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1  |  INTRODUC TION

Prediabetes is a serious but potentially reversible health condition 
defined by abnormal cellular responses leading to increased glucose 
in the bloodstream (CDC, 2020; Mayo Clinic, 2021). In patients with 

prediabetes, HbA1c is not high enough (<6.4%) to be classified as 
Type 2 Diabetes Mellitus (T2DM) (≥6.5%) but is elevated above nor-
mal levels (>5.7%) (CDC,  2021b). Remaining in a prediabetic state 
can increase risk of complications including blindness and ampu-
tations, the development of cardiovascular disease, renal disease, 
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Abstract
Prediabetes and Type 2 diabetes mellitus (T2DM) is increasingly prevalent and both 
conditions have a variety of comorbidities. There are many programs aimed at the 
reduction or prevention of prediabetes and/or T2DM. However, only a few stud-
ies have evaluated the effect of intervention duration and evidence-based frame-
works on specific populations at risk for prediabetes or T2DM. This review evaluated 
evidence-based lifestyle intervention programs to determine whether the duration of 
programming relates to the efficacy of evidence-based lifestyle change interventions. 
The aim was to assess relevant outcomes of these interventions in prediabetic or 
T2DM individuals aged 45 and older. The PRISMA framework was followed. Searches 
systematically screened and evaluated 2654 articles. Thirteen articles met the inclu-
sion/exclusion criteria. Databases searched included: PubMed; SCOPUS; ProQuest; 
Biomed Central; SpringerLink; ScienceDirect; EBSCOHost; JSTOR; Taylor & Francis; 
Wiley Online; BioOne; CINAHL; SAGE Journal; and Google Scholar (2009–2022). 
Identifying the most effective timeframe for lifestyle intervention programming to 
reduce the risks associated with prediabetes/T2DM can help providers develop ap-
propriate educational initiatives for patients at risk for pre-diabetes and/or T2DM. 
After screening, there were 13 studies which met the review criteria. All of the stud-
ies included in this comparative review used evidence-based interventions. Evidence-
based lifestyle intervention programs that are ≥12 months produced significant and 
consistent results in mediating outcomes related to prediabetes/T2DM than <12-
month programs in adults aged 45 years and older.
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metabolic syndrome, stroke, and progression to T2DM (American 
Diabetes Association, 2021; CDC, 2020; Mayo Clinic, 2021; Grundy 
Scott, 2012). Risk factors for prediabetes and T2DM include, but are 
not limited to, being overweight (BMI 25 to <30) or obese (BMI 30 or 
higher), being aged 45 years or older, having a family history of T2DM, 
having a poor diet, and physical inactivity (CDC, 2019a, 2020; Mayo 
Clinic,  2021; National institute of diabetes and digestive and kid-
ney diseases, 2018). Determinants affecting the development and 
progression of prediabetes, such as cost of healthy foods and per-
ceived lack of time for health behaviour activities like shopping for 
and preparing healthy foods/meals or incorporating physical activ-
ity into a daily routine, may lead to increased intake of convenience 
foods over nutritious alternatives in individuals consuming a west-
ernised dietary pattern and/or in impoverished populations (Amer 
et al., 2020; CDC, 2021a; Escoto et al., 2012; French et al., 2019; 
Naja et al., 2015). Food choices based on convenience, cost, or avail-
ability can lead to diets that are low in nutrients but high in calories, 
sodium, saturated fats, and added sugars. Dietary and lifestyle pat-
terns that increase such food choices may increase the risk of pre-
diabetes and obesity (Drewnowski & Eichelsdoerfer, 2010; Escoto 
et al., 2012; French et al., 2019). To reduce the incidence and sever-
ity of prediabetes, studies have evaluated the use of lifestyle change 
programs in adult populations (Amer et al., 2020; Arens et al., 2018; 
Baker et al., 2011; Davies et al., 2016; Diabetes Prevention Program 
Research Group,  2002; Dunkley et al.,  2014; Fianu et al.,  2016; 
Gillison et al.,  2015; Knowler et al.,  2002; Mudaliar et al.,  2016; 
Portero McLellan et al., 2014). Some of these programs have shown 
lifestyle interventions may lower the risk of prediabetes and as-
sociated comorbidities by encouraging healthy behaviours such as 
increased exercise, body weight reduction, and body weight main-
tenance (up to 7%) (Amer et al., 2020; Baker et al., 2011; Diabetes 
Prevention Program Research Group,  2002; Dunkley et al.,  2014; 
Fianu et al., 2016; Gillison et al., 2015; Knowler et al., 2002; Mudaliar 
et al., 2016). However, only a few studies have evaluated the effect 
of nutrition education intervention duration and evidence-based 
frameworks on specific populations at-risk for or diagnosed with 
prediabetes or T2DM (Association of Diabetes Care & Education 
Specialists,  2020; CDC,  2019b; Diabetes Prevention Program 
Research Group, 2002).

