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  ABSTRACT 
  The effect of lameness on the fertility of dairy cattle 

is well recognized. But, the effect of lameness on the 
fertility of seasonally breeding cattle in pasture-based 
systems is less well characterized. This prospective co-
hort study of 463 cows on 1 farm in the lower North 
Island of New Zealand was designed to assess the ef-
fect of clinical lameness, as identified by farm staff, 
on the hazard of conception after the planned start-of-
mating date. A Cox proportional hazards model with 
time-varying covariates was used. After controlling for 
the effect of parity, breed, body weight at calving, and 
calving-to-planned start of mating interval, the daily 
hazard of conception for cows identified as lame was 
0.78 (95% confidence interval: 0.68–0.86) compared 
with non-lame cows. Lame cows took 12 d longer to get 
pregnant compared with their non-lame counterparts. 
  Key words:    lameness ,  fertility ,  seasonal breeding , 
 survival analysis 

  INTRODUCTION 
  Lameness is one of the most important diseases of the 

dairy cow. It causes significant long-lasting pain, even 
after treatment (Whay et al., 2005; Laven et al., 2008), 
and has a major economic effect (Ettema et al., 2010). 

  One of the key mechanisms by which lameness de-
creases productivity is its effect on reproduction. Lame-
ness affects fertility at all stages of the reproductive 
cycle. Lame cows resume normal postpartum activity 
more slowly than their non-lame cohorts. Garbarino et 
al. (2004) showed that lame cows had 3.5 times greater 
odds of not resuming cyclicity within 60 d of calving 
compared to non-lame cows, and that preventing lame-
ness would have decreased the number of cows with 
delayed cyclicity by 71%. This delay in cyclicity means 
that lame cattle likely require treatment for anestrus 
(Hultgren et al., 2004). Even when ovarian activity has 
resumed, lame cows have compromised estrous behav-
ior. Walker et al. (2008) reported that lame cows were 

mounted less frequently, expressed estrus with lower 
intensity, and had decreased conception rates (Hernan-
dez et al., 2001; Melendez et al., 2003; Bahonar et al., 
2009). 

  The majority of research on the effect of lameness 
on fertility has focused on non-seasonal systems. Ex-
trapolation of such data to seasonal systems may not 
be valid, as the differences between the systems could 
affect the relationship between fertility and lameness. 
In seasonal pasture-based systems, such as those which 
predominate in New Zealand, to achieve calving inter-
vals of <380 d, calving-to-first service intervals must be 
relatively short compared with cows in non-seasonally 
calving dairy herds. In addition, anestrous cattle are 
induced to ovulate at the start of the breeding period 
(McDougall, 2010). Finally, the management of lame 
cows is different. In New Zealand, lame cows are rou-
tinely separated from the main herd and milked once 
daily. This management routine, combined with pasture 
rather than housing lame cows, may decrease the sever-
ity of lameness (Hernandez-Mendo et al., 2007; Laven 
et al., 2008) and influence the effect of lameness on 
fertility. Only limited, mostly anecdotal, information is 
available concerning the effect of lameness in seasonal 
systems. Tranter and Morris (1991) showed that the 
percentage of lame cows that were pregnant within 6 
wk of the start of the breeding season was lower than 
that of non-lame cows (41 vs. 62%, respectively), but 
this did not take into account other factors that influ-
ence fertility, such as the interval between calving and 
the start of the mating period, age, and BW (Rhodes 
et al., 1998b; Clark et al., 2000; Thiengtham et al., 
2008). More data on the relationship between reproduc-
tion and lameness in seasonal pasture-based systems 
are required. The objective was to assess the incidence 
risk and the effect of clinical lameness, as identified by 
farm staff, on the daily hazard of conception after the 
planned start of mating (PSM) in a seasonally bred 
and traditionally managed pasture-based herd in New 
Zealand. 

