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Introduction

A key area of the biology of transition cows relates to lipid 
metabolism. Excessive lipid mobilization from adipose tissue 
is linked with greater incidences of peri-parturient health 
problems [9]. Fatty liver occurs during times of elevated 
NEFA concentrations in the blood. The elevation may be a 
response to negative energy balance or to hormonal changes 
related to parturition [2]. Fatty infiltration of the liver is a 
natural process for the dairy cow transitioning into lactation, 
but it must be under control [24]. In the first month after 
calving, 5 to 10% of dairy cows have severe fatty liver and 
30 to 40% have moderate fatty liver, which indicates that up 
to 50% of dairy cows are at a higher risk for diseases and 
reproductive problems [2].

The hormonal and pathological changes associated with 
fatty liver affect concentrations of metabolites in plasma. 
Diagnosis of fatty liver is primarily based on history, 
clinical findings, liver biopsy and clinical pathology. Among 
laboratory findings liver biopsy can be used to determine 
the severity of the fatty liver and is the most reliable method 
of accurately estimating the degree of fatty infiltration of 
the liver but liver biopsy is an invasive technique and can 
be associated with hemorrhage, infection or death of the 
cows. Various biochemical parameters have been reviewed 
in literatures for diagnosis of fatty liver in dairy cows but 
there is no specific combination of laboratory tests for 
the diagnosis of fatty liver. Routine parameter of clinical 
biochemistry, such as plasma activities of liver enzymes, 
bilirubin or bile acid concentrations do not allow a reliably 
discrimination between mild and severe fatty liver [19]. 

RESUME

The objective of this study was to determine optimal thresholds of serum 
concentrations of metabolites that were associated with an increased risk of 
hepatic lipidosis.
Serum and liver specimens of 506 Holstein dairy cows were taken 
immediately after slaughter. Before slaughter, blood specimens were 
collected from the coccygeal vein. Serum concentrations of total bilirubin, 
cholesterol, triglyceride, BHBA, NEFA and activity of AST was determined 
and the ratio of NEFA to cholesterol was calculated. Total lipid content 
of liver was also measured. Metabolite concentrations in serum were 
considered as predictors of hepatic lipidosis in a logistic regression statistical 
model. The model also included BCS, parity, and cause of culling and stage 
of lactation as covariates. ROC analysis was used to determine the critical 
thresholds for predicting hepatic lipidosis.
Cows with hepatic lipidosis had significantly higher concentrations of 
BHBA, NEFA, bilirubin, activity of AST, and NEFA to cholesterol ratio but 
had lower concentrations of cholesterol in comparison with cows without 
fatty liver. Serum NEFA >0.566 mmol/L (Odds Ratio (OR) = 5.7; 95% CI = 
3.1 to 10.4), BHBA >780 μmol/L (OR = 13.6; 95% CI = 5.9 to 28.9), NEFA/
cholesterol ratio >0.2 (OR = 9.9; 95% CI = 5.4-18.3) and AST >120 U/L (OR 
= 2.9; 95% CI = 1.5 to 5.3), were associated with risk of hepatic lipidosis. 
The results showed that the best predictor of hepatic lipidosis was BHBA 
due to highest odds ratio and likelihood ratio positive. However, the ratio of 
NEFA to cholesterol was a very accurate test to predict hepatic lipidosis due 
to highest area under curve  (77%).
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RESUME

Recherche de valeurs seuils d’indicateurs de stéatose hépatique chez la 
vache laitière

