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Asian countries are facing an increasing prevalence of metabolic syndrome (MetS),

L . closely associated with ambulatory blood pressure (BP). Patients with MetS, compared
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hypertension. Furthermore, the risk of new-onset MetS in patients with white-coat,

High-risk masked hypertension and blunted nighttime BP dipping are common in
patients with MetS, suggesting perfect 24-hour BP control with long-acting antihy-

pertensive drugs and early initiation of combination therapy might be especially im-

portant for patients with MetS.
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1 | INTRODUCTION

Metabolic syndrome (MetS), which had been coined as “x syndrome”?
and “syndrome of insulin resistance,”? is characterized as the cluster-
ing of multiple cardiovascular risk factors including central obesity,
dyslipidemia, and elevated levels of fasting blood glucose and office
blood pressure (BP).2 Prior studies have demonstrated that MetS was
associated with left ventricular hypertrophy, arterial stiffness, microal-
buminuria, and long-term risk of cardiovascular morbidity and mortali-
ty.#® Along with rapid economic development and urbanization, Asian
countries are facing a significant epidemic of MetS. Around 20%-40%
of the adult population were affected by MetS depending on the study
population and the diagnostic criteria applied.” Tailored strategies for
the prevention and management of MetS are required to reduce the
associated cardiovascular disease burden in this region.

In the last three decades, ambulatory BP monitoring has been
established and increasingly recommended as the method of choice
for the assessment of BP.2 It captures diurnal BP variations and allows
identification of masked hypertension from office normotension and
differentiating white-coat hypertension from office hypertension.
Although the recommended definitions of the BP component of MetS
still rely on office BP measurement, a closer association of MetS with
the 24-hour ambulatory BP has been observed.”*® This article will
concisely review the characteristics of the 24-hour ambulatory BP in
patients with MetS and discuss the rational use of antihypertensive

drugs in patients with MetS to achieve a perfect 24-hour BP control.}

2 | LITERATURE SEARCH

We searched PubMed for articles published in English from 2000 to
2020 on ambulatory BP monitoring and antihypertensive treatment
in MetS, using the key word “metabolic syndrome” and the follow-

ing terms related to ambulatory BP monitoring, including “ambulatory

» o« n o«

blood pressure,” “white-coat hypertension,” “masked hypertension,”

“dipping,
surge.” In total, 603 articles were identified. After removal of dupli-

n o«

morning hypertension,” and “morning blood pressure

cates and screening abstracts and references of the identified articles,
72 full-length articles were assessed. From these assessed articles, 38
(52.8%) were removed, because of outcomes not of interest (n = 20),
data had been reviewed before!? (n = 15) or incomplete data (n = 3).
Finally, a total of 34 studies were included in the present review.

2.1 | Aclose relationship between Met$S and
ambulatory BP

There is a close relationship between MetS and ambulatory BP.
Irrespective of the definition of MetS, patients with white-coat,
masked and sustained hypertension had a higher prevalence of MetS
compared to normotensives in both populations and patient cohorts
(Table 1).1%1321 On the other hand, patients with MetS, compared

with those without, had a higher 24-hour, daytime or nighttime BP,
albeit not in all reports (Table 2).22%8

In the Pressioni Arteriose Monitorate e Loro Associazioni
(PAMELA) study,9 193 (13.9%) patients with MetS according to the
2003 National Cholesterol Education Program Adult Treatment
Panel (ATP) Il criteria, compared to the 1201 patients without MetS,
were older, and had higher office BP as well as 24-h and home BPs
at baseline. After 10 years of follow-up, the age- and sex-adjusted
risk ratios (95% confidence interval [Cl]) of new-onset office,
home, or ambulatory hypertension were, respectively, 3.52 (1.56-
7.90), 2.94 (1.49-5.83), and 3.19 (1.75-5.79) (p < .005) in patients
with MetS relative to those without.” Furthermore, the PAMELA
researchers observed a greater age- and sex-adjusted incident risk
of new-onset MetS in patients with white-coat hypertension (1.75
[1.01-3.04], p = .0046), masked hypertension (2.58 [1.26-5.30],
p = .009), and sustained hypertension (2.14 [1.20-3.79], p = .009)
defined with office and ambulatory BPs.'° However, when hyper-
tension was defined with office and home BPs, only patients with
white-coat hypertension showed a greater risk of new-onset MetS
(2.16, [1.28-3.63], p = .003). Similar associations were observed
for single components of the MetS such as abdominal obesity and

