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Abstract

Objectives: Reference intervals of total cholesterol
concentrations in plasma and of their fractions low-density
lipoprotein (LDL)-, high-density lipoprotein (HDL)-and
non-HDL concentrations are seldom studied with respect to
the relevance of age and sex. Therefore, the effect of age and
sex on the reference intervals was reinvestigated with 2
indirect procedures.

Methods: As an indirect approach, the truncated minimum
chi-square method was applied. All analyses were
performed by computer programs available. The script
published on the homepage of the German Society of Clinical
Chemistry and Laboratory Medicine (DGKL) allows to derive
a continuous age dependency of reference intervals together
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with their confidence and equivalence limits. The results of
this approach were compared with those obtained by an
indirect method developed more recently, the refineR
algorithm.

Results: In the present study, the upper reference limits of
total cholesterol varied from 5.1 to 7.8 mmol/L (197-302 mg/
dL) depending on various biological variables (as age, sex,
inpatients versus outpatients). These upper limits increased
with age. Differences between sexes can be neglected except
for the age above 80 years. The pattern of reference limits of
LDL cholesterol and non-HDL cholesterol paralleled those of
total cholesterol. The reference limits of HDL cholesterol
were higher in women than in men but were independent
of age.

Conclusions: Reference limits for the concentrations of to-
tal cholesterol and their fractions LDL-, HDL-and non-HDL
concentrations should be stratified for age and sex.

Keywords: cholesterol concentration; plasma HDL choles-
terol; plasma LDL cholesterol; plasma non-HDL cholesterol;
reference intervals.

Introduction

The concept of risk factors for the occurrence of coronary
heart disease (CHD) has been extensively described in
several international guidelines and recommendations [1, 2].
One well established risk factor is the lipid status, most often
measured as plasma concentrations of total cholesterol (TC),
low-density lipoprotein cholesterol (LDLC), high-density
lipoprotein cholesterol (HDLC) and non-HDL cholesterol
(non-HDLQ).

It is common practice and even requested by the Guide-
lines of the German Medical Association on Quality Assurance
in Medical Laboratory Examinations (RiliBAEK) [3] that test
results from medical laboratories are provided to re-
questers together with some kind of guidance to assist
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medical decisions. Guide limits may be either reference
limits (RLs), decision limits, action limits, or therapeutic
limits [4]. In the case of plasma cholesterol most laboratories
apply action limits. These limits are usually taken from
studies published several decades ago. A well-known and
still often used action limit is 5.17 mmol/L (200 mg/dl) [5, 6].
Newer recommendations reduced this limit to 5.0 mmol/l
(193 mg/dl) [7, 8]. Age and sex dependency were often neglec-
ted. However, current prevention guidelines recognized the
importance of integrating sex and age [8]. With the upcoming
popularity of indirect approaches for estimating RLs it has
become evident that more stratification strategies are
required to avoid false classifications of patients [9]. The
most relevant biological variables are age and sex.

Action limits are only designed for preventing heart
disease or cerebral stroke. For all other situations refer-
ence limits (RLs) as limits of reference intervals (RIs) may
be required. Ridefelt et al. [10] also emphasized the need for
reference intervals of lipid fractions. The present study was
undertaken to investigate the influence of sex and age on
the RLs of TC, LDLC, HDLC and non-HDLC in plasma and
serum obtained by two indirect approaches. The script of
one algorithm allows a continuous determination of RLs
with increasing age and the estimation of equivalence
limits.

Materials and methods

Cholesterol concentrations were determined on instruments from
Roche Diagnostics International Ltd (Rotkreuz, Switzerland) in
two primary care laboratories, laboratory 1 (Labor Dr. Volkmann,
Karlsruhe, Germany, Cobas c701, serum, n=700,794, collection time
2014-2021,) and laboratory 2 (Amedes, Hanover, Germany, Cobas
c701, heparin plasma, n=112,973, 2018-2021) and in 2 university
hospitals, laboratory 3 (Kiel, Germany, Cobas c702, heparin plasma,
outpatients n=98,129, inpatients n=112,973, 2015-2021) and labora-
tory 4 (Bochum, Germany, inpatients, n=38,847, 2010-2021). Labo-
ratory 1 and laboratory 2 received fewer than 5% samples from
hospitalized patients (inpatients). Laboratory 3 excluded in-patients
from special wards (e.g. intensive care units and gynaecological
units to minimize the number of pregnant women in the data
analysed). Laboratory 4 received more than 90% samples from
hospitalized patients and, thus, excluded outpatients from further
analyses. Subpopulations of the primary health care sector usually
have lower prevalences (lower percentage of diseased subjects)
than hospitalized patients. Therefore, no subjects were excluded
from primary health care data.

