Keywords: dairy cow, subclinical ketosis, conception, mastitis, interaction

The fertility of dairy cows has decreased dramatically worldwide over the last few decades, and several causes of this trend have been reported. Several studies have associated compromised udder health with deteriorating reproduction performance. Subclinical ketosis (SCK) has also been reported to be a risk factor for decreased conception. The objective of the present study was to describe how SCK might interact with the reported association between udder health and conception in dairy cows.

Data from the French Milk Control Program and data on 8,549,667 instances of artificial insemination (AI) and their corresponding preceding and subsequent test-days from 5,979,701 Holstein cows were examined over a 5-year period (2008)(2009)(2010)(2011)(2012). The effect of udder health was evaluated through a low (L) or high (H) somatic cell count (SCC) before and after AI using a threshold of 200,000 cells/mL, and transformed into 4 groups (LL, LH, HL, and HH). Three proxies for defining SCK were proposed

based on the milk fat and protein content (or their ratio) before AI. Statistical analysis first included a generalized additive model to help defining the optimal threshold values. Next, a logistic regression with a Poisson correction was performed. On average, the risk of conception at first AI was reduced by 14% for LH or HH cows (relative risk [and 95%CI] = 0.86 [0.85-0.87]) when the SCC increased or remained high within 40 days before and after AI, relative to LL group. The reduction of conception success associated with SCK (fat and protein contents changes) varied from 3 to 17% depending on the used SCK proxy. Including the interaction term SCC * SCK clearly showed that the association of increased SCC around AI with conception success was modified by the presence of SCK. A cow that already has SCK and experiences an increase in SCC around or after AI exhibits up to 2 times further decrease in conception success compared to a cow with a high SCC without SCK. In conclusion, this study reinforces the previously described association between intramammary inflammation around or after AI and a decreased rate of conception. These findings highlight how SCK interacts with the above-mentioned relationship by strengthening the negative association between mastitis and conception success. Additionally, the present work supports the theory that local inflammation may affect the whole-body response and alter the functions of other organs, such as the reproductive tract.

Introduction

Reproductive performance has always been considered a major determinant of dairy herd profitability because of its associations with the amount of milk produced, the culling rate, the cost of breeding and the value of calves. Over the last fifteen years, reproductive performance has been declining worldwide [START_REF] Walsh | A review of the causes of poor fertility in high milk producing dairy cows[END_REF]. Genetic selection for high milk yield has likely exerted negative effects on reproduction and health, and the demand for high milk production can contribute to a decrease in reproduction ability and reduce the likelihood of pregnancy establishment in high-producing cows [START_REF] Walsh | A review of the causes of poor fertility in high milk producing dairy cows[END_REF][START_REF] Berry | Genetic relationships among linear type traits, milk yield, body weight, fertility and somatic cell count in primiparous dairy cows[END_REF][START_REF] Pryce | Fertility in the high-producing dairy cow[END_REF]. Dairy cow reproduction is also highly dependent on peripartum infectious [START_REF] Dhaliwal | Significance of pregnancy rates to successive services to assess the fertility pattern of individual dairy herds[END_REF][START_REF] Fray | Modulation of sex hormone secretion in cows by acute infection with bovine viral diarrhoea virus[END_REF] or nutrition-based disorders [START_REF] Walsh | A review of the causes of poor fertility in high milk producing dairy cows[END_REF][START_REF] Roche | The effect of nutritional management of the dairy cow on reproductive efficiency[END_REF]. Many studies have shown that most of these disorders are risk factors for other disorders. Depending on the studied disorder, the descriptions of epidemiological relationships have varied in comprehensiveness, and the strength of the associations remains imprecise in some cases. It is of great interest to clearly understand the relationships and interactions among different peripartum disorders of dairy cows, particularly for decision-making, prioritization of risk factors in the field, and, more broadly, resource allocation [START_REF] Raboisson | The economic impact of subclinical ketosis at the farm level: tackling the challenge of over-estimation due to multiple interactions[END_REF]. The indirect positive or negative consequences of these disorders must be accounted for during decision-making.

