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ORIGINAL ARTICLE

Plasma free fatty acid patterns and their relationship
with CVD risk in a male middle-aged population

PML Skidmore1, JV Woodside2, C Mc Master2, A Bingham2, C Mercer2, A Evans2, IS Young2 and

JWG Yarnell2

1Department of Human Nutrition, University of Otago, Dunedin, New Zealand and 2Centre for Public Health, Queen’s University
Belfast, Belfast, UK

Background/Objectives: The role of individual fatty acids in the development of cardiovascular disease (CVD) is well
established, but the effects of an overall pattern of fatty acids in CVD risk has yet to be elucidated. Circulating fatty acid levels are
related to metabolic disturbances associated with the metabolic syndrome and CVD, due to disturbances in the activity of
enzymes that catalyse fatty acid desaturation (D-desaturases). Therefore, we determined patterns of fatty acids and estimated
desaturase activity in plasma and analysed how these patterns were related to a 10-year CVD risk estimates in a middle-aged
male population in Northern Ireland.
Subjects/Methods: Principal components analysis (PCA) was performed for defining fatty acid patterns in 379 men aged 30–49
years. Logistic regression analyses were then carried out for analysing the relationship between these fatty acid patterns and the
10-year CVD risk estimates.
Results: The PCA generated three high fatty acid patterns: high saturated fatty acid (SFA), high omega 3 fatty acid (omega 3)
and high monosaturated fatty acid (MNFA). Results from logistic regression analyses show that a 1 s.d. increase in the SFA
pattern score was significantly and positively associated with an increase in the 10-year CVD risk category (odds ratio 1.71, 95%
confidence interval 1.33–2.21, Po0.0001) even after adjustment for lifestyle factors. There were no significant relationships
between the other two pattern scores and the 10-year CVD risk.
Conclusions: An unhealthy fatty acid pattern representing both dietary intake and in vivo fatty acid metabolism is related to the
10-year CVD risk estimates and provide evidence that, as with dietary patterns, the synergistic effect of multiple fatty acids may
be more important in relation to the development of CVD risk.
European Journal of Clinical Nutrition (2010) 64, 239–244; doi:10.1038/ejcn.2009.144; published online 20 January 2010

Keywords: fatty acids; CVD risk; diet

Introduction

Accumulated evidence shows a strong link between intake of

saturated fatty acids, hypercholesterolaemia and both cardio-

vascular disease (CVD) incidence and mortality (Keys, 1980;

Hu et al., 2001; Kris-Etherton et al., 2001) and also on

individual risk factors for the metabolic syndrome and CVD,

such as high blood pressure and C-reactive protein (Madsen

et al., 2001; Sacks and Katan, 2002; Pischon et al., 2003; Kris-

Etherton et al., 2005). Altering fat intake has been shown to

result in changes in the fatty acid content of plasma

phospholipid, cholesteryl ester and triacylgycerol fatty acids

that reflect fatty acid intake over the short term (weeks to

months). Altering fat intake also alters proportions of free

fatty acids (Raatz et al., 2001), which are a surrogate marker

of adipose tissue fatty acid concentration (Hodson et al.,
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2008), and reflect longer-term fatty acid intake. Plasma

phospholipid, cholesteryl ester (Lopes et al., 1991; Ma et al.,

1995a, b; Hodson et al., 2008) and free fatty acids (Lopes

et al., 1991; Hodson et al., 2008) have been found to be

reasonably accurate markers of fatty acid intake.

As well as providing an indicator of dietary intake,

circulating levels of fatty acids have also been shown to be

related to obesity, insulin resistance and metabolic distur-

bances associated with the metabolic syndrome and CVD

disease (Vessby, 2000; Riccardi et al., 2004). In addition, it has

been shown that the activity of D-desaturases, the enzymes

that catalyse the desaturation of fatty acids, is altered in

people with such metabolic disturbances (Vessby, 2000),

affecting in vivo production of some fatty acids.

Individual plasma fatty acids are generally expressed as a

percentage of total fatty acids. Levels of each fatty acid are

not independent and a change in one fatty acid may affect

levels of several other fatty acids. In addition, interconver-

sion of fatty acids occurs in vivo; the essential fatty acids,

linoleic and a-linolenic, are converted to form g-linoleic,

dihomogammo-linoleic, arachadonic, docosatetranoic, doc-

osapentaenoic, moroctic, eicosapentaenoic and docosahex-

aenoic acids (Hankey and Jamrozik, 1996), and other fatty

acids undergo desaturation and other reactions in vivo

(Emken, 1994; Rhee et al., 1999). The in-vivo desaturation

of palmitic, oleic, g-linoleic and arachidonic acids is

catalysed by the D-desaturases (D5, D6 and D9). These

multiple fatty acid conversions can obscure the effects of

the individual ingested fatty acids.

