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Outline

• Atypical antipsychotics (AAPs) cause weight gain 
and diabetes in some patients

• How can we identify which patients are at risk?

• Are there any interventions which reduce risk?
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These are the topics we’ll look at this morning. 



Diabetes type 1 vs type 2
• DM 1

• Childhood onset
• Insulin dependent
• Auto-immune disorder; 

destruction of insulin-
producing cells in the 
pancreas

• Without treatment with 
insulin:
• Weight loss
• Diabetic ketoacidosis
• death

• DM 2
• Usually adult onset
• 90% of cases of DM
• 90% of DM 2 are obese
• Insulin resistance
• Treatments include diet, 

oral hypoglycemic 
agents, sometimes 
insulin

• Epidemic
• Complications may be 

due to too much insulin
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Metabolic side effects of atypical 
antipsychotics

• Weight gain

• Obesity

• Type 2 diabetes

• Sometimes diabetic keto-acidosis (Jin 2002)

• Younger, female, lower baseline weight 
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Jin H, Meyer JM, Jeste DV. Phenomenology of and risk factors for new-onset diabetes mellitus and diabetic ketoacidosis 
associated with atypical antipsychotics: an analysis of 45 published cases. Ann Clin Psychiatry. 2002;14:59-64.

It’s not known what causes the diabetic keto-acidosis. It’s unusual because ketoacidosis is associated with type 1 
diabetes, and can be very serious. People can die from diabetic ketoacidosis.



AAPs and risk of weight gain
(Lebovitz 2003)
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Lebovitz HE. Metabolic consequences of atypical antipsychotic drugs. Psychiatr Q. 2003;74:277-290.



AAPs and risk of diabetes
(International Conference of Pharmacoepidemiology 2003)

Clozapine (Clozaril)

Olanzapine (Zyprexa)

Quetiapine (Seroquel)

Risperidone (Risperdal)

1 2 3 4

Risk for diabetes, relative to typical 
antipsychotics

• Veteran’s Health 
Administration 
study

• 12,235 patients 
with no prior Dx 
of diabetes

• 739 cases of 
diabetes

6
Abstracts of the 1st International Conference on Therapeutic Risk Management and 19th International Conference on 
Pharmacoepidemiology. Philadelphia, Pennsylvania, USA. 21-24 August 2003. Pharmacoepidemiol Drug Saf. 2003;12 
Suppl 1:S1-198.



Risperidone [Murashita et al, 2007]

risperidone controls P value

body weight 66.3 62.4 ns

% fat 30.7% 23.2% 0.0018

BMI 25.2 22.8 0.015

FBS 98.7 92.8 0.0358

Insulin 6.7 5.5 ns

HbA1c 5.0 4.8 ns
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Murashita M, Inoue T, Kusumi I, et al. Glucose and lipid metabolism of long-term risperidone monotherapy in patients 
with schizophrenia. Psychiatry Clin Neurosci. 2007;61:54-58.

Risperidone has a very low rate of producing diabetes, but it was associated with significantly increased BMI and 
percent body fat. Fasting blood glucose was also significantly higher in this group of 15 schizophrenic patients, average 
age 40, on risperidone for an average of 2.5 years. However, the blood glucose was not in the abnormal range.



The Metabolic Syndrome
(NCEP ATP III, JAMA 2001)

• Three or more of:

• Abdominal obesity: waist circumference > 102 cm 
(40 in) in men; > 88 cm (35 in) in women

• Hypertriglyceridemia: ≥ 150 mg/dL (1.69 mmol/L)

• Low HDL-C: < 40 mg/dL (1.04 mmol/L) in men; 
< 50 mg/dL (1.29 mmol/L) in women

• High blood pressure: ≥ 130/85 mm Hg

• High fasting glucose: ≥ 110 mg/dL (6.1 mmol/L)
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Executive Summary of The Third Report of The National Cholesterol Education Program (NCEP) Expert Panel on 
Detection, Evaluation, And Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel III). JAMA. 
2001;285:2486-2497.



Prevalence - metabolic 
syndrome

• NHANES III study of 8814 adults age 20 and over 
[Ford et al, 2002]

• abdominal obesity most common: 38.6%

• at least one criterion present: 71.2%

• three or more criteria present: 23.7%

9
Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US adults: findings from the third National 
Health and Nutrition Examination Survey. JAMA. 2002;287:356-359.

Note that this is based on data that was collected from 1988 to 1994. There is every reason to believe that the numbers 
would be much higher now.



Copyright restrictions may apply.

Ford, E. S. et al. JAMA 2002;287:356-359.

Age-Specific Prevalence of the Metabolic Syndrome Among 8814 US Adults Aged at Least 20 Years, by 
Sex, National Health and Nutrition Examination Survey III, 1988-1994
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Note that prevalence increases with age, but then decreases for over 70s. This 
is likely because people with metabolic syndrome die younger, from heart 
disease and other complications of diabetes.



Copyright restrictions may apply.

Ford, E. S. et al. JAMA 2002;287:356-359.

Age-Adjusted Prevalence of the Metabolic Syndrome Among 8814 US Adults Aged at Least 20 Years, by 
Sex and Race or Ethnicity, National Health and Nutrition Examination Survey III, 1988-1994
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Certain groups, however, are worse off, for example Hispanics, especially 
Hispanic women.



