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Abstract
Background Abnormalities in blood lipid levels are causally linked with cardiovascular disease and pancreatitis. Data is limited
regarding lipid abnormalities in Ireland.
Aims As part of a cholesterol awareness campaign, we performed a pilot study of current lipid levels to preliminarily assess the
extent and pattern of lipid abnormalities in Ireland.
Methods Non-fasting, full lipid profiles and glucose measurements were performed in 259 people (32 on lipid-lowering med-
ication and 225 untreated) using a validated Cholestech LDXmachine. Untreated participants included 95 men and 130 women,
aged 51 ± 16 years.
Results The mean ± SD, total, low-density lipoprotein (LDL), high-density lipoprotein cholesterol (HDL) and median(IQR) non-
HDL cholesterol and triglyceride levels in untreated individuals were 5.0 ± 1.1, 2.8 ± 1.0, 1.5 ± 0.5 and 3.4 (2.8–4.3), 1.6
(1.0–2.3) mmol/l respectively. Glucose was 5.3 (4.8–5.8) mmol/l. Glucose > 7.8 mmol/l occurred in 10 individuals (4%).
Using defined criteria for non-fasting lipid levels, 60% of participants had some form of lipid abnormality with a frequency of
47% having a total cholesterol > 5, 35% with LDL > 3.0, 26% with HDL < 1.0/1.2, 33% with triglycerides > 2.0 and 32% with
non-HDL cholesterol > 3.9 mmol/l. Three individuals had untreated LDL > 5mmol/l (i.e. a ratio of 1:75 of those tested) and eight
people had HDLc < 0.7 (1:28) and four had triglyceride above 7.3 mmol/l (1:56).
Conclusions This pilot study reveals significant lipid abnormalities which require further larger more detailed lipid studies to
assess the true burden of lipid abnormalities in Ireland. Cascade screening and genetic testing of relatives of those with severe
lipid abnormalities should be considered.
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Introduction

Hypercholesterolaemia, particularly raised low-density lipo-
protein (LDL) cholesterol levels are causally linked with car-
diovascular disease [1]. Raised triglyceride levels have a var-
iable relationship with atherosclerosis with intermediate levels
being associated with cardiovascular disease [2–6] due to the
significant cholesterol content of remnant particles [7], where-
as very high triglyceride levels are associated with pancreatitis
[8]. Non-HDL cholesterol reflects the risk associated with

remnant particles [9]. Low levels of protective HDL choles-
terol have long been associated with increased risk of CHD
[10]. and increasing interest is now focused on HDL flux as a
measure of reverse cholesterol transport [11, 12]. Most of
these lipid abnormalities have a genetic basis [13] but they
are also influenced by environmental factors [14]. There is
some public awareness about total cholesterol levels but very
little about lipid patterns that carry different risks.

There has been a steady decline in cardiovascular mortality
in Ireland from 1985 to 2006, with 24% being attributed to
cholesterol reduction [15]. Currently, cardiovascular disease
accounts for 32% of all deaths in Ireland [16]. Average cho-
lesterol levels have fallen from 6.0 mmol/l in the 1980s [17] to
5.1 mmol/l in an older Irish population [18]. This trend ex-
ceeds that of other European countries where the average re-
duction was 0.2 mmol/l [19]. Nonetheless, it is not known
which lipoprotein abnormalities exist and what pattern change
accounts for the reduced CHD risk. Evaluating the extent and
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pattern of lipid abnormalities in the population would help
identify those at risk and help tailor treatment. In an effort to
inform individuals about the important cholesterol risk, an
awareness campaign was initiated together with a pilot lipid
screening project. Our aim was to highlight both the extent
and pattern of lipid abnormalities in Ireland so that a definitive
population study could be planned.

Methods

Awareness campaign In order to raise awareness about poten-
tial cholesterol problems in Ireland, a cycle of the length and
breadth of Ireland was undertaken with the cholesterol message
highlighted both on national and local media stations along the
journey. Lipid testing was performed at five sites,
Aughnasheelin, Co. Leitrim; Athlone, Co. Westmeath;
Killarney, Co. Kerry; Claremorris, Co. Mayo; and Kilcock,
Co. Kildare, in July 2017. The invitation to attend for choles-
terol testing was advertised in local newspapers and on local
radio. Ethical approval for this study was achieved from Trinity
College Dublin and Tallaght Hospital. Following informed
consent, subjects who volunteered at the various testing sites
filled in a questionnaire and underwent lipid testing (Fig. 1).