Therefore, considering the overall patterns of fatty acids

and estimated desaturase activity may be a more useful

measure of dietary quality than looking at individual fatty

acids. There has been one previous study (Warensjo et al.,

2006) that has analysed dietary fat patterns and found that

they were predictors of the metabolic syndrome. However,

no study has to date examined the association between

patterns of dietary fat consumption and CVD risk.

Therefore, the aims of this study were to determine

patterns of fatty acids and estimated desaturase activity in

plasma using principal components analysis (PCA) and to

analyse how these patterns are related to the 10-year CVD

risk estimates in a middle-aged male population in Northern

Ireland.

Subjects and methods

Subjects and study design

This was a cross-sectional study involving male volunteers

aged 30–49 years who were recruited from a Belfast-based

workforce. These volunteers included all grades of staff from

manual to clerical, administrative and executive grades. The

participants attended a clinic starting at 0730 h each

morning in the Occupational Health Unit at the subjects’

workplace, after an overnight fast. A brief medical history

was taken and height and weight measured using calibrated

instruments. Each subject was asked to complete a self-

administered, semi-quantitative, food frequency question-

naire before attending the clinic, in which advice in its

completion was available. The food frequency questionnaire

used was previously validated in a similar UK population

(Yarnell et al., 1983) and adapted to collect information on

food items whose availability had changed over time. For

example, additional questions on the type of milk consumed

and cooking oils/spreads were added as more varieties had

become widely available. Subjects reported their job status as

either manual or non-manual. As this categorization of

employment provides a distinction in income and workplace

physical activity in this population, it was used as a variable

reflecting lifestyle. Blood pressure was measured using a

Spengler automated sphygmomanometer (Cochan, France)

on the right arm and a fasting venous blood sample was then

taken from the left arm. A sample, anti-coagulated with

EDTA, provided plasma for fatty acid analysis, whereas a

clotted sample was used for lipid analysis. Subjects who were

diabetic, who had had a general anaesthetic within the past 3

months or who were using any form of dietary supplementa-

tion were excluded from the study. The study was approved

by the research ethics committee of Queen’s University,

Belfast. Further details of the study procedures are described

elsewhere (Woodside et al., 1999). The 10-year CVD risk

estimates were calculated according to the Joint British

Societies (JBS) criteria (Joint British Societies, 2005), which

uses age, sex, smoking habit, systolic blood pressure and the

ratio of total cholesterol to high-density lipoprotein (HDL)

cholesterol for calculating risk.

Laboratory methods

Serum lipids were measured on a Cobas Fara automated

analyser (Roche, Welwyn Garden City, UK). Cholesterol was

measured with an enzymatic CHOD-PAP kit, and triglyceride

with the Peridochrom GPO-PAP kit (both from Boehringer

Mannheim, Mannheim, Germany). Precipitation for HDL

cholesterol was performed using phosphotungstic Mg2þ

reagents according to the method of Lopes-Virella et al.

(1977). Free fatty acid methyl esters were measured using

gas–liquid chromatography according to the methods of

Morrison and Smith (1964) and Folch et al. (1957). Results

were expressed for each fatty acid as a percentage of total

fatty acids present.

Statistical methods

All statistical analyses were performed using SPSS for

Windows (version 14, SPSS Inc., Chicago, IL, USA). To

determine patterns of free fatty acids in blood, we performed

PCA in which Z-scores of the following fatty acids plus

estimates of estimated desaturase activity were entered into

the analysis—palmitic (16:0), stearic (18:0), myristic (14:0),

oleic (18:1), palmitoleic (16:1n-7), linoleic (18:2n-6), arachi-

donic (20:4n-6), DHg-linolenic (20:3n-6), docosahexanoic

(22:6n-3), a-linolenic (18:3n-3), eicosapentanoic (20:5n-3),
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docosapentanoic (22:5n-3), moroctic 18:4n-3), g-linolenic

(18:3n-6), docosatetranoic (22:4n-6) and docosapentanoic

(22:5n-6). Estimated desaturase activity was estimated by

calculating the ratios of desaturase products to their

respective precursors:

D9 Stearoyl CoA desaturase activity (SCD): 16:1n-7:16:0

(SCD-A) and 18:1:18:0 (SCD-B).

D6 activity: 18:3n-6:18:2n-6 (D6D).

D5 activity: 20:4n-6: 20:3n-6 (D5D).

