Khan et al. Diabetology & Metabolic Syndrome 2014, 6:140
http://www.dmsjournal.com/content/6/1/140

RESEARCH

DIABETOLOGY &
METABOLIC SYNDROME

Open Access

Parent-offspring association of metabolic syndrome
in the Framingham Heart Study
Rumana J Khan*, Samson Y Gebreab, Pia Riestra, Ruihua Xu and Sharon K Davis

Abstract
Background: Metabolic syndrome (MetS) is a clustering of five metabolic risk factors including abdominal
obesity, elevated blood pressure, hypertriglyceridemia, low high-density lipoprotein cholesterol (HDL-C), and
impaired fasting glucose. Few studies have fully reported the strength of clustering of these risk factors in a
parent-offspring relationship. This analysis describes the associations between parents and their adult offspring
in regard to MetS. It also estimates the association between each risk factor in parents and the presence of
MetS in their offspring.
Methods: We analyzed data for 1193 offspring (565 sons, and 628 daughters) from the Framingham Offspring
Study who attended examinations 5, 6, and 7. Information about their parents was collected from examinations
13, 14 and 15 of the Framingham Original Cohort study. We used pedigree file to combine parental and
offspring’s data. Participants were classified as having the MetS according to the Adult Treatment Panel III
criteria. Analyses were conducted separately for mothers and fathers. Logistic regression was used to estimate
the associations.
Results: After adjusting for age, education, smoking, alcohol consumption and physical activity level of
offspring, no significant association was found between father’s and their offspring’s MetS. Mother’s MetS was
significantly and positively associated with their daughter’s MetS (adjusted odds ratio or adj OR: 1.63; 95%
confidence Interval, CI:1.02-2.61), but not with their sons’ MetS. When analyzed by individual components,
maternal impaired glucose (adj OR: 2.03; 95% CI: 1.02- 9.31), abdominal obesity (adj OR: 1.56; 95% CI: 0.98- 2.55) and
low HDL-C (adj OR: 2.12; 95% CI: 1.36-3.32) were associated daughter’s MetS. Maternal low HDL-C and raised total
cholesterol showed marginal association with son’s MetS. For fathers, only impaired glucose (adj OR: 4.91; 95%
CI: 2.07- 11.68) was associated with their daughter’s MetS.
Conclusions: Using the data from Framingham Heart Study, we demonstrate differential association of MetS and its
components between parents and offspring. Mother’s MetS was strongly related with daughter’s MetS, but the
association was inconsistent with son’s MetS. No association was found between father’s MetS and offspring’s Mets.
These results provide evidence that daughters with mother’s MetS are in higher risk than daughters or sons with
father’s MetS.
Keywords: Metabolic syndrome, Parent-offspring, Abdominal obesity, Impaired fasting glucose, Framingham
Heart Study
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Background
Metabolic syndrome (MetS) is a clustering of five metabolic risk factors including abdominal obesity, elevated
blood pressure, hypertriglyceridemia, low high-density
lipoprotein cholesterol (HDL-C), and impaired fasting
glucose (IFG). Adult Treatment Panel III (ATPIII) criteria classifies individuals as having the MetS if they
have at least three of the above five risk factors [1,2].
Different studies have shown the association of MetS
and different components of MetS at different familial
level, including parent offspring, sibling-sibling, and
cousin-cousin relationship [3-7]. Some heritability studies have reported reasonable heritability of MetS and according to various studies, heritability estimates for
MetS among Caucasian people range from approximately 14 to 27% [8-10]. Linkage analysis, genome-wide
association studies, and epigenetic studies have also
identified associated genes related to each of the component of MetS [11,12]. But as MetS is the combined effect
of more than one risk factor, multiple genes are probably
involved in its development with varying degree of influence from multiple environmental and social factors
[13]. Although studies have shown the familial association and considerable amount of heritability of MetS
and its components, few studies have directly and fully
reported the strength of clustering of these risk factors
in a parent-offspring relationship [5-7]. Most studies on
this issue have investigated the associations of MetS and
its components between adolescent or young children
and their parents [5,6]. The strength and the pattern of
the association of MetS between parents and offspring
could differ by offspring’s age since at a young age offspring live at their parents’ home and share the same environment. Therefore, it is important to include a wide
age range of the offspring to report the association fully.
Furthermore, it is also important to take into account
the important socio demographic and lifestyle characteristics that contribute to this relationship. The multigenerational design of the Framingham Heart Study (FHS)
provides the unique opportunity to accurately investigate
this association. A better understanding of the magnitude and the pattern of these associations will improve
health professionals’ ability to reliably predict patient’s
cardiovascular risk from reported family history. This
study describes the associations between parents and
their adult offspring in regard to MetS. It also estimates
the association between each risk factor in parents and
the presence of MetS in their offspring.
Methods
Study population

Data for this study were drawn from the offspring and
original cohort of FHS. The original FHS cohort included 5209 residents of Framingham, Mass, aged 28 to
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62 years who have been followed up with biennial examinations from 1948 to present [14]. The offspring FHS
cohort included 5124 (3548 adult children of the original
cohort members and 1576 of their spouses) persons aged
5 to 70 years who have been followed up with examinations every 4 to 8 years from 1971 to present [15]. Both
original and offspring FHS cohorts are predominantly
white [14,15]. At enrollment and during each follow up
participants of both cohorts completed a structured
interview with a detailed medical history and risk behavior assessment, a physical examination, and laboratory
and other measurements. The FHS examination protocols are reviewed by the institutional review board of the
Boston University Medical Center, Boston, Mass, and all
participants signed informed consent. FHS has presently
completed 31st Exam for the original cohort and the 8th
exam for the offspring cohort.
The current analysis included FHS offspring (age
21 years and above) who attended any of the offspring
FHS examinations 5, 6, or 7 (over time period, 1991–
2001). They were eligible for the present study if they
had at least one parent participated in any of the original
FHS exam 13, 14 or 15 (time period, 1972–1979). Using
the family pedigrees file, the data from parents and the
offspring examinations were combined that provided a
full range of parent-offspring cohort. After combining
the parent and offspring information using the pedigree
data, the final analysis included 1193 adult offspring
members (565 male offspring or sons, and 628 female
offspring or daughters) from the offspring study who
had information about either parent in the original cohort. Out of 1193 participants 897 offspring had information about their mothers, 702 had information about
father and 406 had data about both parents.
Data collection

