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BACKGROUND: Diagnostic tools for familial hypercholes-
terolemia (FH) rely on estimation of LDL cholesterol
concentration. However, routine measurement or calcu-
lation of LDL cholesterol concentration using the Frie-
dewald equation contains a cholesterol contribution
from lipoprotein(a) [Lp(a)]. We investigated whether
Lp(a) influences the phenotypic diagnosis of FH by com-
monly used clinical criteria.

METHODS: A cohort of 907 adult index patients attend-
ing a clinic were studied. The Dutch Lipid Clinic Net-
work (DLCN) and Simon Broome (SB) diagnostic crite-
ria were estimated before and after adjusting LDL
cholesterol concentration for the cholesterol content
(30%) of Lp(a). Diagnostic reclassification rates and area
under the ROC (AUROC) curves in predicting an FH
mutation were also compared.

RESULTS: Seventy-four patients defined by DLCN crite-
ria (8.2%) and 207 patients defined by SB criteria
(22.8%) were reclassified to “unlikely” FH after adjust-
ing LDL cholesterol for Lp(a) cholesterol. The
proportion of FH patients defined by DLCN
(probable/definite) and SB (possible/definite) criteria de-
creased significantly in patients with increased Lp(a)
(�0.5 g/L; n � 330) after Lp(a) cholesterol adjustment
(P � 0.01). The overall reclassification rate was signifi-
cantly higher in patients with Lp(a) concentration �1.0
g/L (P � 0.001). The AUROC curve for LDL choles-
terol concentration �191 mg/dL (�5.0 mmol/L),
DLCN criteria, and SB criteria in predicting an FH mu-
tation increased significantly after adjustment (P �
0.001). There was no significant difference in AUROC
curve before and after Lp(a) cholesterol adjustment at an
LDL cholesterol concentration �251 mg/dL (�6.5
mmol/L).

CONCLUSIONS: Adjusting LDL cholesterol concentration
for Lp(a) cholesterol improves the diagnostic accuracy of
DLCN and SB criteria, especially with Lp(a) �1.0 g/L
and LDL cholesterol �251 mg/dL (�6.5 mmol/L).
Lp(a) should be measured in all patients suspected of
having FH.
© 2019 American Association for Clinical Chemistry

The recent focus on familial hypercholesterolemia (FH)4

as a high-risk condition predisposing to premature coro-
nary artery disease (CAD) has led to more widespread
screening and diagnosis of the condition (1 ). The Dutch
Lipid Clinic Network (DLCN) and Simon Broome (SB)
criteria are the 2 commonly used tools that rely on the
LDL cholesterol concentration to diagnose FH (2 ). Rou-
tine calculation or measurement of LDL cholesterol con-
centration contains a contribution from the cholesterol
content of lipoprotein(a) [Lp(a)] (3, 4 ). This inclusion
may influence the LDL cholesterol values by 30%–45%
and hence the clinical diagnosis of FH, especially with
increased Lp(a) (3, 4 ). However, this notion has not been
previously examined in patients referred to specialist clin-
ics where a definite diagnosis of FH is usually made. We
therefore aimed to assess whether adjusting for Lp(a)-
cholesterol influences the phenotypic diagnosis of FH by
DLCN and SB criteria and the extent to which this ad-
justment affects the detection rates of pathogenic variants
causative of FH.

Materials and Methods

A cross-sectional study was undertaken of adult index
patients aged �18 years with or without a recognized
mutation causative of FH. Data on Lp(a) concentrations
were available in 907 patients suspected of FH. The clin-
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ical assessment and management of clinic patients has
been previously described (5, 6 ). FH was phenotypically
defined with the DLCN (definite/probable/possible/un-
likely) and SB (definite/possible/unlikely) criteria (5 ),
and genetic testing was undertaken after appropriate
counseling and consent. The definition of premature
CAD was as previously described (5 ).

