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Abstract

Background: Cardiovascular disease (CVD) is the leading cause of global death. Physical activity can help
individuals reduce their CVD risk. However, the biological mechanisms explaining the link between physical activity
and CVD risk and how they may be mediated by socioeconomic status are not well understood.

Methods: We use cross-sectional data from 2010/2011 of the Understanding Society Survey, UK, to investigate the
association between two biomarkers for CVD risk: cholesterol ratio and triglyceride levels and four different
measures of physical activity: moderate, mild, self-reported activity rating, and walking 30 min or more a week
using multivariate logistic regression. The analysis investigates if this association is mediated by socioeconomic
status and difficulty accessing sports facilities.

Results: Results from multivariate regressions show that moderate and self-reported activity rating are significantly
associated with cholesterol ratio and triglycerides for both men and women. A weaker association was found for
walking 30 min or more a week. No association was found between mild physical activity and the two biomarkers.
There is some evidence that socioeconomic status mediates the relationship between the biomarkers and physical
activity. A significant association between socioeconomic status variables and the biomarkers was found only for
women.

Conclusions: We provide some evidence of the mechanisms explaining the link between CVD risk and physical
activity by finding an association with traditional lipid biomarkers. We also find that intensity of physical activity
matters. Socioeconomic status especially for women is important which may explain some of the inequalities in
CVD risk.
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Key Points

� There is a significant association between lipid
biomarkers for CVD risk (cholesterol ratio and
triglycerides level) and the frequency and intensity
of self-reported and perceived physical activity.

� These data support thenotion that socioeconomic
status mediates the relationship between lipid
biomarkers and physical activity.

� Low physical activity in lower socioeconomic groups
may be contributing to widening health inequalities.

� Promotion of more active transportation may help
to encourage physical activity of the required
intensity and frequency to improve cardiovascular
health.

Background
The leading cause of global mortality is cardiovascular
disease (CVD). There is a well-established link between
CVD risk and physical activity [1–3]. The underlying
biological mechanisms explaining the link between CVD
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and physical activity are not fully understood. One previ-
ous study [4] investigated the relationship between bio-
markers, physical activity, and CVD risk and found that
traditional lipids explained approximately 19 % of CVD
risk reduction for those who engaged in more than
200 kcal/week of physical activity.
There is currently no evidence if this physiological path-

way holds for different types of physical activity. Current
physical activity recommendation from the Centre for
Disease Control (CDC) [5] suggests that adults participate
in at least 2 days of muscle strengthening activities and
150 min of moderate intensity aerobic activity or 75 min
of vigorous intensive physical activity each week. If these
types of activities have different relationships with lipids
associated with increased CVD risk, this may impact on
how individuals should engage with physical activity. Add-
itionally, there is no evidence if factors such as socioeco-
nomic status and perceived difficulty in accessing sports
facilities attenuate this relationship. This may be a mech-
anism explaining inequalities in CVD risk.
The aims of this study are to determine if there is an as-

sociation between two biomarkers for CVD risk: choles-
terol ratio and triglyceride levels and four different
measures of physical activity: moderate, mild, self-
reported activity rating, and walking 30 min or more a
week and if this association is mediated by socioeconomic
status and difficulty accessing sports facilities using a na-
tionally representative sample of 4823 individuals.

Methods
Source Data
We use cross-sectional data from the second round of
data collection (2010/2011) of the Understanding Society
Survey [6] (n = 54,587). Understanding Society is a longi-
tudinal household panel survey of approximately 40,000
household in the UK which began in 2009 [7]. Individual
participants are interviewed annually on diverse topics
such as health, work, education, income, family, and so-
cial life. Further information on the study design and
sampling methodology are discussed elsewhere [8]. In
the second round of data collection, a representative
sub-set of the main sample participated in a nurse-led
health assessment (n = 15,777) [9]. A total of 13,107 re-
spondents had data on at least one biomarker. For this
study, we further limited the sample to respondents that
had valid measures for triglycerides, HDL cholesterol,
and total cholesterol biomarkers (n = 12,867). The final
restriction placed on our sample was that participants
needed to have valid measures on socioeconomic status,
physical activity, and demographic characteristics redu-
cing our sample to n = 4823.
Comparing CVD biomarkers between the two groups

of the sample population and those who were excluded
from the analysis because of missing SES variables

generated similar results. The only exemptions were the
education variables (where a higher number of people
had a less healthy triglyceride level among those with
missing data) and access to a car (where a higher num-
ber of people had a healthier level of both triglycerides
and cholesterol ratio); for both variables, the difference
in the number of individuals between groups was less
than 5 %. As the nurse assessment sample use for the
analysis was chosen to be nationally representative, this
suggests that our results should be fairly a representative
of the target population as there is less than a 5 % differ-
ence between those who reported the SES variables and
those that were missing for whatever reason.
Ethical approval was not required for the secondary ana-

lysis of this anonymised data source. Respondents pro-
vided written consent for their blood to be taken and to
be stored for future scientific and genetic analyses [10].

