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Abstract:

Body fatty acids are important in health and disease. Previously, we reported a positive association between % AA (20:4 n6) and relative
amounts of EPA (20:5 n3) and of some other fatty acids. We now study positive and negative correlations in general between %AA and
percentages of other fatty acids, as observed in chicken breast muscle. Two groups of fatty acids were identified: Group 1) with relative
amounts correlating negatively with %AA, and Group 2) with relative amounts correlating positively with %AA. With the positive
correlations, but not with the negative ones, we obtained similar scatterplots using true and random numbers. This apparent discrepancy is
probably related to differences in skewness of the concentration distribution of some fatty acids. Most of Group 2 fatty acids are eicosanoid
or docosanoid precursors. The overall correlation outcome may be largely explained by the particular concentration ranges of the fatty
acids. We therefore suggest Distribution Dependent Correlations to be an evolutionary regulatory principle, possibly ensuring balance

between various eicosanoids and docosanoids.

Keywords: arachidonic acid, eicosapentaenoic acid, docosahexaenoic acid, dihomo-gammalinolenic acid, eicosanoids, docosanoids,

chickens, random numbers, muscle fat, chickens

Definitions and abbreviations:

Variability: the width or spread of a distribution, measured e.g. by the
range and standard deviation.

Range: showing the highest and lowest values.

Distribution: graph showing the frequency distribution of a scale variable
within a particular range. In this article, we also use distribution when
referring to a particular range, a — b, on the scale.

Uniform distribution: every value within the range is equally likely. In
this article, we may write “Distribution was from a to b”, or “Distributions
of A,B,and Cwerea—b, c—d, and e - f, respectively”.

“Low-number variables” have low numbers relative to “high-number
variables”.

OA = Oleic Acid (18:1 c9); LA = Linoleic Acid (18:2 n6); ALA = Alpha
Linolenic Acid (18:3 n3); AA = Arachidonic Acid (20:4 n6); EPA =
Eicosapentaenoic Acid (20:5 n3); DPA = Docosapentaenoic Acid (22:5
n3); DHA = Docosahexaenoic Acid (22:6 n3); DGLA= dihomo-
gammalinolenic acid (20:3 n6)

Introduction

In a diet trial in chickens, we previously showed that %AA was positively
associated with relative amounts of fatty acids serving as precursors of
eicosanoids and docosanoids [1-3]. These latter compounds are important
regulatory molecules in cell physiology. They are derived from poly-
unsaturated fatty acids with 20 or 22 carbon atoms, being formed in most
organs and cell types, in reactions catalyzed by cyclooxygenases,
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lipoxygenases, and epoxygenases [4]. It is well known that EPA (20:5 n3)
and AA (20:4 n6) are metabolic antagonists [5—7]. Eicosanoids derived
from EPA may decrease inflammatory diseases [8-9], improve coronary
heart diseases [10,11], and cancer [12], although a systematic Cochrane
Review of selected studies questioned the beneficial effects of long-chain
n3 fatty acids on all-cause and cardiovascular mortality [13].

When considering the beneficial health effects of foods rich in EPA, many
of the positive effects would be anticipated if the fatty acid works to
counteract effects of arachidonic acid (AA, 20:4 n6). This latter fatty acid
is formed in the body from linoleic acid (LA, 18:2 n6), a major constituent
in many plant oils, and is converted by cyclooxygenase and lipoxygenase
into various eicosanoids, i.e. prostacyclin, thromboxane, and leukotrienes
[5 - 6]. AA derived thromboxane Az (TXA2) and leukotriene Bs (LTB4)
have strong proinflammatory and prothrombotic properties [5, 6, 12].
Furthermore, endocannabinoids, which are derived from arachidonic
acid, may have a role in adiposity and inflammation [14]. It has been
reported that a decreased level of the serum EPA/AA ratio was a risk
factor for cancer death in the general Japanese population [12]. It would
appear, accordingly, that a coordinated regulation of the relative
abundances of EPA and AA, and possibly also of other precursor fatty
acids for the synthesis of eicosanoids and docosanoids, would be of
physiological interest, so that an increase (decrease) in the percentage of
one of these fatty acids would be accompanied by a concomitant increase
(decrease) in percentage of many others. Indeed, we recently reported that
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that relative amounts of altogether 7 potential eicosanoid (docosanoid)
precursor fatty acids were positively associated in breast muscle lipids of
chickens [3].

