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  ABSTRACT 

  Ketosis is associated with many transition cow dis-
eases and the subclinical form has been found to be a 
common condition in high-producing dairy cows. The 
objectives of this field study in the Netherlands were 
(1) to determine risk factors for subclinical ketosis 
[SCK; 1.2–2.9 mmol of β-hydroxybutyrate (BHBA)/L 
of serum] and clinical ketosis (CK: ≥3.0 mmol of 
BHBA/L of serum) at 7 to 14 d in milk and (2) to 
assess the association of SCK and CK with production 
parameters at the first dairy herd improvement (DHI) 
testing. Twenty-three dairies were enrolled by a local 
veterinary practice from 2009 to 2010, and 1,715 cows 
were screened for ketosis by measuring serum BHBA 
concentrations at 7 to 14 d in milk. Overall, 47.2% 
of cows had SCK and 11.6% had CK. Mixed general-
ized logit models with a random effect of herd were 
used to evaluate cow level factors associated with SCK 
and CK. The associations of SCK and CK with milk 
production parameters were tested using mixed linear 
models with a random effect of herd. Cows at a moder-
ate (3.25–3.75) or fat (≥4) body condition score before 
calving were more likely to develop SCK and CK than 
thin (body condition score ≤ 3.0) cows. The risk for 
developing SCK was higher in parity 2 and older cows 
compared with heifers, whereas for CK only, parity ≥3 
cows had a higher risk. The quarter of the year in which 
a cow calved was associated with the risk for SCK and 
CK. For SCK quarter 1 (January–March) and quarter 
2 (April–June), and for CK quarter 1, quarter 2, and 
quarter 3 (July–September) all increased the risk of 
development of the condition compared with quarter 4 
(October–December). An increased yield of colostrum 
at first milking was associated with increasing risk for 
SCK and CK. Prolonged previous lactation length and 
dry period length were both associated with increased 
odds for SCK and CK. Subclinical ketosis and CK were 

associated with a higher milk yield, a higher milk fat 
percentage, and a lower milk protein percentage at first 
DHI test day. Overall the study reinforces previous 
findings that the major risk factors for both SCK and 
CK are increasing parity, overconditioning of animals 
prepartum, season of calving, and dry period length. In 
addition, previous lactation length and liters of colos-
trum have been identified as additional risk factors for 
the development of ketosis. 
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  INTRODUCTION 

  Ketosis, either present at a subclinical or clinical 
level, is a common metabolic condition in the modern 
high-producing dairy cow and has been associated with 
many fresh cow diseases. The transition period, defined 
as 3 wk before until 3 wk after calving (Grummer, 
1995), is a critical period for a dairy cow. During the 
transition period, the cow needs to adjust her metabo-
lism to partition nutrients and energy to support milk 
synthesis, a process referred to as homeorrhesis (Bau-
man and Currie, 1980). The imbalance between energy 
requirements for milk production and energy intake 
through feed causes a negative energy balance, which 
results in metabolic conditions such as hyperketonemia 
(Herdt, 2000). Around 30 to 50% of dairy cows develop 
metabolic or infectious diseases around the moment 
of calving (LeBlanc, 2010) and relationships between 
hyperketonemia or ketosis and fresh cow diseases have 
been described (Berge and Vertenten, 2014). Cows with 
subclinical ketosis, defined as blood BHBA concentra-
tions above 1 to 1.4 mmol/L, are at an increased risk 
of developing a displaced abomasum, metritis, clinical 
ketosis, and lameness (LeBlanc et al., 2005; Duffield et 
al., 2009; Seifi et al., 2011; Suthar et al., 2013; Berge 
and Vertenten, 2014). In addition, ketosis reduces milk 
yield and reproductive performance and increases the 
risk for premature culling in affected cows (Koller et al., 
2003; Walsh et al., 2007; Duffield et al., 2009; Ospina et 
al., 2010; Seifi et al., 2011; McArt et al., 2012). 
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Several factors have been identified as risk factors 
for the development of ketosis. Among these are a high 
BCS and lower transition period DMI (Gillund et al., 
2001; Hayirli et al., 2002; Goldhawk et al., 2009). In-
creased parity, dry period length, and transition cow 
feed management have also been associated with an 
increased ketosis risk (Gustafsson et al., 1995; Duffield 
et al., 1997; Vickers et al., 2013; Berge and Vertenten, 
2014). The ability to predict the risk of ketosis in cows 
is important to target the most appropriate preventive 
measures. The objectives of this study were to deter-
mine risk factors for fresh cow ketosis at 7 to 14 DIM 
and to assess the effects of ketosis on milk production 
parameters at first DHI test day.

