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Supplementary Material S1
R software codes
Software codes for model diagnostics
Packages ‘ survival’ ,‘rms’ and ‘ggplot2’  were loaded in the R session followed by reading of data:
> library(survival)
> library(rms)
Loading required package: Hmisc
Loading required package: lattice
Loading required package: Formula
Loading required package: ggplot2
> library (smoothHR)
Loading required package: smoothHR
Loading required package: splines
>library (ggfortify)
Loading required package: ggfortify
# Importing complete dataset
> cox<-read.csv(file.choose())  
> str(cox)
'data.frame':   4417 obs. of 13 variables:
 $ I_TAG  : int  2809 2810 2811 2812 2813 2814 2815 2816 2817 2818 ...
 $ sex    : Factor w/ 2 levels "Female","Male": 1 1 2 2 2 1 2 2 1 2 ...
 $ tyb    : Factor w/ 2 levels "Single","Twin": 1 1 2 2 1 1 1 1 1 1 ...
 $ ssn    : Factor w/ 2 levels "Other months",..: 2 1 1 1 1 1 1 1 1 1 ...
 $ BWT    : num  2.8 2.5 3 2.8 2.8 2.8 3.6 4 2.7 3.1 ...
 $ Lob    : num  1.03 0.92 1.1 1.03 1.03 1.03 1.28 1.39 0.99 1.13 ...
 $ DWT    : num  37 47.4 33 33 32.4 32 37.2 39 46 42 ...
 $ YEAR   : int  1997 1997 1997 1997 1997 1997 1997 1997 1997 1997 ...
 $ ftime  : int  35 90 90 90 90 90 90 90 90 90 ...
 $ fstatus: int  0 0 0 0 0 0 0 0 0 0 ...
 $ time   : int  35 90 90 90 90 90 90 90 90 90 ...
 $ cause  : int  0 0 0 0 0 0 0 0 0 0 ...
 $ MoD    : Factor w/ 3 levels "Censored","Culled",..: 2 1 1 1 1 1 1 1 1 1 ...
The abbreviations tyb, ssn, BWT, Lob and DWT stand for the covariates type of birth, season of birth, birthweight, Log(birthweight) and doe weight at kidding, respectively.
# Importing truncated dataset
> cox_trn<-read.csv(file.choose()) 
We first checked the functional forms of two continuous covariates-birthweight and doe weight at kidding-before checking for nonproportionality (Keele, 2010). We used the survival package (Therneau, 2015) for the purpose. We fitted two null models excluding birthweight and doe weight at kidding one at a time, obtained their martingale residuals, and plotted them against the ignored covariates, respectively( Xue  and Schifano, 2017).
The assumptions of linearity were checked for birthweight and doe weight by using the following codes (Xue and Schifano, 2017):
> coxfit_BWT<-coxph(Surv(ftime,fstatus)~sex+tyb+ssn+DWT+YEAR,data=cox)
> coxr_BWT<-residuals(coxfit_BWT,"martingale")
>qplot(cox$BWT,coxr_BWT,size=I(0.3))+geom_smooth()+xlab("BWT")+ylab("Martingale Residual")
> coxfit_DWT<-coxph(Surv(ftime,fstatus)~sex+tyb+ssn+BWT+YEAR,data=cox)
> coxr_DWT<-residuals(coxfit_DWT,"martingale")
>qplot(cox$DWT,coxr_DWT,size=I(0.3))+geom_smooth()+xlab("DWT")+ylab("Martingale Residual")
Testing for proportionality and model fitting were done per codes given in survival package (Therneau, 2015).
Test of linearity showed that birthweight was highly non-linear and doe weight was moderately non-linear. To account for non-linearity, Cox regression was first fitted with penalized splines of birthweight and doe weight. The following code was used for fitting Cox regression, and this was followed by using cox.zph() function for test of proportionality.
