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Negative energy balance and inflammation are the major factors to affect fertility of dairy cattle. 

The aim of this study was to establish a set of biomarkers allowing the prediction of pregnancy to 

first artificial insemination (AI) of dairy cows. Blood was collected from 111 multiparous Holstein 

cows at three different time points: T1 (2 weeks prepartum), T2 (1 week postpartum), and T3 (3 

weeks postpartum). Plasma was analyzed for 18 different metabolites and hormones using 

autoanalyzer or ELISA. Significant variables and their cut-off values were determined by ROC 

curve analysis, and those with AUC > 0.6 (P < 0.05) were submitted to a multivariate logistic 

regression model with backward algorithm. Pregnancy rate to first AI was 43.2% (48/111). Insulin-

like growth factor 1 (IGF1), non-esterified fatty acids (NEFA), ceruloplasmin, alkaline 

phosphatase, insulin, urea and triglycerides had AUC > 0.6 (P < 0.05) in predicting pregnancy on 

at least one of the three time points. The adjusted odds of successful pregnancy to first AI were 3.8 

(P = 0.0045) times greater in cows with T1 IGF-1 concentrations > 86.26 ng/mL; 3.8 (P = 0.0050) 

times greater in cows with T2 insulin concentrations > 0.45 ng/mL and 4.2 (P = 0.0030) and 5.1 (P 

= 0.0007) times greater in cows with T3 urea concentration > 4.52 mmol/L and triglyceride 

concentrations > 0.21 mmol/L respectively. The multivariable logistic regression model 

discriminating cows with successful and unsuccessful first AI generated area under the ROC curve 

of 0.80 (95% CI = 0.71-0.87, P < 0.0001). The results suggest that plasma IGF1, insulin, urea and 

triglycerides provide a set of biomarkers for prediction of success to first AI.  
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Negatiivne energiabilanss ja põletik on peamised piimaveiste tiinestumist mõjutavad tegurid. 

Selle uuringu eesmärk oli luua biomarkerite komplekt, mis võimaldaks prognoosida lüpsilehmade 

tiinestumist poegimisjärgselt esimesest seemendusest. Verproovid koguti 111 korduvpoeginud 

holsteini tõugu lehmalt kolmel erineval ajahetkel: A1 (2 nädalat enne poegimist), A2 (1 nädal 

pärast poegimist) ja A3 (3 nädalat pärast poegimist). Vereplasmast määrati 18 erineva metaboliidi 

ja hormooni kontsentratsioonid. Olulised muutujad ja nende piirväärtused määrati ROC kõvera 

analüüsiga ning need, mille AUC ≥ 0,6 (P < 0,05), analüüsiti mitmeparameetrilise logistilise 

regressioonanalüüsi mudeliga. Tiinestumine esimesest seemendamisest oli 43,2% (48/111). 

Insuliinisarnase kasvufaktor 1 (IGF1), esterifitseerimata rasvhapete, tseruloplasmiini, aluselise 

fosfataasi, insuliini, uurea ja triglütseriidide prognostiline täpsus tiinestumise ennustamisel oli 

vähemalt ühel kolmest ajahetkest ≥ 0,6 (P < 0,05). Mitmeparameetrilisest logistilise 

regressioonanalüüsi mudelist selgus, et lehmade tiinestumise šanss esimesest seemendamisest oli 

3,8 (P=0,0045) korda suurem kui A1 IGF-1 kontsentratsioon oli >86,26 ng/ml; 3,8 (P = 0,0050) 

korda suurem kui A2 insuliini kontsentratsioon oli > 0,45 ng/ml; 4,2 (P = 0,0030) ning 5,1 (P = 

0,0007) korda suurem kui A3 uurea ja triiglütseriidide kontsentratsioon oli vastavalt > 4,52 

mmol/L ja > 0,21 mmol/L. Antud mudeli täpsus esimsest seemendamisest tiinestumise 

prognoosimisel (ROC kõvera alune pindala) oli 0,80 (95% CI = 0,71-0,87, P < 0,0001). 

Tulemused näitasid, et plasma IGF1, insuliin, uurea ja triglütseriidid moodustavad biomarkerite 

komplekti tiinestumise ennustamiseks esimesest seemendamisest. 

 

Märksõnad: sigivus, negatiivne energiabilanss, biomarkerid, tiinestumine 



 

 

TABLE OF CONTENTS 

LIST OF ABBREVIATIONS .................................................................................................... 5 

INTRODUCTION ..................................................................................................................... 6 

1. LITERATURE REVIEW ................................................................................................... 7 

1.1. Establishment of pregnancy .................................................................................................. 7 

1.2. Postpartum period ................................................................................................................ 7 

1.3. Factors affecting fertility....................................................................................................... 8 

1.4. Negative energy balance and fertility .................................................................................... 9 
1.4.1. Biomarkers to evaluate negative energy balance ..................................................................................10 
1.4.2. Non-esterified fatty acids .........................................................................................................................10 
1.4.3. Insulin-like growth factor 1 .....................................................................................................................11 
1.4.4. Insulin ........................................................................................................................................................11 
1.4.5. Urea ...........................................................................................................................................................12 
1.4.6. Triglycerides .............................................................................................................................................12 

1.5. Inflammation and fertility .................................................................................................. 12 
1.5.1. Biomarkers to evaluate inflammation ....................................................................................................13 
1.5.2. Ceruloplasmin...........................................................................................................................................13 
1.5.3. Haptoglobin...............................................................................................................................................13 
1.5.4. Serum amyloid A ......................................................................................................................................14 

1.6. Enzymes.............................................................................................................................. 14 
1.6.1. Alkaline phosphatase ...............................................................................................................................14 

2. AIMS OF THE STUDY ................................................................................................... 15 

3. MATERIALS AND METHODS ....................................................................................... 16 

3.1. Animals ............................................................................................................................... 16 

3.2. Blood samples ..................................................................................................................... 16 

3.3. Disease ................................................................................................................................ 16 

3.4. Laboratory methods ........................................................................................................... 17 

3.5. Statistical analysis ............................................................................................................... 18 

4. RESULTS ....................................................................................................................... 19 

4.1. Pregnancy rate to first AI ................................................................................................... 19 

