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With more than 10 anti-diabetes drug classes, 

multiple nutrition approaches, and surgical 

interventions, diabetes educators are faced with 

a vast number of patient care combinations. 

moreover, the subcategorization of this single 

disease into several “types” of diabetes further 

confuses care. in 2016, leading diabetes societies—

the American diabetes Association (AdA), 

JdrF, the european Association for the Study of 

diabetes, and the American Association of Clinical 

endocrinologists (AACe)—announced the need to 

restructure existing classifications and treatment 

recommendations.1 Two main changes are 

anticipated.

First, a more accurate and “foundational” 

understanding of diabetes should be widely 

incorporated, specifically, guidance for a greater 

focus on the dysfunctional beta cell as a core 

defect in the development of diabetes and target 

in its management. Second, and as implicated 

through research such as long-term outcome 

studies, all treatments improve A1C levels in the 

short term but have varying effects in the long 

term. These may very well be found to extend to 

how each agent may contribute to the productivity 

and longevity of the beta cells over the long term.

the beta Cell–Centric Model

diabetes arises from the interaction between 

beta cells and insulin resistance, genetics, 

environmental factors, nutrition and biome, and 

inflammation/immune system activity.2 A joint 

statement from the major diabetes societies 

reemphasizes the importance of the essential role 

and need to preserve health of beta cells: “The 

paths to b-cell demise and dysfunction are less 

well defined, but deficient b-cell insulin secretion 

in the face of hyperglycemia appears to be the 

common denominator.”1

Beta cells maintain great precision of 

glucose concentrations in the bloodstream. 

These cells contain sensors that are vigilant to 

blood glucose concentrations and capable of 

exquisitely regulating the amount and timing of 

insulin secretion to maintain normoglycemia. 

This physiologic system is so fine-tuned that our 

technology has yet to reproduce its effectiveness.

As such, beta cell “wellness” should be a high 

priority in diabetes treatment. As will be described, 

specific strategies can support and spare beta cells, 

and interventions that appear to exhaust beta 

cells can be given the backseat to better options. 

Support of beta cell “health” is equally applicable to 

all subtypes of diabetes—prediabetes, type 1, type 

2, gestational, and latent autoimmune diabetes in 

adults (LAdA).

The beta cell–centric model illustrates how 

hyperglycemia ensues through at least 11 

pathways, termed the egregious eleven (Figures 1a 

and 1b).2 Among these 11 pathways, 6 pathways 

contribute to beta cell damage, while 5 pathways 

develop as the direct and indirect consequences 

of beta cell failure. Similar to other organ tissues, 

beta cells are susceptible to hyperglycemia-

induced oxidative stress, destabilization of dNA, 

autoimmune attack, and related processes that 

cause cell damage.3 The beta cell–centric model 

is a tool for the larger medical community to (a) 

identify the pathways of hyperglycemia at work in 

any given patient’s disease and (b) preferentially 

use treatment approaches that produce both 

short-term and long-term success, including in the 

support of beta cell function.

Figure 1a. The beta cell–centric model: the egregious 11.

Dysfunction of beta cells is the common denominator in all forms of diabetes. eleven 

currently known mediating pathways of hyperglycemia are shown. Many of these 

contribute to beta cell dysfunction (liver, muscle, adipose tissue [shown in maroon to 

depict additional association with insulin resistance], brain, colon/biome, and immune 

dysregulation/inflammation [all shown in blue]), and others result from beta cell dys-

function through downstream effects (reduced insulin, decreased incretin effect, α-cell 

defect, stomach/small intestine via reduced amylin, and kidney [shown in green]). 

Specific strategies 

can support and 

spare beta cells, 

and, interventions 

that appear to 

exhaust beta cells 

can be given the 

backseat to better 

options.
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Early intervention for “Healthier” beta Cells

Prediabetes and early diabetes present ideal 

opportunities to implement the beta cell–centric 

model. exercise, weight loss, and reduced caloric 

uptake have each been shown, individually or in 

concert, to forestall the advent of frank diabetes.4 

Counseling and scheduled follow-up visits can be 

highly effective to educate and guide patients back to 

normoglycemia. early pharmacological intervention 

can prolong beta cell function in type 2 diabetes 

as well as autoimmune-induced type 1 diabetes 

(ie, the “honeymoon” period). Accordingly, care 

should include screening for autoimmune markers 

and regular home monitoring in asymptomatic 

individuals at high risk for type 1 diabetes.

