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ARTICLE INFO ABSTRACT
Keywords: Introduction: The COVID-19 pandemic had significant impact on clinical care and clinical trial operations, but the
COVID-19 impact on decentralized pragmatic trials is unclear. The Diuretic Comparison Project (DCP) is a Point-of Care
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(POC) pragmatic trial testing whether chlorthalidone is superior to hydrochlorothiazide in preventing major
cardiovascular (CV) events and non-cancer death. DCP utilized telephone consent, data collection from the
electronic health record and Medicare, forwent study visits, and limited provider commitment beyond usual care.
We assessed the impact of COVID-19 on recruitment, follow-up, data collection, and outcome ascertainment in
DCP.

Methods: We compared data from two 8-month periods: Pre-Pandemic (July 2019-February 2020) and Mid-
Pandemic (July 2020-February 2021). Consent and randomization rates, diuretic adherence, blood pressure
(BP) and electrolyte follow-up rates, records of CV events, hospitalization, and death rates were compared.
Results: Providers participated at a lower rate mid-pandemic (65%) than pre-pandemic (71%), but more patients
were contacted (7622 vs. 5363) and consented (3718 vs. 3048) mid-pandemic than pre-pandemic. Patients
refilled medications and remained on their randomized diuretic equally (90%) in both periods. Overall, rates of
BP, electrolyte measurements, and hospitalizations decreased mid-pandemic while deaths increased.
Conclusions: While recruitment, enrollment, and adherence did not suffer during the pandemic, documented
blood pressure checks and laboratory evaluations decreased, likely due to fewer in-person visits. VA hospitali-
zations decreased, despite a considerable number of COVID-related hospitalizations. This suggests changes in
clinical care during the pandemic, but the limited impact on DCP’s operations during a global pandemic is an
important strength of POC trials.

Clinical Trial Registration: NCT02185417

Abbreviations: DCP, Diuretic Comparison Project; POC, Point of Care; VA, Veterans Affairs; SBP, Systolic blood pressure; EHR, Electronic health record; CMS,
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Board.
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1. Introduction

In March 2020 the World Health Organization declared the COVID-
19 outbreak a global pandemic. The global pandemic has had significant
impact on clinical trials. Novel obstacles such as quarantine, travel re-
strictions, reduced in-patient visits, and unknown medication avail-
abilities have proved difficult for study teams to carry out their protocols
[1]. Sponsors and regulatory bodies have scrambled to adapt protocols
and change review processes to continue ongoing trials and to initiate
others. Many trials were left to delay, terminate or start over to adapt to
a new healthcare environment [2]. As a result, the FDA estimates that
the pandemic threatened to set non-COVID-19 clinical trial research
back by several years [1]. While most traditional trials were left
scrambling to adjust protocols and worrying about statistical integrity,
the impact on pragmatic embedded Point of Care trials, such as the
Diuretic Comparison Project (DCP), is less clear. We aimed to assess the
impact of the pandemic on the operations of a pragmatic embedded
Point of Care trial.

1.1. Study design

DCP was a pragmatic embedded open-label randomized clinical trial
designed to assess the comparative effectiveness of hydrochlorothiazide
and chlorthalidone for treatment of hypertension in the prevention of
major cardiovascular events. Details of the study design are presented
elsewhere [3,4]. In brief, the trial was centrally run and substituted
centralized study processes for site-level activities. All engaged research
staff were centrally located either at the Boston or Minneapolis VA
Healthcare Systems. Specifically, these teams were responsible for: 1)
identification of eligible patients using the VA electronic health record
system (EHR), 2) centralized recruitment and enrollment, involving
permission from the patient’s primary care provider, a patient recruit-
ment letter, and informed consent obtained by telephone, 3) centralized
randomization, ordering of study intervention and notes using the VA
EHR, 4) notifying care teams about how enrolled patients should
continue to have usual care, including management of the study drug,
and 5) centralized extraction of relevant outcomes and process variables
using administrative data sources.

1.2. VA Response to COVID-19

In March 2020, the VA Office of Research and Development (ORD)
required all active clinical research studies to limit face-to-face contact
for patients, providers, and study staff to decrease risk and hospital
burden since COVID-19 care took priority for hospital resources. In July
2020, ORD issued guidance for reactivating research studies, including a
list of requirements that a study and its corresponding sites must meet in
order to resume study activities. Requirements included a patient
COVID-19 screening plan for face-to-face research visits, a plan to
continue study protocols remotely (including sending study medications
directly to participants and conducting study-specific procedures
remotely), plans to decrease face-to-face contact, and local Research and
Development Committee approval.

