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Cardiac Autonomic Balance is
Impaired in Preeclampsia

AABBSS  TTRRAACCTT    OObb  jjeecc  ttii  vvee::  Pre ec lamp si a is cha rac te ri zed by mar ked in cre a se in pe rip he ral vas cu -
lar re sis tan ce re sul ting in high ar te ri al blo od pres su re and pro te i nu ri a in preg nancy. Au to no -
mic im ba lan ce may play a ro le in the pat ho ge ne sis of pre ec lamp si a. Our aim was to in ves ti ga te
the car di ac au to no mic sta tus in pre ec lamp si a by using he art ra te va ri a bi lity (HRV). MMaa  ttee  rrii  aall  aanndd
MMeett  hhooddss::  Age- and ges ta ti o nal age-matc hed sub jects con sis ting of 34 preg nant wo men with
pre ec lamp si a and 29 he althy preg nant wo men we re en rol led in the study. In or der to ru le out
the ef fect of any me di ca ti on and con co mi tant di se a se all par ti ci pants we re se lec ted among tho -
se wit ho ut any me di ca ti on at that ti me and un der went a de ta i led physi cal exa mi na ti on and
blo od che mistry analy sis. Analy sis of HRV was per for med in all sub jects from 24-hr Hol ter re -
cor ding da ta. Pre ec lamp si a was de fi ned as di as to lic blo od pres su re over 90 mmHg in pre vi o usly
nor mo ten si ve wo man, and pro te i nu ri a over 300 mg/day. RRee  ssuullttss::  In pre ec lamp tic preg nant wo -
men, the HRV in di ces that ref lect both pa rasy mpat he tic ac ti vity and glo bal au to no mic func ti -
ons we re lo wer than in he althy preg nants. CCoonncc  lluu  ssii  oonn::  Alt ho ugh it was spe cu la ted that low
cir cu la ting vo lu me ca u ses di rect ba ro ref lex-me di a ted sti mu la ti on of the sympat he tic system
re sul ting with high vas cu lar re sis tan ce in pre ec lamp tic pa ti ents, our re sults imply that al te ra -
ti on in cen tral re gu la ti on mec ha nisms may ha ve a ro le in au to no mic im ba lan ce in pre ec lamp -
tic wo men.

KKeeyy  WWoorrddss::  Pre-ec lamp si a; au to no mic ner vo us system di se a ses

ÖÖZZEETT    AAmmaaçç::  Pre ek lamp si, ge be lik te pe ri fe rik da mar di ren ci nin aşı rı ar tı şı so nu cun da yük sek ar -
te ri yel kan ba sın cı ve pro te i nü ri ile ka rak te ri ze dir. Pre ek lamp si nin pa to ge ne zin de oto no mik den -
ge siz lik rol oy na ya bi lir. Bu ça lış ma da kalp hı zı de ğiş ken li ği (KHD) ana li zi ni kul la na rak
pre ek lamp si de kar di yak oto no mik du ru mu de ğer len dir me yi amaç la dık. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Yaş ve
ge be lik ya şı denk olan 34 pre ek lamp tik ge be ve 29 sağ lık lı ge be ça lış ma ya alın dı. Her han gi bir te -
da vi ve eş lik eden has ta lı ğın et ki si ni or ta dan kal dı ra bil mek için ça lış ma ya alı nan tüm bi rey ler ça -
lış ma sı ra sın da her han gi bir ilaç kul lan ma yan ol gu lar dan se çil di ve tüm bi rey ler de de tay lı bir fi zik
mu a ye ne ve kan kim ya sı ana li zi ya pıl dı. KHD ana li zi tüm ol gu lar da 24 sa at lik Hol ter ka yıt la rın da -
ki ve ri ler den ya rar la nı la rak ya pıl dı. Pre ek lamp si, da ha ön ce kan ba sın cı nor mal ol du ğu hal de, di -
yas to lik kan ba sın cı nın 90 mmHg dü ze yi nin üze rin de ol ma sı ve 300 mg/gün dü ze yi nin üze rin de
pro te i nü ri bu lun ma sı ola rak ta nım lan dı. BBuull  gguu  llaarr::  Pre ek lamp tik ge be ler de KHD’nin hem pa ra sem -
pa tik ak ti vi te yi hem de glo bal oto no mik fonk si yon la rı yan sı tan be lir teç le ri sağ lık lı ge be ler de kin -
den da ha dü şük tü. SSoo  nnuuçç::  Pre ek lamp tik has ta lar da dü şük do la şım hac mi nin doğ ru dan ba ro ref leks
uya rı ile sem pa tik sis te mi uyar dı ğı ve so nuç ta yük sek da mar di ren ci ne ne den ol du ğu yö nün de tah -
min ler de bu lu nul muş sa da, ça lış ma mı zın so nuç la rı, pre ek lamp tik ka dın lar da san tral re gü las yon
me ka niz ma la rın da ki de ği şik lik le rin oto no mik den ge siz lik te ro lü ol du ğu nu dü şün dür mek te dir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Pre ek lamp si; oto no mik si nir sis te mi bo zuk luk la rı
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re ec lamp si a is the le a ding ca u se of ma ter nal
and ne o na tal de ath du ring preg nancy. It is
cha rac te ri zed by a mar ked in cre a se in pe rip -