Questionnaire Each subject filled out information regarding,
age, gender, family history of cholesterol disorders or heart
disease, use of lipid lowering medications, presence of other
cardiac risk factors, smoking status and alcohol intake per
week.

Lipid testing Non-fasting lipid measurements were performed
on finger-tip blood samples using a Cholestech LDXmachine
that we had previously validated to correspond accurately to
laboratory values [20]. A full lipid profile including, total cho-
lesterol, triglyceride, HDL cholesterol LDL cholesterol
(Freidewald) [21] and non-HDL cholesterol and glucose were
determined. Results were produced within 5 minutes.

Handling of results Each subject discussed their results with a
consultant or specialist nurse and actions were advised includ-
ing review by their general practitioners if necessary. All sub-
jects agreed to their anonymized data being included in a
publication.

Reference ranges Reference values for non-fasting lipid sam-
ples were derived from a large 92,000 Danish Cohort [22]
with the following levels applied as being abnormal: total
cholesterol > 5.0 mmol/l, triglyceride > 2.0 mmol/l, HDL cho-
lesterol < 1.0 for men and 1.2 mmol/l for women, LDL cho-
lesterol > 3.0 mmol/l, non-HDL cholesterol > 3.9 mmol/l. A
random glucose > 11.1 mmol/l was considered abnormal
based on guidelines [23].

Statistical analysis

All data were evaluated using JMP 9 software. Descriptive
statistics are presented at percentages, means and standard
deviations. Statistical significance was calculated using t tests
for continuous variables and chi-squared tests for categorical
variables and set at p < 0.05.

Results

Table 1 outlines the characteristics of the participants studied.
They have a broad age range from 18 to 92 years, averaging
51 ± 16 years, with significantly more females 58% than
males. There was a low prevalence of smoking, hypertension
and diabetes in this population. However, there was a family
history of heart disease in 40% of participants and a family
history of hypercholesterolaemia in 28%. Lipid-lowering ther-
apy was noted in 34 individuals.

The lipid results are outlined in Table 2. Total cholesterol,
triglyceride and non-HDL cholesterol and LDL cholesterol
levels were significantly higher in older subjects. The greater
cholesterol levels in females were solely due to higher HDL
cholesterol levels. Seven (21%) out of the 34 treated patients
had LDL cholesterol above recommended levels for their dis-
ease status. Of note (but not presented in the table), 58% of
those over 45 years had total cholesterol levels greater than
5 mmol/l.

Table 3 outlines the lipid and glucose results in the different
locations. Those attending Claremorris were the eldest with
the youngest groups attending Athlone and Killarney. The
main cholesterol differences between locations were due to
age differences. However, the overall highest percentage of
lipid abnormalities were evident in Athlone subjects despite
their young age.

The frequency distribution of lipid abnormalities using de-
fined lipid values and glucose values is demonstrated in Fig. 2.
As regards potential genetic disorders of lipid metabolism,
three individuals had LDL cholesterol above 5 mmol/l with
one (1:225) having an LDL cholesterol of 6.5 mmol/l which
may indicate possible familial hypercholesterolaemia. Eight
subjects (1:28) had HDL cholesterol less than 0.7 mmol/l.
Triglyceride levels exceeded 4.0 mmol/l in 12 subjects and
exceeded 7.3 mmol/l in 4 subjects (1:56).

In all, 60% of those studied had some form of lipid abnor-
mality as shown in Fig. 3. Isolated raised LDL cholesterol
levels were the most frequent single abnormality followed
by isolated raised triglycerides levels. Combination of lipid
abnormalities indicating mixed dyslipidaemias accounted for
42% of all noted disorders.

