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Abstract

Background—Type 2 diabetes is a significant public health concern. With the completion of the
Diabetes Prevention Program, there has been a proliferation of studies attempting to translate this
evidence base into practice. However, the cost, effectiveness, and cost-effectiveness of these
adapted interventions is unknown.

Objective—The purpose of this systematic review was to conduct a comprehensive meta-analysis
to synthesize the effectiveness, cost, and cost-effectiveness of lifestyle diabetes prevention
interventions and compare effects by intervention delivery agent (dietitian vs non-dietitian) and
channel (in-person vs technology-delivered).

Methods—English and full-text research articles published up to July 2015 were identified using
the Cochrane Library, PubMed, ERIC, CAB Direct, Science Direct and Google Scholar. Sixty-
nine studies met inclusion criteria. Most employed both dietary and physical activity intervention
components (four of 69 were diet-only interventions). Changes in weight, fasting and 2-hour blood
glucose concentration, and hemoglobin Alc were extracted from each article. Heterogeneity was
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measured by the 12 index, and study-specific effect sizes or mean differences were pooled using a
random effects model when heterogeneity was confirmed.

Results—Participants receiving intervention with nutrition education experienced a reduction of
2.07 kg (95% Cl: 1.52 to 2.62; p<0.001; 12=90.99%, 95% CI: 88.61% to 92.87%) in weight at 12
months with effect sizes over time ranging from small (0.17, 95% CI: 0.04 to 0.30; p=0.012; 12=
86.83%, 95% CI: 80.42% to 91.14%) to medium (0.65, 95% CI: 0.49 to 0.82; p<0.001; I2=
98.75%, 95% CI: 98.52% to 98.94). Effect sizes for 2-h blood glucose and HbAlc changes ranged
from small to medium. The meta-regression analysis revealed a larger relative weight loss in
dietitian-delivered interventions than in those delivered by non-dietitians (full sample: 1.0 kg; US
subsample: —2.4 kg), and did not find statistical evidence that the delivery channel was an
important predictor of weight loss. The average cost per kg weight loss ranged from $53.87 over 2
months to $1,005.36 over 12 months. The cost of intervention per participant delivered by
dietitians was lower than interventions delivered by non-dietitians, though few studies reported
costs.

Conclusions—L.ifestyle interventions are effective in reducing body weight and glucose-related
outcomes. Dietitian-delivered interventions, compared to those delivered by other personnel,
achieved greater weight reduction. No consistent trend was identified across different delivery
channels.

Keywords

obesity; Type 2 diabetes; lifestyle intervention; nutrition education; dietitian; technology; meta-
analysis

Introduction

Type 2 diabetes (T2D) has increased significantly worldwide.> Among adults aged 20-79
worldwide, 8.8% were estimated to have diabetes in 2015, and the prevalence of diabetes is
estimated to increase to one in ten adults by 2040.1 Among adults in the United States (US),
the estimated lifetime risk of developing T2D is 40%.2 Type 2 diabetes is a challenging
public health problem, with serious consequences on health and health care costs. 34 This
condition greatly reduces life expectancy and leads to numerous medical complications,
such as renal disease, diabetic neuropathy, and macrovascular disease.® This condition has
contributed to substantial increases in total economic costs in the US- from $174 billion in
2007 to $245 billion in 2012, and shows no signs of slowing down. ©

Since the completion of the Diabetes Prevention Program, there has been a proliferation of
studies attempting to translate lifestyle interventions into clinical and community practice in
an attempt to halt this growing public health epidemic.”2 Lifestyle intervention, specifically
intensive diet and physical activity behavioral counseling programs, are recommended for
the prevention of T2D.10 Dietitians, who are trained to deliver medical nutrition therapy,
play an important role in diabetes prevention counseling.8:%11 However, given limited access
to dietitians and possibly higher program costs relative to other types of intervention
delivery agents, nutrition education is sometimes provided by other types of delivery agents
such as healthcare professionals, community health workers, or others (e.g. average salary

J Acad Nutr Diet. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sunetal.

Page 3

for a community health worker is $37,490, vs. the average salary for a dietitian is
$56,300).12:13 While understanding the appropriate personnel to deliver diabetes prevention
intervention content has significant cost implications for clinical and community
organizations, the relative effectiveness and cost-effectiveness of dietitian-delivered nutrition
education compared to nutrition education delivered by other agents has yet to be examined.

As reported by Sherwood et.al., consumers desire interventions with less person-to-person
contact. Technology-based programs represent an alternative approach to minimize in-
person interactions.1* Technology-based lifestyle interventions have been broadly defined as
those which utilize web-based platforms, mobile applications, telecommunication
technology and phone counseling sessions such as interactive voice response calls, or text
messaging. These technologies may be used alone or in combination with in-person
intervention contacts. Technology-based approaches also have the potential advantage of
reducing personnel resource demand, and can overcome transportation barriers to reach
geographically disparate population groups.1® Therefore, there is a need to investigate the
relative effectiveness of technology-based interventions, compared to traditional in-person
interventions. Having these data available could inform decision-making related to
organizational selection, adaptation, and implementation of diabetes preventions
programs.2-3

Seven meta-analyses that evaluated nutrition education in diabetes prevention programs were
identified. They reported non-standardized mean differences in weight and glucose tolerance
or economic evaluation ratio,13:16-21 and four analyses focused on changes in health
outcomes at 12 months13:16-18 Two meta-analyses reported the effectiveness of prevention
programs at multiple time points.1%:21 Those that limited the review to only randomized
controlled trials (RCT) reported a reduction in 2-h blood glucose (BG).1” Those focused on
clinical care settings reported change in weight,18 and those conducted in “real-world”
settings reported the percentage of body weight change.1® Meta-analyses focused on routine
clinical settings examined the effectiveness of adherence to guidelines,!3 and others did not
describe the study setting in their inclusion criteria. Only two meta-analyses included a
summary of costs; the reported median program cost per participant was $653 (2013 U.S.
dollars) 20 and it was suggested that nonmedical personnel may reduce program costs
without sacrificing effectiveness.16 Overall, these meta-analyses have demonstrated that
lifestyle-based diabetes intervention programs are effective in reducing risk for developing
T2D in adults.

