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The lricrease in Blood Pressure with Age and Body Mass 
lrldex is Overesti~iiated by Conventional Spl~ygrnomanometry 

,J. Slaessen,' E. O'Brien.' N. Atkilis.'C. J. Bulpitl,V. Cox,' R. Fagard,' I<. O'Malley.2 L. Thijs,' 
arid A. Anlery' 

Tliis cross-sectional sludy investigated wl~ellier llie tecliriique of blood pressure 
~iieasure~i~erit used (conventional spliyyriiornanonielry vs. arnbulatory monitoring) af- 
fects the relation belween blood pressure and bolh aye and body mass index. Two 
iridependenl dala sets were analyzed. The firs1 comprised 328 subjects (48% men) 
drawn frorn the population of a small Belgian lown, and the second coniprised 776 Irish 
bank employees (51% men). Age rariyed frorn 17 years to 81 years, and body rnass 
inclex (weiyht (ky)/lieight ( n ~ ) ~ )  ranged Irorn lG.G lo 40.2. Twenty-lour-hour arnbulatory 
blood pressure was lower Ilia11 blood pressure rlicasured by a nurse ill both llie Belgian 
population sarnple ( 1  18/71 niniHy vs. 122173 riilnl-lg) and the Irish elnployees (1 18/72 
nirnl-ly vs. 119/7G niriil-ly). When blood pressure was measured by an observer, the 
well-established relalions between syslolic and diastolic blood pressure and boll1 age 
and body mass index were evident. When the analyses were repeated using 24-hour 
nieasure~nents. the increment (cross-sectionally assessed) in blood pressure wilh age 
was weaker, especially in young arid rniddle-aged subjects (20-60 years), while the 
increase in blood pressure with body rriass index was also reduced. The within-subject 
diflerences belween tlie conventional and arnbulalory blood pressure rneasurements 
increased with older aye and yrealer body rnass index. Several other relalions with 
blood pressure as tlie response variable riiay require revision in liglil of the present 
liridirigs. AIII J E/)iderlriol 1992;136:1150-9. 

aye factors; blood p~ essure; blood pressure determination; blood pressure moriitors; 
body rriass iriclex 

Most cxl)crts \voulcl ;igl.cc t11:1t a ~ n b ~ ~ l a t o r y  bu l i~ tory  blootl 11rcssurc alicl ilgc ill ~ ~ o r m a l  
blood ~)rcssurc ~ i i on i t o~ . i ng  l~roviclcs a l)ctlcr suljccts Iias bccn described ils positive i n  
csti l~l;~le ofi111 i~~cI iv i t l i~ ;~ l 's  USLI;II ~ I u o ~  III.CS- IIIUS~ (3-7) but 11o1 al l  (8) rc l )o~ ls  (for a 
surc t l l u ~ i  c o ~ l v c l ~ t i o l ~ a l  ~ i i c i~surc~ i i c r i t  11s i l l 1  rcvicw. see rclcrcricc 9). I-lowever, the in-  
obsc~.vcl (I, 2). '1-lie ~c l :~ t io r i  I)ct\vccli ;IIII- crcasc i r i  a111br1lator.y blood pressurc wi th  
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' 1  I I C  1.~li11io11 I)L'I\VCCII l)I~otl I)I ,CSSIII .C ;111tl 

~ ) o I ~ l  :IJ;c iI11tI 1)otIy 1lI;lSS i i l t k . ~  \v:IS lii.sl ci.t)ss- 
~c~lioiiillly asscssctl i l l  ;I ~~ol)ulat iol~ s:1111l)lc 
ol' 32H sul).jccls ( 12). \\'c 1.;111tlu111lp S C I C C I ~ ~ I  
;I lOl : l~  Or 811(1 sll~?,jccls r l~t) l l l  :I ~ 1 1 1 : l ~ ~  ~k~giilll  
low11 (Ilccl~lcl-likscl) :ilicr stratilicalion 01' 
1 1 1 ~  ~ ) O ~ ) l l ~ i l ~ i O l l  1 ) ) ~  SCX :llltl ;lgi! i l l  ;ill : l l ~ ~ l l l ~ ? l  

10 ~.cc.~, \~il  c(111;iI I I I I I I I ~ I ~ I , ~  of111c11 :111tl \ \ , O I I I ~ I ~  

i l l  I ()-)lc;l~ gl'01il)S li'olll 30 )rCillS Illr~llgll 
70 ~ C ; I I . S .  S~iI~jccls were cxcludccl li.0111 par- 
licil)i~lioli il'lllcy tlitl 1101 live al lllc i~~tlicnlctl 
atltl1.c~~ ( n  = I I I ,  ofwliu~ii 7 Ililtl tlictl), tlicy 
\vcrc tiikil~g a~itil~yl)ct~lc~isi\~c rlrr~gs, t l i ~ ~ ~ c l -  
ics, or ~~ilr;ilcs (11 = 13 1 ), or Illcy coultl 1101 
I I I O V C  :iI)o111 l'i.tscly (11 = 4) .  Ul'llic I . C I I I : I ~ I I ~ I I ~  

00.3 s~~l),jccls, 5.5 11cl.cc111 (11 = 330) al;l.ccrl lo 
1li11 licil);ilc. I lo\sc\~c~‘, two sul)jccls \\ 'LIL . . - cx- 
cl~~tlctl li.o111 Illc ;~l~alyscs I)cc;i~~sc 111o1.e 111;111 

2 0  I)(!ICCIII 0 f 1 1 i ~ i 1 .  I > I . O ~ K I I ~ I I I I C ~ ~  ~ \ I I I I ) I I I : I I ~ ) I ~ Y  
I)lootl ~)rcssrlrc rc;~tJii~gs wCrc ~l~issi l~g.  