Furthermore, we previously reported [15, 16] that %AA is negatively
associated with %OA (oleic acid, 18:1 ¢9), indicating that relative
amounts of AA may relate both positively and negatively to other fatty
acid percentages. The aim of the present work was to examine - in general
- positive and negative associations between %AA and relative amounts
of other fatty acids. Additionally, we wanted to elucidate whether the
concentration ranges might be involved in the correlation outcomes.

Materials and Methods
Chickens and diet

We refer to our previous article [17] for details concerning the diet trial.
In brief, from day 1 to 29 one-day-old Ross 308 broiler chickens from
Samvirkekylling (Norway) were fed wheat-based diet containing 10 g fat
per 100 g diet. ALA (18:3 n3), a precursor of EPA, provided 15% of the
fatty acids, and LA (18:2 n6), a precursor of AA, provided 21%. The
n6/n3 ratio was 1.4. Energy content of the feed was about 19 MJ/ kg. ALA
provided 2.5% of the energy, and LA 4%. Other components in the feed
were: Histidine 0.1%, choline chloride 0.13%, mono-calcium phosphate
1.4%, ground limestone 1.3%, sodium chloride 0.25%, sodium
bicarbonate 0.2%, vitamin A, E, D, K, B 0.18%, L-lysine 0.4%, DL-
methionine 0.2%, and L-threonine 0.2%.

Determination of fatty acids

Fatty acid composition of breast muscle and feed was determined by gas
chromatography in accordance with O’Fallon et al. [18].

Calculations and statistical analysis

Correlations. The following 22 fatty acids were determined in breast
muscle lipids of the 163 chickens: 14:0; 14:1 c9; 15:0; 16:0; 16:1 c9;
17:0;18:0; 18:116,11; 18:1 ¢9; 18:2 c11; 18:2 n6; 20:0; 18:3 n6; 18:3 n3;
20:1 n9; 20:2 n6; 20:3 n6; 20:3 n3; 20:4 n6; 20:5 n3; 22:6 n3; and 22:5
n3. The sum (S) of all these fatty acids (SD), i.e. 8.85 (2.62) g/kg wet
weight (n = 163) was used in the denominator when calculating relative
amounts of the fatty acids. For example, percentage arachidonic acid was
computed as: %AA = (AA/S)*100, and % EPA = (EPA/S)*100. To
obtain percentage amounts of other fatty acids, the calculation procedure
was as shown for AA and EPA. With all fatty acids we computed
correlation coefficients (Pearson’s r and/or Spearman’s rho) to assess
associations between the fatty acid percentages. We additionally made
scatterplots to illustrate associations between relative amounts of these
fatty acids.

Calculations performed to possibly explain the correlation
outcome

Range and variability.

We computed ranges, mean values, and variabilities (coefficient of
variation, SD) of the fatty acids under investigation. For example, the
range was 0.13 - 0.24 g/kg for EPA, and 0.25 - 0.42 g/kg for AA. To
further examine concentration (g/kg) distributions of the various fatty
acids, we made histograms; only some examples are shown.
Simplification.

To understand how associations between fatty acid percentages are
brought about, we previously simplified the analyses by considering 3
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variables only, i.e. the two fatty acids under investigation, and sum (R) of
the remaining fatty acids. For example, R =S — DPA — DGLA, if DPA
(22:5 n3) and DGLA (20:3 n6) are the fatty acids under investigation.
Thus, %DPA + %DGLA + %R = 100, or %DPA = -%DGLA + (100 -
%R). With high %R-values, this equation will approach %DPA
= %DGLA, showing a positive association between relative amounts of
the variables; with a positive slope determined by the ranges of DPA and
DGLA, as explained in more detail previously [2,3, 16, 18 - 20]. A similar
reasoning is valid when considering the association between relative
amounts of all other fatty acids. We present further details under Results
and Discussion.

