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ABSTRACT

An observational study of 790 to over 3,000 herds 
was conducted to estimate the within-herd prevalence 
and cow-level risk factors for ketosis in dairy cattle in 
herds that participate in a Dairy Herd Improvement 
Association (DHIA) program. Ketosis or hyperketolac-
tia (KET) was diagnosed as milk β-hydroxybutyrate 
≥0.15 mmol/L at first DHIA test when tested within 
the first 30 d in milk. Seven hundred ninety-five herds 
providing at least 61 first milk tests from June 2014 to 
December 2015 were used to estimate the provincial 
within-herd prevalence of KET. All herds on DHIA 
in Ontario (n = 3,042) were used to construct cow-
level multilevel logistic regression models to investigate 
the association of DHIA collected variables with the 
odds of KET at first DHIA milk test. Primiparous and 
multiparous animals were modeled independently. The 
cow-level KET prevalence in Ontario was 21%, with 
an average within-herd prevalence of 21% (standard 
deviation = 10.6) for dairy herds enrolled in a DHIA 
program. The prevalence of KET had a distinct sea-
sonality with the lowest prevalence occurring from July 
to November. Automatic milking systems (AMS) were 
associated with increased within-herd prevalence, as 
well as increased odds of KET in multiparous animals 
at first test (odds ratio: 1.45; 95% confidence interval: 
1.30 to 1.63). Jersey cattle had over 1.46 times higher 
odds of KET than Holstein cattle. Milk fat yield ≥1.12 
kg/d at the last test of the previous lactation was as-
sociated with decreased odds of KET in the current 
lactation (odds ratio: 0.56; 95% confidence interval: 
0.53 to 0.59). Increased days dry and longer calving 
intervals, for multiparous animals, and older age at first 
calving for primiparous animals increased the odds of 
KET at first test. This study confirms previous findings 
that increased days dry, longer calving intervals, and 

increased age at first calving are associated with in-
creased odds of KET and is the first report of increased 
KET in herds with AMS and in relation to milk fat 
yield at the final test of the previous lactation. Feeding 
management on AMS herds likely contributes to the in-
creased prevalence of KET and further work is required 
to investigate modifications to current management to 
minimize risk. Milk fat yield during the previous lacta-
tion may be representative of energy partitioning.
Key words: ketosis, beta-hydroxybutyrate, dairy 
cattle

INTRODUCTION

Ketosis (KET), blood BHB ≥1.2 mmol/L, is a costly 
disease for the dairy industry (McArt et al., 2015). 
Ketosis prevention and disease management require 
knowledge of within-herd prevalence and management 
factors that contribute to the risk of disease. Several 
cross-sectional prevalence studies of KET have been 
conducted in Europe (Suthar et al., 2013; Berge and 
Vertenten, 2014; Vanholder et al., 2015), in grazing herds 
in New Zealand (Compton et al., 2014) and Argentina 
(Garro et al., 2014), in Iran (Asl et al., 2011), and in 
Jordon (Al-Rawashdeh, 1999). Recent North American 
KET prevalence and incidence estimates are based on 
few herds, often convenience samples, obtained during 
clinical trials of treatment of KET (McArt et al., 2012; 
Gordon, 2013). A study of 92 convenience-sampled 
dairy herds across Ontario, Canada, was completed in 
1992 (Duffield et al., 1997); however, the herds at the 
time were mostly component-fed, tiestall herds. The 
landscape of the dairy industry in Ontario has changed 
in the last 24 yr to include over 26% freestall herds and 
7% herds with automated milking systems (AMS; Ca-
nadian Dairy Commission, 2015). The DHIA (CanWest 
DHI, Guelph, ON, Canada) introduced the Ketoscreen 
milk BHB test (MilkoScan FT600, Foss Analytical 
A/S, Hillerød, Denmark) in June 2014. The optimal 
threshold based on association with clinically relevant 
outcomes has not been established; however, the KET 
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or hyperketolactia threshold in use by DHIA was 
milk BHB ≥0.15 mmol/L based on the optimal FTIR 
threshold to predict milk BHB ≥0.10 mmol/L using a 
continuous flow analyzer (San++, Skalar, Breda, the 
Netherlands; Foss Analytical, 2009). The coefficient of 
variation for repeatability of the FTIR milk BHB test 
is 4.56% (D. Santschi, Valacta, Ste-Anne-de-Bellevue, 
Quebec Canada, personal communication). Test-day 
BHB and milk production measurements were available 
for 80% of all herds across the province. The province 
of Ontario accounts for one-third of the dairy herds 
in Canada. The herds on DHIA encompass a range in 
herd sizes, breeds, barn types, and milking systems, 
which provide an opportunity to explore the associa-
tion of these variables on herd-level and cow-level KET 
prevalence.

