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Abstract  
 

Body fatty acids are important in health and disease. We previously observed two groups of fatty acids in breast muscle of 

chickens: Group 1) with relative amounts correlating negatively with %AA (20:4 n6), and Group 2) with relative amounts 

correlating positively with %AA. Within each of the two groups, we here found positive correlations between fatty acid 

percentages. Accordingly, Group 1 percentages correlated negatively with those of Group 2. With random numbers in lieu 

of the true values of Group 2 fatty acids, we were able to reproduce the positive correlations found with true values, if the 

random numbers were generated with the true ranges. In contrast, with random numbers we did not succeed in reproducing 

all of the negative correlations between Group 1 and Group 2 fatty acid percentages. We then observed that absolute amounts 

(g/kg) of fatty acids in Group 1 correlated positively and strongly (r > 0.9), suggesting a coordinated regulation of these fatty 

acids. Thus, Group 1 fatty acids seemed to be a cluster of fatty acids. Random number cluster percentage showed nice 

inverse associations with random number Group 2 fatty acid percentages, like the outcome observed with the true values. 

We suggest that associations between fatty acid percentages are caused by their concentration distributions, and by cluster 

regulation.  Distribution Dependent and Cluster Regulation could be an evolutionary adaptation, where a mathematical 

rule is utilized to e.g. balance effects of eicosanoids/docosanoids, and possibly other metabolites.  

 

Keywords: arachidonic acid, eicosapentaenoic acid, docosahexaenoic acid, dihomo-gammalinolenic acid, fatty acid 
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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 C were a – 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); PAL = palmitoleic acid (16:1 c9) 

Introduction 

We previously reported that %AA (20:4 n6) was negatively associated 

with %OA (18:1 c9) in chicken breast muscle lipids [1- 2]. 

Furthermore, %AA was positively associated with relative amounts of 

fatty acids serving as precursors of eicosanoids and docosanoids [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, 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 [8-10], improve coronary heart diseases 

[11, 12], and cancer [13], although a systematic Cochrane Review of 

selected studies questioned the beneficial effects of long-chain n3 fatty 

acids on all-cause and cardiovascular mortality [14 ].  

Furthermore, we classified the fatty acids found in chicken breast muscle 

lipids into two groups: Group 1) where fatty acid percentages correlated 

negatively with %AA, and Group 2) where percentages correlated 

positively with %AA [15]. Additionally, with random numbers in lieu of 
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the true values of the fatty acids in Group 2, we were able to reproduce 

the positive correlations found with true values, provided that the random 

numbers were generated with true ranges. In contrast, we did not succeed 

well in reproducing the negative correlations between Group 1 and Group 

2 fatty acid percentages [15].  The previous results suggest that the 

particular concentration ranges of the fatty acids might explain all of the 

positive correlations between %AA and percentages of other fatty acids 

[3, 15-17]. The aim of the present work was to further clarify how 

associations between fatty acid percentages might be explained, using a 

random number approach.  

Materials and Methods  

Chickens, diet, and determination of fatty acids  

We refer to our previous article [18] 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%. Fatty acids of breast muscle and 

feed were determined by gas chromatography in accordance with 

O’Fallon et al. [19].  

Calculations and statistical analysis  

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; 18:1 

t6,11; 18:1 c9; 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. 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, but only 

some examples are included in this work.  Thus, SUM of all 22 fatty acids 

were used in the denominator when computing percentages. However, we 

also present some results with only the sum of Group 1 and Group 2 fatty 

acids as the denominator. 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 

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. The positive slope is determined by the ranges of DPA and 

DGLA, as explained in more detail previously [2, 3, 5, 6, 16, 18 -19]. 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. 

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. Thus, R = S – A – B, if S is the total sum 

of  fatty acids,  A (B) are the fatty acids under investigation, and R is sum 

of the remaining fatty acids. 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. 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 and scatterplots. 

SPSS 26.0 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”. 

Are correlations between fatty acid percentages related to total SUM of 

the fatty acids? 

Below we reason how SUM should, theoretically, relate to absolute and 

relative amounts of the fatty acids. In particular, we reason about the 

correlation outcome as obtained with surrogate, random numbers in lieu 

of the true values of the fatty acids. Conceivably, we might expect positive 

correlations between fatty acid percentages if all of them are positively 

(negatively) related to SUM. In contrast, a negative correlation should be 

anticipated if one of the percentages relates positively to SUM, whereas 

another is negatively related to SUM.    

Authors’ contributions 

This work is a spin-off study of a previously published diet trial, 

conceived and carried out by AH. ATH conceived the present study, did 

the calculations, statistical analyses, and wrote the article. Both authors 

participated sufficiently - intellectually or practically - in the work, to take 

public responsibility for the content of the article. Both authors read and 

approved the final manuscript. 

Ethics approval 

The diet trial in chickens was performed in accordance with National and 

international guidelines concerning the use of animals in research 

(Norwegian Animal and Welfare Act, European Convention for the 

protection of Vertebrate Animals used for Experimental and other 

Scientific Purposes, CETS No.: 123 1986). The Regional Norwegian 

Ethics Committee approved the trial, and the experimental research 

followed internationally recognized guidelines. There are no competing 

interests. 

Results and Discussion 

Descriptive Data  

As shown in Table 1, Group 1) fatty acids had high variability, high 

positive skewness, and were generally high-number variables relative to 

Group 2 fatty acids. Group 2) fatty acids had low variability, no or low 

skewness, and were generally low-number variables. Among the 22 fatty 

acids, oleic acid (18:1 c9) was the dominating one providing 25 % of total 
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weight, with palmitic acid (16:0; 19.0 % of all), linoleic acid (18:2 n6; 

14.9%) and stearic acid (18:0; 9.6%) on the next places 

Negative and positive correlations between %AA and 
percentages of other fatty acids 

As previously reported [3], %AA correlated negatively with Group 1 fatty 

acid percentages (Spearman’s rho in parentheses): 18:3 n3 (-0.902); 18:1 

c9 (-0.928); and 16:1 c9 (-0.577). In contrast, %AA correlated positively 

with Group 2 fatty acid percentages: 20:3 n6 (0.741); 20:3 n3 (0.627); 

20:2 n6 (0.768); 18:0 (0.683); 22:5 n3 (0.869); 226: n3 (0.770); and 20:5 

n3 (0.750), n = 163. 