he ral vas cu lar re sis tan ce re sul ting in high ar te ri al
blo od pres su re and pro te i nu ri a. Alt ho ugh the pat -
hoph ysi o lo gic ba sis of pre ec lamp si a is not well es-
tablished and plas ma cat he co la mi ne le vels ha ve
be en the ma in sub ject of re la ted stu di es, the da ta
are conf lic ting.1-4 In pre ec lamp si a the ac ti vity of
the au to no mic ner vo us system is dis tur bed, pos si-
bly du e to al te ra ti ons in cen tral con trol mec ha -
nisms or im pa ir ment of af fe rent sen si ti vity.5,6

HRV, the deg re e of fluc tu a ti on of the be at-to-
be at dif fe ren ces in car di ac rhythm, was shown to
be a re li ab le, non-in va si ve mar ker of au to no mic
ner vo us system ac ti vity. Re cent ad van ces in tech-
no logy ha ve enab led mo re ac cu ra te and pre ci se in-
for ma ti on vi a high qu a lity re cor dings and the
au to ma ted analy sis of 24-ho ur ECG.7

Sin ce the analy sis of HRV was in tro du ced in
1981, the qu an ti ta ti ve eva lu a ti on of be at-to-be at
car di o vas cu lar con trol has bro ught new in sights in -
to the as sess ment of the au to no mic ner vo us system
func ti on in he alth and di se a se.8 A dec re a se in HRV
was reported to pre dict co ro nary he art di se a se mor-
bi dity and mor ta lity in ap pa rently he althy po pu la -
ti ons and in pa ti ents af ter an acu te co ro nary event.8

Alt ho ugh the re has be en a gro wing in te rest in
HRV re se arch in va ri o us di se a se sta tes, such as di-
a be tic ne u ro pathy, ane mi a du e to vi ta min B12 and
iron de fi ci ency, acu te le u ka e mi as, al ler gic rhi ni tis,
and pri mary noc tur nal enu re sis, its inf lu en ce on
cli ni cal de ci si ons is still li mi ted.9-14 The ex cep ti ons
are the risk as sess ment of pa ti ents af ter myo car di -
al in farc ti on and early di ag no sis of di a be tic au to -
no mic ne u ro pathy.7 Des pi te the se re ports, the
physi o lo gic mec ha nisms of HRV are still de ba ted.
Thus, the chan ges in HRV can not be pre dic ted
most of the ti me, and in di vi du al re se arch is ne e ded
in va ri o us cli ni cal si tu a ti ons.

We hypot he si zed that au to no mic im ba lan ce in
pre ec lamp si a might be res pon sib le for the in cre a -
sed pe rip he ral vas cu lar re sis tan ce. Ac cor dingly, we
de sig ned the pre sent cross-sec ti o nal, con trol led
study in or der to eva lu a te the au to no mic sta tus of

pre ec lamp tic wo men by using ti me do ma in analy-
sis of he art ra te va ri a bi lity.

MA TE RI AL AND MET HODS

A con se cu ti ve gro up of 34 (with a me an age of 29
± 4 ye ars) preg nant wo men with pre ec lamp si a, and
wit ho ut twin preg nancy, in tra-ute ri ne growth re-
tar da ti on or heamolysis, elevated liver enzymes,
low platelet count (HELLP) syndro me we re en rol -
led in the study. The con trol gro up was com po sed
of 29 con se cu ti ve age- and ges ta ti o nal age-matc hed
nor mal preg nant wo men (with a me an age of 27 ±
4 ye ars) in the third tri mes ter of the ir preg nan ci es.
All par ti ci pants we re fre e of any con co mi tant sys-
te mic or car di ac di se a se. A de ta i led his tory, physi -
cal exa mi na ti on, ro u ti ne blo od che mistry,
elec tro car di og raphy and ec ho car di og raphy we re
considered sa tis fac tory for exc lu ding any ot her
con co mi tant di se a se. The study was re vi e wed and
ap pro ved by the ins ti tu ti o nal Et hics Com mit te e of
Gul ha ne Mi li tary Me di cal Scho ol and all par ti ci -
pants sig ned the writ ten in for med con sent.

