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Background: The COVID-19 pandemic has affected the implementation of most ongoing clinical trials worldwide including the PREDIMED-Plus study. The PREDIMED-Plus is an ongoing, multicenter, controlled intervention trial, aimed at weight-loss and cardiovascular disease prevention, in which participants were randomized (1:1 ratio) to an intervention group (energy-reduced Mediterranean diet, promotion of physical activity, and behavioral support) or to a control group (Mediterranean diet with usual care advice). When the pandemic began, the trial was in the midst of the planned intervention. The objective of this report was to examine the effects of the pandemic on the delivery of the intervention and to describe the strategies established to mitigate the possible adverse effects of the pandemic lockdown on data collection and adiposity.

Methods: We assessed the integrity of the PREDIMED-Plus trial during 5 identified periods of the COVID-19 pandemic determined according to restrictions dictated by the Spanish government authorities. A standardized questionnaire was delivered to each of the 23 PREDIMED-Plus recruiting centers to collected data regarding the trial integrity. The effect of the restrictions on intervention components (diet, physical activity) was evaluated with data obtained in the three identified lockdown phases: pre lockdown, lockdown proper, and post lockdown.

Results: During the lockdown (March/2020-June/2021), 4,612 participants (48% women, mean age 65y) attended pre-specified yearly follow-up visits to receive lifestyle recommendations and obtain adiposity measures. The overall mean (SD) of the proportions reported by each center showed that 40.4% (25.4) participants had in-person visits, 39.8% (18.2) participants were contacted by telephone and 35% (26.3) by electronic means. Participants’ follow-up and data collection rates increased across lockdown periods (from ≈10% at onset to ≈80% at the end). Compared to pre-lockdown, waist circumference increased during (0.75 cm [95% CI: 0.60–0.91]) and after (0.72 cm [95% CI: 0.56–0.89]) lockdown. Body weight did not change during lockdown (0.01 kg [95% CI: –0.10 to 0.13) and decreased after lockdown (-0.17 kg [95% CI: –0.30 to –0.04]).

Conclusion: Mitigating strategies to enforce the intervention and patient’s follow-up during lockdown have been successful in preserving the integrity of the trial and ensuring its continuation, with minor effects on adiposity.

Clinical trial registration: https://doi.org/10.1186/ISRCTN89898870, identifier ISRCTN89898870.
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1. Introduction

In 2020, in an attempt to control Coronavirus disease 2019 (COVID-19) outbreaks, governments worldwide issued and enforced orders for social restrictions and lockdowns that had the potential to substantially affect the integrity of ongoing clinical trials. Since then, an important number of trials have been withdrawn or suspended and, in those in which it was decided to continue the trial, the pandemic particularly affected participant enrollment, the originally planned interventions, follow-up and data collection, and in some cases even outcome assessment (1). To mitigate potential consequences to participant safety and keep pace with the regulatory requirements established by authorities, clinical trial procedures often required amendments (2–4). In this regard, concerns regarding remote research and clinical trial integrity during and after the COVID-19 pandemic, especially regarding behavioral interventions, were reported early in 2020 (5). It was suggested that protocol modifications of ongoing clinical trials can potentially introduce biases, casting doubt on the trials’ validity and final conclusions, and therefore potential remote adaptations should be considered only after thorough reflection of the impact (5). In some cases, new statistical approaches may be necessary for the correct interpretation of trial results. Guidelines for reporting trial protocols and completed trials modified due to the COVID-19 pandemic and other extenuating circumstances have been established by the CONSERVE 2021 Statement Group and the WHO, which aim to provide guidance to improve the reporting of trials in which protocols had to be modified (1, 6). The PREDIMED-Plus is an ongoing large multicenter clinical trial conducted in Spain aiming to assess the effect of a lifestyle intervention on the primary prevention of cardiovascular disease (CVD) and mortality. At the time the COVID-19 pandemic began (March 2020 in Spain), recruitment was completed but the intervention was ongoing for most participants, thus several strategies had to be established to continue with the intervention and data collection remotely.

In this report, we aimed to describe how the COVID-19 pandemic affected the intervention delivery and the follow-up of participants enrolled in the PREDIMED-Plus trial. Mitigation strategies to minimize the effect of the lockdown in the different study sites are also delineated. Finally, we report the effect of the lockdown on the study outcomes of body weight and waist circumference.