MATERIALS AND METHODS

Twenty-three dairy farms that belonged to the cli-
ent base of De Graafschap Veterinarians were selected 
based on willingness of the farmer to participate. All 
farms were situated within a radius of 20 km around 
the practice (Vorden) in the east of the Netherlands. 
Upon enrollment in August 2009, farms were visited by 
one of the veterinarians and general farm data (herd 
size, breed, production level, average age of herd), dry 
cow, and transition cow management practices were 
recorded in a template document. In all participat-
ing dairy farms cows were housed in free-stall barns, 
with either zero-grazing or pasture access during the 
grazing season. Upon weekly visits, cows and heifers 
with a known expected calving date were identified 
and individual animal information (cow ID, parity, last 
calving date, date of dry off, expected calving date) was 
recorded. Cows were scored for BCS on a 5-point scale 
with 0.25-unit increments (Edmondson et al., 1989) by 
1 of 2 veterinarians between 3 and 1 wk before the ex-
pected calving date. Farmers were instructed to register 
on a template document the actual date of calving, any 
incident of dystocia, calving ease (no assistance or as-
sistance required), twins, stillbirth (birth of a dead at 
term calf or death within 1 h postcalving), retained 
placenta, milk fever, as well as any treatments admin-
istered around calving. Retained placenta was defined 
as failure of placental expulsion within 12 h after calv-
ing (Laven and Peters, 1996), and diagnosis of milk 
fever was based on clinical signs (muscular weakness, 
cold extremities, recumbency, response to intravenous 
calcium administration, or a combination of these) as 
described by Berge and Vertenten (2014). Upon first 
milking, the quantity of colostrum was measured and 
recorded by pouring the obtained volume of total first 
milking in a graded 10-L bucket. In the second week af-
ter calving (7–14 DIM), a blood sample for BHBA mea-
surement was collected by one of the veterinarians from 

the coccygeal vein in blood serum collection tubes (BD 
Vacutainer Serum Tube, BD, Breda, the Netherlands) 
and allowed to clot. Blood samples were transported 
to the veterinary practice and serum was collected by 
centrifugation. Serum samples were stored at −196°C 
in a cryostat until analysis. Serum BHBA concentra-
tion (mmol/L) was measured using a handheld meter 
(Precision Xceed, Abbott Laboratories, Abbott Park, 
IL) at room temperature (Iwersen et al., 2009; McArt 
et al., 2013). Per farm, milk production data of the first 
test-day for each cow were collected through an online 
database of the DHI company (https://www.pir-dap.
nl/, CRV, Arnhem, the Netherlands).

Date of calving was categorized into yearly quarters 
(Q): January–March (Q1), April–June (Q2), July–
September (Q3), and October–December (Q4). The 
quarters of the year were evaluated against temperature 
and humidity data obtained from the Royal Dutch Me-
teorological Institute for the region. The meteorological 
data indicated that division of the year in quarters was 
in line with observed regional changes in temperature 
and humidity.

Statistical Analysis

The data were entered into a spreadsheet (Microsoft 
Excel 2007, Microsoft Corp., Redmond, WA) and sta-
tistically analyzed using SAS 9.4 statistical software. 
Nonparametric testing and stratified analysis were ini-
tially performed, and the variability in predictive factors 
for inclusion into the statistical models was evaluated. 
The distributions for the continuous variables were as-
sessed using univariate statistics and plots. Categorical 
variables of continuous variables were created where 
appropriate, and as previously described (LeBlanc et 
al., 2005; McArt et al., 2013). A serum BHBA concen-
tration threshold of <1.2 mmol/L was defined as no 
ketosis (NK), thresholds of ≥1.2 and <3.0 mmol/L 
were defined as subclinical ketosis (SCK), and clini-
cal ketosis (CK) was defined as BHBA concentrations 
≥3.0 mmol/L (Oetzel, 2004; McArt et al., 2013). Cows 
were categorized according to parity (1, 2, and ≥3) and 
BCS (thin ≤ 3; moderate 3.25–3.75; fat ≥ 4; Chapinal 
et al., 2011). Cows eligible for inclusion in the final data 
set must have had a calving date, parity, and a BCS 
recorded. For all analyses, statistical significance was 
set at P ≤ 0.05.

