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The Weight Achievement and Intensive Treatment (Why WAIT) program is a 12-week multidisciplinary intensive lifestyle intervention (ILI) for patients with diabetes and obesity in real-world clinical practice that has led to long-term weight loss maintenance for up to 10 years. During COVID-19, we reported that a virtual model (VM) of the program was equally effective in reducing body weight and improving glycemic control. Here, we test a newly-introduced hybrid model (HM), to accommodate ongoing restrictions of the pandemic. We evaluated 56 participants: 18 from HM, 16 from VM and 22 from the in-person model (iPM). At 12 weeks, mean change in body weight from baseline for HM was -8.2 ± 5.0 kg; p<0.001. Mean change in A1C for HM was -0.6 ± 0.6%; p=0.002. There were no significant differences in body weight reduction (p=0.7) or A1C reduction (p=0.6) between groups. Blood pressure, lipid profile, and all other parameters showed improvements without significant differences between groups. Overall, HM is as effective as VM and iPM in reducing body weight and A1C after 12 weeks. Given its scalability, HM could be offered to more patients with diabetes and obesity who may benefit from its increased flexibility and enhanced accountability without compromising the multidisciplinary approach for a post-COVID era.
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Introduction

Diabetes mellitus has emerged as one of the most serious chronic conditions that carries a major impact on the lives and wellbeing of individuals, causing life-threatening, disabling and costly complications, while reducing life expectancy (1). It is estimated to impact 537 million people worldwide, with an estimated global prevalence of 10.5% of the world’s adult population (2). In the United States, the Center of Disease Control and Prevention (CDC) estimates that 37.3 million people have diabetes (11.3% of the US population) (3). Furthermore, around 96 million people aged 18 years or older (38% of the adult US population) are estimated to have prediabetes (3). It is projected that by 2045, the absolute number of people with diabetes will increase by 46%, with the greatest absolute growth in terms of number of persons with diabetes between 2021 and 2045 occurring in middle-income countries (1). The global health expenditure due to diabetes has considerably increased, growing from USD 232 billion in 2007 to USD 966 billion in 2021 for adults aged 20–79 years with estimated total diabetes-related health expenses reaching USD 1.03 trillion by 2030 and USD 1.05 trillion by 2045 (2). In effort to address this serious public health crisis, lifestyle modification through dietary intervention and increased physical activity is recommended. Lifestyle intervention programs have demonstrated to be effective in decreasing the incidence of T2D among individuals with prediabetes, as well as resulting in a significant improvement in cardiovascular risk factors among overweight and obese patients with T2D (4–7). We previously showed that multidisciplinary intensive lifestyle intervention (ILI) in real-world clinical practice can lead to maintenance of significant weight loss for up to 10 years and had positive impacts on major cardiovascular risk factors (8). Maintenance of weight loss was predicted by the participant’s ability to achieve ≥7% weight loss at 1 year following 12 weeks of ILI (9). Traditionally, lifestyle intervention programs have been conducted in-person but with the advent of the COVID-19 pandemic, the adoption of telehealth has dramatically accelerated; transforming both patient and provider experience. We reported that a fully virtual model (VM) of the ILI program for the same duration was equally effective in reducing body weight and improving glycemic control (10). However, in order to accommodate the prolonged restrictions of the ongoing pandemic and reintroduce infrequent face-to-face contact between patients and providers, we developed a hybrid model that combines the best aspects of both in-person and virtual care models. In this study, we tested the clinical outcomes of the hybrid model (HM) in comparison to the classic in-person model (iPM) and the VM conducted by the same multidisciplinary team. The primary endpoints of this study are the change in body weight and A1C after 12 weeks of intervention. The secondary endpoints include changes in percentage of glucose time in range (TIR) using continuous glucose monitoring (CGM), changes in blood pressure (BP), lipid profile, and number of diabetes medications after 12 weeks of intervention.