There were significant correlations between age and total
cholesterol, r = 0.29 p < 0001, triglyceride r = 0.20, p < 0.001,
LDL cholesterol r = 0.31 p < 0.0001, non-HDL cholesterol
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r = 0.34, p < 0.0001 but age did not correlate with HDL
r = − 0.06 or glucose r = − 0.03. There was a highly significant
inverse correlation between HDL cholesterol levels and tri-
glyceride r = − 0.35, P < 0.0001 and with non-HDL cholester-
ol levels r = − 0.33, p < 0.0001 in this population. There was
significantly higher lipid levels in those with a family history
of heart disease than in those without, total cholesterol 5.2 ±
1.1 mmol/l vs 4.8 ± 1.1 mmol/l, p < 0.01; LDL cholesterol 2.9
± 1.0 vs 2.6 ± 1.0 mmol/l respectively. There were no other
significant differences in the frequency of lipid abnormalities
between those with and without a family history of CHD.

Discussion

This study provided a snapshot of non-fasting lipid levels in an
adult Irish population. The cohort studied, albeit small, had a
wide age range and more females, which was similar to the
Caucasian population in the large UK Health survey, 2015

[24].However, our participants were self-selected based on me-
dia advertisement of free lipid testing, and therefore did not
represent a randomised stratified sample of the Irish population.
Nonetheless, this preliminary examination of Irish lipid levels is
concerning given that 60% of individuals had some form of
lipid abnormality. This may even be an underestimate of the
true incidence of lipid abnormalities as the low level of other
cardiovascular risk factors reported suggests a healthier popu-
lation participated. The average total cholesterol of 5 mmol/l in
all participants and 5.3 mmol/l in those over 50 years is in
keeping with recent lipid levels reported from the ongoing
TILDA study [18]. Our results compare favourably to the
higher average cholesterol levels of 6 mmol/l observed in
Ireland in the 1980s [17] and the SLAN study [25] in 2007
where 82% of those over 45 years had total cholesterol levels
above 5 mmol/l compared to 58% in our population. These
findings suggest improving lipid trends in Ireland and compare
well to average cholesterol levels of 5.4 mmol/l in the UK,
Danish and US populations [22, 24, 26].
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One of the objectives of this pilot study was to provide an
initial assessment of the type and severity of lipid abnormalities
in Ireland. Using cut-off values recommended from a large
Danish cohort study [22], the frequency of lipid abnormalities
in our population differed from that of the UK [24] and
Denmark [22] where total cholesterol levels exceeded
5 mmol/l in 47, 66 and 72% respectively, with high non-HDL
cholesterol levels occurring in 32% of our population compared

to 50% in England and Denmark. Nonetheless, triglyceride
abnormalities were more common, 33% compared to 27% in
the Danes and low HDL cholesterol levels more frequent, 26%
compared to 10% in Danes and 12% in England. The latter
suggests that while cholesterol levels were lower in our cohort,
the pattern of higher triglyceride and lower HDL indicates more
metabolic disarray [27] where small dense LDL particles are
more likely [28]. Increasing LDL cholesterol levels with age
and higher HDL cholesterol levels in females may account for
some of the variation observed in the five regions studied. The
greater number of lipid disorders in Athlone despite their young
age is interesting but numbers were small and would require
confirmation in a larger national cholesterol screening program.
Such a program would help monitor population trends and also
identify those at a particularly high cardiovascular or pancrea-
titis risk where early intervention could prevent serious morbid-
ity and mortality. However, studies have shown that even if
identified, treatment levels in Ireland are inadequate [29–31].
Therefore, screening together with education and knowledge of
appropriate lipid targets will be necessary to correct this major
atherosclerotic risk factor.

This study also highlighted the potential that significant
genetic disorders of lipid metabolism are likely as three in-
dividuals had LDL cholesterol above 5 mmol/l. One subject
had an LDL cholesterol above 6.5 mmol/l which may indi-
cate possible familial hypercholesterolaemia. If this was due
to a monogenic ligand or receptor defect, the risk is likely
similar [32] but the life-long high LDL cholesterol exposure
would create an increased risk compared to polygenic causes
of raised cholesterol [33]. Genetic testing is therefore advis-
able to help quantify individual’s risk exposure. In addition,
four individuals had very elevated triglyceride levels and
eight had very low HDL cholesterol levels, most likely of
genetic origin. These would create independent pancreatitis

Table 2 Non-fasting lipid levels in an Irish population

Total Untreated Untreated < 50 years Untreated > 50 years Untreated males Untreated females

mmol/l N = 259 N = 225 N = 108 N = 117 N = 95 (42%) N = 130 (58%)