L’objectif de cette étude était de déterminer les seuils de concentration 
sérique de certains métabolites associés à un risque accru de lipidose 
hépatique. Les échantillons de sérum et de foie de 506 vaches laitières 
de race Holstein ont été prélevés immédiatement après l’abattage. Avant 
l’abattage, des échantillons de sang ont été prélevé dans la veine coccygienne. 
Les concentrations sériques en bilirubine totale, cholestérol, triglycérides, 
BHBA, AGNE et de l’activité de l’AST ont été déterminés, et le rapport acides 
gras non estérifiés sur cholestérol a été calculé. La teneur totale en lipides 
du foie a également été mesurée. Le caractère prédictif des concentrations 
sériques des métabolites vis-à-vis de la lipidose hépatique a été évalué par 
un modèle statistique de régression logistique. Le modèle comprenait a pris 
en compte BCS, parité, cause de l’abattage et du stade de lactation comme 
co-variables. Une analyse ROC a été utilisée pour déterminer les seuils 
critiques prédictifs de lipidose hépatique. Les vaches avec lipidose hépatique 
avaient des concentrations significativement plus élevées de BHBA, AGNE, 
bilirubine, une activité AST  et ratio AGNE/cholestérol supérieur, mais des 
concentrations plus faibles de cholestérol en comparaison avec les vaches 
sans stéatose hépatique. Les paramètres sériques suivant ont été associés à 
un risque accru de lipidose hépatique  : AGNE > 0,566 mmol / L ( Odds 
Ratio (OR) = 5,7 ; IC95 = 3.1 à 10.4 ) , BHBA > 780 mmol / L (OR = 13,6 ; 
IC95 = 5,9 à 28,9), AGNE/cholestérol > 0,2 (OR = 9,9 , IC95= 5,4 à 18,3) et 
ASAT> 120 U / L (OR = 2,9 ; IC95 = 1,5 à 5,3). Les résultats ont montré que 
le meilleur prédicteur de la lipidose hépatique était le BHBA en raison de son 
OR élevé (fort rapport de vraisemblance positive), alors que le ratio AGNE/
cholestérol était un test très précis pour prédire la lipidose hépatique (plus 
forte aire sous la courbe de 77%).
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Several studies have reported on cow-level associations of 
NEFA or BHBA (β-Hydroxy Butyrate acid) with health and 
culling  [4,16,18,22]. Fewer studies have examined metabolite 
concentrations as they relate to hepatic lipidosis.

The objectives of this cohort study were (1) to determine 
whether serum concentrations of some metabolites are 
associated with an increased risk of hepatic lipidosis, and (2) 
to determine optimal thresholds for each metabolite that are 
predictive of the risk of hepatic lipidosis.

Materials and Methods

ANIMALS  

Over a 7-month period from September 2010 to March 
2011, liver specimens from 506 Holstein dairy cows were 
taken immediately after slaughter in the abattoir of Mashhad, 
in northeast of Iran. All animals were transported from 
various distances (range of distance: 10-150 Km) by road 
without access to feed and water. Cows were not usually fed 
on the morning of transport but had normal access to water. 
After transportation, animals were kept in lairage (holding 
pens) for a period before being slaughtered. Main purpose 
of lairage was to maintain a reserve of animals so that the 
processing line in the abattoir can operate at a constant 
speed. The lairage conditions were given animals a chance 
to rest and drink. The time lapse between unloading and 
blood sampling was similar for all animals and sampling 
was completed within 2 h of unloading. The cattle were 
slaughtered at least 3 h after unloading. Cows were generally 
in the age range between 2–12 years. Data on their parity, 
the dates of last calving, and the reason for slaughter was 
obtained. The stage of lactation and duration of pregnancy 
or the status of the non-gravid uterus were recorded. Before 
slaughter, cows were scored for body condition on a scale of 
1 to 5, using increments of 0.25 [5].  

COLLECTION AND ANALYSES OF SPECIMENS

Before slaughter, blood specimens were collected from 
the coccygeal vein into a plain glass tube in which the blood 
was allowed to coagulate. Then, the specimens were placed 
on ice and were centrifuged at 1800 × g for 10 min within 
1 h after sampling.  Serums were then stored at -20° C until 
analysis.

Blood chemistry including total bilirubin, cholesterol, 
triglyceride, and AST was analyzed by commercial 
kits (Parsazmoon, Tehran, Iran) using an automated 
biochemical analyzer (Biotecnica, BT 1500, Rome, Italy). 
β-Hydroxybutyric acid (BHBA) and non-esterified fatty acid 
(NEFA) were determined by a D-3-hydroxybutyrate kit and a 
NEFA kit, respectively (Randox Laboratories, Ardmore, UK).