Percent of 
patients 

with 
metabolic 
syndrome, 

according to 
drug type
[Yumru et al, 

2007]

overall distribution of AA was 24.8% for olanzapine
(n=31), 14.4% for risperidone (n=18), 13.6% for
quetiapine (n=17). 79 patients (63.2%) were treated
with lithium and 28 patients (22.4%) were treated with
valproic acid with or without AAs.

Thirty two patients met criteria for the MetS. AA
having patients had significantly higher MetS rates than
the others (χ2=10.47 df=2 p=0.005). Also, only AA
having patients had significantly higher MetS rates than
only MS having patients (χ2=8.86 df=1 p=0.003).
Therewas no significant difference amongAAs (χ2=0.38
df=2 p=0.82) and among MSs (χ2=0.18 df=2 p=0.91)
for MetS prevalence. There was no significant difference
in the prevalence of MetS among gender (χ2=0.60 df=1
p=0.28). None of these demographic variables were
significantly different between the two groups (MetS and
Non-MetS) (Table 2 and Graphic 1).

4. Discussion

The MetS has been noted to be relatively prevalent
(23.7% and 17.9%) in the general population of the
United States (Ford et al., 2002; Alexander et al., 2003)
and Turkey (Sanisoglu et al., 2006). Fagiolini et al.
(2005) reported prevalence rates of 30% for bipolar
patients. Another study by Basu et al. (2004) of
schizoaffective outpatients (bipolar subtype) noted a
prevalence of 42.4%. In our study, 32% (n=40) of
patients were MetS, a proportion higher than normal
population and similar to rate of Fagiolini et al. study in
bipolar patients.

MetS prevalence rates in our sample using ATP-III
criteria were 29.5% for male patients and 36.2% for

female patients. There was no significant difference in
the prevalence of MetS among gender. McNeill et al.
(2002) reported prevalence rates of 28% for males and
31% for females from the ARIC epidemiological study.
The recent CATIE study found prevalence rates of
36.6% for males and 54.2% for females (McEvoy et al.,
2005). But CATIE study is done in a different
population of patients who are psychotic.

In the recent years, several articles have been pub-
lished which contain guidelines for the monitoring of
metabolic adverse events during AA therapy (Melk-
ersson and Dahl, 2004; Marder et al., 2004; American
Diabetes Association et al., 2004a,b). In our previous
study, AA and MS usage has been shown to be
associated disordered lipid profiles in euthymic BD
patients (Gergerlioglu et al., 2006). A recent study has
also shown high prevalence ofMetS in patients receiving
second-generation antipsychotics (Correll et al., 2006).

AA also have proven efficacy in the treatment of mood
disorders and the use of these drugs in psychiatry is
widespread. However, over recent years, there has been
growing concern about the potential metabolic side-ef-
fects of antipsychotics. A substantially increased risk for
impaired glucose regulation, weight gain, manifest
diabetes mellitus and dyslipidemia from at least some of
the AAs has been suggested in reports and mostly ret-
rospective studies.

For risperidone and quetiapine, there are some data to
suggest these AA are associated with adverse effects on
multiple lipid measures, but the evidence is less strong
than with olanzapine and clozapine (Casey, 2004). The
mechanism of changes in lipid levels with AA is un-
known, and several putative mechanisms have been
proposed (Meyer, 2001).

However, our study failed to show any difference
among AAs' (quetiapine, olanzapine, risperidone) MetS
prevalence. This may be originated from the relatively
small sample of our different AA user patient groups.

It's well known that valproic acid and lithium usage
causes metabolic changes (Verrotti et al., 2005; Living-
stone and Rampes, 2006). However, there was no
significant difference in the prevalence of MetS among
MSs.

Only AA user patients had higher MetS rates
than both AA+MS users and only MS user patients
(χ2 =10.47 df=2 p=0.005). Despite already existing
data on MetS and antipsychotics (McEvoy et al., 2005),
this cross-sectional study is the first research, discusses
specific drugs (quetiapine, risperidone and olanzapine)
and their relation between MetS on a BD. Our study is
limited by its cross-sectional naturalistic design. Another
limitation is the lack of psychiatric or healthy controls, or

Graphic 1. Metabolic syndrome percents according to drug types. AA:
Atypical Antipsychotics MS: Mood Stabilizers.

250 M. Yumru et al. / Journal of Affective Disorders 98 (2007) 247–252
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Yumru M, Savas HA, Kurt E, et al. Atypical antipsychotics related metabolic syndrome in bipolar patients. J Affect Disord. 
2007;98:247-252.

125 bipolar patients, on medication for at least 3 months.
I found it interesting that being on both a mood stabiliser and an atypical antipsychotic greatly reduced the risk.



fasting plasma glucose measurement Z 126mg/dl before
index medication exposure (n=113), the use of any of
the index medications was associated with an incidence
of new diabetes-level hyperglycemia (Z 126mg/dl) of
257 cases per 1000 individuals exposed per year. Thirty
participants developed high fasting glucose by this
definition: 15 on olanzapine, eight on typicals, and seven
on risperidone. After taking into account the covariates
of age, sex, ethnicity, diagnosis of schizophrenia, and
number of glucose measurements, the Wald w2 OR of
conversion to high glucose was significant for olanzapine
versus risperidone (OR=4.74; CI=1.02, 2.19; P=0.05),
but not for risperidone versus typicals (OR=0.35;
CI=0.07, 1.68; P=0.19), nor for olanzapine versus
typicals (OR=1.65; CI=0.43, 6.40; P=0.47).