Generalized logit mixed models were used with the 
dependent variable being ketosis category: NK, SCK, 
and CK. The multivariate multinomial logistic regres-
sion compared the odds of a cow having SCK or CK 
compared with NK for various risk factors. The models 
included a random effect of herd to control for clus-
tering of cows within farm. The first model included 
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both heifers and all higher parity cows. The second 
model contained parity 2 and higher parity cows to 
include previous lactation length, calving interval, and 
dry-period length. Factors were tested in the model if 
at least 5% of cows had the presence of the factor per 
ketosis category. The variables were tested for inclusion 
using a manual backward selection procedure (P-value 
for retention ≤0.05). The factors tested for inclusion in 
models 1 and 2 are described in Table 1. Milk fever was 
excluded as a risk factor in the analysis since recording 
was not consistent, and preventive use of IV calcium 
administration was a common practice in older cows, 
which may have influenced actual milk fever preva-
lence. Interactions between variables were tested and 
retained in the model if P-value for retention ≤0.05. 
Correlations between independent variables were evalu-
ated using a limit of r = 0.6 (P ≤ 0.05) for a correlation 
coefficient indicating highly correlated variables, where 
the most biologically relevant would be chosen.

Relationships between ketosis categories (NK, SCK, 
CK) and the DHI milk test results were tested through 
a series of mixed models with the DHI test parameters 
as outcome variables and BHBA category as predic-
tive variable. Parity and days in milk were included as 
covariates if they were significantly associated with the 
dependent variable or were confounding the outcome 
variable (a change in any remaining parameter estimate 
greater than 15%). The models included a random ef-

fect of farm. The natural log was taken of the somatic 
cell counts to normalize the data.

RESULTS

Descriptive Statistics

Herd size varied from 40 to 148 cows with on aver-
age 84 cows present. The overall breed was Holstein-
Friesian with Red Holstein also present on 5 farms. 
The average production across herds for the previous 
year was 9,023 kg of milk (herd range from 7,428 to 
11,299 kg), 4.4% fat (range 4.17 to 4.68%), and 3.5% 
protein (range 3.38 to 3.71%). Overall 47.2% of cows 
were classified as having subclinical ketosis and 11.6% 
of cows had clinical ketosis. The distribution of SCK 
and CK across parity group, BCS category and season 
is described in Table 2. Information on precalving and 
calving events and procedures according to ketosis cat-
egory are described in Table 3. Average colostrum yield 
and first DHI test-day parameters stratified on ketosis 
status are presented in Table 4.

Risk Factors for SCK and CK

The generalized logit mixed model including all par-
ity cows identified cow parity category, BCS category, 
season, and the quantity of first colostrum produced as 

Table 1. Variables evaluated in generalized estimation equation logit mixed models for association with ketosis 
status in fresh cows in a field study of 23 dairies in the Netherlands 

Variable
Type of 
variable Dependent variable

Cow level factors No. of cows
Lactation length1 Continuous Previous lactation length in days
Quarter of year Categorical Calving quarters of year
Dry period length1 Continuous Length of dry period in days
Calving interval1 Continuous Calving interval
Parity Categorical Parity 1, parity 2, or parity ≥3
BCS Categorical Thin ≤ 3; moderate 3.25–3.75; fat ≥ 4
Colostrum Continuous Liters of colostrum at first milking
1Variables only evaluated in parity 2+ model.

Table 2. Distribution of ketosis status, parity group, BCS group, and season in fresh cows in a field study of 23 dairies in the Netherlands 