Outcomes and Key Variables
Biomarkers for CVD risk that were included as key out-
come variables were cholesterol ratio [11] and triglycer-
ide levels [12]. Different cholesterol levels were
measured from blood serum using enzymatic methods
with a Roche module P analyser calibrated to CDC
guidelines [10]. Triglycerides were measured from serum
blood using an enzymatic method on a Roche P module
analyser [10]. Individual total cholesterol and HDL chol-
esterol level were used to calculate the cholesterol ratio
(as HDL cholesterol

total cholesterol ) which was classified as a binary variable
equal to 0 if the ratio of HDL to total cholesterol was
less than or equal to 3.8 mmol/L (a healthy HDL choles-
terol ratio) and equal to 1 if the cholesterol ratio was
greater than or equal to 3.9 mmol/L (an unhealthy HDL
cholesterol ratio) [13]. Triglycerides were classified as a
binary variable where the base category was between 0.3
and 1.9 mmol/L and was equal to 1 if triglycerides were
between 2 and 31.9 mmol/L [14].
Three different measures of physical activity were used

in the main analysis. Moderate intensity physical activity
was defined based upon a positive response to engaging in
29 sports activities that would classify as moderate activity
[7]. A binary variable was created that equaled zero if the
respondent engaged in moderate activity less than three
times a week and was equal to 1 if the respondent engaged
in moderate activity three or more times a week. The sec-
ond measure was a self-assessed sports activity rating
where individuals rated on a scale of 1 to 10 how active
they were through leisure-based sport. This was classified
as a binary variable for high activity which was equal to 0
if respondent scored themselves a 4 or less and was equal
to 1 if respondents reported a score of between 5 and 10.
The final physical activity variable captured individual
walking activity. A binary variable was created that was
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equal to 0 if respondents walked for 30 min (or less) for
four times during the last 4 weeks and was equal to 1 if re-
spondents walked more than 30 min for at least four times
in the last 4 weeks [15]. As a validity check on our find-
ings, we used a measure of mild physical activity that
should not be significantly associated with reducing CVD
risk. Mild intensity physical activity was based upon indi-
viduals reporting that they engaged in a sporting activity
that would require mild exertion. This was classified as a
binary variable that was equal to 0 if respondents engaged
in mild activity less than three times a week and was equal
to 1 if respondent participated in mild activity three or
more times a week.
We controlled for a number of other factors that may

confound the relationship between the biomarkers for
CVD risk and physical activity participation. The bio-
markers used in this analysis, especially triglycerides
[10], may have been affected by medications and con-
sumption of food or drink. We therefore controlled for
the individual currently taking lipid reducing medication
and if they had eaten 30 min before blood was taken.
Demographic factors such as age, age squared, marital
status, presence of children under the age of 12 in the
household, and region [16] were included in the analysis.
To determine if the relationship between biomarkers
and physical activity were mediated by socioeconomic
status and difficulty accessing sports facilities, in some
model specifications, socioeconomic status was mea-
sured by binary variables for having access to a car or
van, owning one’s house or having a mortgage on it, if
the individual was employed, highest level of educational
attainment achieved, and log of equivalised household
income [17]. In addition, in some model specifications,
we included a binary variable for if the respondent re-
ports difficulty in accessing sports facilities [14].

Statistical Analysis
Descriptive analysis was undertaken to gain a better un-
derstanding of the prevalence of unhealthy cholesterol
ratio and triglyceride levels and to identify physical activ-
ity levels and patterning of the confounding variables in
the study population. These findings were used to in-
form the multivariate analysis.
We also performed a number of different multicolli-

nearity tests between the physical activity variables and
separately for the socioeconomic status variables. For
the physical activity variables, the correlation within dif-
ferent intensities of physical activity was less than 0.40,
suggesting that there was no evidence for correlations
between the different physical activity measures. There-
fore, separate consideration in different models was con-
sidered appropriate to describe the behaviours and
associations with CVD risk among the sample popula-
tion. We also tested for multicollinearity between the

different socioeconomic status (SES) variables. Correla-
tions between all seven SES variables were very small
less than 0.1, the correlation between income and being
educated to a degree level was 0.23, and there was a
slightly higher correlation between the different educa-
tional levels of just above 0.40 which is to be expected
as one level of educational attainment is usually corre-
lated with lower levels of educational attainment.
The basic statistical analysis involved multivariate logis-

tic regression models in which the two biomarkers for
CVD are a function of one of the four physical activity
variables as well as cofounding variables including demo-
graphic characteristics, currently taking lipid lower medi-
cation, if the respondent has eaten a half hour before
blood is taken. To determine if socioeconomic status at-
tenuates the relationship between physical activity and the
biomarkers, variables related to socioeconomic status were
added to the basic model. Finally, a variable controlling
for difficulty in accessing sports facilities was added to the
logistic regression. Significant differences were found be-
tween physical activity and gender for all types of physical
activity except walking (χ2, p = 0.000). Significant differ-
ences by gender were found in the outcome variables of
cholesterol level and triglyceride levels (t test, p = 0.000).
All analysis was therefore stratified by gender. Survey re-
spondents with missing responses to any of the outcome
or explanatory variables required for the analysis were ex-
cluded. The analysis was undertaken in Stata v.13 [18].

Results
Table 1 showed the descriptive analysis of the raw data.
Approximately 25 % of men and 21 % of women en-
gaged in at least 30 min of moderate physical activity,
three times a week. Approximately 42 % of men and
33 % of women reported being highly active in sports ac-
tivity. Fifty-seven percent of men and 59 % of women
walked at least 30 min a week, and 14 % of men and
18 % of women engaged in mild activity for 30 min or
more, three times a week. Approximately 45 % of men
and 25 % of women had an unhealthy cholesterol ratio,
and 41 % of men and 24 % of women had unhealthy tri-
glyceride levels. The mean age of the sample was 51 years
old. The majority of survey respondents had a university
education, access to a car, was married, and owned their
own home. Approximately 5 % of men and 8 % of
women reported difficulty in accessing sports facilities.
Table 2 showed the results of gender-stratified logistic

regressions to investigate the relationship between the two
biomarkers for CVD risk and moderate physical activity
accounting for socioeconomic status. In all models, except
for the female triglyceride models adjusted for socioeco-
nomic status and difficulty accessing sports facilities, there
is a negative and significant association between moderate
physical activity and having an unhealthy cholesterol ratio
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and triglyceride levels. The size of the association is simi-
lar for men and women. This provided some evidence that
socioeconomic status attenuates this relationship for chol-
esterol ratio for men and triglyceride level for women.
For both men and women, age was associated with an