2. Materials and methods


2.1. Study design and participants

The PREDIMED-Plus study is an ongoing 8-year (6 years of active intervention plus 2 years of follow-up without intervention), multicenter, parallel-group, clinical trial conducted in 23 Spanish centers aiming to evaluate the effect of a lifestyle intervention focused on weight loss via an energy-restricted Mediterranean Diet (erMedDiet), promotion of physical activity (PA), and behavioral support (intervention group) on CVD events and mortality compared to usual care advice promoting an ad libitum MedDiet (control group) in individuals with overweight/obesity and metabolic syndrome (MetS). PREDIMED-Plus participants (n = 6,874; aged 55–75 years) are men and women with overweight/obesity at baseline, free of CVD, and satisfying at least three criteria for the MetS (7), who at baseline were randomized in a 1:1 ratio to one of two intervention arms. To maintain the integrity of the trial the intervention and control groups will remain blinded and will be referred to as “Group A” and “Group B” without unblinding their true designation. The trial design and inclusion and exclusion criteria are detailed elsewhere (8). The study protocol can be accessed at www.predimedplus.com, and was registered on the ISRCTN registry (ISRCTN89898870). Both the protocol and procedures were implemented following the ethical standards of the Declaration of Helsinki and approved by the institutional ethics review boards of each study center. All participants provided written informed consent. At the time of writing this report, the intended recruitment (n = 6,874 participants) has been completed, participants had achieved the maximum weight-loss mean (achieved during the first intervention year) and were in the midst (a median [IQR] of 48.5 [43.8–58)] months of follow-up)of the planned intervention (receiving recommendations for both weight-loss and its long-term maintenance). The results of the pilot study concerning the effect of changes in body weight on CVD risk factors were published previously (9).



2.2. Lifestyle intervention and follow-up

Briefly, according to the PREDIMED-Plus study protocol, every 3 months, participants allocated to the active intervention group were to attend face-to-face visits with trained staff to receive intensive education to follow an erMedDiet, together with PA promotion and behavioral support aimed at achieving and maintaining weight loss. Additionally, participants were invited to participate in monthly group sessions providing dietary and PA counseling (12 sessions per year). Participants in the control group were to attend yearly face-to-face individual visits to receive recommendations on an ad libitum MedDiet, along with general lifestyle counseling, without specific advice related to PA or weight loss. In addition, every 6 months participants in the control group were to attend nutritional educational group sessions (2 sessions per year). The usual contact frequency (albeit not necessarily via face-to-face visits) between study personnel (dietitians and nurses) and participants was maintained during the lockdown phase. All participants received free extra-virgin olive oil (1 L/month) to reinforce their adherence to the MedDiet.



2.3. Anthropometric and lifestyle assessment

At baseline and yearly, all participants provided information on sociodemographic characteristics, lifestyle, PA, MedDiet adherence, among others. Anthropometric variables (height, weight, and waist circumference) were measured according to the study protocol. Body mass index (BMI) was calculated by dividing the weight (kg) by the height squared (m2). Adherence to an erMedDiet was assessed using a validated 17-item questionnaire in which the score ranged from 0 to 17, with 0 meaning current null adherence and 17 meaning maximum adherence (10). Leisure-time PA performed during a conventional month was assessed using the validated REGICOR questionnaire (11), which collected information about the type of activity, frequency (number of days) and duration (min/day). Sedentary time was evaluated on weekdays and weekends using the validated Nurse’s Health Study questionnaire for sedentary behaviors (12), which contained questions about the average daily time spent watching TV, using the computer, or sitting (at work, leisure time, or while traveling) during the last year. Possible responses included 12 categories ranging from 0 to ≥9 h/day of sitting time for the corresponding activity.



2.4. Sanitary restrictions in Spain due to the COVID-19 pandemic and changes established in the delivery of interventions during the lockdown

To slow disease transmission, a shelter-in-place order was enforced in the country by the Spanish government from March 14th to June 21st, 2020 (13). Following this, a transition plan was established to shift from severe lockdown to less restrictive conditions (14, 15). The National Health System in Spain is based on the coordination and integration between the state administration and 17 autonomous communities health services (16). As a consequence, during the post-lockdown phase (once the shelter-in-place order was raised), the severity of restrictions concerning mobility and social interactions varied in different Spanish regions according to both local COVID-19 prevalence/incidence and pressures on the health system.

