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ABSTRACT 

Introduction: The increasing prevalence of overweight and obesity has become one of the major health 

concerns in modern times. Male obesity has been associated with decreased male reproduction 

function and fertility in some studies. Fertilizing ability may depend on a certain level of semen 

quality, and a link between male obesity and lowered semen characteristics has been suggested in 

several studies, although results are conflicting. Little is known on the influence of diet on semen 

quality in human males, and if weight loss will lead to an improvement in male reproduction function. 

Serum phospholipid fatty acid composition in some degree reflects dietary intake. The aim of this 

study was to investigate association between serum phospholipid fatty acid composition and semen 

quality, and to see whether the two parameters are affected by weight loss. Prior to this, a qualitative 

and quantitative method for analyses of serum fatty acid methyl esters (FAMEs) had to be established. 

Methods: Serum samples from men with body mass index (BMI) in the normal, overweight or obese 

range were collected at baseline and after weight loss, and analyzed in this study. Qualitative and 

quantitative analyses of serum phospholipid FAMEs were performed by using gas chromatography 

coupled flame-ionization detector (GC-FID). Qualitative results were confirmed by using GC-mass 

spectrometry, and capabilities of the two detector types were compared. BMI and serum phospholipid 

fatty acid composition were investigated for association with semen quality data, and fatty acid 

composition and semen quality were examined at baseline and after weight loss. 

Results: GC-MS presented a lower limit of detection and a more secure identification of FAMEs 

compared to GC-FID. At baseline, after adjusting for potential confounders, BMI in the obese range 

was inversely associated with semen volume, sperm concentration, total sperm count, total motility, 

progressively motile sperm count, sperm morphology and total normal morphology count, compared 

to men with normal BMI. The proportion of n-6 FAMEs in serum phospholipids showed an inverse 

association with sperm motility and normal morphology parameters. Increasing n-6/n-3-ratio was 

negatively, and the proportion of n-3 FAMES positively, related to sperm motility parameters. Weight 

loss was not found associated with any significant changes for neither serum phospholipid fatty acid 

composition nor semen quality. 

Conclusion: GC-MS is a powerful tool for fatty acid analysis in complex sample material compared to 

GC-FID. This study found association between obesity and decreased semen quality. A high 

proportion of n-6 FAMEs and a high n-6/n-3-ratio in serum phospholipids, which is typical for a 

Western diet today, were inversely associated with sperm motility. Weight loss did not alter the serum 

phospholipid FAME composition or semen quality, but the lack of significant effects may be due to 

few participants and the fact that participants remained overweight or obese after weight loss. 

Participants going through weight loss should be followed until a normal BMI is reached to reveal any 

effects of weight loss on the two investigated parameters.  
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SAMMENDRAG 

Introduksjon: Forekomsten av overvekt og fedme er blitt en av de største utfordringene innen helse i 

den moderne tid. En del studier har assosiert mannlig overvekt med nedsatt reproduksjonsfunksjon og 

fertilitet. Evnen til fertilisering kan være avhengig av et visst sædkvalitetsnivå. Flere studier har 

presentert en sammenheng mellom mannlig overvekt og nedsatt sædkvalitet, men det finnes også 

motstridende resultater. Det er lite kjent hvilken påvirkning kosthold har på human sædkvalitet, og om 

kostholdsendring og/eller vektnedgang vil føre til et forbedret mannlig reproduksjonspotensiale. 

Fettsyresammensetningen i serum fosfolipider reflekterer til en viss grad fettinntak via kosthold. Målet 

for dette studiet var å undersøke om det er en assosiasjon mellom fettsyresammensetningen i serum 

fosfolipider og sædkvalitet, samt om de to parameterne separat er påvirket av vektnedgang. For å gjøre 

dette mulig måtte en kvalitativ og kvantitativ analysemetode for serum fosfolipid fettsyre metylestere 

(FAME) etableres. 

Metoder: Menn med kroppsmasseindeks (body mass index, BMI) karakterisert som normal, 

overvektig eller fedme avga blodprøver før og evt. etter vektnedgang, og serum ble benyttet i denne 

oppgaven. Kvalitative og kvantitative FAME-analyser ble utført ved gasskromatografi med 

flammeionisasjonsdetektor (GC-FID). Kvalitative analyser ble bekreftet med GC med 

massespektrometer (GC-MS) og de to instrumentene ble sammenliknet. BMI og FAME-

sammensetningen i serum fosfolipider ble undersøkt i forhold til sædkvalitet, og FAME-

sammensetning og sædkvalitet ble sett på separat før og etter vektnedgang. 

Resultater: GC-MS førte til en sikrere identifikasjon av FAME og en lavere nedre deteksjonsgrense 

sammenliknet med GC-FID. BMI karakterisert som fedme før vektnedgang, viste invers assosiasjon 

med sædvolum, sædcellekonsentrasjon, total antall sædceller, total motilitet, totalt progressive 

sædceller, normal morfologi og totalt antall sædceller med normal morfologi sammenliknet med menn 

med normal BMI.  Andelen n-6 FAME i serum fosfolipider var inverst assosiert med motilitet- og 

morfologiparametere. Økende n-6/n-3-ratio viste en negativ assosiasjon med motilitetsparameterne, 

mens økende andel n-3 FAME viste motsatt effekt. Vekttap førte ikke til noen signifikante endringer i 

verken serum fosfolipid FAME-sammensetning eller sædkvalitet. 

Konklusjon: GC-MS ser ut til å være et kraftig verktøy for fettsyreanalyser i komplekst prøvemateriale 

sammenliknet med GC-FID. I dette studiet ble det funnet en assosiasjon mellom BMI og nedsatt 

sædkvalitet. En høy andel n-6 FAME og n-6/n-3-ratio i serum fosfolipider, noe som er typisk for 

dagens vestlige kosthold, var inverst assosiert med motilitet. Vekttap førte ikke til signifikante 

endringer i serum fosfolipid FAME-sammensetning eller sædkvalitet. En medvirkende årsak til 

mangelen på signifikant effekt av vekttap kan være få deltakere og at deltakerne fortsatt hadde en BMI 

karakterisert som overvektig eller fedme etter vekttapet. Deltakerne som går ned i vekt bør følges til de 

har oppnådd en normal BMI for å avsløre effekt av vekttap på de to aktuelle parameterne. 
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ABBREVIATIONS 
AZF azoospermia factor 

BMI body mass index 

C carbon 

EFA essential fatty acid 

EI electron ionization 

eV electron volts 

FAME   fatty acid methyl ester 

FID  flame-ionization detector 

FSH follicle-stimulating hormone 

GC gas chromatography 

ISTD internal standard 
LH luteinizing hormone 

MS mass spectrometry 

MUFA monounsaturated fatty acid 

NA not analyzed 

ND not detected 

NP non-progressive motility 
NS not separated 

PC phosphatidyl choline 

PE phosphatidyl ethanolamine 

PR progressive motility 

PS phosphatidyl serine 

PUFA polyunsaturated fatty acid 
QMF transmission quadrupole/mass filter (GC-MS)  

ROS reactive oxidative species 

RSD relative standard deviation 

RT retention time 

RTL retention time locking 

SFA saturated fatty acid 
SIM selected ion monitoring 

TGCT testicular germ cell tumor/cancer 

TIC total ion current 

v/v volume/volume 

WCOT wall coated open tubular column 

WHO World Health Organization 
wt% percentage weight of total 
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1 INTRODUCTION 

The increasing prevalence of overweight and obesity has become one of the major health concerns in 

modern times (1). In the same time period, a  decrease in semen quality has been observed (2, 3) Body 

mass index (BMI) over the normal range (Table 1.1) has been associated with lowered semen quality 

and altered hormone balance, which both can contribute to reduced reproduction potential (4-6). The 

pathophysiological mechanisms underlying the relation between obesity and semen quality are not yet 

clarified, but knowledge in the field is increasing (7). Studies on the reversibility of obesity-associated 

male infertility in response to weight loss are few (6), and weight loss by lifestyle changes or surgery 

as a treatment need to be explored further. 

 

1.1 Overweight and obesity 

Overweight and obesity have become one of the major public health concerns both in developed and 

developing countries, and worldwide obesity has more than doubled since 1980. Data from the World 

Health Organization (WHO) suggests that more than 1.4 billion adults, 20 years and older, were 

overweight per 2008. Of those more than 200 million males and 300 females were classified as obese. 

Overweight and obesity are defined as abnormal or excessive fat accumulation that may impair health, 

and are characterized as body mass index (BMI) ≥25 kg/m2 and ≥30 kg/m2, respectively (Table 1.1) 

(1).  

Table 1.1 Body mass index (BMI) classification modified from the World Health Organization (12).  

 

 

 

Overweight and obesity are related to substantial health risks. Links have been established between 

overweight and increased risk of diseases including cancer, cardiovascular diseases and metabolic 

syndrome (8). Metabolic syndrome is defined as a cluster of disorders including obesity, hypertension, 

dyslipidemia and impaired insulin sensitivity (9). Impaired insulin sensitivity may develop further into 

type 2 diabetes (10). Known causes that contribute to development of overweight and obesity are an 

increased intake of fat-rich nutrients, combined with a decreased physical activity level due to 

sedentary work situations and increasing urbanization (1). In obese individuals these causes are often 

combined with an unfavorable genotype that predisposes individuals to obesity (11). Actions to reduce 

overweight and obesity have traditionally been mainly diet and lifestyle changes, but recently the use 

of bariatric surgery to lose weight has advanced. Bariatric surgery is usually performed to treat morbid 

BMI classification                   kg/m2 

Underweight <18.5 
Normal range 18.5-24.9 
Overweight 25.0-29.9 
Obese ≥30.0 
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obesity (BMI ≥35 kg/m2) (12). The most commonly performed bariatric procedure is Roux-en-Y 

gastric bypass surgery (Figure 1.1). A bariatric surgery is proven to be an effective treatment to reduce 

obesity-related health conditions for the patient group categorized as obese (13).  

 

Figure 1.1 Roux-en-Y gastric bypass involve a rearrangement of the gastrointestinal tract. Ingested nutrition goes 
directly to the small bowel after passing a small stomach, leading to altered nutrition absorption (14). 

 

1.2 Overweight in relation to subfertility or infer tility 

In developed countries, infertility is diagnosed in 10-15 % of couples who are trying to conceive (15). 

A couple are regarded infertile when they are unable to conceive during one year of regular 

intercourse without use of contraceptive methods, and there is no other obvious reason present (16). 

Women and men are each the sole cause of infertility in approximately 30 % of the cases, respectively, 

while 10 % is due to a combined factor. As much as approximately 25 % of infertile couples have no 

obvious cause (Figure 1.2).  

 

Figure 1.2 Unintentional causes of infertility may lie with the female, male or the couple combined. Approximately 25 
% of infertile couples have no known cause (idiopathic infertility) (17). 

Overweight and obese couples have an increased risk of experiencing subfertility (18). Several studies 

show that overweight in women leads to decreased fertility and prolonged time to pregnancy (19, 20). 

32

32

26

10
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Male

Idiopathic
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High BMI for women prior to contraception is also associated with adverse outcomes of pregnancy. 

Today, weight loss before contraception is recommended for women with a BMI in the overweight or 

obese range to improve chances of a successful outcome both of natural pregnancies and assisted 

reproduction (21, 22). Overweight and its effect on male fertility have been studied to a lesser extent; 

however the body of evidence for a negative effect is growing.  A 3-unit increase in BMI was 

associated with infertility in a study by Sallmen et al. (23). The observation was strengthen when 

results from the Norwegian Mother and Child Cohort Study showed an increased odds ratio for 

infertility for overweight and obese men compared to men with BMI 20.0-22.5 kg/m2 (24). Several 

studies suggest that increased BMI has a negative effect on semen quality in general, but affected 

parameters vary (6, 25-27). These results are challenged by studies finding no significant correlation 

between increased BMI and semen quality (28-30). Varying inclusion factors, study populations and 

exposures make it difficult to reach a conclusion (7). Metabolic syndrome, which has a high 

prevalence in overweight and obese men, has also been associated with a decreased reproduction 

function (31). The observed decline in male fertility in parallel with increasing rates of obesity 

suggests that obesity is a cause of reduced male reproduction function, but the biological mechanisms 

responsible for the effect are not yet defined (11). 

 

1.3 Human male reproduction function 

1.3.1 Factors contributing to impaired male reprodu ction function and male infertility 

A male factor is the sole cause of approximately 30 % of infertility cases, as shown in Figure 1.2 (15). 

Causes for disrupted male reproduction function are many (Figure 1.3), but 25 % of men presenting 

infertility have abnormal semen parameters for no known reason (male idiopathic infertility) (15).  

  
Figure 1.3 There are several known contributors to male infertility, but 25 % of presenting infertility  have reduced 
semen quality without an obvious reason (32) .  
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Genetic disorders that affect male infertility are among others chromosomal abnormalities, Y 

chromosome microdeletions and cystic fibrosis mutations. Klinefelter syndrome is the most frequent 

sex chromosome abnormality in men, often followed by impaired spermatogenesis and azoospermia. 

Microdeletions in the long arm of the Y chromosome (azoospemia factor [AZF] deletions) are strongly 

associated with spermatogenetic failure. Classical AZF deletions are never found in normozoospermic 

males and the presence of AZF deletions are rare in males with sperm concentration >5∙106sperm/ml 

(the lower reference limit defined by WHO is 15∙106sperm/ml). Cystic fibroses is the most common 

genetic disease of Caucasians and one of the symptoms following the diagnosis is infertility (15).  

The number of young males diagnosed with testicular germ cell cancer (TGCT) has increased 

drastically during the last 15-20 years in Western Europe. TGCT as a disease involves a high risk of 

poor semen quality before cancer treatment. Chemotherapy and radiation as treatment for cancer in 

general have shown to negatively affect fertility in cancer survivors through gonadal damage, resulting 

in impaired spermatogenesis, germ cells damage and even permanent sterility in male patients. Post-

treatment fertility for cancer patients is depending on pre-treatment fertility and type of cancer 

treatment the patient has received (33).  

Two physiological abnormalities are associated with decreased reproduction function in men; 

varicocele and cryptorchidism. Varicocele is a common abnormality that may lead to reduced fertility 

and varicocele has been correlated with decreased sperm quality and increased sperm DNA damage. 

The effect of varicocele on reproduction function seems to be reversed after surgical correction (34). 

Cryptorchidism is a frequent congenital abnormality of the male genitalia. Lowered sperm quality 

parameters are often seen in men with a history of cryptorchidism (15). 

The effects of overweight and obesity on male reproduction function are less clear than the causes 

mentioned above. Several mechanisms are suggested, and some of them are briefly described here. 

Sperm DNA integrity and mitochondrial activity are important measurements of sperm function (35). 

Subfertile men have shown a higher total DNA fragmentation index in sperm than fertile semen 

donors (36). Increased BMI has been proven to correlate with a higher percentage of sperm DNA 

damage and decreased mitochondrial activity compared to normal weight men (37, 38). 

The excess of nutrients associated with obesity lead to elevated cell stress and ROS production (39). 

Oxidative stress is a pathophysiologic process that arises when there is an excess concentration of 

reactive oxidative species (ROS) compared to the level of anti-oxidant defense in a defined 

physiologic environment (40). ROS are molecules with an unpaired electron, which makes the 

molecule reactive and unstable. ROS can induce great cellular damage to their surroundings, for 

example in the testicular microenvironment (41). The spermatozoa plasma membrane is very rich in 

polyunsaturated fatty acids (PUFAs) and is therefore vulnerable to damage caused by lipid 
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peroxidation (42, 43). Oxidative stress can result in sperm membrane lipid peroxidation that may lead 

to decreased sperm motility, impaired sperm-oocyte interaction and DNA damage (41, 44).  

Sex hormones play a fundamental role in human reproduction and the hypothalamic-gonadal axis that 

regulates spermatogenesis and secretion of testosterone in men is shown in Figure 1.4. Obesity is 

associated with profound alterations in male reproductive hormone profile. Several androgens are 

secreted from the testes and the most significant androgen is testosterone. Testosterone stimulates the 

development of male sexual characteristics (45), and a decreased testosterone level leads to retention 

and phagocytosis of spermatids and reduced sperm counts (46, 47). 

 
Figure 1.4 The hypothalamic-pituitary-gonadal axis regulates spermatogenesis and secretion of testosterone. 
Testosterone has a negative feedback effect on the release of gonadotropin-releasing hormone from the hypothalamus 
and luteinizing (LH) and follicle-stimulating (FSH) hormone from the pituitary gland. Inhibin B is produced and 
secreted by the Sertoli cells during FSH stimulation and has a negative feedback on the release of FSH from the 
pituitary gland (48, 49). 

Free and total testosterone levels are shown to decrease with increasing BMI. Inhibin B, a marker of 

Sertoli cell function and spermatogenesis, decreases with increasing BMI and estrogen levels are 

elevated (25). White adipose tissue express high levels of an aromatase enzyme and increased 

estrogen/testosterone-ratio in obese males is a result of the increased conversion of androgens into 

estrogen (50). Increased estrogen levels may decrease both testosterone production and 

spermatogenesis (11, 51). Several environmental toxins are lipophilic and accumulate in fat-rich food 

and in fat tissue (5, 52). Such contaminants have been associated with decreased sperm production 

through their endocrine disrupting effect (53). Obese men have a high frequency of sleep apnea, and 

the fragmented sleep course leads to a disrupted nightly rise of testosterone. The disrupted testosterone 

rise is associated with abnormal spermatogenesis (54).  
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Overweight and obese men make out about 2/3 of men reporting erectile dysfunction, but the 

pathophysiological link between obesity and erectile dysfunction is not fully known (11, 55). Obesity 

is associated with a sedentary lifestyle (1). In combination with increased amount of scrotal fat, that 

may lead to increased testicular temperature, which has shown to be associated with reduced sperm 

concentration (56). Fever, sexually transmitted diseases and use of anabolic steroids can also 

contribute to decreased semen quality (15, 57).   

Studies have shown that fertilizing ability depends on a certain level of sperm quality (58, 59). WHO 

has generated reference limits for measurements performed on semen samples (Table 1.2). The 

reference limits are based on semen samples from fertile men whose partner conceived within 12 

months after ended use of contraception, as defined by Cooper et al. (60). 

Table 1.2 WHOs lower reference limits for semen parameters, with 5 centiles (95 % confidence interval) 1 (60, 61).  

Semen quality parameter Lower reference limit 
Semen volume (ml) 1.5 (1.4-1.7) 
Total sperm count (106/ejaculate) 39  (33-46) 
Sperm concentration (106 per ml) 15  (12-16) 
Total motility (PR+NP %) 40  (38-42) 
Progressive motility (PR %) 32  (31-34) 
Vitality (live spermatozoa, %) 58  (55-63) 
Sperm morphology (normal forms, %)   4  (3.0-4.0) 
1The values are from non-weighted raw data. For a two-sided distribution the 2.5th and 97.5th centiles provide the reference   
limits; for a one-sided distribution the fifth centile provides the lower reference limit.  
PR=progressive motility  
NP=non-progressive motility  

 

Men with semen characteristics below these reference limits are not necessarily infertile, and results 

must be interpreted in conjunction with additional clinical information. Neither do semen 

characteristics above the reference limits guarantee fertility. The reference limits are used as a tool to 

decide patient management, and as a threshold for clinical trials and investigations (61). The WHO 

laboratory manual for the examination and processing of human semen emphasizes that total number 

of progressively motile spermatozoa (total PR count) and the total number of spermatozoa with normal 

morphology (total normal morphology count) in the ejaculate are of biological significance, but do not 

define reference limits for the two calculated parameters. 
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WHO has also defined different variants of semen quality and the nomenclature and explanation of the 

most prevailing variants are listed in Table 1.3 (61).  

Table 1.3 Definition of semen quality by the World Health Organization (61). 

Name Definition  
Aspermia No semen 
Asthenozoospermia Percentage of progressively motile spermatozoa below the lower 

reference limit 
Asthenoteratozoospermia Percentages of both progressively motile and morphologically normal 

spermatozoa below the lower reference limits 
Necrozoospermia Low percentage of live, and high percentage of immotile, spermatozoa 

in the ejaculate 
Normozoospermia Total number (or concentration) of spermatozoa, and percentages of 

progressively motile and morphologically normal spermatozoa, equal to 
or above the lower reference limits 

Oligoasthenozoospermia Total number (or concentration) of spermatozoa, and percentage of 
progressively motile spermatozoa, below the lower reference limits 

Oligoasthenoteratozoospermia Total number (or concentration) of spermatozoa, and percentage of both 
progressively motile and morphologically normal spermatozoa, below 
the lower reference limits 

Oligoteratozoospermia Total number (or concentration) of spermatozoa, and percentage of 
morphologically normal spermatozoa, below the lower reference limits 

Oligozoospermia Total number (or concentration) of spermatozoa below the lower 
reference limit 

Teratozoospermia Percentage of morphologically normal spermatozoa below the lower 
reference limit 

 

1.3.2 Male reproduction system 

Male external genitalia consist of penis and scrotum. Scrotum holds the testes and epididymis, as 

shown in Figure 1.5. The primary functions of the testes are spermatogenesis and the production of 

androgens. Scrotum is located outside the body because spermatogenesis is most efficient at a 

temperature 1-2 °C below body temperature (62).  

 

Figure 1.5 Adult human male reproductive system with an enlarged cross section of a normal testicle. Coiled 
seminiferous (coiled) tubules lead spermatozoa to the epididymis during maturation and spermatozoa are eventually 
transported through the vas deferens towards the urethra for ejaculation (63).   
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Testes contain a network of 12-20 fine coiled tubes called seminiferous tubules (64). Seminiferous 

tubules are lined with Sertoli cells that nourish developing spermatozoa. Spermatozoa are then led into 

the epididymis for further maturation. From epididymis spermatozoa pass through vas deferens and 

during ejaculation muscle contractions push spermatozoa further out through the urethra. When in 

urethra spermatozoa are mixed with a fluid from the prostate that activates sperm motility, called 

seminal fluid (62).  

 

1.3.3 Spermatozoa  

Spermatogenesis 

Spermatogenesis occurs at puberty and continues through lifetime. In human males the production of 

spermatozoa takes approximately ten weeks, and a fertile male produces several hundred million 

spermatozoa each day (62). The development of spermatozoa from primordial germ cells is called 

spermatogenesis and can be divided into different stages, as shown in Figure 1.6. Primordial germ 

cells are located in testis early in embryogenesis. At the onset of puberty the stem-cell spermatogonia 

(Type A) profilerates and produces daughter cells that either remains Type A spermatogonia or 

become Type B spermatogonia. Type B spermatogonia go through a limited number of mitotic 

divisions before they enter meiosis as primary spermatocytes. Primary spermatocytes develop to 

secondary spermatocytes through meiotic division I. Secondary spermatocytes turn into haploid 

spermatids when meiotic division II is completed. The spermatids differentiate to mature spermatozoa 

(65). 
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Figure 1.6 A simplified drawing of a cross section of a seminiferous tubule in a mammalian testis. The stages of 
spermatogenesis take place in close relationship with Sertoli cells (green). The maturing gametes move from the basal 
lamina towards the lumen of the seminiferous tubule. Sperm goes though further maturation in the lumen and 
become motile in the epididymis (not shown) (65) 

 

Spermatozoa structure and function  

Spermatozoa plasma membrane is in general stable and metabolically inert. There is no renewal of 

proteins, phospholipids, cholesterol or other membrane analytes in mature spermatozoa. During 

maturation spermatozoa have lost most organelles and the capacity of DNA transcription, protein 

synthesis and lipid synthesis. Despite the lack of these functions the spermatozoa plasma membrane 

acts as a dynamic compound that change in composition during maturation in the epididymis, and 

especially when the spermatozoa is moving towards the oocyte in the female reproduction system. The 

dynamic behavior of the spermatozoa plasma membrane is due to the ability to absorb proteins and 

lipids from the surroundings to modify its composition (42). The biochemical composition of the 

sperm membrane is of interest in the field of sperm physiology and pathology (66). It is suggested that 

lipids play an important role in sperm functionality and thus in male fertility (67, 68). 
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1.4 Lipids and fatty acids 

1.4.1 Lipids 

Lipids are amphipathic organic molecules present in all cell types. They provide cells with fuel, 

function as thermal insulators and contribute to cellular structure and communication in cell 

membranes. Lipids also have an important role as fat-soluble vitamins, hormones and biological 

regulators (69). Lipids are a diverse group of organic compounds that amongst others consists of 

neutral lipids including triacylglycerol and cholesterol, and the more polar phospholipids and 

sphingolipids (69). 

1.4.2 Phospholipids 

The term phospholipids is often used for lipids with phosphate-containing head groups. Phospholipids 

can be divided into glycerophospholipids (also called phosphoglycerides) which are lipids built on 

glycerol, and sphingomyelin (SM), which is built on sphingosine, both shown in Figure 1.7 (69).  

 

Figure 1.7 The four major phospholipids in mammalian plasma membranes, with the varying head groups denoted in 
different colors; Ethanolamine (yellow), serine (green), choline (red) and  sphingomyelin with a choline head group 
(brown) (70). 

 

SM will not be further discussed here, and the term phospholipids is used in this it will refer to 

glycerophospholipids. The polar head group is an earmark the phospholipid class, and consists of 

phosphoric acid attached at the sn-3 position (Figure 1.8) by a phosphate ester bond and a complex 

amino alcohol or amino acid bonded to the phosphate by a second phosphate ester bond (69).  
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Figure 1.8 Glycerophospholipid structure with hydrophobic fatty acids (yellow) attached to position sn-1 and -2 on the 
glycerol backbone (blue), and sn-3 is the position where the hydrophilic head group binds to the phosphate group with 
a phosphate ester bond (69) .  

The most common amino alcohols are choline and ethanolamine, and the most common amino acid is 

serine. Their following molecular names are phosphatidyl choline (PC), phosphatidyl ethanolamine 

(PE) and phosphatidyl serine (PS) (Figure 1.7). Each phospholipid class comprises several types of 

phospholipids with the same polar head group, but with different aliphatic acyl side chains, most 

commonly one saturated fatty acid (SFA) and one unsaturated fatty acid (69). 

Glycerolipids and the following main subgroup glycerophospholipids are the most abundant 

membrane lipids in higher animals (69). Phospholipids, with their hydrophilic head group and  

hydrophobic tail, spontaneously form bilayers in aqueous environment because of their amphipathic 

nature (Figure 1.9) (70).  

  

Figure 1.9 Left: A cross section of lipid bilayer of the membrane, the blue area represents an aqueous environment. 
Right: The most abundant membrane lipids are phospholipids with its hydrophilic phosphate head group and 
hydrophobic fatty acid tail. The straight tail is a saturated fatty acid and the tail with a kink contains a fatty acid with 
a cis-double bond (70).  