All laboratories applied the same enzymatic procedure [11] and
were accredited according to ISO 15189 and followed the RiliBAEK [3].
The analytical methods were applied as described by the manufac-
turers. Non-HDLC was calculated as the difference between the
concentrations of TC and HDLC [12, 13]. The laboratories used either
heparin-plasma or serum.
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Algorithms for the indirect determination of reference
limits

Reference limits were estimated indirectly from “big data” pools stored
in laboratory information systems applying the truncated minimum
chi-square approach (TMC) and the refineR method. These methods are
described more detailed in the Supplementary Appendix.

Confidence limits were calculated automatically [14]. For most
cases, these limits were relatively narrow due to the large data sets.
The confidence limits describe the statistical uncertainty of the
estimated RLs, but not the medically relevant uncertainty. Therefore, we
calculated equivalence limits (EL) as described recently [15]. These limits
are based on the permissible analytical standard deviation at the
corresponding RL (psari) calculated automatically by the software
program for each particular age interval at the mean of the age interval
chosen (EL=RL + psy gy, » 1.28) [16]. The factor 1.28 is the 90% quantile of
the standard normal distribution (one-sided confidence interval of
about 95%). Two RLs were considered clinically equivalent if their
equivalence intervals overlapped.

Data selection and sources

The laboratory results of patients were selected as described earlier [17]:
only first values were used if several results from the same patient were
obtained during a hospital stay or during the data selection time. First
values were chosen to avoid ties (correlated observations from the same
patient, which is against the assumptions of both direct and indirect
methods).

The time period for collecting the data (data acquisition time) was
either one or several years. The stability of the analytical procedure
during the data acquisition time was verified by plotting the monthly
medians with confidence limits as described previously [15, 17].

Results
Total cholesterol

The RIs of TC found in the 4 laboratories were very similar
and the two algorithms agreed within the equivalence limits
(Supplementary Table 1). The upper RLs (uRLs) were nearly
identical for men and women between 16 and 29 years. The
mean values of the uRLs slightly increased in men up to the
age of about 40 years and stayed constant up to 65 years
(Figure 1A-C). Beyond that age, the uRLs decreased (convex
pattern). In women, the uRLs were lower than in men up
to 40 years and higher than in men above 50-60 years
(postmenopausal) than in men. This sigmoid pattern in
women was observed in all laboratories. Despite these slight
differences between women and men, sex stratification
appeared not relevant because the equivalence limits
between men and women overlapped between 18 and
80 years. Beyond 80 years, the uRLs for men decreased
and were lower than those for women. In laboratory 3, the
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uRLs were similar between outpatients and inpatients. As
the RIs were similar in all laboratories, the uRLs from
laboratory 3 (hospitalized) were used as the median between
all laboratories: the uRL (16-24 years) for both sexes was
5.8 mmol/L (224 mg/dL), and the uRL (25-90 years) for
women was 7.7 mmol/L (298 mg/dL). For men the uRL (25-80)
was 7.3 mmol/L (282 mg/dL) and the uRL (80-90 years) was
6.5 mmol/L (251 mg/dL).
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The lower RLs were equivalent for men and women
between 18 and 50 years. Above 50 years, the lower RLs were
slightly higher in women than in men (Figure 1).

The age-dependent lines in Figure 1 (spline functions)
fitted to RLs which were estimated from age intervals of
10 years. Inspecting the graphs, it was decided to choose
larger age intervals if the equivalence limits overlapped
between succeeding intervals or to neglect sex stratification.
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Figure 1: Reference limits of total cholesterol (mmol/L). The lower spline lines represent lower reference limits and the upper spline lines represent
upper reference limits. Broken lines are lower and upper equivalence limits. Vertical lines at the mean values are confidence limits. (A) Reference limits of
total cholesterol for laboratory 1 (ambulant, serum), red symbols are women (n=344,764), blue symbols are men (n=317,644). (B) Reference limits of total
cholesterol for laboratory 2 (ambulant, plasma), red symbols are women (n=89,407), blue symbols are men (n=69,785). (C) Reference limits of total
cholesterol (mmol/L) for laboratory 4 (hospitalized patients), red symbols are women (n=18,731), blue symbols are men (n=19,364).
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Intervals larger than 10 years were selected as shown in
Supplementary Table 2. These intervals were slightly
different from those recommended by EAS/EFLM [8]. When
we applied the TMC approach to the age intervals recom-
mended by EAS/EFLM, our RIs were about 6% lower
(Table 1).

LDL cholesterol

The RIs of LDLC also agreed across all laboratories and
between the two algorithms applied. The pattern of age
dependency was similar to that observed for TC (Figure 2).
Although, the RIs were similar in all laboratories (Supple-
mentary Table 2) with the RIs in laboratory 1 representing
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approximately the median between all laboratories: the uRL
(16-24 years) for both sexes was 4.14 mmol/L (160 mg/dL),
and the uRL (25-80) was 5.16 mmol/L (200 mg/dL).

