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Chapter 1 Overview of diabetes mellitus

Jennifer B Marks



Diabetes mellitus


Definition

Diabetes mellitus (DM) is actually a group of metabolic disorders characterized by hyperglycemia which can result from defects in insulin secretion, insulin action, or both. Chronic hyperglycemia is associated with the development of damage to various organs in the body – the eyes, kidneys, nervous system, and cardiovascular system.



Epidemiology

DM and its complications constitute a significant public health problem worldwide, and are an important cause of morbidity and mortality. In fact, DM has reached epidemic proportions throughout the world, and the prevalence numbers are expected to continue to rise. Worldwide there were 194 million adults with DM in 2003, and this number is expected to reach 333 million by the year 2025, with many cases developing in poorer, developing countries.1 A rise in obesity rates over the past decade is to blame for much of the increase in type 2 DM. Today, nearly two-thirds of US adults are overweight or obese.2 It has been projected that one in three US citizens born in 2000 will develop DM.3

The risk of developing DM rises not only with obesity (body mass index [BMI] ≥25kg/m2) and lack of physical activity but also with increasing age (≥45 years) and family history. Specific population subgroups have a higher prevalence of DM than the population as a whofe.4 For example, type 2 DM is more common in African-Americans, Hispanic Americans, Native Americans, Asian Americans, and Pacific Islanders. Women with a history of prior gestational DM or pofycystic ovarian syndrome are at increased risk. Risk factors for the development of DM include hypertension, dyslipidemia (high-density lipoprotein [HDL]  Cholesterol ≤35mg/dl and/or triglyceride level ≥250mg/dl), vascular disease, impaired glucose tolerance (IGT), or impaired fasting glucose (IFG). The greater the number of risk factors present in an individual, the greater the chance of that individual developing diabetes.



Classification and pathogenesis

Type 1 DM, previously known as insulin-dependent DM, is most often the result of an autoimmune, destructive process targeting the β-cells of the pancreas, usually leading to absolute insulin deficiency.4 It becomes clinically apparent when 80–90% of the insulin-secreting cells are destroyed. The great proportion of people with DM (90–95%), however, have type 2 DM.5

There are two underlying mechanisms which lead to the onset of clinical type 2 DM: inadequate insulin action in target tissues (insulin resistance) and inadequate secretion from pancreatic β-cells6 (Figure 1.1). Insulin resistance arises prior to the onset of clinical disease, but predicts the development of DM.7–9 Environmental factors, particularly obesity and a sedentary lifestyle, are important contributors to the development of DM, largely because of their effects on insulin sensitivity.10–12 When target tissues become insulin resistant, glucose uptake is decreased, hepatic glucose production increases, and lipofysis is enhanced. In muscle, the increased free fatty acid (FFA) availability accelerates fat oxidation, resulting in decreased insulin-mediated glucose uptake and disposal. In the liver, elevated FFAs promote gluconeogenesis and increase hepatic glucose output.

When inadequate insulin secretion from β-cell dysfunction is also present, hyperglycemia develops, heralding the onset of type 2 DM.6–9 In the natural history of progression to DM, β-cells initially increase insulin secretion in response to insulin resistance, and for a period of time are able to effectively maintain glucose levels below the DM range. However, when β-cell function begins to decline, insulin production is inadequate to overcome the insulin resistance, and blood glucose levels rise. Insulin resistance, once established, remains relatively stable over time. Therefore, progression of DM is a result of worsening β-cell function with pre-existing insulin resistance.



[image: ]

Figure 1.1 Defects in the pancreas and in target tissues for insulin action in type 2 DM. In the non-diabetic individual, insulin suppresses hepatic glucose output, stimulates glucose uptake and utilization in muscle and adipose tissue, and suppresses lipofysis in adipose tissue. When these tissues become resistant to the actions of insulin, hepatic glucose production increases, glucose uptake is decreased, and lipofysis is enhanced. Increased free fatty acids (FFAs) from lipofysis stimulate cellular uptake of FFAs and lipid oxidation. In muscle, the increased FFA availability accelerates fat oxidation, resulting in decreased insulin-mediated glucose uptake and utilization. In the liver, elevated FFAs stimulate gluconeogenesis and increase hepatic glucose output. When LL-cell dysfunction is present, insulin resistance in the target tissues leads to hyperglycemia and the development of type 2 DM. (Adapted from DeFronzo,6 with permission.)





