
BackgroundBackground Anumberof studieshaveAnumberof studieshave

examined the prevalence of diabetesexamined the prevalence of diabetes

mellitus and impairedglucose tolerance inmellitus and impaired glucose tolerance in

generalpopulations and inthosewithgeneralpopulations and inthosewith

schizophrenia and other forms of seriousschizophrenia and other forms of serious

mental illness.mental illness.

AimsAims To establishwhether it is possibleTo establishwhether it is possible

to describe accuratelycomparative ratesto describe accuratelycomparative rates

of diabetesmellitus and impairedglucoseof diabetesmellitus and impaired glucose

tolerance inpopulations of peoplewithtolerance inpopulations of peoplewith

schizophrenia and thosewithoutmentalschizophrenia and thosewithoutmental

illness.illness.

MethodMethod Reviewof current literature.Reviewof current literature.

ResultsResults Researchpublished in the pre-Researchpublished inthe pre-

neuroleptic era suggested thatpeopleneuroleptic era suggested that people

with severemental illnesswere atwith severemental illnesswere at

increasedriskof developing glycaemicincreasedriskof developing glycaemic

abnormalities.Recent studies appear toabnormalities.Recent studies appear to

confirmthatthe prevalence of diabetesconfirmthatthe prevalence of diabetes

and impairedglucose tolerancemaybeand impaired glucose tolerancemaybe

higherinpeoplewith schizophreniathaninhigherinpeoplewith schizophreniathanin

the generalpopulation, and suggestthatthe generalpopulation, and suggestthat

patientswith schizophrenia have impairedpatientswith schizophrenia have impaired

glucose tolerance even before theybeginglucose tolerance evenbefore theybegin

treatment.treatment.

ConclusionsConclusions Schizophreniamaybe aSchizophreniamaybe a

significant and independentrisk factor forsignificant and independent risk factor for

both diabetes and impairedglucoseboth diabetes and impaired glucose

tolerance.Currentdata preclude precisetolerance.Currentdata preclude precise

estimates ofthe prevalence oftheseestimates ofthe prevalence ofthese

conditions amongpeoplewithconditions amongpeoplewith

schizophrenia.schizophrenia.
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The question of whether people withThe question of whether people with

schizophrenia are at greater risk of develop-schizophrenia are at greater risk of develop-

ing type 2 diabetes than the general popu-ing type 2 diabetes than the general popu-

lation has been puzzling researchers andlation has been puzzling researchers and

clinicians since the early 1900s – long beforeclinicians since the early 1900s – long before

the introduction of antipsychotic medica-the introduction of antipsychotic medica-

tions. As far back as 1897, the eminenttions. As far back as 1897, the eminent

Victorian psychiatrist Henry MaudsleyVictorian psychiatrist Henry Maudsley

(1835–1918) noted, ‘Diabetes is a disease(1835–1918) noted, ‘Diabetes is a disease

which often shows itself in families inwhich often shows itself in families in

which insanity prevails’ (Maudsley, 1979).which insanity prevails’ (Maudsley, 1979).

More than a century later, and after in-More than a century later, and after in-

creasingly sophisticated research into thecreasingly sophisticated research into the

issue, Maudsley’s intuitive observationsissue, Maudsley’s intuitive observations

about the association between severe psych-about the association between severe psych-

iatric disorders and diabetes still appear toiatric disorders and diabetes still appear to

hold true.hold true.

Although early naturalistic approachesAlthough early naturalistic approaches

to the study of diabetes in patients withto the study of diabetes in patients with

severe mental illness provided clues thatsevere mental illness provided clues that

an association did exist, it has been thean association did exist, it has been the

more recent cross-sectional epidemiologicalmore recent cross-sectional epidemiological

studies assessing the prevalence of diabetesstudies assessing the prevalence of diabetes

in populations of people with schizophreniain populations of people with schizophrenia

that have established beyond reasonablethat have established beyond reasonable

doubt that such people are at increaseddoubt that such people are at increased

risk of developing diabetes, and that schizo-risk of developing diabetes, and that schizo-

phrenia should now be considered to be anphrenia should now be considered to be an

independent risk factor for the condition.independent risk factor for the condition.

METHODMETHOD

Review of current literature.Review of current literature.

Confirming the association:Confirming the association:
research challengesresearch challenges

Studies in the pre-neuroleptic era clearlyStudies in the pre-neuroleptic era clearly

suggested that schizophrenia might be a risksuggested that schizophrenia might be a risk

factor for the development of diabetes (Kooy,factor for the development of diabetes (Kooy,

1919; Lorenz, 1922; Henry & Mangan,1919; Lorenz, 1922; Henry & Mangan,

1925; Freeman1925; Freeman et alet al, 1944; Braceland, 1944; Braceland et alet al,,

1945; Freeman, 1946). However, many dif-1945; Freeman, 1946). However, many dif-

ferent criteria were used to define bothferent criteria were used to define both

schizophrenia and diabetes mellitus in theseschizophrenia and diabetes mellitus in these

studies, and the ‘pre-diabetic’ state of im-studies, and the ‘pre-diabetic’ state of im-

paired glucose tolerance has only relativelypaired glucose tolerance has only relatively

recently been defined (World Healthrecently been defined (World Health

Organization, 1999). Today, standard-Organization, 1999). Today, standard-

isisation of criteria for the diagnosis ofation of criteria for the diagnosis of

diabetes,diabetes, impaired glucose tolerance andimpaired glucose tolerance and

schizophrenia make accurate and repro-schizophrenia make accurate and repro-

ducible diagnoses possible, and allowducible diagnoses possible, and allow

epidemiological comparisons to be madeepidemiological comparisons to be made

across populations.across populations.