The intra and inter assay coefficient of variation (CV) 
for measured variables were: AST 3.06% and 1.38 %, 

cholesterol 0.61 % and 1.22 %, triglyceride 1.82% and 1.04%, 
total bilirubin 2.31% and 3.49%, BHBA 3.78% and 5.25% 
and NEFA 4.81% and 4.32%, respectively. Control serum 
(Randox control sera, Antrim, UK) was used for controlling 
measurement accuracy. Target concentrations of control 
serum for analytes were: AST 43 IU/L, cholesterol 2.69 
mmol/L, triglyceride 1.09 mmol/L, total bilirubin 29.07 
μmol/L, BHBA 1520 μmol/L and NEFA 2.05 mmol/L.

The livers were assessed for color, size and lesions. 
Specimens of at least 10 g were then taken from the dorso-
caudal area of the parietal surface of each liver and stored at 
−80° C for later analyses for concentration of total lipids.

MEASUREMENT OF HEPATIC LIPID

Lipid contents of the liver was measured according to 
Atkinson (1972) and Nafikov (2006) [1,17]. Cows with total 
fat concentration greater than 10% was considered as affected 
to hepatic lipidosis [13].

STATISTICAL ANALYSIS

All statistical analyses were performed with SAS version 
9.1 (SAS Institute, Inc., Cary, NC). 

All outcome variables were screened for normality 
by visual assessment of the distributions and calculation 
of kurtosis and skewness. The distributions of serum 
concentrations of BHBA, NEFA, bilirubin, triglyceride, 
and AST were skewed to the right. Therefore, a logarithmic 
transformation was performed on each of these dependent 
variables, which resulted in a normal distribution. The 
comparison of serum concentrations of analytes between 
hepatic lipidosis affected cows and non-affected cows were 
performed by analysis of variance. Body condition score, 
parity, cause of slaughter and stage of lactation were used as 
covariates. Least square of means, standard errors, medians 
and ranges were reported. 

Determinants of risk of hepatic lipidosis were modeled 
with multivariable logistic regression, (PROC LOGISTIC). 
The outcome of interest in the models was hepatic lipidosis 
(binary variable: 1, livers with total lipid higher than 
%10; 0, below the threshold). The cow was considered the 
experimental unit for all analyses. Initially, metabolite 
concentrations as model inputs were treated as continuous 
variables. In addition, covariates included metabolites 
concentrations (categorized as binary variables), BCS (thin: 
≤3.00; moderate: 3.25 to 3.75; fat: ≥4.00), parity (primiparous 
versus multiparous), reason of culling and stage of lactation. 
Lactation stage was categorized as group 1, newly calved (<1 
month) lactating cows; group 2, non-pregnant lactating cows; 
group 3, pregnant lactating cows; and group 4, dry cows.

Variables were eliminated using a manual backward 
stepwise procedure, using P ≤ 0.05 as the threshold for 
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remaining in the model. Two-way interactions between the 
metabolites and the covariates that remained in the final 
model were tested and retained if P ≤ 0.05.

The continuous variables that remained in the final 
multivariable model were evaluated with receiver operator 
characteristic (ROC) analysis to determine a critical 
threshold for predicting disease [16]. The ROC curves 
analyze sensitivity versus 100 − specificity. The point on the 
ROC curve that had the highest combined sensitivity (Se) 
and specificity (Sp) was considered the critical threshold. 
Interpretation of diagnostic efficiency of each serum analyte 
was based on the area under the curve (AUC) such that if 
the AUC = 0.5 it was noninformative; if 0.5 < AUC ≤0.7, it 
was accurate; if 0.7 < AUC ≤0.9, it was very accurate; if 0.9 < 
AUC <1, it was highly accurate; and if AUC = 1, then it was 
considered perfect [23]. 

Likelihood ratios were calculated based on critical 
thresholds determined by univariable ROC analysis [(LR) = 
sensitivity/(1 − specificity)]. In general, the likelihood ratio 
positive (LR+) reports the probability that a test result at or 
above a given threshold will have a greater chance of coming 
from an animal later diagnosed with disease. 

Results 

In total, 506 cows were sampled matched serum and liver 
specimens. Fifty-four cows had total fat concentration ≥ 10% 
and were considered as affected to hepatic lipidosis.

