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Abstract

Background: Ketosis is a common metabolic disorder during the post-partum transi-

tion period of dairy cattle. How the method of reproduction, parturition time, and calf

birth weight affect the occurrence of ketosis on dairy herds remains elusive.

Objectives: This study investigated factors associated with the severity of ketosis.

Methods:Wedivided186Holstein cows into three classifications based on the highest

β-hydroxybutyrate (BHBA) concentration during the post-partum transition period,

namely non-ketosis (<1.2 mmol/L, n = 94), subclinical ketosis (1.2–2.9 mmol/L, n =

58), and clinical ketosis (≥3.0 mmol/L, n = 34). We evaluated characteristics of cows

associated with the severity of ketosis.

Results:Ketosis was not associatedwith themethod of reproduction, parturition time,

pregnancywastage, premature delivery, retained placenta, and type of calf. Cows calv-

ing in spring and especially summer were at higher risk of severe ketosis (p < 0.01).

Cows with increased body condition score (BCS) at parturition, age, lactation number,

and calving interval were more likely to develop severe ketosis (p < 0.05). Cows with

clinical ketosis producedmost milk (29.9± 1.0 kg) from days four to six, whereas cows

without ketosis produced the least (21.3±0.8 kg) (p<0.001). Heavier calf birthweight

resulted in high risk of severe ketosis (p < 0.01), due to increased milk yield during the

early lactation.

Conclusions: The severity of ketosis is associated with the calving season, BCS at par-

turition, age, lactation number, calving interval, milk yield in the early lactation period,

and calf birth weight. Nonetheless, it was not associated with the method of repro-

duction, parturition time, pregnancy wastage, premature delivery, retained placenta,

and type of calf. This study is the first to investigate the associations between ketosis

and calf birth weight. Our findings could help predict cows at risk of ketosis and take

precautions.
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1 INTRODUCTION

Ketosis is a common metabolic disease during the post-partum transi-

tion period in dairy cows with high yield. It has various manifestations,

namely inappetence, decreased milk yield, loss of body weight, pref-

erence of forages to concentrate, dry manure, fruity odour in breath

or milk, prostration, and nervous signs, including vigorous licking and

aggressive behaviour (Duffield, 2000; Berge & Vertenten, 2014; Dar

et al., 2018; Guliński, 2021; Lei & Simões, 2021). Ketosis exerts an eco-

nomic impact on the dairy farming industry, which involves treatment,

decreased milk production, increased risk of developing displaced

abomasum, metritis, lameness, reproductive performance, and culling

(LeBlanc et al., 2005; Walsh et al., 2007; McArt et al., 2012; Suthar

et al., 2013). The cost per case of ketosis per year varies. In the United

States, the total cost ranged from US$129 to US$289 (McArt et al.,

2015; Liang et al., 2017). In Europe, costs of subclinical ketosis ranged

between €130 and €257 (Raboisson et al., 2015; Mostert et al., 2018).

The costs of clinical ketosis are approximately 4.7 times higher than

those of subclinical ketosis (Steeneveld et al., 2020). Other concur-

rent diseases commonly associated with ketosis double these costs

(Benedet et al., 2019).

Researchers have investigated techniques of predicting ketosis,

using haematological, serum biochemical, and genetic analysis, besides

automatic monitoring system and machine learning (Sun et al., 2015;

Belay et al., 2017, Cocco et al., 2021; Satoła & Bauer, 2021; Ha et al.,

2022). However, it is difficult to apply these techniques to all dairy

farms owing to economics. Several publications have documented the

characteristics of dairy cows susceptible to ketosisworldwide. The inci-

dence of ketosis is affected by the surroundings as well as the status

of the animal (Suthar et al., 2013; Berge & Vertenten, 2014; Brunner

et al., 2019). The body condition score (BCS), lactation number, calving

season, prolongedprevious lactation length, 305-daymilk yield and the

average milk protein percentage in the previous lactation, increased

colostral production, milk fever, and retained placenta have been asso-

ciated with ketosis in European dairy farms (Rasmussent et al., 1999;

Berge & Vertenten, 2014; Vanholder et al., 2015). Furthermore, the

older age at first calving, breed, longer calving interval and dry period,

greater 305-day milk yield and lower milk fat yield in the previous lac-

tation, and season acted as risk factors for ketosis in North American

dairy herds (Tatone et al., 2017; Mellado et al., 2018). In addition, high

BCS, male calves, long calving interval, big herd size (>150 cows), high

lactation number, dystocia, metritis, and retained placenta increased

susceptibilities toketosis in SouthAmericandairy industry (Garroet al.,

2014; Garzón-Audor & Oliver-Espinosa, 2019). Some characteristics,

such as lactation number, the age at calving, pregnancy wastage, and

retained placenta remain poorly described. There are no reports on

certain characteristics, such as themethodof reproduction, parturition

time, and calf birth weight.

