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NON-HDL AND REMNANT CHOLESTEROL

Age- and sex-specific reference values for non-HDL cholesterol and remnant
cholesterol derived from the Nordic Reference Interval Project (NORIP)

Peter Ridefelta, Emil Hagstr€oma,b, Maria K. Svenssona, Torbj€orn Åkerfeldta and Anders Larssona

aDepartment of Medical Sciences, Uppsala University, Uppsala, Sweden; bUppsala Clinical Research Centre, Uppsala, Sweden

ABSTRACT
Objectives: Non-HDL-cholesterol (non-HDL-C) has been reported to be a better marker of cardiovascu-
lar risk than LDL-cholesterol (LDL-C) especially in individuals with high triglyceride values. Further, lev-
els of remnant cholesterol have been suggested to in part explain residual risk not captured with LDL-
C. The aim of the present study was to define reference values for non-HDL-C and remnant cholesterol
based on data from the Nordic Reference Interval Project (NORIP).
Methods: We analyzed the test results for total cholesterol, HDL-cholesterol and triglycerides from
1392 healthy females and 1236 healthy males. Non-HDL-C was calculated as measured total choles-
terol minus measured HDL-cholesterol. Remnant cholesterol was calculated using the Friedewald equa-
tion for LDL-C: measured total cholesterol minus measured HDL-cholesterol and minus calculated LDL-
cholesterol. The 2.5th and 97.5th percentiles for these markers were calculated according to the
International Federation of Clinical Chemistry guidelines on the statistical treatment of refer-
ence values.
Results: Age (18–<30, 30–49 and �50 years) and sex-specific reference intervals were calculated for
non-HDL-cholesterol and remnant-cholesterol. Levels of non-HDL-C and remnant cholesterol differed
between sex and age strata.
Conclusions: Age- and sex-specific reference intervals should be used for the triglyceride rich lipid var-
iables non-HDL-C and remnant cholesterol. Since these markers may add information on risk burden
beyond LDL-C, our hope is that these reference intervals will aid the introduction of automatic report-
ing of non-HDL-C by hospital laboratories.
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Introduction

Cardiovascular diseases (CVD) are a worldwide leading
cause of death, especially in developed countries [1].
Traditionally patients with CVD are monitored with regard
to lipids with total cholesterol (TC), LDL-cholesterol (LDL-
C), HDL-cholesterol (HDL-C) and triglycerides with an
emphasis on LDL-C values [2]. LDL-C does not include the
participation of other lipoprotein fractions such as lipopro-
tein a (Lp (a)) and the triglyceride rich very low-density
lipoprotein (VLDL) cholesterol which have been suggested
to be involved in and contribute to the development of ath-
erosclerosis. Further, the prevalence of patients being obese,
having the metabolic syndrome and type 2 diabetes mellitus
are increasing. These are all conditions known to increase
the proportion of triglyceride rich lipoproteins (TRLs). Over
the last decade there has, therefore, been an increased inter-
est in and use of non-HDL-C and remnant cholesterol
(remnant-C) as both causal for atherosclerosis and risk
markers for CVD and all-cause mortality [3,4].

Recent recommendations and treatment guidelines empha-
size the role of non-HDL-C in evaluating CVD risk [5–7] for

example in patients with diabetes [8]. Non-HDL-C is the cal-
culated difference between total cholesterol and LDL-C. As
HDL-C and total cholesterol are measured in most CVD
patients, the data for calculating non-HDL-C are thus readily
available. Still very few laboratories provide non-HDL choles-
terol levels in their test reports, and sometimes provide them
with result reports lacking reference intervals, making it less
convenient for physicians to use non-HDL-C in patient care
and cardiovascular risk assessment. Health care providers are
accustomed to use LDL-C, HDL-C, and triglycerides, in part
due to the overwhelming number of prior observational stud-
ies and clinical trials using these fractions for risk calculation
and measuring treatment effects, and in part due to laboratory
tradition. So far, there has been limited demand for non-
HDL-C besides for some specialized lipid clinics. It seems
likely that we will see an increasing demand for the broader
non-HDL-C and the more triglyceride specific remnant-C in
the near future. There are no major costs associated with the
reporting non-HDL-C or remnant-C and the data for calculat-
ing these biomarkers are usually readily available. One
obstacle for the laboratories to report non-HDL-C and
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remnant-C is the lack of reference values. Thus, there is a
need to develop reference intervals for these lipid particles.
The Nordic Reference Interval Project (NORIP) was a major
project that was designed to establish common Nordic refer-
ence intervals for more than 25 of the most frequently
requested laboratory biomarkers based on a large well-charac-
terized population [9].