Information about socio-demographic (age, education
and income) and lifestyle characteristics (smoking status,
alcohol consumption and physical activity) for the offspring participants were obtained from the 5th examination (over time period, 1991–1997) of the offspring
cohort. Data on anthropometry, resting blood pressure,
blood glucose level, and lipid profiles for the offspring
were collected from the 5th, 6th and 7th examination
(over time period, 1991–2001). Their parents’ information was obtained from 13th, 14th and 15th examinations (time period, 1972–1979) of original cohort. We
combined the examinations for the offspring and their
parents to increase the sample size and to account for
the missing values. For both offspring and their parents,
measurements from the latest examination were used
for analysis. If there was any missing value in the latest
examination, measurements from the immediate previous examination was used.
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Assessment of MetS

ATP III criteria were used to define MetS for offspring
and parents of FHS [1,2]. This classifies individuals as having MetS if they have at least three of the following five
components: (1) abdominal obesity or large waist circumference (>102 cm for men and > 88 cm for women); (2)
high triglyceride levels (fasting plasma triglyceride concentration ≥ 1.7 mmol/l or on drug treatment); (3) low HDLC levels (<1.03 mmol/l for men and < 1.3 mmol/l in
women or on drug treatment); (4) elevated blood pressure
(≥130 mm Hg systolic or ≥ 85 mm Hg diastolic or on drug
treatment); or, (5) impaired fasting glucose or IFG
(≥6.1 mmol/l or on drug treatment).
For parents, data for waist circumference was not
available. We used body mass index or BMI (weight in
kg/height in meter square) as a substitute. BMI more
than or equal to 30 was used as a cut off to define obesity. As the blood samples of parents were collected from
non-fasting state, IFG was considered present if the random blood glucose level was ≥ 11.1 mmol/l or if they
used insulin or oral hypoglycemic agents [16]. For the
same reason, triglyceride values was also not used, instead high blood cholesterol or total cholesterol level ≥
6.20 mmol/l and/ or use of cholesterol-lowering medications was used as a proxy [1].
Assessment of covariates

Information on the following covariates from the offspring
FHS were collected: age in years, sex, education (< high
school, high school, college graduate or higher), total family income per year (< $20,000, $20,000- $44,000, $45,000
or higher), physical activity, smoking status and alcohol
consumption. Physical activity was assessed with a questionnaire, and was based on the average daily number of
hours of sleep and sedentary, slight, moderate, and heavy
activity of the participant. The composite score was calculated by summing the number of hours spent in each activity intensity level and multiplying by a respective weight
factor derived from the estimated oxygen consumption
[17]. Participants were considered smokers if they had
smoked regularly in the previous year, otherwise they were
categorized as non-smokers. Alcohol use was dichotomized on the basis of consumption of at least one drink
per week.
Analysis

Gender specific characteristics (socio-demographic status, lifestyle characteristics, physical and laboratory measurements) of participants were obtained and were
compared using the chi-square test or independent t
test. The primary outcome measure for this analysis was
presence of MetS among offspring evaluated as a dichotomous variable. And the main predictor was parental
MetS (either in both parents or in any parent). Analyses
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were conducted separately for mothers and fathers. Logistic regression was used to examine the association between offspring and parental MetS stratified by gender.
Corresponding to each test, we report odds ratios and 95%
confidence intervals (CIs). First, we fitted unadjusted
models. We then fitted multivariable models adjusting for
confounding covariates, including offspring’s age in years,
education (< high school, high school, college graduate or
higher), smoking (2 level variable, smokers/non smokers),
physical activity scores, and alcohol use (2 level variable,
yes/no). Additional logistic regression was carried out to
examine the association of each component of parental
MetS (elevated blood pressure, obesity, low HDL-C, high
total cholesterol level and impaired fasting glucose) with
offspring’s MetS. Multivariable models were used to control for confounders using the above covariates.

Results
Our study participants included 565 male offspring or
sons and 628 female offspring or daughters. Table 1
shows the characteristics of the participants by gender.
The mean age was almost similar for male and female offspring members (the mean age was 52.57 ± 8.86 for male
and 53.33 ± 9.60 for female). Male offspring were however,
more educated and earned more than female offspring.
About 14% of female had college education compared to
26% of male participants. Approximately one quarter of
the male had a yearly income of $ 45,000 or above. While
only 2% female participants’ earning was in that range.
Male participants consumed more alcohol than female
(76.9% of male and 66.5% of female consumed alcohol, p
value < 0.001) and were more physically active than female
participant (mean physical activity score 36.19 ± 7.5 for
male and 33.81 ± 4.6 for female, p value < 0.001). Male offspring had higher waist circumference, serum triglyceride,
fasting blood glucose, resting blood pressure and lower
serum HDL-C than female offspring (p value <0.05 for all
except resting systolic blood pressure). Over all, about 43%
of the male offspring and 35.5% of the female offspring had
MetS (p value < 0.01). In terms of individual components,
male offspring had higher prevalence of elevated blood
pressure (65.3% versus 57.8%, p value < 0.01), elevated triglyceride (54.3% versus 43.2%, p value < 0.001), IFG (32.0%
versus 16.2%, p value < 0.001) and low HDL-C (47.4%
versus 41.4%, p value < 0.05), than female offspring. Female
offspring however, had more abdominal obesity than male
members (66.4% versus 49.4%, p value < 0.001). Table 2
shows the distribution of parental clinical characteristics by
offspring’s gender. Mothers (mean age 69.47 years for male
and 70.49 for female offspring) were slightly older than fathers (mean age 67.2 years for male and 68.36 for female
offspring). The prevalence of mother’s obesity and total
cholesterol level were higher than father’s prevalence of
obesity and cholesterol level for both male and female
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Table 1 Characteristics of the 565 male and 628 female
offspring who had information about either parent’s
metabolic syndrome status in the Framingham Heart
Study (N = 1193)