Recent studies have clearly shown that both the clinical and subclinical mastitis are associated with deteriorated fertility parameters, such as longer intervals from calving to conception, increased services per conception, and increased days open [START_REF] Barker | Influence of clinical mastitis during early lactation on reproductive performance of Jersey cows[END_REF][START_REF] Santos | Effect of timing of first clinical mastitis occurrence on lactational and reproductive performance of Holstein dairy cows[END_REF][START_REF] Ahmadzadeh | Effect of clinical mastitis and other diseases on reproductive performance of Holstein cows[END_REF]. The odds ratio between clinical mastitis or high somatic cell count (SCC) and successful conception has varied from 0.40 to 0.85 [START_REF] Schrick | Influence of subclinical mastitis during early lactation on reproductive parameters[END_REF][START_REF] Pinedo | Effect of high somatic cell counts on reproductive performance of Chilean dairy cattle[END_REF][START_REF] Hudson | Associations between udder health and reproductive performance in United Kingdom dairy cows[END_REF][START_REF] Lomander | Associations between decreased fertility and management factors, claw health, and somatic cell count in Swedish dairy cows[END_REF]. The relationship between the severity of mastitis and conception rate appears to have a linear trend. The impact of mastitis on conception appears to be higher for clinical than for subclinical mastitis and for a large SCC increase than for a small increase. The most critical risk period in which mastitis can reduce 
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conception success has been reported to be at the time of [START_REF] Schrick | Influence of subclinical mastitis during early lactation on reproductive parameters[END_REF][START_REF] Hudson | Associations between udder health and reproductive performance in United Kingdom dairy cows[END_REF] or within the month after service [START_REF] Barker | Influence of clinical mastitis during early lactation on reproductive performance of Jersey cows[END_REF][START_REF] Ahmadzadeh | Effect of clinical mastitis and other diseases on reproductive performance of Holstein cows[END_REF].

In addition, most transition dairy cows experience a negative energy balance (NEB) as a consequence of increased energy demands around parturition and decreased dry matter intake shortly before calving. Negative energy balance may be associated with an increased incidence of metabolic disorders, impaired fertility and other health problems [START_REF] Rauw | Undesirable side effects of selection for high production efficiency in farm animals: a review[END_REF]. Both udder health and conception have been shown to deteriorate in cases of subclinical ketosis (SCK), although clear epidemiologic evidence supporting these relationships is scarce [START_REF] Raboisson | Diseases, reproductive performance, and changes in milk production associated with subclinical ketosis in dairy cows: a meta-analysis and review[END_REF]. Increased concentrations of both β-hydroxybutyrate (BHBA) and non-esterified fatty acids (NEFA) in blood are often used as markers of SCK, and the most common definition of SCK is a blood BHBA level greater than 1.4 mM during early lactation [START_REF] Duffield | Impact of hyperketonemia in early lactation dairy cows on health and production[END_REF]. Changes in the milk fat and protein contents are additional markers used to identify SCK because lipolysis results in an increased fat content in milk and because a lack of energy in the rumen results in low protein synthesis by ruminal bacteria and a consequent decrease in the protein content [START_REF] Duffield | Use of test day milk fat and milk protein to detect subclinical ketosis in dairy cattle in Ontario[END_REF][START_REF] Heuer | Prediction of energy balance in a high yielding dairy herd in early lactation: model development and precision[END_REF].

The present study aimed to investigate the complex relationship among conception, SCC changes and metabolic disorders using milk components as indicators of subclinical ketosis.

Materials and Methods

Data and variables

The records from herds in the Restrictions were implemented so that only Holstein cows and instances of AI prior to 200 days in milk (DIM) were included in the study. The milk yield was adjusted to correspond to a reference lactation period of 305 days (305-day MY). A brief description of the contents of the dataset is shown in Table 1.