increased likelihood of having an unhealthy cholesterol
ratio and triglyceride levels. For both genders, taking
lipid lowering medication was associated with an in-
creased likelihood of having a healthy cholesterol level.
For women only, taking lipid lower medication was sig-
nificantly associated with having unhealthy triglyceride
levels. This may be picking up women, who were on
lipid-lowering medication because they have been re-
cently diagnosed with a high triglyceride level. Eating
30 min before the interview was positively and signifi-
cantly associated with having an unhealthy triglyceride
level. For women only, a number of socioeconomic fac-
tors were significantly associated with cholesterol ratio
and triglyceride levels. Being a home owner compared to

renting was negatively associated with unhealthy choles-
terol ratio in the model adjusted for socioeconomic sta-
tus and with triglyceride levels in the model adjusted for
socioeconomic status and access. Household income was
negatively and significantly associated with unhealthy
cholesterol ratio and triglyceride levels in all adjusted
models. Being educated to the college degree level or
having some higher education was negatively and signifi-
cantly associated with having an unhealthy cholesterol
ratio in all adjusted models. Reporting difficulty in acces-
sing sports facilities was positively and significantly asso-
ciated with an unhealthy cholesterol ratio in the model
adjusted for access.
Table 3 displayed the results of gender-stratified regres-

sions to investigate the association between self-reported
activity rating and the two biomarkers for CVD risk and
socioeconomic status. Reporting being highly active
through sport was negatively associated with increased
likelihood of having an unhealthy cholesterol ratio and

Table 1 Distribution of outcome variables (cholesterol ratio and triglyceride level), exposure variables (physical activity), and
confounding variables

Variable and category Men Women

Mean (SD) obse,f,g Mean (SD) obse,f,g

Unhealthy cholesterol ratio 0.45 (0.50) 5596 0.25 (0.43) 7091

Unhealthy triglyceride level 0.41 (0.49) 5750 0.24 (0.43) 7139

Taking lipid lowering medication 0.21 (0.41) 4266 0.14 (0.35) 5351

Eaten 30 min before bloods taken 0.09 (0.28) 4266 0.09 (0.29) 5351

Moderate activitya 0.25 (0.44) 2941 0.21 (0.41) 3312

Highly activeb 0.42 (0.50) 4263 0.33 (0.47) 5350

Walk 30 minutesc 0.57 (0.50) 3686 0.59 (0.49) 4594

Mild activitya 0.14 (0.35) 2858 0.18 (0.38) 3190

Age (years) 51.87 (17.57) 5750 51.31 (16.89) 7139

Married 0.60 (0.49) 5750 0.54 (0.50) 7139

Has children under 12 0.20 (0.40) 5750 0.24 (0.43) 7138

Region (1–16 categories)d 1.12 (0.46) 4266 1.13 (0.47) 5351

Home ownership 0.78 (0.41) 5744 0.75 (0.43) 7133

Equivalised household income (£) 18022.07 (14653.98) 5743 16562.56 (13109.78) 7132

Employed 0.59 (0.49) 5750 0.52 (0.50) 7139

University educated 0.39 (0.49) 5050 0.39 (0.49) 6294

Some higher education 0.26 (0.44) 5050 0.18 (0.38) 6294

GCSEs 0.22 (0.41) 5050 0.25 (0.43) 6294

Car ownership 0.93 (0.24) 5008 0.94 (0.25) 5337

Has difficulty accessing PA facilities 0.05 (0.22) 4253 0.08 (0.28) 5335
aThese variables report the number of respondents engaging in this type of physical activity for at least 30 min, three times a week
bHigh active reports the number of respondents that report 5 or higher for engaging in sport activity (0 to 10 scale)
cThis variable reports respondents that walk at least 30 min a week
dMean of all regions is shown. Regions were coded 1-England, 2-Scotland, 3-Wales
eBase categories for all variables are not shown
fRaw data is shown
gValues are percentages unless otherwise stated in the footnotes above
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Table 2 Gender-stratified models of the association between moderate physical activity and biomarkers for CVD risk

Cholesterol to HDL ratio Triglycerides

Men Women Men Women

Base model SES adjusted
model

Full adjusted
model

Base model SES adjusted
model

Full adjusted
model

Base model SES adjusted
model

Full adjusted
model

Base model SES adjusted
model

Full adjusted
model

Moderate
activity level

0.64*** (−0.63
to −0.27)

0.63*** (−0.67
to −0.26)

0.62*** (−0.68
to −0.28)

0.67*** (−0.62
to −0.17)

0.67*** (−0.66
to −0.14)

0.67*** (−0.66
to −0.14)

0.72*** (−0.51
to −0.16)

0.72*** (−0.52
to −0.12)

0.72*** (−0.53
to −0.13)

0.76** (−0.49
to −0.05)

0.77 (−0.52
to 0.00)

0.77 (−0.52
to 0.00)

Taking lipid
lowering
medication

0.36*** (−1.28
to −0.77)

0.33*** (−1.40
to −0.83)

0.32*** (−1.42
to −0.84)

0.55*** (−0.93
to −0.25)

0.50*** (−1.14
to −0.24)

0.52*** (−1.11
to −0.22)

1.05 (−0.18
to 0.28)

1.04 (−0.22
to 0.30)

1.03 (−0.23
to 0.30)

1.73*** (0.27
to 0.83)

1.75*** (0.20
to 0.92)

1.73*** (0.18
to 0.91)

Eaten 30 min
before bloods
taken

0.89 (−0.38
to 0.15)

0.89 (−0.41
to 0.18)

0.90 (−0.41
to 0.19)

0.85 (−0.45
to 0.13)

0.85 (−0.51
to 0.17)

0.85 (−0.50
to 0.17)

1.18 (−0.09
to 0.42)

1.16 (−0.14
to 0.43)

1.15 (−0.14
to 0.43)

