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The Relationship between Insulin Resistance and Type II Ketosis in Dairy Cows
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ABSTRACT

Background: Cows in perinatal period are prone to ketosis, characterized by increased ketone bodies and decreased blood 
sugar. Study found that cows with type II ketosis had higher blood glucose levels. This type of ketosis exhibits insulin 
resistance and impaired glucose tolerance that are similar to type 2 diabetes. The purpose of this study was to investigate 
the role of insulin resistance(IR) in type II ketosis in dairy cows.
Materials, Methods & Results: In one intensive cattle farm, eight cows with ketosis and eight healthy cows that were 14-
21 days postpartum were selected. The plasma of experimental dairy cows was collected and tested for the concentration 
of glucose concentration. Glucose tolerance of blood glucose levels in 120 min was used as the cut-off point to divide the 
dairy cows into three groups: the abnormal glucose tolerance ketosis group (TH), the normal glucose tolerance ketosis 
(TL), and the healthy control group. Simultaneously, the indexes of plasma liver function, oxidative stress, and insulin 
resistance were detected. The results showed that after intravenous glucose injection, there was no significant difference 
in blood glucose concentration between the TL and control group, while the blood glucose levels in the TH group were 
always higher than in the other two groups. The insulin sensitivity index (RQUICKI) value was significantly lower in the 
TH group than in the other two groups. Liver function abnormalities in the TH group were more severe than in the TL and 
control group. Oxidative stress was higher in the TH group than in the TL and control groups.
Discussion: Postpartum dairy cows, with high lactation, consume large amounts of sugar, resulting in a lower blood sugar, 
and the postnatal dry matter intake peak is later than the peak lactation, which further decreases blood sugar and leads to 
a negative energy balance in cows. Such ketosis is associated with NEB caused by hypoglycemia, However, a survey of 
blood glucose concentration in cows with ketosis shows that ketosis can still occur in cows with high blood sugar levels. 
The pathogenesis of hyperglycemic ketosis is still unclear. Insulin Resistance (IR) refers to tissue sensitivity to insulin 
decreases, compensatory Islet beta cells secreting insulin thus producing hyperinsulinemia. AST is a typical indicator of 
liver damage, plasma AST levels in Group TH were significantly higher than the other two groups.The RQUICKI is a key 
indicator determining whether the body has developed insulin resistance. the plasma insulin sensitivity index of group TH 
was significantly lower than Group TL and C. BHBA levels in serum is the gold standard for the diagnosis of cow ketosis.
The concentration of NEFA and BHBA in the blood is a sign of negative energy balance. The concentration of BHBA and 
NEFA in the TH group was significantly higher than in the group C, and the concentration of BHBA was higher than the 
critical value of ketosis. SOD is a metal antioxidant enzyme and its level are key indicators in measuring the removal of 
oxidizing substances. T-AOC is a measuring indicator for total antioxidant function. The reduction of SOD and T-AOC 
concentrations in the TH group indicated that the antioxidant capacity of ketone cows with abnormal glucose tolerance 
was reduced. The above results show that the TH group is severely impaired in liver function, and has a disorder of glu-
cose metabolism, abnormal glucose tolerance and hyperinsulinemi, which also have severe IR. Moreover, the antioxidant 
capacity of the TH cows with ketosis declined, the body was in a state of oxidative stress. Thus, the occurrence of ketosis 
in some cows is related to a glucose utilization disorder caused by insulin resistance, and abnormal liver function and 
oxidative stress are the causes of insulin resistance.
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INTRODUCTION 

A negative energy balance caused by hypoglyce-
mia in cows is the main cause of ketosis [14,26]. However, 
there is also a class of ketosis, in which the blood glucose 
concentration of the diseased cow does not decrease or 
even exceeds the normal level. Type II diabetes is closely 
related to insulin resistance and most patients with type 
II diabetes are overweight or obese [11]. Cows with hy-
perglycemia ketosis show insulin resistance and glucose 
tolerance which is similar to those of type II diabetes, 
therefore it was named type II ketosis [1,17]. 

