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Resumo

A hipertenséo arterial sistémica (HAS) é um dosaqppais fatores de risco para a
instalacéo e progresséo das complicacdes cronicdmbletes melito (DM) tipo 2.

A medida da pressao arterial (PA) através da mazatgdo ambulatorial da PA
(MAPA) apresenta melhor correlacdo com o desenv@nio de lesbes em érgdos-alvo do
que a medida no consultério. Aléem disso, permitvaliacdo de parametros pressoricos
distintos como as médias das PAs sistdlica e diestdas 24 h, do dia e da noite, cargas
pressoricas e auséncia do descenso noturno, alétertdicacdo de pacientes com HAS
do avental branco e mascarada.

Os pacientes com DM apresentam maiores médias d#iuP@a e noturna do que
os sem DM. Além disso, um terco do pacientes nansats com DM tipo 2 apresentam
HAS mascarada, que esta associada a um aumentibudairairia e da espessura das
paredes do ventriculo esquerdo. Por outro ladogwafEncia e o efeito da HAS do avental
branco nos pacientes com DM ainda nao foram adeguate avaliados. A determinacao
da auséncia do descenso noturno da PA ndo acraseimacdo as medidas da PA nas
24 h, no dia ou na noite, mas a medida da PA nafpanece ser relevante na retinopatia do
DM.

Em conclusao, a determinacdo da PA através da MARApaz de estratificar de
forma mais adequada os pacientes em risco parasenddvimento das complicacdes
cronicas do DM e tornou-se um instrumento indis@eelspara o controle efetivo da PA

nestes pacientes.



Abstract

Hypertension is one of the main risk factors fag tinset and progression of chronic
complications in type 2 diabetes mellitus (DM).

Ambulatory blood pressure (BP) monitoring (ABPM)opides a better correlation
with target organ lesions than BP obtained in tifieeo Furthermore, it allows the evaluation
of distinct BP parameters such as the 24-h, daynm nighttime systolic and diastolic BP
means, BP loads and the absence of nocturnal dr@&®Ppas well as the identification of
white-coat and masked hypertension.

DM patients have higher daytime and nighttime BRansethan non-DM patients. In
addition, one third of normotensive type 2 DM patsehave masked hypertension, which is
associated with an increase in albuminuria ancefinventricle wall thickness. On the other
hand, the prevalence and effect of white-coat hgperion in type 2 DM patients have not yet
been properly evaluated. The absence of nocturogl af BP does not add information to the
24 h, daytime or nighttime BP measurements, buhitjettime BP means seem to be relevant
in DM retinopathy.

In conclusion, BP determination by ABPM allows bketpatient risk stratification for
the development of DM chronic complications andnsessential instrument for effective BP

control in these patients.
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Pressao Arterial e Diabetes Melito

O diabetes melito (DM) tipo 2 esta associado asewolvimento de complicacdes
cronicas microvasculares e macrovasculares de delevmrbi-mortalidade’. Os fatores de
risco classicos e melhor estudados para o desemasito e progressao das complicacbes
cronicas do DM séo o tempo de doenca, a hipergigean hipertensédo arterial sistémica
(HAS), a dislipidemia e o tabagismo, além de fatogenéticos®. O tratamento da
hiperglicemia e da HAS resulta em prevencéao pren@rieducao da progressao da retinopatia
diabética (RD) e nefropatia diabética (NE) A HAS parece ter particular importancia, pois
a reducado da pressao arterial (PA) de 154/87 mrpafg 144/82 mm Hg no estutimited
Kingdom Prospective Diabetes Sudy (UKPDS) resultou em reducdo de 37% no
desenvolvimento de complicagcbes microvascularesamiq que a reducdo observada para o
tratamento intensivo da hiperglicemia foi apenag&fe’*°.

A HAS é prevalente nos pacientes com DM tipo 2aresd presente em 30% no
momento do diagnéstico do DM e em até 73% durargewcurso clinido™. No entanto,
alteracbes da homeostase pressoérica podem oconrgraeientes com DM sem qualquer
evidéncia de doenca reffat®

O objetivo do presente trabalho é revisar as @des pressoricas presentes em
pacientes com DM e determinar o papel da monitgii@aeambulatorial da PA (MAPA) na
identificacdo destas alteracdes e a sua indicag@oatica clinica.

Monitorizacdo Ambulatorial da Pressao Arterial

A MAPA comecou a ser realizada na década de 6(hdguéoram desenvolvidos
equipamentos nédo invasivos capazes de medir a Pa#téuas 24 h, enquanto o paciente
estivesse desenvolvendo as suas atividades diiiasiais. O primeiro aparelho de MAPA

era volumoso, utilizava o método auscultatorio aelicla da PA e necessitava de insuflacéo



16

manual®. Somente na década de 70 foi desenvolvido umnsisteortatii de MAPA que
possibilitou a sua utilizacdo em pesquisa e nacarétinica. Todavia, estes aparelhos ainda
eram pesados e utilizavam o método auscultatotie,dgpendia da presenca de um pulso
braquial palpavel e amplo, mas ndo necessitavamsd#éacido manual.

Atualmente, a MAPA realiza a medida da PA nas 2&rdwvés de um aparelho portatil
totalmente automatico constituido de um monitoap®ximadamente 350 g que é acoplado
na cintura do paciente e é ligado a um manguitcbalgacha convencional (como os
utilizados para a medida da PA no consultorio)vaésale uma canula de borracha flexivel. O
manguito é colocado no braco ndo dominante do mpi@cie realiza medidas de PA com
intervalos de tempo que sédo ajustadossoftware do monitor utilizado. Tipicamente, sao
realizadas medidas a cada 15-30 minutos durania ® oite. A medida da PA é realizada
pelo método oscilométrico, que capta as oscilacaesadas pelo fluxo de sangue que se
inicia apds a desinsuflacdo do manguito. As os@dagniciam antes do primeiro som de
Korotkoff (PA sistdlica) utilizado pelo método auftatério e termina apds o quinto som de
Korotkoff (PA diastolica). A maior oscilacdo capaggelo aparelho € a PA média. Os valores
de PA sistélica e diastdlica registrados no aparedfio derivados através de formulas
matematicas estabelecidas para cada marca de monito

Para que um monitor possa ser utilizado em pesquisaa pratica clinica, deve-se
realizar a validacdo contra medidas obtidas pelodomatro de mercurio, que continua sendo
o método padrdo de medida de'PAs monitores validados conforme protocolo8désh
Hypertension Society (BHS) ou da Association for the Advancement of Medical
Instrumentation (AAMI) podem ser identificados no site:

http://www.dableducational.org/sphygmomanometersées 3 abpm.htm.



17

A maioria dos estudos que relacionam a medida da BAlesenvolvimento de leséao
em oOrgdos-alvo, em pacientes com HAS essencial aonsem DM, foram realizados
utilizando como referéncia a medida da PA no caésal*®!’ No entanto, estudos recentes
tém demonstrado que a medida de PA através da Madee@senta melhor correlagdo com os
desfechos de interesse do que a medida da PA molt@mio®'® Além disso, a adocéo das
medidas da MAPA como parametro para acompanhantenfgacientes em tratamento da
HAS foi superior na predicdo de desfechos cardmyiases em comparacdo com a simples
medida da PA no consult6ffo

A utilizacdo da MAPA permite a analise de paranse#ig entdo impossiveis de serem
registrados através da medida de PA no consultédmo as médias de PA sistolica e
diastolica de 24-h, do dia e da noite; as cargasspricas e a auséncia de descenso noturno
da PA. Além disso, permite a identificacdo de duas noedsgorias de pacientes: com HAS
do avental branco e com HAS mascarada. Cada umesdestametros sera detalhado a seguir.