hyperglycemia.'®

2.2 | High prevalence of masked hypertension
in MetS

Masked hypertension is a special subtype of hypertension, charac-
terized as out-of-office hypertension in the presence of a normal
office BP and was associated with an adverse cardiovascular out-
come.® One of the MetS components is an elevated office blood
pressure of 2130/85 mmHg, but quite a number of patients with
MetS do not have hypertension based on office BP measurement
according to the current hypertension guidelines in Asian coun-
tries. However, elevated office BP in the high normal range, in-
creased waist circumference, and other components of MetS were
significantly associated with a high risk of the presence of masked
hypertension.?’

In the Jackson Heart Study,28 the prevalence of masked hy-
pertension was compared between African Americans with and
without MetS, who all had an office BP of <140/90 mmHg. Among
the 359 participants not taking antihypertensive medication, the
prevalence of masked hypertension was 62.3% and 43.6% among
participants with and without MetS, respectively. After multivar-
iate adjustment, the prevalence ratio of masked hypertension for
MetS versus non-MetS was 1.38 (95% Cl, 1.10-1.74). However,
when the components of MetS were analyzed separately, only of-
fice BP of 130-139/85-89 mmHg was significantly associated with
masked hypertension (OR, 1.90, 95%Cl, 1.56-2.32). In the 393
participants who were treated with antihypertensive medication,
there was no significant association between masked hyperten-
sion and Met$.28

85U8017 SUOWIIOD BAEa.D 8|qed![dde 8Ly Aq pausenob ae Ssppie YO ‘SN JO Sa|nJ Joj Axeiq)T8UlUO A1 LD (SUORIPLOD-PUR-SWBIAL0D A8 |1 AZeIq 1 Ul |UO//SdNY) SUORIPUOD pUe SWwie 1 8y} 89S *[220z/0T/9z] uo Ariqiauliuo A(1Mm ‘Ariqi AisieAun BuedueH Aq 62z1T U0 (TTTT OT/I0P/W00 A3 | 1M AReid 1 puluo//Sany Wwoly pepeojumod ‘€ ‘T202 ‘92TLTSLT



