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Increased	  Risk	  of	  Cardiovascular	  Mortality	  in	  People	  
with	  Severe	  Mental	  Illness	  

through 75-year-olds, and 1.47 (95% CI, 1.37-1.58) for
those older than 75 years. The incident HRs for all cancers
and for respiratory cancers were similar in magnitude to
the mortality ratios in Table 3, and none reached statisti-
cal significance at the .05 level.

ANTIPSYCHOTIC MEDICATION

We examined the contribution of dose of antipsychotic
medication to CHD and stroke mortality rates in SMI using
non-SMI comparisons as baseline. For this subanalysis,
we did not include comparisons of persons who had ever
received an antipsychotic prescription. First, we used 2
levels of antipsychotic exposure, namely, those never tak-
ing antipsychotics during their time in the GPRD and
those who were prescribed such agents. Second, we cre-
ated subgroups of those who received antipsychotics with
controls, using terciles of dose. People with SMI who were
not prescribed any antipsychotics were at increased risk
of CHD and stroke than controls, whereas those pre-
scribed such agents were at even greater risk. Those re-
ceiving the higher doses were at greatest risk of death from
both CHD and stroke (Table 4).

Exposure to atypical antipsychotics was not related
to CHD mortality. In the 50- through 75-year-olds, 16
CHD deaths occurred in the 2060 people with SMI
who ever received atypical antipsychotics (0.8%) com-
pared with 280 CHD deaths in the 17 762 people with
SMI who did not receive atypical agents (1.6%). With
the non-SMI control group as a baseline, the fully
adjusted HRs for CHD death in the SMI subgroups
were as follows: 1.38 (95% CI, 1.08-1.76) for those
not prescribed any antipsychotics, 0.86 (95% CI, 0.52-
1.41) for those ever prescribed atypical antipsychotics,
and 2.12 (95% CI, 1.82-2.47) for those receiving con-
ventional antipsychotics only.

Table 2. Age, Sex, Smoking, and Social Deprivation
Diagnosis and Medication*

Variable SMI Group Control Group

Age, median (IQR), y 46.4 (32.2-63.7) 38.0 (26.3-55.8)†
Follow-up, median (IQR), y 4.7 (2.2-8.2) 4.3 (2.0-8.1)†
Calendar period

1987-1992 30 942 (13.8) 193 755 (86.2)
1992-1997 37 710 (13.8) 235 291 (86.2)
1997-2002 24 460 (13.1) 162 454 (86.9)
All 46 136 (13.3) 300 246 (86.6)

Sex
Women 24 608 (53.3) 156 781 (52.2)‡
Men 21 528 (46.7) 143 465 (47.8)

Smoking
Never smoked 9471 (20.5) 78 614 (26.2)‡
Ex-smoker 2636 (5.7) 18 566 (6.2)
Smoker 12 355 (26.8) 57 209 (19.1)
No information 21 674 (47.0) 148 857 (48.6)

SMI diagnosis
Schizophrenia 18 555 (40.2) . . .
Bipolar disorder 10 742 (23.3) . . .
Schizoaffective disorder 2457 (5.3) . . .
Depressive psychosis 2715 (5.9) . . .
Delusional disorders 8835 (19.2) . . .
Brief psychoses 1585 (3.4) . . .
Psychoses NOS 1247 (2.7) . . .

Social deprivation quintile
0 3536 (8.9) 31 825 (12.4)‡
1 5526 (14.0) 43 456 (16.9)
2 8507 (21.5) 58 486 (22.8)
3 9542 (24.1) 59 917 (23.3)
4 12 469 (31.5) 63 312 (24.6)

Antipsychotic
Conventional oral 28 358 (61.5) 9280 (3.1)
Atypical oral 6305 (13.7) 439 (0.1)
Depot 7180 (15.6) 146 (0.05)
Any 31 789 (68.9) 9521 (3.2)
None prescribed 14 347 (31.1) 290 725 (96.8)

Abbreviations: IQR, interquartile range; NOS, not otherwise specified;
SMI, severe mental illness. Ellipses indicate data not applicable.

*Data are number (percentage) of patients unless otherwise indicated.
†Mann-Whitney U test P!.001.
‡"2 test P!.001.

Table 3. Relative Risk of Death From CHD, Stroke, and Cancer*

Cause of Death
by Age Group, y

Deaths, No. (%) of Controls/
No. (%) of Persons With SMI

HR (95% CI)†

Effect of SMI Adjusted for Age,
Sex, and Calendar Period

Models Adjusted for Age, Sex, Calendar Period,
Smoking Status, and Social Deprivation

CHD
18-49 49 (0.02)/25 (0.10) 3.22 (1.99-5.21) 2.88 (1.77-4.70)
50-75 896 (0.89)/296 (1.49) 1.86 (1.63-2.12) 1.76 (1.54-2.01)
#75 1348 (3.37)/297 (3.75) 1.05 (0.92-1.19) 1.04 (0.91-1.18)

Stroke
18-49 16 (0.01)/6 (0.02) 2.53 (0.99-6.47) 2.39 (0.92-6.17)
50-75 275 (0.27)/100 (0.31) 1.89 (1.50-2.38) 1.83 (1.45-2.31)
#75 908 (2.56)/279 (3.52) 1.34 (1.17-1.54) 1.33 (1.16-1.52)

Cancer, 7 most common types
18-49 84 (0.04)/15 (0.06) 1.10 (0.63-1.90) 1.04 (0.60-1.82)
50-75 835 (0.83)/179 (0.90) 1.16 (0.99-1.36) 1.10 (0.93-1.29)
#75 739 (2.08)/130 (1.64) 0.90 (0.75-1.09) 0.89 (0.73-1.07)

Respiratory tumor
18-49 18 (0.01)/4 (0.02) 1.38 (0.47-4.07) 1.05 (0.35-3.11)
50-75 351 (0.35)/82 (0.41) 1.32 (1.04-1.68) 1.19 (0.93-1.51)
#75 263 (0.74)/34 (0.43) 0.74 (0.51-1.06) 0.70 (0.49-1.00)

Abbreviations: CHD, coronary heart disease; CI, confidence interval; HR, hazard ratio; SMI, severe mental illness.
*Results set in boldface type indicate that the CIs do not cross unity.
†Hazard ratios for mortality comparing those with SMI to baseline controls without SMI from separate Cox regression models for different age groups.
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An#psycho#c	  treatment	  and	  CHD	  Death	  

INTERACTIONS

Age was the only covariate that had a significant inter-
action with SMI status in prediction of mortality. Table5
provides the HRs for CHD and stroke, comparing the ef-
fects of different calendar periods, SMI diagnoses, and
sex. Persons with schizophrenia who were younger than
75 years had higher rates of CHD than people with other
SMI diagnoses, such as bipolar affective disorder, but these
differences were not statistically significant. Contrary to
existing literature (Table 1), CHD risk is of similar mag-
nitude in both sexes with SMI. A trend for increasing HRs
over calendar time was not statistically significant.

IMPACT OF MISSING DATA

Since the GPRD is a working clinical database, some vari-
ables inevitably have missing data. Although most deaths
were allocated a cause, not every death received a spe-
cific code. Causes of death were available for 4178 (75.4%)
of 5544 SMI deaths and 12 982 (75.4%) of 17 219 non-
SMI deaths. Although the most common missing data con-
cerned smoking, no systematic difference was found be-
tween the 2 patient groups (Table 2). Assessment of the
GPRD smoking variable confirmed its clinical validity as
a risk factor for CHD. In the whole sample of 50- through
75-year-olds, using nonsmokers as a baseline, the HR for
CHD was 1.84 (95% CI, 1.56-2.18) in smokers, 1.20 (95%

CI, 0.95-1.51) in ex-smokers, and 1.41 (95% CI, 1.22-
1.64) in those with missing smoking information. So-
cial deprivation data were available for 618 of the 728
practices or 85.6% of patients. A sensitivity analysis, which
excluded patients with missing data, revealed no sys-
tematic differences in the point estimates for mortality
outcomes such as CHD in SMI.

COMMENT

Our main finding is a marked excess of deaths from car-
diovascular disease in people of all ages with SMI. Al-
though the 3-fold risk of death from CHD in persons
younger than 50 years is the most worrying, the 2-fold
risk of dying of heart disease and stroke in 50- through
75-year-olds is also of concern. A significant but lower
magnitude of risk exists in persons older than 75 years.
Compared with previous reports (Table 1), this overall
CHD mortality risk is of greater magnitude, seen in both
sexes, and statistically more robust.

With the exception of respiratory tumors, people with
SMI were not at increased risk of dying from the 7 most
common cancers in the United Kingdom. However, our
data did not confirm other evidence that they were pro-
tected from cancers.3,9,10 Neither smoking nor social dep-
rivation fully explains this increased CHD and stroke mor-
tality in SMI. Antipsychotic medication is only part of

Table 4. Role of Antipsychotic Medication and Dose in Cardiovascular Mortality*

Cause of Death by Age
and Patient Groups

CHD Stroke

Deaths,
No. (%)

HR (95% CI) Adjusted for
Sex, Age, Period, and

Social Deprivation

P Value
(Test Within

SMI Groups)†
Deaths,
No. (%)

HR (95% CI) Adjusted for
Sex, Age, Period, and

Social Deprivation

P Value
(Test Within

SMI Groups)†

18-49 y 73 (0.03)‡ 22 (0.01)‡
Control 48 (0.02) 1.00 16 (!0.01) NA
SMI patients not taking APs§ 6 (0.08) 2.75 (1.17-6.44) 1 (0.01) NA
SMI patients taking APs 19 (0.10) 3.13 (1.84-5.35) .78 5 (0.01) NA NA

Lowest dose 4 (0.05) 3.08 (1.11-8.55) .86 NA NA
Medium dose 4 (0.03) 1.92 (0.69-5.33) .58 NA NA
Highest dose ! 11 (0.08) 4.11 (2.13-7.96) .43 NA NA

50-75 y 1151 (0.99)‡ 347 (0.30)‡
Control 855 (0.89) 1.00 247 (0.26) 1.00
SMI patients not taking APs 69 (0.61) 1.40 (1.10-1.79) 27 (0.24) 1.80 (1.21-2.68)
SMI patients taking APs 227 (0.86) 2.01 (1.73-2.33) .009 73 (0.28) 2.01 (1.55-2.62) .62

Lowest dose 41 (0.69) 1.46 (1.06-1.99) .85 21 (0.35) 2.26 (1.45-3.54) .43
Medium dose 82 (0.87) 1.90 (1.51-2.39) .06 26 (0.28) 1.84 (1.23-2.77) .93
Highest dose 104 (0.96) 2.49 (2.03-3.05) !.001 26 (0.24) 2.02 (1.35-3.03) .68

"75 y 1496 (3.76)‡ 978 (2.46)‡
Control 1199 (3.76) 1.00 699 (1.25) 1.00
SMI patients not taking APs 84 (2.18) 1.17 (0.94-1.46) 54 (1.40) 1.23 (0.93-1.63)
SMI patients taking APs 213 (2.13) 0.98 (0.84-1.13) .16 225 (2.25) 1.58 (1.35-1.84) .10

Lowest dose 55 (1.68) 0.68 (0.52-0.90) .002 60 (1.84) 1.13 (0.87-1.47) .64
Medium dose 99 (2.21) 1.02 (0.83-1.25) .35 110 (2.46) 1.70 (1.38-2.08) .06
Highest dose 59 (2.62) 1.43 (1.10-1.86) .24 55 (2.44) 2.21 (1.68-2.92) .002

Abbreviations: AP, antipsychotic; CHD, coronary heart disease; CI, confidence interval; GPRD, United Kingdom’s General Practice Research Database;
HR, hazard ratio; NA, not applicable; SMI, severe mental illness.