4.2. Blood plasma acute phase proteins, metabolic hormones and metabolites .......................... 19 

4.3. Optimal thresholds for blood plasma biomarkers to predict pregnancy ............................. 21 

4.4. Multivariate associations of blood plasma biomarkers for pregnancy prediction ................ 22 

5. DISCUSSION.................................................................................................................. 25 

5.1. Future research .................................................................................................................. 28 

6. CONCLUSION ................................................................................................................ 29 



 

ACKNOWLEDGEMENTS ...................................................................................................... 29 

APPENDICES ........................................................................................................................ 36 
 

LIST OF ABBREVIATIONS 

 

AI  artificial insemination 

ALP  alkaline phosphatase 

ANOVA  analysis of variance 

APP  acute phase protein 

AUC  area under the curve 

BCS  body condition score 

BHB  beta-hydroxybutyric acid 

CK  creatine kinase 

CL  corpus luteum  

Cp  ceruloplasmin 

ELISA  enzyme-linked immunosorbent assay 

FSH  follicle stimulating-hormone 

GnRH  gonadotropin releasing-hormone 

Hp  haptoglobin 

IGF-1  insulin-like growth factor-1 

LH  luteinizing hormone 

NEB  negative energy balance 

NEFA  non-esterified fatty acids 

OR  odds ratio 

ROC  receiver operating characteristic 



 6 

INTRODUCTION 
 

The fertility of dairy cattle has declined at the same time as milk yield per animal has increased. The 

success at improving milk yield has been companied by negative trend in calving intervals and 

number of inseminations needed per pregnancy (Leroy et al., 2008). Two important factors to correct 

when considering fertility are negative energy balance (NEB) and postpartum uterine infections 

(Walsh et al., 2011). Other factors influencing the fertility include body condition score (BCS) and 

genetic factors (Snijders et al., 2000).  

 

Rhoads et al. (2008) argue that negative energy balance is caused by higher demand in nutrition and 

metabolic demands come from high milk yield of today’s dairy cattle. In the article written by Kibar 

et al. (2018) it is mentioned that increased calving interval and number of inseminations per 

pregnancy can cause significant economic losses. Even more, reduced fertility is an indication of the 

cow’s wellbeing and overall health (Zachut et al. 2020). 

 

Walsh et al. (2011) argue that up to 50% of modern-day dairy cows have abnormal estrus cycles after 

calving, resulting in increase of calving to first insemination intervals as well as decreased conception 

rates. Sartori et al. (2010) show us that conception rates to first service in lactating cows is 

approximately 32%, but in heifers it has remained over 50%.  

In this study the goal is to find the most accurate biomarkers to predict specific animals’ success for 

pregnancy from first insemination. This could decrease the time, money and effort used to try and 

inseminate the cows and have higher success rate in first inseminations, cutting down the time 

between two consequent calvings. 

 

 

 

 

 

 

 

 

 



 

1. LITERATURE REVIEW 
 

1.1.  Establishment of pregnancy 
 

For a successful insemination and pregnancy cows need to exhibit normal ovarian cycles, uterine 

involution, be detected in estrus and be inseminated at optimum time. The ovarian function cyclicity 

depends on luteinizing hormone (LH) pulses and pulse patterns (Crowe et al. 2014).  

 

According to Crowe et al. (2014) the ovarian follicle growth period takes 3 to 4 months and is 

subcategorized to gonadotropin-independent and gonadotropin-dependent stages. During each 

gonadotropin-dependent wave emergence, selection and dominance of follicle are seen, and are 

followed by atresia or ovulation. During emergence there is an increase in secretion of follicle-

stimulating hormone (FSH), and it is defined as the growth of follicles to ≥5mm in diameter. It is 

followed by follicle selection during the decline of FSH. The survival of selected follicle depends on 

reduce in FSH due to development of LH receptors in the granulosa cells and increase in IGF-I. 

Dominance phase is defined as the phase in which the selected follicle suppresses FSH concentration 

and suppresses other follicles growing in the ovaries. The result of dominance phase is dependent on 

LH pulse frequency. Normally the follicle wave lifespan is between 7 to 10 days.  

 

During the first two trimesters of gestation period the follicular growth continues. During last 

trimester the negative feedback from both corpus luteum (CL) and placental progestogens and 

placental estrogens suppress the FSH rise. This causes the ovaries to stay dormant during the last 20 

to 25 days of pregnancy.  

 

At the time of parturition, the LH levels in pituitary are low, due to effects of elevated estradiol 

circulating. This estradiol is mostly from placental origin.  

 

1.2.  Postpartum period 
 
The period after calving is critical for dairy cattle. The interval between calving and return to ovarian 

cyclicity is shorter in dairy cattle, compared to suckling beef cows (Lamming et al., 1981).  

The process of postpartum period should include beginning of follicular growth, dominant follicle 

selection, follicle maturation, ovulation, and luteolysis, followed by ovarian cyclic activity. If any of 

these processes is disturbed, the cow will undergo prolonged postpartum anestrus (Peter et al., 2009). 

The first ovulation after calving should occur within 6 weeks after parturition (Peter et al., 2009).  



 

 

Postpartum period is connected to high infection risk, increased rates for culling and numerous 

diseases (Vergara et al., 2014). Both clinical and subclinical infections have negative impact to 

ovarian activity and the return to normal cyclicity. During parturition some degree of uterine lumen 

contamination is inevitable, and pathological bacteria has commonly shown to cause clinical or 

subclinical endometritis (Peter et al., 2009). For the contamination to turn into infection, the range of 

bacteria needs to colonize or penetrate the epithelium of uterus and release bacterial toxins that further 

induce the disease (Sheldon et al., 2006). Progesterone has shown to suppress the immune defenses 

of the uterus.  

The ovarian activity is delayed until infections are cleared from uterine tissues. This disturbance is 

caused by high concentrations in circulating prostaglandin F2α (PGF2α), due to prolonged uterine 

secretion of it (Peter et al., 2009).  

 

Another factor causing disturbance in return to ovarian cyclicity is NEB. The nutritional insufficiency 

causes limited number of follicles, decrease in growth and size of dominant follicle, delay of first 

ovulation, limiting the expression of first estrus and lowering the amount of plasma progesterone 

(Peter et al., 2009). Estrogen production from dominant follicle can also be decreased, due to LH 

pulse inhibition and reduced values of glucose, insulin and IGF-1.  