This comparative analysis, conducted following the PRISMA 
framework (Moher et al.,  2009), reviewed the literature to deter-
mine the effect of time in relation to the efficacy of evidence-based 
lifestyle change interventions and to assess relevant outcomes of 
these interventions in prediabetic or T2DM individuals aged 45 and 
older. The aim of the review was to determine if program interven-
tion durations ≥12-month, compared to <12-month programs, were 
as or more effective at normalising indicators associated with reduc-
tion of prediabetes and/or T2DM including: 5–7% weight loss and/
or maintaining post-intervention weight loss, an HbA1c < 5.7, and/or 
lowering incidence of prediabetes/T2DM in adults aged 45 years and 
older who have or are at risk for prediabetes or T2DM. Additionally, 
current literature on lifestyle change interventions methods and 

frameworks was evaluated to determine best practices for future 
design of prediabetes intervention programs.

2  |  METHODS

The protocol used to determine article quality for this review 
was based on the Academy of Nutrition and Dietetics Evidence 
Analysis library (EAL) and the review process was guided by the 
PRISMA framework (see Figure  1) (Academy of Nutrition and 
Dietetics,  2016; Moher et al.,  2009). Searches were performed in 
the following databases—PubMed; SCOPUS; ProQuest; Biomed 
Central; SpringerLink; ScienceDirect; EBSCOHost; JSTOR; Taylor & 
Francis; Wiley Online; BioOne; CINAHL; SAGE Journal; and Google 
Scholar. Key terms and MeSH phrases (see Table 1) were used for 
the search. Initial screening of articles evaluated the title and ab-
stract of the study and a secondary screening evaluated the studies 
for relevancy, to remove duplicates, and assess for eligibility. The 
review was limited to studies published between 2009 and 2022 
(see Table 2). Additionally, the inclusion/exclusion criteria limited the 
search to studies published in English, evidence-based studies, and a 
minimum age of 45 years or older among other criteria (see Table 2). 
Studies that did not include an evidence-based lifestyle intervention 
were excluded (see Table 2).

3  |  RESULTS

A total of 13 published studies met the inclusion criteria and were 
analysed for this comparative review. Five ≥12-month intervention 
studies and eight <12-month intervention studies were included 
(see Table 3). Each study was evaluated and given a quality rating 
based on the Academy of Nutrition and Dietetics EAL quality cri-
teria checklist (Academy of Nutrition and Dietetics, 2016). Bias was 
assessed for each study and is addressed in the limitations section 
of this review.

What is known about this topic and what this 
paper adds

•	 Nutrition lifestyle education interventions ≥12 months 
consistently lead to weight loss, HbA1c reduction, and 
prediabetes prevention.

•	 Nutrition lifestyle interventions benefit from develop-
ment, design, and implementation based on known pro-
gram planning frameworks.

•	 Expanded research efforts including stratified age 
categories and consistent diabetic indicators is 
recommended.
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3.1  |  Intervention duration: ≥12 months