*Results set in boldface type indicate that the CIs do not cross unity.
†Wald tests comparing those with SMI not prescribed antipsychotics with those with SMI who were taking antipsychotics.
‡Indicates total number (percentage) of deaths for that age group.
§Not taking APs indicates that the person was not prescribed an antipsychotic in general practice according to the GPRD.
!Highest doses were highest tercile of antipsychotic using chlorpromazine equivalents or percentages of British National Formulary maximum, as appropriate.
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Individual	  Popula#on	  AUributable	  Risk	  (%	  of	  Total)	  of	  Ini#al	  
Myocardial	  Infarc#on	  in	  Western	  Europe.	  The	  INTERHEART	  

Study.	  	  
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Rela#ve	  Risks	  and	  95%	  CIs	  for	  Diabetes	  in	  Pa#ents	  on	  Second-‐
Genera#on	  An#-‐Psycho#cs	  vs	  First	  Genera#on	  An#-‐Psycho#cs	  

Relative risk of diabetes in people with schizophrenia

exists for metabolic syndrome.9 We also chose to exclude
homoeostasis model assessment as an outcome as it is a research
tool and its validity for predicting diabetes remains unclear. We
excluded patients taking antipsychotics when the clinical indica-
tion was not clear.35 We excluded studies of mixed psychiatric
populations where subgroups of patients with schizophrenia
who developed diabetes could not be distinguished.36–41

This led to some studies that included people with
schizophrenia being excluded. The rationale for including only
schizophrenia and related illnesses, and excluding all other
psychiatric illnesses or studies which did not state diagnosis, was
the importance of considering schizophrenia as an independent
risk factor for diabetes. Studies that did not compare a second-
generation antipsychotic with a first-generation antipsychotic,
but instead to another second-generation antipsychotic or placebo
were excluded.42–45 We included all second-generation anti-
psychotics but there were no studies that met our eligibility
criteria for the more recent drugs such as ziprasidone, amisulpride
and aripiprazole, which have been suggested to be less
diabetogenic in some case reports.46,47 Future studies comparing
their diabetogenic profiles are awaited.

Quality of studies

We found that the average duration of studies was around 12
months with three studies having a follow up of only 3 months
or less. It could be that these studies did not follow up their
patients for long enough, perhaps several years, to capture the
long-term risk for diabetes and this may have led to an under-
estimation of our findings. However, there is also some evidence
that the diabetogenic effects are rapid in onset – within the first
few months.48 It is possible that there may be several glucose-
metabolism-altering mechanisms, a short- and a long-term
process, and studies with repeated measurements over several
years could help to elucidate the diabetogenic patterns.

Most studies included in this review were retrospective or
pharmacoepidemiological using large databases. Limitations in
analysing data from such studies, mainly due to the quality of
clinical data recorded, exist. Database studies do not rely on a
standardised method of diagnosing diabetes mellitus. Random
blood glucose measures were often used, highlighting the diffi-
culty of obtaining fasting blood samples from this patient group.
Furthermore, utilisation of established diagnostic guidelines for
diabetes such as those provided by the WHO17 or ADA16 was
inconsistent. Prescription of hypoglycaemic medication as a
method of diagnosis may exclude patients receiving non-
pharmacological treatment for diabetes such as those on diet
alone. It may also include some people receiving metformin for
other indications such as polycystic ovarian syndrome. Little
evidence existed that the diagnosis of diabetes in databases was
reliable or valid. The date of the first listed claim may not
represent the actual date of onset of diabetes as the diagnosis
may have been previously made but recorded elsewhere.

The techniques and methods used to diagnose schizophrenia
cannot be inferred accurately from the databases. We observed
that not all antipsychotics were included in the databases. This
may be a reflection of the country where the study was undertaken
and the availability of, and preference for, one type of anti-
psychotic over another. Many of the databases were of specific
populations and mainly in the USA, which may limit their
generalisability to other populations. In addition, a number of
studies had only a few weeks or months of observation which
may have captured those individuals who have rapid weight gain
but which may be too short a time to identify later onset of
diabetes.

Association between antipsychotics and diabetes

The first observation of an association between antipsychotics and
diabetes occurred over 50 years ago, but renewed interest in this

409

7

7

7

7

.

.

.

.

0.5 0.75 1 1.5 2 4
Relative risk

Study

Hagg5

Lindenmeyer33

Zhao25

Cohen30

Koro30

Lund23

Lambert21

Leslie22

Ollendorf24

Lambert20

Sernyak8

Combined

Relative risk (95% CI)

2.38 (0.58–9.72)

4.82 (1.30–17.87)

2.35 (0.80–6.90)

0.69 (0.28–1.72)

2.25 (1.12–4.52)

1.17 (0.72–1.91)

1.63 (1.34–1.97)

1.20 (1.03–1.39)

1.17 (1.06–1.30)

1.45 (1.33–1.58)

1.09 (1.03–1.15)

1.32 (1.15–1.51)

Fig. 2 Forest plot of relative risks and 95% CIs for diabetes in patients on first-generation antipsychotics compared with second-
generation antipsychotics.

Estimates are at the centre of the boxes, which are drawn in proportion to the standard errors; lines show 95% CIs. Arrows denote censoring. The diamond shows the combined
(pooled) estimate at its centre; its horizontal points lie at the 95% confidence limits for the combined estimate.

Smith	  M	  et	  al.;	  Br	  J	  Psych	  2008	  



Second	  Genera#on	  An#psicho#cs	  and	  Metabolic	  
Abnormali#es	  

are increasingly being used off-label. In
current practice, people who are likely to
be treated with an SGA include those with
schizophrenia spectrum disorders, bipo-
lar disorder, dementia, psychotic depres-
s ion, autism, and developmental
disorders and, to a lesser extent, individ-
uals with conditions such as delirium, ag-
gressive behavior, personality disorders,
and posttraumatic stress disorder. These
psychiatric conditions are common and
often require lifelong treatment. In the
U.S., the prevalence of schizophrenia and
related conditions is ! 1%, the preva-
lence of bipolar disorders is ! 2%, and
the prevalence of major depression is !
8%. The SGAs are therefore widely used
medications, and their use has important
public health ramifications.

2. WHAT IS THE
PREVALENCE OF OBESITY,
PRE-DIABETES, AND TYPE
2 DIABETES IN THE
POPULATIONS IN WHICH
THE SGAs ARE USED? — It is dif-
ficult to determine whether the preva-
lence of these metabolic disorders is
increased in these psychiatric populations
independent of drug treatment. Most of
the available data are derived from studies
of individuals with schizophrenia, and
even in this condition, the evidence is
very limited. Data from most studies sug-
gest that the prevalence of both diabetes
and obesity among individuals with
schizophrenia and affective disorders is
!1.5–2.0 times higher than in the general
population. Many characteristics of peo-
ple with schizophrenia, such as sedentary

behavior, may contribute to the appar-
ently higher prevalence of metabolic ab-
normalities. However, none of these
studies controlled for all of the major di-
abetes risk factors. For example, BMI and
family history of diabetes were rarely de-
termined, nor were the control popula-
tions appropriately matched for these and
other variables. Thus, it is unclear
whether psychiatric conditions per se, in-
dependent of other known diabetes risk
factors, account for the increased preva-
lence.

There are limited data evaluating the
metabolic profile and diabetes risk of
drug-naı̈ve subjects with schizophrenia.
In a small cohort of adults with schizo-
phrenia untreated with medications, vis-
ceral fat content (which is correlated with
insulin resistance) was threefold higher
than in age- and BMI-matched control
subjects. In another study, the same in-
vestigators found that drug-naı̈ve patients
presenting with their first episode of
schizophrenia had an increased preva-
lence of impaired fasting glucose, were
more insulin resistant, and had higher
plasma levels of glucose, insulin, and cor-
tisol than did matched control subjects.

Overall, the limited amount of epide-
miological data suggest an increased prev-
alence of obesity, impaired glucose
tolerance, and type 2 diabetes in people
with psychiatric illness. Whether this is a
function of the illness itself versus its
treatment is unknown. Studies using the
proper diagnoses of glucose intolerance
and more complete risk factor character-
ization are necessary in order to resolve
this issue.

3. WHAT IS THE
RELATIONSHIP BETWEEN
THE USE OF THESE DRUGS
AND THE INCIDENCE OF
OBESITY OR DIABETES? — Re-
cognition of an association between SGAs
and diabetes was first derived from case
reports of severe, sometimes fatal, acute
diabetic decompensation, including
DKA. Subsequent drug surveillance and
retrospective database analyses suggest
there is an association between specific
SGAs and both diabetes and obesity. This
potential relationship is of considerable
clinical concern because obesity and dia-
betes are important risk factors for CVD,
and the relative risk of CVD mortality is
significantly greater in people with psy-
chiatric disorders than in the general pop-
ulation. High rates of smoking and
physical inactivity may also contribute to
the excess mortality. Therefore, if SGA
therapy further increases the risk for obe-
sity and type 2 diabetes, this should be of
major clinical concern.

Although there are significant short-
comings in many of the studies examining
the relationships between the SGAs and
obesity or diabetes, clear-cut trends can
be identified.

Obesity
There is considerable evidence, particu-
larly in patients with schizophrenia, that
treatment with SGAs can cause a rapid
increase in body weight in the first few
months of therapy that may not reach a
plateau even after 1 year of treatment.
There is, however, considerable variabil-
ity in weight gain among the various SGAs
(Table 2). At 10 weeks of therapy, esti-
mated average weight gain with drug
treatment compared with placebo varies
from !0.5 to 5.0 kg. Limited data suggest
that in humans, most of the weight gained

Table 1—Antipsychotic medications

Generic name Trade name Year approved

Commonly used FGAs Chlorpromazine Thorazine —
Perphenazine Trilafon —
Trifluoperazine Stelazine —
Thiothixene Navane —
Haloperidol Haldol —
Fluphenazine Prolixin —

SGAs Clozapine Clozaril 1989
Risperidone Risperdal 1993
Olanzapine Zyprexa 1996
Quetiapine Seroquel 1997
Ziprasidone Geodon 2001
Aripiprazole Abilify 2002

Table 2—SGA’s and metabolic abnormalities

Drug
Weight

gain
Risk for
diabetes

Worsening
lipid profile

Clozapine """ " "
Olanzapine """ " "
Risperidone "" D D
Quetiapine "" D D
Aripiprazole* "/# # #
Ziprasidone* "/# # #
" $ increase effect; # $ no effect; D $ discrepant
results. *Newer drugs with limited long-term data.

American Diabetes Association

DIABETES CARE, VOLUME 27, NUMBER 2, FEBRUARY 2004 597
Consensus	  Development	  Conference	  of	  ADA,	  APA,	  AACE,	  NAASO;	  Diabetes	  Care	  2004	  



The Metabolic Syndrome. ���
IDF/NHLBI/AHA/WHF/IAS/IASO 2009.	


•  The metabolic syndrome is a complex of 
interrelated risk factors for cardiovascular 
disease and diabetes.	


•  These factors include dysglycemia, raised 
blood pressure, elevated triglycerides, low 
high-density lipoprotein cholesterol levels and 
obesity (particularly central adiposity).	


•  Recent interest has focused on the involvement 
of insulin resistance as a possible linking 
factor…	


AlberL	  KGMM	  et	  al.;	  CirculaLon,	  2009	  



IDF/NHLBI/AHA/WHF/IAS/IASO	  Defini#on	  of	  	  
Metabolic	  Syndrome	  2009.	  
The	  “Any	  Three	  of”	  Rule.	  

•  Waist	  Circumference:	  popula#on-‐	  and	  country-‐
specific	  defini#ons	  

•  Triglycerides	  (or	  specific	  Rx):	  ≥	  150	  mg/dl	  (1.7	  
mM)	  

•  HDL-‐Cholesterol	  (or	  specific	  Rx)	  
– Men:	  <	  40	  mg/dl	  
– Women:	  <	  50	  mg/dl	  

•  Ambulatory	  Blood	  Pressure	  (or	  specific	  Rx):	  SBP	  
≥	  130	  and/or	  DBP	  ≥	  85	  mm	  Hg	  

•  Fas#ng	  Plasma	  Glucose	  (or	  specific	  Rx):	  ≥	  100	  
mg/dl	  (5.6	  mM)	  

AlberL	  KGMM	  et	  al.;	  CirculaLon,	  2009	  



Criteri	  diagnos#ci	  di	  diabete	  mellito.	  
Uno	  qualsiasi	  fra:	  

•  Glicemia	  casuale	  ≥200	  mg/dl	  +	  quadro	  clinico	  
(poliuria,	  polidipsia,	  perdita	  di	  peso)	  

•  Glicemia	  a	  digiuno	  ≥	  126	  mg/dl	  (almeno	  2	  
volte)	  

•  Glicemia	  120’	  dopo	  OGTT	  standard	  ≥	  200	  mg/
dl	  (almeno	  2	  volte)	  

•  HbA1c	  ≥	  6.5%	  



Chronic	  Complica#ons	  of	  
Diabetes	  Mellitus	  

•  Ophthalmopathy	  
•  Nephropathy	  
•  Neuropathy	  
•  Dermopathy	  
•  Angiopathy	  
•  Cardiopathy	  
•  Cancer	  



HbA1c	  levels	  and	  incident	  morbidity	  mortality	  risks:	  the	  ARIC	  Study.	  
(11092	  persons,	  FU	  ˜14	  years)	  

Adjusted	  for:	  age,	  gender,	  race,	  lipids,	  BMI,	  W/H	  ra#o,	  HTN,	  FH	  of	  diabetes,	  
educa#on,	  alcohol,	  smoking,	  fas#ng	  plasma	  glucose	  

Selvin	  E	  et	  al.	  NEJM	  2010	  



Criteri	  diagnos#ci	  di	  iperglicemia	  subdiabe#ca	  
(pre-‐diabete).	  