Time on medication until development of first glucose
above cutoff
The time in number of days from start of medication
exposure until the development of the first glucose
measurement above our defined cutoff values were
compared using two-sided Wilcoxon tests. Means and
standard deviations for each medication for our two cut-
offs (Z 200mg/dl for random glucoses and Z 126mg/dl

for fasting glucoses) are presented in Table 2 along with P
values. No significant differences were observed in the
number of days of exposure between the three medication
groups for either of the two glucose cutoffs used.

Pre-existing versus treatment-emergent diabetes diag-
noses
As indicated in Table 1, 35.1% of the total population had
been given a diagnosis of diabetes at some point during
the study period. Pre-existing diagnosis of diabetes could
confound medication group differences in treatment-
emergent high glucose. Table 3 presents data indicating,
for each of the two dichotomous analyses (using cutoffs
of Z 200mg/dl for random glucose or Z 126mg/dl for
fasting glucose values), whether the first diagnosis of
diabetes occurred before or during medication exposure.
No differences were found in first diabetes diagnosis
occurring before or during medication exposure for the
study population considered as a whole or comparing
between medication subgroups.

Risk factors for developing elevated glucose
For the two dichotomous analyses, comparisons were
made with regard to potential medical risk factors in
participants who developed elevated glucose values
during medication exposure versus those who did not
develop elevated glucose. In Table 4, data are presented
describing the frequency and percentage of individuals
who had at least one outpatient visit at which the
clinician indicated a diagnosis of hypertension or
hypercholesterolemia. The rates of hypertension were
greater in participants who developed random glucose
elevations than in those who did not develop random
glucose elevations after exposure to any of the three
medication groups. The overall P value for this interaction
model was less than 0.0001 using the Cochran–Mantel–
Haenszel test for both glucose cutoffs (see Table 4).

For hypercholesterolemia, the overall P value for the
interaction of presence or absence of hypercholesterolemia
by glucose category by medication was also significant
(P<0.0001) by the Cochran–Mantel–Haenszel test. The
two-sided Fisher’s exact test for the 2!2 tables comparing
presence versus absence of hypercholesterolemia and high
versus low glucose by the 200mg/dl cutoffs, however, was

Table 2 Time from start of medication exposure to first glucose over cutoff for study participants with treatment-emergent glucose
elevations

Glucose cutoff Total Risperidone Olanzapine Typicals Risperidone
versus olanzapine

P valuea

Risperidone
versus typicals

P valuea

Olanzapine
versus typicals

P valuea

Z200mg/dl
(random glucose)
n=113

345.4 (312.1) 294.5 (294.2) 411.3 (365.1) 377.5 (242.7) 0.072 0.10 0.83

Z126mg/dl
(fasting glucose) n=30

110.1 (93.6) 102.3 (72.71) 160.7 (151.6) 80.38 (48.14) 0.48 0.75 0.42

Values are means (SD).
aFrom two-sided Wilcoxon test.
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Glucose elevation during antipsychotic exposure Duncan et al. 7

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Duncan E, Dunlop BW, Boshoven W, Woolson SL, Hamer RM, Phillips LS. Relative risk of glucose elevation during 
antipsychotic exposure in a Veterans Administration population. Int Clin Psychopharmacol. 2007;22:1-11.

This was a retrospective cohort analysis over a five year period involving more than 18,000 U.S. war vets receiving 
outpatient prescriptions for olanzapine, risperidone, or typical antipsychotics. The graph shows that olanzapine treated 
patients were more likely to develop random high glucose than risperidone patients.



CLAMORS study [Bobes et al, 2007]

• Spanish study of 1452 outpatients with 
schizophrenia, schizophreniform or schizoaffective 
disorder

• evaluated for metabolic syndrome, cardiovascular 
risk using SCORE & Framingham rating systems

• patients comparable in risk to nonpatients 10 to 15 
years older

• lower prevalence of metabolic syndrome than studies 
in U.S., Canada, and Finland

14
Bobes J, Arango C, Aranda P, Carmena R, Garcia-Garcia M, Rejas J. Cardiovascular and metabolic risk in outpatients with 
schizophrenia treated with antipsychotics: Results of the CLAMORS Study. Schizophr Res. 2007;90:162-173.

The lower prevalence for MetS may be due to the long time that Spanish populations have been agrarian, compared to 
the U.S. and Canada with their mixed populations and Finland with its hunter-gatherer population.