1.4.3 Fatty acid nomenclature and structure 

For many fatty acids there are trivial names, numeric symbols and systematic names. The shorthand 

nomenclature common in GC analysis of fatty acids will be used in this thesis. The shorthand 

annotation system is CA:B n-X, where A is the number of carbon (C) atoms in the fatty acid chain, B is 

the number of double bonds and n-X  is the location of the double bond when counting from the 

methyl end of FAMEs (71). Trivial names, abbreviations and numeric names of common fatty acids in 

biology are listed in Table 1.4. 
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Table 1.4 Fatty acid nomenclature often used in biological and nutritional context. 

Trivial name Abbreviation Numeric name 

Palmitic acid - C16:0 

Stearic acid - C18:0 

Oleic acid OLA C18:1n-9 

Linoleic acid LA C18:2n-6 

α-Linolenic acid ALA C18:3n-3 

Arachidonic acid AA C20:4n-6 

Eicosapentaenoic acid EPA C20:5n-3 

Clupanodonic acid DPA C22:5n-3 

Docosahexaenoic acid DHA C22:6n-3 

 

Saturated fatty acids (SFAs) contain no double bonds and they are mostly straight chain structures 

with an even number of carbon atoms. Examples of naturally occurring SFAs are C16:0 and C18:0 

(72). 

Monounsaturated and polyunsaturated fatty acids (MUFAs and PUFAs) contain one or more double 

bonds, respectively (73). In naturally occurring unsaturated fatty acids the double bond have a cis-

configuration (Figure 1.10b) (69). Cis is from Latin and means “on the same side”. The most common 

MUFAs and PUFAs have an even number of carbon atoms. A double bond restricts motion at its acyl 

chain location. The cis-configuration gives the chain an angle of 120 °C in the average molecular 

shape, as shown in Figure 1.10b. Unsaturated fatty acids with cis-configuration are less 

thermodynamically stable and have lower melting points than SFAs with the same carbon number 

(72).  

 

Figure 1.10 Structures (a,b) and formulas (c) for the ionized forms of two of the most abundant fatty acids in animals. 
The hydrophilic head groups are marked in pale blue and hydrophobic tails in yellow. Oleate ion has one cis double 
bond (69). 
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Fatty acids are weak acids and present in their anionic form (RCOO-) at physiological pH, as shown in 

Figure 1.10 (69). 

1.4.4 Serum lipids and serum phospholipid fatty aci d composition 

The percentage distribution of the major phospholipid classes in blood plasma is reported to be PC 

(70-72 %)>SM (16-21 %)>PE (2-4%)≥ PS (2 %)>other minor phospholipids (74). Fatty acids with a 

chain length from C8:0 to C26:1n-9 have previously been identified in plasma (75). The most 

abundant fatty acids found in plasma phospholipids were C16:0 with a median of 24.8 percentage 

weight of total fatty acids (wt%) with range 21.5-29.6 wt%, C18:0 [13.8 (10.6-16.9) wt%], C18:1n-9 

[7.8 (6.3-13.3) wt%], C18:2n-6 [23.0 (17.1-29.1) wt%], C20:3n-6 [3.3 (1.5-5.5) wt%], C20:4n-6 [11.6 

(7.0-17.1) wt%], and C22:6n-3 [3.1 (1.9-4.6) wt%] (76). These findings are confirmed in a review 

where 16 studies are compared and the most abundant fatty acids in plasma phospholipids were C16:0 

[31.2 (26.3-38.5) mol%] and C18:2n-6 [21.9 (17.3-24.8) mol%]. The presence of C18:0 [14.3 mol%] 

was found to be larger than C18:1n-9 [10.1 mol%] and C20:4n-6 [8.3 mol%] (74). 

1.4.5 Fatty acid metabolism 

Mammalian cells lack the enzyme that converts n-6 fatty acids to n-3 fatty acids. Cells are dependent 

of two metabolically and functionally unequal, fatty acids provided through diet  (77). The two 

essential fatty acids (EFAs) are C18:2n-6 (linoleic acid) and C18:3n-3 (linolenic acid) and they are 

precursors for the n-6 and n-3 families, respectively (Figure 1.11). Both C18:2n-6 and C18:3n-3 can 

be converted to more important active members of their n-families through desaturation and 

elongation (77, 78). The two EFAs are substrate for the same rate-limiting enzymes ∆6- and ∆5-

desaturase in the synthesis of PUFAs (78, 79). 

 
Figure 1.11 Desaturation and elongation of n-6 and n-3 fatty acids. Both pathways are competing for ∆6- and ∆5-
desaturase, while the role of ∆4-desaturase is not clarified. Modified after Simopoulos (80). 
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These enzymes have a greater affinity for highly unsaturated fatty acids in the order 

C18:3>C18:2>C18:1 and should lead to a higher content of n-3 fatty acid in tissues, but that also 

depends on the ratios of the two EFAs provided through diet (77, 78). Long-chained SFAs and 

MUFAs can be endogenously synthesized from precursors mainly derived from carbohydrate, and 

C16:0 and C18:0 is desaturated to C16:1n-7 and C18:1n-9, respectively, by a ∆9 desaturase. Fatty acid 

ratios has been proposed as a measurement of desaturase enzyme activity; C20:4n-6/C20:3n-6 for ∆5 

desaturase, C18:3n-6/C18:2n-6 for ∆6 desaturase and both C18:1n-9/C18:0 and C16:1n-7/C16:0 for 

∆9 desaturase, but the use of these ratios is controversial when dietary fat intake is unknown (74). 

There are several factors that may influence the fatty acid composition in serum phospholipids, such as 

metabolic disorders, smoking, gender and enzyme activity for desaturases and elongases, together with 

dietary intake (74).  

1.4.6 Dietary intake of fatty acids 

Lipids in the human diet are structural and stored lipids from animals and plants (78). The fatty acid 

composition in serum phospholipids reflects dietary intake in previous weeks or months prior to blood 

collection for a selection of FAs, notably long chain n-3 PUFAs and C18:2n-6 (9, 81). Most SFAs and 

MUFAs can be endogenously synthesized; saturates can be derived from carbohydrates and be further 

derivatized to monounsaturates. In a study by Thiébaut et al. there was found no relation between the 

amount measured in serum phospholipids and dietary intake of C16:0 and C18:0. C16:1n-7 and 

C18:1n-9, which are products of the two SFAs, were directly related to dietary intake of C16:0 and 

C18:0 (81). C20:5n-3 and C22:6n-3 levels in serum are considered as biological indicators of 

nutritional status (82). The plasma phospholipids C20:5n-3 and C22:6n-3 are both shown to be 

effective biomarkers in response to dietary intake and supplementation of the corresponding FAs (83). 

An n-6/n-3-ratio of approximately 16/1 is normal in the Western world diet today, compared to a 1/1-

ratio during early human evolution. The elevated ratio is caused by a high percentage intake of cereal 

grains like maize, rice and wheat and vegetable seed oils, all rich in n-6 fatty acid, and modern food 

preparation methods used by the food industry (84). Fish and fish oil are rich in n-3 FAs, especially 

C20:5n-3 and C22:6n-3, and an increase in n-3 and a decrease in n-6 FAs in diet leads to replacement 

of n-6 FAs in cell membranes by n-3 FAs (77). The increased shift in n-6/n-3-ratio is linked to 

inflammation symptoms and pathogenesis of many diseases (77). 

The dietary intake of fat from different food sources is often assessed by using self-reporting methods 

like validated food intake questionnaires. These methods are associated with a substantial 

measurement error (85). Measurement of the fatty acid composition in serum phospholipids is 

objective and potentially independent of these errors, but the fatty acid composition may be affected 

by other factors than just dietary intake. Non-dietary factors that contribute to the fatty acid 

composition are endogenous metabolism, genetic background, metabolic diseases and other lifestyle 
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factors (86), and results from analyses of serum phospholipid fatty acids should be interpreted with 

caution. 

1.4.7 Serum and spermatozoa phospholipid fatty acid s versus semen quality 

Fatty acids in sperm and seminal plasma versus sperm quality 

Several studies concerning fatty acid composition in seminal plasma and spermatozoa membrane have 

shown that C22:6n-3 is significantly lower in oligozoospermic and asthenozoospermic compared to 

normozoospermic men (68, 87) and the ratio of PUFAs/SFAs was lower in men with decreased sperm 

quality compared to men with normal sperm quality (67, 82, 88). Asthenozoospermic males are also 

shown to have a higher spermatozoa n-6/n-3-ratio than normozoospermic males (68, 82, 89). Normal 

sperm motility is shown to positively correlate with the amount of C22:6n-3 and total PUFAs in 

spermatozoa (67, 88). Some studies also found significant positive correlation between sperm 

morphology (87), sperm concentration and the amount of C22:6n-3 in spermatozoa (68). 

Fatty acids in serum versus fatty acids in sperm and seminal plasma 

A study on the effects of C22:6n-3 supplementation found increased serum and slightly increased 

seminal plasma phospholipid C22:6n-3 levels. The increased C22:6n-3 levels in serum and seminal 

plasma did not seem to affect the incorporation of C22:6n-3 into spermatozoa phospholipids (90). A 

study on rabbits reported that a diet with increased n-3/n-6-ratio led to a rearrangement of sperm fatty 

acid composition and a twice as high n-3/n-6-ratio in sperm membrane phospholipids compared to the 

control diet group (91). Safarinejad (2009) reported that 32 weeks of n-3 fatty acid supplementation 

gave an increase in C20:5n-3 and C22:6n-3 levels in seminal plasma and spermatozoa in humans (92).  

Dietary fatty acids and semen quality 

A correlation between fatty acid status in serum and sperm quality is not yet established. An analysis 

of human phospholipid fatty acids in serum, seminal plasma and spermatozoa found similar C22:6n-3 

levels in serum of normozoospermic and asthenozoospermic males, suggesting a similar intake of 

dietary C22:6n-3. Levels of the same fatty acid in seminal plasma and spermatozoa were lowered in 

the asthenozoospermic males, maybe due to a metabolic difference rather than dietary variations (82). 

Early studies in rats showed that an EFA-deficient diet lead to degeneration of seminiferous tubules 

and absence of spermatozoa in the lumen of seminiferous tubules and epididymis (66). A study on 

benefits of different dietary n-3/n-6-ratios on male rat reproduction function showed that a ratio of 

1.52 gave increased sperm density, motility and amount of morphologically normal sperm compared 

to both higher and lower ratios. The ratio of 1.52 also led to other improved reproduction function 

parameters, including improved serum reproductive hormone levels (93). Two recent human studies 

found that a high intake of SFAs seems negatively correlated to sperm concentration and total sperm 

count (94, 95). One of the studies also found that dietary intake of n-3 fatty acids positively correlated 
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with sperm morphology (95), while the other study found that a high intake of energy from 

monounsaturated fat was associated with lower percentage of sperm with normal morphology (94). 
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2 METHODS; INTRODUCTION AND THEORY 

Fatty acids in biological sample material are traditionally analyzed with gas chromatography (GC) 

after being extracted  and trans methylated to their fatty acid methyl ester (FAME) derivates (71, 96). 

 

2.1 Sample preparation 

2.1.1 Lipid extraction 

Extraction involves transfer of a solute from one phase to another, often with the purpose to isolate or 

concentrate an analyte. The most common procedure is extraction of an aqueous solution with an 

organic solvent, and in this study chloroform-methanol was used to extract lipids from serum. Lipids 

in hydrophobic structures like membranes can readily be extracted by a non-polar solvent, while non-

polar lipids surrounded by polar regions, or somehow bound in a structure protected from the non-

polar solvent, will not be extracted. Chloroform-methanol is a polar-nonpolar solvent system that 

results in a quantitative extraction of lipids. The solvent system also denatures proteins and results in 

an insoluble protein residue that easily can be discarded. Unsaturated fatty acids must be protected 

against autoxidation during extraction and two precautionary approaches are 1) keep the sample and 

extraction solvent cold and 2) add an antioxidant to the solvent system before sample material is 

introduced. Sample material should be stored in -80 °C prior to extraction (97, 98).  

2.1.2 Lipid fractionation 

The separation of lipid fractions with ion-exchange chromatography is based on differences in polarity 

between the lipid classes. Polarity determines the degree of interaction with the functional group of the 

stationary phase. The stationary phase is in this study a non-polar matrix with positively charged NH2-

groups added; an anion-exchange matrix that retain fatty acids. Solvents lower the affinity for lipids to 

the stationary phase and wash lipids out of the column. Lipid classes are separated by adding solvents 

of varying polarity (99).   

2.1.3 Derivatization of fatty acids 

Fatty acids have the ability to make hydrogen bonds with the stationary phase in capillary columns 

used in GC. Hydrogen bonding leads to slow equilibrium processes and results in long retention times 

(100). Polar fatty acids are also unstable at the high temperatures used with GC. To avoid hydrogen 

bonding and degradation of unstable, polar fatty acids the phospholipids are transmethylated to stable 

derivatives of fatty acid methyl esters (FAMEs) by acid catalysis with methanolic HCl. The hydrogen 

atom in the hydroxyl group of the fatty acids is replaced with a methyl group (CH3,  R' in Figure 2.1) 

(101). 
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Figure 2.1 General mechanism for an acid-catalysed esterification of fatty acids (102). 

All fatty acids are esterified at approximately the same rate by methanolic HCl, so differential losses 

of specific fatty acids during the esterification step are unlikely (102).   

   

2.2 Gas chromatography (GC) 

2.2.1 Principles of gas chromatography 

GC is a separation method where compounds are separated by distribution between two phases; a 

gaseous mobile phase and a liquid or solid stationary phase. The separation takes place in a heated 

column. There are two main modes of GC depending on type of stationary phase; 1) gas-solid 

chromatography where the stationary phase is a solid adsorbent, and 2) gas-liquid chromatography, 

where the stationary phase is a non-volatile liquid (103, 104). To be separated on a gas chromatograph 

analytes must be sufficiently volatile and stable at the high temperatures used during analysis (105).  

A gas chromatograph is composed of an injector/injection port, a heated oven where the column is 

placed, and one or more detectors. The chromatograph is connected to a computer with relevant 

software to process and display the results. A schematic presentation of a gas chromatograph is 

displayed in Figure 2.2. 

 

Figure 2.2 A schematic presentation of a gas chromatograph (106). The carrier gas transports the vaporized sample 
from the injection port through the heated column and to the detector. 

Sample material is introduced to a heated injection port and rapidly vaporized. Vaporized sample 

material is transferred from the injector on to the column by a chemically inert gaseous mobile phase, 

often referred to as the carrier gas. The most commonly used carrier gases are helium (He), nitrogen 

gas (N2) and, in fewer cases, hydrogen gas (H2). The selection of carrier gas depends on detector used 

and desired resolution. The correlation between column efficiency and gas velocity is given in van 
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Deemter’s plot for nitrogen, helium and hydrogen in Figure 2.3 (103). Height equivalent theoretical 

plate (HEPT), also called plate height, is mainly affected by mass transfer of analytes between the 

stationary phase and the mobile phase during separation. Plate height can be described as the length of 

a column needed to achieve one equilibration of analyte between the mobile and stationary phase. The 

smaller the plate height, the narrower the band width (104).  

 
Figure 2.3 Van Deemter’s plot showing optimum carrier gas flow to obtain maximum column efficiency. HEPT 
(height equivalent theoretical plate), is mainly affected by mass transfer of analytes between the stationary phase and 
the mobile phase during separation, and low HEPT gives high column efficiency (105). 

Stationary phase is chosen based on its chemical characteristics. The stationary phase should facilitate 

interaction with analytes so they are separated within an acceptable analysis time (107). Intermolecular 

forces between stationary phase and sample analytes are based on Coulombs law; like attracts like. 

The distribution ratio (K) of analyte between carrier gas (CMP) and stationary phase (CSP) determines 

the analytes retention time (equation 1).  

Equation 1 

� = ���
���

 

Analytes with high solubility in the stationary phase will progress slowly through the column and 

conversely; analytes with low solubility will travel with the carrier gas and elute early. K is dependent 

on temperature, analyte vapour pressure and analyte affinity for the stationary phase. When column 

temperature rises relative retention decreases and analytes in a sample elute closer together (107). A 

detector registers analytes as they elute from the column. The signals registered by the detector are 

converted to peaks in a chromatogram. The chromatogram displays retention time and signal strength, 

which is further used for identification and quantification of analytes (108). 
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2.2.2 Instrumentation 

Injection techniques for GC 

A split/splitless injector is the most common injector type for capillary columns (Figure 2.4). A 

split/splitless injector makes it possible to switch between two injection modes depending on sample 

concentration. Splitless is an injection technique for trace analysis and splitless means all injected 

material is transferred to the column. Split injection is used for samples with relatively high analyte 

concentration. Both injection modes are held at a temperature high enough to vaporize sample material 

and solvent, and the temperature is held constant trough out the GC run (105). 

 
Figure 2.4: Split/splitless injector where sample is vaporized and transferred to the capillary column by an inert 
carrier gas (109).   

A challenge when using splitless mode is the long transfer time of the analyte from the vaporization 

chamber to the column inlet, due to the reduced gas flow in the injector during the splitless transfer 

time. This results in excessive band broadening unless sample refocusing techniques are used. The 

most common refocusing technique is “solvent effect”, often in combination with the use of a 

retention gap. A retention gap column can minimize band broadening and refocus analytes. A 

retention gap contains no stationary phase and the fused silica tube is deactivated to avoid any analyte 

retardation. Non-volatile analytes condense in the retention gap to avoid contamination in the 

analytical column. The column temperature should be approximately 40 °C below solvent boiling 

point, and the low initial column temperature and the retention gap leads to solvent focusing. Solvent 

condenses at the column inlet and analytes are trapped in the solvent (“solvent effect”). When the 

temperature rapidly increases solvent is vaporized and analytes are focused to a narrow band before 

they are transferred on to the analytical column (108, 110). 
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Capillary columns 

Analytes in a sample are separated in a heated column. Today open tubular capillary columns made of 

fused silica dominate. There are three different open tubular columns based on the shape and type of 

the stationary phase; wall-coated (WCOT), support-coated (SCOT) and porous-layer (PLOT). WCOT 

has a liquid stationary phase coated on the inside of the column and was used in this study, so WCOT 

will be further described in this text. A column length is between 15-100 m, with 30 m being the most 

common choice. A long capillary column provides better resolution, but also longer retention times 

and more time consuming analysis. Column inner diameter is often between 0.10 and 0.53 mm. 

Narrow columns gives better resolution, but require a higher pressure and have lower sample capacity 

than wider columns. Width of the column also depends on detector type, a mass spectrometer gets 

overloaded when using a column with diameter >0.32 mm. A capillary column consists of a fused 

silica coated with heat resistant polyimide (Figure 2.5), a material that provides mechanical strength to 

the long and thin column (105, 108). 

 
 
Figure 2.5 Cross-section of a capillary column showing the   
stationary phase coated on the inside wall of a fused silica   
column with polyimide coating (111). 

Thickness of the stationary phase can vary within a range of 0.1-5 µm, but 0.25 µm is standard. A 

thick stationary phase increases sample capacity and retention times, and is mostly used for volatile 

analytes (108). The combination of long capillary column and a thin film of liquid stationary phase 

attached to the inner wall results in high resolution, great sensitivity and shorter analysis time (104). 

BPX70 (SGE International), the column used in this study, is a long capillary column. The columns 

stationary phase consist of 70 % dicyanopropyl 30% dimethyl polysilphenylene-siloxane (Figure 2.6) 

(112).  

 
Figure 2.6 70 % Dicyanopropyl 30% Dimethyl Polysilphenylene-siloxane (112). 
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BPX70 is a polar phase column (Figure 2.7) designed especially for separation of FAMEs. The main 

advantage of a polar stationary phase compared to less polar stationary phase is their high resolution 

capability of unsaturated FAMEs (96). The high resolution capability may be due to interaction 

between pi bonds in the stationary phase phenyl group and double bonds in unsaturated FAMEs (113). 

 
Figure 2.7: Polarity scale for columns made by SGE International. BPX70 is a polar phase-column, marked with a red 
circle (114). 

 

2.3 Flame-ionization detector  

2.3.1 Principles of flame-ionization detector  

Flame-ionization detector (FID) is a mass sensitive detector that responds proportionally to the 

number of carbon atoms in a compound and is often used for general routine analyses (107). FID is 

sensitive to a wide range of organic compounds, it is not significantly affected by temperature and gas 

flow fluctuations and has a linear response covering seven orders of magnitude (107) (96). The  limit 

of detection (LOD) for FID is approximately 10-12 g/ml and the lowest LOD is achieved when N2 is 

used as carrier gas (107, 108). Occurrence of heteroatoms like O and S, and halogens in a compound 

will lead to reduced response in the detector. FID do not detect compounds such as H2, O2, N2, NO2, 

NH3, H2S and CO2 (107). H2O is not detected, but may interfere with other detectable compounds that 

elutes at the same time (103). Figure 2.8 show a schematic display of a FID.  

  

Figure 2.8 A schematic display of a flame ionization detector, where gaseous sample eluted from the column is burned 
in a flame of hydrogen and air (109).  
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Hydrogen is introduced to the column eluent. The mix meets the air stream and the sample is burned 

in a flame of H2 and air (1:10) (105, 108). When an organic compound burns in the flame it produces 

ions. Carbon atoms produce CH radicals that are thought to further produce CHO+ ions and electrons 

as shown in equation 2: 

Equation 2: 

�	 + �	 → �	��	 +	�� 

          

Only 1 in 105 carbon atoms produce an ion, but ion production is proportional with the number of 

available carbon atoms burned in the flame (C in carbonyl- and carboxyl groups will not produce CH 

radicals) (108). Between the flame and a collector electrode a current of 10-14 A flows when there is no 

organic compounds present. Burning of molecules containing carbon atoms produce a current of 10-12 

A and the collector registers the alteration. The current is converted to voltage and the detector 

amplifies and translates the signal to a digital signal and displayed by the GC software in form of a 

chromatogram (108).   

A disadvantage with the FID is the lack of selectivity; the detector responds to most carbon atom 

containing compounds. This is a challenge when complex sample material is analyzed. GC with mass 

spectrometry (GC-MS) will might be a better alternative for identification and quantification of 

FAMEs in complex samples (115). 

2.3.2 Identification of FAMEs analyzed with GC-FID 

Retention times are affected by several parameters; changes in temperature, flow-rate, column length, 

choice of stationary phase and film thickness. Retention time is not comparable between different 

columns, so identification of eluted compounds must be performed when test condition changes (107). 

The elution order of FAMEs depends on the polarity of the stationary phase. In general, FAMEs with 

the lowest molecular weight elutes first. For unsaturated FAMEs the retention time will increase with 

increasing number of double bonds. FAMEs with the same number of double bonds the fatty acid with 

double bond furthest away from the methyl end will elute first, as displayed in Figure 2.9. When a 

highly polar column like BPX70 is used, FAMEs with a high number of double bonds is strongly 

retained and C22:6n-3 elutes after C24:0, in spite of lower molecular weight (96). 
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Figure 2.9: FAMEs with the lowest molecular weight elutes first. For unsaturated FAMEs every additional double 
bond leads to increased retention time, and if same amount of double bonds, FAME with double bond furthest from 
to the methyl end (n) elute first; C20:0<C20:1n-15<C20:1n-12<C20:1n-9. 

There are several ways to identify unknown peaks in a chromatogram. Identification of unknown 

FAMEs can be performed by comparing their retention times to retention times of known analytes.  A 

commercially available purified standard solution or natural products containing a spectra of well 

characterized fatty acids can be used for retention time comparison, assuming reproducible test 

conditions (96).   

 Alternative ways to identify unknown peaks in a chromatogram are 1) relative retention time 

(RRT), where the ratio between a reference peak retention time and the unknown peak retention time 

is calculated and compared to ratios for FAMEs in literature, 2) equivalent chain length (ECL) where 

the unknown peak is placed relative to straight-chain SFA peaks (C16:0, C18:0 and so on). Calculated 

ECL value is compared to ECL values in literature and 3) Kovats retention index (RI), where retention 

time of an analyte is related to retention time for linear alkanes. The latter option is not commonly 

used for identification of FAMEs (96, 107). A technique that makes identification of unknown peaks 

more reliable is retention time locking (RTL), a feature of the Agilent ChemStation software used in 

this study. A compounds retention time shows significant variations from run to run, due to 

fluctuations in GC-parameters such as pressure and temperature, and decomposition of stationary 

phase. RTL minimize the effect of these variations. RTL is based on that small adjustments in inlet 

pressure during analysis will keep retention time within a very narrow time range to the desired 

retention time (116). Even with the use of RTL, identification of unknown FAMEs with GC-FID is 

sensitive for contaminants behaving like FAMEs. Identification of unknown analytes should therefore 

be confirmed with mass spectrometry (96). 

 

2.4 Mass spectrometry  

Gas chromatography combined with mass spectrometry (GC-MS) is an analytical technique used for 

separation, identification and quantification of organic compounds in complex samples. GC separates 

analytes in complex samples and MS give qualitative and quantitative information that can lead to 
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identification and quantification of analytes (117). A schematic display of a mass spectrometer is 

shown in Figure 2.10. 

 

Figure 2.10 A schematic display of a mass spectrometer. Sample elute from the GC-column and analyte molecules are 
fragmented and ionized by the ion source. Fragments are separated according to their mass-to-charge ratio, detected 
and displayed as a mass spectrum. 

To obtain a mass spectrum, gaseous sample material eluted from the GC-column is ionized. Ions are 

accelerated by an electric field and separated according to their mass-to-charge ratio (m/z) (118). If all 

charges are +1, m/z is numerically equal to the mass. 

2.4.1 Ionization techniques 

The ionization technique used in this study was electron ionization. When the gas-phase eluate enters 

the MS molecules are ionized by electron ionization (EI). EI is the most commonly used ionization 

technique in GC-MS. A heat-induced beam of electrons (e-) from a hot filament are accelerated 

through a 70 V electric field before they come in proximity with the gaseous molecules eluted from 

the GC-column. Molecules (M) absorb energy from interaction with electrons and 12-15 eV (electron 

volts, 1 eV = 96.5 kJ/mol) provide enough energy for ionization: 

Equation 3: 

� + �� → ��∙ + �� + �� 

 

M+· designates the molecular ion, which is a radical ion with an odd number of electrons. Maximum 

fragmentation occurs when the ionization potential is approximately 30 eV, so M+· often have residual 

energy and break into both neutral and ion fragments (118). The reaction pathway in equation 4 is an 

example of a general sequence of fragmentation, the specific fragment reactions depends of the 

original molecule structure.  