Absolute amounts (g/kg) Min Max Mean SD Skewness CV (%)   

                         Total SUM 3.04 14.69 5.21 1.67 2.29 32.1 

Group 1              18:3 n3 0.12 2.40 0.53 0.32 2.50 60.4 

                     18:1 c9 1.04 8.56 2.44 1.07 2.29 43.9 

                     16:1 c9 0.03 0.78 0.18 0.11 2.27 61.1 

                     18:3 n6 0.00 0.02 0.01 0.00 1.70 44.8 

Sum of Group 1 fatty acids  1.20 11.77 3.16 1.50 2.33 47.5 

Group 2              20:3 n6 0.06 0.11 0.08 0.01 0.70 11.0 

                      20:3 n3 0.04 0.09 0.05 0.01 1.06 12.2 

                     20:2 n6 0.04 0.06 0.05 0.01 0.46 13.7 

                          18:0 0.65 1.70 0.89 0.16 1.69 18.7 

                     22:5 n3 0.21 0.43 0.31 0.04 0.52 13.2 

                     20:4 n6 0.25 0.42 0.31 0.03 0.66 9.4 

                     22:6 n3 0.11 0.32 0.19 0.04 0.76 21.2 

                     20:5 n3 0.13 0.24 0.18 0.02 -0.16 11.7 

Sum of Group 2 fatty acids  1.64 2.93 2.05 0.22 0.90 10.7 

Relative amounts (%) 

Group 1             18:3 n3 3.91 16.34 9.44 2.40 0.17 25.4 

                   18:1 c9 34.06 58.28 45.58 5.00 0.02 11.0 

                   16:1 c9 1.12 6.82 3.23 0.95 0.53 29.5 

                    18:3 n6 0.09 0.22 0.15 0.03 0.19 17.6 

Group 2             20:3 n6 0.62 2.45 1.55 0.36 0.02 23.3 

                    20:3 n3 0.40 1.86 1.00 0.26 0.42 25.7 

                    20:2 n6 0.40 1.53 0.92 0.21 0.26 23.1 

                         18:0 11.60 24.68 17.73 2.71 0.02 15.2 

                    22:5 n3 2.07 11.00 6.36 1.64 0.26 25.9 

                   20:4 n6 2.25 11.02 6.35 1.53 0.05 24.1 

                   22:6 n3 1.24 7.70 3.95 1.25 0.41 31.7 

                   20:5 n3 1.32 5.70 3.73 0.91 -0.00 24.5 

                         Total SUM 3.04 14.69 5.21 1.67 2.29 32.1 

 

Fatty acids are presented according to Group 1 and Group 2, see text. Note that some values appear as zero due to the number of decimals. Standard 

error of Skewness: 0.19. 

 
Table 1.  Absolute (g/kg) and relative (%) amounts of fatty acids in chicken breast muscle lipids (n = 163); min (max) values, means, SD, skewness, and 
coefficient of variation (CV)  

 

Will we manage to mimic the true correlations when using 
surrogate, RANDOM numbers in lieu of true values of the 
fatty acids?  

We previously [3]  presented scatterplots showing positive associations 

between  %AA and relative amounts of 20:5 n3; 20:2 n6; 22:5 n3; 20:3 

n6; 18:0; 22:6 n3; and 20:3 n3. Furthermore, we were able to largely 

reproduce all of them, when using surrogate random numbers. However, 

most of the negative correlations 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 c9”, in 

line with the outcome reported earlier [2].  Below we provide an 

explanation of this intriguing correlation outcome.  

How will Fatty Acid Percentages Relate to the SUM of Fatty 
Acids? 

In the calculations below, two denominators were used when computing 

fatty acid percentages; first we used sum (SUM) of all 22 fatty acids, and 

next, sum (S) of Group 1 and Group 2 fatty acids only. Since the sum is 

made of variables having specific ranges, the sum-value in each case will 

be determined by a particular set of values within the ranges of each of 

the fatty acids. This reasoning raises the question of how SUM will relate 

to the absolute and relative amounts (fractions, percentages) of the fatty 

acids. Conceivably, if relative amounts of two particular fatty acids have 

similar (opposite) relationship to SUM, then we should expect positive 

(negative) associations between these percentages.  
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Using SUM of all 22 fatty acids as the denominator: how will True SUM 

relate to true absolute and relative amounts of the fatty acids? 

When carefully studying ranges of the two groups of fatty acids (Table 

1), we see that the fatty acids with relative amounts correlating negatively 

with %AA (Group 1 fatty acids) have high variabilities and generally high 

numbers relative to Group 2 fatty acids.  Thus, in Group 1 the mean SUM 

(SD) values (g/kg) was 3.16 (1.50), against 2.05 (0.22) in Group 2. Mean 

variability, expressed as the coefficient of variation (CV)  in Group 1 was 

4.4 times higher than in Group 2; i.e. CV = (1.50/3.16)*100 = 47.5% in 

Group 1, against (0.22/2.05)*100 = 10.7% in Group 2. We would, 

accordingly, expect that Group 1 fatty acids - in general - contribute more 

to SUM than those of Group 2, implying that relative amount of each of 

the fatty acids in the two groups should be differently related to SUM. To 

test this hypothesis, we made scatterplots of SUM vs. absolute and 

relative amounts of the fatty acids. In line with the above reasoning, we 

found a striking group difference. In Group 1, we observed positive 

associations between SUM and absolute amounts of the fatty acids 

(Figure 1, left column), and also between SUM and their relative amounts 

(Figure 1, right column).  