1.32** (0.00
to 0.56)

1.38** (0.00
to 0.64)

1.38** (0.00
to 0.64)

Age 1.18*** (0.14
to 0.20)

1.17*** (0.12
to 0.20)

1.17*** (0.12
to 0.20)

1.07*** (0.03
to 0.10)

1.09*** (0.04
to 0.14)

1.09*** (0.04
to 0.14)

1.15*** (0.11
to 0.17)

1.14*** (0.09
to 0.17)

1.14*** (0.09
to 0.17)

1.08*** (0.05
to 0.12)

1.18*** (0.11
to 0.22)

1.18*** (0.11
to 0.22)

Married 0.88 (−0.31
to 0.06)

0.82 (−0.42
to 0.01)

0.81 (−0.42
to 0.00)

0.95 (−0.24
to 0.13)

1.10 (−0.13
to 0.32)

1.10 (−0.13
to 0.31)

0.88 (−0.31
to 0.05)

0.82 (−0.40
to 0.01)

0.82 (−0.41
to 0.00)

1.06 (−0.13
to 0.25)

1.07 (−0.16
to 0.29)

1.07 (−0.16
to 0.29)

Has children
under 12

1.17 (−0.05
to 0.36)

1.09 (−0.15
to 0.33)

1.09 (−0.15
to 0.33)

1.05 (−0.17
to 0.27)

0.97 (−0.30
to 0.24)

0.95 (−0.33
to 0.22)

1.07 (−0.13
to 0.27)

1.01 (−0.22
to 0.24)

1.02 (−0.21
to 0.25)

1.06 (−0.17
to 0.29)

1.07 (−0.22
to 0.35)

1.05 (−0.24
to 0.34)

Home
ownership

1.13 (−0.13
to 0.38)

1.15 (−0.12
to 0.39)

0.74** (−0.59
to −0.01)

0.75 (−0.58
to 0.01)

1.05 (−0.20
to 0.29)

1.05 (−0.20
to 0.30)

0.62*** (−0.78
to −0.18)

0.61*** (−0.79
to −0.19)

Equivalised
household
income

0.87 (−0.30
to 0.01)

0.87 (−0.30
to 0.01)

0.84** (−0.34
to −0.02)

0.84** (−0.33
to −0.02)

0.92 (−0.22
to 0.06)

0.92 (−0.22
to 0.06)

0.85** (−0.32
to −0.01)

0.85** (−0.32
to −0.01)

Employed 1.17 (−0.12
to 0.44)

1.17 (−0.12
to 0.43)

1.01 (−0.25
to 0.27)

1.02 (−0.24
to 0.28)

1.20 (−0.09
to 0.45)

1.19 (−0.09
to 0.44)

0.95 (−0.32
to 0.22)

0.95 (−0.32
to 0.22)

College
educated

0.78 (−0.62
to 0.12)

0.78 (−0.62
to 0.12)

0.62** (−0.89
to −0.07)

0.63** (−0.88
to −0.06)

1.08 (−0.28
to 0.43)

1.06 (−0.30
to 0.41)

0.77 (−0.68
to 0.15)

0.79 (−0.65
to 0.19)

Some higher
education

0.90 (−0.49
to 0.28)

0.91 (−0.48
to 0.29)

0.55*** (−1.06
to −0.15)

0.56** (−1.04
to −0.12)

1.21 (−0.18
to 0.56)

1.19 (−0.19
to 0.55)

0.70 (−0.82
to 0.11)

0.73 (−0.78
to 0.15)

High school
qualification

1.11 (−0.29
to 0.50)

1.11 (−0.29
to 0.50)

0.67 (−0.83
to 0.03)

0.69 (−0.80
to 0.06)

1.29 (−0.13
to 0.64)

1.28 (−0.14
to 0.63)

0.82 (−0.64
to 0.23)

0.85 (−0.61
to 0.27)

Car
ownership

1.15 (−0.25
to 0.53)

1.16 (−0.24
to 0.54)

0.77 (−0.72
to 0.18)

0.79 (−0.69
to 0.21)

1.07 (−0.31
to 0.44)

1.05 (−0.33
to 0.43)

0.95 (−0.54
to 0.43)

1.00 (−0.49
to 0.49)

Has difficulty
accessing PA
facilities

1.23 (−0.41
to 0.82)

1.74** (0.08
to 1.02)

0.76 (−0.88
to 0.34)

1.38 (−0.19
to 0.83)

Observations 2860 2280 2278 3254 2461 2459 2939 2330 2328 3309 2498 2496

Confidence intervals are in parentheses. Regional dummy variables are included in the adjusted models but not shown
***p < 0.01, **p < 0.05
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Table 3 Gender-stratified models of the association between self-reported activity rating and biomarkers for CVD risk

Cholesterol to HDL ratio Triglycerides

Men Women Men Women

Base model SES adjusted
model

Full adjusted
model

Base model SES adjusted
model

Full adjusted
model

Base model SES adjusted
model

Full adjusted
model

Base model SES adjusted
model

Full adjusted
model

High activity
rating

0.69*** (−0.51
to −0.24)

0.66*** (−0.58
to −0.26)

0.66*** (−0.57
to −0.26)

0.50*** (−0.84
to −0.54)

0.54*** (−0.80
to −0.44)

0.54*** (−0.80
to −0.44)

0.73*** (−0.44
to −0.18)

0.70*** (−0.51
to −0.21)

0.70*** (−0.51
to −0.21)

0.57*** (−0.71
to −0.41)

0.56*** (−0.77
to −0.40)

0.56*** (−0.76
to −0.40)

Taking lipid
lowering
medication

0.34*** (−1.27
to −0.90)

0.30*** (−1.43
to −1.00)

0.29*** (−1.44
to −1.01)

0.50*** (−0.90
to −0.47)

