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Background

In Stata
• slopepower 

• analytic
• only for proportionate slope effect and random slopes model
• fits mixed model as part of the command – no user input of variance parameters

• ipdpower
• simulation based (including GLMMs)

In R
• More options but mostly simulation-based or for slope effect only



Simulation versus analytic calculations

• Simulation can be used to replicate exactly the scenario you desire

• Analytic calculations:
• more accurate – no Monte Carlo error
• much (much) faster - essentially instantaneous in mixedpower
• speed difference increases with n
• can calculate sample size explicitly

• More scope for analytic calculations than may be apparent



Methods - basic idea*
• For a linear mixed model for outcome y:
	 𝐘|𝐮~𝑁 𝐗𝛃 + 𝐙𝐮;𝐑  with 𝐮~𝑁 0; 𝐆
• Marginally,
	 𝐘~𝑁 𝐗𝛃; 𝚺   with 𝚺 = 𝐑 + 𝐙𝐆𝐙′

      𝑉𝑎𝑟 5𝛃 = 𝐗!𝚺"𝟏𝐗 "$

• Key idea – subjects in RCTs typically only necessarily differ in terms of a few model 
parameters – often just in terms of treatment received

• → Calculate the 𝑉𝑎𝑟 $𝛃  matrix for a “two-person” trial and use the treatment effect variance 
element (s!) from 𝑉𝑎𝑟 $𝛃 	to calculate power/sample size in usual way

• Just need to reweight s!	for appropriate sample size

** *Frost C, Kenward MG, Fox NC. Optimizing the design of clinical trials where the outcome is a rate. Can 
estimating a baseline rate in a run-in period increase efficiency? Stat Med. 2008 Aug 30;27(19):3717-31. 
doi: 10.1002/sim.3280. PMID: 18484598.



Example: 4 measurements at 0, 1, 2 and 3 years

   𝚺 = 𝐑 + 𝐙𝐆𝐙′
𝑉𝑎𝑟 /𝛃 = 𝐗!𝚺"𝟏𝐗 "$

s% = 𝑉𝑎𝑟 /𝛃 [𝟑, 𝟑]= 11.1

X matrix 8x3
X1 X2 X3
1 0 0
1 1 0
1 2 0
1 3 0
1 0 0
1 1 1
1 2 2
1 3 3

R matrix 8x8
R1 R2 R3 R4 R5 R6 R7 R8
3 0 0 0 0 0 0 0
0 3 0 0 0 0 0 0
0 0 3 0 0 0 0 0
0 0 0 3 0 0 0 0
0 0 0 0 3 0 0 0
0 0 0 0 0 3 0 0
0 0 0 0 0 0 3 0
0 0 0 0 0 0 0 3

Z matrix 8x4
Z1 Z2 Z3 Z4
1 0 0 0
1 1 0 0
1 2 0 0
1 3 0 0
0 0 1 0
0 0 1 1
0 0 1 2
0 0 1 3

G matrix 4x4
G1 G2 G3 G4
20 2 0 0
2 5 0 0
0 0 20 2
0 0 2 5

Power= Φ µ − Φ"$ 1 − &
%

Power= Φ 0.6 ⁄200 11.1 − Φ"$ 1 − 0.025
Power= 0.722

n=200 patients per arm
Control group mean slope=2.0 
30% reduction→Trt effect=0.6
Alpha=0.025 one-sided



mixedpower syntax

mixedpower, trtspec(trtspec_type) schedule(numlist) 
[alpha(#)  twosided power(#) n(#) altcont(altcont_type)  
actualcont(altcont_type) actualtrt(trtspec_type) cbeta(# 
[# ...]) difference(# [# ...]) effectiveness(#) 
contslope(#) lctest(# # ...) jttest(# # ...) 
covariance(matrix) errorvar(#) auto covhet(input_type[( 
matrix)]) marginal errxt(input_type[(xterror_type[# ... 
|mat_name])]) errhet(input_type[(xterror_type[# ... 
|mat_name])]) scale(#) aratio(# #) dropouts(numlist) 
drop2(numlist) strecruitment(numlist) noheader nosyntax 
xmat(#) rmat(#) zmat(#) gmat(#) bvarn(#)]
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trtspec(trtspec_type)