  MATERIALS AND METHODS 
  This was a prospective observational study of mixed 

age (n = 463) and breed (226 Holstein-Friesian, 5 

  The effect of lameness on the fertility of dairy cattle 
in a seasonally breeding pasture-based system 
  J. I.   Alawneh ,  R. A.   Laven ,1 and  M. A.   Stevenson 
  Institute of Veterinary, Animal and Biomedical Sciences, Massey University, Palmerston North, NZ 4471 

  

  

 Received March 27, 2011.
 Accepted July 1, 2011.
   1   Corresponding author:  r.laven@massey.ac.nz 



5488 ALAWNEH ET AL.

Journal of Dairy Science Vol. 94 No. 11, 2011

Jersey, and 232 Holstein-Friesian × Jersey crossbred) 
dairy cows that calved between July 15 and October 
24, 2008 and were present at the PSM (October 24, 
2008) in a single dairy herd in Palmerston North in the 
lower North Island of New Zealand. Cows grazed as a 
single group and had free access to water. The herd 
was managed so that the pasture allowance and access 
to supplementation after the morning milking (palm 
kernel meal to a maximum of 2 kg of DM/cow per 
day and corn silage to a maximum of 2 kg of DM/cow 
per day) was sufficient for maintenance and production 
requirements of a 400-kg cow producing 2.0 kg of milk 
solids/d. Cows were milked twice daily, starting at 0530 
and 1500 h through a 50-stall rotary-platform milking 
parlor (DeLaval Parallel Rotary; DeLaval International 
AB, Tumba, Sweden). Walkover BW was recorded for 
each cow from when it entered the milking herd after 
calving. The BW for each cow was measured using an 
automatic walkover weighing system using a calibrated 
electronic walkover scale system (WOW! XR-3000; 
Tru-Test Ltd., Auckland, New Zealand).

Reproductive Management

Pre-mating estrous events were recorded by farm staff 
1 mo before the PSM. From the PSM until December 6, 
2008, cows went through AI by a contract inseminator 
who visited the farm once daily. For the 7-wk period 
from December 7, 2008 to January 25, 2009, 8 bulls 
were placed with the milking herd. One bull was put 
in with the problem group of the herd, which included 
all lame cows and those with other problems such as 
mastitis.

Detection of estrus was conducted by farm staff us-
ing direct observation and tail paint [FIL oil-based tail 
paints, fluorescent estrous detection tail paint, Tell Tail 
(FIL, Mount Maunganui, New Zealand)]. Cows were 
observed by staff in the field for 30 to 45 min before 
each milking, while they traveled from the pasture to 
the milking parlor, and throughout each milking (3 h 
for each milking; Alawneh et al., 2006). A cow was 
considered in estrus if more than 50% of her tail paint 
was removed or she showed typical behaviors of estrus 
(standing to be mounted, mounting other cows, and 
head mounting).

Pregnancy was diagnosed by ultrasound examination 
5 and 13 wk after the end of the 12-wk mating period 
to identify the service (based on farm records and fetal 
aging) that resulted in conception.

Lameness Management and Recording

Clinical lameness cases were identified and man-
aged according to farm practice. At the start of the 

study, the farm manager received detailed instructions 
(Chesterton et al., 2008) from the herd veterinarian to 
clarify issues on detection of lameness and preliminary 
treatment of identified cases. The farm manager then 
trained all staff members to ensure consistent identi-
fication and management of lame cows. The following 
protocol was applied: any cow that was observed by 
the farm staff as having a persistent gait abnormality 
was identified for further investigation. Cows identified 
as lame on examination were treated by farm staff or 
held for veterinary examination. All diagnoses other 
than foot rot were made by the second author. After 
treatment, which consisted of antibiotics for cows with 
foot rot, and trimming, for cows with claw horn lesions, 
lame cows were placed on a once-daily milking regimen 
and separated from the main herd in fields near to the 
milking parlor, until the farm staff considered that they 
had recovered when they were returned to the main 
milking herd.

Data Management

Dates and facts of calving, estrus, service, disease and 
treatment events, reproductive examinations, dry-off, 
and culling events were recorded into paper records kept 
at the milking shack. At regular intervals, these details 
were transferred to a computerized herd management 
software package [DairyWIN 2004 v99.91.148 (http://
www.dairywin.co.nz); Massey University, Palmerston 
North, New Zealand]. The BW data were downloaded 
from the scale system twice weekly (Monday and 
Thursday) after the morning milking and transferred 
to the herd health management program.

