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ABSTRACT

In the transition period from late gestation to early 
lactation, dairy cows undergo tremendous metabolic 
changes. Insulin is a relevant antilipolytic factor. 
Decreasing serum concentrations of insulin and glu-
cose, increasing serum concentrations of nonesterified 
fatty acids (NEFA) and β-hydroxybutyrate (BHB), 
and changes in body condition score (BCS) reflect the 
negative energy balance around calving. This study in-
vestigated peripartum metabolic adaptation in 359 pri-
miparous and 235 multiparous German Holstein cows 
from a commercial dairy herd under field conditions. 
Body condition score was recorded and blood samples 
were taken 10 to 1 d prepartum, 2 to 4 d postpartum, 
and 12 to 20 d postpartum. Generalized mixed mod-
els and generalized estimation equations were applied 
to assess associations between prepartum BCS; BCS 
changes during the transition period; insulin, glucose, 
NEFA, and BHB serum concentrations; and milk yield, 
which was taken from an electronic milk meter from 
d 6 of lactation. Serum insulin concentrations of mul-
tiparous postpartum cows were lower compared with 
prepartum, and compared with primiparous cows. In 
general, primiparous cows had lower postpartum NEFA 
and BHB concentrations than multiparous cows. In 
primiparous cows, we identified a positive association 
between prepartum BCS and prepartum serum insulin 
concentration. Prepartum obese multiparous cows, but 
not primiparous cows, were characterized by higher 
postpartum serum NEFA and BHB concentrations and 
lower milk yield than other cows in the same parity 
class. Primiparous cows with a smaller degree of BCS 

loss during the transition period had higher postpar-
tum insulin and lower NEFA concentrations and lower 
milk yield than other primiparous cows. In conclusion, 
primiparous cows had less lipolysis and lower milk yield 
than multiparous cows, associated with higher insulin 
concentrations. Avoiding high body condition loss dur-
ing the transition period is a main factor in prevent-
ing peripartal metabolic imbalances of glucose and fat 
metabolism.
Key words: fat mobilization, lipolysis, insulin

INTRODUCTION

During the transition period, high-yielding dairy 
cows are faced with tremendous metabolic changes. At 
transition from pregnancy to lactation, the channel-
ing of nutrients to the fetus and mammary glands is 
challenging (Bell, 1995). Glucose is the most important 
substrate for milk production (De Koster and Opsomer, 
2013), and insulin is a key regulator of lipid metabolism 
and glucose uptake by peripheral cells. In general, an 
increase in serum concentrations of nonesterified fatty 
acids (NEFA) and BHB, as well as decreased serum 
concentrations of insulin and glucose, are indicators 
of negative energy balance (Han van der Kolk et al., 
2017). The degree of fat mobilization varies during the 
transition period. In a German study that classified 
cows by mean total liver fat concentrations as low- and 
high-fat-mobilizing cows, the low-fat-mobilizing group 
had the highest hepatic glycogen concentrations and 
serum insulin concentrations postpartum, whereas 
the high-fat-mobilizing group was characterized by 
enhanced plasma concentrations of NEFA and BHB 
(Weber et al., 2013a).

A link between prepartum body condition, fat mobi-
lization, and postpartum serum insulin concentration 
has been demonstrated in several studies (Weber et 
al., 2013a,b; De Koster et al., 2015; Rico et al., 2015). 
Feeding cows a high-energy prepartum diet has been 
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associated with higher serum insulin concentrations 
(Goerigk at al., 2010; Ji et al., 2012), and overweight 
cows had a greater loss in body condition and higher 
serum concentrations of glucose, insulin, and NEFA 
from 45 d prepartum to 4 d postpartum (Rico et al., 
2015). As part of physiological adaptation to lactation 
in dairy cows, postpartum pancreatic insulin secretion 
was lower than prepartum (Weber et al., 2016), lead-
ing to lower basal insulin concentrations (Meikle et al., 
2004; Wathes et al., 2007; Goerigk et al., 2010; Zachut 
et al., 2013; Mann et al., 2016). Based on glucose tol-
erance test results, Salin et al. (2017) suggested that 
an increase in whole-body insulin sensitivity might be 
of minor importance relative to the change in insulin 
secretion and clearance during the transition period. 
Furthermore, the lactating mammary gland’s insulin-
independent glucose consumption leads to greater glu-
cose clearance, making clear conclusions about periph-
eral insulin sensitivity difficult (Bossaert et al., 2008).

Most of the studies that investigated insulin serum 
concentration in the context of fat and glucose me-
tabolism used multiparous cows in their experiments; 
less information is available on differences in insulin-
regulated lipid and energy metabolism between mul-
tiparous and primiparous cows. The available studies, 
which included primiparous cows and their multiparous 
herd mates and evaluated metabolic variables of energy 
balance with respect to body condition, showed vari-
able results (Meikle et al., 2004; Wathes et al., 2007; 
Ruprechter et al., 2018). Considering that primiparous 
cows represent a high proportion of cows in produc-
tion, a better understanding of the metabolic situation 
during the transition period around first parturition is 
necessary.

