
8443

J. Dairy Sci. 99:8443–8450
http://dx.doi.org/10.3168/jds.2016-11072
© American Dairy Science Association®, 2016.

ABSTRACT

Calves born to cows exposed to heat stress during 
late gestation (i.e., the dry period) have lower birth 
weight and weaning weight and compromised passive 
immune transfer compared with those born to dams 
that are cooled. However, it is unknown if heat stress 
in utero has carryover effects after weaning. The ob-
jective was to evaluate the effect of heat stress (HT) 
or cooling (CL) in late gestation dairy cows on the 
survival, growth, fertility, and milk production in the 
first lactation of their calves. Data of animals obtained 
from previous experiments conducted during 5 con-
secutive summers in Florida were pooled and analyzed. 
Cows were dried off 46 d before expected calving and 
randomly assigned to 1 of 2 treatments, HT or CL. 
Cooled cows were housed with sprinklers, fans, and 
shade, whereas only shade was provided to HT cows. 
Within 4 h of birth, 3.8 L of colostrum was fed to calves 
from both groups of cows. All calves were managed 
in the same manner and weaned at 49 d of age. Birth 
weight and survival of 146 calves (HT = 74; CL = 
72) were analyzed. Additionally, body weight, growth 
rate, fertility, and milk production in the first lactation 
from 72 heifers (HT = 34; CL = 38) were analyzed. 
As expected, HT calves were lighter (means ± SEM; 
39.1 ± 0.7 vs. 44.8 ± 0.7 kg) at birth than CL calves. 
Cooled heifers were heavier up to 1 yr of age, but had 
similar total weight gain (means ± SEM; 305.8 ± 6.3 
vs. 299.1 ± 6.3 kg, respectively) compared with HT 
heifers. No effect of treatment was observed on age 
at first insemination (AI) and age at first parturition. 
Compared with CL heifers, HT heifers had a greater 
number of services per pregnancy confirmed at d 30 af-
ter AI, but no treatment effect was observed on number 
of services per pregnancy confirmed at d 50 after AI. A 
greater percentage of CL heifers reached first lactation 
compared with HT heifers (85.4 vs. 65.9%). Moreover, 
HT heifers produced less milk up to 35 wk of the first 

lactation compared with CL heifers (means ± SEM; 
26.8 ± 1.7 vs. 31.9 ± 1.7 kg/d), and no difference in 
body weight during lactation was observed (means ± 
SEM; HT: 568.4 ± 14.3 kg; CL: 566.5 ± 14.3 kg). These 
data suggest that heat stress during the last 6 wk of 
gestation induces a phenotype that negatively affects 
survival and milk production up to and through the 
first lactation of offspring.
Key words: calf, dry period, heat stress, postnatal 
performance

INTRODUCTION

Heat stress has substantial negative effects on dairy 
productivity through direct reductions on DMI and 
milk yield (Collier et al., 2006). Indeed, the financial ef-
fect of heat stress on the US dairy industry is estimated 
to be almost $1 billion annually (St-Pierre et al., 2003). 
For the most part, however, the negative effects of heat 
stress noted previously were restricted to consideration 
of the lactating cow (Collier et al., 2006). More recent 
work has detailed the potential negative effect of dry 
period heat stress on subsequent performance of the 
cow (Tao and Dahl, 2013), but nothing is known with 
regard to long-term effects of in utero heat stress on the 
developing calf.

Calves born to cows exposed to heat stress during the 
dry period have lower birth weight (Collier et al., 1982; 
Tao et al., 2012), weaning weight, and compromised 
passive immune transfer (Tao et al., 2012) compared 
with those born to dams that are cooled. Moreover, 
Tao et al. (2012) observed decreased total plasma pro-
tein and hematocrit and compromised cellular immune 
function in calves born to heat stressed cows relative to 
calves born to cooled dams. Previous studies show that 
heat stress during gestation decreases uterine blood flow 
(Oakes et al., 1976; Reynolds et al., 2005) and placental 
weight (Alexander and Williams, 1971), suggesting an 
impairment of fetal growth. Additionally, Thompson et 
al. (2013) observed that cows heat stressed during the 
dry period had lower plasma pregnancy-specific pro-
tein B concentration during the last week of pregnancy 
compared with cooled cows, which also reflects altered 
placental development.