 

 

 

          70 eV                  ~55 eV     0.1 eV  
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Equation 4 

��˙ ↗
�·
�����

↗��������
↗������ !"	!"#$%�	&'#(��)"	* )	($#!�	,�#-) 

where R· is a radical fragment, m is ion fragments and n is neutral molecules. The use of 70 eV secures 

a reproducible EI spectrum according to specific reaction pathways. The reproducible pattern of 

fragments can be used for identification. EI efficiency is only 0.01 % to 0.001 %, but despite the low 

efficiency a very low analyte amount (pg-range) gives a spectrum that can be matched against 

available mass spectral databases. A great advantage with the EI technique is large commercially 

available databases of EI spectra, compared to other ionization techniques with smaller available 

databases (119).  

 To increase the abundance of the molecular ion, the energy of electrons in the ionization 

source can be lowered to 20 eV, which will lead to less fragmentation. Another option is to change 

ionization technique to chemical ionization. Chemical ionization is a soft ionization technique, 

resulting in less fragmentation than EI and is the preferred ionization technique when studying 

molecule masses (118).  

2.4.2 Mass analyzers 

There are several different types of mass analyzers commonly used in combination with GC on the 

market. Three common bench top alternatives are; transmission quadrupole GC-MS (QMF), 

quadrupole ion trap GC-MS and time-of-flight GC-MS  (118, 119).  

QMF was used in this study and is one of the most common mass analyzers, mostly because of its 

robustness, low cost and usability (119). The quadrupole consists of four parallel electric poles. The 

poles are arranged in pairs, so two poles across from each other have the same direct current potential 

(positive or negative) and the two other poles the opposite potential as shown in Figure 2.11. At the 

same time a radio frequency oscillating voltage is applied to all four poles, creating an alternating 

electric field leading ions into oscillating trajectories as they move from the ionization chamber 

towards the detector (118).  
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Figure 2.11: An illustration of a transmission quadrupole GC-MS (QMF). Gaseous molecules from the GC column 
are ionized and lead into the quadrupole mass separator. Metal poles with pared electric potential (+/-) give ions with 
a certain m/z-ratio stable oscillations so it reaches the detector. By varying the electric potential different ions are 
detected (118). 

The chosen electric field allows only ions with a specific m/z-ratio to get stable oscillations and be 

transmitted to the detector. By rapidly changing voltages ions with different m/z-ratio are sent to the 

detector and a QMF can register 2-8 spectra per second and covers a range of up to 4000 m/z units 

(118).  

2.4.3 MS data acquisition 

Total Ion Current chromatogram  

A total ion current (TIC) chromatogram is constructed from the intensity of consecutively detected 

mass spectra in a full scan mode for the range of m/z-values entered in the method. A TIC displays the 

abundance of analyte as a function of retention time. Analysis performed in TIC-mode detects all 

compounds in a sample, and provide limited information for complex samples where compounds may 

co-elute. It is possible to extract the ion current of a single m/z-value post-acquisition to obtain a mass 

chromatogram, often called extracted ion chromatogram (EIC).  EIC can be used to visualize and 

resolve suspected co-eluting substances, or to provide clean chromatograms of compounds of interest. 

To increase selectivity and signal-to-noise ratio for both qualitative and quantitative purposes more 

specific methods like selected ion monitoring (SIM) can be used (119, 120). 
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Selected Ion Monitoring 

The MS detector can scan a sample for one or a few ions characteristic for target compound(s). 

Selected ion monitoring (SIM) results in selective chromatograms displaying only the peaks providing 

ions with the targeted m/z-values. SIM is often used for trace analysis and is convenient because only 

the information of interest is recorded, which results in a method with high selectivity. With SIM the 

quadrupole analyzer toggles between the one or few chosen m/z-values instead of full scan for a great 

range of m/z-values as with TIC. In complex samples like human serum some FAMEs may coelute. 

Co-elution can be recognized by ion traces and co-eluting compounds can be separated by SIM if they 

differ in ion fragmentation. More time to monitor a few m/z-values results in improved sensitivity, 

lower detection limit and more defined chromatogram peak profiles because the background noise is 

decreased compared to TIC and EIC (118, 119). Mass spectra from SIM chromatograms cannot be 

used for library searches because a complete spectrum is lacking. This is not considered a problem if 

full scan analyses are performed for the same sample material, while SIM is used specifically for 

quantitative measurements for selected quantitation and qualification ions based on the full scan 

analysis. 

 

2.4.4 Interpreting FAME mass spectra 

When identifying an unknown analyte from a mass spectrum it is necessary to gather information 

about the analyzed sample. Knowledge about origin, collection and chemical and structural 

characteristics will come in handy in the analyte identification process. Mass spectra are read from 

right to left and a mass spectrum for C16:0 is shown in Figure 2.12. The molecular ion (M+·) gives us 

the molecular mass of an unknown. If present, the molecular ion peak can be found to the right in a 

mass spectrum (ion with the highest m/z-value) (120). If the M+· is not visible, its fragments are also 

important clues to the structure of the unknown (118). Examples are M+-18 (loss of H2O), M+-31 (loss 

of a methoxygroup), M+-43 (loss of propyl) and M+-74 (loss of a McLafferty fragment). An ion in a 

mass spectrum is not represented with a single peak, but a cluster of peaks where the peak with the 

lowest m/z-value is the monoisotopic mass peak. The percentage relationship between peaks relative to 

the monoisotopic peak in a cluster can be used in identifying the elemental ion composition (118).
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Figure 2.12: Mass spectrum of the fatty acid methyl ester methyl palmitate (C16:0). The molecular ion has m/z-value 
of 270 (121). 

 

The highest peak in a spectrum is called the base peak and in Figure 2.12 m/z 74 (McLafferty 

rearrangement ion) is the base peak. A search in a mass spectral database against known mass spectra 

often gives good clues to identify the unknown analyte. Successful matches should always be verified 

by analyzing the pure expected analyte to see if that mass spectrum is in accordance to the spectrum 

from the database, as well as a to verify a matching retention time.  

A large number of FAMEs often produce similar mass spectra and the molecular ion (M+·) is seldom 

abundant. Even though the molecular ion often is missing, FAMEs provide a characteristic 

fragmentation pattern and there are some features that give information about the identity of an 

unknown FAME (122). Characteristic features for FAMEs are listed in Table 2.1.  
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Table 2.1: Characteristic features* that are of diagnostic relevance for interpreting mass spectra of FAMEs (71, 122). 

FAME a Base  
peak 
m/z 

   M+b No ions 
with m/z: 

Mass  
differencesc 

Mass relations to M 

X:0 74 weak (lower MW) 
visible (higher MW) 

90, 103 43>41 
87>143 

(M-43)>(M-31)≥(M-29) 

X:1 55 (d>6) 
74 (d<6) 

visible 90, 103 41>43 
69>67(d>6) 
96>69 (d<6) 
 

(M-32)>(M-31)>M 
(M-32):M≈4:1 
(M-74)≈(M-116) 
 

X:2 67 visible 75, 90, 
103 

41>43 
81>95, 55, 82 

 

X:3 79 visible 75, 90 41>43 
79≥67>80, 55, 93 
80>93(n-6) 
80<93(n-3) 
150>149(n-6) 
108<107 (n-3) 

M>(M-31) 
M≈(M-98)(n-6) 
M≈(M-56) (n-3) 

X:4,5,6 79 weak 75, 90 41>43 
79>91, 67, 80, 93>55 
80>93(n-6) 
80<93(n-3) 
150>149(n-6) 
108<107(n-3) 
150>161(n-6) 
150<161 (n-3) 

 

aFAMEs sorted by number of double bonds and distance from the carboxyl end (d) or methyl end (n).  

bThe quantity of M is designated by weak (<2 %) and visible (2-50 %).    
cThe m/z-values in bold print have a relative abundance >50 %.  
*All features are verified within the chain length (X) range of C10-20 by Härtigs group (122), above this range shifts in 
details may occur. 

The main challenges when identifying fatty acids separated by GC lies in determination of the position 

and geometry of double bonds of unsaturated fatty acids (71). The characteristics listed in Table 2.1 

may confirm identification by retention time comparison with the use of standard solutions as 

described in section 2.3.2.  

 

2.5 Quantification of fatty acids 

2.5.1 Internal standard method 

Internal standard (ISTD) method provide the most accurate quantification for both GC-FID and GC-

MS (123). The use of an ISTD is a prerequisite to relate analysis results to the situation as it was in the 

original sample material, assuming that the concentration ratio between analyte and ISTD remain 

constant during sample preparation and analysis. Chromatography response to an analyte varies 

slightly from run to run and the use of an ISTD will correct for differences in gas flow, sample amount 

injected, temperature fluctuations and other variations. The internal standard method is also a good 



Methods; Introduction and theory 
 

31 
 

choice when there are expected variations in the sample preparation method that can lead to loss of 

sample material and varying recovery of analyte. The relationship between analyte and added ISTD, 

and the detectors relative response to the two compounds, is usually constant over a wide range of 

conditions (124). A high quality ISTD is a compound chemically similar to the analyte, so when 

analyzing FAMEs the ISTD is often an odd numbered FAME that is not present naturally in the 

sample material. The ISTD should elute in an available space in the chromatogram near the peaks of 

interest, and in most biological samples where C16:0 and C18:0 is predominant, C17:0 is a commonly 

chosen ISTD, such as the ISTD used in this study; 1,2-diheptadecanoyl-sn-glycero-3-

phosphatidylcholine (96). If the sample material contains a great specter of fatty acids there might be 

necessary to use several internal standards, and C19:0 and C21:0 are possible choices. The ISTD is 

added both to the calibration standards and to sample material, and goes through the sample 

preparation steps (124). ISTD concentration should be in the mid-range of what is expected for 

compounds in the samples (115, 123).  

2.5.2 System performance 

Retention factor (k) 

The retention factor (k, previously called capacity factor) describes the actual retention properties of 

the stationary phase by adjusting the analyte retention time with respect to the time needed by the 

unretained solvent to pass through the column. The retention factor is a more convenient way of 

describing retention characteristics than the distribution ratio (K) described earlier. A high retention 

factor describes a stationary phase with great ability to retain the analyte. The ChemStation software 

(Agilent) used for GC-FID analyses calculate retention factor using equation 5: 

Equation 5 

- = 01 − 03
03  

Where TR is analyte retention time and T0 is retention time for the unretained solvent, both given in 

minutes. A k <1 means that the elution of analyte is so fast that an accurate determination of retention 

time is difficult, while a k >20 indicates long retention times and a long total analysis time (125).  

Peak width and plate number 

A peak in a chromatogram actually shows the distribution of analyte as a band when the analyte elute 

from the column. The analyte distribution is affected by small variations in injection, column 

temperature and retention ability of the stationary phase amongst others (100). The ChemStation 

software calculates peak width at half peak height (equation 6): 
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Equation 6 

453.3 = 7*8"ℎ	 &	,�#-	#"	ℎ�*(ℎ"	50.0	%	 &	" "#%	ℎ�*(ℎ" 

where W50.0 is given in minutes. The half-height peak width (W50.0) can also be expressed as 2.35 

sigma (2.35σ). Sigma is the standard deviation of the peak.   

The number of theoretical of separation steps, or plates, in a column (N) designates the columns 

separation capabilities. In other words, N describes the column efficiency. An efficient column has a 

high N, little band broadening and lead to narrow peaks in a chromatogram (103). The ChemStation 

software defines the number of theoretical plates as in equation 7: 

Equation 7 

= = 5.54 ? 01
453.3

@
�
 

Calculation of N assumes that the peak has a normal distribution.   

An alternative way of expressing the column efficiency is by using plate height (H), as described in 

section 2.2.1. The plate height is not dependent of column length and can be used for comparison of 

efficiency for column with varying lengths. The relationship between plate height and column length 

is displayed in equation 8: 

Equation 8 

	 = A
= 

where L is the column length (104). 

Resolution 

Chromatographic separation of two adjacent peaks (a and b) is defined by peak resolution (R). The 

resolution is a quantifiable measurement on whether the two peaks are resolved so sufficiently that 

peak areas can be obtained (100). The ChemStation software calculates resolution by using the half-

width method as showed in equation 9, pertaining to peaks a and b, TR of peak a < TR of peak b: 

Equation 9 

B = C2.352 F G01(H) − 01(I)J
453.3(H) +453.3(I)

 

Resolution for quantitative analyses should be >1.5. A resolution >1.8 indicate too much separation, 

which can lead to band broadening of later eluting peaks and long total analysis time (100). 
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Peak symmetry 

The analyte band moving through a column in a normal dispersion elutes as a bell-shaped Gaussian 

peak, as shown in Figure 2.13. 

 

Figure 2.13  A chromatographic peak with an ideal Gaussian shape (126).  

If a part of the analytes in a band is more strongly retained than predicted by the distribution ratio (K), 

for example due to hydrogen bonding, they will travel slower through the column and form a tail on 

the main peak; peak tailing. The opposite, peak fronting, is a result of analyte moving ahead of the 

main band. Fronting peaks occur when the sample capacity of the analytical column is exceeded. Peak 

asymmetry is a measure of fronting or tailing and is commonly used to describe peak shape. Peak 

asymmetry is calculated by comparing peak half-widths at 10 % or 5 % of the peak height. On the 

contrary, the ChemStation software only calculates a peak symmetry factor (equation 10): 

Equation 10 

	
K�#-	!L���"'L = #� + #�

#M + #N 

where a1-4 is area of the slice. The four areas are calculated as shown in the Figure above equation 10, 

where t1-4 is time of slice, Hf is height of front inflection point, Hr is height of rear inflection point and 

H is height at peak apex. ChemStation does not state any peak symmetry limits and the most important 

factor is the quality of peak integration. Satisfying peak symmetry must be evaluated within each 

laboratory and adjusted to meet the requirements of the specific analysis (oral communication with 

Geir Skagestad, Matrix AS, Norway April 16th 2013). 
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Signal/noise-ratio and limits of detection and quantif ication 

The mean noise level for a base line must be established in order to calculate the signal-to-noise ratio 

and determine the limit of detection. Limit of detection (LOD) is defined as the smallest concentration 

of analyte that give a signal significantly different from the signal for a blank sample (noise, N) (124). 

LOD is commonly described as a signal that is three times the noise for a sample (S/N>3). A signal at 

the limit of detection is still too low to be accurately measured and the limit of quantitation (LOQ) is 

set to 10 times the N of a sample (S/N>10). The challenge is to achieve a reliable measurement of the 

noise, and there are several techniques offered by different software programs. 

The ChemStation software calculates N by using six times the standard deviation of the linear 

regression of all data points in a given time range: 

Equation 11 

N = 6 × !"8. 8�R 

The slope of the linear regression is the drift in the samples base line and when the six times deviation 

method is used the calculated N is drift-corrected (127). See Figure 2.14 for illustration of the 

calculation method.  

 
Figure 2.14 Noise is calculated as six times the standard   
deviation for the linear regression of the drift by the   
ChemStation software (127). 

N is calculated for seven time ranges within the total analysis time, defined by the software user. The 

time range closest to each peak is selected for signal/noise-ratio calculation. The Xcalibur software 

used for GC-MS-analysis provided a different calculation method. To be able to compare the LOD for 

the two instruments ChemStation calculation procedure was performed manually on the 

chromatograms produced by the GC-MS. 

2.5.3 Quantification of FAME analyzed with GC-FID 

Quantification of FAMEs analyzed with GC-FID is usually determined based on the peak height or 

area. Quantification is often based on calibrated calculation procedures and two common methods use 

external or internal standard(s). External standard procedure use absolute response factors obtained 

from a calibration with standards containing a known amount of FAMEs, covering the concentration 
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range expected in the unknown samples (128). Internal standard method is a more robust 

quantification method and is described in section 2.5.1.  

2.5.4 Quantifiation of FAME analyzed with GC-MS 

Quantification can be performed using any type of ionization technique and mass analyzer. 

Quantification can be performed both in TIC and SIM mode. In TIC mode the total signal for each 

peak is used for quantification. In SIM mode, a quantification ion is used to quantitate an analyte. A 

quantification ion is present in abundance. The quantification ion can be uniquely characteristic for a 

molecule, or present in several analytes as long as they are chromatographically separated. The base 

peak is often used as a quantification ion. Quantification ions must be well separated from matrix 

interference. In biologic samples matrix interference may be present for ions with m/z-value below 

200, which makes the selection of good quantification ions challenging because only a small percent 

of the total ion current have m/z-values over 200 (123). Qualifier ions can confirm that the signal 

registered is due to a fatty acid and not interferences. Qualifier ions are set to lie within a specified 

percentage range of the quantifier ion to confirm the peak identity.  

GC-MS has several advantages compared to GC-FID when you want to perform qualitative and 

quantitative analyses. With GC-MS good separation is not as crucial as when using GC-FID; 

characteristic ions can still be sorted by mass. GC-MS also give a greater confirmation of analyte 

identity. GC-FID methods are based primarily on retention times for identification. GC-MS provide 

identification based on both the retention time, mass spectra and matches found by searching mass 

spectral databases contributes to confirm analyte identity (123).  
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2.6 Aim of the HiOA-study “Effect of overweight on male reproductive 

function” 

A relation between for overweight and prolonged time to fertilization has been established in females, 

and the adverse effects may be reversible with weight loss (20, 22). There are a number of studies on 

male overweight and obesity, and their effect on male reproduction function (4, 23, 30). As of today 

there are few published studies investigating whether weight loss will improve factors within male 

reproduction function (6, 129). If results indicate that weight loss will improve semen quality and 

contribute to increased male reproduction function, there will be evidence to advise overweight men to 

lose weight if they wish to increase chances of conceiving.  

The overall aim of the HiOA study is to investigate if overweight affects male reproduction function 

by comparing overweight and obese men to normal weight men. The HiOA study also explore 

whether weight loss by diet, bariatric surgery and/or lifestyle intervention can counteract possible 

observed negative effects. 

2.6.1 Ethical considerations 

The research project is approved by The Regional Committees for Medical and Health Research 

Ethics (REC) and is reported to The Data Protection Official for Research. The Norwegian Directorate 

of Health has approved establishment of a research biobank for collected sample material. The lower 

age limit for participating in this study is 18 years, and all participants have signed an informed 

consent before data was collected. They have the right to withdraw from the study at any time, and 

participant data will be deleted and collected sample material will be destroyed. Anonymized 

published data will not be withdrawn. Participants get feedback on their test results if wanted and they 

are recommended to contact their regular general physician if they want the results further 

investigated.  

Relevant legislation for this study is the Act on medical and health research (130) and  the Act on 

ethics and integrity in research (131). 

 

2.7 Research material 

2.7.1 Subjects and sample collection 

Men with a BMI >25 kg/m2 who had taken action to lose weight were recruited from Grete Roede AS, 

VG Weight club, advertisement in media, and at different training facilities before the start of this 

master study. Men with a BMI >35 kg/m2 who were going through a lifestyle intervention program or 

bariatric surgery were recruited from The Morbid Obesity Center, South-Eastern Regional Health 

Authority, Norway, dep. Tønsberg and Aker, and Center for learning and achievement (LMS) dep. 
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Aker. Men with normal BMI (18.5-24.9 kg/m2) were recruited by advertisements in media, and from 

The Fertility Clinic South, Telemark Hospital, from couples with known female factor as the cause of 

infertility. 

Participants to the study were enrolled over a time period of three years, 2009-2012. Men who lost 

weight by self-induced life style changes or controlled life style intervention returned for a second 

blood sample after weight loss and the second semen sample three months later. The blood sample 

will in that way reflect the blood status at early spermatogenesis. Participants who went through 

bariatric surgery delivered the first blood and semen sample before they underwent surgery and the 

second set of samples after approximately one year postoperative. The overweight participants will 

contribute as their own control group in regard to the effect of weight loss. 

Twenty three men with normal BMI (18.5-24.9 kg/m2) were recruited as a control group for 

reproductive function and fatty acid status in serum phospholipids. All participants were administered 

a lifestyle and medical questionnaire when visiting the research facilities. Weight, height and waist 

circumference, percent body fat and blood pressure were obtained during their visit. The semen 

sample was provided by masturbation at home or at the research facilities. Participants were asked to 

refrain from ejaculation 2-7 days, preferably 3 days, before sample collection and to keep the semen 

sample close to their body during transportation. The semen sample was to be delivered within 2 hours 

after collection. Blood samples were drawn at the research facilities by authorized staff.   

Sample material collected for research is stored at -80 °C in a biobank at HiOA. 

2.7.2 Semen analysis 

All semen parameters except motility were performed by trained staff at HiOA and determined 

according to the World Health Organization (WHO) (132) procedures, described in a manual by 

Nordic Association for Andrology in collaboration with European Society of Human Reproduction 

and Embryology (133). Motility analysis were performed at The Center for Reproduction Medicine at 

Skåne University Hospital (Sweden) and determined according to WHO procedures updated in 2010 

(61).  

Volume was determined by weighing and subtracting the weight of the empty tube, assuming that 1 ml 

semen = 1 g. Sperm motility was performed by microscopy and graded as follows; progressive 

motility (PR), non-progressive motility (NP) and immotility (IM). Total PR count is calculated by 

multiplying the percentage score of PR with the total sperm count.  

Vitality was determined by microscopy after eosin-nigrosin staining to differentiate between viable 

and non-viable sperm cells. Smears were Papanicolao stained before evaluation of morphology was 

performed. Morphology was classified as defect head, mid piece or tail, and presence of cytoplasmic 

residues. Sperm concentration was assessed by using a Neubauer Improved Haemocytometer after 



Methods; Introduction and theory 

38 
 

liquefaction. Total normal sperm morphology is calculated by multiplying the percentage score  for 

normal morphology with the total sperm count. 

 

2.8 Aim of this master study 

Studies on dietary fat intake and semen quality suggest a negative relation between a high intake of 

SFA and decreased semen quality (94, 95). Serum phospholipid fatty acids can in some degree be used 

as a marker of short-term dietary fat intake (134). There is a lack of studies on serum phospholipid 

fatty acid composition and semen quality and changes in both parameters after weight loss. The 

general aim of this study was to: 

o Optimize the method used to extract serum phospholipid fatty acids and chemically modify 

extracted fatty acids for GC-analysis. 

o Establish a qualitative and quantitative method for FAME analyses using a GC with flame-

ionization detector and ChemStation software for data processing.  

o Verify qualitative results by using GC-mass spectrometry with Xcalibur software, and 

compare flame-ionization detector and mass spectrometry considering ability for identification 

of FAMEs, and limits of detection and quantification. 

o Investigate if BMI show associations with semen quality or serum phospholipid FAME 

composition, and explore whether levels of serum phospholipid FAMEs correlate with any 

semen quality parameters. 

o Study what effect weight loss may have on the composition of serum phospholipid FAME 

composition and semen quality. 
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3 EXPERIMENTAL 

Chemicals, equipment and stock standard solutions used in this study are listed in appendix 1. 

     

3.1 Serum phospholipid fatty acid preparation 

A detailed step-by-step procedure for preparation of serum phospholipid fatty acids for GC-analyses 

can be found in appendix 2, a summary of the procedures is given in this section. 

3.1.1 Lipid extraction  

Lipids were extracted according to a method modified after Folch (97). The method used was 

modified and adapted to the sample material based on experience from professor emeritus Hans J. 

Grav (formerly University of Oslo) and work by Almendingen et al. 2007 (135). Each set up also 

contained a method blank where neither serum nor internal standard were added. Serum samples were 

thawed at 4-6 °C. Fifteen µl butylated hydroxytoluene (BHT in 1 % ethanol, an antioxidant) and 200 

µl serum were added to 20 times the sample volume (4 ml) of cold chloroform/methanol (2:1) in acid 

washed glass tubes. 30 µl 1 mg/ml 1,2-diheptadecanoyl-sn-glycero-3-phosphatidylcholine in 

chloroform/methanol (2:1) was used as ISTD. The mix was vortexed for 30 sec and incubated in room 

temperature for 30 min. 

The sample solution was washed with four times the sample volume (800 µl) of 0.9 % NaCl and 

vortexed for 30 sec before 10 min incubation in room temperature. All test tubes were centrifuged for 

5 min, 10 % U/min (~2500 rpm). The chloroform phase was transferred to new test tubes by suction 

and evaporated to dryness under a stream of N2. Lipids were dissolved in 300 µl n-hexane. 200 µl 

were used for lipid fractionation, while 100 µl containing the total lipid profile were derivatized 

without fractionation.  

3.1.2 Lipid fractionation 

Ion-exchange chromatography was used to separate lipid fractions. The method is based on work done 

by Kaluzny et al. (99). Columns used were bonded-phase columns (Supelclean TM LC-NH2 Tubes, 1 

ml from Supelco, Bellefonte, PA, USA). Columns were equilibrated with 4x1 ml n-hexane. 200 µl of 

the total lipid extract was then added to the column before the columns were flushed with 4x200 µl 

chloroform. Neutral lipids were eluted by adding 4x1 ml chloroform/2-propanol (2:1) and the free 

fatty acids by 4x1 ml 2 % acetic acid in ethyl ether, both eluents were discharged. Finally 

phospholipids were eluted by adding 4x1 ml methanol to the columns. 

3.1.3 Derivatization of fatty acids  

The transmethylation method is based on work by Hoshi et al. (101) and the experience passed on 

from professor emeritus Hans J. Grav.  
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Both total lipid and phospholipid samples were vaporized to complete dryness under N2 and resolved 

in 1 ml benzene, 200 µl 2,2-dimetoxypropane and 2 ml 3 M methanolic HCl, in that order. Solutions 

were vortexed for 30 sec and left dark and in room temperature overnight. The following day solutions 

were neutralized by adding 4 ml 6 % NaHCO3. FAMEs were extracted in 2 ml n-hexane and 

vaporized to dryness under N2. The extraction step was repeated three times. Samples were dissolved 

in 200 µl n-hexane (blank samples were dissolved in 400 µl n-hexane) and transferred to 100 µl crimp 

vials. Before capping, air in the vials was replaced with N2 to avoid deterioration of the sample 

material. Phospholipid samples were stored until GC analysis, and total lipid samples are stored for 

later studies, both in -80° C. 

3.2 GC analyses of fatty acid methyl esters 

3.2.1 Gas chromatography with flame ionization dete ction (GC-FID) 

To perform fatty acid separation in this study a 7890A gas chromatograph with flame-ionization 

detector from Agilent Technologies (Santa Clara, CA, USA) were used together with AutoSampler 

7693 from the same company. Sample material was injected in split less mode and split less time was 

set to 0.7 min. After spilt less time the injector switched to split mode with a split ratio of 1:40. An 

increase of split less time to 1.0 min was investigated, but did not improve separation. 

