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NOTICE

e Nomogram generators for logistic and Cox
regression models have been updated since
this presentation.

* Download links to the latest program versions
(nomolog & nomocox), examples, tutorials
and methodological notes are available on
this webpage:
http://www.zlotnik.net/stata/nomograms/
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Introduction

e Nomograms are one of the simplest, easiest and
cheapest methods of mechanical calculus. (...) precision
is similar to that of a logarithmic ruler (...). Nomograms
can be used for research purposes (...) sometimes
leading to new scientific results.

Source: “Nomography and its applications”
G.S.Jovanovsky, Ed. Nauka, 1977
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Logistic regression predictive models

e Logistic regression-based predictive models
are used in many fields, clinical research being

one of them.

 Problems:
— Variable importance is not obvious for some
clinicians.

— Calculating an output probability with a set of
input variable values can be laborious for these

models, which hinders their adoption.
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Logistic regression predictive models

=Y = -2.903 — 1.698 « Age group[<15] — 0.453 x Age group[15 — 24|

+0.233 * Age group[35 — 44]
+0.423 « Age group[45 — 54| + 0.580 x Age group[55 — 64] + 0.921 x Age group|[65 — 74]
+1.280 = Age group|75 — 84] - 1.662 x Age group[85+] — 0.127 « Race group[Malay]
+ 0.091 « Race group[Indian] — 0.028 « Race group[Others| + 0.537 % Arrival mode[ambulance]
+3.007 =« PACJ[1] + 1.488 « PAC[2] + 0.220 * Prior ED visit in 3 months [Yes]
-+ 0.360 = Prior hospital admission in 3 months [Yes] + 0.760 * Chronic conditions [Diabetes only]
+0.383 * Chronic conditions [Hypertension only] + 0.633 * Chronic conditions [Dyslipidemia only]
+ 0.979 = Chronic conditions [Diabetes with hypertension] + 0.965 * Chronic

conditions [Diabetes with hypertension and dyslipidemia]
+0.719 = Chronic conditions [Diabetes with dyslipidemial + 0.642 *

Chronic conditions [Dyslipidemia with hypertension]

ef

Po1ey

Source: YanSun, 2011
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Logistic regression nomograms

e A nomogram could make this calculation
much easier. Ex: Kattan nomograms for
prostate cancer.

Points :fi 10 QIE: ‘SI[] cilt: 5 g0 70 & 9 100
Pre-TuPSA — T

X 2018 9 10654 5 2 1 05 02
Clinical Stage ,-ATlEEl L

Primary ByGleason ,—F
Secondary ByGleason ,-—l

U/S Volume : T - T T T T T 1
U 20 40 80 ;80 100 120 140 160 180 200
mm Cancer T T TT T T T T 1 T T T 1
19 15 12 9 765 4 3 2 1 06 03 0.08
mm nonCa |I T T T T T T T T 1
40 60 80 100 140 180 200
Total Points

r~—rr~r 1 1 1 " T 1 1 "1 r1

0 20 40 &0 80 1UT 120 140 160 180 200
~18%

0.61 005 01 02 0304050607 08 09 U.IQE

Probability Indolent Ca

'é o Source: prostate-cancer.orq


http://prostate-cancer.org/newly-diagnosed-prostate-cancer-evaluating-the-options-part-1-of-3/

Logistic regression nomograms

e QOutput probability calculations are much
easier.

e Variable importance is clear at a glance
(longer the line => more important variable).

IZIS



Logistic regression nomograms

e Logistic regression nomogram generation
— Plot all possible scores/points (o, x;) for each variable (X ,).
— Get constant (o).
— Transform into probability of event given the formula

B 1
Pp= 1+ e—(a0+TP)

Total points = TP = a, X+ a, X,+...
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Logistic regression nomograms

e Nomogram usage for a given case
— Get input variable values, i.e. X; =x,, X, =x, ...
— Obtain scores for all variables.
— Add all scores.