According to Peter et al. (2009), steroid hormone production is promoted by increase in feed intake. 

Higher feed intake promotes hepatic perfusion, clearance of estradiol and progesterone, anovulation, 

ovulation of dominant follicles, ovulation of multiple follicles, reduced luteal function and regression.  

 

1.3. Factors affecting fertility 

 

The process of preparing for next pregnancy starts immediately after parturition. The first step 

consists of clearance and involution of uterus, together with restoration of activity in the ovaries. 

Delayed uterine involution causes retardation in resumption of ovarian activity (Peter et al., 2009).  

This is followed by healthy follicle growth, enclosure of the oocyte, estrus, ovulation, fertilization, 

and attachment to uterus. According to Leroy et al. (2008) 70-80% of total embryonic and fetal losses 

appear during pre-attachment period. Leroy et al. (2008) also argue that 50% of dairy cattle show 

abnormal estrus cycles, which in turn lead to prolonged intervals between calving and first 

insemination.  

Important factors in discussing the success of gestation include negative energy balance and its 

consequences to endocrine and metabolic functions, diet associated with high milk yield, infectious 



 

diseases and other causes of inflammation. According to Leroy et al. (2008) in order to shorten the 

period of NEB, dairy cows often receive a high-energy diets, based on high starch content. This type 

of diet is also known as insulinogenic or glucogenic diet. They help to increase the insulin and glucose 

concentrations, and to minimize excessive amounts of non-esterified fatty acids during this period. 

Glucogenic diets are shown to increase the possibility of pregnancy by stimulating the resumption of 

normal endocrine function and hence normal onset of ovarian activity (Gong, 2002).  

Multiple studies have been done to find out the role of hypothalamus-pituitary axis in the secretion 

of gonadotropins, as well as the impact of feeding in it, but a significant relationship has never been 

found between metabolic status and secretion of gonadotropins in cattle. It seems as the nutritional 

status has more effect on ovarian level to follicle growth, oocyte maturation and early development 

of the embryo (Gong, 2002).  

 

1.4.  Negative energy balance and fertility 
 

According to Walsh et al. (2010), negative energy balance is caused by large increase in energy 

requirements when daily milk yield increases, peaking 4-8 weeks postpartum. Negative energy 

balance increases the risk of metabolic diseases, reduce immune function and fertility. In early 

lactation many mammals, including cattle, favor milk production over the function of fertility (Leroy 

et al. 2008). This is a biological need to favor the survival of living offspring over the production of 

a totally new process of pregnancy. 

Correct diet and improving the energy balance in early lactating cows is likely to improve 

reproductive performance of the cows (Grummer, 2007). Negative energy balance is especially 

important during the transition period between parturition and lactation. During this time the demand 

for energy increases drastically, and increased feed intake is insufficient to make up for this need. At 

least half of all dairy cows go through subclinical ketosis during first month of lactation (Esposito et 

al., 2014).  

Leroy et al. (2008) argue that the two biggest factors affecting fertility in dairy cattle are diminished 

oocytes and decrease in embryo quality. Not only is fertility affected by NEB, but the diet required 

for high milk yield has shown evidence to cause both endocrinological and metabolic alterations that 

can endanger the quality of ova or embryos, either directly or indirectly. The endocrinologic 

alterations causes slower resumption of normal ovarian cyclicity, whereas the metabolic interferences 

with concentrations of glucose and non-esterified fatty acids (NEFAs) (Leroy et al., 2008).  The diet 

needed for optimal follicular growth and for ovum quality also differ from each other (Leroy et al., 

2017).  



 

The relationship between nutrition and reproduction performance is a complex and multifactorial 

topic, with more research needed for it to be fully understood. Gong (2002) argues that severe 

nutritional imbalance and lengthened NEB period can cause nutritional anestrus in cattle. This is 

typically seen after parturition and especially amongst cattle with high milk yields. NEB can also lead 

to morphological and functional changes in growing follicles, including changes in size, growth rate 

and steroidogenic activity of the follicle.  

In a study conducted by Knob et al. (2021) they found the effect of NEB in purebred Holstein cows 

to be increased compared to Simmental and Simmental-Holstein crossbreeds. The crossbreed animals 

showed lower NEFA peak concentrations after calving, compared to purebreds.  

 

1.4.1. Biomarkers to evaluate negative energy balance 

 
The most used blood parameters to assess energy balance in cows are non-esterified fatty acids 

(NEFA), β-hydroxybutyrate (BHB), insulin-like growth factor 1 (IGF-1) and triglycerides. NEFA is 

connected to the amount of fat mobilization and BHB is indicating liver fat oxidation (Zachut et al., 

2020). Gong (2002) argues that metabolic hormones, for example growth hormone, insulin and 

insulin-like growth factor have an important role in the mechanism of follicular development.  

Insulin is a hormone produced by pancreatic islets. It regulates metabolism of carbohydrates, fats and 

proteins. Insulin-like growth factor 1 has a similar structure as insulin and has anabolic effect in adult 

animals.  

Increased amounts of cholesterol in cows is associated with metabolic disorder called fatty liver. It is 

caused by increasing supply of NEFAs from oxidation or from reesterification of triglycerides 

(Kessler et al., 2014).  

 

1.4.2. Non-esterified fatty acids 

 
Non-esterified fatty acids are important biomarkers when discussing the transition period to lactation. 

NEFAs are needed to ensure the energy balance in other tissues, since the mammary gland prefers 

glucose to form lactose (Leroy et al., 2008).  NEFA concentration has also been linked to final oocyte 

maturation, and high concentrations of palmitic acid, stearic acid and oleic acid can reduce the cell 

number in blastocysts, together with increased apoptotic cell index (Leroy et al. 2017). These 

embryos showed glucose intolerance but are supposedly adapted to this by alternative metabolic 

strategies. According to Van Hoeck et al. (2013), NEFA concentrations have the ability to up-regulate 

the DNMT3A gene expression and even influence DNA methylation in blastocysts. This concludes 

that increased NEFA concentrations do not only cause reduced conception rates, but also changes 



 

that may become visible during fetal development or even after birth. It is good to notice that different 

NEFAs and the ratio between saturated and unsaturated fatty acids has different effects, and the 

extend of these mechanisms is still unknown (Leroy et al., 2017).  

