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OBJECTIVE — To assess the relationship between household income and metabolic syn-
drome in men and women.

RESEARCH DESIGN AND METHODS — A total of 1,695 men and 1,664 women,
aged 35-064 years, from three distinct geographical areas of France were investigated. Waist
girth, plasma triglycerides, HDL cholesterol, glucose, and systolic blood pressure were used to
define metabolic syndrome according to the National Cholesterol Education Program (NCEP)/
Adult Treatment Panel III (ATPIII) guidelines. Household income, educational level, occupa-
tional category, working status, consumption of psychotropic drugs, accommodation status,
household composition, physical activity at work and during leisure time, alcohol consumption,
and smoking habits were recorded with a standardized questionnaire.

RESULTS — There were 390 (23.0%) men and 381 (16.9%) women who satisfied NCEP/
ATPIII criteria for metabolic syndrome. Household income (P < 0.0001) and consumption of
psychotropic drugs (P = 0.0005) were associated with metabolic syndrome in women but not in
men. In contrast, educational level, occupational category, working status, and accommodation
status were associated with metabolic syndrome in both men and women. After adjustment on
lifestyle variables, household income (interaction P < 0.004) remained inversely associated with
metabolic syndrome in women but not in men.

CONCLUSIONS — These data suggest that limited household income, which reflects a
complex unfavorable social and economic environment, may increase the risk of metabolic
syndrome in a sex-specific manner.
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he metabolic syndrome is character-
ized by the clustering of several met-
abolic disorders (1,2). The latter are
influenced by nutritional habits and

physical activity (3—6). Several working
definitions have been proposed for meta-
bolic syndrome (7), including increased
body weight, insulin resistance, elevated
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plasma triglyceride levels, low HDL cho-
lesterol, high blood pressure, and altered
glucose homeostasis. These factors inde-
pendently and in combination increase
the risk of cardiovascular disease and di-
abetes (8-11).

In the U.S., the prevalence of meta-
bolic syndrome has been estimated to be
22.8 and 22.6% in men and women, re-
spectively (12). The distribution of the
syndrome varies among different catego-
ries of the population. Increasing evi-
dence (13-21) indicates that social
indicators and psychological factors are
strongly associated with the risk of insulin
resistance, hypertriglyceridemia, hyper-
tension, obesity, and metabolic syn-
drome. People from the lowest social
categories are more likely to develop sev-
eral metabolic disorders or metabolic syn-
drome. The mechanisms involved in
these associations are not totally eluci-
dated. Social factors, educational level,
and economic indicators are strongly in-
terrelated. These factors influence nutri-
tional habits, physical activity, and
healthy behaviors possibly affecting the
clustering of metabolic disorders (22,23).

Very little is known about the influ-
ence of household income on the risk of
metabolic syndrome. The reason is the
limited number of studies that recorded
information on this indicator. Earlier
studies (24-26) have reported an inverse
relationship between household income
and obesity that is compatible with a
higher risk of metabolic syndrome in peo-
ple with limited economic resources. In
the present study, we hypothesized that
household income might influence the
risk of metabolic syndrome. Therefore,
we investigated the relationship between
household income and metabolic syn-
drome in a large sample of men and
women in which social indicators and
lifestyle variables were recorded.

RESEARCH DESIGN AND

METHODS — Participants were re-
cruited in the framework of the World
Health Organization Monitoring Trends
and Determinants in Cardiovascular Dis-
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ease (MONICA) population survey con-
ducted from 1995 to 1997 in three
distinct geographical areas in France: the
urban community of Lille in the north,
the district of Bas-Rhin in the east, and the
district of Haute-Garonne in the south of
France. The sample included representa-
tive subjects aged 35-64 years, stratified
by town size, randomly selected from the
electoral rolls to obtain 200 participants
for each sex and 10-year age-group
(World Health Organization MONICA
project protocol [27]). A total of 1,778
men and 1,730 women completed the re-
cruitment procedure. The local ethical
committee approved the protocol.