In utero heat stress decreases calf survival and performance  
through the first lactation
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Postnatal metabolism may also be compromised by 
late gestation heat stress. Lambs born to ewes that 
were heat stressed in mid-gestation have a higher in-
sulin response to glucose (Yates et al., 2011) and lower 
lipolytic response to adrenergic stimulation compared 
with those from thermoneutral ewes (Chen et al., 
2010). Despite these metabolic differences, the overall 
postnatal growth rate is similar to normothermic con-
trol lambs (Chen et al., 2010), which indicates that 
body composition may be different. Such differences in 
metabolism may manifest as altered performance later 
in life. However, the effect of heat stress in utero dur-
ing late gestation on future performance of the heifer 
related to reproduction and milk production is still not 
known. Our study was designed to investigate possible 
carryover effects of maternal heat stress during late ges-
tation on growth, survival, fertility, and milk produc-
tion in the first lactation of their offspring. Specifically, 
we tested the hypothesis that in utero heat stress in 
late gestation would limit survival and lactation perfor-
mance of mature dairy cows relative to calves that were 
born to dams cooled in late gestation.

MATERIALS AND METHODS

Animals and Data Collection

Data of animals obtained from 5 previous experi-
ments conducted during 5 consecutive summers were 
pooled and analyzed. The experiments took place at 
the Dairy Unit of the University of Florida (Hague) 
during the period of 2007 to 2011. Multiparous Holstein 
cows were dried off ~46 d before expected calving date 
and blocked on mature equivalent milk production of 
the previous lactation, and then randomly assigned to 
1 of 2 treatments, heat stress (HT) or cooling [CL; 
see do Amaral et al. (2009) for specifics related to the 
treatment of dams]. Of all the calves included in the 
study, most were conceived through AI, but some were 
conceived through in vitro fertilization (IVF) and those 
were evenly distributed between treatments (HT = 23.0 
vs. CL = 18.1%; P = 0.54). Oocytes were obtained 
from slaughterhouse ovaries of Holstein cows, which 
we assumed were of industry average genetic potential. 
Semen used for the IVF and AI procedures originated 
from 35 different sires, which were selected according to 
the normal farm protocol, and were randomly distrib-
uted between treatments. The semen used for IVF and 
AI procedures was not from the same sires. Specifically, 
for the heifers followed into the first lactation (n = 
64), semen was from 22 different sires and there was 
no difference between treatments for sire PTA for milk 
production (means ± SEM; CL: 448.7 ± 51.0 vs. HT: 
479.7 ± 51.0 kg; P = 0.65). Dams of the heifers that 

were followed through the first lactation had similar 
mature-equivalent milk production in the previous 
lactation (HT: 10,999 vs. CL: 10,760 kg; P = 0.55). 
After dry off CL cows were housed in a freestall barn 
with sprinklers, fans, and shade, whereas only shade 
was provided to HT cows residing in the same barn. 
In the CL treatment, fans ran continuously, whereas 
sprinklers turned on automatically for 1.5 min at 6-min 
intervals when ambient temperature exceeded 23.9°C. 
After calving, cows from both treatments were housed 
in the same freestall barn, cooled by sprinklers and fans. 
Therefore, the calves born to those cows were HT or 
cooled CL in utero during the final ~46 d of gestation. 
Within 4 h after birth, calves from both groups of cows 
were separated from their dams, weighed with a digital 
scale, and then fed 3.8 L of colostrum. Colostrum was 
collected either from the dam or from a pool depending 
on the year, but all calves from each treatment in any 
year were fed colostrum sourced in the same way. All 
calves were individually housed in hutches and water 
and starter grain were provided ad libitum.