Data evaluation procedures were conducted before 
analysis. Service events within 3 d of each other were 
treated as a single service. A lameness event identified 
within 14 d (Dohoo and Martin, 1984) of a prior lame-
ness diagnosis was considered the same event, unless it 
occurred in another foot. Erroneous BW records were 
identified and removed from the data set. Daily BW 
records were averaged to a single daily measurement. 
Individual cow BW at calving were quantified by aver-
aging daily BW measurements during the first 7 d after 
parturition (Schwager-Suter et al., 2001).

The data set was arranged so that each DIM was 
regarded as a single observation. Each observation 
comprised details of the identity of the cow, the start 
and end date for the observation, whether or not the 
outcome of interest occurred (1 if the cow conceived 
and 0 if nonpregnant), and the values of each of the 
measured explanatory variables: (1) parity as a cat-
egorical variable with 2 levels (first parity and cows 
>first parity); (2) breed as a categorical variable with 
2 levels (Holstein-Friesian and crossbred cows; Jerseys 
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were combined with crossbreds); (3) BW at calving as 
a continuous variable; and (4) calving-to-PSM interval, 
expressed in days.

Statistical Analyses

The first analysis quantified the incidence risk and 
rate of lameness from calving to the end of lactation. 
The incidence risk of lameness was defined as the total 
number of cows experiencing at least 1 lameness event 
from calving to the end of lactation period divided by 
the average number of cows that were present in the 
herd throughout the same period (Szklo and Nieto, 
2007). Kaplan-Meier survival curves were computed to 
calculate cow-days at risk between observed lameness 
events. Briefly, days at risk for each member of the 
herd comprised the number of days between calving 
and the end of lactation date or the date of removal 
from the herd (e.g., culling date or drying-off date). 
Cows identified as lame stopped contributing days at 
risk from the date a lameness event was diagnosed until 
14 d after the last recorded lameness event date. After 
that time, cows became re-eligible to contribute time 
at risk. The incidence rate of lameness was defined as 
the total number of lameness diagnoses made divided 
by the total number of cow-days at risk. The instanta-
neous hazard of lameness was defined at calendar date 
t as the proportion of the cows present on date t that 
were identified as lame on date t (Kleinbaum and Klein, 
2005).

The second analysis investigated the variables influ-
encing the number of days for cows to conceive after 
the PSM. Kaplan-Meier survival curves were used to 
compare the distribution of days to conception after 
the PSM for lame and non-lame cows and to calculate 
median days to conception [the 95% CI were calculated 
based on log (survival) for each group]. Kaplan-Meier 
survival curves for lame and non-lame cows were gener-
ated and the homogeneity of the curves was tested us-
ing the log rank statistic (Kleinbaum and Klein, 2005). 
Finally, a Cox proportional hazards model with time 
varying covariates (Suriyasathaporn et al., 1998; Klein-
baum and Klein, 2005; Dohoo et al., 2009) was used to 
identify variables influencing the number of days for 
cows to conceive following the PSM. In this analysis, 
cows that did not conceive or that were removed from 
the herd through the mating period were right-censored 
at the end of the mating period on January 25, 2009, 
or at removal from the herd date as described previ-
ously. Explanatory variables were screened by entering 
each into a bivariate Cox proportional hazards model 
and those with a likelihood ratio test P-value ≤0.25 
were retained for inclusion in a multivariable Cox pro-
portional hazards model. Explanatory variables that 

were not statistically significant at an α of ≤0.05 were 
removed from the final model one at a time, until the 
estimated regression coefficients for all of the variables 
retained were significant at a level of P ≤ 0.05, un-
less they were considered either biologically important 
or a confounder when they were retained in the final 
model even if they were not significant at a level of P 
≤ 0.05. A variable was considered as a confounder if it 
influenced other covariates estimates by >20% (Dohoo 
et al., 2009). Two-way interactions were assessed and 
retained if they were significant at an α of ≤0.05. The 
daily hazard of conception [hi(t)] was calculated as