After signing an informed consent,
participants were administered a stan-
dard questionnaire, and physical mea-
surements were made by a specially
trained nurse. The questionnaire covered
questions on socioeconomic factors,
physical activity at work and during lei-
sure activities, alcohol consumption,
smoking status, personal medical history,
family history, attitudes and knowledge
concerning several diseases, and current
drug therapy.

The level of physical activity during
leisure time was self-reported as no phys-
ical activity, light (light physical activity
almost every week), and intense (at least
20 min more than once a week). Physical
activity at work was divided into four
groups: sedentary, regular walking and
handling of <10-kg parcels (light), han-
dling of 10- to 24-kg parcels (average),
and handling of >25-kg loads (heavy).
Current cigarette smokers were defined as
subjects reporting at least one cigarette
per day. Total alcohol intake was ex-
pressed as the sum of milliliters of alcohol
per week from wine, beer, cider, and spir-
its. Household income was estimated by
family income tax classified in four cate-
gories: no income tax, <760 euros, 760—
2,300 euros, and >2,300 euros. These
cut points approximately corresponded
to the tertile of family income in France at
the time of the study. The educational
level was assessed by counting the num-
ber of years of schooling and classified in
three categories: primary, secondary or
technical, and university. Occupational
categories were classified according the
French National Institute of Statistics and
Economic Studies in five categories: un-
skilled manual workers, company clerks,
middle executives, and senior executives.
Working status included retired and no

professional activity, working full or part
time, disability, and unemployed. Psych-
otropic drug consumption included tran-
quillizer, antidepressant, and hypnotic.
The number of people living in the house-
hold was assessed. Accommodation sta-
tus was either owner or living in a rented
accommodation.

The anthropometric measurements
included body weight (rounded to the
nearest even decimal), waist girth (at a
level midway between lower rib margin
and iliac crest; to the nearest 0.5 cm), and
height (to the nearest centimeter) and
were taken on subjects in light clothing
without shoes. BMI was calculated ac-
cording to the Quetelet equation. Blood
pressure was measured on the right arm,
with the subject in a sitting position and
after a minimum 5-min rest, using a stan-
dard mercury sphygmomanometer. Two
consecutive measures of systolic and dia-
stolic blood pressure were recorded to the
nearest 2 mmHg. The second blood pres-
sure record was taken at least 1 min after
the first one. The mean value of the two
blood pressure readings was taken into
account.

Metabolic syndrome was defined,
according to the National Cholesterol Ed-
ucation Program (NCEP)/Adult Treat-
ment Panel 1T (ATPIII) recommendations
(28), by the presence of at least three or
more of the following abnormalities:
waist girth >102 ¢cm in men and >88 cm
in women, triglycerides =150 mg/dl,
HDL cholesterol <40 mg/dl in men and
<50 mg/dl in women, blood pressure
=130/85 mmHg or treatment with blood
pressure—lowering medications, and fast-
ing glucose =110 mg/dl or treatment for
diabetes. Eighty-two subjects with trig-
lycerides <150 mg/dl could not be clas-
sified because of fibrate treatment. These
subjects were excluded from the analyses.

After the subjects had fasted for at
least 10 h, a 20-ml blood sample was
drawn on disodium EDTA, kept at room
temperature, and centrifuged within 4 h.
Lipid and lipoprotein levels were mea-
sured centrally at the Purpan Hospital
Biochemical Laboratory (Toulouse,
France). The quality of biological mea-
surements was assessed within the frame-
work of the MONICA project. Glucose
was measured by the glucose oxidase
method (DuPont Dimension). Plasma in-
sulin was measured by radioimmunoas-
say (Bilnsuline; Eria Pasteur). Serum
triglyceride and HDL cholesterol levels

were measured enzymatically (DuPont
Dimension).