Over-conditioned cows, BCS ≥3.5, or above the 
median for BCS at calving, are associated with an in-
creased risk of KET in early lactation (Gillund et al., 
2001; McArt et al., 2015). Recording BCS routinely 
pre-calving can be used to identify animals at a higher 
risk for KET in the next lactation. Not only is BCS 
measurement subjective, but it also requires consistent 
recording to be useful, which has not been adopted in 
many herds. It has been suggested that milk fat produc-
tion in late lactation could be a surrogate measure for 
conditioning (Baldwin et al., 1985; Allen and Piantoni, 
2014). Cattle that partition fat into milk may be less 
likely to deposit fat in body stores. It may be possible 
to use measures other than BCS in late lactation, such 
as milk fat percentage, to identify cows at risk for KET 
in the next lactation. Different variables and risk fac-
tors were relevant for primiparous (PP) compared with 
multiparous (MTP) cows. Prepartum management 
factors of interest for MTP cows included dry period 
length and calving interval, whereas age at first calving 
was of interest for PP animals. Multiparous cows also 
had milk production data from previous lactations that 
could be included as possible risk factors for KET in 
the current lactation.

The objectives of this work were to (1) define a milk 
BHB threshold for use with the DHIA milk BHB test 
based on the effect on first test milk production, (2) es-
timate the population level and within-herd prevalence 
of KET for dairy herds in Ontario, (3) investigate herd-
level variables associated with the within-herd KET 
prevalence, and (4) investigate herd-level and cow-level 
variables associated with having KET for PP and MTP 
cows independently.

MATERIALS AND METHODS

A data set of test-day information from all Ontario 
herds enrolled in a DHIA program (Canwest DHI, 

Guelph, ON, Canada) from June 2014 to December 
2015 was compiled. Variables were extracted from 
the larger DHIA database stored in Oracle version 9i 
(Oracle Corporation, Redwood Shores, CA) and copied 
into Excel (Excel for Mac version 15.5.4, Microsoft, 
Redmond, WA) spreadsheets before being imported 
into SAS (SAS 9.3, SAS Institute Inc., Cary, NC) for 
data manipulation and analysis. Variables of interest 
included cow-level test-day data related to milk produc-
tion, milk components, and BHB, as well as herd-level 
data describing herd size, barn type, and milking sys-
tem. The BHB was measured in mmol/L (Ketoscreen 
test, MilkoScan FT600, Foss Analytical A/S, Hillerød, 
Denmark) at first DHIA test when the first test oc-
curred before 30 DIM. Milk samples were collected 
through routine DHIA testing, preserved with bronopol 
tablets (Brotab, Systems Plus, Baden, ON, Canada), 
and transported to the CanWest DHI laboratory in 
Guelph, ON. The number of KET positive tests before 
30 DIM were compared with all tests performed within 
the same timeframe to determine the KET prevalence 
on Ontario dairy herds enrolled in a DHIA program. 
Subgroups were formed to explore the variation in 
prevalence by variables of interest (Table 1). The most 
recent test was retained if animals had multiple first 
tests over the 19-mo test period to avoid violating the 
model assumption of independence. Samples that were 
recorded as abnormal by the DHIA laboratory were 
excluded from analysis.

Statistical Analysis

For all KET prevalence models, univariable as-
sociations were offered to the multivariable models if 
P ≤ 0.05. All variables with a significant univariable 
association with the outcome were examined for collin-
earity. A single variable was selected based on biologi-
cal plausibility if 2 variables had correlation ≥0.6 on 
Spearman rank (categorical) or Pearson (continuous) 
correlation coefficients. Quadratic terms were examined 
for all continuous predictor variables and retained if 
significant to fulfill the assumption of linearity. The 
final multivariable models were constructed using 
backward stepwise elimination. Variables were retained 
in the multivariable model if P < 0.01 or if removal 
of the variable changed other variables’ estimates by 
20% or more, indicating evidence of confounding. The 
amount of unexplained variation at the herd level, the 
intra-class correlation coefficient (ICC), was calculated 
using a latent-variable approach (Dohoo et al., 2009).

Milk BHB Threshold. To establish a threshold for 
KET based on the DHIA milk BHB test, multilevel 
linear regression models were constructed using first 
test milk yield (kg/d) as the outcome of interest and 
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Table 1. Variables included in examination of risk factors for within-herd prevalence of ketosis (milk BHB ≥0.15 mmol/L) at first DHIA milk 
test for dairy herds in Ontario, Canada, on a DHIA program1

Variable  Description

Herd size2,3 <50 cows
50 to 100 cows (referent)
100 to 200 cows
>200 cows

Barn type2,3,4 Freestall (referent)
Tiestall
Other

Automatic milking system2,3,4 No (referent)
Yes

Predominant breed4 (>50% of cows in the herd) Holstein (referent)
Jersey
Other

Animal breed2,3,5 Holstein (referent)
Jersey
Other

Parity3,5 Parity = 1
Parity = 2 (referent)
Parity ≥3

Mean herd parity4 Mean herd parity of all test cows
Proportion of parity = 14 Percent of tested herd in parity 1
Proportion of parity = 24 Percent of tested herd in parity 2
Proportion of parity ≥34 Percent of tested herd in parity ≥3
Season of test5 Winter

Spring (referent)
Summer
Autumn

Seasonal distribution4 Proportion of tests occurring in each season (categorized):
 <33%
 ≥33%

Test year2,3 2014 or 2015
Month of first test2,3 Categorized by month (referent = May)
Mean DIM at first test4 DIM at first test averaged across the herd
DIM at first test2,3,5 Categorized:

 <14 DIM
 14 to 21 DIM
 >21 DIM (referent)

Calving age2 Categorized by the median for parity = 1:
 18 to 25 mo (referent)
 25 to 33 mo