While the findings across these meta-analyses are promising there still is an absence in
evidence synthesis that examines the effectiveness, costs, and cost-effectiveness of diabetes
prevention interventions across delivery personnel, delivery channel, setting, and
populations. The paucity of these data makes it difficult for typical clinical or community
organizations to determine if; (1) intervention delivery is affordable, (2) program delivery
personnel are available, or (3) the intervention content is adaptable to fit the context.?2 The
purpose of this systematic review was to conduct a comprehensive meta-analysis to
synthesize the effectiveness, cost, and cost-effectiveness reported across studies testing
diabetes prevention interventions. We also examined, with subgroup analyses, if differences
in these outcomes existed between interventions that were delivered by dietitians compared
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to non-dietitians, or if differences existed based on technology versus in-person intervention
delivery. Non-dietitians included intervention delivery agents such as wellness instructors,
lay leaders, community health workers (CHW), health department counselors, lifestyle
coaches, healthcare professionals, group leaders, diabetes educators, health educators,
community residents, research staff, nutritional scientists, physiotherapists, general
practitioners, study physician, nurses, facilitators and pharmacists. Subgroup analyses were
performed to explore the average effect size differences in intervention effects across those
subgroup dimensions including US versus non-US study locations, RCT versus studies using
a quasi-experimental design (QED), and length of study follow-up (3, 6, and 12 months, and
up to 60 months).

Materials and Methods

This review was conducted according to the PRISMA guidelines 23 and was registered with
the PROSPERO International register of systematic reviews (registration number
CRD42014013817).

Eligibility Criteria

Studies that focused on diabetes prevention for high-risk adults through lifestyle
interventions, used RCT or QED (with and without control groups), and reported relevant
clinical outcomes within five years (e.g., body weight, fasting BG [FBG], or glucose
tolerance) were included. Risk criteria for T2D included the following: overweight or
obesity status (BMI=24, BMI = 23 for Asian adults), prediabetes (FBG ranging from 95-125
mg/dl), impaired fasting glucose (Fasting blood glucose measurement of 101- 108 mg/dl
[5.6-6.0 mmol/I] or fasting venous plasma glucose measurement of 110 — 124 mg/dl [6.1-
6.9 mmol/I] or fasting glucose measurements of 100 — 125 mg/dl [5.55-6.9 mmol/]),
impaired glucose tolerance and diabetes risk score reflecting increased risk for T2D
(American Diabetes Association (ADA)-score =10, Finnish Diabetes Risk score
(FINDRISC) score =9, Australian diabetes risk (AUSDRISK) score = 12). Only studies with
interventions lasting more than four weeks were included, as shorter-term lifestyle programs
are not likely to produce sustained changes.24 Studies published before July 2015 in the
English language were included. Studies that aimed to improve dietary knowledge among
health care workers or medical students were excluded, as were studies focused solely on
weight loss which were unrelated to diabetes prevention.

Search Strategy

A systematic literature search was conducted using the following databases: the Cochrane
Library, PubMed, ERIC, CAB Direct, Science Direct and Google Scholar. The search terms
used combinations of ‘nutrition education’, ‘lifestyle intervention’, ‘behavioral intervention’,
‘nutritionist’, ‘registered dietitian/dietician’, ‘dietary intake’, ‘nutrition’, ‘prediabetes’,
‘dietary education’, ‘diabetes prevention’, ‘glucose tolerance’, ‘glucose homeostasis’,
“fasting glucose’, ‘cost-effectiveness’. Citations and abstracts of all retrieved studies were
imported into ENDNOTE X7 citation management software. Duplicates were removed and
the remaining studies were assessed for eligibility criteria by two researchers.
Supplementary Table 1 and 2 present examples of the complete search strategy used in the
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electronic databases CAB Direct and PubMed. Reference lists of identified studies and
related reviews were also hand-searched for relevant articles.

Data Extraction and Quality Evaluation

Based on the Cochrane template a data extraction form was developed (available from the
authors upon request).2° The following information from each article was extracted: study
details (authors, year, and county of publication), sample size and participant characteristics
(age, gender, weight measurements at baseline), risk criteria for T2D (such as overweight/
obese/prediabetic/diabetes risk score), duration of the intervention (from baseline to the end
of intervention), active and maintenance phases, details of intervention procedures, outcome
measurements (method, body mass index [BMI], body weight loss, blood glucose outcomes,
and incidence of diabetes), author’s conclusions and study limitations.

The quality of selected research articles was evaluated according to Academy of Nutrition
and Dietetics Evidence Analysis Library quality rating worksheet.28 This checklist includes
criteria for evaluating the relevance and validity of included studies. Each study was
assessed for quality independently by at least two reviewers and assigned an overall quality
grade (categories: +, —, or 0). When present, differences in ratings between reviewers were
discussed in order to reach a consensus. If agreement could not be established, a third
reviewer was included to resolve differences.

Data Analysis

This review included the following outcome measurements: body weight, BMI, fasting
blood glucose (FBG), 2-hour plasma glucose (2-h BG), and glycated hemoglobin (HbAZ1c).
Reported imperial values were converted into metric units except for BG concentration,
which was reported in mg/dl. Analyses were carried out using Stata Statistical Software:
Release 13.27 Mean change was obtained by subtracting the baseline mean value from the
mean at a subsequent measurement period (e.g., months 6 or 12). Separate analyses were
conducted for active intervention phase changes, and for the overall intervention phase (i.e.
active and maintenance phases) changes. Some of the missing mean standard deviations
(SD) for the outcomes of interest were obtained by contacting authors. The rest of the
missing values were calculated from correlation coefficients, confidence intervals or
standard errors according to calculations outlined in the Cochrane handbook for systematic
reviews of interventions (Section 16.1).28 Furthermore, both effect size (ES) and the non-
standardized mean difference (NSMD) of primary outcomes (e.g., weight) were estimated
and compared. An advantage of standardized effect sizes is that they can be used to compare
magnitude of change across studies.2? Non-standardized mean difference allows the present
results to be compared with related meta-analyses since they report NSMD.