A prospective RCT (n  =  434) evaluating the efficacy of a modified 
Chinese type 2 diabetes prevention lifestyle intervention in rural 
Chinese adults found significant weight loss (p < 0.001), reduction in 
HbA1c (p = 0.002), and reduction in the incidence of T2DM (p < 0.001) 
at year one as well as significant reduction in the incidence of T2DM 
(p = 0.041) at 12 months follow-up in the intervention group compared 
to the control group (Hu et al., 2017). Similarly, an 8-year RCT (n = 4585) 

found that in American adults, an intensive lifestyle intervention (ILI) 
adapted from the DPP had significant effects including initial weight 
loss, initial weight loss ≥5%, and initial weight loss ≥10% at the end-
point of the intervention (p < 0.001) in the intervention group com-
pared to the control (Look AHEAD Research Group, 2014). Likewise, a 
4-year RCT (n = 4503) evaluating the effect of an ILI adapted from the 
DPP in American adults showed the intervention group experienced 
statistically significant weight loss (p < 0.001) and reduction in the in-
cidence of T2DM (p < 0.001) at year 1 with statistically significant, but 

F I G U R E  1  PRISMA flow diagram.

TA B L E  1  MeSH search terms used

Search terms related to the 
population

Search terms related to 
the intervention

Search terms related to 
the intervention Search terms related to outcomes or effects

Adults aged 45 years and older who 
have or are at risk for prediabetes 
or type 2 diabetes (T2DM)

A ≥ 12-month evidence-
based lifestyle 
intervention program

A < 12-month evidence-
based lifestyle 
intervention program

5–7 percent weight loss and/or maintaining 
post-intervention weight loss; an 
HbA1c < 5.7; and/or lowering incidence of 
prediabetes/T2DM

Adult
Middle aged (MeSH) 45–65 years old
Aged 65–75 years old (MeSH)
Prediabetes
Prediabetic state (MeSH)
Diabetes Mellitus, Type 2 (MeSH)

Primary prevention 
(MeSH)

Early medical 
intervention (MeSH)

Education (MeSH)
Time factors (MeSH)
Curriculum (MeSH)
Health Education (MeSH)

Primary prevention 
(MeSH)

Early medical 
intervention (MeSH)

Education (MeSH)
Time factors (MeSH)
Curriculum (MeSH)
Health Education (MeSH)

Weight loss (MeSH)
Weight reduction programs (MeSH)
Haemoglobin A, glycated (MeSH)
HbA1c (MeSH)
Body weight maintenance (MeSH)
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decreasing, level of weight loss (p < 0.001) and reduction in the inci-
dence of T2DM (p < 0.001) in year 4 compared with the control group 
(Gregg et al., 2012). Furthermore, a 4-year RCT (n = 4815) evaluating an 
ILI adapted from the DPP in American adults found a significant effect 
on initial weight loss (p < 0.0001), initial weight loss ≥7% (p < 0.0001), 
and initial weight loss ≥10% (p < 0.0001) in the intervention group at 
year 4 compared to the control (Wadden et al., 2011). Finally, an RCT 
(n = 4959) evaluating an ILI adapted from the DPP found American 
adults experienced significant weight loss in year 1, initial weight loss 
≥7%, and initial weight loss ≥10% (p < 0.001) in the intervention group 
compared to the control (Wadden et al., 2009).

3.2  |  Intervention duration: <12 months

An observational study with a pre-post design evaluating a low-cost 
supervised walking program (n = 56) found that in highly motivated 
Dutch adults who had T2DM (n  =  30) or were at risk for T2DM 
(n = 26) there was a significant decrease in body weight (p < 0.01) 
and, more specifically in participants with T2DM and a pre-study 
HbA1c > 53 mmol/mol (n  =  8), there was a significant reduction 

in HbA1c (p  =  0.03) over the 28-week program (Hoogendoorn 
et al., 2019). Similarly, a longitudinal study (n = 66) evaluating the 
efficacy of using diabetes conversation maps with a weight loss 
program in elderly Italians found significant weight loss in the in-
tervention group (p < 0.0001) compared with the control at week 4, 
and a significant reduction in HbA1c (p < 0.0001) for the intervention 
group compared to the control at the 3-month follow-up (Defeudis 
et al., 2018; Kewming et al., 2016).

Additionally, an RCT (n = 60) found that participants in a cultur-
ally adapted DPP intervention for Chinese immigrants (12 bi-weekly 
core sessions) in New York City demonstrated significant weight loss 
at 6 months (p = 0.0001) and maintained weight loss at a 12-month 
follow-up (p = 0.0003) as well as a significant reduction in HbA1c at a 
12-month follow-up (p < 0.05) in the intervention group compared to 
the control (Yeh et al., 2016). Likewise, a retrospective analysis evalu-
ating year 1 results of a 6-month lifestyle intervention called the Diet-
Exercise-Activity-Lifestyle program in American adults (n = 92) found 
significant average weight loss in participants at month 6 (p < 0.001) 
and at month 12 (p = 0.008) (Bersoux et al., 2010; Swanson et al., 2012).