Cows with hepatic lipidosis had significantly higher 
serum concentrations of BHBA, NEFA, total bilirubin, 
activity of AST, and NEFA to cholesterol ratio but had lower 
serum concentration of cholesterol in comparison with cows 
without fatty liver (Table 1-2).

Metabolite unit
Fatty Liver Normal Liver P values

LSM SE LSM SE HL BCS Parity
BHBA μmol/L 560 95 317 66 <0.0001 0.096 0.38
NEFA mmol/L 0.485 0.091 0.278 0.046 <0.0001 0.65 0.041
Cholesterol mmol/L 2.52 0.001 3.43 0.001 <0.0001 0.014 0.71
NEFA/Chol ratio 0.198 0.275 0.091 0.100 0.0095 0.15 0.0072
Triglyceride mmol/L 0.25 0.001 0.30 0.001 0.059 0.11 0.74
Bilirubin μmol/L 24.61 0.70 21.02 0.29 0.0002 0.08 0.49
AST U/L 120.58 7.27 96.45 2.54 0.0018 0.036 0.92

Table I: least square of means (LSM) and standard error (SE) of metabolites concentrations of cows affected to hepatic lipidosis (n= 54) and non-affected 
cows (n= 452). The fixed effects of hepatic lipidosis (HL), body condition score (BCS) and parity were considered in the model. 

Metabolite unit
Fatty Liver Normal Liver

Median Range Median Range
BHBA μmol/L 401 100-8780 273 40-1590
NEFA mmol/L 0.496 0.03-1.97 0.311 0.08-1.68
Cholesterol mmol/L 2.32 0.544-8.24 3.47 0.54-10.41
NEFA/Chol ratio 0.241 0.02-1.39 0.092 0.01-0.78
Triglyceride mmol/L 0.27 0.01-0.80 0.32 0.02-3.10
Bilirubin μmol/L 24.62 15.73-72.50 20.52 13.34-80.03
AST U/L 96.5 2-332 84 8-334

Table II: Medians and ranges of metabolites concentrations of cows affected to hepatic lipidosis (n= 54) and non-affected cows (n= 452). 

Lactation status Number of cows Percent
Newly calved (<1 month), lactating cows 44 8.7%

Non-pregnant, lactating cows 374 74%
Pregnant, lactating cows 54 10.7%

Dry cows 11 2.2%
Undetermined 23 4.5%

Table III: Distribution of sampled cows by lactational status.
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MULTIVARIABLE ANALYSIS

There was an association of lactation group with the 
probability of hepatic lipidosis (χ2, P = 0.001) (Table 3). 
Hepatic lipidosis was not affected by cause of culling  
(χ2, P = 0.26) (Table 3). There was significant association of 
BCS category (≤3.0, 3.25 to 3.5, or ≥3.75) with the probability 
of hepatic lipidosis (χ2, P = 0.001). Twenty-one percent of 
fat cows, 15% of cows with moderate BCS and 8% of thin 
cows affected to hepatic lipidosis (Table 5). The prevalence 
of hepatic lipidosis was significantly greater in primiparous 
than multiparous cows (χ2, P = 0005). The prevalence of 
hepatic lipidosis in primiparous (12% of animals in the 
study) and multiparous cows (88% of animals) were 21 and 
9%, respectively. Primiparous cows were 2.5 times greater at 
the risk of hepatic lipidosis than multiparous cows (Table 5).

Logistic regression model of the probability of hepatic 
lipidosis is presented in Table 5. Accounting for the effects of 
parity, BCS, reason of culling and recent occurrence of disease, 
BHBA and NEFA concentrations, NEFA to cholesterol ratio, 
and AST activities were significantly associated with hepatic 
lipidosis.

CUT-OFF LEVELS

The optimum cutpoints of serum metabolites were 
considered based on ROC curves.  

The optimum cutpoints of BHBA and NEFA 
concentrations for hepatic lipidosis were 780 μmol/L and 
0.566 mmol/L, respectively. NEFA to cholesterol ratio was 
tested for highest association with hepatic lipidosis. The 
strongest association (OR = 9.9) was for ratio of  > 0.2 (Table 
5). 