Statistical analyses

Statistical analyses were performed with
the SAS System for Windows (SAS Insti-
tute, Cary, NC). The general linear model
procedure and logistic regression analy-
ses were used to compare continuous and
categorical variables, respectively. Logis-
tic regression analyses was used to assess
the association between household in-
come and metabolic syndrome using age
and center as covariables. To compare the
association in men and women, an inter-
action term for sex and the social variable
of interest, separately, was fitted to the
model together with age, center, physical
activity, alcohol consumption, smoking
habits, and household composition. The
Wald statistic was used to test the statis-
tical significance of the interaction term.

RESULTS — At total of 23% of men
and 16.9% of women, aged 35-64 years,
satisfied NCEP/ATPIII criteria for meta-
bolic syndrome (Table 1). The prevalence
increased across age categories and was
lower in southern France (Toulouse) than
in the east (Strasbourg) or the north
(Lille). Physical activity during leisure
time was inversely associated with meta-
bolic syndrome in both sexes (P <
0.0001). Physical activity at work was
positively correlated with metabolic syn-
drome in women (P < 0.0002) but not in
men. Smoking and alcohol consumption
were associated with metabolic syndrome
in men (P < 0.011, P < 0.0003, respec-
tively) and women (P < 0.0001, P <
0.04, respectively). BMI, waist circumfer-
ence, insulin, glucose, triglycerides, and
blood pressure were higher, and HDL
cholesterol was lower in both men and
women (all variables P < 0.0001) with
metabolic syndrome than in control sub-
jects (Table 1).

The household income was inversely
associated with metabolic syndrome in
women (P < 0.0001) but not in men (Ta-
ble 2). Educational level was inversely as-
sociated with metabolic syndrome in both
men and women (both P < 0.0001). Sim-
ilarly, the mean duration of schooling was
lower in men and women with metabolic
syndrome than in control subjects (P <
0.0001). Both men (P < 0.0005) and
women (P < 0.0012) living in rented ac-
commodations were more likely to be af-
fected by metabolic syndrome than
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Table 1—Characteristics of the subjects with metabolic syndrome and control subjects according to sex

Men Women
Control subjects  Metabolic syndrome P Control subjects  Metabolic syndrome P

n (%) 1,305 (77.0) 390 (23.0) 1,383 (83.1) 281 (16.9)
Age (years) <0.0001 <0.0001

35-44 37.2 215 37.8 13.9

45-54 32.4 36.2 33.6 35.9

55-65 30.4 42.3 28.6 50.2
Center (%) 0.0003 0.0014

Lille 31.8 36.9 32.8 40.9

Strasbourg 30.4 36.4 31.8 34.5

Toulouse 37.8 26.7 354 24.6
Physical activity (%) <0.0001 <0.0001

No 16.4 22.9 24.6 36.4

Light 46.1 52.9 51.5 54.3

High 375 24.2 239 9.3
Physical activity at work (%) 0.34 0.0002

Sedentary 41.8 37.5 50.4 35.5

Light 29.4 29.4 34.2 42.6

Average 17.5 19.5 10.4 13.9

Heavy 11.3 13.8 4.8 8.0
Smoking (%) 0.011 <0.0001

Never 32.7 25.6 62.6 76.5

Former 40.3 48.0 18.4 13.5

Current 27.0 26.4 19.0 10.0
Alcohol (g/week) 262 + 255 330 = 500 0.0003 79.7 = 110 97 =163 0.04
BMI (kg/mz) 256 3.1 303 *£40 <0.0001 246 42 316 54 <0.0001
Waist girth (cm) 925*01 106.2 9.8 <0.0001 80.5 = 11.0 101.1 = 11.5 <0.0001
Glycemia (mg/dl) 085 %133 1194 = 349 <0.0001 023 102 1179 £ 36.7 <0.0001
Insulinemia (wU/1) 10.2 = 10.2 16.9 = 109 <0.0001 9.6 250 155 = 8.0 <0.0001
Systolic blood pressure (mmHg)  132.8 * 17.2 146.3 = 18.9 <0.0001 125.7 =182 144.0 = 19.1 <0.0001
Triglycerides (mg/dl) 1054 = 64.5 222.2 £ 146.8 <0.0001 80.5 £ 33.0 1712 £ 113.5 <0.0001
HDL cholesterol (mg/dl) 539 * 138 412 £10.6 <0.0001 66.8 £ 16.5 474 £ 13.1 <0.0001