>coxres<-coxph(Surv(ftime,fstatus)~sex+tyb+ssn+YEAR+pspline(BWT)+pspline (DWT),data=cox)
> testph<-cox.zph(coxres, transform="rank")
Censoring in our data was very high (e.g., 92.2% for complete dataset), and it has been suggested that “rank” option for cox.zph() function is better when censoring is high (Park and Hendry, 2015). 
The codes given above were run on both complete as well as truncated datasets (with modification in code for ‘data’ argument). 
Type of birth was found to violate proportionality in complete dataset but not in truncated dataset.
So a final Cox regression model (for complete dataset) was fitted as follows:
> coxfinal<-coxph(Surv(ftime,fstatus)~sex+tyb+tt(tyb)+ssn+YEAR+pspline(BWT)+ pspline (DWT), data=cox, tt=function(x,t,...){
mtrx<-model.matrix(~x)[,-1]
 mtrx*t}) 
In the above final Cox regression model, for categorical variable (type of birth), a code given by Yuval Spiegler on Cross Validated website for model.matrix function was used. This chunk of code was inserted in the coxph() function of survival package. 
Cox regression model for truncated dataset excluded the time-dependent term for type of birth as type of birth did not violate proportionality in truncated dataset.
Codes for Kaplan–Meier curve (complete dataset)
>fit<-survfit(Surv(ftime,fstatus)~1,data=cox)
>autoplot(fit,data=cox)
To explore heterogeneity in data, frailty model was fitted as follows (with year of birth-YEAR as log-normal frailty):
Frailty model on complete dataset
>coxres_frailty<-coxph(Surv(ftime,fstatus)~sex+tyb+ssn+pspline(BWT)+pspline(DWT)+frailty(YEAR,distribution="gaussian"),data=cox)
Frailty model on truncated dataset
>coxres_frailty_trn<-coxph(Surv(ftime,fstatus)~sex+tyb+ssn+pspline(BWT)+pspline(DWT)+frailty(YEAR,distribution="gaussian"),data=cox_trn)
Codes for plots of log (hazard ratio) vs. birthweight/doe weight (complete dataset)
> coxfinal1<-coxph(Surv(ftime,fstatus)~sex+tyb+ssn+YEAR+pspline(BWT)+pspline(DWT),data=cox,x=TRUE)
> smo<-smoothHR(data=cox, coxfit=coxfinal1)
> plot (smo,predictor="BWT",prob=0,conf.level=0.95,ref.label="Ref.")
> plot (smo,predictor="DWT",prob=0,conf.level=0.95,ref.label="Ref.")
Finally, model selection and validation were done (on complete dataset). The codes given in the rms package were used for the purpose (Harrell Jr, 2018).
Codes for model selection
>cp<-cph(Surv(ftime,fstatus)~sex+tyb+ssn+BWT+DWT+YEAR,data=cox,
x=TRUE,y=TRUE)
> modSel<-validate(cp,method="boot",B=5000,bw=TRUE,rule="aic",sls=0.01,
type="individual")
Codes for model calibration
> cp1<-cph(Surv(ftime,fstatus)~sex+tyb+ssn+BWT+DWT+YEAR,data=cox,
x=TRUE,y=TRUE,surv=TRUE,time.inc=7)
> calib<-calibrate(cp1,cmethod="KM",method="boot",B=5000,bw=TRUE,
u=7,m=7,rule="aic",type="individual", sls=0.05,what="observed-predicted")
Codes for model validation
>cp2<-cph(Surv(ftime,fstatus)~sex+tyb+ssn+BWT+DWT+YEAR,data=cox,
x=TRUE,y=TRUE)
> validate<-validate (cp2, method="boot", B=5000)
Codes for graph of Percent Mortality by year (Supplementary Figure 5)
> mort<-read.csv(file.choose())
> p<-ggplot(data=mort,aes(x=Year,y=Percent.Mortality))+geom_bar(stat="Identity")
>q<-p+geom_text(aes(label=Percent.Mortality),vjust=1.6,colour="white",
position=position_dodge(0.9),size=2.75)
> q