Item
No. of  
cows

Parity group BCS group Season (quarter of year)1

1 2 3+ Thin Moderate Fat 1 2 3 4

Ketosis status (%)
 None 707 54 43 34 53 41 27 36 34 45 48
 Subclinical 809 36 49 52 43 47 54 54 47 40 46
 Clinical 199 10 8 14 4 12 19 9 18 15 6
No. of cows 1,715 427 464 824 369 1,043 303 448 376 370 521
11 = January to March; 2 = April to June; 3 = July to September; and 4 = October to December.
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factors associated with SCK and CK in dairy cows at 7 
to 14 d in milk. Overall, increasing parity category was 
associated with a higher risk of developing SCK and 
CK. Parity 2 cows were more likely to develop SCK 
than parity 1 cows [odds ratio (OR) = 2.1, P < 0.01], 
whereas for CK no difference could be detected between 
parity 1 and 2 cows (Table 5). In parity ≥ 3 cows, the 
odds for developing SCK or CK were, respectively, 2.8 
and 2.2 compared with heifers (P < 0.01, Table 5). The 
BCS category showed a positive association with both 
SCK and CK. Cows that were classified as moderate 
body condition were 1.5 times and 3.6 times more likely 
to experience SCK and CK, respectively, compared 
with thin cows (P < 0.01, Table 5). Fat cows (BCS ≥ 4) 
had 2.7 higher odds of developing SCK and 8.7 higher 
odds to be diagnosed with CK than thin cows (P < 
0.01, Table 5). Season of calving showed a clear associa-
tion with ketosis. When calving in the first and second 
quarter of the year cows were more likely to develop 
both SCK (Q1: OR = 1.8, P < 0.01; Q2: OR = 1.4, 
P = 0.02, Table 5) and CK (Q1: OR = 2.1, P < 0.01; 
Q2: OR = 4.3, P < 0.01, Table 5) compared with cows 
calving in Q4. In addition, cows calving in Q3 were 2.9 
times more likely to develop CK than those calving in 
Q4 (P < 0.01, Table 5). Risk increased for SCK and 
CK with increasing colostrum production at first milk-
ing. For every 1-L increase in colostrum production (as 

compared with mean production), the odds of SCK and 
CK increased by a factor 1.1 (P < 0.01) and 1.2 (P < 
0.01), respectively (Table 5). None of the calving events 
and procedures was associated with ketosis.

The model excluding heifers identified similar overall 
trends for season, parity, BCS, and colostrum produc-
tion, although liters of colostrum was not significantly 
associated with SCK (P = 0.07; Table 6). No differences 
in odds for SCK could be observed between parity 2 
cows and ≥3 cows, whereas for CK the odds were 1.9 
times higher in the latter compared with the previous 
category (P = 0.02, Table 6). Increasing length of the 
dry period increased the odds of SCK (P = 0.01) and 
CK (P < 0.01), as did prolonged previous lactation 
length for CK (P = 0.02, Table 6).

Association of Ketosis with First DHI  
Test-Day Parameters

A higher milk yield at first DHI testing was positively 
associated with SCK and CK (Table 7). Milk yield of 
SCK cows (35.7 ± 0.7) was 1.2 L higher than that of 
NK cows (34.5 ± 0.7 kg; P < 0.01), whereas cows with 
CK (36.2 ± 0.7 kg) produced on average 1.7 L more 
than NK cows (P < 0.01). The milk yield ratio (actual 
liters/expected liters) tended to be higher in the SCK 
and CK cows compared with the NK cows (P = 0.05). 

Table 3. Precalving data and calving events and procedures in fresh cows in a field study of ketosis in cows 
in 23 dairies in the Netherlands 

Precalving data
No. of  
cows

Ketosis status

None SCK CK

Dry period days 1,077 51.8 56.4 64.6
Previous lactation days 1,072 341.3 347.6 361.6
Calving interval days 1,280 394.6 406.8 427.0
Events and procedures     
 Retained placenta 1,542 13% 11% 18%
 Assisted calving 1,664 39% 38% 38%
 Twins 1,715 9% 7% 11%
 Dead calf 1,705 3% 2% 4%
 C-section/surgery 1,699 2% 1% 2%

Table 4. Milk production parameters at first DHI test day, with exception of colostrum, in fresh cows in a 
study of ketosis in dairies in the Netherlands 

Parameter
No. of  
cows

Ketosis status

None SCK CK

Colostrum (L) 1,572 4.7 5.6 7.2
Actual yield (L)/expected yield (L) 1,149 0.99 1.02 1.00
Milk (L) 1,149 34.6 37.9 36.8
SCC × 1,000 1,149 212.9 131.5 186.8
Protein % 1,149 3.4 3.3 3.2
Fat % 1,149 4.2 4.3 4.6
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The protein % of milk was lower in the SCK cows (3.29 
± 0.02% P < 0.01) and the CK cows (3.17 ± 0.03%; P 
< 0.01) compared with the NK cows (3.39 ± 0.02%). 
The fat % of milk was higher in both SCK cows (4.32 ± 
0.04%, P = 0.04) and the CK cows (4.53 ± 0.07%, P < 
0.01) compared with the NK cows (4.22 ± 0.05%). Ke-
tosis status was not associated with somatic cell count 
(P = 0.8 for SCK vs. NK; P = 0.51 for CK vs. NK).