 h t h t z ti i m mi( ) ( )exp[( ... ) ( )],= + + +0 1 1 1 1β χ β χ γ  

where h0(t) represents the baseline hazard as a function 
of time; β1, . . . , βm represent the regression coefficients 
for each of the m time-invariant covariates (parity, 
breed, BW at calving, and calving-to-PSM interval); 
X1i, . . . , Xmi represent the covariates for each of the 
observations; γ1 is the estimated regression coefficient 
for effect of lameness as a time varying covariate on day 
(t); and z1 is lameness status (0, 1) at day t.

The proportional hazards assumption of the Cox 
model was tested for categorical variables by examining 
for each stratum plots of log[−logS(t)], where S(t) is the 
survival function for each stratum, against time with 
the expectation that the plots would be parallel. For 
continuous variables, the proportional hazard assump-
tion was tested using a plot of the scaled Schoenfeld 
residuals as a function of time to event with the ex-
pectation that no association would occur between the 
residuals and time to event.

The scale of each continuous variable was tested 
using the Martingale residuals. A plot of Martingale 
residuals from a model that excludes the continuous 
variable against the values of the excluded continu-
ous variable was examined with the assumption that 
the relationship would be linear (Hosmer et al., 2008). 
Covariate-adjusted survival curves, based on the results 
of the Cox proportional hazards model, were computed 
using the modified estimated risk score approach de-
scribed by Hosmer et al. (2008). All statistical analyses 
were performed using R version 2.8.0 (R Development 
Core Team, 2010) and the survival library (Therneau 
and Lumley, 2009).

RESULTS

Table 1 provides descriptive statistics of BW at calv-
ing and days open for the parity grouping used in this 
study. Details of the number of lameness events and 
the incidence risk, and incidence rate of lameness are 
in Table 2. The instantaneous hazard of lameness for 
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the interval from planned start of calving to the end of 
lactation is in Figure 1. The instantaneous hazard of 
lameness increased exponentially to 0.2 (95% CI 0.0–
0.6) per 100 cow-days in the first 16 d after the PSM, 
after which time it decreased steadily until December 
20, 2008 (Figure 2). A total of 802 service events were 
recorded throughout the mating period.

Of the 463 cows enrolled, details for 11 cows were 
excluded from the analysis in Table 3 on the basis of 
either incomplete data (n = 3) or they were observed 
lame before the PSM (n = 8). The distribution of days 
to conception after the PSM differed significantly be-
tween lame and non-lame cows (P < 0.01). The median 
interval from the PSM to conception was 40 d (95% 
CI 28–45) for lame cows compared with 28 d (95% CI 
23–33) for non-lame cows: a difference of 12 d. The 
effect of lameness on the daily hazard of conception 
after the PSM is shown in Table 3. After controlling for 
the effect of parity, breed, BW at calving, and calving-
to-PSM interval, the daily hazard of conception for 
lame cows was decreased by a factor of 0.78 (95% CI 
0.68–0.86; P < 0.01) compared with cows that were not 
lame. Cows in greater than first parity had a higher 
daily hazard ratio (HR) of conception compared with 

first-parity cows (HR 1.11, 95% CI 1.05–1.22), and cows 
that were crossbred or Jersey had a higher daily HR of 
conception compared with Holstein-Friesians (HR 1.34, 
95% CI 1.26–1.42), Covariate-adjusted survival curves 
for lame and non-lame first-parity cows are in Figure 
3. The survival curve for first-parity cows that were 
lame indicated that 50% were pregnant by 54 d after 
the PSM, and that 20% were still open at 84 d after 
the PSM.

