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IMPORTANCE

▪ “Affects 720 million people worldwide”

▪ 10% progression to diabetes each year (US)

▪ Excess absolute risk during 6.6yrs:

• Mortality: 7.36 per 10 000 person-years

• Cardiovascular disease: 8.75 per 10 000 person-years



METHODS

▪ Pubmed, Cochrane database
• English-language articles

• January 1, 1990 - July 31, 2022

▪ Studies included (110)

• Prospective cohort studies (58)

• Randomized clinical trials (20)

• Systematic reviews and meta-analyses (9)



METHODS

▪ Other sources
• Practice guidelines (7)

• National surveys (13)

• Diagnosis studies (3)



DIAGNOSIS



DIAGNOSIS

▪ HbA1c
• Convenience: requires no fasting

• Affected by:

o Hemolytic anemia

o Iron deficiency

o Hemoglobinopathies

o Pregnancy

o Uremia

o Race



SCREENING

▪ USPSTF:
• 35-70yo, overweight or obese /3yrs

• Annual monitoring for progression to diabetes

▪ ADA*: all adults older than 35yo /3yrs

▪ Low concordance between screening tests



* ADA. Standards of Care in Diabetes - 2024



PATHOPHYSIOLOGY

▪ Impaired fasting glucose (IFG)
• “Inappropriate” endogenous glucose production

• Hepatic insulin resistance

• Reduced hepatic glucose clearance

• Decreased glucose uptake

• Impaired beta cell function



PATHOPHYSIOLOGY

▪ Impaired glucose tolerance (IGT)
• Skeletal muscle resistance

• Delayed glucose uptake

• Beta cell dysfunction (80%)

▪ Impaired HbA1c

•  Mean glucose level in past 2-3 months

• IFG, IGT or both



EPIDEMIOLOGY

▪ Annual incidence: 6.2%, 11% with parental history

▪ Associated with increased body weight

▪ Simultaneous insulin resistance and beta cell dysfunction

▪ Postmortem studies: 40% decrease beta cell volume 



EPIDEMIOLOGY

▪ Major risk factors:

• Overweight or obesity (BMI  25): 80%

• Older age (65yo or older)

• Physical inactivity

• Unhealthy diet

• Genetic predisposition: OR 1.4 (1st degree family member, DM)*



EPIDEMIOLOGY

▪ Prevalence:
• 38% US

• 10.2% IGT, 5.7% IFG worldwide

▪ No effect for race

▪ Steady increase in the past 30yrs (US)

▪ IDF projection (2045): 11% IGT, 6.5% IFG



COMPLICATIONS

▪ Progression to diabetes
• 5.8-18.3 /3yrs

• 31% for IFG, 41% for IGT in 12yrs

• 31% for HbA1c 5.7-6.4% in 10yrs

o RR = 10 when 6.0-6.4%

• 95.9% in 30yrs



COMPLICATIONS

▪ Progression to diabetes (CONT’D)
• Lower rate among those older than 60yo

• No significant ethnic differences



COMPLICATIONS

▪ Microvascular and macrovascular complications
• More CVD risk factors and events

• Increased all-cause mortality

• Higher rates of hospitalization

• Higher frequency of impaired cognition



COMPLICATIONS

▪ Microvascular and macrovascular complications
• Retinopathy at baseline: 7.9%

• Peripheral neuropathy: 7.5-16%

• Chronic kidney disease: 9.7% (RR = 1.1-1.5)

❖ NO current recommendations for screening



SPONTANEOUS REMISSION

▪ Resolution in 1-5yr follow up: 33-59%

▪ Resolution in 6-11yr follow up: 17-42%

▪ Decrease with longer follow up



TREATMENT

▪ Meta-analysis of 47 trials (normoglycemia)
• Strong evidence for lifestyle modification

• Moderate evidence for pharmacotherapy

▪ Lifestyle adjustments: mainstay of treatment

▪ Pharmacotherapy: return with discontinuation



LIFESTYLE INTERVENTIONS

▪ Calorie restriction

▪ Increased physical activity

▪ Self-monitoring of food intake

▪ Physical exercise: 150min/week moderate-intensity



PROGNOSIS

▪ Achievement of normoglycemia
• Lower baseline FBS, 2hPG

• Younger age

• Higher insulin response to glucose load

• Weight loss

▪ Progression with normoglycemia

• 2.6% vs 3.2% in 10yrs





TREATMENT

▪ No trial enrolled participants by HbA1c

▪ US DDP: IGT – lifestyle, metformin, placebo

• Lifestyle:

o 16 individual core sessions in 6 months

o Twice monthly in-person maintenance sessions

o Telephone contact between sessions

o Higher report of musculoskeletal symptoms

• Normoglycemia (3yrs): 40% lifestyle, 20% metformin / placebo



TREATMENT

▪ Effect of lifestyle modification mediated by weight loss*

 * Two trials without this finding: lower baseline BMI

▪ Effect persisted after discontinuation of intervention

• US: 15yr cumulative incidence, 55% vs 62%

• China: 30yr incidence, per 100 person-years, 7% vs 11.7%

• Finland: 13yr incidence per 100 person-years, 4.5% vs 7.2%



TREATMENT

▪ No long-term effect on complications (DPP)
• Same microvascular complications (15yr follow up)

• Subclinical atherosclerosis (14yrs): 75% vs 84%

• CV events (21yrs): 6.1 vs 5.3 /1000 person-years



TREATMENT

▪ Favorable long-term effects (Da Qing)
• CV death (30yrs): 45.7% vs 56.3%

• CV events (30yrs): 52.9% vs 66.5%

• Microvascular complications: 25.1% vs 34.0%







PHARMACOTHERAPY (METFORMIN)

▪ No FDA approved medication

▪ ADA: metformin 850 bid

• Younger than 60yo

• BMI  35, FBS  110, HbA1c  6%

• Prior gestational diabetes

▪ Higher GI symptoms: 77.8% vs 30.7%

▪ Monitoring for B12 malabsorption



PHARMACOTHERAPY (TZD)

▪ DDP (1yr): troglitazone 3% vs 12%

▪ DREAM (3yrs cumulative): rosiglitazone 10.6% vs 25%

▪ ACT NOW (3yrs): pioglitazone 2.1% vs 7.6%



PHARMACOTHERAPY

▪ ɑ-glucosidase inhibitors
• Acarbose

o STOP-NIDDM* (3yr cumulative): 32% vs 42%

o ACE (5yrs): 3.2% vs 3.8% 

• Voglibose (1yr): 8% vs 17%

* Decreased CV events: 2.2% vs 4.7%



PHARMACOTHERAPY

▪ GLP-1 analogues

• Liraglutide (3yr cumulative): 2% vs 6%

• Semaglutide (68wks): 0.5% vs 3%

• Tirzepatide: no data



PHARMACOTHERAPY

▪ Combinations
• Metformin + lifestyle (3yrs): 39.5% vs 55%

• Metformin + rosiglitazone (3.9yrs): 14% vs 39%





LIMITATIONS

▪ No quality evaluation

▪ Limited search algorithm

▪ RCTs: variations in criteria

▪ RCTs: time without intervention
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