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Scatterplots showing associations between true SUM of 22 fatty acids and absolute amounts (left panels), as well as of SUM vs. relative amounts 
(right panels), of Group 1 fatty acids, i.e. 18:3 n3;  18:1 c9;  16:1 c9; and 18:3 n6. All associations (Spearman’s rho) were highly significant, p<0.001, n = 163. 
Rho-values for associations between SUM and absolute values were: 0.976 (18:3 n3); 0.986 (18:1 c9); 0.893 (16:1 c9); 0.916 (18:3 n6). Corresponding rho-
value for associations with relative amounts were: 0.927; 0.906; 0.719; 0.623, all with p < 0.001, n = 163.  
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In contrast to this, with Group 2 fatty acids, we observed that their relative amounts were negatively related to SUM (Figure 2). Correlation coefficients 

(Spearman’s rho) between SUM and relative amounts of Group 2 fatty acids were: -0.878 (20:3 n6); -0.770 (20:3 n3); -0.854 (20:2 n6); -0.745 (18:0); 

-0.828 (22:5 n3);-0.909 (20:4 n6); -0.723 (22:6 n3); and -0.862 (20:5 n3), all with p < 0.001, n = 163.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Associations between SUM of all 22 fatty acids and Group 2 fatty acid percentages. Correlation coefficients (Spearman’s rho) were: -0.878 (20:3 
n6); -0.770 (20:3 n3); -0.854 (20:2 n6); -0.745 (18:0); -0.828 (22:5 n3);-0.909 (20:4 n6); -0.723 (22:6 n3); and -0.862 (20:5 n3), all with p < 0.001, n = 163. 

 

Additionally, unlike the strong positive correlations found between SUM 

and absolute amounts of Group 1 fatty acids, with Group 2 fatty acids we 

observed much poorer rho-values, being:  0.391 (20:3 n6); 0.322 (20:3 

n3); 0.481 (20:2 n6); 0.244 (22:5 n3); 0.325 (20:4 n6); 0.045 (22:6 n3); 

and 0.251 (20:5 n3), all with p < 0.01, except 22:6 n3 (p = 0.571), n = 

163. In other words, each of the fatty acids in Group 1 seemed to 

contribute consistently and positively to SUM throughout their 

concentration ranges, whereas concentrations of Group 2 fatty acids had 

poor associations with SUM. The positive (negative) associations 

between SUM and Group 1 (Group 2) percentages probably relate to the 

fact that Group 2 fatty acids are in general low-number/low range 

variables as compared with Group 1 fatty acids. The finding that SUM 

related positively to %OA (18:1 c9), but negatively to %AA (Figure 1-2) 

might explain the negative %OA vs. %AA association, previously 

reported [2]. Since  relative amounts of all Group 1 (Group 2) fatty acids 

turned out to be positively (negatively) related to SUM, we should expect 

that all within-group percentages were positively correlated. Furthermore, 

we should expect that each of the Group 1 percentages were negatively 

related to each of the Group 2 percentages. The correlation analyses 

shown in Tables 2-4 are in accordance with this reasoning. 

 Fatty acid %18:3 n3 %18:1 c9 %16:1 c9 %18:3 n6 

%20: 3 n6 -0.853  -0.768 -0.750 -0.411 

%20:3 n3 -0.722 -0.719 -0.579 -0.492 

%20:2 n6 -0.812 -0.808 -0.681 -0.487 

%18:0 -0.694 -0.756 -0.554 -0.690 

%22:5 n3 -0.856 -0.885 -0.721 -0.728 

%20:4 n6 -0.910 -0.935 -0.803 -0.597 

%22:6 n3 -0.751 -0.817 -0.699 -0.726 

%20:5 n3 -0.817 -0.801 -0.569 -0.532 

 

Pearson correlation coefficients are shown, all with p<0.001, n = 163. Group 1 fatty acids are shown in the top row, and Group 2 fatty acids appear in 

the left column. 
Table 2.  Correlations between Group 1 and Group 2 fatty acid percentages 
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       Fatty acid %18:3 n3 %18:1 c9 %16:1 c9 %18:3 n6 

%18:3n3  1    

%18:1c9  0.927 1   

%16:1c9  0.748 0.841 1  

%18:3n6  0.647 0.666 0.597 1 

Pearson correlation coefficients are shown, all with p<0.001, n = 163. 

Table 3. Correlations between fatty acid percentages in Group 1 (see text). 

 

Fatty acid  %20:3 n6    %20:3 n3      %20:2 n6        %18:0         %22:5 n3     %20:4 n6    %22:6 n3    %20:5 n3 

%20:3 n6 1        

%20:3 n3 0.823 1       

%20:2 n6 0.884 0.931 1      

%18:0 0.580 0.576 0.572 1     

%22:5 n3 0.659 0.642 0.714 0.761   1    

%20:4 n6 0.761 0.635 0.774 0.717 0.881  1   

%22:6 n3 0.550 0.542 0.609 0.676 0.842 0.765 1  

%20:5 n3 0.807 0.652 0.684 0.749 0.726 0.762 0.550 1 

Pearson correlation coefficients are shown, all with p<0.001, n = 163. 

Table 4. Correlations between relative amounts of fatty acids in Group 2 (see text). 