A sccolltl il~tlcl)c~~tlcl~l tlali~ scl \\!;IS :III;I- 

ly~ctl lo il~\:cslig;llc wl~ctlicr lllc lilltlii~gs i l l  

Illc I!clgiaii ~l~)l!ulaliol~ si1111l)lc' co111tl Ilc 1.c- 
1)1.1~(111i~ctI. 11 co~isisI~(l 01' 770 c11i.rc.11t :i l i t l  

rc~i~.i*tl 11isI1 l ) ; i ~ ~ k  c ~ i ~ l ) l o y ~ c s  ;111tl II~cil. 

sl)o~iscs, wl~o vt)lu~~lccrctl li)r ;I slutly on 
~ ~ ~ I I I ~ I ) L I I : I I O I ~ ~  l)lt)otl ~ I . C S S I I I ~  111oiiilv1~ii1~; (13). 

Ilody \vcigl~l ;inti llcigl~l \vci.c rcco~.tlcrl i l l  

o111y 4 I0 s~ll!iccls, 1)ccnusc in ils i l i i l i ;~ l  III I : ISC 
Illc I i  is11 slirtly tlitl 11ol illcl~lle ( I I ~ S C  ; I I I I I I ~ O -  
11olllc1i.ic rlic.;lsui.clilcllrs. 

Iloll~ Ilic Ilclginl~ slurly i111tI lllc 11.isIi s111(ly 
\VCIY t)rigil~i~lly tlcsigllctl will1 lllc go:~l of 
(~~lc1~111i1li1lg r ~ l k ~ . ~ ~ i c c  V : ~ ~ ~ I C S  for iI~iiI)~~Iiilt)ry 
I)lootl ~)lcss\~lc. Ncitl~cr IIlc i~ivcslig;~to~.s 
\vI~o ~) l :~ l~l~cr l  Illc slutlics [lor Ilic ~~urscs  in- 
\~olvc.tl i l l  lllc licltl \vol.k 11or (lie sul)jcc~s 
l):~~.ticil):~li~ig i11  I11c sl~~(lics i~iiti~il);~lc(l tlic 
~lrcsc~ll :~l~alysis. 'l'l~us, I)i;~s wit11 ~.csl)ccl lo 
lllc 11yl)olllcsis ul~tlcr scrul i~~y (luring cl ;~ ln  
t ~ o l l c c ~ i o ~ ~  is t1111ikcIy. 111 l)ull~ s ~ ~ ~ d i e s .  :I sc l l~  
;~tli~~ii~islc~.ctl cli~cstio~~riai~.e \\,;IS iisctl lo i l l -  

(111it.c ii11o e;1c11 l) ;~~.t ici l) :~~~~'s  pcr~oii:~I i111tJ 

li1111ili;11 111ctIic:11 l~islo~.y, s111oki11g li:~I)ils, ill- 

col~ol co~~s~l l ) i l )~ ion,  ;111tl use of 111cc1ic. 'I I '  IOIIS. 

Cullventiol~al I)loocl pressure 
llleasurelllelit 

1 1 1  I)ol11 I I I C  llel~;i;~ti slt~tly ; I I I ~  1 1 1 ~  I~~isli 
sllltly, ;I I I I ~ ~ ~ L I I ' ~  sl)liy~;~~io~~in~~o~~~cLcr was 
rlsctl i l l  ~~rclkrcllcc lo tlic I l;i\vsklcy sl~l~yg- 
I ~ I ~ I I I : I I I O I I ~ ~ ~ ~ I ~ ,  l)cc:it~sc ;I s y s l c ~ ~ ~ ; ~ l i c  tell- 
clcllc)r lo u~~tlcrcsl i~ni~le ~)~.cssurc Ilas I~ccr~ 
tIc~iio~~sL~~;~Icil \ v i l l ~  IIic ri111dv111-zero 111;i- 

cliil~c (14). 111 hot11 slutlics, cul'l' size was 
:~t!j~lslcrl ;~ccort l i~~g lo nr111 c i r c ~ ~ ~ i i ~ c r e ~ ~ c c  for 
1~olI1 Illc col~vcllliolli~l 1)lootl IIrcssurc ~.cilcl- 
il~gs nll t l  Illc n~~ibulalory rncnsu~~c~nc~ils. 

111 lllc IJclgi;~n 11ol)ulalio11 slucly, all con- 
~cllliolliil blootl prcssul~c 1.Ciltlillg~ Wc1.C ob- 
1;1ilicd I ) C ~ \ V C ~ I I  10:OO :~. l i i .  alltl 8:00 p.m. 
~l'r:~illctl nurses ~licasurctl each ~~ar l ic i l )a~~l ' s  
sillil~g I>lootl ~ ~ ~ ~ c s s u r c  livc lililcs consccii- 
lively O I I  caul1 of two scpal.nlc I I O I I I C  visils 
( I?) .  'l'lic ol)scrvcrs it~\lolvctl ill I l~c  slutly 
\vcrc Icsicd li)~' lhc ilccul'acy of 1llcir I)lood 
I)I.CSSIII.C I I I ~ ; I S I I I ~ ~ I I I C I I ~ S  :11 6-111011111 inter- 
\,;\Is. ' l ' l ivy Iiatl lo lirst rccorrl tllc prcssul'es 
li.ol11 il lilt11 sl~owi~ig :I (:lllii~g Incrcury col- 
I I I I I I I  w i r l ~  I<ol.vtkoll' soullcls ("klcasiirillg 
I\IootI l'l.cssurc"; 111'0cluc1ion 110. 13- 132, Tllc 
t\~~tlio-Visllal Cc~llrc, Ulii\~crsily ol'I.,o~idol~, 
I I llcilli)~~tl S~I I I : I I ,~ ,  I - O I I ~ I O I I  \VCl, 1~11gl:111tl, 
10'7.1). 'l'l~c~.t~:ilicr, Illcy \vcrc lcslctl usil~g livc 
s\ll),i~-cls i111tl slcll~oscol~cs  will^ doul~lc c:lr- 



1)icccs. ' I ' l l ~  blood ~)i.cssuic ~.cacliligs ol' tllc 
obscrvc~~s \vcrc \ \ : i t l ~ i ~ ~  5 1ii111l lg of II~osc 01' 
c?tl)c~.ic~icccl 111cclica1 st;iIl.. 

