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Decreased Nocturnal Blood Pressure Dipping in Patients
with Periodic Limb Movements in Sleep
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m ABSTRACT

Objectives: Previous studies have shown that periodic limb movements in sleep (PLMS) could be one of risk factors for car-
diovascular morbidity. The purpose of this study was to investigate the association between PLMS and blood pressure
changes during sleep.

Methods: We analyzed data from 358 adults (176 men and 182 women) aged 18 years and older who were free from sleep
apnea syndrome (Respiratory Disturbance Index < 5) and sleep disorders such as REM sleep behavior disorder or narcolepsy.
Demographic characteristics, polysomnography records, and clinical variable data including blood pressure, body mass index,
alcohol, smoking, and current medications were collected. In addition, self-report questionnaires including the Beck Depres-
sion Index, Epworth Sleepiness Scale and Pittsburgh Sleep Quality Index were completed. Blood pressure change from bed-
time to awakening was compared between the two periodic limb movement index (PLMI) groups [low PLMI (PLMI < 15) and
high PLMI (PLMI > 15)]. Blood pressure change patterns were compared using repeated measures analysis of variance.
Results: Systolic blood pressure in the high PLMI group was lower than that in the low PLMI group (p = 0.036). These results
were also significant when adjusted for gender and age, but were not statistically significant when adjusted for BMI, alcohol,
smoking, anti-hypertension medication use and sleep efficiency (p = 0.098). Systolic blood pressure dropped by 9.7 mm Hg in
the low PLMI group, and systolic blood pressure in the high PLMI group dropped by 2.9 mm Hg. There was a significant differ-
ence in delta systolic blood pressure after sleep between the two groups in women when adjusted for age, BMI, alcohol, smok-
ing, antihypertensive medication use and sleep efficiency (o = 0.023).

Conclusion: PLMS was significantly associated with a decreasing pattern in nocturnal BP during sleep, and this association
remained significant in women when adjusted for age, BMI, alcohol, smoking, antihypertension medication use and sleep ef-
ficiency related to blood pressure. We suggest that PLMS may be associated with cardiovascular morbidity. Sleep Medicine
and Psychophysiology 2018 ; 25(2) : 51-57
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= I (Kales 5 1967 ; Bixler 5 1982 ; Ohayon &
2002) Yo7k 45 Rzt S7Fshn 30~504] Akelo] A
1o Al oF 5%, 504| ool Al oF 30%, 654 49| =<l
of| A= 45~50%0 A YEldTtH(Hornyak 2004). k= sk} Z1
Y HA PLMSE] 4 Sa/do] AR AL Qi vl
Aol & 3] (American Sleep Disorder Association 1993)0]|A]
PLMSZ 1A E]7] fJsiA= th&2 71&& whEsfjof gicth
1) oFZF HTHAHAL Aol Al ARA] O] A= H3E7}E 0.5~10
2 5%F Qlofof shar, 2) A= WSke| Z1o] FA7] 7]
FEfjoll A 8 uV ol Z7FstaL, 3) o2t ®skrt 47) o] &
Ao & Uil st 4) A= WS} 7ke] 7HA-E 4~90
o] B FE]ofof ghrh PLMSE BE =1 thAloflA] dojd
Aot NI ©HA| AT N2 ©HA ol 4] 45 2hAgst
TH(CuellarZ} Redeker 2011). PLMS2] HIE== el %]
#& PLMS A4(PLMS index, PLMI)E A48l PLMS
o & 345 T FHATCRE Ui gholth BHA Coleman

oX l-N
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(1982)2 PLMS #|4=7} 5 o]Ao|w WZe] Ao g Mzkslgl
I, o]H WL ALE0] o] 7|FEL AEslF oLt S Aol

