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A B S T R A C T  

Background : Even well - designed, the o ret i cally dri ven clin i cal tri als can fall short of achiev ing the de sired clin i - 
cal out comes. Our re search team had an op por tu nity to con duct two ran dom ized con trolled tri als that were 
en rolling pa tients in par al lel. While both stud ies were tar get ing chronic dis ease man age ment among pa tients 
with mul ti ple co mor bid con di tions, the pa tient pop u la tion and set tings var ied. The stud ies were the Car dio vas - 
cu lar In ter ven tion Im prove ment Telemed i cine Study (CITIES) and Si mul ta ne ous Risk Fac tor Con trol Us ing 
Tele health to slow Pro gres sion of Di a betic Kid ney Dis ease (STOP - DKD) stud ies. Both stud ies had null find ings. 
Objectives : Our goal is to dis cuss com mon de sign con sid er a tions across CITIES and STOP - DKD and po ten tial 
im pli ca tions for the de sign of fu ture ran dom ized con trolled tri als. 
Methods : These were two 1:1 ran dom ized con trolled tri als with at ten tion con trol groups that re cruited pa tients 
from var i ous clin i cal prac tices in the Re search Tri an gle area of North Car olina. 
Conclusions : We make three rec om men da tions for fu ture stud ies. First, we as sert that it is im por tant to al low 
for pi lot ing the en roll ment process to en sure that it is pos si ble to iden tify and re cruit a pa tient pop u la tion that 
is well aligned with the clin i cal out comes of the in ter ven tion. Sec ond, analy sis plans should be more tar geted 
in their ap proach and should con sider het ero gene ity of treat ment ef fects. Third, in or der to sup port the tran si - 
tion of ev i dence gen er ated from ran dom ized con trolled tri als into clin i cal prac tice, it is im por tant to con sider 
even early stage ran dom ized con trolled tri als through an im ple men ta tion sci ence lens. 
Trial registration : Si mul ta ne ous Risk Fac tor Con trol Us ing Tele health to slow Pro gres sion of Di a betic Kid ney 
Dis ease (STOP - DKD) NC T01829256; Car dio vas cu lar In ter ven tion Im prove ment Telemed i cine Study NC - 
T01142908. 

1 . Introduction 

There are known dis rup tions in the re search pipeline. Ap prox i - 
mately half of re search has avoid able re search de sign flaws, is un us - 
able, in com pletely re ported or both, and/ or re search is never pub - 
lished [ 1 , 2 ]. Re gard ing the sub op ti mal re port ing of re search find ings, 
in ves ti ga tors may not sub mit stud ies for pub li ca tion when the re sults 
are in con sis tent with their hy pothe ses [ 3 ]. Ad di tion ally, jour nals may 
be bi ased in their in ter est in pub lish ing null tri als be cause of a per - 
ceived lower so ci etal at ten tion at trib uted to stud ies with null re sults 
[ 4 ]. While a re cent study demon strated no dif fer ence in the post - 

publication met rics of ran dom ized con trolled tri als de pend ing on the 
di rec tion of their find ings [ 5 ], pub li ca tion bias for null stud ies re - 
mains a prob lem in sci en tific re port ing. Even when null stud ies are 
pub lished, they are of ten viewed in iso la tion and not ref er enced or 
dis cussed in con sid er a tion of the full body of re search in a given area. 
We as sert that an other form of re search waste is not tak ing time to re - 
flect on lessons learned. It is im por tant for the re search com mu nity to 
re flect on null stud ies, con sider com mon al i ties and im pli ca tions for 
fu ture re search. 