We hypothesized that additional characteristics may be associated

with the incidence of ketosis. Thus, we aimed to identify the associ-

ations between ketosis and the method of reproduction, parturition

time, and calf birthweight.Moreover, we intended to clarify character-

istics such as lactation number, the age at calving, pregnancy wastage,

and retained placenta, in other studies and to determine the incidence

of ketosis during the transition period. Our findings could help predict

ketosis, lead to the development of improved management and animal

care strategies, andminimize economic loss.

2 MATERIALS AND METHODS

2.1 Animals

The cows, used in this study, were raised and calved at a farm in Cheo-

nan, the Republic of Korea. The farm housed approximately 360 cows

and calves (Holstein and Jersey) and produced approximately 3000 kg

milk daily fromnearly 90dairy cows. Themultiparous cowsentered the

dry period2months before duedate. VitaminDwas administered to all

cows twice, once at 6 weeks and once at 3 weeks before the estimated

calving date to prevent milk fever. A total of 186 Holstein cows were

used in this study. The cows calved from January 2018 to December

2021 and were milked twice a day in the morning and evening. Dairy

cows that were milked less than twice a day or had mastitis, agalactia,

theileriosis, milk fever, acidosis, abomasal ulcer, culling, andmedication

use were excluded. Dairy cows receiving nutritional or microbial sup-

plement capsules and boluses after calvingwere excluded even though

these cows were milked twice a day. In addition, we only included Hol-

stein cows that calved Holstein calves. The lactating animals were fed

total mixed rations ad libitum, which consisted of concentrates, soy-

bean meal, corn silage, alfalfa hay, timothy hay, enzyme, minerals, and

vitamin additives (dry matter, 63.27 ± 1.78%; crude protein, 15.03 ±

0.92% of dry matter; ether extract, 4.31 ± 0.44% of dry matter; neu-

tral detergent fibre, 37.00± 4.80% of drymatter; acid detergent fibre,

20.79± 2.78% of drymatter).

2.2 β-Hydroxybutyrate test and study design

We performed β-hydroxybutyrate (BHBA) tests once every 3 days

(eight times for 21 days from the calving date) during the post-partum

transition period. Blood was collected from the jugular vein 6–23 h

post-partum and seven times from day three post-partum immediately

after the morning milking when cows were fed for analyses of BHBA.

BHBA concentrations were determined using an electronic handheld

meter (FreeStyle Optimum Neo, Abbott Diabetes Care Ltd., Witney,

UK) and β-ketone test strips (FreeStyle Optimum β-Ketone, Abbott
Diabetes Care Ltd.) immediately following blood sampling. The cows

were divided into three classifications according to the highest BHBA

concentration observed from any of the eight post-partum samples

as follows: non-ketosis (NK, <1.2 mmol/L, n = 94), subclinical ketosis

(SCK, ≥1.2 mmol/L and <3.0 mmol/L, n = 58), and clinical ketosis (CK,

≥3.0mmol/L, n= 34) (Jeong et al., 2017;Mellado et al., 2018).

2.3 Data collection

We collected data related to the dairy cows and their calves. Data col-

lected included methods of reproduction (artificial insemination and
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embryo transfer), parturition time (day, 06:00–18:00; night, 18:00–