Valores Pressoricos Médios

Os valores pressoricos médios sdo determinadogeatide calculo de médias das
medidas realizadas no periodo das 24 h. As méda®As diurnas e noturnas sao definidas
com base no periodo de vigilia e sono relatado patiente no dia do exame. Os valores
obtidos em cada uma destas medidas se correlacioomnaumento da massa do ventriculo
esquerdo e maior mortalidade cardiovascular e gergopulacdo em gefaf® A partir dos
valores pressoéricos medios é possivel calcularesspo de pulso (PA sistolica — PA
diastolica), que € um marcador de maior rigideeriait

Cargas Pressoricas

As cargas pressoricas sao definidas pela porcentaigemedidas de PA acima de

valores previamente definidos: 24-h e Hizt0/90 mm Hg e noite120/80 mm Hg. Cargas
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pressoricas <20% séao consideradas normais, en8%0ntermediarias 850% elevadas. A
elevacdo na carga pressorica esta associada cemvdesmento de lesdo em 6rgao-ai/o,

Auséncia de Descenso Noturno da Presséo Arterial

Existe uma variagcdo circadiana fisioloégica da PA §icaracterizada por valores mais
baixos de PA durante o sono. Ocorre, tipicamemt® queda da PA noturna maior que 10%
em relacdo a média da PA diurna. Desta maneiras@naia de descenso noturno da PA é
definida pela queda de PA noturna <10% ou indiéeefaia (N/D) (PA noturna/PA diurna)
>0,9'. Este célculo é realizado para os valores sis®lie diastdlicos. A auséncia de
descenso noturno da PA esta associada ao deseneotei de lesbes em Orgdos-alvo e
aumento de mortalidade em diversos conté%tds

Hipertensdo do Avental Branco

A HAS do avental branco é definida como presenchlA8 nas medidas de PA de
consultério (PA>140/90 mm Hg) em pacientes com valores normaisAlasPMAPA (PA
<135/85 mm Hg nas medidas diurnas). Estes paciegpessentam de 20-30% da populacéo
dos individuos hipertensds Os pacientes com este diagnéstico sdo tradicimmee
considerados como normotensos e sem necessidatataleento. Esta conduta é baseada
nos estudos iniciais que demonstraram que estegidnds ndo apresentavam eventos
desfavoraveis durante o curso clinico da do@ficaNo entanto, a andlise criteriosa destes
relatos demonstra que os pacientes apresentaraor teséio em 6rgdos-alvo em relacdo aos
pacientes com HAS, mas ambos em vigéncia de tratamanti-hipertensivo, pois na
logistica dos estudos o0s pacientes eram acompasleaiatados pelo seu médico assistente,
qgue nao tinha conhecimento dos resultados do MARI&fimia a conduta terapéutica com

base nos resultados da PA do consultério.
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Estudos mais recentes demonstraram que os paceamte$iAS do avental branco
apresentam maior hipertrofia de ventriculo esquféreanaior mortalidade cardiovascufar
em comparacdo com os individuos normotensos. Bstesdos apontam para um grupo de
pacientes com HAS de gravidade intermediaria eac@el aos normotensos e hipertensos,
isto é, apresentam maior lesdo em oOrgaos-alvo damgwnormotensos, mas quando tratados
da mesma maneira que 0s hipertensos apresentarmresllesfechos clinicos do que os
altimos.

Hipertensdo Mascarada

A mais recente categoria de pacientes definidaspeladidas da MAPA € a de
pacientes com HAS mascarada ou pseudonormotengaan@viduos com PA normal no
consultério (<140/90 mm Hg), mas classificados cdnprtensos na medida da PA diurna
da MAPA £135/85 mm Hg) e representam 10-20% dos individwwa €A normal no
consultérié®. Estes pacientes apresentaram risco para evemmi®vasculares semelhantes

3

aos individuos hipertenss?*® reforcando a superioridade da medida da MAPA na

defini¢cdo do risco cardiovascular.

Monitorizacao de Presséo Arterial em Pacientes cobiabetes Melito

A maioria dos estudos a respeito de padrdes piegs@m pacientes com DM relata
alteracBes nos valores da PA nas 24 h, mesmo dmigisgnostico de HAS® A anélise de
cada um dos parametros da MAPA em pacientes cons@®&ldiscutida, de forma detalhada,
a seguir.

Valores Pressoéricos Médios e Diabetes Melito

Os pacientes com DM tipo 1 apresentam maiores mé@id@A de 24-h, tanto sistolica

quando diastélica, em comparacéo com os contretasivi®’
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A associacdo entre ND e aumento dos valores absotle PA na MAPA foram
demonstrados até mesmo em estagios precoces darégs’. Um estudo realizado pelo
NOsSso grupo em pacientes com DM tipo 1 demonsteuiredividuos normoalbumindricos e
hiperfiltrantes (filtracdo glomerular >134 ml/mir78 nf) apresentaram maior PA diastdlica
noturna quando comparados com pacientes normaofi##a Da mesma forma, a anélise de
117 pacientes normoalbumindricos com DM tipo 1 daabharca, agrupados a partir da
mediana da excrecdo urinaria de albumina (EUA) (EUA 2 ug/min), demonstrou que 0s
paciente com albumindria mais elevada apresentavaiores niveis de PA sistdlica nas 24 h,
diurna e noturna além de maiores médias de PAGlizsinas 24 h e durante a nditeEstes
dados foram confirmados em um estudo prospectiaizaglo em pacientes com DM tipo 1
normoalbumindricos, no qual os pacientes que pdigna para microalbumindria
apresentavam maiores niveis de PA diastélica dei@uiia na avaliacdo inicfal Resultados
semelhantes foram identificados em um estudo teaisal/realizado em pacientes com DM
tipo 2 normoalbumindricdd As médias das PAs nas 24 horas e as pressdesisie p
apresentaram correlagcdes positivas e significamdesa medida da EUA em uma amostra de
90 pacientes brasileirbs Da mesma maneira, maiores médias da PA nas 2duima e
noturna, maiores PAs de pulso e cargas pressdocas descritas conforme a progressao
para graus mais avancados da ND (microalbuminumi@&oalbuminuria) em pacientes com
DM tipo 2> Em um estudo transversal realizado no nossoaerim 270 pacientes com
DM tipo 2, os valores médios da PA nas 24 h, noedia noite apresentaram correlacoes
positivas e significantes com a EUA e com a massaedtriculo esquerdd Os resultados
das PAs sistélicas foram os mais consistentes e mamer magnitude de associacdo e

permaneceram relacionados ap0s ajustes para pedateees de confuséao.
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Resultados semelhantes foram descritos para aias@oentre as meédias da PA na
MAPA e a RD. O aumento da PA diastolica noturnaasociado com a presenca de RD em
um estudo transversal em pacientes com DM tipmandarquesé& Da mesma maneira, em
uma coorte de pacientes com DM tipo 1 brasilemd3A diastdlica do dia e das 24 h previu 0
desenvolvimento e a progressdo da*RDlos pacientes com DM tipo 2, um levantamento
transversal estabeleceu um aumento progressivoaloses de PA sistolica e diastélica das
24 h, do dia e da noite conforme a gravidade d&¥RD

A avaliacdo da associacdo dos valores médios daaPVMAPA e a presenca de doenca
macrovascular somente foi analisado de forma teasal’e em pacientes com DM tipo 2. As
meédias de PA sistélica e diastolica do dia, daeneih PA de pulso foi maior nos pacientes
com diagnéstico de doenca macrovasélilar

Cargas Pressoricas e Diabetes Melito

A existéncia de associacdo entre maiores cargas@ieas e aumento da EUA foi
demonstrada em pacientes com DM tid*1e tipo 2°. Recentemente, correlacdes entre as
cargas pressoricas e a EUA, massa do ventriculee$m espessura interventricular e parede
posterior do ventriculo esquerdo em pacientes cdmtipo 2** foram demonstradas pelo
nosso grupo. Da mesma maneira, a presenca de BEaessociada com maiores valores de
carga pressorica diastélica noturna nesta mesmstante pacientés

Auséncia do Descenso Noturno da Pressédo ArteriaDeabetes Melito

Uma elevada prevaléncia de auséncia de descensmoata PA foi observada nos
pacientes com DM tipo4*’ podendo atingir até mesmo 78% dos pacientes empa@caio
com 39% dos controles sem BM Estas alteracdes nas medidas da MAPA se cdoeian

com a presenca de neuropatia autonémica cardidaag®NAC)*®“*® Os estudos realizados

em pacientes com DM tipo 2 apresentam resultadoelbantey’. Fogari et al. analisaram
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199 individuos (96 com DM tipo 2 e 103 sem DM) endastraram que oS pacientes com
DM apresentavam uma maior prevaléncia de anornteglalo descenso noturno (sem
descenso ou aumento paradoxal da PA durante a) mmiterelacdo aos controfésEsta
diferenca foi semelhante na presenca ou ndo de KB®36 vs. 31% nos com DM
normotensos e hipertensos e 6,0% vs. 6,4% nos otemtrsem DM normotensos e
hipertensos, respectivamerife)

A maior prevaléncia de auséncia de descenso notoosoestudos realizados em
pacientes com DM tipo 1 em comparacéo aos com PBI2i (78 vs. 30%§3" pode estar
relacionada a maior descompensacédo do DM nos pase\ hiperglicemia altera o volume
plasmatico circulante, podendo interferir na hemadiica renal e distribuicdo do fluxo
sanguineo, alterando o descenso noturno normahdAlBm disso, a insulina apresenta um
papel importante na regulacdo do sistema nervoson@amo. A melhora do controle
glicémico por uma semana em pacientes com DM daoligiminuiu as médias pressoricas
da MAPA e aumentou a queda da PA durante afipitforcando a teoria exposta.