0.52*** (−0.94
to −0.36)

0.53*** (−0.93
to −0.35)

0.94 (−0.23
to 0.11)

0.91 (−0.29
to 0.10)

0.91 (−0.30
to 0.10)

1.49*** (0.22
to 0.58)

1.46*** (0.13
to 0.63)

1.46*** (0.13
to 0.63)

Eaten 30 min
before
bloods taken

0.88 (−0.36
to 0.10)

0.88 (−0.39
to 0.14)

0.88 (−0.39
to 0.14)

0.95 (−0.27
to 0.17)

0.90 (−0.38
to 0.17)

0.90 (−0.38
to 0.17)

1.13 (−0.10
to 0.34)

1.09 (−0.17
to 0.34)

1.09 (−0.17
to 0.34)

1.26** (0.01
to 0.45)

1.41** (0.08
to 0.61)

1.41** (0.08
to 0.61)

Age 1.16*** (0.13
to 0.17)

1.17*** (0.12
to 0.19)

1.17*** (0.12
to 0.19)

1.11*** (0.08
to 0.13)

1.13*** (0.08
to 0.17)

1.13** (0.08
to 0.17)*

1.13*** (0.10
to 0.15)

1.13*** (0.09
to 0.15)

1.13*** (0.09
to 0.15)

1.12*** (0.08
to 0.14)

1.17*** (0.11
to 0.20)

1.17*** (0.11
to 0.20)

Married 0.94 (−0.21
to 0.09)

0.86 (−0.33
to 0.03)

0.86 (−0.33
to 0.02)

0.95 (−0.18
to 0.08)

1.07 (−0.11
to 0.25)

1.08 (−0.10
to 0.25)

0.93 (−0.22
to 0.07)

0.89 (−0.29
to 0.05)

0.89 (−0.29
to 0.05)

1.02 (−0.11
to 0.16)

1.03 (−0.15
to 0.20)

1.03 (−0.14
to 0.21)

Has children
under 12

1.21** (0.01
to 0.37)

1.14 (−0.08
to 0.35)

1.14 (−0.08
to 0.35)

0.92 (−0.27
to 0.10)

0.84 (−0.41
to 0.06)

0.83 (−0.42
to 0.05)

1.10 (−0.08
to 0.27)

1.05 (−0.16
to 0.26)

1.05 (−0.16
to 0.26)

0.94 (−0.25
to 0.14)

0.97 (−0.28
to 0.22)

0.96 (−0.30
to 0.21)

House
ownership

1.09 (−0.12
to 0.29)

1.10 (−0.12
to 0.30)

0.68*** (−0.61
to −0.17)

0.68*** (−0.60
to −0.16)

1.00 (−0.20
to 0.20)

1.01 (−0.20
to 0.21)

0.66*** (−0.64
to −0.18)

0.66*** (−0.64
to −0.19)

Income 0.92 (−0.20
to 0.04)

0.92 (−0.20
to 0.04)

0.88** (−0.25
to −0.00)

0.88 (−0.25
to 0.00)

1.01 (−0.11
to 0.12)

1.01 (−0.11
to 0.12)

0.87** (−0.26
to −0.02)

0.87** (−0.26
to −0.01)

In
employment

1.11 (−0.12
to 0.32)

1.11 (−0.12
to 0.33)

0.80** (−0.43
to −0.02)

0.80** (−0.42
to −0.02)

1.08 (−0.14
to 0.29)

1.08 (−0.14
to 0.29)

0.84 (−0.38
to 0.03)

0.85 (−0.37
to 0.04)

Degree level
qualification
or higher

0.82 (−0.46
to 0.06)

0.83 (−0.45
to 0.07)

0.70** (−0.64
to −0.09)

0.70** (−0.63
to −0.08)

0.91 (−0.35
to 0.16)

0.91 (−0.34
to 0.16)

0.87 (−0.41
to 0.14)

0.89 (−0.39
to 0.16)

A-level
qualification
or equivalent

0.88 (−0.41
to 0.14)

0.89 (−0.39
to 0.16)

0.70** (−0.67
to −0.05)

0.71** (−0.66
to −0.03)

1.08 (−0.18
to 0.34)

1.09 (−0.18
to 0.35)

0.79 (−0.55
to 0.08)

0.81 (−0.53
to 0.11)

GCSE
qualification
or equivalent

1.13 (−0.16
to 0.41)

1.14 (−0.15
to 0.42)

0.82 (−0.49
to 0.08)

0.82 (−0.48
to 0.09)

1.14
(−0.14 − 0.41)

1.15
(−0.14 − 0.41)

0.95 (−0.33
to 0.23)

0.97 (−0.31
to 0.26)

Car
ownership

1.33 (−0.04
to 0.60)

1.36 (−0.02
to 0.63)

0.80 (−0.55
to 0.11)

0.80 (−0.55
to 0.11)

1.12 (−0.19
to 0.42)

1.12 (−0.20
to 0.42)

0.88 (−0.46
to 0.21)

0.90 (−0.44
to 0.24)

Has difficulty
accessing PA
facilities

1.30 (−0.15
to 0.67)

1.15 (−0.20
to 0.49)

0.99 (−0.40
to 0.38)

1.27 (−0.11
to 0.58)