 

1.4.3. Insulin-like growth factor 1 

 
Insulin-like growth factor 1 plays a role in endocrine function of a cow by controlling nutrient 

metabolism. It is produced by liver, and the production is controlled by lactation and energy balance. 

IGF-1 modulated pituitary and hypothalamic functions and has endocrine role on reproductive 

functions. Negative energy balance and severe undernutrition status reduces plasma IGF-1 measures.  

Rhoads et al. (2008) measured the concentration of IGF-1 in different tissues, including liver, uterus, 

follicles and corpus luteum in three different time points. Even though this study did not confirm their 

initial hypothesis, it showed that difference in IGF-1 amount in liver did not correlate with the amount 

in corpus luteum. However, the IGF-1 levels in granulosa cell layer of primary follicle showed IGF-

1 expression.  

Falkenberg et al. (2008) found that reproductive performance was higher in individuals with higher 

IGF-1 concentration compared to median. Similarly, the reproductive performance was lower in 

animals with lower than median IGF-1 concentrations in serum. They also found correlation between 

IGF-1 concentration and days to pregnancy to be significant.  

 

1.4.4. Insulin 

 
Insulin is used in glucose metabolism. Concentrations of insulin measured in blood plasma are 

impacted by body condition score and nutrition level (Crowe et al. 2013).  

Dairy cows who are fed high-energy diets to reduce the length of NEB, can show a drop in insulin 

and also glucose concentrations. These high-energy diets are also called insulinogenic or glucogenic 

diets, and have shown to cause lower NEB and decrease in body fat mobilization (Leroy et al., 2008). 

Cows who are fed this insulinogenic diet have shown to have higher plasma insulin concentrations 

and seem to promote earlier ovarian activity, when comparing to animals who are fed more lipogenic 

diet (Leroy et al., 2008).  

The role of insulin in discussing fertility is primarily connected to glucose homeostasis, metabolic 

signaling to pituitary release of LH and ovarian response to gonadotropins. In the study composed by 

Gong et al. (2002) it was shown that high insulin diet has positive effect on first ovulation postpartum, 

and it reduced the number of inseminations needed for a conception. This was seen when the cows 

received high insulin diet for 100 days postpartum, and the effects were not significant if the diet was 



 

continued only for 50 days. Gong et al. (2002) suspects that this change is caused by direct effect on 

ovarian level, rather than change in FSH and LH secretions. It is also worth noticing that in this study 

there was no effects on milk yield or the energy status of these animals.  

 

1.4.5. Urea 

 
Energy insufficiency can be assessed by using urea concentration in circulating blood (Kaya et al. 

2016). In this study it was reported that elevated serum urea is connected to cows with infection, and 

the increase of urea correlates to the severity of infection. Elevated urea levels are connected to 

change in pH of uterus, decrease in immune system and increasing severity of the infection. 

According to Peter et al. (2009), when high crude protein diets are fed to dairy cattle, the urea 

concentration in circulating blood is increased, causing harmful effect to reproductive performance.  

 

1.4.6. Triglycerides 

 
Triglyceride is formed by glycerol and three fatty acids.  

According to Leroy et al. (2008), the quality of an oocyte and following embryo is connected to their 

fatty acid composition. This then affects the microenvironment by changing the fatty acid 

composition of an oocyte or embryo. Triglycerides are suspected to be an important energy store.  

 

1.5. Inflammation and fertility 
 
Inflammation is connected to response to tissue damage and infection. The aim of inflammation is to 

able the body to overcome adverse reactions and maintain homeostasis in the organism. According 

to Bradford et al. (2015) more than 50% of cows suffer from at least one subclinical infection during 

first several weeks of lactation. Inflammatory markers are also found to be elevated in animals 

without disease present. Bradford et al. (2015) also argue that all cows, as well as other mammals, 

undergo some degree of systemic inflammation postpartum. This is due to the critical time at early 

lactation, when lactogenesis is beginning, there is uterine involvement and often metabolic stress. 

The damage caused by trauma to uterine tissue during parturition is suggested to affect the systemic 

response and inflammation status. One other factor that has some evidence of affecting the 

inflammatory response after parturition is psychosocial stress. Increase in stress levels is associated 

to liver inflammation, higher oxidative stress and even apoptosis of hepatocytes (Bradford et al., 

2015). There are numerous factors affecting stress levels in cows at the transition period to lactation, 

but more research is needed to make solid conclusions about this phenomenon.  



 

According to Chastant and Saint-Dizier (2019) the major and most frequent factor limiting normal 

reproduction is sterile inflammation. Inflammation can cause immune dysfunction, nutrient 

deprivation, tissue damage, sepsis and organ failure, leading even to death. During calving the bovine 

uterus is exposed to bacterial changes as well as tissue damage, leading to inflammation.  

Inflammatory responses between the time from parturition and breeding have shown to reduce 

fertilization of oocytes and survival of zygotes, reduced development of early stages of conceptus 

elongation, diminished secretion of interferon during the pregnancy recognition, change 

transcriptome of preimplantation conceptus cells and climb in pregnancy losses (Ribeiro and 

Carvalho, 2017).  

 

1.5.1. Biomarkers to evaluate inflammation  

 
During the acute-phase of inflammation there is an increase in proteins, such as haptoglobin, 

ceruloplasmin and serum amyloid A (Bradford et al. 2015). These proteins are called acute phase 

proteins (APPs), and they are produced by various stimuli caused by inflammation, trauma and 

infection. The function of APPs is to restore homeostasis of the organism and to defend the cow’s 

organs against pathological damage. APPs are primarily synthesized by hepatocytes, due to acute 

phase response (Ceciliani et al., 2012) 

 

1.5.2. Ceruloplasmin 

 
Ceruloplasmin is a plasma α-2 glycoprotein. It is connected to copper transport and iron metabolism. 

