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BACKGROUND: Familial dysbetalipoproteinemia is as-
sociated with the accumulation of remnant lipopro-
teins and premature cardiovascular disease. Identifica-
tion of dysbetalipoproteinemia is important because
family members may be affected. Diagnostic testing in-
volves demonstration of �-lipoprotein in the VLDL frac-
tion or characterization of apo E3. These investigations
are complex and relatively expensive. The ratios of apo B
to total cholesterol and triglycerides have been proposed
as screening tests. However, the ratio of non-HDL cho-
lesterol to apo B (NHDLC/apoB) could offer improved
performance as the confounding effect of variations in
HDL cholesterol is removed.

METHODS: We evaluated NHDLC/apoB as a screening
test for dysbetalipoproteinemia, using �-quantification
analysis as a reference standard. Data from 1637 patients
referred over a 16-year period for � quantification were
reviewed retrospectively. In 63 patients, diagnostic crite-
ria for dysbetalipoproteinemia (VLDL cholesterol/tri-
glyceride ratio �0.69 and presence of �-VLDL) were
fulfilled, and 1574 patients had dysbetalipoproteinemia
excluded.

RESULTS: Mean NHDLC/apoB in patients with dysbeta-
lipoproteinemia was 7.3 mmol/g (SD, 1.5 mmol/g) and
with dysbetalipoproteinemia excluded was 4.0 mmol/g
(SD, 0.5 mmol/g). The optimum cutoff of �4.91
mmol/g achieved a diagnostic sensitivity of 96.8% (95%
CI, 89.0–99.6) and specificity of 95.0% (95% CI, 93.8–
96.0). NHDLC/apoB offered improved performance
compared to total cholesterol/apoB [diagnostic sensitiv-
ity 92.1% (95% CI, 82.4–97.4) and specificity 94.5%
(95% CI, 93.2–95.6) with a cutoff of �6.55 mmol/g].
NHDL/apoB reference ranges were not sex-dependent,
although there was a significant difference between men
and women for total cholesterol/apoB.

CONCLUSIONS: NHDLC/apoB offers a simple first-line
test for dysbetalipoproteinemia in selecting patients with
mixed hyperlipidemia for more complex investigations.
© 2018 American Association for Clinical Chemistry

Familial dysbetalipoproteinemia (also known as type III
hyperlipoproteinemia or remnant hyperlipidemia) is a
rare dyslipidemia associated with greatly increased risk of
coronary heart disease and peripheral arterial disease (1 ).
The disorder is characterized by orange-yellow palmar or
tuberoeruptive xanthomas (2 ) and a mixed hyperlipid-
emia. Dysbetalipoproteinemia responds well to conven-
tional lipid-lowering therapy (3 ), and it is important to
make the diagnosis so that cardiovascular disease risk fac-
tors can be managed in index cases and to facilitate early
diagnosis in any family members also affected.

Dysbetalipoproteinemia is caused by a defect in the
APOE4 gene, leading to accumulation of remnant lipo-
proteins (4 ), which are highly atherogenic. Penetrance is
low; �10% of individuals carrying the most common
inherited defect in apo E develop mixed hyperlipidemia
(5, 6 ). The most common genetic cause is homozygosity
for the Arg1583Cys (substitution of arginine for cys-
teine at position 158) mutation in APOE, leading to what
is described as the E2/E2 phenotype (7, 8 ). Rarer mu-
tations in APOE causing dysbetalipoproteinemia with
autosomal-dominant inheritance have also been de-
scribed (9 –13 ).

Dysbetalipoproteinemia can be diagnosed by dem-
onstrating the presence of remnant lipoproteins with use
of ultracentrifugation techniques (14–16), or detection
of mutations in APOE. The ratio of VLDL cholesterol
(VLDL-C) to total plasma triglycerides (TG) is increased
in dysbetalipoproteinemia owing to the presence of
cholesterol-rich remnant proteins in the VLDL fraction.
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The VLDL-C/TG ratio is usually �0.69 (expressed as a
molar ratio) in dysbetalipoproteinemia (14 ). Homozy-
gosity for the Arg1583Cys mutation in the presence of
the phenotype of dysbetalipoproteinemia confirms the
diagnosis, but further mutational analysis of APOE may
be required to exclude rarer mutations.