06:00), calving season (spring, March to May, 5.2–18.7◦C, 64.8%;

summer, June to August, 19.7–29.1◦C, 77.7%; autumn, September to

November, 7.9–19.4◦C, 77%; winter December to February, −6.1 to

5.4◦C, 65.8%), pregnancy wastage (abortion, calving a calf dead more

than 10 days before estimated due date during dry-off period; still-

birth, calving a calf dead less than 10 days before or after estimated

due date), premature delivery (calving a live calf more than 10 days

before estimated due date), retained placenta (failure to expel placenta

within 24 h after parturition), lactation number, BCS at parturition

(five-point scale body condition scoring system), age, the calving inter-

val of multiparous cows, types of calves (sex and twins), and Holstein

calf birth weight. Holstein calf birth weight was categorized as under-

weight (<36 kg), normal weight (≥36 kg and ≤45 kg), or overweight

(>45 kg), based on the average weight addressed by Holstein Asso-

ciation USA, Inc. Cases of abortion, premature birth, and twins were

excluded from the analysis of association between calf birth weight

and the severity of ketosis. Daily milk yield was recorded beginning

on day four post-partum using an electronic milk meter (Alpro System,

DeLaval, Tumba, Sweden) owing to the production of colostrum. Daily

milk yield denoted the average of values for the previous three days.

2.4 Statistical analyses

Statistical analyses were performed using SPSS software (SPSS 26.0,

IBM-SPSS INC, Chicago, IL, USA). The linear-by-linear association with

two-tailed tests were used to determine the associations between

the severity of ketosis and the method of reproduction, parturition

time, calving season, pregnancy wastage, premature delivery, retained

placenta, previous calving experience, types of calves, and calf birth

weight. BCS, age, lactation number, calving interval, daily milk yield,

and the daily milk yield from days four to six by the type and calf birth

weight data were subjected to analysis of variance with Tukey’s hon-

estly significant differences by the severity of ketosis. A linear mixed

model with Bonferroni post hoc analysis and repeated-measure anal-

ysis of variance were performed to evaluate repeated measurements

of the daily milk yield. The time and severity of ketosis were the fixed

effects, whereas cows nested within the classification were the ran-

dom effect. All data are expressed as the mean± standard error of the

means (SEM). Results with p-values<0.05were considered significant.

3 RESULTS

3.1 Association between ketosis and the
characteristics of dams

The NK classification represented 50.5% (n = 94) of the popula-

tion, whereas 31.2% (n = 58) and 18.3% (n = 34) of the population

were in the SCK and CK classifications, respectively. The severity

of ketosis was not associated with method of reproduction, par-

turition time, pregnancy wastage, retained placenta, and previous

calving experience. The incidence of ketosis in the herd was higher

from spring to summer (65.7%) than that from autumn to winter

(38.9%) (p < 0.01). In terms of the total of SCK and CK, the highest

incidence of ketosis occurred in summer (73.7%), followed by spring

(57.1%), winter (40.4%), and autumn (37.5%). The incidence of SCK

in spring was approximately 16% units lower than that in summer,

whereas the incidence of CK was similar between spring and summer

(Table 1).

CowswithCKhad increasedBCS, age, lactation number, and calving

interval at parturition (p < 0.05) (Table 2). Previous calving experience

was not associated with ketosis, whereas the lactation number was

associated with the severity of ketosis among multiparous cows (p <

0.05). The CK andNK classifications demonstrated the highest and the

lowest lactation number, respectively (p<0.05). The severity of ketosis

andBCSandage at parturition showed stronger statistical associations

in multiparous cows than in primiparous cows. (Tables 1 and 2).

3.2 Association between ketosis and the
characteristics of calves

The severity of ketosis of the dam and calf characteristics are pre-

sented in Table 3. The incidence of ketosis was not associated with

twins and the sex of the calf. Less dams with twins had ketosis com-

pared with those that had a single calf, but only seven cows had twins

in the trial which did not provide sufficient data to adequately evaluate

the severity of ketosis. No differences were observed in the severity of

ketosis due to the sex of the calf. The calf birth weight was associated

with the severity of ketosis (p < 0.01). The incidence of ketosis (total

of SCK and CK) was higher for cows having calves weighing more than

45 kg (58.1%) compared to those with calves below 36 kg (26.9%) at

birth. A higher percentage of damswith an overweight calf (27.9%) suf-

fered from clinical ketosis than thosewith a normal weight calf (19.6%)

(Table 3).

3.3 Association between ketosis and daily milk
yield

The severity of ketosis was associated with the daily milk yield from

days four to six (p < 0.001). From days four to six, the CK classifi-

cation produced more milk than the SCK classification, which in turn

produced more milk than the NK classification (p < 0.05). The daily

milk yield of the ketosis classifications fluctuated during the transi-

tion period. At the late transition period, the daily milk yield of the CK

classification was considerably lower than the other classifications in

multiparous cows (Figure 1).