Observations 4144 3172 3168 5258 3511 3505 4261 3248 3244 5346 3564 3557

Confidence intervals are in parentheses. Regional dummy variables are included in the adjusted models but not shown
***p < 0.01, **p < 0.05
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triglyceride levels. This provided evidence that the rela-
tionship between activity and cholesterol ratio may be me-
diated by socioeconomic status for both genders. The
relationship between triglyceride levels and activity was
only mediated by socioeconomic status for men.
Similar to the results found in Table 2, age was associ-

ated with a higher likelihood of having an unhealthy
cholesterol level and triglyceride levels. In Table 3, the
probability was similar for both genders. Socioeconomic
factors were only significantly associated with cholesterol
and triglyceride level risk for women. The same associa-
tions as found in Table 2 are also found in Table 3. The
exception is in Table 3, being employed compared to not
being in the labour market was negatively and signifi-
cantly associated with having an unhealthy cholesterol
ratio. And access to sports facility was no longer signifi-
cantly associated with cholesterol ratio for women.
Table 4 showed the results from the gender-stratified

models of the relationship between CVD risk, walking,
and socioeconomic status. Walking 30 min a week or
more was negatively associated with having an unhealthy
cholesterol ratio for men in the unadjusted model. This
association held for all models for women. There is
some evidence that this relationship was mediated by so-
cioeconomic status for both genders. For men in all
models, there was a negative and significant association
between walking 30 min a week or more and triglyceride
levels. There was no significant association with walking
and triglyceride levels for women. The significance of
the relationship between the variables related to socio-
economic status and CVD risk was similar to those
found in Table 2 and Table 3.
As can be seen in Table 5, there was no significant as-

sociation between mild activity and the biomarkers for
CVD risk for either gender.

Discussion
In a population-based cross-sectional sample of adults,
we find a significant association between two biomarkers
for CVD risk (cholesterol ratio and triglycerides level)
and frequency of self-reported moderate physical activity
and self-reported perceived level of weekly sports-based
activity. A weaker association was found for walking
30 min or more per week. These results are consistent
with a large body of literature finding a negative associ-
ation between physical activity and CVD risk [1, 2, 5,
19]. The findings show that intensity of activity is im-
portant [20, 21]. Mild activity even if performed as
frequently as moderate activity is not significantly asso-
ciated with a reduced probability of having unhealthy
cholesterol ratio or triglyceride levels. Our results also
corroborate findings [4] that traditional lipid biomarker
may mediate the relationship between CVD risk and
physical activity and provide additional evidence on the

mechanisms that may explain the link between CVD risk
and physical activity.
Socioeconomic status is likely to be associated with

CVD risk through a number of complex pathways that
include economic, social, environmental, and biological
pathways [22]. We find some evidence that this relation-
ship between our biomarkers for CVD risk and physical
activity is mediated by socioeconomic status. Those in
lower socioeconomic neighbourhoods may have less
opportunities for physical activity [15, 23] leading to
widening health inequalities. Other lifestyle and health-
related behaviours such as individual diet may be medi-
ated through socioeconomic status and thereby may
have affected our outcome variables. There may also be
the cumulative negative effect of socioeconomic status
on our biomarkers for CVD risk which is being picked
up in the analysis [24]. Variables related to socioeco-
nomic status were associated with our biomarkers for
CVD risk for women only. The negative associations of
socioeconomic status with health are larger for women
than for men [25]. It is possible that men in lower socio-
economic status may be employed in manual profes-
sionals participating in more physical activity, which
could attenuate some of the negative impacts of lower
socioeconomic status on the biomarkers for CVD risk.

Strengths and Limitations
This study used a cross-section of data from the Under-
standing Society Survey which is a nationally representa-
tive dataset providing a good level of generalisability to
the UK population. Self-reported measures of physical
activity which are easy and cheap to collect continue to
be widely used in research [26]. This study showed that
these measures are on average significantly associated
with objective measures of CVD risk providing some
support of the validity of these measures for future re-
search especially in large scale studies where it may not
be practical or cost-effective to use objective methods
for the measurement of individual physical activity such
as accelerometers.
A key limitation of this study is that only 1 year of data

with the required variables for this analysis is available
limiting our ability to estimate a causal relationship. Lon-
gitudinal data would allow us to better understand how
physical activity and the lipid biomarkers impact on CVD
risk and for example account for changes in medication
due to a recent diagnosis of high cholesterol levels.
More detailed information on type, intensity, and dur-

ation of physical activity would also be useful for better un-
derstanding the relationship between physical activity and
lipid biomarkers. There is also a considerable number of
missing responses when taking into account all of the re-
quirements required for the statistical model. This may
have some impact on the generalisability of the results.
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Table 4 Gender stratified models of the association between walking 30 min or more a week and biomarkers for CVD risk

Cholesterol to HDL ratio Triglycerides

Men Women Men Women

Base model SES adjusted
model

Full adjusted
model

Base model SES adjusted
model

Full adjusted
model

Base model SES adjusted
model

Full adjusted
model

Base model SES adjusted
model

Full adjusted
model

Walking 0.85** (−0.30
to −0.02)

0.89 (−0.28
to 0.04)

0.88 (−0.29
to 0.04)

0.79*** (−0.37
to −0.09)

0.82** (−0.38
to −0.03)

0.82** (−0.38
to −0.03)

0.81*** (−0.34
to −0.07)

0.82** (−0.35
to −0.04)

0.82** (−0.36
to −0.05)

0.90 (−0.24
to 0.04)

0.89 (−0.29
to 0.06)

0.89 (−0.29
to 0.07)

Taking lipid
lowering
medication

0.32*** (−1.33
to −0.92)

0.30*** (−1.45
to −0.97)

0.29*** (−1.46
to −0.98)

0.46*** (−1.03 to
−0.52)

0.46*** (−1.11
to −0.43)

0.47*** (−1.10
to −0.41)

0.95 (−0.24
to 0.14)

0.95 (−0.27
to 0.17)

0.95 (−0.27
to 0.16)

1.56*** (0.24
to 0.65)

1.40** (0.05
to 0.63)

1.40** (0.05
to 0.62)

Eaten 30 min
before bloods
taken

0.82 (−0.45
to 0.05)

0.85 (−0.45
to 0.12)

0.85 (−0.45
to 0.12)

0.90 (−0.35
to 0.14)

0.88 (−0.42
to 0.17)

0.88 (−0.43
to 0.17)