1.3. DCP Response to COVID-19

By design, DCP did not require face-to-face contact, hospital visits, or
local staff/provider time. However, on 3/17/2020 the study placed a
voluntary administrative hold on participant recruitment in accordance
with ORD’s cessation of research activities. New recruitment activities
were paused until the voluntary hold could be lifted and limit perceived
burden on primary care providers during the early months of the
pandemic. Routine care of patients (in a reduced capacity in accordance
with local medical center policy), and thereby data collection, continued
during this time. For Veterans that were consented but not yet ran-
domized on 3/17/2020 an IRB-approved letter was sent explaining that
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the study would be on hold until the circumstances surrounding the
pandemic changed. Additionally, there was a disruption in the avail-
ability of certain team members as they were assigned to pandemic ef-
forts elsewhere within their local medical center.

DCP did not resume recruitment until both of its engaged sites were
released from ORD’s research hold. The study adopted a soft restart on
7/1/2020, re-opening in monitored stages, allowing for site feedback
and easy re-initiation of the study hold, if needed. The study began with
randomizing patients consented prior to the voluntary hold. Additional
study activities were then slowly added including, sending out provider
participation requests for all 62 participating sites and sending recruit-
ment materials to new patients. Two weeks later the call center resumed
consent calls to eligible Veterans.

The study team actively monitored COVID-19 admissions at
recruiting sites using a database jointly managed by the CDC and VA [5].
This dynamic database summarizes active positive cases treated at a VA
facility and known COVID-19 deaths by VA medical center. Medical sites
in high transmission regions were temporarily held until COVID-19
cases decreased. Recruitment efforts were adjusted in an ongoing way
in regions experiencing a surge in COVID-19 cases.

2. Methods

To assess the impacts of the COVID-19 pandemic and associated
changes to study activities, we compared data from two time periods: 1)
July 2019 - February 2020 (Pre-Pandemic) and 2) July 2020 - February
2021 (Mid-Pandemic). All provider, patient and follow-up metrics were
calculated and compared for these two periods.

Consent and randomization rates were calculated as the number of
patients or providers that consented or randomized in a given period
divided by the number that provided a decision about participation (i.e.,
consented or declined). If no response was given or a potential partici-
pant could not be reached, they were not included in the denominator
for these rates. Provider time to consent is calculated as the number of
days from receiving a request to participate in DCP through an EHR
order to signature of that order.

All follow-up data were extracted from the VA electronic health re-
cord. Adherence to study medication was calculated as the proportion of
randomized subjects with a refill of study medication, a switch in
diuretic, or no diuretic refills in each time period. Rate of blood pressure,
serum potassium, and serum sodium follow-up was calculated as the
proportion of randomized subjects with a non-baseline measurement
during each time period. Outcome and hospitalization rates were
calculated in each time period as the proportion of randomized subjects
with at least one event.

3. Results

From July 2019-February 2020, seventeen new sites initiated
recruitment and from July 2020-February 2021, seven new sites initi-
ated recruitment.

Providers agreed to participate at a lower rate mid-pandemic (65%)
than before (71%) but agreed to randomize their patients at the roughly
the same rate in the two time periods (Table 1). Providers responded to
consent requests in the same amount of time in both periods. One PCP
withdrew participation citing COVID-19 as the reason for withdrawal.

Patient availability increased during COVID. The consent callers
reached 42% more patients mid-pandemic (n = 7622) than pre-
pandemic (n = 5363). The rate of patient consent was lower mid-
pandemic (44%) than pre-pandemic (55%), but 670 more patients
were consented in the mid-pandemic period. There was an increase
during the pandemic in patients citing a desire to continue with hy-
drochlorothiazide as their reason for declining participation. The patient
randomization rate was slightly higher mid-pandemic (79%) than pre-
pandemic (73%).

Patients filled medications and remained on their randomized
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Table 1

Participation metrics pre- and mid-COVID-19.

Pre-Pandemic (July
2019-February 2020)

Mid-Pandemic (July
2020-February 2021)

Providers
Approached for study
consent, N
Consented, N(%)
Provider permission
requested to randomize
consented patients, N

Permission received, N(%)

Patients
Reached by telephone, N
Declined participation, N
(%)
Wish to continue with
HCTZ
Not interested in research
study

Refused to answer or other

Consented, N(%)
Randomized, N(%)

1150

817 (71.0%)

2651

2469 (93.1%)

5363
1837 (34.3%)

1024 (55.7%)
219 (11.9%)
594 (32.3%)

3048 (54.9%)
2231 (73.2%)

1158

747 (64.5%)

3283

2997 (91.3%)

7622
3059 (40.1%)

2081 (68.0%)
420 (13.7%)
558 (18.2%)

3718 (43.7%)
2933 (78.9%)

Table 2

Study follow-up metrics pre- and mid-COVID-19.