l~cc:~i~sc. i l l  i11:11iy l)i~~)lislic~l cl~iilc~iiio- 
logic sturlics, bloud ~)rcssul.c is n~casurccl 011  

o~ily one occ:~sio~~. only t l~c  live I)lourl 1,rcs- 
sure rcarlinl:~ i.cconlctl at Ilic lirst lioliic visil 
\\:c~'c riscd to c;ilculalc tllc coi~vci~lioli;~lly 
ii~c;~su~~ccl bluotl ~)rcssurc i l l  lllc Ilclginii 
study. I lo\\lcvc~., 1 1 1 ~  corrclatio~is \\.ill1 ;igc 
 nil body Illass iliilcx were not ~~i;~tcrinlly 
altcrcrl ivllc~i t l~c  Olood ~)rcssii~~c ~~ci~cl i i i~ ;~  of 
tlic scco~icl l ~ v ~ i i c  visit 01. ol'0otl1 Iio~iic visits 
were nvcragccl. 

111 IIic 11,isli sai11l)lc. I~lvocl ~)i.cssurc \\':is 
~ ~ ~ e ; ~ s i ~ r e i l  at ~iicclic;~l cli~iics c l r ~ ~ . i i i j ;  I .c~:~I~:II .  
\vorki~ig I~ours ( I  3). AI'tcr tlic su1)jecls I I ; I ~  
rcslccl li)r ;I 1i.w i11i1111lcs i l l  llic sillirig posi- 
lior~, ;I ti';~i~iccl iiursc ~ b ~ a i ~ i c c l  Iwu rcarliiigs 
nccortliiip to tlic rcce~ri~~iic~idations of t l~c  
Dritisl~ I Iyl)crlc~~sio~i Society ( 15). I'llc Ilia- 
jol.ity ol'tllc sul)jccts Ilad the lirst a ~ i d  scco~lrl 
ollicc blood ~)rcssurc ~~ic:~surc~iic~ils  per- 
I'u1.1iicc1 at tlic first visit, l~cfoi~c : ~ i i i l  ;IVICI. 
co~iil)lcli~~g tlic clr~cstionl~ni~.c. I I I  soriic sill)- 
jccts. Iio\vcvcr. tllc lirsl ollicc blooll ~)l.cssurc 
~llc:lslll~clllcllt \L1>lS scl?ill~:ltcrI I'l~Olll lI1c scc011i1 
I>y ;in i111e1.vaI US SOIIIC d i ~ ) ] ~ .  .I'IIc i i i ~ ; 1 1 1  

tllc tn.o ollicc ~iirasu~.c~iiclits was used ill tllc 
~)~.csclit n~~alysis. 

A~libulatory blood pressure 
rneasurenie~it 

111 boll1 stuclics, alnl)ulatol.)l bloocl plcs- 
su1.c was rcgislc~.ccl wit11 Sl~accLaOs 90302 
rlcviccs (S1)accLabs. I~ic.. I~ctl~iio~itl.  \Vi~sl~- 
iii1:1o1i) ( 10). l l ~ e  rccorrlc~~s \vc~,c c;~li l)~~:~tc~l  
bcl'orc tisc in tlic studics. a~iil tlic culil)i.:~tioti 
was cl~cckccl at i ~ t  Icasl 3-11io11tl1 iritcl'vals. 

111 llic Uclgiii~i st ucl y, t l~c  rccvi'eli ~igs \vc~.c 
slarlccl on o ~ i c  of tlic l~uriic visits ( 1  3): llic 
rccol.dcrs were progra~nmcd to oblnin Iiicn- 
surc~iicnts at i~itcrvals of 20 ~ ~ i i ~ i u t c s  I'rvii~ 
S:00 n.111. u~itil 1O:OO I).III. alicl every 45 
n ~ i ~ i i ~ t c s  liu111 10:00 p.111. to 8:00 a.m. l i i  tllc 
Irisli study, t l~c  a~iibulntury rc:~tliugs \\.ere 
l~i~ogra~ii~iictl at i~~tcrvals of 30 ~ilil~utcs. 

'I'lic alnbulato~.p blood ~)rcssurc rccoi.cli~igs 
wcrc Lru~icatcd so that tlicir tot;~l rlt~rntion - 
(lid 1101 cxcccd 24 11oui.s. '1-llc li)llo\\:i~ig cs- 

c.1 tisio~i critc~.ia ( 17, 18) wcrc colisidcrcel 
1)i'ior lo al~nlysis: I )  iI ~.ccorclcd systolic prcs- 
sure lo\vcr tlia~i tlic diastolic p~.cssurc; 2) a 
syslolic ~)rcssurc >?40 11il11l-lg or <50 
~nni l  Ig; 3) a diastolic IJI.CSSLII.C > 140 1111111 lg 
oi' <40 lnnil lg; 4) a t)ulsc 11rcssu1.c of < I0 
~)c~'cciit of tile systolic pressure; and 5) a 
~)ulsc ralc li~stcr ll1i111 150 b c ~ ~ t s  per iiiiliiltc 
or slo\vcr Ilia11 40 beats 1)cr rni~~utc.  Uccausc 
tlicsc live critcria logctlicr excluded less tlla~i 
I pel-cclit of the readings aiid because tllcy 

cliel ilot alrcct lllc c~ll1l)ll~ccl ilVCl-ilge ~ C V C ~ S  

of a~iibulatory bloocl prcssurc or tllc corrc- 
I;~tio~is will1 age al~cl body Illass indcx, only 
t l~c  ~csulls fur uiicclitcd I-ccordil~gs arc prc- 
sclllcel. 