In order to establish definitively anIn order to establish definitively an

association between schizophrenia and dia-association between schizophrenia and dia-

betes, it would be necessary for researchersbetes, it would be necessary for researchers

to show that the prevalence of diabetes isto show that the prevalence of diabetes is

higher among people with schizophreniahigher among people with schizophrenia

than in reference populations using modernthan in reference populations using modern

research techniques and standardised dis-research techniques and standardised dis-

ease definitions. Unfortunately, establishingease definitions. Unfortunately, establishing

the true prevalence of impaired glucosethe true prevalence of impaired glucose

tolerance and/or diabetes in any populationtolerance and/or diabetes in any population

is fraught with difficulty. Diabetes has ais fraught with difficulty. Diabetes has a

gradual and insidious onset and is fre-gradual and insidious onset and is fre-

quently asymptomatic, thereby explainingquently asymptomatic, thereby explaining

in part why up to half of all individualsin part why up to half of all individuals

with diabetes are thought to remain undiag-with diabetes are thought to remain undiag-

nosed in the community (Harrisnosed in the community (Harris et alet al, 1987;, 1987;

MykkanenMykkänen et alet al, 1990; Harris, 1993)., 1990; Harris, 1993).

Prospective population-based studies inProspective population-based studies in

which there is universal screening forwhich there is universal screening for

impaired glucose tolerance and diabetesimpaired glucose tolerance and diabetes

using recommended blood glucose testingusing recommended blood glucose testing

methods and established diagnostic criteriamethods and established diagnostic criteria

(World Health Organization, 1999) provide(World Health Organization, 1999) provide

the best estimates of diabetes prevalence inthe best estimates of diabetes prevalence in

the general population. Unfortunately, fewthe general population. Unfortunately, few

such studies have ever been conducted,such studies have ever been conducted,

and because of the marked differences inand because of the marked differences in

diabetes rates between countries, socialdiabetes rates between countries, social

classes and age groups, it is difficult toclasses and age groups, it is difficult to

extrapolate their estimates to other popula-extrapolate their estimates to other popula-

tions. Establishing the true prevalence oftions. Establishing the true prevalence of

impaired glucose tolerance and diabetes inimpaired glucose tolerance and diabetes in

patients with schizophrenia is even morepatients with schizophrenia is even more

challenging. Difficulties with the identifica-challenging. Difficulties with the identifica-

tion and diagnosis of patients with diabetestion and diagnosis of patients with diabetes

are further compounded by inconsistenciesare further compounded by inconsistencies

in the diagnosis of schizophrenia. Somein the diagnosis of schizophrenia. Some

diabetes prevalence studies such as that bydiabetes prevalence studies such as that by

CohenCohen et alet al (2003) have evaluated hetero-(2003) have evaluated hetero-

geneous populations that have includedgeneous populations that have included

individuals with schizoaffective disorder,individuals with schizoaffective disorder,

bipolar disorder and personality disorders,bipolar disorder and personality disorders,

as well as those with schizophrenia, andas well as those with schizophrenia, and

although these studies provide much valu-although these studies provide much valu-

able information, they must be interpretedable information, they must be interpreted

with care, since diabetes prevalence esti-with care, since diabetes prevalence esti-

mates do differ between thesemates do differ between these psychiatricpsychiatric

conditions (Regenoldconditions (Regenold et alet al, 2002)., 2002).

Patients with schizophrenia are oftenPatients with schizophrenia are often

reluctant to give consent to participate inreluctant to give consent to participate in

epidemiological studies – especially onesepidemiological studies – especially ones

that require blood samples to be takenthat require blood samples to be taken

(Cohen(Cohen et alet al, 2003). This may result in, 2003). This may result in
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prevalence estimates that are based on aprevalence estimates that are based on a

self-selecting population and are thereforeself-selecting population and are therefore

not necessarily an accurate reflection onnot necessarily an accurate reflection on

the true picture. Even when patients con-the true picture. Even when patients con-

sentsent to participate in diabetes prevalenceto participate in diabetes prevalence

studies,studies, many investigators struggle to suc-many investigators struggle to suc-

cessfullycessfully completeoral glucose tolerance test-complete oral glucose tolerance test-

ing (Hagging (Hägg et alet al, 1998), or even to obtain, 1998), or even to obtain

fasting blood glucose levels in their patients.fasting blood glucose levels in their patients.