Patients are often receptive and active in 

changing the course of their disease. A study 

published in The Diabetes Educator found the 

majority of patients willing to commit to either 

lifestyle modification or pharmacological treatment 

(metformin, in the cited study) to lower their 

diabetes risk.5

lifestyle interventions

Caloric Intake and Weight Maintenance

Caloric intake in balance with the energetic needs 

of the body is a first-line means to normalize 

glucose and reduce the workload imposed on 

the beta cells. Patients should be counseled to 

achieve optimal caloric intake, a decrease in simple 

carbohydrates, and an increase in physical activity.6 

overweight or obese patients with diabetes 

might target a 3% to 5% body weight reduction.6 

Normalization of lipids and hypertension remains 

an early and essential goal in pre/diabetes, as 

stressed by the American College of Physicians7 

and other professional organizations.

The Incretin Effect

GLP-1 and the incretin effect is central to glucose 

metabolism. Normalizing the incretin effect in early 

type 2 diabetes has been shown to turn back the 

disease; in 1 study, improved glucose tolerance by 

supplementation of endogenous GLP-1 levels with 

liraglutide was achieved for nearly 1 year.8 Studies 

have shown a regimen of exenatide together with 

metformin and pioglitazone delays progression 

of diabetes in early dysglycemia.9,10 The 

“complementary” modes of action to this particular 

combination of agents improve beta cell function 

while simultaneously reducing insulin resistance.

Exercise

in addition to weight reduction, exercise improves 

insulin secretion and utilization in type 1, type 2, 

and “double” diabetes.11-13 Weight loss dramatically 

improves insulin sensitivity and “resets” cellular and 

brain metabolic imbalances. early in the course of 

type 2 diabetes, weight loss alone can be sufficient 

to put diabetes into remission. Based on the 

beta cell–centric model, exercise reduces insulin 

resistance; it will also reduce insulin demand, 

thereby taxing beta cells less.

Both anaerobic and aerobic exercise appear 

to improve insulin sensitivity, and each is 

recommended in AdA Standards of Care.14 

research shows that both anaerobic and aerobic 

exercise can improve beta cell function15,16 

and GLP-1 levels17 as well as muscle glucose 

metabolism, inflammation, and autoimmunity 

markers.18 From the standpoint of altering insulin 

demand, moderate-intensity aerobic exercise 

Figure 1b. Use of the egregious 11 as a guide for patient-centric 

therapy.

targeted therapies for each of the current mediating pathways of hyperglycemia, 

weight reduction, and cardiovascular benefits based on the beta cell–centric model. 

GlP-1, glucagon-like peptide 1; QR, quick release. †weight-reducing agent. *Potential 

cardiovascular benefit shown for at least one member of the class. adapted from “the 

time is Right for a new Classification System for Diabetes: Rationale and implications 

of the beta Cell–Centric Classification Schema,” which appeared in Diabetes Care in 

Feb 2016.2 Reprinted with permission.
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has an advantage over anaerobic exercise as the 

latter typically induces the production of counter-

regulatory/insulin-opposing hormones.

Sleep

Sleep is essential to all aspects of health, including 

beta cell health. insufficient and excessive sleep 

can negatively impact food choices, physical 

activity, and stress levels. interestingly, pancreatic 

islets possess their own circadian clock, 

emphasizing the direct relationship of proper sleep 

to glucose regulation.19,20

Stress

Chronic stress elevates cortisol levels, which 

contributes to general insulin resistance. 

Acute stress produces marked increases in 

catecholamines, which can raise blood glucose 

levels dramatically. These can in turn increase beta 

cell workload and contribute to glucose toxicity. 

Teaching patients about the glycemic effects of 

stress and equipping them with techniques for 

minimizing environmental stressors can go a long 

way toward improving glucose control, beta cell 

function, and overall quality of life.

all antidiabetes agents are NOt the same for 

Maintaining “Healthy” beta Cells

A key learning this decade, largely through the 

wealth of data from maturing long-term outcomes 

studies, is that how you lower glucose (ie, the 

mode of action used) may be as critical to long-

term outcomes of diabetes as how much (ie, A1C 

levels) you lower it. metformin, pioglitazone, GLP-1 

receptor agonists, bromocriptine-Qr, and sodium-

glucose cotransporter 2 (SGLT2) inhibitors all lower 

plasma glucose and improve diabetes-related 

outcomes and mortality in long-term studies.9,10,21-27 

mechanistically, these agents exert very different 

effects on the body. SGLT-2 inhibitors, in addition 

to lowering glucose, reduce blood pressure and 

body weight. empagliflozin produced striking 

decreases—about one-third—in cardiovascular risk 

and mortality outcomes in a well-designed, large-

scale study.23 Pioglitazone helps normalize lipids 

and may reduce plaque in carotid and coronary 

arteries27 and rate of stroke and myocardial 

infarction.24,25 it is noteworthy that GLP-1 receptor 

agonists address 9 mediating pathways of 

hyperglycemia, including by increasing insulin 

Based on the beta cell-centric model, exercise 

reduces insulin resistance; it will also reduce 

insulin demand, thereby taxing beta cells less.  