For this reason, we studied the associations between 
prepartum body condition and change in body condi-
tion during the transition period, serum metabolites 
pre- and postpartum, and postpartum milk yield and 
milk composition in both primiparous and multiparous 
cows. We hypothesized that peripartum serum concen-
trations of insulin, glucose, NEFA, and BHB would be 
associated with prepartum BCS (BCSap) and its varia-
tion during the transition period (ΔBCS), and that 
these variables would differ between primiparous and 
multiparous cows.

MATERIALS AND METHODS

Animals and Study Design

The study was performed on a Thuringian dairy 
farm with an average of 956 ± 78 lactating German 
Holstein cows between January 2016 and February 

2017. Collection of biological specimens and the clinical 
examinations were performed within the framework of 
the cattle health monitoring program of the Thuringian 
Animal Health Service, in which cows of the herds un-
der contract are monitored and counseled according to 
agreement. Every effort was made to minimize suffering 
during the sampling of blood and urine. The competent 
authority for research ethics approval granted a formal 
waiver of ethics approval.

The cows were kept in groups in freestall barns and 
fed a TMR ad libitum calculated separately for fresh, 
lactating, dry, and close-up cows. The main components 
were corn, grass silage, grains (barley, corn), and rape 
grist (Supplemental Table S1; https:​/​/​doi​.org/​10​.3168/​
jds​.2018​-15762). The TMR was provided fresh twice 
a day, with the remaining feed moved into position at 
least 3 times in between. Close-up and calving cows 
were kept in groups of 2 to 4 on straw bedding (deep 
litter-loose housing). A separate group for fresh cows 
included cows from 2 to 10 DIM, with an average group 
size of 10 (7–14) and a stocking density of <1 cows/
stall. Lactating cows were housed in pens for 50–100 
cows, with individual open-ended cubicles, rubber mats 
as bedding, and slatted floors in the alleyways. Water 
was always freely available in self-filling troughs. The 
farm had an average daily milk yield of 33.3 ± 1.3 kg/
cow per day, with 4.3 ± 0.2% fat and 3.5 ± 0.1% pro-
tein. Given the considerable differences in expected val-
ues for variance in the metabolic variables, we did not 
calculate a specific sample size but allocated as many 
calving cows to the study as possible during the limited 
study period. Cows with fever or severe lameness at the 
initial clinical examination were not enrolled. A total of 
607 cows of varying parity were included in the study. 
Cows that left the herd before 20 d postpartum because 
of death or premature culling were excluded from the 
statistical analysis (Table 1). The cows were first exam-
ined before calving while they were housed in the calv-
ing pens, and again after parturition, when 2 additional 
examinations were undertaken while the animals were 
being kept in fresh cow groups. Lactating cows were 
milked twice daily in a rotating milking parlor.

Determination of BCS, Sampling Protocol,  
and Biochemical Analyses

The animals were sampled and BCS was determined 
by the same veterinarian at 3 time points during the 
transition period: 10 to 1 d prepartum (ap), 2 to 4 d 
postpartum (pp1), and 12 to 20 d postpartum (pp2). 
Body condition score was recorded according to the 
method of Edmonson et al. (1989), and BCS variation 
from ap to pp2 was calculated. Blood samples were 
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taken at each time point, and milk samples were taken 
after parturition to evaluate udder health. Blood was 
collected from coccygeal vessels into vacuum serum 
tubes (Vacutainer, Becton Dickinson GmbH, Heidel-
berg, Germany) 3 to 6 h after the first feed in the 
morning (sampling time: 0900 to 1300 h). Samples were 
left at room temperature for clotting, and within 60 
min the serum was separated by centrifugation (4,800 
× g for 30 min), divided into aliquots, and stored at 
−20°C until the laboratory analysis.

Serum samples were analyzed in the laboratory of the 
Thuringian Animal Health Service (Jena, Germany) for 
NEFA, BHB, and glucose concentrations by automated 
spectrophotometry (Beckman Coulter Unicel DxC 600) 
using the following test kits: Wako Chemicals GmbH 
(Neuss, Germany) for NEFA; Randox Laboratories 
Ltd. (Crumlin, UK) for BHB; and proprietary meth-
ods (Beckman Coulter GmbH, Krefeld, Germany) for 
glucose. A commercially available radioimmunoassay 
(BioSource Europe S.A., Nivelles, Belgium) described 
elsewhere (Gottschalk et al., 2011) and modified for 
bovine serum was used to determine serum insulin 
concentrations. This assay was performed in the ra-
dioisotope laboratory of the Institute of Physiological 
Chemistry, Faculty of Veterinary Medicine, University 
of Leipzig, Germany.

Test Day Data

Milk yield data were retrieved from the database 
of the herd management software. Milk volumes were 
constantly recorded with an electronic milk meter in 
the milking system. The plausibility limit was set as 
in the official milk performance test (i.e., all milking 

events of the day with a total amount of milk >2 kg 
were registered).

Fat and protein content were measured at the first 
official milk performance test using a high-capacity, 
fully automatic milk analyzer based on Fourier trans-
form infrared analysis (Milkoscan 7 RM; Foss, Hillerød, 
Denmark) in the accredited laboratory of the regional 
dairy herd improvement organization. The fat-protein 
ratio (FPR) was calculated from fat and protein con-
tents. The first test day varied from 7 to 49 DIM, with 
an average of 30 DIM. The results of the milk recording 
were discarded if the first test day was after 50 DIM.