• slope  proportionate slope effect i.e. constrained to equal control slope 
  at baseline

• intercept intercept effect i.e. parallel shift
• lateslope #  slope effect that only starts to differ from control slope at time #
• 2slope # two separate slope effects with changepoint at time #
• slint  separate slope and intercept treatment effects
• factor   factorised i.time#1.treatment interactions but constrained to be 

  equal to control at 'baseline'
• factor0    fully factorised i.time#1.treatment interactions including at 'baseline'
• user(f1(t) [;f2(t)]) allows user to specify up to 2 functions of 'schedule time'



Example from the Statablog*

• 𝐰𝐞𝐢𝐠𝐡𝐭'( = 𝛽) + 𝛽$ 𝐚𝐠𝐞'( + 𝛽% 𝐟𝐞𝐦𝐚𝐥𝐞' + 𝛽* 𝐚𝐠𝐞'(×𝐟𝐞𝐦𝐚𝐥𝐞' + 𝑢)' + 𝑢$' 𝐚𝐠𝐞 + 𝑒'(
• Here 𝑖 indexes children, t indexes time (age), and we assume that 𝑢)' ∼ 𝑁 0, 𝜏)% , 𝑢$' ∼ 𝑁 0, 𝜏$% , 𝑒'( ∼
𝑁 0, 𝜎% and	cov 𝜏)%, 𝜏$% = 0.

• Parameter values chosen:

• Also:
	 𝑃 𝑓𝑒𝑚𝑎𝑙𝑒 ∼ 𝐵𝑖𝑛 1,0.5  
       age is controlled by design i.e. 5 (or 6) 6-monthly measures from birth
       sample size range from 100 to 500 in increments of 100
ssc install mixedpower

mixedpower, trtspec(slint) sched(0(0.5)2) n(100) diff(-0.5 -0.25) 
cov(0.0625,0\0,0.36) error(1.44) lctest(0 1)

 
* Calculating power using Monte Carlo simulations, part 4: Multilevel/longitudinal models
20 August 2019 Chuck Huber, Director of Statistical Outreach

“imagine that you are planning a longitudinal study of childrens’ weight and you are interested in the interaction of age and sex”

𝛽) = 5.35, 𝛽$ = 3.6, 𝛽% = −0.5, 𝛽* = −0.25, 𝜏)% = 0.0625, 𝜏$% = 0.36, 𝑎𝑛𝑑	𝜎% = 1.44



Example from the Statablog*

• 𝐰𝐞𝐢𝐠𝐡𝐭'( = 𝛽) + 𝛽$ 𝐚𝐠𝐞'( + 𝛽% 𝐟𝐞𝐦𝐚𝐥𝐞' + 𝛽* 𝐚𝐠𝐞'(×𝐟𝐞𝐦𝐚𝐥𝐞' + 𝑢)' + 𝑢$' 𝐚𝐠𝐞 + 𝑒'(
• Here 𝑖 indexes children, t indexes time (age), and we assume that 𝑢)' ∼ 𝑁 0, 𝜏)% , 𝑢$' ∼ 𝑁 0, 𝜏$% , 𝑒'( ∼
𝑁 0, 𝜎% and	cov 𝜏)%, 𝜏$% = 0.

• Parameter values chosen:

• Also:
	 𝑃 𝑓𝑒𝑚𝑎𝑙𝑒 ∼ 𝐵𝑖𝑛 1,0.5  
       age is controlled by design i.e. 5 (or 6) 6-monthly measures from birth
       sample size range from 100 to 500 in increments of 100
ssc install mixedpower

mixedpower, trtspec(slint) sched(0(0.5)2) n(100) diff(-0.5 -0.25) 
cov(0.0625,0\0,0.36) error(1.44) lctest(0 1) ara(49 51)

 
* Calculating power using Monte Carlo simulations, part 4: Multilevel/longitudinal models
20 August 2019 Chuck Huber, Director of Statistical Outreach

