Diabetes, Metabolic Syndrome and Obesity Dove

REVIEW

A Scoping Review of Trials Designed to Achieve
Remission of Type 2 Diabetes with Lifestyle

Intervention Alone: Implications for Sub-Saharan
Africa

M Grace Duhuze Karera'?, Annemarie Wentzel*>*, MC Sage Ishimwe?, Jean de Dieu Gatete ®',
Ram Jagannathan (®°, Margrethe F Horlyck-Romanovsky'®, Anne E Sumner'’

ISection on Ethnicity and Health, Diabetes, Endocrinology, and Obesity Branch, National Institute of Diabetes, Digestive and Kidney Diseases,
National Institutes of Health, Bethesda, MD, USA; ?Institute of Global Health Equity Research, University of Global Health Equity, Kigali, Rwanda;
3Hypertension in Africa Research Team, North-West University, Potchefstroom, South Africa; *South African Medical Research Council, Unit for
Hypertension and Cardiovascular Disease, North-West University, Potchefstroom, South Africa; *Department of Medicine, Emory University School
of Medicine, Atlanta, GA, USA; ®Department of Health and Nutrition Sciences, Brooklyn College, City University of New York, New York, NY, USA;
7National Institute of Minority Health and Health Disparities, NIH, Bethesda, MD, USA

Correspondence: Anne E Sumner, Building 10, CRC-Rm 6940, Bethesda, MD, 20892-1612, USA, Tel +1 301-402-4240, Email anne.sumner@nih.gov

Abstract: According to the International Diabetes Federation, sub-Saharan Africa is experiencing the highest anticipate increase in
the prevalence of type 2 diabetes (T2D) in the world and has the highest percent of people living with T2D who are undiagnosed.
Therefore, diagnosis and treatment need prioritization. However, pharmacological hypoglycemics are often unavailable and bariatric
surgery is not an option. Therefore, the ability to induce T2D remission through lifestyle intervention alone (LSI-alone) needs
assessment. This scoping review evaluated trials designed to induce T2D remission by LSI-alone. PubMed, Embase, Cochrane, and
CINAHL databases were searched for trials designed to induce T2D remission through LSI-alone. Of the 928 identified, 63 duplicates
were removed. With abstract review, 727 irrelevant articles were excluded. After full-text review, 112 inappropriate articles were
removed. The remaining 26 articles described 16 trials. These trials were published between 1984 and 2021 and were conducted in 10
countries, none of which were in Africa. Remission rates varied across trials. Predictors of remission were 10% weight loss and higher
BMI, lower A1C and shorter T2D duration at enrollment. However, LSI-alone regimens for newly diagnosed and established T2D
were very different. In newly diagnosed T2D, LSI-alone were relatively low-cost and focused on exercise and dietary counseling with
or without calorie restriction (~1500 kcal/d). Presumably due to differences in cost, LSI-alone trials in newly diagnosed T2D had
higher enrollments and longer duration. For established T2D trials, the focus was on arduous phased dietary interventions; phase 1:
low-calorie meal replacement (<1000 kcal/day); phase 2: food re-introduction; phase 3: weight maintenance. In short, LSI-alone can
induce remission in both newly diagnosed and established T2D. To demonstrate efficacy in Africa, initial trials could focus on newly
diagnosed T2D. Insight gained could provide proof of concept and a foundation in Africa on which successful studies of LSI-alone in
established T2D could be built.
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Plain Language Summary

Lifestyle intervention (LSI) studies have expanded from prevention to remission of type 2 diabetes (T2D). While studies have shown
that T2D detected early, can go into remission if treated with LSI-alone, no studies on LSI-alone have been conducted in sub-Saharan
Africa. T2D prevalence is rising in sub-Saharan Africa, but medication access is limited, and bariatric surgery is not feasible. In short,
T2D screening could be prioritized in sub-Saharan Africa if LSI-alone could promote remission. Furthermore, as T2D is a non-
communicable disease with increased vulnerability to infectious diseases such as COVID-19 and tuberculosis, data on the ability of

LSI-alone to induce T2D remission, could convince sub-Saharan African governments to invest in T2D screening. This review was
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conducted to demonstrate the depth and breadth of studies already conducted on T2D remission by LSI-alone. Sixteen studies were
identified. Seven studies focused on newly diagnosed T2D. Nine studies were conducted in established T2D. The trials in newly
diagnosed T2D required moderate calorie restriction (1200-1800 kcal/d), counseling and exercise. In established T2D, total diet
replacement with low calorie liquid supplements (300-1000 kcal/d) were required. In short, LSI regimens for remission of newly
diagnosed T2D are less rigorous and easier to institute than for established T2D. The initial focus in African countries could be on
designing and testing protocols to achieve remission by LSI-alone in newly diagnosed T2D. Successful LSI-alone trials in newly
diagnosed T2D could provide an African foundation on which successful studies of LSI-alone in established T2D could be built.

Introduction

A new frontier in Lifestyle Invention (LSI) research is emerging. LSI with its focuses on diet and exercise, is an
established way to prevent or delay the onset of type 2 diabetes (T2D).' ™ The new question is: does LSI have a role in
achieving T2D remission.”’

For sub-Saharan Africa, the value in determining whether LSI can achieve T2D remission is potentially enormous. By
2045 year, the number of Africans living with T2D will increase from 24 million to 55 million.® This represents an 129%
increase in prevalence and is the highest anticipated increase in the world.® Furthermore, 54% of individuals currently
living with T2D in Africa are undiagnosed.® In fact, Africa has the highest percent in the world of people living with T2D
who are undiagnosed.® If LSI-alone were effective treatment and could even induce T2D remission, there would be
incentive for African governments to invest scarce health care resources in screening for T2D.