Age

Male
(n = 565)

Female
(n = 628)

P valuea

52.57 (8.86)

53.33 (9.60)

0.537

Education status, %

<0.001

High school

34.3

38.4

College

39.5

47.5

More than college

26.2

14.1

Number of years of
school completed

14.35 (2.24)

13.91 (2.02)

Income Level, %

<0.01
<0.001

Table 2 Parental characteristics of the 565 male and 628
female offspring in the Framingham Heart Study (N = 1193)
Male
(n = 565)
Mother’s age in years

Female
(n = 628)

P valuea

69.47 (8.01) 70.49 (7.86)) 0.07

Father’s age in years

67.2 (7.52)

68.36 (6.40)

0.34

Mother’s obesity %b

23.9

25.7

0.29

Father’s obesity %

20.5

22.7

0.28

Mother’s high cholesterol %c

63.0

61.5

0.35

Father’s high cholesterol %

33.7

37.2

0.12

Mother’s low HLD-C %d

36.8

36.6

0.50

Father’s low HLD-C %

45.5

42.9

0.26

Mother’s elevated
blood pressure %e

85.3

85.7

0.47

< $20,000,

11.1

63.2

$20,000- $44,000,

63.4

34.7

$45,000 or higher

25.5

2.1

Smoked cigarettes regularly
last year, %b

17.0

9.0

0.219

Alcohol consumption, %c

76.9%

66.5%

<0.001

Father’s metabolic syndrome %

14.6

17.5

0.31

<0.001

Both parents’ metabolic
syndrome %

4.9

7.7

0.21

Physical activity Score

d

36.19 (7.51)

Waist circumference (cm)

40.58 (4.43)

33.81 (4.61)
37.64 (5.78)

<0.001

Serum triglyceride level (mmol/l) 1.54 (0.63)

1.42 (0.41)

<0.05

Serum HDL-C level (mmol/l)

1.51 (0.40)

<0.001

1.19 (0.33)

Resting systolic blood pressure 125.74 (17.41) 124.89 (20.52) 0.468
Resting diastolic blood pressure

75.81 (9.66)

72.58 (9.92)

<0.001

Fasting blood glucose level

5.99 (1.58)

5.47 (1.14)

<0.001

Abdominal obesity%

49.4

66.4

<0.001

High Triglyceride%f

54.3

43.2

<0.001

g

Low HLD-C%

47.4

41.4

<0.05

Elevated blood Pressure%h

65.3

57.8

<0.01

i

Impaired fasting glucose%

32.0

16.2

<0.001

Metabolic syndrome%j

43.0

35.5

<0.01

e

Data presented as mean (SD) or percentage of subjects.
a
Independent t test or Chi-square test.
b
Smokers if they had smoked regularly in the previous year.
c
Alcohol use was dichotomized on the basis of consumption of at least one drink
per week.
d
Calculated based on the average daily number of hours of sleep and
sedentary, slight, moderate, and heavy activity of the participant
e
waist circumference > 102 cm for men and > 88 cm for women
f
fasting plasma triglyceride concentration ≥ 1.7 mmol/l or on drug treatment
g
HDL cholesterol levels (<1.03 mmol/l for men and < 1.3 mmol/l in women or
on drug treatment.
h
Blood pressure ≥ 130 mm Hg systolic or ≥ 85 mm Hg diastolic or on
drug treatment.
i
fasting glucose ≥ 6.1 mmol/l or on drug treatment.
j
Metabolic Syndrome defined as having at least three of the following five
components: (1) abdominal obesity or large waist circumference (>102 cm for
men and > 88 cm for women); (2) high triglyceride levels (fasting plasma
triglyceride concentration ≥ 1.7 mmol/l or on drug treatment); (3) low HDL
cholesterol levels (<1.03 mmol/l for men and < 1.3 mmol/l in women or on
drug treatment); (4) elevated blood pressure (≥130 mm Hg systolic or ≥
85 mm Hg diastolic or on drug treatment); or, (5) IFG or impaired fasting
glucose (≥6.1 mmol/l or on drug treatment).

Father’s elevated blood pressure % 87.5

88.5

0.31

Mother’s impaired blood glucose %f 6.6

8.9

0.11

Father’s impaired blood glucose % 10.1

8.7

0.31

Mother’s metabolic syndrome %g

28.9

0.26

25.5

Data presented as mean (SD) or percentage of subjects.
a
Independent t test or Chi-square test.
b
body mass index ≥ 30.
c
total cholesterol level ≥ 6.20 mmol/l and/ or use of
cholesterol-lowering medications.
d
HDL cholesterol levels (<1.03 mmol/l for men and < 1.3 mmol/l in women or
on drug treatment.
e
Blood pressure ≥ 130 mm Hg systolic or ≥ 85 mm Hg diastolic or on
drug treatment.
f
random blood glucose level ≥ 11.1 mmol/l or if they used insulin or oral
hypoglycemic agents.
g
Metabolic Syndrome defined as having at least three of the following five
components: (1) body mass index ≥ 30; (2) total cholesterol level ≥ 6.20 mmol/l
and/or use of cholesterol-lowering medications; (3) low HDL cholesterol levels
(<1.03 mmol/l for men and < 1.3 mmol/l in women or on drug treatment);
(4) elevated blood pressure (≥130 mm Hg systolic or ≥ 85 mm Hg diastolic or
on drug treatment); or, (5) random blood glucose level ≥ 11.1 mmol/l or if they
used insulin or oral hypoglycemic agents.