Even well - designed, the o ret i cally dri ven clin i cal tri als can fall 
short of achiev ing the de sired clin i cal out comes. Con sid er ing and 
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learn ing from these ex pe ri ences can be help ful to the re search en ter - 
prise as a whole. Our re search team had an op por tu nity to con duct 
two ran dom ized con trolled tri als that were en rolling pa tients in par al - 
lel ( Table 1 ). While both stud ies were tar get ing chronic dis ease man - 
age ment among pa tients with mul ti ple co mor bid con di tions, the pa - 
tient pop u la tion and set tings var ied. The stud ies were the Car dio vas - 
cu lar In ter ven tion Im prove ment Telemed i cine Study (CITIES, NC - 
T01142908) [ 6 – 9 ] and Si mul ta ne ous Risk Fac tor Con trol Us ing Tele - 
health to slow Pro gres sion of Di a betic Kid ney Dis ease (STOP - DKD, 
NC T01829256) stud ies [ 10 – 12 ]. CITIES fo cused on a pa tient pop u la - 
tion with car dio vas cu lar dis ease risk fac tors in clud ing hy per ten sion, 
dys lipi demia, or type II di a betes mel li tus. Pa tients en rolled in the 
CITIES study re ceived the o ret i cally dri ven chronic dis ease man age - 
ment sup port, in clud ing blood pres sure self - monitoring and med ica - 
tion man age ment, pro vided over the tele phone by a clin i cal phar ma - 
cist over the course of 12 months. The sec ond ran dom ized con trolled 
tri als, STOP - DKD, in tended to fo cus on a pop u la tion of pa tients with 
di a betic kid ney dis ease. While the spe cific con tent of the in ter ven tion 
was var ied, pa tients en rolled in STOP - DKD also re ceived the o ret i cally 
dri ven chronic dis ease man age ment sup port, in clud ing blood pres sure 
self - monitoring and med ica tion man age ment, pro vided over the tele - 
phone by a clin i cal phar ma cist over the course of 36 months. Our goal 
in this pa per is to dis cuss com mon de sign con sid er a tions across the 
two stud ies and po ten tial im pli ca tions for the de sign of fu ture ran - 
dom ized con trolled tri als. En gag ing both pro ject man agers and in ves - 
ti ga tors, we ar rived at these lessons learned based on a de brief ing ses - 
sion among pro ject lead er ship teams (see Table 2 ). 

2 . Methods/ design 

Key Sim i lar i ties and Dif fer ences in the Stud ies. The CITIES and 
STOP - DKD stud ies had sev eral key sim i lar i ties and dif fer ences. Key 
sim i lar i ties in cluded their fo cus on com plex pa tients with mul ti ple co - 
mor bid con di tions and use of elec tronic health record data to iden tify 
these pa tients. While the pa tient pop u la tions and en roll ment cri te ria, 
and elec tronic health records were dif fer ent, both stud ies be gan pa - 
tient iden ti fi ca tion by ob tain ing an ini tial sam ple of pa tients from the 
elec tronic health record based on in clu sion/ ex clu sion cri te ria. Then 
within each study, re search staff queried the elec tronic health record 
for pa tients meet ing clin i cal cri te ria. These cri te ria in cluded di ag noses 
(e.g., hy per ten sion di ag no sis), and well as whether clin i cal mea sures 
of these con di tions were in con trol (e.g., re cent blood pres sure in ex - 
cess of 140/ 90  mm Hg in a re cent out pa tient of fice visit). While the 
spe cific staff were dif fer ent, both stud ies re lied on doc toral - level clin i - 
cal phar ma cists (i.e., Phar mDs) as in ter ven tion ists and in both stud ies 
these phar ma cists de liv ered scripted con tent to study par tic i pants 
over the phone. In the event that there was staff turnover, both stud - 
ies ul ti mately had two phar ma cist in ter ven tion ists. An other sim i lar ity 
was that both in ter ven tions ad dressed med ica tion man age ment and 
ad her ence, al though they did so in slightly dif fer ent ways. Specif i - 
cally, in CITIES the phar ma cists could make med ica tion dose changes, 
or add or re move med ica tions in real time while com mu ni cat ing with 
a pa tient. In STOP - DKD, the phar ma cists did not make changes in real 
time. In stead, they worked di rectly with the pri mary care providers 

for med ica tion changes. Con tent that was de liv ered fo cused heav ily 
on di a betes, hy per ten sion, and di a betic kid ney dis ease ed u ca tion. 
Each call also in cluded med ica tion man age ment, ad dressed side - 
effects, and the col lec tion of home blood pres sure val ues which 
guided po ten tial med ica tion changes as needed. 