— Get probability (on a scale adjusted by the
constant a).
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Dialysis time L1 1 1 1

o -] 1l I m 125 1= LEE 1 1]

S L1

Risk of death for a

40 year old woman,

LOS (length of stay) = 20 days,
Dialysis time = 75 months

Age L [ [ [
LOS 1 | | 1 | 1 | | |
0 1 2 3 4 5 6
Score
Prob gp1 005 .01 0 > 5 4 5 & 7 B 5 45 g
0 1 2 3 4 5 5] 7 8 9 10 11 12
Total score

Ramon y Cajal University Hospital
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Risk of death for a

40 year old woman,

Dialysis time
o 1 a 5 m 125 =0 175 amn LOS (Iength Of Stay) = 20 days,
Dialysis time = 75 months
S ul.r—l
£ E
Age 1 1 1
40 years old => ~ 2.6 points
Los |l : : : : : : : ' woman => ~ 0 points
’ = " ” " = = - LOS = 20 days => ~ 0.3 points
Dialisis time = 75 m => ~ 0.5 points
v v Yy  memmmssssssssssssssmsseees
6 'II é é Total score = 3.4 %_
Score Probability = 0.05 = 5%
Prob oo 005 01 g5 1 5 5 4 5 7B 5 95 39
I I I I /2I I I I I I I I
0 1 2 5 6 7 8 9 10 11 12
Total score

Ramon y Cajal University Hospital
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Build a general-purpose nomogram generator
made entirely in Stata without external
module dependence. Executable after
arbitrary “logistic” or “logit” Stata commands.

Automatic (or imposed) variable and data
labeling.

Automatic (or imposed) variable min/mayx,
divisions, variable labels, dummy data labels.
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Stata programming Gotchas

 Macro string variables limited to 244 chars.
Solution: strL? Stata 13?

e Hard-to-grasp macro nesting syntax.

e Lack of built-in data structures (non-numeric
arrays, dictionaries, lists, etc).
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Stata programming Gotchas

e Lack of decent debugger (set trace on/off is
not enough).

e Steep learning curve for error interpretation.

e Unit testing is hard to implement.
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Programming techniques

 Time series graph hacks.

e logit & logistic outputs.

e Variable & data labels.

* Macro nesting.
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Programming techniques

* Time series graph hacks

Fictitious data points

; myTime

Actual data point

xtset Variable myTime|

IZIS



Programming techniques

e Logit & logistic outputs

;j.hapmmﬂt

Matrices

vector of means of the independent variables

| e(h) coefficient wector
e{Cns) constralints matrix
e{ilog) iteration log {(up to 20 iterations)
e{gradient) gradient wector
e{mns)
e{rules} information about perfect predictors
e{W)

e({¥ modelhased)

variance-covariance matrix of the estimators
model-based wvariance

number of completely determined successes
number of completely determined failures

number of equations in overall model test

Jcalars
e(H) number of ohservations
e(H cds)
e{H odf)
el(k) nurmber of parameters
e{k_eq) number of equations in edh)
e{k eqg model)
elk dr) number of dependent wariables
e{df m}) model degrees of freedom
e{r?2 p} pseudo-R-sgquared
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Programming techniques

e Custom data structures

ff========= Print custom data structure 3ITLRT =========
if "ilebug' > 0O {
forvalue i=1/ ilNVars' {

display "——+—-"
dizplay "local asVars "1' wvarkey=" "asWVars "1' wvarkey'
dizplay "local asVars "1' wvarname=" "asVars "i' warnasme'"
dizplay "local asVars "1' wvarname raw=" "asVars "1' wvarnswne raw' " Jddebuy purposes
dizplay "local asVars "1' warlabel=" " gasVars "1' warlahel'"
dizplay "local asVars “1' wvarlabeldisp=" "'asWars "1i' warlsbeldisp'"”
dizplay "local asVars "1' type=" "asVars 1! type!
dizplay "local asVars "1' min=" "ssWVars "1i' min'
dizplay "local asVars "1' max=" "asWVars "1' max'
dizplay "local asVars "1i' divs=" “asVars 1! diwvs!
dizplay "local asVars "1' nocoefs=" "asWVars "1' nocoefs!
dizplay "local asVars "1' refooef=" "asVars "i' refcocoef!
if ! missing (" asVars "1' nocoesfs'™) |
forvalue j=1H‘asvars_‘i'_ncDEfs' H
if(! missing (" ' asVars "1' coef "3' walues'"™])] |
if "asWVars "i' coef "' walue' != H
display "local asVars "1i' coef " 3' walue=" ‘asVars "1' coef "3 walue!
dizplay "local asVars "1' coef "j' label=" "'gasVars "1' coef "3' label'"”
dizplay "local asVars "1' coef " j' labeldisp=" "'asWars "i' coef "j' labeldisp'"”