As the PREDIMED-Plus trial intervention and data collection originally relied on in-person visits and group sessions, restrictions directly affected the day-to-day fieldwork of the trial. In March 2020, the trial was in the midst of the planned intervention, and to prematurely stop was not a sensible option given the study’s scientific value and allocated resources. Therefore, strategies were developed to continue the individual intervention and data collection. These strategies aimed to provide alternative means of study conduct, whether regulatory requirements prohibited or discouraged in-person visits or for when participants were reluctant to attend study visits in medical facilities for fear of COVID-19 contagion. All strategies established to continue the interventions and participant follow-up were approved by the PREDIMED-Plus Steering Committee.

During the lockdown, in response to the initial COVID-19 surge, the intervention was done remotely, with all necessary resources in order to do this remote conduct of the trial (including mobile phones and laptops) were provided to PREDIMED-Plus personnel. Study participants were contacted by telephone to receive nutritional and PA advice, and also to collect as much information as possible on lifestyle, dietary intake, and health status by using the same validated tools and procedure as in pre-lockdown conditions. In addition, digital material (e.g., MedDiet recommendations, recipes, at home PA promoting videos, etc.) were designed and sent by electronic means (text messaging, email, social networks) or uploaded to the participant accessible PREDIMED-Plus website to promote adherence to the interventions. For willing participants who had access to electronic devices with internet service, group sessions to continue nutrition intervention and PA promotion counseling were performed remotely by video calls.

Concerning anthropometric data, body weight was preferably measured in face-to-face interviews, but when in-person visits could not be performed this variable was self-reported or collected from clinical records (usual check-up visit with a medical doctor). Waist-circumference was measured by trained study staff at in-person study visits. During the initial complete lockdown, we did not collect biological samples, accelerometer data, or assess body composition (percentage of body fat, percentage of muscle mass, visceral adipose tissue measured by DXA).

After the initial lockdown period, when restrictions allowed, in-person visits were resumed. At the time this article was written (2021 last trimester), in-person visits were permitted across Spain. To ensure the safety and well-being of study participants and staff, standard operating procedures for site disinfection were developed and are enforced. Since the resumption of in-person visits, additional precautions have been taken (such as recommendations not to attend the study site if symptoms suspicious of COVID-19 infection are present and to report to the investigators any positive COVID-19 test results before coming to their study visit). Most group sessions continue to be conducted remotely by video calls due to local regulations.



2.5. Assessment of PREDIMED-Plus study integrity during the COVID-19 pandemic

Given the PREDIMED-Plus is a multicenter study, it was prone to be affected by region-specific health regulations. Therefore, between June and July 2021, a questionnaire designed to assess the general impact of the social and mobility restrictions enforced to slow the COVID-19 transmission on the PREDIMED-Plus intervention and data collection was sent to the principal investigators of each of the 23 recruitment centers.

The questionnaire was divided into five study periods (03-05/2020, 06-08/2020, 09-12/2020, 01-03/2021 and 04-06/2021) identified according to the timing of sanitary restrictions in Spain (Figure 1, represented by red colored bars). Furthermore, the questionnaire consisted of two parts. Part A included 8 questions related to the percentage of lockdown time and severity of restrictions applied. Responses could range from 0% “There was no lockdown in that period” to 100% “There was total restriction throughout the period.” Part B included 7 questions related to the proportions of the different methods of participant contact, data collection and intervention strategies used. Responses could range from 0% “This method was not used” to 100% “This was the only method used.” Responders (investigators involved in the day-to-day follow-up of participants) were asked to use only the percentages 25, 50 and 75% for intermediate situations (Supplementary material 1). The questionnaire was completed by the investigators of all PREDIMED-Plus centers (n = 23).
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FIGURE 1
Lockdown periods assessed, and periods in which anthropometric measures, and components of the PREDIMED-Plus intervention were evaluated. Green colored boxes represent the three established lockdown phases to assess changes in adiposity and intervention components. Red colored boxes represent the five identified periods used to construct the questionnaire to assess the PREDIMED-Plus study integrity according to the prevalent sanitary restrictions in Spain.