This can lead to high study drop-out rates,This can lead to high study drop-out rates,

or the use of less reliable indicators of glu-or the use of less reliable indicators of glu-

cose tolerancecose tolerance such as non-fasting bloodsuch as non-fasting blood

glucose levelsglucose levels (Mukherjee(Mukherjee et alet al, 1996; Cohen, 1996; Cohen

et alet al, 2003)., 2003). Clearly, failure to perform fast-Clearly, failure to perform fast-

ing blood glucose tests could lead to aning blood glucose tests could lead to an

overestimate of diabetes prevalence.overestimate of diabetes prevalence.

Finally, in order to test the hypothesisFinally, in order to test the hypothesis

that people with schizophrenia are at greaterthat people with schizophrenia are at greater

risk of developing diabetes than the generalrisk of developing diabetes than the general

population, it is important that comparatorpopulation, it is important that comparator

populations are well matched for geogra-populations are well matched for geogra-

phical region, age, gender, ethnicity andphical region, age, gender, ethnicity and

body mass index, and that as many otherbody mass index, and that as many other

potential confounding factors are con-potential confounding factors are con-

trolled for. Ideally, neither populationtrolled for. Ideally, neither population

should be taking medications that mightshould be taking medications that might

alter the natural course of diabetes.alter the natural course of diabetes.

RESULTSRESULTS

Prevalence of diabetesPrevalence of diabetes
in the general populationin the general population

Notwithstanding the methodological chal-Notwithstanding the methodological chal-

lenges outlined above, it is now clear thatlenges outlined above, it is now clear that

the prevalence of diabetes in the generalthe prevalence of diabetes in the general

population is high and increasing year bypopulation is high and increasing year by

year (Mokdadyear (Mokdad et alet al, 2001). Studies in the, 2001). Studies in the

USA have found rates of known diabetesUSA have found rates of known diabetes

in the general population of betweenin the general population of between

1.2% (for people aged 18–44 years) and1.2% (for people aged 18–44 years) and

6.3% (for people aged 45–64 years)6.3% (for people aged 45–64 years)

(Adams & Marano, 1995), with the highest(Adams & Marano, 1995), with the highest

prevalence rates reported in Africanprevalence rates reported in African

Americans, Native Americans and MexicanAmericans, Native Americans and Mexican

Americans (Adams & Marano, 1995;Americans (Adams & Marano, 1995;

Harris, 1998).Harris, 1998).

The Isle of Ely Diabetes Project in theThe Isle of Ely Diabetes Project in the

UK, which was a prospective population-UK, which was a prospective population-

based study, evaluated over a thousand in-based study, evaluated over a thousand in-

dividuals aged 40–65 years who were notdividuals aged 40–65 years who were not

known to have diabetes (Williamsknown to have diabetes (Williams et alet al

1995). Individuals underwent a standard1995). Individuals underwent a standard

75 g oral glucose tolerance test (OGTT)75 g oral glucose tolerance test (OGTT)

and were classified according to Worldand were classified according to World

Health Organization (WHO) criteria. ThisHealth Organization (WHO) criteria. This

study found that 4.5% of participants hadstudy found that 4.5% of participants had

undiagnosed diabetes and 16.7% hadundiagnosed diabetes and 16.7% had

impaired glucose tolerance (Williamsimpaired glucose tolerance (Williams et alet al,,

1995). A similar large, population-based1995). A similar large, population-based

screening study in Australia (Dunstanscreening study in Australia (Dunstan et alet al,,

2002) found an overall prevalence of dia-2002) found an overall prevalence of dia-

betes of 7.4%, and identified an additionalbetes of 7.4%, and identified an additional

16.4% of the population with impaired16.4% of the population with impaired

glucose tolerance or impaired fasting bloodglucose tolerance or impaired fasting blood

glucose, according to WHO criteria.glucose, according to WHO criteria.

Studies in Japan (TabataStudies in Japan (Tabata et alet al, 1987), 1987)

and Singapore (Singapore Ministry ofand Singapore (Singapore Ministry of

Health, 1998) show prevalence rates of dia-Health, 1998) show prevalence rates of dia-

betes to be around 5% and 9%, respec-betes to be around 5% and 9%, respec-

tively, and confirm that twice as manytively, and confirm that twice as many

people in the general population may havepeople in the general population may have

impaired glucose tolerance as have diabetes.impaired glucose tolerance as have diabetes.

Prevalence of diabetesPrevalence of diabetes
in schizophreniain schizophrenia

Studies assessing the prevalence of type 2Studies assessing the prevalence of type 2

diabetes in people with schizophreniadiabetes in people with schizophrenia

broadly agree that the condition may bebroadly agree that the condition may be

at least two to four times more prevalentat least two to four times more prevalent

than in the general population (Keskinerthan in the general population (Keskiner

et alet al, 1973; Mukherjee, 1973; Mukherjee et alet al, 1996; Dixon, 1996; Dixon

et alet al, 2000; Sernyak, 2000; Sernyak et alet al, 2002; Lindenmayer, 2002; Lindenmayer

et alet al, 2003; Subramaniam, 2003; Subramaniam et alet al, 2003)., 2003).