DISCUSSION

Sixty-eight lameness events (68 cows) occurred 
throughout the lactation, resulting in an estimated 
incidence risk of 15%. This is lower than the propor-
tion of cows reported as lame in similar studies in the 
United States (Garbarino et al., 2004; Hernandez et 
al., 2005), United Kingdom (Collick et al., 1989; Green 
et al., 2002), and Europe (Barkema et al., 1994), but 
supports Tranter and Morris (1991) and Gibbs (2010) 
for New Zealand cattle, so is consistent with the conclu-
sion that lameness is less common in New Zealand than 
confinement systems used in the Northern Hemisphere 
(Laven and Holmes, 2008).

Table 1. Descriptive statistics of BW at calving, calving-to-planned start of mating (PSM) interval, and PSM-to-conception interval by parity 
grouping 

Characteristic
No. of  
cows

Mean  
(SD)

Median  
(Q1, Q3)1

Min,  
max2

First parity 101
 BW at calving (kg) 400 (38) 402 (373, 431) 320, 490
 Calving-to-conception interval (d) 110 (22) 111 (101, 126) 53, 138
 Calving-to-PSM interval (d) 73 (13) 79 (66, 82) 31, 97
 PSM-to-conception interval (d) 37 (17) 38 (28, 47) 4, 61
>First parity 362
 BW at calving (kg) 488 (53) 486 (442, 537) 300, 670
 Calving-to-conception interval (d) 91 (23) 89 (75, 108) 28, 153
 Calving-to-PSM interval (d) 55 (16) 59 (41, 71) 13, 99
 PSM-to-conception interval (d) 35 (19) 35 (22, 47) 1, 76
Breed
 Holstein-Friesian 226
 Crossbred and Jersey 237
1Q1 = first quartile; Q3 = third quartile.
2Min = minimum; max = maximum.

Table 2. Number of lameness cases by diagnosis, number of cows at risk, total number of cow-days at risk, 
and incidence risk and incidence rate (with 95% CI) for the study animals 

Lameness  
lesion1

No.  
lame

No. at  
risk

No. of  
cow-days

Incidence  
risk2

Incidence  
rate3

White line 37 452 107,468 8 (6–11) 3.4 (2.5–4.7)
Foot rot 27 452 110,536 6 (4–9) 2.4 (1.6–3.5)
Sole injury 4 452 117,551 1 (0–2) 0.3 (0.1–0.9)
Total 68 452 117,819 15 (12–19) 5.8 (4.5–7.3)
1Definitions as per Chesterton et al. (2008).
2Cases per 100 cows at risk.
3Cases per 100 cow-days at risk.



Journal of Dairy Science Vol. 94 No. 11, 2011

LAMENESS AND FERTILITY 5491

Despite this lower incidence, the data from this 
study suggest that the effect of lameness on fertility 
in pasture-based systems is similar to that in housed 
cattle. Overall, the daily hazard of conception for lame 
cows was decreased by a factor of 0.78 compared with 
non-lame cows. In a similar cohort study in the United 
States, Hernandez et al. (2001) reported that cattle 
with claw lesions, which accounted for 41/68 lameness 
cases in their study, had an HR of conception of 0.52 
and cattle with foot rot had an HR of 0.65. In Iran, 
Bahonar et al. (2009) reported an HR, for all causes 
of lameness, of 0.77. In Europe, Hultgren et al. (2004) 

reported cows with sole ulcer had an odds ratio of con-
ceiving of 0.59 compared with non-lame cows, whereas 
Collick et al. (1989) reported that the conception rate 
of inseminated lame cows was only 46% compared with 
56% in non-lame cows.

The results of the current study support the con-
clusion of Tranter and Morris (1991) that lameness 
significantly decreases the fertility of seasonally bred 
pasture-based cattle. In the current population, the 

Figure 1. Kaplan-Meier survival curve (solid line) showing the 
cumulative proportion of cows not observed as lame as a function of 
DIM over the 2008 lactation. The gray shaded area represents the 95% 
confidence interval for the estimated curve.

Figure 2. Daily hazard of lameness for the study animals (solid 
line) and upper 95% confidence interval (dashed line) from planned 
start of calving (July 15, 2008) to the end of lactation. The instanta-
neous hazard of lameness at day t (t is a calendar date) was defined as 
the proportion of cows present on day t identified lame on day t. The 
gray area marks the beginning (October 24, 2008) and end (January 
25, 2009) of the mating period. On October 27, 2008, the hazard of 
lameness was 0.002. That is, (0.002 × 452) = 1 lame cow was identi-
fied on that day.

