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Objective - The present study aims to evaluate the
environmental role in the distribution of hypertension,
obesity, and smoking and spousal concordance for the pre-
sence/absence of these 3 cardiovascular risk factors.

Methods - A cross-sectional study was conducted in a
community in Rio de Janeiro, Brazil. The households were
randomly selected. Odds ratios were estimated to measure
spousal concordance, across socioeconomic levels..

Results - Overall a significant aggregation of all 3
risk factors was present. The crude odds ratio for hyperten-
sionwas 1.78 (95%CI=1.02-3.08), for obesity, it was 1.80
(95%CI=1.09-2.96); and for smoking, it was 3.40 (95%
CI=2.07-5.61). The spousal concordance for hyperten-
sion decreased significantly (p<0.001) from the lower to
the higher educational level. In the case of obesity and
smoking, the opposite was observed, although p-values for
the linear trend were 0.10 and 0.08, respectively.

Conclusion - In lower socioeconomic levels, couples
are more concordant for hypertension and discordant for
smoking. For hypertension and smoking, education seems
to be a discriminant stronger than income, but for obesity
the 2 socioeconomic indicators seem to represent different
aspects of the environmental determinants of risk factor
distribution.
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In 1998, cardiovascul ar diseaseswereresponsiblefor
37.2% of adult deaths, excluding theill-defined conditions
inBrazil 1. Thesocia impact of thisgroup of diseasesisvery
high, with high economic costs, many premature deaths,
and marked regional variationsbecauseof different level sof
socioeconomic developmentin the country 23,

Because many cardiovascular risk factorsincluding
hypertension, obesity, and smoking are determined by a
combination of genetic, environmental (socioeconomic) or
behavioura (lifestyl€) characterigtics, or both, they arelikely
tocluster infamiliesandin househol ds*. Household aggre-
gationistheoccurrenceof adiseaseor acharacteristicmore
frequently among theresidents sharing the samehousethan
inthe general population. Althoughintwin studies, the 3
componentsmay operatetogether, spousepairsstudiesalow
the investigation of determinants of disease related to
behaviora characteristicsthat can be modified, becausethe
couples arelikely to share the same lifestyle and socioe-
conomicenvironment, but not cl osegeneticinheritance.

I ntervention programstargeting thefamily are based
on the belief that changesin lifestyle related to somerisk
factors(smoking, eating, exercise) might bemorelikely to
occur if addressed to the whole household than if focused
only on theindividual. The aggregation of risk factors
withinahouseholdislikely to beimportant for compliance
to theintervention, but the socioeconomic environment
shared by theresidentsisalso.

A consensusexiststhat among blood rel atives (gene-
tic inheritance) hypertension and obesity aggregate, and
studies also show that parents’ smoking habitsinfluence
teenagers smoking behavior 5%°. Theissueof aggregation
of theserisk factorsin couplesiscontroversial.

Whether aggregation of cardiovascular risk factors
differs or not with socioeconomic statusis arelevant
guestion considering the presence of astrong socioecono-
micgradientinmorbidity and mortality from cardiovascular
diseasesin Western countries, including Brazil -4,
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Noneof thereviewed studieshas addressed the ques-
tion of social classgradient concerning spouse-pair aggre-
gation of cardiovascular risk factors.

To investigate the aggregation of the 3 risk factors,
spouse concordance will be estimated to determine the
state where husbands and wives share the same statusin
relation totherisk factors(presence or absence).

Based on datafrom across-sectional study originally
designed to investigate the prevalence of hypertension®®,
thisarticle attemptsto answer 2 questions: 1) Are spousal
pairsinthispopulation concordant for hypertension, obe-
sity, and smoking habits?; 2) If concordancedoesexistin
couples, doesit differ by socioeconomiclevel?

The use of 2 socioeconomic measures, one ecol ogical
(income) and the other individual (education), to evaluate
patterns of concordance was also be addressed.

Methods

Thestudy population comprisesall adults(20yearsor
older) livingintheAdministrative Areaof [lhado Governa-
dor, RiodeJaneiro. Thehouseholdswererandomly selected
by a3-stagecluster sampling after stratifyingtheareainto 3
level shased on the averageincome of the census sectors?®.