Are the correlation outcomes related to distributions of the fatty acids? A
random number approach.

As reported previously, with AA and EPA the concentration distribution
per se seems to be crucial for the correlation outcome between the fatty
acid percentages [1, 2]. If this conclusion is valid for the current analyses
as well, we should anticipate similar correlation results with true and
surrogate, random numbers for the fatty acids, if the random numbers
were sampled with the true concentration ranges. Furthermore, the
strength of the associations should be changed if we altered the
distributions. We accordingly generated uniformly distributed RANDOM
numbers with the physiological distributions of the couple of fatty acids
under investigation, and of R. Since the diet trial had 163 birds, for each
of the analyses below we generated 163 random numbers with the
particular fatty acid distributions shown in Table 1. To clarify, we use
upper case letters (RANDOM) or quotation marks in Figures or figure
texts when working with random numbers.

Using random numbers in a previous computer experiment, we suggested
[19] that, with 3 positive scale variables, two of which having low-number
distribution, and low variability, as compared with the third variable, we
might expect a positive association between relative amounts of the two
low-number variables, and a negative association between percentage
high-number variable and each of the low-number variable percentages.
Furthermore, a decrease (increase) in the variability of either or both of
the two low-number variables seemed to improve (make poorer) the
association between their relative amounts. In contrast, a narrowing
(broadening) of the distribution of the high-number variable seemed to
make poorer (improve) the association between the two low-number
variable percentages. In the present work, it seems that we have two low-
number variables (the pair of fatty acids under investigation) relative to a
high-number variable (R). Therefore, the previous rules should apply for
many of the current analyses. Thus, R is sum of the remaining fatty acids
when omitting the two fatty acids under correlation analysis, i.e. R =S —
A — B, if S is the total sum of fatty acids, whereas A and B are the fatty
acids under investigation. This means that %A + %B + %R =100, or %B
=-%A + (100 -%R). Conceivably, R should be different for each of the
calculations, since different pairs of fatty acids were used. It turned out
that variation in R was small, due to great similarity between the ranges
of the low-number fatty acids under investigation; R variability was
generally 5 -15 g/kg. We accordingly used the range 5 -15 for R in the
computer experiments to investigate whether we might obtain the same
correlation outcome with true values and random numbers, sampled with
the true ranges. Additionally, by experimentally changing ranges with
hypothetical values in computer experiments, we aimed at further
clarifying whether the concentration ranges do govern the association
between particular fatty acid percentages of the same sum. Since there are

Page 2 of 12



J Nutrition and Food Processing

infinite many ways to change the distributions, we limit our analyses to
narrowing or broadening of the physiological distributions. For each
analysis, we made several repeats with new sets of random numbers; the
general outcome of the repeats was always the same, but the correlation
coefficients (Spearman’s rho and/or Pearson’s r), and scatterplots, varied
slightly. We present the results as correlation coefficients, scatterplots,
and regression analyses. SPSS 25.0 was used for the analyses, and for
making figures. The significance level was set at p<0.05. The
experimental conditions are presented in more detail under “Results and
Discussion”.

Results and Discussion

Descriptive data
Minimum and maximum values, mean values (g/kg), with SE, SD, and
mean percentage amounts (in descending order) of each of the 22 fatty
acids are shown in Table 1. Oleic acid was the main fatty acid providing
25 % of all, with palmitic acid, linoleic acid and stearic acid on the next
places, respectively.