Diagnostic tests based on ultracentrifugation or
genotyping are complex and relatively expensive. A
straightforward, inexpensive screening test allowing se-
lection of patients with mixed hyperlipidemia for further
investigation would therefore be beneficial. A potentially
useful initial screening test has been identified in the total
cholesterol/apolipoprotein B (TC/apo B) ratio (17 ).
Apolipoprotein B100 (apo B) analysis is readily available
because commercial, automated assays are in widespread
use. Remnant lipoproteins contain a low proportion of
apo B relative to cholesterol, so dysbetalipoproteinemia is
associated with higher TC/apo B ratios than type IIb or
type IV hyperlipidemia. Blom et al. (18 ) suggested that
the TC/apo B ratio performed well as a screening test for
dysbetalipoproteinemia, providing a diagnostic sensitiv-
ity of 89% and specificity of 97%. Although the TC/apo
B ratio shows promise, variation in high density lipopro-
tein (HDL) cholesterol concentrations is a potentially
confounding factor (HDL being cholesterol-rich with no
apo B). To our knowledge, only 1 study of the perfor-
mance of the non-HDL cholesterol/apo B (NHDLC/
apo B) ratio has been published (18 ), and although the
NHDLC/apo B ratio completely discriminated dysbeta-
lipoproteinemia from combined hyperlipidemia, the
study was very small. Another suggested approach is to
use a step-wise algorithm using apo B, total cholesterol,
and TG. One algorithm uses a TG cutoff followed by a
TC/apo B ratio cutoff and finally a TG/apo B ratio to
identify cases of dysbetalipoproteinemia (19 ). A second
algorithm, designed to identify all hyperlipoproteinemia
phenotypes including dysbetalipoproteinemia, uses cut-
offs for apo B followed by TG, TG/apo B, and then
TC/apo B (20 ).

The aim of this study was to evaluate the diagnostic
performance of the NHDLC/apo B ratio compared to
the TC/apo B ratio, TG/apo B ratio, and the 2 apo
B–based strategies described above, as a screening test for
dysbetalipoproteinemia in a large group of patients un-
dergoing investigation of mixed hyperlipidemia in UK
lipid clinics.

Materials and Methods

DATA COLLECTION

Approval for data collection was granted by the Clinical
Governance and Risk Department, Newcastle upon
Tyne Hospitals NHS Foundation Trust (Caldicott
Approval ID 6162, 25th April 2017).

All data were from testing carried out routinely dur-
ing investigation of dyslipidemia. Data were gathered
from all patient samples submitted for �-quantification
(BQ) analysis in a specialist UK National Health Service
laboratory offering specialist lipid investigations. All pa-
tients with BQ results reported were considered for in-
clusion. This is a retrospective study of the performance
of NHDLC/apo B by using routinely generated BQ re-
sults as the reference standard. The data gathered in-
cluded BQ data, apo B, total cholesterol, HDL choles-
terol, and triglycerides, with TC/apo B, NHDLC/apo B,
and TG/apo B calculated by use of existing results
from the same date. Data were collected from a 16-
year period from January 2002 to December 2017. A
total of 1637 patients had complete data sets and were
included in the study (see Fig. 1 in the Data Supple-
ment that accompanies the online version of this article at
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Fig. 1. Box and whisker plots for the NHDLC/apo B (A) and
TC/apo B ratios (B) for group A (dysbetalipoproteinemia ex-
cluded), group B (dysbetalipoproteinemia), and group C
(chylomicronemia).
Plots show medians, lower to upper quartile, and lines extending
from minimum to maximum values.
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http://www.clinchem.org/content/vol65/issue2). When
available, apolipoprotein E phenotype or genotype data
were recorded for cases meeting the BQ criteria for
dysbetalipoproteinemia.

LABORATORY METHODS

BQ is a method combining ultracentrifugation (Optima
TLX ultracentrifuge, Beckman-Coulter) with polyan-
ionic precipitation to separate lipoprotein classes. In the
method used in our center, ultracentrifugation achieves
separation of the VLDL (d � 1.006 kg/L) and non-
VLDL (d � 1.006 kg/L) fractions. A polyanionic precip-
itation step follows, in which heparin and manganese
chloride are added to precipitate apo B containing lipo-
proteins in the non-VLDL (d � 1.006 kg/L) fraction.
After low-speed centrifugation, the supernatant contain-
ing HDL is removed; this removal allows cholesterol and
triglyceride to be measured in the VLDL, LDL, and
HDL fractions. The method allows the presence of
�-VLDL, a diagnostic marker for dysbetalipoproteine-
mia, to be determined. An increased VLDL-C/TG ratio
(�0.69) implies the presence of this cholesterol-enriched
form of VLDL. Lipoprotein electrophoresis (Hydragel
30 Lipoprotein kit, SEBIA UK Ltd) is used to detect
�-VLDL (presence of a �-region band in the VLDL frac-
tion) and to demonstrate the adequacy of the separation
steps. This version of the BQ method closely follows the
CDC candidate reference procedure but uses standard
enzymatic methods for the measurement of cholesterol
and triglyceride (21, 22 ). This method, though simpli-
fied, is still relatively laborious and is primarily used in
the investigation of mixed hyperlipidemia to rule out
dysbetalipoproteinemia and for measurement of LDL-
cholesterol when fasting plasma triglyceride concentra-
tion exceeds 4.5 mmol/L and the Friedewald equation is
not valid (23 ).