DISCUSSION

This study indicates that both SCK and CK are 
highly prevalent in postpartum cows in the Nether-
lands. Observed prevalences in this study are similar 
to or higher than earlier reported data from studies 
performed in the United States and Europe (McArt 
et al., 2012; Suthar et al., 2013; Berge and Vertenten, 

Table 5. Generalized logit mixed model of factors associated with subclinical and clinical ketosis in cows in a field study of 23 dairies in the 
Netherlands 

Ketosis vs. status
Risk 
factor Value Estimate SE OR

95% Confidence limits

P-valueLower Higher

Subclinical vs. none Intercept Continuous −1.50 0.23 0.2 0.1 0.3 <0.01
Clinical vs. none Intercept Continuous −4.92 0.46 0.0 0.0 0.0 <0.01
Subclinical vs. none Season Quarter 1 vs. 4 0.59 0.15 1.8 1.3 2.4 <0.01
Clinical vs. none  Quarter 1 vs. 4 0.76 0.29 2.1 1.2 3.8 <0.01
Subclinical vs. none  Quarter 2 vs. 4 0.37 0.16 1.4 1.1 2.0 0.02
Clinical vs. none  Quarter 2 vs. 4 1.45 0.27 4.3 2.5 7.2 <0.01
Subclinical vs. none  Quarter 3 vs. 4 −0.08 0.16 0.9 0.7 1.3 0.64
Clinical vs. none  Quarter 3 vs. 4 1.06 0.28 2.9 1.7 4.9 <0.01
Subclinical vs. none Parity Parity 2 vs. 1 0.76 0.16 2.1 1.5 2.9 <0.01
Clinical vs. none  Parity 2 vs. 1 0.14 0.29 1.2 0.7 2.0 0.62
Subclinical vs. none  Parity 3+ vs. 1 1.02 0.15 2.8 2.0 3.7 <0.01
Clinical vs. none  Parity 3+ vs. 1 0.80 0.25 2.2 1.4 3.6 <0.01
Subclinical vs. none BCS Moderate vs. thin 0.41 0.14 1.5 1.1 2.0 <0.01
Clinical vs. none  Moderate vs. thin 1.27 0.31 3.6 2.0 6.5 <0.01
Subclinical vs. none  Fat vs. thin 1.00 0.20 2.7 1.8 4.0 <0.01
Clinical vs. none  Fat vs. thin 2.16 0.36 8.7 4.3 17.5 <0.01
Subclinical vs. none Colostrum 1-L increase1 0.07 0.02 1.1 1.0 1.1 <0.01
Clinical vs. none Liters 1-L increase 0.18 0.03 1.2 1.1 1.3 <0.01
1Effects assessed as 1 L offset from the mean of 5.43 L.

Table 6. Generalized logit mixed model of factors associated with subclinical and clinical ketosis in parity 2 and higher parity cows in a field 
study of 23 dairies in the Netherlands 