Pasteurized milk was fed twice a day (0600 and 1400 
h). From d 1 to 29 calves were fed 1.9 L per feeding, 
increasing to up to 3.8 L per feeding from d 30 to 41. 
Pasteurized milk included waste milk from the herd 
and colostrum with a low score (i.e., <50 g/L measured 
by a colostrometer). Pasteurization was accomplished 
by heating the milk to 63°C for 45 min. Calves were 
weaned gradually, starting at d 42 and ending at d 49. 
From d 42 to 48 calves were fed 1.9 L of pasteurized 
milk in the morning only. At the weaning day calves had 
a daily intake of grain of at least 0.9 kg. After weaning, 
calves were kept in the hutches for 10 d more before 
being turned out to group pens of 8 to 10 animals. 
From d 60 to 75, calves were fed 2.3 to 3.2 kg/d of calf 
starter top dressed with chlortetracycline (Aureomycin, 
Zoetis Inc., Florham Park, NJ), and good-quality hay 
was provided ad libitum. From d 75 to 130, calves were 
fed a mixture of TMR and calf starter (2.3 to 3.2 kg/d 
of calf starter, and 2.3 to 4.5 kg/d of TMR). At about 
d 130, heifers were consuming about 7.7 kg/d of TMR/
calf starter mix and were moved to larger pens of 18 
to 20 heifers. At this point, calf starter was no longer 
provided and heifers were fed 9.1 to 11.3 kg/d of TMR 
up to 1 yr of age. Heifers needed to be at least 1.3 
m tall, weigh more than 340 kg, and be over 13 mo 
of age at the start of the synchronization protocols. 
Observations for the current study were collected from 
AfiFarm Herd Management (Afimilk Ltd., Kibbutz 
Afikim, Israel) records. Birth weight and survival of 
146 calves (HT = 74; CL = 72) were analyzed. Ad-
ditionally, BW, withers height, fertility (HT: n = 34; 
CL: n = 38), and milk production in the first lactation 
(HT: n = 29; CL: n = 35) were analyzed. Body weight 
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and withers height were measured monthly, from 2 to 
12 mo of age. A digital scale was used by farm staff to 
measure BW. Lactating cows were milked twice daily 
and milk production was recorded daily up to 35 wk 
in lactation. Milk composition and SCC was measured 
using the AfiLab milk analyzer (Afikim Ltd.) at each 
milking. The AfiLab detects 4 levels of SCC (0–200, 
200–400, 400–800, and >800 × 103 cells/mL), which 
were translated into 4 scores (1 to 4, respectively) and 
analyzed as weekly averages. Body condition score was 
evaluated only at calving, and BW was recorded at 
calving and at each milking until 35 wk postpartum by 
the AfiFarm system (Afikim Ltd.).

Statistical Analysis

Birth weight, BW gain, BCS at calving and fertil-
ity data were analyzed by ANOVA using the GLM 
procedure of SAS 9.2 (SAS Institute, Cary, NC). The 
SAS model included fixed effects of treatment (TRT), 
year, and conception (AI or IVF) with calf or heifer 
within the TRT as a random effect. Treatment by year 
and TRT by conception interactions were included in 
the model and only retained if significant at the 0.15 
level. Sex and TRT by sex interaction were also in-
cluded in the model for birth weight analysis. Least 
squares means ± standard error of the mean are pre-
sented, with the greatest standard error of the mean 
reported. To analyze calf survival, a Chi-squared test 
was performed using the FREQ procedure of SAS 9.2. 
Repeated measures data (BW and withers height up 
to 12 mo of age, BW during lactation, milk yield, milk 
composition, and SCS) were analyzed by ANOVA us-
ing the MIXED procedure of SAS 9.2. The SAS model 
included fixed effects of TRT, year, conception (AI or 
IVF), time, and TRT by year, TRT by conception, 
and TRT by time interactions with heifer within the 
TRT as a random effect. Season of calving and TRT by 
season interaction were also included in the model for 
analyses of milk yield, milk composition, and BW dur-
ing lactation. April to August was considered season 1 
(CL: n = 19; HT: n = 11) and September to February, 
season 2 (CL: n = 16; HT: n = 18); no heifers calved 
in March. Differences with P ≤ 0.05 were considered 
statistically significant, and those with P-values >0.05 
and ≤0.10 were considered trends.