Methods


The Why WAIT program

The Weight Achievement and Intensive Treatment (Why WAIT) Program is a 12-week multidisciplinary intensive lifestyle intervention (ILI) program for diabetes and weight management in real-world clinical practice. The program has been implemented at Joslin Diabetes Center in Boston, MA since 2005. Full descriptions of the program have been published elsewhere (11). In brief, participants with either type 1 diabetes (T1D) or T2D and with body mass index (BMI) between 30 and 45 kg/m2 are included in the program after full clinical evaluation for the suitability for ILI. Participants are enrolled in groups. Each group is roughly 10-15 participants at the time. The ILI model of the program is delivered by a multidisciplinary team consisting of a diabetologist, a psychologist or behavioral therapist, a registered clinical exercise physiologist (RCEP), and a registered dietician (RD). The 12-week Why WAIT program includes the following intervention methods:



Group education

RCEPs and RDs lead educational group sessions on the topic of diabetes and weight management and provide handouts as future reference. These sessions are conducted weekly throughout the program.



Dietary intervention

The program RD develops personalized meal plans based on a dietary evaluation of each participant. Meal plans are based on individualized caloric reduction to 1200-1800 calories according to the Joslin Nutrition Guidelines. Meal plans include fiber intake of 14 g/1000 calories, protein intake of 1–1.5 g/kg of adjusted body weight, <35% of daily calories from fat with saturated fat <10%, and 40–45% of daily calories from carbohydrates (12). In the first six weeks of the program, participants use diabetes-specific formula (DSF) to replace breakfast and possibly a lunch or snack. After the first six weeks, breakfast and lunch options from natural food are offered instead of DSF, however participants are given the choice to continue to consume DSF if they desire. Healthy snacks of 100cal and 200cal are offered between meals. Participants are provided with dinner menus with cooking instructions.



Medication adjustments

Diabetologists review participants’ medication at the beginning of the program. Medications that promote weight loss are encouraged if covered by participants’ insurance plans, weight-neutral medications are usually continued, but medications that are known to increase body weight are reduced (13). Participants’ glucose logs are reviewed weekly by a nurse practitioner and adjustments of doses are made if necessary.



Exercise intervention

Stretching, aerobic, strength and core exercises are employed in this intervention. These exercises aim to improve cardiovascular health, muscular strength, and performance in daily living. Dynamic and static stretching exercises are used to improve mobility and reduce risk of injury. Each participant is provided with an individualized exercise plan to do at home. Exercise plan takes into account barriers to exercise and exercise capacity. Throughout the program, participants gradually increase duration of exercise from 20 minutes per day for four days per week to 60 minutes per day for five or six days a week. After the conclusion of the program, participants are encouraged to maintain an exercise duration of 60 minutes per day for five or six days a week in order to maintain weight loss.



Cognitive-behavioral intervention

Behavioral goal setting, cognitive restructuring, self-monitoring of eating and exercise, relapse prevention, assertive communication skills, and stress management are the foci of these intervention sessions (14–16). These sessions are held throughout the Why WAIT program and conducted by a behavioral therapist or clinical psychologist. Previous clinical trials supported this modality of intervention for weight management (17, 18).



In-person model

Traditionally, the program is delivered over 12 consecutive 2-hour weekly sessions that took place at the Joslin Diabetes Center in Boston, MA Additionally, participants are provided with handouts that include education materials, food logs, and exercise instructions and activity logs.



Virtual model

In the virtual model, participants interact with the intervention team remotely and online. Several mobile applications (GoToMeeting [LogMeIn Inc., Boston, MA], Why WAIT [Healthimation Inc®, Boston, MA], and Good Measure [Good Measure Inc®, Boston, MA]) are used to track dietary and exercise interventions. Medication adjustments and group education sessions are conducted virtually and followed by text communication throughout the week (10). Each virtual visit lasts for 2 hours similar to the in-person program. Virtual demonstration of exercises is done by a RCEP. Additionally, exercise plans and instructions are available through mobile applications.