offspring. On the other hand, prevalence of father’s elevated blood pressure, impaired blood glucose and low
HDL-C were higher than mother’s prevalence of elevated blood pressure, impaired blood glucose and low
HDL-C for male and female offspring. However, overall,
the clustering of the risk factors or the prevalence of
maternal MetS was higher than paternal MetS for both,
male (prevalence was 25.5% for maternal and 14.6% for
paternal MetS) and female (prevalence was 28.9% for
maternal and 17.5% for paternal MetS) offspring. About
4.9% of male and about 7.7% of female offspring’s both
parents had MetS.
Table 3 presents the characteristics of participants by
MetS status. Men had higher MetS prevalence than
women. Participants who had MetS were older (mean
age 55.06 versus 51.63, p value <0.001), were less educated (14.4% with MetS went to more than college
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Table 3 Characteristics of the participant by metabolic
syndrome status in the Framingham Heart Study
(N = 1193)
Metabolic
syndrome
(N = 466)

No metabolic
syndrome
(N = 727)

P valuea

55.06 (8.62)

51.63 (9.42)

<0.001

Men

52.1

44.3

Women

47.9

55.7

Age
Sex %

<0.01

Education status %

<0.01

High school

41.8

33.2

College

43.8

43.6

More than college

14.4

23.2

Number of years of
school completed

13.80 (2.06)

14.31 (2.15)

< $20,000,

38.5

36.8

$20,000- $44,000

49.8

48.2

$45,000 or higher

11.7

15.0

Smoked cigarettes
regularly last year %b

24.3

19.4

Alcohol consumption %c

64.2

76.1

<0.001

Physical activity scored

34.67 (6.53)

35.09 (6.04)

0.27

Income level %

<0.001
0.39

<0.05

Data are mean (SD) or percentage of subjects.
a
Independent t test or Chi-square test.
b
Smokers if they had smoked regularly in the previous year.
c
Alcohol use was dichotomized on the basis of consumption of at least one
drink per week.
d
Calculated based on the average daily number of hours of sleep and
sedentary, slight, moderate, and heavy activity of the participant.

versus 23.2% without MetS, p value < 0.01), more likely
to be smoker (24.3% with MetS smoked versus 19.4%
without MetS, p value < 0.05), and less likely to consume
alcohol (64.2% with MetS consumed alcohol versus
76.1% without MetS, p value < 0.001)
The association between parental and offspring’s
MetS are presented in Table 4. After adjusting for age,
education, smoking, alcohol consumption and physical
activity level of offspring, no significant association was
found between father’s and their offspring’s MetS.
Mother’s MetS was significantly and positively associated with their female offspring or daughters’ MetS.
Daughters with mother’s MetS had 63% (adjusted odds
ratio or adj OR: 1.63; 95% confidence Interval, CI:1.022.61) increased odds of developing MetS compared to
daughters whose mothers didn’t have met syndrome. No
significant relationship was noted between mother’s MetS
and their male offspring or their son’s MetS. Offspring
were however at increased risk if both parents had
MetS. Daughters (adj OR: 3.64; 95% CI:1.11-13.07) and
sons (adj OR: 4.21; 95% CI: 0.69-25.9) both had about 4

folds of increased odds of having MetS if both parents
had MetS compared to offspring whose neither or single
parent had MetS.
We estimated the association between each individual
risk factor of parents and the presence of MetS among
their offspring in Table 5. When analyzed by individual
components, the adjusted analysis showed a similar pattern of association between mothers and daughters that
we observed previously with the combination or clustering of risk factors. Individual risk factors of mothers were
also significantly associated with presence of MetS in their
daughters as clustering of the risk factors was. Mother’s
impaired blood glucose (adj OR: 2.03; 95% CI: 1.02- 9.31),
obesity (adj OR: 1.58; 95% CI: 0.98- 2.56) and low HDL-C
(adj OR: 2.01; 95% CI: 1.36-3.32) were independently associated daughter’s MetS. None of these were significant for
their son’s MetS. But maternal raised total cholesterol was
marginally associated with their son’s MetS (adj OR: 1.60;
95% CI: 0.99-2.58). For fathers, only impaired blood glucose (adj OR: 4.91; 95% CI: 1.77- 11.67) was significantly
associated with their daughter’s MetS. None of individual
risk factors in fathers was significantly associated with
their son’s MetS

Discussion
Using the parents and offspring data from FHS, we
found differential association of MetS and its components between parents and offspring. In our study, maternal MetS was significantly associated with daughter’s
MetS, but not with son’s MetS. Individual maternal risk
factors like impaired blood glucose, obesity, and low
HDL-C were also independently associated with daughter’s MetS. Maternal low HDL-C and raised total cholesterol showed marginal association with son’s MetS. The
relationship between father-offspring in regard to the
presence of MetS was however, relatively weaker and
didn’t reach conventional level of significance. Only father’s impaired blood glucose had significant association
with their daughter’s MetS.
It is widely accepted that cardiovascular disease and
risk factors are heritable through generations from parents to offspring and intergenerational associations of individual cardiovascular risk factors have been reported
in a number of studies [18-29]. However, to our knowledge, very few studies have measured the association of
MetS or clustering of risk factors between parents and
offspring. One study conducted in Korean population
found a strong parent–offspring association for MetS between adolescents and their parents [6]. However, they
didn’t report on differential transmission from mothers
or fathers. The only work that we found reporting differential association is from Fels Longitudinal Study data
[7]. Unlike the current study, the FeLs study showed a
significant association between sons, and both mothers
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Table 4 Association between parental and offspring’s metabolic syndrome in Framingham Heart Study (N = 1193)
Metabolic syndrome

Mother

Father

Both parents

Metabolic syndrome
Female offspring or daughters (N = 628)

Male offspring or sons (N = 565)

Odds ratio (95% CI)

Odds ratio (95% CI)

P value

P value

Unadjusted

1.96 (1.31-2.93)

0.001

1.26 (0.81-1.94)

0.30

Adjusteda

1.63 (1.02-2.61)

0.04

1.17 (0.70-1.94)

0.54

Unadjusted

1.24 (0.67-2.32)

0.50

0.97 (0.50-1.89)

0.86

Adjusteda

1.21 (0.59-3.12)