To facilitate the model selection in this meta-analysis, statistical heterogeneity tests, 12 index
were used to determine the magnitude of heterogeneity. 39 A random-effects model with
DerSimonian and Laird’s technique was used when heterogeneity was confirmed.31:32 Meta-
regression analyses were performed to explore heterogeneity and assess the relationship
between relative weight loss, FBG reduction, change in 2-h BP and HbA1c (i.e., intervention
group relative to control group) at 12 months and study characteristics, such as delivery
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agent (dietitian or non-dietitian), delivery channel (In-person or Technology-delivered),
study design (RCT or QED), study location (US or non-US), percentage of female
participants, mean age of the study sample, baseline average BMI, study setting (in primary
setting or others), and group session (group-based or not). Furthermore, the existence of
publication bias was assessed by a visual examination of funnel plots and test statistics from
Begg’s and Egg’s tests.33

The average cost-effectiveness ratio (ACER), which refers to the average cost of an
intervention per unit of output, was used to estimate average cost spent per effect (i.e., per kg
weight lost). When sufficient information was available from the included studies, ACER
was calculated to provide the average cost for 1 kg weight loss.

Characteristics of Studies

The database search resulted in a total of 10,840 abstracts. After removing duplicates (3,404
in total), a total of 7,436 abstracts went through the initial screening (See Eligibility
Criterid). The initial screening resulted in 118 abstracts eligible for full-text article
assessment. The full-text assessment resulted in the final sample of 69 studies included in
our meta-analysis. Figure 1 depicts the complete search process.

The key characteristics of included studies are presented in Supplementary Table
3.15.24.2534-99 Among included studies, there were 32 conducted in the US and 37
conducted in other countries. Study designs included RCT (n=41), pre-post (n=25),
matched-cohort design (n=2), and non-randomized comparison (n=1). Most interventions
included both dietary and physical activity lifestyle components, with four studies focusing
solely on dietary changes.85:67:80.86 |ntervention delivery agents included registered
dietitians (33 studies), or non-dietitian agents such as other health professionals, lay leaders,
and community health workers (36 studies). Active intervention phase ranged from two
months (n=3) to 12 months (n=13), and maintenance phase ranged from 5 months (n=1) to
51 months (n=1). This analysis included a total of 22,009 participants with mean age of 52.7
years. Approximately 65.4% of participants were women. Participant’s race and ethnicity
were mostly white and Hispanic or Latino.

The 12 index demonstrated that most of the overall effect sizes in weight, FBG, 2-h BG and
HbA1c change at different durations were heterogeneous. When there was statistical
evidence of heterogeneity at one or more time points, random effects models were used in
the analysis. Otherwise, fixed effects models were used to calculate the average effect sizes.
Results of change in BMI were similar to that of weight, so we chose to present the results
of weight change [the results of BMI change are available from the authors upon request].
Negative effect sizes reflected a reduction in the variable of interest.

Main findings

The comparison of delivery agents and channels are the main focus of this review, however
we will first briefly discuss the overall results (i.e., pooled comparison). The effect size and
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mean difference for weight at 12 months are presented as forest plots in Supplemental
Figure 1 and 2, and the remaining overall results are available from authors upon request.

Weight: A total of 64 studies reported results related to change in weight. The overall effect
sizes for weight change were all negative, reflecting a reduction in body weight, and the
magnitudes ranged from 0.17 (95% CI: 0.04 to 0.30; p=0.012; 2= 86.83%, 95% CI: 80.42%
t0 91.14%) to 0.65 (95% CI: 0.49 to 0.82; p<0.001; 2= 98.75%, 95% CI: 98.52% to 98.94).
The effect sizes over time showed curvilinear trends, with a peak value at six months for
weight loss, although the trends were not statistically significant (p>0.05). Non-standardized
mean differences in weight loss for intervention groups relative to control groups showed a
decreasing trend over time. Changes in weight were negative, indicating a reduction in body
weight, and the magnitude of change ranged from 1.17 kg (95% CI: 0.50 to 1.83; p= 0.001;
12= 73.02%, 95% Cl: 56.29% to 83.34%) to 3.15 kg (95% CI: 2.08 to 4.22; p<0.001; I2=
97.61%, 95% CI: 97.11% to 98.02%). On average, participants receiving intervention
including nutrition education experienced a reduction of 2.07 kg (95% CI: 1.52 to 2.62;
p<0.001; 12=90.99%, 95% CI: 88.61% to 92.87%) in weight at 12 months.

Fasting blood glucose (FBG): Forty-one studies reported FBG results. The average effect
size of FBG change was negative, indicating a reduction, and the magnitude showed an
increasing trend to 0.33 (95% CI: 0.14 to 0.52; p=0.00; 2= 94.38, 95% CI: 92.87% to
95.57%) at 12 months, followed by a decrease to 0.11 (95% CI: 0.04 to 0.18; p= 0.002; 12=
47.64%, 95% CI: 0.00% to 75.67%) at longer durations, but the trend was not statistically
significant. Relative mean differences in FBG were all negative and the sizes of change
range from 1.65 mg/dl (95% CI: 0.14 to 3.17; p=0.03; 12=56.83%, 95% Cl: 9.21% to
79.46%) at 12 months and beyond to 3.84 mg/dl (95% CI: 1.35 to 6.33; p= 0.003;
12=99.18%, 95% CI: 98.99% to 99.34) at 6 months, with the greatest difference at 6 months.

