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Purpose: The aim of this study is to investigate the relationship between childhood maternal
level of education (CMLE) and changes in anthropometric and laboratory risk markers of
metabolic syndrome (MetS) in mid-adulthood using results from the 1958 British Birth
Cohort Study.
Design: Cohort study.
Participants: A total of 9376 study samples consisting of subjects that participated in the
biomedical survey of the national child development study (NCDS) carried out between 2002
and 2004 were used for the analysis.
Main Outcome Measures: Five risk markers of MetS: (i) HDL-cholesterol (ii) triglycer
ide (iii) blood pressure (BP) including systolic (SBP) and diastolic (DBP) (iv) waist
circumference (WC) and (v) glycated haemoglobin (HbA1c).
Methods: The NCDS or the 1958 British birth cohort data deposited in the UK data service
by the centre for longitudinal studies were used for analyses. Ordinary least squares regres
sion was used to determine unit changes in the outcome variables given CMLE.
Results: The estimates for unadjusted regression analysis of individual risk markers indi
cated a significant relationship between CMLE and alterations in the five risk markers of
MetS (HDL-cholesterol, triglyceride, WC, HbA1c, and BP) in midlife. After adjustment for
birth and lifestyle characteristics/health behaviours, the relationship between CMLE and the
risk markers was attenuated for HDL-cholesterol, triglycerides, and HbA1c but remained
significant for WC 0.70 (95% confidence interval (CI) 0.065–1.30, p<0.001) and SBP 1.48
(95% CI 0.48–2.47 p<0.001).
Conclusion: There was a positive association between lower CMLE and the risk of MetS
using the NCDS data. Lifestyle characteristics may be influential determinants of MetS risk
in mid-adulthood.
Keywords: maternal education, metabolic syndrome, risk markers, biomedical survey,
NCDS data

Introduction
Metabolic syndrome (MetS) is generally defined as a clustering of cardiometabolic
abnormalities including central obesity, hypertension, dyslipidaemia, hyperglycae
mia, and insulin resistance with central obesity.1 These metabolic disorders are
significant risk factors for MetS and cardiovascular disease (CVD) generally
regarded as the primary clinical outcome.2 The risk factors of MetS, as defined
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by the National Cholesterol Education Program (NCEP)
Adult Treatment Panel III (ATP III) criteria,3 are recurrent
features in the aetiology of many non-communicable
diseases.4 Their importance in the health and wellbeing
of an individual or group cannot be overemphasised as
changes in these risk factors are responsible for a greater
percentage of all death globally and are expected to cause
about 80% of all deaths in 2020.4,5 The risk factors for
MetS often develop in early childhood and are maintained
over a life-course. The multifactorial origin of MetS will
be well understood if the risk factors are analysed indivi
dually in relation to socioeconomic status (SES).6 SES and
behavioural factors such as alcohol consumption, exercise
frequency and smoking status can lead to changes in these
risk factors resulting to chronic disease conditions.7–10
Parental level of education as an indicator of SES has
been found to be an important marker for characteristics
that are related to increased risk of MetS, such as limited
access to health facilities and treatment, physical stress,
and lack of motivation to engage in activities that are
beneficial to health.6
The aim of this study is to investigate the relationship
between CMLE and anthropometric and laboratory risk
markers of MetS including WC, BP, triglycerides, HDLcholesterol and glycated haemoglobin (HbA1c). The result
is expected to show the impact of CMLE on MetS risk
markers in midlife. Knowledge and understanding of the
magnitude of change of these risk markers in relation to
CMLE will help healthcare professionals to design an
early intervention strategies on cardiometabolic health
risk.

Method
This study was carried out using data obtained from
a cohort of individuals born in a certain week in
March 1958 who were invited to participate in
a biomedical survey in 2002 (age 44). This cohort of
individuals is known as the 1958 British Birth Cohort or
the National Child Development Study (NCDS). An
ongoing socioeconomic and health survey are being car
ried out on this cohort by the University of London centre
for longitudinal studies. The 2002 biomedical survey,
which included 9376 participants, was designed to obtain
risk factors and measures which determine ill-health, with
the aim of establishing, through exploration, the influence
of child development, environment, and lifestyle on ill
health. In addition, the survey was intended to help
researchers address a wide range of issues relating to
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cardiovascular health, anthropometry, visual and hearing
impairment, allergic and respiratory disease, and mental
health. Furthermore, the survey will help researchers to
understand the psychological and physiological functions
among adults in their midlife.