RESULTS

Growth Performance and Survival

Cooled calves were heavier at birth than HT calves 
(44.8 ± 0.7 vs. 39.1 ± 0.7 kg; P < 0.001). Additionally, 

CL heifers were heavier (P = 0.04; Figure 1) and taller 
(111.8 ± 0.6 vs. 110.0 ± 0.7 cm; P = 0.03) up to 1 yr of 
age, but had similar total weight gain (305.8 ± 6.3 vs. 
299.1 ± 6.3 kg, respectively; P = 0.44) and ADG (0.83 
± 0.02 vs. 0.81 ± 0.02 kg, respectively; P = 0.44) from 
birth to 1 yr of age compared with HT heifers.

The stillborn rate was 4.1% among HT calves, 
whereas we had no stillborn cases among CL calves 
(Table 1). Among bull calves, mortality rate was simi-
lar for both treatments (P = 0.35; Table 1). However, 
most of the bull calves were sold between birth and 5 
mo of age; therefore, the mortality rate is limited to 
that duration for bull calves. The percentage of heifers 
leaving the herd before puberty was similar between 
treatments (P = 0.26); however, a smaller percentage 
of CL heifers left the herd before puberty due to sick-
ness, malformation, or growth retardation (P = 0.03). 
Moreover, a greater percentage of CL heifers completed 
the first lactation compared with the HT heifers (P = 
0.05; Table 1).

The reasons for death or euthanasia before 1 mo of 
age were malformation, septicemia, navel infection, 
pneumonia, and growth retardation. Reasons for sell-
ing heifers before puberty included genetic culling, 
growth retardation, mastitis, and infantile ovaries. In 
the HT treatment, the percentage of heifers that left 
the herd before puberty due to sickness, malformation, 
or growth retardation tended to be greater among IVF 
heifers compared with AI heifers (33.3 vs. 10.3%; P 
= 0.10), and most of them were less than 1 mo of age 
when they left the herd. There were 3 cases of eutha-
nasia or culling motivated by growth retardation before 
puberty, all in the HT treatment, and only 1 of these 
heifers was IVF.

Reproductive Performance and Milk Production

Reproductive data are summarized in Table 2. No 
differences were observed between CL heifers and HT 
heifers for age at first AI (P = 0.32). The number of 
services per pregnancy confirmed at d 30 after insemi-
nation was smaller for CL heifers (P = 0.05); hence, 
CL heifers tended to be younger when pregnancy was 
confirmed (P = 0.07). However, number of services per 
pregnancy confirmed at d 50 after insemination and 
age at first parturition was not different between treat-
ments. Additionally, CL and HT heifers had similar 
BCS (3.48 ± 0.17 vs. 3.47 ± 0.17, respectively) at calv-
ing.

Compared with HT heifers, CL heifers produced 
more milk up to 35 wk of the first lactation (31.9 ± 1.7 
vs. 26.8 ± 1.7 kg/d; P = 0.03; Figure 2), but no differ-
ences in SCS and percentage of protein, fat, and lactose 
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in milk were observed (Table 3). Calculation of the milk 
fat-to-protein ratio revealed no difference between the 
groups (HT: 1.20 ± 0.02 vs. CL: 1.19 ± 0.02; P = 0.79). 
There was no effect of calving season on milk produc-
tion. Additionally, no difference in BW was observed at 
calving (CL: 562.8 ± 11.4 vs. HT: 565.1 ± 11.4 kg; P 
= 0.89) or during lactation (CL: 566.5 ± 14.3 vs. HT: 
568.4 ± 14.3 kg; P = 0.92; Figure 3).

DISCUSSION

As expected, and in accordance with other studies 
(Collier et al., 1982; Tao et al., 2012; Monteiro et al., 
2014), HT calves were lighter at birth and it was evi-
dent that they did not have any compensatory growth 
before puberty, as they remained smaller and lighter 
up to 1 yr of age. Because treatment groups did not 

Figure 1. Effect of maternal heat stress (HT, n = 34) or cooling (CL, n = 38) during late gestation on BW of heifers up to 1 yr of age. Solid 
bars (�) and open bars (�) represent calves from cooled dams and heat-stressed dams, respectively. Data from calves born over 5 consecutive 
years were analyzed. Heifers born to cows exposed to CL during the dry period were heavier (P = 0.04) compared with those born to HT cows. 
Error bars indicate SEM.