0.19

1.12 (0.53-2.50)

0.72

Unadjusted

3.96 (1.23-9.77)

0.01

4.88 (1.20-20.71)

0.02

Adjusteda

3.64 (1.11-13.07)

0.015

4.21 (0.69-25.9)

0.11

Metabolic Syndrome defined as having at least three of the following five components: (1) abdominal obesity or large waist circumference (>102 cm for men
and > 88 cm for women); (2) high triglyceride levels (fasting plasma triglyceride concentration ≥ 1.7 mmol/l or on drug treatment); (3) low HDL cholesterol levels
(<1.03 mmol/l for men and < 1.3 mmol/l in women or on drug treatment); (4) elevated blood pressure (≥130 mm Hg systolic or ≥ 85 mm Hg diastolic or on drug
treatment); or, (5) IFG or impaired fasting glucose (≥6.1 mmol/l or on drug treatment).
a
The multivariate models are adjusted for age, education, smoking, alcohol consumption, physical activity score.

and fathers, but a weaker association between daughters
and mothers. One of the reasons behind this difference
in the results could be the inclusion of young aged offspring in their analysis. As the onset of cardiovascular
disease and cardiovascular risk factors is usually later in
female than in male, probably inclusion of young aged
offspring (18–32 years) masked the relationship between
daughter and mothers in the Fels Study when MetS or
clustering of risk factors was considered due to low
prevalence of MetS among young daughters [30]. But in
the same study, maternal presence of MetS was significantly and positively related with individual risk factors
like blood pressure and triglycerides in female offspring
indicating that with progress of age, mother-daughter association in regard to clustering could become significant. Also this study didn’t adjust for important lifestyle
or socio-demographic characteristics such as, alcohol
and smoking behavior, level of physical activity, and education. The stronger parent- son association that they
found might have become weaker if those factors were
accounted for. Among the individual components of
MetS, to date, researchers have mostly focused on measuring intergenerational transmission of obesity and insulin
resistance or diabetes. A number of longitudinal and observational studies have shown stronger maternal–offspring transmission of type 2 diabetes [18-20]. But the
evidence on differential transmission of obesity or BMI is
mixed. Some studies have reported a stronger maternal
than paternal parent offspring association of BMI and
obesity [21-24], whereas others have showed similar associations [25-28].
The parental transmission of different risk factors or
clustering of risk factors can be attributed to both genetic and environmental factors. We adjusted for important lifestyle and socio-demographic characteristics such
as, smoking and alcohol consumption, level of physical
activity, and education to estimate the accurate parent-

offspring association of MetS and its components. These
adjustments attenuated the risk estimates. But a significant association that remained even after the adjustment, mainly with maternal MetS and with maternal
risk factors, suggests that this specific maternal effect
could be partly attributed to a direct effect of maternal
uterine environment on the development of fetus. During the past few decades, particular attention has been
given to maternal health and exposure during pregnancy
influencing the future health of the offspring. It is now
believed by many scientists that intrauterine conditions
can alter the structure and function of organs and
physiological systems in the fetus, and can be a cause for
subsequent adult disease like adulthood hypertension,
insulin resistance and an abnormal lipid profile [31-36].
This alteration of physiological systems can originate
through adaptive processes, which the fetus makes when
the environment in intrauterine life is unfavorable. This
unfavorable condition can be caused by different environmental stimuli like, maternal under nutrition, maternal stress, maternal exposure to toxins, maternal genes
affecting placental function, etc. [37]. Differential association of risk factors may also possibly be influenced by
differential gene expression between men and women.
Scientists have identified several chromosomal regions that
are sex-specifically involved in influencing different traits
of metabolic syndrome [38]. An increasing body of evidence also supports the role of environmentally-induced
epigenetic changes in disease susceptibility. Experimental
studies in mice suggest a role for maternal diet in inducing
epigenetic changes in the offspring [39,40]. This would
make the mother’s influence on offspring greater than the
father’s influence, as our finding indicates.
Besides being part of this biological interaction, maternal
dietary habit itself can also have an independent role to
play. A research done on nationally representative US
sample showed that resemblance in diet between mother–
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Table 5 Association between cardiovascular risk factor in parents and the presence of metabolic syndrome in their
offspring in Framingham Heart Study (N = 1193)
Risk factors

Metabolic syndrome
Female offspring N = 628

Male offspring N = 565

Odds ratio (95% CI)

P value

Odds ratio (95% CI)

P value

2.04 (1.16-3.58)

0.01

1.77 (1.01-3.11)

0.04

Adjusted

1.42 (0.71-2.8)

0.32

1.28 (0.67-2.45)

0.46

Unadjusted

3.15 (1.61-6.17)

0.001

0.801 (0.37-1.7)

0.57

Adjusted

2.03 (1.02- 9.31)

0.04

0.40 (0.18-1.22)

0.12

Unadjusted

1.81 (1.19-2.74)

0.005

1.596 (1.02-2.5)

0.04

Adjusted

1.58 (0.98-2.56)

0.06

1.41 (0.83-2.39)

0.20

Unadjusted

1.15 (0.79-1.67)

0.475

1.49 (1.00-2.22)

0.05

Adjusted

1.12 (0.72-1.80)

0.38

1.60 (0.99-2.58)

0.05

Unadjusted

2.05 (1.40-3.00)

0.000

1.39 (0.89-1.95)

0.15

2.01 (1.36-3.32)

0.001

1.47 (0.93-2.36)

0.09

Mother
Elevated BPb

Unadjusted
a

Impaired BGc

a

Obesityd

a

Raised total-Ce

a

Low HDL-Cf

a

Adjusted
Father
Elevated BP

Impaired BG

Obesity

Raised total-C

Low HDL-C

Unadjusted

1.21 (0.54-2.74)

0.64

1.37 (0.64-2.90)

0.41

Adjusteda

0.88 (0.32-1.84)

0.48

1.62 (0.65-4.00)

0.24

Unadjusted

3.35 (1.60-7.02)

0.001

1.36 (0.60-2.66)