All biochemical measurements were performed with
routine assays in an accredited laboratory. LDL choles-
terol was estimated by the Friedewald equation (7 ); with
triglyceride �400 mg/dL (4.5 mmol/L) (n � 4), LDL
cholesterol was measured by direct assay. LDL choles-
terol was adjusted for statin therapy in individuals receiv-
ing therapy to establish the phenotypic diagnosis of FH
(5, 8 ). Lp(a) was measured by an automated latex en-
hanced immunoassay [Quantia Lp(a) assay, Abbott Lab-
oratories]. Briefly, the Quantia Lp(a) is a turbidimetric
immunoassay using monoclonal antibody for the estima-
tion of Lp(a) in human serum or plasma in an Architect
autoanalyzer C16000 (Abbott Diagnostics) and is based
on the principle of an agglutination reaction. This assay is
not considered to be influenced by apo(a) [apo(a)] iso-
form size (9 ), and the standard was calibrated with the
World Health Organization–approved, IFCC reference
standard apo(a) [apo(a)] with 21 kringle 4 repeats for
standardization of Lp(a) (IFCC/SRM 2B) (10 ). Interas-
say variation for samples was �7%. The accuracy of the
assay was monitored by the external Quality Assurance
Program of the Royal College of Pathologists of Austra-
lia. Lp(a) measurement using this method was validated
against a reference immunoassay (n � 30, r � 0.964 with
a positive bias of approximately 0.05 g/L) based on a
5-point calibrator and monoclonal antibodies directed to
apo(a) (Northwest Lipid Metabolism and Diabetes Re-
search Laboratories, University of Washington) (10 ).
Genetic testing was performed as previously described
(5, 11 ). Patients with homozygous FH, compound or
double heterozygous FH, FH variants (LDLR5, APOB,
PCSK9) of uncertain significance, and pathogenic or un-
certain ABCG5/8 variants were excluded from the analy-
sis. All patients consented to the use of their deidentified
clinical information for research.

Data were analyzed with STATA 13.1 (StataCorp).
DLCN scores (without the genetic analysis component)
were calculated before and after adjustments for Lp(a).
The adjustment entailed subtracting 30% of the individ-
ual’s Lp(a) total mass from the plasma LDL cholesterol
concentration. An adjustment of 45% was also used
(3, 4 ). Changes in the proportion of LDL cholesterol

cutoffs and FH status by DLCN and SB criteria before
and after adjusting LDL cholesterol concentration for
Lp(a) cholesterol in patients were compared with �2 tests.
Logistic regression was used to assess prediction of pre-
mature CAD in FH patients. The sensitivity, specificity,
net reclassification index, and area under the ROC
(AUROC) curves were estimated to compare the diag-
nostic value of LDL cholesterol concentration and the
DLCN and SB criteria before and after Lp(a) adjustment
in predicting an FH mutation. Improvement in predic-
tion of a pathogenic variant with LDL cholesterol con-
centration, DLCN criteria, and SB criteria was estimated
as the differences between the AUROC curves, and these
were compared with c statistics. Statistical significance
was defined at the 5% level.

Results

A total of 907 patients from the clinic with a wide range
of Lp(a) concentrations (0.08–4.3 g/L) were included in
an overall analysis; 330 patients (36.4%) had Lp(a) con-
centrations �0.5 g/L, 283 patients (31.2%) had a patho-
genic variant causing FH, and 182 patients (20.1%) had
a history of premature CAD. Mean age of the cohort was
49.3 � 13.1 years, and 398 patients (43.9%) were men.
There were no significant differences detected in the pro-
portion of pathogenic FH mutations (27.9% vs 33.1%)
and tendon xanthomata (13.0% vs 11.8%) between pa-
tients with increased and normal Lp(a) concentrations at
a cutoff of 0.5 g/L (P � 0.05 for both). Patients with
increased Lp(a) had a higher prevalence of premature
CAD than those with normal Lp(a) (26.1% vs 16.6%,
P � 0.01). Increased Lp(a) was also a significant predic-
tor of personal history of premature CAD in both pa-
tients with and without a pathogenic FH mutation (odds
ratio, 1.76 and 1.85, respectively; P � 0.05 for both).