For each AI, conception was considered as a binary trait and defined as successful if the instance of AI was followed by a calving 265-295 days later. This duration was defined as the average period of gestation for Holstein cows ±15 days, as recommended by the French Livestock Institute.

Udder health around AI was investigated through the SCC on the test-day. The SCC has been classified as low (L) or high (H) based on various thresholds but only results for a threshold of 200,000 cells/mL will be detailed in this study. For each AI, cows were categorized into four groups according to the dynamics of the SCC as follows: cows with a low SCC both before and after AI (LL, control group); cows with a low level before and a high level after AI (LH); cows with a high SCC before and a low SCC after AI (HL); and cows with a high SCC both before and after AI (HH). In accordance with the average of 1 test-day per month in France, the test-days within the 40 days before and 40 days after AI were primarily included in the analysis. Test-days from other period, including from 40 to 80 days before and after AI, were also assessed. The SCK status at the time of AI was defined by the milk fat and protein contents of the same test-days in which the SCC was quantified [START_REF] Duffield | Use of test day milk fat and milk protein to detect subclinical ketosis in dairy cattle in Ontario[END_REF][START_REF] Heuer | Prediction of energy balance in a high yielding dairy herd in early lactation: model development and precision[END_REF]. A descriptive schematic of the experimental time periods and test-days included in this study is presented in Fig. 1.

Statistical analysis

Data were analyzed using R (version 2.10. day MY) were first obtained using a generalized additive model (GAM, the gam package in R). The use of GAMs allowed the nature of the relationship between the response and the set of the explanatory variables to be determined rather than assuming some form of parametric relationship [START_REF] Hastie | Generalized additive models[END_REF]. All continuous explanatory variables were introduced into the model as smooth without any a priori assumptions. This approach allowed to determine the most efficient thresholds for stratifying the explanatory variables, such as SCC, DIM, 305-day MY, urea concentration, fat and protein contents and the fat/protein ratio. Conception was explained with explanatory variables maintained in their continuous distribution. Univariate models were separately generated for all of the abovementioned explanatory variables, and the multivariate models were constructed by integrating the significant variables (p<0.05) into the same model one by one. No interaction was tested because this was outside the scope of this first step.

The final logistic regression with a Poisson correction was then performed using the nlme package of R. A log link model with a Poisson distribution was proposed as a method to calculate relative risks instead of odd ratios and to simultaneously address the issue of the lack of convergence occasionally observed when performing log binomial regressions [START_REF] Ospina | -binomial regression in GLIM: estimating risk ratios and risk differences[END_REF][START_REF] Zou | A modified Poisson regression approach to prospective studies with binary data[END_REF][START_REF] Sander | Model-based estimation of relative risks and other epidemiologic measures in studies of common outcomes and in case-control studies[END_REF]. The same step-by-step procedure was used to include explanatory variables as that described above for the GAM. This model included the SCC as a categorical variable and SCK as a binary variable, as well as a term representing interaction between these variables. Additionally, this model was adjusted for the lactation stage, milk yield and parity. The urea concentration was not retained because of the consistent lack of statistical significance based on the univariate analysis. This model was applied for the different proxies of SCK created by the GAM. The logistic model, which included herd as a random variable, was applied to the entire dataset from the period 2008-2012 or from each year either to the first AI (AI1) following each calving or to all AIs. Although only the results for conception at AI1 are discussed in this article, the results were similar for all AIs.
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GAM and definition of thresholds

The thresholds defined by the smoothing function did not differ between the univariate and multivariate models, and only graphs from the univariate model are shown here (Figures 2 and3). The results showed high consistency between years unrelated to the explanatory variable. A linear but small decrease in conception was associated with an increased SCC before AI (Figure 2). The conception rate was strongly associated with SCC after AI, with a linear decrease in conception rate up to 400,000 to 500,000 cells/mL followed by an overall very gradual decrease in conception rate as the SCC further increased. Conception success was more closely associated with changes in milk fat content after AI than before AI (Figure 3). The association between milk protein and conception (Figure 3) was present both before and after AI, although it was stronger after AI. The results of the GAM led to the retention of 200,000 cells/mL as the main threshold of the SCC on which to base the associated categorical variable. A threshold of 7,000 kg of 305-day MY was used to define highly productive cows. Three proxies of SCK (Table 2) were implemented according to the associations of fat and protein contents with conception success, as shown in Fig. 3.