2.6. Effect of the pandemic lockdown on body weight and each intervention component

The present analysis was performed with data from participants who underwent the follow-up visits encompassed in the three identified phases concerning the COVID-19 pandemic situation in Spain (Figure 1, represented by green colored bars): pre-lockdown (March–December 2019), during lockdown (March–December 2020), and post-lockdown (March–December 2021). Participants without scheduled follow-up visits in any of the aforementioned phases or those for whom it was not possible to perform in-person visits due to the pandemic were excluded from the analyses concerning adiposity measurements, or changes in the individual components of the intervention (PA promotion, sedentary behavior, or erMedDiet adherence). The number of participants who should have had a face-to-face visit but did not have it during the lockdown phases was estimated.



2.7. Statistical analyses

For the present study, we used the PREDIMED-Plus database updated until December 2021. The proportion of participants receiving the intervention and data collection method during the COVID-19 pandemic are presented as mean (SD). Repeated-measures ANCOVA adjusted by sex and age was used to compare differences among the different lockdown phases in Spain on the main intervention variables. Paired Student t-tests were used for group comparisons (pre vs. during, pre vs. post, lockdown phases in Spain). Sensitivity analyses excluding participants with self-reported data were conducted for adiposity measurements. Stratified analyses by intervention group were also performed to assess changes in main intervention variables across lockdown periods. The proportion of participants who showed clinically meaningful changes [at least a 5% change in body weight, BMI, and waist circumference (17, 18)] during and post-lockdown phases was estimated. The data were analyzed using the Stata 14 software (StataCorp, College Station TX, USA), and statistical significance was set at a two-tailed p-value < 0.05.




3. Results


3.1. PREDIMED-Plus study integrity during the pandemic

The investigators from all 23 PREDIMED-Plus recruitment centers responded to the questionnaire assessing the impact of the COVID-19 pandemic on the integrity of the trial. Table 1 summarizes the mean lockdown rate in Spain from March 2020 to June 2021 and the reported percentages of participants receiving the intervention during the COVID-19 pandemic. The most severe lockdown rate (almost 100%) was reported from March to May 2020. During this period, individual nutritional and PA counseling, group sessions, and data collection through face-to-face interviews were scarcely used and participants were mainly contacted by telephone. Electronic means were also used to reinforce the intervention by developing and sharing digital materials with the participants. By the end of this assessment period (April-June 2021), face-to-face interviews had increased up to 60%; conversely, remote contacts by telephone or electronic means were reduced to 25%. Throughout the COVID-19-related study period, group sessions were mostly conducted by video calls rather than face-to-face (48.3 vs 9.8%). Figure 2 shows the individual intervention methods used during the lockdown periods in Spain throughout the pandemic. Compliance rates with PREDIMED-Plus study interventions by recruitment center and the mode of intervention delivery and data collection during the pandemic are displayed in Supplementary Table 1.


TABLE 1    PREDIMED-Plus study integrity during the coronavirus pandemic.
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FIGURE 2
Individual intervention delivery methods applied in the PREDIMED-Plus trial during the COVID-19 pandemic in Spain. Means (SD) of the proportions of participants receiving the intervention during the COVID-19 pandemic.


During the first and most severe lockdown period, in-person measurement of anthropometric variables and collection of biological samples was performed in <10% of participants (Table 1). Performance rates increased in subsequent COVID-19 restriction periods. The same pattern, but with lower proportions, occurred for accelerometer data collection. The percentage of participants with face-to-face anthropometric and accelerometer data measurements and biological sample collection by recruitment center during the lockdown are displayed in Supplementary Table 1.



3.2. Effect of the lockdown on body weight and each intervention component

During the lockdown phase (March to December 2020), according to the study protocol 5,704 participants should have attended a yearly follow-up visit. Of them, 65.6% had in-person visits, 32.9% were contacted by telephone or data were collected from clinical records, and 1.5% could not be reached. As not all participants completed all follow-up questionnaires, there were slightly different sample sizes for measurements of adiposity, 17-point erMedDiet score, leisure-time PA, and sedentary time (Figure 3).
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FIGURE 3
Flow diagram for study participants. P-Plus, PREDIMED-Plus study; BMI, body mass index; erMedDiet, energy-restricted Mediterranean diet; PA, physical activity; COVID-19, Coronavirus disease 2019. ɬPre lockdown (from March to October 2019), during lockdown (from March to October 2020) and post-lockdown (from March to October 2021). ƗTo collect data on body weight.