T2D remission trials using LSI can be divided into two categories. The most well-known category combines LSI with
either hypoglycemic medication or bariatric surgery.”'” The other category, which is less studied, but would have greater
public health impact in Africa are studies of T2D remission using LSI-alone.

In many African countries, medications account for 70% of the direct cost of T2D and most often are paid for by the
individual patient.'""'> Even when symptomatic, medication cost is a major disincentive to seeking care.'* Consequently,
diagnosis of T2D is often delayed, setting the stage for the onset of irreversible complications and even higher costs.'*'*
Furthermore, untreated, undiagnosed T2D increases susceptibility to many infectious diseases including tuberculosis and
COVID-19.%"?

To develop policy about the use of LSI-alone as a therapeutic modality for T2D remission, a consensus based on
numerous, high-quality studies is required.” However, studies on whether LSI-alone will induce remission of T2D
are few.

As the literature is scant and no guidelines currently exist on the use of LSI-alone to induce T2D remission, we
undertook a scoping review.'®

This scoping review evaluates the ability of LSI-alone to induce remission in T2D. Due to the twin challenges of
rising prevalence of T2D and relative lack of data in Africa, findings are analyzed throughout this review relative to their
applicability to Africa. Due to the high prevalence of undiagnosed T2D in African countries,® a key question in the public
health arena is whether newly diagnosed can be effectively treated with LSI-alone. Searches of previous reviews and
meta-analyses of LSI designed to reverse T2D revealed that LSI trials were not divided into two groups: newly
diagnosed, treatment-naive T2D and established T2D.®""'7 As both enrollment criteria and the actual elements of LSI
interventions may differ depending on whether T2D is newly diagnosed or established, trials in this scoping review were
divided into two groups: newly diagnosed or established T2D.

Search Strategy

English language publications were searched in: PubMed (National Library of Medicine), Embase (Elsevier), the
Cochrane Library (Wiley) and the Cumulative Index to Nursing and Allied Health Literature (EBSCOhost). All articles
published or in press through September 16, 2021, were evaluated. The search used a combination of controlled
vocabulary terms and key words specific to each database (ie, MeSH and EMTREE) (Supplement). Title/abstract, full
text review, and data extraction were conducted using Covidence (Covidence.org, Melbourne, Australia), an online
application which ensures a rigorous protocol and blinded review.
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Inclusion criteria were: studies in adults which were controlled or observational or prospective trials, cohort studies or
case—control studies. Exclusion criteria were: investigations with a bariatric surgery or pharmaceutical therapy arm,
studies of either type 1 diabetes or gestational diabetes. Reviews, commentaries, position papers and guidelines were also
excluded.

Article Identification and Data Extraction
The review yielded 928 publications with 63 duplicate articles removed (Figure 1). Of the 865 remaining articles, title
and abstract screening led to exclusion of 727 irrelevant articles. Full text review of the remaining 138 articles led to the
removal of 112 articles because they did not meet inclusion criteria. The remaining 26 articles described 16 trials. To
ensure each trial would be represented by only one article, 10 articles were excluded as redundant and only the latest
trial-specific publication which specifically focused on remission rate were included. Of the 16 trials, 7 trials were in
newly diagnosed, treatment-naive T2D and 9 trials were in established T2D with LSI initiated after discontinuation of
medications.

During the article identification phase, title/abstract and full text reviews were judged independently by two of the
authors (MGDK and AES). Disagreements were resolved by a third author (MFHR). Data extraction was performed
independently by two authors (MGDK and AES), compared and entered into Table 1 and Table 2.

8 Records identified (n = 928)
3 PubMed & Duplicate records removed
& EMBASE » (n=63)
:,é; COCHRANE
° CINAHL
~—
Records screened . Irrelevant articles excluded
(n = 865) (n=1727)
) 4
Reports sought for retrieval
2 (n=138)
s
-
2
3 v
Full text review Excluded: (n = 122)
(n=138) ——— | -Abstracts only (n = 47)
-Reviewer or commentary (n = 32)
-Wrong intervention (n = 17)
-Wrong primary outcome (n = 11)
-Study protocol (n = 2)
-Wrong population (n = 2)
-Full text not in English (n=1)
) -Repeat study (n = 10)*
v
© ° =
3 Studies included (n = 16)
= -Newly-Diagnosed T2D (n=7)
e -Established T2D (n=9)

Figure | Flowchart on trial inclusion. *Multiple publications from the same study.
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Table | Studies Designed to Induce Remission in Newly Diagnosed Treatment Naive Diabetes (Ordered by Least to Most Restrictive Diet)

Reference
and

Country

Enrolment

Criteria

Number of Participants Race/

Ethnicity Gender

Remission

Definition

Study Duration and Diet

Counseling and

Exercise Program

End of Study Wgt Loss and
Metabolic Effects

Remission Rate and Predictors of

Remission

Non-Glycemic
Effects of LSI

Part A: Dietary and/or Lifestyle Intervention without Specific Caloric Thresholds