The relationship between SCC and conception is strengthened by the presence of SCK

The logistic regression model clearly showed that an increase in the SCC (from low SCC within 40 days before AI1 to a high SCC within 40 days after AI1; LH group) was associated with a 12 to 17% decrease in conception success at AI1 (Table 3). Similar associations were observed for cows with a high SCC both before and after AI1 (HH group) compared to those with a low SCC before and after AI1 (LL group). Including all AIs in the model, a similar reduction in conception success was observed (results not shown). For alternative thresholds of the SCC, the average decreases in conception success in the LH or HH groups compared to the LL group were 10, 15, 21 and 26% using SCC thresholds of 100,000, 200,000, 400,000 and 800,000 cells/mL, respectively. The conception success at AI1 was significantly higher when performed between 50 and 100 DIM than when performed outside that period, for primiparous cows than for multiparous cows and for lowproducing cows compared to high-producing cows (Tables 3 to 5). No interaction of the abovementioned variables was significant.

Depending on the SCK proxy, the decrease in the risk of conception at AI1 associated with SCK was between 3 and 17% for AI1 (Table 3). The coefficients of the interactions of SCC with SCK were systematically negative (RR < 1). A cow that already had SCK and experiencing an increase in the SCC around or after AI1 (LH and HH groups; Tables 3 to 5) exhibited a decrease in the relative risk of conception compared to a cow with high SCC without SCK due to the multiplication of the coefficients of these two events (multiplicative effect), in addition to the inclusion of an interaction term with a coefficient of 0.97 to 0.93. Consequently, the relative risk of conception could be decreased up to 0.66 in cases of SCK concomitant with a high SCC. The effect sizes of the LH * SCK and HH*SCK interactions were greater for certain years, particularly for SCK2, in which the interaction term had a coefficient of 0.90 and even 0.86 (data not shown). Similar results were obtained via analysis of all AIs instead of only AI1.

Using the periods of 40-80 days before AI1 to define SCK and 0-40 days before and after AI to define SCC or 40-80 days before and after AI1 to define all indicators instead of the period 0-40 days led to similar results (Tables 4 and5).

Discussion

The relationship between changes in SCC and conception described in the present study is in accordance with previous studies that reported a negative association between udder inflammation around or after AI and deteriorated reproduction performance [START_REF] Pinedo | Effect of high somatic cell counts on reproductive performance of Chilean dairy cattle[END_REF][START_REF] Hudson | Associations between udder health and reproductive performance in United Kingdom dairy cows[END_REF][START_REF] Lomander | Associations between decreased fertility and management factors, claw health, and somatic cell count in Swedish dairy cows[END_REF][START_REF] Fuenzalida | The association between occurrence and severity of subclinical and clinical mastitis on pregnancies per artificial insemination at first service of Holstein cows[END_REF] (odd ratios, relative risks or mean values among groups). Despite these limitations, previous studies showed a correlation between more severe mastitis (i.e., a large SCC increase compared to a small SCC increase or clinical mastitis compared to only a SCC increase) and a greater decrease in conception rates. Specifically, the percent decreases in conception were approximately 15-18% when SCC increased above the threshold of 280,000 cells/mL [START_REF] Pinedo | Effect of high somatic cell counts on reproductive performance of Chilean dairy cattle[END_REF]; 5-12% when various SCC thresholds and various periods of increased SCC were considered [START_REF] Hudson | Associations between udder health and reproductive performance in United Kingdom dairy cows[END_REF]; and up to 60% when SCC increased above the threshold of 200,000 cells/mL during the conception period [START_REF] Lomander | Associations between decreased fertility and management factors, claw health, and somatic cell count in Swedish dairy cows[END_REF]. This last result represents an exception among the above-mentioned studies. Previous studies reported that the percent decrease in the conception rate in cases of clinical mastitis was higher, at approximately 13-32% depending on the time of the clinical mastitis relative to AI [START_REF] Hudson | Associations between udder health and reproductive performance in United Kingdom dairy cows[END_REF] and at 33-44% in cases of clinical mastitis occurring after an SCC increase, respectively [START_REF] Fuenzalida | The association between occurrence and severity of subclinical and clinical mastitis on pregnancies per artificial insemination at first service of Holstein cows[END_REF]. Those results are in accordance with the observed decrease in conception success with increased SCC in the present study and with the greater decrease in conception success when the higher thresholds of SCC were tested. Together, these findings reinforce previous but limited studies showing that more severe udder inflammation leads to greater decrease in the conception success [START_REF] Fuenzalida | The association between occurrence and severity of subclinical and clinical mastitis on pregnancies per artificial insemination at first service of Holstein cows[END_REF].