Thedligibleresidentswereinterviewedintheir houses
withastandardized questionnaireto collect sociodemogra-
phic data and information on behavior. Blood pressure,
weight, and height were measured by using standardized
procedures, andtheinter- andintraobserver variability were
evaluated during thetraining period 51718, Blood pressure
wasmeasured twicewith amodified mercury sphygmoma:
nometer appropriatefor research . Thesecond of themea-
surements (20-30 minutesafter thefirst one) wasusedinthe
analysis.

Theunavailablehouseholdsor thoseinwhicheligible
peoplewereabsent at the timeof thevisit were contacted at
least 3times. Simplified questionnaireswere sent by post to
the houses where refusal s occurred and also to those
wheretheresidentscould not befound by theinterviewers.

The criterion used for the definition of hypertension
wasthe onerecommended by the World Health Organiza-
tion %, which definesashypertensive everyonewith asys-
tolicblood pressure of 160mmHgor moreand/or adiastolic
blood pressure of 95mmHg or more. Individualswhowere
receiving antihypertensive treatment were automatically
considered hypertensivesregardlessof their blood pressure
levels.

Body massindex (BMI), defined asweight (kg) divided
by height squared (m), wasused to measurethedegree of obe-
Sity. Obesity wasdefined asBMI of morethen 27kg/n? 22,

Individual swho smoked cigarettesregularly or occa-
sionally wereclassified assmokers. Ex-smokersand never
smokerswere considered nonsmokers.

The pairswere classified according to 2 types of so-
cioeconomic measures. Thefirst socioeconomicindicator
used was income level, an ecological measure used to
stratify the study population in the sampling process. So,
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coupleswere classified into 3 strataaccording to the ave-
rageincome of the census sectorsof the househol ds®®. The
low stratum isthe one in which the mean income of the
census sectorswasless than 7 minimum wages payments
per month (oneminimumwagewasapproximately US$77),
the medium was-that withameanincomebetween 7 and 14
minimumwage payments, and thehighwasequivaenttoa
mean income above 15 minimum wage payments. The
second criterion classified the subjects according to their
education: Individuas: low - noformal education; Medium
- lessthan eleven years of education; High - 12 or more
yearsof education. Couples. Low —both partnerswith less
than 11 yearsof education; Mixed - 1 spousewith low and
theother with high education; High—both partnerswith 12
or moreyearsof education.

The prevalence of therisk factorswith a 95 percent
confidenceintervals(95% Cl) wascalculated for thediffe-
rent socioeconomic levels and standardized by using the
direct method 2 with thetotal sample population conside-
red standard. Differences between the socioeconomic
level sweretested with chi-squaretestsfor alinear trend #.

Concordance of dichotomous risk factors within
spousal pairswas measured with theoddsratio (OR), with
their respective 95% confidence intervals#. OR greater
than 1.0 indicates spousal concordance. Oddsratioswere
estimated by using | ogistic regression models, and theinte-
raction of socioeconomic groups and the husband’ srisk
factor was examined comparing the log likelihood under
model (1) withthat under modd (2):

1) log (oddsrisk factor presentinwife) = a+bE+g Vv, +
GV, +V, _ o

2) log (oddsrisk factor presentinwife) =a +bE+gv,
+%V2 + 93V3 + dlEV1+d2Ev2

were, a_intercept; b = coefficient of risk factor in
husband; E =0, 1 for absence/presenceof therisk factorin
husband; g, and g,= coefficients of dummy variablescrea-
ted for the socioeconomic groups 1 and 2; v, = dummy va-
riable, created to represent the socioeconomic stratum (1=
medium stratum 0= others); v, = dummy variable, createdto
represent the socioeconomic stratum (1 =high stratum 0=
others); g,= coefficient of thevariableage; v, = age(1=1less
then45years, 2=45yearsor more); d, ,  d,= coefficientsof
interaction terms; Ev1 and Ev2 = termsthat represent the
interaction of social group and husbands' risk factor.