“imagine that you are planning a longitudinal study of childrens’ weight and you are interested in the interaction of age and sex”

𝛽) = 5.35, 𝛽$ = 3.6, 𝛽% = −0.5, 𝛽* = −0.25, 𝜏)% = 0.0625, 𝜏$% = 0.36, 𝑎𝑛𝑑	𝜎% = 1.44



mixedpower output
mixedpower, trtspec(slint) sched(0(0.5)2) n(100) diff(-0.5 -0.25) cov(0.0625,0\0,0.36) error(1.44) 
lctest(0 1) nohead



mixedpower output
mixedpower, trtspec(slint) sched(0(0.5)2) n(100) diff(-0.5 -0.25) cov(0.0625,0\0,0.36) 
error(1.44) lctest(0 1) nohead nosyn



Comparison with simulation (1000 replications)
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Equal ratio versus 45:55 ratio
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Complex covariance and error structure
• No random effects – ‘marginal’ model with AR(2) structure:
• mixed weight c.week c.week#1.trt if week<=4 || id: ,nocons resid(ar 2, t(week)) reml

• mixedpower, trtspec(slope) sched(0 1 2 3 4) diff(0.5) alpha(0.05) n(48) marginal 
errxt(auto) rmat(5)

• power               =   0.7432



Complex covariance and error structure
• No random effects – ‘marginal’ model with AR(2) structure:
• mixed weight c.week c.week#1.trt if week<=4 || id: ,nocons resid(ar 2, t(week)) reml

• mixedpower, trtspec(slope) sched(0 1 2 3 4) diff(0.5) alpha(0.05) n(48) marginal 
errxt(input(ar 13.29 1.009 -.0943)) rmat(5)

• power               = 0.7422



Complex covariance and error structure
• No random effects – ‘marginal’ model with AR(2) structure:
• mixed weight c.week c.week#1.trt if week<=4 || id: ,nocons resid(ar 2, t(week)) reml

• mixedpower, trtspec(slope) sched(0 1 2 3 4) diff(0.5) alpha(0.05) n(48) marginal 
errxt(auto) rmat(5)

• di r(se_trial) 

• .19133096



Complex covariance and error structure
• No random effects – ‘marginal’ model with AR(2) structure:
• mixed weight c.week c.week#1.trt if week<=4 || id: ,nocons resid(ar 2, t(week)) reml

• mixedpower, trtspec(slope) sched(0 1 2 3 4) diff(0.5) alpha(0.05) n(48) marginal 
errxt(input(ar 13.29 1.009 -.0943)) rmat(5)

• mat li r(rmat)



Complex covariance and error structure
• mixed model for repeated measures (MMRM):
• mixed weight i.week i.week#1.trt if week<=4 || id: , nocons resid(unstr, t(week)) reml

• mixedpower, trtspec(factor) altcont(factor) sched(0 1 2 3 4) diff(0.5(0.5)2) lctest(0 0 
0 1) n(100) marginal errxt(auto) rmat(5)
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Complex covariance and error structure
• mixed model for repeated measures (MMRM):
• mixed weight i.week i.week#1.trt if week<=4 || id: , nocons resid(unstr, t(week)) reml
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Complex covariance and error structure
• Heterogenous random effects and MA(2) errors
• mixed weight c.week c.week#1.trt if week<=6 || id: c.week#0.trt 0.trt , cov(uns) nocons 
|| id: c.week#1.trt 1.trt, cov(uns) nocons reml resid(ma 2 , t(week) by(trt))



Complex covariance and error structure
• Heterogenous random effects and heterogenous MA(2) errors
• mixed weight c.week c.week#1.trt if week<=6 || id: c.week#0.trt 0.trt , cov(uns) nocons 
|| id: c.week#1.trt 1.trt, cov(uns) nocons reml resid(ma 2 , t(week) by(trt))

• mixedpower, trtspec(slope) sched(0(1)4) diff(0.5) alpha(0.05) n(100) auto covhet(auto) 
errxt(auto) errhet(input(ma 1.466888 .4507447 .0211286)) rmat(5) gmat(5)