2-h blood glucose (2-h BG) and Hemoglobin Alc (HbAlc): Nineteen studies reported 2-h
BG and 15 studies reported HbAlc. The overall effect size for 2-h BG was negative and the
magnitude increased to 0.65 (95% CI: 0.03 to 1.27; p= 0.04; 12= 99.41%, 95% CI: 99.30%
t0 99.49%) at 12 months, but decreased to 0.06 (95% CI: 0.01 to 0.14; p= 0.078; I2=
38.40%, 95% CI: 0.00% to 74.08%) at longer durations. For HbAlc, the effect sizes were
negative and the greatest magnitude was 0.34 (95% ClI: 0.17 to 0.51; p<0.001; 2= 72.32%,
95% CI: 47.58% to 85.39%) at 12 months, but a smaller effect size of 0.29 (95% CI: 0.01 to
0.59; p=0.059; 12= 68.00%, 95% CI: 0.00% to 90.72%) was evident at longer durations.
Relative mean differences were negative and showed a similar trend as that of effect size,
with the largest difference of 7.21 mg/dl (95% CI: 1.95 to 16.36; p=0.123; 12= 97.7%, 95%
Cl: 97.04% to 98.20%) for 2-h PG at 12 months.

Intervention Cost

Among 69 studies, cost information was reported by only eight studies.35:36:44-46,93,98,100
Intervention costs primarily included material costs, intervention staff salaries, and others
(i.e., cost for using pedometers and facilitator calls, cost relating to physical activity and cost
for food shopping and preparation). The material cost was reported in only one study and
was $1,075.09, including food, scales, and items distributed to 11 participants and paper
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handouts to 28 participants.3® Intervention labor cost varied by the delivery agent and by the
intensity of counseling. In the two studies that reported these costs, diabetes educators were
compensated by $275/year per participant while dietitians were compensated by $528/year
per participant (at annual average exchange rate in 2014) for the intervention delivery.4.93
Dawes et al. reported that the cost for pedometers and facilitator calls per participant was C
$35 and C$58 (Canadian dollars) respectively.9

Five of these studies provided intervention cost per participant.44-46:93.100 The average
intervention cost per person was $385. Three of them were delivered by dietitians with a
lower average cost per person of $314, compared to that of $491 delivered by health
educators and community leaders. VVadheim et al. reported that the per-participant cost of a
tele-health intervention was $90.17 less than an in-person intervention, because this
approach could allow more individuals to participate.*4

The absence of complete information made it challenging to compute the unit cost for direct
comparison. However, four studies reported sufficient information to calculate the average
cost effectiveness ratios (ACER). Table 1 presents cost information for the above studies
with ACER. The lowest average cost for 1 kg weight loss over two months was $53.87 in a
study that examined if intervention delivered by trained diabetes educators can reduce risk
factors among individuals at risk for diabetes.*® The highest average cost for 1 kg weight
loss was $1,005.36 over 12 months in a study that assessed an intervention including weight
control and physical activity aimed at south Asian individuals in the UK.%3

Subgroup Findings

Subgroup analyses for overall effect sizes for both active intervention phase and overall
(active + maintenance) study phase by delivery agent and channel are presented in Table 2
and summarized below. For each outcome, the first row reports the effect sizes with the
confidence intervals; the second row reports the 12 index and the confidence interval. Results
of similar subgroup analyses by study design and location (US vs non-US), and for relative
effect size (intervention group compared to control group) for delivery agent and channel,
and study design and location are presented in Supplemental Tables 4, 5, and 6 respectively.

Delivery agent

Weight: On average, dietitian-delivered interventions achieved the largest and statistically
significant average effect size on weight reduction for the active phase of interventions at
three months (Hedge’s g: —0.27, 95% CI: —0.36 to —0.19; p<0.001; 12= 96.68%, 95% ClI:
95.38 % to 97.61%) and for the overall intervention phase at 12 months (Hedge’s g: —0.30,
95% ClI: -0.40 to —0.21; p=0.025; 12= 91.72%, 95% CI: 88.29% to 94.14%) as compared to
other durations (Table 2). Within the 12-month duration, the intervention phase and overall
phase did not show statistically significant differences in effect sizes between dietitian-
delivery and non-dietitian-delivery agents. As shown in the Figure 2 forest plot, there were
relatively larger variations in effect sizes among non-dietitian delivered interventions
(12=94.71% 95% CI: 93.06% to 95.96%) as compared to dietitian-delivered ones
(12=91.72% 95% ClI: 93.06% to 95.96%). For overall intervention phases lasting longer than
12 months, dietitian-delivered interventions demonstrated a greater effect size for weight
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reduction (Hedge’s g: —0.24, 95% CI: —0.44 to —0.04; p=0.019; %= 88.13%, 95% ClI:
81.51% to 92.38%)than non-dietitians (Hedge’s g: —0.04, 95% CI: -0.08 to —0.01; p=0.009;
12= 56.71%, 95% CI: 0.00 % to 85.64%) but the difference was not statistically significant
due to the wider variations of effect sizes within dietitian-delivered intervention studies.
Similar to overall effect sizes, all interventions across delivery agent type showed consistent
significant effects on weight reduction across all program durations except for weight
reduction at 6 months; no statistically significant differences across delivery agent types
were noted (Supplementary Table 4). Mean reductions in weight of dietitian-delivery
programs were larger than non-dietitian programs except for the 12 month duration (-1.90
kg, 95% Cl: —2.73 to —1.61; p<0.001; 12= 91.14%, 95% CI: 87.38% to 93.78% for dietitian-
delivery programs and —2.23 kg, 95% ClI: —2.99 to —1.46; p<0.001; 12= 91.28%, 95% ClI:
88.04% to 93.63% for non-dietitian-delivery programs) (Supplementary Table 4).