The aim of the present study was to use the NORIP data
to calculate non-HDL-C and remnant-C in females and
males to facilitate the reporting of these markers. In add-
ition, we wanted to evaluate potential differences in sex and
age strata.

Methods

Setting and participants

A detailed description of reference individuals, blood collec-
tion, treatment of samples, and descriptive data has previ-
ously been published [9]. The production and
characterization of the used controls for triglycerides, total
cholesterol and HDL-C to verify the results from participat-
ing laboratories have also been published [10]. Data on
methods used are also previously published [11].

Clinical and biochemical calculations

Triglycerides, total cholesterol, and HDL-C were analyzed as
parts of the initial NORIP study [11]. LDL-C in mmol/L
was calculated according to the Friedewald equation as
LDL-C¼ total cholesterolminusHDL-Cminus 0.456� total
triglyceride concentration [12]. Non-HDL-C was calculated
as total cholesterol minus LDL-C and remnant-C was calcu-
lated as non-HDL-C minus LDL-C (Figure 1). No trunca-
tion for high triglyceride values was used when calculating
non-HDL-C or remnant-C.

Statistical analysis

Calculations of reference intervals and 90% confidence
intervals were performed by bootstrap estimation with the
software RefVal 4.0 [13,14]. The determination and evalu-
ation of equality of the reference intervals were performed
according to Clinical Laboratory Standards Institute guide-
lines EP28-A3C. The Lahti et al method described in EP28-
A3C was used to test (0.9–4.1%) if there were differences
between reference intervals [15].

Results

Description of the study population

The study population consisted of 1392 females and 1236
males. The median age of the females was 46 years
(interquartile range (IQR) 30–58 years) and their median
non-HDL-C level was 3.44mmol/L (IQR 2.75–4.31). The
median age of the males was 47.5 years (30–60) and their
median non-HDL-C value was 3.77mmol/L (3.07–4.50).

The median remnant-C level for females was 0.42mmol/L
(0.32–0.57) and 0.50mmol/L (0.37–0.69) for males. There
was a strong Spearman rank correlation between age and
non-HDL for both females (R¼ 0.587; p< .0001) and males
(R¼ 0.431; p< .0001). Although also significant, the corre-
sponding Spearman rank correlation between age and rem-
nants was clearly lower for both females (R¼ 0.235;
p< .0001) and males (R¼ 0.102; p¼ .0004).

Reference intervals by sex and age strata

The upper and lower limits for the reference intervals (2.5th
and 97.5th percentiles and 90% confidence intervals) for
males and females were calculated for the age groups used
in the NORIP study for cholesterol, 18–<30, 30–49, and
�50 years are shown in Table 1. Limits that differ signifi-
cantly between sex and age strata according to Lahti et al.
are marked in the table [15].

Discussion

This study reports the reference values for non-HDL-C and
remnant-C from the Nordic Reference Interval Project. We
used the same reference interval partition as for total choles-
terol in the initial NORIP study [11]. There is a clear
increase in non-HDL-C values with age in both males and
females. There is also a sex difference for non-HDL-C with

Figure 1. Relationship among total cholesterol, HDL-cholesterol, non-HDL-chol-
esterol, LDL-cholesterol, and remnants.

Table 1. Reference intervals for non-HDL cholesterol and remnant cholesterol
calculated from the NORIP cohort.

Component Number Sex Age Low (90%CI) High (90%CI)

Non-HDL-C 2628 Both sexes All 1.86 (1.80–1.92) 5.97 (5.87–6.07)
Non-HDL-C 1236 Male All 1.94 (1.84–2.03) 6.06 (5.93–6.19)
Non-HDL-C 308 Male 18–29 1.68 (1.56–1.80) £ 5.00 (4.75–5.25) £
Non-HDL-C 364 Male 30–49 1.98 (1.73–2.22) 6.07 (5.60–6.54)
Non-HDL-C 564 Male �50 2.47 (2.34–2.60) £ 6.24 (6.04–6.43) £
Non-HDL-C 1392 Female All 1.79 (1.69–1.89) 5.86 (5.69–6.03)
Non-HDL-C 339 Female 18–29 1.56 (1.47–1.64) £ 4.71 (4.43–4.99) £
Non-HDL-C 441 Female 30–49 1.90 (1.77–2.04) 5.11 (4.88–5.34) £
Non-HDL-C 612 Female �50 2.40 (2.27–2.52) £ 6.25 (5.97–6.52) £
Remnant-C 2628 Both sexes All 0.21 (0.20–0.22) 1.32 (1.26–1.38)
Remnant-C 1236 Male All 0.22 (0.21–0.23) 1.49 (1.37–1.60)
Remnant-C 308 Male 18–29 0.21 (0.18–0.23) 1.31 (1.16–1.46) £
Remnant-C 364 Male 30–49 0.22 (0.21–0.23) 1.83 (1.56–2.11) £
Remnant-C 564 Male �50 0.23 (0.22–0.25) 1.43 (1.30–1.56)
Remnant-C 1392 Female All 0.20 (0.19–0.21) 1.10 (1.01–1.20)
Remnant-C 339 Female 18–29 0.19 (0.18–0.20) 0.99 (0.83–1.15)
Remnant-C 441 Female 30–49 0.19 (0.18–0.20) 0.94 (0.86–1.01)
Remnant-C 612 Female �50 0.23 (0.21–0.25) 1.24 (1.12–1.37)