Incomplete follow-up

• Two sources:
• Dropout
• Staggered recruitment – an interim analysis at a given point in calendar time will include 

subjects with differing amounts of follow-up

• Mathematically equivalent impact

• But mixedpower can adjust for both sources simultaneously
• options dropout and strecruitment

• Can also specify alternate dropout function for treatment group
• Option drop2



Example of incomplete follow-up
• mixedpower , trtspec(slope) schedule(0 1 2 3 4) conts(-2.0) eff(0.25) cov(100,3.5\3.5,2.5) 
error(12) power(0.9) ara(1 2)

• mixedpower , trtspec(slope) schedule(0 1 2 3 4) conts(-2.0) eff(0.25) cov(100,3.5\3.5,2.5) 
error(12) power(0.9) ara(1 2) strec(0.05 0.1 0.15 0.2 0.4) drop(0.1 0.05 0.05 0.05 0.75)



Introducing trialcounts and mvmixedpower

• trialcounts companion program to mixedpower
• Helps one calculate the number of subjects recruited to a trial at any point in trial-time 

based on piecewise linear recruitment function and (parametric survival) dropout 
functions

• Also calculates those p weights needed to pass easily to mixedpower

• mvmixedpower and dmmixedpower are additional programs that come with 
mixedpower package

• mvmixedpower calculates power and sample size for a multivariate mixed model
• dmmixedpower calculates power and sample size for a ‘direct measures’ mixed model*

* Chris Frost, Michael G. Kenward, Nick C. Fox. The analysis of repeated 'direct' measures of change 
illustrated with an application in longitudinal imaging. Statist. Med. 2004; 23:3275–3286



Example from real MS trial
• trialcounts, sched(0(6)36) ends(month) rates(recr2 1(1)21 27) time(38) drfunction(weibull, 
p(0.75) s(0.9)) rgr dgr

month_name month recr_2mth recr2
Mar-23 2 3 1.5
May-23 4 4 2
Jul-23 6 4 2
Sep-23 8 8 4
Nov-23 10 14 7
Jan-24 12 9 4.5
Mar-24 14 23 11.5
May-24 16 17 8.5
Jul-24 18 17 8.5
Sep-24 20 19 9.5
Nov-24 22 21 10.5
Jan-25 24 21 10.5
Mar-25 26 23 11.5
May-25 28 23 11.5
Jul-25 30 25 12.5
Sep-25 32 27 13.5
Nov-25 34 27 13.5
Jan-26 36 28 14
Mar-26 38 30 15
May-26 40 30 15
Jul-26 42 32 16
Sep-26 44 33 16.5
Nov-26 46 33 16.5
Jan-27 48 33 16.5
Mar-27 50 33 16.5
May-27 52 33 16.5
Jul-27 54 33 16.5
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Jan-24 12 9 4.5
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Mar-26 38 30 15
May-26 40 30 15
Jul-26 42 32 16
Sep-26 44 33 16.5
Nov-26 46 33 16.5
Jan-27 48 33 16.5
Mar-27 50 33 16.5
May-27 52 33 16.5
Jul-27 54 33 16.5



Example from real MS trial
• trialcounts, sched(0(6)36) ends(month) rates(recr2 1(1)21 27) time(38) drfunction(weibull, 
p(0.75) s(0.9)) dgr rgr

month_name month recr_2mth recr2
Mar-23 2 3 1.5
May-23 4 4 2
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Sep-23 8 8 4
Nov-23 10 14 7
Jan-24 12 9 4.5
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Sep-24 20 19 9.5
Nov-24 22 21 10.5
Jan-25 24 21 10.5
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Example from real MS trial
• trialcounts, sched(0(6)36) ends(month) rates(recr2 1(1)21 27) time(38) drfunction(weibull, 
p(0.75) s(0.9)) rgr dgr
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Misspecification of the treatment effect

• Based on the generalised least-squares estimator for the fixed effects:
 5𝜷 = {𝑿!𝜮"𝟏𝑿}	"𝟏 𝑿!𝜮"𝟏𝒚
• Calculate sigma as before and plug into above estimator along with design X 

from analysis model and y from based on ‘actual’ X
• The new 5𝜷 is then used in the power or sample size calculations

• an estimate of the beta vector you will obtain if you were to fit this ‘misspecified’ model

• The variance values taken from this ‘misspecified’ model would though be 
slightly different

• does it matter?