 
Using RANDOM numbers to further explain the correlation 
outcomes 

 

Thus, in the current diet trial in chickens, we observed a striking 

difference between fatty acids with percentages correlating positively 

with %AA and those with relative amounts correlating negatively with 

%AA: the former ones had low variability, and generally low numbers, as 

compared with those correlating negatively. We previously suggested that 

the concentration range was the crucial point when explaining the 

observed positive correlations between fatty acid percentages [2-3, 15- 

17]. If this hypothesis were correct, then we should be able to reproduce 

the results with random numbers generated with true ranges. Below we 

try to further explain such correlations, using random numbers, and the 

above “relation to SUM” approach. 

Applying the above “relation to SUM approach” - as well as 
RANDOM numbers - to further explain correlations 
between fatty acid percentages 
Our previous algebraic approach [2, 3, 20], involving the general 

equation %A + %B + %R = 100, seems to explain all of the positive 

correlations between %AA and relative amounts of other fatty acids. 

However, with our random number approach [3] we did not succeed in 

reproducing negative correlations, observed between true %AA and true 

relative amounts of Group 1 fatty acids. We accordingly investigated 

whether the above relationships to SUM might be a useful, alternative 

approach to solving this intriguing correlation outcome. First, we replaced 

all true values of the 22 fatty acids with uniformly distributed random 

numbers, generated with their true ranges. The resulting random number 

sum (rSUM) of these “RANDOM number fatty acids” was used as the 

denominator when computing fatty acid percentages. Mean (SD) value of 

rSUM was 14.5 (2.6), and the range was 7.9 - 20.2.   

 

SUM vs. Group 2 fatty acid percentages 

 

 In line with the above reasoning, we found negative correlations between 

SUM and relative amounts of each of the Group 2 fatty acids, irrespective 

of using true values or random numbers (Table 5). Thus, with Group 2 

fatty acids, the correlation outcome seemed to be well reproduced when 

using random numbers in lieu of the true values, but the correlation 

coefficients obtained with random numbers were generally slightly poorer 

than corresponding ones with true values.

True %20:3 n6 %20:3 n3 %20:2 n6 %18:0 %22:5 n3 %20:4 n6 %22:6 n3 %20:5 n3 

SUM -0.834 -0.739 -0.808 -0.714 -0.784 -0.857 -0.666 -0.812 

Random r20:3 n6 r20:3 n3 r20:2 n6   r18:0 r22:5 n3 r20:4 n6 r22:6 n3 r20:5 n3 

rSUM -0.688 -0.635 -0.855 -0.569 -0.617 -0.777 -0.537 -0.757 

Percentages of the surrogate “RANDOM number fatty acids” are denoted as r20:3 n6, r20:3 n3 etc.; p<0.001 for all; n = 163 

Table 5. Correlations (Pearson’s r) between true SUM (sum of RANDOM numbers, rSUM) and relative amounts of Group 2 fatty acids (or “RANDOM 
number Group 2 fatty acids”), see text. 

 

In accordance with this “relation to SUM  outcome”, in Group 2 we solely 

obtained positive correlations between the fatty acid percentages, also 

when using random numbers, and all correlations were with p <0.001 

(results not shown). 

 

SUM vs. Group 1 fatty acid percentages  

True SUM correlated well and positively with all true Group 1 fatty acid 

percentages (Table 6). However, with RANDOM numbers representing 

Group 1 fatty acids we did not find any consistent association between 

their “RANDOM number percentages” and rSUM: one of the correlations 

was positive, one was negative, and two were non-significant (Table 6). 
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 % 16:1 c9  % 18:1 c9 % 18:3 n6 % 18:3 n3 

True SUM   0.707   0.852   0.574   0.880 

p-value <0.001 <0.001 <0.001 <0.001 

RANDOM % r16:1 c9 % r18:1 c9 % r18:3 n6 % r18:3 n3 

rSUM  -0.123   0.613 -0.368 - 0.024 

p-value   0.119   0.001   0.001   0.757 

The surrogate RANDOM numbers representing the SUM and fatty acids, respectively, are denoted rSUM; r18:3 n3; r18:1 c9; r16:1 c9; and r18:3, n = 

163. 
Table 6. Correlations (Pearson’s r) between true SUM (rSUM) and true (RANDOM) relative amounts Group 1 fatty acids. 

 

Thus, with Group 2 fatty acids we obtained negative correlations between 

SUM and the fatty acid percentages, irrespective of using true values or 

random numbers, thereby explaining the positive within-group 

associations between fatty acid percentages. However, in Group 1 the 

correlation outcome was inconsistent when using random numbers to 

study SUM vs. fatty acid percentages, a finding in line with the 

inconsistent within-group correlations between percentages (Table 7). 

 Fatty acid % r18:3 n3 % r18:1 c9 % r16:1 c9 % r18:3 n6 

%r18:3n3     1    

%r18:1c9    -0.348   

(<0.001) 

   1   

%r16:1c9    -0.029 

  (0.712) 

  -0.225 

  (0.004) 

 1  

%r18:3n6    -0.062 

  (0.428) 

  -0.336 

(<0.001) 

-0.072 

(0.361) 

 1 

Pearson correlation coefficients are shown; p-values in parentheses, n = 163. “RANDOM number fatty acids” (see text) are denoted as r18:3 n3, r18:1 

c9, r16:1 c9, and r18:3 n6. 

Table 7. Correlations between “RANDOM number fatty acid percentages” in Group 1 (see text). 

 

Some of the negative associations between Group 1 and 
Group 2 fatty acid percentages may turn to become 
positive when using random numbers in lieu of true values 

Above we showed negative associations between true relative amounts of 

Group 1 and Group 2 fatty acid percentages (Table 2). In keeping with 

this observation, we did find negative correlations between % r18:1 c9 

(Group 1 fatty acid) and all “random number Group 2 fatty acid 

percentages” (Table 8, p < 0.001 for all). Thus, the general correlation 

outcome with % r18:1 c9 is in accordance with the above reasoning, but 

correlations were poor. With relative amounts of random numbers 

representing the remaining 3 fatty acids in Group 1 (i.e. 18:3 n3, 16:1 c9, 

and 18:3 n6), we did not manage to consistently reproduce  the negative 

correlations with “random number Group 2 fatty acid percentages” (Table  

8). These “random number Group 1 results” therefore seem to be in 

contrast to the consistent negative correlations observed with the true 

values (Table 2). Rather, instead of the expected negative associations, 

we found many weak positive correlations between Group 1 and Group 2 

fatty acid percentages, when using random numbers (Table 8).