Statistical Analysis

Relationships between BCSap and ΔBCS were repre-
sented with cross tables. Somers’ D was used for quan-
tifying the dependency of ΔBCS on BCSap, because 
this value is suitable for ordinal values and considers 
dependencies.

Because the distribution of most of the variables 
(both original values and residuals) deviated noticeably 
from a normal distribution, we applied a logarithmic 
transformation to achieve similarity to a normal distri-
bution. The absolute skewness value of the logarithmic 
values did not exceed 1, and that of kurtosis did not 
exceed 2.3. We also plotted the frequency distribution 
of the residuals and compared it with the normal dis-
tribution, and this was also estimated to be almost nor-
mal. For presentation, the least squares mean and the 
limits of the 95% confidence interval were transformed 
back (ex), leading to asymmetric confidence intervals. 
Based on their prepartum BCS, cows were classified 
as intermediate (BCSap = 3.5 to 3.75), obese (BCSap 

Table 1. Frequencies of BCSap versus ΔBCS for primiparous and multiparous cows1

Cows   BCSap

Number of cows

Recruited  
for the  
study

ap values 
excluded2

All values excluded3

Trauma Other reasons

Primiparous cows ≤3.25 40 7 1 0
3.50–3.75 241 30 1 1
≥4.00 81 9 0 0
Total 362 46 2 1

Multiparous cows ≤3.25 61 10 1 1
3.50–3.75 128 10 0 4
≥4.00 56 1 2 2
Total 245 21 3 7

1ΔBCS = calculated decrease of body condition within transit period (difference of BCS prepartum and BCS 
postpartum); BCSap = assessed BCS prepartum.
2Antepartum (ap) values were excluded because of calving within 36 h after the prepartum examination.
3All values were excluded because the cow left the herd within the observation period.
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≥4), or lean (BCSap ≤3.25). In the same way, we made 
an additional classification for changes in BCS: low-
mobilizing cows had a ΔBCS ≤0.25, high-mobilizing 
cows had a ΔBCS ≥0.75, and intermediate-mobilizing 
cows had a ΔBCS between 0.25 and 0.75.

We applied linear mixed models, taking into account 
repeated measurements under variable conditions 
based on generalized estimation equations (Liang and 
Zeger, 1986), to estimate the effects on the metabolic 
variables (serum concentrations of insulin, glucose, 
BHB, and NEFA) using SPSS 25 (procedure Genlin; 
IBM, Armonk, NY). We chose an unstructured working 
correlation matrix for repeated measurements on the 
subject cow. Thus, we estimated a separate correlation 
for each observation pair (ap–pp1, ap–pp2, pp1–pp2) 
using the following model (1):

	 yikl = μ + Lacti + Stj + b(Stj) + BCS/ΔBCSk 	  

	 × Lacti × Stj + Seal + eijkl,	 [1]

where y = phenotypic observations of the different 
characteristics; μ = total mean value; Lacti = fixed ef-
fect of the ith parity group (primiparous, multiparous); 
Stj = fixed effect of the stage (ap, pp1, pp2); b(Stj) 
= fixed regression for day ap or pp within the stage; 
BCS/ΔBCSk × Lacti × Stj = interaction of the BCS 
group/alternatively change in BCS × parity group × 
stage; Seal = fixed effect of the season of data record-
ing; and eijkl = random residual effect, unstructured 
correlating between the phases (ap, pp1, pp2) within 
cow. Robust estimates were used for the standard er-
rors. These included the empirical variances of the re-
siduals and estimated asymptotically correct standard 
errors, even where the residual distribution deviated 
from the assumed distribution (in this case, Gauss-
ian distribution). Robust estimation is also suitable if 
homoscedasticity is not achieved, so that despite the 
slight deviation from the normal distribution and the 
clearly different variances between stages, confidence 
intervals may be estimated with sufficient accuracy.

To account for a bias by removing animals from the 
analysis, we used a multiple imputation in a second 
analysis. Because the results were very similar to that 
of the first analysis, we have not presented them.

For daily milk yield, we included the lactation curves 
according to Ali and Schaeffer (1987) in the model in 
the lactation group × BCS class (alternatively, BCS 
difference), allowing us to display the lactation curve 
for each of these groups (2):

	 yikl = μ + Lacti + BCS/ΔBCSk × Lacti + Seal 	  

	 + Σ(bj × zj)(BCS/ΔBCSk × Lacti) + eijk.	 [2]

Variable definitions were identical to [1], except that bj 
= fixed regression of Ali-Schaeffer (j = 1, 2, 3, 4); zj = 
functional terms [z1 = DIM/305, z2 = z1

2, z3 = log(305/
DIM), z4 = z3

2]; and eijk = random residual effect, with 
autoregressive correlation between consecutive DIM 
within cow.

Generalized linear models (McCullagh and Nelder, 
1989) were applied to estimate effects on production 
traits from the official milk testing (fat and protein 
content as well as FPR). In this case, we also included 
polynomials 1 to 3 of DIM in the model as covariables. 
Here, a simplified model (3) was sufficient:

	 yikl = μ + Lacti + BCS/ΔBCSk × Lacti + Seal + b1 	 

	 × DIM + b2 × DIM2 + b3 × DIM3 + eikl,	 [3]

in which the variables were the same as those defined in 
[1] but without correlation of residuals.