17517176, 2021, 3, Downloaded from https:/onlinelibrary.wiley.com/doi/10.1111/jch.14229 by Hanyang University Library, Wiley Online Library on [26/10/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2
m
[©]
P
<
2
T
UOISU0WLIOU SA GO > d,
‘payyioads J0N,
(I9THN/VHV))saul|aping a1n313su| poo|g pue Sun7 ‘JIeaH [euoljeN/UolIeId0ssy 11ea uedllawy,
‘Il (d1V) [2ued Juswieal] 3npy,
‘pajjdde S32A Jo uoniuyaQ
‘uolsuaiadAy 1802 9UYAA ‘HIM ‘uoisuaiadAy pauleisng ‘| HS daquinu aduaua)oy
‘NJ9¥ ‘a4nssaud poojq 321310 ‘d90 24nssaud poo|q [ewION ‘dgN -uolsualiadAy payse|n ‘1 HIN DWoJpuAs d1jogelsin ‘SI9IA 24nssald poolq swoH ‘dgH 24nssald poo|q Alojeinquiy ‘dgV :Suoljeinalqqy
Apms
(9:0¢€) / (£v1)/ (S212)/ (09)/ «(C'9T) 92€ 1444 '€y V13NV 243 Jo uoije|ndod [essusg ay | ¥20T o1 IP1dsnd
(e19)811 «(6:08) 0¢ / (9'12) 61 o(L'1S) L9T (o} 474 T'6v AAD Inoyum sjuaited ANsaqo €ze 1231 Auuay
(0s) L (ee)et / (91) 6T q(9'7€) €0T TL9 06t SIOAIAINS 9X043S DIWBYDS| 86C 0zS Po9eS
ApMiS V13NVd
/ / (86T) L (8€)ee «(G°8) LOT S9% ¥'9or ay3 jo uoije|ndod |eJauas 3y Jo Hied 9521 oD BPUBN
(r'62) T6¥ / (8'0€) £L / e(9'62) 895 9'€S 195  [eM3 VST3 dy3 ul sjusijed dAIsuaYIadAH 1261 g1 BPUBN
(L8 9¥ (62) 6 (s2) 8t (sele e(822) 98 0L9 €65 dulp AZojoaydau ul sjusiedino 60¢ 19 1BsiY
uoisualiadAy
Jue)sisal 40 ‘uolsualiadAy pajeasiun
(8'99) £99 (T'2s) ¥8T1 (T'¥9) 865 (0v¥) 99 e(€1S) GT6T ¥'18 9'¢s ‘Uoisuajouliou yim s3a[gns ysiueds e o7 0d EpIWLIBH
(og) e (62)C1 (£1) 0T (1) 91 (0'T2) 69 v'Cs 0’8t d1ul uoisuaiadAy ul syuanedino 8z¢ 1O sojnodouwoy |
SISV
(8%) 8% () ¥ (8¥) 817 / S(L'SP) LET L9S L6S dlulp uoisusiadAy ul syusiredino 00€ nojnodojuejsuoy|
SWOUIPUAS
(Tv) 61 ¥2) 6 / (SD9 (0£2) ¥€ 618 414 eaude daa|s 9A19NJ3SCO Y3Im sjudljed 9zT ¢pdr19nseg
1HS LHN HOM danN (% ‘U)SIDIN (%) X3s 3B (s1ea4) uone|ndod N N43Y ‘“Joyine 3siig
a8e ueay —_—
(% ‘N) dgv/dg0 Apnis
2dA1gns uoisualuadAy 03 SulpJodde SWOIPUAS dljogelaw Jo dudjeAasdayl T 379V.L
=
[l
-
2

452



17517176, 2021, 3, Downloaded from https:/onlinelibrary.wiley.com/doi/10.1111/jch.14229 by Hanyang University Library, Wiley Online Library on [26/10/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

453

WILEY

'dd y-8v,

s1addip as4aAal sn|d siaddip-UoN,

"Pa3s]| 24e QTOT 40 1eaA a3 Jaye paysl|gnd saipnis,

"UB3.0)| J0J BIISIIID A}IS9CO [BJIUSD PUE ||| (d1V) [dUed Juswieal] 3Npy,

‘uoniuyap paziuouwiey 600 24l

‘I (d1V) I3ued juswiesal] 3npy,

:paijdde S3a Jo uoniuag

“JaqWINU 92UJ2J9Y ‘NJOY DWOIPUAS 21j0qeIa|A ‘SIB|A ‘2anssald poolg ‘dg :suoljeinalqqy

al
8¢
/ T/L €L/STT 89/611 LL/8TT 095 19 / ¥1/8 €L/0TT L9/%11T 8L/¥TT THS  86C OluojuE|0D
/ 9/ 08/8€T 9//€€T 18/6€T 865 . ICT / 8/S 6L/EET v£/8CT 08/S€T 709  88¢ 128 UEA
/ / §8/9C1T / / 06y  SIET / / GL/STT / / v'Sh  TEE G AW 29Uy
18°CS TT/0T 68/0%1 78/0€T T6/771 TTIS ¥l 18°0% TT/1T 98/LET 8./SCT 88/0¥T 86y VLT NDIpEL
vzd
/ o1/t / 61/STT 88/2¥1 eLy .18 / or/ztT / LLI6TT 98/S€T Try 18 olezzeN
mNm
/ ET/ET / 59/80T SL/vCT ¥ o9 9T/¥T / 29/20T v£/8TT Téy  vee undays
2zO¥
,0'Cs v1/6 $9L/92T 89/8TT 61/62T €95 b9LT 15°6€ 9T/0T WLLIYTT 89/STT 18/821T 605 88ST epIWISH
(%) (%)lle3dg  (BHww)dg (SHww)dg (SHww)dg (s1eap) N (%) (%)lle}dg  (BHww)dg (SHww)dg (BHwWw) (s1eap) N NJY
sladdip awWnYsIN inoy-pz  SWMYsIN awndeq ase siaddip awnYsIN inoy-yz  SWMYSIN dg age aoyiny
-UoN uesn -UON awnAeq ueajn 18414
SIDN YHM SIS INOYNM Apmg

SWOJPUAS d1j0ge}aw JnoYIM pue yim sjuaiied ul sniels 3uiddip pue aunssaid poojq Aloleinquy z 319V.L

HUANG ET AL.