of on-site exercise. ~5

days/wk home walking

O’Dea K. et Aboriginal N=10 Race/Ethnicity:Aboriginal persons Glucose 7 Weeks Diet Phases: One Counseling Weight Loss 70% (7/10) Positive
al 1984 People with Male: 50% Criteria for Diet Traditional lifestyle by 18%1 kg ~10% of baseline weight TG
Reference:?* T2D Comparison Group: N=4 Aboriginal OGTT-1979 Diet ad lib in rural area with moving to and living in Metabolic Effects Negative
Australia persons no T2D ADA hunter-gather lifestyle rural area | Fasting insulin 1p-cell function |HDL
Guidelines (intake ~1200 kcal/d) Exercise
Hunter Gatherer Lifestyle
Eriksson et al Enrolled in N=41 Race/Ethnicity White: 100% Male: Glucose 6 years Diet Phases: One Counseling Weight loss 54% (21/39) Positive
1991 Malmo 100% Other groups: |)PreD + Criteria for Diet Group sessions every 6 to | Wat: 2.0-3.3kg |BMI: 4% Est wgt 1Chol |BP 1Physical
Reference:’ Feasibility Study intervention (n=181) 2)PreD OGTT-1979 Dietary advice with no 12 months loss ~3% Fitness <TG no
Sweden Gender: Male -intervention (n=79) 3)NGT (n=114) ADA specific calorie restriction Exercise Metabolic Effects|2h insulin change
Age:47-49y No Guidelines Subset received 6 months
T2D symptoms supervised physical
training. Regimen not
described.
Dambha- Enrolled in N=867 AlC<6.5% 5 years M M M
Miller et al ADDITION Race/Ethnicity: Diet 30 min annual review and 1 Wgt: ~7% 30% (257/867)
2020 Cambridge Trial White: 97% Individual counseling with three 10 min sessions Weight loss (>10%) achieved w/o
Reference:'” Age: 4069y Male: 61% no specific calorie throughout the year. intensive intervention & and had high
United restriction Exercise likelihood of remission
Kingdom Not specified
Roncero- Enrolled in N=183 For 2 years: 5 years Counseling Weight loss Remission Rate
Ramos et al CORDIOPREV Race/EthnicityNot specified AlC<6.5% & Diet Individual meeting with No significant wgt loss 40% (73/183) Both diets effective in
2021 Trial Male: 84% FPG<126 mg/ Participants randomized: nutritionists at baseline and achieved remission without weight
Reference:** (nested study dL & 2h 50%: Mediterranean diet q6 months loss. Remission highest if baseline
Spain for participants glucose 50%: low fat diet Quarterly group education hepatic IR low & B-cell fen high.
T2D) Calories not restricted (20 participants)
Both diets, Cholesterol Exercise
<300 mg/day Not specified
Part B: Dietary and/or Lifestyle Intervention with Caloric Thresholds
Ades et al AIC: 6.5-8.0% N=12 Race/EthnicityNot specified AlC<6.5% 6 months Counseling Weight Loss Remission Rate Positive
2015 BMI: 27-40 kg/ Male: 34% Diet: 24 Weekly group 11045 kg (9% of baseline weight) 80% (8/10) |TG <Chol «<HDL
Reference:*® m? 500 kcal less than predicted counseling by Registered Metabolic Effects: 1Chol/HDL Ratio
United maintenance. Dietician |Fasting insulin |IR |Fat mass | Diastolic BP
States Exercise wc |hsCRP 7Aerobic
~2 days/wk 45 min sessions capacity
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Esposito et Age: 30-75y N=215 FPG<126 mg/ 8 years Counseling Weight Loss Remission Rate (0%) Positive
al 2014 BMI>25kg/m” Race/EthnicityNot specified dL and Diet Monthly meeting with Weight loss greater in LCMD than By 6y, 100% of LFD participants |TG |Chol tHDL on
Reference:?! AIC: <11% Male: 50% AlC<6.5% Men: 1800 kcal/d Women: dieticians in year |, then LFD but at end of study mean needed OHA. LCMD |HDL on LFT
Italy 1500 Kcal/d bimonthly up to year 4 and difference in weight between the By 8y, 100% of LCMD needed OHA |LDL |BP
50% Low Carbohydrate every 6 mon thereafter two groups was 0.4 kg. Diet content not wgt loss led to longer
Mediterranean Diet Exercise remission in LCMD vs LFD.

(LCMD) (N=108) and 50% 175 min of moderate-

Low-fat diet (LFD) (N=107) intensity exercise/wk
Harayama et AIC>6.9% and N=180 Glucose 6 months Counseling Weight Loss Remission Rate: Positive
al 2013 HOMA-IRz1.6 Race/EthnicityJapanese Criteria for Diet Monthly meeting with 1~13 kg (~14% of baseline wgt) 51% (92/180) Diabetic nephropathy
Referemce:? BMI: Obese Male: 40% OGTT:1999 Men: 1500 kcal/d “diabetic physician and dietician Metabolic Effects improved
Japan ADA diet” Exercise |fasting insulin [IR 1p-cell function

Guidelines Women: 1200 kcal/d 5000 steps/d achieved by VAT |SAT
“diabetic diet” walking 30 min after meals.

Abbreviations: FPG, Fasting Plasma Glucose; IR, Insulin resistance; OHA, oral hypoglycemic agents; LFT, Liver function tests; 1|«>, Post trial change, specifically: increase, decrease or no change, respectively.
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Table 2 Studies Designed to Induce Remission in Previously Diagnosed Diabetes After Medications Discontinued (Ordered by Year of Publication)

