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Childhood Socioeconomic Status
in Predicting Metabolic Syndrome
and Glucose Abnormalities in

Adulthood: The Cardiovascular
Risk in Young Finns Study

Diabetes Care 2016;39:2311-2317 | DOI: 10.2337/dc16-1565

OBJECTIVE

We prospectively examined whether family socioeconomic status (SES) in child-
hood is associated with metabolic syndrome (MetS), impaired fasting glucose
(IFG), or type 2 diabetes in adulthood.

RESEARCH DESIGN AND METHODS

The sample comprised 2,250 participants from the longitudinal Cardiovascular
Risk in Young Finns Study cohort. Participants were 3-18 years old at baseline
(mean age 10.6 years), and they were followed for 31 years. SES was characterized
as reported annual income of the family and classified on an 8-point scale.

RESULTS

For each 1-unit increase in family SES in childhood, the risk for adult MetS de-
creased (risk ratio [95% confidence interval] 0.94 [0.90-0.98]; P = 0.003) when
adjusted for age, sex, childhood cardiometabolic risk factors (lipids, systolic blood
pressure, insulin, and BMI), childhood physical activity, and fruit and vegetable
consumption. The association remained after adjustment for participants’ own
SES in adulthood (0.95 [0.91-0.99]; P = 0.005). A similar association was seen
between childhood SES and the risk of having either adult IFG or type 2 diabetes
(0.96 [0.92-0.99]; P = 0.01, age and sex adjusted). This association became non-
significant after adjustment for childhood risk factors (P = 0.08). Of the individual
components of MetS, lower SES in childhood predicted large waist circumference
(0.96 [0.93-0.99]; P = 0.003) and a high triglycerides concentration (0.96 [0.92—
1.00]; P = 0.04) after adjustment for the aforementioned risk factors.

CONCLUSIONS

Lower SES in childhood may be associated with an increased risk for MetS, IFG, and
type 2 diabetes in adulthood. Special attention could be paid to children of low SES
families to decrease the prevalence of MetS in adulthood.

Metabolic syndrome (MetS) is a cluster of cardiometabolic risk factors that predis-
poses individuals to a fivefold increased risk for type 2 diabetes and a twofold
increased risk for cardiovascular disease (1). Several studies have shown that
MetS predicts cardiovascular disease after adjustment for its individual compo-
nents, indicating the importance of the clustering of risk factors (2,3). In developed
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countries, MetS is present in ~25% of
the adult population, and because of the
global increase in obesity and sedentary
lifestyle, the prevalence of MetS con-
tinues to increase (4).

The Whitehall study, begun in
1967 among British male civil servants,
was the first to document an inverse
association between socioeconomic
status (SES) and mortality (5). In the White-
hall Il study, a similar gradient in mortality
was shown among female civil servants
(5). A study addressing childhood deter-
minants of ideal cardiovascular health
showed that the prevalence of MetS com-
ponents is increased in lower socioeco-
nomic groups (6). Several systematic
reviews have reported an inverse associ-
ation of SES with obesity and type 2 di-
abetes linked with MetS (7,8), but no
recent prospective study has shown
an association between childhood
SES and MetS later in adulthood for the
general population. Prospective data on
the association between childhood SES
and type 2 diabetes also are lacking.

Using data from the longitudinal Car-
diovascular Risk in Young Finns Study
cohort, we examined the independent
association of childhood family SES at
age 3-18 years on MetS and type 2 di-
abetes 27-31 years later in adulthood
(n = 2,250). The results provide novel
data that identify families whose chil-
dren have a greater risk for developing
MetS or type 2 diabetes later in life.

RESEARCH DESIGN AND METHODS

Participants

The Young Finns Study is an ongoing
population-based follow-up study of
atherosclerosis precursors in Finnish
children and young adults. The first
cross-sectional survey was conducted in
1980 in 3,596 participants aged 3—18 years
(12). These participants were randomly
chosen from the national register of
the five study areas. Thereafter, several
follow-up surveys have been performed
(9). The two latest follow-up surveys
were completed in 2007 and 2011 by
2,204 and 2,036 participants from the
original cohort, respectively. In this
study, the sample comprised 2,250 par-
ticipants aged 3-18 years at baseline
who provided data on SES and cardiome-
tabolic risk factors in childhood (1980)
and adulthood. In adulthood, data from
the 2011 survey (n=1,927) were primarily
used in the analyses. If complete data

were not available from 2011, then data
from the 2007 survey were used (n =
323 [14.3%]). Thus, the mean follow-up
period was 30.4 years. In additional anal-
yses that examined the life-course levels
of MetS components, data from the
1986 and 2001 surveys on participant
SES and cardiometabolic risk factors were
used. Participants with type 1 diabetes
or who were pregnant were excluded
from the analyses. All participants pro-
vided written informed consent, and
the study was approved by local ethics
committees (University of Turku and
University of Tampere).