Diagnosis

The diagnostic criteria for DM and the two high-risk categories of pre-DM, i.e. IFG and IGT, are defined in Table 1.1.4 There are three ways to diagnose DM. Because of simplicity of use, acceptability to patients, and low cost, the fasting plasma glucose (FPG) is the preferred diagnostic test. In the presence of symptoms of DM (pofyuria, pofydipsia, weight loss, etc.), a casual plasma glucose of > 200mg/dl is diagnostic. The 75 g oral glucose tolerance test (OGTT) is more sensitive and modestly more specific than FPG, but it is poorly reproducible and rarely performed in clinical settings.

In the absence of unequivocal hyperglycemia, any test used to diagnose DM must be confirmed on a subsequent day by a plasma glucose measured either in the fasting state or 2 hours after an oral glucose load. The use of the hemoglobin A1c (HbA1c) for the diagnosis of DM is not recommended, as it is less specific and assays are not completely standardized throughout the world.



Table 1.1 The diagnostic criteria for diabetes and the classification of impaired fasting glucose (IFG) and impaired glucose tolerance (IGT)


	 

	FPC (mg/dl)

	2-H PC (mg/dl)

	Sx of Diabetes + CPC






	Normal

	<100

	<140

	-




	IFG

	≥100 and <126

	-

	-




	IGT

	-

	≥140 and >200

	-




	Diabetes

	≥126

	≥200

	+ and CPG ≥200 mg/dl







FPG, fasting plasma glucose. 2-HPG, 2-hour post 75 g glucose load plasma glucose. CPG, casual plasma glucose. Sx (symptoms) of diabetes: pofydipsia, pofyuria, and weight loss.

Adapted from American Diabetes Association Position Statement,4 with permission.

Hyperglycemia insufficient to meet the diagnostic criteria for diabetes is categorized as either IFG or IGT, depending on whether it is identified by an FPG or an OGTT. Impaired fasting glucose is diagnosed when the FPG level is ≥ 100 mg/dl but < 126 mg/dl. IGT exists when the plasma glucose level 2 hours after a 75 g oral glucose load is ≥ 140 mg/dl but < 200 mg/dl. These are considered to be pre-DM states.



Screening

Screening to detect pre-DM (IFG or IGT) and DM should be considered in individuals ≥45 years of age, particularly in those with a BMI ≥25kg/m2. Screening should also be considered for people who are < 45 years of age and are overweight if they have another risk factor for DM. Repeat testing should be carried out at 3-year intervals.4




Goals of treatment: prevention of complications

Chronic poor glycemic control is associated with the development of DM vascular complications, including microvascular (retinopathy, neuropathy, and nephropathy) and macrovascular (premature cardiovascular disease [CVD]). CVD (coronary and cerebrovascular) is the cause of 65% of deaths in patients with type 2 DM.13 epidemiologic studies have shown that the risk of a myocardial infarction (MI) or CVD death in a DM individual with no prior history of CVD is comparable to that of an individual who has had a previous MI.14,15

Microvascular complications can be delayed or prevented by maintaining excellent chronic glycemic control, as has been demonstrated in a number of interventional trials, including the Diabetes control and Complications Trial (DCCT), the United Kingdom Prospective Diabetes Study (UKPDS), the Kumamoto Study, and the Stockhofm Diabetes Intervention Study.16–22 Further, even in acute illness, several studies have shown that intensive insulin therapy and improved glycemic control are associated with better outcomes.23,24

Intensive glycemic control also results in reduced macrovascular complications, i.e. CVD, as demonstrated in a number of epidemiologic studies.25–27 Direct randomized clinical trial evidence of the impact of improved glycemic control on macrovascular complications is accumulating. From the Diabetes control and Complications Trail/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) Study of type 1 DM, it is clear that intensive glycemic control prior to the onset of vascular disease has long-term beneficial effects on the risk of CVD in this population.28 In the UKPDS, a 16% reduction in the risk of MI, including non-fatal and fatal MI and sudden death, was observed in the cohort of type 2 DM subjects randomized to tight blood glucose control, a trend towards statistical significance.20 A secondary multivariate observational analysis of the 10-year follow-up data of this original UKPDS cohort showed that for every 1% reduction in hemoglobin A1c (HbA1c), there was a 14% decrease in fatal and non-fatal MI.29 Similar risk reduction was shown in a secondary multivariate observational analysis of systolic blood pressure.30 Based on results from clinical trials of glycemic control and the impact on DM microvascular complications, recommendations for targets of glycemic control have been put forward.4,31