Copper is known to improve immune function via antioxidant system. It is shown that as serum 

ceruloplasmin levels decrease, phagocytosis and antimicrobial activity also decrease. Therefore, the 

need for ceruloplasmin increases during inflammatory conditions (Kaya et al. 2016). The role of 

copper in case of infection is to increase concentrations of enzymes needed for normal immune 

functions.  

In a study conducted by Kaya et al. (2016) it was found that ceruloplasmin levels largely correlate to 

occurrence of endometritis in dairy cattle. This indicates that it is also a reliable parameter in 

diagnosing other inflammatory processes. The ceruloplasmin levels also correlate to serum amyloid 

A and haptoglobin levels.  

 

1.5.3. Haptoglobin 

 



 

Levels of haptoglobin are increased by stimulation of pro-inflammatory cytokines (Brady et al., 

2018). It rises as a result of infection, inflammation or trauma to tissues.  

The function of haptoglobin is connected to its ability to bind hemoglobin. This binding has an anti-

oxidative role, and it leads to decrease in oxidative stress to hemoglobin, albumin, lipids and tissues, 

especially the kidneys (Ceciliani et al., 2012). It also affects bacteria that need iron directly, by 

making iron unavailable to them. Haptoglobin also has more direct anti-inflammatory function, rising 

from its help to recruit neutrophils in tissues needed. It also increases some anti-inflammatory 

mediators, but the mechanism behind this is not yet completely understood (Ceciliani et al., 2012). 

According to Brady et al. (2018), bovine haptoglobin is found in diseases connected to respiratory, 

reproductive, digestive and mammary gland tissues, as well as peri-parturient disease.  

 

1.5.4. Serum amyloid A 

 
Similarly to other APPs, serum amyloid A concentrations are increased in case of inflammation, 

trauma and/or infection. The function of SAA is to bind and remove cholesterol from inflammatory 

site (Ceciliani et al., 2012). This is important since during cell death, caused by inflammation of 

tissues, cholesterol is released, and it can accumulate in atherosclerotic plaques that harden and 

narrow the arteries. SAA has another function as well, as it mediates migration and infiltration of 

monocytes and neutrophils in infected tissues (Ceciliani et al., 2012).  

 

1.6.  Enzymes 
 

1.6.1. Alkaline phosphatase  

 
Metabolic stress impairs many body functions in dairy cattle and causes damage to liver cells and has 

the ability to alter liver enzyme functions. One of the affected enzymes is alkaline phosphatase (ALP). 

ALP activity in serum increases due to hepatitis, biliary disorders or during growth. The serum ALP 

is higher during lactation compared to the levels measured during dry period (Sato et al. 2005).  

 

 
 

 

 

 

 



 

2. AIMS OF THE STUDY 
 

The aim of this study was to establish a set of biomarkers allowing the prediction of pregnancy to 

first artificial insemination (AI) of dairy cows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

3. MATERIALS AND METHODS 
 

Previously collected data from the project "New methods for early detection of subfertility in dairy 

cows" (22.03.2006−1.12.2010), principal investigator: Andres Valdmann, were used in this thesis. 

 

3.1.  Animals 
 

In this study the data was collected from 111 dairy cows. All of them were multiparous Holstein 

cows, kept in one 1200-cow free ranging stall, in a commercial dairy farm in Estonia with average 

305 d milk yield of 8500 kg. These cows were fed mixed ration that was offered twice a day. Cows 

were also milked twice a day.  

For estrus detection a combination of visual observation of standing heat, secondary estrus signs and 

an ALPRO (DeLaval, Tumba, Sweden) activity meters was used. 

 

3.2.  Blood samples 
 

The blood samples were collected at three points in time: two weeks before calving (T1), one week 

after calving (T2) and three weeks after calving (T3). Blood samples were collected into heparinized 

tubes (Terumo Europe, Leuven, Belgium) and centrifuged at 900g for 15 minutes, after which plasma 

was harvested. The plasma was stored at -20°C for one week at the farm and after that at -80°C until 

they were analyzed.  

 

3.3.  Disease  
 

Calving related conditions and clinical diseases were diagnosed, confirmed, documented and treated 

by an experienced farm veterinarian.  The conditions and diseases diagnosed included twinning, 

dystocia, retained placenta, metritis, clinical endometritis, clinical hypocalcemia, ketosis, and 

mastitis. Dystocia was defined when assistance without or with the use of mechanical traction was 

given. Retention of foetal membranes was defined if foetal membranes were present at least 12 h after 

calving. Metritis (watery red-brown fluid to viscous off-white purulent uterine discharge independent 

of fever before 21 DIM) and clinical endometritis (purulent vaginal discharge after 21 DIM) were 

defined according to Sheldon and others (2009). Clinical hypocalcaemia was defined if symptoms of 

hypocalcaemia (incoordination when walking, decrease in body temperature, and downer cow 

syndrome) disappeared after infusion of 10 g of calcium as calcium borogluconate. Ketosis was 



 

defined if feed intake and/or milk yield was reduced and if the blood was tested positive for ketone 

bodies >1.4 mmol/L (Free Style Precision, Abbott).  Clinical mastitis was characterized by the 

presence of abnormal milk or by signs of inflammation in one or more quarters. All cows were 

investigated for signs of clinical mastitis before each milking. 

 

A DISEASE variable was included in the analyses. This variable was made by yes/no model based 

on health status of the animal, and it included the following calving related diseases and pathologies; 

retained placenta, metritis, purulent vaginal discharge, mastitis, clinical hypocalcemia and strong 

lameness.  

 

Locomotion was scored every fortnight on a 5-point scale in increments of 1 using the method 

described by Sprecher and others (1997). Cows with locomotion score of at least 4 were classified 

severely lame. 

 

3.4.  Laboratory methods 
 

All analyses, except for metabolic variables, were done at the Estonian University of Life Sciences, 

Institute of Veterinary Medicine and Animal Sciences, Tartu, Estonia. The metabolic variables were 

analysed in Aarhus University, Department of Animal Health, Welfare and Nutrition, Faculty of 

Agricultural Sciences in Tjele, Denmark.  