Uno	  qualsiasi	  fra:	  

•  Glicemia	  a	  digiuno	  ≥	  100	  e	  <126	  mg/dl	  

•  Glicemia	  120’	  dopo	  OGTT	  standard	  ≥	  140	  e	  <	  
200	  mg/dl	  

•  HbA1c	  ≥	  6.0	  e	  <	  6.5%	  



Prevalence	  of	  Metabolic	  Syndrome,	  Subdiabe#c	  
Hyperglycemia	  and	  Diabetes	  Mellitus	  in	  418	  Pa#ents	  (age:	  
36.5	  years)	  with	  Schizophrenia	  or	  Schizoaffec#ve	  Disorders	  

Normal	  
Glucose	  

Regula#on	  

Subdiabe#c	  
Hyperglycemia	  

Diabetes	  
Mellitus	  

Total	  

Metabolic	  Syndrome	  

NO	  
54.2%	   12.3%	   1.2%	   67.7%	  

Metabolic	  Syndrome	  

YES	  
12.3%	   12.6%	   7.4%	   32.3%	  

Total	   66.5%	   24.9%	   8.6%	   100%	  

De	  Hert	  MA	  et	  al.;	  Schizophr	  Res	  2006	  



Clinical	  Features	  of	  Diabetes	  Associated	  to	  SGAs	  in	  
Reports	  to	  FDA	  MedWatch	  Drug	  Surveillance	  System	  

Mean	  Age	   Onset	  
within	  6	  
months	  

Glucose	  >	  700	  mg/
dl	  or	  >500	  mg/dl	  

Acidosis	   Death	  	  

Clozapine	   39	   67%	   25%	   43%	   14.6%	  

Olanzapine	   40	   75%	   55%	   46%	   12.1%	  

Risperidone	   35	   68%	   56%	   40%	   7.3%	  

Que#apine	   31	   41%	   61%	   54%	   25.9%	  

Newcomer	  JW;	  CNS	  Drugs	  2005	  



An#psico#ci	  e	  reazioni	  
avverse	  metaboliche	  

 ✔Epidemiologia	  

•  Fisiopatologia	  

•  Terapia	  



Effects	  of	  Risperidone	  and	  Olanzapine	  on	  Body	  Weight	  
in	  Pa#ents	  with	  Schizophrenia.	  A	  6-‐Month	  RCT	  

26,964 ± 2570 cm2) and visceral (92 ± 16 cm2 and 81 ±
12 cm2, respectively, p > 0.27) adiposity. Treatment with
olanzapine induced a small but significant increase in total
adiposity by week 6 (+1436 ± 458 cm2; p = 0.0006) which
was sustained to week 24 (+2952 ± 1265 cm2; p = 0.0023
vs. baseline; Fig. 2A). In the risperidone group, total
adiposity was not significantly increased until week 24
(+1617 ± 1141 cm2 above baseline; p = 0.0153). In
contrast, visceral adiposity was increased at week 24 in

both the olanzapine- and risperidone-treated groups
(p < 0.0029 for both, vs. respective baselines; Fig. 2B).
No significant within- or between-group changes in
waist–hip ratio were observed (p > 0.57; data not shown).

3.3. Fasting plasma concentrations

There were minimal e!ects of antipsychotic treatment
on measured plasma values. Fasting glycemia was not
a!ected by either treatment (p > 0.1). Of note, two subjects
had excursions of fasting glucose into the diabetic range
(P126 mg/dl). One olanzapine-treated subject exhibited
fasting hyperglycemia (144 mg/dl) at week 6, which was
normalized (101 mg/dl) by week 24, and hyperglycemia
(173 mg/dl) developed in a subject receiving risperidone
at week 24. In both cases, fasting hyperinsulinemia was
also present at these time points (45 and 85 lU/ml, respec-
tively). Glycosylated hemoglobin remained in the normal
range for these and all other subjects (data not shown).
Whether these data represent a direct e!ect of the antipsy-
chotics or an incomplete fasted state is not known.

Fasting insulin levels, which were well-matched in the
two groups at baseline (risperidone, 10.3 ± 1.6 lU/ml;
olanzapine, 8.5 ± 1.0 lU/ml; p = 0.218), increased during
treatment with both olanzapine (week 6, 12.5 ± 2.0; week
24, 12.0 ± 1.6 lU/ml; p = 0.032 and p = 0.013, respec-
tively) and risperidone (week 6, 14.1 ± 2.9; week 24,
15.5 ± 3.7 lU/ml; p = 0.014 and p = 0.045, respectively).
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Fig. 2. Changes in (A) total adiposity or (B) visceral adiposity during
antipsychotic treatment in the entire study population. *p < 0.02 vs.
baseline. **p < 0.003 vs. baseline. ***p < 0.0007 vs. baseline.

Table 1
Background characteristics of the subjects

Risperidone
(n = 28)

Olanzapine
(n = 31)

Total
(N = 59)

Age, mean (±SD) years 39.8 ± 7.6 39.6 ± 8.3 39.7 ± 7.9
Sex, n (%) male 22 (78.6) 18 (58.1) 40 (67.8)
Race/ethnicity, n (%)
African American 14 (50.0) 13 (41.9) 27 (45.8)
Non-Hispanic white 10 (35.7) 11 (35.5) 21 (35.6)
Hispanic 2 (7.1) 4 (12.9) 6 (10.2)
Asian 2 (7.1) 3 (9.7) 5 (8.5)
Body mass index, mean

(±SD) kg/m2
28.4 ± 5.4 30.6 ± 7.0 29.6 ± 6.2

Smoking history, n (%) yes 15 (53.6) 20 (64.5) 35 (59.3)
Alcohol use, n (%) yes 4 (14.3) 3 (9.7) 7 (11.9)
Diagnosis, n (%)
Paranoid schizophrenia 19 (67.9) 21 (67.7) 40 (67.8)
Schizoa!ective disorder 7 (25.0) 7 (22.6) 14 (23.7)
Undi!erentiated

schizophrenia
1 (3.6) 2 (6.5) 3 (5.1)

Disorganized
schizophrenia

0 (0.0) 1 (3.2) 1 (1.7)

Schizophrenia NOS 1 (3.6) 0 (0.0) 1 (1.7)
Prior antipsychotic, n (%)
Olanzapine 6 (21.4) 7 (22.6) 13 (22.0)
Risperidone 4 (14.3) 6 (19.4) 10 (16.9)
Quetiapine 4 (14.3) 2 (6.5) 6 (10.2)

Fig. 1. Comparison of time course of body weight gain between
antipsychotic treatment groups (least squares mean ± SE). Statistics for
treatment di!erences are based on ANCOVA, with center and treatment
as the main e!ects and baseline as covariate. Both treatments were
associated with significant weight gain over baseline throughout study
period (weeks 1 through 24; p < 0.004 for each). There was a significantly
greater weight gain with olanzapine compared to risperidone at weeks 5
(p < 0.05) and 12 (<0.03).

M. Ader et al. / Journal of Psychiatric Research 42 (2008) 1076–1085 1079

Ader	  M	  et	  al.;	  J	  Psych	  Res	  2008	  



Effects	  of	  Risperidone	  and	  Olanzapine	  on	  Abdominal	  
Fat	  Pa#ents	  with	  Schizophrenia.	  A	  6-‐Month	  RCT.	  
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26,964 ± 2570 cm2) and visceral (92 ± 16 cm2 and 81 ±
12 cm2, respectively, p > 0.27) adiposity. Treatment with
olanzapine induced a small but significant increase in total
adiposity by week 6 (+1436 ± 458 cm2; p = 0.0006) which
was sustained to week 24 (+2952 ± 1265 cm2; p = 0.0023
vs. baseline; Fig. 2A). In the risperidone group, total
adiposity was not significantly increased until week 24
(+1617 ± 1141 cm2 above baseline; p = 0.0153). In
contrast, visceral adiposity was increased at week 24 in

both the olanzapine- and risperidone-treated groups
(p < 0.0029 for both, vs. respective baselines; Fig. 2B).
No significant within- or between-group changes in
waist–hip ratio were observed (p > 0.57; data not shown).

3.3. Fasting plasma concentrations

There were minimal e!ects of antipsychotic treatment
on measured plasma values. Fasting glycemia was not
a!ected by either treatment (p > 0.1). Of note, two subjects
had excursions of fasting glucose into the diabetic range
(P126 mg/dl). One olanzapine-treated subject exhibited
fasting hyperglycemia (144 mg/dl) at week 6, which was
normalized (101 mg/dl) by week 24, and hyperglycemia
(173 mg/dl) developed in a subject receiving risperidone
at week 24. In both cases, fasting hyperinsulinemia was
also present at these time points (45 and 85 lU/ml, respec-
tively). Glycosylated hemoglobin remained in the normal
range for these and all other subjects (data not shown).
Whether these data represent a direct e!ect of the antipsy-
chotics or an incomplete fasted state is not known.

Fasting insulin levels, which were well-matched in the
two groups at baseline (risperidone, 10.3 ± 1.6 lU/ml;
olanzapine, 8.5 ± 1.0 lU/ml; p = 0.218), increased during
treatment with both olanzapine (week 6, 12.5 ± 2.0; week
24, 12.0 ± 1.6 lU/ml; p = 0.032 and p = 0.013, respec-
tively) and risperidone (week 6, 14.1 ± 2.9; week 24,
15.5 ± 3.7 lU/ml; p = 0.014 and p = 0.045, respectively).
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Fig. 2. Changes in (A) total adiposity or (B) visceral adiposity during
antipsychotic treatment in the entire study population. *p < 0.02 vs.
baseline. **p < 0.003 vs. baseline. ***p < 0.0007 vs. baseline.

Table 1
Background characteristics of the subjects

Risperidone
(n = 28)

Olanzapine
(n = 31)

Total
(N = 59)

Age, mean (±SD) years 39.8 ± 7.6 39.6 ± 8.3 39.7 ± 7.9
Sex, n (%) male 22 (78.6) 18 (58.1) 40 (67.8)
Race/ethnicity, n (%)
African American 14 (50.0) 13 (41.9) 27 (45.8)
Non-Hispanic white 10 (35.7) 11 (35.5) 21 (35.6)
Hispanic 2 (7.1) 4 (12.9) 6 (10.2)
Asian 2 (7.1) 3 (9.7) 5 (8.5)
Body mass index, mean

(±SD) kg/m2
28.4 ± 5.4 30.6 ± 7.0 29.6 ± 6.2

Smoking history, n (%) yes 15 (53.6) 20 (64.5) 35 (59.3)
Alcohol use, n (%) yes 4 (14.3) 3 (9.7) 7 (11.9)
Diagnosis, n (%)
Paranoid schizophrenia 19 (67.9) 21 (67.7) 40 (67.8)
Schizoa!ective disorder 7 (25.0) 7 (22.6) 14 (23.7)
Undi!erentiated

schizophrenia
1 (3.6) 2 (6.5) 3 (5.1)

Disorganized
schizophrenia

0 (0.0) 1 (3.2) 1 (1.7)

Schizophrenia NOS 1 (3.6) 0 (0.0) 1 (1.7)
Prior antipsychotic, n (%)
Olanzapine 6 (21.4) 7 (22.6) 13 (22.0)
Risperidone 4 (14.3) 6 (19.4) 10 (16.9)
Quetiapine 4 (14.3) 2 (6.5) 6 (10.2)

Fig. 1. Comparison of time course of body weight gain between
antipsychotic treatment groups (least squares mean ± SE). Statistics for
treatment di!erences are based on ANCOVA, with center and treatment
as the main e!ects and baseline as covariate. Both treatments were
associated with significant weight gain over baseline throughout study
period (weeks 1 through 24; p < 0.004 for each). There was a significantly
greater weight gain with olanzapine compared to risperidone at weeks 5
(p < 0.05) and 12 (<0.03).

