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The transition period that starts three weeks before 
and ends three weeks after parturition is characterized 
by sudden metabolic and physiologic changes (7). In 
this short time period, the pregnancy and lactational 
status of the cow shift, which causes severe stress. Dry 
matter intake (DMI) starts to decline before parturition, 
reaches the lowest point around parturition and steadily 
increases for the next six to eight weeks after delivery 
(7). The mammary glands of fresh postpartum cattle 
use about 97% of the energy and 83% of the protein 
from feed intake for milk production (4). However, 
cows’ requirements for milk production are high in 
the period during which DMI is still low. Thus, these 
increased demands of the mammary glands are fulfilled 
by whole body insulin resistance excluding the mam-
mary glands (8), which is also one of the significant 

metabolic changes occurring in this transition period. 
As a result of decreased DMI, high-yielding dairy cattle 
experience varying degrees of negative energy balance 
(NEB), increased energy requirements for milk pro-
duction and insulin resistance in the early postpartum 
period. The cows’ metabolisms struggle with NEB by 
stimulating lipolysis of adipose tissue, which results in 
an increase in blood levels of non-esterified fatty acids 
(NEFA). Fatty liver and ketosis are the main energy 
metabolism-related disorders of transition cows.

Elevated blood NEFA and BHBA levels are the main 
indicators of NEB in dairy cattle. Along with NEFA 
and BHBA, glucose, albumin, Gamma-Glutamyl 
Transferase (GGT) and Blood Urea Nitrogen (BUN) 
levels are also taken into consideration when perform-
ing a metabolic profile test for evaluating a herd’s NEB, 
ketosis and fatty liver status. Blood glucose levels are 
generally decreased in ketotic cows; however, due to 
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The aim of the presented study was to evaluate the relationship between adiponectin and the non-esterified 
fatty acids (NEFA), β-hydroxybutyric acid (BHBA), glucose, albumin, gamma-glutamyl transferase (GGT), 
calcium, phosphorus and blood urea nitrogen (BUN) levels in healthy cows and cows suffering clinical or 
subclinical ketosis in the early postpartum period. A total of 45 Holstein-Friesian dairy cows, consisting of 15 
with clinical ketosis, 15 with subclinical ketosis and 15 healthy controls, was used in the study. The selection 
of animals was based on blood BHBA levels and urine ketone strip results on day 7 after parturition. Blood 
adiponectin, NEFA, glucose, albumin, GGT, calcium, phosphorus and BUN were also measured on day 7 
postpartum. Adiponectin levels were significantly lower in both clinical ketosis and subclinical ketosis groups 
compared to the control group. NEFA levels were higher and glucose and calcium levels were lower in both 
ketosis groups when compared to the control animals. On the other hand, blood albumin, GGT, phosphorus 
and BUN levels did not differ among study groups. Based on the results of the study, it can be stated that 
adiponectin may play a role in the pathogenesis of ketosis. This role could be a lower milk yield and better 
energy balance in early postpartum dairy cows with high adiponectin levels due to increased whole body tissue 
insulin sensitivity.
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decreased insulin sensitivity, increased blood glucose 
levels could also be detected in cows with fatty liver 
and ketosis (21, 26). Blood albumin and BUN levels 
are negatively correlated with the degree of hepatic fat 
infiltration (20). On the other hand, blood GGT levels 
are demonstrated to be positively correlated with levels 
of hepatic lipidosis (2).

Ketosis and calcium metabolism are in a relationship 
that directly affect each other. In general, hypocalcemia 
may be shaped at varying degrees in the animals with 
ketosis. Although ionized calcium due to metabolic 
acidosis at varying degrees in ketosis is usually normal, 
a decrease in total calcium concentration also needs 
attention (18).

Adiponectin is a  hormone secreted from adipose 
tissue which regulates energy metabolism by increas-
ing insulin sensitivity of tissues and stimulating glu-
cose utilization and fatty acid oxidation by activating 
AMP-activated protein kinase (29, 30). Circulating 
levels of adiponectin are low around parturition, which 
is associated with decreased insulin sensitivity in that 
period (15, 23).