Key dif fer ences in the study de sign in cluded dif fer ences in the pa - 
tient pop u la tion, the re cruit ment set ting, the scope of prac tice of the 
clin i cal phar ma cists, and dif fer ences in the pri mary end point. CITIES 
fo cused on those with any car dio vas cu lar risk fac tor (hy per ten sion, 
dys lipi demia, or type II di a betes mel li tus) and STOP - DKD fo cused on 
pa tients who had al ready been di ag nosed with di a betic kid ney dis ease 
or who were at risk of de vel op ing di a betic kid ney dis ease. While the 
two stud ies re cruited pa tients from the same com mu nity in North Car - 
olina, CITIES re cruited pa tients from pri mary care clin ics af fil i ated 
with a Vet er ans Health Ad min is tra tion (VA) med ical cen ter, whereas 
STOP - DKD en rolled pa tients re ceiv ing care at a neigh bor ing pri vate 
aca d e mic med ical cen ter. Re flec tive of these two health care sys tems, 
the de mo graphic char ac ter is tics of study par tic i pants was dif fer ent. 
The CITIES study sam ple was pre dom i nately white (47%), part nered 
(57%), men (85%) with a me dian age of 62  years  at di ag no sis. The 
STOP - DKD study sam ple was pre dom i nately African Amer i can (55%), 
part nered (59%), male (52%) with a me dian age of 63  years  at en roll - 
ment. 

The spe cific ac tiv i ties of the clin i cal phar ma cists var ied be tween 
the stud ies. Clin i cal phar ma cists prac tic ing in the VA fall un der fed - 
eral poli cies and, com pared with many states, have an ex panded 
scope of prac tice. As a re sult, clin i cal phar ma cists in the CITIES study 
were di rectly able to make pre scrib ing and med ica tion dos ing changes 
in real time dur ing tele phone in ter ac tions with pa tients. In con trast in 
the STOP - DKD study, phar ma cists could make writ ten rec om men da - 
tions about med ica tion changes to a pa tien t's treat ing clin i cal 
providers. A clin i cal provider could re view the phar ma cist's rec om - 
men da tions in the elec tronic health record and then choose whether 
or not to fol low the phar ma cist's rec om men da tion to make a med ica - 
tion change. 

An other dif fer ence with the pri mary out come mea sures was that 
CITIES eval u ated Fram ing ham car dio vas cu lar dis ease risk as its pri - 
mary end point [ 6 , 13 ]. The pri mary out come of STOP DKD was 
change in es ti mated glomeru lar fil tra tion rate. This is an im por tant 
dis tinc tion as the data points that com prise these out come mea sures is 
dif fer ent. How ever, both out comes for both stud ies re lied on changes 
in sys tolic blood pres sure. 

Com mon Chal lenges . An im por tant note about these stud ies is 
that while their de sign could be im proved in hind sight, nei ther suf - 
fered from com mon de sign flaws. Both stud ies were ad e quately pow - 
ered and hit pa tient re cruit ment tar gets. Both stud ies were ran dom - 
ized, sin gle - blinded, and had ro bust con trol groups. Both stud ies had 
a strong the o ret i cal un der pin ning, scripted in ter ven tion text, and fi - 
delity mon i tor ing. How ever, both study de signs could have been im - 
proved. The re search teams for both pro jects con sider the pro jects to 
have been too in ten sive, par tic u larly STOP - DKD which re lied on 
monthly phone calls over 36 months. This in ten sity re sulted in pa tient 
fa tigue and some frus tra tion (e.g., com plaints of re dun dancy in con - 

Table 1 
Overview of study char ac ter is tics. 

Basic Study 
Design 

Patient 
Population 

Intervention 
Delivery 

Intervention 
Content 

Setting 

CITIES Two - arm RCT 
of intervention 
vs. usual care 

Adults with hypertension, 
dyslipidemia, and/or type II 
diabetes mellitus (n  =  428) 

12 monthly telephone 
calls delivered by a 
clinical pharmacist 

Topics in chronic disease self - management; medication 
management provided by research pharmacists 

Primary care clinics affiliated 
with a VA medical center in 
North 
Carolina 

STOP - DKD Two - arm RCT 
of intervention 
vs. usual care 

Adults with diabetic kidney 
disease (n  =  281) 

36 monthly telephone 
calls delivered by a 
clinical pharmacist 

Topics in chronic disease self - management; 
recommendations for medication management provided 
by research pharmacists totreating providers 

Primary care clinics affiliated 
with an academic medical 
center in NorthCarolina 
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Table 2 
Key lessons learned. 

1. It is important to allow for piloting the enrollment process to ensure that it is 
possible to identify and recruit a patient population that is well aligned with the 
clinical outcomes of the intervention. 

2. Analysis plans should be more targeted in their approach and should consider 
heterogeneity of treatment effects. 

3. In order to support the transition of evidence generated from RCTs into clinical 
practice, it is important to consider even early stage RCTs through an 
implementation science lens. 

tent, etc.). It is also not an in ter ven tion that would be prac ti cal for 
many health care sys tems to im ple ment. 