Injector temperatures of 250° C and 280° C was tested, and the injection temperature was set to 280 °C 

to avoid discrimination of long, less volatile FAMEs. The injection volume was 1 µl. Nitrogen gas 

(N2) was used as carrier gas with a gas flow of 1.4 ml/min. The GC was set to constant flow mode, 

meaning the gas flow was kept constant during time of analysis, while the column pressure shifted as a 

result of increasing column temperature. Initial column pressure was 165.48 kPa. FAMEs were 

separated on a 60 m × 0.25 mm polar BPX70 column with stationary phase film thickness of 0.25 µm 

(SGE International, UK). To minimize band broadening and refocus analytes in the samples, a 

precolumn from Supelco (Bellefonte, PA, USA) was mounted. Column temperature was held at 50 °C 

for one minute, 19 °C below solvent boiling point during injection to achieve a “solvent effect”. The 

temperature program used to separate FAMEs is listed in Table 3.1; total analysis time was 76.5 min. 

Table 3.1 Temperature program used for separation of FAMEs from serum phospholipids on a flame-ionization 
detector coupled gas chromatograph. 

Temperature ramp °C/min °C Hold time (min) 

Initial temperature  50 1 
Ramp 1      40 120 3 
Ramp 2        2 180 0 
Ramp 3        1 220 0 
Ramp 4      20 235 0 
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3.2.2 Retention time locking 

A retention time versus pressure calibration was performed to lock the optimized method. C17:0 

FAME was the compound used for this purpose and for later relocking procedures. C17:0 FAME is 

easy identifiable, gives a symmetrical peak and elutes in a critical part of the chromatogram. Five 

calibration runs were performed under identical conditions, except for varying inlet pressures listed in 

Table 3.2. 

Table 3.2: Five different inlet pressures were used for retention time versus pressure calibration. Retention time vs. 
pressure-calibration was further used to retention time lock the calibrated GC-FID method used for FAME analysis. 

Calibration run Variants of target pressure Actual inlet pressure (kPa) 
1 Target pressure – 20 % 132.00 
2 Target pressure – 10 % 149.00 
3 Target pressure (as nominal method pressure) 165.48 
4 Target pressure + 10 % 182.00 
5 Target pressure + 20 % 198.50 

  

The retention time for C17:0 was registered for each run and the five pairs of inlet pressures and 

retention times were plotted in ChemStation software as a part of the method. 

3.2.3 Response factor 

A 1 mg/ml total FAME concentration of the commercially available standard solution GLC #411 was 

spiked with FAME C17:0 to obtain a 40.0 µg/ml ISTD concentration. The spiked standard solution 

was used in determination of relative response factors for saturated FAMEs to evaluate the response 

dependence of GC-FID to the FAME carbon number, according to equation 12:  

Equation 12 

BBS = TU	�V�WX
TV�WX�U  

where RRF of an analyte is given in terms of the analyte area (Ax), the ISTD area (AISTD) and the 

concentrations of the analyte and the ISTD (Cx and CISTD, respectively). GLC #411 is a mix of 31 

equally weighed fatty acid methyl esters from Nu-ChekPrep (MN, USA) and list of the FAMEs can be 

found in appendix 3. 

3.2.4 Quantification of FAMEs 

Three different stock solutions were used to prepare standard solutions that covered all expected 

FAMEs in the unknown samples; 1) cis-5,8,11,14,17-eicosapentaenoic acid methyl ester (C20:5n-3), 

2)  methyl cis-7,10,13,16,19-docosapentaenoate (C22:5n-3), both single standards from Supelco 

(Bellafonte, USA) and 3) GLC #411. The ISTD that was added to all samples prior to sample 

preparation was C17:0, as explained in section 3.2.1. The ISTD added to standard solutions was 

methyl heptadecanoate, a C17:0 FAME from Fluka Analytical. Nine concentration levels of the 
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standard solutions were used to provide calibration curves. Area of each FAME peak was calculated 

and area ratio for the known analyte to the ISTD was plotted against the corresponding known 

concentration ratio by the ChemStation software. Quantification was performed by calculating µg/ml 

FAME-equivalents in serum, with the assumption that the ISTD provided two C17:0 FAME-

equivalents when added to the serum samples (appendix 4). The area sum for a selected number of 

FAMEs detected for all participants, with exception of the ISTD, was considered equal 100 %. The 

percentage distribution of serum phospholipid FAMEs was calculated based on the concentrations in 

µg/ml and used for statistical analyses. 

3.2.5 Gas chromatography with mass spectrometry 

To verify qualitative results from the GC-FID, an identical analytical method was transferred to the 

GC combined with a mass spectrometer (GC-MS). Helium was used as carrier gas at a constant flow 

rate of 1.4 ml/min. 1 µl sample was injected in split less mode, and the split valve was closed for 0.7 

min and then opened to 1:50 split ratio. After 2 min the gas saver flow was set to a split ratio of 1:20. 

For details on the temperature program used for sample analysis, see section 3.2.1 and Table 3.1. A 6 

min solvent delay was applied to the method to avoid detecting the solvent peak. Analysis was carried 

out using a BPX70 column as described in section 2.2.2.  The quadrupole MS was operated with 70 

eV electron ionization (EI), and FAMEs were analyzed with both TIC and SIM mode. In TIC mode 

the data acquisition was performed in the m/z-range from 35-420. Scan time was set to 4.0 sec with 2.5 

scans/sec in TIC. Ions acquired during SIM were m/z 67, 74 and 79. 

Mass spectra from the TIC chromatogram were used to select the most characteristic ion pattern 

belonging to each FAME. The ion pattern was used to identify FAMEs with the highest selectivity by 

comparing spectra with the common features listed in Table 2.1. The most abundant ions were 

selected to be able to perform quantification of FAMEs in SIM mode at a later stage in the study.

  

3.3 Processing of raw data 

Method blank samples were analyzed first and last for every analysis sequence. The method blank 

samples all presented small amounts of C16:0 and C18:0. After several attempts to eliminate the 

contamination without success it was decided to increase the serum volume by a fourfold to be able to 

perform blank subtraction. The average measured area (A) for C16:0 and C18:0 was subtracted from 

the measured area for corresponding peaks in participant chromatograms. New concentrations (C) and 

percentage distribution of FAMEs were calculated by using the equation given by the calibration 

curve: 
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Equation 13: C16:0  

YZ[\:^
Y_`ab

= [. cde^f × ZZ[\:^
Z_`ab

− ^. [g\ch 

Equation 14: C18:0 

YZ[f:^
Y_`ab

= [. cfghc × ZZ[f:^
Z_`ab

− ^. [gh\\ 

 

Blank subtraction was performed prior to statistical analysis. 

 

3.4 Statistical analysis 

The cut-off level for statistical significance in this master thesis was p≤0.05. Percentage FAMEs are 

calculated based on quantified amounts (µg/ml), and defines percentage weight of a selection of nine 

FAMEs detected in all participant samples set to equal 100 %. 

In the cross-sectional study, participants were divided into three groups according to BMI at baseline 

(1: 18.5-24.9 kg/m2, 2: 25.0-29.9 kg/m2 and 3: ≥30.0 kg/m2). In crude analysis, non-parametric tests 

were used for group comparisons due to the small sample sizes. Median and range for all semen 

quality parameters and FAMEs were calculated for participants in each group, and median for men in 

the three groups were compared by using Kruskal Wallis Test. Any statistically significant results 

(p	≤	0.05) by Kruskal Wallis Test, were investigated with follow-up Mann-Whitney U Tests between 

pairs of groups to see which group that significantly differed from the others.   

Semen quality is known to decrease with increasing age, and the parameters sperm motility and 

normal sperm morphology are affected by abstinence time before semen sample delivery (136, 137). 

The comparison of semen quality for men divided into three BMI groups was repeated with multiple 

linear regression with semen quality parameters as dependent continuous variable and BMI groups as 

an independent dichotomous variable, adjusted for the two confounders age and abstinence time. 

Multiple linear regression was also used to investigate the participant group as a whole for 

associations between semen quality parameters as dependent continuous variable and BMI or 

percentage FAMEs as independent continuous variable, adjusted for age and abstinence time.  

The results from multiple linear regression are presented with the unstandardized B-coefficient (B) and 

the corresponding p-value. The B-coefficient indicates the average change in the dependent variable 

associated with a 1 unit change in the independent variable after adjusting for other independent 

variables (138). Residuals for semen quality parameters that did not meet the distributional 

assumptions of linear regression were square root transformed, log transformed, reflected and square 
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root transformed or reflected and log transformed, dependent of the shape of the parameters original 

distribution. The B-coefficient for transformed variables provide information on the average change in 

the dependent variable associated with a 1 unit change in the transformed variable, and is difficult to 

relate to the real life situation. There is considerable controversy concerning back transforming of 

adjusted variables, and back transforming was not performed for results given in this master thesis. 

The B-coefficient for transformed variables listed in Tables 4.11, 4.12 and 4.14-4.16 provide only 

information on the direction of the association (negative or positive), not the average change in the 

dependent variable as explained earlier in this section.    

 

In the longitudinal study, the percent weight loss was calculated and participants were divided into 

three groups; 1) low: <10 %, 2) high: ≥10 % and 3) bariatric surgery with a following weight loss. 

Median with 25-75 percentiles is provided for each variable and Wilcoxon Signed Rank Test was used 

to perform within-group comparisons of serum phospholipid fatty acid composition and of semen 

quality parameters at baseline and after weight loss. 

Microsoft Excel 2010 and IBM SPSS for Windows (version 20.0) were used for statistical analysis.
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4 RESULTS 

4.1 Analytical process  

Blood and semen sample collection, and semen analyses, were performed prior to the start of this 

master study. Sixty-one serum samples were prepared and analyzed using GC-FID. Statistical analyses 

were done for semen quality and FAME data. Three samples from a total of two participants were 

excluded based on disagreement in FAME identification (two baseline and one follow-up sample(s)). 

All together 59 participants provided FAME chromatograms for further analysis. Nineteen of 59 

participants provided FAME chromatograms both at baseline and after weight loss.  

Prior to GC-analysis serum phospholipid fatty acids had to be extracted, separated and chemically 

prepared. The sample preparation protocol was modified from a four day- to the two day-procedure 

described in section 3.1, and the amount of serum used was increased by a fourfold to enhance analyte 

recovery. After getting familiar with the ChemStation software, a satisfying temperature program and 

a calibration procedure were compiled for qualitative and quantitative GC-FID analysis. Standard 

solutions and four participant samples were analyzed with GC-MS to confirm FAME identity and 

compare signal-to-noise ratio for GC-FID and GC-MS in both TIC and SIM mode.  

Results from the method development are presented in section 4.2-4.5. Participant baseline results are 

presented in section 4.6-4.7 and the effect of weight loss described in section 4.8. 

 

4.2 Recovery of the internal standard 

Recovery of ISTD expanded over a range from 29.9-68.9 %, with 32 of a total of 59 analyzed baseline 

samples with a recovery higher than 50 %. 

 

4.3 Optimization of gas chromatographic separation  

The criteria parameters considered in the GC–FID method optimization were to obtain the highest 

resolution between the different FAMEs, suitable peak integration and the shortest possible analysis 

time. The retention times of FAMEs depends mainly on their chain length, number of double bonds 

and double bond position as described in section 2.3.2. The optimal temperature program used for 

FAME separation on a BPX70 column is described in Table 3.1. Baseline separation of FAMEs in 

GLC # 411 was achieved between 7 and 61 minutes with exception of the following FAMEs; C18:1n-

12, n-9 and n-7; C20:1n-15, n-12 and n-9; C22:3n-3 and C22:4n-6. A chromatogram for 1 mg/ml total 

FAME concentration of GLC # 411 is displayed in Figure 4.1. 
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Figure 4.1 Chromatogram obtained for a 1 mg/ml total FAME concentration of the standard solution GLC # 411, 
where signal (pA/s) is plotted against time in minutes. GLC #411was used to calibrate the GC-method for 
quantification of human serum phospholipid FAMEs. All FAMEs in GLC #411 are equally weighted (3.23 wt%).
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The three peaks in the C18:1 fraction were visibly separated, but because of their structure similarity 

they eluted so close together that their retention time windows overlapped and they did not achieve a 

satisfactory resolution for quantification (100). The area and concentration for C18:1n-12, n-9 and n-7 

were combined for quantification and will be referred to as C18:1 throughout this master thesis. Peaks 

for the three variants of C20:1 showed a resolution slightly beneath the required 1.5, but were still 

quantified separately (System performance, appendix 5).C22:3n-3 and C22:4n-6 co-eluted completely 

and concentrations were combined for quantification. 

Two single standards were used to quantitate C20:5n-3 and C22:5n-3 and their chromatograms are 

shown in Figure 4.2. They eluted in the time window between C22:1n-9 and C22:2n-6, and C24:1n-9 

and C22:6n-3, respectively.  

 
Figure 4.2 Chromatogram obtained for the two single standards; A) C20:5n-3 and B) C22:5n-3, both used to calibrate 
the GC-method for quantification of human serum phospholipid FAMEs. Concentration of each FAME was 32.3 
µg/ml and the peak to the left in both chromatograms are the ISTD 40 µg/ml C17:0 FAME. 

 

4.4 Identification and characterization of human se rum phospholipid 

FAMEs 

Retention time locking and identification of FAMEs by GC-FID 

Human serum phospholipid FAMEs were identified by comparing their retention times with those of 

FAMEs in commercially available standards mentioned in section 3.2.4. Small fluctuations in 

chromatographic conditions can affect analyte retention time and may lead to misidentification. A 

procedure for retention time locking (RTL) was performed to minimize shifts in retention time. RTL 

resulted in closely matched retention times with a maximum standard deviation of 0.007 minutes when 

comparing 5 individually prepared replicates of a serum sample (data not shown). Average retention 

time and the relative standard deviation (RSD %) for identified FAMEs are listed in Table 4.1. 

A B 
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Table 4.1 Average retention times (RT), standard deviation and relative   
standard deviation (RSD %) for identified FAMEs in five replicates of   
a serum sample. 

FAME Average RT (min) RSD % 

C14:0 20.934 0.012 

C16:0 27.631 0.016 

C16:1n-7 28.903 0.008 

C18:0 34.227 0.018 

C18:1  35.494 0.004 

C18:2n-6 37.401 0.018 

C18:3n-6 38.520 0.005 

C20:3n-6 46.092 0.007 

C20:4n-6 47.212 0.011 

C20:5n-3  50.434 0.007 

C22:5n-3  59.398 0.008 

C22:6n-3 60.482 0.009 

 

Identification of FAMEs by using GC-MS 

MS detection was performed by EI both in full scan mode and SIM mode. The GC method used with 

GC-FID was adapted to the GC-MS to be able to compare the two detector types. 

Mass spectra for peaks present in the GLC #411 standard solution were compared to expected features 

listed in Table 2.1. All features were compatible except the expectation that m/z 108<107 for n-3 

FAMEs with three or more double bonds, which turned out to be m/z 108>107 for all n-3 FAMEs in 

this study (see spectrum for C18:3n-3 as a representative example in appendix 6).   

 Four serum samples were analyzed with GC-MS and mass spectra for each sample were 

compared with both spectra from GLC #411 and expected features to confirm peak identification. The 

peak identified as FAME C20:1n-9 by the GC-FID method turned out to be an unidentified 

contamination present in all four serum samples as shown in appendix 6. FAME C20:1n-9 was 

excluded from all participant result calculations based on this observation. 

The theoretical elution order; 1) C20:3n-6, 2) C20:3n-3 and 3) C20:4n-6 when polar columns are used 

for separation of FAMEs was challenged when spectra from GLC #411 were compared with the 

expected features. The results indicate that the elution order was 1) C20:3n-6, 2) C20:4n-6 and 3) 

C20:3n-3. EIC from the TIC chromatogram for the molecular ion for FAME C20:3 (m/z 320) was 

performed and only peak 1 and 3 of the three FAMEs were visible, which support the second elution 

order. The TIC and EIC chromatograms are displayed in appendix 6. 
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4.5 Quantification of FAMEs in human serum phosphol ipids 

4.5.1 Response factors for FAMEs analyzed with the GC-FID method 

RRF for saturated FAMEs is plotted in Figure 4.3, and RRF for C18 variants are plotted in Figure 4.4. 

 
Figure 4.3 Relative response factors for a series of saturated FAMEs determined by GC-FID. 

 
Figure 4.4 Relative response factors for a saturated and unsaturated FAMEs with identical   
chain length determined by GC-FID. 
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4.5.2 Calibration and linearity for the GC-FID meth od 

To each calibration level 40 µg/ml FAME C17:0 ISTD was added. A calibration curve of nine levels 

was analyzed with duplicates of level 1, 4, 6 and 9. Concentrations for each level are listed in Table 

4.2 and the calibration curve for C18:0 is displayed in Figure 4.5 as a representative example. The FID 

calibration exhibited a linear response over the entire concentration range examined (7.8-201.3 µg/ml). 

Table 4.2 Nine concentration levels of fatty acid methyl esters (FAMEs) were used to make a calibration curve for 
quantification of FAMEs in unknown serum samples. 20 µl 1 mg/ml ISTD was added to all levels. 

Standard Level FAME-concentration 

GLC #411, EPA and DPA 

1 7.8 µg/ml 
2 15.5 µg/ml 
3 23.2 µg/ml 
4 31.0 µg/ml 
5 61.9 µg/ml 
6 92.9 µg/ml 
7 123.9 µg/ml 
8 154.8 µg/ml 
9 201.3 µg/ml 

 

 
Figure 4.5 Calibration curve for nine levels of C18:0 FAME analyzed with GC-FID with R2 and the linear function for 
the curve. Area ratio (A) is plotted against concentration ratio (C) for FAME (x) relative to the inter nal standard 
(istd). 

The correlation coefficients (R²) for the calibration curves were >0.99 for all FAMEs except C20:1n-

15, who had R2 = 0.971. The GC-FID method was recalibrated after 8 weeks of analyzing, and area 

ratio for the old and new calibration curve was compared by regression analysis. The compared area 

ratios for C20:0, C20:1n-15, n-12 and n-9, C22:1n-9 and C22:2n-6 presented a slope with 95 % 

confidence intervals different from 1; hence area ratios measured at the two time points are 

significantly different at a 5 % level. Intercept confidence intervals all contain the value 0.0 and are 

considered not significantly different. Slope and intercept for the compared areas are listed in Table 

4.3, and calibration curves for both calibrations, with corresponding linear function and R2, can be 

found in appendix 7. 
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Table 4.3: Slope and intercept with standard deviation and 95 % confidence interval (CI) for area comparison curves, 
comparing areas produced by first and second calibration of the GC-method.  

 

4.5.3 Limits of detection and quantification for GC -FID and GC-MS 

Limits of detection (LOD) are given in µg/ml for a number of detected FAMEs (Table 4.4). All 

methods are capable of detecting low concentrations of FAMEs. When LOD for FID and MS were 

compared, MS presented a lower LOD for FAMEs up to a chain length of C22, while FID had a lower 

LOD for C22-24. When MS was operated in SIM mode LOD was improved by a factor of 2.2 to as 

much as 57.7, rivaling both FID and MS-TIC. LOQ data showed the same trends and ∆-values (Table 

4.5). 

  

FAME Slope  std.dev       CI Intercept   std.dev CI 

C8:0 0.99 0.01 (0.97-1.01) 0.01 0.02 (-0.04-0.06) 

C10:0 1.00 0.01 (0.99-1.01) 0.00 0.02 (-0.04-0.04) 

C12:0 1.00 0.01 (0.99-1.01) -0.01 0.02 (-0.04-0.03) 

C12:1 1.00 0.01 (0.98-1.01) -0.01 0.02 (-0.05-0.04) 

C14:0 1.01 0.01 (0.99-1.02) -0.01 0.02 (-0.05-0.03) 

C14:1n-5 1.00 0.01 (0.99-1.02) 0.00 0.02 (-0.05-0.05) 

C16:0 1.01 0.01 (0.99-1.02) -0.01 0.02 (-0.05-0.03) 

C16:1n-7 1.01 0.01 (0.99-1.02) -0.01 0.02 (-0.04-0.03) 

C18:0 1.01 0.01 (0.99-1.02) 0.00 0.02 (-0.04-0.04) 

C18:1  0.99 0.01 (0.98-1.01) 0.07 0.05 (-0.05-0.19) 

C18:2n-6 1.01 0.01 (0.99-1.02) -0.01 0.02 (-0.05-0.04) 

C18:3n-6 1.01 0.01 (0.99-1.03) -0.01 0.02 (-0.06-0.03) 

C18:3n-3 1.01 0.01 (0.99-1.02) -0.01 0.02 (-0.05-0.04) 

C20:0 1.03 0.01 (1.01-1.05) -0.03 0.03 (-0.09-0.03) 

C20:1n-15 1.07 0.01 (1.04-1.10) -0.09 0.05 (-0.22-0.03) 

C20:1n-12 1.01 0.01 (1.00-1.01) 0.00 0.02 (-0.01-0.01) 

C20:1n-9 0.95 0.02 (0.91-0.99) 0.06 0.05 (-0.06-0.18) 

C20:2n-6 1.00 0.01 (0.99-1.02) 0.00 0.02 (-0.05-0.05) 

C20:3n-6 1.00 0.01 (0.99-1.02) 0.00 0.02 (-0.05-0.05) 

C20:4n-6 1.00 0.01 (0.99-1.02) 0.00 0.02 (-0.05-0.04) 

C20:3n-3 1.00 0.01 (0.99-1.02) 0.00 0.02 (-0.05-0.05) 

C22:0 1.01 0.01 (0.99-1.02) 0.00 0.02 (-0.05-0.05) 

C22:1n-9 0.95 0.01 (0.94-0.97) 0.00 0.02 (-0.06-0.07) 

C22:2n-6 1.03 0.01 (1.02-1.04) 0.00 0.02 (-0.05-0.04) 

C22:3n-3/C22:4n-6 1.00 0.01 (0.99-1.02) 0.00 0.04 (-0.08-0.09) 

C24:0 1.00 0.01 (0.97-1.03) 0.00 0.02 (-0.09-0.08) 

C24:1n-9 1.00 0.01 (0.98-1.01) 0.02 0.02 (-0.03-0.06) 

C22:6n-3 1.00 0.01 (0.99-1.02) -0.01 0.02 (-0.05-0.03) 
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Table 4.4 Limits of detection (LOD) for standard solution FAMEs. LOD for GC-FID and GC-MS, and for the two MS 
modes total ion current (TIC) and selected ion monitoring (SIM), were compared and ratios for their LODs are given 
to the right (∆LOD). 

 GC-FID GC-MS TIC GC-MS SIM* ∆ LOD 

Name LOD (µg/ml) LOD (µg/ml)  LOD(µg/ml) FID/MS FID/SIM TIC/SIM 

C8:0 0.075 0.039 0.001 1.9 53.9 28.3 

C10:0 0.086 0.048 0.001 1.8 58.0 32.4 

C12:0 0.079 0.059 0.002 1.3 48.2 36.0 

C12:1 0.084 0.051 ND 1.6 - - 

C14:0 0.088 0.076 0.001 1.2 67.2 57.7 

C14:1n-5 0.092 0.067 ND 1.4 - - 

C16:0 0.106 0.081 0.001 1.3 71.4 54.0 

C16:1n-7 0.110 0.069 ND 1.6 - - 

C17:0 0.104 0.061 0.009 1.7 12.0 7.1 

C18:0 0.115 0.075 0.011 1.5 10.6 6.9 

C18:1  0.107 NS ND - - - 

C18:2n-6 0.121 0.112 0.025 1.1 4.8 4.4 

C18:3n-6 0.131 0.109 0.021 1.2 6.3 5.3 

C18:3n-3 0.134 0.122 0.024 1.1 5.6 5.1 

C20:0 0.151 NS 0.006 - 24.2 - 

C20:1n-15 0.213 NS ND - - - 

C20:1n-12 0.202 NS ND - - - 

C20:1n-9 0.190 NS ND - - - 

C20:2n-6 0.211 0.126 0.057 1.7 3.7 2.2 

C20:3n-6 0.214 0.117 0.021 1.8 10.4 5.6 

C20:4n-6 0.204 0.110 0.018 1.8 11.4 6.2 

C20:3n-3 0.206 0.118 0.016 1.7 13.1 7.5 

C22:0 0.221 0.358 0.019 0.6 11.8 19.1 

C22:1n-9 0.235 0.356 ND 0.7 - - 

C20:5n-3  0.189 NA  NA - - - 

C22:2n-6 0.238 0.338 0.036 0.7 6.5 9.3 

C22:3n-3/C22:4n-6 0.147 0.271 0.047 0.5 3.2 5.8 
C24:0 0.336 0.505 ND 0.7 - - 

C24:1n-9 0.338 0.445 ND 0.8 - - 

C22:5n-3  0.233 NA NA - - - 

C22:6n-3 0.317 0.312 ND 1.0 - - 

* m/z 67, 74, 79  
ND=Not detected because its base peak was not monitored during SIM mode analysis.  
NS=Not separated.  
NA=Not analyzed. 
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Table 4.5 Limits of quantification (LOQ) for standard solution FAMEs. LOQ for GC-FID and GC-MS, and for the 
two MS modes total ion current (TIC) and selected ion monitoring (SIM), were compared and ratios for their LOQs 
are given to the right (∆LOQ). 