IR is the pathogenic factor of diseases such as 
diabetes and obesity [4], and its notable features include 
hyperinsulinism, abnormal glucose tolerance, and type 
II diabetes. The normal blood glucose insulin clamp 
technique is an international gold standard method for 
determining IR [22]. However, it is not suitable for the 
detection of large samples because it is time-consuming 
and is expensive [2,29]. Oral glucose tolerance test, the 
use of blood insulin levels to assess the body’s IR level, 
is widely used at home and abroad. The intravenous 
glucose tolerance test (IVGTT) is a more reliable trial to 
measure pancreatic β-cell function, which reflects later-
ally the sensitivity of insulin against the target cell and 
the reaction rate of glucose metabolism involved [16]. 
Holtenius used a high accuracy, widely used in clini-
cal method of calculating the RQUICKI to determine 
the extent of IR [18]. Abnormal glucose tolerance is a 
necessary stage in the development of type II diabetes. 
If glucose tolerance is abnormal, insulin resistance will 
appear in the body [8]. The aim of the study was to 
research the role of IR in type II ketosis in dairy cows.

MATERIALS AND METHODS

Test animals and groups

In an intensive dairy farm, eight cows with 
ketosis 14-24 days after delivery were selected by the 
ketone powder method combined with a blood ketone 
instrument. Among them, four were in good condition, 
four were in a normal condition, and another eight 
healthy cows were selected as the control group. Blood 
samples of the test cows were collected to test the blood 
glucose level. According to the blood glucose level 2 h 
after intravenous glucose, the dairy cows were divided 
into three groups: the abnormal glucose tolerance ke-
tosis (HT) group, the normal glucose tolerance ketosis 
(LT) group, and healthy control group (Group C).

The selected animals received a fasting jugular 
vein injection of 50% glucose solution. Blood was taken 
from the tail vein at 15 min before the injection and 0, 
15, 30, 60, 90, and 120 min after the injection. Heparin 
anticoagulation and blood samples were placed in a test 
tube and centrifuged at 903 × g for 10 min, the resulting 
plasma was stored at -80°C until tested.

Main test items

β-Hydroxybutyrate (BHBA ELISA kit)1, blood 
glucose (GLU ELISA kit)2, aminotransferase (ALT ELI-
SA kit)2, glutamic oxalacetic transaminase (AST ELISA 
kit)2 albumin (ALB ELISA kit)2. Glucagon (GC ELISA 
kit)3, total antioxidant capacity (T-AOC ELISA kit)3, total 
superoxide dismutase (T-SOD ELISA kit)3, malondial-
dehyde (MDA ELISA kit)3, Insulin (INS ELISA kit)3, 
Free fatty acid (NEFA ELISA kit)4. adiponectin (ADP 
ELISA kit)5. These indicators measured by Hitachi 7170 
automatic biochemical analyzer6 or 722N visible spectro-
photometer7, DG5033A micro plate reader8.

Insulin sensitivity index (RQUICKI):
RQUICKI = 1 / [logG0 + logI0 + logFFA0]) 

Data processing

The experimental data were analyzed by 
SPSS17.0 software, using the single factor variance 
for statistical analysis, and the results are expressed 
as the mean ± standard deviation.

RESULTS

The condition of experimental cow liver function

As shown in Table 1, three groups of plasma 
ALT levels were not significantly different at all time-
points; in the glucose tolerance test, plasma AST levels 
in Group TH were significantly higher than the other two 
groups. Group TL was significantly higher than Group 
C. At 0-90 min, the plasma ALB concentration in the TH 
group was significantly lower than the C group (Table 1).

The above results indicate that in the plasma 
of the TH group, hepatic enzymes were increased and 
protein synthesized by the liver was also decreased. 
There were significant differences in liver function 
indicators between the three groups, indicating that 
ketosis cows, with abnormal glucose tolerance, were 
severely impaired by liver function. The ketosis cows 
with normal glucose tolerance had less liver damage 
and the differences between the TL group and C group 
were smaller than that of the TH group and C group
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Experimental cow insulin resistance status

As shown in Table 2, the concentration of blood 
glucose in the TL group was significantly lower than 
that of the other two groups, at 15 min. But at 15-120 
min, the TH group was significantly higher than the 

Table 1. Changes of liver function indices of dairy cows with ketosis during glucose tolerance test.