Diabetes management


Glycemic goals

Glycemic control is fundamental to the management of diabetes. The HbA1c is the most accepted indicator of chronic control, reflecting fasting and postprandial glucose concentrations. The goal of therapy is to achieve an HbA1c as close to normal as possible in the absence of hypoglycemia. Recommended glycemic goals for non-pregnant individuals are shown in Table 1.2. Less stringent treatment goals may be appropriate for patients with limited life expectancies, in the very young or older adults, and in individuals with comorbid conditions. Severe or frequent hypoglycemia is an indication for the modification of treatment regimens, including setting higher glycemic goals.



Table 1.2 Glycemic goals


	HbA1c goal for patients in general

	< 7%




	HbA1c goal for the individual patient

	< 6% (as close to normal as possible)




	Preprandial capillary plasma glucosea

	90-130mg/dl




	Peak postprandial capillary plasma glucosea

	< 180mg/dl








aCapillary plasma glucose = fingerstick glucose.

Adapted from American Diabetes Association Position Statement,4 with permission.

More stringent goals (i.e. a normal HbA1c < 6%) should be considered in individual patients based on epidemiologic analyses suggesting that there is no lower limit of HbA1c at which further lowering does not reduce the risk of complications, but further HbA1c lowering is associated with risk of increased hypoglycemia (particularly in those with type 1 DM). However, the absolute risks and benefits of lower targets are unknown. The risks and benefits of stringent vs less stringent control in type 2 DM are currently being tested in two ongoing studies: the Action to control Cardiovascular Risk in Diabetes (ACCORD) trial32 and the VA Cooperative Study on Glycemic control and Complications in Diabetes Mellitus – Type 2.33



Strategies for achieving glycemic goals


Nutrition and physical activity

Overweight and obesity are strongly linked to the development of type 2 DM and can complicate its management. Moderate weight loss improves glycemic control and reduces CVD risk. Therefore, weight loss is an important therapeutic strategy in all overweight or obese individuals who have type 2 DM. All patients with type 2 DM should be encouraged to maintain a healthy lifestyle by exercising and following an appropriate diet.34 The primary approach for achieving weight loss is therapeutic lifestyle change, which includes a reduction in energy intake and an increase in physical activity. In type 1 DM, a balanced diet is important for maintaining equilibrium between insulin requirements and energy intake and expenditure.
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Figure 1.2 Antidiabetic agents and their mechanisms of action. The variety of antidiabetic agents for the treatment of type 2 DM target different mechanisms in the underlying pathogenesis of the disease. Sulfonylureas and the meglitinides (repaglinide, nateglinide) are insulin secretagogues that stimulate release of insulin from the pancreas. Metformin, a biguanide, improves insulin sensitivity chiefly by reducing insulin resistance in the liver, thereby decreasing hepatic glucose production. The thiazofidinediones (rosiglitazone, pioglitazone) improve insulin sensitivity primarily in the muscle, thereby increasing peripheral uptake and utilization of glucose. The a-glucosidase inhibitors (acarbose, miglitol) prevent the breakdown of carbohydrates to glucose in the gut, by inhibiting the enzymes that catalyze this process, thereby delaying carbohydrate absorption. Insulin and insulin analogues increase insulin levels in the presence of declining P-cell function and diminished endogenous insulin secretion. Exenatide and the synthetic amylin pramlintide exploit novel mechanisms related to effects on glucagon secretion, gastric emptying, and satiety. (Adapted from DeFronzo35 and White JR and Campbell K,36 with permission.)