Clinical Characteristics and
Laboratory Measures
Height, weight, and waist circumference
were measured at all examinations (9).
BMI was calculated as weight in kilograms
divided by height in meters squared.
Blood pressure was measured from the
right-side brachial artery with a standard
mercury sphygmomanometer in 1980 and
with a random-zero sphygmomanome-
ter (Hawksley & Sons Ltd.; Lancing, U.K.)
in 1986, 2001, 2007, and 2011 (10). Blood
pressure was measured in the sitting posi-
tion after a 5-min rest. The average of three
measurements was used in the analysis.
Venous blood samples were collected
after a 12-h fast. Lipid determinations
for triglycerides, total cholesterol, and
HDL cholesterol were done with standard
methods (11). LDL cholesterol was calcu-
lated with the Friedewald equation for
participants with triglycerides <4 mmol/L.
Plasma glucose concentrations were
analyzed enzymatically, and serum insulin
was measured by microparticle enzyme
immunoassay kit. Details of the methods
have been described previously (11).

Physical Activity and Diet

Data on dietary habits and physical activity
in childhood were obtained through ques-
tionnaires (11). A physical activity index
comprising the duration, intensity, and
frequency of physical activity, including
leisure-time physical activity and com-
muting, was calculated to indicate habit-
ual physical activity (12,13). Separate
questionnaires were used for the younger
(3—-6 years of age, a parent-completed
questionnaire) and older (9-18 years of
age, a self-completed questionnaire with
the help of parents, if needed) children.
To ensure that the data could be compared
between the two age-groups, the calcu-
lated physical activity indices were age
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standardized. To examine the frequency
of vegetable and fruit consumption, partic-
ipants (or the parents of children 3—6 years
of age) completed a questionnaire on ha-
bitual dietary choices during the past
month through six response categories:
1 = daily, 2 = almost every day, 3 = a cou-
ple of times per week, 4 = about once a
week, 5 = a couple of times per month,
and 6 = more seldom. The response cat-
egories were converted into times of con-
sumption per week. Detailed information
on the food frequency questionnaires and
their validity has been published else-
where (14,15).

Classification of SES

Annual income was considered an indi-
cator of SES in both childhood and adult-
hood (16). Annual family income strata
at the time of enrollment were deter-
mined as follows: category 1, <15,000
Finnish marks (FIM) (corresponding to
~€7,050 in 2011); category 2, 15,001
25,000 FIM; category 3, 25,001-35,000 FIM;
category 4, 35,001-45,000 FIM; cate-
gory 5, 45,001-55,000 FIM; category
6, 55,001-75,000 FIM; category 7,
75,001-100,000 FIM; and category
8, >100,000 FIM. Participant’s income
in adulthood in 2007 and 2011 was also
classified on an 8-point scale, ranging
from annual gross income from
1 (<€10,000) to 8 (>€70,000) (17).
In a sensitivity analysis, we also de-
fined childhood SES according to pa-
rental years of education.

Classification of MetS, Impaired

Fasting Glucose, and Type 2 Diabetes
MetS was defined by using the harmo-
nized criteria proposed in 2009 (18).
Data from the follow-up conducted in
2011 were primarily used. If the partic-
ipant did not attend the 2011 follow-up,
data from the 2007 follow-up were ap-
plied to indicate adult MetS. MetS was
diagnosed if the participant had at least
three of the following five components: 1)
waist circumference =102 cm for
males and =88 cm for females, 2)
triglycerides =1.7 mmol/L (=150 mg/dL)
or specific treatment for this lipid abnor-
mality, 3) HDL cholesterol <1.0 mmol/L
(<40 mg/dL) in males or <1.3 mmol/L
(<50 mg/dL) in females or specific treat-
ment for this lipid abnormality, 4) blood
pressure =130/85 mmHg or treatment of
previously diagnosed hypertension, and 5)
fasting plasma glucose =5.6 mmol/L
(=100 mg/dL) or specific drug treatment
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of elevated glucose. In total, 481 partici-
pants had MetS in adulthood.

Impaired fasting glucose (IFG) was
defined as having a fasting plasma
glucose =5.6 mmol/L (19). IFG was found
in 564 participants. Participants were clas-
sified as having type 2 diabetes if they had a
fasting plasma glucose =7.0 mmol/L
(=126 mg/dL) in accordance with American
Diabetes Association criteria (19), had an
HbA. level of =6.5% (=48 mmol/mol),
reported receiving oral hypoglycemic
agents and/or insulin injections, and did
not have type 1 diabetes or reported a di-
agnosis made by a physician. Type 2 diabe-
tes was found in 81 participants. In line with
MetS, data from the 2011 follow-up were
primarily used and in the case of missing
data, complemented data obtained in
2007. Separate analyses were done for the
group of participants with type 2 diabetes
and for a combined group of participants
with either IFG or type 2 diabetes.