The GAM allows the relationship between two variables to be described without any a priori assumptions. The results of the GAM showed a higher impact of SCC change on conception rate after AI than before AI, and this finding is in accordance with the results of logistic regression analysis.

These results are also in accordance with the popular finding that conception is more strongly affected by clinical mastitis or increased SCC when these events occur during or only after AI compared to before AI [START_REF] Barker | Influence of clinical mastitis during early lactation on reproductive performance of Jersey cows[END_REF][START_REF] Santos | Effect of timing of first clinical mastitis occurrence on lactational and reproductive performance of Holstein dairy cows[END_REF][START_REF] Schrick | Influence of subclinical mastitis during early lactation on reproductive parameters[END_REF][START_REF] Hudson | Associations between udder health and reproductive performance in United Kingdom dairy cows[END_REF][START_REF] Gunay | Effects of clinical mastitis on reproductive performance in Holstein cows[END_REF]. One exceptional result was obtained in a study focusing on SCC only before AI [START_REF] Miller | Relationship of somatic cell score with fertility measures[END_REF], and another exceptional result was produced in the context of a definition of mastitis based on culture findings, among other factors [START_REF] Schrick | Influence of subclinical mastitis during early lactation on reproductive parameters[END_REF]. The similar relative risks of an increased SCC at the time of AI (LH group) and a high SCC both before and after AI (HH group) observed in the present study confirm that conception is dramatically impacted by udder health status following AI.

Comment citer ce document : Albaaj, A., Foucras, G., Raboisson Subclinical ketosis is a risk factor for deteriorated reproductive performance, including a reduced first service conception rate [START_REF] Raboisson | Diseases, reproductive performance, and changes in milk production associated with subclinical ketosis in dairy cows: a meta-analysis and review[END_REF], as well as for mastitis [START_REF] Goff | Major advances in our understanding of nutritional influences on bovine health[END_REF][START_REF] Suriyasathaporn | Modification of microclimate to improve milk production in tropical rainforest of Thailand[END_REF]. To the authors' knowledge, no peer-reviewed quantification of the link between SCK and increased SCC or clinical mastitis is available [START_REF] Raboisson | Diseases, reproductive performance, and changes in milk production associated with subclinical ketosis in dairy cows: a meta-analysis and review[END_REF]. Despite the proxy used in place of a consensus definition of SCK (based on BHBA or NEFA), the present study reported a decrease in conception success ranging between 3 and 17% in cows exhibiting SCK. The proxies of SCK used in this study were defined by the GAM and are in accordance with the criteria generally used in the field and reported in the literature [START_REF] Duffield | Use of test day milk fat and milk protein to detect subclinical ketosis in dairy cattle in Ontario[END_REF][START_REF] Heuer | Prediction of energy balance in a high yielding dairy herd in early lactation: model development and precision[END_REF]. The sensitivity and specificity of these indicators remain moderate [START_REF] Duffield | Use of test day milk fat and milk protein to detect subclinical ketosis in dairy cattle in Ontario[END_REF]. The fact that the effect of SCK remained similar between the period of 0-40 days before AI and the period of 40-80 days before AI is in accordance with previous results showing a significant decrease in conception associated with the NEB that occurs 80 to 60 days before AI [START_REF] Leroy | Nutrient prioritization in dairy cows early postpartum: mismatch between metabolism and fertility?[END_REF].

