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Abstract
In order to obtain biomarker values that reflect body burden of persistent organohalogen
pollutants (POP), concentrations of lipophilic POP in serum or plasma are generally expressed
on a lipid weight basis, and not on a fresh weight basis. There are two different approaches to
determine the lipid content in serum and plasma. The gravimetric determination is more
expensive, and longer experience is needed as compared with the preferable enzymatic
determination. Clinical chemistry laboratories at most hospitals perform enzymatic
determinations of cholesterol and triglycerides on a routine basis, whereas analysis of
phospholipids is not part of these analyses. In the present study, therefore, we evaluated the
association between the sum of measured triglyceride, cholesterol, and phospholipid levels in
serum among 617 individuals with the sum of only triglyceride and cholesterol levels. There
was a very strong linear association between the sums of serum concentrations of triglycerides
and cholesterols and the total lipid concentrations. As much as 97.2% of the variation in total
lipid concentrations was explained by the sum of the triglyceride and cholesterol
concentrations, with the following regression: Total lipid = 0.9 + 1.3*(Cholesterol +
Triglycerides). Almost identical relationships were recorded in subgroups with men, women
and subjects of different age. Thus, total lipid concentrations in blood serum can be accurately
estimated by analyzing only cholesterol and triglycerides in the matrix.
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1. Background
Blood serum and plasma are the most frequently used matrices to quantitate biomarkers of
human exposure to highly lipophilic persistent organohalogen pollutants (POP), such as
polychlorinated dibenzo-p-dioxins (PCDD), polychlorinated dibenzofurans (PCDF),
polychlorinated biphenyls (PCB) and polybrominated diphenylethers. The main body burden of
these compounds is found in adipose tissue (Brouwer et al., 1995). The distribution of POP
among tissues is in dynamic equilibrium, which means that a change in the lipid content of one
tissue would alter its content of POP. As a consequence, postprandial increase in serum lipids
will proportionally affect serum levels of POP. This was elegantly shown by Phillips et al
(1989), who found that a 20 % increase in total serum lipids led to similar increases in serum
concentrations of several different POPs. In order to obtain biomarker values that reflects body
burden, it is therefore usual that the concentrations of lipophilic POP in serum or plasma are
generally related to its lipid content, i.e. expressed as ng/g lipid rather than µg/L (Brown and
Lawton, 1984).

Two different approaches to determine the lipid content in serum and plasma are commonly
used. One alternative utilizes extraction with solvents followed by solvent evaporation and
gravimetric determination of the residual in order to obtain the total lipid weight. The other
approach is to determine the concentrations of individual lipid classes such as cholesterol,
triglycerides and phospholipids by chemical (most frequently enzymatic) methods. These
amounts are then summarized using estimations of the average molecular weight of the lipid
classes (Cheek and Wease, 1969; Philipps et al., 1989; Akins et al., 1989; Grimvall et al.,
1997). Long experience with gravimetric determinations is needed in order to obtain an
analytical quality comparable with that for enzymatic determinations (Grimvall et al., 1997).
Furthermore, enzymatic determinations are cheaper and less laborious than gravimetric ones.
Thus, the enzymatic summation method is to be preferred.

Enzymatic determinations of cholesterol and triglycerides are made on a routine basis for
clinical purposes at clinical chemistry laboratories at most hospitals. On the other hand, analysis
of phospholipids in serum or plasma is not a part of routine clinical chemistry, and these
analyses are therefore less accessible. If a good estimate of total lipids could be obtained based
on only determinations of triglycerides and cholesterol, this would be of a great practical value
for laboratories performing chemical POP analyses. Phillips et al have presented a simplified
formula for calculation of total lipids based on measured cholesterol and triglyceride levels and
on an estimate for phospholipids based on the triglyceride concentration (1989). The
comparison study was based on 81 subjects. Unfortunately no direct comparison was made
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between the total lipid concentrations based on all three measured substances and the estimates
based on the sum of measured triglyceride and cholesterol levels and the estimated
phospholipid concentration.

We have access to large materials of enzymatic determinations of cholesterol, triglycerides and
phosholipids in human serum, which can be used to evaluate in more detail if an accurate
estimate of total lipids can be obtained based on only cholesterol and triglyceride levels. The
aim of the present study was therefore to evaluate the associations between the sum of
measured triglyceride, cholesterol, and phospholipid levels in serum with the sum of only
triglyceride and cholesterol levels, and to define a transformation coefficient from the
regression equation, to be used for estimating total lipids in serum.

2. Material and methods

2.1 Available serum samples
The samples were obtained from four different populations in Sweden and includes almost all
individuals who participated in the previous studies (table 1) (Sjödin et al., 1999; Richthoff et
al., 2003; Axmon et al., 2004; Rignell-Hydbom et al., 2004). The populations have been
described in detail in previous studies. The reason for determining the lipid concentrations in
these individuals was to estimate POP concentrations on a lipid weight basis. In total, the study
base includes 617 individuals. The women’s median age was 44 years (range 29-55). The age
distribution among the men was bimodal. Samples were obtained from a large group of men,
18-21 years of age, at a pre-conscript medical examination. The other men ranged in age
between 24 and 66 years (median 47). There was no requirement of a fasting period before
blood sampling.