Table 1. Effect of maternal heat stress (HT) or cooling (CL) during late gestation on calf survival

Item

CL

 

HT  P-value

AI IVF1 Total %2 AI IVF Total % Trt3

Bull calves (no.) 30 1 31 —  28 2 30 — —
Heifer calves (no.) 29 12 41 —  29 15 44 — —
Stillborn4 0 0 0 0.0  2 1 3 4.1 0.25
Bull calf mortality by 4 mo of age 1 0 1 3.2  3 0 3 10.0 0.35
Heifers leaving herd before puberty 1 4 5 12.2  3 7 10 22.7 0.26
 due to sickness, malformation, or growth retardation 1 0 1 2.4  3 5 8 18.2 0.03
Heifers leaving herd after puberty, before first lactation 
 lactation

1 0 1 2.4  3 0 3 6.8 0.62

Heifers completing first lactation 27 8 35 85.4  22 7 29 65.9 0.05
1IVF = in vitro fertilization.
2Percentage of animals (AI + IVF) affected out of total animals (males or females) in the respective treatment.
3Treatment.
4Includes male and female calves.
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differ in BW gain up to 12 mo old, it can be con-
cluded (similar to Tao et al., 2012) that the difference 
in BW observed during the first year after birth is a 
consequence of the lower birth weight rather than a 
difference in growth rate. The greater morbidity and 
mortality observed in HT calves is evidence of the nega-
tive effects of maternal heat stress on the health of the 
offspring. Indeed, Tao et al. (2012) found that calves 
born to cows heat stressed during the dry period had 
lower peripheral blood mononuclear cell proliferation 
during the preweaning period and compromised appar-
ent efficiency of IgG absorption (19.2 vs. 33.6%) when 
compared with those born to cows cooled when dry. It 
is known that calves born during summer months in 
Florida have lower total protein concentrations (5.1 vs. 

5.7 g/dL; Donovan et al., 1986), which is associated 
with greater morbidity (59 vs. 19%) and mortality (6.8 
vs. 3.3%) compared with those born during months of 
milder temperatures (Naylor et al., 1977; Robison et 
al., 1988). However, as all of the calves, regardless of in 
utero heat stress status, were managed under the same 
circumstances after birth, the differences in morbidity 

Table 2. Effect of maternal heat stress (HT) or cooling (CL) during 
late gestation on reproductive performance before first lactation of 
heifers born to HT or CL dams

Item CL HT SEM P-value

Heifers (no.) 36 32 — —
Age at first AI (mo) 13.6 13.8 0.2 0.32
Services per pregnancy d1 30 2.0 2.5 0.2 0.05
Age at pregnancy d1 30 (mo) 16.1 16.9 0.3 0.07
Services per pregnancy d1 50 2.3 2.6 0.2 0.32
Age at calving (mo) 24.8 25.0 0.4 0.72
1Days after insemination.

Figure 2. Effect of maternal heat stress (HT, n = 29) or cooling (CL, n = 35) during late gestation on milk production in the first lactation. 
Solid squares (�) and open circles (�) represent calves from cooled dams and heat-stressed dams, respectively. Data from calves born over 5 
consecutive years were analyzed. Heifers born to cows in HT during the dry period produced less milk up to 35 wk postpartum compared with 
those born to cows exposed to CL (26.8 ± 1.7 vs. 31.9 ± 1.7 kg/d; P = 0.03). Error bars indicate SEM.