0.53

Adjusteda

4.91 (1.77-11.67)

0.001

1.38 (0.56-3.36)

0.48

Unadjusted

1.29 (0.73-2.28)

0.39

1.08 (0.61-1.92)

0.79

Adjusteda

1.81 (0.87-3.6)

0.12

1.31 ( 0.67-2.67)

0.4

Unadjusted

1.33 (0.81-2..21)

0.26

0.93 (0.56-1.54)

0.78

Adjusteda

1.42 (0.79-2.68)

0.22

0.83 (0.45-1.52)

0.54

Unadjusted

1.53 (0.84-2.77)

0.16

1.43 (0.81-2.42)

0.22

Adjusteda

1.48 (0.73-2.98)

0.27

1.45 (0.77-2.74)

0.24

BP: Blood pressure, BG: Blood glucose, Total-C: Total Cholesterol, HDL-C: HDL cholesterol.
a
The multivariate models are adjusted for age, education, smoking, alcohol consumption, physical activity score.
b
Blood pressure ≥ 130 mm Hg systolic or ≥ 85 mm Hg diastolic or on drug treatment.
c
random blood glucose level ≥ 11.1 mmol/l or if they used insulin or oral hypoglycemic agents.
d
body mass index ≥ 30.
e
total cholesterol level ≥ 6.20 mmol/l and/or use of cholesterol-lowering medications.
f
HDL cholesterol levels (<1.03 mmol/l for men and < 1.3 mmol/l in women or on drug treatment.

daughter was significantly stronger compared to their
father–child counterparts [41]. Thus, if the dietary habit of
mothers with MetS is unhealthy, the chance of inheriting
that poor dietary habit of mother is increased among
daughters compared to their sons. It is also possible that
maternal feeding strategies act as a contributor to these effects. In one study obese mothers reported significantly less
control over their children's food intake [42]. There can be
sex specific adoption of other behaviors of parents like,
physical activity, smoking etc. and this can also cause differential associations of risk factors that we found [43,44].
Our results should be interpreted within the context of
few limitations and strength. We acknowledge the considerable disagreement over the definition and diagnostic

criteria related to MetS. Of the various available definitions, we used the ATPIII criteria as this is the most
widely used definition in the US [1,45]. It can be argued
that some other available definition of MetS could be
equally valid and produce somewhat different result. But it
is largely believed that metabolic syndrome, however defined, remains pretty similar in prevalence and in risk prediction for Caucasian population [46,47]. Thus, we are
confident that our estimations are pretty accurate. It
should be mentioned that we used some proxy measures
for parents to define MetS. BMI was used instead of WC,
and as parent cohort had non fasting blood, we used total
cholesterol level instead of triglyceride and fasting sugar
level of ≥11.1 mmol/l for defining insulin resistance.
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Though all of them are valid substitutes [2,48], by using
these surrogate measures, we might have introduced a
non-differential exposure misclassification bias in our
study. This possibly has increased the similarity between
the exposed and non-exposed groups, and has underestimated the associations in our study [49]. However, there is
a very slim possibility that the underestimation was substantial, as we found the similar pattern of parent–offspring association when we estimated the risk of
offspring’s MetS by individual parental risk factors. The
Framingham cohorts are almost exclusively white and one
of the limitations of study includes its inability to generalize
the findings to other ethnic groups. The generalizability of
the study might be little limited, but this large community
based study allowed us avoid systematic errors introduced
by self-reported health status of parents. Most of the studies reporting parent-offspring cardiovascular risk factors
association depend on self-reported parental health information and are prone to this error. Because we used objectively measured parental anthropometric and
laboratory data, the current analysis remained free from
this bias. Another strength of the study was that we included adult offspring for our analysis when they didn’t
share household with their parents. This improved the
precision of our analysis as the calculated estimates were
independent of shared familial environmental factors.
Our demonstration of associations between maternal
and offspring’s MetS suggests that interventions to reduce the prevalence of MetS aimed at family level and
earlier in life are likely to be beneficial. Interventions
should be targeting on weakening the link between maternal MetS and offspring’s MetS and its components.
This can be achieved by warning parents with MetS,
mothers in particular, about their offspring’s increased
risk of getting MetS and by encouraging them to promote healthy lifestyle at family level for themselves and
for their children. Our findings support the proposition
that maternal effect is transmitted through intrauterine
mechanisms. From public health point of view, this suggests that adulthood diseases could be prevented by improving maternal health and fetal development. This
inspires future research to explore the relationships between different conditions of prenatal, natal and post
natal life. Identifying the common mechanisms and
pathways involved in these relationships will help to determine the issues to optimize maternal health, birth
outcome, and lifelong health of the offspring. Our findings also indicate that family history about multiple risk
factors in parent, especially in mothers can add value in
offering prognosis and risk assessment. If there is a positive family history of MetS, individual risk factors such as
hypertension, obesity, or hypercholesterolaemia should be
treated more aggressively so that clustering of the risk factors are prevented or delayed.
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Conclusion
We found differential association of MetS and its components between parents and offspring. Mother’s MetS was
strongly related with daughter’s MetS, but the association
was inconsistent with son’s MetS. However, no association
was found between father’s MetS and offspring’s Mets. We
recommend further studies to examine the effects of early
life environments and epigenetics on adults MetS. We also
think policies and health educational programs should be
directed towards families, in particular towards women for
future CVD risk reduction.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
SKD and RJK conceptualized the study. RJK completed the main data
analysis and the preparation of manuscript. SKD, SG, PRC and RX contributed
to the study design, interpretation of data, and the preparation of
manuscript. All authors read and approved the final manuscript.
Acknowledgments
This research was supported by the Intramural Research Program of the
National Institutes of Health, National Library of Medicine. This Manuscript
was prepared using The Framingham Heart Study (FHS) datasets obtained
from Biologic Specimen and Data Repository Information Coordinating
Center of the National Heart, Lung, and Blood Institute (NHLBI). The authors
acknowledge the enormous contributions of the FHS and NHLBI staff in
creating and maintaining this data set.
Received: 25 August 2014 Accepted: 10 December 2014
Published: 15 December 2014
References
1. Executive Summary of The Third Report of The National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, And
Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel
III). Jama 2001, 285(19):2486–2497.
2. Dubois L, Girard M, Girard A, Tremblay R, Boivin M, Perusse D: Genetic and
environmental influences on body size in early childhood: a twin
birth-cohort study. Twin Res Hum Genet 2007, 10(3):479–485.
3. Feng Y, Zang T, Xu X: Familial aggregation of metabolic syndrome and its
components in a large Chinese population. Obesity (Silver Spring) 2008, 16
(1):125–129.
4. Lee KE, Klein BE, Klein R: Familial aggregation of components of the
multiple metabolic syndrome in the Framingham Heart and Offspring
Cohorts: Genetic Analysis Workshop Problem 1. BMC Genet 2003, 4(1):S94.
5. Santos DM, Katzmarzyk PT, Tregouet DA, Gomes TN, Santos FK, Maia JA:
Familial aggregation of metabolic syndrome indicators in portuguese
families. Biomed Res Int 2013, 2013:314823.
6. Yoo EG, Park SS, Oh SW, Nam GB, Park MJ: Strong parent-offspring association
of metabolic syndrome in Korean families. Diabetes Care 2012, 35(2):293–295.
7. Sabo RT, Lu Z, Deng X, Ren C, Daniels S, Arslanian S, Sun SS: Parental and
offspring associations of the metabolic syndrome in the Fels
Longitudinal Study. Am J Clin Nutr 2012, 96(3):461–466.
8. Kelleher C, Friel S, Nic Gabhainn S, Tay J: Socio-demographic predictors of
self-rated health in the Republic of Ireland: findings from the National
Survey on Lifestyle, Attitudes and Nutrition. SLAN Soc Sci Med 2003,
57(3):477–486.
9. Cole T, Bellizzi M, Flegal K, Dietz W: Establishing a standard definition for
child overweight and obesity worldwide: international survey. BMJ 2000,
320(7244):1240–1243.
10. Lin HF, Boden-Albala B, Juo SH, Park N, Rundek T, Sacco RL: Heritabilities of
the metabolic syndrome and its components in the Northern Manhattan
Family Study. Diabetologia 2005, 48(10):2006–2012.
11. Joy T, Lahiry P, Pollex RL, Hegele RA: Genetics of metabolic syndrome.
Curr Diab Rep 2008, 8(2):141–148.