There is, however, significant variabilityThere is, however, significant variability

in the reported prevalence rates from differ-in the reported prevalence rates from differ-

ent studies. One major confounder whenent studies. One major confounder when

attempting to establish a true prevalenceattempting to establish a true prevalence

figure in schizophrenia and other popula-figure in schizophrenia and other popula-

tions is the number of people who havetions is the number of people who have

been actively screened. Citromebeen actively screened. Citrome et alet al

(2003) have recently reported that, in a ret-(2003) have recently reported that, in a ret-

rospective epidemiological study evaluatingrospective epidemiological study evaluating

the incidence of newly diagnosed diabetesthe incidence of newly diagnosed diabetes

mellitus in patients commencing anti-mellitus in patients commencing anti-

psychotic treatment, some of the apparentpsychotic treatment, some of the apparent

differences in risk between individualdifferences in risk between individual

agents could be attributed to the greateragents could be attributed to the greater

degree of glucose monitoring in patientsdegree of glucose monitoring in patients

receiving clozapine compared with thosereceiving clozapine compared with those

receiving other antipsychotics.receiving other antipsychotics.

Another important factor that mightAnother important factor that might

influence prevalence figures reported ininfluence prevalence figures reported in

schizophrenia studies is the design of theschizophrenia studies is the design of the

study. Some studies require glucose screen-study. Some studies require glucose screen-

ing (and possible exclusion for glycaemicing (and possible exclusion for glycaemic

abnormalities) prior to patient enrolment;abnormalities) prior to patient enrolment;

others are cross-sectional in nature. In theothers are cross-sectional in nature. In the

latter case, all known confounders (suchlatter case, all known confounders (such

as population age, ethnicity and geography)as population age, ethnicity and geography)

must be accounted for. Even the year of themust be accounted for. Even the year of the

study and the type of schizophrenia diag-study and the type of schizophrenia diag-

nosed in the patients enrolled may affectnosed in the patients enrolled may affect

prevalence estimates. In 2003, for example,prevalence estimates. In 2003, for example,

improved awareness of the possibility ofimproved awareness of the possibility of

blood glucose abnormalities meant thatblood glucose abnormalities meant that

more patients taking antipsychotic medica-more patients taking antipsychotic medica-

tions might have been screened for diabetes,tions might have been screened for diabetes,

which might account for the apparentlywhich might account for the apparently

higher prevalence rates being reportedhigher prevalence rates being reported

compared with 10 years ago.compared with 10 years ago.

Patients with treatment-resistant schizo-Patients with treatment-resistant schizo-

phrenia may be more likely to be screenedphrenia may be more likely to be screened

for glucose abnormalities than other peoplefor glucose abnormalities than other people

with schizophrenia, and those that showedwith schizophrenia, and those that showed

positive would probably be excluded frompositive would probably be excluded from

prevalence trials, a fact illustrated clearlyprevalence trials, a fact illustrated clearly

by Lindenmayerby Lindenmayer et alet al (2003), who found a(2003), who found a

prevalence of diabetes mellitus of only 7%prevalence of diabetes mellitus of only 7%

in their cohort of patients with treatment-in their cohort of patients with treatment-

resistant schizophrenia prior to study entry.resistant schizophrenia prior to study entry.

MukherjeeMukherjee et alet al (1996) found an overall(1996) found an overall

prevalence of known diabetes of 15.8% inprevalence of known diabetes of 15.8% in

a cohort of patients with schizophreniaa cohort of patients with schizophrenia

admitted to a long-term care facility inadmitted to a long-term care facility in

Italy; diabetes was significantly more com-Italy; diabetes was significantly more com-

mon in patients not receiving antipsychoticsmon in patients not receiving antipsychotics

than in those who were. This overall preva-than in those who were. This overall preva-

lence rate is substantially higher than thelence rate is substantially higher than the

known prevalence of diabetes in the generalknown prevalence of diabetes in the general

population of Italy, which is estimated topopulation of Italy, which is estimated to

be 2–3% (Verrillobe 2–3% (Verrillo et alet al, 1985; Bruno, 1985; Bruno et alet al,,

1992). The prevalence of known diabetes1992). The prevalence of known diabetes

in Mukherjee’s patient cohort increasedin Mukherjee’s patient cohort increased

with age, from 0% in individuals youngerwith age, from 0% in individuals younger

than 50 years, to 12.9% in the 50–59 yearsthan 50 years, to 12.9% in the 50–59 years

age group, and to 18.9% in the 60–69 yearsage group, and to 18.9% in the 60–69 years

age group (Mukherjeeage group (Mukherjee et alet al, 1996). The, 1996). The

prevalence of diabetes decreased to 16.7%prevalence of diabetes decreased to 16.7%

in patients aged 70–74 years and to 9.4%in patients aged 70–74 years and to 9.4%

in those aged over 75 years, which has beenin those aged over 75 years, which has been

interpreted by the investigators to indicateinterpreted by the investigators to indicate

selective mortality due to coronary heartselective mortality due to coronary heart

disease (Mukherjeedisease (Mukherjee et alet al, 1996)., 1996).