The sex of calves was not associated with the daily milk yield of

their dam from day four to six. However, calf birth weight was associ-

ated with the daily milk yield of their dam from day four to six. From

days four to six, both primiparous andmultiparous damswith anunder-

weight calf produced the least milk, whereas those with an overweight

calf produced themost milk (Figure 2).
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TABLE 1 The severity of ketosis according to variables associated with reproduction

Number of cows (percentage)

Variable Level NK SCK CK p-Value

Total 94 (50.5) 58 (31.2) 34 (18.3)

Incidence of ketosis bymonitoring day Day 0

Day 3 4 2

Day 6 15 6

Day 9 9 10

Day 12 8 6

Day 15 4 5

Day 18 10 5

Day 21 8

Method of reproduction Artificial insemination 81 (51.3) 49 (31.0) 28 (17.7) 0.587

Embryo transfer 13 (46.4) 9 (32.1) 6 (21.4)

Parturition time Day (06:00–18:00) 51 (51.0) 31 (31.0) 18 (18.0) 0.887

Night (18:00–06:00) 43 (50.0) 27 (31.4) 16 (18.6)

Calving season Spring 15 (42.9) 11 (31.4) 9 (25.7) 0.006

Summer 10 (26.3) 18 (47.4) 10 (26.3)

Autumn 35 (62.5) 13 (23.2) 8 (14.3)

Winter 34 (59.6) 16 (28.1) 7 (12.3)

Spring+ summer 25 (34.2) 29 (39.7) 19 (26.0) 0.001

Autumn+winter 69 (61.1) 29 (25.7) 15 (13.3)

Pregnancy wastage No 89 (51.1) 55 (31.6) 30 (17.2) 0.264

Yes 5 (41.7) 3 (25.0) 4 (33.3)

Premature delivery No 82 (50.3) 51 (31.3) 30 (18.4) 0.178

Yes 7 (63.6) 4 (36.4) 0 (0)

Retained placenta No 87 (50.6) 54 (31.4) 31 (18.0) 0.852

Yes 7 (50.0) 4 (28.6) 3 (21.4)

Previous calving experience Primiparous 35 (58.3) 14 (23.3) 11 (18.3) 0.342

Multiparous 59 (46.8) 44 (34.9) 23 (18.3)

Note: The total of each level was 100% because the total number of each level was different. Pregnancy wastage comprises abortion and stillbirth.

Abbreviations: CK, clinical ketosis classification; NK, non-ketosis classification; SCK, subclinical ketosis classification.

TABLE 2 Body condition score (BCS), age, and lactation number at parturition, and calving interval by the severity of ketosis

Variable

Reproductive

status NK SCK CK p-Value

BCS at parturition 3.02 ± 0.04a 3.13 ± 0.05a 3.32 ± 0.07b <0.001

Primiparous 3.14 ± 0.06 3.25 ± 0.13 3.46 ± 0.18 0.119

Multiparous 2.95 ± 0.04a 3.11 ± 0.05ab 3.27 ± 0.06b <0.001

Age at parturition, years 4.06 ± 0.16a 4.88 ± 0.25a 5.84 ± 0.44b <0.001

Primiparous 2.81 ± 0.14 2.86 ± 0.14 3.21 ± 0.30 0.353

Multiparous 4.81 ± 0.18a 5.53 ± 0.26a 7.10 ± 0.44b <0.001

Lactation number at parturition 2.06 ± 0.11a 2.47 ± 0.16ab 2.71 ± 0.28b 0.018

Multiparous 2.69 ± 0.12a 2.93 ± 0.15a 3.52 ± 0.27b 0.005

Calving interval, days Multiparous 475.0 ± 15.0a 540.5 ± 24.6a 628.0 ± 31.8b <0.001

Note: Data are expressed asmean± standard error of themeans. Different letters in the same row indicate significant statistical differences (p<0.05, Tukey’s

test).