1.04 (−0.20
to 0.28)

1.01 (−0.26
to 0.29)

1.02 (−0.26
to 0.29)

1.25 (−0.01
to 0.46)

1.39** (0.05
to 0.61)

1.39** (0.05
to 0.61)

Age 1.17*** (0.13
to 0.18)

1.16*** (0.11
to 0.19)

1.16*** (0.11
to 0.19)

1.12*** (0.08
to 0.14)

1.13*** (0.08
to 0.17)

1.13*** (0.08
to 0.17)

1.14*** (0.11
to 0.16)

1.14*** (0.10
to 0.16)

1.14*** (0.09
to 0.16)

1.13*** (0.09
to 0.15)

1.18*** (0.12
to 0.22)

1.19*** (0.12
to 0.22)

Married 0.89 (−0.28
to 0.04)

0.83** (−0.38
to −0.00)

0.82** (−0.39
to −0.00)

0.90 (−0.25
to 0.04)

1.06 (−0.14
to 0.25)

1.06 (−0.14
to 0.25)

0.89 (−0.27
to 0.04)

0.86 (−0.33
to 0.03)

0.86 (−0.33
to 0.03)

1.02 (−0.13
to 0.17)

1.05 (−0.15
to 0.24)

1.05 (−0.14
to 0.25)

Has children
under 12

1.20 (−0.01
to 0.37)

1.11 (−0.13
to 0.33)

1.10 (−0.13
to 0.33)

0.99 (−0.20
to 0.19)

0.88 (−0.38
to 0.12)

0.87 (−0.39
to 0.11)

1.09 (−0.10
to 0.28)

1.01 (−0.21
to 0.23)

1.01 (−0.21
to 0.23)

0.97 (−0.23
to 0.18)

0.96 (−0.31
to 0.23)

0.94 (−0.33
to 0.21)

House
ownership

1.14 (−0.10
to 0.36)

1.15 (−0.09
to 0.37)

0.64*** (−0.70
to −0.21)

0.64*** (−0.70
to −0.21)

1.09 (−0.14
to 0.31)

1.09 (−0.13
to 0.31)

0.63*** (−0.71
to −0.21)

0.63*** (0.71
to −0.21)

Income 0.90 (−0.22
to 0.02)

0.91 (−0.22
to 0.02)

0.88 (−0.25
to 0.00)

0.89 (−0.25
to 0.01)

0.99 (−0.12
to 0.11)

0.99 (−0.13
to 0.11)

0.86** (−0.28
to −0.02)

0.87** (−0.27
to −0.01)

In
employment

1.22 (−0.04
to 0.44)

1.22 (−0.04
to 0.44)

0.82 (−0.41
to 0.03)

0.82 (−0.42
to 0.03)

1.16 (−0.09
to 0.38)

1.16 (−0.09
to 0.38)

0.81 (−0.43
to 0.01)

0.81 (−0.43
to 0.01)

College
Educated

0.84 (−0.47
to 0.12)

0.85 (−0.46
to 0.14)

0.65*** (−0.73
to −0.12)

0.66*** (−0.72
to −0.11)

0.89 (−0.40
to 0.17)

0.89 (−0.40
to 0.17)

0.76* (−0.57
to 0.03)

0.78 (0.55
to 0.06)

Some higher
education

0.89 (−0.43
to 0.19)

0.90 (−0.42
to 0.21)

0.63** (−0.81
to −0.11)

0.64** (−0.80
to −0.09)

1.03 (−0.27
to 0.33)

1.03 (−0.27
to 0.33)

0.69** (−0.72
to −0.02)

0.72 (−0.69
to 0.02)

High school
qualification

1.26 (−0.09
to 0.56)

1.28 (−0.08
to 0.58)

0.78 (−0.56
to 0.08)

0.79 (−0.55
to 0.09)

1.14 (−0.18
to 0.44)

1.14 (−0.18
to 0.45)

0.85 (−0.47
to 0.16)

0.88 (−0.45
to 0.19)

Car
ownership

1.17 (−0.18
to 0.50)

1.20 (−0.16
to 0.53)

0.71 (−0.69
to 0.02)

0.71 (−0.69
to 0.02)

1.06 (−0.27
to 0.39)

1.06 (−0.28
to 0.38)

0.72 (−0.69
to 0.03)

0.74 (−0.66
to 0.06)

Has difficulty
accessing PA
facilities

1.41 (−0.14
to 0.83)

1.22 (−0.21
to 0.61)

0.96 (−0.51
to 0.43)

1.53** (0.03
to 0.82)

Observations 3582 2743 2739 4506 3051 3047 3684 2812 2808 4590 3102 3097

Confidence intervals are in parentheses. Regional dummy variables are included in the adjusted models but not shown
***p < 0.01, **p < 0.05
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Table 5 Gender-stratified models of the association between mild physical activity and biomarkers for CVD risk

Cholesterol to HDL ratio Triglycerides

Men Women Men Women

Base model SES adjusted
model

Full adjusted
model

Base model SES adjusted
model

Full adjusted
model

Base model SES adjusted
model

Full adjusted
model

Base model SES adjusted
model

Full adjusted
model

Mild activity level 1.06 (−0.18
to 0.29)

1.12 (−0.16
to 0.38)

1.11 (−0.17
to 0.37)

0.93 (−0.30
to 0.15)

0.92 (−0.35
to 0.19)

0.93 (−0.34
to 0.20)

0.87 (−0.37
− 0.08)

0.86 (−0.41
to 0.11)

0.85 (−0.42
to 0.10)

0.99 (−0.23
to 0.22)

0.91 (−0.37
to 0.18)

0.91 (−0.36
to 0.18)

Taking lipid-
lowering
medication

0.36*** (−1.28
to −0.78)

0.32*** (−1.42
to −0.85)

