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  ABSTRACT 

  The purpose was to determine the effect of oral 
propylene glycol (PG) administration in fresh cows di-
agnosed with subclinical ketosis (SCK). Measured out-
comes were development of displaced abomasum (DA) 
and removal from herd in the first 30 d in milk (DIM), 
conception to first service, and time to conception 
within 150 DIM. Cows from 4 freestall dairy herds (2 in 
New York and 2 in Wisconsin) were each tested 6 times 
for SCK from 3 to 16 DIM on Mondays, Wednesdays, 
and Fridays using the Precision Xtra meter (Abbott 
Laboratories, Abbott Park, IL). Subclinical ketosis was 
defined as a blood β-hydroxybutyrate concentration of 
1.2 to 2.9 mmol/L. Cows with SCK were randomized to 
treatment group (oral PG) or untreated control group 
(no PG); treatment cows were orally drenched with 300 
mL of PG once daily from the day they tested 1.2 to 
2.9 mmol/L until the day they tested <1.2 mmol/L. 
Mixed effects multivariable Poisson regression was used 
to assess the effect of PG on DA, removal from herd, 
and conception to first service; a semiparametric pro-
portional hazards model was used to evaluate the days-
to-conception outcome. A total of 741 of 1,717 (43.2%) 
eligible enrolled cows had at least 1 β-hydroxybutyrate 
test of 1.2 to 2.9 mmol/L. Of these, 372 were assigned 
to the PG treatment group and 369 to the control 
group. Thirty-nine cows (5.3%) developed a DA after 
testing positive for SCK and 30 cows (4.0%) died or 
were sold within the first 30 DIM. Based on risk ratios, 
control cows were 1.6 times more likely [95% confidence 
interval (CI) = 1.3 to 2.0] to develop a DA and 2.1 
times more likely (95% CI = 1.2 to 3.6) to die or be sold 
than cows treated with PG. In addition, PG-treated 
cows were 1.3 times more likely (risk ratio 95% CI = 
1.1 to 1.5) to conceive at first insemination than control 
cows in 3 of the herds. No difference was observed in 

days to conception within 150 DIM between treatment 
groups (hazard ratio for PG cows = 1.1, 95% CI = 
0.8 to 1.4), with a median time to conception of 100 d 
(95% CI = 93 to 111) and 104 d (95% CI = 95 to 114) 
for PG-treated and control cows, respectively. These 
results show that intensive detection of SCK, followed 
by treatment of positive cows with oral PG decreased 
the risk of developing a DA or leaving the herd within 
the first 30 DIM and increased the risk of conception 
to first service. 
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INTRODUCTION

  During the transition from late gestation to early lac-
tation, dairy cattle undergo a period of negative energy 
balance as the demands for milk synthesis cannot be 
met by feed intake (Bauman and Currie, 1980; Baird, 
1982; Herdt, 2000). To adapt to this negative energy 
balance, among other mechanisms, cows mobilize lipid 
reserves, which circulate in the blood as NEFA. Circu-
lating NEFA can then be used directly as a fuel source, 
metabolized in the liver to ketone bodies, or converted 
back into triglycerides. When the liver is overwhelmed 
by NEFA, ketone bodies are produced in excess and the 
cow becomes hyperketonemic (Herdt, 2000). The clini-
cal signs associated with hyperketonemia may include a 
decrease in appetite, weight loss, and a decrease in milk 
production. In addition to clinical hyperketonemia, 
cows also suffer from subclinical ketosis (SCK), de-
fined as an excess of circulating ketone bodies without 
clinical signs of ketosis (Andersson, 1988). 

  Cows that develop SCK are at an increased risk 
of additional postpartum diseases such as displaced 
abomasum (DA) and metritis (Duffield et al., 2009; 
Ospina et al., 2010a), which may increase their risk of 
removal from the herd during early lactation. Studies 
evaluating the effect of SCK on reproductive perfor-
mance have provided differing results. In large studies 
by Walsh et al. (2007) and Ospina et al. (2010b), the 
concentration of blood BHBA and the duration of eleva-
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tion were negatively associated with pregnancy at first 
service, whereas a smaller study by Kessel et al. (2008) 
showed no difference in days from calving to conception 
or first-service conception rate between cows diagnosed 
with and without elevated blood BHBA.