9] <A E-F(International Classification of Sleep Disorder)
27HRLEl = PLMS A|527F ok 5 o), A9l 15 o<l
S WAl Zloz 7HEskal Qo (American Academy of
Sleep Medicine 2005).
T T AR FA U A
dold AL 4H-S F5HA] &3t A (nonrestorative sleep)
& AZtEo] pH o5 2 o glow o] wole 7]
A AA] 8% Aol (periodic limb movement disorder) 2
=25k 49 q. E3F PLMSE 118 v It oA o] Qlck
= 237} A=, 464 7S ShAke] S| Hate] ofs)
H PLMS o]% 4==7] d¢Jo| 21.8 mm Hg &7} tHAL
1991). E3F ot HTHFAH A 87 2] RLS S B 7}s}
W, ZHda} daglo] 57] B o]r] Ejtol PLMS A
T2 fo5tA S7keFslthSiddiqui & 2007). RLS A&
e g 3k ohE Aol A= PLMS He= 57| 9 %
210] 22 mm Hg, ©]7] ¢ o] 11 mm Hg A58kt
(Pennestri 5 2007). 0|9} 72 PLMSe} Ette] Ay
All =914 7He) A 4>(diencephalospinal) 74 =9 =3}y
Agor gt w4l o] Bedsirt 1 A Y Aoletar
23531 Ith(Walters2}F Rye 2009).
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SHAlE] o A o ttrrATHAHARE A28 RES- 184 o] A 2h&}
> SRS &S] ¢lal(respiratory disturbance index < 5),
sl 71HY 5o o7t gle 3588 o
Fe g sielth 2 Ate At 71T 9l
A3]9] 591 WITHIRB No. H-1410-053-617).
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A A=Y ¥ ol AR 7153 o okl A
A A9, AAF S ob7] ZH7he) 2571, o]ey] o 575t
Rom o] Qoft= HF Wzt PFS & 4= 3+ body mass
index (BMD), &5, &9, @ sk 58 F-75 Z¢oh=
A 7155 sk B #)9-8H E (Beck Depres-
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sion Index, BDI), ¢! Z£-22 % (Epworth Sleepiness Scale,
ESS), 3= 1412 X]4>(Pittsburgh Sleep Quality Index,
olo]_ PSQI)E EOH [e) O%_O 27], Zﬂo ]j] _?_J—]—X“ /\t]:]

o2& B

3. 0FZH LI ZAHNocturnal polysomnography,
NPSG)

o7 FEHTF I A A= ProFusion PSG 3 model (V3.4, Com-
pumedics, Australia)S AFESFR O FE3lE B o g 7-
T A= AA71E A=A F2sET H )t (elec-
troencephalogram, EEG), $F# %= (electrooculogram, EOG),
sFe} A = (electromyogram, chin EMG), A7 % (electro-
cardiogram, ECG), &8-S (breathing sounds), -7+ & H] 2
7] 3E-(oral and nasal airflow), & &5 -&=(chest move-
ment), 5 8 2= (abdominal movement), AFA]-E-=(limb
movement), ¢ (body position) L3l F AAESIE
(Sa02, arterial oxygen saturation)S oF{F 4~ 59 |42
o2 SAskqlnt oo HARE F8ll AARITHtotal

recording time) (min), < = A]7H(total sleep time) (min),



2R 7| (sleep latency, SL) (min), S=HRE & (sleep effi-
ciency, SE) %), B84 [GASHEE(N]) (%), B]#E4=H

A SHEE(N2) (%), Bl&2m 3THA| = HES(N3) (%),
A =HES(REM, rapid eye movement) (%), 5= 3 ZFAJA|
ZH(wake after sleep onset time) (min), &7 R]4(

ratory disturbance index), PLMS A|4~& B 718} t}.

respi-

4. 3H 2M

H ¢ Lo A= SPSS EA = 2 12 (SPSS Windows, 21.0,
SPSS Inc, Chicago, IL)< ©|-83to] A7E A5t of
AAFE 9] o]tk QAR W4 vl —test@} 7)o Al
S AR o F F7IAA R E Hleo] whE 1
A A, & EYf HEkE doti 7] ffs PLMS #|4= 15
o]akQl w3t 15 23l o2 FRAIch F o] A
A B = rteste} 7HolAlE AR S ARESFS T r—test
2} repeated measures ANOVAS AR&-31o] ZF Lo A2 4
A B W5 9 F o) Wek Wl oFae vl el