Table 1 shows LDL cholesterol cutoffs, proportions
of FH by DLCN and SB criteria, and the corresponding
reclassification rates before and after adjusting LDL cho-
lesterol concentration for Lp(a) cholesterol in patients
(using the 30% correction factor) with Lp(a) �0.5 g/L.
There was no significant change in the proportion of
patients with LDL cholesterol at the 2 cutoff ranges [i.e.,
�251 mg/dL (�6.5 mmol/L) and 191–250 mg/dL
(5.0–6.4 mmol/L)] after adjustment for Lp(a) choles-
terol (P � 0.05 for both). The proportion of patients
with LDL cholesterol �190 mg/dL (�4.9 mmol/L) in-
creased significantly after adjustment for Lp(a) choles-
terol (12.0% vs 16.3%, P � 0.05). The proportion of FH
patients defined by DLCN (definite, probable) and SB
(definite, possible) criteria did not significantly alter after
LDL cholesterol concentration was adjusted (P � 0.05
for all). Of 577 patients with normal Lp(a), only 5.4%
(n � 31) and 2.3% (n � 13) were reclassified by DLCN

5 Human Genes: LDLR, low density lipoprotein receptor; APOB, apolipoprotein B; PCSK9,
proprotein convertase subtilisin/kexin type 9; ABCG5, ATP binding cassette subfamily G
member 5; ABCG8, ATP binding cassette subfamily G member 8; LPA, lipoprotein(a).
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and SB criteria, respectively. Of those who were reclassi-
fied, none of them had tendon xanthomata.

Table 2 shows LDL cholesterol cutoffs, proportions
of FH by DLCN and SB criteria and the corresponding
reclassification rates before and after adjusting LDL cho-
lesterol concentration for Lp(a) cholesterol in patients
with Lp(a) �0.5 g/L (with the 30% correction factor).
LDL cholesterol at the 2 cutoff ranges [i.e., �251 mg/dL
(�6.5 mmol/L) and 191–250 mg/dL (5.0–6.4 mmol/
L)] decreased significantly after adjustment for Lp(a)-
cholesterol (P � 0.01 for all). Likewise, the proportion of
FH patients defined by DLCN (definite, probable) and
SB (definite, possible) criteria also decreased significantly
after LDL cholesterol concentration was adjusted (P �
0.01 for all). Of these patients, 36.1% (n � 119) and
27.6% (n � 91) were reclassified by DLCN and SB
criteria, respectively. Of those who were reclassified, the
vast majority did not carry a pathogenic mutation for FH
(92% by DLCN criteria and 95% by SB criteria). Less
than 3% of patients with a positive FH mutation were
reclassified, as defined by DLCN (definite, probable; n �
9 in total) and SB (definite, possible; n � 5 in total)
criteria. Of the 43 patients with tendon xanthomata,
none were reclassified as defined by DLCN criteria, and

only 1 patient with tendon xanthomata was reclassified as
defined by SB criteria. The results were similar when the
patient group was divided into 2 subgroups at a cutoff
Lp(a) values in those with �0.5 and �1.0 g/L, and those
with � 1.0 g/L (Tables 3 and 4, respectively). Adjusting
LDL cholesterol concentration for Lp(a) cholesterol also
significantly increased the overall reclassification rate by
DLCN (47.6% vs 24.7%; P � 0.01) and SB (36.0% vs
19.2%; P � 0.01) criteria in patients with Lp(a) � 1.0
g/L than those with Lp(a) � 0.5 and � 1.0 g/L (Tables 3
and 4).

Of the 907 patients suspected of having FH, a total
of 74 patients defined by DLCN criteria (8.2%) and 207
patients defined by SB criteria (22.8%) were reclassified
to “unlikely” FH after adjusting LDL cholesterol concen-
tration for Lp(a) cholesterol. As seen in Tables 1 and 2,
the reclassification was chiefly observed in FH patients
with increased Lp(a) concentrations (15.2% vs 4.1% de-
fined by DLCN criteria, and 39.4% vs 13.4% defined by
SB criteria).

