Beck
Depression Inventory, BDI). W oparciu o dane z pi$miennictwa przyj¢to, ze catkowita
suma punktow w BDI > 20 wskazuje na wystepowanie klinicznej depresji, a 10-20
punktow — subklinicznych objawow depresji. U wszystkich badanych kobiet wykonano
pomiary antropometryczne oraz pomiary cisnienia te¢tniczego krwi. Wyniki badan
laboratoryjnych pochodzily z probek krwi pobranych na czczo.

Do pierwszej badanej grupy witaczono 68 kobiet w wieku 20-65 lat, z suma
punktéw w BDI 10-20. Do pierwszej grupy porownawczej zakwalifikowano 182 kobiety
z wynikami w BDI < 10 punktow. U kobiet wykonano doustny test obcigzenia 75 @
glukozy (oral glucose tolerance test, OGTT) z oznaczeniem stezen glukozy i insuliny.
Ponadto wyliczono wskaznik HOMA-IR (homeostatic model assessment for insulin
resistance) oraz TG/HDL-C (triglyceride/high-density lipoprotein cholesterol), a takze
oznaczono aktywno$¢ aminotransferazy alaninowej (ALT) oraz gamma-
glutamylotranspeptydazy (GGTP). Sklad ciala byl analizowany z wykorzystaniem
dwuwiagzkowej absorpcjometrii promieniowania rentgenowskiego.

Do drugiej badanej grupy wilaczono 98 kobiet w wieku 20-60 lat z wynikami
w BDI > 10 punktéw lub rozpoznang depresja. Druga grupe pordownawczg stanowito 249
kobiet z wynikami w BDI < 10 punktow. Glownym kryterium wykluczajacym z analizy
byt wywiad istotnych choréb uktadu sercowo-naczyniowego. U kobiet wykonano OGTT

z oznaczeniem stezen glukozy 1 insuliny. Wykonano takze oznaczenia stezen N-
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koncowego fragmentu prohormonu mézgowego peptydu natriuretycznego (N-terminal
pro-brain natriuretic peptide, NT-proBNP) oraz globuliny wigzacej hormony piciowe
(sex hormone binding globulin, SHBG).
WYNIKI: Czestos¢ wystepowania stanu przedcukrzycowego i1 cukrzycy byla istotnie
wyzsza u kobiet z subklinicznymi objawami depresji w porownaniu do grupy kontrolne;.
Uczestniczki badania z BDI 10-20 punktow miaty wyzszg mas¢ trzewnej tkanki
thuszczowej, warto§¢ HOMA-IR oraz aktywno$¢ ALT w porownaniu do kobiet z BDI <
10 punktéw. U kobiet w okresie pomenopauzalnym z subklinicznymi objawami depresji
obserwowano wyzsza mase¢ trzewnej tkanki tluszczowej, aktywno$¢ ALT i GGTP,
warto$¢ wskaznikow HOMA-IR oraz TG/HDL-C w poréwnaniu do kobiet bez tych
objawow. Nasilenie somatyczno-wegetatywnych objawow depresji w BDI korelowato
dodatnio z masg trzewne;j tkanki thuszczowej, wskaznikiem HOMA-IR oraz aktywnoscia
GGTP u kobiet z subklinicznymi objawami depresji.

Czestos¢ wystepowania zespotu metabolicznego byla istotnie wyzsza u kobiet
z objawami depresji w porownaniu do kobiet bez tych objawoéw. U kobiet z BDI > 10
punktéw lub rozpoznang depresja stezenie NT-proBNP bylo nizsze w poréwnaniu do
grupy porownawczej ikorelowato dodatnio ze stgzeniem SHBG oraz ujemnie ze
stezeniem insuliny w 60. min OGTT i rozkurczowym ci$nieniem t¢tniczym krwi.
WNIOSKI: Zaburzenia metaboliczne wystgpuja czesciej u kobiet z objawami depresji
w pordéwnaniu do kobiet bez tych objawow, a wybrane parametry metaboliczne wigza si¢

z nasileniem objawow depresji.
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12. STRESZCZENIE W JEZYKU ANGIELSKIM

INTRODUCTION: The prevalence of clinical depression is approximately 6%, while
subclinical depression is more frequent. According to published data, clinical depression
Is a risk factor of developing type 2 diabetes, but the impact of subclinical depressive
symptoms is unclear. Additionally, natriuretic peptides can be associated with metabolic
disturbances, but also with depressive symptoms’ severity, although the published data
involve mainly people with cardiovascular diseases (CVD).

AIMS: The assessment of the prevalence of metabolic disorders in women with and
without depressive symptoms and the relationship between metabolic parameters and
depressive symptoms’ severity.