POASEND Aif TasVars Ti' coef T3 walus' =
YOAFEND i (! missing (" "asVars "i' coef "3' walus'™))
POASEND forvalus =1/ "asVars "i' ncosfs!
POASEND Aif ! missing (" asVars Ci' type'™)
Y ASEND forvalus i=1/" iNVars'
Y OAFEND Aif CiDebug!
jff========= Print custom dats sStructure END ==s=======



Programming techniques

e Variable & data labels

matrix rocoefs = elhb)

local temp: colnames rcoefs

local rvar names = substr (" temp'", 1, lengthi{" temp'™) - &)
if "'slasthummy' ™ '= " sThisDummy' ™ {

|levelsnf "2ThisDumeny', local( sThisDwnny' lewvels)

Iocal gog = 0

foreach wal of local "sThishummy' lewels |
local svTempDumny ' Datalsbel o' @0 label "sThisDummy' “wal!
local g = "o’ + 1

¥ Y end foreach
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Programming techniques

* Macro nesting

forvalues i=1f‘asUars_‘j' ncoefs! |
11

if (! missing(" ' asVars "j' coef "i' walus'")) |
if "asVars "j' coef "i' walue' != 0 & "asVars "3' coef "i' walue' = . |
local "j'®"i'="asVars "j' coef "i' walus' * 1000
if " gtEti't == 0 4
local shata °f " gtxdit! e
local sValueslsbel = "'asWVars "j' coef "i' lsheldisp'"™
local sTewmp " text [(Ti¥FPoz' "shata' "'sValuelakbel'™, size(l.g) orient(vertical))l ™!
B
else |
local "3'=x"1i' = (=1} * (" "3'="1i'"'])
local shata "™ " "3'="1i'! i
local sValuelsbel = "-"asVars "3' coef "i' lsbeldisp'"
local sTewmp " text [(Ti¥FPoz' "shata' "'sValuelakbel'™, size(l.g) orient(vertical))l ™!
B
Y OAFEWND Qi asVars 3! coef 1! walue' = 0 & "asWars "' coef "Ti' walue!
YOAFEND i (! missing (" "asVars "3' coef k' walus'™))
local sNVDH "3' "i' = "fUsNWDH U3t ittt "sTemp' ™!
Y ASEND forvaluss i=1/"nd!
POAAEND if CasVars "3 type' == 2 |

I’g is
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Execution example

logit muerto edadr ib3.Gtrata ibh2.sexorec diashosp tpodial ibh2.hbsagdon

Iteration O: loy likelihood = -564.05484
Iteracion 1: log likelihood = —-491.72691
Iteration 2: log likelihood = -480.0519%9
Iteration 3: log likelihood = —-479.70677
Iteration 4: log likelihood = -479.70543
Iteration S5: log likelihood = —-479.70543
Logistic regression Nunber of obs = 1305
LE chiz (7) = 164.70
Frob > chiz = 0.0000
Log likelihood = -479.70543 Pseudo R2 = 0.1495
Wuerto Coef. S3td. Err. z P> z| [85% Conf. Interval]
edadr .0611037 0073464 8.32 0.000 . 0467051 0755023
Grrata
1 . 7109415 .1916861 1.45 0.148 -.2527455 1.674628
2 .6817164 .4203042 1.62 0.105 —.1420647 1.505497
l.sexorec . 4424468 .1863825 2.37 0.018 .0771437 . 8077498
diashosp .0145514 . 0040296 3.61 0.000 0066536 0224492
tpodial 0053807 0025295 2.13 0.033 . 000423 .0103384
1.hh=agdon 1.631191 . 4346622 3.75 0.000 . 779269 2.483114
_cons -8.085328 6954642 -11.63 0.000 -9.448413 -6.722243