Calving interval3 Categorized by quartile for parity ≥2:
 11 to 12 mo
 12 to 13 mo (referent)
 13 to 15 mo
 >15 mo

Days dry3 Days dry in the previous lactation for parity ≥2 categorized by quartile:
 <45 d
 45 to 56 d (referent)
 56 to 72 d
 72 to 365 d

Herd average M3052,3,4 Categorized by quartile:
 <8,113 kg (referent)
 8,113 to 8,908 kg
 8,908 to 9,573 kg
 >9,573 kg

Previous milk yield3 Total milk yield (kg) of the previous lactation for parity ≥2 categorized by quartile:
 >8,660 kg (referent)
 8,660 to 10,386 kg
 10,386 to 12,301 kg
 >12,301 kg

Fat yield at last test3 Milk fat yield at the final DHIA test of the previous lactation:
 ≥0.70 kg
 0.70 to 0.92 kg
 0.92 to 1.12 kg
 ≥1.12 kg

1Prevalence was modeled separately for parity 1 and parity ≥2.
2Included in the ketosis (KET) at first test for parity = 1 univariable analysis and multilevel logistic regression model; M305 is the 305-d milk 
yield.
3Included in the KET at first test for parity ≥2 univariable analysis and multilevel logistic regression model.
4Included in within-herd KET prevalence univariable analysis and multilevel linear regression model.
5Included in milk BHB threshold models.
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with different thresholds of milk BHB at first test as 
dichotomous explanatory variables of interest, similar 
to Duffield et al. (2009). The thresholds of milk BHB 
evaluated were ≥0.08, 0.10, 0.12, 0.15, 0.18, 0.20, 0.22, 
0.25, and 0.28 mmol/L based on the commonly recom-
mended cut points ≥0.1 and ≥0.2 mmol/L milk BHB 
using semiquantitative milk strips (Geishauser et al., 
2000; Samiei et al., 2010). The potential confounding 
effect of DIM at first test, season of test, parity, and 
breed were evaluated. Herd was included as a random 
effect. The lowest threshold with a negative estimate 
for milk yield and a P ≤ 0.05 was chosen as the thresh-
old for KET.

Within-Herd Prevalence. A linear regression 
model was constructed to explore factors associated 
with within-herd KET prevalence, including herds with 
≥61 tests over the sampling period (n = 791). The 
required number of tests was determined using a 
proportion estimation sample size calculation assum-
ing a within-herd prevalence of 20% (Duffield et al., 
1997), with 95% confidence, 80% power, and a preci-
sion of 10% around the estimate. To investigate the 
association of herd-level factors with the within-herd 
KET prevalence, within-herd KET prevalence was 
modeled as the outcome, using PROC GLM. Residuals 
were examined for normality and the assumption of ho-
moscedasticity. Homoscedasticity was confirmed with 
the Cook-Weisberg test. To satisfy the assumption of 
normality, the outcome of within-herd KET prevalence 
was transformed by taking the square root.

Risk Factors for Ketosis in Primiparous and 
Multiparous Animals. All herds were included in the 
cow-level models (n = 3,042). Two multilevel logistic 
regression models were constructed to determine fac-
tors associated with having KET at first DHIA test 
for PP (n = 58,584) and MTP animals (n = 108,196) 
independently, with herd included as a random effect. 
Primiparous animals were excluded if age at first calv-
ing was <550 or >1,000 d to avoid including animals 
with incorrect calving age or incorrectly classified as 
PP. Multiparous animals were excluded if last test fat 
percentage <1.5, previous lactation yield <2,000 kg, 
days dry >365 d, or calving interval <330 d to exclude 
those with unrepresentative or erroneous values.

RESULTS

Milk BHB Threshold

The lowest milk BHB threshold that was associ-
ated with decreased milk production at first test day 
was BHB ≥0.15 mmol/L. After controlling for parity, 
breed, season, and DIM at first test, having milk BHB 

≥0.15 mmol/L was associated with 1.0 kg/d lower milk 
production (P ≤ 0.001). The threshold associated with 
lower production is equivalent to the threshold cur-
rently employed by DHIA for KET diagnosis.

Descriptive

The overall prevalence of KET in Ontario based on 
165,749 observations was 21%. The prevalence was the 
highest [27%; 95% CI: 26 to 28%] for cattle tested on 6 
and 7 DIM. Prevalence decreased with increasing DIM, 
to 16% for cattle tested at 27 and 30 DIM (Figure 1a). 
Separating the prevalence of KET by PP and MTP 
illustrated a parity effect (Figure 1b). The prevalence 
of KET for PP animals was highest for those tested at 5 
DIM and the prevalence followed a steady decline. The 
peak prevalence of KET for MTP animals was at 11 
and 12 DIM. Prevalence also varied by season (Figure 
2); summer (20%; 95% CI: 19.6 to 20.3) and autumn 
(18%; 95% CI: 17.3 to 17.9) had lower KET prevalence 
compared with winter (26%; 95% CI: 25.5 to 26.5) and 
spring (25%; 95% CI: 24.5 to 25.4).