A auséncia do descenso da PA durante o sono talaatd em filhos de pacientes com
DM tipo 2, ndo sendo encontradas diferencas empaelaos controles, isto €, individuos sem
histéria familiar de DM°. No entanto, em um subgrupo de n&o-diabéticos kistdria
familiar de DM tipo 2, mas que ja apresentavam NfCdemonstrada menor queda da PA
durante a noif8 confirmando a impressdo de que a auséncia demsaoturno é uma
caracteristica relacionada ao DM, presente até mesmindividuos suscetiveis mas sem a
expressdo clinica do DM, e determinada pela presateg NAC. Posteriormente, foi
demonstrado que pacientes com DM tipo 1 normotemsmsmoalbuminudricos sem descenso

noturno apresentavam maior prevaléncia de testasNyaC alterado¥. Nestes, a auséncia
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de descenso noturno se correlacionou com a EUAatise de regresséo linear multiija
sugerindo uma associagao entre auséncia de desu®nsoo e maiores niveis de EUA.

No entanto, a contribuicdo da auséncia de desgc®itamo para o desenvolvimento e
progressao das complicagcfes cronicas do DM perraarmtroversa. A maioria dos estudos
que analisaram este parametro da MAPA enfocaragsendolvimento e progressao da ND.
Alguns autores encontraram resultados positi8$2°°enquanto outros ndo foram capazes
de estabelecer esta rela@d°® A maioria dos estudos foi realizada com delineame
transversal ou de casos e de controles, sugerpeltaa associacdo entre o fator em estudo
(descenso noturno) e o desfecho (ND), e algunsapt@m andlise estatistica e interpretacéo
de dados suscetiveis a crita8 Apenas 2 estudos foram prospectivos, ambos entesate
pacientes com DM tipo 1 normoalbuminuricos, e acamharam 0S pacientes até o
desenvolvimento de microalbumindfia’. No primeiro deles, a associagéo entre auséncia de
descenso e desenvolvimento de microalbuminuriapadeseeu apds controle para duragcédo do
DM®°. No segundo estudo, esta associacéo so foi egid@nMAPA realizada no seguimento
dos pacientes (e ndo na avaliacdo basal) sugeguel@ surgimento da microalbumindria e
aumento da PA noturna sejam concomitaiit®s

Um aspecto até o momento néo levado em consideragdaterpretacdo dos dados
destes estudos é o valor médio da PA dos pacisatesiescenso noturno da PA. A maioria
dos resultados aponta para maiores valores de RBAdicas e diastdlicas nos grupos de
pacientes que progridem para microalbumindria ¢dgéss mais avancados de lesdo rérfal
e, desta maneira, a elevacédo das médias de PAagp@ansavel pelos piores desfechos e nao
a auséncia do descenso. Por este motivo, realizamm®studo a fim de determinar a
importancia relativa de diversos parametros pressr em relacdo a desfechos

microvasculares (ND e RD) e alteracdes estrutwaidiacas (massa do ventriculo esquerdo,
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espessura do septo interventricular e da paredermrsdo ventriculo esquerdo) em 270
pacientes com DM tipo*2 Os valores médios de PA, principalmente as meditdlicas na
MAPA, apresentaram correla¢cdes mais consistentiEsreaior magnitude com os desfechos
do que os indices N/D da PA. Em relacdo a EUA esspas das paredes do ventriculo
esquerdo, os indices N/D perderam a associacaooapapistes para potenciais fatores de
confusdo. A PA noturna e o indice N/D da PA diasadloram mais relevantes e agregaram
informacé&o aos demais valores da PA somente quaddsfecho analisado foi a RD.

Hipertensdo do Avental Branco e Diabetes Melito

A prevaléncia de hipertensédo do avental brancinfoialmente descrita como sendo
maior nos pacientes com DM, podendo chegar a 74%pacientes com DM tipd®le 51%
nos com DM tipo Z. Posteriormente, estes achados foram contestatipa@entes com DM
tipo 2. Nielsen et al. encontraram uma prevalémbga avental branco de 23% nos
normoalbumindricos, 8% nos microalbumindricos e 886 macroalbuminuric8$ Desta
maneira, 0s pacientes normoalbuminudricos ndo dhferida prevaléncia esperada para
pacientes hipertensos essenciais (20-309) pequena prevaléncia de HAS do avental
branco nos pacientes com microalbumindria e mamwoaihuria é devido a alta incidéncia de
HAS estabelecida nestes grupos. Estes dados nam fogplicados e a repercussao do
diagnéstico da HAS do avental branco nas complesacéronicas do DM nao foram
adequadamente avaliadas até o momento.

Hipertensdo Mascarada e Diabetes Melito

A prevaléncia da HAS mascarada em pacientes comtifhV® é de 3094, maior do
que a relatada na literatura para individuos sem(DO20%5°. O efeito da HAS mascarada
sobre as complicacdes cronicas do DM somente &diaalo em um estudo em pacientes com

DM tipo 2 brasileiro&’. Foi observada maior EUA, maior prevaléncia demliintria normal-
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alta, microalbumindria e macroalbuminuria (Figujaelmaiores espessuras das paredes do
ventriculo esquerdo. Estas associacoes foram indeptes das medidas da PA no

consultorio.

Indicacbes de Monitorizacdo Ambulatorial da PressacArterial em Pacientes com
Diabetes Melito

As indicacgOes classicas para a realizacao da M&mApacientes com DM tipo 1 e 2,
presentes Nos consensos nacionais e internackAmiss mesmas dos pacientes senf' iV
(1) suspeita de HAS do avental branco, (2) avadia#&i HAS resistente (PA ndo controlada
no consultorio apesar do uso de 3 ou mais antHdeipgivos com mecanismos de acao
diferentes), (3) HAS episddica (medidas da PA nosuotiério normais ou elevadas com
historia de medidas casuais maiores detectadas @memntos episodicos), (4) suspeita de
episodios de hipotenséo, (5) avaliacao da efidécapéutica anti-hipertensiva.

Diante dos dados expostos nesta revisdo, propdeaseampliacdo nas indicacdes
classicas de realizacdo da MAPA em pacientes com WiBto que 30% dos pacientes
normotensos com DM tipo 2 apresentam HAS mascaesdaciada com aumento da EUA e
da espessura das cavidades cardiacas, e que atlfAanesta associada com a presenca da
RD, recomenda-se a realizacdo da MAPA em todosogmes com DM, a fim de que seja
possivel a realizacédo do diagnoéstico da HAS madaaavaliacdo da PA noturna.
Consideracoes Finais

O estudo da homeostase pressoérica, atraves da MA®A, possibilitado o
esclarecimento do papel da HAS no desenvolvimeatiesbes em O0rgaos-alvo em pacientes
com HAS essencial. Além disso, permite a analiseal@s classes de hipertensos (ex: HAS

do avental branco e HAS mascarada) e de variagsixmdas a PA até entdo ndo estudadas
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(ex: cargas pressoricas e auséncia do descensmamata PA) e que alteram o prognostico
dos pacientes em risco.

A transposicdo destes resultados para os individoos DM tem confirmado a
maioria dos achados e assim agregado dados nowgomueitos ja estabelecidos. Os
pacientes com DM apresentam uma elevada preval&eiddlAS mascarada que esta
associada com leséo renal e cardiaca. A prevalanziefeito da HAS do avental branco nos
pacientes com DM ainda necessita de avaliacdo oniégsiosa. Os piores desfechos renais
atribuidos a auséncia de descenso noturno da R¥grarser, na verdade, decorrentes de
maiores valores das médias de PA na MAPA. A PAmate os indices N/D da PA parecem
ser importantes apenas para o desenvolvimento da RD

Em conclusdo, a determinacdo da PA através da MARApaz de estratificar de
forma mais adequada o0s pacientes em risco parasenddvimento das complicacdes
cronicas do DM e tornou-se um instrumento indispealspara a avaliacdo da PA nestes
pacientes. Ensaios clinicos com o tratamento deb&#eado no controle de cada um dos
parametros da MAPA sdo necessarios a fim de estayeb real beneficio renal, ocular e

cardiovascular desta estratégia no tratamento dergas com DM.
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Abstract

OBJECTIVE: To evaluate the impact of masked hypertension (MHhormotensive type
2 diabetes mellitus (DM) patients on microvascwamplications and echocardiographic
parameters.

RESEARCH DESIGN AND METHODS: A cross-sectional study was conducted in 135
normotensive patients with type 2 DM. Patients uweat urinary albumin excretion rate
(UAER) measurement, echocardiography and 24-h aattoyl blood pressure (BP)
monitoring (AMBP). Patients with increased daytiBB levels £135/85 mm Hg) were
classified as MH.