Power when incorrectly assume linear slope effects
• Replicate results from a simulation study by Morgan et al*

• look at the effect on power and other trial operating characteristics when actual non-linear 
effects were modelled with a proportionate slope effect

• Demonstrate the ‘user’ function sub-option of trtspec()

• If true treatment effect was a proportionate slope (= -0.05):
•  then required sample size would be 230 with power=0.8
• regardless of the control arm trajectory and assuming a slope and intercept (or factorised 

time) is used

• The non-linear effects examples therefore use a sample size of 230 as a 
comparison 

*Katy E. Morgan, Ian R. White, Chris Frost. How important is the linearity assumption in a sample size 
calculation for a randomised controlled trial where treatment is anticipated to affect a rate of change? 
BMC Medical Research Methodology (2023) 23:274



Power when incorrectly assume linear slope effects

• All functions are defined so that:
• except for ‘Steady decline’, treatment is 

proportional to the control function of time
• both arms start baseline with a mean value of 6
• control arm reaches 7 at year 5 
• treatment reaching 6.75, given the treatment 

difference of 0.05



Comparing results with mixedpower
• Steady (delayed) decline

• mixedpower, trtspec(slope) sched(0(1)5) diff(-0.2 -0.25) cov(0.5, .0354\.0354, 0.01) 
error(0.15) n(230) actualcont(user(x)) cbeta(6 0.2) actualtrt(user(x; cond(x>=1.25,x-
1.25,0)))
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Comparing results with mixedpower
• Steady (delayed) decline

• mixedpower, trtspec(slope) sched(0(1)5) diff(-0.2 -0.25) cov(0.5, .0354\.0354, 0.01) 
error(0.15) n(230) actualcont(user(x)) cbeta(6 0.2) actualtrt(user(x; cond(x>=1.25,x-
1.25,0)))

• power               = 0.5599



Comparing results with mixedpower
• ‘Early’ decline

• mixedpower, trtspec(slope) sched(0(1)5) diff(-0.05) cov(0.5, .0354\.0354, 0.01) 
error(0.15) n(230) actualcont(user(-5*exp(-2*x)+5)) cbeta(6 0.2) actualtrt(user(-5*exp(-
2*x)+5))

• power               = 0.5287

• mat li r(exp_y_true)



Comparing results with mixedpower
• ‘Late’ decline

• mixedpower, trtspec(slope) sched(0(1)5) diff(-0.05) cov(0.5, .0354\.0354, 0.01) 
error(0.15) n(230) actualcont(user(1/4400*exp(2*x))) cbeta(6 0.2) 
actualtrt(user(1/4400*exp(2*x)))

• power               = 0.6114

• mat li r(trtbeta_model)



Comparing results with mixedpower
• ‘Intermediate’ decline

• mixedpower, trtspec(slope) sched(0(1)5) diff(-0.05) cov(0.5,.0354\.0354,0.01) 
error(0.15) n(230) actualcont(user(-5/(1+exp(-3*(2.5-x)))+5)) cbeta(6 0.2) 
actualtrt(user(-5/(1+exp(-3*(2.5-x)))+5)) xmat(6)

• power               = 0.9348

• mat li r(trtbeta_model)

• mat li r(exp_y_model)



Comparing results with mixedpower
• power
compare with blue circles



Comparing results with mixedpower
• mean treatment effect
slope coefficient ×5
compare with blue circles



Future work

• Additional covariates
• factorial designs?
• subgroup effects?