The average within-herd KET prevalence in dairy 
herds in Ontario was 21% (SD = 10.7; Figure 3) based 
on each herd’s average prevalence between June 2014 
and December 2015. Within-herd KET prevalence 
ranged from 0 to 59%. A subset of herds (795) was 
used for the within-herd prevalence estimate. To be 
included in the within-herd prevalence estimate, herds 
were required to have a minimum of 61 animals with a 
DHIA test occurring within the first 30 DIM. Twenty-
six percent of the herds included in the main database 
had ≥61 animal tests. For those included in the within-
herd prevalence estimate, the number of first tests per 
herd over the 19-mo period ranged from 61 to 710, 
with a mean of 113 (SD = 76). The herd demographics 
between the main data set and the within-herd preva-
lence subset differed. The average lactating herd size 
for those included in the within-herd KET prevalence 
estimate (795 herds) was 126 cows (SD = 99; range 
39 to 1,184) compared with 68 cows (SD = 62; range 
4 to 1,184) for all herds in the complete database. 
The full data set had a higher proportion of tie-stall 
herds (62%) compared with the herds included in the 
within-herd prevalence estimation (30%; Table 2). The 
proportion of freestall herds was lower in the complete 
data set (28%) than in the within-herd prevalence data 
set (60%). In both the full data set and the subset with 
61 tests or more, the majority of the milk BHB tests 
(>93%) came from Holstein cows, with the remainder 
from Jersey, Guernsey, Ayrshire, Brown Swiss, Milking 
Shorthorn, and other cattle (Table 2).
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Within-Herd Prevalence

In univariable analysis, barn type (P = 0.03), having 
AMS (P < 0.001), having more than 33% of tests dur-
ing the summer (P < 0.001), proportion of first-parity 
animals (P = 0.002), and average herd 305-d milk yield 
(M305; P = 0.01) were associated with the transformed 
within-herd KET prevalence. Predominant breed (P = 
0.11), herd size (P = 0.46), average DIM at first test 
(P = 0.57), and average herd parity (P = 0.59) were 

not associated with the within-herd prevalence. Two 
variables were retained in the multivariable linear re-
gression model: having AMS (P < 0.001) and having 
more than 33% of first tests in the summer (P < 0.001). 
Herds with more tests occurring in the summer were 
estimated to have a 2% lower within-herd KET preva-
lence. Herds with AMS were estimated to have a 5% 
increase in within-herd prevalence of KET (Table 3).

Figure 1. (a) Prevalence (±SE) of cow-level ketosis in the first 30 
d of lactation by DIM at diagnosis, for 165,749 cows of all parities in 
3,042 dairy herds enrolled in a DHIA program in Ontario, Canada. 
Ketosis was diagnosed by milk BHB ≥0.15 mmol/L at DHIA test. 
(b) Cow-level prevalence (±SE) of ketosis in the first 30 d of lactation 
by DIM at diagnosis separated into primiparous (n = 55,678) and 
multiparous (n = 100,509) animals from 3,042 dairy herds enrolled in 
a DHIA program in Ontario, Canada. Ketosis was diagnosed by milk 
BHB ≥0.15 mmol/L at DHIA test.

Figure 2. Seasonal variation of cow-level ketosis (±SE) in the first 
30 d of lactation based on season of first DHIA test for 165,749 cows 
in 3,042 dairy herds enrolled in a DHIA program in Ontario, Canada. 
Ketosis was diagnosed by milk BHB ≥0.15 mmol/L at DHIA test. 
Letters a–d denote difference (P < 0.001) between seasonal prevalence.

Figure 3. Within-herd prevalence of ketosis based on milk BHB 
≥0.15 mmol/L at DHIA first test for 795 herds with ≥61 first tests 
between June 2014 and December 2015, when first test ≤30 DIM. The 
mean within-herd prevalence of 21% for all tested herds is indicated 
with the horizontal black line.
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Risk Factors for Ketosis in Primiparous  
and Multiparous Animals

Several variables associated with KET at first DHIA 
milk tests were similar in PP and MTP animals (Tables 
4 and 5). Season and DIM at first test were associ-
ated with KET in all parities. The highest prevalence 
of KET for both groups occurred in May and February. 
The odds of KET at first test were lowest in October, 
compared with May. The odds of KET remained low 
from July through November. In both groups, DIM at 
first test was associated with KET, with the odds of 
KET at first test decreasing as DIM increased. The 
odds of KET were 2.57 (95% CI: 2.41 to 2.73) times 
greater for PP and 1.45 (95% CI: 1.39 to 1.50) times 
greater for MTP animals that had milk sampled in the 
first 2 wk of lactation compared with those sampled in 
the fourth week.

Breed was associated with KET at first DHIA test 
in both parity models. Jerseys had odds of KET 1.46 

(95% CI: 1.23 to 1.73) and 1.47 (95% CI: 1.32 to 1.65) 
times greater than Holsteins, for PP and MTP animals, 
respectively.

The herd average M305 was associated with the odds 
of KET in PP and MTP animals, but the direction of 
the relationship differed. Having a herd average M305 
above the median in PP animals decreased the odds of 
KET by 0.82 (95% CI: 0.73 to 0.94) when compared 
with animals from herds in the lowest quartile for the 
herd average M305. In MTP animals, having a herd 
average M305 in the lowest quartile was protective for 
KET when compared with animals in herds with higher 
average M305. Multiparous animals from herds with 
the highest herd average M305 had the highest odds of 
KET (odds ratio: 1.27; 95% CI: 1.16 to 1.40). The ICC 
at the herd-level for PP animals was 16%, whereas the 
ICC for MTP animals at the herd level was 10% based 
on the null models.