The medians of AST in cows with hepatic lipidosis were 
significantly greater than cows without hepatic lipidosis 
(Table 1). The optimum cutpoint of AST on the basis of ROC 
curve were 120 U/L. However, the sensitivity of AST cutpoint 
was very low. The odds of hepatic lipidosis were 2.9 times 
greater in cows with serum AST activity >120 U/L (Table 
5). Tabular results of ROC curve determination of critical 
analytes thresholds for the prediction of hepatic lipidosis are 
in Table 6.

% without hepatic lipidosis % with hepatic lipidosis
Infertility 72.9 27.1
Recumbency 88.5 11.5
Mastitis 75 25
Lameness 100 0
Infectious disease 80 20
Low Milk 89 11
Unknown 88 12

Table IV: Distribution of sampled cows with and without hepatic lipidosis on the basis of cause of culling. 

Estimate SE OR 95%  CI P value
Intercept -1.8591 0.2251 <0.0001
BCS
          thin -0.5633 0.2308 0.258 0.11-0.61 0.015
          fair -0.2274 0.2782 0.361 0.13-0.99 0.41
          fat Referent
Parity                      
          primiparous 0.7156 0.2009 4.2 1.9-9.2 0.0004
          multiparous Referent

BHBA > 780 μmol/L 2.5672 0.4059 13.6 6.4-29.0 <0.0001
NEFA . 0.566 mmol/L 1.3350 0.3121 5.7 3.1-10.4 <0.0001
NEFA/Cholestrol > 0.2 2.2992 0.3262 9.9 5.4-18.3 <0.0001
AST > 120 U/L 0.9531 0.3335 2.9 1.5-5.3 0.0043

Table V: Final logistic regression model of the association between serum beta-hydroxybutyrate (BHBA), non-estrified fatty acids (NEFA), ratio of NEFA 
to cholesterol and aspartate amino-tranferase concentrations in 506 Holstein cows with the risk of the development of hepatic lipidosis, adjusted for the effects of 
parity, body condition score, cause of culling and lactation status.
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Se1 95% CI for 
Se

Sp2 95% CI for 
Sp

LR+3 LR-4

BHBA > 780 μmol/L 33 20-46 96 94-98 9.42 0.69
NEFA > 0.566 mmol/L 44 31-58 88 85-91 3.59 0.63
NEFA/Cholestrol > 0.2 63 50-76 85 82-88 4.31 0.43
AST > 120 u/L 33 21-46 85 82-88 2.25 0.78

1Sensitivity  -  2Specificity  -  3Likelihood ratio positive  -  4Likelihood ratio negative

Table VI: Additional information on thresholds from receiver operator characteristic curves for BHBA, NEFA, NEFA/Cholestrol and AST concentrations 
as predictors of hepatic lipidosis.

BHBA NEFA

Figure 1: Receiver operator characteristic (ROC) curve that determines 
the critical threshold (upper left corner) for BHBA concentrations 
predicting hepatic lipidosis in 506 cows slaughtered. The diagonal 
line represents the sensitivity and specificity level at which the test is 
noninformative. Area under curve is 0.70.

Figure 2: Receiver operator characteristic (ROC) curve that determines 
the critical threshold (upper left corner) for NEFA concentrations 
predicting hepatic lipidosis in 506 cows slaughtered. The diagonal 
line represents the sensitivity and specificity level at which the test is 
ninformative. Area under curve is 0.74

NEFA/Chol AST

Figure 3: Receiver operator characteristic (ROC) curve that deter-
mines the critical threshold (upper left corner) for NEFA/chol ratios 
predicting hepatic lipidosis in 506 cows slaughtered. The diagonal 
line represents the sensitivity and specificity level at which the test is 
noninformative. Area under curve is 0.77.