Pre-Pandemic (July
2019-February 2020)

Mid-Pandemic (July
2020-February 2021)

Patients randomized, N
Medications
Study treatment refills, N
(%)
On randomized therapy
Switched diuretic
Lapse in diuretic
Other antihypertensive
drug fills, N(%)
Drug classes prescribed in
addition to study diuretic,
N(%)

A WN = O

5+
Clinical Measurements
Systolic blood pressure (all
clinical settings), N(%)
Systolic blood pressure
(primary care settings), N
(%)
Serum potassium level, N
(%)
Serum sodium level, N(%)
Hospital Utilization
VA Outpatient visits
Telephone, home or virtual
visit
Emergency or urgent care
visit
Other outpatient clinic
visits
Clinical Outcomes
Major cardiovascular
event, N(%)'
All-cause hospitalization, N
(%)’
COVID-related
hospitalization, N(%)
All-cause death, N(%)
COVID-related death, N
(%)*

7685

6905 (89.9%)
417 (5.4%)
363 (4.7%)
7589 (98.8%)

2 (0.03%)
110 (1.4%)
1021 (13.3%)
2494 (32.5%)
2365 (30.8%)
1693 (22.0%)
7011 (91.2%)

6367 (82.8%)

6219 (80.9%)

6210 (80.8%)

97.8%
63.6%

31.3%

97.2%

160 (2.1%)

781 (10.2%)

74 (1.0%)

10,915

9758 (89.6%)
564 (5.2%)
593 (5.4%)
10,669 (96.0%)

2 (0.03%)
275 (2.5%)
1449 (13.3%)
3539 (32.4%)
3318 (30.4%)
2332 (21.4%)
8439 (77.3%)

7426 (68.1%)

8111 (74.3%)
8099 (74.2%)

97.7%
87.0%

32.3%

91.9%

240 (2.2%)
1097 (10.1%)
138 (12.6%)

197 (1.8%)
28 (14.2%)

! Identified through VA EHR and Medicare.

2 As could be verified by chart review of VA records.
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diuretic at the same frequency in both periods (Table 2). Blood pressure
evaluations in all clinical settings decreased during the mid-pandemic
period, and frequency of serum potassium and sodium evaluations was
only slightly lower (6-7%) mid-pandemic. Outpatient clinic utilization
remained roughly unchanged during the mid-pandemic period, though
the frequency of telehealth visits increased by 23%. The rate of major
cardiovascular events and all-cause hospitalizations was roughly the
same in both periods, but the rate of death was roughly double mid-
pandemic. Only 14% of the deaths in the mid-pandemic period were
attributed to COVID-19.

4. Discussion

Very few study operations were impacted by COVID-19, with the
exception of temporary, voluntary changes made to study procedures
early in the pandemic. Other pragmatic clinical trials with decentralized
and embedded features have reported similarly limited impact as a
result of the COVID-19 pandemic [6]. While the entire clinical trial
community was impacted by changes in care and the research ecosystem
during this time [7], the DCP required no changes to study design or
procedures to continue operations after the initial VA-wide pause on
research.

During the hold on research activities enacted by VA, some of the
DCP study staff were temporarily reassigned to other initiatives and
projects, including deployment to the labor pool, medical center disaster
operations, and execution of a COVID-19 clinical trial. Since DCP ac-
tivities were also suspended during this time, the impact of staff reas-
signment on recruitment during this time was limited.

While approximately the same number of providers agreed to
participate in the two periods, the rate of participation decreased
marginally during the mid-pandemic period, likely due to increased
demand on provider time or reluctance of the provider in making
medication changes during the pandemic. Given the profound impact of
COVID-19 on clinical operations, providers may have been reluctant to
agree to additional optional work. And, without study staff at the sites,
there was very little advocacy for the study and its limited impact on
routine workloads. However, once consented, providers agreed to
randomize their patients at the same rate in both time periods.

Similarly, substantially more patients were reached by phone mid-
COVID, but the rate of consent decreased. The increase in patients
reached is likely due to patients spending more time at home near their
telephones during times of quarantine and reduced travel. Of patients
consented, the rate of randomization was slightly higher mid-pandemic.
The improvement in randomization rate is likely a product of the way
eligibility criteria were reviewed, though the success of decentralized
recruitment methods in DCP is consistent with the experience of other
pragmatic clinical trials [8]. Patients could not have a SBP lower than
120 mmHg in the 90 days prior to randomization. Fewer visits during
the pandemic resulted in fewer BP measurements on record, thus likely
resulting in fewer patients with disqualifying BP measurements in the
90 days preceding their randomization.