Pre ec lamp si a was de fi ned ac cor ding to the gu -
i de li nes of the In ter na ti o nal So ci ety for the Study
of Hyper ten si on in Preg nancy.15 The se re qu i re two
re cor dings of blo od pres su re of >140/90 mmHg at
le ast fo ur ho urs apart in pre vi o usly nor mo ten si ve
wo men and pro te i nu ri a ≥ 300 mg/day, or two re a -
dings of at le ast ++ on dips tick analy sis of mids tre -
am or cat he ter uri ne spe ci mens if no 24-ho ur
col lec ti on is ava i lab le.

Twenty-fo ur-ho ur am bu la tory elec tro car di og -
rap hic re cor dings we re ob ta i ned from each sub ject
with a di gi tal Hol ter re cor der (Ro zinn Elec tro nics,
Inc., Glen da le, NY, USA). In pre ec lamp tic pa ti ents,
all of whom we re hos pi ta li zed, Hol ter re cor ding
was per for med im me di a tely upon di ag no sis. The re-
fo re, we co uld ob ta in Hol ter da ta be fo re pre ec -
lamp si a the rapy, which ot her wi se might af fect the
re sults. Mo re o ver, con trol gro up sub jects we re in-
s truc ted not to ma ke any ex tra or di nary chan ges in
the nor mal co ur se of the ir da ily li ves. This was al -
so con fir med du ring the re mo val of the de vi ce.
Hol ter re cor dings we re in ter pre ted by an ex pe ri -
en ced car di o lo gist who was blinded to the status of
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the participants. Du e to tech ni cal li mi ta ti ons of the
analy sis soft wa re, only the fol lo wing ti me-do ma in
in di ces of HRV from a 24-ho ur re cor ding we re cal-
cu la ted and eva lu a ted: stan dard de vi a ti on of nor-
mal R-R in ter vals (SDNN), stan dard de vi a ti on of
suc ces si ve dif fe ren ces in nor mal cycles (SDANN),
ro ot me an squ a re of suc ces si ve dif fe ren ces bet we -
en nor mal si nus R-R in ter vals (RMSSD), num ber
of R-R in ter vals ex ce e ding 50 ms (SNN50), per cen -
ta ge dif fe ren ce bet we en ad ja cent nor mal R-R in-
ter vals ex ce e ding 50 ms (PNN50) and HRV
tri an gu lar in dex.16 Among them, RMSSD, SNN50
and PNN50 pri ma rily ref lect pa rasy mpat he ti cally
me di a ted chan ges in he art ra te. The remaining ti -
me-do ma in va ri ab les ref lect a mix tu re of pa rasy -
mpat he tic, sympat he tic and ot her physi o lo gic
inf lu en ces. In ad di ti on to HRV va ri ab les, ba sic
rhythm and as so ci a ted prob lems such as at ri al or
ven tri cu lar arrhy thmi as we re ca re fully eva lu a -
ted.

Con ti nu o us and ca te go ri cal va ri ab les were ex-
pres sed as me an ± 1 stan dard de vi a ti on and per-
cen ta ges, res pec ti vely. In com pa ri son of the

va ri ab les Stu dent’s t test and Mann-Whit ney U
test we re used ac cor ding to the nor ma lity test re-
sults, which we re tes ted by Kol mog ro w–S mir now
test. A chi-squ a re test was al so used for ca te go ri cal
da ta com pa ri son. A p va lu e be low 0.05 was con si -
de red sig ni fi cant.