Oral antidiabetic agents

A variety of antidiabetic pharmaceutical agents for the treatment of type 2 diabetes are available; they target different mechanisms in the underlying pathogenesis of the disease4,35,36 (Figure 1.2). There are five categories of oral agents on the market, which can be used initially in most cases of type 2 DM, until insulin deficiency becomes severe and insulin replacement is required. Sulfonylureas and the meglitinides (repaglinide, nateglinide) are insulin secretagogues that stimulate release of insulin from the β-cells of the pancreas. Metformin, a biguanide, improves insulin sensitivity chiefly by reducing insulin resistance in the liver, thereby decreasing hepatic glucose production. The thiazolidinediones (rosiglitazone, pioglitazone) improve insulin sensitivity primarily in the muscle, thereby increasing peripheral uptake and utilization of glucose. The α-glucosidase inhibitors (acar-bose, miglitof) prevent the breakdown of carbohydrates to glucose in the gut, by inhibiting the enzymes that catalyze this process, thereby delaying carbohydrate absorption. One of the sulfonylureas or met-formin are a usual first choice for pharmacologic treatment, and have equal efficacy to lower HbA1c by approximately 1–1.5% as monotherapy. However, most patients will eventually require treatment with combinations of oral medications with different mechanisms of action simultaneously in order to attain adequate glycemic control. Table 1.3 lists the available classes of oral antidiabetic medications, their mechanisms of action, and side effects.



Table 1.3 Available oral antidiabetic agents


	Drug class

	Mechanism of action

	Major side effects






	Sulfonylureas

	Stimulate insulin secretion

	Weight gain




	Meglitinides

	 

	Hypoglycemia




	Metformin

	Suppress hepatic glucose

	GI side effects




	 

	production (major)

	Lactic acidosis (rare)




	 

	Improve insulin sensitivity in

	 




	 

	target tissues (minor)

	 




	Thiazofidinediones

	Improve insulin sensitivity in

	 




	Weight gain




	 

	target tissues (major)

	Edema




	 

	Suppress hepatic glucose

	Congestive heart failure




	 

	production (minor)

	 




	α-Glucosidase inhibitors

	Delay carbohydrate absorption

	Flatulence or




	 

	from the intestine

	abdominal discomfort









Injectable therapy

Injectable agents for treatment of type 1 or type 2 DM include traditional insulin preparations, newer insulin analogues, amylin, and incretin mimetics (see Figure 1.2). Insulin and the insulin analogues increase circulating insulin levels in the presence of declining β-cell function and diminished endogenous insulin secretion. Insulin and analogues, available in both long-acting and rapid-acting formulations, can be used in combination with oral agents in type 2 DM, or as insulin replacement therapy in type 1 and longstanding, insulin-deficient type 2 DM. The recent additions to the market – the incretin mimetic exenatide and the synthetic amylin pramlintide – exploit novel mechanisms related to effects on glucagon secretion, gastric emptying, and satiety to improve glycemic control.




Strategies for achieving non-glycemic goals

In addition to hyperglycemia, individuals with type 2 DM often have a constellation of other metabolic abnormalities that increase their CVD risk.30,37–41 Risk determinants of CVD include the presence or absence of coronary heart disease (CHD), other clinical forms of atherosclerotic disease, and the major risk factors: high low-density lipoprotein (LDL)  Cholesterol, cigarette smoking, hypertension (> 130/> 80 mmHg), low HDL  Cholesterol, family history of premature CHD (defined as a relative with CHD < 65 years old for women and < 55 years old for men), and age (men ≥ 45 years old, women ≥ 55 years old). Note that diabetes is considered to be a CHD equivalent, so the goal for LDL  Cholesterol is < 100 mg/dl. Based on these risk determinants, the Expert Panel on Detection, Evaluation, and Treatment of High Blood  Cholesterol in Adults (Adult Treatment Panel III) identifies three categories of risk that modify the goals and modalities of LDL-lowering therapy (Tables 1.4 and 1.5).42

Risk reduction strategies have been demonstrated to be highly effective in a number of studies. The Multiple Risk Factor Intervention Trial (MRFIT), performed in 347 978 men aged 35–57 years old, demonstrated that the absolute risk of CVD death was approximately three times higher for men with DM than for those without DM, regardless of age, ethnic background, and risk factor level.43 In the UKPDS, CHD risk factors were evaluated by inclusion in a Cox proportional hazards model.44 In order of impact, and all statistically significant, were LDL  Cholesterol, HDL  Cholesterol, HbA1c, and systolic blood pressure.