Based on the arguments of Moran (2003), a “family-
wise error rate” correction of the error probability was 
not used. To reduce false findings in multiple testing 
situations, we used the Benjamini–Hochberg procedure 
based on false discovery rate (Benjamini and Hochberg, 
1995). The proportion of false findings to total findings 
Q was set at 5%. We used this adjustment for the pair-
wise comparisons of interest, in this case each variable 
in the respective time point.

RESULTS

A total of 359 primiparous and 235 multiparous 
German Holstein cows were included in the analysis 
and classified according to BCSap and ΔBCS (Table 
2). Of those, 67 cows calved within 36 h after the first 
examination, and prepartum metabolic variables were 
excluded (Table 1). During the study (i.e., before reach-
ing pp2), 13 cows left the herd because of trauma or 
other reasons and were completely excluded from the 
analysis.

We found no association between BCSap and ΔBCS 
in multiparous cows (Somers’ D = 0.061, P > 0.05 
for primiparous), but in primiparous cows, Somers’ D 
for these variables was 0.296 and was significant (P < 
0.05).

Metabolic Variables of Primiparous  
and Multiparous Cows

As shown in Table 3, primiparous and multiparous 
cows differed markedly in mean prepartum and post-
partum concentrations of insulin, NEFA, and BHB, 
but to a lesser extent in serum glucose concentrations. 
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Compared with multiparous cows, serum insulin con-
centrations in primiparous cows were lower prepartum 
but higher postpartum. As well, serum NEFA concen-
trations of primiparous cows were higher prepartum 
and lower postpartum than those of multiparous cows. 
Irrespective of parity, the highest NEFA concentrations 
were measured at pp1. Serum glucose concentrations 
of multiparous cows were lower and serum BHB con-
centrations were higher at each stage of the transition 
period compared with primiparous cows. Multiparous 
cows had decreasing glucose concentrations from pre-
partum to pp2.

Associations Between Prepartum BCS and Metabolic 
Variables or Milk Yield

Associations between metabolic variables and  
BCSap in primiparous and multiparous cows are given 

in Figure 1 and Supplemental Table S2 (https:​/​/​doi​
.org/​10​.3168/​jds​.2018​-15762). Before calving, we 
identified a positive association between BCSap class 
and serum insulin concentration in primiparous cows 
but not in multiparous cows. We found no differences 
in serum glucose concentration among BCS classes 
at any time point for primiparous cows. Prepartum 
obese multiparous cows showed the highest serum 
glucose concentrations at pp1 and the lowest at pp2 
compared with other multiparous cows. Prepartum 
and postpartum NEFA concentrations were positively 
associated with BCSap class in multiparous cows, but 
not in primiparous cows. The BCSap class showed no 
relationship to BHB serum concentration before or 
after calving in primiparous cows. With increasing BC-
Sap class in multiparous cows, we observed decreasing 
serum BHB concentrations prepartum and increasing 
concentrations at pp2.

Table 2. Frequencies of BCSap versus ΔBCS for primiparous and multiparous cows1

Cows2   BCSap

ΔBCS

Total≤0.25 0.50 ≥0.75

Primiparous cows
≤3.25 20 16 3 39
3.50–3.75 89 97 53 239
≥4.00 15 27 39 81
Total 124 140 95 359

Multiparous cows
≤3.25 19 25 15 59
3.50–3.75 37 55 32 124
≥4.00 11 26 15 52
Total 67 106 62 235

1ΔBCS = calculated decrease of body condition within transit period (difference of BCS prepartum and BCS 
postpartum); BCSap = assessed BCS prepartum.
2If the BCS decrease was dependent on BCSap, the value of Somers’ D was 0.296 (P < 0.05) for primiparous 
cows and 0.061 (P > 0.05) for multiparous cows.

Table 3. Glucose metabolism and fat mobilization in primiparous and multiparous cows at different sampling times1

Variable   Sampling time

Primiparous cows

 

Multiparous cows

LSM 95% CI LSM 95% CI

Insulin2 (nmol/L) Antepartum 0.086e 0.082–0.089 0.104f 0.096–0.112
Postpartum 1 0.060d 0.057–0.062 0.044b 0.042–0.046
Postpartum 2 0.050c 0.047–0.052 0.039a 0.038–0.041

Glucose (mmol/L) Antepartum 4.298d 4.256–4.339 3.920c 3.866–3.975
Postpartum 1 4.402e 4.349–4.455 3.636b 3.561–3.710
Postpartum 2 3.950c 3.900–4.000 3.156a 3.082–3.230

Nonesterified fatty acids2 (mmol/L) Antepartum 0.340b 0.329–0.352 0.244a 0.231–0.256
Postpartum 1 0.669e 0.644–0.694 0.692e 0.653–0.734
Postpartum 2 0.395c 0.379–0.412 0.541d 0.510–0.575

BHB2 (mmol/L) Antepartum 0.571a 0.559–0.583 0.746c 0.718–0.776
Postpartum 1 0.654b 0.633–0.675 0.831d 0.797–0.867
Postpartum 2 0.658b 0.632–0.685 0.977e 0.913–1.045

a–fValues with different superscript letters represent significant differences between parity group × sampling time (P < 0.05).
1Antepartum (10 to 1 d prepartum); postpartum 1 (2 to 4 d postpartum); postpartum 2 (12 to 20 d postpartum).
2Statistical analysis with logarithmic values [ln(x)]; for presentation, the results are potentiated (ex).