M. Ader et al. / Journal of Psychiatric Research 42 (2008) 1076–1085 1079

26,964 ± 2570 cm2) and visceral (92 ± 16 cm2 and 81 ±
12 cm2, respectively, p > 0.27) adiposity. Treatment with
olanzapine induced a small but significant increase in total
adiposity by week 6 (+1436 ± 458 cm2; p = 0.0006) which
was sustained to week 24 (+2952 ± 1265 cm2; p = 0.0023
vs. baseline; Fig. 2A). In the risperidone group, total
adiposity was not significantly increased until week 24
(+1617 ± 1141 cm2 above baseline; p = 0.0153). In
contrast, visceral adiposity was increased at week 24 in

both the olanzapine- and risperidone-treated groups
(p < 0.0029 for both, vs. respective baselines; Fig. 2B).
No significant within- or between-group changes in
waist–hip ratio were observed (p > 0.57; data not shown).

3.3. Fasting plasma concentrations

There were minimal e!ects of antipsychotic treatment
on measured plasma values. Fasting glycemia was not
a!ected by either treatment (p > 0.1). Of note, two subjects
had excursions of fasting glucose into the diabetic range
(P126 mg/dl). One olanzapine-treated subject exhibited
fasting hyperglycemia (144 mg/dl) at week 6, which was
normalized (101 mg/dl) by week 24, and hyperglycemia
(173 mg/dl) developed in a subject receiving risperidone
at week 24. In both cases, fasting hyperinsulinemia was
also present at these time points (45 and 85 lU/ml, respec-
tively). Glycosylated hemoglobin remained in the normal
range for these and all other subjects (data not shown).
Whether these data represent a direct e!ect of the antipsy-
chotics or an incomplete fasted state is not known.

Fasting insulin levels, which were well-matched in the
two groups at baseline (risperidone, 10.3 ± 1.6 lU/ml;
olanzapine, 8.5 ± 1.0 lU/ml; p = 0.218), increased during
treatment with both olanzapine (week 6, 12.5 ± 2.0; week
24, 12.0 ± 1.6 lU/ml; p = 0.032 and p = 0.013, respec-
tively) and risperidone (week 6, 14.1 ± 2.9; week 24,
15.5 ± 3.7 lU/ml; p = 0.014 and p = 0.045, respectively).
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Fig. 2. Changes in (A) total adiposity or (B) visceral adiposity during
antipsychotic treatment in the entire study population. *p < 0.02 vs.
baseline. **p < 0.003 vs. baseline. ***p < 0.0007 vs. baseline.

Table 1
Background characteristics of the subjects

Risperidone
(n = 28)

Olanzapine
(n = 31)

Total
(N = 59)

Age, mean (±SD) years 39.8 ± 7.6 39.6 ± 8.3 39.7 ± 7.9
Sex, n (%) male 22 (78.6) 18 (58.1) 40 (67.8)
Race/ethnicity, n (%)
African American 14 (50.0) 13 (41.9) 27 (45.8)
Non-Hispanic white 10 (35.7) 11 (35.5) 21 (35.6)
Hispanic 2 (7.1) 4 (12.9) 6 (10.2)
Asian 2 (7.1) 3 (9.7) 5 (8.5)
Body mass index, mean

(±SD) kg/m2
28.4 ± 5.4 30.6 ± 7.0 29.6 ± 6.2

Smoking history, n (%) yes 15 (53.6) 20 (64.5) 35 (59.3)
Alcohol use, n (%) yes 4 (14.3) 3 (9.7) 7 (11.9)
Diagnosis, n (%)
Paranoid schizophrenia 19 (67.9) 21 (67.7) 40 (67.8)
Schizoa!ective disorder 7 (25.0) 7 (22.6) 14 (23.7)
Undi!erentiated

schizophrenia
1 (3.6) 2 (6.5) 3 (5.1)

Disorganized
schizophrenia

0 (0.0) 1 (3.2) 1 (1.7)

Schizophrenia NOS 1 (3.6) 0 (0.0) 1 (1.7)
Prior antipsychotic, n (%)
Olanzapine 6 (21.4) 7 (22.6) 13 (22.0)
Risperidone 4 (14.3) 6 (19.4) 10 (16.9)
Quetiapine 4 (14.3) 2 (6.5) 6 (10.2)

Fig. 1. Comparison of time course of body weight gain between
antipsychotic treatment groups (least squares mean ± SE). Statistics for
treatment di!erences are based on ANCOVA, with center and treatment
as the main e!ects and baseline as covariate. Both treatments were
associated with significant weight gain over baseline throughout study
period (weeks 1 through 24; p < 0.004 for each). There was a significantly
greater weight gain with olanzapine compared to risperidone at weeks 5
(p < 0.05) and 12 (<0.03).

M. Ader et al. / Journal of Psychiatric Research 42 (2008) 1076–1085 1079
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Effects	  of	  Risperidone	  and	  Olanzapine	  on	  Abdominal	  Fat	  
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Total	  Fat	  Area	   Visceral	  Fat	  Area	  

significantly greater at week 24 (130 ± 33 cm2; p = 0.0146
vs. baseline; Fig. 3B). No significant changes in visceral
adiposity were observed in the risperidone-treated sub-
jects (p > 0.14). Between-treatment di!erences in visceral
adiposity were not significant (p = 0.6206 and
p = 0.3281 for weeks 6 and 24, respectively).

At baseline, SI was similar between the African Amer-
ican and Hispanic subgroup (median: 1.93, min/max:
0.33/6.03) and those of non-African American and His-
panic ethnicity (median: 2.20, min/max: 0.48/6.48; p =
0.63), but the former exhibited higher AIRG (median:
689, min/max: 45/4579, vs. median: 344, min/max: 69/
1716; p = 0.005), as is widely reported (e.g. Ha!ner
et al., 1996). Subjects demonstrated a modest downward
trend in SI (Table 2B), with a small risperidone e!ect at
week 6 (baseline, 2.12; week 6, 1.52 ! 10"4 min"1 per
lU/ml; p = 0.068), which was compensated by modest
increases in AIRG such that DI was not significantly dif-
ferent from baseline (median change from baseline, "136;
range, "1727 to 2160; p = 0.54). During olanzapine treat-
ment, SI tended to decline by week 24 (baseline, 1.06;
week 24, 0.68 ! 10"4 min"1 per lU/ml; p = 0.060), but
pancreatic function did not adequately compensate,
resulting in a significant decrease in DI (median change
from baseline, "387; range, "1264 to 455; p = 0.033),
and impaired glucose tolerance (KG) (p = 0.0479 vs.
baseline).

4. Discussion

Widespread use of atypical antipsychotics has been
complicated by associated weight gain and increased inci-
dence of diabetes. Considerable evidence suggests that the
metabolic risk di!ers between these agents, although
results largely emanate from retrospective or cross-sec-
tional studies (Haddad, 2004; Jin et al., 2002; Henderson
et al., 2005). In the present study, both olanzapine and
risperidone induced significant weight gain, with the
e!ects of olanzapine greater than those of risperidone.
Fasting hyperinsulinemia was observed throughout the
study period in both treatment groups. Increased adipos-
ity developed with both treatments, although the e!ects of
olanzapine on total adiposity occurred more rapidly than
during risperidone treatment. Our data also demonstrate
the extensive variability of glucoregulatory measures in
this patient population, due in part to inclusion of ethnic
minorities prone to insulin resistance and increased adi-
posity. When analyzed independently, this ethnic subset
displayed further di!erential treatment e!ects on adiposity
and pancreatic function.

Both risperidone and olanzapine increased body weight
within 1 week of treatment (Fig. 1), and significant weight
gain was sustained in both groups for the entire 24-week
treatment period. Weight gain induced by olanzapine
exceeded that observed with risperidone at various time
points, consistent with published reports (McIntyre et al.,
2001). However, unlike results from CATIE and meta-
analysis (Lieberman et al., 2005; Allison et al., 1999), we
observed no detectable di!erence in weight gain between
treatments at the conclusion of the 24-week study. This
result may be due to insu"cient statistical power of the
present study secondary to small group size, but other fac-
tors may also influence observed weight gain. Existence of
baseline obesity may contribute to the absence of signifi-
cant treatment di!erences in weight gain in our study, since
it has been suggested that subjects with low baseline weight
tend to exhibit the most pronounced drug-associated
increases in body weight (Jones et al., 2001; Lee et al.,
2004), although this finding is not universally accepted
(Simpson et al., 2001). Finally, the e!ects of switching from
prior antipsychotics on subsequent weight gain have been
demonstrated (Weiden et al., in press). Observed weight
gain in the risperidone-treated groups may have been
underestimated early in the study in those subjects who
were switched from antipsychotics associated with greater
weight gain, specifically olanzapine (n = 6, Table 1). How-
ever, it is likely that the confounding influence of switching
on observed weight gain would be minimal 24 weeks after
the switching occurred.

The mechanisms by which antipsychotics alter energy
balance remain under debate (Ota et al., 2002; Ader
et al., 2005; Gothelf et al., 2002; Virkkunen et al., 2002;
Graham et al., 2005; Basson et al., 2001). Both olanzapine
and risperidone reportedly increase caloric consumption in
animals (Ota et al., 2002; Ader et al., 2005) and human sub-
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Fig. 3. Changes in (A) total adiposity or (B) visceral adiposity during
antipsychotic treatment in African American and Hispanic subjects.
*p < 0.02 vs. baseline. **p < 0.007 vs. baseline. § p < 0.04 vs. risperidone.
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significantly greater at week 24 (130 ± 33 cm2; p = 0.0146
vs. baseline; Fig. 3B). No significant changes in visceral
adiposity were observed in the risperidone-treated sub-
jects (p > 0.14). Between-treatment di!erences in visceral
adiposity were not significant (p = 0.6206 and
p = 0.3281 for weeks 6 and 24, respectively).

At baseline, SI was similar between the African Amer-
ican and Hispanic subgroup (median: 1.93, min/max:
0.33/6.03) and those of non-African American and His-
panic ethnicity (median: 2.20, min/max: 0.48/6.48; p =
0.63), but the former exhibited higher AIRG (median:
689, min/max: 45/4579, vs. median: 344, min/max: 69/
1716; p = 0.005), as is widely reported (e.g. Ha!ner
et al., 1996). Subjects demonstrated a modest downward
trend in SI (Table 2B), with a small risperidone e!ect at
week 6 (baseline, 2.12; week 6, 1.52 ! 10"4 min"1 per
lU/ml; p = 0.068), which was compensated by modest
increases in AIRG such that DI was not significantly dif-
ferent from baseline (median change from baseline, "136;
range, "1727 to 2160; p = 0.54). During olanzapine treat-
ment, SI tended to decline by week 24 (baseline, 1.06;
week 24, 0.68 ! 10"4 min"1 per lU/ml; p = 0.060), but
pancreatic function did not adequately compensate,
resulting in a significant decrease in DI (median change
from baseline, "387; range, "1264 to 455; p = 0.033),
and impaired glucose tolerance (KG) (p = 0.0479 vs.
baseline).

4. Discussion

Widespread use of atypical antipsychotics has been
complicated by associated weight gain and increased inci-
dence of diabetes. Considerable evidence suggests that the
metabolic risk di!ers between these agents, although
results largely emanate from retrospective or cross-sec-
tional studies (Haddad, 2004; Jin et al., 2002; Henderson
et al., 2005). In the present study, both olanzapine and
risperidone induced significant weight gain, with the
e!ects of olanzapine greater than those of risperidone.
Fasting hyperinsulinemia was observed throughout the
study period in both treatment groups. Increased adipos-
ity developed with both treatments, although the e!ects of
olanzapine on total adiposity occurred more rapidly than
during risperidone treatment. Our data also demonstrate
the extensive variability of glucoregulatory measures in
this patient population, due in part to inclusion of ethnic
minorities prone to insulin resistance and increased adi-
posity. When analyzed independently, this ethnic subset
displayed further di!erential treatment e!ects on adiposity
and pancreatic function.