Maternal Level of Education
In England and Wales, the Law states a minimum age for
a child to stay in full-time education. The Education Act of
1996 made it an obligation for parents to have their chil
dren in full-time education from the age 5 to 16,11
although the attendance of school is not compulsory, as
section 2 of the act allows for home schooling. The mini
mum compulsory school leaving age of 16 came into force
in 1972.12 This was preceded by the Butler Education Act
of 1944 which came into force in 1947 and the Fisher
Education Act of 1918 which was enforced in 1921.13,14
The 1944 Act raised the minimum school leaving age from
14 to 15 years15 and the 1918 Act made it compulsory for
children to be in full-time education from age 5 to 14
years.13
In this study, CMLE was derived from the provisions
of the 1918 and 1944 Education Act. The two Education
Acts were enforced prior to 1958 when the first NCDS
survey was carried out, implying that the parents of the
cohort members left compulsory education at age 14 or 15.
The CMLE variable was dichotomised to “leaving full
time education at or before minimum school leaving
age” and “staying in full time education after minimum
school leaving age”. The cohort members whose mothers
left school on or before minimum school leaving age were
categorised as low CMLE and the participants whose
mothers were in compulsory education after the minimum
school leaving age were categorised as high CMLE.

Outcome Variables
In the 2001 NCEP ATP III definition,3 an individual is said
to have MetS if he/she presents at least 3 of the 5 risk
factors: (1) abdominal obesity and WC greater than
102 cm for men and 88 cm for women, (2) low HDL
cholesterol (<40 mg/dL or 1.04 mmol/L for men and
<50 mg/dL or 1.3 mmol/L for women), (3) elevated tri
glyceride (≥150mg/dL or 1.7mmol/L), (4) elevated BP
(>130 mmHg for SBP and >85 mmHg for DBP), and (5)
elevated fasting glucose (FG) (≥110mg/dL). In this study,
glycated haemoglobin (HbA1c) was used in place of FG as
the hyperglycaemic component in the diagnosis of MetS.
Due to the nature of the survey and the considerably large
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sample size, it would have been challenging and very
complex to obtain an accurate FG from this group of
participants. The ATP III criteria did not require evidence
of insulin resistance for diagnosis of MetS. Like the WHO
criteria, ATP III allowed for diagnosis of MetS if type 2
diabetes is present because of the high risk of CVD among
patients with type 2 diabetes.
WC was measured using body tension tape. Everyone
was eligible for the measurement except those who did not
consent, and pregnant women. The equipment used for
measurement of blood pressure was an OMRON 97
blood pressure monitor with standard and large cuffs for
adults. The measurements were taken by trained nurses,
and pregnant women were excluded. Three outcome mea
sures HbA1c, HDL-Cholesterol and triglyceride were
derived from blood samples. A non-fasting venous blood
sample was collected by nurses in four separate Sarstedt
polypropylene tubes containing (i) EDTA anticoagulant,
sent to St George’s Hospital for processing, (ii) citrate
anticoagulant, sent to Royal Victoria Infirmary,
Newcastle for processing, (iii) no anticoagulant, sent to
Royal Victoria Infirmary, Newcastle for processing, and
(iv) CPDA anticoagulant, sent to ALPAC Laboratory,
Bristol for processing. The tube that contained no antic
oagulant was used to analyse triglycerides and HDLCholesterol with serum supernatant obtained after centri
fuging the blood sample. The measurement for triglyceride
and HDL-Cholesterol was done using an Olympus model
AU 640 auto-analyser. 0.5 mL of blood in the tube that
contained citrate was analysed for glycated haemoglobin
(HbA1c). The blood sample was measured for HbA1c by
ion exchange high chromatography using the Tosoh Alc
2.2 Glycohaemoglobin Analyser HLC-723GHB. In this
study, the value of HbA1c is expressed as a percentage
Diabetes Control and Complication Trial unit.16