HDL cholesterol

The RLs of HDLC also agreed between all laboratories and
between the two algorithms. The uRLs were higher in
women than in men (Supplementary Table 3) as also
reported by Rustad et al. [18]. An age dependency was not
observed (Figure 3). The mean values may be chosen as
common RI for laboratory 1-4: 0.62-1.98 mmol/L (24-77 mg/
dL) in men and 0.80-2.61 mmol/L (31-101 mg/dL) in women.
Rustad et al. [18] reported slightly higher values: 0.83-2.13 in
men and 1.03-2.61 mmol/L in women.

Table 1: Comparison of reference intervals determined by the TMC approach and those reported by ESA/EFLM [8].

Total cholesterol, mmol/L

Laboratory 3 (hospitalized patients)

T™C EAS/EFLM
Years n? Lower RL Higher RL Lower RL Higher RL
Women 20-39 4,714 3.02 6.89 33 6.9
40-65 20,296 2.82 7.46 3.8 7.9
66-100 24,171 2.68 7.82 43 8.2
Men 20-39 4,509 2.67 6.67 33 7.2
40-65 25,932 2.35 7.26 3.9 7.9
66-100 30,302 2.26 6.79 3.8 7.6
LDL cholesterol, mmol/L
Women 20-39 5110 1.38 4.86 1.4 44
40-65 23,548 1.32 5.47 1.7 53
66-100 34,491 1.14 5.50 1.9 5.5
Men 20-39 4,894 1.22 474 1.5 5.0
40-65 31,293 0.96 5.22 1.8 5.4
66-100 40,518 0.97 491 1.8 5.0
HDL cholesterol, mmol/L
Women 18-100 47,998 0.72 2.59
20-39 3,651 0.75 2.67 0.91 2.5
40-65 19,535 0.77 2.65 0.93 2.8
66-100 24,578 0.74 2.68 0.98 3.0
Men 18-100 60,856 0.64 1.84
20-39 3,782 0.62 2.04 0.67 2.0
40-65 26,212 0.63 1.88 0.72 2.4
66-100 30,722 0.65 2.01 0.76 2.6
Laboratory 4 (hospitalised patients)
Non-HDL cholesterol, mmol/L
Women 20-39 2,054 1.82 6.14 1.7 53
40-65 5,611 1.77 6.55 2.1 6.3
66-100 8,262 1.66 6.25 2.4 6.5
Men 20-39 1,824 1.83 6.65 2.0 6.2
40-65 6,737 1.60 6.97 2.4 6.6
66-100 7,540 1.45 6.31 2.3 6.1

*Number of data.
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Figure 2: Reference limits of LDL cholesterol (mmol/L) for laboratory 1
(ambulant, serum), red symbols are women (n=170,173), blue symbols are
men (n=159,296). The lower spline line represents lower reference limits
and the upper spline line represents upper reference limits. Broken lines
are lower and upper equivalence limits. Vertical lines at the mean values
are confidence limits.

Non-HDL cholesterol

Jointly measured TC and HDLC values from the same pa-
tient were only available for the data set from laboratory 4
(Supplementary Table 4). Thus, the RLs of non-HDLC could
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Figure 3: Reference limits of HDL cholesterol (mmol/L) for laboratory 1
(ambulant, serum), red symbols are women (n=150,732), blue symbols are
men (n=140,715). The lower spline line represents lower reference limits
and the upper spline line represents upper reference limits. Broken lines
are lower and upper equivalence limits. Vertical lines at the mean values
are confidence limits.
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only be determined with the data provided by laboratory 4.
The age dependent trend of RLs were similar as those of TC
and LDLC (Figure 4). In women, the uRLs were constant
up to an age of about 50 years, and then increased contin-
uously. In men, the uRLs decreased after the age of
80 years. The same behavior was reported in the EAS/EFLM
study [8, 19].

In summary, both indirect approaches led to very
similar RLs for all cholesterol fractions. The differences
between the 2 algorithms were within the equivalence limits
(Supplementary Table 2). In the EAS/EFLM study [19]
different age intervals were used. We repeated the calcula-
tions of RIs for the various cholesterol fractions with these
age intervals and obtained similar RIs which were only
about 6% lower. This difference may be due to methodo-
logical variations. No relevant differences were observed
between the results of laboratories using plasma or serum
were observed (Supplementary Table 1). One limitation of
the present study is that the RIs were only determined by
data obtained with the same analytical system.