Both risperidone and olanzapine increased body weight
within 1 week of treatment (Fig. 1), and significant weight
gain was sustained in both groups for the entire 24-week
treatment period. Weight gain induced by olanzapine
exceeded that observed with risperidone at various time
points, consistent with published reports (McIntyre et al.,
2001). However, unlike results from CATIE and meta-
analysis (Lieberman et al., 2005; Allison et al., 1999), we
observed no detectable di!erence in weight gain between
treatments at the conclusion of the 24-week study. This
result may be due to insu"cient statistical power of the
present study secondary to small group size, but other fac-
tors may also influence observed weight gain. Existence of
baseline obesity may contribute to the absence of signifi-
cant treatment di!erences in weight gain in our study, since
it has been suggested that subjects with low baseline weight
tend to exhibit the most pronounced drug-associated
increases in body weight (Jones et al., 2001; Lee et al.,
2004), although this finding is not universally accepted
(Simpson et al., 2001). Finally, the e!ects of switching from
prior antipsychotics on subsequent weight gain have been
demonstrated (Weiden et al., in press). Observed weight
gain in the risperidone-treated groups may have been
underestimated early in the study in those subjects who
were switched from antipsychotics associated with greater
weight gain, specifically olanzapine (n = 6, Table 1). How-
ever, it is likely that the confounding influence of switching
on observed weight gain would be minimal 24 weeks after
the switching occurred.

The mechanisms by which antipsychotics alter energy
balance remain under debate (Ota et al., 2002; Ader
et al., 2005; Gothelf et al., 2002; Virkkunen et al., 2002;
Graham et al., 2005; Basson et al., 2001). Both olanzapine
and risperidone reportedly increase caloric consumption in
animals (Ota et al., 2002; Ader et al., 2005) and human sub-
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antipsychotic treatment in African American and Hispanic subjects.
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Rela#ve	  Affini#es	  of	  An#psycho#c	  Drugs	  at	  Some	  
NeurotransmiUer	  Receptors	  Relevant	  to	  Metabolic	  

Side	  Effects	  

effects of both ziprasidone (Kirk et al., 2004) and aripiprazole
(Snigdha et al., 2008) on olanzapine-induced hyperphagia in the rat,
effects with some support in clinical observation (Chen et al., 2007;
Masopust et al., 2008). This is likely to re!ect inherent pharmacolog-
ical mechanisms which are discussed below.

A better understanding of the mechanisms underlying drug-
induced weight gain should emerge by assessing the evidence
provided by these pharmacological–clinical correlations in the
context of the known physiological mechanisms and pharmacology
of control of food intake and body weight.

3. Mechanisms of antipsychotic drug-induced weight gain

3.1. Disruption of hypothalamic control

Given the importance of peripherally-released peptide hormones
in the hypothalamic control of bodyweight, the effect of antipsychotic
drugs on some of these circulating hormones has been studied, and
the results provide some insight into themechanisms underlying drug
in!uences on energy homeostasis. In particular, elevations in leptin
are apparent in patients receiving antipsychotics (reviewed by (Jin
et al., 2008)), and treatment of initially drug-naive patients for both
10 weeks (Zhang et al., 2004) and one year (Perez-Iglesias et al., 2008)
is associated with an increase in plasma leptin, demonstrating the
elevations are related to the drug treatment and not the disease
process (Arranz et al., 2004). This is unsurprising, as an elevation in
leptin secretion is a normal response to fat deposition in patients
receiving antipsychotic drugs and demonstrating weight gain.
However, the fact that there is no consequent suppression of food
intake, which is the normal response to elevated leptin, indicates that
the signalling mechanism of leptin at the hypothalamus may be
disrupted by the pharmacological action of some antipsychotic drugs.

How might antipsychotic drugs disrupt this hormonal control of
hypothalamic function? Antipsychotics causing weight gain have no
effect on awide variety of receptorsmediating hypothalamic neuropep-
tides controlling body weight (Theisen et al., 2007). Yet they do have

effects on the hypothalamic regions involved in control of food intake;
for example, we "nd that olanzapine enhances NPY expression in the
ARC (Kirk et al., 2006). Thus antagonism of one ormore of the receptors
for themonoamineneurotransmitters ismore likely to contribute to the
underlying mechanism(s). Several classical neurotransmitter systems
are involved in food intake and body weight regulation including
serotonin (5-HT), histamine, noradrenaline and dopamine.

3.1.1. 5-hydroxytryptamine receptors
5-HT has long been known to exhibit a potent satiety signal

(Blundell & Leshem, 1975). Of the many receptors for 5-HT present in
the human brain, the 5-HT1A and 5-HT2C receptors are most impli-
cated in mediating the actions of 5-HT on food intake and are sites at
which some antipsychotic drugs have effects. Agonists at the 5-HT1A
and 5-HT2C receptors have opposing effects on food intake; 5-HT1A
agonists increase (Dourish et al., 1985) and 5-HT2C agonists decrease
food intake (Clifton et al., 2000). 5-HT2C antagonists have been shown
to increase food intake (Bonhaus et al., 1997) and also attenuate the
decrease in food intake which is produced by 5-HT2C agonists (Clifton
et al., 2000; Hayashi et al., 2005). Knock-out of the 5-HT2C receptor in
mice can result in obesity and increased feeding (Tecott et al., 1995). Of
the currently available drugs, those demonstrating the highest weight
gain, clozapine and olanzapine, also have the highest relative af"nities
for the 5-HT2C receptor.

5-HT1B receptors appear to contribute to control of satiety mediating
too, like the 5-HT2C receptor, 5-HT effects on hypophagia (De Vry &
Schreiber, 2000). Discrepancies between rat and human 5-HT1B receptor
af"nities have meant that the high af"nity of some antipsychotics for
these sites in the human brain has been under-explored (Audinot et al.,
2001). The 5-HT6 receptor is a further serotonergic site that has been
implicated in the control of bodyweight. 5-HT6 receptor antagonists, and
5-HT6 receptor antisense oligonucleotides, decrease body weight
(Woolley et al., 2001) and demonstrate that the receptor is a potential
target for drug treatment of obesity. Certainly someantipsychotics bind to
the 5-HT6 site (Kroeze et al., 2003) as antagonists (Dupuis et al., 2008),
although those with the highest relative af"nities, clozapine and

Table 1
Relative af"nities of antipsychotic drugs at some neurotransmitter receptors relevant to metabolic side effects.

Values indicate drug af"nity for the receptor expressed relative to dopamine D2 receptor af"nity, calculated (D2 Ki÷receptor Ki) from Ki data provided in the PDSP Ki Database:
http://pdsp.med.unc.edu/pdsp.php and, for asenapine, Shahid et al.(2009). Receptor Ki [nM] is included in square brackets below the relative af"nity value.
Af"nity values approaching unity and above (shown in bold type) indicate the likelihood of substantial receptor occupancy at normal clinical doses. These relative af"nities generally
re!ect antagonist or inverse agonist effects; known agonist or partial agonist effects are indicated (a)

.The partial agonist action of aripiprazole at D2 receptors permits high D2 receptor occupancy by drug without the emergence of dopaminergic side effects; therefore there may
be signi"cant binding to some lower af"nity receptors (indicated with !) due to the high relative concentration of available drug.

173G.P. Reynolds, S.L. Kirk / Pharmacology & Therapeutics 125 (2010) 169–179

Reynolds	  GP	  &	  Kirk	  SL;	  Pharmacol	  Ther	  2009	  
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Top	  Associa#ons	  Between	  Gene	  Variants	  and	  
An#psicho#c	  Induced	  Weight	  Gain	  in	  the	  CATIE	  Study	  

subunit gene CHRNA7 that was associated with quantita-
tive weight gain P!0.0001. The SNP was also associated
with change in PANSS total (P!0.006), positive (P! 0.01),
negative (P!0.03) and general (0.04) scores, change in
visuospatial working memory (P!0.01) and change
in verbal memory score (0.03). This SNP, however, is only
present in African-American populations, with the
exception of one patient self-described as ‘White alone’
and identified as of European ancestry by Eigenstrat
analysis. Restricting the association of weight to African-
Americans increases the significance of the association,
such that those carrying the rare variant (n!20) gained an
average of 7.02% of their baseline weight, whereas those
without the variant allele (n!176) gained, on average,
only 0.17% of their baseline weight.

The strongest hit for the weight-gain case–control
association test was an intronic SNP in the serotonin
receptor gene HTR2A, rs1928042 (P!0.001). This SNP was
not associated with the quantitative measure of weight
gain, so it is possible that the effect is a false positive. All
significant hits (uncorrected Po0.05) for weight gain are
displayed in Supplementary Table S4, and the top hits plus
others that are of interest due to their genic position are
displayed in Table 6.

Genotype imputation analysis Using tagging SNPs, we
found strongly suggestive associations with different SNPs
in the GRM7 and GRM8 genes with neurocognitive, PANSS
and discontinuation phenotypes, and a strongly suggestive
association of an RIMS1 SNP with quetiapine discontinua-
tion. As not all common variants in these genes have been

genotyped, it is possible that there are ungenotyped SNPs
that are more strongly associated with these phenotypes.
We therefore imputed genotypes for all the HapMap SNPs
for GRM7, GRM8 and RIMS1 using MaCH (Supplementary
Methods). We first checked to see if there was a stronger
association with discontinuation from quetiapine for any
RIMS1 SNP. We found that the genotyped SNP, rs502046,
was the lowest associated SNP in this gene, even after
examining associations with all permuted genotypes.

As GRM7 and GRM8 were associated particularly strongly
withmany phenotypes, we looked to see if imputed SNPs had
stronger associations with any phenotype. For most pheno-
types, the lowest P-value for an imputed SNP was of the same
order of magnitude as that of the most strongly associated
genotyped SNP. However, some phenotypes showed much
stronger association with an imputed SNP; these are
documented in Supplementary Table S1. None of the
strongest associated phenotype detailed for GRM7 and
GRM8 (above) improved when imputed SNPs were examined.

Previous findings Where possible, we also checked to see
if we were able to replicate other findings of SNPs determin-
ing antipsychotic response in schizophrenia. In many cases,
this was not possible, as previously associated polymorphisms
have been non-SNP variants, such as VNTRs or in/dels. In
addition, some important SNPs failed genotyping quality
control (see Supplementary Information). Previously asso-
ciated SNPs that we successfully genotyped here include
COMT val108/158met (rs4680), DRD2 -241-A/G (rs1799978),
DRD3 Ser9Gly (rs6280) and HTR2A 102-T/C(rs6313). The
COMT SNP has been associated with antipsychotic-related

Table 6 Top associations with weight gain (n!616), tested either as a quantitative trait or as a case–control phenotype

Test SNP P-value Gene Gene product Type

Quantitative rs7164043 0.0001 CHRNA7 Neuronal nicotinic receptor A7 Intronic
Quantitative rs2079731 0.0003 ADCY9 Adenylate cyclase 9 Intronic
Quantitative rs1934124 0.0004 RIMS1 RAB3A-interacting molecule 1 Intronic
Case–control rs1928042 0.0010 HTR2A Serotonin receptor 2A Intronic
Case–control rs2770292 0.0017 HTR2A Serotonin receptor 2A Intronic
Quantitative rs632994 0.0017 HRH2 Histamine receptor H2 7.6 kb downstream
Case–control rs10505778 0.0019 GRIN2B NMDA receptor 2b Intronic
Case–control rs480409 0.0019 GRM7 Metabotropic glutamate receptor 7 Intronic
Case–control rs5320 0.006 DBH Dopamine b-hydroxylase Non-synonymous
Case–control rs8192591 0.006 NOTCH4 NOTCH 4 (drosophila homolog) Non-synonymous
Case–control rs1390939 0.007 SLC18A1 Vesicular monoamine transporter 1 50-UTR
Quantitative rs1805482 0.009 GRIN2B NMDA receptor 2B Synonymous
Quantitative rs11575553 0.014 DDC DOPA decarboxylase 30-UTR
Quantitative rs1805522 0.02 GRIN2B NMDA receptor 2B Synonymous
Case–control rs1948 0.02 CHRNB4 Neuronal nicotinic receptor B4 30-UTR
Case–control rs11575553 0.02 DDC DOPA decarboxylase 30-UTR
Quantitative rs326175 0.03 ADCY2 Adenylate cyclase 2 30-UTR
Case–control rs130003 0.03 CREBBP CREB-binding protein Synonymous
Case–control rs8178990 0.03 CHAT Choline acetyltransferase Non-synonymous
Case–control rs660652 0.03 CHRNA3 Neuronal nicotinic receptor, A3 30-UTR
Quantitative rs3746295 0.04 SLC1A6 Excitatory amino-acid transporter 4 Synonymous
Quantitative rs3749380 0.05 GRM7 Metabotropic glutamate receptor 7 Synonymous
Case–control rs2270641 0.05 SLC18A1 Vesicular monoamine transporter 1 Non-synonymous

All drugs included in a single analysis.