Fig. 1 shows the frequency distributions of LDL
cholesterol concentrations before and after adjustment
for Lp(a) in all patients (Fig. 1, A and B), those with
Lp(a) � 0.5 and �1.0 g/L (Fig. 1, C and D), and those

Table 1. LDL cholesterol cutoffs, proportions of FH by DLCN and SB criteria, and the corresponding reclassification rates before
and after adjusting LDL cholesterol concentration for Lp(a) cholesterol in patients with Lp(a) ≤0.5 g/L (a correction factor of 30%).a

Patients with Lp(a) ≤0.5 g/L (n = 577)

Before adjustment After adjustmentb

Down-classification rate

All M+c M−c

LDL cholesterol > 251 mg/dL 48.5 (280) 44.0 (254) 9.3 (26) 2.5 (7) 6.8 (19)

LDL cholesterol 191–250 mg/dL 39.5 (228) 39.7 (229) 11.0 (25) 0.5 (1) 10.5 (24)

LDL cholesterol <190 mg/dL 12.0 (69) 16.3 (94)

8.8 (5.1)d 1.4 (8)d 7.4 (43)d

DLCN criteria

Definite 30.2 (174) 28.1 (162) 6.9 (12) 2.9 (5) 4.0 (7)

Probable 40.4 (233) 40.4 (233) 5.2 (12) 0.9 (2) 4.3 (10)

Possible 26.5 (153) 27.4 (158) 4.6 (7) 0.0 (0) 4.6 (7)

Unlikely 2.9 (17) 4.1 (24)

5.4 (31)d 1.2 (7)d 4.2 (24)d

SB criteria

Definite 34.3 (198) 34.1 (197) 0.5 (1) 0.5 (1) 0.0 (0)

Possible 54.6 (315) 52.5 (303) 3.8 (12) 0.0 (0) 3.8 (12)

Unlikely 11.1 (64) 13.4 (77)

2.3 (13)d 0.2 (1)d 2.1 (12)d

a Values expressed as % with number of patients in parentheses. To convert from mg/dL to mmol/L, multiply the values by 0.02586 for LDL cholesterol.
b Modification of LDL cholesterol to account for the cholesterol contained within the Lp(a) particles (30%).
c M+, patients with a positive FH mutation; M−, patients without a positive FH mutation.
d Overall reclassification rate by LDL cholesterol concentration, DLCN criteria, or SB criteria in all patients, M+, and M− patients, respectively.
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with �1.0 g/L (Fig. 1, E and F). As seen, the overall
reduction for LDL cholesterol was greater in patients
with increased Lp(a) �1.0 g/L (Fig. 1, E and F) than in
those with Lp(a) �1.0 g/L (Fig. 1, A–D).

Table 5 shows the sensitivity, specificity, net reclas-
sification index, and AUROC curves for LDL cholesterol
concentration, DLCN criteria, and SB criteria in predict-
ing an FH mutation. There was a moderate reduction in
the sensitivity for the diagnosis of FH according to LDL
cholesterol concentration, DLCN criteria, and SB crite-
ria after adjusting LDL cholesterol concentration for the
cholesterol content of Lp(a). By contrast, the correspond-
ing specificity and net reclassification index increased
markedly when LDL cholesterol concentration was ad-
justed for Lp(a) cholesterol. The values of AUROC
curves defined by increased LDL cholesterol [�191 mg/
dL, (�5.0 mmol/L)], DLCN (possible/probable/
definite, probable/definite) criteria, and SB (possible/definite)
criteria increased significantly after Lp(a) adjustment
(P � 0.01 for all). However, no significant difference was
found in AUROC curves before and after Lp(a) choles-
terol adjustment at an LDL cholesterol concentration of
�251 mg/dL (�6.5 mmol/L) (P � 0.05). The above

findings were comparable when a correction factor of
45% for Lp(a) cholesterol was applied to adjust LDL
cholesterol concentration (see Tables 1–4 that
accompanies the online version of this article at
http://www.clinchem.org/content/vol65/issue10).