Measurement of apo B was performed according to
the BN II Nephelometer method (Siemens Healthcare
GmbH) from January 2002 to November 2014 and the
Roche Elecsys method (Roche Diagnostics Ltd) from
December 2014 to December 2017. Measurement of
cholesterol by the Olympus cholesterol oxidase method
(Olympus) from January 2002 to March 2010 and the
Roche cholesterol oxidase method (Roche Diagnostics
Ltd) from April 2010 to December 2017. Measurement
of HDL cholesterol was done with the Olympus
�-lipoprotein antibody method (Olympus) from January
2002 to March 2010 and the Roche polyethylene glycol
enzyme method (Roche Diagnostics Ltd) from April
2010 to December 2017. Triglyceride levels were mea-
sured with the Olympus glycerol phosphate oxidase
method (Olympus) from January 2002 to March 2010
and the Roche glycerol phosphate oxidase method
(Roche Diagnostics Ltd) from April 2010 to December
2017.

DIAGNOSTIC CRITERIA FOR BQ ANALYSIS

Results from BQ analysis were used to separate the 1637
subjects in the data set into 3 groups. These groups were
defined as dysbetalipoproteinemia excluded (VLDL-
C/TG ratio �0.69), dysbetalipoproteinemia (VLDL-
C/TG ratio �0.69 and presence of �-VLDL identified
on lipoprotein electrophoresis) and chylomicronemia
(chylomicrons identified on lipoprotein electrophoresis).
Of note, the VLDL-C/TG ratio was not calculated in
patients with chylomicronemia because this ratio is in-
valid in the presence of chylomicrons in terms of identi-
fying the presence of remnant lipoproteins (the presence
of chylomicrons lowers the VLDL-C/TG ratio owing to
their high triglyceride content).

STATISTICS

All statistical analysis was performed with MedCalc®
version 11 (MedCalc Software), which included genera-
tion of box and whisker plots, ROC curve analysis, ROC
curve comparison [Delong method and determination of
reference ranges (parametric percentile method as recom-
mended in CLSI Guidelines C28-A2 and C28-A3)]. All
significance testing was carried out with the nonparamet-
ric Mann–Whitney test.

Results

BIOCHEMICAL DATA

Of the 1637 patients with mixed hyperlipidemia in-
cluded in this study, 1397 had exclusion of dysbetali-
poproteinemia (Group A), 63 were defined as having
dysbetalipoproteinemia (Group B), and 177 had chylo-
micronemia (Group C). Biochemical data for these 3
groups are provided in Table 1. Briefly, patients meeting
the criteria for dysbetalipoproteinemia had significantly
higher mean cholesterol, triglycerides and significantly
lower mean apo B than patients with exclusion of dys-
betalipoproteinemia. Apolipoprotein E phenotype or ge-
notype data was available for 27 of the 63 patients diag-
nosed with dysbetalipoproteinemia. In 23 cases the
phenotype or genotype analysis revealed E2 homozygos-
ity. The remaining 4 cases diagnosed with dysbetalipo-
proteinemia through BQ analysis were not E2 homozy-
gotes, but in 2 of these cases APOE mutations causing
autosomal-dominant dysbetalipoproteinemia were iden-
tified (full sequencing of APOE was not performed in the
other 2 cases).

The distribution of NHDLC/apo B and TC/apo B
ratios in the 3 groups of patients is shown in Fig. 1. The
mean and median NHDLC/apo B and TC/apo B ratios
were significantly higher in dysbetalipoproteinemia than
in the other 2 groups (P � 0.0001). The mean NHDLC/
apo B was 4.0 mmol/g for group A, 7.3 mmol/g for group
B, and 4.2 mmol/g for group C. In the case of the TC/
apo B ratio, the mean values were 5.2 mmol/g, 8.8

Non-HDLC/Apo B Ratio in Dysbetalipoproteinemia
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mmol/g, and 5.1 mmol/g for group A, group B, and
group C, respectively. In our laboratory, we do not report
HDL results when triglyceride concentrations were over
10 mmol/L and/or lipidemia index �1000 (the cutoff for
Roche direct HDL and apo B assays); as a result, 3 cases of
dysbetalipoproteinemia were excluded from data analy-
sis. However, in each of these 3 cases, the TC/apo B ratio
was very high (�14 mmol/g).