The use of propylene glycol (PG) to treat clinical 
ketosis is not novel (Johnson, 1954; Maplesden, 1954); 
it is known to be anti-ketogenic by increasing plasma 
glucose concentrations through decreased peripheral 
tissue glucose demand (Kristensen and Raun, 2007) and 
lowering NEFA and liver triglyceride levels, resulting in 
a decrease in plasma BHBA concentrations (Sauer et 
al., 1973; Grummer et al., 1994; Chung et al., 2009). 
Although numerous trials have been conducted using 
various PG dosages, lactational stages of administra-
tion, routes of delivery, and length of treatment to test 
the effect of prophylactic PG administration (Studer et 
al., 1993; Miyoshi et al., 2001; Nielsen and Ingvartsen, 
2004), no studies have reported the effect of PG on DA 
development or removal from herd in early lactation. 
However, the use of PG in decreasing the incidence of 
DA has been suggested as potentially beneficial (LeB-
lanc et al., 2005). It has also been postulated that the 
decrease in fat mobilization and hepatic ketogenesis 
after PG administration may have beneficial effects on 
reproduction (Nielsen and Ingvartsen, 2004). No stud-
ies have reported the effect of PG on cows with SCK 
except McArt et al. (2011).

The objective of this study was to determine the ef-
fect of oral PG administration on development of DA 
and removal from the herd in the first 30 DIM, concep-
tion to first service, and days to conception within 150 
DIM in cows intensively monitored and diagnosed with 
SCK.

MATERIALS AND METHODS

Study Population

Data were collected from 2 dairy farms (farms A and 
B) in New York from May 18, 2010 until September 
8, 2010 and from 2 dairy farms (farms C and D) in 
Wisconsin from June 11, 2010 until August 30, 2010. 
To be selected, farms had to meet the following criteria: 
milk at least 1,500 cows, have headlocks in fresh cow 
pens, use the farm management program Dairy Comp 
305 (Valley Agricultural Software, Tulare, CA), and be 
willing to participate in the proposed ketosis testing 
and treatment protocol. Detailed information concern-
ing farm management structure and nutrition has been 
reported previously (McArt et al., 2011); an overview 
of herd size, milk production, and reproductive and 
disease events can be found in Table 1.

Data Collection and Study Design

Enrollment into the study occurred at calving as 
described previously (McArt et al., 2011). Cows were 
tested from 3 to 16 DIM on Mondays, Wednesdays, 
and Fridays for ketosis using a Precision Xtra meter 
(Abbott Laboratories, Abbott Park, IL). The Precision 
Xtra meter is a hand-held device used to test blood 
BHBA concentrations; sensitivity and specificity com-
pared with serum BHBA concentrations determined 
photometrically are 96 to 100% and 98 to 100%, re-
spectively, when using a cut-off value of ≥1.2 mmol/L 
(Iwersen et al., 2009; Konkol et al., 2009). Given this 
testing scheme, each cow was sampled 6 times, begin-
ning at 3, 4, or 5 DIM and ending on 14, 15, or 16 DIM. 

Table 1. Farm management features 

Feature

Herd

A B C D

Size (cows) 1,900 1,800 2,800 4,100
Avg. milk/cow per day (kg) 41.8 41.8 39.4 35.3
Feeding system TMR TMR TMR TMR
Monensin in transition diet (g/t) 16 12 12 —
VWP1 (d) 50 55 for lactation ≥2; 

67 for lactation 1
65 80

Pregnancy rate2 21 24 19 19
DA risk3 (%) 3.2 2.7 2.6 2.9
Early removal risk4 (%) 3.3 3.5 4.1 7.3
Late removal risk5 (%) 42.9 41.9 42.0 46.3
1Voluntary waiting period.
2Pregnancy rate = number of cows confirmed pregnant/total number of eligible cow 21-d risk periods.
3DA risk = number of cows diagnosed with a displaced abomasum (DA) within 30 DIM/number of fresh cows.
4Early removal risk = cows that died or were sold within 30 DIM/number of fresh cows.
5Late removal risk = cows that died or were sold >30 DIM/average number of lactating and dry cows.
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Subclinical ketosis was defined as a BHBA concentra-
tion of 1.2 to 2.9 mmol/L; clinical ketosis was defined 
as ≥3.0 mmol/L (Oetzel, 2004).