The aim of the presented study was to evaluate the 
relationship between adiponectin and blood NEFA, 
BHBA, glucose, albumin, GGT, calcium, phosphorus 
and BUN levels in healthy cows and cows suffering 
clinical or subclinical ketosis.

Material and methods
Animals and sample collection. The study was con-

ducted on a single farm. Selection of animals was made 
according to blood BHBA levels and urine ketone strip 
results on day 7 after parturition. Fifteen animals with keto-
nuria and with blood BHBA levels higher than 1.4 mmol/l 
were enrolled in the study as the Clinical Ketosis Group 
(CKG). Another 15 cows without ketonuria and with blood 
BHBA levels between 1 and 1.4 mmol/l were enrolled as 
the Subclinical Ketosis group (SKG). Fifteen cows without 
ketonuria and with blood BHBA levels lower than 1 mmol/l 
were enrolled as the Control Group (CG). 
Animals selected for the study were clinially 
examined for postpartum diseases such as 
mastitis, metritis, displaced abomasum and 
laminitis; those detected to be suffering from 
any one of these diseases were excluded from 
the study and new ones were enrolled. At the 
end, 45 Holstein-Friesian dairy cattle between 
the ages of 3-6 years (mean 4.2 ± 0.4) were 
selected for the study. Housing, feeding and 
management conditions were the same for 
all cows. Diets were formulated according 
to recommendations by the NRC (16) and 
delivered as a total mix ration. All cows were 
housed in free stall barns.

Blood samples for NEFA and glucose anal-
ysis were collected before morning feeding. 
Blood BHBA levels increase after feeding, 
thus it is suggested (15) for blood samples 

to be collected 4-5 h after feeding in order to determine 
peak concentrations of BHBA. Therefore, blood samples 
for BHBA albumin, GGT, calcium, phosphorus and BUN 
were collected 4-5 h after morning feeding between 11:00 
and 12:00 a.m., from the coccigeal vein into plain tubes. 
After clotting, the samples were centrifuged at 1000 r.p.m. 
for 15 min and sera were immediately separated and stored 
at –20°C until analyses.

Biochemical analysis. Serum glucose, albumin, calcium, 
phosphorus, GGT and BUN levels were measured by using 
an automatic analyser (Roche Cobas Integra 400; Roche 
Diagnostics, Indianapolis, IN). Serum NEFA (Bovine NEFA 
ELISA No: CK-E90284, Eastbiopharm, China), BHBA 
(Bovine BHBA ELISA No: CK-E90438, Eastbiopharm, 
China) and adiponectin (Bovine adiponectin (ADP) ELISA 
No: E90440, Eastbiopharm, China) levels were measured 
according to the manufacturer’s instructions by using com-
mercial ELISA kits.

Statistical analysis. Statistical analysis of the results 
was performed by using SigmaPlot 12 software (Systat 
Software Inc., USA). A normality test was performed 
using the Shapiro-Wilk test, and the data were found to be 
normally distributed. Serum adiponectin, NEFA, BHBA, 
glucose, albumin, calcium, phosphorus, GGT and BUN 
levels samong groups were compared using repeated mea-
sures analysis of variance (RM ANOVA). The relationships 
between the measured parameters were quantified by Pear-
son’s correlation coefficients. For all analyses, P ≤ 0.05 was 
considered significant.

Results and discussion
Adiponectin levels were lower (p < 0.001) in CKG 

and SKG compared to CG. As the animal selection 
criteria were based on blood BHBA levels, BHBA 
levels were different (p < 0.001) among groups. NEFA 
levels were higher and glucose and calcium levels were 
lower in both ketosis groups compared to the control 
animals (Tab.1). On the other hand, blood albumin, 
GGT, phosphorus and BUN levels did not differ among 
study groups.