RESULTS: The prevalence of MH was 30% (n = 41). Normotessiand MH, based on
AMBP, were not different in terms of age, DM duoati smoking habit, BMI, waist
circumference, serum creatinine, glycemic or liprdfiles. The office systolic BP was
higher in the MH (127.8 £ 7.5 vs. 122.9 £ 10.2 mmy, ¥ = 0.003) than normotensive
group. UAER was also increased in the MH group 32(.5 - 1223.5) vs. 8.1 (1.0 -
1143.0)pg/min, P = 0.001], as well as the interventricidaptum (1.0 0.15 vs. 0.94
0.13 cm, P = 0.015) and posterior wall thicknes9& 0.12 vs. 0.9Gt 0.10 cm, P =
0.006). After adjustments for DM duration, sex, &mg, LDL-cholesterol and Alc
values, all associations were sustained for daysgstolic BP but not for office systolic
BP.

CONCLUSIONS: Type 2 DM patients with MH have higher UAER andaegement of
ventricular walls compared with the normotensiveguas according to ABPM. Therefore,
ABPM monitoring is important to identify this higiisk group so as to be able to take
interventionist measures.

Keywords: masked hypertension, type 2 diabetes, nephropatéff ventricular

hypertrophy.
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Hypertension is a major risk factor for the devet@mt and progression of chronic
complications in type 2 diabetes mellitus (DM) 2).; Blood pressure (BP) evaluation over
a 24 h ambulatory BP monitoring (ABPM) period ctates better with outcomes than
ordinary office BP measurements in both hyperteess(8) and the general population (4).
In addition, systolic ambulatory BP is associatathwhe urinary albumin excretion rate
(UAER) even in normoalbuminuric type 2 DM patielff§. The ABPM also allows the
analysis of other BP parameters, otherwise not miected by the office BP evaluation,
such as nocturnal dipping patterns, presence ofevdoiat hypertension, BP loads and a
novel subgroup of patients with masked hyperten&dn

Masked hypertension is defined by elevated meatirdeyBP levels at 24-h ABPM
(BP =135/85 mm Hg) in office normotensive individualsP(B<140/90 mm Hg). In a
population based study it was detected in 9% ofitlokviduals tested (7). Before the
ABPM became available, these patients were notcteeteand were believed to have the
same risk for cardiovascular events as the normsoterpopulation. However, emerging
evidence shows that masked hypertension is asedciaith higher left ventricle wall
thickness (7) and increased cardiovascular mortéfi} in comparison to normotensive
individuals.

This issue has yet to be examined in patients @ithand the aim of this study is
to analyze the impact of masked hypertension inetgp DM patients concerning

microvascular complications and echocardiographrameters.

Research Design and Methods
Patients
A cross-sectional study was performed in 135 ptdievith type 2 DM selected

from a cohort of 270 patients followed since 198tha outpatient clinic of the Hospital de
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Clinicas de Porto Alegre. The inclusion criteriareva diagnosis of type 2 DM (>30 years
of age at onset of DM, no previous episode of katlwsis or documented ketonuria, and
treatment with insulin only after 5 years of diagisd) and BP levels at office evaluation
<140/90 mm Hg on at least 2 occasions during a 6tmperiod and in the day of office
and ABPM examination. Patients with creatinine >h@&/dl, other renal diseases, cardiac
arrhythmia or postural hypotension were excluddte Ethics Committee of the hospital

approved this study, and informed consent was bdairom all patients.

Patient evaluation

Patients underwent an interview and clinical exatam to record demographic
and anthropometrical data, as previously descrig®d Indirect ophthalmoscopy was
performed through dilated pupils by an ophthalmisiognd for the purpose of this study
patients were classified only according to the gmes or absence of any degree of diabetic
retinopathy.

BP evaluations were performed one week after wadf from all medications
with antihypertensive effect. The mean of two @fiBP examinations, measured with a
mercury sphygmomanometer using the left arm and thié patient in a sitting position,
after a 5-minute rest, on the same day of ABPM, eassidered for the analyses. ABPM
was performed by oscillometry (Spacelabs 90207jalserumbers 207/024751 and
207/038016, with calibration certification), withl®-minute interval in the daytime and
20-minute interval in the nighttime periods. Patsewere advised to maintain their usual
daily activities. Sleep time was recorded as th@odebetween the time when the patient
went to bed and the time when the patient woke ruphe next morning. All ABPM
evaluations were performed on a normal workday. TWeans of 24-h, daytime and

nighttime systolic and diastolic BP were recordesiyell as BP loads (percentage of 24-h
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and daytime BP measurement$40/90 mm Hg and nighttime120/80 mm Hg). The
patients BP status was classified according to ABRt: normotension (daytime
ambulatory BP mean <135/85 mm Hg) and masked hgpp&idn (daytime ambulatory BP
mean>135/85 mm Hg) (10; 11).

Echocardiograms (n = 10@ere obtained according to the recommendationkeof t
American Society of Echocardiography (12) usinghdéaid parasternal and apical views
with subjects in the partial left decubitus positiusing a commercially available
instrument (Hewellet Packard sonus 1000). Left niewiar mass was calculated based on
wall thickness and was adjusted to the body surdaea. The cardiologist who performed
the echocardiograms was unaware of the subjeatscal or laboratorial characteristics.

The glomerular filtration rate (GFR) was estimatesing the formula of the
Modification of Diet in Renal Disease (MDRD) Studi86*[serum creatininé™>*age
0-203%(0.742 if female)*(1.210 if African-Descendant}]3).

Patients were classified according to UAER intordugs: low-normoalbuminuric
(UAER <10 pg/min, n = 69), high-normoalbuminuric (UAER 10 — §/min, n = 22),
microalbuminuric (UAER 20-19%ig/min, n = 36) and macroalbuminuric (UAER00
pg/min, n = 8), based on 24-h sterile and timedeudollections, 2 of 3 samples, 6 months
apart. Those patients using ACE inhibitors or atagisin receptor blockers had these

medications stopped one week prior to urine catbact

Laboratory methods

UAER was measured by immunoturbidimetry (MicrolAlmes- Bayer, Tarrytown,
NY, USA; intra- and interassay coefficient variasoof 4.5% and 11.0%, respectively).
Alc was measured by a HPLC system [high performéqoel chromatography- Merck-

Hitachi 9100 (normal range 4-6%)]. Fasting plastease was measured by the glucose-
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peroxidase colorimetric enzymatic method (Biodiagjin@). Creatinine was measured by

the Jaffé method and the lipid profile by a colatric method.

Statistical analysis

Student t test or chi-square test were used to amnginical and laboratorial data.
Quantitative variables without a normal distributiavere submitted to logarithmic
transformation. Data are expressed as the mean £x8Bpt for UAER, triglycerides,
serum creatinine and BP loads [median (range)|u&ipl models of multiple linear
regressions were performed with the following dejesm variables: log-UAER,
interventricular septum, posterior wall thicknessl deft ventricular mass. P values <0.05

(2-tailed) in the univariate analysis were consdeio besignificant.

Results
Masked hypertension was found in 41 (30%) nornmsitentype 2 DM patients.

Both groups (normotension and masked hypertenbased on ABPM) were not different
regarding age, DM duration, smoking habit, BMI avaist circumference (Table 1). There
was an excess of male prevalence in the maskedthygg®n group (71 vs. 45%, P =
0.005). Concerning laboratorial characteristicer¢hwas no difference between the groups
for the glycemic and lipid profiles, as well as f@rum creatinine and estimated GFR. The
office systolic BP was higher in patients with megkypertension (127.8 + 7.5 vs. 122.9
+ 10.2 mm Hg, P = 0.003) (Table 2). The office théis BP was comparable in the two
groups. The daytime BP measurements were highreimasked hypertension group, as
expected, since it was part of the definition & ¢noup. The same was true for most of 24-

h and nighttime BP measurements.
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UAER was increased in the masked hypertension [@2133- 1223.5) vs. 8.1 (1.0 -
1143.0)ug/min, P = 0.001] in comparison to the normotengjosup (Figure 1). Likewise,
the prevalence of masked hypertension increasdd thvit progression of UAER starting
from the high-normoalbuminuric group (low-normoattiauric: 17.6%, high-
normoalbuminuric: 33.3%, microalbuminuric: 51% amdcroalbuminuric: 50%; P for
trend = 0.003), reflecting increased kidney danmagdhese patients.

Patients with masked hypertension had also higiterventricular septum (1.Gd
0.15 vs. 0.94t 0.13 cm, P = 0.015) and posterior wall thickngs89§+ 0.12 vs. 0.9G
0.10 cm, P = 0.006) than the normotension groug [Eft ventricular mass tends to be
enlarged in patients with masked hypertension @L5®2.90 vs. 140.% 26.5 g/1.73 ci),
but did not reach conventional statistic significarfP = 0.111).