Confounding Variables
The first step in data analysis was to identify and select the
variables that would be included in the model used to
address the research questions. The aim of this study was
used to determine the choice of the outcome variables and
independent variables of interest. The candidate variables
were manually identified based on the knowledge and
information obtained from prior studies.8,17–22
To effectively estimate the association between CMLE
and MetS in midlife, confounding factors were included in
the analysis. The confounders were placed in 2 groups.
The first group consisted of characteristics that were
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observed in childhood. These were gender (male, female),
maternal age at birth (years), birth weight (kilograms),
breastfeeding (no, under one month, over one month)
and father’s social class (non-manual, manual).
The second group of confounding factors were lifestyle
characteristics and health behaviours in adulthood. These
were smoking at age 42 (current smoker, ex-smoker, never
smoked), alcohol frequency (infrequent/never, daily,
weekly, monthly), exercise frequency (regular, some
days, little or less often), fruit consumption (daily some
days, occasionally, never), sweet consumption (daily, some
days, occasionally, never), and BMI (moderate/not obese,
highly obese).

Handling of Missing Data
Multiple imputation by chained equations was used to
handle missing data in the independent and outcome vari
ables. The number of imputations used was 10, meaning
10 imputed data sets were created. The imputed datasets
were examined to see if the imputation appeared reason
able by checking if the standard deviations of the imputed
datasets appeared similar. Before the primary analysis, the
fit of the imputation model was checked to compare the
imputed values with observed values to check for implau
sible imputed values prior to analysis. For categorical
variables, graphs and tables of proportion of frequencies
were used. Due to issue with data distribution, the variable
that indicates triglyceride was log transformed prior to
analysis.

Statistical Analysis
Descriptive statistics were generated to get sense of the
data and to help to summarise and understand the char
acteristics of the study population and relationships
between variables. The descriptive statistics were used to
compare the frequency and relative frequency of the cate
gorical variables in relation to CMLE for both male and
female participants. They were used to compare the mean
of the outcome variables in relation to CMLE for both
male and female participants. An exploratory two-sample
t-test was used to help give insight on the outcome vari
ables. A two-sample t-test between high and low CMLE
was computed for each of the 5 risk markers of MetS, to
test the null hypothesis that there was no difference in risk
markers of MetS between high and low CMLE groups.
Participants grouped in relation to their CMLE were com
pared based on the average level of markers of MetS.
Before comparing the groups using t-tests, the data was
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checked to ensure it met the assumptions of the t-test. This
was done using box plots, normal quantile plots and tests
to indicate whether variance in the outcome variable was
significant among the groups (high and low CMLE).
The associations between CMLE and each of the five
risk markers of MetS were estimated using ordinary least
squares regression (OLR) linear regression. Four models
were fitted for each risk marker. In model 1, the crude, or
unadjusted, associations between CMLE and each of the
five risk markers were estimated. In model 2, the con
founding effect of characteristics at birth was explored.
Model 3 involved examining the influence of lifestyle
characteristics and health behaviours on the associations
between CMLE and each of the MetS risk markers. In
model 4, the overall effects of birth and lifestyle charac
teristics and health behaviours were explored. The results
obtained for transformed outcome variable (triglyceride)
were recorded as percentage difference.