Scoring socioeconomic groupsas 1, 2, 3 allowed
testingfor alinear trendintheoddsratios. Themodelswere
extended to adjust for age. Although the age was not the
samefor both members of the pair, it wasvery similar in
practice(correlation, r =0.89+ 0.02), andit waspossibleto
adjust for it becauseit wasashared covariate.

Results

From 674 households sel ected for the original study
(prevalenceof hypertension), 40 wereunavailable (nobody
answered after 3visits) and 92 (13.7%) refused to participate
inthe study. Among the 542 househol dsparticipatinginthe
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study, 419 spouse pairswereidentified, andin 370 (88.3%)
both membersof the pair wereinterviewed and examined.
Five pairs were excluded from the analysis because the
wiveswerepregnant, leaving 365 couples.

The analysisof the available datafor nonresponders
showed that the proportion of married peopleissimilar to
that of the respondents.

Themean ageof thepopulationis46.4 years, 48.7 for
men and 44.7 for women. Table 1 presentsthemean agefor
membersof the couplesaccordingtothe2 socioeconomic
indicators. Menandwomeninthelower incomestratumare
younger. When level of education isused, the situationis
inverted. Men and women with low education are signifi-
cantly older than thosewith high education. Theindividual
classification of education showsthat morewomen (40.8 %)
thanmen (33.4%) areinthelower level (p=0.04).

Theage-adjusted prevalenceof risk factorsby sex and
socioeconomicleve aredisplayedinfigure 1. Women have
higher prevalenceratesof hypertensioninlower socioeco-
nomiclevelsthanin higher for both socioeconomicindica
tors. Men aremore obese and smokelessin higher income
levelsthaninlower. Thesametrend wasfound for educatio-
nal level, but statistical significancewasborderline.

A spouse pair isconcordant if both partners have the
risk factor or if both do not-haveit, and, it will bediscordant
if onemember hastherisk factor and the other doesnot.

An overall association exists between husbands and
wivesfor hypertension, obesity, and smoking habits(table
2). Theseassociationsproduced similar resultsfor the2 so-
cioeconomicindicatorsused. Theadjustment for agetends
to weaken associations, and for hypertension, aloss
occursin statistical significance.

Figure2 displaystheoddsratiosand 95% Cl for the 3
risk factors by socioeconomiclevel of the2indicators. Evi-
denceof linear trends according to socioeconomiclevel is
present only when theindicator iseducation. For hyperten-
sion, the magnitude of the association decreases from the
lower to thehigher socioeconomiclevel (p<0.001). Onthe
other hand, some evidence existsthat the concordancefor
obesity increases from the lower to the higher level al-

Table I - Distribution and mean age of the pairs by socioeconomic
level

Socioeconomic Ne of Pairs Mean Age (years)
Level N (%) Pairs Men Women
Income
Low 123 (33.7) 43.3 45.6 40.9
Medium 129 (35.3) 48.3 50.6 46.1
High 113 (31.0) 475 495 45.6
p for heterogenity 0.03 0.008 0.02
Education
Low 153 (41.9) 48.4 50.6 46.2
Mixed 100 (27.4) 47.4 49.6 452
High 112 (30.7) 42.7 44.8 40.5
p for heterogenity 0.008 0.001 0.001
Total 365 (100) 46.4 48.7 4.7
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thoughthetest for alinear trend reachesaborderlinestatis-
tical significance (p=0.08). The same pattern wasfoundfor
smoking habits(p=0.10).