Pharmacogenetics of antipsychotic response in CATIE
AC Need et al
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and schizophrenia (Wei et al., 1995;Meloni et al., 1995; Thibaut
et al., 1997). TH is a tetrahydrobiopterin-requiring, iron-
containingmonooxygenase. This enzyme catalyses the conver-
sion of L-tyrosine to L-dopa, which is the rate-limiting step in
the biosynthesis of catecholamines such as dopamine (Nagatsu,
1995). The TH gene is located near the insulin gene and insulin-
like growth factor gene on the short arm of chromosome 11.
Insulin has been found to modulate the expression of the TH
gene at locus coeruleus and the adrenal medulla of rats (Vietor
et al., 1996; Rusnák et al., 1998). Therefore, the TH gene may
bridge the link between SCZ and T2D via the interplay between
TH and other insulin-related genes.

Another candidate gene, the DRD2 gene that encodes D2
subtype of dopamine receptor, has also been found to be
associated with insulin and dopamine metabolism. Previous
evidence indicates that DRD2 gene polymorphisms are
associated with the risk of T2D. For instance, two non-
synonymous single nucleotide polymorphisms, Ser311Cys
and Taq1A, located in the DRD2 gene, may contribute to the
risk of T2D and obesity in Pima Indians (Jenkinson et al.,
2000). Another study found that knockdownof theDRD2gene
by siRNA silencing may enhance glucose-dependent insulin
secretion in pancreatic beta cells (Wu et al., 2008). Addition-
ally, bromocriptine, a DRD2 agonist, could inhibit glucose-

dependent insulin secretion by direct activation of the alpha2-
adrenergic receptors in pancreatic beta cells (de Leeuw van
Weenen et al., 2010). A recent study also shows that DRD2-
knockout mice may have attenuated glucose-stimulated
insulin secretion instead of insulin resistance, which leads to
glucose intolerance (García-Tornadú et al., 2010). The link
between DRD2 gene and SCZ has been well documented. Two
single nucleotide polymorphisms within the DRD2 gene,
C957T and SER311Cys, have been consistently reported to
be associated with risk of schizophrenia in different ethnic
populations (see the review of Nobel, 2003). The C957T
polymorphism has also been found to be involved in working
memory (Jacobsen et al., 2006; Xu et al., 2007). Taken
together, the dopamine pathway associated with D2 receptor
may modulate insulin secretion in T2D and working memory
in SCZ, respectively. Therefore, the DRD2 genemay contribute
to the comorbidity link between SCZ and T2D.

4. Alternative strategy I: parsing genetic similarities
through multiple genome-wide association studies

Recent genome-wide association studies have provided a
panoramic view of genetic architectures of complex diseases,
including SCZ and T2D. Here, we used a web-based catalog for

Table 1
Summary of shared genetic !ndings for SCZ and T2D.

Chromosome
regions

Candidate genes Functions Associated diseases/traits

1p13.3 GSM1 Glutathione S-transferase mu 1 SCZ, T2D
1p36.3 MTHFR 5,10-methylenetetrahydrofolate reductase (NADPH) SCZ, T2D
1q25 PLA2G4A Phospholipase A2, group IVA SCZ, T2D
1q25.2–
q25.3

PTGS2 Prostaglandin-endoperoxide synthase 2 SCZ, T2D

1q24-21 a NOS1AP
HERV-18 K

1. Encoding nitric oxide synthase 1 (neuroal) adapter
2. Human endogenous retrovirus K-18

1. QT interval, sudden cardiac death, SCZ
2. Type 1 diabetes, type 2 diabetes

2p22-13 a No reported common
candidate genes

2q14 IL1B Interleukin 1 beta SCZ, diabetic nephropathy
2q33 CTLA4 Cytotoxic T-lymphocyte-associated antigen 4 SCZ, T2D
2q36 IRS1 Insulin receptor substrate 1 SCZ, T2D
3q13 a GSK3B Plays a role in Wnt signaling pathway; dopamine

pathway; insulin signaling pathway
Bipolar disorder, Alzheimer's disease,

3q29 APOD Apolipoprotein D SCZ, T2D
3p22.1 CCK Cholescystokinin preproprotein SCZ, T2D
4p16 WFS1 Encoding transmembrane protein Bipolar disorder, Parkinson's disease, hearing loss
4q25 EGF Epidermal growth factor SCZ, T2D
5q13.2 CARTPT Cocaine and amphetamine-regulated transcript SCZ, T2D
6p21.3 1. HLA-A

2. HLA-DQA1
3. HLA-DQB1
4. HLA-DRB1
5. HSPA1B
6. TNF

1. Major histocompatibility complex, class I, A
2. Major histocompatibility complex, class II, DQ !1
3. Major histocompatibility complex, class II, DQ "1
4. Major histocompatibility complex, class II, DR "1
5. Heat shock 70 kDa protein 1B
6. Tumor necrosis factor

SCZ, T2D

6q21-24.1 a No reported common
candidate genes

6q25.3 SOD2 Superoxide dismutase 2, mitochondrial SCZ, T2D
7p15.1 NPY Neuropeptide Y SCZ, T2D
7p21 IL6 Interleukin 6 SCZ, T2D
7q21.3 PON1 Paraoxonase 1 SCZ, T2D
7q31.3 LEP Leptin SCZ, T2D
9p24 SLC1A1 Solute carrier family 1, member 1 SCZ, T2D
11p15 TH Encoding tyrosine hydroxylase Bipolar disorder, body mass index, insulin resistance, type

1 diabetes (neighboring INS gene)
Xq12 AR Androgen receptor SCZ, T2D
a Evidence for linkage that has been reported by more than one study for either SCZ or T2D.

4 P.I. Lin, A.R. Shuldiner / Schizophrenia Research xxx (2010) xxx–xxx
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Effects	  of	  a	  Short	  Course	  Treatment	  with	  
Olanzapine	  or	  Haloperidol	  in	  Healthy	  Subjects	  

prolactin concentrations were measured with a sensitive time-re-
solved fluoroimmunoassay with a detection limit of 0.04 !g/liter
(Delfia, Wallac Oy, Turku, Finland).

Plasma levels of FFA and triglycerides (TG) were determined
using commercially available kits (Wako Pure Chemical Indus-
tries, Osaka, Japan; and Roche Diagnostics).

Glucose and [6,6-2H2]glucose enrichment as well as glycerol
and [2H5]glycerol enrichment were determined in a single ana-
lytical run, using gas chromatography coupled to mass spec-
trometry (Hewlett-Packard, Palo Alto, CA) as previously de-
scribed (16, 17).

Calculations
In isotopic steady-state condition, the rate of glucose disappear-

ance (Rd) equals the rate of glucose appearance (Ra). Ra, which
represents EGP, was calculated by dividing the [6,6-2H2]glucose
infusion rate (milligrams per minute) by the steady-state plasma
[6,6-2H2]glucose tracer/tracee ratio. During insulin infusion, Rd
was calculated by adding the rate of exogenous glucose infusion to
the Ra. The Ra of glycerol was calculated by dividing the
[2H5]glycerol infusion rate (micromoles per minute) by the steady-
state plasma [2H5]glycerol tracer/tracee ratio. Total lipid and car-
bohydrate oxidation rates were calculated as previously described
(18). Data are expressed per kilogram body weight.

Statistical analysis
The study was powered to detect a difference in glucose in-

fusion rate before and after treatment with either drug. Eight
subjects per group allowed detection of a 30% difference with
80% power at a two-sided significance level of 0.05. Data are
presented as mean ! SEM. Data were logarithmically trans-
formed when appropriate. Comparisons were made within
groups with two-tailed dependent Student’s t test. To compare
the effect of olanzapine and haloperidol treatment (between
groups), an independent Student’s t test was used; the difference
of the values before and after each intervention was compared.
When the distribution of data was not normal after logarith-
mic transformation, data were analyzed using non-parametric
Wilcoxon signed-rank test. Significance level was set at 0.05.
All analyses were performed using SPSS for Windows, version
12.0 (SPSS Inc., Chicago, IL).

Results

Subjects, anthropometric measures, and plasma
metabolites

Fourteen subjects were included in the study. Four sub-
jects discontinued haloperidol treatment: one subject be-
cause of a vasovagal reaction when basal blood samples
where taken at the first study day, and three subjects be-
cause of the occurrence of side effects. Of those subjects,
two had acute dystonia, which was treated with anticho-
linergic drugs (Akineton im) and one subject discontinued
treatment because of restlessness. All of these subjects
were replaced by other volunteers. None of the subjects
using olanzapine had major side effects. Five were some-
what drowsy during the first day of treatment only. The
father of one subject in the haloperidol group was of Med-
iterranean origin (ethnicity may have impact on insulin
sensitivity); all other subjects were of Caucasian origin. In
the haloperidol group, one subject had a father with type
2 diabetes, and in the olanzapine group one subject had a
second-degree family member with type 2 diabetes.

Table 1 summarizes anthropometric measurements
and biochemical parameters in fasting condition on d 0
and d 8 in both groups. Baseline characteristics, including
risk factors for insulin resistance (i.e. anthropometrics,
ethnicity, family history of type 2 diabetes, fasting insulin
and glucose levels), did not differ between the treatment
groups. Body weight and waist-hip ratio did not change
from d 0 to d 8 in either group. Fat percentage decreased
slightly during treatment with haloperidol. Fasting plasma
insulin and glucose levels did not change during treatment
in either group. FFA concentrations significantly declined
duringolanzapine treatment (P"0.03).This effectdidnot
differ significantly from the effect of haloperidol treat-
ment. Serum glucagon concentrations were significantly

TABLE 1. Subject characteristics, before and after treatment with olanzapine or haloperidol

Olanzapine (n ! 7) Haloperidol (n ! 7)

Day 0 Day 8 Day 0 Day 8
Age (yr) 25.7 ! 1.3 23.7 ! 1.3
Body weight (kg) 76.7 ! 3.4 77.4 ! 3.3 76.8 ! 2.2 76.6 ! 2.2
BMI (kg/m2) 22.3 ! 0.7 22.5 ! 0.6 22.9 ! 0.8 22.8 ! 0.9
WHR 0.82 ! 0.02 0.83 ! 0.02 0.79 ! 0.02 0.80 ! 0.02
Fat (%) 9.1 ! 0.7 9.3 ! 1.2 10.6 ! 1.3 8.9 ! 1.5a

Glucose (mmol/liter) 4.9 ! 0.2 5.1 ! 0.2 5.1 ! 0.1 4.9 ! 0.1
Insulin (mU/liter) 10.2 ! 1.2 11.5 ! 1.9 8.3 ! 0.8 7.6 ! 0.6
Glucagon (pg/ml) 54.3 ! 4.7 68.5 ! 6.6a 50.9 ! 5.2 53.9 ! 4.3
Prolactin (!g/liter) 9.0 ! 1.9 16.3 ! 3.1b 8.8 ! 1.5 15.2 ! 1.9a

TG (mmol/liter) 1.22 ! 0.20 1.33 ! 0.18 1.16 ! 0.12 1.32 ! 0.30
FFA (mmol/liter) 0.58 ! 0.10 0.43 ! 0.10a 0.51 ! 0.08 0.53 ! 0.08
Total cholesterol (mmol/liter) 4.3 ! 0.3 4.2 ! 0.2 3.8 ! 0.3 3.9 ! 0.2

Values are expressed as mean ! SEM. BMI, Body mass index; WHR, waist-hip ratio.
a P # 0.05 vs. baseline.
b P # 0.01 vs. baseline.