Glucose metabolism
[Henderson et al, 2006]

• 15 non-obese schizophrenia patients compared with 
9 normal controls

• frequently sampled glucose tolerance test (38 blood 
tests for glucose and insulin, over ~3 hours)

• high-carb diet for 3 days before the procedure

• 8 patients on olanzapine for 34 months average

• 7 patients on quetiapine for 24 months average

15
Henderson DC, Copeland PM, Borba CP, et al. Glucose metabolism in patients with schizophrenia treated with 
olanzapine or quetiapine: a frequently sampled intravenous glucose tolerance test and minimal model analysis. J Clin 
Psychiatry. 2006;67:789-797.



[Henderson et al, 2006]
16

Fasting glucose was significantly higher in the olanzapine group, compared to controls. The other comparisons were 
not significantly different.
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Insulin sensitivity, which is the inverse of insulin resistance, was significantly lower in the olanzapine compared to 
controls. Other comparisons were not significantly different.



First-episode schizophrenia
[Wu et al, 2006]

• 112 patients with schizophrenia, randomly assigned 
to receive clozapine, olanzapine, risperidone, or 
sulpiride for 8 weeks

• first-episode psychosis

• nonblinded study

• inpatients

• on identical diets

18
Wu RR, Zhao JP, Liu ZN, et al. Effects of typical and atypical antipsychotics on glucose-insulin homeostasis and lipid 
metabolism in first-episode schizophrenia. Psychopharmacology (Berl). 2006;186:572-578.
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equivalent effectiveness among the second-generation anti-
psychotics, they clearly show differential effects of these
agents on tolerability parameters, especially metabolic-
related effects. This article explores the association be-
tween second-generation antipsychotics, weight gain and
disturbances in glucose and lipid metabolism, and evaluates
some of the methods being used to explore this association
in more detail, using a selection of studies representative of
the current literature.

2. Weight gain — all second-generation
antipsychotics are not the same

Weight gain is an important consideration for patients
receiving antipsychotic therapy because obesity is a serious
medical condition. The prevalence of overweight and obesity
among patients with schizophrenia is high, and is a significant
cause for concern (Allison and Casey, 2001). When making
treatment decisions, it should be borne in mind that there is
strong evidence showing the differences in weight gain
liability of the second-generation antipsychotics.

A review of the mean weight change in patients receiving
second-generation antipsychotics for 1 year has shown that
certain second-generation antipsychotics are associated
with significant weight gain (Casey, 2005) (Fig. 1). Long-
term data indicate that olanzapine is associated with the
greatest weight gain over 1 year of treatment. Weight gain
with olanzapine at the commonly used dose of 15 mg/day
may exceed 10 kg during the first year of treatment
(Nemeroff, 1997); however, weight gain observed when
lower, sub-therapeutic doses are included in the analysis is
still greater than that seen with other second-generation
antipsychotics. Risperidone and quetiapine may produce less

weight gain than olanzapine over a 1-year period (approx-
imately 2—3 kg; Risperdal, 2003; Seroquel, 2003), while
aripiprazole and ziprasidone are associated with a relatively
low risk of weight gain. A small weight change with
aripiprazole and ziprasidone of approximately 1 kg over
the first year is common (Abilify, 2003; Geodon, 2003; Casey,
2005).

Weight gain, especially when manifested as intra-abdom-
inal obesity, is a significant long-term health issue as it is
associated with insulin resistance, and resultant metabolic
effects such as elevated triglycerides, diabetes and hyper-
tension, all of which increase the risk of CVD. However, it
also has implications for overall quality of life in patients
with schizophrenia. Patients often have immediate concerns
regarding weight gain, and poor physical function, discom-
fort in public places, poor self-esteem and problems with
sexual performance are all common in patients with
schizophrenia (Corey-Lisle et al., 2005 [Abstract]). An
assessment of the Impact of Weight on Quality of Life-Lite
(IWQOL-Lite) scores by body mass index (BMI) classification
among a group of 111 outpatients with schizophrenia
showed that excess weight has a substantial negative impact
on the quality of life of a patient with schizophrenia (Fig. 2);
BMI ranges correlated significantly with IWQOL-Lite scores,
and increasing BMI was associated with decreasing quality of
life (Fig. 2). Weight gain is also associated with poor
adherence to therapy (Czobor et al., 2002). Thus, the
extent and impact of weight gain in patients with schizo-
phrenia warrants serious consideration when planning a
treatment regimen.

Furthermore, data from a number of studies suggest
that the treatment-induced changes in weight are primar-
ily responsible for treatment-related changes in glucose
metabolism. This was initially suggested by case reports

Figure 1 Schematic representation of the potential weight change with atypical antipsychotics (Casey, 2005). Reprinted from Am J
Med, 118(Suppl 2), Casey DE, Metabolic issues and cardiovascular disease in patients with psychiatric disorders, 15S—22S, Copyright
2006, with permission from Excerpta Media Inc.

D.W. HauptS150

[Casey, 2005]
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Casey DE. Metabolic issues and cardiovascular disease in patients with psychiatric disorders. Am J Med. 2005;118 Suppl 
2:15S-22S.