Results
Table 1 shows the characteristics of study participants at
baseline. Apart from missing values and non-response, the
data used for the analysis contained 4330 male and 4363
female participants. Of these numbers, 27% of males were
classed as high CMLE and 73% as low CMLE. Similar
proportion as male for high and low CMLE was observed
for female participants.as. The mean level of HDLcholesterol, WC, SBP, DBP, and HbA1c tended to be higher
in participants with low CMLE than those with high CMLE.
About 80% of male and 90% of female participants classed
as low CMLE were born to parents that belong to the manual
occupation social class. For high CMLE only 43% of male
and 45% of female participants were born to parents in
manual occupations. The proportion of participants that
smoked was higher for low CMLE compared to high
CMLE. Similarly, participants classed as low CMLE were
shown to be more obese than those with high CMLE.
Table 2 presents the results of two-sample t-tests. The
results show that the average HDL-cholesterol for male
participants with high CMLE was 1.46 mmol/L, compared
to 1.43 mmol/L for those that had low CMLE. The differ
ence in mean was 0.03 mmol/L, which is significantly
different from zero with a two-tailed p value of 0.001.
This implied that male participants with high CMLE were
in significantly better health than those with low CMLE.
A similar result was recorded for female participants. The
mean difference in waist circumference for female parti
cipants between high and low CMLE groups was is −2.60
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mmol/L. The two-tailed p value was 0.001, indicating that
there was a difference in WC between high and low
CMLE for female participants. This showed that female
participants classed as low CMLE were more likely to
have a larger WC than those classed as high CMLE.
In Table 3, the crude (unadjusted) regression analysis
showed a significant relationship between CMLE and all
risk markers of MetS in model 1. These relationships did
not change in model 2. This means that the inclusion of the
childhood confounding factors of gender, maternal age at
birth, birth weight, breastfeeding, and father’s social class
did not impact on the relationship between CMLE and the
risk markers of MetS. In model 3, there was a significant
relationship between CMLE and all risk markers of MetS
except HbA1c after adjustment for the confounding life
style characteristics/health behaviours of smoking at age
42, alcohol frequency, exercise frequency, fruit consump
tion, sweet consumption, and BMI. A coefficient of −0.04
(95% CI, −0.06, −0.01, p<0.001) indicated that HDLcholesterol decreased by 0.04 mmol/L in participants
with low CMLE compared to those with high CMLE.
Similarly, low CMLE resulted in increased WC of
1.20 cm (95% CI 1.27, 2.54, p<0.001) compared to high
CMLE. After adjustment for birth and lifestyle character
istics/health behaviours, the relationships between CMLE
and the risk markers were significant for waist circumfer
ence and blood pressure but not for triglyceride, HDLcholesterol, and HbA1c. On average, participants in the
low CMLE group had 0.70 cm (95% CI 0.065, 1.30,
p<0.001) increased WC compared to those with high
CMLE, if birth and lifestyle characteristics and other fac
tors indicating health behaviours were kept constant. An
increased level of SBP of 1.48 mmHg (95% CI 0.48, 2.47
p<0.001) was recorded in participants with low CMLE
compared to those with high CMLE.

Discussion
In this study, we have analysed the association between
CMLE as a measure of SES and risk markers of MetS. The
results of the regression analysis for the crude estimates
indicated a significant association between CMLE and the
five risk markers for MetS. The association stays the same
after adjustment for characteristics at birth. The overall
adjustment for birth characteristics and lifestyle factors
showed that WC and blood pressure (systolic and diasto
lic) were significantly related to CMLE. Although several
published studies have looked at the relationship between
socioeconomic indicators of MetS in adulthood, to our
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Childhood Maternal Level of Education
Variables

Male

Female

High

Low

Total

High

Low

Total

≤19

29 (2.4)

172 (5.3)

201 (4.6)

44 (3.7)

202 (6.2)

246 (5.5)

20–24
25–29

308 (26)
438 (37)

938 (29.1)
1075 (33.3)

1246 (28.3)
1513 (34.3)

294 (24.4)
457 (38)

959 (29.6)
1014 (31.3)

1253 (28.2)
1471 (33.1)

30–34

263 (22.2)

607 (18.8)

870 (19.7)

267 (22.2)

667 (20.6)

934 (21)

≥35
Total

146 (12.3)
1184 (100)

432 (13.4)
3224 (100)

578 (13.1)
4408 (100)

142 (11.8)
1204 (100)

401 (12.4)
3243 (100)

543 (12.2)
4447 (100)

Maternal age

Breast Feeding
No

245 (23.4)

942 (32.8)

1187 (30.3)

246 (22.7)

926 (31.8)

1172 (29.4)

Under one month

205 (19.5)

718 (25)

923 (23.5)

223 (20.6)

755 (26)

978 (24.5)

Over one month
Total

599 (57.1)
1049 (100)

1211 (42.2)
2871 (100)

1810 (46.2)
3920 (100)

615 (56.7)
1084 (100)

1227 (42.2)
2908 (100)

1842 (46.1)
3992 (100)

Social Class at Birth
Non manual

655 (57.2)

612 (19.9)

1267 (30)

632 (54.7)

593 (19.2)

1225 (28.9)

Manual

490 (42.8)

2461 (80.1)

2951 (70)

523 (45.3)

2496 (80.8)

3019 (71.1)

Total

1145 (100)

3073 (100)

4218 (100)

1155 (100)

3089 (100)

4244 (100)

Current smoker
Ex/occ-smoker

217 (19)
389 (34)

793 (25.6)
937 (30.2)

1010 (23.8)
1326 (31.2)

220 (18.8)
371 (31.7)

838 (26.6)
888 (28.1)

1058 (24.5)
1259 (29.1)

Never smoked

539 (47.1)

1372 (44.2)

1911 (45)

579 (49.5)