EBG: Programs delivered by non-dietitians produced significant effect sizes for active
intervention phases lasting three and six months (Hedge’s g: —0.30, 95% CI: —-0.51 to -0.10;
p=0.001; 2= 53.46%, 95% CI: 1.17% to 78.09% for those delivered by non-dietitians at six
months), which was similar to the effect sizes at those time points for overall intervention
phases (Table 2). For overall intervention phases lasting 12 months or longer, dietitian-
delivered interventions produced significant average effect sizes (Hedge’s g: —0.21, 95% CI:
-0.29 to —0.12; p<0.001; 12= 0.00%, 95% CI: 0.00% to 74.62% for programs delivered by
dietitian and 0.04, 95% CI: —0.07 to 0.15; p=0.507; 12= 0.00%, 95% CI: 0.00% to 89.60%
for those delivered by non-dietitians at 12 months and beyond) and the difference was
statistically significant (p=0.0002).

2-h BG and HbA1c: A statistically significant effect size for 2-h BG for non-dietitian-
delivered programs for active intervention phase was observed at 6 months (Hedge’s g:
-0.22, 95% CI: -0.42 to —0.01; p=0.036; 12= 0.00%). Dietitian-delivered programs
demonstrated significant effects for both outcomes at the longer durations No statistically
significant effect for HbAlc for active intervention phase was present (Table 2). The
subgroup comparison for HbAlc was only possible at 12 months for overall intervention
phases, due to limited sample sizes (Table 2). Dietitian-delivered programs produced greater
effect size for HbAlc than non-dietitian-delivered programs at 12 months (Hedge’s g: —0.43,
95% CI: -0.70 to —0.16; p=0.002; 2= 62.30%, 95% CI: 0.00% to 87.33% for programs
delivered by dietitian and —0.26, 95% Cl: —0.55 to 0.03; p=0.079; 2= 74.29%, 95% ClI:
41.49% to 88.71% for those delivered by non-dietitians) (Table 2).

Delivery channel

Weight: Effect sizes were generally larger for weight loss in technology-delivered
interventions than in-person interventions in the active intervention phase, across all
durations (Table 2). Similar comparison results were observed at 3, 12, and 13-60 months in
the analysis of overall intervention phases. The largest effect sizes for both delivery channels
were present at 6 months for overall intervention phases (Hedge’s g: —0.62, 95% CI: -1.02
to —0.22; p=0.002; 12= 89.18%, 95% CI: 77.50% to 94.80% for technology group and —0.67,
95% Cl: —0.86 to —0.48; p<0.001; 2= 99.0%, 95% CI: 98.83% to 99.18% for in-person
group). The only statistically significant larger weight loss the technology-delivered
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interventions produced as compared to in-person delivery interventions was at 12-month for
the active intervention phase (Hedge’s g: —0.63, 95% ClI: —0.97 to —0.29; p<0.001; 12=
61.1% for technology group and —-0.15, 95% CI: —0.22 to —0.08; p<0.001; 12= 88.8%, 95%
Cl: 82.36% to 92.90% for in-person group). As depicted in the Figure 3 forest plot, there
were many more studies using in-person delivered interventions, and they demonstrated a
wider variation in effect size compared to technology-delivered interventions.

EBG: For active intervention phases, only 3-month interventions showed statistically
significant effect sizes for FBG changes for in-person delivery interventions (Hedge’s g:
-0.25, 95% CI: -0.42 to —0.07; p=0.007; 12= 88.01%, 95% CI: 80.01% to 92.81%). The two
delivery channels did not show statistical significance in effect sizes difference. For the
overall intervention phase, the largest effect size for both delivery channels were noted as the
same at 12 months (Hedge’s g: —0.33, 95% CI: —0.58 to —0.08; p=0.011; %= 80.33%, 95%
Cl: 48.12% to 92.54% for technology group and —0.33, 95% CI: -0.55 to —0.12; p=0.003;
12= 94.46%, 95% Cl: 93.53% to 96.07% for in-person group). Significant effect sizes were
evident with reductions in FBG at durations longer than 12 months for in-person-delivered
interventions (Hedge’s g: —0.13, 95% CI: —0.20 to —0.06; p<0.001; 12= 40.58%, 95% ClI:
0.00% to 73.76%) (Table 2).

2-h BG and HbA1c: Comparisons of in-person and technology-delivered interventions
were not possible for active intervention phases due to insufficient data (Table 2). A
significant effect size was only detected for 2-h BG at 12 months for technology-delivered
interventions for the overall intervention phase (Hedge’s g: —0.27, 95% CI: —0.41 to —0.13;
p<0.001; 12= 0.00%).

Other factors

Weight: Interventions tested in RCT showed statistically significantly larger effect sizes for
weight loss for programs with 6 month and 12 months as compared to interventions tested
using QED for both active and overall phases (Supplementary Table 5). Both active and
overall program effect sizes for weight loss were statistically significantly larger in US than
in non-US studies except effect size at 12 months for active intervention (Supplementary
Table 5).

EBG: Interventions using different study designs produced mixed effect sizes across
different study durations, with no consistent trend (Supplementary Table 5). At 3 months and
12 months, interventions tested in RCT showed larger effect sizes for FBG than
interventions using QED for both active and overall interventions. For example, the effect
size at 12 month for overall programs was —0.53 (95% CI: —0.89 to —0.17; p=0.004; 12=
95.75%, 95% CI: 94.12% to 96.94%) for interventions tested in RCT and —0.11 (95% ClI:
-0.29 to 0.062; p=0.203; 2= 89.23%, 95% CI: 83.93% to 92.78%) for interventions using
QED. US studies demonstrated statistically larger effect sizes for FBG change as compared
to non-US studies for programs at 3 months for active interventions and at 3 and 12 months
for overall interventions.
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2-h BG and HbAlc: Only interventions tested in RCT showed a statistically significant
effect size for 2-h BG at durations of 12 months and beyond (Hedge’s g: —0.13, 95% ClI:
-0.22 to —0.04; p=0.004; 12= 0.00%, 95% CI: 0.00% to 74.62%) (Supplementary Table 5)
for overall intervention phases (active + maintenance). Non-US interventions demonstrated
significant effect sizes for 2-h BG change at 12 months for non-US studies for overall
intervention phases (Hedge’s g: —0.68, 95% CI: —1.32 to —0.04; p=0.039; 12= 99.45%, 95%
Cl: 99.35% to 99.53%). Non-US studies showed greater effect sizes for HbAlc compared to
US studies at 12 months (Hedge’s g: —0.15, 95% CI: —0.20 to —0.10; p=0.027; 12= 56.43%,
95% CI: 0.00% to 83.86% for US studies and —0.44, 95% CI: -0.74 to —0.13; p=0.005; 1%=
79.12%, 95% CI: 50.36% to 91.22% for non-US studies). No statistical difference was noted
in the comparison between US and non-US studies on those outcomes.