120 Vidarsdottir et al. Olanzapine Induces Insulin Resistance J Clin Endocrinol Metab, January 2010, 95(1):118–125
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Olanzapine	  and	  Clozapine	  Blunt	  Carbachol-‐
Poten#ated	  Insulin	  Secre#on	  in	  Rat	  Islets	  

RESULTS

Carbachol- or glucose-stimulated insulin secretion
from rat islets: effects of SGAs. Basal rates of insulin
released in the presence of 7 mmol/l glucose were 62 ! 5
pg ! islet"1 ! min"1 (n # 20; Figs. 1 and 2). Addition of 10
$mol/l carbachol produced an immediate short-lasting
response that peaked at 110 ! 8 pg ! islet"1 ! min"1,
followed by a gradual increase in release rates that aver-
aged 189 ! 17 pg ! islet"1 ! min"1 after 40 min (Figs. 1 and
2). When added together with 10 $mol/l carbachol,
equimolar levels (10 $mol/l) of atropine, olanzapine, and
clozapine completely abolished carbachol-potentiated se-
cretion, but ziprasidone, risperidone, or haloperidol had
no effect (results not shown). Subsequent studies using
preincubation with therapeutically relevant concentra-
tions of the antipsychotics were conducted. In these
experiments, the test compounds were present during the
stabilization period with 7 mmol/l glucose and during the
stimulatory period with 7 mmol/l glucose plus 10 $mol/l
carbachol (Figs. 1 and 2). Atropine, olanzapine, and cloza-
pine at 100 nmol/l reduced the acute first phase and
virtually abolished the sustained second phase of insulin

secretion. Concentrations of olanzapine and clozapine as
low as 10 nmol/l significantly inhibited insulin secretion
during the last 10 min and the entire sustained second
phase, respectively (Fig. 1). In contrast, ziprasidone, ris-
peridone, or haloperidol at 100 nmol/l had no effect under
these conditions (Fig. 2).

The cholinergic specificity of the inhibitory effect of
atropine, olanzapine, and clozapine was investigated fur-
ther using an 8-mmol/l glucose stimulus. Islet responses to
8 mmol/l glucose alone (175 ! 17 pg ! islet"1 ! min"1, n #
17, after 40 min of stimulation) were comparable to those
evoked by 7 mmol/l glucose with 10 $mol/l carbachol
(compare Figs. 1 and 2 with Fig. 3). Olanzapine, clozapine,
ziprasidone, atropine, risperidone, or haloperidol (all at 10
$mol/l) had no inhibitory effect on 8 mmol/l glucose–
induced insulin secretion (shown for olanzapine, cloza-
pine, and ziprasidone in Fig. 3).
Inositol phosphate studies. Since cholinergic-mediated
insulin secretion is a result of muscarinic M3 receptor
activation coupled to phospholipase-C activation (13–
15,22), we examined the impact of the antipsychotics on
carbachol-induced phospholipase-C activation by monitor-

FIG. 1. Atropine, olanzapine, and clozapine potently inhibit carbachol-potentiated insulin secretion in rat islets. Groups of 14–16 islets were
isolated and perifused for 30 min in the presence of 7 mmol/l glucose to establish stable rates of insulin secretion. Control islets (n ! 20) were
stimulated with 10 "mol/l carbachol for an additional 40 min. Other islets were treated as described above except that atropine (A), olanzapine
(B), or clozapine (C) at 10–100 nmol/l were included during the entire perifusion. Control perifusions contained vehicle (0.1% DMSO). Data
represent means # SE of at least four experiments. *P < 0.05 vs. control.

FIG. 2. Lack of effect of ziprasidone, risperidone, or haloperidol on carbachol-potentiated insulin secretion. Groups of islets were perifused as
described in the legend of Fig. 1. After the 30-min stabilization period in 7 mmol/l glucose with or without ziprasidone, risperidone, or haloperidol
(all at 100 nmol/l), islets were stimulated with carbachol for 40 min in the continued presence of the drug. Control responses are the same as
shown in Fig. 1. Data represent means # SE of at least three experiments.

OLANZAPINE AND CLOZAPINE INHIBIT INSULIN SECRETION
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with the paired Student’s t test. Between-
group differences (placebo vs. bromocrip-
tine) were analyzed using analysis of
variance with repeated measures over time.
Data are presented as means ± SEM.

RESULTS

Subject characteristics
At baseline, there were no significant dif-
ferences in subject characteristics between
the placebo and bromocriptine groups
(Table 1). Bromocriptine treatment was
well tolerated, with rhinitis and mild nau-
sea reported as the most frequent adverse
events (in 4 and 3 subjects, respectively).
These side effects disappeared within
2 weeks after the start of therapy.

Body weight and composition
Neither bromocriptine nor placebo admin-
istration was associated with any significant
changes from baseline in body weight
(bromocriptine, 89.6 ± 2.8 vs. 90.0 ± 2.9
kg; placebo, 93.4 ± 5.7 vs. 94.3 ± 5.3 kg),
fat mass, percentage fat mass, or abdominal
fat distribution (Table 2).

Fasting plasma glucose and HbA1c
concentrations
At 16 weeks, the fasting plasma glucose
concentration was reduced by bromocrip-
tine treatment from 190 ± 13 to 172 ± 14
mg/dl (from 10.6 ± 0.7 to 9.5 ± 0.8 mmol/l
[P = 0.02]), whereas it increased with
placebo treatment from 187 ± 22 to 223 ±
26 mg/dl (from 10.5 ± 1.2 to 12.5 ± 1.5
mmol/l [P = 0.02]). HbA1c was reduced in
bromocriptine-treated patients from 8.7 ±
0.4 to 8.1 ± 0.5% (P = 0.009), whereas it
increased in the placebo group from 8.5 ±
0.5 to 9.1 ± 0.6% (NS) (Fig. 1). The differ-
ences in FPG (P ! 0.001) and HbA1c (P =

0.01) between bromocriptine and placebo
groups were highly significant (Fig. 2).

OGTT
During the OGTT, the mean plasma glu-
cose concentration in the bromocriptine-
treated group declined from 294 ± 14 to
272 ± 17 mg/dl (from 16.5 ± 0.8 to 15.2 ±
1.0 mmol/l [P = 0.005]), whereas the mean
plasma glucose concentration rose in the
placebo group from 289 ± 17 to 313 ± 28
mg/dl (16.2 ± 1.0 vs. 17.5 ± 1.6 mmol/l
[NS]) (Fig. 1). The difference in mean
plasma glucose concentration during the
OGTT between the bromocriptine and
placebo groups was significant (P = 0.02).
Bromocriptine treatment did not affect the
mean plasma insulin (65 ± 13 vs. 66 ± 10

µU/ml [390 ± 78 vs. 396 ± 60 pmol/l], NS),
C-peptide (6.0 ± 0.7 vs. 5.2 ± 0.5 ng/ml
[2.0 ± 0.2 vs. 1.7 ± 0.2 nmol/l], NS), or
FFA (0.50 ± 0.04 vs. 0.54 ± 0.04 mEq/l,
NS) concentrations during the OGTT. The
mean plasma insulin (54 ± 15 vs. 47 ± 17
µU/ml [324 ± 90 vs. 282 ± 102 pmol/l],
NS), C-peptide (6.4 ± 0.9 vs. 5.1 ± 1.0
ng/ml [2.1 ± 0.3 vs. 1.7 ± 0.3 nmol/l], NS),
and FFA (0.60 ± 0.06 vs. 0.62 ± 0.07
mEq/l, NS) concentrations did not change
during placebo treatment.

Euglycemic insulin clamp
Basal EGP was not changed by bromocrip-
tine (3.3 ± 0.2 vs. 3.1 ± 0.2 mg " min#1 "
kg#1 fat-free mass [FFM], NS) or by
placebo (3.4 ± 0.4 vs. 3.2 ± 0.2 mg "
min#1 " kg#1 FFM, NS) treatment.

During the first step of the insulin
clamp performed before the start of treat-
ment, the steady-state plasma insulin con-
centrations were similar in bromocriptine-
and placebo-treated subjects (80 ± 4 vs. 83
± 8 µU/ml [480 ± 24 vs. 458 ± 48 pmol/l],
respectively). Similar plasma insulin con-
centrations were reached during the first
step of the insulin clamp performed after
16 weeks of treatment in both groups (81
± 5 vs. 81 ± 10 µU/ml [486 ± 30 vs. 486 ±
60 pmol/l], respectively). The mean plasma
glucose concentrations (60- to 90-min time
period) during the first step of the insulin
clamp  performed  before  and  after
bromocriptine (121 ± 12 vs. 108 ± 7 mg/dl

Table 2—Summary of body weight and composition in diabetic patients before and after treatment
with bromocriptine or placebo

Abdominal
BMI Body fat Fat mass subcutaneous Visceral

Weight (kg) (kg/m2) (%) (kg) fat (cm2) fat (cm2)

Bromocriptine
Before 89.6 ± 2.8 33.7 ± 0.9 47 ± 2 42 ± 8 459 ± 33 204 ± 14*
After 90.0 ± 2.9 33.8 ± 0.9 46 ± 2 41.5 ± 6 437 ± 34 213 ± 13

Placebo
Before 93.4 ± 5.7 35.7 ± 1.3 54 ± 2 48 ± 9 471 ± 55 146 ± 16
After 94.3 ± 5.3 36.0 ± 1.2 49 ± 3 46 ± 7 505 ± 37 166 ± 12

Data are means ± SD.*P = 0.03 for bromocritpine vs. placebo during the baseline measurement.

Figure 1—Mean HbA1c, FPG, and change in mean plasma glucose concentration during the OGTT
in bromocriptine- and placebo-treated subjects. P values indicate the difference between bromocriptine-
and placebo-treated groups. *Significant (P ! 0.05) change from baseline within each group.

Pijl	  H	  et	  al.;	  Diabetes	  Care	  2000	  
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Metabolic effects of bromocriptine in type 2 diabetes

[6.8 ± 0.7 vs. 6.2 ± 0.6 mmol/l], NS) and
placebo (111 ± 11 vs. 133 ± 13 mg/dl [6.6
± 0.4 vs. 7.4 ± 0.7 mmol/l], NS) treatment
also were similar in both groups. During
the first step of the insulin clamp, neither
bromocriptine (total glucose disposal, 3.7 ±
0.3 vs. 3.7 ± 0.3 mg ! min"1 ! kg"1 FFM,
NS) nor placebo (total glucose disposal,
4.3 ± 0.5 vs. 3.4 ± 0.5 mg ! min"1 ! kg "1

FFM, NS) had any effect on total glucose
disposal. Nonoxidative glucose disposal
and glucose oxidation during the first step
of the insulin clamp were similar in
bromocriptine- and placebo-treated groups
and were unaffected by either treatment.
EGP  was  suppressed  sim i lar ly  by
bromocriptine (1.2 ± 0.3 [before] vs. 1.2 ±
0.2 [after] mg ! min"1 ! kg"1 FFM, NS) and
placebo (1.4 ± 0.2 [before] vs. 1.2 ± 0.3
[after] mg ! min"1 ! kg"1 FFM, NS).

The steady-state plasma insulin levels
during the second step of the initial insulin
clamp were similar in bromocriptine- and
placebo-treated subjects (377 ± 20 vs. 347 ±
25 µU/ml [2,262 ± 120 vs. 2,082 ± 150
pmol/l], respectively). Similar steady-state
plasma insulin concentrations were achieved
after treatment in both groups (359 ± 15 vs.
357 ± 27 µU/ml [2,154 ± 90 vs. 2,142 ± 162
pmol/l], respectively). The steady-state plasma
glucose concentration during the second step
of the insulin clamp performed before treat-

ment was similar in bromocriptine- and
placebo-treated subjects (97 ± 4 vs. 90 ± 1
mg/dl [5.4 ± 0.2 vs. 5.0 ± 0.1 mmol/l], NS).
Similar plasma glucose levels were maintained
in the second step of the insulin clamp per-
formed after 16 weeks of treatment (90 ±1 vs.
91 ± 1 mg/dl [5.0 ± 0.1 vs. 5.1 ± 0.1 mmol/l],
respectively, NS). The rate of total glucose dis-

posal was increased by 24% in bromocriptine-
treated subjects during the second insulin
clamp step (from 6.8 ± 0.8 to 8.4 ± 0.6 mg !
min"1 ! kg"1 FFM, P = 0.01), whereas it
decreased by 27% in the placebo-treated
group (from 8.7 ± 1.0 to 6.4 ± 0.7 mg !
min"1 !kg"1FFM, P= 0.02) (Fig. 3). The dif-
ference between the 2 groups was highly sig-
nificant (P = 0.001). The improvement in
insulin sensitivity after bromocriptine treat-
ment was entirely accounted for by a 32%
increase in nonoxidative glucose disposal
(from 3.3 ±0.8 to 4.3 ±0.5 mg !min"1 !kg"1

FFM, P # 0.05). Nonoxidative glucose dis-
posal decreased by 52% in the placebo-treated
group (from 4.6 ± 0.8 to 2.2 ± 0.7 mg !
min"1 !kg"1FFM, P= 0.01) (Fig. 3). This dif-
ference in nonoxidative glucose disposal
between the 2 groups was highly significant
(P # 0.002). Glucose oxidation was not
affected by either treatment (bromocriptine,
3.8 ±0.3 vs. 4.2 ±0.3 mg !min"1 !kg"1FFM,
NS; placebo, 4.2 ± 0.5 vs. 4.3 ± 0.3 mg !
min"1 ! kg"1 FFM, NS). Suppression of EGP
by insulin was similar in both groups before
treatment and was not affected by bromocrip-
tine (0.6 ±0.1 vs. 0.8 ±0.2 mg !min"1 !kg"1

FFM, NS) or placebo (0.7 ± 0.2 vs. 0.9 ±
0.2 mg ! min"1 ! kg"1 FFM, NS) treatment.