Details of the tables and figures
Supplementary Table S1 Test of proportionality for complete dataset of mortality in Sirohi goat kids 
	
	rho
	Chi-square
	p

	Sex (ref:female)
	-7.38E-02
	1.82E+00
	0.17688

	tyb(ref:single)
	1.16E-01
	5.57E+00
	0.01832

	ssn(ref:other seasons)
	-5.23E-02
	9.44E-01
	0.33114

	YEAR
	5.08E-03
	8.80E-03
	0.92526

	ps(BWT)3
	-8.45E-03
	7.69E-03
	0.93012

	ps(BWT)4
	-1.05E-02
	1.96E-02
	0.88876

	ps(BWT)5
	-8.62E-05
	1.74E-06
	0.99895

	ps(BWT)6
	3.58E-02
	3.10E-01
	0.57739

	ps(BWT)7
	6.90E-02
	1.07E+00
	0.30155

	ps(BWT)8
	7.00E-02
	1.07E+00
	0.30164

	ps(BWT)9
	7.76E-02
	1.32E+00
	0.25126

	ps(BWT)10
	1.00E-01
	2.19E+00
	0.13855

	ps(BWT)11
	1.20E-01
	3.24E+00
	0.07179

	ps(BWT)12
	1.23E-01
	3.30E+00
	0.06949

	ps(BWT)13
	1.18E-01
	2.45E+00
	0.11742

	ps(BWT)14
	1.12E-01
	1.67E+00
	0.19646

	ps(DWT)3
	-4.34E-02
	1.38E-01
	0.71038

	ps(DWT)4
	-4.22E-02
	2.07E-01
	0.64908

	ps(DWT)5
	-5.23E-02
	4.52E-01
	0.50121

	ps(DWT)6
	-8.17E-02
	1.22E+00
	0.26975

	ps(DWT)7
	-8.54E-02
	1.28E+00
	0.25728

	ps(DWT)8
	-8.31E-02
	1.20E+00
	0.27411

	ps(DWT)9
	-1.04E-01
	1.93E+00
	0.16508

	ps(DWT)10
	-1.34E-01
	3.28E+00
	0.06999

	ps(DWT)11
	-1.44E-01
	3.75E+00
	0.05268

	ps(DWT)12
	-1.38E-01
	3.23E+00
	0.07248

	ps(DWT)13
	-1.25E-01
	2.12E+00
	0.14551

	ps(DWT)14
	-1.12E-01
	1.21E+00
	0.27195

	GLOBAL
	Not Applicable
	5.23E+01
	0.00354


Female, single and other seasons were the default reference categories for sex, type of birth (tyb) and season of birth (ssn), respectively. YEAR is year of birth, BWT is birthweight and DWT is doe weight at time of birth of kids. ps refers to pspline fits and the number appended at the end are the degrees of freedom.
Grambsch-Therneau test for type of birth (tyb) is P=0.018, indicating that effect of type of birth is non-proportional, and it necessitates correction of non-proportionality for type of birth. This is also supported by plot of scaled Schoenfeld residual against time (see Supplementary Figure S3(b)).  Moreover, global Grambsch-Therneau test (P=0.003) too supports correction of non-proportionality.  Other covariates satisfy proportionality assumptions.
Supplementary Table S2 Test of proportionality for truncated dataset of mortality in Sirohi goat kids 
	
	rho
	Chi-square
	p

	Sex (ref:female)
	-0.10886
	2.00E+00
	0.1578

	tyb(ref:single)
	0.04044
	3.21E-01
	0.5709

	ssn(ref:other seasons)
	0.10303
	1.90E+00
	0.1676

	YEAR
	-0.08478
	1.45E+00
	0.2282

	ps(BWT)3
	0.09077
	6.68E-01
	0.4138

	ps(BWT)4
	0.08656
	9.42E-01
	0.3317

	ps(BWT)5
	0.08493
	1.18E+00
	0.278

	ps(BWT)6
	0.09968
	1.72E+00
	0.1893

	ps(BWT)7
	0.1171
	2.26E+00
	0.1328

	ps(BWT)8
	0.11719
	2.19E+00
	0.1389

	ps(BWT)9
	0.11817
	2.22E+00
	0.1364

	ps(BWT)10
	0.13741
	2.99E+00
	0.0836

	ps(BWT)11
	0.16039
	4.06E+00
	0.0438

	ps(BWT)12
	0.16904
	4.19E+00
	0.0407

	ps(BWT)13
	0.16862
	3.15E+00
	0.0758

	ps(BWT)14
	0.16422
	2.05E+00
	0.1519

	ps(DWT)3
	0.10136
	1.55E-01
	0.6941

	ps(DWT)4
	0.10098
	2.47E-01
	0.619

	ps(DWT)5
	0.09285
	3.57E-01
	0.5502

	ps(DWT)6
	0.07152
	2.62E-01
	0.6091

	ps(DWT)7
	0.08409
	3.44E-01
	0.5573

	ps(DWT)8
	0.1014
	4.83E-01
	0.4871

	ps(DWT)9
	0.05033
	1.26E-01
	0.7228

	ps(DWT)10
	-0.00347
	6.29E-04
	0.98

	ps(DWT)11
	-0.01705
	1.55E-02
	0.9009

	ps(DWT)12
	-0.01384
	1.08E-02
	0.9171

	ps(DWT)13
	-0.00735
	2.85E-03
	0.9574

	ps(DWT)14
	-0.00205
	1.77E-04
	0.9894

	GLOBAL
	Not Applicable
	3.11E+01
	0.3122


Female, single and other seasons were the default reference categories for sex, type of birth (tyb) and season of birth (ssn), respectively. YEAR is year of birth, BWT is birthweight and DWT is doe weight at time of birth of kids. ps refers to pspline fits and the number appended at the end are the degrees of freedom.
Grambsch-Therneau test for type of birth (tyb) is P=0.571 for truncated dataset, indicating that type of birth now satisfies the proportional hazards assumption. Plot of scaled Schoenfeld residual of type of birth against time too supports Grambsch-Therneau test for type of birth (see Supplementary Figure S5(b)). Other covariates are satisfying proportionality assumptions, as before. From global Grambsch-Therneau test (P=0.312), we can say that there is no need for correction of non-proportionality for any of the covariates. 
Supplementary Table S3 Outputs from internal validation by bootstrapping of mortality data of Sirohi goat kids 
	