Mean difference in outcomes showed similar results to effect sizes for overall intervention
phases except the comparison result for weight. Interventions tested in RCT showed greater
effect only at 6 months compared to interventions using QED (Supplementary Table 6).

Sources of heterogeneity: meta-regression

To provide insight as to which study characteristics were independent predictors of
intervention effectiveness, meta-regressions on weight and FBG were conducted (Table 3
and Table 4). A meta-regression was performed in the full sample for 2-hr BG and HbAlc,
which is presented in Table 5. There was not sufficient data available for a subsample
analysis for 2-hr BG and HbA1C.

a) Meta-regression on weight—Weight reduction (at 12 months) was chosen to be the
outcome of interest, since it is the primary outcome of most diabetes prevention
interventions in adults 724, Beyond the full sample meta-analysis, we also conducted a
subsample meta-analysis by study location (US, Non-US) to further isolate location-specific
contextual differences from the intervention effects. Studies included an average of 300
individuals, and 51% were conducted in a primary care setting. 52% of the studies also
utilized dietitians for intervention delivery. Most studies (79%) were delivered in person, and
most (70%) used a group-based intervention format. Mean baseline BMI was in the obese
range (31.21 kg/m?).

Dietitian-delivered interventions demonstrated a larger relative weight loss (i.e., intervention
group relative to control group) than programs delivered by non-dietitians in all groups (the
full sample: —1.0 kg; the US subsample: —2.4 kg; the non-US subsample: -1 kg). Delivery
channel was shown to be a statistically significant independent predictor of weight loss in
the non-US subsample (Table 3).

Other independent predictors of weight change at 12 months included the study setting, as
less relative weight reduction was noted in programs delivered in primary care settings in the
full sample and in the US subsample. We observed lower relative weight loss in the full
sample and in US studies using a group-based intervention format. Interventions conducted
in the US demonstrated greater relative weight loss compared to non-US interventions (1.2
kg). A longer study duration resulted in less weight loss, for non-US studies.
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b) Meta-regression on FBG—FBG reduction (at 12 months) is a predictor of future
diabetes and is commonly used as an enrollment criteria for diabetes prevention trials. 101
We also conducted meta-regression for the full sample and for subsamples of US and non-
US studies. The average sample size for the full sample is smaller than that of the meta-
regression on weight (198), and 45% of these studies were conducted in a primary care
setting. About a half (49%) of the studies employed dietitians for intervention delivery. Most
(85%) studies were delivered in person and most (82%) used a group-based intervention.
Mean baseline BMI was in obese range (31.10 kg/m2). Only study type was shown to be a
statistically significant independent predictor of FBG reduction in the non-US subsample
(=5.2 mg/dl) (Table 4).

c) Meta-regression on 2-h BG and HbAl1c—There was insufficient data for a meta-
regression for subsamples of US and non-US studies, for the outcomes of 2-h BG and
HbA1c. Table 5 presents the results of meta-regression for the full sample of those
outcomes. The data summary was similar to those of weight and FBG. Only 4% of the
studies with 2-h BG were conducted in the U.S. No statistically significant independent
predictor was observed for 2-h BG or HbAlc.

Sensitivity Analysis and Publication Bias

A sensitivity analysis was performed to evaluate the robustness of the results. The sensitivity
analysis, first restricted to studies with a positive rating and then to studies published within
the past 10 years. The effect sizes of both sensitivity analyses did not substantially change
from the primary results. For example, effect sizes of weight achieved the greatest
magnitude at 6 months for both sensitivity analysis (High quality studies: —0.80, 95% ClI:
-1.12 to —0.48; p<0.001; 12=98.94%, 95% CI: 98.74% to 99.11% and recent 10-year
studies: —0.65, 95% CI: —0.82 to —0.49; p<0.001; 12=98.85%, 95% CI: 98.52% t098.94 %),
which is similar to the trend of overall interventions (-0.65, 95% CI: 0.17 to 0.28; p<0.001;
12=98.75%, 95% CI: 98.52% to 98.94). Similar trends of effect sizes for all outcomes were
observed in these two sensitivity analyses except for the greatest magnitude of effect size for
2-h BG occurred at 13 months for recent 10-year studies.

We included outcomes at 12 months for publication bias tests since it is only relevant if the
number of studies is larger than 10.192 According to Egger’s test and funnel plots
(Supplementary Figure 3), no statistically significant publication bias was observed for
change in weight or FBG in the case of non-standardized mean differences.103-105 However,
the Egger’s test showed evidence of publication bias for mean difference in 2-h BG
(p=0.013) and HbA1c (p=0.004).

In terms of effect sizes, significant publication bias was evident for outcomes of weight
(p=0.001) and HbA1c (p=0.043) (Supplementary Figure 4). One possible reason may be that
only English language publications were included. Studies with positive results may be more
likely to be published in international and English-language journals, whereas studies with
negative findings tend to be published in local and regional journals in their native
language.106
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Study Quality

Supplementary Table 7 presents the results of study quality assessment. The two raters
agreed that all the studies were eligible for plus (+) designation in the quality section. The
second aspect was to examine the validity of the included studies; most were assigned a plus
(+) in this section. Among all studies, 12 studies were rated as neutral quality and 57 studies
were rated as high quality (Supplementary Table 7). The following aspects were sometimes
not reported: blinding, representativeness of the population, number and reasons for
withdrawals, and the validity of study measurements. Several studies did not clearly report
their limitations or the funding sources. Discrepancies between the reviewers’ initial quality
assessment focused on questions related to the comparableness of the study groups, and
appropriateness of the statistical analysis.