The mean values of body weight, BMI, waist circumference, 17-point erMedDiet score, leisure-time PA, and sedentary time variables before, during, and after the COVID-19 pandemic are shown in Table 2. In the total cohort, no differences in BMI were observed; however, significant, albeit not clinically relevant, differences among lockdown periods were observed for body weight, waist circumference, the 17-point erMedDiet score, leisure-time PA, and sedentary time. After the exclusion of participants with self-reported data on body weight (23.5% of participants), similar differences were observed among the study periods (Table 2). A total of 13.0% of the participants exhibited a reduction ≥5% in body weight; while 13.7% of the individuals showed an increase>5% in waist circumference (Supplementary Table 2).


TABLE 2    Effect of the coronavirus pandemic (mean [95%CI] on intervention components and main outcome variables in the PREDIMED-Plus study (completers, n = 4,612).
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In the total cohort, waist circumference and sedentary time increased during lockdown (0.75 cm [0.60; 0.91]) and (0.08 h/day [0.02; 0.13]), respectively). After lockdown, body weight, the 17-point erMedDiet score, and PA significantly decreased in comparison with the pre-lockdown and lockdown phases (–0.17 kg [–0.30; –0.04], –0.18 points [–0.26; –0.10], and –27.9 METs.min/day [–38.8; –17.1], respectively). Waist circumference remained increased during the post-lockdown phase.

The effect of the COVID-19 pandemic on the main intervention variables of the trial by intervention group are displayed in Table 3. In both intervention groups, differences were observed for waist circumference, 17-point erMedDiet score, and leisure-time PA among assessment phases. In Group A, body weight decreased after lockdown. In Group B, increases in sedentary time were recorded during and post lockdown.


TABLE 3    COVID-19 pandemic effect (mean [95% CI]) over the main intervention variables in the PREDIMED-Plus trial by intervention group.
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4. Discussion

The present work describes the effect of the COVID-19 pandemic lockdown and related social restrictions on the delivery of the PREDIMED-Plus interventions and participants’ follow-up. We also report the strategies applied to mitigate the influence of social and mobility restrictions on the conduct of the trial, and the effect of the lockdown on the main components of the trial. Despite the strict shelter-in-place orders enforced in Spain, the intervention was not interrupted at any point of the pandemic. This was possible thanks to the early implementation of remote contact strategies (telephone, social networks, videocall platforms), and likely due to the motivated nature and possibly feelings of empowerment expressed by the participants who had been enrolled in the trial for a median [IQR] of 48.5 [43.8–58)] months when the pandemic began. During pre-lockdown, lockdown proper, and post-lockdown phases we also observed significant, albeit clinically irrelevant, differences in body weight, waist circumference, leisure-time PA, sedentary time, and adherence to the erMedDiet, while no changes were reported for BMI.


4.1. COVID-19 pandemic lockdown and changes in delivery of the PREDIMED-Plus trial intervention

Since March 2020, uninterrupted measures against COVID-19 have been enforced in Spain. However, the degree of sanitary restrictions, lockdown, and curfews have varied over time across the Spanish territory. Differences in the severity of restrictions and in human and economic resources determined the methods and tools used at each center during the lockdown. These conditions have impacted PREDIMED-Plus fieldwork so that intervention delivery methods had to be modified, but the prompt response of study investigators enabled the trial to continue. Even though face-to-face fieldwork was substantially affected, individual nutritional and PA counseling was conducted in all recruitment centers through alternative approaches, and importantly the trial was not stopped at any point.

The use of technology for the remote delivery of individual counseling of nutrition and PA recommendations allowed study personnel to reach a large proportion of participants. In addition, the materials and tools designed to provide recommendations on diet and PA were focused on the home lockdown (avoiding unhealthy eating behaviors and snacking between meals, providing healthy recipes, PA video routines, etc.). The methods applied in the trial were in accordance with the advice subsequently delivered by the WHO and other research organizations suggesting the use of existing communication platforms (e.g., text messaging, email, and social media applications) to stay in touch with study participants during the pandemic (1, 6, 19). The use of electronic means, has been previously reported to be a suitable alternative for nutritional and PA promotion and data collection (1, 6, 19), in Spanish adult people (20), and the preferred strategy by older participants (2).

Biological samples and accelerometer variables were not collected during the initial lockdown period due to the restrictions and difficulties associated with participants being able to attend face-to-face visits, and the little information available regarding safety protocols for the collection, management, and storage of biological samples. Nevertheless, once the restrictions were eased and recapture protocols were established and approved in each center, the percentages of data collection showed a linear increase.