 %r16:1 c9      %r18:1 c9     %r18:3 n6        %r18:3 n3 

%r20:3 n6    0.307  -0.474  0.256  0.192 

(0.000) (0.000) (0.001) (0.014) 

%r20:3 n3  0.091 -0.326  0.182  0.086 

(0.251) (0.000) (0.020) (0.276) 

%r20:2 n6  0.222 -0.503  0.346  0.118 

(0.004) (0.000) (0.000) (0.134) 

%r18:0  0.064  -0.443  0.211  0.008 

(0.418) (0.000) (0.007) (0.915) 

%r22:5 n3  0.134  -0.367  0.359  -0.018 

(0.087) (0.000) (0.000) (0.822) 

%r20:4 n6  0.136 -0.495  0.308  0.137 

(0.084) (0.000) (0.000) (0.082) 

%r22:6 n3  0.104  0.402  0.354  0.016 

(0.186) (0.000) (0.000) (0.843) 

%r20:5 n3  0.243 -0.612  0.340  0.180 

(0.002) (0.000) (0.000) (0.022) 

Pearson correlation coefficients are presented; we show p-values in parentheses below the r-values, n = 163. 

“RANDOM number fatty acids” (see text) are denoted as r18:3 n3, r18:1 c9, r16:1 c9, r18:3 n6 etc. 

Table 8. Correlations between Group 1 and Group 2 fatty acid percentages, when using RANDOM numbers in lieu of the true values. 
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Approaching an Explanation 

When further reasoning about the above, apparently unexpected positive 

association between relative amounts of random numbers of some Group 

1 and Group 2 fatty acid percentages, e.g. of %20:4 n6 vs. %18:3n6 (and 

some other pairs), it seems that the outcome is –in fact - as should be 

anticipated, since these fatty acids are low-number ones (e.g. 18:3 n6 with 

range 0.0032 - 0.0235, and 20:4 n6 with range 0.25 – 0.42) relative to sum 

of the remaining fatty acids.  As suggested by the results shown in Figure 

2, these percentages should both be negatively related to rSum, and this 

couple of fatty acid percentages should accordingly be positively 

associated, as was verified by a correlation analysis of the random 

numbers (r = 0.308, p < 0.001). This outcome may be explained by the 

fact that Sum of random numbers representing the 22 fatty acids (rSum) 

did correlate negatively with % r18:3 n6 (r = -0.404, p < 0.001), and also 

with r %20:4 n6 (r = -0.777, p< 0.001), n = 163.  But how should we 

explain that relative amounts of the true values of all Group 1 fatty acids 

correlate negatively with Group 2 fatty acid percentages (Table 2)? 

Indeed, we solely observed strong negative correlations between Group 1 

and Group 2 fatty acid percentages, when using their true values. 

Associations between SUM and absolute amounts of Group 
1 fatty acids. Is there a CLUSTER regulation of Group 1 

fatty acids? 

It then occurred to us that Group 1 fatty acids might be regulated in a 

coordinated way, i.e. that all of them might increase/decrease 

simultaneously.  If this hypothesis were true, then we should expect a 

positive association between absolute amounts of all Group 1 fatty acids, 

provided that these fatty acids appear as members of a family cluster. A 

correlation analysis (Table 9) showed that absolute amounts of Group 1 

fatty acids were indeed positively and strongly associated.  

 

Pearson’s r - values 

                       Fatty acid 18:3 n3 18:1 c9 16:1 c9     18:3 n6 

 18:3 n3  1    

18:1 c9  0.988 1   

16:1 c9  0.932 0.953 1  

18:3 n6  0.943 0.949 0.913   1 

 Spearman’s rho – values                                                                                                                                                           

                       Fatty acid 18:3 n3 18:1 c9 16:1 c9 18:3 n6 

 18:3 n3  1    

18:1 c9  0.984 1   

 16:1 c9  0.904 0.926 1  

18:3 n6  0.914 0.923 0.865   1 

  

All correlation coefficients are with p < 0.001, n = 163. 

Table 9. Correlations between absolute amounts (g/kg) of Group 1 fatty acids 

Since all Group 1 fatty acids might be considered as a cluster, each of 

them – as well as the whole cluster - should correlate positively and 

similarly with SUM.  Indeed, as suggested by the correlation coefficients 

and scatterplots (Figure 1), we did observe that absolute amounts of all 

Group 1 fatty acids correlated nicely with SUM, especially SUM vs. 18:3 

n3 and SUM vs. 18:1 c9 (Figure 1, left panels). Interestingly, also the 

low-number Group 1 fatty acid GLA (18:3 n6) correlated well with 

SUM. Thus, in the bivariate graph we observed that even this minor-

amount fatty acid seemed to increase SUM considerably. In fact, with all 

of the four Group 1 fatty acids, we observed that their apparent impact to 

increase SUM was much larger than their real contributions. 

Discrepancies between the apparent and real contributions to the SUM 

may be quantified by the slopes of the regression lines; i.e. by Δ (SUM)/Δ 

(fatty acid). The slope values (SD) for 18:1 c9; 18:3 n3; 16:1 c9; and 18:3 

n6 varied greatly, being 2.42 (0.02); 8.06 (0.10); 22.00 (0.66); and 702.98 

(18.30), respectively. For example, the real contribution by 18:3 n6 to 

increase SUM was negligible, in spite of a steep positive association with  

SUM. Therefore, the apparent effect of 18:3 n6 upon SUM seems to be 

mainly attributed to covariation with other fatty acids, as should be 

expected by the suggested family cluster effect.  