PA encouraged but
food behavior

prioritized

lpancreatic TG |Fat
Mass |VAT |SAT

Reference Enrolment Number of Remission Definition Study Duration and Diet Counseling and End of Study Remission Rate and Non-
and Criteria Participants Race/ Exercise Weight Loss and Predictors of Remission Glycemic
Country Ethnicity Gender Program Metabolic Effects Effects of
LSl
Henry et al Men: BMI225 | N=10 Comparison Grp: Glucose Criteria for 5 weeks Inpatient study Weight Loss 100% (10/10) had FPG<100 Positive
1986 kg/m? N=5 no T2D OGTT-1979 ADA Diet: | Phase L11.1£0.7 kg (range mg/dL. ITG |Chol
Reference:?’ Women: Race/EthnicityNot Guidelines TDR:300 kcal liquid diet/d 8.1-14.9 kg) —HDL
United BMI227 kg/ specified (modified Cambridge Diet) 29% baseline weight
States m? Male: 20% Metabolic Effects
Not treated | Fasting insulin
with insulin
Lim et al Age: 35-65y N=11 Remission not defined- 5 months Phase | Regular Weight Loss Remission rate not part of Positive
2011 BMI: 2545 Comparison Grp: Goal was to see if Diet: 2 Phases phone support, no 1153+ 1.2 kg 215% study design but at 8 weeks: ITG
Reference:?® kg/m? N=9 dietary restriction alone Phase | (2 months): notation of of baseline weight |FPG <106+7 mg/dL |<AIC —Chol
United AIC: 6.5— Race/Ethnicitynot 1 B-cell function and | TDR:600 kcal liquid diet (Optifast) frequency. Metabolic Effects 5.7+0.1% —HDL
Kingdom 9.0% T2D specified IR Phase 2 (3 month): Phase 2 Information After 8 weeks:
duration<4y Male: 82% Normal eating with dietary advice provided at |Hepatic fat | Hepatic
Cr<1.7 mg/dL beginning of phase IR |LFT tAcute
LFT<2.5 about healthy Insulin Response
times normal eating |Pancreatic Fat |WC
Not treated Exercise
with insulin. Maintain habitual
level of physical
activity.
Steven et al Age 25-80y N=30 FPG<126 mg/dL 8.5 months Phases | & 2 Weight Loss 43% (13/30) Positive
2016 BMI: 2745 Race/Ethnicitynot Diet: 3 Phases Weekly support by 1 ~13 kg ~13% of Baseline characteristics of TG tHDL
Reference:' kg/m? specified Phase | (2 months): phone, text, email baseline wgt remitters: |NonHDL
United AIC<9.5% Gender not specified TDR:700 kcal liquid diet (Optifast) and in person visits Metabolic Effects Younger Age Shorter T2D chol |BP
Kingdom T2D duration Phase 2 (2 weeks): food reintroduction Phase 3 Remitters only: duration Fewer OHA Higher
<4y or >8y Phase 3 (6 months): Wgt maintenance Individualized plan return of first phase fasting insulin Lower AIC
Cr<1.7 mg/dL with monthly insulin response Lower FPG
reviews lliver TG |hepatic IR
Exercise |LFT |Fasting Insulin
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Bhatt et al Persons with N=12 AI1C<6.5% 3 months Phase | Weekly Weight Loss 50% (6/12) Baseline Positive
2017 T2D enrolled Race/Ethnicity South One Phase phone & emails 1~6.5 kg (~8% of characteristics of remitters: ITG
Reference:® in a low Asian TDR:1000 Kcal/d using 3 liquid servings, Exercise baseline wgt) Younge Age, Shorter T2D —HDL
India calorie diet Male: 67% plus one “regular” meal & 2 to 3 pre- Moderate PA Metabolic Effects duration Fewer OHA Lower «Chol
program specified homemade snacks. advised |Fasting Insulin |IR AIC Less IR Better B-cell —LDL
Age: 3148y |Hepatic fat |[LFT function Higher BMI Higher
BMI: 27-37 wc wcC
kg /m2
Romano et Age: 25-75y N=20 Goal: determine change 2 months Phase | Weekly Weight loss Remission rate not stated but Positive
al 2019 BMI: 1845 Race/Ethnicitynot in T2D parameters with One Phase phone contact. 1~15 kg ~15% of mean FPG | from 170%11 to TRenal
Reference:*° kg/m2 specified diet. TDR: Ketogenic diet Exercise baseline wgt 100£9 mg/dL Function
Italy T2D<8y Male: 50% Remission Criteria not Men: 650-800 kcal Maintain daily Metabolic Effects & |Resting
Cr<I.7 mg/dL specified Women: 450 to 600 kcal physical activity |Abdominal fat mass AIC |from 7.3+£0.4% 6.2 Energy
with preservation of +0.1% Expenditure
lean mass |Fasting
Insulin |IR |LFT
wc
Bynoe et al Age 20 to 6%y N=25 FPG<126 mg/dL 8 months Phase | Weekly Weight loss 60% (15/25) Positive
2020 BMI=27 kg/ Race/EthnicityBlack: 3 Phases visits | 210 kg in remitters | Remitters had higher BMI and | Diastolic
Reference:*® m? 88% Phase | (2 months) TDR: VLCD of 760 Phases 2 & 3 210% of baseline wgt WC than non-remitters BP TG
Barbados AlIC<I12% Male: 40% keal/d Monthly visits compared to <10 kg At baseline and 8 months, Negative
T2D<é6y Phase 2 (1 month) Food reintroduction Exercise in nonremittters) individuals who achieved |HDL
Cr<I.7 mg/dL Phase 3 (5 months): “Regular exercise” Metabolic Effects remission had better B-cell
LFT ¢t Healthy eating encouraged. recommended 1B-cell function |WC function
Not on
insulin
therapy
Taheri et al Age: 18 to N=70 individuals with AIC<6.5% and no DM | year Phases | & 2 Weight loss Remission in 61% of LSI vs Positive
2020 50y T2D and LS| Control meds for 3 months 3 Phases biweekly visits with 112 kg in LS| group 12% of controls |BP THDL
Reference:* BMI227 kg/ Group N=77 individuals Phase | (3 months) TDR:~810 kcal/d dietician and 14 kg control group Negative
Qatar m? with T2D & usual care (Cambridge Weight Plan) Phase 2 (3 trainers Waet loss of 15% of 1Chol
T2D<3y Race/Ethnicity Middle months) Food Re-introduction Phase 3 (6 Phase 3: Attended baseline wgt 1LDL &TG
eGFR>45 mL/ Eastern & North months) Diet managed by participants clinic once a month | occurred 21% of LSI
min African Male: 73% Exercise group vs 1% of
No cirrhosis Phases | and 2: controls
No heart 10,000 steps/d Metabolic Effects
failure Phase 3: |Fat mass |[WC

Unsupervised 150

min/wk

(Continued)
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Table 2 (Continued).