Participants are instructed on how to upload their CGM data, which is reviewed weekly by the program’s nurse practitioner and adjustments of medications are made accordingly. Cognitive-behavioral therapy took place by means of telemedicine, and additional behavioral support tools are provided through mobile applications. A detailed description of the virtual program and mobile applications was previously published (10).



Hybrid model

The hybrid model aimed to combine the most effective parts of the virtual and in-person models, by offering two in-person sessions and 10 virtual sessions. Participants attend the first and last sessions of the 12-week program in-person, where they participate in group-education sessions, guided exercise interventions, and have their weight measured on a standardized clinic scale. In the 10-week virtual portion of the program, they use telemedicine and mobile applications, as described above.



Study participants and design

This retrospective study included 56 participants who were enrolled in the Why WAIT program between February 2019 to April 2022. Twenty-two participants enrolled in the in-person model (iPM) of the program before COVID-19 between February 2019 and December 2019. Sixteen participants enrolled in the virtual model (VM) between April 2020 and December 2020, and eighteen participants enrolled in the hybrid model (HM) between September 2021 and April 2022. Primary endpoints for this study are changes in A1C and body weight after 12 weeks of intervention. Secondary endpoints include changes in BP, lipid parameters, number of antihyperglycemic medications, use of insulin, and percentage of glucose TIR obtained by CGM.



Statistical analysis

Descriptive statistics were used to evaluate baseline and demographic data. All continuous variables are expressed as mean ± standard deviation (SD) or mean [95% confidence interval (CI)]. Categorical variables are expressed as percentages. Chi-square test and paired t-test were used to compare baseline characteristics and within-group differences in endpoints at 12-weeks. Quantitative differences between groups were evaluated using the Kruskal-Wallis H test. A p value of <0.05 was considered statistically significant. All analyses were performed using STATA Special Edition 15.0 for Windows® (StataCorp®, College Station, Texas, USA 2017).




Results

We evaluated 56 participants (age 55.9 ± 12.7 yrs; 53.6% females, 32.1% with type 1 diabetes) who enrolled in HM (n=18), VM (n=16), and iPM (n=22) of the ILI program. At baseline, there were no significant differences between groups for weight or A1C, however HM group had a lower baseline A1C (7.08 ± 0.97%) compared to VM (7.7 ± 1.3%) and iPM (7.9 ± 1.1%) but this difference between groups was not statistically significant (p=0.08). Participants in iPM had significantly higher baseline high-sensitivity C-reactive protein (hs-CRP) of 7.2 ± 6.2 mg/L compared to VM (3.0 ± 3.8 mg/L) and HM (6.4 ± 3.2 mg/L) (p=0.03 between groups). Furthermore, there were no significant differences between groups in all other parameters at baseline (duration of diabetes, BP, lipid parameters, urinary microalbumin/creatine ratio, number of antihyperglycemic medications, number of antihypertensive medications, insulin use, and glucose TIR) (Table 1).


Table 1 | Baseline characteristics of participants in real-world intensive lifestyle intervention.



After 12 weeks of ILI, participants in HM had an average weight loss of -8.2 ± 5.0 kg (95% CI, -10.8 to -5.7 kg), corresponding to -8.0 ± 4.8% (p<0.001 from baseline). Similarly, VM showed an average weight loss of -7.5 ± 3.6 kg, corresponding to -7.4 ± 3.0% (p<0.001 from baseline), while iPM showed an average weight loss of -6.9 ± 3.5 kg, corresponding to -6.6 ± 3.4% (p<0.001 from baseline) (Table 2). There were no significant differences in weight loss between groups (p=0.7) (Figure 1).


Table 2 | Changes in metabolic and cardiovascular risk factors after 12 weeks of intensive lifestyle intervention in real-world clinical practice.