Discussion

The overarching goal of this meta-analysis was to determine the effectiveness, costs, and
cost-effectiveness of lifestyle interventions focused on diabetes prevention with a
comparison of outcomes by delivery personnel (i.e., dietitian versus non-dietitian) and by
delivery channel (i.e., technology versus in-person intervention delivery). Overall, we were
able to replicate other systematic reviews that point towards the promise of these
interventions to prevent diabetes.22 Specifically, small to medium effect sizes107 were
documented across most outcomes (i.e., weight, 2-h BG and HbA1c) and varying
intervention duration, indicating that lifestyle interventions were effective at reducing body
weight, 2-h BG, and HbA1c. The observed effects on weight and blood glucose were
clinically meaningful because sustained weight loss of 3-5% is likely to result in clinically
meaningful reductions in blood triglycerides, blood glucose, and glycated hemoglobin and in
the risk of developing T2D.198 Significant reductions in glycemic outcomes were also
detected (e.g., reduction in FBG of 3.84 mg/dl at 6 months), which is a positive finding
given that not all individuals participating in the reviewed studies met prediabetes diagnostic
criteria (i.e., some were recruited based upon weight status or ADA risk screener scores).
We also demonstrated in the meta-regression analysis that dietitian-delivered interventions
may be more effective than those delivered by non-dietitian delivery agents, particularly for
interventions carried out in the US. To further support this statement, we conducted a meta-
regression analysis with the location dummy variable interacting with all variables and
tested the interaction of the location dummy variable with the delivery agent dummy
variable. The p-value for this interaction term is 0.061, indicating that interventions
delivered by dietitians in the US studies have statistically significant greater reduction in
weight change at the 10% level. However, this analysis did not indicate that delivery channel
was a significant independent predictor of weight reduction. Unfortunately, we also
document, as in other reviews of lifestyle interventions, 199 that cost information is not
regularly reported and that cost-reporting components varied across studies. For example,
the total costs in one analysis consisted of three parts: cost for diabetes educators, program
materials, and cost for a tool box; Bhopal et.al. also added indirect costs to the total cost.
Hence, it is possible that the differences in ACER may be due to the lack of a standardized
approach studies to complete cost analyses across studies rather than a true difference.%3
Only eight of 69 studies reported intervention costs and only four provided the information
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necessary to determine ACERs—Ieaving these data tenuous to interpret with a high degree
of confidence.

Our findings are consistent with those reported by Balk et al—combined diet and physical
activity programs are effective at helping individuals at risk for T2D to reduce body weight
and FBG.19 Schellenberg et al. conducted a meta-analysis of lifestyle interventions and
reported that lifestyle interventions had an important impact on body weight and BMI for
high-risk patients.110 Our analysis found that mean weight loss was 2.1 kg, which is similar
to the 1.8 kg reported by Cardona-Morrell in 2010.18 According to the 2013 Guidelines for
the Management of Overweight and Obesity in Adults,108 a sustained weight loss of 3-5%
is likely to results in clinical meaningful reductions in blood glucose and in risk of
developing T2D. This magnitude of weight loss reported overall for the studies reviewed
was likely consistent with the 3% weight loss benchmark (e.g., 2.7 kg for an individual
weighing 91 kg [200 Ibs.]), therefore this magnitude of weight reduction appears to be
clinically meaningful particularly for individuals who are at risk for T2D. Our study adds to
the literature by summarizing the effect size across a number of relevant outcomes. We
found that the effect size for different outcomes ranged from small (2-h BG and HbA1c
within 6 months) to medium (weight and FBG at 12 months). 107111 As such, our meta-
analysis provides further evidence that when lifestyle interventions are implemented,
practitioners and patients can expect modest improvements which translates into clinically
meaningful change and reduced risk.

It is noteworthy that dietitian-delivered interventions were more effective at producing
weight loss compared to other intervention delivery agents in the full sample, and
particularly for interventions conducted in the US (Table 3). The US credentialing agency
for Registered Dietitians (RD/RDN), the Commission on Dietetics Registration, has
reciprocity agreements with only a limited number of countries who have similar dietetics
education and credentialing as in the US: Dietitians of Canada; Dutch Association of
Dieticians and Ministry of Welfare, Public Health and Culture; the Philippine Professional
Regulation Commission; and the Irish Nutrition and Dietetic Institute 112, Thus, it is
possible that dietitians practicing in other countries have received a different type of training
than those in the US. This difference in training could explain the greater effectiveness (i.e.,
greater weight loss) of dietitian-led interventions in US studies. This issue warrants
additional research. For example, it could be hypothesized that registered dietitians have
training that allows them to more effectively communicate nutrition information, facilitate
skill development, and develop strategies for implementation with their patients 113, It could
also be that the training process associated with dietetics provides dietitians with tacit
knowledge that aids in providing participants with the right services at the right time. From
an organizational decision making perspective, this meta-analysis suggests that healthcare
and community settings considering implementing a diabetes prevention program should
utilize available dietitian resources.

We initially hypothesized that technology-delivered interventions would have equitable or
smaller effects than in-person interventions. This hypothesis was based on the similar
outcomes reported between technology-assisted interventions and in-person interventions at
12 months in a review conducted by Ali et al.16 We extended these findings to document no
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independent effects of delivery channel after controlling for other study factors. This, again,
has implications for both practice and future research. Specifically, technology-support may
be best delivered early in an intervention with in-person strategies used to support
maintenance of changes. Alternatively, a fruitful area of research may examine the different
technology-based strategies that are necessary for longer-term maintenance.