Abbreviations: CK, clinical ketosis classification; NK, non-ketosis classification; SCK, subclinical ketosis classification.
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TABLE 3 The severity of ketosis according to variables associated with calves

Number of cows (percentage)

Variable Level NK SCK CK p-Value

Type of calves Female 41 (46.1) 31 (34.8) 17 (19.1)

Male 47 (52.2) 26 (28.9) 17 (18.9) 0.154

Twins 6 (85.7) 1 (14.3) 0 (0)

Calf birth weight Underweight

(<36 kg)

19 (73.1) 6 (23.1) 1 (3.8)

Normal weight

(36–45 kg)

49 (45.8) 37 (34.6) 21 (19.6) 0.007

Overweight

(>45 kg)

18 (41.9) 13 (30.2) 12 (27.9)

Note: The total of each level was 100% because the total number of each level was different.

Abbreviations: CK, clinical ketosis classification; NK, non-ketosis classification; SCK, subclinical ketosis classification.

4 DISCUSSION

In the present study, ketosis was significantly associated with the

calving season, BCS, age, lactation number, calving interval, calf birth

weight, and daily milk yield in the early post-partum transition period.

This is the first study to identify the association between keto-

sis and calf birth weight. In addition, we evaluated the associations

between the characteristics, including themethod of reproduction and

parturition time, and the severity of ketosis.

There was no association between ketosis and the method of

reproduction, parturition time, pregnancy wastage, premature deliv-

ery, retained placenta, previous calving experience, and the type of

calves. To the best of our knowledge, no previous study has reported on

themethods of reproduction, parturition time, and premature delivery

in ketosis. Pregnancy wastage was not associated with ketosis, consis-

tent with previous studies (McArt et al., 2013; Vanholder et al., 2015).

The association between retained placenta and ketosis is uncertain

in previous studies (Berge & Vertenten, 2014; Vanholder et al., 2015;

Garzón-Audor & Oliver-Espinosa, 2019). No association was observed

between ketosis and retained placenta in our study. Previous calving

experiencewas not associatedwith the incidence of ketosis. In termsof

the associationbetweenketosis and the typeof calves, insufficient data

prevented an assessment of the effect of twins versus single offspring.

Moreover, the difference between damswith a female calf versusmale

calf was not significant. In contrast to previous studies (McArt et al.,

2013; Garro et al., 2014), dams with a female calf exhibited a slightly

increased incidence of ketosis than those with a male calf in this study,

although the difference was not significant. All studies, including the

previous and current studies, did not report a statistical difference,

thus necessitating further studies to evaluate the association between

ketosis and the sex of calves.

The incidence of ketosis was associated with the calving season,

despite divided opinion on spring or summer season posing the high-

est risk (Biswal et al., 2016; Dar et al., 2017; Jeong et al., 2017;Mellado

et al., 2018). Considering variations in climate and weather in every

country, data from Korean studies are more suitable for comparisons

with our data. In this study and a previous one, cows calving in summer

revealed the highest incidence of ketosis, followed by spring (Jeong

et al., 2017). The previous study demonstrated that high temperature

and humidity are supposedly associated with ketosis. Despite partial

agreement, it did not explain higher incidence of ketosis in spring than

that in autumn andwinter. This may be attributed to the adjustment of

animals to seasonal change. The temperature increases from spring to

summer, whereas it falls from autumn to winter. Animals deposit fat in

their subcutaneous and visceral adipose tissueswhile preparing for the

cold weather (Reinecke et al., 1982; Prestrud & Nilssen, 1992; Mader,

2003, Giles et al., 2015). Cows that calve during hot weather have less

fat (Senosy & Osawa, 2018). Moreover, insulin resistance is greater in

warmer months in horses and humans (Bunout et al., 2003; Sadegh-

pour et al., 2019). Insulin resistance affects the aetiology of ketosis in

the transition period of cows (Youssef et al., 2017) andmay cause them

to consume and reduce more fat from the body in hot weather. Insulin

sensitivity may help cows to deposit more body fat in cold weather.

Fatty acids are converted to ketone bodies, and this mechanism may

rationalize the higher incidence of ketosis in spring and summer.