Reference Enrolment Number of Remission Definition Study Duration and Diet Counseling and End of Study Remission Rate and Non-
and Criteria Participants Race/ Exercise Weight Loss and Predictors of Remission Glycemic
Country Ethnicity Gender Program Metabolic Effects Effects of
LSl
Thom et al Age: 20-65y N=149 AlC<6.5% with no 2 years Phase | Weight loss 36% (53/149) Remission likely Positive
2021 BMI:27-45 Race/Ethnicity White OHA for 22 months 3 Phases Bi-weekly visits Men: | 916 kg (~9% if wgt loss early & >10 kg or TG tHDL
Reference:*? kg/m? 98% Phase | (~4 months) TDR:850 kcal/d Phases 2 & 3 of baseline wgt) 10% baseline wgt Systolic BP
United AlIC<I12% Male: 56%, (shake/soups) Monthly visits Women: | 616 kg Baseline characteristics of TQuality of
Kingdom T2D <éy Phase 2: (~2 months) Food Re- Exercise (~6% of baseline wgt) remitters: life
Not on introduction No regimen Metabolic Effects Older age & Male Higher BP
insulin Phase 3: (18 months) Wgt maintenance specified |Fasting insulin - Lower AIC Fewer OHA,
therapy cell function Lower TG & LFT Less
GFR>30 mL/ depression Better life quality
min
Quimby et Age:20-69 y N=11 A1C<6.5% and/or 3 months Weekly monitoring Weight loss Based on AIC criteria, Positive
al 2021 BMI227 kg/ Race/Ethnicity Black FPG<126 mg/dL One Phase at faith-based 16 kg ~6% of baseline remission was 60% (6/10). |BP
Reference:*’ m?, 100% TDR: 840 kcal/d (4 bottles of Glucerna). organization by wgt Based on FPG remission was
Barbados T2D<é6y Male: 10% community health 90% (9/10).
AIC<I12% N=20 individuals with advocate
preDM also enrolled. Exercise:
No regimen
specified

Abbreviations: FPG, fasting plasma glucose; IR, insulin resistance; OHA, oral hypoglycemic agents; LFT, liver function tests; 1<, post trial change, specifically: increase, decrease or no change, respectively.
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Assessment of LSI Design and Success
Data from the 16 trials were divided into two tables. Table 1 includes studies in newly diagnosed T2D and Table 2
established T2D. Table 1 was subsequently divided into two sections.'®?* Section 1A lists the 4 trials with newly
diagnosed T2D and no caloric restriction. Section 1B lists the 3 trials with newly diagnosed T2D and mild caloric
restriction.

Table 2 includes the 9 trials identified in established T2D in which hypoglycemic medications were discontinued at
the time LSI was initiated.”> > As the design of newer trials was consistently based on the outcome of earlier trials, the

studies in Table 2 are presented in chronological order, oldest to newest.

Remission Rates
To evaluate remission rates across studies, three issues needed consideration.

First, some studies reported the remission rate as one number, specifically the sum of those in the trial who converted
from T2D to either prediabetes or normal glucose tolerance (NGT). Other studies reported two remission rates, one for
T2D to prediabetes and one for T2D to NGT. In accordance with current guidelines, we report remission as a single
number, meaning the transition from T2D to either prediabetes or NGT.”**%

Second, remission criteria were not uniform across studies. Some investigations used the OGTT, others used fasting
plasma glucose (FPG) or glycated hemoglobin A1C (A1C) and still others used a combination of A1C and FPG. An
additional challenge is that these trials were conducted from 1984 to 2021. Over this time span, ADA criteria for T2D
diagnosis changed. From 1979 to 1998, T2D diagnosis required FPG>140 mg/dL and/or 2h glucose >200 mg/dL.*® In
1999 the FPG threshold was lowered to >126 mg/dL. Furthermore, it is only since 2010 that A1C has been used as
a diagnostic criterion for T2D.?” Eight of the 13 studies published since 2010 incorporated A1C into their remission
criteria. Table 1 and Table 2 report remission rates by trial-specific criteria.

Third, study duration varied. The shortest trial was 5 weeks and the longest 8 years. Some studies provided both
interim and end of study remission rates. For consistency, only end of study remission rates are reported.

Control Groups
Some, but not all trials, had control groups which did not receive LSI. Most trials compared the metabolic and social
characteristics of remitters to non-remitters. Additionally, two studies did not provide either remission rates or control

groups. Instead, they described in the intervention group how LSI influenced the physiologic control of glycemia.?*~°

Results

Participant Characteristics: Country, Race/Ethnicity and Gender

The trials were published over a nearly 40-year period, between 1984 and 2021 and conducted in 10 countries. Eight
(8/16) or 50% of the trials were conducted in Europe. Four of the trials, 25% (4/16) were conducted in the Americas,
specifically two in the United States and two in Barbados. Four trials or 25% (4/16) were conducted in Asia (Japan and
India), the Middle East (Qatar), and Oceania (Australia).

No trials were conducted in an African country. In fact, enrolment of people of African descent was described only in
the two studies conducted in Barbados (24, 27). These studies were small with 10 and 25 participants, respectively. The
two studies conducted in the United States did not provide race/ethnicity data and were also small with 10 participants in
one study and 12 in the other (25, 36).

With the exception of the Malmo Feasibility Study which only enrolled men,?° the other studies enrolled nearly equal
numbers of men and women.

Median enrolment in newly diagnosed T2D trials was 180 (range: 10 to 867). Median number of participants in the
established T2D trials was 20 (range: 10 to 149) (Figure 2).