Tab. 1. Serum biochemical values of the animals incorporated into the scope 
of the study (mean ± SE; n = 15)

Biochemical 
parameters

Group of animal

CKG SKG CG Reference 
Ranges

Adiponectin (ng/ml) 12.9 ± 0.3A 14.7 ± 1.2A 21.2 ± 1.4B –

BHBA (mmol/L)   2.2 ± 0.02A   1.1 ± 0.01B 0.02 ± 0.001C 0-1.2

NEFA (mmol/L)   0.3 ± 0.04A   0.2 ± 0.04A 0.09 ± 0.002B < 0.6

Glucose (mg/dL) 47.7 ± 1.9A 52.9 ± 1.7A 68.9 ± 2.5B 45-75

Albumin (g/dL)   3.3 ± 0.09A   3.3 ± 0.1A   3.2 ± 0.1A 3.0-3.5

GGT (IU/L) 23.3 ± 2.3A 24.4 ± 2.2A 19.9 ± 1.3A 6.1-24

Calcium (mg/dL)   8.7 ± 0.2A   9.0 ± 0.1A   9.8 ± 0.1B 8.3-1.2

Phosphorus (mg/dL)   6.2 ± 0.3A   6.1 ± 0.1A   6.1 ± 0.1A 4.5-6.5

BUN (mg/dL) 11.6 ± 0.8A 11.5 ± 0.8A 13.5 ± 0.8A 6-27

Explanation: A, B, C – the values followed by the different letter show statisti-
cally significant differences at p < 0.001
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Correlation coefficients and 
significance levels between 
measured parameters are given 
in Table 2. BHBA and adipo-
nectin levels were positively 
correlated in CG. However, 
correlation between the same 
parameters was negative when 
data was pooled. GGT and 
BUN levels were negatively 
correlated in CG and CKG 
groups. The highest correlation 
between measured parameters 
was detected in pooled data, 
as expected, due to a  greater 
volume of data evaluated. 
NEFA was negatively and 
glucose positively correlated 
with adiponectin. Calcium 
was positively correlated with 
adiponectin and glucose; how-
ever, the correlation between 
calcium and NEFA and cal-
cium and BHBA was negative.

A negative energy balance 
and consequent ketosis is one 
of the main health problems in 
dairy herds. The incidence of 
the disease is expected to rise 
parallel to the selection of cows 
solely based on milk and milk 
fat production. Thus elucidat-
ing the metabolic pathways of 
ketosis would be a step toward 
future treatment and preven-
tion protocols.

Ketosis could be defined 
simply as an increase in the 
circulating levels of ketone 
bodies. BHBA is the most 
stable ketone body, thus detec-
tion diagnosis of ketosis is 
based on blood BHBA levels. 
Different thresholds of BHBA 
are used for the detection of 
ketosis in dairy cows (6, 10, 
18). Walsh et al. (27) reported 
that BHBA levels higher than 
1 mmol/l in the first week and 
higher than 1.4 mmol/l in the 
second week of lactation are associated with decreased 
reproductive performance. Similarly Ospina et al. 
(18) reported that cows with BHBA levels higher 
than 1 mmol/l in the first two weeks of lactation are 
6.9 and 2.3 times more likely to suffer from displaced 
abomasum and metritis, respectively. Thus in the 
present study we acquired the threshold levels of 1 
and 1.4 mmol/l for the detection of subclinical ketosis 

and animals with blood BHBA levels higher than 1.4 
mmol/l were enrolled in the study as clinical ketosis, 
respectively. Adiponectin is an adipokine secreted 
mainly from adipose tissue, which is resposible mainly 
for glucose homeostasis by increasing insulin sensitiv-
ity. Kabara et al. (12) reported that along with roles 
in the energy metabolism of cattle, adiponectin also 
plays a  role in inflamatory responses by decreasing 

Tab. 2. Correlations between serum adiponectin, NEFA, BHBA, glucose, albumin, BUN, 
GGT, Ca and P levels in control group (CG), subclinical ketosis group (SKG), clinical 
ketosis group (CKG) and pooled data