2.2 Enzymatic lipid determination in serum
Concentrations of triglycerides, cholesterol and phospholipids were determined by enzymatic
methods using reagents from Boehringer-Mannheim (triglycerides and cholesterol; Mannheim,
Germany) and Waco Chemicals (phospholipids; Neuss, Germany). The total lipid concentration
was calculated by summation of the amounts of triglycerides, cholesterol and phospholipids. In
these calculations, the average molecular weights of triglycerides and phospholipids were
assumed to be 807 and 714. For cholesterol we used an average molecular weight of 571,
assuming that the proportion of free and esterified cholesterol serum was 1:2. The long-term,
inter-assay coefficient of variation of cholesterol and triglyceride determinations was 2-4 % and
that of phospholipid measurements 5-7 %.
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2.3 Statistical methods
Linear regression models were applied to estimate the association between the sum of serum
concentrations of triglycerides and cholesterols and the total lipid concentrations (i.e. the sum
of serum concentrations of triglycerides, cholesterol and phospholipids). The effect of age was
evaluated. In addition, separate analyses were performed for men and women. Model
assumptions were checked by means of residual analysis.

3. Results
There was a strong linear association between the sums of serum concentrations of triglycerides
and cholesterols and the total lipid concentrations (figure 1). In the present data, as much as
97.2% of the variation in total lipid concentration was explained by the variation of the sum of
the triglyceride and cholesterol concentrations (table 2). The slope was similar for the women
(slope [ß]=1.31, 95% confidence interval [CI] 1.27-1.35) and for the men (ß=1.28, 95% CI
1.26-1.29). In addition, the explained variance was also very similar (95.9% and 98.4%,
respectively). Although age was significantly (p<0.001) associated with the total lipid
concentrations it was of minor importance for the estimations. Including age in the regression
models did only change the slopes marginally (women age adjusted ß=1.30, 95% CI 1.25-1.34;
men age adjusted ß=1.25, 95% CI 1.22-1.27) and did not really affect the explained variances
(women 96.0%; men 98.5%).

4. Discussion
The results of the present study show that total lipid concentrations in blood serum can be
precisely estimated by analyzing only cholesterol and triglycerides in the matrix. The results
can be converted to total lipids using the regression coefficients described. The association was
linear over the whole lipid concentration range and essential identical for men and women and
for different age groups.

We have earlier shown (Grimvall et al., 1997) that enzymatic measurements of triglycerides,
cholesterol and phospholipids accurately reflect gravimetrically determined lipid concentrations
in plasma. The present study demonstrates that similar information can be obtained by
measurements of triglycerides and cholesterol only. It is evident that such a simplification also
leads to an improvement of the precision and reproducibility of the lipid estimation. The total,
long-term variation of the triglyceride + cholesterol determinations (square root of the summed
squares for the CVs for individual compounds) can be estimated at about 4-5 % (CV), whereas
the variation of triglyceride + cholesterol + phospolipid measurements can be calculated at 7 –
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8 %. This is minor compared to the biological variation of plasma lipid concentrations (if
relevant considering the dynamic equilibrium of POPs) and, at any rate, considerably lower
than the imprecision of POP measurements.

We think that it is justifiable to use the overall regression equation (total lipid = 0.9 + 1.3 *
[cholesterol + trigycerides]) for calculating total lipids, because the error introduced by not
adjusting for age or gender, is so very minor compared to the measurement error of the POP
compounds. However, for those who prefer more specific equations, sufficient information is
provided (table 2).

The major drawback with enzymatic determinations of total lipids has been the difficulty to get
access to a routine method for phospholipids. Our results show that this drawback is now
overcome since accurate estimations of total lipids can be obtained based on the routine
methods for cholesterol and triglycerides, which are available at every hospital based clinical
chemistry laboratory. It is reasonable to assume that the overall accuracy for lipid weight based
POP determinations would be enhanced if the analytical chemistry laboratories performing POP
analyses in the future will buy the relatively cheap cholesterol and triglyceride analyses from
clinical chemistry laboratories, which have continuous quality control programs running to
ensure the long-term performance of these analyses.
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Table 1. Four different Swedish study populations that have donated blood samples for
determination of POP and total lipids using enzymatic methods.
Men

Women

Age
Study populations
Fishermena
Fishermen’s sisters

b

Electronics dismantlersc
Conscriptsd
Total
a

N

median (range)

95

49 (31, 66)

-

-

Age
N

median (range)

-

-

180

44 (29, 55)

38

42 (24, 60)

-

-

304

18 (18, 21)

-

-

437

18 (18, 66)

180

44 (29, 55)

Rignell- Hydbom et al., 2004.

b

Axmon et al., 2004.

c

Sjödin et al., 1999.

d

Richthoff et al., 2003.

Table 2 The associations between the sum of serum concentrations of triglycerides (Tg, g/L)
and cholesterol (Chol, g/L) and the total lipid concentrations (i.e. the sum of serum
concentrations of triglycerides, cholesterol and phospholipids, g/L) in samples from 617
Swedish subjects, obtained from linear regression model. The effect of age was also evaluated.
In addition, explained variance (R2) is presented.

Regression models

R2

Women
Total lipid = 1.13 + 1.31 * (Chol + Tg)

0.959

Total lipid = 0.84 + 1.30 * (Chol + Tg) + 0.008 * Age

0.960

Total lipid = 0.96 + 1.28 * (Chol + Tg)

0.984

Total lipid = 0.97 + 1.25 * (Chol + Tg) + 0.004 * Age

0.985

Total lipid = 0.92 + 1.31 * (Chol + Tg)

0.972

Total lipid = 0.90 + 1.24 * (Chol + Tg) + 0.009 * Age

0.975

Men

All
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Figure The sum of serum concentrations of triglycerides and cholesterols and the total lipid
concentrations (i.e. the sum of serum concentrations of triglycerides, cholesterol and
phospholipids) in samples from 617 Swedish subjects. In addition, the regression line is shown.
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