Sub-analyzes were performed with patients not orkE Ag@hibitors/angiotensin
receptor blockers (88% of the sample, n = 119) ot on medications with
antihypertensive effect (77% of the sample, n =)0 similar results were found (data
not shown).

The prevalence of any degree of diabetic retingpaths similar in both groups
(masked hypertension: 30% vs. normotension: 34%0B78).

Since patients with masked hypertension had higfiie systolic BP levels (+ 4.9
mm Hg), the present findings could be attributethts difference. In order to elucidate the
real association of masked hypertension with UAERd ahe echocardiographic
parameters, and to evaluate the possible confogreffect of a higher office systolic BP,
two approaches were applied and are presentedcgiergéy.

The first approach was to perform multiple lingagression analysis with the
potential outcomes of increased BP (UAER and edldimgraphic parameters:

interventricular septum thickness, posterior waitkness and left ventricular mass) as the
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dependent variables. Therefore, 4 models were anst with DM duration, sex,
smoking habit, LDL-cholesterol, Alc test and oneghaf BP measurements (office systolic
or daytime systolic BP) as independent variablese Taytime systolic BP remains
significantly associated with the outcomes in thaetels (UAER: R = 0.402 &= 0.118,

P = 0.029interventricular septum thickness: R = 0.388 80.086, P = 0.022; posterior
wall thickness: R = 0.404&= 0.107, P = 0.045 and left ventricular mass: ®322 R? =
0.043, P = 0.049). When the systolic office was Beincluded in the model, it did not
continue to be significantly associated with thécomes (P >0.05). When both office
systolic and daytime systolic BP were included diameously in each one of the models,
only the daytime systolic BP remain significantlgsaciated to the renal and cardiac
outcomes.

The second approach was to stratify the patierdsrding to office systolic BP in
normal-high (130 — 140 mm Hg) and normal-low (<186 Hg) BP groups. These values
were adopted for the reason that they are cureailsgf BP treatment in DM patients and,
at the same time, capture the higher values ofiRE the group that could confound the
results). The presence of high-normal office systBP was not associated with UAER
[11.2 (1 — 1223.5) vs. 8.4 (1.7 — 169.6) pg/min=F0.074], interventricular septum
thickness (0.9& 0.16 vs. 0.9% 0.12 cm, P = 0.830), left posterior wall thickné892+
0.11 vs. 0.9% 0.11 cm, P = 0.660) or left ventricular mass (44232.3 vs. 145.2 25.2
g/1.73 nf, P = 0.635).Likewise, the presence of high-normal office BP didt
discriminate the patients with diabetic nephropafimcro- or macroalbuminuria) [odds
ratio (OR) = 1.83, 95% confidence interval (Cl) 0.8 3.85, P = 0.108]. In contrast,
patients with masked hypertension had a significexarease in the risk for this

complication (OR = 3.74, 95% CI 1.72 - 8.14, P 800). These analyses suggest that the
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effect observed for masked hypertension cannotttodwed only to the small increase

observed in office BP.

Conclusions

In this sample of normotensive type 2 DM patieaggproximately one third of the
individuals had masked hypertension and it was catsal with target-organ damage,
represented by higher UAER, as well as greatervatdricular septum and posterior wall
thickness. These associations remain after adjugsrfer possible confounding factors
and cannot be attributed only to elevations ofdtfiee BP levels.

The linkage of BP levels and micro- and macrovascDIM complications is well
known (1). The development of portable ambulatofy Bquipment has allowed the
accumulation of evidence showing that 24-h BP \alpeesent better correlation to
outcomes than office BP (3; 4). In addiction, ABPallows the separation of the
population into four groups: true normotensivesrifmatension in both office and 24-h
ABPM), true hypertensives (hypertension in both dffece and 24-h ABPM), white-coat
hypertensives (hypertension in office and normatensn 24-h ABPM) and, more
recently, the masked hypertensives (normotensiofilce and hypertension in 24-h
ABPM). Patients in this peculiar group have otheevhot been identifiable, since their
routine office BP exam is normal and physicians awt be aware thelyelong to a high-
risk group.

Masked hypertension is reported to affécto 26% of the population (8; 14-18).
This large variation might be due to differencesha definition of normal ambulatory BP
levels, as well as variations in patient demograimaracteristics, such as age and BMI
(16; 19). The data from théressione Arteriose Monitorate e Loro Associazioni

(PAMELA) (8) study, the larger cohort of individsa{n = 2051) evaluated by ABPM,
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showed a prevalence of 9% in the general populaiwh 14.5% among normotensives.
The frequency of masked hypertension in the DM paipn had not been evaluated
previously and the present data suggests a highalprece (30%) among type 2 DM
patients. Therefore, association of masked hypsidarand chronic complications in type
2 DM patients had also not been analyzed. As faveaknow, this is the first report of an
increased UAER and ventricular wall thickness ipety2 DM patients with masked
hypertension.

In previous reports in non-diabetic patients, medskeg/pertension has been
associated with diminished sensitivity of artetiakroreflex (14), aortic stiffness (verified
by carotid-femoral pulse wave velocity) (20), irtsed left ventricle mass index (7; 16)
and cardiovascular mortality (8). Patients with keas hypertensiorhave shown an
adverse clinical and metabolic profile in some eatd (8; 14; 16). In children and
adolescents, the diagnosis of masked hypertensasnassociated with increased BMI and
a parental history of hypertension (16). In non-digbedults, there is a progressive
increase in male sex prevalence, age, BMI, totalesterol and blood glucose throughout
the spectrum of BP abnormalities, from the trulymeotensive group across the white-coat
hypertension, masked hypertension and truly hypsiie groups (8). Moreover, most
previous reports identified higher levels of offiB® in masked hypertension patients (8;
14; 16). Based on this, it could bgpothesized the worst outcomes found in the masked
hypertension group are explained solely by highlitceBP levels, since it is well known
that there is not a threshold for BP and targe&origsion, as the two variables have a
continuous correlation (21). However, our resudts,well as those from the PAMELA
study, remain significant after further adjustmfamtthe difference in office BP as well as

for other relevant clinical and laboratorial confiders (7; 8; 22).
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The reason why some individuals have normal ofiBeand high values during the
ABPM is at present unknown (23). One possibilitghat some patients react to stressful
daily activities with an elevation in BP. An inceeain BP levels during exercise, as has
been verified in offspring of type 2 DM patientsthinsulin resistance (24), could be one
of the situations related to BP elevation during dlay in masked hypertensive patients. On
the other hand, the increase in BP during the dajdde due to arterial stiffness, since the
patients with masked hypertension, in this sampde, a higher pulse pressure, reflecting
the isolated elevation of systolic BP.

There are two practical implications of the presesults. The first one is that the
simple office BP evaluation cannot identify patsemtith masked hypertension and thus
cannot provide them with the potential benefitaofi-hypertensive treatment. Therefore,
ABPM should be part of the initial evaluation ofrmmtensive type 2 DM patients to
identify those patients with masked hypertensiofhe second one is that type 2 DM
patients with masked hypertension probably wouldhelie from anti-hypertensive
interventions, in the same way as has been denadedtm prehypertension non-diabetic
subjects (25) and normotensive type 2 DM patientsthe Micro- Heart Outcomes
Prevention Evaluation (Micro-HOPE) study (26). TAenerican Diabetes Association
(ADA) position statement on DM treatment affirms that all patien years of age
should receive the prescription of an angiotensinverting enzyme inhibitor (ramipril)
regardless of the obtained BP values (27) , aisdiight be particularly useful in patients
with masked hypertension.

No association was found between masked hypertensind diabetic
retinopathy, in contrast to the results of claddggertension trials (1). This could be
attributed to the fact that “any degree of diabegiinopathy” was used as the outcome,

which enclose mild retinal damage in oppositiomiare advanced retinal disease found
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in the United Kingdom Prospective Study (UKPDS). @)rthermore, this sample is
constituted from office normotensive patients amel tesults cannot be compared with
those from hypertensive trials.

One possible limitation of this report is mainletbross-sectional design, which
holds off conclusions about the cause and efféatioaship between masked hypertension
and the renal and ecocardiographic outcomes. Hawévie limitation does not obscure
the main results of this study.