The CATIE Study
Clinical Antipsychotic Trials of Intervention Effectiveness

• Lieberman et al, 2005

• 1493 patients with schizophrenia

• 57 U.S. sites

• randomized to: olanzapine (7.5-30 mg/day); 
perphenazine (8-32 mg/day); quetiapine (200-800 mg/
day); or risperidone (1.5-6 mg/day) for up to 18 months

• ziprasidone (40-160 mg/day) added after FDA approval

21
Lieberman JA, Stroup TS, McEvoy JP, et al. Effectiveness of antipsychotic drugs in patients with chronic schizophrenia. N 
Engl J Med. 2005;353:1209-1223.
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74% of patients discontinued the study medication before 18 
months; the time to discontinuation was longest for olanzapine 
(9.2 mos); this was significantly longer than for quetiapine and 
risperidone, but not significantly different for perphenazine or 
ziprasidone after adjusting for multiple comparisons.
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The time to discontinuation of treatment for lack of efficacy was 
significantly longer in the olanzapine group compared to 
quetiapine, risperidone, and perphenazine. 



Effects on weight
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Effects on lab values - changes 
from baseline
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Obesity predisposes to DM 2 
(Field 2001)
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Field AE, Coakley EH, Must A, et al. Impact of overweight on the risk of developing common chronic diseases during a 
10-year period. Arch Intern Med. 2001;161:1581-1586.

10-year risk of developing diabetes, as a function of BMI, for 77,000 women in the Nurses’ Health Study and 46,000 males in the 
Health Professionals’ Followup Study.



Weight gain contributes to DM 2 
(Resnick 2000)
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Resnick HE, Valsania P, Halter JB, Lin X. Relation of weight gain and weight loss on subsequent diabetes risk in 
overweight adults. J Epidemiol Community Health. 2000;54:596-602.

Odds ratios adjusted for age, race, BMI, sex, skinfold ratio, and systolic blood pressure.



How does weight gain occur?

• Action of insulin

28



29



AAPs increase insulin levels

• Hyperinsulinemia in pts on olanzapine 

• 10 / 14 patients (Melkersson 2001)

•  4 / 11 patients (Cohn 2002)

30
Melkersson KI, Hulting AL. Insulin and leptin levels in patients with schizophrenia or related psychoses--a comparison 
between different antipsychotic agents. Psychopharmacology (Berl). 2001;154:205-212.

Cohn TA, Remington G, Kameh H. Hyperinsulinemia in psychiatric patients treated with olanzapine. J Clin Psychiatry. 
2002;63:75-76.

The Cohn study only showed elevated fasting insulin levels in 4 out of 11 patients on olanzapine. Why so much lower? 
Perhaps a baseline difference in the populations under study. The Cohn study was in Toronto, The Melkersson study in 
Sweden.



Insulin

Elevated insulin levels were found in 32% of the patients
receiving conventional antipsychotics, in 50% of the pa-
tients receiving clozapine, and in 71% of the patients re-
ceiving olanzapine (Fig. 1). However, the median level
of insulin was below the upper normal limit
(<144 pmol/l) in the conventional agent and clozapine
groups, 115 (range 57–309) pmol/l and 130 (range
57–280) pmol/l, respectively, but elevated in the olanza-
pine group, 234 (range 79–373) pmol/l (Table 2). In ad-
dition, there was a significant difference in median level
of insulin among the treatment groups (P=0.01), in such
a way that median insulin level was higher in the pa-
tients receiving olanzapine than in those receiving con-
ventional agents (P<0.05), whereas no differences in me-
dian insulin levels were found between the patients in
the olanzapine and clozapine groups, or between the pa-
tients in the clozapine and conventional agent groups
(Table 2). In the frequency of elevated insulin level, no
significant difference was found among the groups.
Moreover, within the groups, no difference was found in
median insulin or rate of elevated insulin between men
and women.

Blood glucose

One patient in the clozapine group and three patients 
in the olanzapine group had elevated fasting B-glucose
levels (>6.0 mmol/l), whereas the other patients were
normoglycemic. The median level of B-glucose was 
5.0 (range 4.2–5.8) mmol/l in the patients receiving 
conventional antipsychotics, 4.9 (range 4.0–7.0) mmol/l
in the patients receiving clozapine, and 5.3 (range
4.6–7.0) mmol/l in those receiving olanzapine, with no
significant difference found among the treatment groups
or within the groups between sexes (Table 2).

Leptin

The leptin levels were elevated in 26% of the patients
(i.e. in two men and three women) receiving convention-
al antipsychotics, in 21% of the patients (i.e. in one man
and two women) receiving clozapine, and in 57% of the
patients (i.e. in five men and three women) receiving
olanzapine, when individually compared with normal
leptin values adjusted for BMI and sex (Ma et al. 1996).
The median leptin level was 20.1 (range 1.4–46.3) µg/l
for the patients in the conventional agent group, 10.3
(range 2.4–46.9) µg/l for the patients in the clozapine
group, and 24.2 (range 6.7–39.5) µg/l for the patients in
the olanzapine group (Table 2). No difference in median
leptin level was found among the three groups or among
the men and women, respectively, in the groups. Howev-
er, when comparing median leptin level between sexes
and within groups, the leptin level was significantly
higher in the women than in the men in the conventional
agent group (P=0.03) but not in the olanzapine group
(Table 2, Fig. 2). Neither could a gender difference in
leptin levels be statistically verified in the clozapine
group. In the olanzapine group, the equalization of leptin
levels between genders was found to be mainly due to an
increase in leptin levels in the men (Fig. 2).