0.32*** (−1.43
to −0.86)

0.50*** (−1.04
to −0.34)

0.40*** (−1.36
to −0.45)

0.41*** (−1.35
to −0.44)

0.99 (−0.24
to 0.22)

0.92 (−0.34
to 0.18)

0.92 (−0.34
to 0.17)

1.32 (−0.01
to 0.57)

1.25 (−0.14
to 0.59)

1.26 (−0.14
to 0.59)

Eaten 30 min
before bloods
taken

0.76 (−0.55
to 0.00)

0.76 (−0.59
to 0.04)

0.76 (−0.58
to 0.04)

0.99 (−0.31
to 0.28)

0.89 (−0.47
to 0.23)

0.89 (−0.47
to 0.23)

1.16 (−0.12
to 0.41)

1.11 (−0.19
to 0.40)

1.11 (−0.19
to 0.40)

1.38** (0.04
to 0.61)

1.53** (0.10
to 0.75)

1.52** (0.10
to 0.74)

Age 1.17*** (0.13
to 0.19)

1.18*** (0.13
to 0.21)

1.18*** (0.13
to 0.21)

1.11*** (0.06
to 0.14)

1.13*** (0.07
to 0.18)

1.13*** (0.07
to 0.18)

1.14*** (0.11
− 0.16)

1.15*** (0.10
to 0.18)

1.15*** (0.10
− 0.18)

1.11*** (0.06
to 0.14)

1.20*** (0.12
to 0.24)

1.20*** (0.13
to 0.25)

Married 0.86 (−0.33
to 0.03)

0.81 (−0.42
to 0.01)

0.81 (−0.42
to 0.01)

0.86 (−0.33
to 0.03)

1.00 (−0.22
to 0.23)

1.01 (−0.21
to 0.24)

0.81** (−0.38
− −0.03)

0.82 (−0.40
to 0.00)

0.82 (−0.40
to 0.01)

1.05 (−0.14
to 0.23)

1.00 (−0.22
to 0.23)

1.01 (−0.22
to 0.24)

Has children
under 12

1.28** (0.04
to 0.46)

1.19 (−0.07
to 0.42)

1.18 (−0.08
to 0.42)

1.08 (−0.16
to 0.31)

1.00 (−0.29
to 0.29)

0.98 (−0.31
to 0.27)

1.21 (−0.02
− 0.40)

1.11 (−0.14
to 0.34)

1.11 (−0.14
to 0.34)

0.96 (−0.28
− 0.21)

0.98 (−0.33
to 0.28)

0.96 (−0.35
to 0.26)

Home ownership 0.95 (−0.31
to 0.21)

0.95 (−0.31
to 0.21)

0.65*** (−0.72
to −0.14)

0.66*** (−0.70
to −0.12)

0.90 (−0.35
to 0.15)

0.90 (−0.36
to 0.15)

0.65*** (−0.73
to −0.14)

0.65*** (−0.73
to −0.14)

Equivalised
household
income

0.90 (−0.24
to 0.03)

0.90 (−0.25
to 0.03)

0.87 (−0.30
to 0.02)

0.87 (−0.30
to 0.02)

0.96 (−0.17
to 0.09)

0.96 (−0.17
to 0.09)

0.87 (−0.30
to 0.01)

0.87 (−0.30
to 0.01)

Employed 1.12 (−0.16
to 0.38)

1.12 (−0.16
to 0.39)

0.93 (−0.34
to 0.19)

0.94 (−0.33
to 0.20)

1.07 (−0.20
to 0.32)

1.07 (−0.20
to 0.33)

0.89 (−0.38
to 0.15)

0.89 (−0.38
to 0.15)

College
educated

0.92 (−0.45
to 0.29)

0.94 (−0.44
to 0.31)

0.56*** (−0.98
to −0.18)

0.56*** (−0.98
to −0.17)

0.96 (−0.40
to 0.32)

0.98 (−0.38
to 0.34)

0.78 (−0.66
to 0.15)

0.80 (−0.64
to 0.18)

Some higher
education

1.24 (−0.17
to 0.61)

1.27 (−0.15
to 0.63)

0.48*** (−1.19
to −0.29)

0.48*** (−1.18
to −0.28)

1.29 (−0.12
to 0.63)

1.31 (−0.11
to 0.64)

0.76 (−0.72
to 0.18)

0.78 (−0.70
to 0.21)

High school
qualification

1.44 (−0.04
to 0.76)

1.47 (−0.02
to 0.79)

0.65** (−0.85
to −0.02)

0.66 (−0.84
to 0.01)

1.23 (−0.17
to 0.59)

1.25 (−0.16
to 0.61)

0.92 (−0.51
to 0.34)

0.94 (−0.48
to 0.37)

Car ownership 1.24 (−0.17
to 0.60)

1.26 (−0.16
to 0.62)

0.64** (−0.89
to −0.01)

0.64 (−0.88
to 0.00)

1.07 (−0.31
to 0.44)

1.06 (−0.32
to 0.44)

0.68 (−0.84
to 0.06)

0.69 (−0.83
to 0.08)

Has difficulty
accessing PA
facilities

1.24 (−0.38
to 0.81)

1.47 (−0.13
to 0.90)

0.99 (−0.58
to 0.57)

1.52 (−0.10
to 0.93)

Observations 2771 2193 2191 3134 2376 2374 2856 2252 2250 3189 2413 2411

Confidence intervals are in parentheses. Regional dummy variables are included in the adjusted models but not shown
***p < 0.01, **p < 0.05
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Conclusions
This study supports the development of general lifestyle
interventions and those targeted at women from lower
socioeconomic backgrounds to promote moderate phys-
ical activity and incorporate physical activity into indi-
vidual’s daily routine. Local policy to promote active
transportation and public transportation use may be one
mechanism to promote physical activity of the required
intensity [27].
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