—lNr

ﬂJ9~
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1, °’|—_rLEH“I|' EM

AA| hAA}F 3581 & A= 176(49.2%), A= 182
3 (50.8%) 1 9Att. PLMS A= 15 o]3k] 3k 15 2341
S ¥ sHYS o <%, PSQI o] thE HpES -9t A}
0|5 Ho]x| ¢hTHTable 1). PLMS A= 15 23191 -ofl A
15 o}l ol Hlsl EAH 22 F-O5HA trel 7} o wiktt
5.1 £ 1624, 56.4 + 1534, p < 0.001).

2. PLMS X|=0f 2 57| S H3t

PLMS A7k 15 Z233E FHof|A] 15 o5kl ol B]s}o
57| o] AR FostA @ HAsHITHEs +
14.0, 5.0 = 18.3, p = 0.036) (Figure 1). 2, Figure 1°|A] re-
peated measures ANOVA £4 A3}, PLMS 2|47} 44 &
o) AJZbol whet 57] EobS th= A UL < 0.001)
Azl WhE =7 EoF st S Tt Ael7t ol
Chp = 0.036). ol=fet dyk= AEa} g2
A= fFoshA UEbdoup = 0.043), BMI, o
F7IBA| ARE, sleep efficiency I4ES H A9 1
= AR -9/d& HolA] ASkThp = 0.098).

G Lol BAFHAS ), 4 1763 5 PLMS A5

15 o|3}el & 1329, 15 Z1FQl #+2 449 o]t FAlof
AT Z27F A8 o]9] T2 WAaEL 59]5) JJo]E Kol
AATHALT + 1694, 55.6 £ 16.04], p < 0.001). HA4 F

JEL ool A1 wel %) HTHASBP, p = 0.764 :

O

ADBP, p = 0.518) (Table 2).
Table 1. Characteristics of the study participants

PLMI < 15 PLMI > 15 Total p-

(n = 267) (n=291) (n =358) value
Age, year 45.1 + 16.2 56.4 + 15.3 48.0 + 16.7 < 0.001
Gender, male % 49.4 48.4 49.2 0.477
PLMI, /h 2.7 £+ 40 46.5 £ 288 13.9 + 24.2
RDI, /h 207 £1.5 228+ 1.6 212 £ 1.5 0.256
BMI, kg/m’ 233 £ 34 241 + 3.4 235+ 34 0.083
SE, % 82.6 £ 124 81.5 + 12.4 823 = 124 0.470
REM, % 172 £ 69 171 £70 172 £ 6.9 0.955
N1, % 13.4 £ 68 135 £ 63 13.5 £ 6.7 0.898
N2, % 493 £ 12.0 49.1 + 10.5 492 £ 11.6 0.918
N3, % 83+90 68=+75 80=387 0.151
SL, min 16.0 £ 189 154 = 19.4 159 £ 19.0 0.78%
BDI 183 £ 123160 79 177 £11.3 0.137
ESS* 7852 74x56 77 +53 0.605
PSQI* 11.8 £ 47 104 £ 43 11.4 £ 4.6 0.030
Antihypertensive 18.0 15.4 17.3 0.349

medication, %

Alcohol usage, % 38.5 36.4 37.9 0.427
Cigarette 33.6 28.6 32.0 0.251

usage, %

Variables are given as the mean with standard deviation (SD)
and compared two groups using f-test. = : data collected
from PLMI < 15 (n = 219), PLMI > 15 (n = 82), T : data collect-
ed from PLMI < 15 (n = 166), PLMI > 15 (n = 70). BDI : Beck
Depression Index, BMI : body mass index, ESS : Epworth Sleepi-
ness Scale, N1, N2, N3 : sleep stage N1, N2, N3, SL : sleep la-
tency, PLMI : periodic limb movement index, PSQI : Pittsburgh
Sleep Quality Index, RDI : respiratory disturbance index, SE :
sleep efficiency