Cortisol and TSH

The cortisol levels were within the normal reference
range (100–700 nmol/l) in 42 patients investigated, with
a median cortisol level of 386 nmol/l for the patients re-
ceiving conventional agents (n=18), 334 nmol/l for the
patients receiving clozapine (n=12), and 374 nmol/l for
the patients receiving olanzapine (n=12).

The TSH levels were also within normal reference
range (0.63–4.19 µU/ml) in the patients investigated in

208

Fig. 1 Insulin levels in patients of the conventional agent, cloza-
pine, and olanzapine groups. The median insulin level (–) and the
upper normal limit (144 pmol/l) (–-) are indicated

Fig. 2 Leptin levels in men (white) and women (grey), respective-
ly, in the conventional agent, clozapine, and olanzapine groups.
The box plots indicate the median and lower and upper quartiles,
and the whiskers show 10th and 90th percentiles. Outliers are also
indicated (o)

[Melkersson & Hulting, 2001]

31
Melkersson KI, Hulting AL. Insulin and leptin levels in patients with schizophrenia or related psychoses--a comparison 
between different antipsychotic agents. Psychopharmacology (Berl). 2001;154:205-212.

Insulin levels were significantly higher in the olanzapine group, compared to the conventional antipsychotic group, even 
though the BMIs in the two groups were about the same. This suggests that olanzapine induces a rise in insulin even 
without insulin resistance. Thus, the olanzapine may stimulate weight gain just through its effect on insulin level.

In the clozapine group, insulin levels were correlated with clozapine dose. This is fairly strong evidence that the 
clozapine was affecting the insulin level, either through increasing insulin secretion or by decreasing the breakdown and 
elimination of insulin.



Which patients are most at risk?
• Those who already have high insulin levels (eg, genetics)

• Due to higher levels of secretion

• Lower rates of insulin breakdown

• A combination of the two

• Genetic predisposition

• Bipolar patients are more likely to be obese, especially 
depressed bipolars

• 32% of 50 consecutive bipolar I patients had 
BMI > 30 (Fagiolini 2002)

• Schizophrenic patients are more likely to have DM 2 (2-3 times 
risk of general population (Lebovitz 2003)

32
Fagiolini A, Frank E, Houck PR, et al. Prevalence of obesity and weight change during treatment in patients with bipolar I 
disorder. J Clin Psychiatry. 2002;63:528-533.

Lebovitz HE. Metabolic consequences of atypical antipsychotic drugs. Psychiatr Q. 2003;74:277-290.



Bipolar patients who are obese have a worse course of 
illness (Fagiolini 2003)

33
Fagiolini A, Kupfer DJ, Houck PR, Novick DM, Frank E. Obesity as a correlate of outcome in patients with bipolar I 
disorder. Am J Psychiatry. 2003;160:112-117.



Who has this genetic 
predisposition to high insulin 

levels?

• Aboriginals

• Pima Indian children have higher fasting insulin levels 
than Caucasian children of similar age and weight 
(Pettitt 1993)

34
Pettitt DJ, Moll PP, Knowler WC, et al. Insulinemia in children at low and high risk of NIDDM. Diabetes Care. 
1993;16:608-615.



Genetic predisposition

• Another study 
comparing age and 
gender-matched Pima 
Indian & Caucasian 
children (Weyer 2001)

• Pima children were 
heavier (BMI 20.1 vs 
15.4), but the fasting 
insulin when controlled 
for weight was still 
significantly different.

35
Weyer C, Salbe AD, Lindsay RS, Pratley RE, Bogardus C, Tataranni PA. Exaggerated pancreatic polypeptide secretion in 
Pima Indians: can an increased parasympathetic drive to the pancreas contribute to hyperinsulinemia, obesity, and 
diabetes in humans? Metabolism. 2001;50:223-230.



Genetic predisposition

• in African-American children, family history of type 
2 diabetes is a risk factor for insulin resistance 
(Danadian 1999)

• A Canadian study (Katzmarzyk 2000) comparing 
risks of obesity in spouses and first degree relatives 
of obese probands showed higher risk for relatives 
compared to spouses. 

36
Danadian K, Balasekaran G, Lewy V, Meza MP, Robertson R, Arslanian SA. Insulin sensitivity in African-American children 
with and without family history of type 2 diabetes. Diabetes Care. 1999;22:1325-1329.

Katzmarzyk PT, Perusse L, Rao DC, Bouchard C. Familial risk of overweight and obesity in the Canadian population using 
the WHO/NIH criteria. Obes Res. 2000;8:194-197.
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Figure. A, First-phase and second-phase insulin concentrations 

during the hyperglycemic clamp experiments in black versus white 

adolescents. (To convert from microunits per milliliter to picomoles 

per liter, multiply by 6.0). B, Plasma free fatty acid levels during the 

hyperglycemic clamp experiment in black versus white adolescents. 