HUANG ET AL.

ﬂWl LEY

2.3 | Non-dipping BP pattern and morning BP
surge in MetS

BP follows a circadian variation, being lower at night than during
the day, and surging upon awakening and getting up in the morning.
Four BP patterns consisting of dipping, non-dipping, reverse dipping,
and extreme dipping are usually defined according to a night-to-day
BP ratio of 0.8-0.9, 0.9-1.0, >1.0, and <0.8, respectively. Abnormal
circadian BP variations, including non-dipping, reverse dipping, ex-
aggerated morning BP surge, and morning hypertension, have been
demonstrated to be associated with worse target organ damage and
adverse cardiovascular outcome.?%3?

Most previous studies found that non-dipping was more common
among subjects with MetS than those without, and the prevalence of
non-dipping increased with the number of the MetS t:omponents.12'22’25
Table 2 lists the studies published after 2010228 |n a meta-analysis
which was published in 2010 and included 7 studies, ' the overall relative
ratio for non-dipping in patients with MetS (n = 352), in comparison with
those without MetS (n = 326), was 1.19 (95% Cl 1.03-1.374, p = .018).
Among the 509 hypertensive patients (254 men and 255 women, 45 to
75 years old) enrolled from September 2013 to March 2014 in China,?’
121 (23.8%) were defined as having MetS according to the NCEP ATP Il
definition. MetS was found in 42.9% and 24.6%, respectively, in patients
with reverse dipping (n = 124) or without (n = 385). After multivariate ad-
justment for age, smoking, and other BP indices, only the reverse dipping
(OR 2.298; p = .006) and 24-hour systolic BP (OR, 1.063; p = .021) were
significantly associated with MetS in men. No BP indices were found to
be associated with MetS in women. 27

Few studies addressed the association between ambulatory morning
BP surge and MetS. In 352 Portuguese with newly diagnosed hyperten-
sion but without diabetes,*? MetS was defined based on the International
Diabetes Federation 2005 criteria. The 140 patients with MetS, com-
pared to the 212 controls matched for age and casual BP, had significantly
higher ambulatory morning BP surge (28 vs 25 mmHg, p < .03). Among
the 1087 South Korean hypertensive patients,>® Bastos et al found that
MetS was more common (p = .019) in patients with morning hyperten-
sion (97/173, 59.5%) defined as a self-measured home morning BP of
>135/85 mmHg as compared to those without (415/914, 49.5%). Similar

findings were observed in 181 Japanese with hypertension.34

2.4 | 24-hour ambulatory BP control in MetS

Since MetS is characterized by a high prevalence of masked hyperten-
sion, blunted nocturnal BP dipping, and exaggerated morning BP surge,
it is important for patients with MetS to control 24-hour BP level and
circadian BP variations. On the basis of lifestyle modifications (exercise
and diet), long-acting antihypertensive drugs with long half-life are rec-
ommended in order to achieve perfect control of 24-hour BP.}1:3!

Current guidelines®>3¢

recommend that renin-angiotensin sys-
tem blockers, including angiotensin converting enzyme inhibitors
(ACEls) and angiotensin Il receptor blockers (ARBs), are the first

choice of antihypertensive drugs in patients with MetS. ACEls and

ARBs were more useful than other drugs in the prevention of new-
onset diabetes mellitus which might be related to the alleviation of
insulin resistance as suggested by several clinical trials, for instance
Candesartan Antihypertensive Survival Evaluation in Japan (CASE-J)
and the Valsartan Antihypertensive Long-term Use Evaluation
(VALUE).®¢ Calcium channel blockers and alpha-blockers can be
added on if patients had an uncontrolled BP treated with a single
drug. Asian patients with MetS are more salt-sensitive than non-