Statistical Analyses

To examine differences between char-
acteristics of males and females, we
used age-adjusted linear regression for
continuous outcomes and logistic re-
gression for binary outcomes. Continu-
ous variables were described by mean =
SD and binary variables as percentages.
To study associations of family SES in
childhood with MetS, IFG, type 2 diabe-
tes, and components of MetS (categorical
variable) in adulthood, we examined
risk ratios (RRs) using Poisson logistic re-
gression. The analyses were adjusted
only for age and sex (model 1); for age,
sex, conventional childhood cardiome-
tabolic risk factors (lipids, systolic blood
pressure, insulin, and BMI), childhood
physical activity, and fruit and vegetable
consumption (model 2); and further for
SES in adulthood (model 3). To study the
association of intergenerational mobil-
ity of SES on the prevalence of MetS in
adulthood, the study population was
classified into four groups according to
SES status in childhood and adulthood
as follows: group 1 (n = 501), SES under
the median in both childhood and adult-
hood; group 2 (n = 541), SES above the
median in childhood and below the me-
dianin adulthood; group 3 (n=421), SES
below the median in childhood and
above the median in adulthood; and
group 4 (n=787), SES above the median
in both childhood and adulthood. The
differences in the prevalence of MetS

in these SES groups were examined us-
ing cross-tabulation together with age-
and sex-adjusted logistic regression. We
also compared risk factor profiles in
childhood and adulthood among these
SES groups by using multiple compari-
sons separately for every risk variable.
Finally, we analyzed the life-course lev-
els of components of MetS in these
groups, using multiple comparisons ad-
justed for age and sex to the mean val-
ues in 4-5 time points in the groups. We
used the Tukey-Kramer method to com-
pute multiplicity-adjusted P values. All
statistical tests were performed using
SAS 9.4 software (SAS Institute, Cary,
NC), with statistical significance in-
ferred at a two-tailed P < 0.05.

RESULTS

The baseline characteristics of the study
population are shown in Supplementary
Table 1. At baseline, the participants
were, on average, 10.6 years old, and
slightly more females than males com-
prised the study cohort. Females had a
higher LDL cholesterol concentration,
whereas systolic blood pressure was
higher in males. When sex by MetS-
type 2 diabetes interactions were stud-
ied, no significant sex differences were
detected, indicating that the effect of
SES on MetS and type 2 diabetes was
similar between males and females.
Thus, the sexes were analyzed together.
Higher SES in childhood was associ-
ated with a lower risk for MetS in adult-
hood (RR 0.93 [95% CI 0.90-0.97]; P =
0.0003, adjusted for age and sex) (Fig.
1). In the additional analysis using pa-
rental years of education as an indicator
of childhood SES, the results were simi-
lar (RR 0.97 [95% C| 0.95-0.99]; P = 0.02,
adjusted for age and sex). The associa-
tion remained significant after adjust-
ment for conventional cardiovascular
risk factors, including physical activity
and fruit and vegetable consumption in
childhood (RR 0.94 [95% CI 0.90-0.98];
P =0.003). These results persisted when
the analysis was also adjusted for the
participants’ own SES in adulthood (RR
0.95 [95% CI 0.91-0.99]; P = 0.005).
Childhood SES was also inversely as-
sociated with the components of MetS
(Table 1, model 1, adjusted for age and
sex). Except for blood pressure, these
associations persisted after adjustment
for cardiovascular risk factors in child-
hood (model 2). When also adjusted
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for their own SES in adulthood (model
3), the only statistically significant asso-
ciations between childhood SES and the
MetS components were found for waist
circumference and triglyceride levels.

Prevalence of MetS in adulthood was
compared among the four childhood-
adulthood SES groups (Fig. 2). The prev-
alence of MetS was lowest in group
4 (high SES in both childhood and adult-
hood) compared with the other groups,
including group 3 (low SES in childhood
but high in adulthood).

To gain more insight into the highest
prevalence of MetS in group 3, we ex-
amined individual risk factors in child-
hood and adulthood by comparing
group 3 with the other groups (Table
2). The analyses revealed that group
4 participants had a more-favorable
risk factor profile. In addition, we ana-
lyzed the life-course levels of MetS com-
ponents in the childhood-adulthood SES
groups (Supplementary Figs. 1-6). Dif-
ferences were seen among the groups
throughout the life course in every
MetS component, particularly highlight-
ing more favorable levels in group 4.

In addition to MetS, we studied the
association of childhood SES with later
risk for IFG and type 2 diabetes. In line
with MetS, childhood SES was inversely
associated with the combine variable
(i.e., having either IFG or type 2 diabe-
tes) (RR 0.96 [95% Cl 0.92-0.99]; P =
0.01, adjusted for age and sex). The as-
sociation was attenuated after adjust-
ment for conventional cardiometabolic
risk factors in childhood (RR 0.97 [95% Cl
0.93-1.00]; P = 0.08). When type 2 di-
abetes was analyzed separately, no asso-
ciation was found between childhood SES
and type 2 diabetes in adulthood (RR 0.92
[95% Cl 0.82-1.02; P = 0.10, adjusted for
age and sex] and 0.95 [95% CI 0.85-1.06;
P = 0.34, adjusted for age, sex, and con-
ventional cardiometabolic risk factors in
childhood], respectively).