CG (n = 15) NEFA BHBA Glucose Albumin BUN GGT Ca P

Adiponectin   0.40   0.60* –0.14   0.19 –0.04 –0.39   0.48   0.23

NEFA   0.18 –0.06   0.39   0.21 –0.38   0.21   0.15

BHBA –0.09   0.10 –0.21 –0.51   0.32   0.40

Glucose –0.06 –0.15   0.14   0.28 –0.13

Albumin   0.52 –0.55*   0.48   0.45

BUN   0.14   0.27   0.32

GGT –0.45 –0.39

Ca   0.07

SKG (n = 15) NEFA BHBA Glucose Albumin BUN GGT Ca P

Adiponectin –0.31   0.09   0.07   0.40 –0.04   0.16 –0.15 –0.18

NEFA   0.08 –0.22 –0.33 –0.15   0.30 –0.26   0.23

BHBA   0.31   0.43   0.37 –0.17   0.37   0.41

Glucose   0.07   0.10 –0.34   0.15   0.29

Albumin   0.37 –0.38   0.55*   0.64*

BUN –0.43   0.69**   0.36

GGT –0.31 –0.27

Ca   0.55*

CKG (n = 15) NEFA BHBA Glucose Albumin BUN GGT Ca P

Adiponectin –0.03   0.13   0.04 –0.36   0.31   0.72** –0.12 –0.01

NEFA   0.13 –0.47   0.56*   0.30 –0.15 –0.17   0.22

BHBA –0.02   0.22   0.35   0.13 –0.17 –0.20

Glucose –0.21 –0.26   0.20   0.19 –0.20

Albumin   0.29 –0.61*   0.09   0.33

BUN –0.01 –0.13   0.42

GGT –0.03 –0.41

Ca –0.51

Pooled Data 
(n = 45) NEFA BHBA Glucose Albumin BUN GGT Ca P

Adiponectin –0.45** –0.60**   0.50**   0.06   0.26 –0.09   0.40**   0.01

NEFA   0.52** –0.56**   0.11 –0.19   0.16 –0.42**   0.17

BHBA –0.65**   0.09 –0.36*   0.14 –0.50**   0.06

Glucose –0.12   0.24 –0.18   0.50** –0.07

Albumin   0.33* –0.44**   0.15   0.39*

BUN –0.21   0.25   0.29

GGT –0.23 –0.35*

Ca –0.27

Explanations: asterisks indicate significant correlation between parameters (*P < 0.05, **P < 
0.01). (NEFA – non-esterified fatty acid, BHBA – β-hydroxy butyric acid, BUN – blood urea 
nitrogen, GGT – Gamma-Glutamyl Transferase, Ca – calcium, P – phosphorus)
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the tumor necrosis factor-α (TNF-α) expression by 
macrophages. Decreased tissue insulin resistance in 
the early postpartum period is an important metabolic 
adaptation resulting from the mobilization of blood 
glucose to mammary glands (11, 14). Thus, high 
adiponectin levels in the early postpartum period will 
result in a lower milk yield and better energy balance. 
Konstatinos (13) reported that the milk yield of cows 
with higher circulating adiponectin in the postpartum 
period was lower when compared to cows with lower 
adiponectin levels. NEFA levels were not correlated 
with adiponectin in that study. However, we detected 
a negative correlation between adiponectin and NEFA. 
That finding is compatible with other studies (12, 23) 
conducted on early postpartum dairy cows.

Adiponectin reachs its nadir in the first week after 
parturition in cattle and steadily increases to its peak for 
six to eight weeks after parturition (15, 17). As adipo-
nectin plays important metabolic roles like increasing 
insulin sensitivity and decreasing lipomobilization, low 
levels of adiponectin could result in disrupted energy 
metabolism in the early postpartum period of dairy 
cows (15). The cows used in our study were within 
the first week of lactation, the time period in which 
adiponectin levels are expected to be lowest, thus 
lower adiponectin levels in cows suffering clinical or 
subclinical ketosis when compared to healthy ones in 
the presented study could be attributed to halted energy 
metabolism and the role of adiponectin in pathogenesis 
of ketosis.