Aspreviously noted, membersof acouplecanbecon-
cordant either because both have or because both do not
havetherisk factor. Table 3 presentsthedi stribution of con-
cordant pairsinrelationtothe3risk factorsin each socioe-
conomic level. Concordant pairs are subdivided into con-
cordant pairsfor the presenceof risk factorsand concordant
pairsfor theabsenceof risk factors. The proportion of con-
cordancein the absence of risk factorsisgiven by the pro-
portion of pairs where none of the partners hasthe risk
factorinthat strata, andthe concordancein presenceof risk
factorsisthe proportion of pairswhereboth partnershaveit
inthat stratum. Inrelation to hypertension, thedecreasein
spousal concordance when we move from lower to higher
levels of income or education was caused by the decrease
intheproportion of concordant coupleswiththerisk factor.
Butinthe caseof obesity, 2 different patternsarefound de-
pending on the socioeconomic index used. An increase
occursin the proportion of obese couples asincomeim-
proves. On the other hand, anincrease occursin the pro-
portion of pairswithout obesity as educational level gets
higher. Finally, it is observed that the proportion of nons-
moking pairsincreases from lower to higher levelsof in-
come. When couples are stratified by educational level,
more concordant pairsare presentinthehigher level thanin
thelower level.

Discussion

The present investigation showed an overall spousal
pair concordance for hypertension, obesity, and smoking
that is not homogeneous according to socioeconomic le-
vels. These findings suggest that environmental factors,
and not only genetic ones, may contributetothedetermina-
tion of cardiovascular risk factors because concordance
among couplesmay reflect similar lifestyles.

Although not a consensusin the literature, many
studieshavefound similar resultsfor blood pressureaggre-
gation>%-31, Spousal concordancefor obesity and smoking
havebeeninvestigatedinfewer studies, and our resultsare
in agreement with some”2*%2put not with others®*34, Many
methodol ogical differencesamong thesestudiesaswell as
different cultural aspects of the popul ations studied may
explainthecontroversial results.

Spousal concordance varied by socioeconomic level
indifferent waysfor the 3risk factors, although statistically

Table II - Crude (c) and age adjusted (a) overall odds ratios for
husband’s and wife’s hypertension, obesity, and smoking

Risk Factor OR(c) (95%Cl) OR(@ (95%Cl)

Hypertension 1.78 (1.02 - 3.08) 1.42 (0.83-243)
Obesity 1.80 (1.09- 2.96) 1.72 (107 - 2.76)
Smoking 3.40 (2.07-5.61) 3.26 (2.03-5.24)
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Fig. 1- Age-adjusted prevaencerates of hypertension, obesity, and smoking by sex and socioeconomic level.

significant trendswerefound only when the socioeconomic
category was defined based on educational level. Itisim-
portant to note that none of the studiesreviewed |ooked at
the socioeconomic differencesin spouse pair concordance
for cardiovascular risk factors. Theway concordant pairs
aredistributed among income and educational levelsmay
contribute to the understanding of how environmental
factorsareoperatingindifferent groups.

The analysis of the concordance for hypertension by
educational levelsshowed astatistically significant down-
ward trend. The higher thelevel, the less concordant the
spousal pairs. Thispattern of aggregation may reflectasimi-
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lar individual behaviorin partnerswithalower educational
background, and apoorer socia environment may alsoinflu-
ence it. Different mechanisms have been suggested to
explain the negative associ ation between hypertension and
socioeconomic status, such as positive values and attitudes
about health, accessto anutritious diet and health care,
housing, and working conditions, and social support®¥.
Differently fromhypertension, obesity had asignificant
upward trendin spousal concordancewiththeincreaseinthe
socioeconomicleve . Theproportion of obesepairsincreases
astheaverageincomegetshigher (tablelll). However, inthe
educational categories, adifferent patternisobserved and the
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Fig. 2— Age-adjusted odds ratios for spouse concordance of hypertension, obesity, and smoking by income and educational level. * p-valuefor linear trend.

increasein concordanceis due to nonobese pairs. So, cou-
plesinthehigher educational levelsweresimilar becausethey
were less obese. Here some evidence exists that the 2
socioeconomic indicators can represent different aspects of
the environmental determinants of risk factor distribution.
Although higher income may be directly associated with
behavior patterns that induce obesity, higher educational
levelsmay be associated with behavior patternsthat reduce
obesity among membersof thesamecouple. InHongKong, it
was shown that educational level is associated with a
healthier diet and lower prevalenceof overweight =,

Spousesimilarity indietary habitsisprobably present
through all the socioeconomic levels. It was shownthat in
thelower strata, however, partnersarelikely to havediffe-
rent patternsof energy expenditures, with men having more
physica activity related towork thanwomen®. Inthehigher
incomestrata, theimbal ance between cal oricintakeand ex-
penditureis probably similar for both sexes because men
have more sedentary occupations. Ontheother hand, inthe
higher educational levels, men and women seem to have
achieved a more balanced relationship between caloric
intakeand expenditure.
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Finally, the concordancein smoking habitsincreases
fromthelower tothehigher levelsbecause of anincreasein
the proportion of nonsmoking pairs (tablelll). In astudy
carried out in Finmark husbands and wives had similar
smoking habitsin 63.5% of all marriages®.