Data are means * SD, unless otherwise indicated. Logistic regression analysis was used for statistical analyses with age, center, and each variable separately (except
for age and center). General linear model was used to compare continuous variables between subjects with the metabolic syndrome and control subjects, adjusting

for age and center.

owners. Occupational category was asso-
ciated with metabolic syndrome in both
sexes (P =0.0003 inmen and P < 0.0001
in women). Unskilled manual workers
were more likely to present a metabolic
syndrome than control subjects. Con-
sumption of psychotropic drugs was as-
sociated with metabolic syndrome in
women (P < 0.0005) but not in men.
Number of individuals in the household
was inversely associated with metabolic
syndrome in men (P < 0.03) but not in
women. Finally, working status was asso-
ciated to metabolic syndrome in men
(P = 0.0003) and women (P < 0.0001).
There were less active workers among the
metabolic syndrome group than in the
control group (Table 2).

To compare the impact of economic
and social factors on metabolic syndrome

in men and women, logistic regression
analyses were performed with an interac-
tion term for sex and the variable of inter-
est, adjusting for age, center, physical
activity, alcohol consumption, smoking
habits, and household composition (Ta-
ble 3). Household income remained in-
versely associated with metabolic
syndrome in women (trend P < 0.0001)
but not in men (trend P < 0.12, interac-
tion between sex and household income
P = 0.0004). Educational level was in-
versely associated with metabolic syn-
drome in men (trend P < 0.0003) and
women (trend P < 0.0001, interaction
P < 0.011). Accommodation status was
associated with metabolic syndrome in
men (trend P < 0.0023) and women
(trend P < 0.0045, interaction was non-
significant P = 0.89). Occupational cate-

gory was associated with metabolic
syndrome in men (trend P < 0.0071) and
women (trend P < 0.0004, interaction
P = 0.056). Psychotropic drug use was
associated with metabolic syndrome in
women (trend P < 0.0009) but not in
men (trend P < 0.22, interaction P =
0.18).

To gain further insight to the relation-
ship between household income and met-
abolic syndrome, logistic regression
analyses were performed with household
income and each metabolic disorder sep-
arately, adjusting for age, center, physical
activity, alcohol consumption, smoking
habits, and household composition (Fig.
1). In women, household income was in-
versely associated with increased waist
girth (P < 0.001), HDL levels (P < 0.04),
blood pressure (P < 0.01), and glycemia
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Table 2—Household income, education, social status and psychotropic drug use distribution in subjects with metabolic syndrome and control

subjects according to sex

Men ‘Women
Control subjects  Metabolic syndrome P Control subjects  Metabolic syndrome P

Household income (%) 0.15 <0.0001

No income tax 19.0 22.1 22.8 415

<760 euros 13.1 17.2 15.6 18.2

760-2,300 euros 35.5 32.6 30.7 237

>2.300 euros 32.4 28.1 30.9 16.7
Educational level (%) <0.0001 <0.0001

Primary 15.6 20.4 24.1 49.5

Intermediate, technical 454 48.5 41.8 374

University 38.9 25.1 34.1 13.2
Years of schooling 125+ 39 11.3+36 <0.0001 119 £ 35 98 +3.1 <0.0001
Accommodation status (%) 0.0005 0.0012