Table 3. Effect of maternal heat stress (HT) or cooling (CL) during 
late gestation on milk yield and composition in the first lactation of 
heifers born to HT or CL dams

Item CL HT SEM P -value

Heifers (no.) 35 29 — —
Milk (kg/d) 31.94 26.83 1.69 0.03
3.5% FCM1 (kg/d) 31.88 26.80 1.54 0.01
ECM2 (kg/d) 31.56 26.88 1.63 0.03
Fat (%) 3.55 3.64 0.08 0.44
Fat (kg/d) 1.12 0.95 0.06 0.02
True protein (%) 3.00 3.05 0.03 0.24
True protein (kg/d) 0.95 0.80 0.05 0.02
Lactose (%) 4.82 4.80 0.02 0.68
Lactose (kg/d) 1.54 1.28 0.08 0.02
SCS3 1.20 1.23 0.05 0.66
13.5% FCM = [(0.4324 × kg of milk) + (16.216 × kg of fat)].
2Value corrected for 3.5% fat and 3.2% true protein using formula from 
NRC (2001): ECM = [(0.3246 × kg of milk) + (12.86 × kg of fat) + 
(7.04 × kg of true protein)].
3SCS ranges from 1 to 4 and represents 4 levels of SCC (0–200, 200–
400, 400–800, and >800 × 103 cells/mL).
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and mortality between treatments is likely related to 
the prenatal heat stress. The effect of interaction be-
tween HT treatment and IVF on calf morbidity and 
mortality during the prepubertal period is not easily in-
terpreted. But, as the number of IVF calves was evenly 
distributed in both treatments, we believe that heat 
stress in utero may have exacerbated the previously 
identified problems related to calf development, such as 
growth retardation and incidence of disease, associated 
with the IVF technique (Bonilla et al., 2014).

The significant and persistently greater output of 
milk in the first-lactation CL calves compared with HT 
calves may be explained by several factors, but cer-
tainly supports the hypothesis that late gestation in 
utero heat stress reduces lactation potential. Although 
no difference between treatments was observed in age 
at first parturition, the differences observed in num-
ber of services per pregnancy confirmed at d 30 after 
insemination is evidence of an effect of maternal heat 
stress on fertility before the first lactation. A possible 
explanation for this difference could be the direct effect 
of BW on fertility, as heavier heifers seem to become 
fertile earlier. Archbold et al. (2012) observed that BW 
of the heifer at mating start date influenced the pro-
portion of heifers pubertal at the start of breeding, as 
greater BW at mating start date increased the rate of 
puberty achievement. It is known that lifetime perfor-

mance is influenced by early development. Soberon et 
al. (2012) and Faber et al. (2005) found that greater 
preweaning growth rate is related to greater first-
lactation milk yield. However, Warnick et al. (1995) 
found no association between calf morbidity and milk 
production in the subsequent first lactation. The fact 
that CL heifers were larger than HT heifers at 1 yr 
of age could explain the differences in milk produc-
tion, as BW at start of breeding season is associated 
with subsequent milk solids yield potential (Archbold 
et al., 2012). Also, it is clear that HT heifers had com-
pensatory growth from 12 mo of age until calving. As 
reviewed by Lohakare et al. (2012), several studies have 
observed negative effects of increasing prepubertal BW 
gains on future milk yield; however, increased growth 
rate due to high feeding level after puberty and during 
gestation had no effect on mammary growth and milk 
yield (Sejrsen et al., 1982, 2000). Because no difference 
in BW was observed at calving and during lactation in 
the present study, the difference in milk production is 
more likely to be explained by differences in mammary 
gland development and altered metabolic efficiency 
because of changes in the metabolism of those calves 
that experienced heat stress in utero. That concept is 
related to the fact that no difference was noted in milk 
composition between CL and HT calves, and the yield 
diverged at calving and remained different through 

Figure 3. Effect of maternal heat stress (HT, n = 27) or cooling (CL, n = 33) during late gestation on BW in the first lactation. Solid squares 
(�) and open circles (�) represent calves from cooled dams and heat-stressed dams, respectively. Data from calves born over 5 consecutive years 
were analyzed. Heifers born to cows exposed to CL or HT during the dry period had similar BW during lactation (CL: 566.5 ± 14.3 kg vs. HT: 
568.4 ± 14.3; P = 0.92) up to 35 wk postpartum. Error bars indicate SEM.
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lactation. Those observations suggest that mammary 
capacity was greater in the CL calves, rather than an 
effect on the activity of the mammary epithelial cells 
per se. Of course, further work is needed to specifically 
test those hypotheses.