1430 (45.3)

2009 (46.4)

Total

1145 (100)

3102 (100)

4247 (100)

1170 (100)

3156 (100)

4326 (100)

Infrequently/never
Daily

138 (11.7)
428 (36.4)

489 (15.3)
962 (30.1)

627 (14.4)
1390 (31.8)

249 (20.8)
337 (28.1)

955 (29.6)
581 (18)

1204 (27.2)
918 (20.7)

Monthly

221 (18.8)

674 (21.1)

895 (20.5)

238 (19.8)

763 (23.6)

1001 (22.6)

Weekly
Total

389 (33.1)
1176 (100)

1068 (33.4)
3193 (100)

1457 (33.3)
4369 (100)

375 (31.3)
1199 (100)

928 (28.8)
3227 (100)

1303 (29.4)
4426 (100)

Exercise Frequency
All the time

248 (26.9)

787 (33.8)

1035 (31.8)

351 (38.4)

834 (36.8)

1185 (37.3)

Some days
Little or less often

548 (13.7)
126 (13.7)

1242 (53.4)
299 (12.8)

1790 (55.1)
425 (13.1)

468 (51.3)
94 (10.3)

1193 (52.6)
241 (10.6)

1661 (52.2)
335 (10.5)

Total

922 (100)

2328 (100)

3250 (100)

913 (100)

2268 (100)

3181 (100)

All the time

538 (46.9)

1352 (43.6)

1890 (44.5)

792 (67.7)

1833 (58.1)

2625 (60.7)

Some days
Occasionally

413 (36)
176 (15.4)

944 (30.4)
702 (22.6)

1357 (31.9)
878 (20.7)

262 (22.4)
101 (8.6)

807 (25.6)
450 (14.3)

1069 (24.7)
551 (12.7)

Never

19 (1.7)

104 (3.4)

123 (2.9)

15 (1.3)

66 (2.1)

81 (1.9)

Total

1146 (100)

3102 (100)

4248 (100)

1170 (100)

3156 (100)

4326 (100)

All the time
Some days

194 (16.9)
526 (45.9)

614 (19.8)
1249 (40.3)

8089 (19)
1775 (41.8)

229 (19.6)
486 (41.5)

695 (22)
1219 (38.6)

924 (21.4)
1705 (39.4)

Occasionally

371 (32.4)

1057 (34.1)

1428 (33.6)

416 (35.6)

1105 (35)

1521 (35.2)

Never
Total

55 (4.8)
1146 (100)

182 (5.9)
3102 (100)

237 (5.6)
4248 (100)

39 (3.3)
1170 (100)

137 (4.3)
3156 (100)

176 (4.1)
4326 (100)

Smoking at age 42

Alcohol Frequency

Fruit

Sweet

(Continued)
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Table 1 (Continued).
Childhood Maternal Level of Education
Variables

Male

Female

High

Low

Total

High

Low

Total

Moderate/not obese
Highly obese

1129 (97.1)
34 (0.9)

2950 (93.1)
217 (6.9)

4079 (94.2)
251 (5.8)

1107 (93.7)
75 (6.3)

2862 (90)
319 (10)

3969 (91)
394 (9)

Total

1163 (100)

3167 (100)

4330 (100)

1182 (100)

3181 (100)

4363 (100)

Birth weight
HDL Cholesterol

3.5 (±0.51)
1.46 (±0.34)

3.4 (±0.5)
1.43 (±0.33)

3.4 (±0.5)
1.43 (±0.34)

3.3 (±0.5)
1.8 (±0.41)

3.2 (±0.5)
1.70 (±0.41)

3.25 (±0.5)
1.70 (±0.41)

Triglyceride

2.41 (±1.81)

2.53 (±1.8)

2.50 (±1.8)

1.45 (±1)

1.65 (±1.18)

1.6 (±1.13)

Waist circumference
Systolic BP

97.03 (±10.3)
131 (±15.1)

99 (±11.5)
133 (±15.6)

98.5 (±11.23)
132 (±15.4)

83.8 (±12.3)
119 (±15.1)

86.4 (±13.04)
121 (±16)

85.5 (±13)
120 (±16)

Diastolic BP

81 (±11)

82 (±11)

82 (±11)

75 (±10.4)

76 (±11)

75.5 (±)

Hba1c
N

5.26 (±0.6)
1163 (26.9)