Study medication adherence does not appear to have been impacted
by the pandemic. Patients refilled and remained on their randomized
diuretics at the same rate during both periods. Similarly, sodium and
potassium levels were measured with roughly the same frequency dur-
ing both periods, indicating continued proper clinical follow-up of pa-
tients switching diuretics. However, the rate of in-clinic systolic blood
pressure measurements decreased drastically during the COVID period.
This is expected because of the increase in telehealth appointments
during the pandemic. While many patients measure their blood pressure
at home and during telehealth appointments, these measurements may
be recorded in clinical notes, but are not systematically captured in the
patient’s medical record in a structured way.

Despite the national impact on hospitals during the pandemic, the
rate of all-cause hospitalizations remained fairly constant in the two
periods, with only 13% of hospitalizations being attributed to COVID.
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Hospitalization for major cardiovascular events (a component of DCP’s
primary outcome) also remained unchanged. However, the rate of death
appears to have nearly doubled during the pandemic, but only 14% of
the additional deaths were attributed to COVID-19. This increase may be
due to reduced access to care, a general delay or avoidance to receiving
medical care during the pandemic, or unrecognized COVID deaths
[9,10].

It is possible that pandemic onset and the addition of sites are
confounded. However, site initiation generally started 6-8 months prior
to beginning recruitment, with some sites taking over a year to begin.
Sites beginning recruitment during the pandemic had agreed to partic-
ipate before the onset of COVID-19. Additionally, the majority of patient
recruitment (~90%) and virtually all of provider recruitment occurred
within 6 months of a site’s initiation. Thus, a comparison of only sites
that began recruitment before the pandemic in the two defined periods
would provide inadequate recruitment data mid-pandemic. It should
also be noted that the trial completed recruitment in November 2021
with continued high levels of recruitment until this time [11].

5. Conclusions

The Diuretic Comparison Project was able to recruit and maintain
critical data collection at pre-pandemic levels without need for changes
to study design or procedures. Though changes in clinical care impacted
the rate at which some clinical measurements were collected, overall
data collection persisted through the pandemic. DCP has demonstrated
that the Point-of-Care pragmatic embedded clinical trial design is a low-
risk, successful methodology for conducting clinical trials in the midst of
a global pandemic.

Ethics approval and consent to participate

The Diuretic Comparison Project was reviewed and approved by the
VA Central Institutional Review Board January 4, 2016.

Consent for publication

Not applicable.
Availability of data and materials

The datasets generated and analyzed during the current study are not
publicly available but are available on request with an IRB-approved
protocol and upon completion of a VA-approved data use agreement.
Funding

CSP#597, the Diuretic Comparison Project, was funded by the VA
Cooperative Studies Program (CSP). CSP trials are reviewed and
approved by an independent scientific panel, but all trial and publica-

tion activities are undertaken by the CSP clinical trial coordinating
center.

Contemporary Clinical Trials 129 (2023) 107179

Authors’ contributions
The authors confirm contribution to the paper as follows:

- Study conception and design: SML, AK, CH, PAG, WCC, Al

- Data collection and analysis: CH

- Interpretation of results: SML, CH, PAG, REF, WCC, Al

- Draft manuscript preparation: SML, CH, AK, PAG, AAT, REF, WCC,
Al

All authors read and approved the final manuscript.
Declaration of Competing Interest

The authors declare that they have no competing interests.
Data availability

Data will be made available on request.

References

[1] D. Plana, A. Arfe, M.S. Sinha, Re-envisioning clinical trials during the COVID-19
pandemic, Health Affairs Blog (2020), https://doi.org/10.1377/
hblog20200702.963588.

[2] A.G. Singh, P. Chaturvedi, Clinical trials during COVID-19, Head Neck 42 (7)
(2020) 1516-1518, https://doi.org/10.1002/hed.26223 (Epub 2020 May 2. PMID:
32348582; PMCID: PMC7267375).

[3] A. Ishani, S.M. Leatherman, P. Woods, C. Hau, A. Klint, R.A. Lew, A.A. Taylor, P.
A. Glassman, M.T. Brophy, L.D. Fiore, R.E. Ferguson, W.C. Cushman, Design of a
pragmatic clinical trial embedded in the electronic health record: the VA’s diuretic
comparison project, Contemp Clin Trials. 116 (2022), 106754, https://doi.org/
10.1016/j.cct.2022.106754 (Epub 2022 Apr 4. PMID: 35390512).