Slatislical ~ i i e t l~ods  

Ilala base ~iia~iiigcmcnt and slalislical 
a~ialyscs ~vcrc perfor~iictl will1 tlic Statistici~l 
A~i;~I!.sis Syslclii ( I  '9. 20). l 'hc intra- 
i~ieliviclual ;~~ill)ulatory blood pressure nicalis 
were wcigl~lcd by t l~c  tinie iiiterval bctwecn 
succcssivc I)lood 1)rcssurc reacliligs. l'lic day- 
tirnc pc~.iod was~lcliricd as tlic t in~c  interval 
I ' I U I ~ I  10:OO a.m. to 8:OO p.m.. bccnusc prc- 
vious studies ( 1  3. 2 1) have sllowl~ that tliis 
deli i~itioli cxcludcs tllc rapid blood pl.essul e 
cl~angcs Illat occur in tlic ~iionii l~g and cve- 
~~i i ig .  

Stalislicnl ~iictl~ods used i~iclurlctl Stu- 
clciit's I tcst and lilicar rcgrcssion. Mullivar- 
intc a~~alysis  of variance was pcrl'ormed to 
tcst ~ l i c  11~111 Iiy~)~tIicsis of 110 cIi1Tcrc11ccs 
Octwccli t l~c  paralnclcrs ol' Illc rcgrcssion 
ccluatiol~s (20). 

RESULTS k .  

Cliaracteristics of tlie Belgian subjects 

'I'lic 328 l)articil)a~its, 155) mcli and 169 
wo~iicl~. wc1.c 49 5 14 ycars old (~ncali + 
staritlard dcvinlio~i) (range, 20-8 1 ycars). 
'I'l~cir 1iic;111 bocly nlilss intlcx (wciglit (kg)/ 
Iicigl~t (111)') was 25.2 -1- 3.5 (ra~igc, 17.0- 
40.2). Ni~icly-six sul)jccts wcrc sniokcss, and 
60 .r.cl)orlcd tlaily i11t;tkc of alcoliol. 'fliirty 
woliicli wcrc taking orril colitraccplives. 
Four su1)jccts rcporlcd a Ilistory of myocar- 
dial irili~rctio~i. tl~rcc lli~d cxl~cricnccd a Iran- 
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sienl ischemic attack. and one sul>jcct lintl 
both contlitions, but none of tlicse si1bjc6ts 
lind symptoms at the time tlicy wcrc askctl 
to participate. 

The blood pressure mcasurcmcnts in tlic 
Belgian sul?jccts are summarizcd in table I. 
Systolic blood prcssure ~ncasurcd at home 
was 4 k I I mml lg Iiiglicr ( p < 0.00 1 )  than 
that oblainecl on 24-liour ambulatory nica- 
surerncnt, and tlic conventionally mcasurctl 
diastolic i;kssurc was 2 k 7 mmllg Iiiglicr 
( I)  < 0.001). Tlic f~c tors  detcrmiriing tlic 
difkrcnces between tlic convc~itionril and 
ambulatory nieasureme~its were iclentilicd 
by stepwise multiple regression, terminating 
wlicn all rcgression coclficicnts in the model 
were signilicant at tlie 5 percent probability 
levcl. Sex, age (linear and quadratic terms), 
body mass index, arni circum Screncc, rcgu- 
Iar alcohol consumption (coded 0 for ahscnt 
or I for present), and smoking (cotlcd 0 Sor 
nonsmoker or 1 for current smoker) wcrc 
considered lor entry into the rcgression 
modcl. For tlie dill'crencei in systolic blood 
pressure (conventional minus 24-hour nica- 
suremeht, keeping tlie sign of the difi'crcncc), 
tlic regression niodel was .I* = -30.8 + 
0.18 l (age) + 0.63 I (body mass intlex) (R' = 
0. I I ). For the dill'ercnccs in diastolic hlood 
prcssura, it was ,I! = -6.0 + 0.33O(l>o~ly mass 
index) - 1.405(bcing a sniokc~.) ( I ?  = 0.05). 

Characteristics of the lrish bank 
employees 

The 776 participants, 396 mcn and 380 
women, were aged 36 + I I years (range, 17- 
79 years). Body mass index was dctcrriiinetl 
in 2 18 men and 198 women, and i t  averaged 
23.6 + 3.1 (range, 16.6-40.0). Folly-livc 
sul>jccts had a l~crsonnl history of hypcrlcn- 
sion hut were not on hypertension medica- 
tion when examined. Smoking was rcportcd 
by 123 subjects and alcohol consuml~tion by 
624. Thirty-five wyrnen were taking oral 

TABLE 1. Blood pressure measurements in 328 
Belgians (1989-1990) and 776 lrish bank 
employees (1988-1990) 

Belgians lrish 

Conventional blood pressure* 
Systolic 122 + 17t 119 + 17 

90-21 1 $ 70-21 5 
Diastolic 7359  7 6 1 0  

52-1 03 50-1 32 

Ambulatory blood pressure 
Whole-day (24 hours) 

Systolic 

Diastolic 

Daylime (1 0:00 a.m.- 
8:00 p.m.) 

Systolic 

Diastolic 

Nighttime (rnidnight- 
6:00 a.m.) 

Systolic 

Diastolic 

* Conventional blood pressure is the average of five blood 
pressure readings taken a1 home in the Belgian subjects and 
the average of two clinic readings in the lrish employees. 

t Mean -e standard devial~on. 
$ Range. 

ambulatory readings over 24 Ilours, and tlie 
conventionally measured diastolic blood 
pl'essure was 4 -t- 8 mniI-lg higher ( p  < 
0.00 1). In stepwise multiple regression (con- 
sidering the s a ~ n e  variables for entry into the - 
niodel as in the Belgian sample), llie witliin- 
sul>ject diKerences in systolic blood pressure 
(clinic minus 24-hour measurement, keep- 
ing tlic sign of the difi'crencc) were correlated 
with age. The regression niodel was J) = 
- 1 1.4 + 0.398(nge) (R' = 0.1 1 ; 11 = 776). . 
I:oI- the dillkrcnces in diastolic blood pres- 
sure, tlie regression model was JJ = 0.8 - 
0.303(age) + O.OObSO(age)? - 0.361(body 
mass intlcs) (X' = 0.08; t i  = 4 16). 

contraceptives, and 'four were on liol'nione 
replacenlent Ilicrapy. Relation between blood pressure and  

- - I he blood pressu1.e riieasurcnients in thc a g e  

Irish employces are summarized in table I. 13lood prcssure nieasurcd I;y conventional 
Conventional systolic blootl pressure wiis Incans sliowcd a signilicant rclation with age 
I k 12 mmllg Ilighcr (1) < 0.001) 1li:rn rllc in  hotli tlic Belgian sul?jccts and the Irish 



c ~ ~ ~ l ) l o y c c s  ( l igu~c  I ) .  A cluaclraiic 1cr11i was 
rccluirccl lo tlcscribc tllc ~ . c l a t i v ~ ~  \\fit11 agc. 