Discussion

In a cross-sectional cohort of 907 patients attending a
lipid clinic, we demonstrated that the proportion of FH
defined by the DLCN (definite, probable) and SB (defi-
nite, possible) criteria decreased significantly in patients
with increased Lp(a) when LDL cholesterol concentra-
tion was adjusted for the cholesterol content of Lp(a).
This reclassification of FH significantly improved the
diagnostic accuracy of increased LDL cholesterol [�191
mg/dL (�5.0 mmol/L)] and the DLCN and SB criteria
in predicting the detection of a pathogenic variant caus-
ing FH, especially with Lp(a) �1.0 g/L. Our findings did
not support the adjustment for Lp(a) cholesterol in pa-
tients with increased Lp(a) at LDL cholesterol �251
mg/dL (�6.5 mmol/L).

Table 2. LDL cholesterol cutoffs, proportions of FH by DLCN and SB criteria and the corresponding reclassification rates before
and after adjusting LDL cholesterol concentration for Lp(a) cholesterol in patients with Lp(a) >0.5 g/L (a correction factor of 30%).a

Patients with Lp(a) >0.5 g/L (n = 330)

Before adjustment After adjustmentb

Down-classification rate

All M+c M−c

LDL cholesterol >251 mg/dL 45.5 (150) 25.8 (85)d 43.3 (65) 11.3 (17) 32.0 (48)

LDL cholesterol 191–250 mg/dL 40.3 (133) 31.8 (105)d 67.7 (90) 3.1 (4) 64.7 (86)

LDL cholesterol <190 mg/dL 14.2 (47) 42.4 (140)d

47.0 (155)e 6.4 (21)e 40.6 (134)e

DLCN criteria

Definite 33.0 (109) 25.8 (85)d 22.0 (24) 4.6 (5) 17.4 (19)

Probable 36.7 (121) 27.3 (90)d 45.5 (55) 3.3 (4) 42.2 (51)

Possible 27.3 (90) 31.8 (105)d 44.4 (40) 0.0 (0) 44.4 (40)

Unlikely 3.0 (10) 15.2 (50)d

36.1 (119)e 2.7 (9)e 33.4 (110)e

SB criteria

Definite 31.2 (103) 29.4 (97)d 5.8 (6) 4.9 (5) 0.7 (1)

Possible 55.2 (182) 31.2 (103)d 46.7 (85) 0.0 (0) 46.7 (85)

Unlikely 13.6 (45) 39.4 (130)d

27.6 (91)e 1.5 (5)e 26.1 (86)e

a Values expressed as % with number of patients in parentheses. To convert from mg/dL to mmol/L, multiply the values by 0.02586 for LDL cholesterol.
b Modification of LDL cholesterol to account for the cholesterol contained within the Lp(a) particles (30%).
c M+, patients with a positive FH mutation; M−, patients without a positive FH mutation.
d P < 0.001 for comparing the proportion of patients by LDL cholesterol concentration, DLCN criteria, and SB criteria before and after Lp(a) cholesterol adjustment.
e Overall reclassification rate by LDL cholesterol concentration, DLCN, or SB criteria in all patients, M+, and M− patients, respectively.
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Increased LDL cholesterol is the major criterion for
the DLCN and SB tools for diagnosing FH (2, 5 ).
Hence, a lower proportion of patients fulfilling a pheno-
typic diagnosis of FH by DLCN (definite, probable) and
SB (definite, possible) was predictable when LDL choles-
terol concentration was adjusted for Lp(a) cholesterol. As
expected, we also found that the diagnostic reclassifica-
tion of FH was greater in those patients with Lp(a) con-
centrations �1.0 g/L, consistent with a greater adjust-
ment in the plasma LDL cholesterol concentration.