A key learning this 

decade, largely through 

the wealth of data from 

maturing long-term 

outcomes studies, is 

that how you lower 

glucose (ie, the mode 

of action used) may be 

as critical to long-term 

outcomes of diabetes 

as how much (ie, A1C 

levels) you lower it. 
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production and release, reducing insulin resistance, 

suppressing glucagon production, and lessening 

inflammation. in endothelial cells, GLP-1 receptor 

agonists exert a host of beneficial effects that 

may account for the improved cardiovascular and 

mortality outcomes in clinical studies.21,22

on the other hand, sulfonylureas, meglitinides, 

and to some extent, insulin therapy were each 

associated with poorer outcomes in a number of 

large studies.28-37 Although these effectively lower 

plasma glucose in the short term, these first-

generation agents may less “beta cell-friendly”—

exhausting beta cells in the process.

Preclinical work has made sulfonylureas 

and meglitinides suspects for inducing beta 

cell exhaustion. AACe38 and AdA39 guidelines 

de-emphasize sulfonylurea and meglitinides 

use. each is characterized by more issues with 

hypoglycemia, weight gain, and low durability 

than more modern agents.

exogenous insulin is still believed to be an 

eventuality for type 2 diabetes, despite an updated 

understanding that complete beta cell loss is not 

inevitable in the disease process (reviewed in 

Schwartz et al6). outcomes for insulin therapy have 

been inconsistent across studies, though it cannot 

be ignored that a number of outcomes and patient 

registry studies found an association of insulin 

dose and duration of exposure with increased 

risk of cardiovascular events, kidney disease, and 

mortality.30-35 Patients and physicians may benefit 

from understanding that add-on therapy to insulin 

can reduce insulin dose. Combination therapy with 

noninsulin therapies has been successfully used 

to avoid exogenous insulin completely in patients 

with type 2 diabetes—even those already receiving 

insulin therapy (see Table 1.).40

summary

it is now understood that beta cell exhaustion is 

not inevitable in diabetes. This is a critical concept 

to care. Beta cells appear to be far more resilient 

than we previously thought. By preserving beta 

cells, we are preventing both short-term and 

long-term complications and slowing their own 

potential demise.

reorienting our treatment of diabetes to 

the perspective of beta cell health represents a 

major advance. What treatment approach and 

drug choices may be most likely to support 

and maintain beta cells? Which pathways of 

dysglycemia must be countered within any given 

Pharmacologic 
Agents

Incretin Regulation Insulin Resistance Kidney Brain Colon/
Biome

Stomach/
Small 
Intestine

Immune 
Dysregulation/
Inflammation

Beta 
Cell

Alpha 
Cell

Incretin 
Defect

Muscle Liver Adipose

GlP-1ra √ √ √ √ √ √ √ √ √

DPP4-i √ √ √ √

Pioglitazone/tzD √ √ √ √

SGlt2-i √ √ √ √ √

Metformin √ √

Bromocriptine-Qr √ √ √ √

Pramlintide √ √ √

aGi √

table 1. Addressing the mediating Pathways of the egregious 11 Targeted by individual Pharmacologic Treatments Through Use 

of the Beta Cell–Centric model.a 

athe current broad range of mechanisms of action allows the tailoring of care to the individual mediating pathways of hyperglycemia 

that may be at work in any given patient. the goal is to use the least number of agents that treat the greatest number of paths of hyper-

glycemia. Some combination regimens that use 2 agents possessing similar modes of action may provide additional benefit when used 

together. adapted from Schwartz SS. translating the new Science of Diabetes Mellitus (DM): constructs for aligning the Disease & its 

treatment with the new Science of DM. Presented at the 12th Copenhagen bioscience Conference, october 1-5, 2017, Copenhagen, 

Denmark.39 Reprinted with permission.

Download this resource 
to use in your practice  
at diabeteseducator.org/
AIPresources.
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patient? Comprehensive lifestyle intervention 

along with use of newer anti-diabetes agents 

can translate into slower disease progression and 

better long-term outcomes. diabetes educators 

play a key role in ensuring that beta cell–friendly 

approaches are used in the care of patients. n

Gary Scheiner MS, CDe, is with integrated Diabetes Services, 

llC in wynnewood, Pa. Stanley S. Schwartz, MD, FaCP, FaCe, 

is with Main line health System/lankenau Medical Center and 

university of Pennsylvania in Philadelphia, Pa. Mary e. herman, 

PhD, is with Montclair State university in upper Montclair, nJ 

and Social alchemy ltd.
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