Contrary to the herd average milk production, in-
creased fat yield at the last DHIA test of the previous 

Table 2. Herd demographics of all Ontario dairy herds enrolled in a DHIA program collected from June 2014 
to December 2015 compared with those herds with ≥61 first test observations over the same period

Variable All herds
Herds with ≥61  

test days

Number of herds 3,042 795
Number of cows 165,749 89,787
Mean (median) number of lactating cows 67.6 (50.5) 126.4 (98.8)
Mean (median) number of first DHIA tests per herd 54.3 (40.5) 112.9 (89.0)
Barn type by number (%) of herds   
 Free stall 868 (28) 476 (60)
 Tie stall 1,877 (62) 236 (30)
 Other 297 (10) 83 (10)
Number (%) of herds with an automated milking system 200 (7) 91 (11)
Breed number (%) of cows   
 Holstein 154,597 (93) 85,461 (95)
 Jersey 7,546 (5) 2,958 (3)
 Other 3,606 (2) 1,368 (2)
Average DIM at first test 17.4 (SE = 0.03) 17.4 (SE = 0.03)
Average M3051 (kg) 8,759 (SE = 22) 9,128 (SE = 37)
Average F3052 (kg) 233 (SE = 0.60) 245 (SE = 1.1)
1M305 = 305-d milk yield.
2F305 = 305-d fat yield.

Table 3. Final linear regression model of factors associated with the square root of the within-herd prevalence 
of ketosis (milk BHB ≥0.15 mmol/L) for 165,749 cows in 795 herds in Ontario with ≥61 DHIA tests within 
30 DIM

Variable Estimate SE 95% CI P-value

Automatic milking system     
 No Referent    
 Yes 0.46 0.13 0.21 to 0.72 <0.001
Proportion of tests in summer     
 <33% Referent    
 ≥33% −0.25 0.08 −0.42 to −0.09 <0.001
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lactation was associated with decreased odds of KET 
at the first DHIA test of the current lactation for MTP 
animals (Table 5). For example, animals producing 
≥1.12 kg of fat at the last test of the previous lacta-
tion had odds of KET of 0.56 (95% CI: 0.53 to 0.59) 
compared with animals that produced <0.70 kg of fat 
at last test.

The number of days dry was associated with the odds 
of KET at first test, with the odds of KET increas-
ing with increasing days dry (Table 5). Similarly, when 
compared with a 12-mo calving interval, a calving in-
terval between 13 and 15 mo was associated with 1.39 
times greater odds of KET (95% CI: 1.33 to 1.46), and 
if the calving interval was >15 mo the odds increased 
to 1.96 times (95% CI: 1.87 to 2.05). For PP animals, 
age at first calving ≥25 mo increased the odds of KET 
to 1.41-fold (95% CI: 1.33 to 1.49) relative to first calv-
ing <25 mo.

Herd size and barn type were not associated with 
KET at first test for either parity group; however, hav-
ing AMS was significantly associated with KET at first 
test for MTP animals (odds ratio: 1.45; CI95%: 1.30 to 
1.62). Being in an AMS herd was not associated with 
KET for PP animals.

DISCUSSION

Overall KET prevalence at first DHIA test before 30 
DIM was 21%, which is similar to a recent European 
estimate of 21.8% based on blood BHB ≥1.2 mmol/L 
sampled from 2 to 15 DIM (Suthar et al., 2013). Anoth-
er recent European study conducted in the Netherlands 
estimated an overall KET prevalence of over 58% when 
testing animals 7 to 14 DIM using serum BHB (Van-
holder et al., 2015). Berge and Vertenten (2014) also 
reported a high overall prevalence of KET in Europe 
of 39%, when using the KetoTest milk strip (Ketolac 
test strip; Sanwa Kagaku Kenkyusho Co. Ltd., Nagoya, 
Japan) once between 7 and 21 DIM for diagnosis. The 
KET prevalence in a previous cross-sectional survey of 
92 dairy farms in Ontario in the early 1990s was 20% 
(Duffield et al., 1997). Although the majority of the 
herds at that time were tie-stall and component-fed, 
the prevalence of KET in the present study was similar.

The average within-herd KET prevalence for dairy 
herds in Ontario based on first test DHIA milk BHB 
was 21%. The within-herd prevalence in this study was 
lower than the within-herd prevalence reported for Eu-
ropean herds (43%; Berge and Vertenten, 2014). Herds 

Table 4. Final logistic regression model of factors associated with ketosis (milk BHB ≥0.15 mmol/L) for 55,678 first-parity cows in 2,984 herds 
in Ontario1