No previous study has reported an interaction between SCK and SCC that affects conception. This is the first report demonstrating that SCK may interact with the relationship between SCC and conception. For all the definitions of SCK proxies used here, the presence of SCK magnified the negative association between high or increased SCC and conception success. Further work is needed using a definition of SCK that better aligns with the consensus definition.

The variability in the coefficients of the interaction term among the different years (in particular for SCK2) observed in the present study may originate from the changes in the prevalence of SCK between the years of the study. The validity of an interaction between the SCC and SCK is strengthened by the difference in the coefficient for the SCC variable when the model without interaction was alternatively used to analyze the populations with and without SCK (results not shown).

The mechanism underlying the relationship described in the present work remains unclear.

However, a positive genetic correlation between udder health and conception has been reported in several studies [START_REF] Koeck | Health recording in Canadian Holsteins: data and genetic parameters[END_REF][START_REF] Pritchard | Genetic parameters for production, health, fertility and longevity traits in dairy cows[END_REF]. The mechanisms by which clinical or subclinical mastitis potentially interacts with conception may include alterations in endocrine profiles and follicular development, inhibition of LH and FSH via cytokine release, and intrauterine embryonic survival [START_REF] Hansen | Mastitis and fertility in cattle -possible involvement of inflammation or immune activation in embryonic mortality[END_REF]. Whether the link between mammary inflammation and reproduction failure may involve changes in the cytokine network is also uncertain. The well-described changes in immune function during SCK [START_REF] Lacetera | Short communication: effects of nonesterified fatty acids on lymphocyte function in dairy heifers[END_REF][START_REF] Scalia | In vitro effects of nonesterified fatty acids on bovine neutrophils oxidative burst and viability[END_REF] are also in accordance with the SCC * SCK interactions that explain conception success in the present work. This is also in accordance with a recent study showing that ewes from high-SCC genetic lines have increased NEFA and BHBA concentrations after energy restriction, which reinforces the hypothesis of a genetic association between mastitis susceptibility and energy metabolism [START_REF] Lean | Response to dietary-induced energy restriction in dairy sheep divergently selected for resistance or susceptibility to mastitis[END_REF].

From a practical perspective, the present results clearly support the concept of loser cows [36,37]. As a result of the strong associations among disorders, an ill animal is more likely to be affected by other disorders, thereby creating a vicious cycle. This characteristic is of importance in allocating resources and calculating the indirect costs of disorders [START_REF] Raboisson | The economic impact of subclinical ketosis at the farm level: tackling the challenge of over-estimation due to multiple interactions[END_REF]. However, the present results

should not be used as a criterion to select cows to be served at this point. First, cows with mastitis before AI and no mastitis within 1 or 2 months after AI were not highly affected (HL cows), and there is no justification for excluding cows with mastitis before estrous from being served unless the mastitis is chronic. More broadly, excluding cows from being served because they were predicted to have a low rate of conception success (e.g., with SCK) improves the indicator "number of AIs per conception", but may simultaneously reduce the calving interval or increase culling and turnover. The cost of AI (induced labor) remains the key parameter for deciding whether to serve a given cow in this situation.