https://doi.org/10.3168/jds.2018-15762
https://doi.org/10.3168/jds.2018-15762


9192 GÄRTNER ET AL.

Journal of Dairy Science Vol. 102 No. 10, 2019

Milk yield was not associated with BCSap class in 
primiparous cows, but in multiparous cows we observed 
a decrease in milk yield in obese cows compared with 
lean and intermediate multiparous cows during early 
lactation (Figure 2). Milk fat percentage at the first 
test day was higher in prepartum obese cows, irrespec-
tive of parity. Obese multiparous prepartum cows had 
a lower milk protein percentage at first test day. A 
positive association between BCSap class and FPR was 

observed in multiparous cows and, to a lesser extent, in 
primiparous cows (Table 4).

Associations Between Difference in BCS  
and Metabolic Variables or Milk Yield

We did not find an association between ΔBCS class 
and prepartum serum insulin concentration in primipa-
rous cows (Figure 3, Supplemental Table S3; https:​/​

Figure 1. Least squares means and 95% CI for glucose metabolism and fat mobilization by antepartum (ap) BCS class in primiparous (white 
bars) and multiparous (gray bars) cows at 10 to 1 d prepartum, 2 to 4 d postpartum (postpartum 1) and 12 to 20 d postpartum (postpartum 
2). Different letters (a–d) represent significant differences between parity group × BCS class (P < 0.05). NEFA = nonesterified fatty acids.

https://doi.org/10.3168/jds.2018-15762
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/​doi​.org/​10​.3168/​jds​.2018​-15762). After calving, low-
mobilizing primiparous cows had the highest insulin 
concentrations. We observed a negative relationship 
between ΔBCS class and serum insulin concentration 
prepartum but not postpartum in multiparous cows. 
Furthermore, ΔBCS class was not related to serum 
glucose concentrations in either primiparous or mul-
tiparous cows. Serum NEFA concentrations were posi-
tively associated with ΔBCS class in multiparous cows 
at each stage of the transition period. In primiparous 
cows, we observed this association only at pp2 to a 
lesser degree, but not at the prepartum stage or at pp1. 
Similarly, serum BHB concentrations were not related 

to ΔBCS class in primiparous cows at any time, but in 
multiparous cows these variables were associated only 
at pp1.

We found no clear relationship between ΔBCS 
classes and milk yield in primiparous cows (Figure 4). 
In contrast, milk yield of high-mobilizing multiparous 
cows was lower than that of the 2 other groups of mul-
tiparous cows at the start of lactation. At the same 
time, these cows had the highest fat percentage and, as 
a result, the highest FPR. Milk protein percentage was 
not affected by ΔBCS class in multiparous cows, but 
we did observe a negative association in primiparous 
cows (Table 5).

DISCUSSION

The present study was performed in a commercial 
dairy herd, monitoring cows in the production process 
and involving a substantial proportion of primiparous 
cows. To our knowledge, little is known about the pe-
ripartal metabolic status and interrelationships with 
body condition, body condition loss and milk yield in 
primiparous cows compared with their multiparous 
herd mates. Focusing on markers of energy balance and 
lipid metabolism (e.g., serum concentrations of NEFA, 
BHB, glucose, and insulin), several previous studies 
have pointed out a parity effect (Meikle et al., 2004; 
Wathes et al., 2007). Wathes et al. (2007) presented 
higher serum concentrations of insulin in primiparous 
cows during the entire transition period, although they 
found no significant differences compared with the mul-
tiparous cows. In contrast, Meikle et al. (2004) measured 
higher insulin concentrations in multiparous compared 
with primiparous cows, but the effect of parity was not 
significant. Both studies found different postpartum 
NEFA concentrations in primiparous and multiparous 
cows, but their results were contrasting. Ruprechter et 
al. (2018) described an influence of parity on peripartal 

Figure 2. Lactation curves (milk yield) for different BCS classes by 
parity group (gray lines, multiparous cows, M; black lines, primiparous 
cows, P; solid lines, BCS ≤3.25; dashed lines, BCS 3.5–3.75; dotted 
lines, BCS ≥4.00). Differences between parity groups were significant 
at 10, 20, 30, 40, and 50 DIM. Multiparous cows with BCS ≥4.0 dif-
fered from the 2 other classes at DIM 10 and 20. We found no signifi-
cant differences in primiparous cows.

Table 4. Milk content depending on prepartum BCS class

Milk content,  
first test day   BCS

Primiparous cows

 

Multiparous cows

LSM 95% CI LSM 95% CI

Fat (%) ≤3.25 3.92a 3.71–4.14 4.32bc 4.14–4.50
3.50–3.75 4.20b 4.11–4.28 4.54c 4.41–4.66
≥4.00 4.32b 4.17–4.47 5.03d 4.85–5.22

Protein (%) ≤3.25 3.23b 3.16–3.30 3.23b 3.17–3.29
3.50–3.75 3.22b 3.19–3.25 3.18b 3.14–3.22
≥4.00 3.23b 3.18–3.28 3.08a 3.02–3.15

Fat-protein ratio ≤3.25 1.22a 1.15–1.30 1.35b 1.29–1.41
3.50–3.75 1.31b 1.28–1.34 1.43c 1.39–1.47
≥4.00 1.34b 1.29–1.40 1.64d 1.57–1.70

a–dValues with different superscript letters represent significant differences between parity group × BCS class 
(P < 0.05).

https://doi.org/10.3168/jds.2018-15762
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serum NEFA and BHB concentrations depending on 
diseases early postpartum, so these results were not 
comparable with those of our study.