On farms A and B, 10 mL of blood was collected 
from the coccygeal vessels of each cow using a tube 
without anticoagulant and a 20-gauge × 2.54-cm blood 
collection needle. On farms C and D, approximately 0.5 
mL of blood was collected from the coccygeal vessels 
using a 22-gauge × 2.54-cm needle and a 1-mL syringe. 
Beta-hydroxybutyrate testing was completed according 
to Precision Xtra meter instructions and performed 
immediately after blood collection. A ketone strip was 
attached to the Precision Xtra meter until the add 
blood symbol appeared on the meter display. The lot 
number of the inserted ketone strip was then checked 
to ensure matching with the lot number displayed on 
the meter. For each cow test, a drop of blood was ap-
plied to the ketone test strip test chamber; the meter 
indicated when the chamber was full. After 10 s, the 
BHBA concentration was displayed on the meter and 
the value recorded.

All testing of cows for SCK from 3 to 16 DIM was 
completed by the research team during the study. Cows 
with BHBA concentrations of 1.2 to 2.9 mmol/L were 
sequentially randomized to treatment group (oral PG 
drench) or untreated control group (no PG) after their 
first SCK-positive test. Randomization to treatment 
group for the first cow on each farm was completed 
in Excel (Microsoft Corp., Redmond, WA) using the 
random number function. Cows assigned to treatment 
were orally drenched with 300 mL PG (E. H. Wolf & 
Sons Inc., Green Bay, WI) once daily from the day they 
tested ≥1.2 mmol/L until the day they tested <1.2 
mmol/L or reached 17 DIM. Administration of a 300-
mL volume was chosen, as it is a common dose used on 
farms and delivers approximately 310 g of PG. Drench-
ing on farms A and B was completed by the research 
team; drenching on farms C and D was completed by 
on-farm personnel. Cows with BHBA concentrations of 
≥3.0 mmol/L were treated by on-farm personnel per 
farm protocol for cows diagnosed with ketosis.

Cows were excluded from the study if their previous 
days carried calf was less than 260 d, if they died or 
were sold before their first BHBA test, if they were 
diagnosed and treated by the farm for ketosis before 
their first BHBA test, if they tested ≥3.0 mmol/L be-
fore testing 1.2 to 2.9 mmol/L, or for lack of proper 
identification. Additionally, cows remaining in the herd 
through 16 DIM were excluded if they had fewer than 
5 BHBA tests. Further data collected included parity, 
DA, metritis, sold and died events, conception to first 
service, and DIM at conception. Displaced abomasa, 
cows died, cows sold, and pregnancy outcomes were 

exported throughout the study period from each farm’s 
Dairy Comp 305 program.

A proposal was reviewed and approved by the Cornell 
University Institutional Animal Care and Use Commit-
tee (Ithaca, NY; #2008–0099) and the University of 
Wisconsin Institutional Animal Care and Use Commit-
tee (Madison; #V01479–0-05–10). All farms were asked 
to sign a consent form agreeing to the proposed testing 
and treatment protocol and were given a document 
containing information on disease definitions, including 
clinical milk fever, retained placenta, metritis, displaced 
abomasum, and clinical ketosis.

