Spline_intx: Cox PH model with interactions between a categorical effect modifier and an exposure (analyzed as a spline)

What it does: This program fits Cox regression models (or other survival models with streg or stcrrreg) with interactions between effect modifier and exposure.  It outputs hazard ratios at specific points. It also outputs two graphs of the adjusted hazard ratios: (1) estimates in each effect modifier group with their own references (2) estimates in each effect modifier group with one reference

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Input and Specifications
syntax: spline_intx varlist [if] [in] , xrange(numlist) ref(real) [other options]
varlist: effect modifier variable (category, 0, 1, 2,... with reference group 0) and exposure variable (continuous)
Options-
xrange: specific points of exposure which need estimates of hazard ratios, required
ref: reference point of exposure, required
cmd: estimate command, default is stcox, streg and stcrreg allowed
cmdopt: other options needed or allowed for stcox , streg or stcrreg command, optional
knot: number list of spline knots, optional, if not specified, will be linear
fu: follow up times, only needed when data has not been stset
outcome: variable of event outcome, value 0 means no event, only needed when data has not been stset
level: highest level of effect modifier, default 1 means two groups, maximum 4
covar: varlist of covariates included in the Cox regression (note: factor variables allowed)
low: lower bound of exposure, default -1,000,000
up: upper bound of exposure, default 1,000,000
name: name of output hazard ratios, graphs and matrix, optional
nograph: if no graph wanted, optional
eform: if exposure variable needs exponential transformation (eg. logACR), can be used with xsca(log) option for the graphs
legendorder: show label of effect modifier groups in figure, please note that confidence intervals are drawn first
level is 1: 1 “” 3 “name of group 0” 2 “” 4 “name of group 1”
level is 2: 1 “” 4 “name 0” 2 “” 5 “name 1” 3 “” 6 “name 2”
level is 3: 1 “” 5 “name 0” 2 “” 6 “name 1” 3 “” 7 “name 2” 4 “” 8 “name 3”
level is 4: 1 “” 6 “name 0” 2 “” 7 “name 1” 3 “” 8 “name 2” 4 “” 9 “name3” 5 “” 10 “name 4” 
pos: position of legend, default is at right upper corner
ring: legend in or out of plot area
xl: label for the x-axis of the graph, optional
yl: label for the y-axis of the graph, default is "0.5 1 1.5 2 4 8 16"
noshave: no limit on y-axis of the graph, default setting is shaved at high and low limit of yl
other options allowed for twoway graph

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Sample command for running the program 
spline_intx female egfrcr, knot(30 60 90) xrange(15/120) ref(95) covar(age black lnacr bmi diabetes cursmk prvchd sbp glucose) ///
outcome(death) fu(fu_death) name("eGFR-by sex") legendorder(1 " " 3 "Men" 2 " " 4 "Women") xl(15(15)120) xmticks(15/120) xtitle("eGFR, ml/min/1.73m{superscript:2}")

Saved dateset: “name”-estimate.dta

Description: for each value of exposure, point estimates of betas (estimate#), standard deviation of betas (stderr#), hazard ratios (hr#), lower and upper bound of 95%CIs (lci# and uci#). Suffix # refers to type of coefficient.
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For analyses with level=1: 
#=0 refers to estimates for effect modifier=0 compared to user-specified ref within the same group (effect modifier=0).
#=1 refers to estimates for effect modifier=1 compared to user-specified ref within the same group (effect modifier=1).
 #=2 refers to estimates for effect modifier=1 compared to user-specified ref within effect modifier=0.
#=3 refers to estimates for the interaction between effect modifier=1 and effect modifier=0 at a given point compared to user-specified ref.

Using the example above, eGFR-by sex-estimate.dta will include 106 rows (one for each value of eGFR from 15 to 120). As an example of interpretation, at egfrcr=45, hr0 refers to the adjusted hazard ratio of eGFR 45 compared to 95 within men. Hr1 refers to the adjusted hazard ratio of eGFR 45 compared to 95 within women. Hr2 refers to the adjusted hazard ratio of eGFR 45 in women compared to 95 in men. Hr3 refers to the adjusted hazard ratio for the ratio of eGFR 45 compared to 95 within women and eGFR 45 compared to 95 within men. 

For analyses with level=2: 
#=0 refers to estimates for effect modifier=0 compared to user-specified ref within the same group (effect modifier=0).
#=1 refers to estimates for effect modifier=1 compared to user-specified ref within the same group (effect modifier=1).
 #=2 refers to estimates for effect modifier=2 compared to user-specified ref within the same group (effect modifier=2).
#=3 refers to estimates for effect modifier=1 compared to user-specified ref within effect modifier=0.
#=4 refers to estimates for effect modifier=2 compared to user-specified ref within effect modifier=0.
#=5 refers to estimates for the interaction between effect modifier=1 and effect modifier=0 at a given point compared to user-specified ref.
#=6 refers to estimates for the interaction between effect modifier=2 and effect modifier=0 at a given point compared to user-specified ref.

For analyses with level=3; 
#=0 refers to estimates for effect modifier=0 compared to user-specified ref within the same group (effect modifier=0).
#=1 refers to estimates for effect modifier=1 compared to user-specified ref within the same group (effect modifier=1).
 #=2 refers to estimates for effect modifier=2 compared to user-specified ref within the same group (effect modifier=2).
#=3 refers to estimates for effect modifier=3 compared to user-specified ref within the same group (effect modifier=3).
#=4 refers to estimates for effect modifier=1 compared to user-specified ref within effect modifier=0.
#=5 refers to estimates for effect modifier=2 compared to user-specified ref within effect modifier=0.
#=6 refers to estimates for effect modifier=3 compared to user-specified ref within effect modifier=0.
#=7 refers to estimates for the interaction between effect modifier=1 and effect modifier=0 at a given point compared to user-specified ref.
#=8 refers to estimates for the interaction between effect modifier=2 and effect modifier=0 at a given point compared to user-specified ref.
#=9 refers to estimates for the interaction between effect modifier=3 and effect modifier=0 at a given point compared to user-specified ref.

Saved figures (if nograph option not used):

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]#1: “name”-figure.gph: estimates in each effect modifier group with their own references

Using the example above, eGFR-by sex-figure will plot hr0 and hr1 and their respective confidence intervals at egfrcr=15 to 120. Asterisks above the x-axis, refer to points at which there is statistically significant interaction (hr3 has p<0.05).  

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]#2: “name”-figure-main.gph: estimates in each effect modifier group with one reference

Using the example above, eGFR-by sex-figure-main will plot hr0 and hr2 and their respective confidence intervals at egfrcr=15 to 120. 