Educational group sessions were the most affected intervention component. First, due to the social and mobility restrictions that did not permit meetings, and second because older individuals tend to have little knowledge of how to use existing communication platforms. Up to July 2021, only a few centers had resumed in-place meetings, while most centers conducted group sessions via video calls, and only 4 centers reported not conducting any group sessions.



4.2. Effect of the COVID-19 pandemic on body weight and main components of the intervention

It is important to underline that PREDIMED-Plus is a trial in individuals with overweight/obesity in which the principal aim is weight loss and its long-term maintenance. When the confinement began, participants were in the phase of weight loss maintenance. In the present analysis, conducted with data from 67% of the total recruited participants, we observed no differences among lockdown phases regarding mean BMI. Yet, body weight, waist circumference, erMedDiet adherence, leisure-time PA, and sedentary time showed variations among lockdown periods. However, the slight increases in adiposity measurements observed during confinement were clinically irrelevant. Moreover, after lockdown, both anthropometric indicators decreased. Similar results were observed when participants with self-reported data on body weight were excluded from the analyses.

Results from previous surveys have reported increased body weight during COVID-19 lockdowns (21–23). Discrepancies regarding the degree of weight gain between our study and other reports might be due to the PREDIMED-Plus objective and design, which might have played an important role in the prevention of weight gain. Moreover, data from most of the aforementioned studies were self-reported and not measured by trained staff, as some participants were reluctant to attend in-person visits with study personnel, due to their high risk of COVID-19 complications and mortality because of potential underlying health conditions (24).

It has been reported that the pandemic and confinement affected eating behaviors (20). Interestingly, dietary changes during the pandemic were beneficial in our participants, as an increase in adherence to the intended intervention with erMedDiet was observed. This can be explained by: (a) the continuous advice received by the participants concerning healthy dietary behaviors, (b) the messages provided to them about the potential protective effect of a healthy diet and weight loss against COVID-19 complications, and, (c) the temporary closure of cafeterias, bars, and restaurants and prohibition of social encounters. These results are in line with those reported in a recent systematic review in which a worldwide moderate improvement in dietary habits was observed during lockdown (20); and with other surveys conducted in Mediterranean populations, which reported higher adherence to the MedDiet during COVID-19 confinement (25, 26). However, an increase in the consumption of certain “unhealthy” food groups (27) or alcohol (28), and an increase in the prevalence of eating behaviors such as snacking or overconsumption of ultra-processed foods, have also been reported (20, 29, 30).

Leisure-time PA showed a minimum decrease during the lockdown. This observation might be partly explained by a collateral effect of severe confinement in Spain. While during the first severe confinement trimester, outdoors sports were forbidden, during the transition phase, just after the initial lockdown, an increased number of people, more than usual, were observed on the streets performing PA. This observation is in line with previous results reporting an increase in PA during the confinement in two Italian cohorts (25). In addition, it should be noted that half of the PREDIMED-Plus participants are receiving a PA promotion program and received advice for increased at-home training. This might partially explain the differences observed with other studies that reported decreased PA and increased sedentary behaviors during the confinement (21, 31, 32). This potential explanation is supported by the results of sedentary time observed for the intervention “Group B,” whose participants showed a significantly higher sedentary time during and post-lockdown compared to the pre-lockdown phase. Even so, it should also be noted that after lockdown, we observed a decrease in leisure-time PA intensity. This might be partly explained by the reluctance of participants to perform group PA indoors or outdoors. As PA promotion is one of the trial’s main intervention components, PREDIMED-Plus staff acknowledge the need to further emphasize this lifestyle factor for future compliance.

The main strength of our study is its prospective design. The pre-lockdown data availability allowed for comparison of events during lockdown and post-lockdown periods, which provided the opportunity to assess the potential impact of confinement and the strategies applied to mitigate its consequences on our main intervention variables. Also, validated tools were used to assess the main components of the lifestyle intervention: adherence to erMedDiet, PA, and sedentary behaviors (10–12). Our study also has limitations. First, responses to the questionnaire used to assess the integrity of the PREDIMED-Plus trial during and after the COVID-19 pandemic were self-reported and the mean lockdown rate per period was estimated from reports of PREDIMED-Plus centers and does not represent real data from the communities or Spanish restrictions. Second, not all PREDIMED-Plus participants were included in this analysis. Data from participants who attended a follow-up visit in 2020 before confinement began were excluded (for better representativeness of the effect of the restrictions on the trial components), and this might have induced selection bias. Third, results from changes in sedentary time should be interpreted with caution as the validated Nurse’s Health Study questionnaire for sedentary behaviors reflects data from the last year, and might not reflect the acute lockdown effect. Finally, contact frequency between study staff and the intervention groups differs throughout the trial, and this could have promoted different magnitudes of effect in adiposity and intervention adherence between the two groups during the lockdown. As, in this analysis, we kept the intervention blinded to the researchers, conclusions by intervention arms should be done with caution.