Statistical Analysis

Descriptive statistics were generated with the FREQ 
procedure of SAS (SAS Institute Inc., Cary, NC); dif-
ference in parity between the 2 treatment groups was 
analyzed using a chi-squared test. The effect of PG in 
SCK-positive cows on DA development, removal from 
herd, and conception to first service was analyzed using 
mixed effects multivariable Poisson regression with the 
GENMOD procedure of SAS (Frome and Checkoway, 
1985; Spiegelman and Hertzmark, 2005). For the model 
evaluating DA development, SCK-positive cows devel-
oping a DA before their first SCK-positive test were 
removed from the analysis. The potential confounding 
variables lactation group (lactation 1, lactation 2, and 
lactation ≥3) and metritis were offered to the models 
(the variable DA was also offered to the model con-
cerning removal from herd) as independent variables 
in addition to PG treatment. The variable herd was 
entered as a random effect in the DA and removal 
models. Due to large differences in voluntary waiting 
period (VWP), conception to first service, and breed-
ing strategy (inseminating many cows twice) on farm 
D, the variable herd was tested as a fixed effect in the 
conception-to-first-service model; an offset term was 
used to adjust for the difference in VWP for each herd. 
Independent variables were removed by manual back-
ward stepwise elimination if their contrast estimate 
was considered statistically nonsignificant (P > 0.10) 
and biologically not important. Statistical significance 
of the variable herd in the conception-to-first-service 
model led to further analysis of conception by herd. 
Due to biologically plausible explanations for a change 
in outcome direction compared with the other 3 farms, 
farm D was excluded from both conception-to-first-
service and time-to-conception analyses. The variable 
herd was then re-entered into the conception-to-first-
service model as a random effect to account for the 
unmeasured variations between the remaining 3 herds. 
The effect of PG on time to conception was analyzed 
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by a semiparametric proportional hazards model (Cox, 
1972) using the PHREG procedure of SAS. The time 
series variable for the model was the number of days 
from calving until conception within 150 DIM. Censor-
ing variables were used to identify cows that conceived 
from cows that were either removed from the herd or 
did not conceive by 150 DIM. Independent variables 
offered to the model included PG treatment, lactation 
group, and herd. Independent variables and their re-
spective interaction terms were manually removed by 
backward stepwise elimination if considered statistically 
nonsignificant (P > 0.10) and biologically not impor-
tant. Proportional hazards assumptions were verified 
by evaluating the time-dependent covariates (Allison, 
1995); noninformative censoring was evaluated using 
sensitivity analysis. A Kaplan-Meier analysis (Kaplan 
and Meier, 1958) using only the PG treatment variable 
was completed using the LIFETEST procedure of SAS 
to determine median days from calving to conception 
for both treatment groups.

RESULTS

Descriptive Statistics

Of the 1,717 eligible enrolled cows, 741 (43.2%) were 
diagnosed with SCK and randomized, with 372 cows 
receiving PG treatment and 369 control cows. The con-
trol group was composed of 106, 97, and 166 cows in 
lactation 1, 2, and ≥3, respectively (median = 2); the 
treatment group contained 109 cows in lactation 1, 92 
in lactation 2, and 171 in lactation ≥3 (median = 2). 
No difference in parity between the 2 groups (P = 0.89) 
was observed. Table 2 shows the incidence of SCK, DA, 
and early lactation removals by herd.

Displaced Abomasum

In the first 30 DIM, 3 of 976 SCK-negative cows 
(0.3%) developed a DA and 39 of 739 cows (5.3%) de-
veloped a DA after testing positive for SCK (2 cows 
developed a DA before testing positive for SCK and 
were excluded from the analysis). For the SCK-positive 

cows, 24 (6.5%) of the control cows developed a DA 
compared with 15 (4.0%) of the PG-treated cows. 
Table 3 shows DA incidence in SCK-positive cows by 
herd and treatment group. Control cows were 1.6 times 
more likely [risk ratio (RR) 95% CI = 1.3 to 2.0, P < 
0.001] to develop a DA than cows treated with PG. The 
final regression model included only the PG treatment 
variable with herd as a random effect. The final model 
estimate is in Table 4.

Early Lactation Removals

In the first 30 DIM, 18 of 976 (1.8%) SCK-negative 
cows and 30 of 741 cows (4.1%) that tested positive for 
SCK were removed from the herd. For the SCK-positive 
cows, 20 (5.4%) of the control cows were removed before 
30 DIM compared with 10 (2.7%) of the PG-treated 
cows. Table 3 shows the incidence of removal from the 
herd in the first 30 d by herd and treatment group. 
Control cows were 2.1 times more likely (RR 95% CI 
= 1.2 to 3.6, P = 0.01) to die or be culled than cows 
treated with PG. The final regression model included 
only the PG treatment variable with herd as a random 
effect. The final model estimate is in Table 4.