5.33 (0.8)
3167 (73.1)

5.3 (±0.8)
4330 (100)

5.1 (±0.6)
1182 (27.1)

5.2 (±0.7)
3181 (72.9)

5.2 (±0.6)
4363 (100)

BMI

Notes: Data are ± standard deviation (sd) or absolute numbers (%), n = the number of sample and the proportion or percentage of the sample is in bracket, N = total
number of sample for male or female participants grouped according to the level of education. High indicates participants whose mothers stayed in school after minimum
school living age. Low indicates leaving school on or before minimum school leaving age. HDL-cholesterol, Triglyceride, Waist Circumference, Systolic BP, Diastolic BP, and
HbA1c are the outcome variables. Maternal age, breast feeding, birth weight and fathers social class indicates participants characteristics during birth. Smoking at age 42,
alcohol frequency, exercise frequency fruit consumption, sweet consumption and BMI represents participants lifestyle characteristics and health behaviours.

Table 2 Comparison of Childhood Maternal Level of Education in Relation to Risk Markers of Metabolic Syndrome
Outcome Variables

Childhood Maternal Level of Education
High

Male
HDL Cholesterol

Mean Diff

P value

95% Conf. Interval

Low

n

Mean (sd)

SE

n

Mean (sd)

SE

1006

1.46 (±0.34)

0.01

2699

1.43 (±0.33)

0.01

0.03

0.001

0.01, 0.06

Triglyceride

1004

0.69 (±0.60)

0.02

2700

0.75 (±0.57)

0.01

−0.06

0.002

−0.10, −0.017

Waist circumference
Systolic BP

1176
1177

97.03 (±10.3)
131 (±15.1)

0.30
0.44

3198
3195

99 (±11.5)
133 (±15.6)

0.17
0.28

−2.00
−2.00

0.001
0.001

−2.71, −1.22
−3.00, −1.00

Diastolic BP

1177

81 (±11)

0.31

3195

82 (±11)

0.20

−1.00

0.001

−2.10, −0.66

HbA1c

1022

5.26 (±0.6)

0.02

2745

5.33 (0.8)

0.02

−0.07

0.01

−0.12, −0.02

HDL Cholesterol
Triglyceride

982
980

1.8 (±0.41)
0.22 (±0.51)

0.01
0.02

2691
2688

1.70 (±0.41)
0.34 (±0.54)

0.01
0.01

0.10
−0.12

0.001
0.001

0.08, 0.14
−0.15, −0.08

Waist circumference

1,192

83.8 (±12.3)

0.36

3214

86.4 (±13.04)

0.23

−2.60

0.001

−3.46, −1.76

Systolic BP
Diastolic BP

1,184
1,183

119 (±15.1)
75 (±10.4)

0.44
0.30

3197
3197

121 (±16)
76 (±11)

0.28
0.20

−2.00
−1.00

0.001
0.02

−3.04, −1.00
−1.51, −0.08

HbA1c

1,006

5.1 (±0.6)

0.02

2720

5.2 (±0.7)

0.01

−0.1

0.01

−0.12, −0.02

Female

Notes: Data are ± standard deviation (sd), n = the number of samples, SE is the standard error, mean diff is the difference between the mean of high- and low-level maternal
education. High indicates participants whose mothers stayed in school after minimum school living age, Low indicates leaving school on or before minimum school leaving
age. HDL-cholesterol, Triglyceride (log transformed), Waist Circumference, Systolic BP, Diastolic BP, and HbA1c are the outcome variables.

knowledge this is the first study that collectively looked at
the unadjusted and adjusted effects of CMLE and the level
of risk markers of MetS using NCDS data. In this study,
we emphasised the crude estimates and estimates resulting
from adjustment due to birth characteristics and lifestyle
and health behaviours in midlife.
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CMLE and Lipid Profile
An individual’s lipid profile is mainly defined by the
cholesterol and triglyceride level. In this study, CMLE
was found to be related with changes in the level of
HDL-cholesterol and triglycerides in midlife. The results
of the unadjusted regression analysis and those that
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Table 3 Association Between Childhood Maternal Level of Education and Metabolic Syndrome in Mid-Adulthood
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Outcome Variables
HDL Cholesterol

Waist Circumference

HbA1c

Triglyceride

Systolic BP

Diastolic BP

−0.07*** (−0.08, −0.04)

2.32*** (1.67, 3.00)