Figure 4: Receiver operator characteristic (ROC) curve that determines 
the critical threshold (upper left corner) for AST activities predicting 
hepatic lipidosis in 506 cows slaughtered. The diagonal line represents 
the sensitivity and specificity level at which the test is noninformative. 
Area under curve is 0.61.
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AREA UNDER CURVE AND LIKELIHOOD RATIOS

To evaluate the association of BHBA, NEFA, NEFA/
cholesterol, and AST with hepatic lipidosis, area under curve 
(AUC) were calculated by using ROC curves. The AUC for 
NEFA/cholesterol was 0.77, while the AUC for NEFA (0.74), 
BHBA (0.70), and AST (0.61) were lower than for NEFA/
cholesterol (Figures 1-4). 

Likelihood ratios were calculated based on critical 
thresholds determined by univariable ROC analysis and 
reported in Table 6. In the ROC analysis, the positive 
likelihood ratio for BHBA was higher than for other 
measured metabolites (Table 6).

Discussion

The diagnosis of fatty liver syndrome is challenging 
and inconsistent among dairy cow practitioners. Although 
great efforts were taken to standardize disease definitions, 
the methods of detection of disease is not rewarding. The 
hormonal and pathological changes associated with fatty 
liver affect concentrations of metabolites and minerals in 
plasma.

The results supports that elevated concentrations of 
BHBA, NEFA and activity of AST and increased ratio of 
NEFA/cholesterol were highly significantly associated with 
hepatic lipidosis. 

Concentration of NEFA directly reflects the amount 
of adipose tissue breakdown taking place. Excessively high 
NEFA concentrations due to negative energy balance results 
in fatty infiltration of the liver, which is associated with higher 
incidence of periparturient metabolic diseases [3,8,15]. The 
original reference values for NEFAs suggesting post-calving 
NEFA concentrations above 0.6 mmol/L are associated with 
5-fold increase of disease risk [25]. Our analysis indicated 
that cows with NEFA values > 0.566 mmol/L were 5.7 times 
more likely to have hepatic lipidosis. Other research has 
reported similar relationships between health problems and 
serum NEFA concentrations [16,22]. Ospina et al (2010) 
suggested that for the prediction of the development of any 
disease, the prepartum NEFA critical threshold was 0.29 
mmol/L and the postpartum NEFA threshold was 0.57 
mmol/L [18]. However, Seifi et al. (2011) found that cows 
at first week postpartum with NEFA concentrations of ≥ 1.0 
mmol/L were 3.6 times more likely to be culled within the 
next 2 months [22]. 

Although there was a strong association between 
NEFA concentrations and risk of hepatic lipidosis, and the 
likelihood ration of a positive result of this test was lower 
than BHBA and the ratio of NEFA/cholesterol. 

Lipoproteins are required for fat to be transported out of 
the liver. The lipoprotein class that transports fat from the 

liver is identified as a very low-density lipoprotein (VLDL). 
Associated with fat in the VLDL structure is a substantial 
amount of cholesterol. Therefore, total serum cholesterol 
indirectly measures the presence of VLDL in blood, and 
consequently measures the liver’s ability to produce VLDL 
[25]. 

The present study showed cows with hepatic lipidosis 
had a significantly lower concentrations of cholesterol 
compared to cows with normal liver, which is in agreement 
with the results of Holtenius and Hjort [15]. However, the 
multivariable logistic model showed that serum cholesterol 
was not significantly associated with the development of fatty 
liver. Some investigators have suggested assessing the NEFA to 
Cholesterol ratio for this reason [15]. Our analysis indicated 
NEFA to cholesterol ratio was significantly associated 
with hepatic lipidosis. Based on maximum sensitivity and 
specificity, the optimum cutpoint for NEFA/cholesterol ratio 
was 0.2 for hepatic lipidosis, Cows with NEFA /cholesterol 
ratio > 0.2 were 9.9 times more likely to be affected to fatty 
liver. Elevated NEFA concentrations are associated with the 
potential for a reduction in liver function because of re-
esterification of fatty acids and accumulation of triglycerides 
in the cytoplasm of hepatocytes [12]. On the other hand, 
low total cholesterol value characterize conditions in which 
VLDL production is limited and fatty infiltration is probable 
[25]. Therefore, high values of NEFA/cholesterol ratio may 
be highly suggestive of hepatic lipidosis.