In conclusion, type 2 DM patients with masked hygesion have elevated UAER
values, a higher prevalence of high-normal, miamd macroalbuminuria and enlargement
of ventricular walls in comparison to normotensipatients. The evaluation of
normotensive type 2 DM patients with 24-h ABPM, esplly those with UAER>10
pHg/min, seems to be important in order to identifysthigh-risk group. However,
replication of these findings in different settingad clinical trials evaluating masked
hypertension treatment are needed in turn to d@terpotential renal and cardiovascular
protection.
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Table 1 Clinical and laboratorial characteristics accogdio blood pressure classification

Normotension

Masked hypertension P

n=94 n=41

Age (years) 56.2+ 10.5 56.1+ 9.7 0.941
Diabetes duration (years) 95+7.6 9.1+ 6.2 0.762
Males - n (%) 42 (45) 29 (71) 0.005
Whites — n (%) 70 (75) 33 (81) 0.605
Smokers — n (%) 23 (25) 14 (35) 0.118
Waist circumference (cm)

Males 98.9+11.1 99.9+ 10.2 0.717

Females 95.5+9.4 94.2+ 11.0 0.697
Body Mass Index (kg/f) 28.4+ 4.4 28.0+ 4.2 0.621
Diabetic Retinopathy- n (%) 26 (34) 9 (30) 0.678
UAER (ug/min) 8.1 (1.0-1143.4) 21.3 (2.5-1223.5) 0.001
Fasting Plasma Glucose (mg/dl) 153.9+ 68.3 154.6 55.2 0.955
Alc (%) 7.8+20 7.8+2.2 0.993
Total Cholesterol (mg/dl) 191.9+ 40.5 203.3 39.3 0.134
HDL cholesterol (mg/dl) 47.4+12.7 45.3 13.2 0.372
Triglycerides (mg/dl) 123.0 (46.0 —974.0)144.5 (43.0 — 475.0) 0.278
Creatinine (mg/dl) 0.8(0.5-1.4) 0.9(0.3-1.5) 0.911
eGFR (ml/min/1.73 M* 98.6+ 27.3 102.% 46.4 0.606
Antihypertensive effect drugs- n (%) 21 (22) 10 (24) 0.715

Data available for Diabetic Retinopathy n = 106r(notension = 76 and masked hypertension = 30)

UAER = urinary albumin excretion rate

* eGFR = estimated glomerular filtration rate measiby Modification of Diet in Renal Disease study

(MDRD) equation.

Data expressed as the mea8D, median (minimum - maximum) or number of pasgo).
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Table 2.Blood pressure characteristics according to blmedsure classification

Normotension  Masked hypertension P
N =94 n=41
Office
systolic BP (mm Hg) 122.9+10.2 127.8& 7.5 0.003
diastolic BP (mm Hg) 76.0+ 7.2 17.47.4 0.309
pulse pressure (mm Hg) 46.9+ 9.2 50.4+8.1 0.041
24-h
systolic BP (mm Hg) 119.7+ 7.3 134.8: 9.5 <0.001
diastolic BP (mm Hg) 71.8+6.1 81.9+ 6.3 <0.001
pulse pressure (mm Hg) 47.9+ 6.9 53.0+ 10.0 0.003
systolic BP load (%) 10.7 (0—-47.4) 48.8 (128-6) <0.001
diastolic BP load (%) 3.2 (0-30.6) 23.9 (1.95:2) <0.001
Daytime
systolic BP (mm Hg) 122.3+ 7.1 138.1+ 7.8 -
diastolic BP (mm Hg) 74.3+ 6.1 85.4+ 6.3 -
pulse pressure (mm Hg) 47.9+ 6.6 58.8+ 10.1 -
systolic BP load (%) 4.7 (0 - 32) 47.2 (1.5 398 -
diastolic BP load (%) 2.2(0-50.3) 22.9 (1958) -
Nighttime
systolic BP (mm Hg) 114.2+ 10.3 127.3 14.3 <0.001
diastolic BP (mm Hg) 65.5+ 74.9 74.9 9.5 <0.001
pulse pressure (mm Hg) 48.7+ 7.7 52.4+11.1 0.060
systolic BP load (%) 24.4 (0-100.0) 68.8 (0—100.0) 0.003
diastolic BP load (%) 0 (0 -86) 26.3 (0 — 98.0) <0.001

Data expressed as the maa8D or median (minimum - maximum).
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Figure 1. Urinary albumin excretion rate (A), interventriauseptum thickness (B) and left
posterior wall thickness (C) in the normotensiod arasked hypertension groups. * P = 0.001, T P

=0.015, ¥ P = 0.006.
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Summary

Aim: To find out whether systolic and diastolic BP meadsring ambulatory BP
monitoring (ABPM), have better correlations with amuvascular complications and
echocardiographic structural alterations than tieeace of nocturnal drop of BP.

Methods: A cross-sectional study was conducted in 270 t§pBPM outpatients who
underwent clinical and laboratory evaluation, unnalbumin excretion rate (UAER)
determination, echocardiography, office and 24-HPAB(Spacelabs 90207).

Results: UAER was associated with office BP (systolic%:®.164, P <0.001; diastolic -
R%; 0.128, P <0.001) and ABPM (24-h systolic 2:R0.194, P <0.001; diastolic -’R
0.200, P <0.001) but not with a blunted nocturmalpdof BP (systolic - R: 0.064, P =
0.091; diastolic - R: 0.065, P = 0.078). Similar results were obsenved
echocardiographic parameters. The presence ofopgtihy was associated only with
nighttime BP values [systolic - odds ratio (OR)L19 and diastolic means — OR: 1.211
and blunted nocturnal BP decline — OR: 2.948].

Conclusions: UAER and echocardiographic structural alteratitiasl more consistent
correlations of a greater magnitude with systolié Bieans than with the absence of
nocturnal decline of BP. The nocturnal BP valueseap to be more relevant for diabetic
retinopathy. Treatment of hypertension in patiewith type 2 DM should take into
account the 24-h period rather than focusing goegiic fragment of BP homeostasis.

Key words: type 2 diabetes, ambulatory blood pressure meamsyumal dipping pattern,

microvascular complications and ventricular hypty.
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Introduction

Hypertension occurs frequently in patients withbeigs mellitus (DM) and is a
major risk factor for the development of micro- amdhcrovascular complications [1].
Actually, in the United Kingdom Prospective Diateef&tudy (UKPDS), intensive treatment
of hypertension had a greater impact on the premendf type 2 DM microvascular
complications than intensive blood glucose cor[&¢3].

Twenty-four-hour ambulatory blood pressure (BP) itavimg (ABPM) is clinically
useful since it provides a better definition of tbardiovascular risk profile in both
hypertensives [4] and the general population [Bntlordinary office BP measurements.
Furthermore, ABPM allows the analysis of various [gfameters such as 24-h, daytime
and nighttime BP means and loads, nocturnal dippatterns and presence of white-coat
and masked hypertension, otherwise not documentedeboffice BP evaluation [6]. Each
of these parameters has been associated with hogindiovascular risk in non-diabetic
patients [7,8].

In type 2 normoalbuminuric DM patients, the systoimbulatory BP mean is
independently associated with urinary albumin etxanerate (UAER) [9]. In addition, type
2 DM patients with masked hypertension (elevategtioee BP levels in office
normotensive individuals) have higher UAER and iadhtricle wall thickness than truly
normotensive patients [10]. Other ambulatory BPapeaters have been studied in DM
patients and special attention has been givenetblimtednocturnal physiological drop of
BP. It was associated with increased glomerul&nafibn rate (GFR) [11] as well as with
higher incidence of microalbuminuria [12,13,14],aloiétic retinopathy [13,15] and
macrovascular complications [13] in both type 1 &ypmk 2 DM patients. However, this
issue is still controversial, since in most of #netudies patients with blunted nighttime BP

decline also had elevated 24-h ABPM means [13,14,16
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Therefore, we hypothesize that elevations in BPnaeahturing the 24-h period in
ABPM are more relevant, regarding microvascular glcations and echocardiographic
structural alterations in type 2 DM patients, timéghttime/daytime (N/D) BP ratios, which
reflects the blunted nocturnal decline of BP.

Patients and Methods
Patients

A cross-sectional study was performed on a coha276 patients with type 2 DM
who have been followed since 1994 in the outpatiénic at Hospital de Clinicas de Porto
Alegre. The inclusion criterion was the diagnodisype 2 DM (>30 years of age at onset
of DM, no previous episode of ketoacidosis or doented ketonuria and treatment with
insulin only 5 years after diagnosis). Patientshwiteatinine >1.5 mg/dl, other renal
diseases, cardiac arrhythmia or postural hypotensere excluded. The Ethics Committee
of the hospital approved this study, and informedsent was obtained from all patients.
Patient evaluation

Patients underwent an interview and clinical exatam to record demographic
and anthropometrical data, as previously descrid&dl Indirect ophthalmoscopy (n =
223) was performed through dilated pupils by antlo@imologist and, for the purpose of
this study, patients were classified only accordmthe presence or absence of any degree
of diabetic retinopathy (DR).