Owners 78.6 70.4 76.8 68.6

Tenants 214 29.6 23.2 31.4
Occupational category (%) 0.0003 <0.0001

Unskilled manual 29.6 354 11.7 20.5

Employee 10.8 14.4 45.1 50.9

Middle executive 40.5 40.5 33.4 24.2

Senior executive 19.1 9.7 9.9 4.4
Psychotropic drug use (%) 59 9.2 0.15 12.0 21.7 0.0005
Number in the household 32+£29 20+13 0.024 20+x17 28+ 14 0.12
Working status (%) 0.0003 <0.0001

Retirement and never worked 20.5 28.0 30.4 49.1

Full time/part time 73.6 63.1 62.0 39.9

Disability pension 2.0 3.6 2.0 32

Unemployment 39 5.4 5.6 7.8

Data are means % SD or percentage. Logistic regression analysis was used for statistical analyses with age, center, and each variable separately. General linear model
was used to compare continuous variables between subjects with the metabolic syndrome and control subjects, adjusting for age and center.

(P < 0.02). Inmen, there was no evidence
for significant associations between
household income and any of the meta-
bolic disorders separately.

CONCLUSIONS — The principal
finding of the present study is that house-
hold income is inversely associated with
the risk of metabolic syndrome in
women. After adjustment on lifestyle fac-
tors, the relationship remained statisti-
cally significant. These data suggest that
limited household income, which reflects
a complex unfavorable social and eco-
nomic environment, may increase the risk
of metabolic syndrome in a sex-specific
manner.

The observation of an inverse associ-
ation between metabolic syndrome and
household income in women, but not in
men, suggests that economic constraints
may increase the risk of metabolic syn-
drome in women. These data are consis-
tent with previous reports (24-26) that
had shown stronger association between

household income and waist girth in
women than in men. Our study further
extends this observation to metabolic syn-
drome. One possible explanation to this
finding is that limited resources bring
people to choose low-cost, energy-dense
food, which favors the development of in-
sulin resistance, hypertriglyceridemia,
and body weight gain (23). In support of
this hypothesis, it has been shown that
foods composed of fat, refined grain, and
added sugar are the lowest-cost options
for consumers in France (29). Limited re-
sources may also affect the ability to prac-
tice leisure activity, resulting in a higher
risk of metabolic syndrome. However,
these hypotheses do not clearly explain
the sex difference, since both men and
women from the lower household income
category should be similarly affected by
inappropriate food choice and lack of lei-
sure activity. Therefore, another explana-
tion could be that women in the lowest
household income category are likely un-
employed and bothered by limited re-

sources, resulting in reduced physical
activity and/or increased stress. This in
turn may favor body weight gain and in-
sulin resistance (25). In agreement with
this hypothesis, women in the bottom in-
come group were more often unemployed
and consume more psychotropic drugs
than women in the upper household in-
come category.

In contrast with women, household
income was not associated with metabolic
syndrome or any of its components sepa-
rately in men. Interestingly, the preva-
lence of metabolic syndrome tended to be
higher in men from the upper than the
lower income category, whereas the op-
posite was observed in women. There-
fore, one explanation could be that men
from the top income category, because of
cultural and personal beliefs, care less for
healthy food choices and physical activity
than women from the same income range.
Furthermore, men in the bottom income
group have a more physical occupation
that might protect them from developing
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Table 3—Age- and center-adjusted odds ratios of metabolic syndrome for household income, educational level, and accommodation status by

sex

Men Women . .
P interaction
Odds ratio (95% CI) P trend Odds ratio (95% CI) P trend with sex
Household income (%)
No income tax Ref. 0.12 Ref. <0.0001 0.0004
<760 euros 1.16 (0.78-1.72) 0.66 (0.44-0.99)
760-2,300 euros 0.91 (0.64-1.13) 0.52 (0.36-0.76)
>2,300 euros 0.82 (0.58-1.16) 0.38 (0.25-0.57)
Educational level (%)
Primary Ref. 0.0003 Ref. <0.0001 0.011
Intermediate, technical 0.74 (0.54-1.01) 0.61 (0.44-0.84)
University 0.52 (0.37-0.73) 0.33 (0.22-0.51)
Accomodation status (%)
Owners Ref. 0.0023 0.0045 0.89
Tenants 1.54 (1.16-2.03) 1.54 (1.12-2.10)
Occupational category (%)
Unskilled manual Ref. 0.0071 Ref. 0.0004 0.056
Employee 1.20 (0.82-1.75) 0.71 (0.48-1.05)
Middle executive 0.89 (0.67-1.74) 0.52 (0.34-0.81)
Senior executive 0.50 (0.33-0.75) 0.36 (0.18-0.73)
Psychotropic drug use (%)
No Ref. 0.22 Ref. 0.0009 0.18
Yes 1.37 (0.89-2.11) 1.94 (1.36-2.77)