Khan et al. Diabetology & Metabolic Syndrome 2014, 6:140
http://www.dmsjournal.com/content/6/1/140

12. Monda KL, North KE, Hunt SC, Rao DC, Province MA, Kraja AT: The genetics
of obesity and the metabolic syndrome. Endocr Metab Immune Disord
Drug Targets 2010, 10(2):86–108.
13. Kristiansson K, Perola M, Tikkanen E, Kettunen J, Surakka I, Havulinna AS,
Stančáková A, Barnes C, Widen E, Kajantie E, Eriksson JG, Viikari J, Kähönen
M, Lehtimäki T, Raitakari OT, Hartikainen AL, Ruokonen A, Pouta A, Jula A,
Kangas AJ, Soininen P, Ala-Korpela M, Männistö S, Jousilahti P, Bonnycastle
LL, Järvelin MR, Kuusisto J, Collins FS, Laakso M, Hurles ME et al: Genomewide screen for metabolic syndrome susceptibility loci reveals strong
lipid gene contribution but no evidence for common genetic basis for
clustering of metabolic syndrome traits. Circulation: Cardiovasc Gen 2012,
5(2):242–249.
14. Dawber TR, Kannel WB, Lyell LP: An approach to longitudinal studies in a
community: the Framingham Study. Ann N Y Acad Sci 1963, 107:539–556.
15. Kannel WB, Feinleib M, McNamara PM, Garrison RJ, Castelli WP: An
investigation of coronary heart disease in families. The Framingham
offspring study. Am J Epidemiol 1979, 110(3):281–290.
16. Standards of Medical Care in Diabetes—2012. Diabetes Care 2012,
35(1):S11–S63.
17. Kannel WB, Sorlie P: Some health benefits of physical activity.
Framingham Study Arch Intern Med 1979, 139(8):857–861.
18. Cox NJ: Maternal component in NIDDM transmission. How large an
effect? Diabetes 1994, 43(1):166–168.
19. Dabelea D, Hanson RL, Lindsay RS, Pettitt DJ, Imperatore G, Gabir MM,
Roumain J, Bennett PH, Knowler WC: Intrauterine exposure to diabetes
conveys risks for type 2 diabetes and obesity: a study of discordant
sibships. Diabetes 2000, 49(12):2208–2211.
20. Karter AJ, Rowell SE, Ackerson LM, Mitchell BD, Ferrara A, Selby JV, Newman
B: Excess maternal transmission of type 2 diabetes. The Northern
California Kaiser Permanente. Diabetes Registry Diabetes Care 1999, 22
(6):938–943.
21. Ajala O, Fr Meaux AE, Hosking J, Metcalf BS, Jeffery AN, Voss LD, Wilkin TJ:
The relationship of height and body fat to gender-assortative weight
gain in children. A longitudinal cohort study (EarlyBird 44). Int J Pediatr
Obes 2011, 6(3–4):223–228.
22. Davey Smith G, Steer C, Leary S, Ness A: Is there an intrauterine influence
on obesity? Evidence from parent child associations in the avon
longitudinal study of parents and children (ALSPAC). Arch Dis Child 2007,
92(10):876–880.
23. Whitaker K, Jarvis M, Beeken R, Boniface D, Wardle J: Comparing maternal
and paternal intergenerational transmission of obesity risk in a large
population-based sample. Am J Clin Nutr 2010, 91(6):1560–1567.
24. Murrin C, Kelly G, Tremblay R, Kelleher C: Body mass index and height
over three generations: evidence from the Lifeways cross-generational
cohort study. BMC Public Health 2012, 12(1):81.
25. Patel R, Martin RM, Kramer MS, Oken E, Bogdanovich N, Matush L, Smith
GD, Lawlor DA: Familial associations of adiposity: findings from a crosssectional study of 12,181 parental-offspring trios from Belarus. PLoS One
2011, 6(1):0014607.
26. Vik KL, Romundstad P, Carslake D, Davey Smith G, Nilsen TI: Comparison of
father-offspring and mother-offspring associations of cardiovascular risk
factors: family linkage within the population-based HUNT Study.
Norway Int J Epidemiol 2014, 43(3):760–771.
27. Kivimaki M, Lawlor DA, Smith GD, Elovainio M, Jokela M, KeltikangasJarvinen L, Viikari JS, Raitakari OT: Substantial intergenerational increases
in body mass index are not explained by the fetal overnutrition
hypothesis: the Cardiovascular Risk in Young Finns Study. Am J Clin Nutr
2007, 86(5):1509–1514.
28. Fleten C, Nystad W, Stigum H, Skjaerven R, Lawlor DA, Davey Smith G,
Naess O: Parent-offspring body mass index associations in the
Norwegian Mother and Child Cohort Study: a family-based approach to
studying the role of the intrauterine environment in childhood adiposity.
Am J Epidemiol 2012, 176(2):83–92.
29. Linares Segovia B, Gutierrez Tinoco M, Izquierdo Arrizon A, Guizar Mendoza
JM, Amador Licona N: Long-term consequences for offspring of paternal
diabetes and metabolic syndrome. Exp Diabetes Res 2012, 684562(10):5.
30. Mosca L, Manson JE, Sutherland SE, Langer RD, Manolio T, Barrett-Connor E:
Cardiovascular disease in women: a statement for healthcare
professionals from the American Heart Association. Writing Group
Circulation 1997, 96(7):2468–2482.