 GC-FID GC-MS TIC      GC-MS SIM * ∆ LOQ 

FAME LOQ (µg/ml) LOQ (µg/ml) LOQ (µg/ml) FID/MS FID/SIM TIC/SIM 

C8:0 0.249 0.130 0.005 6.4 53.9 8.5 

C10:0 0.288 0.161 0.005 6.0 58.0 9.7 

C12:0 0.262 0.196 0.005 4.5 48.2 10.8 

C12:1 0.280 0.170 ND 5.5 - - 

C14:0 0.294 0.252 0.004 3.9 67.2 17.3 

C14:1n-5 0.307 0.225 ND 4.5 - - 

C16:0 0.355 0.269 0.005 4.4 71.4 16.2 

C16:1n-7 0.368 0.232 ND 5.3 - - 

C17:0 0.347 0.205 0.029 5.6 12.0 2.1 

C18:0 0.384 0.250 0.036 5.1 10.6 2.1 

C18:1  0.356 NS ND - - - 

C18:2n-6 0.402 0.372 0.084 3.6 4.8 1.3 

C18:3n-6 0.437 0.363 0.069 4.0 6.3 1.6 

C18:3n-3 0.445 0.407 0.080 3.6 5.6 1.5 

C20:0 0.504 NS 0.021 - 24.2 - 

C20:1n-15 0.709 NS ND - - - 

C20:1n-12 0.672 NS ND - - - 

C20:1n-9 0.634 NS ND - - - 

C20:2n-6 0.702 0.420 0.192 5.6 3.7 0.7 

C20:3n-6 0.712 0.389 0.069 6.1 10.4 1.7 

C20:4n-6 0.679 0.368 0.060 6.1 11.4 1.9 

C20:3n-3 0.687 0.393 0.052 5.8 13.1 2.2 

C22:0 0.738 1.194 0.062 2.1 11.8 5.7 

C22:1n-9 0.784 1.186 ND 2.2 - - 

C20:5n-3  0.631 NA NA - - - 

C22:2n-6 0.794 1.125 0.121 2.4 6.5 2.8 

C22:3n-3/C22:4n-6 0.489 0.905 0.155 1.8 3.2 1.8 

C24:0 1.119 1.684 ND 2.2 - - 

C24:1n-9 1.126 1.484 ND 2.5 - - 

C22:5n-3  0.778 NA NA - - - 

C22:6n-3 1.057 1.039 ND 3.4 - - 

* m/z 67, 74, 79  
ND=Not detected because its base peak was not monitored during SIM mode analysis.  
NS=Not separated.  
NA=Not analyzed. 
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4.5.4 Quantifier and qualifier ions for quantificat ion by GC-MS 

Mass spectra from analysis of GLC #411 in TIC mode was used to specify each FAMEs quantifier 

ion, which was defined as the ion of highest abundance (the base peak). Two or three characteristic 

ions of relatively high abundance were chosen as qualifier ions. Quantifier and qualifier ions listed in 

Table 4.6 can further be used for identification and quantification of unknown FAMEs in serum 

samples analyzed in by using GC-MS in SIM mode. 

Table 4.6 Name, m/z-value, quantifier (base peak) and qualifier ions for FAMEs in the standard solution GLC #411. 

FAME m/z (Da) Quantifier ion Qualifier ions 

C8:0 158 74 87, 127 

C10:0 186 74 87, 143 

C12:0 214 74 87, 143, 171 

C12:1 212 74 55, 87, 138 

C14:0 242 74 87, 143, 199 

C14:1n-5 240 55 74, 87 

C16:0 270 74 87, 143, 227 

C16:1n-7 268 55 69, 87, 236 

C18:0 298 74 87, 143, 255 

C18:1  296 55 69, 110 

C18:2n-6 294 67 81, 95 

C18:3n-6 292 79 67, 80, 93 

C18:3n-3 292 79 67, 80, 93 

C20:0 326 74 55, 87, 143 

C20:1n-15 324 74 55, 96, 292 

C20:1n-12 324 55 69, 74, 292 

C20:1n-9 324 55 69, 74, 292 

C20:2n-6 322 67 81, 95 

C20:3n-6 320 79 67, 93, 150 

C20:4n-6 318 79 67, 91  

C20:3n-3 320 79 67, 95, 108 

C22:0 354 74 87, 143  

C22:1n-9 352 55 69, 97 

C22:2n-6 350 67 81, 95 

C22:3n-3 348 79 67, 80, 108 

C22:4n-6 346 79 67, 80, 150 

C24:0 382 74 87, 143 

C24:1n-9 380 55 69, 83 

C22:6n-3  342 79 67, 91 
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4.5.5 System performance 

Tables with results for all chromatography parameters used for describing system performance can be 

found in appendix 5. A short extract of the results is provided in this section.  

The retention factor (k) increased with both increasing retention time and calibration level. Retention 

factor for identified FAMEs ranged from 1.06 to 15.22. 

Peak width (W50.0) increased with increasing calibration level. Peak width varied from 0.04 to 0.45. 

Plate number (N) clearly decreased for most of the identified FAMEs from calibration level 5, and for 

the remaining peaks from calibration level 6. Plate number ranged from 61518 to 716175. 

The resolution factor (R) was >1.00 for all peaks in GLC #411 chromatogram from level 1-5. The 

closely eluting peaks for C20:1n-15, n-12 and n-9 had a resolution of 0.91 at level 6 and decreasing for 

the remaining higher levels.  

Peak symmetry factors were positively related to concentration for all identified FAMEs in GLC #411, 

ranging from 0.57 to 6.11. All peaks had a symmetry factor beneath 2.5 for calibration level 1-5. 

4.5.6 Precision and methodological variation 

Three replicates of an intermediate concentration of GLC #411 (31 µg/ml of each FAME) was 

analyzed to determine the intraday analytical variation, expressed as precision of the GC-FID method. 

Mean area ratio for FAMEs, with respect to the internal standard, was calculated and the variability for 

each mean is presented as the relative standard deviation (RSD %) in Table 4.7. 

Table 4.7 Analytical variation presented as the relative standard deviation for area ratios of a selection of FAMEs. 

FAME Mean area ratio Std.dev RSD % 

C16:0 1.079 0.001 0.1 

C18:0 1.127 0.002 0.1 

C18:1  3.246 0.007 0.2 

C18:2 1.119 0.001 0.1 

C20:3n-6 1.110 0.004 0.3 

C20:4n-6 1.088 0.002 0.2 

C22:6n-3 1.022 0.007 0.7 

 

The intraday repeatability for the sample preparation procedure and GC-FID analysis is expressed as 

methodological variation. The methodological variation was investigated by determining the mean 

area ratio of FAMEs in five prepared aliquots of the same serum sample. All five samples were 

prepared and analyzed in the same setup. The methodological variation is presented as RSD % and is 

listed in Table 4.8.  
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Table 4.8 Intraday methodological variation presented as relative standard deviation (RSD %) for a selection of 
FAMEs. 

FAME Mean area ratio Std.dev RSD % 

C16:0 2.755 0.127 4.6 

C18:0 1.877 0.080 4.2 

C18:1  1.255 0.063 5.1 

C18:2n-6 2.421 0.118 4.9 

C20:3 n-6 0.308 0.016 5.2 

C20:4 n-6 0.947 0.051 5.3 

C20:5 n-3  0.159 0.014 8.5 

C22:5 n-3 0.097 0.007 7.5 

C22:6 n-3 0.477 0.026 5.5 

 

4.5.7 External control of obtained analytical resul ts 

Nine carefully selected serum samples representing the variation of the study population were 

analyzed at an external, GMP certified chemical analysis contract laboratory (as Vitas, Oslo, Norway) 

to confirm analytical results achieved in this study. Nine representative FAMEs from each sample 

were compared and a percentage difference ranging from 0.0-4.0 % was observed within serum 

phospholipid fatty acid composition for individual samples (appendix 8).  

 

4.6 Participant characteristics 

At baseline, participants had a median age of 35 with a range from 22 to 61 years, and 62.3 % were 

overweight or obese according to WHO criteria listed in Table 1.1. Median BMI was 26.6 (18.8-62.7) 

kg/m2. Table 4.9 presents the baseline characteristics for men attending this study divided in three 

groups based on their BMI. When results are further described in the text, they will be referred to as; 

group 1 (BMI 18.5-24.9 kg/m2), group 2 (BMI 25.0-29.9 kg/m2) and group 3 (BMI ≥30.0 kg/m2). 

Ethnicity is not listed in the table because 99.3 % of the men were Caucasian. 

Table 4.9 Baseline characteristics of men attending the study, divided into three groups according to BMI. 

 BMI, kg/m²  

 1: 18.5-24.9 2: 25.0-29.9 3:	≥30.0  

 n Median (range) n Median (range) n Median (range) p-valuea 

Age, years 22 28 (24-51) 17 35 (22-58) 19 40 (22-61)    0.005bc 

BMI, kg/m 2 22 22.9 (18.8-24.9) 17 26.8 (25.0-29.0) 19 43.5 (30.0-62.7) <0.001bcd 

Body fat, % 22 18.2 (7.2-27.1) 16 26.2 (10.6-33.7) 18 39.8 (21.8-51.7) <0.001bcd 

Abstinence, days 22 4 (1-7) 17 3 (2-9) 18 4 (2-14)    0.148 

ᵃObtained from Kruskal Wallis Test for comparing medians.  
bGroup 2 significantly different (p<0.05) from group 1 tested with Mann-Whitney U Test.  
cGroup 3 significantly different (p<0.05) from group 1 tested with Mann-Whitney U Test.  
dGroup 3 significantly different (p<0.05) from group 2 tested with Mann-Whitney U Test.  
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Men in group 2 and 3 had both a significantly higher median age than men in group 1 (p=0.005). As 

expected, BMI and percent body fat were significantly higher for men in each group compared to men 

in the former group(s), with p<0.001 for both parameters. Abstinence time before semen sample 

delivery was not significantly different between participants in the three groups (p=0.148). 

 

4.7 BMI in relation to semen quality 

In crude analysis, BMI was investigated for associations with semen quality parameters for men in the 

three BMI groups (Table 4.10). A significant difference was observed between men in the groups for 

the semen quality parameters semen volume (p=0.005), total sperm count (p=0.009), sperm 

concentration (p=0.035), total sperm motility (p=0.008), total PR count (p=0.005), normal sperm 

morphology (p=0.012) and total normal sperm morphology count (p=0.001). Sperm vitality was the 

only parameter that did not reach statistical significance (p=0.362). 

Table 4.10 Semen quality parameters of participants divided into three groups based on BMI at baseline. 

    BMI, kg/m²     

         1: 18.5-24.9      2: 25.0-29.9      3: ≥30.0   

Semen quality parameters  n Median  
(range) 

 n Median  
(range) 

 n Median 
(range) 

  p-valuea 

Semen volume  
(ml) 

 22 4.9  
(2.9-8.0) 

 17 3.8  
(1.4-7.6) 

 19 3.1  
(0.8-8.4) 

 0.005bc 

Total sperm count  
(10⁶⁶⁶⁶ cells) 

 21 400  
(81-808) 

 16 183 
 (13-497) 

 19 125  
(30-1127) 

 0.009bc 

Sperm concentration  
(10⁶⁶⁶⁶ sperm/ml) 

 21 80  
(13.4-187) 

 16 42.5  
(7.2-184) 

 19 50  
(8.3-155.5) 

 0.035 

Vitality  
(%)  

 21 90.0  
(75.0-97.0) 

 14 90.0  
(53.0-97.0) 

 19 87.0  
(47-95) 

 0.362 

Total motility (PR+NP) 
(%) 

 21 85.0  
(50.0-90.0) 

 13 75.0  
(19.0-87.0) 

 7 58.0  
(38.0-83.0) 

 0.008c 

Total PR count  
(10⁶⁶⁶⁶spermspermspermsperm) 

  21 234.3  
(15.4-557.5) 

  13 63.4  
(5.5-310.1) 

  7 31.2  
(11.7-185.1) 

  0.005bc 

Normal morphology 
 (%) 

 21 5.0  
(0.0-8.0) 

 14 4.0  
(0.0-10.0) 

 18 2.0  
(1.0-7.0) 

 0.012c 

Total normal morphology 
 count (106 sperm) 

 21 17.7 
(0.0-64.6) 

 14 9.6 
(0.0-19.9) 

 18 3.9 
(0.3-45.1) 

 0.001bc 

ᵃObtained from Kruskal Wallis Test for comparing medians  
bGroup 2 significantly different (p<0.05) from group 1 tested with Mann-Whitney U test.  
cGroup 3 significantly different (p<0.01) from group 1 tested with Mann-Whitney U test. 

Median values for the significant variables were compared with Mann-Whitney U Test and revealed 

that men in group 3 did not differ significantly from men in group 2 for any of the semen quality 

parameters (p>0.05). Men in group 2 and 3 had significantly decreased semen volume, total sperm 

count, total PR count and total normal sperm morphology count compared to men in group 1 (p<0.05 

and p<0.01, respectively). Men in group 3 showed a significant decrease compared to men in group 1 



Results 

58 
 

for percentage normal sperm morphology and percentage total motile sperm (PR+NP) as well 

(p<0.01). 

As mentioned earlier semen quality is affected by age and abstinence time. The comparisons of men in 

the three BMI groups were therefore repeated with adjustment for the two confounders (Table 4.11). 

After adjustment, semen volume and total normal morphology count were no longer significantly 

different for men in group 2 compared to men in group 1. Total normal morphology presented a 

significant decrease for men in group 3 compared to group 2 after adjustment (p=0.017). The same 

trend was seen in crude analysis, without reaching statistical significance (p=0.063). Sperm 

concentration showed a significant decrease for men in group 3 compared to men in group 1 after 

adjustment, while the difference did not reach statistical significance in crude analysis (p=0.003 and 

p=0.070, respectively). All other significant differences depicted in crude analysis remained 

statistically significant after adjustment for age and abstinence time; men in group 2 and 3 still had 

significantly decreased total sperm count (p=0.024 and p=<0.001) and total PR count (p=0.049 and 

p=0.009) compared to men in group 1. Men in group 3 still showed significantly decreased total sperm 

motility (PR+NP) and normal sperm morphology compared to men in group 1 (p=0.032 and p=0.033). 

Table 4.11 Semen analysis for men in the three BMI groups were compared by using multiple linear regression with 
semen quality parameters as dependent continuous variables and BMI groups as an independent dichotomous 
variable, while adjusting for age and abstinence time (n = n listed in Table 4.10). 

  BMI groups compared 

  1 vs 2 1 vs 3 2 vs 3 

Semen analysis Bd p Bd p Bd p 

Semen volume  -0.8 0.105 -1.3 0.019 -0.3 0.610 

(ml)       

Total sperm counta -4.8 0.024 -8.0 <0.001 -2.1 0.349 

(10⁶⁶⁶⁶ sperm)       

Sperm concentrationa  -1.5 0.131 -2.9 0.003 -0.6 0.514 

(10⁶⁶⁶⁶ sperm/ml)       

Vitality  -0.9 0.809 -0.7 0.848 1.3 0.730 

(%)        

Total motility (PR+NP) b -0.9 0.201 -1.8 0.032 -1.0 0.288 

(%)       

Total PR counta  -4.4 0.049 -6.9 0.009 -2.8 0.358 

(10⁶⁶⁶⁶sperm)       

Normal morphology -0.1 0.944 -2.0 0.033 -1.5 0.119 

 (%)       

Total normal morphology -0.3 0.109 -0.8 <0.001 -0.5 0.017 

 countc (106 sperm)       
aSquare root transformed to meet the distributional assumptions of linear regression.  
bReflected and square root transformed to meet the distributional assumptions of linear regression.  
cLog transformed to meet the distributional assumptions of linear regression.  
dUnstandardized B-coefficient achieved with multiple linear regression.  
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Multiple linear regression was also used to assess the relationship between BMI as a continuous 

independent variable and the semen quality parameters as continuous dependent variables while 

adjusting for age and abstinence time (Table 4.12). After the adjustment BMI was still negatively 

correlated with semen volume (p=0.030), total sperm count (p=0.009), total PR count (p=0.042) and 

total normal sperm morphology count (p=0.019). Total sperm count, sperm concentration, sperm 

vitality and total PR count were transformed to meet the distributional assumptions of linear 

regression.  

Table 4.12 Multiple linear regressions were used to assess the relationship between BMI as a continuous independent 
variable and the semen quality parameters as continuous dependent variables while adjusting for age and abstinence 
time. 

Semen quality parameters n Unstandardized B-
coefficient 

p-value 

Semen volume (ml) 58 -0.043 0.030 

Total sperm counta (10⁶⁶⁶⁶ sperm) 57 -0.210 0.009 

Sperm concentrationa (106 sperm/ml) 57 -0.061 0.097 

Vitality b (%) 55 -0.002 0.695 

Total motility (%) 42 -0.386 0.129 

Total PR count (10⁶⁶⁶⁶ sperm) 42 -0.192 0.042 

Normal morphology (%) 53 -0.042 0.216 

Total normal morphology count (106 sperm) 54 -0.453 0.019 
aSquare root transformed to meet the distributional assumptions of linear regression.  
bReflected and log transformed to meet the distributional assumptions of linear regression.  
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4.8 FAME composition in serum phospholipids 

The FAME composition in serum for all participants (Table 4.13) is displayed the same tendency with 

PUFAs (median 47.6 % (43.7-51.9)) > SFAs (39.9 % (36.2-42.7)). When PUFAs were divided into n-

6 and n-3 FAMEs all participants showed a higher amount of n-6 FAMEs (35.5 % (29.2-39.2)) 

compared to n-3 FAMEs (11.7 % (8.3-19.6)). In most participant sera the most abundant single fatty 

acid was C16:0 with median 26.6 % (24.0-29.9). Other major FAME contributors in serum were 

C18:0 and C18:2n-6 with median 13.2 % (10.6-16.9) and 21.6 % (17.4-27.2), respectively. Together, 

these three FAMEs constituted approximately 60 % of total serum phospholipid FAMEs detected in 

participant samples. 

Table 4.13 Serum phospholipid FAME composition for all participants 

 All participants 

FAME Median % (range) 

PUFA  47.6 (43.7-51.9) 

n-6  35.5 (29.2-39.2) 

  C18:2n-6 21.6 (17.4-27.2) 

  C20:3n-6 3.8 (2.4-5.6) 

  C20:4n-6 9.6 (4.7-13.8) 

n-3  11.7 (8.3-19.6) 

  C20:5n-3 2.8 (1.1-8.3) 

  C22:5n-3 2.8 (0.8-3.8) 

  C22:6n-3 6.3 (3.9-9.5) 

MUFA    

  C18:1  12.2 (10.4-16.1) 

SFA  39.9 (36.2-42.7) 

  C16:0 26.6 (24.0-29.9) 

  C18:0 13.2 (10.6-16.9) 

n-6/n-3-ratio  2.9 (1.5-4.5) 

PUFA/SFA-ratio 1.2 (1.0-1.4) 

 

 

4.8.1 BMI in relation to serum phospholipid FAME co mposition 

Participants were divided into three groups based on BMI for comparison of single and grouped 

FAMEs measured at baseline, and median percentage (range) is listed in Table 4.14. 
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Table 4.14 Serum phospholipid FAME composition for participants divided into three groups based on BMI. 

   BMI, kg/m²     

  1: 18.5-24.9 (n=22)  2: 25.0-29.9 (n=16)  3: ≥30.0 (n=18)   

FAME (%)  Median (range)  Median (range)  Median (range)  p-valuea 

PUFA   47.7 (43.7-50.1)  47.4 (44.5-51.9)  47.3 (44.9-48.7)  0.649 

n-6   35.0 (29.7-37.9)  35.3 (29.2-38.4)  35.8 (30.1-39.2)  0.553 

  C18:2n-6  22.0 (17.9-27.2)  21.7 (17.4-27.2)  21.3 (17.4-23.2)  0.256 

  C20:3n-6  3.4 (2.4-5.6)  3.6 (2.4-5.5)  4.6 (3.0-5.4)  0.001bc 

  C20:4n-6  9.3 (4.7-12.2)  8.9 (6.1-12.7)  10.4 (6.9-13.8)  0.081 

n-3   11.9 (8.4-19.6)  12.9 (8.6-17.8)  11.0 (8.3-18.6)  0.336 

  C20:5n-3  2.6 (1.2-8.3)  3.0 (1.1-6.9)  2.8 (1.7-8.0)  0.582 

  C22:5n-3  3.1 (2.4-3.8)  2.9 (2.2-3.3)  2.7 (2.2-3.1)  0.006b 

  C22:6n-3  6.4 (3.9-9.4)  7.0 (4.5-9.5)  6.0 (4.2-7.9)  0.172 

MUFA          

  C18:1  13.1 (10.6-16.1)  12.3 (11.3-15.0)  11.9 (10.4-14.1)  0.007b 

SFA   39.3 (37.9-42.0)  39.7 (36.2-42.2)  40.9 (39.2-42.7)  0.001bc 

  C16:0  26.2 (24.4-29.9)  26.7 (24.0-29.3)  26.3 (24.7-28.4)  0.852 

  C18:0  12.8 (10.8-15.0)  13.1 (10.6-14.7)  14.2 (11.6-16.9)  0.002bc 

n-6/n-3-ratio   2.8 (1.5-4.4)  2.7 (1.6-4.5)  3.3 (1.6-4.4)  0.368 

PUFA/SFA-ratio   1.2 (1.0-1.3)  1.2 (1.1-1.4)  1.2 (1.1-1.2)  0.055 

ᵃObtained from Kruskal Wallis Test for comparing medians.  
bGroup 3 significantly different from group 1 tested with Mann-Whitney U Test.  
cGroup 3 significantly different from group 2 tested with Mann-Whitney U Test.  
 

There were significant differences between the median percentages for men in the three BMI groups 

with regard to C18:0 (p=0.002), C18:1 (p=0.007), C20:3n-6 (p=0.001), C22:5n-3 (p=0.006) and total 

SFA (p=0.001). The PUFA/SFA-ratio showed a decreasing trend, but did not reach statistical 

significance (p=0.055). Median values for the significant variables were compared with Mann-

Whitney U Test and revealed that group 2 did not differ significantly from group 1 for any of the 

FAMEs (p>0.05). Men in group 3 had a significantly higher median percentage for C20:3n-6, C18:0 

and total SFA compared to men in both group 1 and 2 (p<0.05). When comparing group 2 and 3 the 

latter group showed a lower median percentage for C22:5n-3 and C18:1 (p<0.05). 

 

4.8.2 Serum phospholipid FAME composition in relati on to semen quality 

Multiple linear regressions were performed to investigate relationships between serum phospholipid 

FAMEs and semen quality parameters after adjustment for age and abstinence time. Semen volume 

showed a significant positive association with increasing percentage of C18:2n-6 (p=0.038), and a 

negative association was seen for semen volume and C20:4n-6 (p=0.006). No significant associations 

were found for sperm concentration or sperm vitality, as depicted in Table 4.15. 
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Table 4.15 Multiple linear regressions were used to assess the relationship between serum phospholipid FAMEs as 
continuous independent variables and the semen quality parameters as continuous dependent variables, while 
adjusting for age and abstinence time. 

 Semen volume  
(ml) 
n=57 

Tot. sperm counta  
(106 sperm)  

n=57 

Sperm concentrationa 
(106 sperm/ml) 

n=57 

Vitality 
(%) 
n=55 

FAMEs (%) B p B p     B P B p 

PUFA  -0.1 0.482 -0.1 0.861 0.1 0.759 <0.05 0.435b 

n-6  -0.1 0.426 -0.6 0.067 -0.1 0.378 <0.05 0.210b 

  C18:2n-6 0.2 0.038 -0.2 0.604 -0.1 0.472 <0.05 0.414b 

  C20:3n-6 -0.4 0.066 -1.0 0.283 -0.1 0.865 -0.1 0.708b 

  C20:4n-6 -0.3 0.006 -0.6 0.185 <0.05 0.798 -0.1 0.568b 

n-3  <0.05 0.751 0.4 0.129 0.1 0.340 0.5 0.323 

  C20:5n-3 <0.05 0.921 0.5 0.280 0.2 0.479 <0.05 0.393b 

  C22:5n-3 0.8 0.068 4.4 0.009 1.1 0.172 3.7 0.216 

  C22:6n-3 <0.05 0.953 0.6 0.270 0.2 0.448 0.1 0.058b 

MUFA          

  C18:1 0.2 0.276 1.1 0.091 0.3 0.321 -0.1 0.241b 

SFA  <0.05 0.897 -1.0 0.154 -0.4 0.161 0.8 0.497 

  C16:0 0.1 0.413 -0.2 0.813 -0.4 0.249 -0.1 0.914b 

  C18:0 -0.1 0.408 -0.7 0.238 -0.1 0.727 0.6 0.596 

n-6/n-3-ratio  -0.2 0.375 -1.8 0.087 -0.4 0.369 -0.1 0.118b 

PUFA/SFA-ratio -0.9 0.745 6.7 0.559 4.4 0.394 0.3 0.715b 

aSquare root transformed to meet the distributional assumptions of linear regression.  
bReflected and log transformed to meet the distributional assumptions of linear regression.  
 

The three sperm motility parameters listed in Table 4.16 all presented a inverse association with n-6 

FAMEs (p=0.045, p=0.023 and p=0.023) and the n-6/n-3-ratio (p=0.041, p=0.012 and p=0.008), while 

a positive association was observed with C22:5n-3 (p=0.016, p=0.003 and p<0.001). Total sperm 

motility and total PR count was positively associated with n-3 FAMEs (p=0.039 and p=0.034), and 

percentage progressively motile sperm showed the same trend without reaching statistical significance 

(p=0.071). C18:0 and percentage progressively motile sperm also had a significant negative 

association (p=0.038), without achieving the same strength of association with the two other motility 

parameters. 
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Table 4.16 Multiple linear regressions were used to assess the relationship between serum phospholipid FAMEs as a 
continuous independent variable and the sperm motility parameters as continuous dependent variables while 
adjusting for age and abstinence time (n=42). 

 Progressive motility  
(%) 

Total motility (NP+PR) 
(%) 

Total PR count  
(10⁶⁶⁶⁶				sperm)sperm)sperm)sperm) 

FAME (%) B p B p B p 

PUFA  <0.05 0.976a 0.1 0.947 <0.05 0.862c 

n-6  -2.3 0.045 -2.1 0.023 -0.1 0.023c 

  C18:2n-6  ND -1.2 0.279 -13.5 0.219 

  C20:3n-6 -0.2 0.620a -2.5 0.413 -0.1 0.199c 

  C20:4n-6 -2.1 0.197 -1.8 0.170 -0.6 0.260b 

n-3  1.9 0.071 1.8 0.039 <0.05 0.034c 

  C20:5n-3 2.8 0.130 2.2 0.158 25.1 0.090 

  C22:5n-3 15.6 0.016 15.5 0.003 0.2 <0.001c 

  C22:6n-3 2.7 0.253 3.2 0.102 0.6 0.419b 

MUFA        

  C18:1  0.2 0.384a 0.1 0.662a <0.05 0.680c 

SFA  -0.2 0.349a -0.6 0.767 -0.7 0.369b 

  C16:0  ND 0.3 0.273a <0.05 0.313c 

  C18:0 -0.5 0.038a -2.8 0.130 -0.1 0.297c 

n-6/n-3-ratio  -8.0 0.041 -7.9 0.012 -0.1 0.008c 

PUFA/SFA-ratio 1.5 0.738a 3.0 0.932 <0.05 0.987c 

aReflected and square root transformed to meet the distributional assumptions of linear regression.  
bSquare root transformed to meet the distributional assumptions of linear regression.  
cLog transformed to meet the distributional assumptions of linear regression.  
ND = Residuals did not achieve the distributional assumptions of linear regression. 