ROC ANALYSIS

For the purposes of determining ROC curves and calcu-
lating the diagnostic sensitivity and specificity of the
NHDLC/apo B, TC/apo B, and TG/apo B ratios and
apo B algorithms, the chylomicronemia (group C) and
dysbetalipoproteinemia excluded (group A) groups were
considered together as one group that did not have dys-
betalipoproteinemia (most patients in group C had type
V hyperlipidemia).

The area under the curve (AUC) for NHDLC/apo B
was 0.989, and 0.976 for TC/apo B (Fig. 2). The AUC
for NHDLC/apo B was significantly higher than that for
TC/apo B (P � 0.003). The AUC for TG/apo B was
much lower at 0.831 (not shown in Fig. 2), so the per-
formance of TG/apo B is not discussed in further detail.
The optimum diagnostic threshold according to ROC
analysis for NHDLC/apo B was 4.91 mmol/g, providing
a diagnostic sensitivity of 96.8% and specificity of 95.0%
(confidence intervals shown in Fig. 2). The optimum
threshold for TC/apo B was 6.55 mmol/g, which pro-
vided a lower diagnostic sensitivity of 92.1% and lower

specificity of 94.5%. Applying lower diagnostic thresh-
olds for both ratios improved diagnostic sensitivity at the
expense of specificity (Fig. 2).

Fig. 3 shows a scatter plot of NHDLC/apo B vs
TC/apo B values for patients from group A/C and group
B, illustrating how the 2 ratios discriminate patients from
the 2 groups. In total, 87 of 1574 patients without dys-
betalipoproteinemia had a false-positive TC/apo B ratio
compared to 79 of 1574 with a false-positive NHDLC/
Apo B ratio. There were 5 of 63 patients with dysbetali-
poproteinemia that gave false-negative results in the case
of TC/apo B, but only 2 false-negative results with
NHDLC/apo B.

DIAGNOSTIC PERFORMANCE OF apo B ALGORITHMS

The diagnostic performance of 2 apo B algorithms was
compared to the NHDL/apo B and TC/apo B ratios
(Table 2). Neither showed superior diagnostic accuracy
to the NHDL/apo B and TC/apo B ratios.

SEX DEPENDENCY OF TC/apo B AND NHDLC/apo B

Reference ranges for the NHDLC/apo B and TC/apo B
ratios were calculated with the data from patients with
exclusion of dysbetalipoproteinemia (group A). A non-
parametric percentile method was used because the data
were not gaussian (2.5th to 97.5th percentile). There was
a significant sex difference for the TC/apo B ratio (P �
0.0001) but not for the NHDLC/apo B ratio (P �
0.791). The reference range for TC/apo B was 3.9–6.5
mmol/g for men and 4.0–7.5 mmol/g for women, and

Table 1. Biochemical data for the 3 patient groups included in the study.a

Dysbetalipoproteinemia
excluded (A) Dysbetalipoproteinemia (B) Chylomicronemia (C)

N 1397 63 177

Criteria VLDL-C/TG < 0.69b VLDL-C/TG ≥0.69, �VLDL
on electrophoresis

Chylomicrons on electrophoresis

M/F 670/727 37/26 111/66

TC 6.8 (1.7) 8.6 (2.7) [P < 0.001d] 6.8 (1.8) [P = 0.569d, P < 0.001e]

TG 3.1 (1.9) 5.1 (2.4) [P < 0.001d] 6.1 (2.1) [P < 0.001d, P = 0.001e]

LDLCc 4.4 (1.7) 2.9 (1.2) [P < 0.001d] 3.5 (1.7) [P < 0.001d, P = 0.026e]

NHDLC 5.4 (1.6) 7.3 (2.6) [P < 0.001d] 5.6 (1.7) [P = 0.059d, P < 0.001e]

VLDLC/TG 0.34 (0.1) 0.91 (0.2) [P < 0.001d] NA

Apo B (g/L) 1.35 (0.4) 1.00 (0.3) [P < 0.001d] 1.35 (0.4) [P = 0.790d, P < 0.001e]

NHDLC/apo B 4.0 (0.5) 7.3 (1.5) [P < 0.001d] 4.2 (0.6) [P < 0.001d, P < 0.001e]

TC/apo B 5.2 (0.8) 8.8 (1.6) [P < 0.001d] 5.1 (0.8) [P = 0.663d, P < 0.001e]

a Biochemical values are means with standard deviations in parentheses.
b TC, total cholesterol; TG, triglycerides; LDLC, LDL cholesterol; NHDLC, non-HDL cholesterol; VLDLC, VLDL cholesterol.
c LDLC determined by BQ used (high proportion of LDLC invalid by Friedewald equation).
d P values from 2-tailed Mann–Whitney test vs group A.
e P values from 2-tailed Mann–Whitney test vs group B.
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the reference range for NHDLC/apo B was 3.1–5.0
mmol/g for men and 3.1–4.9 mmol/g for women.