Logistic regression analysis was used for statistical analyses with age, center, physical activity, alcohol consumption, smoking habit, and household composition and

each variable separately.

metabolic syndrome. Altogether, house-
hold income is a social and economic in-
dicator associated with health behaviors
that result in a higher risk of metabolic
syndrome in women.

Educational level is an important co-
factor of the relationship between house-
hold income and metabolic syndrome. In
the present study, the level of education
was inversely related to metabolic syn-
drome in both men and women; however,

it was more strongly inversely related in
women than in men (interaction P <
0.011). This is consistent with previous
studies (16-20) that reported more pro-
nounced inverse associations between ed-
ucational level and features of metabolic
syndrome in women than in men. The
reasons for this association might be re-
lated to the influence of education in pre-
dicting food choices (22,30-33) and
healthy behaviors (30,34), both of which

are related to metabolic syndrome. Since
education facilitates the understanding
and acquisition of healthy lifestyles and
since women are generally more health
conscious than men, the combination of
both factors might explain the greater
protection against metabolic syndrome in
educated women.

Housing status is an indicator of so-
cial position that is linked to household
income. In this study, living in a rented

Men Women
Waist ] —
Triglycerides — —
HDL — ———
Blood Pressure e —
Glycemia ——— —_—
06 07 08 09 10 11 12 06 07 08 09 10 11 1.2

Figure 1—Adjusted odds ratio of metabolic disorders for a 1-unit increase in household income in men and women. Metabolic disorders were defined
according to the NCEP III definition. Logistic regression analyses was used to assess the odds ratio of metabolic disorders using age, center, physical
activity, alcohol consumption, smoking habits, and household composition as covariables.
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accommodation is associated with meta-
bolic syndrome in men and women. The
mechanism through which housing sta-
tus influences metabolic syndrome is
speculative. Living in a rented accommo-
dation might reflect a lower social posi-
tion, which might generate chronic stress
resulting in insulin resistance and hyper-
triglyceridemia (35-37). Consistent with
this hypothesis, previous works (17,18)
have reported that the risk of insulin re-
sistance and obesity is related to the
neighborhood characteristics and accom-
modation status. Therefore, accommoda-
tion status might aggregate several
indicators of social position that influence
the risk of metabolic syndrome.

This study has several strengths and
limitations. It was conducted in three rep-
resentative samples of men and women
from different regions of France, therefore
providing a large variety of social and eco-
nomical situations. However, indicators
of social position, wealth, and educational
level are highly interrelated, which makes
it difficult to determine the precise indi-
vidual contribution of each factor. Fur-
thermore, due to the strong interrelations
among social indicators, there is always a
possibility that unmeasured factors may
confound the observations. Another
study limitation is the cross-sectional na-
ture of the study, which does not allow
inferring a causal relationship. Moreover,
reverse causation, the extent of which
metabolic syndrome and poor health lead
to low income, could be of some concern.
In addition, we used family income tax as
a proxy of household income despite
well-identified conceptual difficulties.

In conclusion, household income is a
social and economic indicator that aggre-
gates several indicators of social position.
In the present study, household income is
inversely associated with metabolic syn-
drome in women. These data suggest that
low social position, reflected by limited
familial income, may increase the risk of
metabolic syndrome in a sex-specific
manner.
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