We studied patients referred to a lipid clinic, over
85% of whom fulfilled a phenotypic diagnosis of FH.
However, �30% of cases had a pathogenic variant caus-
ative of FH, consistent with international literature.
Some of the patients in whom a causative FH mutation
was not identified are likely to have other dyslipidemias,
including polygenic hypercholesterolemia, familial com-
bined hyperlipidemia, or familial increase in Lp(a)
(12, 13 ). That increased Lp(a) was associated with a per-
sonal history of premature CAD in FH patients without
a causative mutation reinforces the notion that this his-
torical information may relate to familial increase in

Lp(a) regardless of the presence or absence of an FH
mutation. Lp(a) is a major cardiovascular risk factor in
FH (14 ), with recent guidelines recommending that
Lp(a) should be assessed when testing all patients for FH
(15 ). Increased Lp(a) could affect the diagnosis of FH, as
recently demonstrated in a large epidemiological study
(12 ). Consistent with this, we found significant improve-
ments in the prediction of a pathogenic FH variant, using
the DLCN and SB criteria when LDL cholesterol con-
centration was adjusted for Lp(a) cholesterol. However,
it is noteworthy that adjusting LDL cholesterol concen-
tration for Lp(a) cholesterol did not improve the predic-
tion of an FH mutation at an LDL cholesterol concen-
tration �251 mg/dL (�6.5 mmol/L). This result
suggests that improving the precision of the diagnosis of
FH in clinical practice adjustment for Lp(a) cholesterol
concentration is more relevant in patients with increased
Lp(a) at an LDL cholesterol concentration �251 mg/dL
(�6.5 mmol/L).

Given that the plasma Lp(a) concentration is mainly
affected by LPA (16), information on LPA variants may
be useful in improving the diagnosis of FH. In a subset of

Table 3. LDL cholesterol cutoffs, proportions of FH by DLCN and SB criteria, and the corresponding reclassification rates before
and after adjusting LDL cholesterol concentration for Lp(a) cholesterol in patients with Lp(a) between >0.5 and ≤1.0 g/L (a

correction factor of 30%).a

Patients with Lp(a) >0.5 g/L and ≤1.0 g/L (n = 166)

Before adjustment After adjustmentb

Down-classification rate

All M+c M−c

LDL cholesterol >251 mg/dL 46.4 (77) 32.6 (54)d 29.9 (23) 13.0 (10) 16.9 (13)

LDL cholesterol 191–250 mg/dL 37.3 (62) 32.5 (54)d 50.0 (31) 4.8 (3) 45.2 (28)

LDL cholesterol <190 mg/dL 16.3 (27) 34.9 (58)d

32.5 (54)e 7.8 (13)e 24.7 (41)e

DLCN criteria

Definite 37.3 (62) 30.1 (50)d 19.4 (12) 4.8 (3) 14.6 (9)

Probable 33.1 (55) 30.7 (51)d 29.1 (16) 5.5 (3) 23.6 (13)

Possible 25.3 (42) 27.1 (45)d 31.0 (13) 0.0 (0) 31.0 (13)

Unlikely 4.2 (7) 12.0 (20)d

24.7 (41)e 3.6 (6)e 21.1 (35)e

SB criteria

Definite 38.0 (63) 36.1 (60)d 4.8 (3) 4.8 (3) 0.0 (0)

Possible 47.0 (78) 31.3 (52)d 37.1 (29) 0.0 (0) 37.1 (29)