Parameter Group
Administration of Glucose (Min)

-15 0 15 30 60 90

TH 25.25 ± 6.84 22.25 ± 5.79 23.50 ± 5.74 23.75 ± 4.92 23.75 ± 5.56 23.50 ± 5.74

ALT TL 24.25 ± 2.22 24.00 ± 2.71 24.75 ± 2.87 24.75 ± 2.87 24.75 ± 2.50 22.25 ± 4.03

C 26.25 ± 6.75 25.13 ± 6.24 26.25 ± 6.34 26.50 ± 6.36 26.75 ± 6.45 25.37 ± 5.73

TH 216.75 ± 12.68A 199.25 ± 20.32A 201.25 ± 14.70A 207.50 ± 17.48A 201.25 ± 20.69A 205.25 ± 17.59A

AST TL 120.75 ± 2.22B 108.25 ± 14.88Ba 117.50 ± 4.50B 120.75 ± 5.44B 124.50 ± 7.00B 115.50 ± 6.75B

C 88.00 ± 6.82C 84.13 ± 11.22Bb 85.25 ± 8.39C 87.00 ± 9.31C 90.50 ± 7.33C 85.13 ± 7.20C

TH 36.47 ± 3.82 31.80 ± 4.92A 33.05 ± 3.79A 34.63 ± 3.63A 34.20 ± 5.26a 34.00 ± 4.22a

ALB TL 38.05 ± 0.88 34.50 ± 1.93 36.38 ± 1.48 37.05 ± 0.81 38.25 ± 1.35 38.00 ± 2.07b

C 38.48 ± 2.09 36.61 ± 1.39B 37.98 ± 1.69B 38.50 ± 1.80B 38.93 ± 2.09b 37.58 ± 1.79b

Different capital letters in the same row represent a very significant difference (P < 0.01), different lowercase letters represent a significant difference 
(0.01 < P  < 0.05), and the same letter or without letters indicates no significant difference (P  > 0.05).

group TL and C; in a 15-90 min period, the concentra-
tion of plasma glucagon in the TL group was higher 
than Group C and TH. The plasma ADP concentration 
of the TH group was significantly lower than Group C 
in a 60-120 min period.

Table 2. Glucose tolerance test and insulin resistance of dairy cows with ketosis.

Parameter Group
Administration of Glucose (Min)

-15 0 15 30 60 90

GLU

TH 3.53 ± 1.06A 20.47 ± 2.67 14.87 ± 0.79a 11.63 ± 0.58A 8.09 ± 0.94A 5.42 ± 1.24A

TL 2.00 ± 0.45B 16.35 ± 2.78 11.90 ± 1.41b 8.70 ± 1.56B 5.49 ± 0.38B 4.02 ± 0.47B

C 3.18 ± 0.42A 17.31 ± 3.15 12.18 ± 2.43b 8.78 ± 1.36B 5.53 ± 0.93B 3.82 ± 0.55B

TH 358.97 ± 6.99A 314.51 ± 8.95A 332.86 ± 8.34a 361.67 ± 32.67Aa 343.72 ± 9.27A 323.93 ± 10.97A

GC TL 389.17 ± 9.10B 355.77 ± 18.32B 380.01 ± 44.67b 418.48 ± 7.88B 403.63 ± 9.24B 364.78 ± 6.52B

C 365.98 ± 9.98A 323.18 ± 8.90A 350.23 ± 31.28 385.92 ± 6.29Ab 351.25 ± 11.05A 339.45 ± 17.23A

TH 7.42 ± 0.11A 8.18 ± 0.07A 8.75 ± 0.77A 8.12 ± 0.05A 7.65 ± 0.34A 7.28 ± 0.21A

INS TL 6.54 ± 0.21B 7.65 ± 0.04B 7.82 ± 0.07B 7.20 ± 0.04B 6.74 ± 0.10B 6.29 ± 0.27Bb

C 6.53 ± 0.22B 7.62 ± 0.15B 7.84 ± 0.14B 6.97 ± 0.13C 6.51 ± 0.26B 6.65 ± 0.25a

TH 1.34 ± 0.26A 0.91 ± 0.02Aa 0.94 ± 0.03A 0.91 ± 0.07A 0.98 ± 0.14A 0.87 ± 0.07A

NEFA TL 1.17 ± 0.12A 0.78 ± 0.02Ab 0.79 ± 0.02Ba 0.78 ± 0.06Ba 0.83 ± 0.06 0.78 ± 0.04a

C 0.67 ± 0.09B 0.56 ± 0.12B 0.68 ± 0.08Bb 0.68 ± 0.03Bb 0.70 ± 0.08B 0.66 ± 0.06Bb