 

Total normal sperm morphology count showed a negative association with n-6 FAMEs, and a positive 

association with C18:1. Percentage normal sperm morphology had a negative association with total 

SFAs and the same trend was observed for total normal sperm morphology count, without reaching 

statistical significance (p=0.088) (Table 4.17). 
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Table 4.17 Multiple linear regressions were used to assess the relationship between serum phospholipid FAMEs as 
continuous independent variables and the sperm morphology parameters as continuous dependent variables while 
adjusting for age and abstinence time (n=54). 

 Normal morphology 
(%) 

Total normal morphology count 
(106 sperm) 

FAMEs (%) B    p B     P 

PUFA  0.1 0.773 <0.05 0.964b 

n-6  -0.1 0.284 -0.2 0.023a 

  C18:2n-6 -0.2 0.200 -0.1 0.551b 

  C20:3n-6 -0.3 0.540 -0.2 0.098b 

  C20:4n-6 0.1 0.776 -0.1 0.409b 

n-3  0.1 0.266 <0.05 0.138b 

  C20:5n-3 0.2 0.371 1.8 0.136b 

  C22:5n-3 0.2 0.771 0.3 0.089b 

  C22:6n-3 0.3 0.203 0.1 0.139b 

MUFA      

  C18:1 0.5 0.111 0.1 0.026b 

SFA  -0.6 0.043 -0.4 0.088a 

  C16:0 <0.05 0.933 -0.1 0.554b 

  C18:0 -0.5 0.073 -0.1 0.098b 

n-6/n-3-ratio  -0.5 0.251 -0.2 0.086b 

PUFA/SFA-ratio 6.0 0.213 1.4 0.203b 

aSquare root transformed for normal distribution of residuals.  
bLog transformed for normal distribution of residuals.  

 

4.9 The effect of weight loss 

Participants were divided into three groups; < 10 % (low) weight loss, ≥10 % (high) weight loss or 

bariatric surgery with a following weight loss. Semen quality and serum phospholipid FAME 

composition at baseline and after weight loss were compared within groups. Median BMI at baseline 

was 30.6 kg/m2, ranging from 26.0-56.5 kg/m2, 36.0 (29.0-46.6) kg/m2 and 49.4 (43.5-62.7) kg/m2, 

respectively. Corresponding median age was 46 (35-51) years, 49 (32-59) years and 40.5 (33-51) 

years. After weight loss the median BMI was 29.5 (24.0-53.3) kg/m2, 32.2 (25-41.9) kg/m2 and 39.4 

(32.3-48.0) kg/m2. 

4.9.1 A comparison of semen quality 

The results from semen quality comparison at baseline and after weight loss for men in the low 

percentage weight loss group are listed in Table 4.18; no significant changes were observed. 
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Table 4.18 A comparison of semen quality parameters at baseline and after low (<10 %) percentage weight loss. 

  Median (25-75 percentile)  

Semen quality parameter n Baseline After weight loss p-value1 

Vitality (%) 7 82 (53.0-92.0) 85 (82.6-87.0) 0.612 

Sperm concentration  
(10⁶⁶⁶⁶				sperm/ml) 

8 
51.4 (36.6-129.6) 53 (31.5-114.7) 0.779 

Total sperm count (10⁶⁶⁶⁶ sperm) 8 178.5 (92.3-424.0) 195 (61.8-301.6) 0.575 

Semen volume (ml) 8 3.4 (2.3-4.1) 2.9 (1.9-4.5) 0.401 

Normal morphology (%) 3 3 (1.0-6.0) 5 (1.5-6.0) 0.180 

Total normal morphology count 
(106 sperm) 

3 7 (0.7-13.4) 8.8 (0.9-15.1) 0.102 

Progressive motility (%) 3 49 (10.0-58.0) 22 (12.0-36.0) 0.285 

Total motility (%) 3 83 (58.0-85.0) 61 (48.0-72.0) 0.285 

Total PR count (10⁶⁶⁶⁶				spermspermspermsperm) 3 84.3 (19.9-157.6) 32.1 (26.0-115.9) 0.273 
1p-value from Wilcoxons Signed Rank Test. 

The results from semen quality comparison at baseline and after weight loss for men in the high 

percentage weight loss group are listed in Table 4.19. Data for motility and morphology was only 

available for two of the participants and the results are listed as separate cases in Table 4.20. There 

were no significant changes in semen quality after a high percentage weight loss, but a decreasing 

trend was observed. 

Table 4.19 A comparison of semen quality parameters at baseline and after high (≥10 %) percentage weight loss 

   Median (25-75 percentile) 

Semen quality parameter   n Baseline After weight loss p-value1 

Vitality (%) 4 93.5 (75.8-94.6) 86.9 (68.8-90.9) 0.068 

Sperm concentration (10⁶⁶⁶⁶				sperm/ml) 4 107.95 (48.3-131.1) 75.4 (29.6-100.7) 0.068 

Total sperm count (10⁶⁶⁶⁶ sperm) 3 315 (85.0-540.0) 182.2 (87.5-277.7) 0.285 

Semen volume (ml) 4 3 (2.1-4.1) 2.7 (1.9-4.4) 0.715 
1p-value from Wilcoxons Signed Rank Test. 

Table 4.20 A comparison of semen quality parameters at baseline and after high (≥10 %) percentage weight loss for 
two cases (NA=not analyzed). 

                 case 1                 case 2 

Semen quality parameter Baseline After weight loss Baseline After weight loss 

Normal morphology (%) NA NA 1.0 0.0 

Total normal morphology count (106 
sperm) 

NA NA 0.9 0.0 

Progressive motility (%) 60.0 33.0 19.0 3.0 

Total motility (%)  85.0 75.0 16.2 2.6 

Total PR count (10⁶⁶⁶⁶				spermspermspermsperm) 189.0 60.1 44.0 21.0 

NA = not analyzed 

The results from semen quality comparison at baseline and after weight loss for men who underwent 

bariatric surgery are listed in Table 4.21. Sperm motility and morphology data after weight loss were 
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not available for these participants at the time of statistical analyses. No significant changes in semen 

quality were observed after weight loss. 

Table 4.21 A comparison of semen quality parameters at baseline and after weight loss due to bariatric surgery (n=4). 

 Median (25-75 percentile)  

Semen quality parameter Baseline After weight loss p-value1 

Vitality (%) 88.5 (87.0-90.0) 84.5 (76.0-89.0) 0.144 

Sperm concentration (10⁶⁶⁶⁶				sperm/ml) 41.4 (14.4-64.0) 31.6 (6.8-68.6) 1.000 

Total sperm count (10⁶⁶⁶⁶ sperm) 90 (38.5-150.5) 99.7 (64.5-218.1) 0.273 

Semen volume (ml) 3.2 (1.2-4.6) 3.1 (1.6-7.7) 0.715 
1p-value from Wilcoxons Signed Rank Test. 

4.9.2 A comparison of serum phospholipid FAME compo sition 

The percentage composition of FAMEs in serum phospholipids at baseline and after weight loss was 

compared within the three groups. The proportion of n-3 FAMEs has increased significantly (p=0.033) 

for men in the <10 % weight loss group (Table 4.22), with an increase in C22:6n-3 as the largest 

contributor. A decrease in the n-6/n-3-ratio can be seen for men in the same group, without reaching 

statistical significance (p=0.075). 

Table 4.22 Within-group comparison of percent of total FAMEs before and after a weight loss < 10 % (n=11). 

 Median % (25-75 percentile)  

FAME (%) Baseline <10 % weight loss p-value1 

PUFA 47 (46.6-48.4) 48.3 (46.6-49.1) 0.286 

n-6 34.5 (33.3-36.3) 33.2 (31.7-34.0) 0.155 

 C18:2n-6 20.3 (17.6-21.6) 20.2 (17.5-21.3) 0.248 

 C20:3n-6 4.1 (3.6-4.7) 3.4 (2.9-4.8) 0.091 

 C20:4n-6 9.9 (8.5-11.7) 10.1 (7.6-12.4) 0.722 

n-3 12.5 (10.9-15.3) 14.0 (11.0-16.3) 0.033 

 C20:5n-3 2.8 (2.3-4.5) 3.7 (2.6-4.9) 0.155 

 C22:5n-3 2.7 (2.5-3.1) 2.9 (2.6-3.1) 0.182 

 C22:6n-3 6.9 (6.2-7.3) 7.0 (6.0-8.9) 0.075 

MUFA      

 C18:1 12.0 (10.8-13.4) 12.0 (11.4-12.7) 0.594 

SFA 40.5 (39.9-41.6) 40.2 (39.4-41.3) 0.131 

 C16:0 26.7 (25.9-28.0) 26.9 (26.1-28.0) 0.534 

 C18:0 13.2 (12.8-15.6) 13.3 (12.2-15.0) 0.182 

n-6/n-3-ratio 2.9 (2.2-3.4) 2.3 (1.9-3.0) 0.075 

PUFA/SFA-ratio 1.2 (1.1-1.2) 1.2 (1.2-1.2) 0.213 
1p-value from Wilcoxons Signed Rank Test. 

There were no significant changes in serum phospholipid FAME composition observed for the group 

who lost ≥10 % of their body weight. The proportion of SFAs showed a decreasing trend after weight 

loss, with an increasing trend for the PUFA/SFA-ratio, without being statistically significant (Table 

4.23). 
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Table 4.23 Within-group comparison of percent of total FAMEs before and after weight loss of ≥ 10 % (n=4). 

 Median (25-75 percentile)  

FAMEs (%) Baseline ≥10 % weight loss p-value1 

PUFA 48.2 (47.4-48.9) 48.3 (47.6-49.4) 0.715 

n-6 35.6 (30.0-37.7) 35.0 (32.3-37.0) 1.000 

 C18:2n-6 20.7 (18.2-22.8) 21.0 (19.6-22.2) 0.465 

 C20:3n-6 4.3 (3.3-5.3) 4.1 (3.5-4.3) 0.715 

 C20:4n-6 9.9 (8.0-11.8) 9.8 (7.9-11.9) 0.715 

n-3 12.5 (10.3-17.3) 13.6 (11.0-16.3) 0.715 

 C20:5n-3 2.7 (1.8-6.7) 3.7 (1.8-5.1) 1.000 

 C22:5n-3 2.8 (2.5-3.0) 2.9 (2.5-3.0) 0.715 

 C22:6n-3 7.3 (5.6-7.8) 7.4 (5.9-8.5) 0.273 

MUFA      

 C18:1  11.5 (10.9-11.8) 12.1 (11.5-13.0) 0.144 

SFA 40.1 (39.4-41.4) 39.2 (38.6-40.5) 0.068 

 C16:0 26.6 (26.2-27.4) 25.7 (25.1-26.3) 0.068 

 C18:0 13.5 (12.6-15.0) 13.8 (12.5-14.9) 0.715 

n-6/n-3-ratio 2.9 (1.8-3.7) 2.7 (2.0-3.3) 0.465 

PUFA/SFA-ratio 1.2 (1.2-1.2) 1.2 (1.2-1.3) 0.068 
1p-value from Wilcoxons Signed Rank Test. 

No significant changes were revealed for the serum phospholipid FAME composition in participants 

who lost weight after bariatric surgery (Table 4.24). The proportion of PUFAs, n-6 FAMEs and SFAs 

showed a decreasing trend and an increasing trend was observed for C18:1, but either were statistically 

significant. 

Table 4.24 Within-group comparison of percent of total FAMEs before and after weight loss due to bariatric surgery 
(n=4). 

 Median (25-75 percentile)  

FAMEs (wt%) Baseline After surgery p-value1 

PUFA 46.7 (45.4-46.9) 44.5 (41.3-46.1) 0.068 

n-6 35.2 (34.6-36.6) 33.2 (32.6-34.3) 0.068 

 C18:2n-6 22.3 (21.7-23.1) 19.4 (17.2-23.3) 0.144 

 C20:3n-6 4.6 (4.1-4.9) 4.4 (3.0-4.8) 0.715 

 C20:4n-6 8.5 (7.2-10.0) 9.2 (7.7-11.0) 0.144 

n-3 10.6 (10.0-12.0) 11.4 (7.0-13.4) 0.715 

 C20:5n-3 2.8 (2.2-3.1) 2.6 (2.1-3.2) 0.715 

 C22:5n-3 2.7 (2.6-3.0) 3 (0.7-3.1) 0.715 

 C22:6n-3 5.1 (4.8-6.2) 5.7 (4.1-7.1) 0.715 

MUFA      

 C18:1  12 (11.6-13.1) 14.8 (14.5-17.7) 0.068 

SFA 41.4 (41.2-41.5) 40.1 (39.3-41.4) 0.068 

 C16:0 27 (25.8-28.2) 29 (26.3-30.2) 0.144 

 C18:0 14.4 (13.3-15.5) 11.3 (10.6-13.9) 0.068 

n-6/n-3-ratio 3.3 (2.9-3.6) 2.9 (2.4-5.2) 0.715 

PUFA/SFA-ratio 1.1 (1.1-1.1) 1.1 (1.0-1.2) 0.273 
1p-value from Wilcoxons Signed Rank Test. 
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5 DISCUSSION, CONCLUSION AND FUTURE REMARKS  

The prevalence of overweight and obesity has increased over the past years (1), together with an 

observed decline in semen quality (2, 3). A BMI above the normal range (>24.9 kg/m2) has been 

associated with an altered hormone balance and lowered semen quality, though affected semen quality 

parameters varies (4, 11) and results are conflicting (28). Dietary fat intake has shown an association 

with semen quality. The proportion of saturated fat had an inverse relation to sperm concentration and 

total sperm count in two recent studies (94, 95). Serum phospholipid fatty acid composition can be 

used as a marker of short-term dietary fat intake (134). Non-dietary aspects such as endogenous 

metabolism, genetics and other lifestyle factors must be considered when results from fatty acid 

analysis are interpreted, because they may affect the fatty acid composition (86). There are few studies 

on serum phospholipid fatty acid composition in men in relation to semen quality, and changes in both 

parameters after weight loss. Case-studies on semen quality before and after bariatric surgery with a 

following weight loss have described a temporarily worsening of semen quality for the first two years 

postoperative, but an improvement after 24 months is suggested (139, 140). A study of semen quality 

and reproductive hormones after lifestyle changes with following weight loss indicated an 

improvement of both parameters for severely obese men (6). 

The general aim of the HiOA study is to investigate several aspects of overweight and obesity in men, 

and the effect on male reproduction function. The aim of this master study was establish a qualitative 

and quantitative method for serum phospholipid FAME analyses, and to compare the qualitative 

performance of FAME analyses on gas chromatography coupled with flame-ionization detector (GC-

FID) and mass spectrometer (GC-MS). The established GC-FID method was used to analyze serum 

phospholipid FAME composition in men with varying BMI at baseline, and for a selection of 

participants after weight loss. Semen analysis for the participants had already been performed at HiOA 

or other collaborate laboratories. Semen quality data was used in this master study to investigate 

associations with BMI, and with serum phospholipid FAME compositions, at baseline. The serum 

phospholipid FAME composition and semen quality parameters at baseline were compared with 

results after weight loss for participants who lost <10 % or ≥10 % of their weight, or underwent 

bariatric surgery prior to weight loss. 

 

5.1 Discussion of material and methods 

5.1.1 Long term sample storage and fatty acid stabi lity  

Serum samples for participants in this study have been stored in -80 °C for a time period of maximum 

three years. Matthan et al. (2010) showed that the serum phospholipid fatty acid composition 
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measured one year after collection and after 8-10 years of storage in -80 °C was approximately the 

same. Observed differences were likely caused by technical improvements in GC methodology rather 

than sample degradation (75). Thus, degradation of sample material due to storage in this study cannot 

be excluded, but is not likely.  

5.1.2 Recovery  

Expected recovery reported for FAME analyses using sample preparation techniques based on the 

established Folch extraction method is between 80-100 % (oral communication with professor 

emeritus Hans J. Grav, April 15th 2013). Recovery of the internal standard in this study was 30-70 %. 

The poor recovery may result in loss of phospholipid fatty acids present in low quantities in serum. 

When a sample preparation method involves many steps, there are several factors that may contribute 

to loss of sample material. The Folch method is shown to yield 97 % of total lipids in the extraction. 

Depending of the water and inorganic salt present during the aqueous washing step, the more polar 

glycerophospholipids, such as phosphatidyl serine and phosphatidyl ethanolamine, are in some degree 

carried to the aqueous phase. Folch and coworkers stated that approximately 0.6 % were lost in the 

aqueous phase, and it is a selective loss, not proportional to the amount of different lipids groups 

present in original sample material (98).  

The fractionation method used in this study is well-established and should in theory not lead to any 

significant loss of sample material. Agren et al. (1992) reported a recovery >98 % after solid phase 

extraction (141). Firl et al. (2012) evidenced a substantial co-elution of a phospholipid standard (PC 

C15:0) in the neutral lipid fraction when being eluted with chloroform/2-propanol (2:1, v/v), and 

recommended a reduced amount of 2-propanol or pure chloroform to avoid loss of phospholipids 

(142). 

The acid-catalysed transmethylation of isolated phospholipid fatty acids was performed at room 

temperature overnight. In relevant literature it is stated that complete transmethylation with methanolic 

HCl requires heating, preferably a temperature of 50° C overnight (96). The low reaction temperature 

may have resulted in a lower percent of fatty acids transmethylated and contributed to the observed 

low recovery of the internal standard. Burdge et al. (2000) reported a recovery of a C17:0 standard 

added to serum prior to sample preparation of 74.2 %, with a RSD = 10.1 %. Burdge et al. used a 

sample preparation similar to the procedure used in this study, except for transmethylation with H2SO4 

in methanol with heated incubation (143). 

The recovery of FAMEs is not usually taken into account as long as an internal standard method is 

used for quantification (oral communication with prof. emeritus Hans J. Grav, April 15th 2013). As 

mentioned, low recovery involves a risk of losing low quantity fatty acids during sample preparation, 

and recovery should be determined when a method is developed and optimized as a part of the method 

quality control. All participant chromatograms showed a similar FAME profile, and the sample with 
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lowest recovery had the same number of detected FAMEs as the sample with the highest recovery. For 

statistical analysis a selected number of nine FAMEs detected in participant samples were regarded to 

equal 100 % to be able to compare FAME composition between subjects, without being affected by 

varying recovery. 

The internal standard consists of a phosphatidyl choline containing two C17:0 fatty acid equivalents 

(1,2-diheptadecanoyl-sn-glycero-3-phosphatidylcholine). The different phospholipid classes have 

varying chemical properties, and in reality our internal standard only reflects the recovery of FAMEs 

from the phosphatidyl choline fraction in the sample material. The recovery of FAMEs from the other 

phospholipid classes is in practice not measured. Phosphatidyl choline is by far the most abundant of 

the different phosphatidyl fractions and this internal standard is widely used within the field of 

phospholipid fatty acid analyses. The use of several internal standards representing at least both 

phosphatidyl choline and phosphatidyl ethanolamine (the two largest fractions) should be evaluated. 

5.1.3 Response factors 

A common assumption when lipid analyses are performed with GC-FID is that the detectors relative 

responses to all FAMEs are equal (115). In theory, the number of CHO+ ions produced when organic 

compounds are burned in the flame of H2 and air, is proportional to the effective number of carbon 

atoms in the compound. Carbonyl carbons (R-COOH in fatty acids) are not detected by FID and not 

included in the effective carbon number (108). Figure 4.3 clearly illustrates this predicted detector 

response for C10:0 to C18:0. The theoretical increase in RRFs is shown to be reliable in several earlier 

studies, and reduced relative response factors for C20-C24 indicate a not fully optimized sample 

preparation or injection technique (96). The lack of an optimized sample handling results in a 

proportion of the more volatile FAMEs in the serum sample not being loaded on the analytical 

column. The decreasing RRF for FAMEs with increasing number of double bonds in Figure 4.4 is as 

expected, because carbon atoms participating in a double bond have a slightly lowered detector 

response compared to a carbon atom with no double bonds (107).  

In this study the GC-FID method was completely calibrated and the accurate response factors for 

FAMEs were determined; hence the observed deviation from theoretical relative response factor did 

not affect the results. 

5.1.4 Calibration and limits of detection and quant ification  

Since the GC-FID method was intended for quantitative purposes, a full calibration procedure was 

performed. The correlation coefficients (R2) were >0.99 for all FAMEs except C20:1n-15, in 

accordance with or improved compared to published data (71). The method was calibrated for nine 

concentration levels covering a concentration range from approximately 8-200 µg/ml and GC-FID had 

a linear response over the entire concentration range examined. 
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After analyzing participant serum samples it was observed that FAME concentrations span over a 

large concentration range. To achieve precise quantification of all present phospholipid FAMEs it 

would be better to obtain calibration curves for two linear concentration ranges, for example 0.02-50.0 

µg/ml and 50-200 µg/ml for GC-FID, and to add more than one internal standard. C21:0 is an example 

of a later eluting FAME that has been used for quantitative analyses and would improve quantification 

of FAMEs with a chain length of C20 and longer (115). 

The GC-FID method was calibrated before samples were analyzed and recalibrated after eight weeks 

of analyzing to examine the within laboratory reproducibility of the calibration curve. Area ratios for 

FAMEs obtained at the two time points were compared with linear regression. The curves where area 

ratios for C20:1n-15, n-12 and n-9, C22:1n-9 and C22:2n-6 measured at the two time points were 

compared, had a slope significantly different from 1.0 at a 5 % level. At the two highest concentration 

levels fronting was observed, which led to a decreased separation of the three 20:1 peaks. Fronting 

probably caused the difference in area ratios because of small variations in integration of the five listed 

peaks between the two calibrations. Fronting is caused by decreased retention capacity in the 

stationary phase, for example by overloading the column, and should be avoided. Fronting give less 

symmetric peaks and for closely eluting peaks, decreased resolution (100). Peaks with fronting may 

lead to a greater quantitative uncertainty because of lower quality of peak integration. Integration for 

all concentration levels was manually controlled and approved. For the detected and quantified 

FAMEs in participant sera the quantitative quality was not affected by fronting, and the slope for the 

curves comparing area ratio at the two calibrations were not significantly different from 1.0. Intercept 

confidence intervals all contain the value 0.0 and are considered not significantly different between for 

the two calibrations.  

Higher areas were measured for the same concentrations at the second calibration compared to the 

first. Five aliquots of the nine concentration levels of GLC #411 used for calibration were prepared at 

the same time, and the four remaining aliquots were stored in 100µl crimp vials at -80 °C until 

repeated calibration. Vaporization of hexane leading to increased concentration of the standard 

solution may be the cause of the larger areas measured. The vaporization theory was strengthened by a 

small storage experiment where aliquots of 1 µg/ml GLC #411 were stored in -20 °C and -80 °C for 30 

days and compared with the same solution analyzed directly after preparation (appendix 9). The stored 

samples showed larger areas compared to the sample analyzed directly after preparation. Two 

improvements that will contribute to minimize vaporization problems are; 1) Prepare fresh 

concentration levels from stock solutions of standards for each calibration and 2) store stock solutions 

of standards in appropriate containers in -80 °C. All samples were analyzed the day after completed 

preparation and are not affected by vaporization due to storage. 

  



Discussion 

72 
 

Limits of detection and quantif ication 

Limits of detection achieved in this master study is equal or improved compared to published results 

(115). The limit of detection (LOD) and quantification (LOQ) calculated for GC-FID was in general 

higher compared to LOD and LOQ calculated for MS, as depicted in Tables 4.4 and 4.5. The signal-

to-noise ratio (S/N-ratio) was used for calculating LOD and LOQ. S/N-ratio for GC-FID was given by 

the ChemStation software, while S/N-ratio for GC-MS was manually calculated to be able to compare 

the two detectors. Results from comparing the two detectors may have been different if both S/N-

ratios were calculated by the same software. MS in TIC-mode showed the lowest LOD and LOQ for 

FAMEs with a chain length up to C20, while FID showed lowest LOD and LOQ for C22-C24. S/N-

ratio for the two MS modes TIC and SIM are both manually calculated and comparable, and SIM 

show the clearly lowest LOD and LOQ of the two, in accordance to published results (115). SIM was 

performed by monitoring three mass-to-charge ratios in the same analysis, so the calculated S/N-ratio 

would probably be higher, and the following LOD and LOQ lower, if only one m/z-value was 

monitored at the time. SIM mode showed enhancement of the signal-to-noise ratio and is 

recommended for quantitative analyses with MS based on the considerably lowered LOD and LOQ 

compared to GC-MS TIC and GC-FID. 

Validating the GC-FID method 

After calibrating a method the next step would be to analyze known concentrations of FAMEs to 

confirm that the calibration curve reports accurate calculated amounts. A typical control sample would 

be serum spiked with known concentrations of analytical fatty acid reference standards. The stability 

and accuracy of the method should be measured at each analysis sequence to confirm that the 

calibration curve is valid. Typically, solutions with low, intermediate and high concentration within 

the concentration range of the calibration curve would be used. 

It was a challenge to find analytical standards with a quantitative quality. The standard solution used 

for calibration, GLC #411, is delivered from the manufacturer with a concentration >100 mg, and is 

per se not a quantitative standard. GC-FID is a stable, well-known and used method for analyses of 

fatty acids, with small variations in analytical performance over time. When fatty acid analysis with 

GC-FID is performed for research purposes and the analytical variations is under control, the use of 

control samples is not common practice within the field (referring to oral communication with prof. 

emeritus Hans J. Grav, April 15th 2013).  

5.1.5 System performance 

A satisfying separation of the FAMEs in the standard solution GLC #411 resulted in a long analysis 

time (76.5 min). Long analysis time leads to high retention factors (k), in this study from 1.06-15.22. 

A shorter analysis time can be achieved if two or more GC-methods are optimized for different fatty 
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acid chain lengths, for example focus on separation of C8-C18 or C20-C24 with two different methods 

or even two columns with varying resolution capabilities. 

The theoretical plate number for C14:0 given by the column manufacturer is approximately 3000 

N/column meter, which results in 180000 N. Plate number observed in this study is higher, at least for 

calibration level 1-7. Plate number is automatically calculated by the ChemStation software and the 

deviation from the expected may be due to the calculation method. 

A resolution >1.5 is required for adequate quantitative results. All FAMEs in GLC #411 achieved a 

satisfying resolution except the closely eluting C20:1 n-15, n-12 and n-9, and C20:3n-3 and C24:0 for 

calibration levels 6-9. The decreased resolution is due to fronting, which occurred at the highest 

concentration levels for late eluting FAMEs. Fronting also led to an observed deviation from optimal 

peak symmetry. Fronting, and its influence on the quality of quantitation, are discussed in the previous 

section and were not considered to have a noticeable effect on the quantitative results obtained in this 

study. 

5.1.6 Precision and methodological variation 

After retention time locking the GC-FID method, five aliquots of a serum sample were analyzed. The 

calculated RSD for variation in retention times was 0.018 % at the most. This is higher than promised 

from the manufacturer, which state a RSD <0.008 %. The RSD % observed in this study is anyhow 

satisfactory and similar or improved compared to other published results (122). 