DixonDixon et alet al (2000) used a large national(2000) used a large national

database of patients receiving treatment fordatabase of patients receiving treatment for

schizophrenia compiled by the Schizophreniaschizophrenia compiled by the Schizophrenia

Patient Outcomes Research Team (PORT)Patient Outcomes Research Team (PORT)

in the USA to assess the prevalence andin the USA to assess the prevalence and

clinical correlates of known diabetes in thisclinical correlates of known diabetes in this

population. Much of the data werepopulation. Much of the data were

collected before the widespread use ofcollected before the widespread use of

novel antipsychotic medications. The life-novel antipsychotic medications. The life-

time prevalence of known diabetes reportedtime prevalence of known diabetes reported

for the people with schizophrenia in thisfor the people with schizophrenia in this

study was 15%, with increasing age, beingstudy was 15%, with increasing age, being

female and being of African American orfemale and being of African American or

‘other’ non-White racial origin increasing‘other’ non-White racial origin increasing

the likelihood of having diabetes (Dixonthe likelihood of having diabetes (Dixon

et alet al, 2000). The 15% prevalence of dia-, 2000). The 15% prevalence of dia-

betes found in this study far exceeded ratesbetes found in this study far exceeded rates

typically reported in age-matched generaltypically reported in age-matched general

populations, but this probably reflects thepopulations, but this probably reflects the

exhaustive interviewing techniques used inexhaustive interviewing techniques used in

the study.the study.

SernyakSernyak et alet al (2002) reported an(2002) reported an

overall prevalence of diagnosed diabetesoverall prevalence of diagnosed diabetes

of 18% in a large sample of people withof 18% in a large sample of people with

schizophrenia being treated as out-patientsschizophrenia being treated as out-patients
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with typicalwith typical and atypical antipsychoticand atypical antipsychotic

drugs. Prevalencedrugs. Prevalence increased with age, withincreased with age, with

the highest prevalence (the highest prevalence (4425%) being seen25%) being seen

in patients aged 60–69 years. Comparingin patients aged 60–69 years. Comparing

the prevalence of known diabetes acrossthe prevalence of known diabetes across

age groups, no difference was found be-age groups, no difference was found be-

tween patients who received an atypicaltween patients who received an atypical

antipsychotic and patients who received aantipsychotic and patients who received a

typical antipsychotic (Sernyaktypical antipsychotic (Sernyak et alet al, 2002)., 2002).

SubramaniamSubramaniam et alet al (2003) conducted a(2003) conducted a

chart review of 607 people with schizo-chart review of 607 people with schizo-

phrenia resident in a long-stay ward inphrenia resident in a long-stay ward in

Singapore. None of the patients had receivedSingapore. None of the patients had received

atypical antipsychotic medication either inatypical antipsychotic medication either in

the past or at the time of the study. A prev-the past or at the time of the study. A prev-

alence of known diabetes of 4.9% wasalence of known diabetes of 4.9% was

reported, and patients with this diagnosisreported, and patients with this diagnosis

were excluded from further study. In-were excluded from further study. In-

formed consent was then obtained to screenformed consent was then obtained to screen

194 of the remaining patients, and 16% of194 of the remaining patients, and 16% of

these were found to have diabetes, takingthese were found to have diabetes, taking

the total diabetes prevalence rate to aroundthe total diabetes prevalence rate to around

21%. Prevalence rates were found to be21%. Prevalence rates were found to be

double those seen in the general populationdouble those seen in the general population

of Singapore in patients under the age of 60of Singapore in patients under the age of 60

years (Table 1), but lower than the generalyears (Table 1), but lower than the general

population in those aged 60 years andpopulation in those aged 60 years and

above. In this study, the highest rate ofabove. In this study, the highest rate of

diabetes (50%) was found in patients ageddiabetes (50%) was found in patients aged

50–59 years (Subramaniam50–59 years (Subramaniam et alet al, 2003)., 2003).

GuptaGupta et alet al (2003) reported a prevalence(2003) reported a prevalence

rate of 17% for diabetes in a chart reviewrate of 17% for diabetes in a chart review

of 208 patients with psychotic disordersof 208 patients with psychotic disorders

who were receiving antipsychotic medi-who were receiving antipsychotic medi-

cation. Fasting blood glucose levels werecation. Fasting blood glucose levels were

used to establish the diagnosis of diabetesused to establish the diagnosis of diabetes

in this study (Guptain this study (Gupta et alet al, 2003)., 2003).

SubramaniamSubramaniam et alet al (2003) report the(2003) report the

prevalence of impaired glucose toleranceprevalence of impaired glucose tolerance

in people with schizophrenia is less wellin people with schizophrenia is less well

defined, but screening studies suggest thatdefined, but screening studies suggest that

it may be almost twice as high as the preva-it may be almost twice as high as the preva-

lence of diabetes. In their screening study,lence of diabetes. In their screening study,

the overall prevalence of diabetes wasthe overall prevalence of diabetes was

found to be 21% but that of impairedfound to be 21% but that of impaired

glucose tolerance was 31%. The study hasglucose tolerance was 31%. The study has

also highlighted the substantial problem ofalso highlighted the substantial problem of

underrecognition of diabetes and impairedunderrecognition of diabetes and impaired