Conception to First Service and Time to Conception

Table 5 shows conception to first service and median 
days to conception by herd and treatment group. Cows 
in farm D were removed from analysis of reproductive 
outcomes due to major differences in VWP and first-
service breeding protocols. Of the remaining 3 herds, 
907 cows had data concerning conception at first ser-
vice; 241 of 603 (40.0%) SCK-negative cows and 123 
of 304 (40.5%) SCK-positive cows conceived to first 
service. Of the SCK-positive cows, 52 of 148 (35.1%) 
control cows conceived at their first service compared 
with 71 of 156 (45.5%) PG-treated cows. Cows treated 
with PG were 1.3 times more likely (RR 95% CI = 1.1 
to 1.5, P = 0.002) to conceive than control cows. The 

Table 2. Herd incidence during the study period of subclinical ketosis 
(SCK) from 3 to 16 DIM, displaced abomasum (DA) in the first 30 
DIM, and removal from herd in the first 30 DIM for all 1,717 Holstein 
cows 

Herd SCK (%) DA (%)
Early  

removal (%)

Farm A 40.4 (n = 143) 2.0 (n = 7) 2.3 (n = 8)
Farm B 26.4 (n = 106) 2.0 (n = 8) 3.0 (n = 12)
Farm C 40.9 (n = 119) 1.7 (n = 5) 7.2 (n = 21)
Farm D 55.7 (n = 373) 3.3 (n = 22) 8.8 (n = 59)

Table 3. Herd incidence of displaced abomasum (DA) and removal 
from herd in the first 30 DIM for 741 Holstein cows diagnosed with 
subclinical ketosis between 3 and 16 DIM and randomized to treatment 
with propylene glycol (PG) or without PG (control) 

Item

Herd

A B C D

DA (%)
 Control 4.3 9.3 5.2 7.1
 PG 4.1 3.8 3.3 4.2
Removal (%)
 Control 5.7 3.7 3.4 6.5
 PG 1.4 0.0 1.6 4.2
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final regression model included only the PG treatment 
variable with herd as a random effect. The estimate for 
the final conception-to-first-service model is in Table 4.

Farms A, B, and C had 904 cows with data con-
cerning pregnancy status at 150 DIM; 496 of 601 
(82.5%) SCK-negative cows and 237 of 303 (78.2%) 
SCK-positive cows were pregnant. Of the SCK-positive 
cows, 115 of 148 (77.7%) control cows and 122 of 155 
(78.7%) PG-treated cows were pregnant. No difference 
was observed in days to conception within 150 DIM 
between treatment groups (hazard ratio for PG cows = 
1.1, 95% CI = 0.8 to 1.4, P = 0.70), with a median time 
to conception of 100 d (95% CI = 93 to 111) and 104 d 
(95% CI = 95 to 114) for PG-treated and control cows, 
respectively. The final model concerning the effect of 
PG on time to pregnancy included the variables PG 
treatment, herd, and lactation group. The final model 
estimates are in Table 6.

DISCUSSION

The reported study was conducted to determine the 
effects of oral PG administration on development of DA 
and removal from the herd in the first 30 DIM, concep-
tion to first service, and days to conception within 150 
DIM in cows diagnosed with SCK. Results show that 
cows treated with oral PG were less likely to develop 
a DA, less likely to be removed from the herd in the 

first 30 DIM, and more likely to conceive to first service 
than control cows; no difference existed in time to con-
ception within 150 DIM between the 2 groups. Whereas 
these results derive from large, freestall, TMR-fed dair-
ies and are, thus, more likely to have external validity 
under these conditions, the PG treatment was on an 
individual-cow basis. It is, therefore, biologically plau-
sible that the benefits of PG pertain to cows managed 
in a variety of environments; however, the physiology 
and ecology of ketosis may be different in component-
fed herds. In these herds, ketogenesis may be more 
related to a mismatch between energy expenditure and 
consumption slightly later in lactation than to events 
associated with lipolysis in the dry period. It remains 
undetermined from this study if PG would be beneficial 
to cows managed in these conditions.