The resulting patterns were interpreted using factor loadings,

and factor loadings of 40.4 were considered to be of

importance. Only components that were interpretable in

terms of plausible fatty acid patterns were retained. Box–Cox

power transformations were then applied to these scores to

obtain variables with zero skewness and Z-scores of these

were created.

The 10-year CVD risk estimates were calculated using the

JBS Guidelines (Joint British Societies, 2005) using age, sex,

smoking status, and the ratio of total to HDL cholesterol

levels. The relationship between individual plasma fatty

acids and the 10-year CVD risk was assessed using ANOVA

and the post hoc Student–Newman–Keuls test. Multivariate

analyses were carried out using logistic regression (those

with a 10-year risk of o10% compared with those with

X10% risk) to analyse the relationship between fatty acid

scores and CVD risk. These logistic regressions used five

models: (1) unadjusted; (2) adjusted for age; (3) adjusted for

age and body mass index; (4) adjusted for age and lifestyle;

and (5) adjusted for age, body mass index, lifestyle,

carbohydrate and total energy intake. Variables whose

distributions were not normal (palmitic, palmitoleic and

moroctic plasma fatty acids) were transformed to logarithms.

Results

Plasma fatty acids levels were available for 379 men of mean

age 39 years: 22.4% were current smokers and the distribu-

tions of lipid and non-lipid CVD risk factors all lay within

the usual European range (Table 1). In this study the subjects’

diet was typical of a Western diet with fatty acids comprising

38% of total energy, carbohydrates 41% and protein 16%;

saturated fatty acids (SFAs) made up 40% of all plasma fatty

acids, polyunsaturated fatty acids 37% and monosaturated

fatty acids 24% (not shown). The five major individual fatty

acids present in plasma were the SFAs, palmitic and stearic,

the monosaturated fatty acid, oleic and the polyunsaturated

fatty acids, arachidonic and linoleic. These five fatty acids

made up 90% of plasma fatty acids. According to JBS

guidelines (Joint British Societies, 2005), 174 subjects (46%)

had a o10% risk of developing CVD in the next 10 years,

151 (40%) had a risk of between 10 and 20% and 54 (14%)

had a risk of 420%. Higher proportions of palmitic, myristic,

oleic, palmitoleic and moroctic acids and lower proportions

of stearic, linoleic, arachidonic, docosahexanoic and doc-

osapentanoic acids, and higher ratios of SCD-A and SCD-B,

were associated with a higher 10-year risk of CVD (Table 2).

The scree plot of components produced from the PCA (not

shown) elbows after the fourth component. As components

one to three were interpretable in terms of plausible

fatty acid patterns, these were retained. These three patterns

had an eigenvalue of X2.0. Table 3 shows the factor loadings

for each of these three components—the first component

Table 1 Characteristics of the study population

Mean±s.d.

Age (years) 39.4±5.9
BMI (kg/m2) 26.4±3.1
Systolic blood pressure (mm Hg) 128±14.7
Total cholesterol (mmol/l) 5.87±1.10
HDL cholesterol (mmol/l) 1.09±0.30

N (%)
Smokers 85 (22.4)
Manual workers 168 (44.7)

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein.

Table 2 Average proportions of free fatty acids in plasma (%) and
10-year risk of CVDa

10-year risk of CVD

o10% 10–20% 420%

Mean±s.d. Mean±s.d. Mean±s.d.

Saturated
Palmitic (16:0)* 27.8±2.6 28.7±2.8 29.1±3.4
Stearic (18:0)* 9.96±1.4 9.90±1.6 9.33±1.5
Myristic (14:0)*** 1.23±0.5 1.59±0.7 1.91±0.8

Monounsaturated
Oleic (18:1)** 20.6±2.4 21.3±2.5 21.5±3.0
Palmitoleic (16:1n-7)*** 2.81±0.9 3.28±1.0 3.72±0.9

Polyunsaturated
Linoleic (18:2n-6)*** 26.7±4.2 24.9±3.8 24.5±4.0
Arachidonic (20:4n-6)*** 5.47±1.1 5.08±1.1 4.80±1.3
DHg-linolenic (20:3n-6) 1.66±0.4 1.71±0.4 1.64±0.4
Docosahexaenoic (22:6n-3)** 1.24±0.4 1.14±0.4 1.08±0.4
a-Linolenic (18:3n-3) 0.60±0.2 0.65±0.3 0.61±0.2
Eicosapentaenoic (20:5n-3) 0.60±0.3 0.56±0.2 0.51±0.2
Docosapentaenoic (22:5n-3)*** 0.51±0.1 0.45±0.1 0.41±0.1
Moroctic (18:4n-3)*** 0.37±0.1 0.39±0.1 0.42±0.1
g-Linolenic (18:3n-6) 0.40±2.0 0.327±0.1 0.31±0.1
Docosatetraenoic (22:4n-6) 0.21±0.1 0.21±0.1 0.22±0.1
Docosapentaenoic (22:5n-6) 0.18±0.1 0.18±0.1 0.19±0.1