Heat stress has been shown to induce placental insuf-
ficiency intrauterine growth retardation (PI-IUGR) 
in a sheep model (Yates et al., 2011). Offspring from 
PI-IUGR animals have major alterations in postnatal 
metabolism that probably also exist in the offspring 
from heat stressed cattle during late gestation (Yates 
et al., 2011). The PI-IUGR offspring express reduced 
β2 adrenergic receptors in the perirenal adipose tissue, 
caused by elevated catecholamine exposure in utero 
(Chen et al., 2010). The PI-IUGR lambs have difficulty 
mobilizing fat and develop greater levels of adipose 
tissue (Chen et al., 2010). Moreover, PI-IUGR lambs 
are hypersensitive to glucose stimulation and insulin 
(Limesand et al., 2006; Thorn et al., 2009), which 
further increases the probability that glucose will be 
stored as fat during compensatory growth (Greenwood 
et al., 1998; Chen et al., 2010); similarly altered meta-
bolic responses were also observed in dairy calves. Tao 
and Dahl (2013) observed that calves born to cows heat 
stressed or cooled during the dry period had similar 
circulating insulin concentrations before colostrum 
feeding; however, calves from heat-stressed dams had 
higher insulin concentrations at d 1 after birth when 
compared with calves from cooled dams. Further, Tao 
et al. (2014) observed that 55-d-old calves born to heat-
stressed dams had similar insulin response to a glucose 
tolerance test and insulin clearance during an insulin 
challenge, but faster glucose clearance during both 
challenges; this suggests altered metabolic responses 
and supports the hypothesis of accelerated lipogenesis 
and fat deposition during early life in in utero heat-
stressed calves. In calves, it has been demonstrated 
that increased fat deposition during the prepubertal 
period and a higher BCS at breeding are related to 
lower milk production in the first lactation (Silva et 
al., 2002). Also, similar to the PI-IUGR sheep model 
(Chen et al., 2010), in Tao et al. (2012) calves born 
to cooled or heat-stressed dams during the dry period 
had similar overall postnatal growth rates. In the pres-
ent study, the HT heifers never reached the BW of CL 
calves before puberty; however, we found no difference 
in BW at calving and during lactation, indicating that 
at some point during pregnancy HT heifers did achieve 
a similar BW to CL heifers. The BCS at breeding was 
not available, but no difference was observed in BCS 
at calving, suggesting that fat deposition was similar 
among treatments at that time.

The data from the present study suggest that late-
gestation maternal heat stress may alter expression of 

the fetal genome and have lifelong consequences. This 
phenomenon is termed fetal programming, where envi-
ronmental effects, such as maternal gestational stress, 
can alter the epigenetic state (stable alterations of 
gene expression through DNA methylation and histone 
modifications) of the fetal genome and gene expression 
of imprinted genes (Jaenisch and Bird, 2003; Merlot et 
al., 2008; Reynolds et al., 2010). It appears that HT in 
utero results in a metabolically inefficient phenotype 
relative to CL treatment, as HT calves produced sig-
nificantly less milk in the first lactation relative to CL 
calves. Further studies are necessary to determine if 
these effects persist into subsequent lactations.

CONCLUSIONS

Maternal heat stress during late gestation decreases 
calf birth weight and BW and WH up to 1 yr of age. 
Additionally, and consistent with the hypothesis of 
the study, these data suggest that heat stress during 
the last 6 wk of gestation negatively affects fertility 
and milk production up to and through the first lacta-
tion of offspring. Epigenetics may provide a molecular 
mechanism for the effect of in utero heat stress during 
late gestation on the fetal programming of postnatal 
growth, disease susceptibility, and milk production. 
Further studies with a larger number of animals are 
necessary to fully understand the effects of heat stress 
in utero on morbidity and mortality in the prepubertal 
phase. Also, special attention to the metabolism and 
mammary gland development of those heifers born to 
cows heat stressed during the dry period is necessary to 
understand the effect on fertility and milk production 
in the first lactation.
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