Discussion

Data from 1637 patients with dyslipidemia were collected
retrospectively, and 63 cases had confirmed dysbetalipopro-
teinemia. Both total cholesterol and triglycerides were sig-
nificantly higher in the dysbetalipoproteinemia group and
apo B significantly lower (Table 1). The mean and me-
dian TC/apo B and NHDLC/apo B ratios were higher in
dysbetalipoproteinemia (Table 1, Fig. 1). Both ratios
provided high AUC by ROC analysis, indicating a high
degree of diagnostic performance for the identification of
dysbetalipoproteinemia in patients with mixed hyperlip-
idemia (Fig. 2). The TG/apo B ratio provided a much
lower AUC than TC/apo B or NHDL/apo B, and so it
did not offer sufficient diagnostic performance as a test
for dysbetalipoproteinemia. The TG/apo B ratio may
have a role in identifying potential type I or type V hy-
perlipidemia, however (20 ). Although both ratios had a
high AUC, the NHDLC/apo B ratio offered better diag-
nostic performance (NHDLC/apo B AUC was signifi-
cantly higher than for TC/apo B) in terms of both diag-
nostic specificity and sensitivity. At any given sensitivity,
the specificity for NHDLC/apo B was higher (Fig. 2). At
the optimum diagnostic thresholds (4.91 mmol/g for
NHDLC/apo B and 6.55 mmol/g for TC/apo B), sensi-

tivity was 96.8% for NHDLC/apo B but only 92.1% for
TC/apo B. Diagnostic specificity was also slightly higher
for NHDLC/apo B at 95.0% compared to 94.5% for
TC/apoB (confidence intervals shown in Fig. 2). Adjust-
ing the diagnostic threshold to 6.09 mmol/g for TC/apo
B resulted in equivalent diagnostic sensitivity to
NHDLC/apo B (96.8%) but led to a much lower speci-
ficity of 89.5%. The apo B algorithm described by
Sniderman et al., 2007 (19) offered only slightly lower
diagnostic sensitivity compared to NHDL/apo B at
95.2% but lower specificity at 91.4% (Table 2). A more
complex algorithm from de Graaf et al. (20 ) offered poor
diagnostic sensitivity of 84.1% for the identification of
dysbetalipoproteinemia in this population, mainly owing
to the first step in the algorithm, which excluded patients
with an apo B �1.2 g/L from a diagnosis of dysbetalipo-
proteinemia. Indeed, in our population, 9 of the 63 pa-
tients with dysbetalipoproteinemia had an apo B concen-
tration �1.2 g/L.

The high diagnostic sensitivity and specificity of the
NHDLC/apo B ratio for dysbetalipoproteinemia make it
a promising initial screening test, allowing the selection
of patients for more extensive investigation. The TC/apo
B ratio did not perform as well but appears to offer a
similar degree of diagnostic sensitivity (albeit with lower
specificity) if a cutoff of 6.09 mmol/g is used and could
be used when HDL cannot be measured (e.g., when
particularly severe hypertriglyceridemia is present).
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Fig. 2. Receiver operating characteristic curve analysis for NHDLC/apo B and TC/apo B.
Area under curve significantly higher for NHDLC/apo B than for TC/apo B (P = 0.003). 95% CI for specificity and sensitivity calculations in
parentheses. *Optimum diagnostic threshold according to ROC analysis.
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NHDLC/apo B offers improved diagnostic specificity
because it is not confounded by variations in HDL con-
centrations. This finding may also explain why the
NHDLC/apo B ratio performs better than the 2 apo B
algorithms because these algorithms incorporate the TC/
apo B ratio rather than NHDLC/apo B. The NHDLC/
apo B ratio does not appear to be sex dependent, whereas
the TC/apo B ratio is significantly higher in women than
in men, likely owing to higher mean HDL concentra-
tions in females. The use of sex-specific diagnostic thresh-
olds may therefore be preferable for the TC/apo B ratio
but are not necessary for the NHDLC/apo B ratio. The
utility of the TC/apo B ratio has been investigated previ-
ously by Blom et al. (17 ), but NHDLC/apo B ratio data

were not published in that study because the authors
found that the NHDLC/apo B ratio was actually less
discriminatory than the TC/apo B ratio, potentially ow-
ing to overestimation of HDL in hypertriglyceridemic
samples. We have not found this to be the case in our
study population. A small study by Murase et al. (18 )
studied the NHDLC/apo B ratio as a screening test and
found that it provided discrimination of patients with
dysbetalipoproteinemia.

