
ORIGINAL RESEARCH

The use of CT coronary calcium score in
asymptomatic patients with familial 
hypercholesterolaemia

KATE E SHIPMAN,1 ELIZABETH J HIGGINSON,1 ANGELA L HADDON,1 MIN Y WONG,2

MOURAD Z LABIB1

Abstract
Background: Familial hypercholesterolaemia (FH) is associ-
ated with accelerated atherosclerosis.  Diagnosis is based on
clinical scores and only 45% of those with a clinical diagnosis
have a genetic mutation known to be associated with FH.
Coronary artery calcium (CAC) scoring can be used as a sur-
rogate marker for coronary artery disease, but data on its
use in FH are scarce.
Methods: CAC was performed in 52 asymptomatic patients
(16 ‘probable FH’ and 36 ‘possible FH’) classified according to
modified Simon Broome criteria, who were attending a sec-
ondary care lipid clinic.  Demographic and disease character-
istics, CAC (Agatston) scores and arterial age were audited.
Results: Half the patients had an Agatston score of zero.  In
those with Agatston scores >0 and age >45 years, the mean
arterial age was significantly higher than the chronological
age (72 versus 59 years; p=0.0001). Only diabetes and hyper-
tension status were significantly different between those
with Agatston scores of 0 and >0 (p=0.045 and p=0.0175 re-
spectively).  Arterial age provided information useful for in-
dividualised clinical management. 
Conclusions: Atherosclerosis burden varies widely in FH with
diabetes mellitus and hypertension appearing to contribute.
We have found the information from CT calcium scoring very
useful in identifying those patients with significant athero-
sclerosis who would need more intensive treatment.  
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Introduction
Familial hypercholesterolaemia (FH) is associated with accelerated
atherosclerosis, an increased risk of coronary artery disease (CAD)
and premature death.1,2 As many as 24% of asymptomatic pa-
tients with FH have been found to have extensive CAD, although
16% of patients have no CAD.3 This heterogeneity and the lack
of agreed clinical criteria for the diagnosis of FH complicates the
detection and treatment of FH. The specificity and sensitivity of
the diagnostic tools available, such as the UK Simon Broome cri-
teria (National Institute for Health and Care Excellence [NICE]), are
not consistent across populations and a genetic mutation consis-
tent with FH can only be identified in 45% of those with a clinical
diagnosis of this disorder.4 Genotyping is not widely available in
clinics in England and most clinics, like ours, rely on the Simon
Broome clinical classification.   

Lifestyle modifications and pharmacotherapy have been
shown to significantly delay or prevent the onset of CAD in
individuals with FH. In our experience, management is often
complicated by poor compliance with lifestyle modifications or
medication and statin intolerance, whether true or perceived.
Some possible FH cases will present with an atherosclerotic bur-
den (despite having no identified mutation), whereas some def-
inite FH cases will not.2 Non-invasive modalities for assessing
atherosclerosis, such as carotid ultrasonography and measure-
ment of coronary artery calcium (CAC) scores, have been rec-
ommended to stratify asymptomatic FH patients for routine,
enhanced and high-intensity treatment.5 We have routinely
performed CAC in all asymptomatic patients with possible and
probable FH who were attending the secondary care lipid clinic
since 2012 and have audited the results. 

Patients and methods
The outcome of CAC in 54 adult patients with a clinical diagnosis
of FH who were attending our secondary care lipid clinic between
September 2012 and August 2013 was audited. Patients were
classified according to the modified Simon Broome criteria (without
genotyping) into ‘possible’, ‘probable’ or ‘definite’ FH (Table 1).5

Two patients with ‘definite’ FH were excluded from further analysis
and 52 patients with ‘possible’ or ‘probable’ FH were included in
the final analysis.  CAC was quantified using multislice CT scanning
and patients were classified into four categories according to the
Agatston score: 0; 1–100; 101–400; >400.
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Data on age, gender, serum cholesterol, HbA1c, prevalence
of diabetes, hypertension and vascular disease, smoking status
and length of time on statin prior to performing CAC were col-
lected from patient notes and laboratory results.  Normally dis-
tributed data are presented as mean ± SD and non-normally
distributed data as median and IQR.  Appropriate statistical tests
were performed, including unpaired and paired t-tests, Mann-
Whitney U test, Pearson-chi squared and Wilcoxon rank sum
(with continuity correction) tests, using Microsoft Office Excel®

2003, Analyse-it® (Version 2.26) and R (Version 3.1.26); p <0.05
was considered statistically significant.6 The Multi-Ethnic study
of Atherosclerosis (MESA) ‘Arterial Age’ online calculator was
used to calculate the heart age of those aged >45 years
(estimated age of a person with arteries with the same calcium
burden).7,8

Results
Demographic and clinical data for the 52 patients with a clinical
diagnosis of FH are listed in Table 2; 6% had diabetes and 29%
were current smokers.  Half had an Agatston score of 0, about one-
quarter had scores 1–100, with lower proportions in the higher
CAC categories.  For 17 patients with Agatston scores >0 and older
than 45 years, the mean heart age was 72 years which was signif-
icantly higher than their chronological age of 59 years (p=0.0001).
Only three patients in total had a past medical history of any vas-
cular disease (Agatston scores 0, 135.5 and 187).  There were no
significant differences in age, sex, smoking status or length of time
on statin prior to the CT scan between patients with Agatston
scores of 0 or >0, although significantly more patients with diabetes
or hypertension were in the higher Agatston score category (Table
3).  Indeed, no patient with diabetes had an Agatston score of 0
and 9/11 patients with hypertension had high Agatston scores
(Table 3).  The median (IQR) Agatston score was significantly higher
for the 13 patients with diabetes and/or hypertension versus those
without either (136 [26–381] versus 0 [0–50]), respectively;
p=0.003).  This difference remained significant if current smokers
were included within the group to give 24 patients who either
smoked, had diabetes and/or hypertension (58 [0–200] versus 0
[0-14]) respectively; p=0.003).