[4] F.A. Lederle, W.C. Cushman, R.E. Ferguson, M.T. Brophy, L.D. Fiore,
Chlorthalidone versus hydrochlorothiazide: a new kind of veterans affairs
cooperative study, Ann. Intern. Med. 165 (9) (2016) 663-664, https://doi.org/
10.7326/M16-1208 (Epub 2016 Sep 16. PMID: 27538129).

[5] Department of Veterans Affairs DOVID-19 National Summary. https://www.acce
sstocare.va.gov/Healthcare/COVID19NationalSummary, 2020.

[6] E.C. O’Brien, J. Sugarman, K.P. Weinfurt, E.B. Larson, P.J. Heagerty, A.

F. Hernandez, L.H. Curtis, The impact of COVID-19 on pragmatic clinical trials:
lessons learned from the NIH health care systems research collaboratory, Trials 23
(1) (2022) 424, https://doi.org/10.1186/513063-022-06385-8. PMID: 35597988;
PMCID: PM(C9123729.

[7]1 J. Radecki, R.C. Schonfeld, The Impacts of COVID-19 on the Research Enterprise: A
Landscape Review, 2020, https://doi.org/10.18665/s1.314247.

[8] A. Suman, J. van Es, H. Gardarsdottir, D.E. Grobbee, K. Hawkins, M.A. Heath, 1.
S. Mackenzie, G. van Thiel, Zuidgeest MGP, Trials@Home Consortium, A cross-
sectional survey on the early impact of COVID-19 on the uptake of decentralised
trial methods in the conduct of clinical trials, Trials 23 (1) (2022) 856, https://doi.
org/10.1186/513063-022-06706-x (PMID: 36203202; PMCID: PMC9535935).

[9] M.E. Czeisler, K. Marynak, K.E. Clarke, et al., Delay or avoidance of medical care
because of COVID-19-related concerns — United States, June 2020, MMWR Morb.
Mortal. Wkly Rep. 69 (2020) 1250-1257, https://doi.org/10.15585/mmwr.
mm6936a4.

[10] L. Rosenbaum, The untold toll - the Pandemic’s effects on patients without Covid-
19, N. Engl. J. Med. 382 (24) (2020) 2368-2371, https://doi.org/10.1056/
NEJMms2009984 (Epub 2020 Apr 17. PMID: 32302076).

[11] A. Ishani, W.C. Cushman, S.M. Leatherman, R.A. Lew, P. Woods, P.A. Glassman, A.
A. Taylor, C. Hau, A. Klint, G.D. Huang, M.T. Brophy, L.D. Fiore, R.E. Ferguson,
Diuretic comparison project writing group. chlorthalidone vs. hydrochlorothiazide
for hypertension-cardiovascular events, N. Engl. J. Med. 387 (26) (2022)
2401-2410, https://doi.org/10.1056/NEJMoa2212270 (Epub 2022 Dec 14. PMID:
36516076).


https://doi.org/10.1377/hblog20200702.963588
https://doi.org/10.1377/hblog20200702.963588
https://doi.org/10.1002/hed.26223
https://doi.org/10.1016/j.cct.2022.106754
https://doi.org/10.1016/j.cct.2022.106754
https://doi.org/10.7326/M16-1208
https://doi.org/10.7326/M16-1208
https://www.accesstocare.va.gov/Healthcare/COVID19NationalSummary
https://www.accesstocare.va.gov/Healthcare/COVID19NationalSummary
https://doi.org/10.1186/s13063-022-06385-8. PMID: 35597988; PMCID: PMC9123729
https://doi.org/10.1186/s13063-022-06385-8. PMID: 35597988; PMCID: PMC9123729
https://doi.org/10.18665/sr.314247
https://doi.org/10.1186/s13063-022-06706-x
https://doi.org/10.1186/s13063-022-06706-x
https://doi.org/10.15585/mmwr.mm6936a4
https://doi.org/10.15585/mmwr.mm6936a4
https://doi.org/10.1056/NEJMms2009984
https://doi.org/10.1056/NEJMms2009984
https://doi.org/10.1056/NEJMoa2212270

	The impact of COVID-19 on a large pragmatic clinical trial embedded in primary care
	1 Introduction
	1.1 Study design
	1.2 VA Response to COVID-19
	1.3 DCP Response to COVID-19

	2 Methods
	3 Results
	4 Discussion
	5 Conclusions
	Ethics approval and consent to participate
	Consent for publication
	Availability of data and materials
	Funding
	Authors’ contributions
	Declaration of Competing Interest
	Data availability
	References