-l'llc ilic~.casc i l l  systolic blood ~)~.cssurc 
wit11 age \\:as signilicantly \vc;tkcr \ Y ~ I C I I  

I~lood ~)rcssurc was clctcrn~i~~ctl by :~~~ i l>u ln -  
tory ~iloriilol'ing (co~iil~lctc 24-hour rcco~.cl- 
i~tgs). l ' l ~ i s  \\:as n consistcut obscrv ;~[ io~~ I)otl~ 
\vllcn tlic Ilclgialt sul)jccts alltl tllc Irisl~ ~ I I I -  

j)luyccs wc~x? i~llaly~ctl  scl)aralcly (Ii~hlc 2) 
a l~ t l  \\rhcl~ tlic t\vo sanil~lcs ncl'c co~libiliccl 
(tablc 2 a~lcl figure 1) .  l.-ro111 20 scars of age 
to 60 yCWS of ilgC. Illc1.c \VilS \:ir'tlIillly I 1 0  

illcl~casc i l l  t l ~ c  24-llour systolic bloocl ~)rcs- 
sure (tablc 2 o ~ l d  ligirrc I). l ' l ~ c  incrcasc i l l  

tlrc 24-11ou1. rliastulic I)rcssurc ~ v i t l ~  :~gc was 
also sig~~ilicarilly a l tc~~uatcd  i l l  tllc Iris11 ~ 1 1 1 -  

~,loyccs (tal~lc 2) but 1101 i l l  the Belgian sill)- 
~ C C ~ S  \ V ~ I C I ~  t l~cy \VCI'C : I I I ~ I I Y Z C ~ I  S C I ) ; I ~ ; I I C I ~  
(table 2). 

Relation between blood pressure and 
body m a s s  index 

Ulood prcssurc rl!casurcd by convcntiollal 
means i~lcrcasccl signilicanlly and linearly 
with body rnnss i~idcx in both tlic Delgiao 
su l~cc t s  :111cl tllc Iris11 c~~ij)Ioyccs (figi~rc 2). 

I'llc sloj~cs fur tllc regression of blootl 
~)l.cssu~.c 011 body Inass ilidcx wcrc signili- 
canlly attc~lualccl wllc~i blood prcssure was 
~llcasurcd by ambulntory molliloring (coni- 
1,lctc 24-hour recordings). 'I'l~is was thc casc 
for niost conlparisuns. regardless of wl~ctller 
tlic Ilclgia~i and Iris11 sub.iccts wcrc analyzed 
scl)arutcly or  col~lbillcd (table 3 and figure 
2): only for diastolic ~>rcssurc in tlic Uclgian 
I I I C I I  ;i~id di;istolic I)rcssure in tlic Uelgia~l 
a~icl 11,isll rncli cornbincd did tllc atlcnuatio~l. 
using co~ l~y lc t c  24-llour blood pressure 

ULOOU IJIIESSUIIE v s  AGE 
1401- 130 t  I 

1 1 5 1 . 1 , 105Ll-l-_l-~-1-1- 
20 30 4 0  50 60 70 20 30 40 50 60 70 

A G E  (yeilrs) AGE (years) 

~~LI-._L--_I- L- I.-L- ~~[-J_-I.-L-I--.I--~- 

20 30 40 50 GO 70  20 30 40 50 60 70 
AGE (years)  AGE [years) 

FIGURE 1. Tlie relaliori between syslolic (upper parlels) aid diastolic (lower pariels) blood plessure and age in 
nien (lell pariels) and wornen (riylil ~)anels). llie regression lilies are shown for coriventional (solid lines) and 
a~ribulatory (daslied lines) blood plessure nieasure~nenls. The p values reler lo tlie cornparison of the regressiori 
lilies (liriear arid quadralic regressiorl slopes co~iibined). Belyiali and l~isli subjects were ~)ooled for this analysis. 
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TABLE 2. Diflere~ice i n  blood pressure (ni t i~l lg)  associaled will1 an increase in age from 20 years to 60 
years ill Belgian aiitl Irish subjects . - 

CUP* , AOP' D~llcrence IJ 1 

Oelgiaris 
Me11 (n  = 159) 

S yslolic 19.0 -3.1 12.1 0.007 
Diastolic 1.0.0 i 9 . l  -1.1 0.67 

Wonleri (n  = 169) 
Syslolic -t 10.6 -1.6 12.2 0.0007 
Diaslolic 4.4.4 +2.6 1 .O 0.10 

Iiisli eiiioloyees 
Me11 (11 = 39G) 

Systolic 1-16.9 -I- 1 .0 15.9 0.0001 
Diaslolic 1-11.2 .I-0.6 5.6 0.006 

Wonlen (11 = 380) 
Syslolic -1 20.1 .I 10.1 18.0 0.0001 
Diaslolic -1- 13.8 .I-7.6 6.2 0.0001 

Oolli sarnl~les 
Mcn (11 - 555) 

Systolic -1 9.5 -1 0.7 0.8 0.0001 
Dioslolic -1 6.5 .I-6.9 -0.4 0.55 

Woiiiei~ ( I ,  = 549) 
Syslolic -I. I G.9 4-5.2 11.7 0.0001 
Diastolic 1.5 2 +3.4 1.0 0.002 

Dlood I)ressule was nleasured I)y collverlliorlal alld orl~l~~rlalciry n~cll~ods. CUP, conver~lior~al blood pressure; ABP. ambulalory 
blootl 1)ressul e. 