TH 0.36 ± 0.02A 0.29 ± 0.01A 0.30 ± 0.01A 0.31 ± 0.01A 0.33 ± 0.01A 0.36 ± 0.01A

RQUICKI TL 0.41 ± 0.02B 0.31 ± 0.01 0.32 ± 0.01B 0.34 ± 0.01B 0.36 ± 0.01B 0.39 ± 0.01B

C 0.42 ± 0.01B 0.32 ± 0.02B 0.33 ± 0.01B 0.35 ± 0.01B 0.37 ± 0.01B 0.40 ± 0.01B

TH 3.54 ± 1.56A 3.07 ± 1.56Aa 2.62 ± 1.64A 2.13 ± 1.79A 1.86 ± 1.46A 1.61 ± 1.12A

BHBA TL 2.64 ± 0.63A 1.67 ± 0.66b 1.40 ± 0.66 0.94 ± 0.44 0.81 ± 0.48 0.94 ± 0.29

C 0.80 ± 0.21 B 0.62 ± 0.23B 0.51 ± 0.17B 0.41 ± 0.22B 0.40 ± 0.04B 0.42 ± 0.17B

TH 257.94 ± 16.02 267.19 ± 2.09 255.51 ± 26.10 264.24 ± 34.39 260.84 ± 11.76a 256.65 ± 2.42a

ADP TL 270.04 ± 4.35 273.96 ± 13.30 267.30 ± 12.86 274.91 ± 2.31 274.00 ± 4.28 264.23 ± 8.18b

C 271.96 ± 19.05 276.51 ± 17.45 266.75 ± 21.16 270.90 ± 9.19 268.98 ± 8.19b 264.42 ± 3.28b

Different capital letters at the same time represent a highly significant difference (P < 0.01), different lowercase letters represent a significant difference 
(0.01 < P < 0.05), and the same letter or without letters indicate no significant difference (P > 0.05).
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At all time periods, the concentration of insulin 
in Group TH was significantly higher than the other 
two groups; the NEFA concentration in Group C was 
lower than the other two groups; the plasma insulin 
sensitivity index of group TH was significantly lower 
than Group TL and C, and the BHBA concentration in 
the TH group was higher than that in Group C. 

The above results indicate a disorder of glucose 
metabolism in the TH group, abnormal glucose toler-
ance and hyperinsulinemia occur in diseased cows, 
which also have severe IR. The rate of BHBA decrease 
in the TH group was lower than that in the TL group 
after carbohydrate supplementation, indicating this 
process was not effective in reducing the concentration 
of BHBA in the TH group. The concentration of BHBA 
in the TH group increased and ADP concentrations 

decreased, indicating a negative energy balance and 
a decline in ability to antagonize insulin resistance.

Oxidative stress conditions of experimental cows

As shown in Table 3, at almost all time points, 
the SOD content of the TH group was significantly lower 
than that of the other two groups，the T-AOC concentra-
tions in C group was remarkably higher than those in 
Group TH and TL , and the MDA in the C group was 
significantly lower than that of the other two groups.

The above results showed that the antioxidant 
capacity of the TH cows with ketosis declined and the 
activity of the oxidative system was enhanced, the body 
was in a state of oxidative stress. The antioxidant system 
and oxidative system of the TL cows basically maintained 
a balance, and no obvious oxidative stress was observed.

Table 3. Changes of the oxidative stress in dairy cows with ketosis during the glucose tolerance test.

Parameter Group
Administration of Glucose (Min)

-15 0 15 30 60 90

TH 46.30 ± 3.03A 46.84 ± 2.63 46.28 ± 2.83A 45.10 ± 3.13a 45.53 ± 3.42A 45.32 ± 3.13a

SOD TL 55.02 ± 3.50B 51.66 ± 3.67 54.53 ± 1.61B 53.15 ± 3.73b 49.30 ± 2.00a 48.69 ± 2.29

C 55.75 ± 3.48B 50.76 ± 6.58 53.36 ± 4.33B 52.62 ± 5.15b 53.64 ± 3.00Bb 52.94 ± 6.47b

TH 3.23 ± 0.09A 3.17 ± 0.07A 3.17 ± 0.08A 3.16 ± 0.09Aa 3.12 ± 0.09A 3.04 ± 0.07a