The precision was determined by analyzing three replicates of an intermediate concentration of the 

standard solution GLC #411. Achieved analytical variation for area ratios with the GC-FID method 

was less than 1 % RSD. The precision is satisfactory and consistent with published data (115). Three 

replicates for determining precision may be inadequate and the analytical variation should be validated 

before analyzing additional participant samples. 

The methodological repeatability was determined by preparing and analyzing five aliquots of the same 

serum sample. The RSD % for variation in area ratios was ≤8.5 %, which is satisfactory considering 

the manual sample preparation method, and it is consistent with published results on RSD % for 

repeated analyses (84).  

5.1.7 External control of serum phospholipid fatty acid composition 

Nine representative serum samples were analyzed at an external laboratory. Serum phospholipid fatty 

acid compositions were compared. A variation of maximum 4.0 % was observed for the proportion of 

a single FAME in an individual profile. Considering the methodological repeatability achieved in this 

study, the observed variation was accepted. Possible contributing factors to the varying results are not 

further investigated. Information on sample preparation methods, precision and recovery has been 
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requested from the laboratory that performed the external control, but a response is not received upon 

the deadline of this thesis. Knowledge of those factors is needed for a satisfying comparison of results. 

5.1.8 GC-FID versus GC-MS for FAME analyses 

GC-MS as a FAME identification tool 

GC-MS provided multidimensional information about an analyte, both retention time and mass spectra 

were used for FAME identification. Spectra for all integrated peaks in GLC #411 were compared with 

common features and rules previously characterized (71, 122). All listed features matched with spectra 

obtained in this study except m/z 108 <107 for n-3 FAMEs with three or more double bonds, which 

showed to be the opposite for all analyzed n-3 FAMEs.  

 Four participant samples were analyzed with both GC-FID and GC-MS. The peak identified as 

C20:1n-9 by GC-FID, turned out to be contamination in all four samples analyzed with GC-MS. 

C20:1n-9 detected in participant samples was, based on this discovery, excluded from result 

calculations. In theory C20:3n-3 should elute before C20:4n-6 on a polar column such as BPX70 (96). 

The mass spectra of the two closely eluted peaks indicate that C20:4n-6 elutes between C20:3n-6 and 

C20:3n-3 and that was the order used in this study. This supports the advantage of GC-MS over GC-

FID when analyzing FAMEs in complex sample materials.  

GC-FID versus GC-MS for FAME analyses 

GC-FID performance in this study confirms the well-known GC-FID hallmarks of a broad range of 

linear response, excellent retention time precision and a low LOD. Analyses of standards and serum 

samples with GC-MS show significant advantages considering identification of FAMEs and the ability 

to reveal possible contamination identified as FAMEs based on its retention time. Co-eluting FAMEs 

with different number of double bonds, varying from none to three, can easily be separated by their 

distinct base peaks. GC-MS also provide the ability to separate analyte peaks from contamination if 

they co-elute, and MS performed in SIM-mode results in a remarkable improvement in LOD 

compared to GC-FID.  

Dodds et al. (2005) concluded that quantification with GC-MS demands appropriate calibration, but if 

these demands are fulfilled, GC-MS is the preferable alternative for FAME analyses compared to GC-

FID (115). GC-MS was not fully exploited in this study, but the preliminary results support this 

conclusion. 
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5.2 Discussion of the analytical results 

5.2.1 BMI in relation to semen quality 

The use of BMI as a parameter to categorize participants as normal, overweight or obese is 

controversial (144). A large muscle mass may lead to BMI higher than the normal range. Participants 

placed in the wrong BMI-group based on their muscle mass could erroneously affect significant 

associations of overweight and obesity on semen quality. Percentage body fat and/or waist 

circumference should be registered to avoid this misplacement. All participants had their percentage 

body fat measured at each visit, and in Table 4.9 it is shown that percentage body fat significantly 

increases with increasing BMI, validating our use of BMI to categorize participants. 

Several semen quality parameters were investigated for association with BMI after adjusting for age 

and abstinence time. The men were categorized into three groups based on their BMI. Obesity was 

negatively associated with semen volume, total sperm count, sperm concentration, the two motility 

parameters (percentage motile sperm and total progressive motility count), and the two morphology 

parameters (percentage normal morphology and total normal morphology count) compared to men 

with BMI within the normal range. Total sperm count and total progressive motility count were also 

negatively associated with an increase in BMI from the normal range to the overweight range. These 

findings partly corroborate results reported by Jensen et al. (25), where high BMI was associated with 

reduced total sperm count and sperm concentration, but not with motility and morphology. Hammoud 

et al. (26) report both decreased total sperm count and total progressive motility count in association 

with obesity, and they observed the same trend for percentage normal morphology, in consistency with 

findings in this study. Decreased semen volume and percentage sperm with normal morphology for 

obese men is also reported earlier (27, 30). A recent meta-analysis of BMI in relation to sperm count 

found that overweight and obesity were associated with decreased total sperm count, but not with 

sperm concentration (4). Aggerholm et al. (5) failed to show any significant differences in semen 

quality between BMI groups, but morphology was not reported in the study. The population 

investigated in the different studies mentioned here varies. Jensen et al. (25) included a younger 

population with a narrower age range (76 % were <20 years) and a lower average BMI (22.4 kg/m2) 

compared to this study. Hammoud et al. (26) and Shayeb et al. (27) recruited men from a fertility 

clinic and results may not reflect semen quality in the general population, which is represented in this 

master study. The meta-analysis (4) excluded a high number of studies showing an inverse 

relationship between BMI and sperm parameters, which may have led to underestimation of the effect 

of BMI on semen quality. 

Semen quality may be affected by other confounders than the two adjusted for in this study (age and 

abstinence time). Alcohol and smoking is known to have a negative effect on semen quality (145, 146) 

and should be adjusted for when investigating BMI and semen quality. A sedentary lifestyle is 
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negatively associated with sperm concentration and total sperm count (147). A sedentary lifestyle is 

also related to an increased BMI (1) and therefore may apply to lifestyle for overweight and obese 

participants in this study. Data on alcohol use and smoking habits were not available at the time when 

statistical analyses were performed, but are collected for all participants and should be adjusted for in 

further studies on semen quality.  

Semen quality measurements involve a high uncertainty because of inter-observer variability. Semen 

quality also provides only limited information about the sperm function. Fertilization outcome may be 

assessed with other functional tests addressing sperm ability to fuse with and fertilize an egg cell. 

5.2.2 Serum phospholipid FAME composition for men i n three BMI groups 

Dietary fat intake in the Western world today contains an increased n-6/n-3-ratio due to modern 

industrial food production and increased consumption of vegetable oils. The role of dietary fat in adult 

human obesity has been controversial, but recent findings suggest that PUFAs in the n-6 and n-3 series 

are not equally potent in promoting adipose tissue development, and a high n-6/n-3-ratio promote 

development of adipose tissue (148). Diets rich in saturated fat have shown to increase risk of 

achieving a BMI >25 kg/m2 (149, 150). The same trends are found in this study when comparing 

serum phospholipid FAME composition (Table 4.14). Overweight and obese participants showed a 

higher proportion of C20:3n-6 and SFAs (mainly due to C18:0) compared to men with normal BMI. 

The obese participants also showed a decreased proportion of C22:5n-3 compared to men with normal 

BMI. 

Participants enrolled in this study have not provided dietary data. Observed differences in serum 

phospholipid FAME composition may be related to both differences in dietary intake and/or metabolic 

differences between obese and normal weight participants. An altered estimated desaturase activity 

(enzymes participating in metabolism of fatty acids, Figure 1.11) has previously shown to be 

associated with obesity (151), and metabolic syndrome (86). Similar differences seen for the serum 

phospholipid FAME composition in this study were also shown in obese adolescents compared to age-

matched lean controls, with a decrease in n-3 fatty acids and an increase in SFAs (152), which 

indicates that the observed variations are consistent with the development of obesity. Based on the 

differences for plasma fatty acid composition and desaturase activity observed for subjects with 

metabolic syndrome compared to non-metabolic syndrome controls (86), it would be interesting for 

further investigations to divide participants in this study after presence of metabolic syndrome and 

repeat the comparisons of serum phospholipid FAME composition. 

5.2.3 Serum phospholipid FAME composition and semen  quality 

Men in this study showed a negative association between the proportion of serum phospholipid n-6 

FAMEs and both sperm motility parameters and total normal sperm morphology count (Table 4.16-

4.17). Sperm motility parameters also had an inverse association with the n-6/n-3-ratio. All three 
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motility parameters showed a positive relationship with the proportion of n-3 FAMEs, although 

percentage progressive motile sperm did not reach statistical significance (p=0.071). The association 

seemed mostly due to increasing amount of C22:5n-3. 

The proportion of total SFAs was negatively associated with percentage sperm with percentage normal 

morphology and total normal morphology count. Percentage C18:0 was associated with a decrease in 

percentage progressively motile sperm (Table 4.16). 

Percentage C18:2n-6 and C20:4n-6 presented opposite effect on semen volume. C18:2n-6 shows the 

weakest significance and may be due to multiple testing and not biological mechanisms, although the 

possibility cannot be ruled out (Table 4.15).  

Motility patterns, and to some extent normal morphology, are shown to closely correlate the rate of 

natural pregnancy (153). It is not clear which mechanisms are involved in regulation of sperm motility 

or morphology, but several studies have shown a positive correlation between spermatozoa C22:6n-3 

and the motility and morphology, and a negative association in between n-6/n-3-ratio and two semen 

quality parameters (67, 68). To our knowledge, there are only one study is reporting phospholipid fatty 

acid composition in serum, seminal plasma and spermatozoa membrane in relation to semen quality in 

normozoospermic vs. asthenozoospermic males (82). Conquer et al. (82) concluded that the two 

groups of men have similar serum phospholipid fatty acid composition of C22:6n-3, suggesting a 

similar dietary intake, while C22:6n-3 was lower in seminal plasma and spermatozoa of the 

asthenozoospermic males. A C22:6n-3 supplementation study was performed by the same research 

group, and supplementation did not affect C22:6n-3 incorporation in spermatozoa membrane or sperm 

motility (90). A study in rabbits showed that a diet rich in n-3 fatty acids led to rearrangements in 

sperm membrane fatty acid composition at a subcellular level (91), and a recent study in rats found 

that a balanced n-3/n-6-ratio of approximately 1.52 gave increased sperm concentration and sperm 

motility (93). A n-3/n-6-ratio of 1.52 equals a n-6/n-3-ratio of 0.7. Participants in this master study had 

a much higher n-6/n-3-ratio than 0.7 (~3), which in the rat study led to a decrease in both motility and 

concentration, and a tendency to increased sperm deformity rate. These findings are in agreement with 

semen quality results in this master study.  

Two recent studies on dietary fat intake and semen quality showed that a high intake of saturated fat 

was associated with decreased sperm concentration and total sperm count (94, 95). Serum 

phospholipid SFAs were negatively associated with the two parameters in this study, but did not reach 

statistical significance (Table 4.15). The relationship between dietary intake of SFA and corresponding 

levels in serum phospholipids is weaker than for PUFAs (9). This may be the reason why this study 

did not reveal the same associations. The dietary studies also showed a positive relationship with 

intake of n-3 fatty acids and/or MUFAs and normal sperm morphology, supporting earlier findings 

(92), and the same trend was observed here. The correlations of MUFAs in diet and serum 
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phospholipids are even weaker than for SFAs; hence the observation might also be due to multiple 

testing. 

There are several mechanisms in which food intake can affect semen quality, without necessarily 

being reflected in serum phospholipid fatty acids. Lipophilic environmental chemicals have been 

found to accumulate in high-fat food items, and this chemicals may have endocrine-disrupting 

functions and lead to a decline in semen quality (52). A high saturated fat intake from fat-rich dairy 

and meat processed products seen in a typical Scandinavian diet (94) may contribute to the observed 

decrease in semen quality. A healthy diet with a high intake of lettuce, tomatoes and some fruits is 

associated with increased semen quality (52, 154). Oxidative stress with increased ROS production 

and decreased antioxidant capacity in the testicular environment is associated with decreased sperm 

quality. The healthy diet described in papers (52, 154) and by the Norwegian Directory of Health 

(155) is consistent with an increased intake of antioxidants, and may have contributed to the higher 

semen quality observed for men in the normal BMI group. These theories are based on speculations, 

due to the lack of dietary data in this study.   

5.2.4 The effect of weight loss  

Participants were categorized after percentage weight loss (<10 % or ≥10 %) or bariatric surgery, and 

semen quality and serum phospholipid FAME composition were investigated for changes after weight 

loss. Results are listed in Table 4.18-4.24. 

Semen quality 

Semen quality at base line and after weight loss was compared within groups. Weight loss showed no 

significant effect on semen quality. The lack of significant results may be due to small groups (n=3-8). 

Furthermore, non-parametric statistic tests were used to compare results within groups. Non-

parametric tests demand a greater effect to reach statistical significance compared to their 

corresponding parametric tests. I therefore may have failed in detecting actual differences between 

results at baseline and after weight loss. 

Men in the three groups had different BMI at baseline; the low percentage weight loss group had a 

median BMI of 30.6 kg/m2, the high percentage weight loss group had a median BMI of 36.0 kg/m2 

and participants who went through bariatric surgery had a median BMI of 49.4 kg/m2. Men in the low 

percentage weight loss group were split between BMI group 2 and 3, while men who had a high 

percentage weight loss or bariatric surgery were all in BMI group 3. This may indicate that men who 

lost <10 % of their body weight had an overall better semen quality at baseline compared to men in the 

two other weight loss groups, when looking at semen quality compared for different BMI groups in 

Table 4.11. Semen quality for men with BMI categorized as normal and overweight showed little 

significant difference, and this may explain the lack of effect of weight loss on semen quality for men 
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in the low percentage weight loss group. BMI for men in the three groups after weight loss remained 

in the range categorized as overweight and obese, and may explain why there was no significant 

improvement in semen quality. 

Four men in this study underwent bariatric surgery to achieve weight loss, while the remaining 

participants achieved weight loss by lifestyle changes only. Three case studies suggested that bariatric 

surgery and a following rapid weight loss give a severe worsening of semen quality in months after 

surgery (139, 140, 156). These findings were challenged in a study by Reis et al. (157), who found no 

decrease in semen quality in men experiencing weight loss after bariatric surgery. Sermondade et al. 

(139) observed improved semen quality for one of their reported cases 24 months after surgery, and 

Reis et al. (157) did not test semen quality until 20 months after surgery, so Reis’ group might have 

missed out on detecting a temporarily worsening in semen quality for their participants. Studies have 

observed an improvement in the male hormone balance after weight loss due to bariatric surgery, with 

an increase in testosterone (158, 159) and a decrease in estradiol. The suggestion that weight loss after 

bariatric surgery lead to severe worsening of semen quality in the time period when participants in this 

study delivered their second semen sample (approximately 12 months after surgery), was not 

supported by findings in this master study. Participants did not show any obvious worsening of semen 

quality after bariatric surgery and following weight loss, but it was a small sample size, and further 

research in this field is required. In the HiOA study, participants who return after their bariatric 

surgery with following weight loss should be invited to a third sample delivery 24 months 

postoperative; to see if an improvement of semen quality is observed. 

Serum phospholipid FAME composition 

Men in the low percentage weight loss group presented a significantly increased proportion of n-3 

FAMEs and a trend to decreased n-6/n-3 ratio after weight loss. Men in the high percentage weight 

loss group showed no significant changes in FAME composition, but a decreasing trend was observed 

for the proportion of SFAs (mostly due to a decrease in C16:0) after weight loss. The group of 

participants who went through bariatric surgery showed a decreasing trend for the proportion of 

PUFAs, n-6 FAMEs and SFAs. The proportion of C18:1 showed an increase, but none of the observed 

changes reached statistical significance. 

The observed changes in serum phospholipid FAME composition are consistent with nutritional 

recommendations for a healthier lifestyle from The Norwegian Directory of Health (155). They define 

a healthier diet as increased intake of vegetables, fruits and berries, fish and whole grain, and a limited 

intake of processed meat, red meat, salt, sugar and saturated fat. It is likely that participants who have 

lost weight by lifestyle changes have been following these or similar recommendations to improve the 

quality of their diet and lose weight. Johnson and coworkers (160) observed that patients who have 

been through bariatric surgery had a reduced intake of vegetables and fish postoperative compared to 
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their diet before surgery. The same study presented that participants in a lifestyle intervention program 

showed a more favorable diet in general after a one year follow-up compared to bariatric patients 

(160).  

The intra-individual variation of serum phospholipid FAME composition is not known for the 

participant group in this master study. The natural variation may be a contributing factor to the 

observed trends, more than a distinctively changed diet. Losing weight induces several lifestyle 

changes in addition to diet alterations. A sedentary lifestyle is associated with higher scrotal 

temperature, which may lead to decreased semen quality (147). A higher activity level related to a 

weight loss process may have a positive effect on semen quality (147). There is a well-established 

relationship between male obesity and an altered reproductive hormone profile (25) and this might be 

a contributor to the observed decreased semen quality associated with increasing BMI in this study. 

Whether the hormonal profile was improved by weight loss for the participants in this study is not 

known. Findings in a related study (6) may indicate that further weight loss to reach the normal BMI 

range is needed for normalization of hormone levels, and to see if the assumed negative hormone 

related effect on semen quality is reversed.  

5.2.5 Statistics and selection bias 

The major limitations in this study are the small sample size, especially the limited number of 

participants who lost weight, and the multiple statistical tests performed. The small sample size led to 

wide ranges for the results, and findings must therefore be interpreted with caution. With the number 

of statistical tests performed, there are chances of false significant results. With a significance level of 

0.05, 5 % percent of tests performed can theoretically give a false positive result. Approximately 25 % 

of performed tests in this study resulted in a significant p-value, which exceeds the 5 % possibly false 

results. A solution to reduce the possibility of chance findings with multiple testing is to perform a 

Bonferroni correction. The Bonferroni correction method is considered highly conservative for large 

numbers of comparisons (161) and was not performed in this study. The low p-values and biologically 

plausible results strengthen the findings in this thesis, in spite of the multiple testing.  

One cannot exclude a selection effect among the participants entering such a study; they may be 

interested in semen quality analysis because they have experienced trouble conceiving.  This possible 

selection bias is however present for all participants, both normal weight, overweight and obese, and it 

is unlikely that it has contributed to the results presented in this thesis. The age difference observed 

between normal and overweight participants is unfortunate because semen quality is age dependent, 

and actions must be done to eliminate the age difference when recruiting more men. When semen 

quality was investigated in this study, all results were adjusted for age and are therefore valid despite 

the age bias. 



Conclusion and future remarks 
 

81 
 

 

5.3 Conclusion 

The GC-FID method used for analyses of serum FAMEs in this study need to be further optimized. An 

observed deviation from results obtained by an external laboratory was within accepted variation, but a 

low recovery and deviating response factors indicate that the GC-method used in this study needs 

further improvements. The calculated response factors for FAMEs with chain lengths >C18:0 deviated 

from the expected, probably due to loss of more volatile FAMEs during transfer of sample from 

injection to the column inlet. The calibrated GC-FID method must be validated with the use of 

reference standards or other control sample material with known concentrations of fatty acids before 

analyzing more samples, and storage conditions for calibration standards must be optimized as well, 

preferably stored in appropriate containers in -80 °C. GC-MS provided a more secure identification of 

FAMEs, and a remarkably lower limit of detection compared to GC-FID, when SIM mode was 

applied. 

The results presented in this study show a significant negative association between BMI and semen 

quality. Men with a BMI ≥30 kg/m2 had significantly decreased semen volume, sperm concentration, 

total sperm count, total motility, total progressively motile sperm count, percentage normal 

morphology and total normal morphology count compared to a group of men with a BMI of 18.5-24.9 

kg/m2.  Total sperm count and total progressively motile sperm count were significantly lowered for 

participants with a BMI in the overweight range (25.0-29.9 kg/m2) as well, indicating that those two 

parameters are more sensitive to a small increase in BMI than the other mentioned semen quality 

parameters.  

The serum phospholipid FAME composition was altered for men with a BMI categorized as 

overweight and obese compared to men with a normal BMI. The overweight and obese men presented 

a higher proportion of C20:3n-6 and SFAs, the latter mostly due to an increased proportion of C18:0, 

when they were compared with men in the normal BMI range. Obese men also had a significantly 

lower proportion of C22:5n-3 compared to men with a normal BMI.   

Semen quality was investigated in relation to serum phospholipid FAME composition. The proportion 

of n-6 FAMEs was negatively related to sperm motility and normal sperm morphology parameters. An 

increasing n-6/n-3 ratio was inversely associated with sperm motility parameters and the same trend 

was observed for percentage sperm with normal morphology, without reaching statistical significance. 

The proportion of n-3 FAMEs showed a significantly positive association with sperm motility 

parameters, while the proportion of SFA showed a negative association normal sperm morphology.  

A <10 % weight loss led to an increase in the proportion of n-3 FAMEs, and a trend to decreasing n-

6/n-3 ratio. Losing ≥10.0 % weight by lifestyle changes was associated with a trend of decreasing 
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proportion of SFAs. An increasing trend was observed for C18:1, with a decreasing trend for the 

proportion of PUFAs, n-6 FAMEs and SFAs for the men who lost weight after bariatric surgery, 

without reaching statistical significance. Weight loss was not associated with any significant changes 

in semen quality for either of the weight loss groups. The lack of significant effects may be due to 

small groups and that participants remained in the overweight and obese BMI groups after weight loss. 

This study supports earlier observations that being overweight and obese has a negative effect on 

semen quality. A high proportion of SFAs and n-6 FAMEs, and a high n-6/n-3 ratio in serum 

phospholipids seem to have a negative association with semen quality, especially sperm motility and 

normal morphology. Overweight and obese men showed a higher proportion of SFAs, and changes in 

single n-6 (increased) and n-3 (decreased) FAMEs, but a clear link between BMI, serum phospholipids 

FAMEs and semen quality was not established. 

 

5.4 Future remarks 

In further studies on the serum phospholipid FAME composition and semen quality, dividing 

overweight and obese men separated in groups with or without metabolic syndrome should be 

considered, due to  observed variations in metabolic activity and semen quality compared to men 

without the syndrome (31, 86). It would be interesting to see if reversed metabolic syndrome after 

weight loss lead to an improvement in semen quality. Ideally, participants who lose weight should be 

followed further until they reach a stable BMI within the normal range to confirm if weight loss lead 

to improved semen quality and male reproduction function. 
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Appendix 1: Equipment, reagents, chemicals and commercial stock standard 

solutions 

Equipment 

Equipment with supplier and ordering information, sorted by supplier. 

Product name Supplier Ordering Information 
7693A Automatic Liquid 
Sampler 

Agilent Technologies  

7890A GC System Agilent Technologies  
BPX70 GC Column SGE Analytical Science Part No: 054623 
ThermoQuest Trace GC-MS Thermo Scientific  
TriPlus Autosampler Thermo Scientific  
Aluminum crimp cap fitted with 
a pre-cut blue silicone/PTFE seal. 

Chromacol, Thermo Fisher 
Scientific 

Part No. 8-AC-ST101 

Crimp Top Round Bottom Vial 
100 µl - Clear Gold Grade 

Chromacol, Thermo Fisher 
Scientific 

Part No. 01-CVG 

Hand crimper for 8mm crimp 
caps. 

Chromacol, Thermo Fisher 
Scientific 

Part No. CR-8 

9 inch Pasteur Pipets, Disposable, 
Bulk Pack, Non-Sterile, 
Unplugged 

Corning® Product No. 7095D-9 

MICROLITER Syringe, model 
710 

Hamilton® Part No. 7638-01 

Disposable Glass Serological 
Pipets, Disposable, 
TD, Bulk Pack, Non-Sterile, 
Unplugged 

Pyrex®, Corning® Cat. No. 7079-1N 

Quickfit® Ground socket conical Pyrex®, SciLabware Item No. BC24/C14T 
Quickfit® Ground socket 
cylindrical 

Pyrex®, SciLabware Item No. MF24/1/5 

Quickfit® Hollow-blown glass 
stopper B-length 

Pyrex®, SciLabware Item No. SB14 

Quickfit® Hollow-blown glass 
stopper C-length 

Pyrex®, SciLabware Item No. 2595/03M 

Supelclean™ LC-NH2 SPE Tube Supelco, Sigma-Aldrich® SKU 504483 
Visidry™ Drying Attachment for 
use with Visiprep 12-port model 

Supelco, Sigma-Aldrich® SKU 57100-U 

Visiprep™ SPE Vacuum 
Manifold, 12-port model 

Supelco, Sigma-Aldrich® SKU 57030-U 

 

Reagents 

Chloroform/methanol 2:1 (v/v) 

Reagents                                                                                                                       

Chloroform, MERCK (Art.No. 1.02432.2500) 

Methanol, Sigma-Aldrich (SKU 32213N) 
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 Procedure 

Components volumes and amounts to make chloroform/methanol 2:1 

Components Amount 
Chloroform 
Methanol 

600 ml 
300 ml 

 

1. Measure 300 ml methanol 
2. Add 600 ml chloroform 
3. Store the mixture in 4-6 °C. 

 
Chloroform/2-propanol 2:1 (v/v)  

Reagents 

Chloroform, MERCK (Art.No. 1.02432.2500) 

2-propanol, Fluka Analytical (SKU 34965)   

Procedure 

Components volumes and amounts to make chloroform/2-propanol 2:1 

Components Amount 
Chloroform 
2-propanol 

150 ml 
75 ml 

 

1. Measure 150 ml chloroform 
2. Add 75 ml 2-propanol 
3. Store the mixture in 4-6 °C 

 
6 % Sodium bicarbonate 

Reagents 

Sodium bicarbonate, Sigma-Aldrich (SKU S5761) 

 Distilled water 

Procedure 

Components volumes and amounts to make 6 % sodium bicarbonate 

Components Amount 
Sodium bicarbonate 
Distilled water 

30 g 
470 ml 

 

1. Scale in 30 g of sodium bicarbonate  
2. Add 470 ml of distilled and mix well to get an homogenous solution 
3. Store in room temperature. 
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2 % acetic acid in diethyl ether 

Reagents 

Diethyl ether, MERCK (Art.No. 1.00921.1000) 

Glacial acetic acid, MERCK (Art.No. 8.18755.1000) 

Procedure 

Components volumes and amounts to make 2 % acetic acid in diethyl ether 

Components Amount 
Diethyl ether 
Glacial acetic acid 

98 ml 
2 ml 

 

1. Measure up 98 ml of diethyl ether 
2. Add 2 ml of glacial acetic acid 
3. Store in 4-6 °C 

 

Chemicals  

Chemicals and reagents with supplier and ordering information, sorted alphabetically.  