Ketosis vs. status
Risk 
factor Value Estimate SE OR

95% Confidence limits

P-valueLower Higher

Subclinical vs. none Intercept Continuous −1.51 0.55 0.2 0.1 0.7 <0.01
Clinical vs. none Intercept Continuous −7.70 0.95 0.0 0.0 0.0 <0.01
Subclinical vs. none Season Quarter 1 vs. 4 0.56 0.19 1.7 1.2 2.5 <0.01
Clinical vs. none  Quarter 1 vs. 4 0.59 0.37 1.8 0.9 3.7 0.11
Subclinical vs. none  Quarter 2 vs. 4 0.39 0.20 1.5 1.0 2.2 0.05
Clinical vs. none  Quarter 2 vs. 4 1.38 0.35 4.0 2.0 7.9 <0.01
Subclinical vs. none  Quarter 3 vs. 4 0.20 0.20 1.2 0.8 1.8 0.32
Clinical vs. none  Quarter 3 vs. 4 1.46 0.35 4.3 2.2 8.5 <0.01
Subclinical vs. none Parity Parity 3+ vs. 2 0.17 0.15 1.2 0.9 1.6 0.27
Clinical vs. none  Parity 3+ vs. 2 0.64 0.28 1.9 1.1 3.3 0.02
Subclinical vs. none BCS Moderate vs. thin 0.33 0.16 1.4 1.0 1.9 0.04
Clinical vs. none  Moderate vs. thin 1.49 0.43 4.4 1.9 10.2 <0.01
Subclinical vs. none  Fat vs. thin 0.83 0.25 2.3 1.4 3.8 <0.01
Clinical vs. none  Fat vs. thin 2.11 0.49 8.3 3.2 21.8 <0.01
Subclinical vs. none Colostrum 1 L increase1 0.041 0.022 1.042 0.997 1.089 0.07
Clinical vs. none Liters 1 L increase 0.135 0.033 1.145 1.072 1.222 <0.01
Subclinical vs. none Dry period 1 d more1 0.012 0.005 1.012 1.003 1.021 0.01
Clinical vs. none Days 1 d more 0.023 0.006 1.023 1.011 1.035 <0.01
Subclinical vs. none Previous lactation 1 d more1 0.001 0.001 1.001 0.999 1.004 0.38
Clinical vs. none Days 1 d more 0.005 0.002 1.005 1.001 1.009 0.02
1Effects assessed as 1 unit offset from the mean.
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2014). Regional and country differences in dairy cow 
husbandry play an important role in ketosis prevalence 
in general, as indicated by the country differences re-
ported in the European studies. Differences in study 
design and methodology may also account for differ-
ences in prevalence estimates. Peak prevalence of SCK 
occurs within the first week after calving (McArt et 
al., 2012), and we measured BHBA concentrations in 
serum in wk 2. However, in our study, 48% of cows were 
parity ≥3 cows, compared with 31% reported in the 
McArt et al. (2012) paper. Because increasing parity 
is a risk factor for both SCK (Santschi et al., 2011; 
Suthar et al., 2013; Berge and Vertenten, 2014) and CK 
(Detilleux et al., 1994), this most likely has influenced 
ketosis prevalence in our study. In addition, determina-
tion of BHBA concentrations in serum with a more 
recently modified version of the Precision Xceed, has 
been reported to give a slight overestimation of actual 
BHBA concentrations (Iwersen et al., 2013).

Our outcome of overconditioned cows being more 
at risk for both SCK and CK in the transition period 
is in line with numerous previous articles (Duffield et 
al., 1998; Gillund et al., 2001; McArt et al., 2013). A 
high BCS precalving reduces DMI (Hayirli et al., 2002), 
and cows that develop SCK postcalving ingest less dry 
matter before calving (Goldhawk et al., 2009). As a 
consequence, the metabolic imbalance in these animals 
will have already commenced before parturition, caus-
ing excessive mobilization of fat reserves and lipidosis 
in the liver: stages preceding hyperketonemia post-
calving (Herdt, 2000). Our data also show that even 
moderately conditioned cows had an increased risk of 
developing ketosis compared with thin cows. Although 
BCS is a reliable predictor of overall lipid storage in the 
nonlactating cow (Wright and Russel, 1984), subcuta-
neous and visceral fat storages do not always correlate 
that well in individual animals (Hostens et al., 2012). 
A recent paper by Drackley et al. (2014) showed that 

Table 7. A series of mixed models of the effect of subclinical and clinical ketosis on DHI milk production parameters in fresh cows in a field 
study of 23 dairies in the Netherlands 