Performing this study in only one herd and over ap-
proximately 1 yr enhances its internal validity. Because 
all primiparous and multiparous cows are exposed 
to these influences in the same way and extent, this 
controls for herd-level factors such as management, 

feeding, quality of feedstuff, and seasonal and climate 
effects. Furthermore, all cows were pure-bred German 
Holstein dairy cows. This genetic uniformity limited 
the influence of genetic background on low insulin sen-
sitivity as detected by Chagas et al. (2009) between 
Holstein-Friesian dairy cows from North America or 
New Zealand and by Pieper et al. (2016) among Ger-
man Holstein-Friesian bulls. We are aware that several 

Figure 3. Least squares means and 95% CI for glucose metabolism and fat mobilization by BCS decrease during the transition period (from 
10 to 1 d prepartum to 12 to 20 d postpartum) in primiparous (white bars) and multiparous (gray bars) cows at 10 to 1 d prepartum, 2 to 4 d 
postpartum (postpartum 1), and 12 to 20 d postpartum (postpartum 2). Different letters represent significant differences between parity group 
× BCS decrease class (P < 0.05). NEFA = nonesterified fatty acids.
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unknown factors specific to the study herd may dimin-
ish external validity. We accepted these limitations be-
cause the main objective was to compare primiparous 
and multiparous cows, and for this purpose internal 
validity was more important.

By measuring NEFA and BHB as the metabolic vari-
ables used most often in the metabolic monitoring of 
dairy cows (Ospina et al., 2013; Overton et al., 2017), 

we observed differences between primiparous and 
multiparous cows. In general, primiparous cows had 
higher prepartum and lower postpartum serum NEFA 
concentrations than their multiparous herd mates. 
This was in accordance with Wathes et al. (2007), but 
Meikle et al. (2004) found higher NEFA concentrations 
in primiparous cows postpartum. The most striking 
finding of our study was that obese primiparous cows 
in late pregnancy were not prone to accelerated post-
partum lipolysis as is the case for multiparous cows. 
With respect to BCSap class, we did not observe dif-
ferences in postpartum serum NEFA concentrations in 
primiparous cows. In contrast, obese multiparous cows 
(BCSap ≥4.00) had higher serum NEFA concentrations 
prepartum and postpartum compared with their lean 
herd mates. This was in line with other studies that 
included only multiparous cows (Pires et al., 2013; 
Roche et al., 2015). Other authors found no association 
or even a negative association between prepartum BCS 
and peripartum serum NEFA concentrations, which 
could have been caused by a lower prepartum BCS as 
well as a pasture-based diet in these studies (Meikle et 
al., 2004; Wathes et al., 2007). We detected a positive 
association of body condition loss (ΔBCS class) with 
serum NEFA concentrations in multiparous cows before 
and after calving, and to a lesser extent and only at pp2 
in primiparous cows.

In our study, high-mobilizing multiparous cows had 
higher serum BHB concentrations early postpartum 
(pp1), but obese multiparous cows were characterized 
by higher BHB concentrations 2 to 3 wk postpartum. 
This was consistent with the results of Roche et al. 
(2015) who showed a greater body condition loss in 
fatter cows, combined with higher serum BHB concen-
trations and higher milk yield. Contrary to the results 
of their study, in our study both the obese and the 
high-mobilizing multiparous cows showed a lower milk 

Figure 4. Lactation curves (milk yield) for different BCS decrease 
(ΔBCS) classes by parity group (gray lines, multiparous cows, M; 
black lines, primiparous cows, P; continuous lines, ΔBCS ≤0.25; 
dashed lines, ΔBCS 0.5; dotted lines, ΔBCS ≥0.75). Differences be-
tween parity groups were significant at 10, 20, 30, 40, and 50 DIM. 
Primiparous cows with ΔBCS ≤0.25 differed significantly from the 
ΔBCS 0.5 group at 10, 20, 30, 40, and 50 DIM. Multiparous cows 
with ΔBCS ≥0.75 differed significantly from the 2 other classes at 10 
and 20 DIM.