Figure 1 | Average reduction in body weight for in-person (iPM), virtual (VM), and hybrid models (HM) after 12 weeks in a real-world intensive lifestyle intervention. All participants N = 56, iPM: n = 22, VM: n = 16, HM: n=18. p = change from baseline between iPM, VM, and HM.



In regard to glycemic control, all groups showed significant improvements from baseline. HM had an average reduction in A1C of -0.6 ± 0.6% (95% CI, -0.9 to -0.3, p=0.002), VM had an average reduction in A1C of -1.0 ± 1.1% (95% CI, -1.6 to -0.4, p=0.002), and iPM had an average reduction in A1C of -1.0 ± 1.2% (95% CI, -1.5 to -0.5, p=0.001). There were no significant differences in A1C reductions between groups (p=0.6) (Figure 2). Furthermore, among participants with T2D treated with insulin, 100% (n=2) in HM, 83.3% (n=5) in VM, and 62.5% (n=5) in iPM stopped insulin at 12 weeks. Reductions in the number of antihyperglycemic medications were not significant between groups, with participants from HM reducing their meds by 17.6%, VM by 36.1%, and iPM by 28.8% (p=0.2).




Figure 2 | Average reduction in A1C for in-person (iPM), virtual (VM), and hybrid models (HM) after 12 weeks in a real-world intensive lifestyle intervention. All participants N = 56, iPM: n = 22, VM: n = 16, HM: n=18. p = change from baseline between iPM, VM, and HM.



In evaluating CGM data at week 12, participants in HM had an average glucose TIR of 83 ± 15%, compared to 87 ± 14% in VM and 72 ± 23% in iPM. There was no statistical significance between groups (p=0.2). There were no significant differences between groups for percentage of time in low glucose, defined as < 70 mg/dl (p=0.5), or percentage of time in high glucose, defined as > 180 mg/dl (p=0.2). Lastly, all groups showed improvements in BP, lipid profile, and number of antihypertensive medications at 12 weeks, with no statistically significant differences between groups (Table 2).



Discussion

Intensive lifestyle modification has been cornerstone in the management of diabetes and obesity in the last few decades (19). The Why WAIT program is a 12-week multidisciplinary intensive lifestyle intervention program that showed long-term maintenance of weight loss for up to 10 years (8, 9). The in-person model of the program has been offered to patients at Joslin Diabetes Center in Boston, MA since 2005. In 2020, the COVID-19 pandemic limited access to face-to-face interaction with the multidisciplinary team and necessitated the need for a virtual model. After 2 years of a totally virtual model of intervention, the program was offered as a hybrid model; giving patients the enhanced flexibility of both in-person and virtual modalities.

In a previous study, we noticed equal efficacy between the virtual model of the program and the in-person model with similar benefits in weight and A1C reduction, and improvement in cardiovascular risk factors (10). However, a fully virtual model has several limitations. First, the inability to measure participants’ body composition, visceral fat, or to evaluate physical fitness and exercise ability. Second, participants had to complete their weekly exercise assignments at home, since they were unable access Joslin’s gymnasium (10). Furthermore, current literature discussing virtual ILI showed that patients are more likely to enroll in such virtual programs but less likely to attend all sessions (20). A key strength of the in-person model is accountability through weekly face-to-face encounters with the Why WAIT team. Additionally, the in-person program allows for standardized weight measurements taken by the team on the same scale. The hybrid model was designed to overcome a few of the challenges associated with the virtual program while keeping most of its demonstrated strength. In the in-person-component of the hybrid model, participants are properly evaluated and meet in the first session and last session with the intervention team. The virtual component of the hybrid model allows participants to perform most aspects of the program on their own schedule and from the convenience of their own home without the need for scheduling their visits or enduring timely and costly commutes to the clinic. They can also record their diet and exercise logs electronically through mobile applications, which make it easier and more reliable. Furthermore, participants have access to all the exercise and behavioral education tools on the virtual platform.