CONCLUSIONS

This prospective study indicates that
higher SES in childhood is associated
with a lower risk for MetS >30 years
later in adulthood. The relation was
independent of childhood conventional
cardiometabolic risk factors and partici-
pants’ own SES in adulthood. Similar re-
sults were seen between childhood SES
and risk of having IFG or type 2 diabetes
later in life, although the association
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| Figure 1—Prevalence of MetS in various childhood SES groups (n = 2,250). Data are mean = SD.

was attenuated after adjustment for
cardiometabolic risk factors in child-
hood. The lowest prevalence of MetS
(18.7%) was found in those who main-
tained their SES above the median from
childhood to adulthood. Those who had
an SES below the median in childhood but
above it in adulthood had the highest
prevalence (25.4%) of MetS in adulthood.

The first documented association be-
tween SES and mortality was reported in
the Whitehall studies that begun in
1967 (5). After that, the inverse relation
between SES and risk factor levels of
various chronic diseases has been found
across populations (8,20). Previous
studies also have shown an association
between SES and the risk of MetSin adult-
hood (21,22). A study among 9,746 Chi-
nese adults aged >50 years showed that
high SES is inversely associated with the
prevalence of MetS in women but not in
men (21). A similar result was found in the

Atherosclerosis Risk in Communities
(ARIC) study among >10,000 men and
women aged 45-64 years (22). In this
study, no SES—sex interaction was found,
indicating that the association between
childhood SES and MetS is similar in males
and females. Few studies have exam-
ined whether mostly retrospectively
assessed SES in childhood is associated
with the risk of MetS in adulthood and
have revealed inconclusive results
(23-26). In most of these studies, no as-
sociations were found between child-
hood SES and adult MetS or they did
not persist after taking into account adult
SES. An inverse association between ret-
rospectively assessed childhood SES and
MetS at baseline when participants were
42-52 years old was reported in the Study
of Women’s Health Across the Nation
(SWAN) (23). In addition, participants’
own education was associated with
MetS after 12 years of follow-up, whereas
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childhood SES was not significant in pre-
dicting MetS. Thus, the impacts of child-
hood SES on the risk of having MetS in
adulthood remain poorly understood in
data representative of the general popu-
lation and when several childhood cardio-
metabolic risk factors and one’s own adult
SES are taken into account. Our previous
studies have shown that SES in childhood
is inversely associated with cardiovascular
risk factors and vascular structure and
function (6,27). The current prospective
study thus provides novel data on the in-
dependent association between SES in
childhood and the risk of having MetS
three decades later in adulthood.

To the best of our knowledge, the ef-
fect of intergenerational mobility in SES
on MetS in adulthood has not been in-
vestigated previously. In a study where
childhood SES was determined by pa-
rental educational status, parent SES
had no association with having a healthy
lifestyle as an adult when adjusted for
participants’ own SES; only the SES they
finally attained was significant (28). In
the current study, intergenerational
mobility had an impact on the preva-
lence of MetS in adulthood, as indi-
cated, for example, by both upwardly
and downwardly mobile SES groups dif-
fering from the group that stayed above
the SES median in childhood and adult-
hood. Of note, participants who experi-
enced an increase in SES from childhood
did not show a reduced risk for MetS but
rather, had the highest prevalence, sug-
gesting that an increase in SES does not
confer protective effects against MetS
but instead, predisposes to a higher
risk for MetS in adulthood. After adjust-
ment for sex and age, the prevalence
was statistically higher compared with
having an SES that is high in both child-
hood and adulthood. In addition, partic-
ipants who obtained a higher SES in
adulthood had more adverse levels in

Table 1—Relative risk for components of MetS in adulthood according to family SES in childhood (n = 2,250)

Adulthood variable Percentage Model 1 P value Model 2 P value Model 3 P value
High waist circumference 34.8 0.96 (0.93-0.98) 0.002 0.95 (0.93-0.98) 0.001 0.96 (0.93-0.99) 0.003
High blood pressure 21.7 0.96 (0.92-1.00) 0.04 0.97 (0.94-1.01) 0.19 0.97 (0.94-1.01) 0.20
Low HDL cholesterol 34.0 0.95 (0.93-0.98) 0.0007 0.97 (0.93-1.00) 0.03 0.97 (0.94-1.00) 0.06
High triglycerides 20.6 0.94 (0.90-0.98) 0.002 0.95 (0.92-1.00) 0.03 0.96 (0.92-1.00) 0.04
High fasting plasma glucose 25.1 0.96 (0.92-0.99) 0.01 0.96 (0.93-1.00) 0.05 0.97 (0.94-1.01) 0.15

Data are RR (95% Cl) unless otherwise indicated. RRs and P values were calculated using Poisson logistic regression. Relative risks are for a 1-unit
increase in family SES in childhood. Adjusted model 1 included age (3—18 years at baseline) and sex. Adjusted model 2 included model 1

covariates plus childhood LDL cholesterol, HDL cholesterol, triglycerides, systolic blood pressure, BMI, insulin, frequency of fruit and vegetable
consumption, and physical activity index. Adjusted model 3 included model 2 covariates plus participant’s own SES (annual income) in adulthood.
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Figure 2—Prevalence of MetS in various childhood and adulthood SES groups (n = 2,250). Data
are mean = SD. —, below the median SES; +, above the median SES.