glucose tolerance in people with schizo-glucose tolerance in people with schizo-

phrenia. Although 21% of patients werephrenia. Although 21% of patients were

identified as having diabetes once they wereidentified as having diabetes once they were

actively screened, only 4.9% of patientsactively screened, only 4.9% of patients

had previously received a diagnosis (Subra-had previously received a diagnosis (Subra-

maniammaniam et alet al, 2003). Another study (Cohn, 2003). Another study (Cohn

et alet al, 2002) found that active screening for, 2002) found that active screening for

impaired glucose tolerance and diabetes inimpaired glucose tolerance and diabetes in

another cohort of 153 patients who hadanother cohort of 153 patients who had

been taking antipsychotic monotherapybeen taking antipsychotic monotherapy

for at least 3 months found that 31% offor at least 3 months found that 31% of

individuals had either diabetes or impairedindividuals had either diabetes or impaired

glucose tolerance, and that in the majorityglucose tolerance, and that in the majority

(67%) the condition was previously un-(67%) the condition was previously un-

identified (Cohnidentified (Cohn et alet al, 2002). Taylor also, 2002). Taylor also

describes similar findings in 607 patientsdescribes similar findings in 607 patients

with schizowith schizophrenia at the Maudsleyphrenia at the Maudsley

Hospital in LondonHospital in London (Taylor(Taylor et alet al, 2003;, 2003;

D. Taylor, personal communication,D. Taylor, personal communication,

2003). An apparent prevalence rate of2003). An apparent prevalence rate of

glycaemic abnormalities (diabetes andglycaemic abnormalities (diabetes and

impaired glucose tolerance) of 8.6% roseimpaired glucose tolerance) of 8.6% rose

to 19.4% after prospective blood glucoseto 19.4% after prospective blood glucose

testing.testing.

Ryan and colleagues reported resultsRyan and colleagues reported results

from a landmark study involving youngfrom a landmark study involving young

(mean age 33.6 years) patients with first-(mean age 33.6 years) patients with first-

episodeepisode schizophrenia. All patients wereschizophrenia. All patients were

drug-naıve,drug-naı̈ve, allowing a separation of theallowing a separation of the

effects of the disease from the potentialeffects of the disease from the potential

confounding effects of any antipsychoticconfounding effects of any antipsychotic

medication. Despite being young and nevermedication. Despite being young and never

having been exposed to neuroleptics, morehaving been exposed to neuroleptics, more

than 15% of the individuals in this studythan 15% of the individuals in this study

had already developed impaired fastinghad already developed impaired fasting

glucose tolerance, compared with none ofglucose tolerance, compared with none of

the matched healthy control groups (Ryanthe matched healthy control groups (Ryan

et alet al, 2003). This provides some of the, 2003). This provides some of the

clearest evidence that schizophrenia itselfclearest evidence that schizophrenia itself

may be an independent risk factor for im-may be an independent risk factor for im-

paired glucose tolerance, which is a knownpaired glucose tolerance, which is a known

risk factor for the development of type 2risk factor for the development of type 2

diabetes (Alberti, 1996). Ryandiabetes (Alberti, 1996). Ryan et alet al (2003)(2003)

contrast the prevalence of impaired glucosecontrast the prevalence of impaired glucose

tolerance found in their study with thattolerance found in their study with that

recently reported from a general populationrecently reported from a general population

study in three regions of France (Gourdystudy in three regions of France (Gourdy etet

alal, 2001). The mean age of the Ryan cohort, 2001). The mean age of the Ryan cohort

was 33 years, and the age-adjusted (35–64was 33 years, and the age-adjusted (35–64

years) prevalence of impaired glucose toler-years) prevalence of impaired glucose toler-

ance found in the French study was 11.8%ance found in the French study was 11.8%

in men and 5.2% in women. The preva-in men and 5.2% in women. The preva-

lence of impaired glucose tolerance in thelence of impaired glucose tolerance in the

population with schizopopulation with schizophrenia was there-phrenia was there-

fore found to be twice thatfore found to be twice that in a generalin a general

population (Ryanpopulation (Ryan et alet al, 2003)., 2003).

Prevalence of diabetesPrevalence of diabetes
in other psychiatric conditionsin other psychiatric conditions

Schizophrenia is not the only severe mentalSchizophrenia is not the only severe mental

illness associated with an apparent increaseillness associated with an apparent increase

in the risk of diabetes. Regenoldin the risk of diabetes. Regenold et alet al

(2002) assessed the medical records of(2002) assessed the medical records of

243 in-patients, aged 50–74 years, with a243 in-patients, aged 50–74 years, with a

diagnosis of major depression, bipolar Idiagnosis of major depression, bipolar I

disorder, schizoaffective disorder, schizo-disorder, schizoaffective disorder, schizo-

phrenia or dementia, and compared theirphrenia or dementia, and compared their

rates of diabetes with rates in the USrates of diabetes with rates in the US

general population matched for age, gendergeneral population matched for age, gender

and race. The prevalence of diabetes wasand race. The prevalence of diabetes was

found to be significantly higher thanfound to be significantly higher than

national norms in patients with bipolar Inational norms in patients with bipolar I

disorder (26%) and schizoaffective disorderdisorder (26%) and schizoaffective disorder

(50%), and was independent of psycho-(50%), and was independent of psycho-

tropic drug use (Regenoldtropic drug use (Regenold et alet al, 2002). This, 2002). This

study, and the work of others (Cassidystudy, and the work of others (Cassidy et alet al,,

1999), indicate that the prevalence of1999), indicate that the prevalence of

diabetes in patients with bipolar disorderdiabetes in patients with bipolar disorder

may be two to three times higher than thatmay be two to three times higher than that

found in the general population.found in the general population.