— PLMI <15

¥ & e PLMI > 15

134

132 4
3 p =0.036

SBP, mm Hg

130

128

126 4 *
T T
Evening Morning

Time

Figure 1. Changes in systolic blood pressure before and after
PSG according to PLMI group in study population. The blood
pressure change patterns of the two groups were compared
using repeated measures ANOVA. x . p < 0.001. PLMI : period-
ic limb movement index.
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Table 2. Blood Pressure change before and after PSG

PLMI < 15 PLMI > 15
(n = 135) (=47 PVOVE
Women
Pre_SBP, mmHg 1352 + 20.3 133.5 + 17.9 0.616
Post_SBP, mmHg 125.5 + 18.3 130.6 + 148 0.087
A SBP, mmHg 9.7 £ 14.8 29 +£17.0 0.010
Pre_DBP, mmHg 79.8 £ 126 78.6 £ 106  0.537
Post_DBP, mmHg 769 £11.3 77.5 £ 10.5 0.755
ADBP, mmHg 30+ 98 1.1 £10.2 0.268
Men
Pre_SBP, mmHg 136.8 + 150 137.1 = 17.1 0911
Post_SBP, mmHg 128.8 + 140 1299 + 17.5 0.677
ASBP, mmHg 7.9 £ 13.0 7.2 £19.5 0.764
Pre_DBP, mmHg 79.8 £ 9.9 793 £ 11.0 0.779
Post_DBP, mmHg 790 £109 798 +11.4  0.703
ADBP, mmHg 0.8 £ 10.5 -0.48 + 124 0.518

Blood pressure is given as the mean with standard deviation
(SD) and compared two groups using t-test. DBP : diastolic
blood pressure, PLMI : periodic limb movement index, SBP : sys-
tolic blood pressure

o]Ad 1829 & PLMS A4 15 o]slel o2 1359, 15 23}
9l & 477013iek. ool A) F 22t A ol9je) ke
T2 Gt 2o & HolR] §FHA9.0 + 14.6A4, 57.1 +
14.8A4, p = 0.001). o/ellA] 7 = B 5= Hof Blsf 714
T #57] e Fo3t A4S H i tH(paired t—test, p <

).

o

0.001 ) E3FPLMS A|4= 15 o|8+9] 42571 E¢to] 9.7 mm
He 243 2000 vJ9) 15 23422] $57] 3¢E 29 mm
He Euto] Zhalol 4 A 4:37] B st F4ol

o8t 2be] 7 Wroh(e-test, 135.2 £ 20.3 mm Hg —
1255 + 183 mm Hg, 133.5 + 17.9 mm Hg — 130.6 + 14.8
mm Hg, p = 0.010) (Table 2). ©]&|st Zi}t= A%, BMI, <
%, 39, WA B8 S5 wAslel olsial vt
Yok = 0.024) (Figure 2).

3. PLMDZ 2t PLMS £t= B7122| 2ot H3 H|w

PLMI7} 15 23}¢1 ol 4] ESS7F 10 Z2THRosenthal €}
Dolan 2008) T+ PSQI7} 5 21}21 -2 (Grandner 5 2006)
PLMD&E % ©|5}¢111 PLMD+1} PLMSRF 718t Lol A 9]
ofZk &t Ws} A}o] S t-test A5 ESSE 71EL
PLMDZ A 9J5}9S wf, ESS 114 oAt A PLMI 15 23}
oM = 21) = AF #57] o Aol Hat 7.86
3.49 mm Hg, ESS 10%] olalo]H A PLMI 15 2301 of| 4]
(n=61) ¥ A% 527 et 2ol Wi 364 + 243 mm
Hg ¢low AR SR {ougt Zol= Fthp = 0.365).
T A5 olehy] Dot Wzt A o3 Aol gl =
0.719).
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Figure 2. Female systolic blood pressure change when adjusted
for BMI, alcohol, smoking, anti-hypertension medication use,
and sleep efficiency. The blood pressure change patterns of
the two groups were compared using repeated measures
ANOVA. = 1 p < 0.05. PLMI : periodic limb movement index.