Chemical Supplier Ordering information  
2,2-dimethoxypropane Sigma-Aldrich® SKU D136808  
2-propanol Fluka Analytical SKU 34965  
3M Metanolic HCl Sigma-Aldrich® SKU 33050-U 
Acetone Sigma-Aldrich® SKU 32201N  
Benzene Sigma-Aldrich® SKU 270709  
Butylated hydroxytoluen 1 % in ethanol (BHT) AppliChem A1874.0010 
Chloroform MERCK Art.No. 1.02432.2500 
Diethyl ether MERCK Art.No. 1.00921.1000 
Glacial acetic acid MERCK Art.No. 8.18755.1000 
Hydrochloric acid Fuming Min. 37 % MERCK Art.No. 1.00317.9200 
Methanol MERCK  Art.No. 1.06011.2500 
n-Hexane SupraSolv®  MERCK Art.No.1.04371.2500 
Sodium bicarbonate, BioXtra, 99.5-100.5 % Sigma-Aldrich® SKU S6297  
 

Commercial stock standard solutions 

Standard solution Supplier Ordering information 
GLC #411 Nu-Chek-Prep GLC-411 
Methyl heptadecanoate (C17:0) Fluka 51633-1G 
1,2-Diheptadecanoyl-sn-Glycero (ISTD) Larodan 37-1700-9 
cis-5,8,11,14,17-eicosapentaenoic acid ME Supelco 47571-U 

Methyl cis-7,10,13,16,19-docosapentaenoate Supelco 47563-U 
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Appendix 2: Stepwise procedure for sample preparation of serum 

phospholipid fatty acids 

Lipid extraction: 

1. Thaw serum samples in 4-6 °C. 
2. Add 4 ml of chloroform/methanol (2:1, v/v) to conical test tubes. 
3. Add 15 µl BHT 1 % in ethanol (antioxidant). 
4. Add 30 µl ISTD and then 200 µl of a serum sample to each tube except the reagents blank. 
5. Vortex for 30 sec and incubate in room temperature on bench for 30 min. 
6. Add 800 µl 0.9 % NaCl and vortex for 30 sec at 1000... 
7. Incubate at room temperature on bench for 10 min. 
8. Centrifuge for 5 min at 2000 rpm. 
9. Transfer the lower chloroform phase to new round test tubes and damp to dryness under a 

stream of N2.  
10. Dissolve in 300 µl chloroform and vortex for 20 sec. 

 Solid phase extraction (SPE): 

1. Remove the needles from the Visidry attachment and place SPE columns on the Vacuum 
Manifold lid. Use low vacuum throughout the protocol. 

2. Wash columns with 4x1 ml hexane. 
3. Transfer the 200 µl sample to the columns, leave 100 µl in the test tube on ice for 

transmethylation. 
4. Wash columns with 4x0.2 ml chloroform. 
5. Elute neutral lipids with 4x1 ml chloroform/2-propanol (2:1). 
6. Elute free fatty acids with 4x1 ml diethyl ether containing 2 % acetic acid. 
7. Elute phospholipids into new round test tubes with 4x1 ml methanol. 

Transmethylation 

-both test tubes with separated phospholipids and total lipids: 

1. Vaporize the phospholipid phase until dryness under N2. 
2. Add 1 ml benzene, 200 µl dimetoxy propane and 2 ml 3 M methanolic HCl in that order.  
3. Vortex  
4. Leave samples dark overnight in room temperature. 

∞ 

5. Neutralize solutions by adding 4 ml NaHCO3 resolved in destilled water. Vortex carefully, but 
thoroughly with the stopper losely fitted, be aware of gas. Tilt the test tubes until gas 
formation is over. 

6. Extract phospholipids by adding 2 ml of n-hexane and tilt the tubes ten times. 
7. Centrifuge samples for 3 min at 15 % U/min. 
8. Transfer the lipid phase to new round tubes and place tubes under N2. 
9. Repeat point 5-7 three times to a total extraction volume of 6 ml and vaporize under N2 until 

dryness. 
10. Resolve samples by adding 200 µl n-hexane. 400 µl for blank samples. 
11. Divide samples into two portions in special 100 µl tubes and replace air in the tubes with N2 

before capping. Samples are now ready for GC analysis. Store samples in -20 °C until 
analyzed. 
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Appendix 3: Contents of the commercial stock standard solution GLC #411 (Nu-

ChekPrep, USA) 
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Appendix 4: Conversion of FAME results to FAME equivalents in serum 

Internal standard (ISTD): 1, 2-Diheptadecanoyl-sn-glycero-3-phosphatidylcholine. Amount ISTD 
added prior to sample preparation: 30 µl of a stock standard solution with concentration 1.00 mg/mL 

 

Physical data: 

Molecular formula: C42H84NO8P, molecular weight 762.09 g/mole.  

ISTD contain two C17:0-FAME equivalents: 

C17:0 – free fatty acid: C17H34O2  270.451 g/mole 

C17:0 – FAME: C18H36O2  284.477 g/mole 

Recovery of ISTD in analyzed samples: 

Added ISTD at start: 330 10 1.00 / 0.030 30ml mg mL mg gµ−⋅ ⋅ = =  

Mole ISTD added: 
6

830 10
3.94 10

762.06 /

g
mole

g mole

−
−⋅ = ⋅  

Grams of C17:0-fatty acid/FAME equivalents at start:  

Mass, fatty acid-equivalents: 82 3.94 10 270.451 / 21.3mole g mole gµ−⋅ ⋅ ⋅ =  

Mass, FAME-equivalents: 82 3.94 10 284.477 / 22.4mole g mole gµ−⋅ ⋅ ⋅ =  

ISTD is added to 200 µl serum. Calculated concentration of C17:0 FAME in 200 µl serum: 

22.4
112 /

0.200ISTD

g
C g ml

ml

µ µ= =  

In analyzed samples: 

The total lipid fraction is split; 2/3 is fractionated to isolate the phospholipid fraction. Maximum 
amount of micrograms C17:0-FAME present in a prepared analytical sample: 

8 60.200
2 3.94 10 284.477 / 14.93 10 14.9

0.300

ml
mole g mole g g

ml
µ− −⋅ ⋅ ⋅ ⋅ = ⋅ =  

Concentration of C17:0-FAME in the analytical sample with a 100 % recovery: 

17:0

14.9
74.6 /

0.200C

g
C g ml

ml

µ µ= =  
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Appendix 5: System performance for GC-FID analysis of GLC #411 FAMEs 

Retention factor (k) 

Table A5-1 Retention factors for GLC #411 FAMEs obtained by GC-FID analysis. 

 Calibration level 

FAME 1 2 3 4 5 6 7 8 9 

C8:0 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

C10:0 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.81 

C12:0 3.00 2.99 2.99 2.99 3.00 3.00 3.00 3.01 3.01 

C12:1 3.48 3.48 3.48 3.48 3.48 3.49 3.49 3.50 3.50 

C14:0 4.58 4.58 4.58 4.58 4.59 4.60 4.60 4.61 4.62 

C14:1n-5 5.04 5.04 5.04 5.04 5.04 5.05 5.06 5.06 5.07 

C16:0 6.34 6.34 6.34 6.34 6.35 6.36 6.37 6.38 6.39 

C16:1n-7 6.70 6.71 6.71 6.71 6.72 6.73 6.74 6.75 6.76 

C17:0 7.23 7.23 7.23 7.23 7.24 7.24 7.24 7.24 7.25 

C18:0 8.10 8.10 8.11 8.11 8.13 8.14 8.16 8.18 8.19 

C18:1  8.39 8.40 8.40 8.40 8.50 8.52 8.53 8.54 8.56 

C18:2n-6 8.94 8.95 8.95 8.95 8.96 8.98 8.99 9.00 9.01 

C18:3n-6 9.32 9.32 9.32 9.33 9.33 9.35 9.36 9.37 9.38 

C18:3n-3 9.65 9.66 9.66 9.66 9.67 9.68 9.70 9.71 9.72 

C20:0 9.86 9.87 9.88 9.88 9.91 9.94 9.97 10.00 10.02 

C20:1n-9 10.05 10.06 10.06 10.07 10.09 10.11 10.14 10.17 10.20 

C20:1n-15 10.14 10.15 10.15 10.16 10.18 10.21 10.23 10.26 10.28 

C20:1n-12 10.21 10.22 10.22 10.23 10.25 10.28 10.30 10.32 10.34 

C20:2n-6 10.86 10.86 10.87 10.87 10.89 10.91 10.93 10.94 10.96 

C20:3n-6 11.28 11.29 11.29 11.30 11.31 11.33 11.35 11.36 11.38 

C20:4n-6 11.57 11.58 11.58 11.58 11.60 11.62 11.63 11.65 11.66 

C20:3n-3 11.67 11.68 11.68 11.68 11.70 11.72 11.74 11.75 11.77 

C22:0 11.85 11.86 11.87 11.88 11.90 11.94 11.96 11.99 12.02 

C22:1n-9 12.26 12.26 12.27 12.28 12.30 12.33 12.35 12.37 12.40 

C22:2n-6 12.99 13.00 13.00 13.01 13.03 13.05 13.07 13.10 13.12 

C22:3n3/C22:4n-6 13.89 13.90 13.90 13.91 13.93 13.96 13.98 14.00 14.02 

C24:0 14.03 14.04 14.04 14.05 14.08 14.12 14.15 14.18 14.21 

C24:1n-9 14.48 14.49 14.49 14.50 14.53 14.57 14.60 14.63 14.66 

C22:6n-3 15.12 15.12 15.13 15.13 15.15 15.17 15.19 15.20 15.22 
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Peak width (W50.0) 

Table A5-2 Peak width for GLC #411 FAMEs obtained by GC-FID analysis. 

 Calibration level 

FAME 1 2 3 4 5 6 7 8 9 

C8:0 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

C10:0  0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 

C12:0 0.08 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08 

C12:1 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.09 

C14:0 0.09 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.11 

C14:1n-5 0.09 0.09 0.09 0.09 0.09 0.10 0.09 0.10 0.10 

C16:0 0.10 0.10 0.10 0.10 0.11 0.11 0.12 0.12 0.13 

C16:1n-7 0.10 0.10 0.10 0.10 0.10 0.10 0.11 0.12 0.12 

C17:0 0.10 0.10 0.10 0.10 0.11 0.12 0.12 0.13 0.14 

C18:0 0.10 0.10 0.10 0.10 0.12 0.14 0.15 0.18 0.20 

C18:1  - - - - - - - - - 

C18:2n-6 0.11 0.10 0.11 0.11 0.11 0.11 0.12 0.13 0.14 

C18:3n-6 0.12 0.11 0.11 0.11 0.12 0.12 0.12 0.12 0.13 

C18:3n-3 0.11 0.11 0.12 0.12 0.11 0.12 0.12 0.13 0.13 

C20:0 0.12 0.12 0.12 0.13 0.15 0.19 0.21 0.24 0.37 

C20:1n-9 0.12 0.12 0.13 0.14 0.14 0.18 0.22 0.25 0.35 

C20:1n-15 0.12 0.12 0.12 0.12 0.14 0.16 0.18 0.17 0.22 

C20:1n-12 0.12 0.12 0.12 0.12 0.13 0.12 0.12 0.12 0.15 

C20:2n-6 0.13 0.13 0.13 0.13 0.14 0.15 0.15 0.17 0.19 

C20:3n-6 0.14 0.13 0.14 0.13 0.13 0.14 0.15 0.16 0.18 

C20:4n-6 0.14 0.13 0.14 0.13 0.14 0.14 0.15 0.15 0.16 

C20:3n-3 0.14 0.14 0.14 0.13 0.14 0.14 0.14 0.15 0.16 

C22:0 0.15 0.15 0.15 0.14 0.16 0.20 0.22 0.26 0.29 

C22:1n-9 0.15 0.15 0.15 0.14 0.15 0.16 0.19 0.19 0.24 

C22:2n-6 0.16 0.16 0.16 0.16 0.15 0.16 0.18 0.20 0.22 

C22:3n-3/C22:4n-6 0.16 0.16 0.16 0.16 0.15 0.17 0.18 0.21 0.23 

C24:0 0.16 0.17 0.17 0.17 0.17 0.20 0.22 0.25 0.29 

C24:1n-9 0.17 0.16 0.17 0.17 0.15 0.17 0.20 0.20 0.23 

C22:6n-3 0.17 0.17 0.17 0.17 0.17 0.16 0.17 0.18 0.18 
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Plate number (N) 

Table A5-3 Plate number for GLC #411 FAMEs obtained by GC-FID analysis. 

 Calibration level 

FAME 1 2 3 4 5 6 7 8 9 

C8:0 100555 145241 165378 182710 206182 207993 202928 199666 193419 

C10:0 211133 222802 228385 226947 222618 217307 207016 192847 181186 

C12:0 230003 237183 230727 236102 225002 209226 195034 170494 152518 

C12:1 263993 261412 268274 264824 257340 244148 224550 200279 182442 

C14:0 307043 303697 310493 307101 280820 242862 206885 181946 152147 

C14:1n-5 340005 347488 350159 341339 324054 291828 269060 228010 200821 

C16:0 449939 439401 430842 423940 363017 290847 244090 197195 160472 

C16:1n-7 477818 474650 478204 468922 425667 366153 321695 274848 239442 

C17:0 498699 478421 472260 465095 408732 364895 331208 294634 259401 

C18:0 615108 581101 556633 532034 383465 239993 172403 125363 97567 

C18:1  133464 131890 130819 128271 601964 510437 454659 383225 335102 

C18:2n-6 663974 664355 652522 644901 545657 475571 413856 350633 284420 

C18:3n-6 645205 645598 649289 636675 583605 514201 458329 401631 353023 

C18:3n-3 654661 672374 642062 642572 598847 516457 452195 391221 347103 

C20:0 627503 576501 525779 483201 296858 176246 125324 93632 72326 

C20:1n-9 579906 551666 524879 474970 308749 156868 89605 67518 73077 

C20:1n-15 609889 602815 575887 556231 401359 238392 135576 110285 119023 

C20:1n-12 637746 654419 644197 650380 577015 479729 403009 297764 303050 

C20:2n-6 626806 604030 584076 605013 523313 401735 330618 257423 198892 

C20:3n-6 635189 623178 617511 616592 541129 452028 383036 309553 256118 

C20:4n-6 614566 656045 643623 629052 598514 516029 450672 400463 338639 

C20:3n-3 625685 629013 629384 645144 580908 497307 456414 386482 328873 

C22:0 615839 572421 570342 539383 373134 224285 163666 109709 80155 

C22:1n-9 613307 603209 601145 574807 478408 350451 266869 210108 152512 

C22:2n-6 628924 629340 611184 603018 522040 400919 332526 265483 200985 

C22:3n-3/ 
C22:4n-6 

657525 668934 655527 643055 547532 442073 359713 280999 233172 

C24:0 648658 611328 609170 567054 421255 287448 213848 161718 118130 

C24:1n-9 655703 651192 636436 629879 527568 406475 323301 267984 228837 

C22:6n-3 713868 714214 708723 716175 655177 586172 508080 440529 391101 
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Resolution (R) 

Table A5-4 Resolution for GLC #411 FAMEs obtained by GC-FID analysis. 

 Calibration level 

FAME 1 2 3 4 5 6 7 8 9 

C8:0 -1 -1 -1 -1 -1 -1 -1 -1 -1 

C10:0 29.50 32.62 33.83 34.53 35.30 35.17 34.55 33.79 33.01 

C12:0 41.22 42.16 42.07 42.32 41.64 40.62 39.43 37.38 35.72 

C12:1 14.29 14.38 14.37 14.41 14.12 13.68 13.15 12.35 11.73 

C14:0 29.09 29.00 29.36 29.19 28.37 8.64 8.34 8.21 7.87 

C14:1n-5 11.18 11.19 11.29 11.18 10.78 10.08 9.46 8.77 8.13 

C16:0 30.48 30.51 30.45 30.16 28.64 26.38 24.72 22.48 20.65 

C16:1n-7 8.32 8.24 8.21 8.12 7.56 6.87 6.34 5.77 5.27 

C17:0 11.54 11.38 11.31 11.19 10.49 9.66 9.02 8.32 7.56 

C18:0 18.56 18.22 18.05 17.82 16.07 13.99 12.62 11.32 10.38 

C18:1  - - - - - - - - - 

C18:2n-6 7.25 7.19 7.13 7.07 9.04 8.32 7.76 7.07 6.43 

C18:3n-6 7.46 7.44 7.40 7.35 6.86 6.39 5.98 5.53 5.07 

C18:3n-3 6.44 6.49 6.42 6.38 6.15 5.73 5.39 5.03 4.72 

C20:0 3.91 3.94 3.87 3.86 3.54 3.15 2.90 2.72 2.58 

C20:1n-9 3.25 3.13 3.01 2.85 2.18 1.58 1.27 1.11 1.05 

C20:1n-15 1.57 1.55 1.54 1.47 1.25 0.91 0.66 0.56 0.56 

C20:1n-12 1.24 1.24 1.20 1.22 1.10 0.91 0.69 0.56 0.55 

C20:2n-6 11.19 11.09 10.92 11.02 10.20 9.00 8.16 7.05 6.55 

C20:3n-6 6.98 6.87 6.79 6.85 6.37 5.67 5.15 4.56 4.07 

C20:4n-6 4.60 4.65 4.60 4.56 4.33 3.98 3.68 3.39 3.06 

C20:3n-3 1.53 1.57 1.57 1.56 1.54 1.45 1.39 1.32 1.24 

C22:0 2.79 2.81 2.85 2.87 2.66 2.35 2.20 1.97 1.82 

C22:1n-9 6.05 5.89 5.87 5.71 4.92 3.94 3.34 2.77 2.34 

C22:2n-6 10.62 10.55 10.43 10.29 9.44 8.11 7.21 6.41 5.46 

C22:3n-3/C22:4n-6 12.44 12.50 12.34 12.23 11.34 10.10 9.15 8.12 7.23 

C24:0 1.85 1.87 1.89 1.87 1.74 1.58 1.46 1.35 1.23 

C24:1n-9 5.99 5.88 5.83 5.70 5.05 4.29 3.72 3.30 2.92 

C22:6n-3 8.36 8.28 8.19 8.15 7.43 6.55 5.86 5.24 4.76 
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Peak symmetry 

Table A5-5 Peak symmetry for GLC #411 FAMEs obtained by GC-FID analysis. 

 Calibration level 

FAME 1 2 3 4 5 6 7 8 9 

C8:0 0.57 0.82 0.92 0.97 1.08 1.16 1.21 1.28 1.36 

C10:0 0.88 0.97 1.02 1.04 1.17 1.33 1.45 1.61 1.82 

C12:0 0.96 1.00 1.07 1.11 1.37 1.63 1.87 2.20 2.49 

C12:1 0.99 1.02 1.04 1.13 1.32 1.56 1.77 2.08 2.42 

C14:0 0.96 1.12 1.12 1.15 1.44 1.93 2.28 2.74 3.19 

C14:1n-5 0.96 1.03 1.07 1.12 1.45 1.77 1.93 2.19 2.85 

C16:0 0.98 1.03 1.19 1.29 1.73 2.31 2.82 3.11 3.81 

C16:1n-7 1.01 1.02 1.18 1.26 1.45 2.03 2.46 2.91 3.53 

C17:0 1.38 1.34 1.32 1.36 1.44 1.28 1.19 1.10 0.94 

C18:0 1.05 1.16 1.37 1.33 1.92 2.55 3.93 4.23 4.78 

C18:1 - - - - - -          - - - 

C18:2n-6 0.99 1.12 1.16 1.20 1.55 2.05 2.61 3.05 3.53 

C18:3n-6 1.04 1.13 1.11 1.23 1.45 1.92 2.41 2.62 3.32 

C18:3n-3 1.01 1.17 1.13 1.20 1.53 1.91 2.45 2.77 3.37 

C20:0 1.13 1.22 1.27 1.48 2.19 3.17 4.01 5.08 4.96 

C20:1n-9 1.04 1.17 1.19 1.29 1.38 2.04 2.83 3.47 3.46 

C20:1n-15 1.06 1.15 1.41 1.33 1.56 1.97 2.48 2.83 2.32 

C20:1n-12 1.03 1.21 1.28 1.41 1.73 2.38 2.63 2.97 2.77 

C20:2n-6 1.07 1.18 1.24 1.36 1.70 2.31 2.93 3.46 4.09 

C20:3n-6 1.00 1.08 1.18 1.28 1.66 2.18 2.41 2.79 3.65 

C20:4n-6 1.05 1.15 1.13 1.26 1.47 2.09 2.32 2.87 3.21 

C20:3n-3 0.99 1.11 1.15 1.19 1.55 2.13 2.48 3.07 3.62 

C22:0 1.07 1.25 1.44 1.56 2.25 3.27 4.37 5.36 6.11 

C22:1n-9 1.04 1.15 1.36 1.39 1.94 2.78 3.28 3.20 4.68 

C22:2n-6 1.02 1.14 1.21 1.35 2.00 2.28 3.04 3.67 4.25 

C22:3n-3/C22:4n-6 1.10 1.18 1.19 1.32 1.95 2.89 3.39 3.78 4.62 

C24:0 1.01 1.24 1.30 1.46 2.21 3.42 4.54 5.66 6.37 

C24:1n-9 1.07 1.21 1.20 1.34 1.90 2.91 3.05 3.72 5.27 

C22:6n-3  0.96 1.03 1.08 1.19 1.47 1.94 2.48 2.38 3.30 
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Appendix 6:Mass spectra for peaks representing the use of expected features for 

identification, and TIC and EIC displaying an unexpected elution order for C20:3 

and C20:4. 

Mass spectra for FAMEs with varying number of double bonds, representing the expected features 

used for identification. 

 
Figure A6-1 Mass spectrum for C16:0, a representative spectrum for saturated FAMEs. 

 
Figure A6-2 Mass spectrum for C20:1n-9, a representative spectrum for monounsaturated FAMEs. 
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Figure A6-3 Mass spectrum for C18:2n-6, a representative spectrum for an unsaturated FAME with two double 
bonds. 

 
Figure A6-4 Mass spectrum for C18:3n-3, a representative spectrum for a unsaturated FAME with three double 
bonds. 
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Figure A6-5 Mass spectrum for C22:6n-3, a representative spectrum for an unsaturated FAME with four or more 
double bonds. 

 

Contamination identified as C20:1n-9 in a participant sample. 

 
Figure A6-6 Mass spectrum for a contamination with identical retention time as the FAME C20:1n-9 discovered in a 
participant sample. 

 

C:\Xcalibur\data\Siri-data\411-niv 401 01.02.2013 12:49:29

411-niv 401 #9321 RT: 63,65 AV: 1 NL: 2,90E5
T: {0;0} + c EI det=350,00 Full ms [ 35,00-420,00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e

la
tiv

e
 A

b
u

n
d

a
n

ce

79,2

91,1

41,2

67,2

93,2

105,2

77,1
55,2

119,280,2

117,1

131,2

133,2
43,2 65,1 94,2

145,2

159,2

161,2 173,2
185,2 199,2 215,2 241,2223,2 255,3 273,2 313,3281,1 299,3 348,4 373,2 402,0327,4 394,1

C:\Xcalibur\data\Siri-data\R1-501 280113 28.01.2013 12:32:18

R1-501 280113 #5896 RT: 42,47 AV: 1 NL: 1,16E5
T: {0;0} + c EI det=350,00 Full ms [ 35,00-420,00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e

la
tiv

e
 A

b
u

n
d

a
n

ce

57,2
147,1

277,2

41,2

219,2
87,2

292,2

189,255,2
203,2

44,2 161,2
91,1

117,2 129,1 278,3
101,2 131,2

73,2 148,2105,1 185,2
143,2

193,258,2
159,1 220,353,2 293,3173,2 217,2 235,2

279,3249,2 261,2 294,2



 

107 
 

 

Extracted ion chromatogram for the FAME molecular ion for C20:3 (m/z 320) 

 
Figure A6-7 TIC and EIC for the molecular ion for C20:3 FAMEs (m/z 320). 
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Appendix 7: Calibration curves obtained with GC-FID at two different time points 

Calibration curves for the first (left) and second (right) calibration of the GC-FID method 
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Figure A7-1 Calibration curves obtained with GC-FID for nine concentration levels of GLC #411 FAMEs. Curves 
from the first calibration to the left and curves for the repeated calibration 8 weeks later to the right. 
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Appendix 8: External control of results from serum phospholipid FAME analyses 

Results for serum phospholipid FAME analyses achieved in this study were compared with results 

from an external laboratory. Numbers listed in the table is the difference between obtained percentages 

for single FAMEs out of total of 100 %. 

B�!p%"!qIrstu − B�!p%"!vwsIr 
Table A8-1 Differences between obtained percentages for selected single FAMEs out of a total of 100 % for nine 
participant samples. 

ID C16:0  C18:0  C18:1  C18:2n-6  C20:3n-6  C20:4n-6  C20:5n-3 C22:5n-3 C22:6n-3 

1 -3.8 -0.4 1.5 -1.2 0.9 0.3 1.6 1.7 -0.7 

2 -3.8 -0.6 1.4 -1.1 0.7 0.1 1.3 1.5 0.3 

3 -4.0 -0.6 1.7 -1.7 0.9 0.0 1.5 1.7 0.3 

4 -3.1 -0.7 1.7 -1.3 0.6 0.3 0.9 1.4 0.3 

5 -2.4 -1.1 1.4 -1.4 0.9 0.1 1.4 1.5 -0.4 

6 -2.3 -0.9 0.8 -1.5 0.8 0.4 1.4 1.4 -0.2 

7 -4.0 -1.5 1.5 -1.9 1.0 0.9 2.7 1.7 -0.3 

8 -3.7 -1.5 3.3 -1.5 1.4 0.9 1.2 -1.0 1.3 

9 -3.8 -2.2 2.4 -1.2 1.1 0.5 1.4 1.9 0.0 
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Appendix 9: Storage of standard solutions 

Aliquots of 1 mg/ml total FAME concentration of GLC #411 analyzed after preparation and after one 

month storage in -20 and -80 °C. The experiment was performed to see if storage conditions and 

standard solution preparation procedures were adequate, because of observed increase in areas 

measured for stored standard solution compared to a freshly prepared standard solution. 

 

 
Figure A9-1 Aliquots of 1 mg/ml total FAME concentration of GLC #411 were analyzed directly after sample 
preparation (blue), or after one month storage in -20 °C (red) or -80 °C (green). 
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