The choice to compare PG-treated cows to an un-
treated control group rather than a group receiving 
a placebo solution was made to include the stress of 
handling and dosing in the PG response. On farms A 
and B, because the treatments were given by the re-
search team, no potential existed for management bias 
from farm employees, as they were not aware of which 
cows received treatment. Although PG-treated cows on 
farms C and D were dosed by farm personnel, they were 
dosed under the direction and supervision of the re-
search team at the time of testing. Although not blind-
ed to treatment, it is unlikely that any management 

Table 4. Estimates for 3 final Poisson regression models showing risk ratios (RR) for 741 Holstein cows with at 
least 1 positive test for subclinical ketosis from 3 to 16 DIM randomly assigned to propylene glycol treatment 
(n = 372) or control (n = 369)1  

Model Estimate SE2 P-value3 RR 95% CI4

DA 0.47 0.11 <0.0001 1.6 1.3 to 2.0
CULL 0.72 0.29 0.01 2.1 1.2 to 3.6
PREG 0.27 0.09 0.002 1.3 1.1 to 1.5
1The 3 outcomes modeled were 1) development of a displaced abomasum (DA) within 30 DIM, 2) removal from 
herd (CULL) within 30 DIM, and 3) conception to first service (PREG).
2SE = standard error for estimate.
3P-value reported for estimate.
4Confidence interval for risk or hazard ratio.

Table 5. Conception risk and median time to conception (95% CI) for 741 Holstein cows with at least 1 
positive test for subclinical ketosis from 3 to 16 DIM randomly assigned to propylene glycol (PG) treatment 
(n = 372) or control (n = 369) 

Item

Herd

A B C D

Conception risk (%)
 Control 32.8 43.2 32.0 80.4
 PG 42.9 44.2 50.0 76.6
Days to conception
 Control 106 (94 to 123) 95 (82 to 104) 118 (96 to 146) 112 (103 to 123)
 PG 100 (83 to 121) 101 (95 to 111) 100 (78 to 134) 105 (92 to 111)
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bias subsequently occurred. In addition, all measured 
outcomes were objective and numerical. Sequential 
randomization was chosen for allocation to treatment 
group over other randomization methods to ensure an 
almost equal number of cows assigned to the PG and 
control group by day. In the studied on-farm settings, 
where environmental factors such as heat index and 
delayed feedings could potentially affect the outcome, 
it was deemed important to have cows in both the PG 
treatment and control groups be equally exposed to 
these daily variations.

Administration of oral PG to SCK-positive cows 
decreased the risk of developing a DA, as control cows 
were 1.6 times more likely to develop a DA than cows 
treated with PG. No other studies have analyzed the 
effect of PG on DA development. Pickett et al. (2003) 
reported the number of cows developing a DA when 
administered water, PG, or a combination of PG and 
fat during the first 3 d postpartum, but acknowledged 
that the sample size was too small to draw conclusions 
on an overall treatment effect.

In addition to having an increased risk of developing 
a DA, SCK-positive control cows were 2.1 times more 
likely to be removed from the herd within the first 30 
DIM than PG-treated cows, at a 5.4 and 2.7% early 
removal rate, respectively. In fact, administration of 
PG to SCK-positive cows decreased the rate of removal 
to that of their non-ketotic herdmates at 2.7 and 1.8%, 
respectively (P = 0.20). Possible reasons that PG ad-
ministration decreases removal risk in cows with SCK 
include its ability to assist in resolution of ketosis, to 
help prevent clinical ketosis, and to improve milk yield 
in cows diagnosed with SCK (McArt et al., 2011) as 
well as its ability to help prevent DA development. No 

other studies have examined the effect of PG in cows 
with SCK on removal of cows from the herd.