The influence of lipid lowering drugs on lipid
reference limits

Many drugs lowering, but also increasing the concentrations
of blood lipids are known [19]. Therefore, approaches for
estimating RIs may be questioned in the case of cholesterol
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Figure 4: Reference limits of non-HDL cholesterol (mmol/L) for labora-
tory 4, red symbols are women (n=15,815), blue symbols are men
(n=16,189). The lower spline line represents lower reference limits and the
upper spline line represents upper reference limits. Broken lines are
lower and upper equivalence limits. Vertical lines at the mean values are
confidence limits.
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fractions. In laboratory 4, the use of lipid lowering drugs
could be attributed to particular patients. About 29% of
hospitalized patients were treated. Statins were the most
often applied lipid lowering drugs. The RLs of LDLC was not
lower in treated patients than in non-treated subjects (Sup-
plementary Table 5). Therefore, it can be assumed that the
estimated RLs found in this study were not relevantly
influenced by lipid lowering medication.

Discussion

Reference limits of cholesterol concentrations were
discussed controversially in the literature due to several
biological variables. Many variability factors may influ-
ence the reference limits of cholesterol fractions [20]
among seasonal effects [21], dietary habits, position during
sample collection, geographical origin, etc. In the present
study, only age-and sex-specific RIs were estimated,
because these factors are always available in modern
laboratory information systems. Cholesterol is bound to
lipoproteins in blood, therefore, the cholesterol concen-
tration should be lower in hospitalized patients (usually
lying position) than in ambulant patients (mostly sitting
position during sample collection). This effect could not be
observed in the present study (see results from laboratory
3 in Supplementary Table 2). However, other conditions
(e.g. by lipid lowering drugs, acute phase effects, etc.) may
also explain this finding.

The present study is focused on reference limits for
individuals with unknown and probably low risk for CHD. It
does not intend to interfere with action limits proposed
by numerous recommendations and guidelines for the
treatment of patients with a significant risk for CHD.

Total cholesterol

The total cholesterol concentration in blood was questioned
[1, 2] as a risk indicator for coronary heart disease (CHD).
After the recent adjustment of the SCORE to SCORE 2 [22], TC
will be further requested from medical laboratories to
calculate non-HDLC. Age and sex dependency can be
neglected in the age range from 18 to 80 years.

The slight decrease of the upper reference limit in men
may be explained by a higher survival rate of those
individuals with lower cholesterol levels or metabolic
changes in the senescent liver. The same effect was also
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observed in the EAS/EFLM recommendation (Table 1) and a
recent Korean study [23].

LDL cholesterol

LDLC is the major form of atherogenic cholesterol [1, 2]. Most
recent recommendations favor the LDL cholesterol concen-
tration as a risk factor for CHD [1, 2, 5]. The age and sex
dependency paralleled those of total cholesterol. The mean
uRL of laboratory 3 was identical to that reported in the EAS/
EFLM study (Table 1).

HDL cholesterol

Strong evidence from epidemiological studies exists that
there is an inverse association between plasma HDLC and
the risk of subsequent CHD events. This inverse association
applies to both men and women [1]. The lower RLs for HDLC
are more relevant as clinical decision limits than upper RLs.
The lower RLs of women were about 20% lower than the
values found in the EAS/EFLM study [19] and about 30%
lower than in the NORIP study [17]. In men, the corre-
sponding lower percentage values were 13 and 23.

The age trends of the uRLs of all 3 cholesterol fractions
observed in both sexes were similar as the mean concen-
trations recently reported in a large Korean population [23].

Non-HDL cholesterol

The concentration of non-HDLC has been found to be more
efficient in reflecting the cardiovascular risk than LDLC [9,
10, 23]. Non-HDLC is considered as an estimate of total
concentrations of all Apo B containing lipoproteins [24].
The low-risk goal for non-HDLC is proposed to be
0.8 mmol/L (30 mg/dL) higher than the corresponding
LDLC goal [25]. In the present study, the average of the
uRLs was about 4.3% higher than the uRLs reported by
EAS/EFLM [8] (Table 1).

The indirect approaches for estimating RIs assume that
the data follow a power normal distribution. Theoretically,
this assumption is not fulfilled for the difference of two
power normal distributions with shape parameter lambdas
different from 1 as in the case of non-HDLC. However, the
application of the present methods led to plausible RIs with
trends similar as TC. Numerical comparison showed that in
the present data the distribution of the difference TC — HDLC
is very near to a power-normal distribution.
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Comparison of the TMC and refineR methods

Recently, the TMC and refineR methods have shown to
achieve more accurate results for simulated data than other
indirect methods [26], and now showed to achieve highly
similar results for real-world data.

Conclusions

RIs should be determined locally or regionally and should
not be used globally. We recommend the use of continuous
age-dependent graphs of RIs as shown in Figures 1-3. Then,
the graphs should be inspected to decide if greater age in-
tervals are possible or whether age-and/or sex-specific RIs
are not required. In those cases where RLs should be strat-
ified for age and/or sex, the corresponding RLs improve the
diagnostic efficiency.
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