Fatty acid Min | Max | Mean | SE SD %
18:1¢c9 104 | 856 | 244 0.09 1.07 24.9
16:0 0.94 | 435 | 1.80 | 0.04 0.54 19.0
18:2 né 0.86 | 3.69 | 1.41 | 0.07 0.42 14.9
18:0 0.65 | 1.70 | 0.89 | 0.01 0.16 9.6
18:3n3 0.12 | 240 | 053 | 0.03 0.32 5.2
22:5n3 0.21 | 043 | 031 | 0.00 0.04 35
20:4 n6 0.25 | 042 | 031 | 0.00 0.03 34
18:2cl1 0.14 | 052 | 0.24 | 0.00 0.05 2.6
22:6 n3 0.11 | 032 | 0.19 | 0.00 0.04 2.3
20:5n3 013 | 0.24 | 0.18 0.00 0.02 2.0
16:1 c9 0.03 | 0.78 | 0.18 | 0.01 0.11 1.8
20:3n6 0.06 | 0.11 | 0.08 0.00 0.01 0.8
20:1n9 0.00 | 0.32 | 0.08 | 0.00 0.09 0.5
20:3n3 0.04 | 0.09 | 0.05 0.00 0.01 0.5
20:2 n6 0.04 | 0.06 | 0.05 0.00 0.01 0.4
18:1 16,11 0.01 | 0.15 | 0.04 | 0.00 0.02 0.4
14:0 0.01 | 0.17 | 0.04 0.00 0.02 0.2
17:0 0.01 | 0.07 | 0.02 | 0.00 0.01 0.2
15:0 0.00 | 0.04 | 0.01 0.00 0.01 0.1
18:3 né 0.00 | 0.02 | 0.01 | 0.00 0.00 0.1
14:1¢c9 0.00 | 0.04 | 0.01 | 0.01 0.01 0.1
20:0 0.00 | 0.02 | 0.01 0.00 0.00 0.1

Note: some of the values appear as zero due to the number of decimals.

Table 1: Minimum and maximum values, mean values (g/kg), with SE, SD,
and % of fatty acids in breast muscle lipids, in descending order of
percentages; n = 163.
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Correlation coefficients and scatterplots showing positive
and negative correlations between %AA and percentages
of other fatty acids

We next investigated correlation coefficients and made scatterplots
(Table 2, Figure 1 — 5) to show associations between %AA and relative
amounts of other fatty acids. We found 8 positive and 6 negative such
correlations; however the positive scatterplot between %AA and %18:2
c11, as well as the negative ones with %14:0, and %14:1 c9 indicated poor
separation (not shown). The remaining 7 positive associations
between %AA and relative amounts of other fatty acids are shown in
Table 2 and Figures 1 - 3, left columns. Values of correlation coefficients
are shown in Table 2. The results with Spearman’s rho and Pearson’s r
did not differ much, and all were with p <0.001, n = 163.

Fatty acid Spearman’s rho | Pearson’s r
18:1¢9 -0.928 -0.935
18:3n3 -0.902 -0.910

18:0 +0.683 +0.717
22:5n3 +0.869 +0.881
22:6n3 +0.770 +0.765
16:1¢c9 -0.791 -0.803
20:3n6 +0.741 +0.761
20:3n3 +0.627 +0.635
20:5n3 +0.750 +0.762
20:2 n6 +0.768 +0.774
18:3n6 -0.577 -0.597

Table 2: Correlation coefficients (Spearman’s rho and Pearson’s r) for
associations between %AA (20:4 n6) and relative amounts of other fatty
acids in breast muscle lipids of chickens; all correlation coefficients are with
p < 0.001, n=163.

Scatterplots of %AA vs. relative amounts of 20:5 n3; 20:2 n6; 22:5 n3;
20:3 n6; 18:0; 22:6 n3; and 20:3 n3, respectively were generally fair
( Figure 1-3, correlation coefficients are shown below the panels).

Will we manage to mimic the true scatterplots using
surrogate, random numbers for the fatty acids?

Positive correlations with %AA

We previously reported that we were able to largely reproduce some
positive correlations between fatty acid percentages when using surrogate
random numbers, sampled with the true ranges of the fatty acids [1-3].
We accordingly investigated whether we might obtain the positive
correlations also with random numbers instead of true concentrations of
the fatty acids investigated in this work. As shown in Figure 1 - 3, right
columns, for all of the positive correlations between %AA and
percentages of other fatty acids, we did indeed find that also the
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RANDOM numbers, gave positive correlations that did not differ much
from those obtained with the true values.

Negative correlations with %AA

With negative correlations between %AA and relative amounts of other
fatty acids, the outcome was quite different from the positive ones: we did
not manage to reproduce these correlations with random numbers (Figure

Copy rights@ Arne Torbjgrn Hgstmark

4 - 5, right columns). Rather, most of the negative correlations with the
true values changed to become positive with random numbers, even
though they were sampled with the true ranges of the fatty acids in
question. The only exception was a poor negative association
between %“random number %AA” and %“random number 18:1 ¢9”, in
line with the outcome that we reported earlier [16].