How does SUM of all 22 fatty acids (and % Cluster) relate 
to Group 2 fatty acid percentages?  

With the above suggestion of a cluster family of Group 1 fatty acids at 

hand, we next investigated: 1) how does true SUM relate to true Group 2 

fatty acid percentages (Table 10, upper part), and 2) how  does 

true %Cluster relate to these percentages. We also  investigated 3) how 

the sum of RANDOM numbers of all fatty acids (rSUM) relates to random 

number Group 2 fatty acid percentages,  and 4) how RANDOM  

number % Cluster (% rCluster)  relates to these latter, surrogate numbers 

(Table 10, lower part). In keeping with the reasoning above, we should 

anticipate negative associations. As shown in Table 10 (upper part), the 

true SUM (and true %Cluster) correlated negatively with relative amounts 

of true values of all Group 2 fatty acids.  
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     TRUE %20:3 n6     %20:3 n3    % 20:2 n6      %18:0        %22:5 n3     %20:4 n6     %22:6 n3    %20:5 n3 

   SUM -0.834 -0.739 -0.809 -0.714 -0.784 -0.857 -0.666 -0.812 

 %Cluster -0.794 -0.727 -0.821 -0.741 -0.887 -0.943 -0.812 -0.805 

RANDOM %r20:3 n6 %r20:3 n3 %r20:2 n2 %r18:0 %r22:5 n3 %r20:4 n6 %r22:6 n3 %r20:5 n3 

  rSUM -0.721 -0.630 -0.822 -0.590 -0.669 -0.727 -0.493 -0.677 

% rCluster -0.461 -0.416 -0.474 -0.428 -0.525 -0.480 -0.360 -0.429 

Note: substitute, RANDOM numbers, used in lieu of true fatty acid values are denoted r20:3 n3, r20:2 n6 etc. Pearson’s r values are shown; all r- values 

are with p < 0.001, n = 163. 

Table 10. Associations between true SUM (g/kg) of the 22 fatty acids and true relative amounts of each of the Group 2 fatty acids (upper part), and 
between true % Cluster and true relative amounts of Group 2 fatty acids. In the lower part, we show the correlation outcome when correlating sum of 
RANDOM numbers representing all fatty acids (rSUM) with “RANDOM number Group 2 fatty acid percentages”. In the bottom line: % rCluster vs. 
“RANDOM number Group 2 fatty acid percentages”, see text. 

 

Negative correlations were also obtained when using RANDOM numbers 

(Table 10, lower part); however, with % rCluster vs. random number 

values for Group 2 fatty acid percentages, we found poorer correlation 

coefficients than with true values. Nevertheless, the qualitatively similar 

relationships to SUM may explain the positive within Group 2 

correlations between fatty acid percentages, as well as the negative 

correlations between Cluster fatty acid percentage and Group 2 fatty acid 

percentages. 

 

Using only the SUM of Group 1 and Group 2 fatty acids in 
the denominator  

 

Comparing SUM vs. fatty acid percentages, using true values and 

RANDOM numbers 

 

With all of the 22 fatty acids in the denominator we probably include a 

lot of noise, since many of the fatty acids might not be involved in the 

current context. Furthermore, we might wrongly have omitted one or 

more fatty acids from the suggested “Cluster family”. To possibly purify 

the next analyses, we included only fatty acids shown in Table 1 in the 

denominator when computing percentages. With the above new 

information at hand, suggesting cluster regulation of the association 

between Group 1 and Group 2 fatty acid percentages, we carried out some 

additional analyses to possibly further clarifying the previously observed 

negative correlations between fatty acid percentages.  

 

Thus, if all Group 1 fatty acids do represent a family cluster, it would  

probably be inappropriate to use random numbers just for one of them 

each time to clarify whether the concentration distribution governs 

associations between Group 1 and Group 2 fatty acid percentages. Rather, 

the random numbers should reflect the complete family cluster.  We 

accordingly made sum of Cluster random numbers in two ways; R1: 

uniformly distributed random numbers were sampled within the total 

range of the sum of all Group 1 fatty acids; and R2: we used the sum of 

random numbers made for each of the four Group 1 fatty acids. These 

Cluster sum values (R1 and R2) were added to the sum of random 

numbers made for each of the Group 2 fatty acids, thereby obtaining the 

total random number sum of Group 1 plus Group 2 random numbers 

(rSUM). The rSUM was used in the denominator when computing 

relative amounts of Cluster (% rCluster), and of each of the random 

numbers representing the Group 2 fatty acids. We then related relative 

amounts of (true or RANDOM number) Cluster to each of Group 2 fatty 

acid percentages. The correlation outcome was the same with R1 and R2 

(not shown). To make the presentation in Table 11 more readable, we only 

present results obtained with the R2 approach. 

 

SUM and %Cluster vs. Group 2 fatty acid percentages, using true values 

or random numbers  

As expected from the above reasoning, true values of SUM and %Cluster 

correlated negatively with all Group 2 fatty acid percentages (Table 11, 

upper part). However, we obtained negative correlations also with random 

numbers (Table 11, lower part). Furthermore, there was a remarkable 

similarity between corresponding correlation coefficients obtained with 

true values and random numbers. 