D I S C U S S I O N  

The results of this investigation demonstrate that compared 

with white adolescents, black adolescents have lower insulin 

sensitivity and higher insulin levels during a hyperglycemic 

clamp experiment. These findings are in agreement with the 

Bogalusa Heart Study, which showed higher insulin responses 

in black subjects compared with white subjects during an oral 

glucose tolerance test, suggesting that the nondiabetic black 

population may be more insulin resistant than white subjects) 

Our study supports this notion by showing a 35% lower in- 

sulin sensitivity in black adolescents matched for age, sex, 

pubertal staging, and homaonal profile to white adolescents. 

Black Americans are at increased risk of obesity, non- 

insulin-dependent diabetes mellitus, gestational diabetes 

mellitus, cardiovascular disease mortality, and hyperten- 

sion.t, 8-10 Despite this public health problem, there is a sub- 

stantial gap in our understanding of the metabolic changes 

or precursors that result in these morbidities in black 

subjects. Insulin resistance could be a possible underlying 

pathophysiologic link among these entities. 

There are very few comparative metabolic studies in black 

versus white Americans. In one study, insulin and C-peptide 

concentrations after an oral glucose tolerance test were 

higher in black versus white adult relatives of patients with 

non-insulin-dependent diabetes mellitus. 11 Furthermore, 

there are no studies in children. It is our belief that by study- 

ing children it is more likely to identify a primary defect (e.g., 

an inherent reduction in insulin sensitivity in black children) 

before the evolution of metabolic adaptations. For example, 

the development of obesity in adults in this high-risk pop- 

ulation may lead to insulin resistance and result in metabolic 

changes that may cloud and override the primary defect. 

Moreover, because puberty is characterized with insulin re- 

sistance,4, 5 it may be easier to uncover subtle racial differ- 

ences during this period. We have previously demonstrated 

a potential role for growth hormone in the genesis of puber- 

tal insulin resistance through increased FFA oxidation. 4 It is 

possible that racial differences in the regulation of fat and 

glucose metabolism could predispose black Americans to the 

increased disease risks stated above. 

Our investigation is the first study in healthy children to show 

that first-phase insulin levels are 50% higher and second-phase 

insulin 38% higher in black adolescents compared with white 

adolescents. Moreover, FFA levels were found to be lower in 

black adolescents, probably as a result of higher circulating in- 

sulin levels. Furthermore, fat oxidation was - 3 0 %  lower in 

Nack adolescents compared with white adolescents. The rate of 

fat oxidation in white subjects is in agreement with our previ- 

ous studies. 4 The lower rates of fat oxidation in black adoles- 

cents is intriguing and needs to be pursued further because it 

could potentially explain the increased risk of obesity in black 

patients on the basis of decreased fat oxidation in favor of stor- 

age, when energy intake is excessive. 

In summary, our investigation provides compelling evi- 

dence that significant black/white differences in insulin se- 

cretion and insulin action could be detected during adoles- 

cence. However, it remains to be determined whether body 

fat topography, physical activity, and dietary habits or 

• genetic factors could potentially explain these findings. 

We thank the following individuals for their valued contribution 

to the work: Lynnette Kuszajewski for her endless efforts in 

recruiting research volunteers; the General Clinical Research Cen- 

ter nursing staff and Pat Way for the clamp experiments, and Pat 

Antonio for secretarial assistance. 
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The “Thrifty genotype” 
hypothesis [Neel, 1962]

• People who are predisposed to diabetes, are initially 
distinguished by a greater-than-normal availability of 
effective circulating insulin after food intake

• This helps to prevent loss of sugar in the urine, thus 
storing a bit more fat for the “lean” periods that 
characterize the hunter-gatherer lifestyle

38
NEEL JV. Diabetes mellitus: a "thrifty" genotype rendered detrimental by "progress"? Am J Hum Genet. 
1962;14:353-362.

James Neel was a geneticist. He proposed this theory at a time when type 1 and type 2 diabetes had not yet been clearly 
separated, but it was known that diabetes was particularly common among certain indigenous North American tribes, 
and it was since learned that type 2 diabetes occurs frequently in a number of developing countries or among minority 
populations who had formerly a harsh natural environment and a subsequent modernization with changes in nutrition 
and exercise patterns.



The “thrifty phenotype” 
hypothesis [Hales & Barker, 1992]

• low birth weight is associated with subsequent type 
2 diabetes in an English cohort

• a similar phenomenon has been noted among 
Nauruans who suffered great nutritional hardship 
during WW2

• Among Pima Indians, both low and high birth 
weight are associated with subsequent diabetes, 
although 90% of adults with diabetes had a normal 
birth weight [King & Roglic, 1999]

39
Hales CN, Barker DJ. Type 2 (non-insulin-dependent) diabetes mellitus: the thrifty phenotype hypothesis. Diabetologia. 
1992;35:595-601.

King H, Roglic G. Diabetes and the "thrifty genotype": Commentary. Bulletin of the World Health Organization. 
1999;962-.

The thrifty phenotype hypothesis was initially proposed by Hales and Barker as an argument against the thrifty 
genotype hypothesis of James Neel. But their observation that low birth weight predisposed to diabetes later on, may 
actually support the thrifty genotype argument. How?

suppose times are very tough during gestation. Very little food is available for the mother, and of course the fetus. 
Many fetuses will not survive, and will be aborted, or spontaneously resorbed in some species. 