Median duration of the newly diagnosed T2D trials was 5 years (range: 7 weeks to 8 years). Median duration of the
established T2D trials was 5 months (range: 5 weeks to 2 years) (Figure 2).
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Esposito et al, 2014 N=215

Eriksson et al, 1991 N=41

Dambha-Miller et al 2020 N=867

Roncero-Ramos etal 2021 N=183

Harayama et al, 2013 N=180
Ades et al, 2015 N=12

O'Deaet al, 1984 N=10

Triak in Newly-Diagnosed Diabetes

Thomet al, 2021
Taheriet al, 2020
Steven et al, 2016
Bynoe et al, 2020

Limetal, 2011

Bhatt et al, 2017

Quimby et al, 2021

Romano etal, 2019

Triak in Establshed Diabetes

Henry et al, 1986

T T T T T T 1

Study Duration (months)

Figure 2 Duration and participant number in LSI-alone remission trials. White bars: trials in newly-diagnosed trials; black bars: trials in established T2D.

Enrolment Criteria
In the four trials of LSI-alone in newly diagnosed T2D without calorie restriction, the only enrolment criteria specified was
newly diagnosed, treatment-naive T2D. In the three trials of newly diagnosed T2D with moderate caloric restriction,
participants had to have an overweight (BMI>25) or obese BMI (BMI>30) with one study capping BMI <40 kg/m?***7-%
One trial capped A1C at enrolment to <8% and the other at < 11%.%'-®

In the 9 trials with established T2D, markedly uncontrolled T2D was an exclusion criterion. For example, most
studies specified that A1C had to be <12%.2%?*2%3!"33 Prior insulin therapy was an exclusion criterion in 4 trials.?® %3
Six studies capped T2D duration prior to enrolment to: <3, <4, <6 or <8 years.?®** %3233 Most trials required an
absence of end-organ damage, specifically nephropathy, heart failure and liver dysfunction.?®28-3033
LSI-alone trials in established T2D, specified a baseline BMI of >25, >27 or >30 kg/m”. Four studies capped BMI at

enrolment at <45 kg/m? 25303133

LSI-Alone Trials in Newly-Diagnosed T2D

There were 4 studies which enrolled people with newly diagnosed T2D and had no caloric restrictions (Table 1A). The
earliest trial was conducted in Australia and published in 1984.% The study enrolled 10 Aboriginal persons with T2D
who were living in urban areas and willing to move for 7 weeks to a rural area and live as hunter-gatherers.”> Weight loss
was ~8 kg or ~10% of baseline weight and remission was 70%. The other 3 trials had a duration of 5 to 6 years and were
conducted in European countries (United Kingdom, Sweden and Spain).'*?%%* Counselling sessions were several times
a year (Table 1A). Exercise was not specified but encouraged. Remission rate was 30% to 54%. Weight loss in two
studies ranged from ~3% to 7% of baseline weight. In the third trial which was 5 years in duration, weight did not
decline. Participants in that trial were randomized to either a Mediterranean or a low-fat diet. The 40% remission rate on

both diets was attributed to the change in nutrient composition from usual diets.**
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There were 3 trials with caloric restrictions in newly diagnosed T2D (Table 1B). Caloric restrictions were moderate
and either 500 kcal/d less than recommended for weight maintenance or 1500 to 1800 kcal/d for men and 1200 to 1500
kcal/d for women. The counselling sessions were weekly or monthly (Table 1B). Exercise was prescribed for ~25
minutes/day.

For the 2 studies which were 6 months in duration, the T2D remission rates were 50% and 80%.2%3% For the third
study, which was 8 years in duration, the end of study remission rate was 0%.?' This study was designed to compare T2D
remission rates with a low-carbohydrate Mediterranean diet to a low-fat diet. At 6 years, no individuals on the low-fat
diet were in remission. For the low-carbohydrate Mediterranean diet it was 8 years before all participants developed T2D.
Absolute weight loss was not reported. The investigators hypothesized that the 8-year delay in T2D progression in the
low-carbohydrate Mediterranean diet group versus the 6-year delay in the low-fat diet group were due to differences in
diet composition.

LSI-Alone Trials in Established T2D

There were 9 LSI-alone trials in established T2D (Table 2). After hypoglycemic medication was discontinued, diet and
counselling were the focus of the LSI for established T2D. All 9 trials had at the outset a total diet replacement phase
provided as soups and shakes or commercially prepared liquid meals such as Cambridge Diet, Optifast, and Glucerna.
These Phase 1 diets were prescribed for periods of 5 weeks to 4 months with a median duration of 2 months. The earliest
LSI-alone trial in established T2D was conducted in the United States in 1986 as an inpatient study.?’ It provided the
lowest daily allotment of 300 kcal/d. The other 8 studies did not include hospitalizations and had calorie allotments of
450 to 1000 kcal/d. In these trials, the interaction with the research team was daily to weekly (Table 2). Five of the
studies had a gradual food re-introduction phase which lasted between 2 weeks and 3 months.?**3'3 During this
phase, contact with the research team was weekly to monthly. In 4 of the 9 trials, there was a Phase 3 with a duration of 5
to 18 months.?*>'"33 To sustain weight loss, Phase 3 diets were designed to be isocaloric. Interaction with the study team
during Phase 3 was generally monthly.

With one exception, physical activity was not a focus of LSI-alone trials in established T2D. In 8 of the 9 the LSI trials,
maintenance of baseline activity or a moderate increase without specific instructions were recommended. However, in the
trial conducted in Qatar, participants were instructed during the first two dietary phases to undertake 10,000 steps/d.*?
During the weight maintenance phase, 20 minutes/d of unsupervised activity was prescribed.

Remission Rates

Fourteen of 16 studies provided end of trial remission rates (Table 1 and Table 2). Remission rates for these 14 trials
combined, ranged from 0 to 100%, and were dependent on study duration. For example, the study with a duration of 5
weeks had a 100% remission rate,”’ whereas the study with a duration of 8 years, had at 8 years, a 0% rate of
remission.”!