# 1, POSITIVE associations between %AA and percentages of other fatty acids
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Figure 1. Scatterplots showing positive associations between percentage of arachidonic acid (20:4 n6) and of other fatty acids (left columns), and between
% of random numbers representing 20:4 n6 and % of other fatty acids (right columns; see Methods). Equations of the regression lines are shown below
each of the panels. The general formula y = a (SE) *x + b (SE) is shown, where y is the ordinate, and x is the abscissa. Note that we use question marks

with RANDOM numbers (right columns).
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# 2, POSITIVE associations between %AA and percentages of other fatty acids
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Figure 2. Scatterplots showing positive associations between percentage of arachidonic acid (20:4 n6) and of other fatty acids (left columns), and between

% of random numbers representing 20:4 n6 and % of other fatty acids (right columns; see Methods). Equations of the regression lines are shown
below each of the panels. The general formula y = a (SE) *x + b (SE) is shown, where y is the ordinate, and x is the abscissa. Note that we use question

marks with RANDOM numbers (right columns).
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# 3, POSITIVE associations between %AA and percentages of other fatty acids

With true values
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Figure 3. Scatterplots showing negative associations between percentage of arachidonic acid (20:4 n6é) and of other fatty acids (left
columns), and between % of random numbers representing 20:4 n6 and % of other fatty acids (right columns; see Methods). Equations
of the regression lines are shown below each of the panels. The general formula y = a (SE) *x + b (SE) is shown, where y is the ordinate,
and x is the abscissa. Note that we use question marks with RANDOM numbers (right columns).
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# 1, NEGATIVE associations between %AA and percentages of other fatty acids

With true values
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Figure 4. Scatterplots showing negative associations between percentage of arachidonic acid (20:4 n6) and of other fatty acids (left
columns), and between % of random numbers representing 20:4 n6 and % of other fatty acids (right columns; see Methods). Equations
of the regression lines are shown below each of the panels. The general formula y = a (SE) *x + b (SE) is shown, where y is the ordinate,
and x is the abscissa. Note that we use question marks with RANDOM numbers (right columns).
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# 2, NEGATIVE associations between %AA and percentages of other fatty acids

With true values

6,00 .
°
og
5,00 TS
° o9
% '..'ﬁo:" )
4,00 ¢ ogo g @
¥ ° B he,
8 \'3'0 !' o
&
" 3,00 So ,.:'..;,:
l.o °
2.00 e .
* L]
1,00
15,00 20,00 25,00 30,00 35,00 40,00
% 18:1¢c9

r=-0.935 (p<0.001)
y =-0.22 (0.01)*x + 9.58 (0.18)

6,00 g
.
5,00 e ey C
© ee 0%, 0w o
b .-f’,r:.ﬁ-_._
< 400 R L TSR
S A S L
N o °® 20 o °
3,00 e o ¢ o, e
\O L] e L] e %4
N . S
2,00 r £ L.
1,00
04 06 08 10 A2 14
% 18:3 né

r = 0.597 (p<0.001);
y =-30.66 (3.25)*x + 6.36 (0.29)

With RANDOM numbers
7,00
6,00 :
Q 500 : oot
< e et
8 400 oo °9 '- -'.‘. .-o..:' -.' ° O
e300 o et e TN vt kel
S . B o® :l ° ‘q_. :;"l'-" _§'=‘
2,00 . B A
1,00
10,00 20,00 30,00 40,00 50,00 60,00
% "18:1 c9"
r = - 0.453 (p<0.001)
y = -0.03 (0.01)*x + 4.48 (0.21)
7.00|
6,00 — : 5
Egs,on- . . :._.'-.'."_-
g 400 ‘O . ."‘ .'i: - ® =
g\l : i £ "l-:-' ..f :
~e 300 -"‘-'1"-.'.' o
3 $ef 9Th Y w ., °
2,00/ K l'.?:: S
1,00|
.00 05 10 A5 20 25 30
% "18:3 ng"
r = 0.548 (p<0.001);
y = 13.29 (1.60)*x + 2.03 (0.17)

Figure 5. Scatterplots showing negative associations between percentage of arachidonic acid (20:4 n6) and of other fatty acids (left columns), and between
% of random numbers representing 20:4 n6 and % of other fatty acids (right columns; see Methods). Equations of the regression lines are shown below
each of the panels. The general formula y = a (SE) *x + b (SE) is shown, where y is the ordinate, and x is the abscissa. Note that we use question marks

with RANDOM numbers (right columns).