RE SULTS

The re we re no sta tis ti cally sig ni fi cant dif fe ren -
ces bet we en the study gro up and the con trol gro -
up in re la ti on to age, body mass in dex, he mo-
g lo bin and he ma toc rit le vels, AST, pla te let co unt,
ges ta ti o nal age and num ber of preg nan ci es. Alt -
ho ugh wit hin nor mal ran ge in all par ti ci pants,
only ALT was sig ni fi cantly hig her in pre ec lamp -
tic gro up (p< 0.05). De mog rap hic and cli ni cal
cha rac te ris tics of study sub jects were listed in
Tab le 1. All sub jects we re in si nus rhythm wit h-
o ut epi so des of sus ta i ned at ri al or ven tri cu lar ar-
rhy thmi as. 

The sta tis ti cal com pa ri sons bet we en the gro -
ups we re shown in Tab le 2. The RMSSD was not
sig ni fi cantly dif fe rent bet we en gro ups (p> 0.05).

Gynecology and Obstetrics Yokuşoğlu et al

Characteristics Preeclamptic Normal pregnancy
women (n= 34) (n= 29) p

Mean age 29±4 27 ± 4 0.169

Number of pregnancies 

0 10 (29%) 8 (28%)

1 19 (56%) 16 (55%) 0.799

2 5 (15%) 5 (17%)

Gestational age at the time of diagnosis  and examination for controls (week) 29.2 ± 3.8 30.1 ± 3.6 0.213

Gestational age at delivery (week) 33 ± 3 39 ± 6 <0.05

Delivery 

Caesarean section 23 (67%) 3 (10%)

Normal delivery 5 (15%) 26 (90%) <0.05

Stillbirth 6 (18% ) 0

Body mass index 28.7 ± 4.1 28.1 ± 3.9 0.061

Hemoglobin (mg/dL) 12.4 ± 2.1 12.6 ± 2.2 0.612

Hematocrit (%) 37.6 ± 6.5 38.1 ± 6.9 0.598

Systolic BP 144 ± 18 108 ± 20 <0.05

Diastolic BP 95 ± 10 78 ± 9 <0.05

ALT (IU) 15.6 ± 4.9 14.9 ± 7.7 <0.01

AST (IU) 17.3 ± 5.5 20.2 ± 6.4 0.074

Platelet count (103/mm3) 222 ± 75 244 ± 69 0.210

TABLE 1: Demographic and clinical characteristics of patients. 

BP: Blood pressure; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; body mass index, ALT, AST, platelet count, hemoglobin and hematocrit values were the val-
ues at the time of the study.
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Ho we ver, the SDNN, SDANN, HRV tri an gu lar in -
dex and SNN50 co unt va lu es we re sig ni fi cantly lo -
wer in pre ec lamp tic gro up than in nor mal preg nant
women (p< 0.05) and the PNN50 va lu e was sig ni -
fi cantly hig her in pre ec lamp tic wo men than in
nor mal cases (p< 0.05).

DIS CUS SI ON

This study sho wed that HRV pa ra me ters we re de-
c re a sed in pa ti ents with pre ec lamp si a. Our re sults
imp li ed sympat he tic pre do mi nan ce in wo men with
pre ec lamp si a, be ca u se we de ter mi ned a dec re a se in
HRV in di ces ref lec ting both glo bal and pa rasy -
mpat he tic with dra wal. This fin ding is con sis tent
with the hypot he sis that sympat he tic ac ti va ti on is
pre sent in pre ec lamp tic preg nan ci es. 

Among the ti me-do ma in in di ces of HRV,
RMSSD, SNN50 and PNN50 pri ma rily ref lect pa -
rasy mpat he ti cally me di a ted chan ges in he art ra -
te.16 Tho ugh pre ec lamp tic pa ti ents had dep res sed
le vels, we fo und lo wer va lu es for the se in di ces in
the pre ec lamp tic gro up ex cept for RMSSD. The

lack of dif fe ren ce for RMSSD may be exp la i ned
only by chan ce but our fin dings imp li ed sympat -
he tic do mi nan ce du ring preg nancy in li ne with
pre vi o us stu di es per for med by spec tral analy sis of
HRV and cold pres sor test in pre ec lamp si a.17,18 The
sympat he tic res pon se in pre ec lamp si a may ac co -
unt for low cir cu la ting vo lu me and high vas cu lar
re sis tan ce.19,20 Plas ma vo lu me cons tric ti on was
suggested to induce di rect ba ro ref lex-me di a ted sti -
mu la ti on of the sympat he tic system.21-23 Ho we ver,
Met sa ars et al fo und no evi den ce to sug gest that
the ra pe u tic plas ma vo lu me ex pan si on had any ef-
fect on sympat he tic ac ti vity might cons ti tu te the
pri mary pro cess rat her than a cons tric ted plas ma
vo lu me.24 Si mi larly, Co ur tar et al sho wed that a
sub nor mal plas ma vo lu me co in ci ded with a hig her
sympat he tic ac ti vity and lo wer ba ro ref lex sen si ti -
vity in nor mo ten si ve for merly pre ec lamp tic wo -
men.25 In de ed, Rang et al re por ted sympat he tic
ove rac ti vity in preg nant wo men in whom pre ec -
lamp si a sub se qu ently de ve loped com pa red with
wo men who ha d a nor mal preg nancy.26 Mo re o ver,
the re are nu me ro us stu di es dec la ring the sympat -
he tic ove rac ti vity in pre ec lamp si a but no ne of the -
se stu di es used ti me-do ma in analy sis of HRV.5,27-29