SCD-A 16:1n-7:16:0*** 0.10±0.0 0.11±0.0 0.13±0.0
SCD-B 18:1:18:0** 2.12±0.5 2.20±0.5 2.37±0.5
D6D 18:3n-6:18:2n-6 0.08±1.0 0.01±0.0 0.01±0.0
D5D 20:4n-6: 20:3n-6 3.45±0.9 3.07±0.8 3.39±3.6

Abbreviations: BMI, body mass index; CI, confidence interval; CVD,

cardiovascular disease; D6D, D6 desaturase; HDL, high-density lipoprotein;

MUFA, monosaturated fatty acid; SCD, stearoyl CoA desaturase; SFA,

saturated fatty acid.
aANOVA with SNK test. *Po0.05, **Po0.001, ***Po0.0001.
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(SFA) loaded positively on palmitic, myristic and palmitoleic

acids and on the SCD-A and SCD-B ratios, the second

component (omega 3) loaded positively on eicosapentanoic,

docosapentanoic and negatively on linoleic acids and the

third component (monosaturated fatty acid) loaded posi-

tively on oleic acid and negatively on docosatetranoic and

docosapentanoic acids.

Table 4 shows the relationship between the three PCA

scores and CVD risk (split into o10% risk and X10% risk)

using multivariate logistic regression. The SFA score was

significantly and positively associated with the 10-year CVD

risk in all models. In age-adjusted analyses, a 1 s.d. increase

in the SFA pattern score was associated with an odds ratio of

2.01 of having X10% risk of CVD (95% confidence

interval1.58–2.56) compared with those with less than

o10% risk. Adjustment for body mass index reduced the

relationship (odds ratio 1.71, 95% confidence interval 1.33–

2.20) but adjustment for lifestyle, carbohydrate and total

energy intake had little effect. There were no significant

relationships between the other two pattern scores and the

10-year CVD risk.

Discussion

In this study we found that a fatty acid pattern representing

high saturated fat intake, which was also characterized

by high SCD-A and SCD-B ratios, both of which are

accepted markers of metabolic and CVD function, was

significantly associated with increased 10-year CVD risk. In

agreement with previous studies we found that individual

plasma fatty acid levels were related to CVD risk, with

more adverse fatty acid levels in cholesteryl esters, and

phospholipids were associated with increased CVD risk

(Wang et al., 2003). Although there are some differences in

the fatty acid composition of cholesteryl esters and phos-

pholipids and free fatty acids, there are strong positive

correlations between the fatty composition of cholesteryl

esters and phospholipids and free fatty acid levels (Hodson

et al, 2008).

Our results are comparable with the only other study to

analyse data from fatty acid patterns derived from PCA

(Warensjo et al., 2006), which also found an SFA pattern and

an omega 3 pattern. As the negative relationship between

individual saturated fats and metabolic and CVD risk, and

the positive relationship with individual omega 3 fats (Keys,

1980; Hu et al., 2001; Kris-Etherton et al., 2001) is well

known, it is important to elucidate whether overall patterns

of free fatty acid status, characterized by either high

Table 3 Factor loadings for first four principal components

Fatty Acid Component 1:
high SFA

Component 2:
high omega 3

Component 3:
high MUFA

Saturated
Palmitic (16:0) 0.48 0.09 �0.48
Stearic (18:0) �0.66 0.22 0.06
Myristic (14:0) 0.65 0.16 �0.36

Monounsaturated
Oleic (18:1) 0.47 �0.17 0.64
Palmitoleic (16:1n-7) 0.86 0.22 0.03

Polyunsaturated
Linoleic (18:2n-6) �0.53 �0.52 �0.20
Arachidonic (20:4n-6) �0.52 0.52 �0.04
DHg-linolenic (20:3n-6) �0.40 0.24 0.30
Docosahexaenoic
(22:6n-3)

�0.39 0.58 0.19

a-Linolenic (18:3n-3) 0.23 0.05 0.11
Eicosapentaenoic
(20:5n-3)

0.08 0.68 0.07

Docosapentaenoic
(22:5n-3)