Item
Predictive  
factor Value LSM SE

95% CI

P-valueLower Higher

Dependent factor
 Milk yield (L) Ketosis None 34.5 0.7 33.2 35.9 Reference
  Subclinical 35.7 0.7 34.3 37.0 <0.01
  Clinical 36.2 0.7 34.7 37.6 <0.01
 Parity 1 29.7 0.7 28.3 31.1 Reference
  2 36.8 0.7 35.4 38.2 <0.01
  3+ 39.8 0.7 38.5 41.2 <0.01
 Season Quarter 1 36.6 0.7 35.3 38.0 <0.01
  Quarter 2 35.8 0.7 34.4 37.1 <0.01
  Quarter 3 35.0 0.7 33.6 36.4 0.20
  Quarter 4 34.4 0.8 32.9 35.9 Reference
 Milk yield ratio Ketosis None 0.99 0.01 0.97 1.01 Reference
 Actual/expected  Subclinical 1.02 0.01 1.01 1.04 0.05
  Clinical 1.01 0.01 0.98 1.04 0.05
 Parity 1 1.01 0.01 0.99 1.03 Reference
  2 1.02 0.01 1.00 1.04 0.04
  3+ 0.99 0.01 0.98 1.01 <0.01
 Milk protein % Ketosis None 3.39 0.02 3.35 3.44 Reference
  Subclinical 3.29 0.02 3.25 3.33 <0.01
  Clinical 3.17 0.03 3.11 3.23 <0.01
 Parity 1 3.24 0.02 3.19 3.29 Reference
  2 3.33 0.02 3.28 3.38 <0.01
  3+ 3.28 0.02 3.24 3.32 0.14
 Milk fat % Ketosis None 4.22 0.05 4.13 4.31 Reference
  Subclinical 4.32 0.04 4.23 4.41 0.04
  Clinical 4.53 0.07 4.40 4.66 <0.01
 Parity 1 4.30 0.05 4.19 4.41 Reference
  2 4.33 0.05 4.23 4.44 0.56
  3+ 4.43 0.04 4.35 4.52 0.01
Model
 Ln SCC Ketosis None 10.9 0.1 10.7 11.0 Reference
  Subclinical 10.8 0.1 10.7 11.0 0.80
  Clinical 10.9 0.1 10.7 11.2 0.51
 Parity 1 10.9 0.1 10.7 11.1 Reference
  2 10.7 0.1 10.5 10.9 0.02
  3+ 11.1 0.1 10.9 11.2 0.10
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excess energy intake in nonlactating cows over an 8-wk 
period results in an increase in visceral adipose tissue 
but not necessarily in an increase in BCS. As such, 
cows with an apparently moderate body condition may 
actually possess a high visceral fat storage, increasing 
the risks for metabolic problems similar to cows with a 
high BCS. This field study confirms findings of previ-
ous studies of an increased risk of SCK and CK with 
increasing parity (Santschi et al., 2011; Suthar et al., 
2013; Berge and Vertenten, 2014). The increased risk 
for higher parity cows to develop a more severe meta-
bolic imbalance during the transition period is valu-
able knowledge when attempting to target prevention 
measures for ketosis.

The seasonal ketosis trends of our study agree with 
recent European studies that also observed the highest 
risk for ketosis in calvings in the second quarter of the 
year (Suthar et al., 2013; Berge and Vertenten, 2014). 
Cows calving during the first quarter had higher BHBA 
concentrations compared with the 4th quarter, which 
confirms the results from older studies that the winter 
season remains a risk for hyperketonemia (Andersson 
and Emanuelson, 1985; Grohn et al., 1989). During the 
first half of the year, Dutch farmers will tend to feed 
a different grass silage or silage from another cut of 
grass, often of lesser quality compared with the one 
used in the last month of the year. Recent data on ef-
fect of season on CK are scarce, but Suthar et al. (2013) 
found a lower risk of CK for cows calving in August and 
September compared with May, which is in accordance 
with our findings. In addition, SCK is a risk factor for 
CK, and as such it is logical that risk factors for SCK 
such as season are also risk factors for CK.

This study confirms previous findings that increasing 
dry period length may increase the risk of SCK (Sants-
chi et al., 2011). Although we also found an association 
of dry period length with CK, Santschi et al. (2011) 
did not. This may be attributed to differences in defini-
tion and methodology because they measured ketosis 
in milk using test strips and defined severe ketosis as 
BHBA concentrations in milk ≥ 200 μmol/L. Sensitiv-
ity of milk test strips to detect hyperketonemic cows is 
only around 54% at this threshold (Oetzel, 2004), which 
may have caused misclassification of cows. A longer 
lactation length was associated with an increased risk 
of CK, but not SCK. This may be due to an increased 
risk of overconditioning. Due to the average farm size in 
the Netherlands, production groups are rarely formed 
and a single ration is used for all lactation stages. As 
a consequence, cows can easily be overfed during the 
last third of their lactation and enter the dry period 
overconditioned, which in turn will increase the risk 
for CK. Although in our models BCS was incorporated 
as a variable, overfeeding cows can result in increased 

visceral fat storages without affecting BCS, as demon-
strated in nonlactating cows (Drackley et al., 2014). 
Additionally, fatty acid profiles differ between type of 
fat storage, which may result in different metabolic 
effects upon mobilization (Hostens et al., 2012). Addi-
tionally, ketosis is associated with production (Duffield 
et al., 2009) and Dutch farmers often respect a longer 
voluntary waiting period for higher yielding animals, 
leading to delayed first insemination and conception. 
This would then result in a longer lactation period in 
those higher yielding animals.