nearly all MetS components in adult-
hood than those who remained in the
high SES group from childhood to adult-
hood. This finding indicates that low
childhood SES has a residual effect on
MetS components in adulthood above
the effect of the participant’s own SES.
With these data, we could not provide
definite mechanisms behind the in-
creased risk of MetS with an increase
in SES from childhood to adulthood;
thus, further research on this effect is
warranted. Moreover, when the differ-
ences between the groups in every
MetS component were compared
throughout the life course, risk factors

among those with constantly high SES
were more favorable, further suggesting
the benefits of sustained high SES.
Multiple mechanisms underlie the
associations between childhood SES and
adult MetS and may have complex inter-
relations. The pathophysiological basis
of MetS is insulin resistance, which is
strongly associated with abdominal obe-
sity (1,29). On the other hand, abdo-
minal obesity has a strong inverse
relationship with SES (8). In a South Ko-
rean study by Lim et al. (30), income dif-
ferences were associated more strongly
with obesity, hypertension, and dyslipid-
emia components of MetS compared

with hyperglycemia. The finding is in
line with the current data, showing sig-
nificant associations between family in-
come and subsequent MetS but not
with elevated glucose levels. A recent
study showed that SES is inversely asso-
ciated with fruit and vegetable consump-
tion among all Nordic countries (31), and
lower SES relates to physical inactivity
(32). Furthermore, the relationship of di-
etary habits and physical activity with
MetS and its components is well estab-
lished (14,33,34). In the current study, the
association of childhood SES with MetS
persisted after adjustments for fruit and
vegetable consumption, physical activity,
and several other conventional childhood
cardiometabolic risk factors, suggesting
that other mediating factors may be at
play that affect the association.

One possible underlying mechanism
is the stress-mediated pathway. Lower
SES has been shown to associate with
greater stress hormone levels, catechol-
amines, and cortisol (35). Stress mod-
ifies fat metabolism and, subsequently,
insulin sensitivity and predisposes to
poor diet and a sedentary lifestyle,
thereby contributing to the development
of MetS (36,37). Moreover, infection
could be a possible agent between child-
hood SES and MetS because childhood
infection has been associated with a
worse cardiovascular risk factor profile,
especially among low-SES families (16).
Finally, family SES might be linked to the
development of MetS through its impact
on birth weight related to intrauterine
nutrition; malnutrition of fetus and low

Table 2—Risk factors in childhood and adulthood in various SES groups compared with group 3

Group 3 Group 1 Group 2 Group 4
—/+ —/— +/- +/+ P value* P valuet P valuef
Risk factors in childhood
BMI (kg/m?) 18.2 (3.0) 17.8 (3.1) 17.8 (3.0) 17.8 (2.9) 1.00 0.35 0.63
Systolic blood pressure (mmHg) 114.5 (12.1) 111.8 (12.6) 111.6 (12.0) 112.2 (11.3) 0.32 0.61 0.04
HDL cholesterol (mmol/L) 1.54 (0.31) 1.54 (0.31) 1.58 (0.29) 1.58 (0.31) 0.96 0.54 0.13
Triglycerides (mmol/L) 0.69 (0.34) 0.70 (0.32) 0.66 (0.30) 0.63 (0.29) 0.98 0.42 0.006
Insulin (mU/L) 10.10 (6.36) 9.86 (5.98) 9.81 (6.00) 9.44 (5.75) 1.00 1.00 0.63
Risk factors in adulthood
BMI (kg/m?) 27.0 (4.9) 27.0 (5.7) 26.4 (5.2) 25.8 (4.5) 0.82 0.92 0.007
Waist circumference (cm) 93.6 (13.9) 91.5 (15.2) 90.5 (14.6) 90.6 (13.3) 0.85 1.00 0.02
Systolic blood pressure (mmHg) 122.4 (14.7) 119.8 (14.7) 117.9 (14.3) 118.2 (13.4) 1.00 0.43 <0.0001
HDL cholesterol (mmol/L) 1.27 (0.34) 1.32 (0.31) 1.36 (0.32) 1.34 (0.35) 0.91 0.86 0.02
Triglycerides (mmol/L) 1.48 (0.98) 1.37 (1.27) 1.32 (1.61) 1.28 (0.83) 1.00 1.00 0.06
Fasting plasma glucose (mmol/L) 5.37 (0.59) 5.43 (1.03) 5.34 (0.69) 5.32 (0.74) 0.006 0.24 0.94

Data are mean = SD. P values are for Tukey-Kramer adjusted multiple comparisons. Group 1 (n = 501), SES below the median in childhood and
adulthood (—/—); group 2 (n =541), SES above the median in childhood and below the median in adulthood (+/—); group 3 (n =421), SES below the
median in childhood and above the median in adulthood (—/+); group 4 (n = 787), SES above the median in childhood and adulthood (+/+).
*Compared with group 1; tcompared with group 2; fcompared with group 4.