This new model resulted in statistically equivalent improvements in body weight, A1C and cardiovascular risk factors. Participants in HM were able to achieve an average weight loss 8.0% of their baseline body weight. Significant reductions in A1C levels were observed in all three groups, with participants in HM achieving A1C reduction of -0.6 ± 0.6% after 12 weeks of intervention. Changes in weight loss and A1C were not significantly different between groups. Furthermore, since long-term data of the in-person program showed improvements in cardiovascular risk factors (9), we hope to assess long-term data of the virtual and hybrid programs once available.

Additionally, CGM use helped Why WAIT team to track trends in glycemic patterns and adjust medications, exercise plan, and nutrition plan appropriately. By the end of the program, CGM download showed no statistically significant differences between groups, but it is worth mentioning that participants in HM were able to maintain greater percent TIR at 12 weeks compared to iPM. These findings are consistent with our previous observation comparing VM to iPM. This may be attributed to ability of the Why WAIT team to accurately track glucose readings and frequently adjust medications (10). Improvement in cardiovascular risk factors including blood pressure, lipid profile, urinary microalbumin and CRP were not different between groups. Reduction in the number diabetes medications and their doses were also not different between the 3 groups.

While technology implementation in medicine is helpful, it always carries its challenges especially when it comes to patients’ perspective. The main challenge is digital education and use of newer technology like wireless, cellular, or Bluetooth devices. The hybrid model offers the advantage of in-person training during the first visit, ensuring participants’ ability to conduct the rest of the program efficiently from home. However, age and socioeconomic factors such as education and income, which might affect adherence to technology-based aspects of the programs, were not assessed. Additionally, the hybrid program’s scalability makes it feasible to offer the program to a wider geographic area and include participants who have limited ability to commute for long distances on a weekly basis. Although costs (direct or indirect) associated with each program were not assessed in this study, a hybrid model is potentially less costly after eliminating the commuting and parking costs. No show and cancellations were also minimized. Further research is required to evaluate the health economics and cost-effectiveness of the 3 different models.



Conclusion

Looking toward post-COVID era, where patients are prioritizing flexibility in their daily lives as well as making use of more digital health options in their health care, the hybrid model provides patients with the option of participating in the program in a way that adapts to the intricacies of a post-pandemic era. While providing more flexibility than the in-person model and greater accountability than the virtual model, the hybrid model does not jeopardize the face-to-face interaction with the multidisciplinary team, which remains an essential component of ILI programs. While the virtual and in-person models have their unique benefits and drawbacks, the combination of them, which culminated in the hybrid model, created a synergetic model that enhances delivery of a multidisciplinary program. It also prioritizes patients’ need for flexibility, keeps patients accountable, and allows for accurate recording of measures of interest, while giving participants an equally effective intervention that reduces their body weight and improves their A1C by the same highly specialized multidisciplinary team.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Institutional Review Board of Joslin Diabetes Center, STUDY00000133. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

Conceptualization, SD, MA-B and OH. Data curation, SD, MA-B, TS, CK, JS, AK, KK, RC and OH. Formal analysis, SD, MA-B, TS, AK, KK, RC and OH. Funding acquisition, OH. Investigation, SD, MA-B, TS, CK, JS, CJ, JV, CM, JB, AK, KK, RC, CD and OH. Methodology, SD, MA-B, TS and OH. Project administration, SD and OH. Resources, SD, MA-B and OH. Supervision, SD and OH. Validation, SD, MA-B and OH. Visualization, SD, MA-B, AK, KK, RC and OH. Writing – original draft, SD, MA-B, TS and OH. Writing – review & editing, SD, MA-B, TS, CK, JS, CJ, JV, CM, JB, AK, KK, RC, CD and OH. All authors contributed to the article and approved the submitted version.