. run "nomo generator.do"

i is



logit muerto edadr ib3.Gtrata ib2.=zexorec diasho=p tpodial ib2.hbhsagdon

Antigeno Australia

[ ]
= 3
- b =
Variable o =
labels are used if defined = =
tpodial . A !
0 68 136/ 204
diashosp
1 &0 100 160
sexo receptor L—
o ]
= P
£ g
& =
grupo de tratamiento E'.— gl
[} w
Variable = % .:i
labels are used if defined | = =
edadr [ 1 i i l ] 1 l
16 23 30 37 44 52 54 66 73
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. run "nomo generator.do'

Antigeno Australia

Nomogram example

£ s
2
8 S
tpodial !
0 63 136 204
diashosp
1 a0 100 150
sexo receptor ——
5 g
= =
grupo de tratamients. T,
iz
5 gz
edadr L
16 >3 30 a7 44 52 59 515 73 a1
I I T T T T T
0 1 2 3 4 5 6
Score
Prob 001 005 01 45 A 2 3 4 5 56 7 B 8 9 99
T T I I T I I T I T T I T
0 1 2 3 4 ) 6 7 3 9 10 11 12
Total score

Ramon y Cajal University Hospital



Positive coefficients

e Usually, positive coefficients are required in
these nomograms in order to ease
calculations (no substractions to get total

score).

e Due to the linear nature of the TP term, it is
easy to make all coefficients positive.

B 1
P= 1+ e—(a0+TP)

TP =a,X+a,X,+...
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Positive coefficients

 This can be done manually.

e Let’s see an example...
logit muerto edadr ib1.Gtrata tpodial ib2.hbsagdon
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Antigeno Australia

' |
£ o
(hbsagdon) & £
Z S
tpodial | | I |
o i 136 204
grupo de tratarmiento L1 ]
(Grrata) g/ 2 | Some dummy coefficients are negative
oY D
edadr L I I | I I I ' | |




Positive coefficients

 The most negative coefficient in Gtrata is “-(3)
Tacro”, i.e. data value 3.

e Hence, instead of
logit muerto edadr ib1.Gtrata tpodial ib2.hbsagdon

we use...
logit muerto edadr ib3.Gtrata tpodial ib2.hbsagdon
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Antigeno Audstralia

' |
(hbsagdon) % §
o S
tpodial | I I |
0 68 136 204
arupo de tratamienta L | |
(Gtrata) | 3 4|18  Now all dummy coefficients are positive
& I
edadr | I | | | I I i I |




Positive coefficients

e The program also can perform this operation
automatically (work in progress).

e Since coefficients are linearly related, they do
not need to be recalculated.
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e Supports any kind of variable ordering.

e Supports negative coefficients.
e Supports omitted variables due to collinearity.

e Works after an almost arbitrary regression
command.

e Let’s see execution modes & parameters...

|gls



Remember the custom data structure

ff========= Print custom data structure 3ITLRT =========
if "ilebug' > 0O {
forvalue i=1/"ilVars' {

display "——4-—-"
display "local asVars "i' varkey=" "asVars "i' varkey!'
display "local asVars "i' wvarname=" "'asVars "i' varname'"
display "local sasVars "i' varname raw=" "'asWars "i' wvarnsme raw'" fddebuy purposes
display "local asVars "i' wvarlsbel=s" "'asVars "i' wvarlgbel'"”
display "local asVars "i' varlsheldisp=" "'asVars "i' wvarlasbeldisp'"
display "local ssVWars "i' type=s" "asVars "i' type'
display "local sasVWars "i' min=" "asVars "i' min'
display "local sasVWars "i' max=" "asVars "i' max'
display "local ssVWars "i' divs=s" "asVars "i' diwvs!
display "local sasVars "i' ncoefs=" "asVars "i' ncoefs!
display "local asVars "i' refcoef=" "asVars "i' refcoef!
if ! missing(" asVars "i' ncoefs'™)
forvalue j=1f‘asUars_‘i'_ncDEfs' {
if (! missing(" 'asVars "i' coef "3' wvalus'")) |
if "asVars "i' coef "3' walus' I= . |
display "local sasVars "i' coef "3' walue=" "asWars "i' coef "' wvalus!
display "local asVars "i' coef "3' lshel=s" "'asVars "i' coef "j' label'"
display "local sasVars "i' coef "3' lsheldisp=" "'asVars "i' coef "3j' lsaheldisp'"
POASEND if tasVars ti' coef "3 walues' =
YOAFEND if (! missing (" asVars "i' coef "3' wvalus'"))