220z 1snbny 9z uo 3senb Aq 4pd-G9G1L919P/ZLLSYS/L L €2/ZLI6EAPd-BINE/18D/610"S[RUINO[SBIRGRIP//:dBY WOl papeojumog


http://care.diabetesjournals.org

2316 Childhood SES and Metabolic Abnormalities
]

birth weight may lead to reduced insulin
sensitivity, which favors the occurrence of
hypertension, insulin resistance, and hy-
percholesterolemia later in life (38).

We acknowledge that this study has
limitations. First, because of the rather
young age of the study cohort in the
latest follow-up, the prevalence of
MetS, IFG, and especially type 2 diabe-
tes was relatively low but in line with
other Finnish cohorts (39). This may ex-
plain why we did not find an association
between childhood SES and separately
analyzed type 2 diabetes, although the
RR was of similar magnitude to MetS. Sec-
ond, some limitations in the classification
of SES could be due to unemployment,
poor health, and other life circumstances
that affect income. Third, because the
rates of SES mobility depend on how
the mobility is defined and how the vari-
ous groups of mobility are formed, the
rates of mobility in this study cannot be
fully compared with the other cohorts.
Additionally, the generalizability of this
study is limited to white populations be-
cause the study cohort was racially ho-
mogenous. Finally, possible bias due to
loss to follow-up was present. However,
the Young Finns Study group has been
dynamic, and we have previously reported
that baseline risk factors were similar
among participants and nonparticipants
(40). Thus, the current study population
probably represents the original popula-
tion. Major strengths of this study include
the longitudinal design that began in
childhood and continued through
31 years of follow-up and the participants
being well phenotyped in both childhood
and adulthood.

In conclusion, low SES in childhood is
associated with a higher risk for MetS in
adulthood independently of conven-
tional childhood risk factors and one’s
own SES in adulthood. These results em-
phasize that special attention should be
paid to children of low SES families with
the aim to decrease prevalence of MetS
and health inequalities later in life.

Acknowledgments. The authors thank Noora
Kartiosuo from the Research Centre of Applied
and Preventive Cardiovascular Medicine, Uni-
versity of Turku, for statistical advice with these
data.

Funding. The Young Finns Study was partially
funded by the National Heart Foundation of
Australia Future Leader Fellowship (grant
100849 to C.G.M.) and financially supported

by the Suomen Akatemia (Academy of Finland)
(grants 286284 [to T.L.]J; 134309 [Eye]; 126925,
121584, 124282, and 129378 [Salve]; 117787
[Gendi]; and 41071 [Skidi]); Social Insurance Institu-
tion of Finland; Kuopio, Tampere, and Turku Univer-
sity Hospital Medical Funds (grant X51001 to T.L.);
Juho Vainio Foundation; Paavo Nurmi Foundation;
Finnish Foundation of Cardiovascular Research;
Finnish Cultural Foundation; Sigrid Juselius Foun-
dation; Tampere Tuberculosis Foundation;
Emil Aaltonen Foundation; and Yrjo Jahnsson
Foundation. This work was also partly funded by
the National Health and Medical Research Council
Project (grant APP1098369).

Duality of Interest. No potential conflicts of
interest relevant to this article were reported.

Author Contributions. E.P. researched data
and wrote the manuscript. K.P. and T.T.L. con-
tributed to the study concept, design, and
discussion and edited the manuscript. C.G.M.
contributed to the study design, data gathering,
and critical revision of the manuscript for im-
portant intellectual content. N.H.-K. contributed
tothedesign of the Young Finns Study and critical
revision of the manuscript for important intel-
lectual content. P.T. and E.J. contributed to the
critical revision of the manuscript for important
intellectual content. M.A.S. contributed to the
study design, data gathering, and critical revision
of the manuscript for important intellectual
content. T.L.,, M.E., and L.P.-R. contributed to
the critical revision of the manuscript for impor-
tant intellectual content. J.S.A.V. contributed to
obtaining funding, the design of the Young Finns
Study, and the critical revision of the manuscript
for important intellectual content. O.T.R. leads
and contributed to the design of the Young Finns
Study and contributed to obtaining funding and
to the critical revision of the manuscript for
important intellectual content. M.J. contributed
to obtaining funding and to the design of Young
Finns Study and to the study concept, design,
discussion, and editing of the manuscript of the
current study. E.P. is the guarantor of this work
and, as such, had full access to all the data in the
study and takes responsibility for the integrity of
the data and the accuracy of the data analysis.