• 3-level models
• higher level cluster e.g. site
• cluster randomised designs with repeated measures

• Program integrating Stata’s gsbounds to perform group sequential testing
• Information fraction not linearly related sample size/events like other models

• Incorporate uncertainty of variance parameters → effect on power



THANK YOU



Additional detail on 
incomplete follow-up



Incomplete follow-up

• Sample is divided into m ‘cohorts’ of patients each having reached a different 
point in trial. If trial has 4 measures then m≤4, for example:

• cohort 1: measure at t={0} with 𝑝" (probability weight 1)
• cohort 2: measure at t={0,1} with 𝑝!
• cohort 3: measure at t={0,1,2} with 𝑝#
• cohort 4: measure at t={0,1,2,3} with 𝑝$ 

• If dealing with dropout:  Σd!
e = 1

• If dealing with staggered recruitment: Σd!
e ≤ 1

• If both dropout and staggered recruitment ‘present’ then need to integrate the 
2 sets of 𝑝f weights into one single set for the 4 cohorts



Combining dropout and staggered recruitment

• dropout weights: {d$, dg, dh. . . de}	and	Σi!
e = 1

• staggered recruitment weights: {s$,  sg, sh. . . se}	and	Σj!
e≤ 1

• then ‘integrated’ cohort weights:

𝑝) = #
*+,-)

.

s/d* + s(*1,)d/



Calculate overall 𝑉𝑎𝑟 $𝛽  from cohort-specific 𝑉𝑎𝑟 $𝛽𝑘 	
• slopepower combined cohort-specific z-scores with 𝑝f weights, used back-

calculation for overall variance. 
• Only gives overall variance for slope term

• Could apply same principle for other coefficients, but inaccuracies creep in and cannot 
obtain covariances

• mixedpower combines cohort-specific covariance matrices
• Accurate for all terms and gives the covariances needed for linear combinations of effects 

𝑉𝑎𝑟 3𝛽 = 6
%

&

𝑝% 𝑉𝑎𝑟(7𝛽%)'"
'"



Bonus examples



Generalisability of mixedpower
• two sample z-test
• power twomeans 1 1.5, sd1(2) sd2(3) knownsds n(600) onesided alpha(0.025) nrat(2)

• power =    0.6792

• mixedpower, schedule(0 1) trtspec(intercept) altcont(noslope) difference(0.5) marginal 
errxt(input(independent 4)) errhet(input(independent 9)) n(600) aratio(1 2) dropout(1 0) 
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Generalisability of mixedpower
• two sample z-test
• power twomeans 1 1.5, sd1(2) sd2(3) knownsds n(600) onesided alpha(0.025) nrat(2)

• power =    0.6792

• mixedpower, schedule(0 1) trtspec(intercept) altcont(noslope) difference(0.5) marginal 
errxt(input(independent 4)) errhet(input(independent 9)) n(600) aratio(1 2) dropout(1 0)

• power               = 0.6792

• mixedpower, schedule(0 1) trtspec(intercept) altcont(noslope) difference(0.5) marginal 
errxt(input(independent 4)) errhet(input(independent 9)) n(300) aratio(1 2)

• power               = 0.6792



Generalisability of mixedpower
• Cluster-randomised trial
• power twomeans 0 0.4, power(0.9) m1(25) m2(25) sd(2) rho(0.1) kratio(2)

• mixedpower, schedule(1(1)25) trtspec(intercept) altcont(noslope) difference(0.4) marginal 
errxt(input(exchangeable 4 0.1)) power(0.9) arat(1 2)
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Generalisability of mixedpower
• Cluster-randomised trial
• power twomeans 0 0.4, power(0.9) m1(25) m2(25) sd(2) rho(0.1) kratio(2)

• forvalues n=1/25 {

     local prob=0

     if mod(`n',5)==0 & `n'>=10 local prob=0.25

     local dlist "`dlist' `prob'"

     }

• local dlist="0 0 0 0 0 0 0 0 0 .25 0 0 0 0 .25 0 0 0 0 .25 0 0 0 0 .25"



Generalisability of mixedpower
• Cluster-randomised trial
• power twomeans 0 0.4, power(0.9) m1(25) m2(25) sd(2) rho(0.1) kratio(2)

• mixedpower, schedule(1(1)25) trtspec(intercept) altcont(noslope) difference(0.4) marginal 
errxt(input(exchangeable 4 0.1)) power(0.9) dropout(`dlist') arat(1 2)