Variable No. with ketosis (%) Estimate SE Odds ratio 95% CI P-value

Breed       
 Holstein 7,857 (15) Referent     
 Jersey 474 (21) 0.38 0.09 1.46 1.23 to 1.73 <0.001
 Other 176 (16) −0.19 0.12 0.83 0.65 to 1.05 0.11
Month of testing       
 January 687 (18) −0.11 0.06 0.90 0.80 to 1.02 0.09
 February 706 (20) 0.02 0.06 1.02 0.90 to 1.16 0.76
 March 727 (18) −0.15 0.06 0.86 0.76 to 0.97 0.02
 April 740 (18) −0.13 0.06 0.88 0.78 to 1.00 0.04
 May 794 (20) Referent     
 June 687 (18) −0.08 0.06 0.93 0.82 to 1.05 0.22
 July 835 (16) −0.20 0.06 0.82 0.73 to 0.92 <0.001
 August 672 (12) −0.58 0.06 0.56 0.50 to 0.63 <0.001
 September 693 (11) −0.66 0.06 0.52 0.46 to 0.58 <0.001
 October 730 (11) −0.68 0.06 0.51 0.45 to 0.57 <0.001
 November 726 (12) −0.63 0.06 0.53 0.47 to 0.60 <0.001
 December 510 (18) −0.12 0.07 0.89 0.78 to 1.02 0.08
DIM at first test       
 <14 4,244 (22) 0.94 0.03 2.57 2.41 to 2.73 <0.001
 14 to 21 2,335 (13) 0.30 0.03 1.35 1.27 to 1.45 <0.001
 22 to 30 1,928 (10) Referent     
Age at calving (mo)       
 <25 3,582 (13) Referent     
 25 to 33 4,925 (17) 0.34 0.03 1.41 1.33 to 1.49 <0.001
Herd average M3052 (kg)       
 <8,311 1,651 (19) Referent     
 8,311 to 9264 2,259 (16) −0.08 0.07 0.93 0.81 to 1.05 0.23
 9,265 to 10,030 2,357 (15) −0.19 0.07 0.82 0.73 to 0.94 0.003
 ≥10,030 2,240 (13) −0.31 0.07 0.73 0.64 to 0.83 <0.001
1Herd is included as a random effect.
2M305 = 305-d milk yield.
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in the European study did not use KET monitoring or 
prevention programs, whereas the herds in the current 
study may include both those that do and do not have 
KET prevention strategies in place.

The prevalence of KET was highest in May, with 
decreased KET prevalence occurring from July to No-
vember. We expected to see an increased prevalence 
during the warmer months of July and August; how-
ever, European studies have reported a similar higher 
prevalence in spring (Suthar et al., 2013; Berge and 
Vertenten, 2014; Vanholder et al., 2015). Factors that 

may affect the prevalence of KET seasonally could be 
related to feed quality, amount of butyrate in feed, or 
reduced labor spent on fresh cow programs due to more 
time-sensitive concerns (e.g., planting). More work is 
required to investigate the reason for seasonality in 
KET prevalence.

The peak KET prevalence occurred at 6 and 7 DIM 
and decreased over 30 DIM. This finding is consistent 
with previous work, indicating a higher prevalence in 
the first 2 wk of lactation (Duffield et al., 1997; Ras-
mussen et al., 1999; McArt et al., 2012). Our results 

Table 5. Final logistic regression model of factors associated with ketosis (milk BHB ≥0.15 mmol/L) for 100,509 parity ≥2 cows in 3,015 herds 
in Ontario1