Schizophrenia: an independentSchizophrenia: an independent
risk factor for diabetes?risk factor for diabetes?

The interaction between diabetes andThe interaction between diabetes and

schizophrenia, although relatively wellschizophrenia, although relatively well

established, is far from simple. The mech-established, is far from simple. The mech-

anisms behind the interaction are likelyanisms behind the interaction are likely

to be multifactorial, and to include geneticto be multifactorial, and to include genetic

and environmental factors, as well asand environmental factors, as well as

the possible effects of antipsychoticthe possible effects of antipsychotic

medications.medications.

Genetic factorsGenetic factors

Genetic factors appear to have a key role inGenetic factors appear to have a key role in

the association between schizophrenia andthe association between schizophrenia and

diabetes, since it has been reported thatdiabetes, since it has been reported that

up to 50% of individuals with schizo-up to 50% of individuals with schizo-

phrenia have a family history of type 2phrenia have a family history of type 2

diabetes, compared with just 4.6% ofdiabetes, compared with just 4.6% of

healthyhealthy adult controls (Dynes, 1969;adult controls (Dynes, 1969;

MukherjeeMukherjee et alet al 1989; Cheta1989; Cheta et alet al,,

1990; Lamberti1990; Lamberti et alet al, 2003; Shiloah, 2003; Shiloah et alet al,,

2003). In one of the largest chart reviews2003). In one of the largest chart reviews

ever conducted of schizophrenia, Lambertiever conducted of schizophrenia, Lamberti

et alet al (2003) found a family history of type(2003) found a family history of type

2 diabetes in 17% of the total cohort of2 diabetes in 17% of the total cohort of

436 patients. Importantly, in the cohort of436 patients. Importantly, in the cohort of

patients who had a positive family historypatients who had a positive family history

of diabetes, the prevalence of diabetesof diabetes, the prevalence of diabetes

mellitus was 33%. In those with a negativemellitus was 33%. In those with a negative

family history of diabetes, its prevalencefamily history of diabetes, its prevalence

s 6 9s 6 9

Table1Table1 Age-specific prevalence rates of diabetesAge-specific prevalence rates of diabetes

mellitus in a group of peoplewith schizophreniamellitus in a group of people with schizophrenia

comparedwith the general population in Singaporecomparedwith the general population in Singapore

Age (years)Age (years) Prevalence of diabetes mellitus (%)Prevalence of diabetes mellitus (%)

SchizophreniaSchizophrenia

groupgroup

GeneralGeneral

populationpopulation

18^2918^29 n.a.n.a. 0.80.8

30^3930^39 4.04.0 3.33.3

40^4940^49 17.317.3 9.69.6

50^5950^59 50.050.0 21.821.8

60^6960^69 23.723.7 32.432.4

70^7970^79 5.05.0 n.a.n.a.

n.a., data not available.n.a., data not available.
From SubramaniamFrom Subramaniam et alet al (2003).(2003).
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was just 10%. These data-sets suggest thatwas just 10%. These data-sets suggest that

genetic factors may explain to some extentgenetic factors may explain to some extent

the higher diabetes prevalence figures foundthe higher diabetes prevalence figures found

in patients with schizophrenia comparedin patients with schizophrenia compared

with the general population.with the general population.

Environmental factorsEnvironmental factors

Many people with schizophrenia exhibitMany people with schizophrenia exhibit

poor health behaviours that may alsopoor health behaviours that may also

contribute to them developing diabetes;contribute to them developing diabetes;

these include having less healthy diets (gen-these include having less healthy diets (gen-

erally high in fat and low in fibre), exer-erally high in fat and low in fibre), exer-

cising less and smoking more than normalcising less and smoking more than normal

controls (Browncontrols (Brown et alet al, 1999). Poverty, un-, 1999). Poverty, un-

stable living conditions and lower thanstable living conditions and lower than

expected educational attainment are allexpected educational attainment are all

associated with schizophrenia, and increaseassociated with schizophrenia, and increase

the risk of obesity and other adversethe risk of obesity and other adverse

medical sequelae (Dixonmedical sequelae (Dixon et alet al, 2000). Addi-, 2000). Addi-

tional factors thought to predispose indi-tional factors thought to predispose indi-

viduals with schizophrenia to developingviduals with schizophrenia to developing

diabetes include ethnicity, a history ofdiabetes include ethnicity, a history of

glucose dysregulation, and pre-existingglucose dysregulation, and pre-existing

hypertension (Lindenmayerhypertension (Lindenmayer et alet al, 2001)., 2001).