Providing additional support for programs that are <12 months 
in duration, a pilot randomised clinical trial (n = 62) evaluating the 

TA B L E  2  Inclusion/exclusion criteria

Criteria Inclusion Exclusion

Age Adults ≥ 45 years old Adults < 45 years old

Setting Outpatient In patient

Health status Healthy, with normal risk factors associated with obesity, 
T2DM, or prediabetes

Patients with other diagnosed comorbidities 
or poor prognosis. Excludes normal risk 
factors associated with obesity, T2DM, or 
prediabetes

Problem/Condition Healthy adults that have been diagnosed with prediabetes 
or T2DM

Patient has other serious health issues

Intervention Included an evidence-based lifestyle intervention Did not include an evidence-based lifestyle 
intervention

Intervention model Based on at least one theory or behavioural change model 
or on established evidence-based programs such as 
the Diabetes Prevention Program (DPP)

Does not include theory or behavioural 
change model

Intervention delivery Delivered by trained educators Not delivered by trained educator

Number of educational sessions Two or more educational sessions Less than two educational sessions

Behavioural change curricula Goal setting, lifestyle change evaluations, and biometric 
change evaluations such as weight loss assessments

Does not include curricula

Size of study groups The sample size must have at least 10 individuals A sample size with less than 10 individuals

Study drop out rate Less than 20% Greater than 20%

Language English Other than English

Duration of intervention ≥12 month or < 12 month N/A

Measurements used for analysis Outcomes related to at least one indicator of pre-diabetes No outcomes related to pre-diabetes

Study design preferences Primary research, Randomised Controlled Trial, 
Retrospective, Observational

Systematic Review, Meta-analysis

Year range 2009–2022 <2009

Authorship Only the newest article by the same author will be 
accepted unless the study population is different, or 
unless there is a relevant follow-up period

Studies by the same author will be excluded 
unless the study population is different, or 
unless there is a relevant follow-up period

Other Full text articles only Articles without full text will be excluded
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efficacy of a 6-month self-monitoring and intensive education fo-
cused lifestyle intervention in Italian adults recorded significant re-
ductions in weight loss (p = 0.02) and reduction of HbA1c (p = 0.04) 
at month 6 in the intervention group compared to the control; fur-
thermore, they found a significant portion (61.9%) of the interven-
tion group reached the target HbA1c of <7.0% at month 6 (p = 0.005) 
compared to the control (Franciosi et al., 2011). A smaller (n = 26) 
non-randomised comparison study evaluating the efficacy of an ed-
ucation and very low-calorie diet intervention in Australian adults 
found significant average weight loss (p = 0.004) and reduction in 
HbA1c (p = 0.017) at 12 weeks in the intervention group compared 
to the control (Farrer & Golley, 2014).

Despite the positive findings noted above, a pragmatic cluster 
randomised controlled trial (n = 1570) evaluating the efficacy of a 
group education lifestyle intervention in South African adults did not 
find significant results in body weight loss (p = 0.392) or in the re-
duction of HbA1c (p = 0.967) in either the intervention or the control 
group at a 12-month follow-up (Mash et al., 2014; Mash et al., 2015). 
Furthermore, an RCT evaluating the effects of a 3-month yoga pro-
gram lifestyle intervention in American adults found slight but non-
significant weight loss (p = 0.166) in the intervention group (n = 13) 
compared to the control (n = 12) at 3 months (Yang et al., 2011).