Table 5. Milk content depending on BCS decrease (ΔBCS) during the transition period1

Milk content,  
first test day   ΔBCS

Primiparous cows

 

Multiparous cows

LSM 95% CI LSM 95% CI

Fat (%) ≤0.25 4.20ab 4.07–4.32 4.43cd 4.26–4.60
0.50 4.09a 3.97–4.21 4.58de 4.45–4.71
≥0.75 4.34bc 4.20–4.48 4.79e 4.61–4.97

Protein (%) ≤0.25 3.30c 3.26–3.34 3.21b 3.15–3.26
0.50 3.22b 3.18–3.26 3.15ab 3.10–3.19
≥0.75 3.13a 3.08–3.17 3.17ab 3.11–3.23

Fat-protein ratio ≤0.25 1.28a 1.24–1.32 1.39b 1.33–1.44
0.50 1.27a 1.23–1.31 1.46bc 1.42–1.51
≥0.75 1.40b 1.35–1.45 1.52c 1.46–1.58

a–eValues with different superscript letters represent significant differences between parity group × ΔBCS class 
(P < 0.05).
1From 10 to 1 d prepartum to 12 to 20 d postpartum.
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yield than their multiparous herd mates (Figures 2 and 
4), whereas in primiparous cows we observed no asso-
ciations between BCSap or ΔBCS class and serum BHB 
concentrations or milk yield.

We also detected differences in glucose and insulin 
concentrations with respect to parity. Generally, mul-
tiparous cows had lower prepartum and postpartum 
serum glucose concentrations than primiparous cows, 
but postpartum insulin concentrations were higher in 
primiparous cows (Table 3). Before calving, multiparous 
cows showed higher serum insulin concentrations than 
primiparous cows. This came with lower prepartum 
NEFA concentrations in multiparous cows compared 
with their primiparous herd mates, which could indicate 
a better prepartal energy balance in multiparous cows. 
Similarly, Wathes et al. (2007) found prepartum lower 
and postpartum higher serum NEFA concentrations 
in multiparous compared with primiparous cows, but 
in their results, primiparous cows always had slightly 
but not significantly higher insulin concentrations than 
multiparous cows. However, Meikle et al. (2004) found 
pre- and postpartum higher NEFA concentrations in 
primiparous compared with multiparous cows and no 
effect of parity on insulin concentration. Therefore, our 
findings underline that insulin is an important regula-
tor of fat metabolism. In our study, irrespective of par-
ity, BCSap, or ΔBCS class, serum insulin concentrations 
decreased after calving, consistent with other studies 
(Holtenius et al., 2003; Meikle et al., 2004; Wathes et 
al., 2007; Pires et al., 2013). Primiparous cows showed 
postpartum higher glucose and insulin concentrations, 
as well as lower NEFA concentrations compared with 
multiparous cows, suggesting that energy demands for 
ongoing growth are preferred, because higher insulin 
concentrations can stimulate lipogenesis, the most rel-
evant insulin response in adipose tissue (De Koster and 
Opsomer, 2013). Another study with multiparous cows 
also demonstrated the influence of parity, with higher 
postpartum insulin concentrations in cows at second 
calving than in cows with higher lactation numbers 
(Pires et al., 2013).

We found that BCSap was positively associated with 
prepartum serum insulin concentrations in primiparous 
cows. This was in accordance with the results of an-
other German study, which demonstrated higher back 
fat thickness and insulin serum concentrations before 
calving in intensively fed primiparous cows (Goerigk 
et al., 2011). Serum insulin concentration is positively 
correlated with energy intake and reflects a positive 
energy balance (Chilliard et al., 1998; Holtenius et al., 
2003). Indeed, the obese heifers in our study showed 
the greatest feed intake, roughly estimated by record-
ing of rumen fill (data not shown). As expected, our 

data showed a perceptible but nonsignificant nega-
tive association of BCSap class with prepartum serum 
NEFA. In the previously mentioned German study, 
intensively fed primiparous cows had enhanced prepar-
tum and postpartum fat mobilization (Goerigk et al., 
2011). This corresponded with the association between 
fat accumulation (BCSap) and mobilization (ΔBCS) in 
the primiparous cows of our study (Table 2). However, 
postpartum NEFA concentrations in primiparous cows 
showed no relation to BCSap and a positive association 
with ΔBCS only at pp2.

In our study, high BCSap class was associated with 
elevated NEFA concentrations in multiparous cows pre-
partum and postpartum, as well as with higher serum 
BHB concentrations in multiparous cows at pp2, sug-
gesting that the overconditioned multiparous cows were 
predisposed to enhanced postpartum fat mobilization. 
In contrast to this, 2 other studies (Meikle et al., 2004; 
Wathes et al., 2007) reported a negative correlation of 
prepartum BCS with postpartum BHB concentration, 
which could be explained by a generally low BCSap 
in these studies compared with ours. These different 
results suggest that poor body condition may lead to 
metabolic disorders similar to obesity. In a previous 
study, overconditioned cows had larger adipocytes and 
were predisposed to excessive fat mobilization; these 
large adipocytes showed higher lipolytic activity, but 
the antilipolytic effect of insulin was preserved in these 
cells (De Koster et al., 2016). In other studies, over-
weight cows had higher ΔBCS during the transition 
period as well as higher postpartum NEFA concentra-
tions (Roche et al., 2015), together with higher serum 
glucose and insulin concentrations (Rico et al., 2015). 
We observed a similar relationship in our cows. During 
the first days after calving (pp1), glucose and NEFA 
concentrations were both higher in prepartum obese 
multiparous cows. Furthermore, the reduced milk yield, 
reduced milk protein content, and enhanced milk fat 
content during early lactation reflect a lower energy 
status and may indicate a less successful adaptation to 
postpartum demands in prepartum obese multiparous 
cows.