Because the NHDLC/apo B ratio offers a high de-
gree of diagnostic sensitivity and specificity, it could be
used as a screening test in a defined diagnostic pathway
for dysbetalipoproteinemia (suggested pathway in Fig.
4). When patients have a NHDLC/apo B ratio below the

Fig. 3. Scatter plot of NHDLC/apo B vs. TC/apo B.
Closed diamonds represent patients from Groups A and C (dysbetalipoproteinemia excluded) and open squares patients from Group B
(dysbetalipoproteinemia). The dashed lines indicate the optimum diagnostic thresholds according to ROC analysis for the 2 ratios.

Table 2. Diagnostic performance for NHDL/apo B, TC/apo B, and apo B algorithms.a

Sensitivity, % Specificity, % PPV, % NPV, % Accuracy, %

NHDL/apo B 96.8 (89.0–99.6) 95.0 (93.8–96.0) 43.6 (35.2–52.2) 99.9 (99.5–100.0) 95.1 (93.9–96.1)

TC/apo B 92.1 (82.4–97.4) 94.5 (93.2–95.6) 40.0 (32.0–48.5) 99.7 (99.2–99.9) 94.3 (93.1–95.5)

Apo B algorithm 200719 95.2 (86.7–99.0) 91.4 (89.9–92.8) 30.8 (24.4–37.8) 99.8 (99.4–100.0) 91.5 (90.1–92.8)

Apo B algorithm 200820 84.1 (72.7–92.1) 93.1 (91.7–94.3) 32.7 (25.6–40.5) 99.3 (98.8–99.7) 92.7 (91.4–93.9)

a 95% confidence intervals in parentheses. Diagnostic performance calculations for NHDL/apo B and TC/apo B based on optimum cutoffs of 4.91 mmol/g and 6.55 mmol/g, as
determined by ROC analysis.
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screening threshold, they are likely to have type IIb, IV,
or V hyperlipidemia, and so further investigation for dys-
betalipoproteinemia is not warranted. If their NHDLC/
apo B ratio is raised, then dysbetalipoproteinemia is pos-
sible and further investigation is required. Here we have
suggested that fasting BQ analysis be used initially. BQ
analysis is less costly in our center than apo E genotyping
for p.158 status, so using BQ analysis to exclude patients
who clearly do not have the dysbetalipoproteinemia phe-
notype may be more cost-effective. Also, there are a mi-
nority of patients with the dysbetalipoproteinemia phe-
notype who have an autosomal-dominant mutation in
APOE rather than the common “E2/E2” genotype that
would be missed with genotyping for p.158 alone. An-
other issue is that the E2/E2 genotype has low pen-
etrance, so that positive testing for the genotype may not
always coincide with remnant hyperlipidemia. Con-
versely, BQ analysis has the disadvantage that the results
may be affected by lipid-lowering therapy. If BQ analysis
indicates that the dysbetalipoproteinemia phenotype is
present (VLDL-C/TG ratio �0.69 and �-VLDL identi-
fied on lipoprotein electrophoresis), then genotyping is
indicated to confirm that the underlying cause is a mu-
tation in APOE. In cases in which the common p.158
mutation is absent, APOE sequencing should be consid-

ered because the patient may have a dominant mutation.
The choice of tests used for further investigation when
NHDLC/apo B is raised will be dictated by the local
availability of these specialist tests.

This study has a number of limitations owing to its
retrospective nature. The results of APOE genotyping
were not available for all the patients classified as having
dysbetalipoproteinemia (or the patients defined as not
having the disorder). Genotype was only available for 27
of the 63 patients with dysbetalipoproteinemia. The di-
agnosis was therefore made on the basis of the phenotype
alone in these cases. Availability of full APOE genotype
data (including full sequencing) for all participants in-
cluded in the study would have allowed more definitive
classification. Another factor potentially affecting the re-
sults of this study is that some patients that presented to
specialist lipid clinics may already have been prescribed
lipid-lowering therapy, which has the potential to alter
the lipid profile as determined by BQ analysis. In partic-
ular, the concentration of remnant lipoproteins may be
lowered, leading to a lower VLDL-C/TG ratio than the
untreated condition. Since lipid-lowering therapy can al-
ter lipoprotein composition, it could also alter the
NHDLC/apo B and TC/apo B ratios, affecting their abil-
ity to differentiate patients with treated or partially
treated dysbetalipoproteinemia from those with mixed
hyperlipidemia owing to other causes. Although the data
set examined in this study may have been influenced by
lipid-lowering therapy in some patients, the patients in-
cluded in the study reflect those encountered in clinical
practice. Potential future work to further validate the use
of the NHDLC/apo B ratio could include retrospective
or prospective studies of its diagnostic performance in
other centers.