BP evaluations were performed one week after walvdf of all antihypertensive
medications. Office BP was measured twice with acong sphygmomanometer, using the
left arm and with the patient in a sitting positicaiter a 5-minute rest. ABPM was
performed by oscillometry (Spacelabs 90207 seuahlmers 207/024751 and 207/038016,
with calibration certification), with a 15-minutaterval in the daytime and 20-minute

interval in the nighttime periods. ABPM was perf@snon an ordinary workday, and
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patients were advised to maintain their usual dadivities. Sleep time was recorded as
the period between the time when the patient werdedd and the time when the patient
woke up the next morning. The means of 24-h, daytamd nighttime systolic and
diastolic BP were recorded, as well as systolic diagtolic BP loads (percentage of 24-h
and daytime BP-140/90 mm Hg and nighttime120/80 mm Hg). The N/D BP ratios for
systolic and diastolic BP were calculated dividihg nighttime by the daytime BP values.
The patients’ BP status was classified accordir§BBM measurements into dippers: N/D
BP ratio<0.90 and non-dippers: N/D BP ratio >0.90 [18].

Echocardiograms (n = 19@)ere obtained according to the recommendationseof t
American Society of Echocardiography [19] usinghderd parasternal and apical views
with subjects in the partial left decubitus positiusing a commercially available
instrument (Hewlett Packard Sonus 1000) by the seemdiologist. Left ventricular mass
was calculated and adjusted to the body surface adtee cardiologist who performed the
echocardiograms was unaware of the subjects’ alimiclaboratory characteristics.
Laboratory methods

UAER was measured in 24 h-timed uridgy immunoturbidimetry (Microalb,
Ames- Bayer, Tarrytown, NY, USA,; intra- and intesag coefficients of variations were
4.5% and 11.0%, respectively) and the mean of Jkwas employed for the analyses.
The patients were classified as normoalbuminurisBEB <20pug/min), microalbuminuric
(UAER 20-199ug/min) and macroalbuminuric (UAER200 pg/min). Alc was measured
by an HPLC system [high performance liquid chrorgeaphy- Merck-Hitachi 9100
(normal range 4 - 6%)]. Fasting plasma glucose mvaasured by the glucose-peroxidase
colorimetric enzymatic method (Biodiagnostica). &iieine was measured by the Jaffé

method and the lipid profile by a colorimetric medh
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Statistical analysis

Data are expressed as mean + SD except for UARdRycerides and BP loads
[median (range)]. Quantitative variables withoutmal distribution were log transformed.
Correlations were performed by Pearson test. Studest or chi-square test were used to
compare clinical and laboratory data between pgtienith and without diabetic
retinopathy. Multivariate analyses were performedthe following dependent variables:
log-UAER, left ventricular mass, interventriculaepsum thickness and left posterior
ventricular wall thickness (multiple linear regresg and diabetic retinopathy (logistic
regression). Separate models were constructed dchn ef the BP measurements with
adjustments for the variables associated with thiames during the correlations or
univariate analyses. P values of <0.05 (2-tailedjenconsidered significant. The strength
of the correlations was analyzed based on a maimgoale (weak: r <0.300, moderate: r =
0.300 — 0.599, strong: r = 0.600 — 0.899 and perfee0.900) and a comparison of
correlations test was employed to establish therdices among the correlations
Results

The main clinical and laboratory characteristiésthee 270 patients enrolled are
shown in Table 1. Fifty six percent (n = 150) of thatients were normoalbuminuric, 30%
(n = 82) were microalbuminuric and 14% (n = 38) everacroalbuminuric. The prevalence
of diabetic retinopathy was 35% (n = 94). Systalbn-dipping was observed in 65% (n =
175) and diastolic non-dipping in 43% (n = 114}lo# patients.

Blood pressure parameters and urinary albumin excrgon rate

Positive and significant correlations were foundween UAER and office BP
(systolic: r = 0.367, P <0.001; diastolic: r = (62 <0.001) and ABPM parameters (24-h
BP means for systolic: r = 0.418, P <0.001 andlifastolic: r = 0.343, P <0.001). Daytime,

nighttime BP means and pulse pressures, as weahea8P loads, also had significant
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correlations with UAER, which were comparable vitlbse found for the 24-h parameters
(data not shown). Since UAER was also correlateith WM duration (r = 0.201, P =
0.001), Alc test (r = 0.149, P = 0.023) and semigiyteride levels (r = 0.129, P = 0.042),
multiple linear regression models were performed éach of the BP values with
adjustments for these confounding variables (T@bleThe association of UAER and all
office BP, 24-h, daytime and nighttime BP levelgevsustained.

Although N/D BP ratios have also shown a significassociation with UAER
(systolic: r = 0.159, P = 0.011 and diastolic: ©.257, P = 0.011) this was not maintained
after adjustments for other possible influencingtdes (DM duration, Alc test and serum
triglyceride levels)n a multivariate regression analysis (systolié;, R0.064, P = 0.091
and diastolic: B = 0.065, P = 0.078).

Blood pressure parameters and echocardiographictctural alterations

The left ventricle mass had a positive moderateetation with the systolic 24-h (r
= 355, P <0.001), daytime (r = 0.354, P <0.001) aighttime (r = 325, P <0.001) BP
means, but not with N/D BP ratios (systolic: r 38, P = 0.439 and diastolic: r = 0.100, P
= 0.179). No other clinical or laboratorial varieblwere associated with the left ventricle
mass in this sample. Nevertheless, multivariatdyaaa of independent variables with
potential biological importance (age, DM duratiomdawaist circumference) were
performed, and office BP and ABPM means retaineslr tassociations with the left
ventricle mass.

Similar results were found for the other echocaydiphic characteristics. The
systolic BP means had a stronger correlation wegbtian thickness (24-h: r = 0.358, P
<0.001) than diastolic N/D BP ratio (r = 0.155, P0©37). These correlations were
significantly different (P = 0.012). The systolic/DN BP ratio did not even reach a

statistically significant correlation with this emtardiographic parameter (r = 0.105, P =
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0.159). After the multivariate adjustments for thariables also correlated with
interventricular septum thickness [DM duration, staiircumference and body mass index
(BMI)], most of the BP means continue to presenditpe and significant correlations.
However, the diastolic N/D BP ratio (R = 0.2672.aR 0.055, P = 0.160) did not remain
associated. Concerning posterior left wall thiclspesoderate correlations were obtainable
only with systolic ABPM values (data not shown)kéwise for the interventricular
septum, the systolic N/D BP ratio did not attaistatistically significant association with
the posterior left wall thickness (r = 0.057, P.4431) and the diastolic N/D BP ratio lost
its association after corrections for age, DM dorgtwaist circumference and BMI {R=
0.124, P = 0.485).

Blood pressure parameters and diabetic retinopathy

BP values in patients with and without any degreBR are described in Table 3.
Systolic BP parameters measured either at theeofficduring ABPM, were consistently
increased in those with retinopathy. RegardingtdiesBP, only the nighttime values were
elevated. Logistic regression models were performéith the presence of diabetic
retinopathy as the dependent variable and eachPop&@ameters and the other variables
associated with retinopathy in this sample (DM tiorg Alc test and current smoking —
data not shown) as the independent ones. OnlytmghBP values [each increment of 5
mm Hg in systolic BP mean: odds ratio (OR) 1.11®Sconfidence interval (Cl) 1.022 —
1.224, P = 0.015 and diastolic BP mean: OR 1.211,.@5 — 1.404, P = 0.011,; diastolic
BP load: OR 1.571, Cl 1.083 — 2.278, P = 0.017] tredabsence of diastolic nighttime
dipping pattern (OR 2.948, Cl 1.540 - 5.642, P 60Q) sustained the association. Office,
24-h and daytime systolic and diastolic BP measargmas well as nighttime systolic BP
load and absence of systolic nighttime dippingguatidid not continue to be associated

with diabetic retinopathy after the adjustmentdgdet shown).
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Clinical and laboratory factors associated with hidper blood pressure values

The 24-h systolic BP means had a positive andfgignt correlation with age (r =
0.134, P = 0.028), DM duration (r = 0.226, P <0)0®lc test (r = 0.149, P = 0.022) and
total cholesterol levels (r = 0.196, P = 0.002). &tber clinical and laboratory variables
were associated with the BP levels (data not shown)

Discussion

In this sample of type 2 DM patients, the systdP means were the most
important parameters of ABPM associated with UAERd aechocardiographic left
ventricle structural abnormalities. Concerning éiabretinopathy, the nocturnal BP levels
seem to have a relevant role.