References

1. Reaven GM. Banting lecture 1988. Role of
insulin resistance in human disease. Diabetes
1988;37:1595-1607

2. McNeill AM, Rosamond WD, Girman CJ, et al.
The metabolic syndrome and 11-year risk of in-
cident cardiovascular disease in the atheroscle-
rosis risk in communities study. Diabetes Care
2005;28:385-390

3. Sundstrom J, Risérus U, Byberg L, Zethelius B,
Lithell H, Lind L. Clinical value of the metabolic
syndrome for long term prediction of total and
cardiovascular mortality: prospective, popula-
tion based cohort study. BMJ 2006;332:878—
882

4. Grundy SM. Metabolic syndrome pandemic.
Arterioscler Thromb Vasc Biol 2008;28:629-636
5. Marmot MG, Smith GD, Stansfeld S, et al.
Health inequalities among British civil servants:
the Whitehall Il study. Lancet 1991;337:1387—-
1393

6. Kivimaki M, Smith GD, Juonala M, et al. So-
cioeconomic position in childhood and adult
cardiovascular risk factors, vascular structure,

Diabetes Care Volume 39, December 2016

and function: cardiovascular risk in Young Finns
Study. Heart 2006;92:474-480

7. Brown AF, Ettner SL, Piette J, et al. Socioeco-
nomic position and health among persons with
diabetes mellitus: a conceptual framework and
review of the literature. Epidemiol Rev 2004;26:
63-77

8. Sobal J, Stunkard AJ. Socioeconomic status
and obesity: a review of the literature. Psychol
Bull 1989;105:260-275

9. Raitakari OT, Juonala M, Rénnemaa T, et al.
Cohort profile: the cardiovascular risk in Young
Finns Study. Int J Epidemiol 2008;37:1220-1226
10. Juhola J, Magnussen CG, Viikari JSA, et al.
Tracking of serum lipid levels, blood pressure,
and body mass index from childhood to adult-
hood: the Cardiovascular Risk in Young Finns
Study. J Pediatr 2011;159:584-590

11. Juonala M, Viikari JSA, Hutri-Kdhonen N,
et al. The 21-year follow-up of the Cardiovascu-
lar Risk in Young Finns Study: risk factor levels,
secular trends and east-west difference. J Intern
Med 2004;255:457-468

12. Mansikkaniemi K, Juonala M, Taimela S,
et al. Cross-sectional associations between
physical activity and selected coronary heart
disease risk factors in young adults. The Cardio-
vascular Risk in Young Finns Study. Ann Med
2012;44:733-744

13. Telama R, Yang X, Viikari J, Valimaki I,
Wanne O, Raitakari O. Physical activity from
childhood to adulthood: a 21-year tracking
study. Am J Prev Med 2005;28:267-273

14. Mikkila V, Rasanen L, Raitakari OT, Pietinen
P, Viikari J. Consistent dietary patterns identi-
fied from childhood to adulthood: the cardio-
vascular risk in Young Finns Study. Br J Nutr
2005;93:923-931

15. Paalanen L, Mannisto S, Virtanen MJ, et al.
Validity of a food frequency questionnaire var-
ied by age and body mass index. J Clin Epidemiol
2006;59:994-1001

16. Liu RS, Burgner DP, Sabin MA, et al. Child-
hood infections, socioeconomic status, and
adult cardiometabolic risk. Pediatrics 2016;
137:e20160236

17. Elovainio M, Pulkki-Raback L, Jokela M,
et al. Socioeconomic status and the develop-
ment of depressive symptoms from childhood
to adulthood: a longitudinal analysis across
27 years of follow-up in the Young Finns Study.
Soc Sci Med 2012;74:923-929

18. Alberti KGMM, Eckel RH, Grundy SM, et al.;
International Diabetes Federation Task Force on
Epidemiology and Prevention; National Heart,
Lung, and Blood Institute; American Heart Asso-
ciation; World Heart Federation; International
Atherosclerosis Society; International Associa-
tion for the Study of Obesity. Harmonizing the
metabolic syndrome: a joint interim statement
of the International Diabetes Federation Task
Force on Epidemiology and Prevention; Na-
tional Heart, Lung, and Blood Institute; Ameri-
can Heart Association; World Heart Federation;
International Atherosclerosis Society; and Inter-
national Association for the Study of Obesity.
Circulation 2009;120:1640-1645

19. American Diabetes Association. Diagnosis
and classification of diabetes mellitus. Diabetes
Care. 2010;33(Suppl. 1):562-569

20. Lynch JW, Kaplan GA, Cohen RD,
Tuomilehto J, Salonen JT. Do cardiovascular

220z 1snbny 9z uo 3senb Aq 4pd-G9G1L919P/ZLLSYS/L L €2/ZLI6EAPd-BINE/18D/610"S[RUINO[SBIRGRIP//:dBY WOl papeojumog



care.diabetesjournals.org

risk factors explain the relation between socio-
economic status, risk of all-cause mortality, car-
diovascular mortality, and acute myocardial
infarction? Am J Epidemiol 1996;144:934-942
21. Zhan Y, Yu J, Chen R, et al. Socioeconomic
status and metabolic syndrome in the general
population of China: a cross-sectional study.
BMC Public Health 2012;12:921