Despite the limitations of this study, this data set
provides evidence supporting the use of the NHDLC/
apo B ratio as an initial screening test for the identifica-
tion of possible dysbetalipoproteinemia, which is under-
diagnosed in patients with mixed hyperlipidemia.
NHDLC/apo B offers a high degree of diagnostic sensi-
tivity and specificity and so may be used to improve the
yield of specialist investigations for dysbetalipoproteine-
mia while minimizing the number of false negatives.
Measurement of apo B is relatively inexpensive and con-
venient compared to BQ analysis or APOE genotyping,
so use of the NHDLC/apo B ratio to select patients for
further investigation may allow more efficient and cost-
effective diagnostic pathways for dysbetalipoproteinemia
to be established.

Author Contributions: All authors confirmed they have contributed to
the intellectual content of this paper and have met the following 4 require-
ments: (a) significant contributions to the conception and design, acquisi-
tion of data, or analysis and interpretation of data; (b) drafting or revising

Mixed hyperlipidemia 
Secondary causes excluded 

NHDL-C/Apo-B ra�o ≥ 5 
(or TC/ApoB  > 6.1 if HDL not available) 

Fas�ng beta-quan�fica�on: 
VLDL-C/TG ≥ 0.69 

and/or β-VLDL present 

Dysbetalipoproteinemia 
phenotype 

ApoE genotyping: 
p.158 status 

Dysbetalipoproteinemia 
genotype confirmed 

Type IIb, IV, or V 
hyperlipidemia 

Alterna�ve 
diagnosis? 

ApoE sequencing for 
dominant muta�ons 

Yes 

Yes 

Yes 

No 

No 

No 

Fig. 4. Diagnostic protocol incorporating the NHDLC/apo B
ratio for the investigation of dysbetalipoproteinemia in pa-
tients with mixed hyperlipidemia.
Defining “mixed hyperlipidemia” as total cholesterol >5.0
mmol/L and triglyceride >1.5 mmol/L would ensure that all cases
of dysbetalipoproteinemia in the population studied are
investigated.

Non-HDLC/Apo B Ratio in Dysbetalipoproteinemia

Clinical Chemistry 65:2 (2019) 319

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/65/2/313/5607951 by guest on 24 M
ay 2023



the article for intellectual content; (c) final approval of the published article;
and (d) agreement to be accountable for all aspects of the article thus
ensuring that questions related to the accuracy or integrity of any part of the
article are appropriately investigated and resolved.

C.S. Boot, statistical analysis; R.D. Neely, administrative support, pro-
vision of study material or patients.

Authors’ Disclosures or Potential Conflicts of Interest: Upon man-
uscript submission, all authors completed the author disclosure form. Dis-
closures and/or potential conflicts of interest:

Employment or Leadership: R.D. Neely, Newcastle upon Tyne Hos-
pitals NHS Foundation Trust.
Consultant or Advisory Role: None declared.
Stock Ownership: None declared.

Honoraria: None declared.
Research Funding: None declared.
Expert Testimony: None declared.
Patents: None declared.

Role of Sponsor: No sponsor was declared.

Acknowledgments: We would like to acknowledge the work of the
dedicated biomedical scientists of the Blood Sciences department,
Newcastle upon Tyne Hospitals NHS Foundation Trust, who have
helped to provide a routine service for � quantification over the period
of this study. We would also like to acknowledge the work of Dr.
Ciaron McAnulty, who provides an APOE genotyping service at New-
castle upon Tyne Hospitals NHS Foundation Trust. We are grateful for
the reviewers’ comments, which have led to significant improvements
in the article.

References

1. Morganroth J, Levy RI, Frederickson DS. The biochemi-
cal, clinical, and genetic features of type III hyperlipo-
proteinemia. Ann Intern Med 1975;82:158 –74.

2. Polani MK. Xanthomatosis and hyperlipoproteinemia.
Dermatologica 1974;149:1–9.

3. Kuo PT, Wilson AC, Kostis JB, Moreyr AB, Dodge HT.
Treatment of type III hyperlipoproteinemia with gemfi-
brozil to retard progression of coronary artery disease.
Am Heart J 1988;116:85–90.

4. Ultermann G, Jaeschke M, Menzel J. Familial hyperlipo-
proteinemia type III. Deficiency of a specific apolipopro-
tein (apo E-III) in the very low density lipoproteins. FEBS
Lett 1975;56:352–5.

5. Hazzard WR, O’Donnell TF, Lee YL. Broad beta disease
(type III hyperlipoproteinemia) in a large kindred: evi-
dence for a monogenic mechanism. Ann Intern Med
1975;82:141–9.