4  |  DISCUSSION

The structure of the DPP study was used a guiding framework for 
some of the inclusion criteria in this review. Specifically the DPP's 
initial study timeline was the basis for determining this reviews pro-
gram intervention duration of: ≥12-month, compared to <12-month 
programs. Likewise, the DDP acted as a guiding framework for 
many studies included in this comparative review, and it was used 
in a modified form or noted as an example for the framework by 
all five studies investigating ≥12-month interventions, one of which 
showed a partial or complete remission of T2DM is possible with 
lifestyle change (see Table  3). Four ≥12-month intervention stud-
ies used approaches adapted from the DPP focused on weight loss 
and physical activity and demonstrated that a 5%–10% weight loss 
and maintenance is statistically predictable in the age range defined 
by the review criteria. Only one of the included studies with a ≥12-
month intervention focused on and was found to have a significant 
impact on HbA1c values, adding to the evidence that the interven-
tions based on the DPP and delivered ≥12 months may help reduce 
the risk of T2DM and/or prediabetes in adults aged 45 years and 
older (see Table 3).

Eight of the included studies had interventions <12-months 
(see Table 3). These studies were based on several different frame-
works and were offered over a variety of durations <12-months. 
Additionally, these studies reported more issues than those inter-
ventions with durations over 12 months including six of the stud-
ies noted selection process issues and/or small sample sizes. Six of 
the eight included <12-month intervention studies found signifi-
cant decreases in body weight. Also, six of the eight <12-month 

intervention studies evaluated HbA1c, and five of those studies 
showed a significant reduction in HbA1c. While all eight <12-
month evidence-based lifestyle intervention studies evaluated at 
least one of the inclusion criteria outcomes, none of these studies 
evaluated as comprehensive parameters as the studies conducted 
≥12 months; further evaluation of studies <12 months may con-
tribute to the understanding of how intervention programs such 
as the ILI can reduce the development of T2DM and/or prediabe-
tes within shorter durations (see Table 3). It must be noted that re-
strictive calorie diets are often not feasible for long durations and 
can lead to increased weight regain after cessation (Clifton, 2017; 
Paisey et al., 2002; Turk et al., 2009).

While the interventions included in this review reported signifi-
cant outcomes associated with at least one of the parameters being 
investigated, future research will be needed to address the gaps in 
the literature that include using consistent indicators associated 
with reduction of pre-diabetes and/or T2DM, including more spe-
cific age ranges, and consistent study frameworks so it is easier to 
compare across studies. We recommend the use of categorical age 
ranges (e.g., 45–54, 55–64, 65+) to better understand efficacy asso-
ciated with weight reduction over time, HbA1c reduction over time, 
and prediabetes prevention. Results further defined via age strat-
ification could lead to more tailored approaches when developing 
future nutrition education interventions.

A strength of this comparative review worth noting is that the 
13 included studies had limited bias and all of these studies provided 
insight into the efficacy of possible reduction in the development 
of prediabetes and/or T2DM as related to the duration of lifestyle-
based interventions; however, there were several limitations in this 
review.

Study limitations

Search bias may have been introduced by the incomplete retrieval 
of information due to human error in the search (see Table  1). 
Additionally, language bias is possible due to the search parameters 
being limited to articles only published in English. Furthermore, 
the inclusion/exclusion criteria notes that only studies with a less 
than 20% dropout rate were included in the review (see Table  2). 
One of the included <12-month studies had a higher dropout rate 
than the criteria (see Table  2); however, the framework, potential 
for study success, and the insight provided into the difficulties of 
using established methodology in an area with insufficient social and 
environmental support merited its inclusion into the review (Mash 
et al., 2014; Mash et al., 2015).

5  |  CONCLUSION

Despite the consistent results and structured frameworks in the 
≥12-month interventions, there is minimal evidence supporting a 
clear benefit of ≥12-month versus <12-month interventions in the 
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efficacy of normalising indicators of prediabetes or T2DM includ-
ing 5%–7% weight loss and/or maintaining post-intervention weight 
loss, an HbA1c < 5.7, and/or lowering incidence of prediabetes/T2DM. 
However, we found that evidence-based lifestyle intervention pro-
grams ≥12-months produced more consistent results related to predia-
betes and/or T2DM than <12-month programs in adults aged 45 years 
and older. Additionally, there are benefits related to participation in 
lifestyle-based interventions based on known frameworks, including a 
reduction of risks related to prediabetes and T2DM, regardless of the 
duration of the intervention. Further research is warranted to better 
define the relationship between lifestyle intervention duration and in-
tervention ability to modulate indicators associated with prediabetes 
and/or T2DM in more categorically specific age groups.
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