POASEND forvalue j=1/"asVars "i' ncoefs!
POASEND if ! missing ("asVars i' type'™)
Y OSFEND forvalue i=1/"iNVars!
}OASEND if CiDebug!
ff========= Print custom data structure END =========



Execution modes

 Automatic: everything is determined
automatically.

 Manual: define all parameters manually
(laborious).

e Hybrid: get some stuff automatically and
refine it manually. For example: variable range
is 14 to 81 and we want to make it 10 to 100
leaving all other variables as they are.
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Hybrid mode

edadr
16 23 a0 a7 44 a2 29 66 73 a1
I I I I I
0 1 2 3 4
Score
local asVars 1 mwin = 10 L
tocal asvars 1mex = 100 The “edadr” coefficient does not change
— | | | | | | | | | |
10 20 30 40 50 60 70 80 a0 100




By the way...

e Since the output is a standard Stata graph, it may be
edited for further adjustments.

hbsagdon !,
2 E
2 =
G S
2 g
€ &
- Test:
tpodial 1 A 1 J =
(2] negativo’
36
Teut styl
Size: |12 Vl
diashosp L 1 1 Celor: [Black |
1 50 100 Margin: [Zero k|
e (o —
Iy 5 i3 Cancel Appl
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Other execution options

e iMaxVarLabellLen =30 //Max N of chars to display in variable
labels

e iMaxDatalabellLen =30 //Max N of chars to display in data
value labels

e iVarLabDescr=0
//Use variable description as variable label when possible
(O=no; 1=yes)

e iDummyLabWithValues =1 //Show data values on dummy
data value labels (0O=no; 1=yes)

e jCoefForcePositive = 0 //Force positive coefs (0=no; 1=yes)

|gls



Structure of Presentation

Introduction

Logistic regression nomograms
Objectives

Stata programming Gotchas
Programming techniques
Results

_imitations

Future work

IZIS



Dummy syntax must be “bx.var”.
No interaction operators (“#”, “##”) allowed.

Maximum of 15 variables (xtline command
options overflow). Suggestions?

Categorical variables have a limit of with 40
dummys each (easy to supersede if needed).

Several performance improvements possible
(max. string length).
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e Overcoming Stata limits: string variables,
xtline command.

e Better drawing adjustments (fonts, axis, etc).
* |nteraction operators support.

 Cox regression nomograms.
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Questions?
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Backup slides
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Dummy coefficient re-adjustment

e Given a categorical variable “A” with N categories
and a regression constant o,

z=o,+a,,-D,+a,,-D, +...+a,,-D,

Ifay, <0

1..

we set as reference the most negative coefficient

i.e. minfa, )
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Dummy coefficient re-adjustment

P= gt TP)

TP=a,, D1 +a,, D2+ ..
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Dummy coefficient re-adjustment

* And then
z=6,+6,,'D,+6,,,D, +...+6,,D,

where

6o=0,- ml.n(aA" i=1..N)
6,=a,-min(ay )

v =ay-minfa,, i=1..N)
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Antigeno Australia

tpodial

diashosp

Sexo receptor X

grupo de tratamiento

Normal execution
Nomogram example

- pehuo

a1l

edadr
1 2 3 4 5
Score
05 1 2 3 4 5 86 7 8 9 95 99

Prob g1

D

Total score

Ramon y Cajal University Hospital
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tpodial

diashosp

Sexo receptar

grupo de tratamiento

edadr

Execution with forced positive coefficients
Nomogram example

¢ pes ok

N

1 2 3 4 5 5]
Score

This causes a displacement in the Total score to Prob conversion (due to a,)

Prob

.001

05 1 2 3 4 5 86 7 B 9 .95 99

0

1

3 4 5 6 7 8 9 10 11 12
Total score

Ramon y Cajal University Hospital
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