Remote visits and intervention, have limitations, but when applied in the PREDIMED-Plus study proved to be feasible and largely effective to retain research participants and keep the trial ongoing in an unpredictable environment. At the time this manuscript was written, the majority of the primary outcome assessments related to weight loss and weight-loss maintenance (i.e., body weight, waist circumference, dietary adherence, and other lifestyle variables) have been successfully collected.




5. Conclusion

In the ongoing PREDIMED-Plus trial, the COVID-19 pandemic lockdown affected the delivery of interventions, the follow-up of participants, and data collection, without significantly affecting the study design or resulting in major changes to the protocol (except for group sessions). Due to the strategies implemented to address restrictions related to the pandemic lockdown, the trial was not stopped at any moment during the COVID-19 pandemic. The strategies established resulted in small effects on the different intervention components. Compared to the pre-lockdown period, participant waist circumference and measured total body weight slightly increased during the lockdown in both intervention groups.
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and post-COVID-19 lockdown periods in Spain) were performed using repeated-measures ANCOVA adjust for sex and age (P < 0.05).

17-point erMedDiet
score
12.9 12.8 12.6 <0.01 10.7 10.9 10.7 <0.01
(12.8-13.0) (12.7-12.8) (12.5-12.6) (10.7-10.8) (10.8-11.0) (10.6-10.8)
Leisure-time PA, n=1,852 n=1,989
METs/min/day
499.1 484.9 459.9 <0.01 388.2 396.3 370.6 <0.01
(488.0-510.1) (473.9-496.0) (459.9-471.0) (377.7-398.6) (385.8-406.8) (360.2-381.1)
Sedentary time, h/day n=1,852 n=1,989
5.5 (5.4-5.5) 5.5(5.5-5.6) 5.5(5.5-5.6) 0.83 5.7 (5.6-5.7) 5.8 (5.7-5.8) 5.8 (5.7-5.9) 0.01
Body weight, kg n=1,946 n=2,061
82.7 82.7 82.5 0.02 85.1 85.2 85.0 0.09
(82.6-82.8) (82.6-82.8) (82.4-82.6) (85.0-85.3) (85.0-85.3) (84.8-85.1)
BMI, kg/m? n =1,900 n=2014
31.1 31.2 311 0.39 322 323 322 0.50
(31.1-31.2) (31.1-31.2) (31.1-31.2) (32.2-32.3) (32.2-32.3) (32.2-32.3)
‘Waist circumference, n=1516 n=1,601
cm
103.5 104.1 104.2 <0.01 107.0 107.8 107.7 <0.01
(103.3-103.6) (104.0-104.3) (104.1-104.7) (106.8-107.1) (107.6-108.0) (107.5-107.8)





OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Nutrition

Impact of COVID-19
pandemic on
the PREDIMED-Plus
randomized clinical trial:
Effects on the interventions,
participants follow-up,
and adiposity









OPS/images/fnut-09-1098269-g003.jpg
Could not be located n = 83

Participants without data on follow-up
visits

. Pre-COVID19* n =208

o+  Post-COVID19*, n =801

6,874

5,704

5,621

4,612

Enrolled participants

Participants scheduled to undergo a follow-up
visit between March and December 2020

Participants with data for the yearly follow-up
visit between March to December 2020

. Face-to-face visits, n = 3,743
*  Visits by telephone, n = 1,150
¢  Clinical records', n =728

Participants with data for the 3 yearly consecutive
follow-up visits assessed in this study*

Participants with available data

l

17-pointerMedDiet
scoren=3,818

Group A, n = 1,848
Group B,n =1,970

v

A/

l

Leisure-time PA Sedentary time
n = 3,841 n = 3,841
Group A, n = 1,852 Group A, n = 1,852
Group B, n = 1,989 Group B, n = 1,989
v 4
Waist circumference BMI

Body weight n = 4,007*
*23.5% participants with self-
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