In vi ew of our fin dings, we sug gest that a cen tral
au to no mic im ba lan ce may play a ro le in pre ec -
lamp si a.

STUDY LI MI TA TI ONS

We used only the ti me-do ma in pa ra me ters of
HRV for tech ni cal re a sons. The study wo uld have
yielded better results if fre qu ency-do ma in pa ra -
me ters co uld have been inc lu ded. Ho we ver, we
think the study is still va lu ab le be ca u se ti me-do -
ma in and fre qu ency-do ma in pa ra me ters are re la -
ted to each ot her. A chan ge in one of them is
ge ne rally sug ges ti ve of a chan ge in the ot her.30 In
ad di ti on, the ti me-do ma in in di ces of HRV are mo -
re use ful in in di ca ting va gal ac ti vity.31

We al so could not evaluate the blo od pres su re
va ri a bi lity for tech ni cal re a sons; ho we ver, blood
pressure variability was reported to influence HRV,
and the cor re la ti on bet we en blo od pres su re va ri a -
bi lity and HRV was very go od in pre ec lamp tic wo -
men.32,33
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Preeclamptic Normal

Women Pregnancy p

SDNN 109 ± 52 130 ± 56

(51-160 [110]) (62-153 [127]) <0.05

SDANN 80 ± 33 108 ± 37

(40-110 [82]) (45-140 [106]) <0.05

RMSSD 46 ± 59 34 ± 19

(24-135 [51]) (20-82 [35]) =0.267

HRV-Triangular Index 27 ± 9 32 ± 10

(15-36 [28]) (21-45 [34]) <0.05

SNN50 Count 6301 ± 7673 14357 ± 7308

(1220-18341 [6972]) (8392-20506 [13978]) <0.05

PNN50 29 ± 10 23 ± 9

(17-41 [28]) (12-35 [21]) <0.05

TABLE 2: Statistical comparison of HRV variables.

Values in parentheses are maximum and minimum, and values in brackets are the me-
dian of the data. Values expressed as mean ± 1 standard deviation.
(SDNN), the standard deviation of all normal sinus R-R intervals over 24 hours;
(SDANN), the standard deviation of all averaged normal sinus R-R intervals for each 5-
minute segment in the 24-hour recordings; (RMSSD), root mean square of successive
differences between normal sinus R-R intervals; (HRV triangular index), the ratio of the
number of all R-R intervals to the height of the histogram created by the charting of all
the RR intervals; (SNN50 count), number of R-R intervals exceeding 50 ms; (PNN50),
the percentage of difference between adjacent normal R-R intervals that are greater
than 50 ms computed over the entire 24-hour ECG recording.



Anot her po int is the ac ti vity of the sub jects.
The study gro up was hos pi ta li zed and was con fi -
ned to bed rest, but the con trol gro up con sis ted of
am bu la tory preg nant wo men. Pa rasy mpat he tic
ac ti vity is ex pec ted to be hig her in pa ti ents res -
tric ted to bed and hen ce, the sympat he tic ove rac-
ti vity in our study may be lo wer than the
ex pec ted va lu es. 

In conc lu si on, the HRV is dec re a sed in pre ec -
lamp sic preg nancy. This re sult has two imp li ca ti -
ons: 1- Pa rasy mpat he tic with dra wal exists in
pre ec lamp tic wo men; 2- The re may be an in cre a sed
risk of ven tri cu lar arrhy thmi as in this pa ti ent gro -
up; ho we ver, this is su e re ma ins to be cla ri fi ed in
lar ge-sca le pros pec ti ve tri als. Fu tu re stu di es will
cla rify the exact mec ha nism of the dec re a sed HRV.
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