Acknowledgments

The authors would like to thank the clinical and administrative staff of the Why WAIT program at the Joslin Diabetes Center. Data from this work was presented at the NUTRITION 2022 LIVE ONLINE conference of the American Society for Nutrition, June 2022, Virtual.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Sun, H, Saeedi, P, and Karuranga, S. IDF diabetes atlas: Global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract (2022) 183. doi: 10.1016/j.diabres.2021.109119

2. Diabetes Prevention Program Research Group. I.D.F. IDF diabetes atlas. (2021) Brussels, Belgium.

3.National diabetes statistics report | diabetes. CDC. Available at: https://www.cdc.gov/diabetes/data/statistics-report/index.html (Accessed 23 May 2022).

4.Long-term effects of lifestyle intervention or metformin on diabetes development and microvascular complications over 15-year follow-up: The diabetes prevention program outcomes study. Lancet Diabetes Endocrinol (2015) 3. doi: 10.1016/S2213-8587(15)00291-0

5. Wing, RR. Long-term effects of a lifestyle intervention on weight and cardiovascular risk factors in individuals with type 2 diabetes mellitus: Four-year results of the look AHEAD trial. Arch Intern Med (2010) 170:1566–75. doi: 10.1001/archinternmed.2010.334

6. Wing, RR, Bolin, P, and Brancati, FL. Cardiovascular effects of intensive lifestyle intervention in type 2 diabetes. N Engl J Med (2013) 369:145–54. doi: 10.1056/NEJMoa1212914

7. American Diabetes Association. 5. lifestyle management: Standards of medical care in diabetes–2019. Diabetes Care (2018) 42:10 2337 19–005. doi: 10.2337/dc19-S005

8. ZHANG, H, TOMAH, S, MOTTALIB, A, ASHRAFZADEH, S, and HAMDY, O. 238-OR: Long-term effects of intensive lifestyle intervention on cardiovascular risk factors in patients with diabetes in real-world clinical practice: A 10-year longitudinal study. Diabetes (2019) 68:238–OR. doi: 10.2337/db19-238-OR

9. Hamdy, O, Mottalib, A, Morsi, A, El-Sayed, N, Goebel-Fabbri, A, Arathuzik, G, et al. Long-term effect of intensive lifestyle intervention on cardiovascular risk factors in patients with diabetes in real-world clinical practice: A 5-year longitudinal study. BMJ Open Diabetes Res Care (2017) 5:e000259. doi: 10.1136/bmjdrc-2016-000259

10. Al-Badri, M, Kilroy, CL, and Shahar, JI. In-person and virtual multidisciplinary intensive lifestyle interventions are equally effective in patients with type 2 diabetes and obesity. Ther Adv Endocrinol Metab (2022) 13. doi: 10.1177/20420188221093220

11. Hamdy, O, and Carver, C. The why WAIT program: Improving clinical outcomes through weight management in type 2 diabetes. Curr Diabetes Rep (2008) 8:413–20. doi: 10.1007/s11892-008-0071-5

12. Giusti, J, and Rizzotto, J-A. Interpreting the joslin diabetes center and joslin clinic clinical nutrition guideline for overweight and obese adults with type 2 diabetes. Curr Diabetes Rep (2006) 6:405–8. doi: 10.1007/s11892-006-0014-y

13. Mitri, J, and Hamdy, O. Diabetes medications and body weight. Expert Opin Drug Saf (2009) 8:573–84. doi: 10.1517/14740330903081725

14. Knowler, WC, Barrett-Connor, E, Fowler, SE, Hamman, RF, Lachin, JM, Walker, EA, et al. Diabetes prevention program research group reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl J Med (2002) 346:393–403. doi: 10.1056/NEJMoa012512

15.Handbook of obesity treatment: Second edition. Available at: https://www.guilford.com/books/Handbook-of-Obesity-Treatment/Wadden-Bray/9781462542901 (Accessed 15 September 2022).