�0.38 0.65 0.33

Moroctic (18:4n-3) 0.43 0.40 0.31
g-linolenic (18:3n-6) 0.11 0.30 0.25
Docosatetraenoic
(22:4n-6)

0.15 0.50 �0.57

Docosapentaenoic
(22:5n-6)

0.22 0.39 �0.64

SCD-A 16:1n-7:16:0 0.79 0.22 0.20
SCD-B 18:1:18:0 0.73 �0.24 0.29
D6D 18:3n-6:18:2n-6 0.09 0.28 0.28
D5D 20:4n-6: 20:3n-6 �0.03 0.24 �0.25
Eigenvalue 4.52 2.87 2.21
Total variance (%) 22.6 14.3 11.1

Abbreviations: BMI, body mass index; CI, confidence interval; CVD,

cardiovascular disease; HDL, high-density lipoprotein; MUFA, monosaturated

fatty acid; ; SCD, stearoyl CoA desaturase; SFA, saturated fatty acid.

Table 4 Odds ratios (and 95% CI) of having a X10% 10-year risk of CVD for a 1 s.d. increase in plasma fatty acid scores

SFA scorea Omega 3 scorea MUFA scorea

Unadjusted 2.04 (1.61–2,58) 0.91 (0.74–1.12) 0.96 (0.78–1.18)

Adjusted for
Age 2.01 (1.58–2.56) 0.88 (0.72–1.09) 0.96 (0.78–1.18)
Age and BMI 1.71 (1.33–2.20) 0.84 (0.67–1.06) 0.93 (0.74–1.16)
Age and lifestyle 2.02 (1.59–2.48) 0.86 (0.69–1.06) 1.00 (0.81–1.23)
Age, BMI, lifestyle, carbohydrate and total energy intake 1.71 (1.33–2.21) 0.80 (0.63–1.01) 0.97 (0.77–1.22)

Abbreviations: BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; HDL, high-density lipoprotein; MUFA, monosaturated fatty acid; SFA,

saturated fatty acid.
aStandardized fatty acid score.
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saturated fat or high omega 3 content, would result in

similar relationships to CVD risk.

We found that men in the highest category of CVD risk

had more adverse levels of individual fatty acids. These are

expressed as percentages of total fatty acids, and hence any

change in an individual fatty acid has the potential to

affect the levels of several other fatty acids. Therefore,

it might be suggested that an overall pattern of fatty acid

status may be a more appropriate measure for analysing the

link with CVD risk. Results from the logistic regression

analyses indicate that the overall pattern of plasma fatty

acids, which includes known markers of metabolic function,

are strongly related to CVD risk. This suggests that although

the absolute amount of fat ingested undoubtedly has a role,

it may be the synergistic effect of these fatty acids that may

ultimately be more important in relation to the development

of CVD risk.

However, the use of cross-sectional data does not allow us

to determine whether these potentially harmful patterns of

estimated desaturase activity lead to changes in CVD risk

factors such as total or HDL cholesterol or vice versa.

Previous research in this area (Warensjo et al., 2005) indicates

that these disturbances in fatty acid conversion are more

often observed in those with metabolic syndrome when

compared with those without it and that, in a longitudinal

study, these disturbances predate the development of

metabolic syndrome (Vessby, 2000; Warensjo et al., 2006).

Another limitation is that it is not known whether factors

including lifestyle and genetics are involved in the develop-

ment of alterations in fatty acid desaturation in vivo. In this

study, results of the regression analysis remained significant

for the high SFA pattern, even after adjusting for lifestyle

factors, although we cannot rule out the possibility that

other unmeasured confounders may have an important role

in this relationship.

We used the recently published JBS score for calculating

CVD risk. The JBS guidelines (Joint British Societies, 2005)

allow the calculation of CVD risk, taking into account fatal

and nonfatal myocardial infarction and new angina plus

fatal and non-fatal stroke and cerebral haemorrhage and

transient cerebral ischaemia. The JBS coronary risk predic-

tion charts now estimate total risk of developing CVD over

10 years based on five risk factors: age, sex, smoking habit,

SBP and the ratio of total cholesterol to HDL-C. They are

therefore more likely to closely predict overall risk than the

consideration of individual risk factors and provide the most

suitable risk scores for this population.

In conclusion, we found that in a population at high risk

of CVD, a fatty acid pattern representing high saturated fat

intake and disturbance in fatty acid desaturation in vivo was

significantly associated with an increased 10-year CVD risk.

These results suggest that the synergistic effect of combina-

tions of fatty acids may ultimately be more important than

individual fatty acid levels in relation to the development of

CVD risk. These findings support recommendations for

lower saturated fat intake.
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