To our knowledge, this study is the first to describe 
an association between increasing colostrum production 
and the risk of SCK and CK in both heifers and cows. 
The energy requirements for the onset of milk produc-
tion increase in parallel with the quantity of colostrum 
and milk produced and thereby increased risks of nega-
tive energy balance (Harrison et al., 1990). Practical 
experience has indicated that feeding an excessive 
energy dense ration during the dry period results in 
high colostrum yields and decreased DMI. Avoiding 
overfeeding of dry cows in terms of energy and feeding a 
low energy-high fiber ration to dry cows may be helpful 
in reducing metabolic stress after calving (Dann et al., 
2006; Janovick et al., 2011). Feeding a high roughage 
and high fiber ration has been shown to reduce SCK 
incidence in dairy cows after calving (Vickers et al., 
2013). Colostrum yield does however not seem to be 
related to later lactation performance (Kessler et al., 
2014). We hypothesize that cows with a high colostrum 
yield are not necessarily more productive than cows 
with a lower yield, which may be due to a metabolic im-
balance. Unfortunately, this study did not include data 
on dry cow ration composition and energy and protein 
content throughout the study period, which could lead 
to some further insights into the metabolic imbalances 
of transition cows.

We found no association between ketosis and RP as 
previously described (Berge and Vertenten, 2014). The 
prevalence of RP in this study was 12.5% compared 
with 4.4%, and this is higher than the prevalence de-
tected in Dutch herds in the cited study (A. C. Berge, 
personal communication). The definition of retained 
placenta was set at 12 h after birth, and this very nar-
row time span might have caused misclassifications for 
cows that were calving when not directly observed such 
as at night times. This type of overdiagnosis would bias 
estimates toward the null.

Calving-associated events (calving ease, stillbirth, 
and twinning) were not associated with ketosis at 7 to 
14 DIM. An association between calving ease and still-
birth with SCK has previously been reported (McArt et 
al., 2013). However, in that paper the authors indicate 
the associations may have been confounded by some 
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other herd effect because in the final overall model, 
the 2 parameters were excluded. Additionally, McArt 
et al. (2013) found that cows producing male calves 
had an increased risk of SCK between 3 and 16 DIM. 
Unfortunately, calf sex was not recorded in our study 
to confirm such an association. Dystocia has been re-
ported to be a risk factor for CK diagnosed in wk 1 of 
lactation, but not wk 2 (Duffield et al., 2009). Because 
we did not measure BHBA concentrations in wk 1, we 
were unable to support this earlier finding.

Cows carrying twins require 50 to 70% more energy 
during late gestation (Nishida et al., 1997) and one pre-
vious publication found slightly higher odds for ketosis 
in cows with twins (Markusfeld, 1987). Neither we nor 
McArt et al. (2013) found an association of twinning 
with SCK. Recent research suggest that energy balance 
in twin-carrying animals postcalving may be slightly 
better compared with cows with single calves, which 
can be attributed to lower milk yield in the previous 
group (Silva-del-Rio et al., 2010).

The association of SCK and CK with first DHI test-
day fat and protein percentage is in line with previous 
publications (Duffield et al., 1997, 2009). In comparison 
with these previous papers, we did not observe a nega-
tive association between ketosis and actual milk yield 
at first test day. On the contrary, SCK and CK in our 
study were associated with a higher yield. In the Duff-
ield et al. (2009) study, effects of ketosis on production 
were most pronounced in animals experiencing SCK in 
wk 1 postpartum. Our sampling was only performed in 
wk 2 postcalving. Milk yield at first DHI test was re-
duced in cows with SCK in wk 2, but they actually had 
a higher predicted 305-d yield. In addition, the optimal 
threshold for an effect of SCK on milk yield in wk 2 
was 2 mmol/L, which was above our set threshold of 
SCK. Earlier publications on the effect of CK on milk 
yield indicated a temporary negative effect, although 
overall predicted 305-d yield was higher in affected ani-
mals (Detilleux et al., 1994). These results indicate that 
higher producing cows are at a higher risk for ketosis.

CONCLUSIONS

A higher BCS, advanced parity and an increasing 
volume of first colostrum were major risk factors for 
developing SCK and CK in cows and heifers in the 
second week postpartum. In addition, calving season is 
another important risk factor for ketosis, with the sec-
ond quarter of the year resulting in the highest risk of 
ketosis, followed by the first quarter. Lengthening the 
dry period was an additional risk factor for SCK and 
CK, whereas a longer previous lactation also increased 
the risk of CK in the second week postpartum.
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