 

 %20:3 n6 %20:3 n3 %20:2 n6 %18:0 %22:5 n3 %20:4 n6 %22:6 n3 %20:5 n3 

    True (S) -0.834 -0.750 -0.808 -0.765 -0.791 -0.853 -0.683 -0.819 

% Cluster -0.803 -0.756 -0.812 -0.927 -0.943 -0.934 -0.861 -0.859 

 %r20:3 n6 %r20:3n3 %r20:2 n6  % r18:0 %r22:5 n3 %r20:4 n6 %r22:6 n3 %r20:5 n3 

 Random (rS) -0.725 -0.719 -0.846 -0.916 -0.803 -0.844 -0.665 -0.749 

% rCluster -0.741 -0.716 -0.838 -0.939 -0.767 -0.832 -0.765 -0.814 

 

Note: substitute, RANDOM numbers, used in lieu of true fatty acid values are denoted r20:3 n3, r20:2 n6 etc.  Pearson’s r values are shown; all r-

values are with p < 0.001, n = 163. 

 
Table 11. Associations between true sum (g/kg) of Group 1 and Group 2 fatty acids  (S) and true relative amounts of each of the Group 2 fatty acids, and 
between true %Cluster and true relative amounts of Group 2 fatty acids (upper part of the table). In the lower part, we show the outcome with rS (i.e. sum 
of RANDOM numbers in lieu of the same fatty acids) vs. relative amounts of “RANDOM number Group 2 fatty acids”; and % rCluster vs. relative amounts 
of “random number Group 2 fatty acid percentages”, see text. 
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The positive associations found between individual Group 2 fatty acid 

percentages (not shown) are as expected from the correlation outcome 

shown in Table 11; correlations were qualitatively like corresponding 

ones found when using sum of all of the 22 fatty acids as denominator 

when computing percentages. 

 

Furthermore, also with the current denominator we found inconsistent 

results for rS vs. individual “RANDOM number Group 1 fatty acid 

percentages”, and accordingly also between Group 1 and Group 2 fatty 

acid percentages, when using random numbers (results not shown). The 

finding that we -  in the present and previous [3] studies -  did not manage 

to consistently  reproduce - with random numbers - negative correlations 

between Group 1 and Group 2 fatty acid percentages is, however, as 

expected if Group 1 fatty acids do represent a cluster. We might, 

accordingly, assume that when correlating each of the true Group 1 and 

Group 2 fatty acid percentages, then we probably study the relationship 

between relative amounts of a Group 1 fatty acid family cluster and 

individual Group 2 fatty acid percentages.  

 

Thus, the negative correlations between Group 1 and Group 2 fatty acid 

percentages are indeed distribution dependent ones, since the correlations 

can be reproduced with random numbers, sampled with the true 

distributions of the fatty acids. In other words, when relating the true SUM 

to e.g. true 18:3 n6, then we actually relate SUM to a cluster of Group 1 

fatty acids. We may accordingly write the equation: A + B + C + D + E + 

F + G + H + Cluster = SUM, where A to H represent the 8 Group 2 fatty 

acids, and Cluster is the sum of Group 1 fatty acids.  

 

The fraction of e.g. A is: A/(A+B+C+D+ E + F + G + H + Cluster). This 

expression may be approximated to:  A/(z +Cluster), where z is a small 

number compared to Cluster. Thus, the A fraction should decrease as 

Cluster increases (i.e. when Cluster goes from lowest to highest value). In 

contrast, the Cluster fraction, i.e. Cluster/ (z + Cluster), or 1/ (1 + 

z/Cluster) should increase with increasing Cluster values. Thus, %A (and 

also %B to % H) should decrease, whereas %Cluster increases with 

increasing Cluster values. Hence, we should expect inverse associations 

between %Cluster and each of the A to G percentages. Indeed, if we 

correlate %Cluster with relative amounts of individual Group 2 fatty 

acids, then we do obtain negative correlations, irrespective of using true 

or random numbers, as shown in Table 11. As expected, we did not find 

any significant correlations between absolute values of the random 

numbers generated to represent each of the Group 1 (Group 2) fatty acids 

(not shown).  

Summary Comments  

Our present and previous analyses [2, 3, 15 - 17] seem to suggest that the 

particular distributions (including place on the 

scale/ranges/variabilities/shape of histograms) of variables like fatty acids 

will determine whether their relative amounts are positively or negatively 

associated, or not correlated at all. Thereby, such associations are truly 

Distribution Dependent Correlations.  In our analyses we have suggested 

3 ways to understand and predict direction and strength of such 

correlations: 1) an algebraic approach [2, 3, 15, 16, 20, 21], using the 

equation %B = -%A + (100 - %C) where A, B, and C represent variables 

(e.g. fatty acids) under investigation; 2) skewness of distributions [22], 

and 3) assessing the association between percentages and SUM of fatty 

acids (the present work). This latter approach was initiated to possibly 

explain negative correlations between % AA and percentages of other 

fatty acids, since these correlations were not easily explained by the 

previous approaches.  

Suggested applicability of the 3 approaches, made to 
explain correlations between fatty acid percentages 

1. The algebraic approach [2, 3, 20] seems to work well with 3 variables, 

two of which being low-number/low-range variables (A, B) relative to the 

third variable (C). In this case the equation %B = -%A + (100-%C)  seems 

to explain  the positive association between %A and %B, and the inverse 

%A(%B) vs %C association. Furthermore, this equation also seems 

suitable to explain the negative correlation between relative amounts of 

two high-number/high-range variables (A, B) relative to C.   

2. Approach 1) does however not seem to work when trying to explain the 

association between relative amounts of A, B, and C, if the range of the 

high-number/wide-range variable (C) is narrowed towards the upper limit 

[22]. In this particular case, skewness seemed a relevant factor to 

consider. High skewness of the distribution of percentages is encountered 

if A, B, and C differ greatly in where on the scale they are found, and 

when their ranges/variabilities differ appreciably [22]. However, with the 

current fatty acids in breast muscle lipids of chickens, we observed 

skewness of the distribution of absolute amounts (g/kg) of the fatty acids. 

Indeed, skewness of absolute amounts of the various fatty acids were such 

that distributions of relative amounts (percentages) seemed to attain a 

close-to symmetrical (normal) distribution (see Table 1).   