Efforts have been made to define which componerBR®fhomeostasis would be
the most relevant predictor of DM chronic complicas in order to improve patients’
treatment. The N/D BP ratio, which reflects the giblogical nighttime BP decline, is the
most frequently studied component. Associations/een higher N/D BP ratio and micro-
and macrovascular complications have been desciibdabth type 1 and type 2 DM
patients [11,13,14,15,16,20]. However, in someisgjdhese associations did not remain
significantly correlated when confounding factorsre/taken into account. In one cohort
of type 1 DM patients, the relationship betwelee N/D BP ratio and the development of
microalbuminuria was lost after adjustments to Divtadion [16]. In another prospective
study, the increase in N/D BP ratio appears jufdrbethe increase in UAER, and it was
not observed at the baseline [14], implying thatabsence of a nocturnal BP drop is not a
risk factor for diabetic nephropathy developmentt kis marker [21]. In addition, the
daytime diastolic BP mean was elevated since tlseline evaluation of the patients and,
therefore, the daytime diastolic BP was the realkeendpoint predictor and not the

dipping status [14]. Regarding patients with typPM, a progressive increase in the N/D
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BP ratio was associated with the progression ofaniand macrovascular complications
[13]. However, once again, the 24-h, daytime amgghttime BP means were elevated [13].

There are similar findings concerning retinal innghent. The nighttime diastolic
BP means and N/D diastolic BP ratio were associaii¢lal severe retinopathy in type 1
DM patients [15]. However, the association was pager found (P = 0.07) after
adjustments for age, DM duration, Alc test and sngpktatus. In type 2 DM patients,
greater retinal involvement was associated witthéigN/D BP ratios but also with BP
means and pulse pressure levels [13]. In the preseort, there was a large difference
(+10 mm Hg) in the systolic nighttime BP mean bamwgatients with and without DR,
which is clearly clinically relevant and more imfeort than the 5% difference in nighttime
BP drop also found between groups. It is not yearcwhy the nighttime BP values are
more important in diabetic retinopath@ne possible explanation could be that the
decubitus, associated with vasodilatation that wcaluring the night, causes higher
nighttime BP in the DM deregulated retinal arteget

The higher 24-h systolic BP was also related tq &M duration, Alc test and
cholesterol. Higher levels of cholesterol and fagtplasma glucose were also associated
with higher BP levels in thePressioni Arteriose Monitorate e Loro Associazioni
(PAMELA) study [22]. Each of these variables mayibeolved in arterial stiffness and
could explain the elevation of systolic BP levedarid.

None of the previous publications has comparedsthength of the correlation
betweeneach AMBP mean and N/D BP ratios. In this way, litgher ABPM means have
probably confoundedhe final results of most papers analyzing nighttiBP decline.
Emerging data from large population-based survayspat the idea that BP has a
continuous association with end-organ lesions aradtality in spite of the method

employed (office, home or ABPM) [7] or the BP compat analyzed (24-h, daytime or
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nighttime) [8]. Therefore, overemphasizing a sped8P component seems not to add
significant knowledge to thenderstanding of BP vascular damage or to thenteat of
hypertension.

Based on the present study results, as well asguewata from other authors, a
practical recommendation regarding ABPM role inetyp DM evaluation could be made.
Normotensive patients based on office evaluatioghinindergoa 24-h ABPM in order to
identify the masked hypertensive individuals [Mhen high BP levels are found at office
evaluation, the BP treatment must be intensified an ABPM should be ordered to
confirm whether BP levels attained during the dagl aight are appropriatén patients
with diabetic retinopathy the absence of a dipgattern should not be overemphasized
rather than obtaining adequate nighttime diastniid systolic BP levels.

The possible limitation of this study is the cresstional design, which avoids
establishing a cause and effect relationship betwee risk factor and the outcome.
However, this limitation does not prevent the corgmn among BP levels, which is the
main result of this report.

In conclusion, in type 2 DM patients the systoliBM means have a greater
impact on UAER, ventricular mass and wall thicknies the N/D BP ratios. Concerning
diabetic retinopathy, the nighttime BP means areemelevant than the office, 24-h and
daytime means. The treatment of high BP in typeM2 jatientsmight focus on overall
ABPM means and special attention must be paid ¢osftfstolic component in order to
eliminate the increased morbidity and mortalityoassted with elevated BP levels in this

high-risk group.
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Table 1.Clinical and laboratory characteristics of theiguas.

Age (years)
Diabetes duration (years)
Males - n (%)
Whites — n (%)
Smokers — n (%)
Hypertensives — n (%)
Body Mass Index (kg/f)
Waist circumference
Females
Males
Fasting Plasma Glucose (mg/dl)
Alc (%)
Total Cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Triglycerides (mg/dl)

Creatinine (mg/dl)

56.4+9.3
10.1 + 6.6

144 (53)

209 (77)
48 (19)
135 (50)

28.5+4.6

95.0+ 9.8
99.5+11.4
156.5 + 59.6
8.2+23
201.0 +52.0
47.0+12.5
138 (39-1115)

0.8 (0.3-1.5)

71



72

Table 2. Multiple linear regressions analyses of renal @clibcardiographic outcomes.

Urinary albumin Interventricular Left ventricle masst

excretion rate * septum thicknesst

R’ P Ra P Ra P
Office systolic blood pressure 0.164 <0.001 0.097 0.002 0.039 0.004
Office diastolic blood pressure 0.128 <0.001 - - - -
24-h systolic blood pressure 0.194 <0.001 0.152 0GD. 0.138 <0.001
24-h diastolic blood pressure 0.200 <0.001 0.082 009. 0.109 <0.001
Daytime systolic blood pressure 0.181 <0.001 0.156 <0.001 0.139 <0.001
Daytime diastolic blood pressure 0.177 <0.001 0.082 0.009 0.103 <0.001
Nighttime systolic blood pressure 0.197 <0.001 6.13 <0.001 0.108 <0.001
Nighttime diastolic blood pressure 0.189 <0.001 08a. 0.003 0.094 <0.001
Nighttime/daytime systolic ratio 0.064 0.091 - - - -
Nighttime/daytime diastolic ratio 0.065 0.078 0.055 0.160 - -

Boxes without data: absence of correlation (P S0i®Simple correlations test.
Adjustments for *diabetes mellitus duration, Alsttand triglycerides; Tdiabetes mellitus

duration, Alc test, waist circumference and bodgsnadex and tage, diabetes mellitus duration
and waist circumference
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Table 3.Blood pressure values in patients with and withtbabetic retinopathy.

Systolic
Office blood pressure
24-h blood pressure
Daytime blood pressure
Nighttime blood pressure
Nighttime/daytime ratio

Diastolic

Office blood pressure
24-h blood pressure
Daytime blood pressure
Nighttime blood pressure

Nighttime/daytime ratio

Retinopathy

Absent (n = 129)

138.8+ 20.7

130.4+ 15.5

133.6+ 15.7

123.2+ 16.7

0.92+ 0.06

84.4+ 13.0

78.4+ 9.1

81.3+9.5

71.2+10.0

0.88+ 0.08

Present (n = 94)

147.5:24.1

136.9 18.1

138.9+ 18.4

132.819.8

0.94 0.09

87.3:14.1

79.3+ 10.4

81.4+ 10.8

74.9 11.5

0.92+ 0.09

0.004

0.004

0.023

<0.001

0.001

0.112

0.340

0.962

0.011

<0.001




Urinary Albumin Excretion Rate Left Ventricule Mass
{pgimin (gh.73m)
220
? r=0.418" : r=0.355"
E . :
._E,. 'ao ] [-] o B @ B
o up " .:‘ oy & : [
E L A ot “why, ~
B T B Ty o v Vo g S
s O pemadnTY : i
4 "'I‘I’i?ﬁ.ﬁ??%gﬂ o -ﬁi "'fﬂ“
i 4 ol :u e L g™ - o nd
£ 100y ¥ ¢ o
<
[+ ]
60
2
g 12
; r=0.159" o r=0.058
I I . v
Y R g & . ",
3 1.0 E_Et"::‘t ';‘,",;: ,L__r-:u-‘ _ .i 'E::‘Ip:‘ ;_ -
E N W s R St N
£ o ;.n_.l-#’.p . " e ’ﬁ"::' @
v -] o F lvpp 5 . = o
5| LA LT
i . :' L2 2, L N 3 L
o . .
2 ! i
2 Y T T T 1 T T T T
o 12 510 30 100 S00 3000 100 200

A

74

Figure 1. Urinary albumin excretion rate in log scale (Apdeft ventricle mass (B)

according to 24-h systolic blood pressure mearsystolic nighttime/daytime blood

pressure ratio.

* P <0.05.

BP = blood pressure.