Variable No. with ketosis (%) Estimate SE Odds ratio 95% CI P-value

Automatic milking system            
 No 22,799 (25) Referent        
 Yes 2,297 (30) 0.37 0.06 1.45 1.30 to 1.63 <0.001
Breed            
 Holstein 23,085 (25) Referent        
 Jersey 1,387 (29) 0.39 0.06 1.47 1.32 to 1.65 <0.001
 Other 624 (28) 0.15 0.08 1.16 1.00 to 1.35 0.05
Parity            
 2 7,725 (19) Referent        
 ≥3 17,371 (29) 0.49 0.02 1.64 1.59 to 1.69 <0.001
Month of testing            
 January 2,083 (30) −0.07 0.04 0.94 0.86 to 1.01 0.10
 February 1,932 (31) −0.01 0.04 0.99 0.91 to 1.07 0.81
 March 1,932 (29) −0.15 0.04 0.86 0.79 to 0.93 <0.001
 April 1,936 (29) −0.15 0.04 0.86 0.79 to 0.93 <0.001
 May 2,112 (31) Referent        
 June 1,827 (28) −0.18 0.04 0.84 0.77 to 0.91 <0.001
 July 2,660 (27) −0.21 0.04 0.81 0.75 to 0.87 <0.001
 August 2,353 (22) −0.53 0.04 0.59 0.54 to 0.63 <0.001
 September 2,267 (20) −0.63 0.04 0.53 0.50 to 0.57 <0.001
 October 2,147 (18) −0.78 0.04 0.46 0.43 to 0.49 <0.001
 November 2,474 (21) −0.60 0.04 0.55 0.51 to 0.59 <0.001
 December 1,373 (27) −0.24 0.04 0.79 0.72 to 0.86 <0.001
DIM at test            
 <14 9,726 (28) 0.37 0.02 1.45 1.39 to 1.50 <0.001
 14 to 21 8,016 (26) 0.25 0.02 1.29 1.24 to 1.34 <0.001
 22 to 30 7,354 (22) Referent        
Calving interval (mo)            
 11 to 12 5,096 (19) Referent        
 12 to 13 5,313 (22) 0.18 0.02 1.20 1.15 to 1.26 <0.001
 13 to 15 6,363 (26) 0.33 0.02 1.39 1.33 to 1.46 <0.001
 ≥15 8,257 (33) 0.67 0.02 1.96 1.87 to 2.05 <0.001
Number of days dry            
 <45 6,192 (21) −0.15 0.02 0.86 0.82 to 0.90 <0.001
 45 to 56 5,409 (23) Referent        
 56 to 72 5,903 (25) 0.06 0.02 1.07 1.02 to 1.12 0.006
 72 to 365 7,592 (32) 0.19 0.02 1.21 1.15 to 1.27 <0.001
Herd average M3052 (kg)            
 <8,311 4,612 (26) Referent        
 8,311 to 8,908 6,079 (25) 0.18 0.05 1.20 1.10 to 1.31 <0.001
 8,908 to 9,573 6,957 (25) 0.15 0.05 1.17 1.07 to 1.27 <0.001
 ≥9,573 7,448 (24) 0.24 0.05 1.27 1.16 to 1.40 <0.001
Previous lactation last test fat yield (kg/d)            
 ≤0.70 8,498 (34) Referent        
 0.70 to 0.92 6,224 (25) −0.33 0.02 0.72 0.69 to 0.75 <0.001
 0.92 to 1.12 5,396 (21) −0.46 0.02 0.63 0.60 to 0.66 <0.001
 ≥1.12 4,978 (20) −0.57 0.03 0.56 0.53 to 0.59 <0.001
1Herd is included as a random effect.
2M305 = 305-d milk yield.
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suggest that KET prevalence peaks 1 to 2 d later than 
what was reported by McArt et al. (2012) where KET 
prevalence peaked at 5 DIM; however, DHIA does not 
test animals <5 DIM and testing protocol may have 
prevented finding KET at earlier DIM. Primiparous 
animals peaked at 5 DIM and then dropped quickly. 
The proportion of PP to MTP animals may change the 
timing of peak prevalence. The pattern of prevalence of 
KET for PP and MTP animals was similar to the result 
described by Santschi et al. (2014). The reason for the 
difference in peak timing is unclear and warrants further 
investigation. Whereas older European (Andersson and 
Emanuelson, 1985) and Canadian (Dohoo and Martin, 
1984) studies indicated a peak incidence of KET at 3 
to 4 wk in lactation, a later peak in prevalence was not 
observed in the current population (Dohoo and Martin, 
1984; Andersson and Emanuelson, 1985). The differ-
ence in timing compared with older studies represents 
a change in the ability to manage negative energy bal-
ance as lactation progresses past the first few weeks.

Jersey cattle had higher odds of KET at first DHIA 
test compared with Holsteins. A difference in KET 
prevalence between other breeds has been illustrated 
in previous literature. Another Canadian prevalence 
study demonstrated a higher KET prevalence in Jer-
sey and Canadienne cattle than Holsteins (Santschi et 
al., 2014). Andersson and Emanuelson (1985) reported 
that Swedish Red and White had higher milk acetone 
concentrations than Swedish Friesians. A European 
study (Berge and Vertenten, 2014) found no associa-
tion between breed and KET prevalence; however, the 
study cited lack of variation in breed as one reason for 
the lack of difference between herds. Further work is 
required to determine the relevance of elevated KET 
prevalence in breeds other than Holsteins and whether 
previously determined KET thresholds based on dis-
ease risk are consistent across breeds.

In PP animals, age at first calving ≥25 mo increased 
the odds of KET at first DHIA test, similar to previous 
work by Gordon (2013) who found that calving greater 
than 24 mo increased the risk of KET by 1.7 times. 
Gordon (2013) also reported increased risk of KET 
with increasing days dry; however, in that study it was 
categorized into 2 groups, whereas we reported days 
dry in quartiles and demonstrated not only an increase 
in the odds of KET when days dry were between 56 and 
72 d, but also that the odds of KET were even greater 
when days dry were >72 d.

Rasmussen et al. (1999) found that higher previ-
ous lactation M305 was associated with higher odds 
of KET in the current lactation. Gordon (2013) found 
no association between previous lactation M305 and 
the risk of KET in early lactation in 4 American dairy 

herds. Interestingly, previous lactation total milk yield 
(kg) was significant in the univariable analysis in the 
current study; however, when accounting for calving 
interval, the previous lactation total milk yield (kg) 
was no longer a significant predictor. Having a longer 
calving interval was associated with higher odds of 
KET. Fat yield at the last DHIA test of the previous 
lactation was associated with KET. Multiparous ani-
mals with higher fat yield at last test had lower odds of 
KET at first DHIA test of the current lactation. It is 
possible that producing more milk fat in later lactation 
indicates that dietary energy is being partitioned to the 
milk rather than deposited as adipose tissue (Allen and 
Piantoni, 2014). Higher body condition prepartum is 
associated with KET postpartum (Gillund et al., 2001; 
McArt et al., 2013). We did not have BCS data in this 
study and further work would be required to confirm 
this hypothesis and to examine the association between 
last test fat yield and BCS or body fat composition.