Suggested explanation of the correlation outcome

One interpretation of the present results could be that all of the positive
associations between %AA and percentages of other fatty acids are
distribution-dependent ones, and that the negative ones are distribution-

Auctores Publishing — Volume 3(1)-024 www.auctoresonline.org
ISSN: 2637-8914

independent, i.e. not caused by the concentration distributions. This
tentative conclusion might however be questioned, as discussed below.
To possibly clarify the apparent contradictory results observed
with random numbers, we first consider in more detail some differences
between the observed negative and positive correlations (Table 3).
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Fatty acid rho Range Max/Min cv
Negative correlations with %20:4 n6
18:3n3 -0.902 0.12-2.40 20.0 60.4
18:1¢9 -0.928 1.04-8.56 8.2 43.9
16:1 -0.791 0.03-0.78 26.0 61.1
18:3n6 -0.577 0.00-0.02 7.3 44.8
Positive correlations with %20:4 n6
20:3n6 +0.741 0.06-0.11 18 11.0
20:3n3 +0.627 0.04-0.09 2.3 12.2
20:2n6 +0.768 0.04-0.06 15 13.7
18:0 +0.683 0.65-1.70 2.6 18.7
22:5n3 +0.869 0.21-0.43 2.0 13.2
20:4 n6 +1.000 0.25-0.42 1.7 9.4
22:6 n3 +0.770 0.11-0.32 29 21.2
20:5n3 +0.750 0.13-0.24 1.8 11.7

Note: some values appear as zero due to the number of decimals; more decimals were included when calculating max/min values.

Table 3. Spearman’s rho, range, max/min, and coefficient of variation (CV) of negative and positive associations between %AA (20:4 n6) and relative
amounts of other fatty acids. All rho-values are with p < 0.001, n =163.

It turned out that variability was much higher for the negative than for the  largely dependent upon the concentration distributions [1, 2, 19], as well

positive correlations. as skewness [21]. In the present study we found high positive skewness
Is skewness of distributions involved to explain the of the absolute values of fatty acids with percentages correlating
correlations? negatively with %AA (Figure 6).

We previously reported that correlations between percentages were
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Figure 6. Skewness of histograms of absolute values of 18:1 ¢9, 16:1, 18:3 n3, and 18:3 n6. Skewness values of 18:1 9, 16:1, 18:3 n3, and 18:3 n6, respectively,
were: 2.268, 2.270, 2.502, and 1.78.
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Skewness of histograms of absolute values of 18:1 ¢9, 16:1, 18:3 n3, and
18:3 n6 were 2.268, 2.27, 2.50, and 1.78, respectively (Figure 6). In
contrast to this, we found minor skewness values for fatty acids with
relative amounts correlating positively with %AA; skewness values (in
parentheses) were: 20:3 n6 (0.70); 20:4 n6 (0.66); 20:5 n3 (-0.16); 22:5
n3 (0.52); 22:6 n3 (0.76); 20:3 n3 (1.06); 20:2 n6 (0.46); histograms not
shown.

How would skewness influence correlations, as found with
true values and random numbers?

Skewness could be a significant factor to consider when we use substitute,
random numbers to replace the true values of the fatty acids. The reason
is that we did not manage to generate random numbers with distributions
similar to those of the true values. Instead, we generated uniformly
distributed random numbers (“rectangular distributions”) within the true
ranges of the fatty acids. Thus, since the true histograms had a tail to the
right side (positive skewness), then we would obtain more of high
numbers than was intended, if replacing them with uniformly distributed
random numbers. Below we will present some considerations of how our
substitute, random numbers might influence correlations between
percentages.