3. Relation to the SUM of fatty acids. The present analyses suggest that 

broad distribution, and generally high numbers of the variables, as well as 

high positive skewness of Group 1 fatty acids relative to the Group 2 ones 

might govern the observed relationships between fatty acid percentages 

and SUM. Also the suggested cluster effect seems to be involved. Some 

characteristics of Group 1 and Group 2 fatty acids are summarized in 

Table 12.

 

 Group 1 Group 2 

    

Place on the scale 

      Generally  

 HIGH NUMBERS 

     

 LOW NUMBERS 

Variability           HIGH          LOW 

Skewness, absolute  values      HIGH positive          LOW      

Skewness, relative  values           LOW          LOW 

Correlations, within - group percentages        POSITIVE       POSITIVE 

Correlations, between – group  percentages       NEGATIVE       NEGATIVE 

Cluster regulation            YES             NO 

Eicosanoid/docosanoid precursors             NO            YES 

 
Table 12. Some characteristics of Group 1 and Group 2 fatty acids 
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However, a relationship between percentages and SUM may not work 

when trying to explain the association between A, B, and C if A is a low-

number/low-range variable (e.g. with range 0.1 – 0.15), whereas B and C 

are high-number/high-range variables (e.g. both with range 1 - 10). In this 

case there is a strong inverse association between %B and %C (rho = -

0.999, p<0.001, n =163), and no correlation between A and B(C) 

percentages, not shown. However, in this example there is no correlation 

between the sum (S) of absolute amounts (S = A + B + C) and B 

percentage (rho = 0.022, p = 0.776) or C percentage (rho = 0.004, p = 

0.957), n = 163. Thus, covariation between S and relative amounts of B 

and C does not explain the strong inverse %B vs. %C relationship in this 

case. However, the negative correlation is well explained by the eq. %B= 

- %C + (100 -%A) which may be approximated to %B = - %C + 100 

(since %A is small), showing an inverse %B vs. %C relationship.   

It seems, accordingly, that we might utilize all of the above approaches to 

understand associations between relative amounts of positive scale 

variables in general. Whatever approach used, all of them - including the 

suggested cluster effect - point to distribution (place on the scale, range, 

variability, skewness) as the real target for biological regulation, i.e. these 

correlations are truly distribution dependent ones. With regards to fatty 

acids in breast muscle of chickens, the third approach seems to be the 

preferred one to explain correlations between fatty acid percentages.   

A schematic illustration of Distribution dependent correlations, as 

observed in chicken breast muscle, is shown in Figure 3. Group 1 fatty 

acids make a cluster (top group) in which the members (mostly) have high 

numbers and high variability, as compared with Group 2 fatty acids 

(bottom row). Hypothetically, Cluster fatty acid percentages are 

suggested to oscillate with large amplitudes; those of the other group, with 

small ones. The particular distributions of the fatty acids make within-

group (between-group) percentages to correlate positively (negatively), as 

explained above.

 

 
Figure 3. Visualization of Distribution dependent correlations, encountered with a family Cluster of fatty acids (top), where the members have high variability 
(shown by length of arrow),  and a group of fatty acid (bottom row) with low numbers/variabilities. Hypothetically, Cluster fatty acid percentages are 
suggested to oscillate with large amplitudes; those of the other group, with small ones. The particular distributions of the fatty acids make within-group 
(between-group) percentages to correlate positively (negatively), see text. 

 
Suggested physiological interpretation 

Our results show positive associations between percentages of eicosanoid 

(docosanoid) precursors, thereby possibly ensuring a balance between 

molecules with opposing actions. For example, AA (20:4 n6) is 

synthesized in the body from linoleic acid (LA, 18:2 n6), a major 

constituent in many plant oils. By cyclooxygenase and lipoxygenase, AA 

is converted into various eicosanoids, i.e. prostacyclin, thromboxane, and 

leukotrienes [5-7].  AA derived thromboxane A2 (TXA2) and leukotriene 

B4 (LTB4) have strong proinflammatory and prothrombotic properties [5, 

6, 10].  Furthermore, endocannabinoids, which are derived from 

arachidonic acid, may have a role in adiposity and inflammation [23].  The 

beneficial health effects of foods rich in EPA might be related to the 

antagonistic effects of EPA and AA. For example, a decreased level of 

the serum EPA/AA ratio was reported to be a risk factor for cancer death 

in the general Japanese population [13]. Accordingly,  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, could 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 

others. Indeed, we recently reported that that relative amounts of 

altogether 7 potential eicosanoid (docosanoid) precursor fatty acids were 

positively associated in breast muscle lipids of chickens [15].  At present 

we do not have an obvious physiological explanation of the negative 

associations between eicosanoid precursor (Group 2 fatty acid) 

percentages and relative amounts of “cluster fatty acids”, but Group 1 

fatty acids could possibly serve as a precursor store of some of the Group 

2 fatty acids. 

Limitations of the Study 

This work was confined to studying the association between relative 

amounts of some fatty acids, and 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 
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generalizability of our results, as related to different organs, tissues or 

compartments, and to various species, including man.  

Conclusions 

The results suggest that fatty acids in breast muscle lipids of chickens are 

regulated by their concentration distributions (amounts/place on the 

scale/range/variability/skewness). Additionally, one group seems to 

consist of a cluster of fatty acids with coordinated regulation, but we do 

not know to what extent synthesis, degradation, and diet is involved. The 

results support our previous suggestion that associations between relative 

amounts of fatty acids are governed by Distribution Dependent 

Regulation, which - according to the present results - also involve Cluster 

Regulation. We hypothesize this regulation to be an evolutionary 

adaptation, which utilizes a mathematical rule to e.g. balance effects of 

eicosanoids/docosanoids, and possibly other metabolites. 
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