CI: confidence interval; non-HDL-C: non-high-density lipoprotein cholesterol;
Remnant-C: remnant cholesterol. All values are in mmol/L. £ ¼ significantly
different from all males or all females.
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higher values for males. It is thus reasonable to use gender
specific and age specific reference intervals. As a compari-
son, we also included reference intervals without age separ-
ation for the whole population. The age and sex effects are
less pronounced for remnant-C, especially for the lower ref-
erence interval limits. Based on calculations according to
Lahti [15], there were no differences in reference intervals
for different age strata in females and the whole female
population. In men, the upper reference limits for remnant-
C in the age groups 19–29 and 30–49 years were different.

There is an increased interest in primarily non-HDL-C
but also in remnant-C in line with increasing data suggest-
ing that, especially for some subpopulation patients, these
variables may add information on risk and residual risk,
beyond that of traditionally reported lipoprotein fractions
[16]. Several countries already automatically report non-
HDL-C together with total cholesterol, HDL-C and trigly-
cerides and several international studies favor the use of
non-HDL-C as a complement to the traditional lipid bio-
markers. The Swedish Medical Product Agency also recom-
mends the use of non-HDL-C for patients with elevated
triglyceride values (https://lakemedelsverket.se/upload/halso-
och-sjukvard/behandlingsrekommendationer/Att_forebygga_
aterosklerotisk_hjart-karlsjukdom_med%20_lakemedel_
behandlingsrekommendation.pdf). Non-HDL-C can easily
be calculated from total cholesterol and HDL-C. Most
analyses of lipoprotein profile include these variables so
the addition of non-HDL-C could easily be achieved with-
out any additional laboratory costs. In more complex
patients, the same can be done for remnant-C. The avail-
ability of a well characterized reference interval should in
our opinion facilitate the reporting of non-HDL-C.

A recent international consensus statement recommended
that lipoprotein fractions do not require that the patient is
in a fasting state at the time of blood draw [17]. This means
that there may be a shift from fasting samples to non-fasting
samples with an increase the triglyceride values. We are also
seeing a change from Friedewald estimated LDL-C to direct
LDL-C measurements in laboratories. Direct LDL-C are
reported without any restrictions for the triglyceride values.
We have recently showed a good agreement between
Friedewald-LDL-C and direct LDL-C also at elevated trigly-
ceride values [18]. Taking this information into account, we
have not truncated high triglyceride values in this study
when calculating non-HDL-C or remnant-C.

The strengths of our investigation include a large refer-
ence population from several countries. The sampling qual-
ity was carefully monitored to ensure minimal preanalytical
errors. Limitations comprise the inability to replicate the
results in an independent cohort and the inability to gener-
alize the results to other ethnic groups. A problem with the
reference interval for remnant-C is that we used the
Friedewald equation to calculate LDL-C. Currently several
of the laboratories are changing from Friedewald-LDL-C to
direct LDL-C measurements. Even if the direct-LDL are
reported to provide similar results as Friedewald-LDL-C
there is a risk that the method used at the individual labora-
tory may differ from the methods used in NORIP. There

are also intralaboratory differences in external quality assur-
ance programs indicating method variations for LDL-C. It is
thus important that laboratories that use external reference
intervals verify that the reference interval is in agreement
with the local method.

In conclusion, we here report gender and age specific ref-
erence values for non-HDL-C and remnant-C based on data
from the Nordic Reference Interval Project (NORIP). Based
on these reference intervals, an introduction of automatic
reporting of non-HDL-C may be facilitated.
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