Metabolic Effects of LSI-Alone

The metabolic effects of LSI were described in 4 newly diagnosed T2D trials (Table 1) and 8 established T2D trials
(Table 2). Parameters included and investigative tool intensity varied across studies. Some trials made metabolic
assessments based on FPG and plasma insulin concentrations only and others used insulin clamps and scans.
Nonetheless, the major theme across studies was that LSI-alone leads to a decrease in insulin resistance and an increase
in beta-cell responsiveness. Additionally decreases in hepatic and pancreatic fat and a decline in visceral adipose tissue
were observed.

Predictors of T2D Remission According to Baseline Characteristics

One newly diagnosed T2D trial and 4 established T2D trials reported on baseline factors associated with remission.
Across these five studies, baseline predictors of successful remission were: shorter duration of T2D, fewer oral
hypoglycemic medications at enrolment, lower baseline values of A1C and FPG, less insulin resistance and preserved
beta-cell function. In addition, higher BMI and WC at baseline were associated with greater remission rates in two
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studies but were not a factor in a third study.”>~** However, these differences may be accounted for by differences in
race/ethnicity. One study enrolled Asian Indians,?® another study enrolled Black Caribbeans®® and the third, Whites from
the United Kingdom.*® In addition, sample size may have been a factor. The two trials which showed that a high BMI or
WC at baseline were important in predicting remission had <25 participants, whereas the study which did not have this
finding, had 149 participants.?*-*6-?

The relationship of age to remission rate was inconsistent. Two studies reported that younger age at enrolment

predicted remission and whereas, a third study reported that older age did.>>='-*

Nonglycemic Effects of LSI-Alone
Blood pressure, renal function, physical fitness, and quality of life improved with LSI-alone in all studies which
evaluated these parameters (Table 1 and Table 2).

Lipid profiles were evaluated in 4 of the newly diagnosed T2D trials. Triglyceride (TG) levels declined in 3 studies
and did not change in one. In the study by Esposito et al, HDL increased on the Mediterranean diet, but decreased on the
low-fat diet.?' In the study by Ades et al the cholesterol and HDL concentrations did not change but the cholesterol/HDL
ratio decreased.®® In the investigation of Aboriginal people living as hunter gatherers, HDL levels declined.*

Lipid profiles were examined in 7 of the established T2D trials. As 5 of 7 studies showed a decline in TG levels and 2 of 7
showed no change, the effect on TG can be interpreted as either positive or neutral. For HDL, one study showed a decline, the
other 6 studies reported no change or an increase. For total cholesterol, 2 studies reported no change and 1 study reported an
increase. Two studies reported on LDL levels with one investigation reporting no change and the other an increase.

Discussion

This scoping review revealed that over nearly 40 years, 16 LSI-alone trials for diabetes remission were conducted in 10
countries. None of the trials were conducted in Africa. Overall, in LSI-alone remission trials, enrolment was generally
restricted to individuals with A1C<11% and BMI <45 kg/m®. In established T2D, enrolment criteria also usually
included: T2D duration of <6 years, no previous insulin therapy, and no end-organ damage. Whether these enrolment
criteria are necessary to achieve success with LSI-alone remains to be established. However, remission rates must be
considered relative to study duration. For example, the shortest trial was an established T2D study conducted for
a 5-week period. The remission rate at 5 weeks was 100%.>” The longest trial enrolled individuals with newly diagnosed
T2D. By 8 years, all 215 participants required hypoglycemics. Hence, the remission rate was and 0%."

As LSI delays but does not prevent the recurrence of T2D,?' weight regain, the most prominent factor triggering
relapse of T2D, must be minimized.>® Recognizing the relapse risk associated with weight gain, the DIiRECT trial
investigators designed partial and full meal replacement regimens if weight gain was 2kg or 4kg, respectively.*’

Due to the risk of relapse, surveillance is essential. In short, if LSI is instituted as remission therapy of T2D, follow-
up at 6 months intervals is necessary.” However, if LSI-alone decreases glucose levels below diabetic thresholds for
a substantial period of time, then better health and decreased costs could result.’

Benefits of Remission

The benefits of medication-free LSI can be divided into two categories, one: immediate and measurable and two: long-term and
speculative. Immediate and measurable benefits include improved blood pressure, enhanced quality of life and better physical
fitness (Table 1 and Table 2). The metabolic benefits include a decrease in hepatic and whole-body insulin resistance, less visceral
adiposity, and improved B-cell responsiveness. In addition, in most studies, TG levels decreased, and HDL levels increased.

As a long-term benefit, if LSI alone achieves remission, medications do not need to be purchased during that time. As
stated earlier, 70% of the direct cost of T2D diabetes in African countries are borne by patients.''"'? Whereas the cost of LSI
counselling in newly diagnosed T2D are essentially the same as usual care and presumably less expensive than the cost that
would be incurred with medication administration.'®*' In short, dietary and physical activity counselling are probably cost-
effective and should be part of all T2D management programs. For example, the ADDITION-Cambridge Trial had
a remission rate of 30% at 5 years with only one annual 30-minute review supplemented by three additional 10-minute
sessions.'” The ADDITION-Cambridge Trial did not specify a physical activity program.
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The major speculative benefit of LSI is the prevention of diabetic complications during the remission period.
To the extent to which diabetes complications are caused by hyperglycemia, decreasing glycemia for an extended
period of time should prevent or minimize these.?' For example, Harayama et al found in a 6-month trial of LSI in
180 Japanese individuals with obesity and newly diagnosed T2D that hyperglycemia decreased, glomerular
filtration rate increased and proteinuria declined.”” Weight loss as the Pathway to Remission Weight loss at
~10% of baseline weight or ~10 kg overall appears to have been essential to achieving T2D remission in 5 of the
newly diagnosed T2D trials and all 9 established T2D trials. However, for 2 newly diagnosed T2D trials,
remission was triggered by diet modification without weight loss.?'** The presumption that weight loss would
be the trigger for T2D remission was the foundation on which the LSI trials were built.?**!'**> As an enrolment
criterion, BMI in either the overweight or obese category was required in 3 of the newly diagnosed T2D trials and
8 of the established T2D trials. Furthermore, higher BMI and WC at baseline were predictors of remission through
weight loss.” In short, for weight loss to improve glycemia, excess weight had to be a baseline characteristic.