Total cholesterol 5.0 ± 1.1 5.0 ± 1.1 4.7 ± 1.0 5.3 ± 1.1¶¶ 4.8 ± 1.1 5.2 ± 1.1**

Triglyceride 1.6(1.0–2.3) 1.6(1.0–2.3) 1.4 (0.9–2.1) 1.7(1.1–2.4) ¶ 2.1 ± 1.4 1.7 ± 1.1

LDL cholesterol 2.8 ± 0.9 2.8 ± 1.0 2.5 ± 0.9 3.1 ± 1.0¶¶ 2.7 ± 0.9 2.9 ± 1.0

HDL cholesterol 1.5 ± 0.5 1.5 ± 0.5 1.5 ± 0.5 1.5 ± 0.5 1.2 ± 0.4 1.6 ± 0.4**

Non-HDL cholesterol 3.4(2.8–4.2) 3.4 (2.8–4.3) 3.0(2.5–3.7) 3.8(3.0–4.6) ¶¶ 3.5 ± 1.1 3.6 ± 1.1

LDL/HDL 2.2 ± 1.3 2.2 ± 1.3 2.0 ± 1.3 2.4 ± 1.3 ¶ 2.5 ± 1.6 2.0 ± 1.1*

Glucose 5.3(4.8–5.9) 5.3 (4.8–5.8) 5.4 (1.01) 5.2(0.99) 5.7 ± 1.3 5.4 ± 0.9

Mean ± SD median (interquartile range)

¶ = p < 0.05, < 50 yrs. vs > 50 years

¶¶ = p < 0.01

*p < 0.05 Males versus Females

**p < 0.01

Table 1 Characteristic of participants

Total Untreated

N = 259 N = 225

Age mean ± SD 53 ± 16 years 51 ± 16 years

Male 110 (42%) 95(42%)

Female 149 (58%) 130(58%)*

Smoking

Yes 28(11%) 23(11%)

No 231(89%) 202(89%)

Alcohol Units per week

None 0 83(32%) 68(30%)

Low < 10 u 112(43%) 102(45%)

Moderate <15 u F, < 21 u M 38(15%) 32(15%)

High ≥15 u F, ≥ 21 u M 26(10%) 23(10%)

High cholesterol history 66(25%) 37(16%)

Lipid-lowering meds 34(13%) 0(0%)

Diabetes history 8(3%) 4(2%)

Hypertension history 28(11%) 14(6%)

Family history of CHD 107(41%) 91(40%)

Family history of high cholesterol 76(29%) 63(28%)

Known CHD 16(6%) 11(5%)

*p < 0.05 Females versus Males
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and cardiovascular risks, and therefore appropriate screening
and targeted management are also important in this sub-
group. Additional research is required to characterise these
abnormalities at a population level.

In summary, 60% of the population studied had significant
lipid abnormalities and a number hadmarkedly abnormal lipid
levels indicating potential genetic abnormalities that require
further investigation. Our findings are hypothesis generating

Table 3 Lipid levels in different areas

N Age % Female Total
cholesterol

Triglyceride LDLc HDLc Non-HDLc Glucose Lipid
abnormality (%)

Athlone 45 43 ± 13 53 4.9 ± 1.1 1.7(1.3) 2.8 ± 1.0 1.3 ± 0.4* 3.7 ± 1.2 5.6 ± 1.0 78

Aughnasheelin 35 51 ± 13 71 4.8 ± 1.1 1.6(1.0) 2.5 ± 0.9 1.5 ± 0.4 3.3 ± 1.1 5.7 ± 1.3 57

Claremorris 64 63 ± 9 64 5.4 ± 1.1* 1.5(1.3) 3.2 ± 1.0* 1.4 ± 0.5 3.9 ± 1.2* 5.3 ± 1.1 77

Kilcock 41 49 ± 17 56 4.8 ± 1.2 1.2(1.0)* 2.3 ± 0.8 1.5 ± 0.5 3.4 ± 1.0 5.6 ± 0.9 59

Killarney 40 42 ± 15 57 4.8 ± 1.2 1.6(1.3) 2.3 ± 0.8 1.5 ± 0.5 3.2 ± 0.9 5.6 ± 1.1 60

Mean ± SD

Median (interquartile range)

*p < 0.05 compared to other areas
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and require confirmation in a larger study but are provocative
for the need for national lipid screening and targeted genetic
studies.
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