 

Concentrations of IGF-1 were analyzed using human OCTEIA immunoenzymatic plate kits 

(Immunodiagnostic Systems, Tyne & Wear, UK) and concentrations of insulin were measured using 

a bovine-optimized sandwich ELISA (Mercodia, Uppsala, Sweden), following the manufactures 

instructions. Serum amyloid A concentrations were measured by using multispecies SAA ELISA kits 

(Tridelta, Development Ltd., Kildare, Ireland). Milk progesterone was measured by enzyme-

immunoassay (Waldmann 1999). 

Blood plasma triacylglyceride (TAG), cholesterol, albumin, calcium, aspartate aminotransferase 

(AST), gamma-glutamyltransferase (GGT), alkaline phosphatase (ALP) and urea were determined 

according to standard procedures (Siemens Diagnostics® Clinical Methods for ADVIA 1650).  

Haptoglobin, was determined chemically due to its ability to bind haemoglobin, Phase ™, Tridelta 

Developments, Wicklow, Ireland. NEFA were determined using the Wako, NEFA C ACS-ACOD 

assay method.  



 

BHB was determined according to Harano et al. (1985). Glutamate dehydrogenase activity (GLDH) 

was determined according to Werner Schmidt 1995. Ceruloplasmin activity was analysed according 

to Richterich (1969). All analyses were performed using an autoanalyzer, ADVIA 1650 Chemistry 

System (Siemens Medical Solutions, Tarrytown, NY 10591, USA). 

 

3.5. Statistical analysis 

 

Cows were divided into two groups based on their pregnancy status after first AI. All plasma variables 

in both pregnant and not-pregnant groups were analyzed by using analysis of variance (ANOVA). 

Significant variables and their cut-off values were determined by ROC curve analysis, and those with 

AUC >0.6 (P<0.05) were submitted to a multivariate logistic regression model with backward 

algorithm.  

 

ANOVA and the figures were done by using GraphPad Prism 9 Software (9.0.0 Version). The ROC 

curve analyses and logistic regression models were performed by using MedCalc 19.1. software 

(MedCalc, Ostend, Belgium.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

4. RESULTS 
 

4.1.  Pregnancy rate to first AI 
 

From all 111 cows 48 were found pregnant after first insemination. 63 of the animals were not 

pregnant. This makes the pregnancy rate to be 43.2%.  

 

4.2.  Blood plasma acute phase proteins, metabolic hormones and 

metabolites 
 

The changes in plasma acute phase proteins, metabolic hormones and metabolites in cows either 

pregnant or not pregnant to first insemination at three time points in relation to calving are presented 

are found in Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

  

 
 

 
 



 

Figure 1. Mean (±se) plasma concentrations of insulin, insulin-like growth factor-1 (IGF-1), urea, non-esterified fatty 

acids (NEFA), triglycerides, ceruloplasmin (Cp) and alkaline phosphatase (ALP) at all three different time points in 

relation to calving. Three time points are given to each value; 2 weeks prepartum, 1 week postpartum and 3 weeks 

postpartum. Pregnancy status group (G), time (T) and group by time interaction (G*T). Symbols indicate means differ 

*P<0.05; **P< 0.01; ***P<0.001.  
 

The cows who became pregnant to first AI had higher plasma concentrations of insulin (P=0.024) 

(differing at T3), IGF-1 (P=0.002) (differing at T2) and ALP (P=0.073) (differing at T1). Cows who 

became pregnant had lower concentrations in circulating NEFAs (P=0.045) (differing at T1) and BHB 

(P=0.411) (differing at T2).  

 

Change in time can be seen in all parameters; insulin, IGF-1, urea, NEFAs, triglycerides, 

ceruloplasmin and ALP (P<0.001). 

Significant time by group interaction (P<0.05) was found in insulin (P=0.026), IGF-1 (P=0.03) and 

BHB (P=0.006).  

 

4.3. Optimal thresholds for blood plasma biomarkers to predict 

pregnancy 
 

All variables were analyzed using ROC curve analysis in all three time points. For each variable the 

optimal thresholds, AUCs, sensitivities and specificities as well as odds ratio was determined. All 

values with AUC >0.6 are listed in Table 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 1. Optimal thresholds of plasma insulin, insulin-like growth factor-1 (IGF-1), urea, non-esterified fatty 

acids (NEFA), triglycerides, ceruloplasmin and alkaline phosphatase (AP) concentrations stratified by 

sampling period, for predicting success for first insemination in multiparous Holstein cows. All three 

timepoints included; 2wk before calving, +1wk and +3wk after calving. Sign preceding the threshold 

indicates the group with the highest success. Only variables with area under the ROC curve (AUC) >0.6 are 

shown. 

Sampling period Variable AUC1 Threshold Se,2 

% 

Sp,3 

% 

OR4 95% CI5 P-value6 

-2 wk before 

calving 

IGF1 0.66 >86.26 ng/mL 0.60 0.66 3.05 1.40-6.66 0.0051 

NEFA 0.64 <124 µekv/L 0.51 0.75 3.10 1.37-7.02 0.0068 

AP 

 

 

0.63 >50 IU/L 0.65 0.60 2.77 1.27-6.03 0.0102 

+ 1 wk after 

calving 

IGF1 0.66 >33.55 ng/mL 0.50 0.81 3.85 1.67-8.84 0.0015 

Insulin 

 

 

0.62 >0.45 ng/mL 0.58 0.67 2.80 1.29-6.09 0.0094 

+ 3 wk after 

calving 

IGF1 0.61 >27.49 ng/mL 0.88 0.35 3.76 1.38-10.21 0.0095 

Insulin 0.65 >0.33 ng/mL 0.77 0.52 3.47 1.51-8.00 0.0035 

Urea  0.61 >4.25 mmol/L 0.73 0.52 2.96 1.32-6.63 0.0083 

Triglycerides 0.62 >0.21 mmol/L 0.60 0.68 3.28 1.50-7.19 0.0030 

 Ceruloplasmin 0.62 <13 U/L 0.60 0.63 2.53 1.17-5.48 0.0183 
1 Area under the curve. 
2 Sensitivity. 
3 Specificity. 
4 Odds ratio. 
5 Confidence interval. 
6 P-value from univariable association of threshold with pregnancy success on first insemination. 