The MICRO-HOPE Study included 3577 individuals with type 1 and 2 DM, with and without hypertension, and compared the cardiovascular event rates with the angiotensin-converting enzyme (ACE) inhibitor ramipril vs placebo.45 The results showed that treatment with ramipril lowered the risk of the primary outcome of combined MI, stroke, or CVD mortality by 25%, MI by 22%, stroke by 33%, and cardiovascular death by 37%. Lowering serum  Cholesterol has been demonstrated in many studies to be effective at reducing CVD risks, both as primary and secondary prevention. Recent studies have questioned whether even more aggressive LDL  Cholesterol lowering in high-risk individuals should be the appropriate target of such treatment.46,47



Table 1.4 ATP III classification of LDL, total and HDL  Cholesterol (mg/dl)a


	LDL  Cholesterol:




	< 100

	Optimal




	100-129

	Near optimal




	130-159

	Borderline high




	160-189

	High




	≥190

	Very high




	Total  Cholesterol:

	 




	<200

	Optimal




	200-239

	Borderline high




	≥240

	High




	HDL  Cholesterol:

	 




	<40

	Low




	≥60

	High








aATP, Adult Treatment Panel; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

Adapted from Expert Panel on Detection, Evaluation, and Treatment of High Blood  Cholesterol in Adults (Adult Treatment Panel III),42 with permission.



Table 1.5 Three categories of risk that modify LDL  Cholesterol goals


	Risk category

	LDL goal (mg/dl)




	CHD and CHD risk equivalents

	< 100




	Multiple (2+) risk factors

	<130




	0-1 risk factor

	< 160







CHD, coronary heart disease. DM is a CHD equivalent.

Adapted from Expert Panel on Detection, Evaluation, and Treatment of High Blood  Cholesterol in Adults (Adult Treatment Panel III),42 with permission.

An important recent study used a focused, multifactorial intervention with strict targets and individualized risk assessment in patients with type 2 DM and microalbuminuria who were at increased risk for macrovascular and microvascular complications. These data suggest that a long-term, targeted, intensive intervention involving multiple risk factors reduces the risk of both cardiovascular and microvascular events by about 50% among these patients. The advantages of a multifactorial approach to the reduction of cardiovascular risk are obvious. The challenge remains to ensure that this approach can be widely adopted48 (Table 1.6).



Table 1.6 Summary of recommendations for adults with diabetes


	Glycemic control:

	 




	HbAlc

	< 7.0%a




	Preprandial capillary plasma glucose

	90-130 mg/dl (5.0-7.2 mmof/L)




	Peak postprandial capillary plasma glucose

	< 180mg/dl (< 10.0mmof/L)




	Blood pressure

	< 130/80 mmHg




	Lipids:

	 




	LDL

	< 100mg/dl (< 2.6mmof/L)




	Triglycerides

	< 150mg/dl (< 1.7mmof/L)




	HDL

	< 40mg/dl (> 1.1 mmof/L)








aThe HbAlc goal for the individual patient may be<6% (as close to normal as possible).

Adapted from American Diabetes Association Position Statement,4 with permission.




Prevention or delay of type 2 diabetes mellitus

Another study which used a focused, multifaceted strategy utilized in individuals at high risk for type 2 diabetes has demonstrated that the onset of clinical disease can be delayed or prevented.49 The Diabetes Prevention Program (DPP) was a 27-center randomized controlled trial that included 3234 people with IGT, randomized to placebo, met-formin (850 mg twice daily), or a lifestyle-modification program with the goals of at least a 7% weight loss and at least 150 minutes of physical activity per week followed for an average of 2.8 years. After approximately 3 years of follow-up, the results demonstrated a 58% reduction in the incidence of DM development in the intensive lifestyle group vs a 31% reduction in the incidence of DM development in the metformin group, both highly statistically significant compared with the placebo group. About 45% of the participants were from minority groups (e.g. African-American, Hispanic), and 20% were ≥60 years old.

Type 2 DM prevention trials using other forms of pharmacological therapy have also reported a significant lowering of the incidence of diabetes. The a-glucosidase inhibitor acarbose reduced the risk by 32% in the STOP-NIDDM trial,50 and the thiazolidinedione troglitazone reduced the risk by 56% in the TRIPOD study.51 There are also data to suggest that blockade of the renin-angiotensin system52 may lower the risk of developing DM, but more studies are necessary before these drugs can be recommended for preventing DM.