The present study found an association between BHBA 
>780 μmol/L and increased risk of hepatic lipidosis. However, 
this cutpoint is lower than other reports which using BHBA 
cutpoints to predict periparturient diseases and culling 
[4,18,22]. These differences are likely caused by the sampling 
time relating to parturition, because the increase in BHBA 
concentrations typically starts after calving and remain high 
during first month after parturition. While only 9% of cows 
in this study had been within 30 days in milk. 

Efforts to use serum activities of hepatic enzymes as a 
diagnostic aid for fatty liver have been mostly unrewarding. 
Serum activities of hepatocellular enzymes are not sensitive 
indicators of fatty liver [11]. Of the enzymes commonly 
measured in serum, AST has been the one that has correlated 
best with fatty liver [11, 20]. Fatty liver is associated with a 
great change in serum AST activity mean values, compared 
with serum sorbitol dehydrogenase activity means. However 
with both enzymes there is a considerable overlap in the 
ranges of values in cows with and without moderate to severe 
fatty liver [14]. AST appears to be somewhat more sensitive 
to the effects of fatty infiltration [9]. In the present study, AST 
activities in cows with fatty liver were significantly higher 
than non-fatty liver ones. The optimum cutpoint of AST 
was 120 U/L, which is higher than the cutpoint suggested 
by Herdt and Gerloff  [13]. They suggested that AST values 
above 100 U/L are related with the existence of fatty liver. 
However, AST had the lowest sensitivity and smallest area 
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under curve among the metabolites of hepatic lipidosis in 
the present study. This finding makes the predictive power 
of AST, poor.

In this study, BHBA had the highest likelihood ratio 
positive comparing with other measured metabolites. 
This was due to high specificity of the test. The sensitivity 
associated with this threshold was low; therefore, results 
should be interpreted with caution. However, LRs offer 
several potential advantages over estimates of Se and Sp 
because they summarize the information in both Se and 
Sp into a single value. If the pre-test probability of hepatic 
lipidosis is known, likelihood ratios allow a direct calculation 
of post-test probability: pre-test odds × LR = post-test odds 
[6, 7]. Suppose that a cow 2 weeks after calving with clinical 
signs of decreased appetite and production and the value of 
high AST is being considered for hepatic lipidosis. We assume 
a pretest probability of potential hepatic lipidosis of 50%, and 
a BHBA value of 1500 μmol/L, which has a corresponding 
LR+ of 9.4 (on the basis of the results of the present study). 
Therefore, pretest odds (50%) ×LR (9.4) yields posttest odds 
of 470%. This value might be high enough to consider this 
cow as a hepatic lipidosis affected.    

 
Bilirubin concentrations were significantly increased 

in hepatic lipidosis affected cows than non-fatty liver ones. 
However, the metabolite was not remained in final model of 
logistic regression. Significant positive correlations between 
the degree of fatty infiltration in cows with ketosis or fat cow 
syndrome and concentrations of total bilirubin (r = 0.62) 
were found [26]. Bilirubin values are most specific to bile flow 
problems than overt liver cell damage. The bilirubin values 
need to be interpreted in conjunction with total cholesterol 
and NEFA results [25].

The present study is an abattoir-based research. This is 
the major limitation of the present study. Further research 
needed to be done to determine the effect of sampling timing 
(pre and post-partum) effect on value of the metabolites and 
critical thresholds in hepatic lipidosis prediction. Knowing 
which metabolites to measure at what time would be useful 
to predict subsequent hepatic lipidosis.      

Conclusion

Elevated concentrations of NEFA and BHBA and 
activities of AST were associated with hepatic lipidosis. On 
the basis of odds ratio and LRs, BHBA threshold was the best 
predictor of hepatic lipidosis. However, the ratio of serum 
NEFA to cholesterol had the highest area under curve that 
was very accurate for the prediction of fatty liver. Sensitivity, 
specificity, and likelihood ratio positive of NEFA/cholesterol 
critical threshold of 0.2 were 63%, 85%, and 4.3, respectively. 
It seems that concentrations of BHBA and NEFA/cholesterol 
ratio can be used for prediction of fatty liver. On the other 
hand, NEFA and AST concentrations may not accurately 
predict fatty liver. However, The association must be viewed 
as probability, not absolute indication of outcome.
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