1 p val~lcs refer lo llie comparisorl belweeii CBP and AUP lor  Il~e 111cdicled cl~ange (cross-seclionally assessed) in blood pressure 
Iron1 20 years lo GO years. 

rcco~~cli~lgs, 11ot allain il Ic\fcl ol' slalistical ;111tl diaslolic blood prcssurc and boll1 age 
sig~~ilicallcc. ( 10, 1 1, 22) anti botly ~ n a s s  itidex (1 0, 1 I ) ,  

at Ic.ilsl \VI ICI I  l~lootl prcssi~rc was recordcd 
Addiliorlal a n a l y s e s  I,y a11 ol)scrvcr ill  tile con\~clltional manner. 

111 1)0111 tIilIi1 XIS, lllc S C S L I ~ ~ S  \\'ill1 rcgill'tl 
to llic oorrclations will1 age and 1,oily niass 
i~iilcx wcre rcprorlucctl \\*lien, instc;ld of 
conll)lc~c 24-l~our- blootl ~,l'cssirrc ~'ccorcli~~gs,  
o ~ i l y  tllc daytime (10:OO a.m. to 8:00 p.111.) 
o r  ~iiglittimc (111itl11igl11 It) 0:OO ;1.111.) i11111111- 
lalory ~ ' eac l i~~gs  wcl.c usetl. 

Wc co~iil,utetl sl;~ntla~.tlizctl rcgrcssion 
cocllicicnts l i ~ r  t l ~ c  rcg~.ession of I)lood ~,scs- 
sure on age elid botly mass i~idcx lo  cxl)lorc 
Ihc i~llluencc of the SiIIlgC of the nlc;lsill.c- 
mcnts o n  lllc comlxlrison of tlic rcgrcss io~~ 
slol)cs. 'l'licsc atlclitio~ial caleulatio~is c o ~ i -  
liriiictl Ihc pl.esclll l i~it l i l~gs i l l  boll] tlic Ilcl- 
gian sul?jccts ant1 tllc Irisli sul?jccts. 

Wit11 usc of ati~bulalory ~noni tor i~lg ,  the in- 
CI'CiISC i l l  blootl I~rcssurc will1 age Was ICSS 
~ ~ r o n o u ~ i c c d ,  wliilc [lie slol)e of ambulatory 
Olootl prcssurc valucs on bocly niass index 
\ifas reclucctl. These ol~scrvations were con- 
sisteiil in two i~l(lcpcndelit data scts wl~ ich  
represented populations that were of dilrer- 
c111 ~lational origins and wcre recruited and 
i~lvcsligatccl io diflcrelll ways. It rclnains to  
hc sccli, liowevcr, whctlicr tile present find- 
ings on the age-rclntccl tlill'crc~iccs bctwccn 
conventional and ambulatory blood prcs- 
sure mcasurcmcnls would be rcprod~~ciblc  
i l l  longitutlin;~l slutlics. 

I'iitie~its taking antil~ypcrlensivc drugs 
\vcre 1101 cligiblc for participation in the 

DISCUSSION 
~ , ~ . c s c ~ l t  slutlies ( 1  2, 13). I-lowever, it is un- 
like1 y that the prcscnt analyses were biased 

'I'liis cross-scclio~ial stutly conlirmcd tlic hp the sclection of tlic 1>arlicipnnts, because 
well-cslal~lislicd ~.claliorls 1,ctwccn systi)lic h o t l ~  lllc Belgian stutly (12) and the Irish 



ULOOU PHCSSUIIE vs  BMI 

20 23 26 29 32 18 20 22 24 26 20 

OUUY MASS ItlUCX (kg/m') OUUY MASS II4DEX (kg/m? 

U o U Y  NASS IIJDEX (kg/m:') UOUY EMSS INDEX (kg/rn7) 

FIGURE 2. ' rhs  r~!ntior~ bc.:tvfeen ~;~slolir, (111)l)er :)31icl~! arid dirlslolic (lower panels) blood pressure and body 
rnass index (weiylil (I:y)/lieiylil (m)') in men (Iclt ~~ariels) and wonien (right panels). The regression lines are shown 
for converilionnl (solid lines) nritl alribulalory (daslied lines) blood pressure measuremenls. The p values reler lo the 
cornpar ison ol Ilie lir~ear- reglession slol~es. Uclginr~ and I~ish subjccls were pooled for Illis analysis. 

study ( 13) illcludctl 10-1 2 l~crccl~t  ur~trcalccl 
11yl)crlcllsivc pnliclits (a systolic 1)l'cssul~c 
>Id10 rn1111-lg or  a di:~stolic ~)rcssurc >YO 
rnli~l lg). 111 atlclilion, sclcclio~i hias slloulcl 
I~avc i11lcclcJ tllc corrclatio~ls wit11 tllc coil- 
vcl~tiorlal i111d an~bulatory blood ~~rcs su l~c  
rc;ulillgs ccluoll y. l ' l ~ c  11rcsc11t lil~clil~gs also 
coulrl not be atlribulcrl lo tllc dilfcrc~~ccs i l l  

lllc rnligcs \)ulwccn the convci~livl~al ; I I I ~  

: ~ ~ ~ ~ b u l a t o r y  bloud ~)rcssilrc n~cirsu~~cn~c'~ils.  
.l'l~c 1)ossil)ility of co~~li)iincling 1.csulting 
h o n ~  tllc E~cl that olclcr and obese 1)crsoris 
iIrc usually less 1)hysically aclivc and rllay 
lIic~.cl~irc Iiavc lower nn~l)i~lalory blootl 1)l.c~- 
surcs Illall youllgcr and Icancr I)cl.suns call 
~~robnbly be discou11tcJ. Il~ilccrl. i l l  lllc [wo . 
tl;~ln sets. tlaytili~c (liom 10:OO a.111. lu X:OO 
I).III.) :111il ~ i i g l ~ t t i ~ i ~ c  ( I - ~ O I I I  ~ ~ ~ i c l ~ ~ i g l ~ t  to 0:OO 

i1.111.) a l~~bulatory rccordi~~gs gave tlie same 
results as coml)lctc 24-l~our rccordi~~gs. 