Psychosocial screening

Basic assessment of psychosocial status should be included as part of the medical management of DM. Psychosocial screening should include patient attitudes about illness, expectations for medical care and outcomes, affect/mood, general and diabetes-related quality of life, available resources (financial, social, and emotional), and psychiatric history. It is best to incorporate psychological assessment into routine care rather than wait for identification of a specific problem or a deterioration in psychological status. Opportunities for screening of psychosocial status occur at diagnosis, during regularly scheduled management visits, during hospitalizations, at discovery of complications, or at the discretion of the clinician when problems in glucose control, or adherence are suspected or identified.



Need for improving diabetes care

Standards of care for diabetes recommended by the American Diabetes Association are revised periodically and published yearly in the journal Diabetes Care. The implementation of the standards of care has been suboptimal in most clinical settings. A report53 from the National Health and Nutrition Examination Survey (NHANES) 1999–2000 and NHANES III surveys demonstrated that only 37% of US adults with diabetes achieved an HbA1c of <7%, only 36% had a blood pressure <130/80 mmHg,and only 48% had a  Cholesterol <200 mg/dl. Only 7.3% had overall ‘good control’, i.e. attained target goals for all vascular risk factors. Another study addressing quality of diabetes care in the USA54 showed that during 1988–1995 there was a gap between recommended diabetes care (HbA1c <7%, annual dilated eye examination, annual foot examination, evaluation for urine albumin or protein excretion and achieving blood pressure and lipid goals) and the care that patients actually received. In that study, only 28.8% of diabetics even had an HbA1c measurement, 63.3% reported a dilated eye examination, and 54.8% had had a foot examination within the previous year; 18% of these diabetic individuals had an HbA1c >9.5%.

Although many interventions to improve adherence to the recommended standards have been implemented, providing uniformly effective DM care remains a challenge. Education of health professionals and patients alike is one key to better success. Improved access to health care and education for all is critical. Multidisciplinaryteams are ideal to provide care for people with chronic conditions such as DM and to encourage patients to become invofved in appropriate disease self-management. Cooperative efforts between health care providers, health policy experts, public health officials and patients are needed to change the climate and outcomes for individuals with DM and at risk for DM in the USA.
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Chapter 2 Diabetes mellitus and schizophrenia

Oscar Villaverde



Introduction

Schizophrenia is a chronic psychiatric disorder that is characterized by abnormalities in thinking, emotions, and behavior. It usually affects 1% of the population, typically beginning before age 25 years and persisting throughout the life of the individual.1 It is associated with significant morbidity, mortality, and compromised daily functioning. Persons with schizophrenia have lower life expectancies than the general population, primarily associated with increased risk of cardiovascular death.2 Endocrine and cardiovascular disorders are, in fact, among the most common medical problems affecting these patients.

Numerous reports have consistently found an association between schizophrenia and diabetes. Some of the reasons that have been offered for the increased risk for type 2 diabetes mellitus (DM) in this population include a predisposition to DM, less healthy lifestyles, poorer health care, and side effects of antipsychotics.3 Additionally, the negative symptoms and cognitive dysfunction associated with schizophrenia may further contribute to self-neglect and failure to seek treatment for medical conditions. Furthermore, the stigma associated with serious mental illness, as well as the general medical community’s discomfort and fear related to working with patients who have serious mental illness, may render such patients unwelcome in medical clinics and thus influence the care they receive.4 This chapter looks at the prevalence of glucose intolerance, DM, and diabetic ketoacidosis (DKA) in persons with schizophrenia before and after the introduction of antipsychotic medication treatment. The mechanisms by which the atypical antipsychotics may cause DM will be discussed in a later chapter. Recent literature on the contribution of exercise and nutrition programs will also be reviewed. Lastly, recommendations for the monitoring of these patients will be made.