16. Bray, GA. Medical treatment of obesity: The past, the present and the future. Best Pract Res Clin Gastroenterol (2014) 28:665–84. doi: 10.1016/j.bpg.2014.07.015

17. Look AHEAD Research Group, Wadden, TA, West, DS, Delahanty, L, Jakicic, J, Rejeski, J, et al. The look AHEAD study: A description of the lifestyle intervention and the evidence supporting it. Obes (Silver Spring) (2006) 14:737–52. doi: 10.1038/oby.2006.84

18. Diabetes Prevention Program (DPP) Research Group. The diabetes prevention program (DPP): Description of lifestyle intervention. Diabetes Care (2002) 25:2165–71. doi: 10.2337/diacare.25.12.2165

19. Horton, ES. Effects of lifestyle changes to reduce risks of diabetes and associated cardiovascular risks: Results from Large scale efficacy trials. Obes (Silver Spring) (2009) 17 Suppl 3:S43–48. doi: 10.1038/oby.2009.388

20. Golovaty, I, Wadhwa, S, Fisher, L, Lobach, I, Crowe, B, Levi, R, et al. Reach, engagement and effectiveness of in-person and online lifestyle change programs to prevent diabetes. BMC Public Health (2021) 21:1314. doi: 10.1186/s12889-021-11378-4


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Dhaver, Al-Badri, Salah, Kilroy, Shahar, Johnson, Votta, Mitchell, Beaton, Khater, Kibaa, McCarragher, Davis and Hamdy. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-13-1050527-g002.jpg
A1C change (%)

Virtual

e I i

P=0.6

Physical






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Hybrid model of intensive lifestyle intervention is potentially effective in patients with diabetes & obesity for post-COVID era

      

        		

          Introduction

        



        		

          Methods

        

          		

            The Why WAIT program

          



          		

            Group education

          



          		

            Dietary intervention

          



          		

            Medication adjustments

          



          		

            Exercise intervention

          



          		

            Cognitive-behavioral intervention

          



          		

            In-person model

          



          		

            Virtual model

          



          		

            Hybrid model

          



          		

            Study participants and design

          



          		

            Statistical analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2022.1050527_cover.jpg
, frontiers | Frontiers in Endocrinology

Hybrid model of intensive
lifestyle intervention is
potentially effective in patients
with diabetes & obesity for
post-COVID era





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2a.jpg
In-person model (iPM) Virtual model (VM) Hybrid model (HV)

12 Change 12 Change . Change
Baseline from  Baseline 2 from  Baseline from
week & week weeks value
baseline baseline baseline
§ 05 79 698SE | 517 75(94w | M26 %4 B2(108w
et ) aser sy PO g 55) @9 ey s v
Body mass index (hg/ 35 23280 25310 273610
. 61600 0 PN 475 B1®) 19 o8
0 A0S 67 060 . 0603310
nee) soan | 70 o may | o7 ¥y ) esy 3o 06
Systlic lood D4 W2 SIEM3e 7 M2 S4C9Se 6 W6 610Se

pressure (mm Hg) asy e ) @9 a0y 20 @y a7 )





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/table2b.jpg
‘Diastolic blood 749 l4(6t0 78 42(96t0 71 23(780

pressure mm i) 1Y (s 33 N | o 13 BAGH | 5 L
oy e GF ORGSR e QST e
Wbl | gy | S B0 gy | 09 Oy | s | sseon |,
ULty 0020 gy 8 seawy w2 0w
oasst (08 g U awe mh | Cuss an @ wen

e o | whe | o Guo | ees | S0 g 0

ey | B o | ey | g2 [ete |y | [ |

s HO e w0 e g, e,
e 150100 wan 2N | 0
:‘:h':';:;'" = 7.1 214 357 462 tig 385 182 00 182 05
Tocnet) oo B scwun macen | 75 W00 ey B uGme
D B L P A i T
smngae ey wen wcsen ween 20y | saeey w10 e | 0

Dataar givn a i (SD)or s (9% CI). Pl = change rom bas
compared with bscline.'p < 005 compared with bscie.