22. Chichlowska KL, Rose KM, Diez-Roux AV,
Golden SH, McNeill AM, Heiss G. Individual
and neighborhood socioeconomic status char-
acteristics and prevalence of metabolic
syndrome: the Atherosclerosis Risk in Commu-
nities (ARIC) Study. Psychosom Med 2008;70:
986-992

23. Montez JK, Bromberger JT, Harlow SD,
Kravitz HM, Matthews KA. Life-course socioeco-
nomic status and metabolic syndrome among
midlife women. J Gerontol B Psychol Sci Soc
Sci 28 February 2016 [Epub ahead of print].
DOI:10.1093/geronb/gbw014

24. Langenberg C, Kuh D, Wadsworth MEJ,
Brunner E, Hardy R. Social circumstances and
education: life course origins of social inequal-
ities in metabolic risk in a prospective national
birth cohort. Am J Public Health 2006;96:
2216-2221

25. Ramsay SE, Whincup PH, Morris R, Lennon
L, Wannamethee SG. Is socioeconomic position
related to the prevalence of metabolic syn-
drome? Influence of social class across the life
course in a population-based study of older
men. Diabetes Care 2008;31:2380-2382

26. Lucove JC, Kaufman JS, James SA. Associa-
tion between adult and childhood socioeco-
nomic status and prevalence of the metabolic

syndrome in African Americans: the Pitt
County Study. Am J Public Health 2007;97:
234-236

27. Leino M, Raitakari OT, Porkka KV, Taimela S,
Viikari JS. Associations of education with cardio-
vascular risk factors in young adults: the Cardio-
vascular Risk in Young Finns Study. Int J
Epidemiol 1999;28:667-675

28. Gall SL, Abbott-Chapman J, Patton GC,
Dwyer T, Venn A. Intergenerational educational
mobility is associated with cardiovascular dis-
ease risk behaviours in a cohort of young Aus-
tralian adults: the Childhood Determinants of
Adult Health (CDAH) Study. BMC Public Health
2010;10:55

29. Eckel RH, Alberti KGMM, Grundy SM,
Zimmet PZ. The metabolic syndrome. Lancet
2010;375:181-183

30. Lim H, Nguyen T, Choue R, Wang Y. Socio-
demographic disparities in the composition of
metabolic syndrome components among adults
in South Korea. Diabetes Care 2012;35:2028—
2035

31. Fismen A-S, Smith ORF, Torsheim T, et al.
Trends in food habits and their relation to so-
cioeconomic status among Nordic adolescents
2001/2002-2009/2010. PLoS One 2016;11:
0148541

32. Leino M, Raitakari OT, Porkka KV, Helenius
HY, Viikari JS. Cardiovascular risk factors of
young adults in relation to parental socioeco-
nomic status: the Cardiovascular Risk in Young
Finns Study. Ann Med 2000;32:142-151

33. Yang X, Telama R, Hirvensalo M, Mattsson
N, Viikari JSA, Raitakari OT. The longitudinal ef-
fects of physical activity history on metabolic

Puolakka and Associates

syndrome. Med Sci Sports Exerc 2008;40:
1424-1431

34. Jaaskelainen P, Magnussen CG, Pahkala K,
et al. Childhood nutrition in predicting meta-
bolic syndrome in adults: the Cardiovascular
Risk in Young Finns Study. Diabetes Care 2012;
35:1937-1943

35. CohenS, Doyle WJ, Baum A. Socioeconomic
status is associated with stress hormones. Psy-
chosom Med 2006;68:414-420

36. Pickering T. Cardiovascular pathways: so-
cioeconomic status and stress effects on hyper-
tension and cardiovascular function. Ann N Y
Acad Sci 1999;896:262-277

37. Lynch JW, Kaplan GA, Salonen JT. Why do
poor people behave poorly? Variation in
adult health behaviours and psychosocial
characteristics by stages of the socioeco-
nomic lifecourse. Soc Sci Med 1997;44:809—
819

38. Barker DJ, Hales CN, Fall CH, Osmond C, Phipps
K, Clark PM. Type 2 (non-insulin-dependent)
diabetes mellitus, hypertension and hyperlipid-
aemia (syndrome X): relation to reduced fetal
growth. Diabetologia 1993;36:62—-67

39. Kivimaki M, Virtanen M, Kawachi |, et al.
Long working hours, socioeconomic status,
and the risk of incident type 2 diabetes: a meta-
analysis of published and unpublished data from
222120 individuals. Lancet Diabetes Endocrinol
2015;3:27-34.

40. Nuotio J, Oikonen M, Magnussen CG, et al.
Cardiovascular risk factors in 2011 and secular
trends since 2007: the Cardiovascular Risk in
Young Finns Study. Scand J Public Health 2014;
42:563-571

220z 1snbny 9z uo 3senb Aq 4pd-G9G1L919P/ZLLSYS/L L €2/ZLI6EAPd-BINE/18D/610"S[RUINO[SBIRGRIP//:dBY WOl papeojumog


http://care.diabetesjournals.org