Table 3. Multivariable Cox proportional hazards regression model for the interval from planned start of 
mating (PSM) to conception date using the incidence of lameness as a time-dependent covariate 

Variable
Coefficient  

(SE) P-value
Hazard ratio  

(95% CI)

Parity
 1 — — 1.00
 >1 0.12 (0.039) <0.01 1.11 (1.05–1.22)
Breed
 Holstein-Friesian — — 1.00
 Crossbred and Jersey 0.29 (0.030) <0.01 1.34 (1.26–1.42)
BW (50-kg increments)1 0.03 (0.161) 0.11 1.03 (0.74–1.41)
Calving to PSM (d) 0.03 (0.001) <0.01 1.03 (1.02–1.03)
Lameness
 Absent — — 1.00
 Present −0.27 (0.061) <0.01 0.78 (0.68–0.86)
1Interpretation: 50-kg increases in BW at calving increased the daily hazard of conception post-PSM date by 
a factor of 1.03 (95% CI 0.74–1.41).
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median days from the PSM to conception was 12 d 
longer for lame cows than for non-lame ones (40 vs. 28 
d). In a seasonal system, this delay can have an effect 
on the length of the subsequent lactation and, thus, the 
economic productivity of the cow (McDougall, 2010).

The current study does have limitations. First, our 
data were from a single herd. A herd effect likely exists 
on the relationship between lameness and infertility. 
For example, herds in which lameness is managed and 
identified effectively are likely to have fertility de-
creased less by lameness than herds in which lameness 
is inadequately managed. Second, this study compared 
lame and non-lame cows; although the cause of lame-
ness was recorded, this was not used in the analysis. 
It is probable that differences exist between diseases 
in their effect on fertility; for example, foot rot, which 
is an acute infectious disease that has a short incuba-
tion period and a rapid response to treatment (Whay 
et al., 1998), likely has a lower effect on fertility than 
claw horn diseases such as white-line disease and under-
run sole, which have a much longer pathogenesis and 
respond more slowly to treatment (Green et al., 2002; 
Laven et al., 2008). Additional research focusing on the 
effects of specific lesions on fertility is required both in 
housed and pasture-based cows (Huxley, 2009). Third, 

the treatment of all of the lame cattle in this study 
included separation from the main milking herd, place-
ment in fields near the parlor, and milking once daily 
until the farm staff decided that they were no longer 
lame, to decrease distance walked. This is the standard 
protocol for treatment of lame cattle in New Zealand 
and may be one of the reasons why Laven et al. (2008) 
reported that the nociceptive threshold of lame cattle 
kept on pasture in New Zealand increased more rapidly 
after treatment than confined lame cattle in the United 
Kingdom (Whay et al., 2005).

Milking lame cows once daily may benefit the energy 
status of lame cows (Guinard-Flament et al., 2006), 
which could improve their reproductive performance, 
altering the apparent effect of lameness on fertility. 
For our assessment this is of little importance. To start 
with, the expected effect would be to increase the haz-
ard of conception, which strengthens our conclusion 
that, in these cattle, lameness significantly decreased 
fertility. Second, any benefit of once daily milking on 
fertility is far from established; Rhodes et al. (1998a) 
showed that once daily milking from 7 d before until 21 
d after the PSM had no effect on the interval from the 
PSM to conception.

CONCLUSIONS

After controlling for factors that have a significant ef-
fect on fertility (i.e., parity, breed, and calving-to-PSM 
interval), we found that lame cattle in pasture-based 
systems have a decreased risk of getting pregnant com-
pared with their non-lame counterparts. This decreased 
risk of conception means that lame cows get pregnant 
12 d later than non-lame cows. In seasonally calving 
systems where lactation length is determined by feed 
availability rather than date of calving, this means that 
the subsequent lactations of lame cows are shorter.
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