PATIENTS AND METHODS: Women from Bialystok PLUS population study were
included in the study. All study participants underwent the assessment of depressive
symptoms’ severity by Beck Depression Inventory (BDI). According to data from the
literature, scores above 20 points were considered clinical depression, 10-20 points —
subclinical depressive symptoms. In all study participants, anthropometric and blood
pressure measurements were conducted. The laboratory measurements were carried out
on fasting blood samples.

The first study group included 68 women aged 20-65 years, with BDI score 10-
20. The first control group comprised 182 women with the results in BDI < 10 points.
Oral glucose tolerance test (OGTT) with measurements of glucose and insulin
concentrations was performed. Additionally, homeostatic model assessment for insulin
resistance (HOMA-IR) and triglyceride/high-density lipoprotein cholesterol ratio
(TG/HDL-C) were calculated, and the activity of alanine aminotransferase (ALT) and
gamma glutamyltranspeptidase (GGTP) was assessed. Body composition was evaluated
by dual-energy X-ray absorptiometry (DXA).

The second study group included 98 women aged 20-60 years, with BDI score
> 10 or depression in medical history. The second control group consisted of 249 women
with BDI < 10 points. The main exclusion criterion was CVD in medical history. OGTT
with measurements of glucose and insulin levels was performed. The concentrations of
N-terminal pro-brain natriuretic peptide (NT-proBNP) and sex hormone binding globulin
(SHBG) were measured.

RESULTS: Diabetes and prediabetes occurred more frequently in the women with

subclinical depressive symptoms compared to the control group. The participants with
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BDI score 10-20 points had higher visceral fat mass, HOMA-IR and ALT activity than
women with BDI below 10 points. In a subgroup analysis of postmenopausal women, the
individuals with subclinical depressive symptoms had higher visceral fat mass, GGTP
and ALT activity, HOMA-IR and TG/HDL-C ratio compared to the control group. In the
women with subclinical depressive symptoms, the severity of somatic-vegetative
symptoms reported in BDI correlated positively with visceral adipose tissue mass,
HOMA-IR and GGTP activity.

Metabolic syndrome was more frequent in the group of women with depressive symptoms
compared to women without depressive symptoms. In women with BDI > 10 points or
depression in medical history, NT-proBNP concentration was lower than in the control
group and correlated positively with SHBG and negatively with insulin concentration at
60 min of OGTT and diastolic blood pressure.

CONCLUSIONS: Metabolic disturbances occur more frequently in women with
depressive symptoms compared to women without depressive symptoms, and selected

metabolic parameters are connected with depressive symptoms’ severity.
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plasma N—terminal pro-brain natriuretic peptide concentration and metabolic disturbances in
women with depressive symptoms™ autoréw: Lapinska Lidia, Krentowska Anna, Kondraciuk
Marcin, Chlabicz Malgorzata, Waszkiewicz Napoleon, Kaminski Karol, Kowalska Irina,
opublikowanej w Psychoneuroendocrinology, 2023;158:106409, wchodzacej w sklad
rozprawy doktorskiej ,,Ocena zaburzen metabolicznych u kobiet z objawami depresji”,
wynoszacy 15%, polegal na pomocy przy planowaniu badania, stworzeniu koncepcji pracy,
pomocy przy przygotowaniu manuskryptu oraz konsultacjach merytorycznych.

Jednocze$nie wyrazam zgode na wykorzystanie przez lekarz Lidi¢ Lapinska publikacji
W postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w

dyscyplinie nauki medyczne.

L
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o Rowwafreg
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16. ZGODA KOMISJI BIOETYCZNEJ

* KOMISJA BIOETYCZNA
UNIWERSYTETU MEDYCZNEGO w BIALYMSTOKU
ul. Jana Kilinskiego 1
15-089 Biatystok
tel. (085) 748 54 07, fax. (085) 748 55 08
prorektorkl@umb.edu.pl

Bialystok, 31-03-2016
Uchwata nr: R-1-002/108/2016

Komisja Bioetyczna Uniwersytetu Medycznego w Biatymstoku, po zapoznaniu
si¢ z projektem badania zgodnie z zasadami GCP/ Guidelines for Good Clinical
Practice - wyraza zgode naprowadzenie tematu badawczego:
»Poszukiwanie nowych czynnikéw ryzyka choréb cywilizacyjnych — badanie
populacyjne Bialystok PLUS (Polish Longitudinal University Study)” przez
prof. dr hab. Karola Kaminskiego wraz z zespotem badawczym z UMB.

Przewodm{cza:ca KC;I‘I]IS_]] Bloetycznej UMB

|

A
prof. dr habJ Efzbleta Hassr’;lan-Poznanska
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