I t  is unlikcly Lliat tllc ~~l 'cscnl findings are 
tluc to arlifi~cls inlroduccd by llic Sl~aceLabs 
111onitoss. Itldccd, agc-sclatcd cl$xrepancies 
bclwccli convcnliunal and auloln'ated blood 
~~rcssurc sccldings I~nvc not been observed 
durir~g the validaliol~ o r  this oscillo~nclric 
tlcvicc ( 16, 23). In tl~csc validatiol~ studies 
( 1  6 ,  23). s i ~ ~ ~ u l t o l ~ c o u s  convcntiunal and au- 
lomi~tcd ~ncasurc~ncnts \vcl'c obtailicd in the 
~)rcsclicc of an obsc~'vcr. A rcccnt scl>or1 (24) 
dcli~onstri~tcd [lint systolic blootl pressure 
was. on nvcrngc. 5.6 tnrnllg higlles ul)ol~ 
c61ivc1itiol1nl mcnsurcmcnt by two tcchni- 

.ci;llis tliaii upon siliiullaneous registration 
hy lllc auscullntory Acculrilckcs 11 rccortlcr 
(lnutlcl 104: Sulrlccll blcdical Iiislst~~i~cnls. 



Blood Pressure. Age, and Body Mass Index 457 

TABLE 3. Difference in blood pressure (rnmHg) ajsdciated with a 5-kg/m2 increase in body mass index* in 
Belgian and lrish subjects 

CBPt ABPt Difference P S  

Belgians 
Men (n = 159) 

Syslolic +9.3 +5.5 3.8 0.02 
Diastolic +5.7 +4.5 1.8 0.16 

Women (n  = 169) 
Systolic +8.8 +4.7 4.1 0.0001 
Diastolic +4.5 +2.4 2.1 0.005 

lrish employees 
'Men(n = 218) 

Syslolic +6.0 +3.2 2.8 0.04 
Diastolic +5.7 +3.9 1.8 0.05 

Women (n  = 198) 
Systolic -1-8.4 +4.7 3.7 0.03 
Diastolic +5.5 +3.1 2.4 0.02 

Both samples 
Men (n = 377) 

Sy slolic +7.4 t4.1 3.3 0.001 
Diastolic +5.0 +4.0 1 .O 0.1 1 

Women (n  = 367) 
Systolic +8.4 +4.7 3.7 0.001 
Diastolic +3.6 +2.1 1.5 0.01 

Weight (kg)/height (16)'. 
t Blood pressure was measured by convenlional and ambulatory methods. CBP. conventional blood pressure; ABP. ambulatory 

blood pressure. 
$ p values refer lo the comparison between CBP and ABP for the predicted change (cross-sectionally assessed) in blood pressure 

associated with a 5-kg/m2 increase in body mass index. 

Inc., Raleigh, Nortll Carolina) and that con- 
ventional diastolic blood pressure was 6.3 
innif Ig higher. Alicr sex ant1 race were con- 
trolled, the systolic blood pressure clilYcr- 
cnces in the latter study (24) incrcnsctl witli 
age (0.15 mm1-lg per year of age) but 1101 
with body mass index, while the diflkrences 
in diastolic pressure were not rclntetl to age 
or body niass index. An ailifact of similar 
magnitude would be insuficient to com- 
pletely explain the present lindings on the 
correlations with age. In addition, if the 
differences between co~iventional and nuto- 
mated readings publishecl for the Accu- 
tracker I1 are real (24), this device fails to 
fulfill tlie British 1-lypertension Society cri- 
teria for accuracy (25). 

The present study'suggests that oldcr and 
obese sul)jects are more susceptible to tlie 
"white coat cfl'ect" (36-38), i.e., to incrcas- 
ing their blood pressures in response to the 
presence of an observer. I-lowever, ngc and 
body Inass index explained less than 13 per- 

cent oftlie tlifferenccs between tlie two tecli- 
niques of blood pr-esstrre measurement; thus, 
atlditioiial factors must be considered. Tlie 
variability of blood pressure nieasurements 
increases witli the level of blood pressure 
(39, 30) and age (29-3 1). Older subjects tend 
to have impaired baroreflexes (29, 31) and 
older hypcrte~isivcs are more susceptible to 
placebo elTects (32) when blood pressure is 
measured by an observer. 

Tlie sympatlictic system could play an 
iniportant role iii tlie explanation of tlie 
present findings, because tlie white coat ef- 
kct is a mainly sympathetically mediated 
alerting reaction (26-28). In keeping with 
the prcsent findings, plasma norepinephrine 
levels rise witli aging (33), and responses of 
plasma norepinephrine to mental stress are 
larger in elderly sul?jects (34). Along similar 
lincs, overfeeding is associated with an in- 
crcascd sympathetic tone and turnova- of 
norepincplirine (35, 36). In addition, smok- 
ing, whicli in the Bclgian sul$ects was a 



4fiU Slacssctl cl al. 
- 

llli11o1~ li~cloi. i~~vuI\fccl i l l  l l ~ e  i1gc-r-cI;1[c(l c l i l L  
li.rcllccs i l l  iliaslolic I)lood 1)lcssurc bcl\vccl~ 
co i~ \~cr~l ion;~l  alltl ;~r~~l)r~l ;~loi .y  Incasurc- 
IllClllS. c'ollscs iIClIlC syiul)alllclic s l i ~ ~ l i i l ~ ~ l i o i ~  
(37, 38). I ; i ~ ~ n l l y .  l l ~ c  \\tl~itc coal cllkcl (30- 
32) col~ltl I)c lcss wcll I)ulli.~.ctl i l l  oldel per- 

SOIIS as :I c o ~ ~ s c i l u c ~ ~ ~ c  01' i~l~l);~ii,cil bi1roi.c- 
llcscs (29, 31) and lllc g~.calcl. s~il'l '~~css 01' 
Il~cir. ;~~.Ieries (22. 39). 