Unlikely 15.1 (25) 32.5 (54)d

19.2 (32)e 1.8 (3)e 17.5 (29)e

a Values expressed as % with number of patients in parentheses. To convert from mg/dL to mmol/L, multiply the values by 0.02586 for LDL cholesterol.
b Modification of LDL cholesterol to account for the cholesterol contained within the Lp(a) particles (30%).
c M+, patients with a positive FH mutation; M−, patients without a positive FH mutation.
d P < 0.001 for comparing the proportion of patients by LDL cholesterol concentration, DLCN criteria, and SB criteria before and after Lp(a) cholesterol adjustment.
e Overall reclassification rate by LDL cholesterol concentration, DLCN criteria, or SB criteria in all patients, M+, and M− patients, respectively.
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760 patients from the cohort, we found that patients
carrying rs10455872G alleles (AG or GG phenotypes) or
rs3798220C alleles (CT or CC genotypes) had signifi-
cantly higher Lp(a) (1.09 � 0.61 g/L vs 0.39 � 0.48 g/L,
and 1.32 � 0.60 g/L vs 0.48 � 0.55 g/L, respectively;
P � 0.01 for both) than noncarriers. We also explored
whether LDL cholesterol adjustment based on the pres-
ence or absence of rs10455872G or rs3798220C alleles
influenced the diagnosis of FH (Watts et al.; unpublished
observations). Compared with the unadjusted LDL cho-
lesterol [�191 mg/dL (�5.0 mmol/L)], we found no
significant difference in AUROC curves before and after
Lp(a) cholesterol adjustment when the presence or ab-
sence of the 2 LPA variants was taken into account
(0.602, 95% CI, 0.561–0.642 vs 0.556, 95% CI,
0.516–0.595; P � 0.05). Collectively, these preliminary
results do not support the value of using information on
common LPA gene variants to improve the precision of
the diagnosis of FH, the key factor being the adjustment
made for Lp(a) concentration.

Although it represents real world clinical practice,
our study has limitations. A direct measurement of Lp(a)

cholesterol is not routinely available. We therefore ad-
justed LDL cholesterol concentration by subtracting
30% of Lp(a) total mass from LDL cholesterol (4 ). How-
ever, the percentage of cholesterol content in Lp(a) par-
ticles can range up to 45% (3, 4 ). Nevertheless, applying
a correction factor of 45% for Lp(a) cholesterol yielded
similar results (see Table 1–3 in the online Data Supple-
ment). We acknowledge that the estimation of Lp(a)
mass has inherent limitations and the estimated choles-
terol adjustment could have been imprecise, thereby
diminishing its validity in the diagnosis of FH
(3, 4, 7, 17 ). Development of more robust direct assays
for Lp(a) cholesterol is required. Given that the fraction
of cholesterol contained in Lp(a) varies with the apo(a)
isoform, further studies are required to elucidate the ef-
fect of apo(a) isoform size on the derivation of the cho-
lesterol content of Lp(a) based on the estimation of Lp(a)
mass. Our estimate of LDL cholesterol was based on a
conventional equation. The advantages of a newer equa-
tion only pertain to individuals with very low LDL cho-
lesterol and with hypertriglyceridemia (18 ). Approxi-
mately 25% of our patients were on cholesterol-lowering

Table 4. LDL cholesterol cutoffs, proportions of FH by DLCN and SB criteria, and the corresponding reclassification rates before
and after adjusting LDL cholesterol concentration for Lp(a)-cholesterol in patients with Lp(a) >1.0 g/L (a correction factor of 30%).a

Patients with Lp(a) > 1.0 g/L (n = 164)

Before adjustment After adjustmentb

Down-classification rate

All M+c M−c

LDL cholesterol >251 mg/dL 45.5 (73) 18.9 (31)d 57.5 (42) 9.6 (7) 47.9 (35)

LDL cholesterol 191–250 mg/dL 42.3 (71) 31.1 (51)d 83.1 (59) 1.4 (1) 81.7 (58)

LDL cholesterol <190 mg/dL 12.2 (20) 50.0 (82)d

61.6 (101)e,f 4.9 (8)e 56.7 (93)e

DLCN criteria

Definite 28.7 (47) 21.4 (35)d 25.5 (12) 4.3 (2) 21.2 (10)

Probable 40.2 (66) 23.8 (39)d 59.1 (39) 1.5 (1) 57.6 (38)

Possible 29.3 (48) 36.6 (60) 56.3 (27) 0.0 (0) 56.3 (27)

Unlikely 1.8 (3) 18.3 (30)d

47.6 (78)e,f 1.8 (3)e 45.7 (75)e

SB criteria

Definite 24.4 (40) 22.6 (37)d 7.5 (3) 5.0 (2) 2.5 (1)

Possible 63.4 (104) 31.1 (51)d 53.8 (56) 0.0 (0) 53.8 (56)