Conclusion

The present work is in accordance with previous studies that demonstrated the negative impact of mastitis at the time of AI on conception success. These results also reinforce previous but limited studies showing that the more severe udder health infection or inflammation exacerbates the decrease in conception success. A high SCC after AI has a much greater negative association with decreased to 17% decrease in the conception success. A cow that already had SCK and experiences an increase in SCC at the time of or after AI exhibits a multiplicative decrease in the conception success compared to a cow with a high SCC without SCK. However, further research is needed to improve the quantification of these interactions using more accurate definitions of SCK.
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 271282293 Figure 1. A Schematic representation of the time periods around the first artificial insemination (AI1)

  milk urea during the same time period were provided by the France Conseil Elevage (http://www.france-conseil-elevage.fr/). The French Livestock Institute (http://idele.fr/) provided data on artificial insemination (AI), including the identities of the dams and sires and the dates of all AIs.
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Table 3 .
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	period of 0-40 days around AI1.			
				SCK proxy	
	Variable				
			SCK1	SCK2	SCK3
	Class of SCC	LL	Reference	Reference	Reference
		LH	0.86(0.85-0.87) ***	0.87(0.86-0.88) ***	0.84(0.83-0.84) ***
		HL	0.96(0.95-0.98) ***	0.96(0.95-0.97) ***	0.98(0.97-0.99) **
		HH	0.86(0.85-0.87) ***	0.86(0.86-0.87) ***	0.83(0.82-0.84) ***
	SCK	Without	Reference	Reference	Reference
		With	0.93(0.92-0.93) ***	0.83(0.82-0.85) ***	0.97(0.95-0.99) ***
	Interaction	LH * SCK 0.99(0.97-1.01)	0.95(0.90-1.00) †	0.99(0.98-1.01)
		HL * SCK 0.99(0.97-1.01)	1.00(0.95-1.05)	0.96(0.94-0.98) ***
		HH * SCK 0.97(0.96-0.99) ***	0.93(0.89-0.98) **	0.94(0.93-0.94) ***
	DIM 1 (days)	50 -100	Reference	Reference	Reference
		<50	0.82(0.81-0.83) ***	0.84(0.82-0.86) ***	0.83(0.80-0.85) ***
		100 -200	1.00(0.99-1.00)	0.98(0.97-0.99) ***	1.00(1.00-1.01)
	305-day MY 2 (kg)	<7000	Reference	Reference	Reference
		>7000	0.96(0.95-0.96) ***	0.97(0.96-0.98) ***	0.95(0.94-0.95) ***
	Parity	1 st	Reference	Reference	Reference
		2 nd	0.89(0.88-0.89) ***	0.91(0.90-0.92) ***	0.90(0.90-0.91) ***
		3 rd	0.83(0.82-0.83) ***	0.85(0.84-0.86) ***	0.84(0.84-0.85) ***

1 

Table 4 .

 4 Relative risk (95% CI) of conception associated with the different explanatory variables for the first Days in milk at the time of the first artificial insemination.

	artificial insemination (AI1) and for all subclinical ketosis (SCK) proxies considering SCC records
	from the period of 0-40 days around AI1 and considering records of SCK from the period of 40-80
	days before AI1.				
				SCK proxy	
	Variable				
			SCK1	SCK2	SCK3
	Class of SCC	LL	Reference	Reference	Reference
		LH	0.87(0.86-0.88) ***	0.87(0.85-0.88) ***	0.87(0.86-0.88) ***
		HL	0.96(0.94-0.97) ***	0.97(0.96-0.99) ***	0.96(0.95-0.97) ***
		HH	0.87(0.86-0.88) ***	0.87(0.86-0.88) ***	0.87(0.86-0.87) ***
	SCK	Without	Reference	Reference	Reference
		With	0.95(0.95-0.96) ***	0.87(0.86-0.88) ***	0.93(0.92-0.94) ***
	Interaction	LH * SCK	1.00(0.98-1.01)	0.97(0.94-1.01)	1.00(0.97-1.02)
		HL * SCK	1.00(0.98-1.02)	0.98(0.93-1.02)	0.99(0.97-1.02)
		HH * SCK 0.98(0.96-0.99) **	0.96(0.93-0.99) *	0.96(0.94-0.98) ***
	DIM 1 (days)	50 -100	Reference	Reference	Reference
		<50	0.81(0.79-0.84) ***	0.83(0.80-0.86) ***	0.82(0.80-0.85) ***
		100 -200	1.00(1.00-1.01)	1.00(0.99-1.01)	1.00(0.99-1.00)
	305-day MY 2 (kg)	<7000	Reference	Reference	Reference
		>7000	0.96(0.95-0.96) ***	0.93(0.93-0.94) ***	0.94(0.94-0.95) ***
	Parity	1 st	Reference	Reference	Reference
		2 nd	0.89(0.89-0.90) ***	0.91(0.90-0.92) ***	0.90(0.89-0.90)