Prepartum serum insulin concentrations were nega-
tively associated with ΔBCS class in multiparous cows, 
indicating that cows with the lowest prepartum serum 
insulin concentrations were those faced with the most 
intensive body condition loss. Because insulin serum 
concentration is positively correlated with energy intake 
(Chilliard et al., 1998), and presuming the same dietary 
energy density for all dry cows in the studied herd, we 
assumed a lower feed intake in the cows with low serum 
insulin concentrations before calving. As previously 
shown, serum insulin concentration regulates the phos-
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phorylation of the insulin receptor and its activity in 
adipose tissue, where differences with respect to body 
condition loss during the transition period have been 
identified (Zachut et al., 2013). In our study, prepartum 
obese cows had the most pronounced fat mobilization. 
Therefore, we hypothesize that prepartum low insulin 
secretion, which may be caused by low feed intake of 
obese cows or otherwise unknown regulators, predeter-
mines low insulin serum concentration in the postpar-
tum state, in which a decrease in pancreatic secretion 
is more relevant to insulin metabolism than different 
degrees of body fat mobilization (Weber et al., 2016).

The association between higher body condition loss 
(ΔBCS ≥0.75) and lower prepartum serum insulin 
concentrations in multiparous cows corresponds with 
higher prepartum and postpartum NEFA concentra-
tions. Furthermore, these high-mobilizing multiparous 
cows were characterized by higher BHB concentrations 
at pp1, lower milk yield during the first 2 mo of lacta-
tion (Figure 4), and higher milk fat content and FPR 
compared with low-mobilizing cows (Table 5). With 
respect to ΔBCS class, we detected no differences in 
serum glucose concentrations. This was in line with the 
results of previous studies that identified no effect of 
ΔBCS class on the phosphorylation of the hepatic in-
sulin receptor (Zachut et al., 2013) and gene expression 
for gluconeogenesis in the liver (Weber et al., 2017).

In primiparous cows, we observed fewer associations 
between metabolic variables and ΔBCS class than in 
multiparous cows (Figure 3). We found no relationship 
with any of the metabolic variables measured in the 
prepartum stage. The only noticeable associations were 
found for low-mobilizing primiparous cows, which were 
characterized by high postpartum serum insulin concen-
trations, as well as higher serum glucose concentrations 
and lower NEFA concentrations at pp2. Obviously, these 
cows were prone to a hyperinsulinemic–hyperglycemic 
status. With respect to our results in general, it could 
be argued that this state is not a disorder in lipid me-
tabolism as postulated by other authors (Han van der 
Kolk et al., 2017), but rather that it simply indicates a 
lower milk performance and probably also lower energy 
deficit in these cows. This explanation is supported by 
findings that NEFA concentrations in these cows were 
lower and milk protein content was higher compared 
with high-mobilizing primiparous cows. With respect 
to ΔBCS class, we observed the lowest milk yield in 
the low-mobilizing primiparous cows (Figure 4), accom-
panied by low postpartum fat mobilization and higher 
insulin concentrations. Considering the antilipolytic 
effect of insulin, this suggests that in these cows higher 
insulin concentration limits the energy supply for milk 
production provided by β-oxidation of fatty acids. Pre-
sumably, these primiparous cows were characterized by 

low mobilization and low milk yield, as opposed to the 
cows of other ΔBCS classes with higher mobilization 
and higher milk yield. Taking into consideration the 
fact that the primiparous cows were characterized by 
higher serum insulin concentrations accompanied by 
lower fat mobilization in general, the “high mobiliza-
tion–high milk yield” state was found to be consistent 
with low insulin concentrations. This seems to be less 
advantageous for the homeostasis of energy and lipid 
metabolism. Similar to multiparous cows (Zachut et 
al., 2013), low insulin serum concentration may be as-
sociated with lower insulin receptor phosphorylation 
and activation in the adipose tissue, resulting in more 
pronounced lipolysis and leading to higher postpartum 
serum NEFA concentrations and greater loss in body 
condition.

We assume that some of the primiparous cows with a 
presumed higher pancreatic insulin secretion were more 
able to control lipolysis and body condition losses, keep 
serum glucose concentration high, and keep milk yield 
and milk fat content low. Further research is required 
to determine whether these differences are linked to 
genetic background, as previous studies suggest (Cha-
gas et al., 2009; Pieper et al., 2016). The influence of 
heifers’ BCS before first calving on metabolic balance 
should be proven carefully in future studies, in which 
the effects of obesity in primiparous cows on calving 
ease and resulting puerperal disorders should be taken 
into consideration.

CONCLUSIONS

Taken together, prepartum obese multiparous and 
high-mobilizing cows, irrespective of parity, were those 
who were less able to overcome metabolic challenges 
during the early postpartum period. They were char-
acterized by high serum NEFA and BHB concentra-
tions and lower milk yield, at least in multiparous 
cows. Low-mobilizing and primiparous cows, even if 
obese, had low serum NEFA and BHB concentrations. 
Higher postpartum serum insulin concentrations al-
low primiparous cows to prevent excessive postpartal 
lipolysis better than multiparous cows. This was associ-
ated with lower milk yield and was most pronounced in 
low-mobilizing primiparous cows, leading to the lowest 
milk yield in this group. Avoiding high body condition 
loss during the transition period is a main factor in 
preventing peripartal metabolic imbalances of glucose 
and fat metabolism.
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