During analysis of conception to first service, it was 
noted that the variable herd was very important with 
a low type 1 error risk. However, no important herd by 
treatment interaction occurred. Upon further stratifica-
tion and examination by herd, it was discovered that 
the first-service conception risk on farm D was of a dif-
ferent magnitude and direction than that of the other 
3 farms. Compared with these herds, the reproductive 
management on farm D was quite different, giving a 
plausible biological explanation for the difference in 
conception to first service. The cows on farm D had an 
extended VWP (80 d versus 50 to 67 d for the other 
3 farms), and approximately 20% of cows were bred a 
second time, within 24 h of first insemination. Farm D 
was subsequently excluded from the analysis of both 
reproductive outcomes. Analyzing only the data from 
farms A, B, and C, a beneficial effect of PG was found 
concerning conception to first service, with PG-treated 
cows 1.3 times more likely to conceive to first service 
than control cows. However, no difference was found in 
time to conception within 150 DIM. It is hypothesized 
that the effect of PG on reproduction may be time 
dependent in that it affects cows earlier in lactation but 
its benefits diminish over time.

Although no studies have examined the effect of PG 
on reproduction in cows diagnosed with SCK, multiple 
studies report on the reproductive effects of PG when 
given prophylactically in early lactation, although with 
differing results. Hoedemaker et al. (2004) found no 
difference in first-service conception, pregnancy rate, 
time from first AI to conception, or days open for cows 
supplemented with PG in the feed from 13 d before 

Table 6. Covariate estimates and hazard ratios (HR) for Cox proportional analysis of time to conception 
within 150 DIM for 303 Holstein cows with at least 1 positive test for subclinical ketosis from 3 to 16 DIM 
randomly assigned to propylene glycol treatment (n = 372) or control (n = 369)1  

Covariate Estimate SE2 P-value3 HR 95% CI4

PG 0.05 0.13 0.70 1.1 0.8 to 1.4
LACT
 1 0.27 0.15 0.08 1.3 1.0 to 1.8
 2 −0.04 0.17 0.83 1.0 0.7 to 1.3
 ≥35 — — — — —
Herd
 Farm A 0.24 0.16 0.14 1.3 0.9 to 1.7
 Farm B 0.54 0.18 0.002 1.7 1.2 to 2.4
 Farm C5 — — — — —
1Independent variables offered to the model included propylene glycol (PG) treatment, lactation (LACT), and 
herd.
2SE = standard error for estimate.
3P-value reported for estimate.
4Confidence interval for hazard or risk ratio.
5Reference category.
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expected calving until 12 d postpartum. Similarly, 
Castañeda-Gutiérrez et al. (2009) found no difference 
in time to first ovulation in multiparous cows after daily 
topdressing with PG from 21 d before expected calving 
until 21 d postpartum, nor did Lien et al. (2010) after 
oral administration of 500 mL of PG from 7 d prepar-
tum to 30 d postpartum. Although no difference was 
found in days to first service, days open, or services per 
conception in both primiparous and multiparous cows 
by Miyoshi et al. (2001), oral administration of 500 
mL of PG from 7 to 42 DIM did decrease the interval 
from calving until first ovulation from 44.5 to 32.3 d. 
Chagas et al. (2007) also found a decreased interval 
from calving to first ovulation in heifers with poor body 
condition after being drenched with 250 mL of PG 
twice daily for 16 wk after parturition. However, these 
studies are difficult to compare with the current study 
because they either did not determine the ketosis status 
of the cows before giving PG or they administered PG 
in the diet instead of oral drench. No comparison can 
be made concerning time to first ovulation, as it was 
not measured in this study.

It is important to note that all final Poisson models, 
in addition to the random effect variable (herd) con-
tained only the PG treatment variable. This suggests 
that PG treatment alone, across multiple outcomes, 
is an important factor in determining the risk of DA 
development and early removal from the herd in cows 
with SCK. The administration of PG to SCK-positive 
cows carries potential economic implications result-
ing from the decreased risk of DA development and 
removal from the herd in the first 30 DIM, as well as 
the increased risk of conception to first insemination. 
Further investigation is needed to determine the best 
testing and dosing scheme that is both economical and 
practical for management and labor purposes.

CONCLUSIONS

Intensive detection of SCK, followed by treatment 
of positive cows with oral PG, decreased the risk of 
developing a DA or leaving the herd within the first 
30 DIM and had a positive effect on conception to first 
service in some herds.
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