*** Comment citer ce document : Albaaj, A., Foucras, G., Raboisson, D. (2017). High somatic cell counts and changes in milk fat and protein contents around insemination are negatively associated with conception in dairy cows. Theriogenology, 88, 18-27. DOI : 10.1016/j.theriogenology.2016.09.043 * P<0.05; † P<0.1. 1 * Comment citer ce document : Albaaj, A., Foucras, G., Raboisson, D. (2017). High somatic cell counts and changes in milk fat and protein contents around insemination are negatively associated with conception in dairy cows. Theriogenology, 88, 18-27. DOI : 10.1016/j.theriogenology.2016.09.043

Table 5 .

 5 Relative risk (95% CI) of conception associated with the different explanatory variables for the first artificial insemination (AI1) and for all subclinical ketosis (SCK) proxies considering records from the

	period of 40-80 days around AI1.			
				SCK proxy	
	Variable				
			SCK1	SCK2	SCK3
	Class of SCC	LL	Reference	Reference	Reference
		LH	0.84(0.83-0.85) ***	0.84(0.83-0.85) ***	0.84(0.83-0.84) ***
		HL	0.98(0.97-0.99) ***	0.98(0.97-0.99) ***	0.98(0.97-0.99) **
		HH	0.83(0.82-0.84) ***	0.84(0.83-0.85) ***	0.83(0.82-0.84) ***
	SCK	Without	Reference	Reference	Reference
		With	0.96(0.95-0.96) ***	0.87(0.86-0.89) ***	0.94(0.93-0.94) ***
	Interaction	LH * SCK	0.99(0.97-1.00) †	0.94(0.91-0.97) ***	0.97(0.95-0.99) ***
		HL * SCK	0.98(0.96-1.00) *	1.00(0.97-1.03)	0.99(0.98-1.01)
		HH * SCK 0.97(0.96-0.99) ***	0.93(0.90-0.96) ***	0.96(0.94-0.98) ***
	DIM 1 (days)	50 -100	Reference	Reference	Reference
		<50	0.82(0.79-0.84) ***	0.83(0.80-0.85) ***	0.83(0.80-0.85) ***
		100 -200	1.01(1.00-1.01) ***	1.00(1.00-1.01)	1.00(1.00-1.01)
	305-day MY 2 (kg)	<7000	Reference	Reference	Reference
		>7000	0.95(0.95-0.96) ***	0.93(0.93-0.94) ***	0.95(0.94-0.95) ***
	Parity	1 st	Reference	Reference	Reference
		2 nd	0.90(0.89-0.90) ***	0.92(0.91-0.92) ***	0.90(0.90-0.91) ***
		3 rd	0.84(0.83-0.84) ***	0.86(0.85-0.87) ***	0.84(0.84-0.85)

*** Comment citer ce document : Albaaj, A., Foucras, G., Raboisson, D. (2017). High somatic cell counts and changes in milk fat and protein contents around insemination are negatively associated with conception in dairy cows. Theriogenology, 88, 18-27. DOI : 10.1016/j.theriogenology.2016.09.043

Acknowledgment:

This work was supported by grants from the RUMINFLAME project, as part of the INRA MetaProgramme Gestion Intégrée de la Santé Animale (INRA, Paris, France). France Génétique Elevage, France Conseil Elevage and the French Livestock Institute thankfully provided data.