 

 

4.4.  Multivariate associations of blood plasma biomarkers for pregnancy 

prediction  
 
The multivariate logistic regression model showed that values of IGF-1, NEFA, ALP (at T1), insulin, 

IGF-1, BHB, cholesterol (at T2) and insulin, ceruloplasmin, urea and triglycerides (at T3) remained 

significant for pregnancy prediction (Table 2).  

 

 

 

 

 

 



 

Table 2. Multiple logistic regression models of the association of plasma metabolites measured at -

2wk before calving, +1wk and +3wk after calving.   

Sampling period Variable Threshold OR 95% CI P-value 

-2 wk before calving 

AUC = 0.68 

NEFA <124 µekv/L 2.77 1.21-6.35 0.0162 

ALP >50 IU/L 2.76 1.24-6.15 0.0129 

      

+ 1 wk after calving Insulin >0.45 ng/mL 2.14 0.94-4.87 0.0688 

AUC= 0.71 IGF-1 >33.55 ng/mL 3.16 1.33-7.48 0.0091 

+ 3 wk after calving Urea  >4.52 mmol/L 2.85 1.18-8.71 0.0196 

AUC= 0.76 Triglycerides >0.21 mmol/L 3.91 1.64-9.00 0.0020 

 Insulin >0.33 ng/mL 3.52 1.42-8.71 0.0065 

 

 

 

The adjusted odds of successful pregnancy to first AI at T1 were 2.8 (P=0.0162) times greater with 

NEFA concentrations < 124 µekv/L and 2.8 (P=0.0129) times greater in cows with T1 ALP 

concentrations > 50 IU/L At T2 the adjusted odds were 2.2 (P=0.0688) times greater in cows with 

insulin concentrations > 0.45 ng/mL, 3.2 (P=0.0015) times greater in animals with IGF-1 

concentrations > 33.55 ng/mL. At T3 the adjusted odds of successful pregnancy to first AI were 2.85 

(P=0.0196) times greater in cows with urea concentration > 4.52mmol/L and 3.9 (P=0.0020) times 

greater with triglyceride concentrations > 0.21mmol/L, 3.5 (P=0.0065) times greater in animals with 

insulin concentrations > 0.33 ng/mL.   

 

When all variables from all three different time points shown in Table 1 were analyzed together, using 

a multivariable logistic regression model analysis with backward algorithm, the biomarkers that 

remained significant were IGF-1 (at T1), insulin (at T2) and urea and triglycerides (at T3). These 

variables are collected to Table 3. Inclusion of DISEASE parameter didn’t affect results. 

The multivariable logistic regression model discriminating cows with successful and unsuccessful 

first AI generated area under the ROC curve of 0.80 (95% CI = 0.71-0.87, P<0.0001).  

 

 

 

 



 

Table 3. Multiple logistic regression model of the association of plasma variables measured at 2 wk 

before calving, 1 week and 3 weeks after calving in multiparous Holstein cows in relation to 

successful first artificial insemination, when all variables from Table 1 were analyzed together.  

Sampling period Variable Threshold OR 95% CI P-value 

-2 wk before 

calving 

 

IGF-1 >86.26 ng/mL 3.82 1.51-9.63 0.0045 

     

     

+ 1 wk after 

calving 

Insulin 

 

 

>0.45 ng/mL 3.77 1.49-9.51 0.0050 

     

+ 3 wk after 

calving 

Urea  >4.52 mmol/L 4.27 1.63-11.18 0.0032 

Triglycerides >0.21 mmol/L 5.15 1.99-13.29 0.0007 

Area under the curve (AUC) = 0.80. Odds ratio (OR), 95% confidence interval (CI), P-value from multivariate logistic 

regression model. IGF-1=insulin-like growth factor 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

5. DISCUSSION 
 

Fertility parameters of dairy cattle have been in decline for the same time as milk yield per animal 

has increased (Leroy et al., 2008). The economic losses caused by increased calving interval and 

number of inseminations per pregnancy are significant. In this study we managed to establish a set of 

biomarkers that could be used to predict the outcome of first insemination. In our study the biomarkers 

that remained significant in the multivariate model included IGF-1, insulin, urea and triglycerides. 

We used the AUC indicator to assess the test accuracy. This means that all variables included have > 

80% likelihood of correct classification between positive and negative groups.  

 

In the multivariable analysis at -2 weeks before parturition, cows who showed increase in plasma 

IGF-1 had higher success to first artificial insemination. Taylor et al. (2004) argue that IGF-1 

concentrations above 25 ng/ml 1 week after calving increase the possibility of pregnancy to first 

insemination by 11 times. For our study the threshold that increased pregnancy rate to first AI was 

determined to be > 33.55 ng/mL, adjusting the odds for pregnancy by 3.8 times (Table 2). Lower 

plasma IGF-1 concentrations during the beginning of postpartum period have been shown to increase 

the likelihood of both delayed ovulation and persistent corpus luteum (Taylor et al., 2003). The 

follicles that grow in a shortage from IGF-1 don’t reach its ovulatory size in time, and so delays the 

ovulation (Taylor et al., 2004).  

 

In a study conducted by Gobikrushanth et al. (2018) the blood serum concentrations of IGF-1 were 

determined. They also found optimal threshold values for this variable to predict pregnancy to first 

artificial insemination in cows. The values found in this study were 31.0 ng/mL for multiparous 

animals, and the sample was taken at 7 days postpartum. This corresponds to our findings, which 

showed the IGF-1 threshold to be 33.55 ng/mL at +1 week after calving. When we included IGF-1 at 

T1 and T2, only the later one remained significant. This means that IGF-1 concentrations give more 

indication on fertility status when the blood samples are collected after calving. Llewellyn and 

Wathes (2008) explain how IGF-1 system is necessary for uterine function, especially during the time 

period of uterine involution. IGF-1 is presumed to act as a mediator and aid in endometrial tissue 

repair after calving. According to Hayhurst et al. (2009) the individual levels of IGF-1 is moderately 

hereditary trait. Hereditary aspect was not taken into account in our study model.  

At +1 week after calving the multivariate analysis revealed increase in plasma insulin. There are a 

number of factors affecting the insulin concentrations circulating in blood during cows lifetime. 

Insulin concentrations vary based on eating schedule. Oliveira et al. (2016) argue that insulin 



 

concentration has a rapid increase during 120 minutes after glucose intake. In our study the cows 

were fed using TMR and the time between eating and sample collection was kept same to minimize 

the effect of feeding to insulin concentrations. 