Findings regarding the association of ketosis with BCS, age, lac-

tation number, and calving interval were consistent with previous

findings. Cows with high BCS at calving have an increased risk of keto-

sis (Duffield, 2000; Gillund et al., 2001; Shin et al., 2015; Tatone et al.,

2017). The incidence of ketosis is associated with lactation number or

age at calving (Duffield, 2000; McArt et al., 2012; Suthar et al., 2013;

Berge & Vertenten, 2014; Vanholder et al., 2015; Biswal et al., 2016;

Dar et al., 2017; Jeong et al., 2017; Tatone et al., 2017; Brunner et al.,

2019;Garzón-Audor&Oliver-Espinosa, 2019;Mohammedet al., 2019;

Nazeer et al., 2019). In the present study, agewasmore associatedwith

the severity of ketosis than lactation number. Lactation number usually

increases as the age of cows at parturition increases. However, age at

parturition is inconsistent with lactation number in cows with repro-

ductive disorders. Considering increased age at first calving and longer

calving intervals are related to the odds ratio of ketosis, the age at

parturition may outweigh lactation number in terms of its association

with ketosis (Tatone et al., 2017). The results of the age of primiparous

cows and calving interval in the current study reinforce previous

findings.
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F IGURE 1 Daily milk yield from days 4 to 21 according to the
severity of ketosis. (a) Daily milk yield of both primiparous and
multiparous cows, (b) daily milk yield of primiparous cows, and (c) daily
milk yield of multiparous cows. Themeans represent the average daily
milk yield. Error bars represent the standard error of themeans.
p-Values were determined by Tukey’s honestly significant differences.
Abbreviations: CK, clinical ketosis classification; DMY, daily milk yield;
NK, non-ketosis classification; SCK, subclinical ketosis classification.

*p< 0.05; **p< 0.01; ***p< 0.001

Negative energy balance occurs in the early lactation period in

dairy cows, which can be a condition leading to energy metabolic

disorders and result in ketosis. However, the associationbetweenketo-

sis and milk yield was ambiguous in previous studies. Mellado et al.

(2018) reported that cowswith ketosis had higher 305-daymilk yields,

whereasKaufman et al. (2018) reported lowermilk yield. These diverg-

ing results might originate from the different study designs. The daily

milk yield fluctuates during the lactation period, and dairy cows have

their own peakmilk yield period. This research focused onmilk yield at

the beginning of the lactation period. In the present study, the severity

F IGURE 2 Daily milk yield from days 4 to 6 according to the
calves. (a) Average daily milk yield from days 4 to 6 by the type of
calves and (b) average daily milk yield from days 4 to 6 by the weight of
calves. Themeans represent the average daily milk yield. Error bars
represent the standard error of themeans. p-Values were determined
by Tukey’s honestly significant differences. Abbreviations: CK, clinical
ketosis classification; DMY, daily milk yield; NK, non-ketosis
classification; SCK, subclinical ketosis classification. *p< 0.05

of ketosis was significantly associated with the daily milk yield in both

primiparous and multiparous cows from days four to six. Increased

colostrum yield is a risk factor for ketosis (Vanholder et al., 2015). Like-

wise, increased milk yield during the early transition period may be

associated with the severity of ketosis. Further studies are required to

investigate the association between ketosis and the peak period ofmilk

production.

Holstein cows that calved a heavier Holstein calf revealed higher

incidence and severity of ketosis. We did not find any previous reports

on the association between the birth weight of calves and ketosis. The

association between calf birth weight and the severity of ketosis may

be attributed to the milk yield in the early lactation period. The birth

weight of calves was significantly associated with the severity of keto-

sis and the daily milk yield from day four to six. Cows with a heavier

calf always display more lactation performance with earlier peak days

(Asaadi et al., 2019). Moreover, early-lactation cows suffer from keto-

sis (Kaufman et al., 2018). Cows with a heavy calf are likely to develop

ketosis during the post-partum transition period.

The limitation of our study was that it was conducted at a single

farm. Further research should include more dairy cows from various

farms.However, this is the first study to reveal the association between

the severity of ketosis and the weight of calves.

5 CONCULSION

This study investigated the characteristics of Holstein cows predis-

posed to ketosis during the post-partum transition period. We did not
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detect anyassociationsbetween the severity of ketosis and themethod

of reproduction, parturition time, pregnancywastage, prematuredeliv-

ery, retained placenta, and type of calf. The severity of ketosis was

significantly associated with the calving season (spring and especially

summer), high body condition score at parturition, old age, high lac-

tation number, high daily milk yield in the early transition period, and

increased calf birth weight. These findings allow the establishment of

preventative strategies for ketosis.
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