The role of antipsychotic medicationsThe role of antipsychotic medications

in the development of diabetes is far fromin the development of diabetes is far from

well defined. Evidence from studies publishedwell defined. Evidence from studies published

before the introduction of neuroleptic drugsbefore the introduction of neuroleptic drugs

showed a strong association between severeshowed a strong association between severe

mental illness and abnormal glucose meta-mental illness and abnormal glucose meta-

bolism (Kooy, 1919; Lorenz, 1922; Henrybolism (Kooy, 1919; Lorenz, 1922; Henry

& Mangan, 1925; Freeman& Mangan, 1925; Freeman et alet al, 1944;, 1944;

Freeman, 1946; BracelandFreeman, 1946; Braceland et alet al, 1945),, 1945),

and although this evidence must be in-and although this evidence must be in-

terpreted with care because of the defini-terpreted with care because of the defini-

tions used in the studies, it suggests thattions used in the studies, it suggests that

schizophrenia itself might be an indepen-schizophrenia itself might be an indepen-

dent risk factor for the development ofdent risk factor for the development of

diabetes. Reports of impaired glucose toler-diabetes. Reports of impaired glucose toler-

ance in young, drug-naıve individuals withance in young, drug-naı̈ve individuals with

first-episode schizophrenia (Ryanfirst-episode schizophrenia (Ryan et alet al,,

2003) add further weight to the argument2003) add further weight to the argument

that people with schizophrenia may bethat people with schizophrenia may be

naturally predisposed to developing dia-naturally predisposed to developing dia-

betes, and should therefore be consideredbetes, and should therefore be considered

to be a high-risk group.to be a high-risk group.

DISCUSSIONDISCUSSION

People with schizophrenia and otherPeople with schizophrenia and other

serious psychiatric conditions appear to beserious psychiatric conditions appear to be

at significant risk of developing impairedat significant risk of developing impaired

glucose tolerance and diabetes, regardlessglucose tolerance and diabetes, regardless

of whether they are receiving antipsychoticof whether they are receiving antipsychotic

medication. Many of these individuals atmedication. Many of these individuals at

risk are currently unrecognised. Cardiovas-risk are currently unrecognised. Cardiovas-

cular risk factors such as diabetes, hyper-cular risk factors such as diabetes, hyper-

tension and dyslipidaemia commonlytension and dyslipidaemia commonly

coexist (Mukherjeecoexist (Mukherjee et alet al, 1996), so it seems, 1996), so it seems

likely that these ‘missing millions’ of peoplelikely that these ‘missing millions’ of people

with impaired glucose tolerance and dia-with impaired glucose tolerance and dia-

betes may also have comorbidities thatbetes may also have comorbidities that

further increase their risk of cardiovascularfurther increase their risk of cardiovascular

disease and premature death (Subramaniamdisease and premature death (Subramaniam

et alet al, 2003)., 2003).

Natural causes are responsible for two-Natural causes are responsible for two-

thirds of the excess mortality associatedthirds of the excess mortality associated

with schizophrenia (Brownwith schizophrenia (Brown et alet al, 2000). In, 2000). In

one record-linkage study, ischaemic heartone record-linkage study, ischaemic heart

disease was found to be the most commondisease was found to be the most common

cause of death in both men and womencause of death in both men and women

with schizophrenia (Hermanwith schizophrenia (Herman et alet al, 1983)., 1983).

Age, ethnic origin and geographicalAge, ethnic origin and geographical

location all appear to alter the prevalencelocation all appear to alter the prevalence

of diabetes mellitus and impaired glucoseof diabetes mellitus and impaired glucose

tolerance. Early identification of these con-tolerance. Early identification of these con-

ditions in high-risk groups is now a priorityditions in high-risk groups is now a priority

in many countries. Diabetes UK currentlyin many countries. Diabetes UK currently

recommends routine screening for diabetesrecommends routine screening for diabetes

in White people over the age of 40 yearsin White people over the age of 40 years

and in people from Black, Asian andand in people from Black, Asian and

minority ethnic groups aged over 25 yearsminority ethnic groups aged over 25 years

if they have a first-degree family history ofif they have a first-degree family history of

diabetes, and/or are overweight and havediabetes, and/or are overweight and have

a sedentary lifestyle, and/or have cardiovas-a sedentary lifestyle, and/or have cardiovas-

cular disease (Diabetes UK, 2002).cular disease (Diabetes UK, 2002).

The strength of the association betweenThe strength of the association between

schizophrenia and diabetes is such that timelyschizophrenia and diabetes is such that timely

screening and effective management of dia-screening and effective management of dia-

betes risk factors in all our patients is nowbetes risk factors in all our patients is now

recommended. Early detection of impairedrecommended. Early detection of impaired

glucose metabolism and effective educationglucose metabolism and effective education

about healthy living should help to reduceabout healthy living should help to reduce

the risk of patients developingthe risk of patients developing diabetesdiabetes

and its complications, and may ultimatelyand its complications, and may ultimately

help to improve long-term outcomes.help to improve long-term outcomes.
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