0.07*** (0.04, 0.11)

0.16*** (0.08, 0.24)

2.00*** (1.19, 2.78)

1.10*** (0.57–1.61)

0.05** (0.01–0.09)

0.05 (−0.04, 0.14)

1.55*** (0.68, 2.42)

0.72** (0.13 -, 1.31)

1.20*** (1.27, 2.54)

0.01 (−0.02, 0.04)

0.05 (−0.03, 0.14)

1.66*** (1.03, 2.74)

0.97*** (0.40–1.55)

0.70*** (0.065, 1.30)

−0.01 (−0.05, 0.04)

−0.04 (−0.15, 0.05)

1.48*** (0.48, 2.47)

0.68** (0.01, 1.36)

Model 1
Education
High level(ref)
Low level

Model 2 Adjusted for characteristics at birth
Education
High level(ref)
Low level

−0.05*** (−0.07, −0.03)

1.68*** (1.02, 2.35)

Model 3 Adjusted for Lifestyle characteristics/Health Behaviours
Education
High level(ref)
Low level

−0.04*** (−0.06, −0.01)

Model 4 Overall adjustment
Education
High level (ref)
Low level

−0.02* (−0.05, 0.01)

Notes: Table 3 represents unstandardised coefficient which expresses the change in outcome due to change from low to high CMLE adjusted for characteristics at birth,
lifestyle characteristics and health behaviours. Model 2 was adjusted for “gender”, ’mothers age at birth’, “birthweight”, “breastfeeding”; and’ father’s social class’. Model 3
was adjusted for gender’, ’smoking at age 42ʹ, “alcohol frequency”, “exercise frequency”;’ fruit’, “sweet”, ’BMI’. Model 4 was adjusted for education’, “gender”, ’mothers age at
birth’, “birthweight ”,’breastfeeding’;’ father’s social class’, ’smoking at age 42ʹ, “alcohol frequency ”,’exercise frequency’;’ fruit’, “sweet”, ’BMI’. The, confidence interval is in
parenthesis. *** p<0.01, ** p<0.05, * p<0.1.

involved separate adjustment for birth and lifestyle char
acteristics and health behaviours indicated a significant
relationship between low CMLE and HDL-cholesterol.
The significant relationship between CMLE and the
blood lipid profile in terms of HDL-cholesterol and tri
glycerides was attenuated after overall adjustment for
a combination of birth and lifestyle characteristics and
health behaviours. Although CMLE may have a direct
influence on the blood lipid level, other birth character
istics and lifestyle factors may exact more effect on the
lipid level. Also, triglyceride concentration in the blood
may be less stable due to the effects of recent meals.
This is the reason why researchers normally require 12
hours of fasting before taking blood samples.23
The findings in this study were consistent with past
studies that aimed to establish the association between
individual educational level or maternal education and
lipid profiles, especially HDL cholesterol and
triglycerides.23–27 Some studies reported findings similar
to this study, while the direction of the association between
education and lipid profiles in some studies was opposite
to in this study28–30 A possible explanation for the asso
ciation between lower education level and lipid profile

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13

may be that participants whose parents are well educated
are more likely to consume fruit, vegetables and food with
less saturated fat.31,32 Selecting a diet with low saturated
fat for a child was found to lead to an improved plasma
lipid profile and will help to reduce atherosclerotic vascu
lar disease over a life course.33 This was evidenced in
some animal studies that showed that atherosclerosis was
highly likely to develop in species of animal that are fed
with diets that increase total and low-density lipoprotein
level in the blood.34–37 Furthermore, in adults and children
across many countries, the differences in lipid profile are
determined by the amount or proportion of saturated fat in
the diet.38,39

CMLE and HbA1c
The result of the regression analysis showed that CMLE
was associated with the risk of type 2 diabetes in midlife.
The association became attenuated when adjusted for life
style characteristics and health behaviours in midlife.
These findings were consistent with the results of past
studies that indicated that children born to less educated
parents are in a disadvantaged position which increases the
risk of diabetes in midlife,40–45 although some of these
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findings were weak when study sample size, participants’
gender and methodological designs were considered. In
terms of gender, some past studies on the association
between indicators of childhood SES and diabetes reported
either weak or no association between maternal education
and diabetes in men.40,43,45 Similarly, in other studies, the
association between incidence of diabetes and childhood
socioeconomic position was weak in women and there was
no association in men.41,44