PSQIE 712 &2 PLMDE #9532 w, PSQI 64 ©]

oAl PLMI 15 Z¥toA(n = 61) H A5 $57]
Hore Hat 3.66 + 2.44 mm Hg, PSQI 5% o|slo]HA
PLMI 15 Z3Q1 Fo| M =9) +H A% $%7] 2 3
7+ 3.22 + 537 mm Hg gom & oA 4=%7] F¢F Ha}
= gt Afol= ¢ %E}(p =0.948). T3 = HAF o]2h7|
E £ Hol7] ekokthp = 0.706)

U2k

i

Fl"I

ol A= PLMS7E 4= 2 AArA el doF A5} b
ﬂl A= FFE Yotz shelet, AA| A oAt
ol A PLMS7} 4=

=2

1%

27] 29| normal dipping patterne]]
T 2 AT = USIh PLMS7F AR 15
T8} o] 15 o]3}el of| Blsle] 7] Hto] & ZAas)

o}, o]elgt Auks A} Lol S BAsA HJMIE %)

W B oo Hr oo
oot

[e} =1
o E3k AdHE Ur”’i 2oRS off, 9 €] dipping pat-
ternofl = PLM87P FAHOR Folgt JFRS 2] E3k o
- <%, BMI, ﬁ’"f— T, BYASIA 5, sleep




(Zanchetti ‘5 2005). +& QoA o1/d 9] et Uhol= 511A]
2, {737] A&e] Bt ol 7} oF 514 %E a2{sHH (McKin-
lay 5 1972) o}doll A 77178 ARl &5} oftt E ¢ W3}
APAS T2 ke welo] Sle 4= Slth

A WAL F PLMS A= 15 o8kl wof] vl 22421 <+
oA Aol FooHA Eok=tl@s.1 £ 1624, 564 + 15.3
A, o]i= PLMS9] fH&0] Ao wet F71eith= ol d &
T-2] Aol A=|eHAncoli-Israel 5 1991). PLMS7}F ¢4
ol ket S71el7 )= AT 1 Alst ot Aol vlEst
A= =tk X% QIItHGehrman -5 2002). Uo7t &
HA PLMSO] FH8E0] wokAl= Aol tisiA =utnl 24
9] 747} Yolo)gkal =514 It Montplaisir 5 2000 ;
Ohayon®} Roth 2002).

PLMS¢} 89 F= £7H
Aoz Ak Y 4= 9l
o|AY PSQI7} 5 2114 7
3 PLMSYF 571t &
7] B o]¢7] EF Wish= -3t Atol& Holx] ¢kt
°|F &3 PLMD %47} obd PLMS A7} =9 F<] &
At ABEE AY 4= UAANE AR EAE ATt
31 PLMI 15 230l A 15 o]sltol| Bls| PSQIZ} @k
d M gttt PLMDe| gk Hlis R o R 2
oful7t §1& 7Hs 4% Atk

2 Aol A= PLMSel| F9HE 4= gl ZHdel digh B2

= sk Rtel, o F 2S5

_,_.
®
r
r
p‘l"
2
= O
=
n

AA7E FFE & AL 5 A olel| FHE ZAdo] FF
& TS 7Hs0] ATk PLMS7F 9l AAdelollA 3 &
Z}7go] Aol m) 2443} FAof| B % Aufo] ST
2 vt 99 chDavies 5 1993). 184 Siddiqui(2007)} ¢

Trol| oJst, ZHdo] SHEEA] ok PLMSE| A3of= d<f
77 w7 e shoih niA] 2482 S8 A0 R M)
H3}o] x| &Al7o] 3% o)l 95 oJn]sk=H|(American
Sleep Disorders Association 1993), B]A| 24 o] ¢l 2714
Aol A mlA|ZE o] Sl 79l vl Rl o] A7}
vl A A Uebgths A3E 9L th(Winkelman 1999).
S, mAIZHdo] Gl PLMSOIAE Sto =2 st 4= ¢l