T-AOC TL 3.42 ± 0.08a 3.34 ± 0.17A 3.34 ± 0.06A 3.31 ± 0.05Ab 3.24 ± 0.28 3.31 ± 0.44

C 3.70 ± 0.24Bb 3.67 ± 0.18B 3.64 ± 0.19B 3.72 ± 0.08B 3.47 ± 0.30 3.52 ± 0.33b

TH 2.67 ± 0.15A 2.86 ± 0.03A 2.53 ± 0.15A 2.42 ± 0.32a 2.45 ± 0.29A 2.33 ± 0.12A

MDA TL 2.33 ± 0.11Ba 2.58 ± 0.09B 2.34 ± 0.22a 2.29 ± 0.04 2.41 ± 0.25A 2.18 ± 0.11A

C 2.16 ± 0.07Bb 2.10 ± 0.06C 2.09 ± 0.08Bb 2.08 ± 0.09b 1.99 ± 0.09B 2.05 ± 0.13B

Different capital letters in the same row represent a very significant difference (P < 0.01), different lowercase letters represent a significant difference 
(0.01 < P < 0.05), and the same letter or without letters indicates no significant difference (P > 0.05).

DISCUSSION

The liver function of cows with type II ketosis

Type I ketosis is a spontaneous disease which 
occurs in cows, three to six weeks after calf delivery. 
The biochemical nature of the disease is character-
ized by ketone bodies and increased NEFA, insulin 
and decreased Glu. Due to increased lactation after 
delivery and reduced DMI at the beginning of labor, 
this leads to a negative energy balance (NEB) [27]. 
Glu concentrations are reduced as intensified body fat 
mobilization leads to increased ketone bodies [15]. If 
NEB is not relieved, cows get ketosis. 

In contrast, type II ketosis usually occurs one to 
two weeks after calf delivery Biochemically, it is char-

acterized as elevated ketone bodies, insulin, and NEFA 
and high or normal Glu levels. Overfeeding animals 
during dry periods can lead to prenatal obesity. Obesity 
leads to decreased insulin sensitivity and blood glucose 
utilization. Excess glucose continuously stimulates islet 
cells to secrete high levels of insulin and blood sugars, 
causing insulin levels to increase. Excess glucose is 
converted to hepatic and muscle glycogen, which is 
further converted to glucose when blood glucose levels 
are lowered [23]. However, when glycogen storage 
reaches its upper limit, excess glucose is converted 
to fat and stored in liver cells. These cells perform fat 
mobilization and gluconeogenesis to remove excess 
fat. However, gluconeogenesis leads to an increase in 
glucose content, therefore the concentration of Glu in 
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type II ketosis cows does not decrease. When fat storage 
exceeds the clearance ability of liver cells, it causes fat 
accumulation in liver cells leading to liver damage. Part 
of the fat is transferred to the skin (e.g. the abdomen, 
chest, back, armpits and buttocks), promoting obesity. 

ALT and AST are typical indicators of liver 
damage. ALT is a main indicator of hepatocyte integrity 
and is also a sensitive indicator of acute hepatitis which 
is mainly stored in the cytoplasm of hepatocytes.Under 
normal circumstances, the blood contains reduced AST, 
however when the liver is damaged, blood levels of AST 
increase and ALB synthesis decreases [3,13].In this study, 
liver function damage in cow, with abnormal glucose 
tolerance is more serious. The liver is an important organ 
for glucose metabolism and liver damage can lead to 
disorders of glucose metabolism, which in turn lead to a 
negative energy balance. When a cow’s body energy is 
insufficient, the liver converts fat into energy for utiliza-
tion under certain conditions [13]. However, the liver’s 
ability to convert fat into glucose is limited [19]. When 
the body’s fat metabolism is excessive, the liver proceeds 
to ketone formation [24]. Although ketone bodies provide 
energy in the absence of sugars, energy supply efficiency 
is low, causing metabolic acidosis in dairy cows, leading 
to a vicious cycle of ketosis and acidosis. Increasing 
the load on liver function can cause different degrees of 
damage to the organ. The basic lesion of type II ketosis 
is a fatty liver. During dairy cows’duration of parturition, 
fat infiltration occurs at the liver and insulin resistance 
occurs after calving. In addition, the liver contains more 
insulin receptors, therefore when liver cells are damaged 
insulin action is weakened and the body exhibits differ-
ent degrees of insulin resistance. IR prevents blood sugar 
entry into cells for homeostatic functions. Disorders of 
glucose metabolism are caused by impaired liver function 
and are related to insulin resistance. Such disorders are 
important factor in promoting ketosis.