If we utilize the previous algebraic approach [1-3,16,19 ], with 3 variables
(A, B, C), i.e. %A + %B + %C =100, or %B = -%A + (100 - %C), we see
that the expression (100 - %C) will be increasingly smaller with
increasing %C-values. This is a situation promoting a positive association
between %A and %B, as explained previously [1, 3, 19]. However, also
with decreasing %A and %B values we should obtain increased levels of
%C, since the sum of A, B, and C percentages is always 100%. Thus, a
situation with increased %C values, and/or decreased %A(B) should be
in favour of a positive %A vs. %B association, rather than a negative one.
Conversely, low values of %C, eventually as a result of high %A(B),
should favour a negative %A vs. %B correlation.

Example 1. We consider the true negative association between %
palmitoleic acid (PA, 16:1) and % AA (20:4 n6). We first compute R,
which is sum of the remaining fatty acid when omitting the two under
investigation). Thus, %PA + %AA + %R = 100, or %AA = - %PA + (100
-%R). In this case, we found that both PA and R had large positive
skewness (2.26, and 2, 22, respectively), whereas AA had minor skewness
(0.66). Thus, if we replace the highly skewed, true R and PA values with
random numbers having uniform (rectangular) distribution, then we
would have more of higher-than-intended values of both PA and R. High
R-values should favour a positive %AA vs. %PA association, whereas
high PA values should have the opposite effect. This reasoning raises the
question of which of these effects will prevail. Since R has much higher
values (range 5.1 -22.1; mean = 8.37) than PA (0.03 - 0.78; mean = 0.18),
the skewness effect upon the %AA vs. %PA correlation should be
dominated by the R-skewness. This means that we should expect a
movement towards a positive correlation between %AA and %PA when
replacing the highly skewed true R and PA values with random numbers
having uniform distribution; this was indeed the correlation outcome
shown in Figure 5, i.e. a change from negative to positive ones. A similar
reasoning may be done for other fatty acids with large skewness. The
minor skewness of AA should probably not have any major effect on the
%AA vs %PA association.
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Example 2. We previously reported [16] a weak negative association
between %OA (18:1 c9) and %AA, also with uniformly distributed
random numbers instead of the true ones for OA, AA, and R. A similar
outcome was found in the current repeat, with a new set of random
numbers (i.e. rho = -0.464, p<0.001, for the %OA vs. %AA association,
n = 163). But how should we explain that the negative correlation
outcome prevailed, albeit poorer, also with random numbers in this case?
The explanation might be found when considering magnitudes and
skewness of OA, AA, and R. Their ranges were 1.04 — 8.56; 0.25 — 0.42;
and 4.02 — 14.35, respectively. Corresponding skewness vales were 2.27,
0.66, and 2.17. Thus, OA - as well as R - were high-number variables with
high positive skewness. We next utilize the equation %AA = -%0A +
(100 —R). As explained above, we should expect a movement towards a
positive (negative) correlation between %AA and OA in response to
increasing (decreasing) the R(%R) values. When replacing the highly
positive skewed distributions of R with random numbers having
rectangular distribution, we should move the R-distribution towards
higher values, thereby favouring a positive %AA vs. %O0A association.
However, an opposite effect is anticipated when replacing the strong
positive OA distribution with uniformly distributed random numbers.
Since %0A + %AA + %R = 100, an increase in %O0A - caused by the
random number replacement - must be accompanied by a decrease in %R,
an effect that should favour a negative %AA vs. %OA association.
Accordingly, when replacing true values with the random numbers, then
the final results could well be a poorer negative %AA vs. %0A
association, since the random number %R-distribution had slightly more
of high %R-values as compared with the true distribution (upper quartiles
of %R being 76.1 and 71.6 %, respectively). However, these results do
not clarify to what extent the nice negative %AA vs. %0A scatterplot
obtained with true values might be explained by distributions per se of
OA and AA. Nevertheless, with negative correlations between fatty acid
percentages, we should probably not expect the same outcomes with true
values and uniformly distributed random numbers, due to high skewness
of absolute values.