37,38 thereby reducing salt intake and a judicious use of

MetS ones,
diuretics in patients with MetS are preferred. As adverse metabolic
effect associated with short-term exposure of atenolol and hydro-
chlorothiazide was common,® especially in those with abdominal
obesity, vasodilating beta-blockers are recommended to counteract
increased sympathetic tone in hypertensive MetS patients.*® New
hypoglycemic drugs, such as sodium-glucose cotransporter-2 inhib-
itors (SGLT2i), not only reduces blood glucose, but also improves
24-hour BP control, especially for patients with uncontrolled noc-
turnal hypertension,** which might also be desirable for patients
with MetS. Many studies have shown that 50%-70% of hypertensive
patients need two or more drugs to achieve the goal of BP reduction,
initiation of antihypertensive treatment with a single-pill combina-
tion is therefore highly recommended by international guidelines.42

Between ACEIls and ARBs, no significant difference was found
in their antihypertensive effect among patients with MetS in sev-
eral small-sized clinical trials that used office BP measurement.*3%4
The Zofenopril in Advanced MEtabolic Syndrome (ZAMES) study is a
multicenter, randomized, double-blind clinical trial conducted in Italy
and Romania.*® Totally 466 patients with Mets and hypertension
(mean age 59 years, male 53%) were randomly assigned to the treat-
ment with a fixed-dose combination of zofenopril 30 mg plus hy-
drochlorothiazide 12.5 mg (231 patients) or irbesartan 150 mg plus
hydrochlorothiazide 12.5 mg (235 patients) once daily for 24 weeks.
After 8 and 16 weeks, drug dosages were doubled if office BP was
uncontrolled. In 20% of patients, an ambulatory BP monitoring was
performed. There was no significant difference in the office and
24-hour ambulatory BP reduction (mean systolic/diastolic BP differ-
ence, 0.1/-0.9 mmHg, p = .54) between the two groups, as well as
the incidence of adverse events (both ~ 5%). In the MEtabolic pa-
rameters, Dlabetes mellitus, and NephropAthy (MEDINA) study,44
a total of 439 hypertensive patients with MetS and/or diabetes
mellitus were randomized to 2 groups: group 1 receiving ramipril
or perindopril (217 patients) or group 2 losartan (222 patients).
Hydrochlorothiazide or amlodipine, and then a statin were added if
BP was uncontrolled. Office BP decreased by 24.1/13.3 mmHg in
the ACEIs group and 25.9/13.5 mmHg in the losartan group. There
was also no significant difference in changes of the MetS compo-
nents between the two arms.**

To improve BP control at night and in the morning, some research-
ers proposed to prescribe at least one antihypertensive drug at bedtime.
However, for long-acting antihypertensive drugs with long half-life,
such as amlodipine,45 or for ACEls or ARBs in high-dose or full—dose,46
the 24-hour BP reduction was comparable between different strategies
of dosing time. For patients on therapy of 21 antihypertensive agent, a
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recent trial by Poulter et al also demonstrated that the 24-hour systolic
and diastolic BPs, daytime, nighttime, and clinic BPs did not differ be-
tween the daytime (6 AM to 11 AM) and evening (6 PM to 11 PM) dos-
ing.*” The Hygia Chronotherapy Trial online-published in 2020 reported
that bedtime dosing of antihypertensive drugs significantly reduced the
incidence of cardiovascular events and mortality by ~40% to 50% along
with a greater reduction in ambulatory nighttime systolic/diastolic BP
by 3/2 mmHg. However, it is rather difficult to explain the observed
huge benefit by the small BP difference between the groups. Therefore,
whether chronotherapy of antihypertensive medication will be bene-
ficial for hypertensive patients, especially for those having MetS, still
needs to be explored in future trials.*®

3 | CONCLUSION

Asian countries are facing an increasing prevalence of MetS, which
may aggravate the burden of cardiovascular diseases in this region.
MetS was closely associated with ambulatory BP. High-risk masked
hypertension and blunted nighttime BP dipping were common in pa-
tients with MetS. A perfect 24-hour BP control by using long-acting
antihypertensive drugs and early initiation of combination therapy
might be especially important for patients with MetS.
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