Additional findings of interest arose from our subgroup analysis. We found that study design
was related to intervention outcomes, but in a complex way. We found in our univariate
analyses that studies that used QED resulted in smaller effects than those that used RCT,
however, when considered in our meta-regression, while accounting for a number of other
factors, differences in study type was not associated with weight loss. This finding suggest
that other factors beyond study design are likely the drivers of differential effect sizes.
Furthermore, US studies on average documented larger weight loss as compared to those
non-US studies which can be partially due to the heavier baseline samples in US (90.36 kg
vs. 82.90 kg, respectively).

Related to design issues, our quality assessment of this body of literature was positive, but
reporting could be improved by describing the method of handling withdrawals and missing
values, whether blinding was used to prevent bias, or whether “intent to treat” was used in
the analysis.

It is unfortunate that there was limited cost information provided across these studies. With
some notable exceptions, 3°:36:44-46,93,98,100 this hody of literature does not include the
information necessary to support clinical or community decision making relative to program
uptake and implementation. 114 These preliminary data were, however, contrary to our
hypothesis that dietitian-delivered interventions would be more expensive than those
provided by non-dietitian delivery agents. The studies that did complete comparisons found
that dietitian-delivered interventions are less expensive when considered by the amount of
participant weight lost. This information underscores the need for community and clinical
organizations to look beyond the simple cost of materials and delivery staff expertise and
focus on the cost relative to intervention outcomes over time. Clearly, more evidence is
needed to support that dietitian-delivered interventions and electronic-technology-
interventions have a lower cost on average relative to changes in outcomes.

There are some limitations to this meta-analysis which should be acknowledged. Despite the
large total number of papers included in this review, the number of studies available for
some outcomes was limited, leading to insufficient studies available for some of the
subgroup analyses. For example, there were insufficient data to analyze effect of 2-h BG and
HbAlc beyond 12 months. In addition, a common limitation of meta-regression is that the
analysis is often underpowered due to the limited number of available studies. We
acknowledge this as a limitation of our investigation. The study selection was limited to
English articles, which could be a source of the identified publication bias. Most of the
studies using QED included in this review are before-and-after studies. Some of these
studies did not report confounder-adjusted outcomes. It is possible that pre-post differences
may result in potential bias. However, as mentioned previously, the overall quality of studies
included was rated as positive. It is also possible that intervention design, as opposed to
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delivery agent (i.e., dietitian vs non-dietitian), could have explained differences in program
effectiveness. Information about cost and cost-effectiveness information is quite limited in
our body of literature and may lead to uncontrolled differences between available studies
with cost information. Formal cost-reporting methods are needed in future studies to support
a complete analysis of cost and cost-effectiveness of lifestyle interventions including
nutrition education for prevention of diabetes.

Conclusions

This systematic review and meta-analysis indicated that diabetes prevention programs
including nutrition education were associated with a reduced risk of diabetes, assessed by
weight, FBG, 2-h BG and HbAlc. Dietitian-delivered intervention programs demonstrated
greater effectiveness than those delivered by non-dietitian delivery agents. Technology-
delivered interventions sometimes showed greater effectiveness compared to in-person
delivered programs. These findings provide support for role of dietitians in diabetes
prevention programs. However, our meta-analysis is limited in that it included only English
language publications, and publication bias was present for some outcomes. Hence, the
results should be interpreted with caution. We are unable to provide conclusive cost
information due to the limited cost-reporting and inconsistent cost estimate approaches.
Future research should include information about program costs, in order to better determine
the cost-effectiveness of specific intervention features.
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Figure 1. Meta-analysis Flow Diagram: The effectiveness of lifestyle intervention including
nutrition education for diabetes prevention

aStudies did not meet the inclusion criteria: 19 studies included participants with diabetes; 1
study lasted less than 4 weeks; 5 studies did not include nutrition education; 13 studies did
not aim to prevent diabetes; 11 studies did not report relevant outcomes for the meta-
analysis, or had incomplete information.
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Figure 2.
Forest plot for the study effect sizes and the overall summary effect size for weight change at

12 months by delivery agent (non-dietitian vs dietitian). Each study is identified by author
and year. Horizontal lines represent the effect size for each study. The whiskers extending to
each side represent the study effect’s 95% CI. The diamond indicates the overall effect size.
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Lindstrom, Louheranta et al. 2003, —— 1 -0.79 (-0.97, -0.62)
Makrilakis, Liatis et al. 2010," | o -0.06 (-0.10,-0.02)
Parikh, Simon et al. 2010," —o—: -0.61 (-1.07, -0.16)
Penn, White et al. 2009, — -0.40 (-0.78, -0.01)
Pimentel, Portero-Mclellan et al. 2010;" —_——— -0.55 (-1.10, -0.00)
Roumen, Feskens et al. 2011 —0—: -0.52 (-0.85, -0.19)
Ruggiero, Oros et al. 2011, | o 0.07 (-0.14, 0.00)
Schmiedel, Mayr et al. 2015” - -0.44 (-0.56, -0.32)
Xu, Sun et al. 2013, —o+ -0.50 (-0.91, -0.08)
Yeh, Heo et al. 2015 —— 1 -1.46 (-1.97, -0.95)
Subtotal (-squared = 92.8%, p = 0.000) (] -0.24 (-0.30, -0.18)
R 1
Overall (I-squared = 93.5%, p = 0.000) 6 -0.28 (-0.34,-0.22)
NOTE: Weights are from random effects analysis :
T T
2 4 0
Effect size
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Forest plot for the study effect sizes and the overall summary effect size for weight change at
12 months by delivery channel (technology-delivered vs in-person delivered). Each study is
identified by author and year. Horizontal lines represent the effect size for each study. The
whiskers extending to each side represent the study effect’s 95% CI. The diamond indicates
the overall effect size.
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