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BACKGROUND 

METHODS 

  Merged KDHS data 1993, 1998 & 2003 

  Log log plots and scaled Schoenfeld residuals were used to 

test for proportionality assumption 

  Cox PH models were run to show the bias arising from 

violation of the PH assumption 

  Parametric models (Weibull, exponential, Log- logistic, 

lognormal, Gompertz and Gamma) were run and compared to 

ascertain the best model 
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 Cox PH model is widely used in health research. 

 Unlike standard regression models, Cox PH can model the 

occurrence of the event of interest as well as  characterize its 

occurrence. 

 But most studies, especially in sub Saharan Africa use Cox PH 

models without testing the proportionality assumption even 

where time dependency is critical. 

 Proportionality assumption is flouted when any of the 

covariates interacts with time 

 Consequences: Biased results of the estimated event of 

interest 

 I test for the proportionality assumption using infant mortality 

data from Kenya and propose alternative modeling 

procedures in the event that the PH assumption is flouted 
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BIAS INTRODUCED WITH VIOLATION OF PH ASSUMPTION 

The use of the Cox regression model when the proportionality 

assumption is flouted yields wrong results- as shown in Table 2 

Notes: Standard errors are shown in parentheses; 

Covariate OR- Cox 

PH 

β 

(exponen

tial) 

β 

(Weibull 

AFT) 

β (Log 

logistic) 

β 

(Lognor

mal 

β 

(Gamm

a- AFT) 

OR- 

Gomper

tz 

Breastfeeding 

period 

10-19 months (RC) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

<10 months 4.36  

(45.89) 

-4.41  

(0.59) 

-3.58 

(0.52) 

-3.55 

 (0.51) 

-3.26  

(0.39) 

-3.09  

(0.32) 

4.44 

(49.85) 

>20+ months  3.63 

(22.12) 

-3.63  

(0.59) 

-2.91  

(0.51) 

-2.87  

(0.50) 

-2.55  

(0.38) 

-2.34  

(0.31) 

3.63 

(22.22) 

Table 2: Covariate values that flout  the PH assumption- various models 

When Cox PH is flouted, what  should guide parametric model selection? 

 Is it theory or the calculated values of the AIC/ BIC? 

Theory 

•Human mortality is theoretically known to follow a Weibull 

distribution (Cleves et al., 2010). 

•Weibull models are also appropriate for hazards that are either 

monotonically increasing or decreasing (Blossfeld and Rowher, 

2002).  

•Computed values of AIC/BIC – Lognormal model is  preferred  (Table 3)  

Table 3: Parametric Model selection based on LL, AIC and BIC 

Figure 1: Comparison of the Log log survival curve for Lognormal and Weibull 

distribution  

Model Shape Obs Log 

Likelihood 

(null) 

Log 

Likelihood 

(model) 

df AIC BIC 

Exponential constant 6568 -1058.85 -908.48 24 1864.97 2027.93 

Weibull     Monotone 6568 -1057.65 -903.32 25 1856.64 2026.38 

Gompertz     Monotone 6568 -1058.65 -907.55 25 1865.11 2034.86 

Lognormal     Variable  6568 -1051.87 -897.99 25 1845.97 2015.72 

Gamma    Variable  6568 -1042.83 -896.03 26 1844.05 2020.59 

Log-logistic   Variable  6568 -1057.36 -902.87 25 1855.73 2025.48 
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Lognormal regression

RESULTS 

Covariates rho chi2 df Prob>chi2 

Maternal age at birth      -0.096 0.52 1 0.4689 

Prec. Birth Interval      0.115 0.71 1 0.4010 

Baby size at Birth       0.060 0.24 1 0.6216 

Breastfeeding period       0.201 5.04 1 0.0247* 

Maternal Education     -0.057 0.19 1 0.6592 

Paternal Education      -0.004 0.00 1 0.9797 

Marital Status 0.048 0.15 1 0.7027 

Water  Source      -0.080 0.42 1 0.5193 

Toilet Facility type      -0.216 2.41 1 0.1206 

Household wealth Index       0.049 0.13 1 0.7175 

Place of delivery         0.041 0.11 1 0.7449 

Tetanus injection      -0.129 1.06 1 0.3034 

Time period 0.038 0.07 1 0.7936 

Global test χ2 = 12.26 ; df = 15 ; P-value =0.6593 

 From Table 1, duration of breastfeeding is the only covariate 

that flouted the proportionality assumption  (p-value<0.05) 

Table 1: Testing the proportionality assumption using the 

Schoenfeld residuals 

 It is critical to test for proportionality if time dependency is 

important rather than a statistical nuisance 

 When the proportionality assumption is flouted, Cox regression 

would give very biased results 

 Alternative model choice should be based on theory if it exists 

rather than model comparison based on the lowest value of 

AIC/BIC. 

 If no theory exists choose  a model with highest maximum 

likelihood and smallest  AIC and BIC 

 Studies should also consider use of the flexible parametric 

survival analysis proposed by Royston and Parmer (2011) 
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