Unlikely 12.2 (20) 46.3 (76)d

36.0 (59)e,f 1.2 (2)e 34.8 (57)e

a Values expressed as % with number of patients in parentheses. To convert from mg/dL to mmol/L, multiply the values by 0.02586 for LDL cholesterol.
b Modification of LDL-cholesterol to account for the cholesterol contained within the Lp(a) particles (30%).
c M+, patients with a positive FH mutation; M−, patients without a positive FH mutation.
d P < 0.001 for comparing the proportion of patients by increased LDL cholesterol concentration, DLCN, and SB criteria before and after Lp(a)-cholesterol adjustment.
e Overall reclassification rate by LDL cholesterol concentration, DLCN, or SB criteria in all patients, M+, and M− patients, respectively.
f P < 0.01 for comparing the overall reclassification rate by LDL cholesterol concentration, DLCN, or SB criteria with Lp(a) >0.5 and ≤1.0 g/L.
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medication, and pretreatment LDL cholesterol was de-
rived with the average response to specific types and doses
of statins with or without ezetimibe (5, 8 ). This adjust-
ment might not have accurately reflected true pretreat-
ment values because of the significant interindividual
variability in therapeutic responses and in adherence to
treatments. Although a more reliable pretreatment LDL
cholesterol can be determined by a short period of dis-
continuation of statins in FH patients, we consider this
impracticable in routine clinical care setting. Recent evi-
dence shows that the concentration of Lp(a) can increase
following statin treatment (19 ). The extent to which this
result affects the adjustment of LDL cholesterol concen-
tration for Lp(a) cholesterol merits further investigation.
This consideration may be particularly relevant because
at least 60% of FH patients were on statin treatment at
the time of assessment. Our study used a clinic popula-
tion, which introduced ascertainment bias. Hence, our
results may not extend to the community diagnosis of
FH. In this setting, it is more likely that case ascertain-
ment tools, such as familial hypercholesterolemia case
ascertainment tool (FAMCAT), which do not rely
mainly on the estimation of LDL cholesterol, will be used
to detect FH (20 ).

We support recent expert guidelines that plasma
Lp(a) concentration should be assessed when testing all
patients for FH because of its value in risk stratification
(16, 21 ). Our findings also suggest that another reason is
to reevaluate the phenotypic diagnosis of FH and im-
prove the triage of patients for genetic testing (22, 23 ).

Despite the advances in genetic testing, the clinical diag-
nosis of FH worldwide is currently predominantly car-
ried out with phenotypic tools, with cascade testing for
FH in adults and children primarily based on LDL cho-
lesterol concentration alone. Hence, the degree to which
the LDL cholesterol diagnostic thresholds in this setting
are influenced by Lp(a) concentration requires further
investigation, noting the value of cascade testing for both
FH and Lp(a) in families (21, 24 ).

Beyond the above, our findings also have implica-
tions for the treatment of FH. With the availability and
development of novel therapies (25, 26 ), a better diag-
nosis of FH in clinical practice is important in relation to
eligibility criteria and attainment of treatment targets.
For example, recent guidelines recommend thresholds
for initiating proprotein convertase subtilisin/kexin type
9 inhibitors, and this will be affected by adjustment for
Lp(a) cholesterol, especially at low LDL cholesterol con-
centration (18, 27, 28 ).

Conclusion

In adult patients referred to a lipid clinic, adjusting LDL
cholesterol for Lp(a) cholesterol concentration improves
the diagnostic accuracy of both the DLCN and SB crite-
ria, especially with Lp(a) �1.0 g/L and LDL cholesterol
�251 mg/dL (�6.5 mmol/L). This adjustment could im-
prove the precision of making the clinical diagnosis of FH
and the selection of patients for genetic testing. Lp(a) should
be measured in all patients suspected of having FH.

Fig. 1. The frequency distributions of LDL cholesterol concentrations before and after adjustment for lipoprotein(a) in all patients
(A and B), those with Lp(a) >0.5 and ≤1.0 g/L (C and D), and those with >1.0 g/L (E and F).
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