The overall odds ratios for spousal concordance of
the 3 risk factors were reduced when adjusted for age but
remained statistically significant, except for hypertension.
Age-adjusted and crude estimates address different
guestions. The adjusted odds ratios avoid the occurrence
of associationsresulting from the confounding effect of age
because somerisk factors change with ageing and spouse
pairstend to beef similar inage. Differencesin spousal con-
cordance by socioeconomic levels could also occur dueto
a confounding effect of age because the age structures of
the socioeconomiclevel sweredifferent. Moreover, nonage-
adjusted odds ratios allow for a cumulative effect of the
shared environment and areimportant intheidentification
of groupswhere spousal concordanceis stronger and that
could benefit frominterventionsfocusing on couplesrather
than on individuals. For the purpose of identifying these
groups, the confounding effect of ageisnot significant.

The concordance showed similar patterns of varia-
tionsby the 2 socioeconomicindicators. In agreement with
Abramson 1, who found agood correl ation among educa-
tion and income indicators, these 2 socioeconomic varia-
bles were also highly associated in the present study
(p<0.001). Thisfact can explain thereasonableconsistence
of thefindingswhen both were used.

Education seemsto beastronger discriminant thanin-
comeaswe might expect because educationisbased onin-
dividual information and consequently tendsto be more
accuratethanincome, whichisecol ogica information based
onaveragevalues. Besidesthat, informationoneducationis
considered morereliableand morestablethaninformation
about income, and it can be measured independently for
wivesthat arenot inthework force®. |naChinese popula-
tion, education was the most important socioeconomic
measure among the 4 indicators used (education, occupa
tion, income, and marital status). Peoplewithalower socio-
economic status had higher levels of cardiovascular risk
factorsinthisstudy “. Alsoin Finland, Luoto et al “found
that education and occupation had a stronger association
with a cardiovascular risk factor scorein both menand
women thanincome*#,
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The option to work with both indicators allowed the
investigation of patterns of concordancethat could be due
to different mechanisms of determination. Studies have
suggested that social and physical environmentsin poor
areas of residence are associated with an increased risk of
diseasethat depends onindividual behavior 133424648 On
theother hand, therel ation between education and disease
hasbeen associated withindividual health practices. More
educated people tend to make choices that are better for
their health, independently fromincome.

In the present study, blood pressure levels used to
classify individuals as hypertensives were higher than
those used today. The WHO criteria(160/95 mmHg) *was
applied instead of the one proposed by the Joint National
Committeeon Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure (140/90) .

If weuse 140/90 mmHg asthe cutoff point for hyper-
tension to look at the prevalencesin the socioeconomic
strata, we see that the trends do not change although the
prevalenceitself changesalot. The patternisthe samefor
men and women and for both socioeconomic indicators,
that is, prevalencesare higher inthelower socioeconomic
levels.

We also classified obesity by using as a cutoff point
for BMI of 27kg/m?, instead of 30kg/m?, whichistheWHO
classification. We chose this cutoff point because many
studies have shown that above this level an increase
occursin cardiovascular risk 22, If weusetheva ue30kg/
m?, thetrends change and the preval encesof obesity inthe
lower socioeconomic levelsare higher than in the higher
levels. Otherwise, if weuse 25kg/m?asthe cutoff point for
overweight, the trend pattern is quite similar to that seen
beforewith 27kg/n?, that is, prevalencesarehigher inhigher
socioeconomic levelsfor both indicators, for men, but not
forwomen.