Association between schizophrenia diagnosis and diabetes mellitus

Studies conducted before the advent of antipsychotics have suggested that schizophrenia itself may be an independent risk factor for DM.5 For many years, schizophrenia was associated with both impaired glucose tolerance and insulin resistance. Lorenz, in 1922, reported that some of his patients with catatonic dementia praecox developed hyperglycemia in response to glucose ingestion.6 Braceland et al, in 1945, found delayed action of insulin in patients with schizophrenia.7 In 1946, Freeman looked at insulin response in 93 soldiers with psychiatric disorders and found that the psychiatric patients had a lower reactivity to insulin than 20 control subjects.8 In her historical review of the association of schizophrenia and DM before the development and use of antipsychotic medications, Kohen cites several studies (Raphael and Parsons, Barrett and Serre, and Henry and Mangan) that consistently found that the glucose tolerance curves of patients with schizophrenia demonstrated diabetic characteristics.5

Many of these studies, however, were observational in nature and the definition of diabetes and criteria for schizophrenia used then differed somewhat from those in use today. To address this problem, Ryan and colleagues designed a study to determine whether drugnaïve, first-episode patients with schizophrenia had a higher prevalence of impaired fasting glucose tolerance or type 2 DM than a healthy vofunteer group. In this cross-sectional study, fasting plasma levels of glucose, insulin, lipids, and cortisof in 26 hospitalized patients with schizophrenia were obtained. The results were then compared with the same measured levels for age- and sex-matched healthy control subjects.9 The prevalence of impaired fasting glucose tolerance in the drug naïve, first-episode patients with schizophrenia was more than 15%. There were no cases of impaired glucose tolerance among the healthy volunteers.9 The findings of this cross-sectional study strongly suggest that schizophrenia may be an independent risk factor for diabetes.




Table 2.1 Antipsychotic medications


	Typical

	 

	Atypical




	Low potency

	High potency




	Chforpromazine

	Haloperidof

	Clozapine




	Thioridazine

	Fluphenazine

	Risperidone




	Perphenazine

	Thiothixene

	Olanzapine




	Mesoridazine

	Trifluoperazine

	Quetiapine




	Ziprasidone




	Aripiprazofe









Association between medication treatment for schizophrenia and diabetes mellitus


Typical (first-generation or conventional) antipsychotics

The typical antipsychotic medications developed in the 1950s were the first class of agents found to be effective for the treatment of psychotic symptoms. These medications are further classified into high and low potency, based on their affinity to bind to dopamine receptors (Table 2.1). The high-potency drugs are associated with more extrapyramidal symptoms (EPS), and the low-potency agents exhibit greater anticholinergic, antihistaminic and alpha-adrenergic side effects. Soon after the introduction of chlorpromazine, a low-potency agent, a series of case reports suggested that this drug had a diabetogenic effect.10 For example, Arneson, in 1964, reported the case of a 48-year-ofd patient with psychosis who developed abnormal glucose tolerance shortly after starting use of chlorpromazine.11 Dobkin and colleagues injected healthy volunteers with chlorpromazine and found that they responded with increased blood glucose levels.5 In fact, chlorpromazine was reportedly effective in preventing hypoglycemia in patients with malignant insulinoma.12

Not all medications used to treat schizophrenia, however, confer the same risk for development of glucose intolerance. Haloperidol, a high-potency conventional antipsychotic, for example, was found to have no diabetogenic effect in this population.10 In Mukerjee et al’s study, four of eight patients (50%) who had been off Neuroleptic drugs for at least 1 year and were not receiving neuroleptics at the time of the study, had DM. In contrast, seven of 87 patients (12.6%) who were receiving neuroleptics had DM.10

The risk associated with conventional antipsychotic medication use has recently been examined in large populations of persons receiving treatment for schizophrenia.3 Dixon et al examined the database coflected by the Schizophrenia Patient Outcome Research Team (PORT), which included Medicaid and Medicare data from 1991, prior to the widespread use of atypical antipsychotics.3 They compared prevalence rates of diabetes diagnoses in the PORT sample with that of the National Health Interview Survey (NHIS). The prevalence of diabetes in the NHIS of 1994 was 7.8% in the general adult population. In the PORT sample, with a mean age of 43 years, the rate of lifetime diabetes was 14.9% and current diabetes was 10.8%,3 significantly higher than the rates in the general adult population. In 2002, Sernyak et al conducted a retrospective prevalence study of DM in over 38 000 patients with schizophrenia in the Veterans Health Administration of the Department of Veterans Affairs.13 Almost 16000 patients were prescribed a typical antipsychotic. Across all ages, almost 19% of patients who received a prescription for a typical antipsychotic medication also had a diagnosis of DM, much higher than the reported prevalence of DM in the general adult population of the USA.