Page 9 of 9

31. Barker DJ: In utero programming of chronic disease. Clin Sci (Lond) 1998,
95(2):115–128.
32. Barker DJ: Birth weight and hypertension. Hypertension 2006, 48(3):357–358.
33. Barker DJ, Osmond C: Infant mortality, childhood nutrition, and ischaemic
heart disease in England and Wales. Lancet 1986, 1(8489):1077–1081.
34. Forsdahl A: Are poor living conditions in childhood and adolescence an
important risk factor for arteriosclerotic heart disease? Br J Prev Soc Med
1977, 31(2):91–95.
35. Hales CN, Barker DJ, Clark PM, Cox LJ, Fall C, Osmond C, Winter PD: Fetal
and infant growth and impaired glucose tolerance at age 64. BMJ 1991,
303(6809):1019–1022.
36. Shankar K, Harrell A, Liu X, Gilchrist JM, Ronis MJ, Badger TM: Maternal
obesity at conception programs obesity in the offspring. Am J Physiol
Regul Integr Comp Physiol 2008, 294(2):R528–R538.
37. Brenseke B, Prater MR, Bahamonde J, Gutierrez JC: Current thoughts on
maternal nutrition and fetal programming of the metabolic syndrome.
J Pregnancy 2013, 2013:368461.
38. Weiss LA, Pan L, Abney M, Ober C: The sex-specific genetic architecture of
quantitative traits in humans. Nat Genet 2006, 38(2):218–222.
39. Wolff GL, Kodell RL, Moore SR, Cooney CA: Maternal epigenetics and
methyl supplements affect agouti gene expression in Avy/a mice.
Faseb J 1998, 12(11):949–957.
40. Waterland RA, Jirtle RL: Transposable elements: targets for early
nutritional effects on epigenetic gene regulation. Mol Cell Biol 2003,
23(15):5293–5300.
41. Beydoun MA, Wang Y: Parent–child dietary intake resemblance in the
United States: evidence from a large representative survey. Soc Sci Med
2009, 68(12):2137–2144.
42. Wardle J, Sanderson S, Guthrie CA, Rapoport L, Plomin R: Parental feeding
style and the inter-generational transmission of obesity risk. Obes Res
2002, 10(6):453–462.
43. Perusse L, Leblanc C, Tremblay A, Allard C, Theriault G, Landry F, Talbot J,
Bouchard C: Familial aggregation in physical fitness, coronary heart
disease risk factors, and pulmonary function measurements. Prev Med
1987, 16(5):607–615.
44. Jacobi D, Caille A, Borys JM, Lommez A, Couet C, Charles MA, Oppert JM:
Parent-offspring correlations in pedometer-assessed physical activity.
PLoS One 2011, 6(12):28.
45. Ford ES, Li C, Zhao G: Prevalence and correlates of metabolic syndrome
based on a harmonious definition among adults in the US. J Diabetes
2010, 2(3):180–193.
46. Dekker JM, Girman C, Rhodes T, Nijpels G, Stehouwer CD, Bouter LM, Heine
RJ: Metabolic syndrome and 10-year cardiovascular disease risk in the
Hoorn Study. Circulation 2005, 112(5):666–673.
47. Athyros VG, Ganotakis ES, Tziomalos K, Papageorgiou AA, Anagnostis P,
Griva T, Kargiotis K, Mitsiou EK, Karagiannis A, Mikhailidis DP: Comparison of
four definitions of the metabolic syndrome in a Greek (Mediterranean)
population. Curr Med Res Opin 2010, 26(3):713–719.
48. Bozeman S, Hoaglin D, Burton T, Pashos C, Ben-Joseph R, Hollenbeak C:
Predicting waist circumference from body mass index. BMC Med Res
Methodol 2012, 12(1):115.
49. Hennekens CH, Buring JE: Epidemiology in Medicine, 1st edn. Lippincott
Williams & Wilkins; 1987.
doi:10.1186/1758-5996-6-140
Cite this article as: Khan et al.: Parent-offspring association of metabolic
syndrome in the Framingham Heart Study. Diabetology & Metabolic Syndrome
2014 6:140.