A ~ ) l r c ~ ~ o ~ ~ ~ c ~ t v r ~  ar~;~lugous lo lllc I,r'c,scrIl 

l i l~dil~gs II;IS been tlcscribcd as occun.ii~g 
\v l~c i~  I)loorl I)rcssilrc is t l ~ c  i~lrlcl)c~~rlcr~t vnri- 
a l~ lc  uscil tu 111'cclicl t l ~ c  il~cidcrlcc ol'car-dio- 
\lascul:~~. coil~l)licnlio~~s (4U-42). 'l'llc I)luod 

~)rcss~rr-c ~.carl i~~gs oblai~ictl a1 b ;~sc l i~~c  i l l  

lo~l[:ilucliilill sruclics arc si~L!J'eet 10 I . ; I I IC~UI I~  
\~ ;~~. in l io~i ,  bccausc of l l ~ c  i1111)sccisiorl of l l ~ c  
I I I C ; I S I I ~ ~ I I I ~ I I ~  ~)roccss ;111tI lc111/)01.;1ry iIc\lii\- 

l i v ~ ~ s  of I)lovcl ~ ~ ~ . c s s u r c  I'I.~III Illc usual lcvcl 
( . lO.  43). \ \ ' I I ~ I I  iI l i ~ ~ c a r  ~ l ~ o d c l  is i~pl)lical)lc, 

l l~is  rcsi~lls i l l  ;I s)lslc~~ialic u i~dcrcs l i~na l io~~ 
ul' lllc slol~c of l l ~ c  reill :~ssocialior~ I)clwcc~l 
usu;ll I~lood ~)l.cssurc ancl r l~c i i ~ c i t l e ~ ~ ~ c  01' 
c~a~.diovasculnr- C O I I I ~ ) ~ ~ C ~ I ~ ~ O I I S .  I ' l~is pllc- 

I I O I I I ~ I I O I I ,  I ~ ~ I I I C ~  "rcg~.cssio~~ cl i l l~t i t )~~ l)i;~s" 
(40--42). call I)c :lllcvi:ilccl by p l o l l i l ~ ~  l l ~ c  
i~ic-idcr~cc 01' C ; I I . J~~V~ISCUI: I I .  co~nj)lic, ,I l' lolls 

i ~ g a i ~ ~ s t  a n  ur:l)insccl csli~~intc' uf lllc usiral 
I~lovd ~)rcssurc. 'l'llc lallcr 111ily I)c ul)laiilcd 

I?!! : il~~l)ulatory blood ~)l.cssrrrc r~~or~i lur i  11.g 

( I ,  2, 44). 
'1.11~ 111.esc11l Ii11di11gs I I I : I ~  11i11.c i1111jIici1- 

lior~s li)r clir~ical arltl cl)iclc~~~iologic stu~lics 
i l l  wl1ic.11 I)loocl pressure is lllc rcsl~oi~sc vori- 

;ll)lc. Ai11b11li1Ioi.y bloutl prcssu~.c ~ ~ ~ o ~ ~ i l v r -  

ing. 1)s l)rovicli~~g an  cstiilli~lc o f  n sul~cct 's  
usui~l blood l)i~cssu~.c. Inny be ~)a~~Iici i l ;~~. ly 
11scI'i11 for dctcr111i11i11g Ihc t r i ~ c  cllkcl 01' a11 
cll'cclo~' v;~riaOlc on blood I)l.cssurc. I - ~ I '  in- 
slal~cc. il is l~ossiblc t l~a l  tllc rise i l l  co11vc11- 
l i o ~ ~ n l  bloorl ~)i~csstil~c \villi age (10. 1 1 .  27) 
rcllccls li~i~inly an age-related il~crcasc i l l  lllc 
alc~.li~ig ~ ' c a c l i o ~ ~  lo tllc o[)scr\~cr (20-78) allcl 
l l~nt  tllc lruc el'l'ccl uf aging on usu;~l \)loud 

~)~'cssurc is lcss I ~ ~ ~ I I U L I I I C C ~ .  Sy~~il) :~l l~cl ic  

s l i ~ ~ ~ u l a l i o r ~  ilot only increases bluutl prcs- 
s~1r.c I)ul alsu luwcrs scriiin ~)ulassiull~ (45. 
46). l l ~ i s  111~1s cxpIail\ \VIIS ~I:ISIII :I  1 ) ~ I i l S -  

siu~ri is negatively co~.rclalccl wit11 bloutl 
~)rc.ssur.c w l ~ c l ~  blood j)rcss~r~~c is i~~casur.cil '& 

ill tllc e o ~ ~ v e ~ ~ ~ i o i ~ i ~ l  I I ~ ~ I I I I I ~ S  (47). S ~ I I I ~ ~ ~ I I . ~ ~ ,  

sluclics rcl,oriil~g weak associatiul~s bclwcc~l 
I~loocl prcssurc its Ihc ~sl>oiisc variable anel 
ollicr ~ ~ l c i ~ s i i r c ~ ~ ~ c ~ ~ t s .  sucl~ as blood Icacl (48) 
or sotlii~l~l ii~takc (1 1 ,  49), niay ~ ~ c c d  lo be 
rcevaluatecl to iiive'sligatc wlietl~cr llle prc- 

s\lillcil cflkcls on blood ~~rcssurc call be con- 
1i1.111cd ~ I I C I I  lllc obscrvcr cll'cci is avoided 

I)y all~bulalo~,y blood prcssurc 111oililo1'ing. 
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