Weight loss as the key to T2D remission is embedded in the twin-cycle hypothesis.*® The twin cycle hypothesis was built
by Roy Taylor and colleagues based on observations from three successively larger and longer trials of LSI-alone in
established T2D, specifically Counterpoint (n = 11; duration = 5 months), Counterbalance (n = 30, duration = 9 months) and
DiRECT (n = 149; duration = 24 months) (Table 2).?**!** The twin-cycle hypothesis has four components: (1) all persons
with T2D have crossed a personal fat threshold and are in positive calorie balance and need to lose weight, (2) both the liver
and pancreas are dysfunctional due to TG overload, (3) TG overload leads to the liver developing insulin resistance and the
pancreas secreting less insulin than necessary to achieve euglycemia, (4) weight loss will reverse the TG overload in the
pancreas, improve pancreatic insulin secretory capacity, reverse hepatic insulin resistance and remission will occur.*

Despite widespread acceptance of the twin-cycle hypothesis, two studies in this review found remission of newly
diagnosed T2D occurred because of dietary modification rather than weight loss.?'** Therefore, the universal applic-
ability of the twin-cycle hypothesis needs to be reconsidered, particularly in Africa and low and middle income countries
generally, where the prevalence of T2D is increasing in normal weight individuals.*'

Applicability of Existing LS| Trials to T2D Remission in African Countries
There are at least two reasons why currently available LSI-alone regimens must be critically evaluated and possibly
redesigned before widespread institution in African countries.

First, there is increasing awareness that the etiology of T2D in many Africans may be primarily pB-cell failure rather
than obesity-induced insulin resistance.*' *> There are genetic reasons for p-cell failure in Africans as well as the
transgenerational effects of early life or inter-uterine undernutrition and epigenetic changes.**** In short, LSI programs
based on insulin resistance as the major cause of T2D may be, less successful in Africans than in populations that have
insulin resistance as the primary determinant of T2D. Therefore, LSI-alone regimens designed for Africa must assess the
impact on T2D remission of dietary modification independent of weight loss.

Second, there is no data in established T2D on whether the low-calorie liquid diet used in Phase 1 of LSI-alone trials
would be socially or culturally acceptable to Africans. This issue is independent of the cost and lack of availability in
Africa of the liquid preparations used in the Phase 1 total dietary replacement period.

Altogether, designing LSI-alone intervention for the purpose of promoting T2D in African countries, might optimally
begin with trials designed to specifically address newly diagnosed T2D rather than established T2D. LSI trials in newly
diagnosed T2D may be easier to conduct and less expensive that LSI in established T2D. Scoping reviews preclude
statistical comparisons between studies.'® Nonetheless we note that LSI-alone trials in newly diagnosed T2D appear to be
longer in duration and have higher enrollments than the LSI established T2D (Figure 2). Cost and ease of trial
administration may be factors.

Limitations and Strengths
This review is a valuable reference for investigators on the trials which are available on the ability of LSI-alone to
promote T2D remission. By design, studies with either bariatric surgery or pharmaceutical arms were not included.
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Bariatric surgery is not a public health strategy and in many areas of the world medication for the treatment of T2D is not
available.

Additionally, this review is the first to divide LSI trials into two groups: newly diagnosed T2D and established T2D.
By doing this, it became clear that both enrollment criteria and the design of the LSI differed by T2D type. In addition, as
a scoping review this study included trials with a relatively small number of participants (ie <25). In general, before large
trials are funded, there must be smaller studies which demonstrate proof of concept and the existence of essential
infrastructure. Table 1 and Table 2 were designed to direct prospective investigators to small previously successful
studies which could be used as blueprints.

The main limitation of this review is that the trials designed to determine whether LSI-alone can induce T2D
remission were few in number, variable in size, and conducted over nearly 40 years.

Conclusions

Due to the rise in prevalence of T2D across the African continent, investment in trials which determine the
effectiveness and design of studies of LSI-alone deserve study. In short, trials of LSI-alone combined with
governmental policies in every African country which promote reversal of the rapidly increasing obesogenic
environment, could fundamentally slow the upward trajectory of T2D across the continent.®*® However, this
scoping review was unable to identify any publications which specifically addressed in a sub-Saharan African
country whether LSI-alone can reverse T2D. However, this review did identify 16 trials which demonstrated that
LSI-alone is a means by which T2D may be reversed for a period of months to years (Table 1 and Table 2) and could
be used as models.

However, there are fundamental differences in the design of LSI necessary for newly diagnosed versus
established T2D. Compared to LSI in established T2D, LSI for newly diagnosed T2D focuses on diet modification
even without weight loss, requires less intensive follow-up, less resources and has a greater emphasis on exercise.
Due to the emphasis on diet modification, LSI-alone for newly diagnosed T2D may be appropriate for Africa where
a significant proportion of the population may have T2D predominantly from B-cell failure rather than obesity-
related insulin resistance.*”** In short, conduct of LSI-alone trials in Africa as a means to induce remission of newly
diagnosed T2D deserves study. Insight gained from the conduct of LSI-alone trials in newly diagnosed T2D could
provide proof of concept and an African foundation on which successful studies of LSI-alone in established T2D
could be built.
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