‘Normaly valucs: ALC <6.7% Total holserol <200 mgdL. Trigyceids <150 mg/dL, HDL Cholestro 50 mgAdL.in women nd 40 gL in men, LDL Cholsterl <100 mgL,
UACR <30 g, hs CRP <2 m/L.

eween PN, VA and HML HDL, igh-deniy poprotin L

low-densiylpoprotsin.p < 0001





OEBPS/Images/fendo-13-1050527-g001.jpg
-2

m < wn o

(%) 23uey> ySiam

0.7





OEBPS/Images/table1.jpg
All In-person model (iPM)  Virtual model (VM) = Hybrid model (HM)

participants

Age (years) 56.0 (12.7) 56.3 (10.9) 582 (8.9) 53.4 (17.0) 0.90
Female sex (%) 53.6 68.2 312 55.6 0.08
Type 2 diabetes (%) 67.9 63.6 81.2 61.1 0.39
Duration of Diabetes (years) 169 (12.8) 20.2 (15.2) 149 (74) 146 (13.2) 0.39
Weight (kg) 2259 (43.8) 104.8 (17.7) 99.2 (20.8) 102.6 (22.1) 023
Body mass index (kg/m2) 35.0 (6.4) 36.1 (5.1) 334 (6.3) 35.1(7.8) 0.20
AIC (%) 7.6 (1.2) 7.9 (1.1) 7.7 (13) 7.1 (1.0) 0.08
Systolic blood pressure (mm Hg) 127.1 (16.9) 1284 (15.8) 129.7 (12.5) 123.6 (20.8) 0.62
Diastolic blood pressure (mm Hg) 76.0 (9.8) 76.3 (10.8) 76.0 (9.8) 754 (8.8) 0.88
Total cholesterol (mg/dL) 155.5 (33.1) 158.7 (29.0) [ 144 (32.2) 163.5 (40.1) 0.12
LDL-cholesterol (mg/dL) 86.7 (29.4) 83.4 (28.7) 81.7 (27.3) 97.4 (32.5) 043
HDL-cholesterol (mg/dL) 48,5 (14.7) 51.9 (15.3) 46.0 (14.8) 45.1 (13.1) 0.48
Triglycerides (mg/dL) 169.9 (157.6) 173.0 (164.5) 181.1 (189.0) 149.5 (101.8) 0.80
UACR (pug/mg) 83.8 (214.5) 107.8 (227.5) 134.4 (314.0) 15.9 (23.0) 0.11
hs-CRP (mg/L) 5.3 (4.8) [ 7.2(6.2) 3(3.8) 6.4 (3.2) 0.03
Number of diabetes medications 25 (1.1) 2.5(0.9) 2.8 (0.98) 2.1 (1.4) 0.29
Number of antihypertensive 1.1 (1.0) 1.2 (0.9) 1.06 (0.9) 0.8 (1.2) 027
medications

Time in range (%) 745 (22.9) 69.0 (27.6) 77.0 (20.2) 78.0 (20.1) 0.76
<70 mg/dl (%) 3.1 (6.9) 4.6 (10.4) 25 (49) 1.9 (1.4) 0.54
>180 mg/dl (%) 224 (21.5) 27.9 (22.1) 17.9 (22.1) 19.9 (20.1) 0.31

Data are given as mean (SD) or %. hs-CRP, high sensitivity C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TDD, total daily dose of insulin; UACR,
urine albumin-creatinine ratio. *Kruskal-Wallis H test or chi-square test.

Normality values: A1C <5.7%, Total cholesterol <200 mg/dL, Triglycerides <150 mg/dL, HDL-Cholesterol >50 mg/dL in women and >40 mg/dL in men, LDL-Cholesterol <100 mg/dL,
UACR <30 pg/mg, hs-CRP <2 mg/L.