Insulin resistance status of type II ketosis in cows 

When an animal’s body has an energy metabolism 
disorder under high blood sugar levels, glucose utilization 
rates decrease, indicating abnormal glucose tolerance has 
occurred [23].Insulin is a hypoglycemic hormone which 
is antagonistic to glucagon. In this experiment, insulin 
concentrations and blood glucose concentrations of TH 
groups were significantly higher than those of the other 
two groups, and the concentration of glucagon was lower 
than that of TL group. The plasma RQUICKI level was 
significantly lower than that of the TL and C group. 

Insulin is a hypoglycemic hormone which is 
antagonistic to glucagon. When glucose tolerance is im-
paired, the body’s insulin sensitivity is reduced. The insulin 
sensitivity index is a key indicator determining whether the 
body has developed insulin resistance. The index indicates 
that insulin resistance occurs in ketosis cows with abnormal 
glucose tolerance. Excessive release of insulin increases 
fatty acid synthase activity [20].Increased synthesis of 
fatty acids increases body weight and also increases insu-
lin resistance. Negative energy balance, due to lactation, 
abnormal glucose tolerance and stress also enhances body 
fat mobilization, resulting in elevated NEFA levels. NEFA 
is not completely oxidized to produce ketone bodies. 

BHBA levels in serum is the gold standard for the 
diagnosis of cow ketosis [25]. BHBA is more stable in the 
blood than acetone or acetoacetate [15].The most com-
monly used threshold is serum BHBA ≥1400 μmol/L [5], 
and some studies have used 1200 μmol/L as a threshold 
[21]. However, the critical value chosen usually has only 
a minor effect on group-based studies and clinical ketosis 
is usually associated with higher levels of BHBA [31] 
(e.g. 3000 μmol/L or higher). The concentration of NEFA 
and BHBA in the blood is a sign of negative energy bal-
ance [9].The concentration of BHBA and NEFA in the 
TH group was significantly higher than in the group C, 
and the concentration of BHBA was higher than the criti-
cal value of ketosis. It can be seen there was a negative 
energy balance in ketosis cows with abnormal glucose 
tolerance. Adiponectin is an adipocytokine secreted by 
adipocytes, involved in fat metabolism, maintains energy 
balance, regulates insulin sensitivity [30], and antagonizes 
IR. Studies have shown that ADP levels are significantly 
decreased in patients with early insulin resistance, ADP 
content is negatively correlated with insulin resistance, and 
positively correlated with insulin sensitivity index [28], and 
its level has an early warning effect on insulin resistance 
[6]. Therefore, it is clinically possible to monitor the occur-
rence and development of insulin resistance by detecting 
the content of adiponectin. However, the ADP content in 
the TH group was lower than the other two groups at all 
time-points. There was no significant difference between 
the three groups, which is worth further investigation.

Oxidative stress in cows with type II ketosis 

When the body’s antioxidant system, which 
removes peroxide is out of balance with peroxide gen-
eration, the body is in an oxidative damage state. SOD is 
a metal antioxidant enzyme and its level are key indica-
tors in measuring the removal of oxidizing substances. 
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T-AOC is a measuring indicator for total antioxidant 
function [7,12]. In this study, the reduction of SOD and 
T-AOC concentrations in the TH group indicated that 
the antioxidant capacity of ketone cows with abnormal 
glucose tolerance was reduced. These cows were in an 
oxidative stress state, which may be the main cause 
of blood glucose metabolism disorder [10]. MDA is 
an intermediate product of lipid metabolism and is a 
key indicator of measuring lipid oxidation, which can 
indirectly reflect the degree of damage to cells [12]. In 
this study, the concentration of MDA in the TH group 
increased and the body’s oxidative capacity increased.

Oxidative stress can stimulate the body to pro-
duce IR. Studies on the indicators of glucose tolerance 
and oxidative stress in ketosis cows have indicated that 
the balance between the body’s oxidation systems and 
antioxidant systems is broken, and that ketosis cows 
with abnormal glucose tolerances, are in a state of se-
vere oxidative stress and insulin resistance. Their blood 
glucose concentrations are well maintained, but cows are 
still in a negative energy balance, causing type II ketosis.

CONCLUSIONS

The glucose tolerance test can effectively assess 
the presence of insulin resistance and show that type 
II ketosis occurs in dairy cows. Such ketosis suggests 
disorders in the utilization of body sugar, which is 

closely related to insulin resistance. The disorder can be 
attributed to abnormal liver function and oxidative stress.
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