Atypical (second-generation) antipsychotics

The atypical antipsychotics were introduced in the 1990s and are currently experiencing widespread use throughout the world to treat psychotic and mood disorders. These drugs are considered to be ‘atypical’ in that they demonstrate lower incidence rates of EPS and tardive dyskinesia (TD) than do the ‘typical’ drugs.14 While first hofding out promise that these medications would prove to have preferred side-effect profiles, with at least, equal antipsychotic efficacy, clinicians and researchers have come to realize that while EPS and TD do occur less frequently, these medications are now associated with other adverse effects. In particular, there has been growing concern over the metabolic side effects of excessive weight gain, glucose intolerance, new-onset type 2 DM, DKA, and dyslipidemias.

The association between atypical antipsychostic medications and glucose intolerance was first reported in patients taking clozapine. In 1998, Hagg et al compared the prevalence of glucose intolerance or diabetes in clozapine-treated patients with that of patients treated with conventional depot antipsychotics.12 Of those patients treated with oral clozapine, 12% (7/60) had type 2 DM and 10% (6/60) had impaired glucose tolerance (IGT). By comparison, the rates for patients treated with depot antipsychotics were 6% (4/63) for type 2 DM and 3% (2/63) for IGT. This was not a prospective, study, however.

In 2000, Henderson and colleagues completed a 5-year naturalistic study of patients treated with clozapine to examine the incidence of treatment-emergent DM.15 Surprisingly, more than one-third of the subjects (30/82) developed DM during the 60-month period. Patients experienced significant amounts of weight gain that continued to month 46; however, weight gain was not a significant risk factor for the development of DM.

Koller et al then pooled results of the Food and Drug Administration (FDA) MedWatch surveillance program with published cases of hyperglycemia associated with clozapine use. They identified 384 patients that had been placed on clozapine who developed hyperglycemia.16 The majority, 242 patients (63%), were diagnosed with new-onset DM, and 54 patients had exacerbation of pre-existing disease. Eighty patients developed DKA and 25 patients died during hyperglycemic episodes. Forty-six patients demonstrated improved glycemic control after discontinuation or dose reduction of clozapine, further strengthening the evidence for a possible causal relationship between the medication and development of DM.

Unfortunately, the development of glucose intolerance, DM, or DKA has now also been reported with other atypical antipsychotics. In 1998, Wirshing et al reported two cases of olanzapine-associated DM.17 Subsequently, in 2002, Koller and Doraiswamy conducted an epidemiofogic survey of patients treated with olanzapine.18 They identified 237 olanzapine-treated patients who developed hyperglycemia. Of the 237 patients, 188 (79%) were diagnosed with new-onset DM and 44 patients had exacerbation of pre-existing disease. Seventy-three percent of all cases of hyperglycemia appeared within 6 months of the start of olanzapine therapy. Eighty patients experienced  acidosis or ketosis and 15 patients died. Similarly, among patients treated with risperidone, Koller et al identified 131 patients who developed hyperglycemia.19 Of these, 78 patients (59%) had newly diagnosed hyperglycemia and 46 had exacerbation of previous DM. Twenty-six patients with acidosis or ketosis were reported and four patients died.

In 2003, Jin and colleagues analyzed 45 published cases of new-onset DM or DKA following the initiation of an atypical antipsychotic.20 Of the 45 patients, medication treatment was as foflows: 20 clozapine, 19 olanzapine, 3 quetiapine, and 3 risperidone. At baseline, 84% were over ideal body weight, but none had diabetes. The vast majority of patients, but not all, developed DM within the first 6 months of commencing atypical antipsychotic treatment (59% at 3 months and 84% at 6 months). In 32 patients with available data on follow-up weights, 50% manifested no weight gain at time of presentation with DM, suggesting that weight gain may not be the sole factor leading to DM. Importantly, 42% of these patients presented in DKA. This was alarming, as DKA is a medical emergency that typically indicates severe metabolic stress, and has associated high mortality rates. It is possible, however, that those cases that were most severe or unexpected were more likely to be reported and published.

The retrospective prevalence study of DM in veterans with schizophrenia previously described included patients who received a prescription for atypical antipsychotics.13 Of 38 632 patients included in the study, 22 648 (58.
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