Discussion
The burden of atherosclerosis varies widely among people with pos-
sible or probable FH,3 with the median CAC score being lower than
the mean reported for a cohort of 50 definite FH patients in a study
from Spain.9 Although high-intensity statin therapy is recom-
mended for all patients with FH,10 in our experience, not all respond
equally and some cannot tolerate this treatment.  We have found
that the addition of information from CAC score is useful in decid-
ing the intensity of treatment and aids compliance in asymptomatic

THE BRITISH JOURNAL OF DIABETES AND VASCULAR DISEASE63

Table 1.   Modified Simon Broome criteria used for the 
diagnosis of possible or probable familial 
hypercholesterolaemia5

Point Criteria

A DNA mutation

B Tendon xanthomas in patient or 1st or 2nd-degree relative

C Family history of myocardial infarction  <50 years in 2nd-degree or 

<60 years in 1st-degree relative

D Family history of total cholesterol >7.5 mmol/L in 1st/2nd-degree relative

E Total cholesterol >7.5 mmol/L (adult) or >6.7 mmol/L (age <16 years)

F LDL-cholesterol >4.9 mmol/L (adult) or >4.0 mmol/L (age <16 years)

Definite FH: Hypercholesterolaemia as defined in points E/F plus A 

Probable FH: Hypercholesterolaemia as defined in points E/F plus B

Possible FH: Hypercholesterolaemia as defined in points E/F plus either C or D

Table 2.   Demographic, biochemical and clinical data of 52 
subjects with possible and probable familial 
hypercholesterolaemia

Demographic characteristics

Male / female 19 (37) / 33 (63)

Age (years) 50.4 ± 10.9

Metabolic parameters

Total cholesterol (mmol/L) 9.2 ± 1.3

LDL-cholesterol (mmol/L) 6.5 ± 1.5

Triglycerides (mmol/L) 2.0 ± 1.0

HDL-cholesterol (mmol/L) 1.6 ± 0.4

HbA1c (%) 5.7 ± 0.5

Comorbidities and cardiovascular risk factors

Diabetes 3 (6)

Current smokers 15 (29)

Hypertension 11 (21)

Prior medical history of vascular disease 3 (6)

Median Agatston score (IQR, max) 1.8 (0–72, 700)

Distribution of Agatston scores

0 26 (50)

1–99 14 (27)

100–399 8 (15)

≥400 4 (8)

Data are N (%) or means ± SD, except where indicated.  Diagnosis was according

to modified Simon Broome criteria (see text and Table 1).  IQR: interquartile range.

Table 3.   Demographic and disease characteristics stratified by 
Agatston scores

Agatston score p
0 ≥1

Number 26 26

Age (years) 49 ± 11 52 ± 11 0.2787

Male (n) 7 12 0.1499a

Diabetes (n) 0 3 0.045a

Hypertension (n) 2 9 0.0175a

Smoking (n) 5 10
(4 ex-smokers) (3 ex-smokers) 0.105a

Months on statin prior to scan
[median (IQR)] 7 (5–36) 17 (6–142) 0.1393b

p Values calculated by t-test, or aPearson-chi squared test, or bMann Whitney U

Test. IQR: interquartile range.
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individuals.  For example, one patient, a newly-diagnosed 66 year
old woman, with an Agatston score of zero, and at a low risk of an
imminent CAD event (arterial age 39 years), was kept at a 20 mg
dose as she had side effects at higher doses.  Conversely, a 52 year
old man who was reluctant to start a statin became immediately
keen to start high-intensity treatment when the CAC score was 72,
giving him a heart age of 70 years.7,8

While the Simon Broome criteria are useful for identifying
people likely to have a genetic dyslipidaemia, the classification
itself does not accurately reflect the burden of atherosclerosis
and intensity of treatment.3 Conventional cardiovascular risk
factors, such as diabetes, hypertension and smoking, appear to
contribute to the overall atherosclerotic burden, as would be
expected.  Our audit showed that, in those with a clinical diag-
nosis of FH, the added information of CAC was highly valuable
for deciding on the intensity of treatment and for supporting
compliance with treatment.

The small patient population is a limitation of this study.  We
will continue to audit clinic data but have also been fortunate
enough to be invited to collaborate with another group, led by
Professor S Humphries, who are similarly auditing the results of
their innovative clinic pathway.  This group performs CAC scans
as well as genotyping and, by combining datasets, firmer con-
clusions may be drawn.  Continued work in this area will then
define the utility of CAD risk assessment by CAC scoring in
people with FH.  Only then will we be in a position to assess the
contribution of this technique to patient care and outcomes.

Conclusions
The burden of atherosclerosis varied widely among patients with
possible and probable FH, as observed previously.  The presence of

other well-established cardiovascular risk factors, such as diabetes
mellitus and hypertension, may also contribute to the burden of
atherosclerosis in these patients.  We have found the information
from CT calcium scoring very useful in identifying those patients
with significant atherosclerosis who would likely benefit from more
intensive treatment. 
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Key messages

• Agatston scores varied widely in asymptomatic
patients with possible and probable familial
hypercholesterolaemia

• Among other risk factors of cardiovascular disease,
only diabetes mellitus and hypertension were
associated with higher coronary calcium scores

• Arterial age was useful in guiding intensity of statin
treatment and in improving compliance
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