The odds of KET at first DHIA test were increased 
for PP animals in the lowest quartile for average herd 
M305. In MTP animals, the association of average herd 
M305 and KET at first test were in the opposite di-
rection. In PP animals, average herd milk production 
may be a surrogate measure for management. The PP 
variation at the herd level was higher than the herd-
level variation of MTP animals, suggesting that with 
increasing parity, more cow-level factors affect the risk 
of KET. Average herd milk production may also be 
affected by the KET prevalence of the herd and may be 
a situation of reverse causation. A higher prevalence of 
KET within the herd may decrease the overall herd-av-
erage milk production, but also increase an individual’s 
odds of having KET.

Herds with AMS were associated with both higher 
within-herd KET prevalence and higher odds of KET 
at first DHIA test for MTP animals. This relationship 
has not been previously reported. There are several 
differences between AMS herds and parlor or pipeline 
milking systems including milking frequency and feed-
ing management. Providing some of the dietary intake 
through pelleted feed may contribute to KET. Berge 
and Vertenten (2014) reported herds with a partial 
mixed ration had the highest KET prevalence at 50% 
compared with 33% for component fed herds and 36% 
for TMR-fed herds. Automatic milking system herds 
allow more frequent milkings, contributing to an in-
creased milk yield (Wagner-Storch and Palmer, 2003; 
Jacobs and Siegford, 2012); an increase in yield in early 
lactation may also increase the magnitude of negative 
energy balance and may increase the odds of KET. 
Milking system was not associated with KET for PP 
animals. Much of transition management occurs before 
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lactation; PP animals are reared similarly in both AMS 
and non-AMS herds, reducing the difference between 
groups in the odds of KET in early lactation.

Limited information is available directly comparing 
blood BHB and milk BHB results from FTIR analysis. 
The sensitivity and specificity of FTIR milk BHB com-
pared with blood BHB ≥1.2 mmol/L was 34 and 89%, 
respectively, when the milk threshold was BHB ≥0.20 
mmol/L (Wilson and Goodell, 2013). It is unclear how 
the sensitivity and specificity would change at the 
threshold of milk BHB ≥0.15 mmol/L, as the sensi-
tivity of milk BHB tests decreases drastically between 
0.10 and 0.20 mmol/L (Tatone et al., 2016). Milk BHB 
may be more variable due to the mammary utilization 
of BHB in milk fat (Bergman, 1971), and it is unclear 
if other factors, such as milk yield or SCC, interfere 
with BHB measurement. More work is required to un-
derstand the dynamics between blood and milk BHB.

One of the main limitations of this work is that 
the within-herd KET prevalence estimate is based on 
a small subset (26%) of the herds on DHIA in On-
tario. The exclusion of herds was based on the number 
of DHIA tests within the first 30 DIM to provide a 
reasonably precise estimate of herd-level prevalence. 
The decision was made to include only herds with 61 
tests or more to estimate within-herd prevalence. The 
herd demographics of the complete set of herds dif-
fered compared with those included in the within-herd 
prevalence calculation (Table 2). The average herd size 
was much larger in the reduced data set, and the pro-
portion of tie-stall herds was reduced by 50%. However, 
barn type and herd size were not associated with KET 
postpartum in any of the models, including the cow-
level models that incorporated all herds in the data set. 
The lack of association in the cow-level models suggests 
that it does not have a large effect on the within-herd 
prevalence estimates.

The frequency of DHIA sampling (every 4–5 wk) 
meant that many cows would not be tested within 
the critical time period of the first 2 wk in lactation, 
making the test unsuitable as an individual diagnostic 
test. The effect of the sampling frequency of the DHIA 
tests on the within-herd prevalence estimate compared 
with a within-herd prevalence of a more regular on-
farm monitoring program will likely underestimate the 
within-herd prevalence slightly. The effect of the test-
ing scheme is variable depending on the calving pattern 
and herd size. If calvings were equally distributed across 
5 wk, then the DHIA testing scheme would test 2/5 of 
the cows in the critical period. Thirty-nine percent of 
cows in this data set were tested within the first 2 wk 
of lactation, and 66% of cows were tested by 21 DIM. 
In addition, the reduced frequency of sampling could 

potentially reduce the sensitivity to detect risk factors 
for KET or lead to a reduced magnitude of effect for 
those risk factors identified.

CONCLUSIONS

The overall prevalence of KET of cows and the av-
erage within-herd prevalence on Ontario dairy farms 
enrolled in a DHIA milk program was 21%. Due to 
the large number of records available, previously unre-
ported associations with the prevalence of KET could 
be explored. Barn type and herd size had no associa-
tion with herd-level prevalence or the cow-level odds 
of KET on dairy farms in Ontario enrolled in a DHIA 
program. A marked seasonal effect on KET prevalence 
and individual risk was present with the lowest KET 
prevalence occurring from July to November. This is 
the first report of higher within-herd KET prevalence 
and increased odds of KET in MTP animals in AMS 
herds. Future work should investigate the potential 
mechanism for this increase in KET and indicate areas 
where management should be adjusted. The decreased 
odds of KET in MTP animals with high milk fat yield 
at the final DHIA test of the previous lactation has not 
been previously documented. Future work should inves-
tigate the association between last test milk fat yield 
and BCS or body fat composition, with the potential 
to use last test fat yield as an indicator for cows at risk 
for KET in the next lactation.
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