CMLE and WC
A significant result was recorded for the association
between CMLE and WC. The unadjusted estimates indi
cated a significant association between CMLE and WC.
After adjustment for birth and lifestyle/health behaviours
the relationship stayed the same. Participants that had low
CMLE were found to be more obese than those with high
CMLE. The proportion of female participants with large
WC was higher than the proportion of males. The findings
in this study are in line with other studies that found that the
educational level of parents has an impact on the weight of
their offspring.46–48 Obesity is a key risk factor for many
chronic health conditions. Unusual weight in adulthood
could be a result of parental characteristics during childhood
which, according to some studies, determine health out
comes in adulthood.47,49,50 Large WC, which signifies obe
sity, affects the body as a whole, including the
cardiovascular and respiratory systems.51,52 It also impacts
on the physiological, health and cognitive behaviours of an
individual. Compared to paternal characteristics, maternal
characteristics were found by many studies to have
a stronger effect on the health behaviours and health status
of children.49,53 CMLE is a strong determinant of children’s
health behaviours. Mothers with a lower level of education
tend to feed their children more unhealthy food, which may
negatively impact their health and wellbeing.49,50,54,55 The
habits of unhealthy eating formed during childhood may be
difficult to drop in adulthood. This could influence changes
in body weight from childhood to adulthood.
The findings from this study should spur health profes
sionals to design measures that will target different mater
nal levels of education. Strengthening the health education
of mothers will help them to understand the benefits of
proper nutrition and weight management in children.56

CMLE and Blood Pressure
Both crude and adjusted estimates indicated a significant
association between CMLE and blood pressure in midlife.
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The association between CMLE and blood pressure estab
lished in other studies has been confirmed in this study.57–
59
A possible explanation lies in the life course model,
which suggests that early disadvantages in terms of SES
could have effects on blood pressure through several
mechanisms at each stage of life.60 In addition, it has
been confirmed by some studies that the risk factors for
atherosclerosis in adults are similar to those in
childhood.61–63 Elevated blood pressure, which is one of
the risk factors for atherosclerosis, is common in children
in disadvantaged socioeconomic positions. Children born
to mothers with lower levels of education are in
a disadvantaged position64 due to the prevalence of some
health behaviour risk factors, such as lack of physical
exercise, high intake of dietary sodium and obesity,
which have adverse effects on blood pressure.65–68 These
health behaviours acquired during childhood often persist
into adulthood. The effect of elevated blood pressure in
childhood might lead to increased blood pressure in adult
hood, as individuals with high blood pressure in childhood
are more likely to have elevated blood pressure in adult
hood, and vice versa.69 Therefore, the early stages of life
seem to be critical for hypertension and cardiovascular
abnormalities in adulthood.70,71
Prevention of hypertension in adulthood should start as
early as possible and should aim at modification of lifestyle
factors including increasing physical activity, reducing
sodium in the diet, body weight management and frequent
consumption of fruit, vegetables, fibre and low-fat dairy.

Strengths and Limitations
The survey sweeps and biomedical survey of the NCDS
are prospective in nature. As a result, “recall bias” is not
a major issue in this kind of study. A recall bias is said to
occur when participants give inaccurate or questionable
accounts of an event during an interview.72 The outcome
measures such as HDL-cholesterol, triglyceride, HbA1c,
WC and blood pressure used in this study were obtained
directly from participants by qualified professionals and
did not require participants to recall any value which could
lead to inaccurate results. In addition, the issue of mea
surement bias73 was minimised because values recorded
for measures such as WC and blood pressure were
obtained from the average of 3 measurements taken at
specified time intervals. Also, the outcome measures
obtained from the blood sample, including HDLcholesterol, triglyceride, and HbA1c were obtained from
laboratory analysis with no interference from participants
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or researchers. Over 90% of participants had English as
their first language; therefore, instructional materials and
guidelines relating to each survey sweep was assumed to
be well understood.74 Multiple imputation was used to
handle missing data. Under a missing at random (MAR)
assumption, data were imputed for missing values in both
independent and outcome variables. The results of both
multiple imputation and complete case analysis were simi
lar when compared. The multiple imputation results in
increased sample size and less bias in the result. In terms
of limitation, HbA1c was used as a risk marker of MetS
instead of fasting glucose because it was easier to obtain
from participants. T results may be different if FG was
used.
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