The com mon prob lems ex pe ri enced in CITIES and STOP - DKD re - 
quire a deeper con sid er a tion. There were three com mon prob lems: 1) 
chal lenges iden ti fy ing the tar get pa tient pop u la tion; 2) dif fer ences in 
clin i cal phar ma cists’ prac tice pat terns; and 3) changes in the “usual 
care arm” for med ica tion rec on cil i a tion pro grams. While these three 
prob lems were an tic i pated be fore the tri als be gan, as the stud ies were 
ex e cuted it be came ap par ent that the ram i fi ca tions were more sig nif i - 
cant than was ex pected. 

Both CITIES and STOP - DKD had dif fi culty find ing the “right” pa - 
tients. By “right” pa tients, we mean pa tients who not only met tech ni - 
cal el i gi bil ity cri te ria for the study, but also were in a po si tion to ben - 
e fit from the in ter ven tion. As pre vi ously dis cussed, both stud ies 
screened the elec tronic health record to iden tify pa tients with spe cific 
di ag noses whose re cent clin i cal val ues were out of con trol. Once en - 
rolled, clin i cal val ues were sub se quently col lected by trained re search 
staff us ing a stan dard ized pro to col. Blood pres sure is one ex am ple 
that was col lected across both stud ies. Blood pres sure was mea sured 
based on Joint Na tional Com mit tee guide lines in clud ing hav ing re - 
search staff tak ing mul ti ple blood pres sure mea sure ments in a quiet 
space and 5  min of rest [ 14 ]. Re search staff would mea sure a par tic i - 
pan t's arm and use an ap pro pri ately sized blood pres sure cuff and en - 
sure that the par tic i pant sat with his or her feet flat and shoul der 
width apart. The cuff was also ap plied to bare skin (as op posed to 
over a shirt sleeve). The blood pres sure mon i tors were fre quently cal i - 
brated and as sess ments were con ducted three times per ses sion to ob - 
tain an ac cu rate value. This is in stark con trast to the way that blood 
pres sure is typ i cally as sessed in a clin i cal set ting. In most clin i cal set - 
tings, blood pres sure as sess ments are con ducted in a less struc tured 
way. Con sider a pa tient who has strug gled to find a park ing place in a 
large med ical cen ter, then rushed into their clinic ap point ment. Clinic 
staff, equally bur dened by sched ul ing chal lenges, may quickly take a 
pa tien t's blood pres sure over their shirt while the pa tient is sit ting on 
a tall exam chair, and while ask ing them about med ica tion changes 
and symp toms in tan dem. 

Per haps as a re sult of this sce nario, in both the CITIES and STOP - 
DKD stud ies, the study - measured blood pres sure as sess ments were 
con sid er ably lower than the clinic - measured blood pres sure val ues. 
Specif i cally, the over all av er aged base line blood pres sure at the time 
of en roll ment was 130/ 76  mmHg and 134/ 76  mmHg for CITIES and 
STOP - DKD, re spec tively. In short, the en rolled par tic i pants had much 
bet ter dis ease con trol than ex pected based on val ues ob tained from 
the re spec tive elec tronic health records; thus, the stud ies’ tar get pop u - 
la tions were not pre cisely what was in tended. This made it more chal - 
leng ing for the in ter ven tions to move the nee dle on dis ease con trol 
and show a clin i cally mean ing ful im prove ment. 

An other com mon chal lenge across the two stud ies was dif fer ences 
in prac tice pat terns of the clin i cal phar ma cist in ter ven tion ists. Clin i cal 
phar ma cists are highly trained and skilled prac ti tion ers with in di vid - 
ual ap proaches to dis ease man age ment and com mu ni ca tion. In gen - 
eral, prac tice guide lines for phar ma cists var ied by clin i cal set ting, but 
also by clin i cal con text many physi cians were not fa mil iar or com fort - 
able with work ing with a phar ma cist. One in di ca tor of this was that 

physi cians did not re spond to a sig nif i cant amount of the phar ma cists' 
rec om men da tions [ 11 ]. 