6. Vessby B, Hedstrand H, Lundin LG, Olsson U. Inheri-
tance of type III hyperlipoproteinemia. Lipoprotein pat-
terns in first degree relatives. Metabolism 1977;26:
225–54.

7. Weisgraber KH, Rall SC, Mahley RW. Human E apopro-
teins heterogeneity. Cysteine-arginine interchanges in
the amino acid sequence of apo-E isoforms. J Biol Chem
1981;256:9077– 83.

8. Emi M, Wu LL, Robertson MA, Myers RL, Hegele RA, Wil-
liams RR, et al. Genotyping and sequence analysis of apo-
lipoprotein E isoforms. Genomics 1988;3:373–9.

9. Wardell MR, Brennan SO, Janus ED, Fraser R, Carrell
RW. Apolipoprotein E2-Christchurch (136Arg-Ser). New

variant of human apolipoprotein E in a patient with type
III hyperlipoproteinemia. J Clin Invest 1987;80:483–
90.

10. Feussner G, Albanese M, Mann WA, Valencia A, Schus-
ter H. Apolipoprotein E2 (Arg136-Cys), a variant of apo-
lipoprotein E associated with late-onset dominance of
type III hyperlipoproteinemia. Eur J Clin Invest 1996;
26:13–23.

11. Richard P, de Zulueta MP, Beucler I, De Gennes JL, Cas-
saigne A, Iron A. Identification of a new apolipoprotein
E variant (E2 Arg142-Leu) in type III hyperlipidemia.
Atherosclerosis 1995;112:19 –28.

12. Lohse PM, Rader DJ, Brewer HB. Heterozygosity for
apolipoprotein E4 Philadelphia (Glu13-Lys, Arg145-
Cys) is associated with incomplete dominance of type
III hyperlipoproteinemia. J Biol Chem 1992;267:
13642– 6.

13. Wardell MR, Weisgraber KH, Havekes LM, Rall SC. Apo-
lipoprotein E3-Leiden contains a seven-amino acid in-
sertion that is a random repeat of residues 121–127.
J Biol Chem 1989;264:21205–10.

14. Fredrickson DS, Morganroth J, Levy RI. Type III
hyperlipoproteinemia: an analysis of two contempo-
rary definitions. Ann Intern Med 1975;82:150 –7.

15. Hazzard WR, Porte D Jr., Bierman EL. Abnormal lipid
composition of very low density lipoproteins in diagno-
sis of broad disease (type 3 hyperlipoproteinemia). Me-
tabolism 1972;21:1009 –19.

16. Mishkel MA, Nazir DJ, Crowther S. A longitudinal assess-
ment of lipid ratios in the diagnosis of type III hyperlipo-

proteinemia. Clin Chim Acta 1975;58:121–36.
17. Blom DJ, O’Neill FH, Marais AD. Screening for dysbeta-

lipoproteinemia by plasma cholesterol and apolipopro-
tein B concentrations. Clin Chem 2005;51:904 –7.

18. Murase T, Okubo M, Takeuchi I. Non-HDL cholesterol/
apolipoprotein B ratio: a useful distinguishing feature
in the screening for type III hyperlipoproteinemia.
J Clin Lipidol 2010;4:99 –104.

19. Sniderman A, Tremblay A, Bergeron J, Gagne C, Cou-
ture P. Diagnosis of type III hyperlipoproteinemia from
plasma total cholesterol, triglyceride and apolipopro-
tein B. J Clin Lipidol 2007;1:256 – 63.

20. de Graaf J, Couture P, Sniderman A. A diagnostic algo-
rithm for the atherogenic apolipoprotein B dyslipopro-
teinemias. Nat Clin Pract Endocrinol Metab 2008;4:
608 –18.

21. Myers GL, Cooper GR, Greenberg N, Kimberly MM, Wy-
mack PP, Hassemer DJ. Standardization of lipid and
lipoprotein measurements. In: Rifai N Warnick GR
Dominiczak MH editorss. Handbook of lipoprotein test-
ing. 2nd Ed. Washington (DC):AACC Press 2000;
P.717– 48.

22. Cole TG, Ferguson CA, Gibson DW, Nowatzke WL. Optimi-
zation of �-quantification methods for high-throughput
applications. Clin Chem 2001;47:712–21.

23. Friedewald WT, Levy RI, Frederickson DS. Estimation of
the concentration of low-density lipoprotein choles-
terol in plasma, without use of the preparative ultracen-
trifuge. Clin Chem 1972;18:499 –502.

320 Clinical Chemistry 65:2 (2019)

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/65/2/313/5607951 by guest on 24 M
ay 2023