	index.orig
	training   
	test
	optimism
	index.corrected    
	n

	Dxy  
	0.4540  
	0.4588
	0.4408   
	0.0080         
	0.4461
	5000

	R2
	0.0893   
	0.0913
	0.0877   
	0.0037          
	0.0856
	5000

	Slope
	1.0000   
	1.0000
	0.9832
	0.0168         
	0.9832
	5000

	D
	0.0518   
	0.0531
	0.0509   
	0.0022          
	0.0496
	5000

	U
	-0.0004  
	-0.0004
	0.0002  
	-0.0006          
	0.0002
	5000

	Q
	0.0522   
	0.0534
	0.0506   
	0.0028          
	0.0494
	5000

	G
	1.0442   
	1.0563
	1.0347   
	0.0216        
	1.0227
	5000


Dxy refers to Somers’ D and is equal to 2∗(C−0.5) where C is the C-index or concordance probability;  R2 is the Nagelkerke R-squared;  D is the discrimination index given as [(model L.R. 2 -1)/L]; U is the unreliability index given as U=(difference in -2 log likelihood between uncalibrated Xβ and Xβ with overall slope calibrated to test sample)/L; Q is the overall quality index given as Q= D−U; G is the g-index on the log relative hazard (linear predictor) scale. L is -2 log likelihood with beta=0.
Note: The first column is the column of the different measures. The second column, index.orig, gives the estimate of the measure when model is fitted to the original data and evaluated on the original data. The third column (training) gives the mean from all the bootstrap samples. The fourth column ( test) gives the mean obtained after applying the models fitted to the bootstrap datasets and evaluated on the original data, and the average from test is lower than the average from training. The difference between these two is defined as the estimate of ‘optimism’ (fifth column). The sixth column (index.corrected) is the column of ‘optimism-corrected’ measures. The last column is the number of bootstrap samples defined in the analysis.
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Supplementary Figure S1 Plot of test of linearity of birthweight (BWT) of Sirohi goat kids. The birthweight is highly non-linear necessitating corrective measure.
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Supplementary Figure S2 Plot of test of linearity of doe weight (DWT) of Sirohi goat. The doe weight is moderately non-linear.
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Supplementary Figure S3 Plots of scaled Schoenfeld residuals against transformed event time for Cox proportional hazards model for complete dataset of mortality in Sirohi goat kids. 
Each covariate has a separate plot with a smoothed LOESS curve (solid curve) with 95% confidence intervals (broken lines): (a) sex, female is reference; (b) type of birth(tyb),single is reference; (c) season (ssn),other seasons is reference; (d) year of birth (YEAR); (e) birthweight (BWT), 4 is degree of freedom for penalized spline; (f) doe weight (DWT), 4 is degree of freedom for penalized spline.  A non-zero slope of a residual suggests violation of the proportional hazards assumption. Only for type of birth, there is an increasing trend in scaled Schoenfeld residuals with event time (i.e. the residuals are not independent of time) and a straight line of slope=0 cannot be accommodated within the 95% confidence intervals for type of birth, indicating non-proportionality.  For other covariates, a straight line of slope=0 can be fit between the upper and lower confidence limits, suggesting no definitive trends in the residual plots for these covariates. 
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Supplementary Figure S4 Percent mortality by year in Sirohi goat kids.
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Supplementary Figure S5 Plots of scaled Schoenfeld residuals against transformed event time for Cox proportional hazards model for truncated dataset of mortality in Sirohi goat kids. 
Each covariate has a separate plot with a smoothed LOESS curve (solid curve) with 95% confidence intervals (broken lines): (a) sex, female is reference; (b) type of birth(tyb), single is reference; (c) season (ssn), other seasons is reference; (d) year of birth (YEAR); (e) birthweight (BWT), 4 is degree of freedom for penalized spline; (f) doe weight (DWT), 4 is degree of freedom for penalized spline. A non-zero slope of a residual suggests violation of the proportional hazards assumption. A straight line of slope=0 can be fit between the upper and lower confidence limits for all other covariates, suggesting no definitive trends in the residual plots for all covariates including type of birth. The non-proportionality observed for type of birth in complete dataset disappeared in the truncated dataset.
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