Plasma lipids
The total plasma cholesterol concentration
decreased slightly, though not significantly,
from baseline in bromocriptine-treated
patients (from 190 ± 7 to 178 ± 6 mg/dl,
P = 0.06) and remained unchanged in the

Figure 2—Time course of change from baseline in HbA1c and FPG concentrations in bromocriptine-
and placebo-treated subjects. P values indicate differences between the 2 groups at 16 weeks.

Figure 3—Insulin-mediated total and nonoxidative glucose disposal (NOGD) during the second step
of the euglycemic insulin clamp in bromocriptine- and placebo-treated type 2 diabetic subjects. P val-
ues indicate the difference between bromocriptine- and placebo-treated groups. *Significant (P # 0.05)
change within each group.

Pijl	  H	  et	  al.;	  Diabetes	  Care	  2000	  



An#psico#ci	  e	  reazioni	  
avverse	  metaboliche	  

✔Epidemiologia	  

✔Fisiopatologia	  

•  Terapia	  



Minimal	  monitoring	  protocol	  for	  pa#ents	  on	  SGAs	  

Baseline	   4	  wks	   8	  wks	   12	  wks	   Quarterly	   Annually	   Every	  5	  
yrs	  

Personal
/Family	  
History	  

x	   x	  

Weight	  
(BMI)	   x	   x	   x	   x	   x	  
Waist	   x	   x	  
Blood	  
Pressure	   x	   x	   x	  
HbA1c	   x	   x	   x	  
Lipid	  
Profile	   x	   x	   x	  

Consensus	  Development	  Conference	  of	  ADA,	  APA,	  AACE,	  NAASO;	  Diabetes	  Care	  2004	  



Treatment	  of	  Metabolic	  Syndrome	  (and	  
Subdiabe#c	  Hyperglycemia).	  	  

AHA/NHLBI	  2005.	  

•  Abdominal	  Obesity	  

–  Goal:	  reduce	  body	  weight	  by	  7-‐10%	  1st	  year	  
(hypocaloric	  diet	  and	  physical	  exercise);	  con#nue	  to	  
achieve	  desirable	  weight	  

•  Physical	  Inac#vity	  
–  Goal:	  regular	  moderate-‐intensity	  physical	  ac#vity	  
(30-‐60	  min	  at	  least	  5	  d/wk)	  

•  Atherogenic	  Diet	  
–  Goal:	  reduced	  intakes	  of	  saturated	  fat,	  trans	  fat,	  
cholesterol	  
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Interventi nutrizionali a supporto della gravidanza 
e dell’allattamento nelle persone con diabete

 È raccomandata un’adeguata introduzione ener-
getica tale da garantire un appropriato aumento 
ponderale in gravidanza. Il calo ponderale non è 
raccomandato in questo periodo. Comunque, per 
donne sovrappeso od obese con diabete gravidico 
(GDM) può essere raccomandata una modesta 
restrizione calorica e glucidica. (Livello della prova 
VI, Forza della raccomandazione B) (1)

 Considerato che il GDM è un fattore di rischio per lo 
sviluppo successivo di diabete tipo 2, dopo il parto, 
sono raccomandate modifiche dello stile di vita fina-
lizzate al calo ponderale e all’aumento dell’attività 
fisica. (Livello della prova II, Forza della racco-
mandazione B) (1)

Raccomandazioni nutrizionali nei diabetici  
con comorbilità acute e croniche

 L’introduzione di adeguati quantitativi di liquidi e car-
boidrati, il controllo della glicemia e della chetonuria, 
devono essere raccomandati nel corso di malattie 
acute intercorrenti. (Livello della prova III, Forza 
della raccomandazione B)

 Le strutture di ricovero dovrebbero valutare l’im-
plementazione di un sistema di programmazione 
dei pasti per i diabetici tale da garantire un conte-
nuto glucidico adeguato e l’appropriato intervallo di 
tempo rispetto alla terapia ipoglicemizzante. (Livello 
della prova VI, Forza della raccomandazione B)

Raccomandazioni nutrizionali per i diabetici rico-
verati in strutture di lungodegenza

 Non è raccomandata l’imposizione di una dieta 
restrittiva nei diabetici ricoverati in strutture di lun-
godegenza. Deve essere invece garantito un pro-
gramma alimentare basato su un menù regolare 
in termini di intervallo temporale e contenuto glu-
cidico. (Livello della prova III, Forza della racco-
mandazione B)

COMMENTO
La terapia medica nutrizionale (MNT) è una componente fon-
damentale della gestione del diabete e dell’educazione all’autoge-
stione. Oltre al suo ruolo nel controllo del diabete, sia l’EASD sia 
l’ADA riconoscono l’importanza della nutrizione come compo-
nente essenziale di uno stile di vita salutare complessivo. L’ADA, 
inoltre, nel 2008 ha pubblicato un position statement sulla tera-
pia medica nutrizionale, riproposto integralmente nelle Clinical 
Practice Recommendations del 2009 (1), incentrato sulla pre-
venzione primaria, secondaria e terziaria del diabete; la terapia 
medica nutrizionale, infatti, riduce il rischio di diabete nelle per-
sone sovrappeso e obese o con alterazioni glicemiche; favorisce il 
raggiungimento e il mantenimento di un appropriato controllo 
metabolico, glucidico, lipidico e pressorio; previene o ritarda lo 
sviluppo delle complicanze croniche del diabete (2).

Già nella prima edizione degli Standard italiani per la 
cura del diabete mellito (3) era stato evidenziato come esistes-
sero posizioni differenti fra l’ADA e la comunità diabeto-
logica europea relativamente al grado d’evidenza proposto 
per le raccomandazioni espresse sui carboidrati. Tali diffe-
renze si sono probabilmente accentuate negli ultimi 2 anni. 

Tabella 10
Indicazioni generali per la composizione ottimale della dieta nel paziente diabetico

COMPONENTI 

DELLA DIETA

QUANTITÀ COMPLESSIVA 

CONSIGLIATA

QUANTITÀ CONSIGLIATA DEI 

SINGOLI COMPONENTI
CONSIGLI PRATICI

Carboidrati 45-60% kcal tot (III, B) Saccarosio e altri zuccheri 
aggiunti  10% (I, A)

Vegetali, legumi, frutta, 
cereali preferibilmente 
integrali, alimenti della 
dieta mediterranea (III, B)

Fibre 40 g/die (o 20 g/1000 kcal/die),  
soprattutto solubili (I, A)

5 porzioni a settimana di 
vegetali o frutta e 4 porzioni 
a settimana di legumi (I, A)

Proteine 10-20% kcal tot (VI, B)

Grassi 35% kcal tot (III, B) Saturi 7-8% (I, A)
MUFA 10-20% (III, B)
PUFA 10% (III, B)
Evitare ac. grassi trans (VI, B)
Colesterolo 200 mg/die (III, B)

Tra i grassi da condimento 
preferire quelli vegetali 
(tranne olio di palma e di 
cocco)

Sale  6 g/die (I, A) Limitare il consumo di sale 
e di alimenti conservati 
sotto sale (insaccati, 
formaggi, scatolame)

Standard	  Italiani	  per	  la	  Cura	  del	  Diabete	  Mellito	  2009-‐2010	  
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farmacodinamica sovrapponibili all’insulina umana NPH (167); 
l’esperienza clinica con tale insulina è tuttavia limitata a un 
solo studio monocentrico, in aperto, con un campione insuffi-
ciente per valutare differenze per episodi ipoglicemici rispetto 
al gruppo di controllo trattato con glargine (168). Un recente 
studio ha evidenziato il minor rischio di ipoglicemie aggiun-
gendo alla terapia precedente la sola terapia basale con glargine 
rispetto all’aggiunta del solo analogo rapido ai pasti (169). La 
resistenza dei pazienti, ma anche dei medici, nell’iniziare una 
terapia insulinica (170), eventualmente multiniettiva, ha portato 
allo sviluppo di vie alternative di somministrazione dell’ormone. 
Fra queste, la prima resa disponibile è l’insulina polmonare, che 
tuttavia è stata recentemente tolta dal mercato per un possi-
bile aumento di neoplasie polmonari. La rivista Diabetologia ha 
recentemente pubblicato alcuni studi osservazionali condotti in 
Germania (171), Svezia (172), Scozia (173) e Inghilterra (174) 
al fine di approfondire la possibile relazione fra l’uso di insulina 
glargine e il rischio di insorgenza di cancro. I risultati derivano 

esclusivamente da studi osservazionali, basati quindi sulla rac-
colta di dati estratti dalle cartelle cliniche anziché da trial clinici 
disegnati ad hoc. Tre di questi studi sembrerebbero suggerire 
che l’uso dell’insulina glargine sia associato a un aumento di 
rischio di cancro e, in particolare, del cancro della mammella; 
tuttavia, lo studio effettuato in Inghilterra non ha confermato 
alcuna relazione tra l’uso di questa insulina e lo sviluppo di can-
cro. Inoltre, differenze nelle caratteristiche cliniche dei pazienti 
trattati con glargine e di quelli trattati con altre insuline non 
consentono di stabilire un rapporto di causa-effetto tra la tera-
pia con glargine e il rischio di cancro. Una più recente pubbli-
cazione ha analizzato il database di farmacovigilanza di 31 trial, 
non evidenziando alcuna associazione tra uso di glargine e neo-
plasia (175). D’altra parte la presenza di diabete (come anche di 
insulino-resistenza) determina di per sé un aumento del rischio 
di cancro (176). AMD e SID, congiuntamente con la Società 
Italiana di Endocrinologia e Diabetologia Pediatrica (SIEDP) 
e concordemente con quanto dichiarato anche dalle principali 

Figura 2
Flow-chart per la terapia del diabete mellito di tipo 2.

DIAGNOSI

Intervento
su stile di vita

Metformina

Metformina 
analogo GLP1

Metformina 
gliptina

Metformina insulina basal-bolus

Metformina 
sulfonilurea

o glinide

Metformina 
insulina basale

Metformina 
glitazone

Metformina 
sulfonilurea
o glinide 

analogo GLP1

Metformina 
sulfonilurea 

gliptina*

Metformina 
insulina basale

Metformina 
sulfonilurea
o glinide 
glitazone

Metformina 
sulfonilurea
o glinide 

insulina basale

In presenza di un fallimento della terapia iniziale volta a modificare lo stile di vita, prescrivere metformina, che 
dovrà accompagnare sempre, se tollerata e non controindicata, ogni altro farmaco, alla dose di almeno 2 g/die.  
Se fallisce la metformina, aggiungere un secondo o anche un terzo farmaco secondo lo schema indicato, valu-
tando comunque la possibilità di inserire una terapia insulinica, anche temporaneamente. Il sitagliptin è l’unica 
gliptina attualmente autorizzata dall’AIFA all’utilizzo in triplice terapia di associazione a metformina e sulfonilurea. 
Sebbene un approccio fisiopatologico nella scelta del farmaco da associare alla metformina appaia il più raziona-
le, non esiste alcuna evidenza che lo stesso sia maggiormente efficace o indicato. Al contrario, i possibili effetti 
collaterali dei farmaci sono noti e dimostrati e devono essere considerati nella scelta terapeutica. La presente 
flow chart è meramente indicativa e il suo utilizzo nella pratica clinica è possibile solo dopo attenta valutazione di 
quanto indicato nel testo, nella Tabella 11 e nel rapporto costo/beneficio delle diverse scelte, anche in rapporto 
al singolo paziente.

* Al momento è autorizzato solo il sitagliptin.
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