Both stud ies were 1:1 ran dom ized con trolled tri als with a usual 
care plus ed u ca tion con trol arm. While the stud ies were con ducted in 
dif fer ent health care sys tems, there was a im prove ments in usual care. 
In the con text of the CITIES study, the VA med ical cen ter, where pa - 
tients were re cruited, rolled out a med ica tion rec on cil i a tion pro gram. 
Much like the in ter ven tion con tent, this pro gram in volved in ter ac tion 
with a clin i cal phar ma cist over the tele phone fo cused on con sol i dat - 
ing a pa tien t's med ica tion and syn chro niz ing med ica tion re fills. This 
roll out oc curred dur ing pa tient re cruit ment and was avail able to par - 
tic i pants in both the in ter ven tion and con trol arms. 

Be cause the med ica tion rec on cil i a tion pro gram was part of usual 
care, it was dif fi cult to de ter mine which par tic i pants had par tic i pated 
in the pro gram. Sim i larly, in STOP - DKD, there was an in creas ing use 
of ad di tive pro grams pro vid ing over lap ping ma te r ial to both those in 
the in ter ven tion and con trol group. This type of con t a m i na tion was 
un avoid able and of ten re flects what may in creas ingly oc cur in health - 
care sys tems. A po ten tial un in tended con se quence of this cross con t a - 
m i na tion is in creas ing bur den on pa tients given the po ten tial of over - 
whelm ing pa tients with du plica tive com mu ni ca tions. It will be in - 
creas ingly im por tant to align and in te grate ex ter nal pro grams with 
those that are oc cur ring in the health care sys tem. 

3 . Discussion 

These two ran dom ized con trolled tri als, CITIES and STOP - DKD, 
rep re sented a sig nif i cant in vest ment in terms of re search dol lars, ef - 
fort, and time. The stud ies oc curred in real world clin ics, which is 
crit i cal for im pact ing the de liv ery of pa tient care and pa tient out - 
comes. How ever, it also comes with chal lenges. Based on our ex pe ri - 
ences with CITIES and STOP - DKD, we pro vide three spe cific rec om - 
men da tions for fu ture car dio vas cu lar dis ease self - management re lated 
ran dom ized con trolled tri als. 

First, we as sert that it is im por tant to al low for pi lot ing the en roll - 
ment process to en sure that it is pos si ble to iden tify and re cruit a pa - 
tient pop u la tion that is well aligned with the clin i cal out comes of the 
in ter ven tion. This process could in volve con duct ing a re search as sess - 
ment to con firm clin i cal val ues (e.g., blood pres sure mea sure ments, 
etc.) prior to ran dom iza tion. If, on av er age, the pa tient pop u la tion is 
found to be in bet ter con trol of their chronic con di tions than ex - 
pected, the trial de sign could al low for changes in the dose of the in - 
ter ven tion to bet ter use clin i cal re sources. There is no need for a high - 
intensity, phar ma cist - delivered in ter ven tion if pa tients are do ing well 
and/ or could be man aged by a more eco nom i cal skilled health pro fes - 
sional such as a nurse. 

Sec ond, analy sis plans should be more tar geted in their ap proach 
and should con sider het ero gene ity of treat ment ef fects. We know that 
there is no uni ver sally ac cepted ap proach to sup port all pa tients in 
achiev ing dis ease con trol out comes. Sta tis ti cal analy ses should be 
planned to ex tend be yond sim ply ad dress ing the re search ques tion of 
whether the in ter ven tion worked. In stead, we should ask for which 
spe cific sub - populations did the in ter ven tion work (e.g., peo ple with 
cer tain de mo graphic and/ or clin i cal char ac ter is tics). This may re quire 
a dif fer ent ap proach to sam ple size cal cu la tion and re cruit ment. 

Third, in or der to sup port the tran si tion of ev i dence gen er ated 
from ran dom ized con trolled tri als into clin i cal prac tice, it is im por tant 
to con sider even early stage ran dom ized con trolled tri als through an 
im ple men ta tion sci ence lens. By this we mean that us ing meth ods to 
un der stand the clin i cal con text, in clud ing changes that oc cur in the 
con text over the life course of the ran dom ized con trolled trial, is im - 
por tant. Ran dom ized con trolled tri als may be more ef fec tive when a 
mem ber of the re search team, ide ally the in ter ven tion ist, is in te grated 
into the health care sys tem or clinic. Even when this is not pos si ble, it 
is im por tant to con sider and ar tic u late the core com po nents of the in - 
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ter ven tion dur ing the ran dom ized con trolled trial. If the trial is ef fec - 
tive, this will in form a fu ture un der stand ing of where fi delity is im - 
por tant and what can be adapted to fit lo cal con text. 
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