In our previous and present analyses of distribution dependent
correlations, we have suggested 3 ways to possibly predict the direction
and strength of such associations: Our first approach [1, 2, 19] was to
utilize the equation %B = -%A + (100 - %C). Next we considered
skewness of the histograms of relative amounts of the variables [21]. We
also showed a geometric approach [19]. The present results suggest that
high positive skewness of the distribution of absolute amounts of some
fatty acids might —at least partly -explain why we generally did not
succeed in reproducing negative correlations when using uniformly
distributed random numbers.

Are distributions always a major point?

Our previous and present experiments with random numbers raise the of
whether the concentration distribution per se of fatty acids in general
governs whether their relative amounts are positively or negatively
associated, or not related at all. That range is essential for such
correlations seems to be well accounted for concerning positive
correlations between fatty acid percentages. However, with negative ones
we did not manage to reproduce the true scatterplots with random
numbers. Our lack of success in that regard could be related to the high
positive skewness of the distributions encountered with fatty acids having
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percentages that correlated negatively with %AA. However, to what
extent concentration ranges also govern the negative correlations does not
seem to be fully clarified by the present results; therefore, we cannot rule
out the possibility that other mechanisms might be involved as well.

Nevertheless, the results raise the intriguing question of whether
evolution might have “chosen” particular concentration ranges for each
of the many types of fatty acids, to ensure that percentages of some of
them must be positively associated whereas others possibly might be
negatively correlated. Our finding that relative amounts of fatty acids
serving as precursors for eicosanoids and docosanoids correlated
positively could be an evolutionary mechanism ensuring a proper balance
between molecules with opposing actions.

Do the findings have health implications?

Eicosanoids and docosanoids are molecules with strong physiological
effects [4]. It seems reasonable to suggest that the observed association
between relative amounts of their fatty acid precursors might ensure a
proper balance between physiological effects of eicosanoids and
docosanoids. For example, the thromboembolic risk should decrease by
increasing the EPA percentage and decreasing %AA in platelet
phospholipids, thereby decreasing the production of TXAz and platelet
aggregation. In keeping with this suggestion, it has been reported that
platelet signaling responses are modified by EPA and DHA [22].

From the present results it may be hypothesized that a disturbance in
Distribution Dependent Correlations so that the positive association
between some fatty acids percentages would be disturbed, and perhaps
even lost, could increase the risk of e.g. AA related conditions and
diseases, but we do not know have data to corroborate this hypothesis.
We do not have an obvious, general physiological explanation for the
negative correlations between %AA and other fatty acid percentages.
However, precursor-product relationships involving feed-back regulation
could be involved, as we previously suggested [16]. Furthermore,
increased supply of oleic acid might reduce AA percentage by pure mass
action. Additionally, inverse regulation between OA and AA could be
effected through an inhibition by AA of Delta-9 desaturase, thereby
decreasing the OA percentage; previous studies suggest that this
mechanism might take place [23].

Limitations of the study

This work was confined to studying the association between relative
amounts of selected fatty acids in chicken muscle. We do not know to
what extent the suggested phenomenon of Distribution dependent
correlations is valid for other fatty acids as well. Furthermore, the
analyses were based upon fatty acids found in breast muscle lipids of
chickens, and we do not know the generalizability of our results, as related
to different organs, tissues or compartments, and to various species,
including man. Furthermore, we do not know whether the balance
between various eicosanoids and docosanoids might be influenced by
diet, drugs and other external factors. Future work in this field should
include studies to explore whether the fatty acid distribution might also
govern the association between relative amounts of other fatty acids.
Comparable studies should be done in various species, including man, and
modifying factors should be investigated.
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Conclusions

The present analyses show that some fatty acid percentages may be
positively associated, whereas others are negatively correlated. The
positive associations — but not the negative ones - seem to be well
explained by the distribution per se of the fatty acid concentrations, i.e.
they are Distribution Dependent Correlations. Positive correlations
between fatty acid percentages could serve to balance effects of various
eicosanoids and docosanoids. We speculate whether a disturbance in
Distribution Dependent Correlations could increase the risk of AA related
conditions and diseases.
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