BHBA and NEFA levels were negatively correlated 
with blood glucose, which is an expected finding, as 
the lipomobilisation is triggered by low blood glucose 
levels (15). Glucose levels were higher in healthy 
cows when compared to ketotic ones and positively 
correlated with adiponectin levels in pooled data; 
however, a similar correlation was not detected within 
groups. Ohtani et al. (17) found a  non-significant 
negative correlation between glucose and adiponectin. 
Similarly, Konstantinos (13) reported higher glucose 
levels in cattle with high circulating adiponectin when 
compared to cattle with normal adiponectin levels. 
As mentioned above, we observed low adiponectin 
levels in ketotic cows. Glucose levels are also usually 
decreased in cows suffering from ketosis (21). As two-
thirds of the cows selected for the study were ketotic 
in the presented study, we concluded that the positive 
correlation detected between glucose and adiponectin 
in our study, in contrast to previous studies, could be 
related to the metabolic statuses of the animals used.

Yameogo et al. (31) did not find a statistically sig-
nificant difference between GGT values in clinical 
and subclinical ketosis animals in a study conducted. 
Ropstad et al. (19) have reported that severe hepatic 
lipidosis can occur in chronic cases of ketosis. In the 
present study, GGT values in animals with subclini-
cal ketosis and the control group were within normal 
limits, and no statistically significant difference was 

detected. Presumably this result may indicate that liver 
parenchyma is not sufficiently affected in subclinical 
ketosis animals, and even if no biopsy is performed, it 
may be considered that chronic diffuse hepatic lipidosis 
does not occur. In the present study, the lack of statisti-
cal significance between the values of GGT, Alb and P 
in the SKG and CG is in line with the results obtained 
in some previous studies (22).

Calcium levels were lower in ketotic groups in the 
presented study. Ketosis and calcium metabolism are 
in a relationship that directly affect each other. In gen-
eral, hypocalcemia may be shaped at varying degrees 
in the animals with ketosis. Although due to metabolic 
acidosis at varying degrees in ketosis ionized calcium is 
usually normal, but a decrease in total calcium concen-
tration also needs attention (19). In the present study, 
although the serum calcium levels in the two groups 
were within the normal limits as indicated in Table 1, 
there was a statistically significant difference between 
the subclinical, clinical ketosis group and the control 
group (p < 0.001). Similar to this finding, moderate 
hypocalcemia was found in subclinical and clinical 
ketosis cows according to a study on milk cows (5). 
The present study also showed that the calcium levels 
measured in subclinical ketosis animals were lower 
than the control group, the calcium binding of fatty 
acids resulting from lipolysis resulting in a negative 
energy balance and the decrease in dry matter con-
sumption during the transitional period (19), as well as 
metabolic acidosis, which is more or less observed in 
any period of ketosis, may be due to increased calcium 
excretion through the urine. On the other hand, the 
relationship between adiponectin and blood calcium 
is important as a link between energy metabolism and 
calcium homeostasis and is widely studied, especially 
in human and murine models. Circulating adiponectin 
levels are decreased in humans with primary hyper-
parathyroidism (3, 28). In contrast to that, however, 
it is reported that a high-calcium diet stimulated the 
expression of adiponectin in mice (24, 25). Banga et 
al. (1) reported that calcium promotes the formation of 
high molecular weight adiponectin. Similarly, Iwabu 
et al. (9) reported that adiponectin increases intrace-
lullar calcium and disruption of adiponectin receptors 
results in the supression of adiponectin-related intra-
cellular calcium increase. Serum calcium levels were 
significantly correlated with adiponectin in the pre-
sented study. Although the exact interrelation between 
adiponectin and calcium is not fully elucidated, the 
relationship between energy metabolism and calcium 
homeostasis, which are the most disrupted mechanisms 
in postpartum dairy cows, is the topic of future studies.

In conclusion, to our knowledge this is the first study 
evaluating serum adiponectin levels in cows suffer-
ing ketosis. Based on the lower adiponectin levels in 
ketotic cows in the presented study, we conclude that 
animals with lower blood adiponectin levels in the early 
postpartum period are prone to suffer from ketosis. The 
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role of adiponectin in the pathogenesis could be related 
to lower milk yield and better energy balance in early 
postpartum dairy cows with high adiponectin levels 
due to increased whole body tissue insulin sensitivity. 
However, further studies are required for elucidation of 
the exact relationship between the postpartum energy 
balance and adiponectin in dairy cattle.
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