 

Insulin was found to have a moderately hereditary component by Hayhurst et al. (2009). Gong et al. 

(2002) argue that the average plasma insulin concentrations differ between high and low genetic merit 

cows. The high milk yield, high genetic merit animals had lower insulin concentrations, and the levels 

were affected less by altering the diet. The serum insulin concentrations vary between 0.32-0.21 

ng/mL in high yielding and 0.48-0.34 ng/ml in low yielding animals, based on the diet (Gong et al., 

2002). Taylor et al. (2003) determined the majority of insulin levels to fall between the range of 0.25-

0.5 ng/mL. Our results for plasma insulin indicate the threshold value to be > 0.45 ng/mL + 1 week 

after parturition.  

 

Insulin can have a negative effect on early embryonic development and on fertility, with both 

increased and decreased amounts (Laskowski et al., 2016). Insulin receptors have been found in 

oocytes and cumulus cells, as well as in embryos from as early as blastocyst stage (Laskowski et al., 

2016), and has a possibility to affect pregnancy in many stages. According to Britt (2008) it takes 

around 100 days for an oocyte to grow and mature and finally reach ovulatory stage. This shows us 

that the insulin concentration is important variable even long before calving, since the follicles being 

inseminated during the first AI are already growing before parturition. In a study conducted by 

Selvaraju et al. (2002) it is said that repeat-breeder cows who were treated with insulin injections had 

higher conception rates to first AI, but the number of animals in this study is too small to call it a 

significant correlation.  

 

From blood samples collected at +3 weeks after parturition, the multivariate analysis revealed 

increase in plasma urea and triglyceride levels in the animals who became pregnant to first AI. Urea 

is produced by protein breakdown, and therefore urea concentrations increases in plasma with 

increase in dietary protein intake (Gonda et al., 1994). High protein diets are needed nowadays, since 

the protein requirements of high yielding dairy cows are so high, especially at the beginning of 

lactation period. Cheng et al. (2015) found out that plasma urea levels between 3.2-6.6 mmol/L had 

significant associations to endometrial gene expression after calving, and to overcoming infections. 

During uterine involution a large amount of tissue breakdown and building is needed to restore the 

normal status of uterine tissues. High urea concentrations in blood have also been shown to lead to 

elevated amounts of urea in uterine fluids (Hammon et al., 2005). Cheng et al. (2015) did not find 



 

evidence of changes in endometrial gene expression after added urea dosages during in vitro 

experiments but found significant correlations during in vivo experiments. This could suggest that the 

effects of increased urea concentrations have an intermediator or indirect action mechanism, rather 

than it is having direct effect. Even though most of the studies done on the subject are focusing on 

the elevated urea concentrations, there also are a few that target decreased concentrations. It has also 

been proven that elevated plasma urea values that arise from feeding management do not have an 

effect on fertility (Law et al., 2009).  

 

The role of triglycerides in resumption of ovarian activity is debatable. Guédon et al. (1999) didn’t 

find any evidence of serum triglyceride concentration affecting fertility. However, in this study the 

mean triglyceride concentration is marked to be 0.36 ±0.15 g/L (2.79 mmol/L) during last 10 weeks 

of pregnancy, and 0.29 ±0.09 g/L (2.25 mmol/L). We measured and determined the threshold values, 

not mean values, so the results are not comparable. In our study the threshold value was determined 

to be 0.32 mmol/L 1 week before calving and 0.21 mmol/L at 3 weeks after calving.  

 

Ferguson and Leese (1999, 2006) argue that endogenous triglyceride may act as an energy source for 

developing oocyte during maturation and fertilization. A sharp fall can be noticed in triglyceride 

concentration in the developing bovine oocyte after maturation, and again after fertilization (Ferguson 

& Lee, 2006).  Oocyte maturation and fertilization are both processes that have a high energy demand, 

and this could explain the change in triglyceride concentrations. The potential role as an energy 

substance to oocyte would explain our results, in which animals with higher triglyceride levels had 

higher pregnancy rates to first AI.  

 

Some of the variables that didn’t remain significant in our results have been mentioned in previous 

studies as important biomarkers to predict fertility. Higher plasma cholesterol concentrations were 

associated to higher conception rates by day 150 of lactation in a study made by Westwood et al. 

(2002). In a study made by Ospina et al. (2010) it is argued that increased NEFA concentrations 

during transition period from pregnancy to lactation decrease the conception rate by 16%. They also 

determined elevated BHB levels within 70 days from parturition to decrease pregnancy rate by 13%, 

when other factors were not taken into account. In our study we did find a significant connection 

between NEFA, BHB, cholesterol and pregnancy, but none of these remained significant in the 

multivariate model.  

 



 

The results we gathered support many studies done before this one. Our results indicate NEB having 

more effect on fertility than inflammation and infection. None of the biomarkers that are directly 

connected to infection or inflammation (haptoglobin, serum amyloid A, albumin, ceruloplasmin) 

remained significant in the final multivariable logistic regression model. Our results clearly elevate 

NEB markers to have a direct relationship with unsuccessful first artificial insemination and remained 

significant when compared to markers indicating infection.  

 

5.1.  Future research 
 
 

The fertility of dairy cattle has been a topic discussed in both academic circles and in everyday life 

in farms. More research is still needed to understand the exact mechanisms and magnitude of different 

biomarkers and the conditions affecting them. Limitations in this study were relatively small study 

group size (111 cows), all of them are from the same farm and multiparous animals. In the future 

similar studies should be done but with larger groups, heifers and different areas and farms included.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 

6. CONCLUSION 
 

Plasma IGF-1, insulin, urea and triglycerides provide a set of biomarkers for prediction of success to 

first AI with prediction accuracy of 0.8. Plasma IGF-1 concentrations were significant -2 weeks 

before calving, insulin at +1 week after calving and urea and triglycerides +3 weeks after calving. All 

of these markers are directly connected to NEB. More research is needed to make any kind of 

applications of these results to everyday farm life. These results do however give an insight into what 

parameters could possibly be beneficial to investigate when discussing the fertility of dairy cattle.   
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