© A9 Az RA delurt S7keoE Ba17t 9lem(Cyn

0o
0

£ 72 S o 4ol 4 PLMST 49 5 A3t Asielol
BAH S SRISAAT T AT HAjo]7] o] PLMS
oF Sl 3 Bek wisleke] o] JuAE 2as] Al
L ojgek Aakgol gtk ol siast] flshe A
SE AT 5o| £ e A7t BaF Aol 4]
e Agko] QA A g 4o) PLMS $412 ot
O AEWAT U HejY 1B AnAo] i U F
B WokE AWH T 245t o2 Hlwstgrkd] o
A ozt 2 Rolt,
2 <

=2 A F7)A4 AR5 (periodic limb movement syn-
drome, PLMS)& 41 & Zthe| & v|&3t Al 477 &
ToJFo]al F7|H o & FAlol= S W oy A+
o o5hH PLMS+= L8] 1A= 2 oA qlar 2t
Z}e] PLMS ©|%-2] @¢fe] 20 mm Hg7tA| 7kt &
T ook B A A= PLMS7F = A5 dofol Hs
of MR gk Gob iz} s3It

g ot AHT AT FHFEEESl YlaL(re-
spiratory distress index < 5), A4HaYFA of], 7|HY 5o
A7 Gl 3587 (HAF 1769, oA} 1827)<] 184] ©]
F Qe di o= sl ol 59 STt HAL 7|52t =
CHAHEAL A A 57, olr] @Y, HTHAA F
] 27], o]27] &4, body mass index, 2, &4, &
}o1A
£S5 A % (Epworth Sleepiness Scale), 3| =H 14HZ
Z]4=(Pittsburgh Sleep Quality Index)& Z&sh= 94 715

o

=

o,
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Z714 AHR]-%5-2|4=(Periodic Leg Move-
ment Index) 158 7|22 15 o[3}Q] w3} 15 2391 L&
q_ _r%_iLQJ %/&)X‘] tﬂ* HIJl_»L—_—t testﬂ
Jan=2

PLMS 150]3}2]1 iLOH
Hastelet. ol gt
T frostA e o BMI, & o
sleep efficiency HES EAI9S o= SAHC
FoJBhA] ¢hekTH0.098). o1/dollA F+ It A= ol
S HPEE2 FORE ZfolE HolA] AUTH49.0 +
57.1 = 1484, p = 0.001). 013 9] A%, F o+ &= HAF A,

<

& 227) FLe QO3 7442 BATHp < 0,001), PLMI
15 oJ5te] 4571 t‘g_cgo] 9.7 mm Hg 743t Zlof| Bjsj
PLMI 15 Z23}2£9] 4= .
aste] o A, & 57 ] Ao s} ol FolsHA Aol 7t
Wrh(1352 + 203 mm Hg — 1255 + 183 mm Hg, 1335 +
179 mm Hg — 130.6 + 14.8 mm Hg, p = 0.010) ©]2|s+ A3}
© A%, BML &, &%, @S5l 58 {7, sleep effi-
ciency H4E HAsI = Fol5kA Yelyithp = 0.024). &
o] Be o BiRolA =57 Dol 4 A, 3 Folst
Al ZHAsFA AT PLMSe] 218 1 528 (interaction effect)<
LFERLEA] okglet.

Ashe st e el

;1)4
dor ©
Q.

Z E:PLMSt =W 59 ZA g Zet gje e A
oF Folst AAdol qidler dotat dHE A WSE
BASHE wofl= of oAk Folgh A3 Bt of
AJol Al PLMSS}F Eadsto] ihAeh 4= Q1= Ee 9 AE
Agke] A oJuE Fle 4= Q)%ITh
S To]  F71 AR S oFEY - 18 d
chAH AL
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