Theoverall oddsratio for hypertension concordance
decreaseswhenweusethelower cutoff points(from 1.82to
1.60 for the crude and from 1.42 to 1.13 for the adjusted).
Nevertheless, thefindingsdid not change. That is, adjust-
ment for age caused a decrease in the odds ratio, which
loosesits statistical significance.

Whenweconsider ahigher cutoff point (30kg/m?) for
obesity and when overweightwasisinvestigated, the ORs
continue to be statistically significant (OR =1.77; OR ;=

Table III - Proportion of concordant couples (absence/presence of risk factors) by socioeconomic level
Hypertension Obesity Smoking

Absence Presence Absence Presence Absence Presence
Income % (n) % (n) % (n) % (n) % (n) % (n)
Low 585 (72) 114 (14) 545 (67) 8.1 (10) 42.3 (52) 195 (24)
Medium 56.6 (73) 7.8 (10) 484 (62) 133 (17) 49.6 (64) 16.3 (21)
High 57.5 (65) 71(98) 46.4 (52) 17 (19) 56.6 (64) 16.8 (19)
Education
Low 53.6 (82) 14.4 (22) 45.1 (69) 12.4 (19) 45.1 (69) 16.3 (25)
Mixed 58 (58) 8(98) 495 (49) 14.1 (14) 52 (52) 15 (15)
High 62.5 (70) 18(2) 56.8 (63) 117 (13) 52.7 (59) 21.4 (24)
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1.92;OR =1.91; OR ,=1.80, respectively) confirmingthe
concordance found with the 27kg/m? cutoff point asacrite-
rionfor obesity.

The trends for the ORs across the socioeconomic
levelsarea so similar for hypertension, obesity, and over-
weight when criteriaarechanged.

Itisunlikely that thefindingsreported can beexplai-
ned by selection bias. The information about the nonres-
ponders obtained for the whol e study population showed
that, although they weremorelikely to be men, moreeduca-
ted and heal thier (lessmedica servicesuse), they weresimi-
lar to the respondents concerning marital status, smoking
habits, and hypertension diagnosis.

The knowledge of spousal concordance for cardio-
vascular risk factors and the understanding of its compo-
nents may be helpful for planning studiesto investigate
different approachesfor preventive interventions. Pro-
gramstargetingindividual shave been used and the effecti-
venessof such programsisvariable®. The hypothesisthat
intervening in couples rather than in individuals may be
more efficient hasnot yet been tested and the assessment of
spouse concordance is afirst step. Inthe British Family
Heart Study 5, men and womenwho benefit most fromrisk
factor reductions have partners who also tend to benefit
most, possibly through mutual reinforcement of lifestyle
changes.

Hypertensionisknownto beanimportant cardiovas-
cular risk factor and the estimated preval enceratesin Brazil
vary from 10 to 40 percent?. From apublic health point of
view, the spouse concordance for hypertension may be
used as a strategy for case-finding because aman or a

Bloch et al
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woman identified as hypertensive has almost a 2 times
greater chanceof having apartner that isal so hypertensive
than someone that is not. This aspect is particularly
important for hypertension becauseitisusually symptom-
lessuntil thelate stagesof the disease. Thelower socioeco-
nomic group (mainly the less educated) may be seenasa
group more amenabl e to preventive strategiesinvolving
spouse pairs.

Preventivestrategiestowardsobesity will requiremodi-
fication of cultural characterigticsinvolving food preparation,
egting, and physica activity that may not be easy to achieve.
Perhaps couples are more likely to be motivated to change
egting habitsandtoexercisethansingleindividuasare.

Preventive strategiesinvol ving nonconcordant smo-
king couplesand emphasizing therole of thenonsmoking
partner may beimportant in programsto persuade peopleto
stop smoking. Becausediscordant pairsaremorelikely tobe
in lower socioeconomic categories, actionstargeting this
group could bemoreeffective.

Education seems to have afundamental role in the
determination of disease. Preventivestrategieshavetotake
into account the educational processasawhole, making it
possiblethat al membersof society havethesameaccessto
theinformation necessary to make healthy choices.
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