The fetuses that do survive may be the ones that are genetically programmed to store that extra little bit of fat 
efficiently, and thus at higher risk of diabetes if times are continually good.



My extension of the 
hypothesis

• Typical diet in pre-agrarian days was low in 
carbohydrates except in autumn

• Weight gain prior to winter had survival 
value

• Thus, rapid weight gain during periods of 
high dietary carbohydrates, enhanced 
survival

• This adaptation was based on high levels of 
insulin in response to dietary carbohydrates

40
What do I think? I support the idea of the “thrifty gene” but I think Neel and other scientists have not gone far enough. 
For one thing, no one ever talks about seasonal variations in available foodstuffs. I guess that comes from living in 
developed countries where all sorts of food are available fresh all year round, and if not fresh, at least frozen or 
canned.

But hunter-gatherers do not typically get foods that store well. And even if they did, they would not want to transport 
large quantities. The only exception is live meat; cattle, reindeer, horses transport themselves quite well, 

Not only do high insulin levels result in efficient fat storage, they also prevent breakdown of stored fat. Thus, even if 
you are not getting enough calories, your fat stores are maintained.

A second effect of high insulin levels is low blood sugar, which prompts eating more carbs.



• The agrarian revolution made carbohydrates 
available year-round

• The thrifty gene causes obesity with year-
round carbohydrates

• Thrifty gene now in only a part of the 
population

• However, we could say that the thrifty gene 
represents normalcy

41
It appears that in many races and cultures, the thrifty gene rules. It hasn’t produced diabetes in all the people with the 
gene, because carbs are available only some of the time, or because total caloric intake is small in relation to caloric 
expenditure.



The thrifty gene and diabetes
• High-carbohydrate diet leads to high insulin levels

• High insulin = weight gain

• Especially central adiposity

• Obesity causes insulin resistance [Kahn & Flier,  
2000]

• why: homeostatic mechanism to limit further 
weight gain

• the natural history of untreated DM2 is often 
weight loss

42
Kahn BB, Flier JS. Obesity and insulin resistance. J Clin Invest. 2000;106:473-481.

This is where we discuss our different view of genesis of type  2 diabetes.



Objections

• It’s calories, not carbs, that control weight loss or 
gain.

• High insulin levels are a response to insulin 
resistance, which is the primary defect

43
What happens to type 1 diabetics without insulin, even if they gorge themselves? They lose weight, and then die.

Small amounts of weight loss correct the insulin resistance; this suggests that insulin resistance is not a static 
phenomenon, but is influenced by things such as the amount of central obesity and the composition of the diet.



The thrifty gene and diabetes (2)

• Insulin resistance reduces further weight gain

• Diabetes contributes to weight loss by calorie loss 
(Ludwig 2002)

• Homeostatic mechanism vs pathology

• Weight loss increases insulin sensitivity (Brochu 
2003)

44
Ludwig DS. The glycemic index: physiological mechanisms relating to obesity, diabetes, and cardiovascular disease. 
JAMA. 2002;287:2414-2423.

Brochu M, Tchernof A, Turner AN, Ades PA, Poehlman ET. Is there a threshold of visceral fat loss that improves the 
metabolic profile in obese postmenopausal women? Metabolism. 2003;52:599-604.



Identifying those at risk
• Central obesity (waist circumference) predicts DM 2 (Janssen 2002)
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Janssen I, Katzmarzyk PT, Ross R. Body mass index, waist circumference, and health risk: evidence in support of current 
National Institutes of Health guidelines. Arch Intern Med. 2002;162:2074-2079.

Adjusted for age, race, physical activity, smoking, alcohol intake, 
and the poverty-income ratio.



Identifying 
those at risk

• Family history of DM 
2 (van Dam 2001)

• Stronger association 
between abdominal 
obesity(waist 
circumference) and 
higher plasma glucose  
in  individuals who had 
a parental history of 
diabetes than in those 
who did not

46
van Dam RM, Boer JM, Feskens EJ, Seidell JC. Parental history of diabetes modifies the association between abdominal 
adiposity and hyperglycemia. Diabetes Care. 2001;24:1454-1459.



Weight loss can reduce the 
incidence of diabetes 

(Pinkney 2002)

What can be done to reduce the 
risk of diabetes in patients 

taking atypical antipsychotics?

47
Pinkney J. Prevention and cure of type 2 diabetes. BMJ. 2002;325:232-233.



Example: weight loss (Tuomilehto 2001)

• 522 middle-aged overweight patients with impaired 
glucose tolerance were randomized

• Intervention group received individualized 
counseling to:
• Reduce weight
• Reduce total fat intake
• Reduce saturated fat intake
• Increase dietary fibre
• Increase physical activity

• After 1 year:
• weight loss 4.2 kg vs 0.8 kg
• Waist circumference reduction 4.4 cm vs 1.3 cm

48
Tuomilehto J, Lindstrom J, Eriksson JG, et al. Prevention of type 2 diabetes mellitus by changes in lifestyle among 
subjects with impaired glucose tolerance. N Engl J Med. 2001;344:1343-1350.
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Glycemic Index

• For comparing different carbohydrate-containing 
foods

• Defined as the incremental area under the glucose 
response curve after a standard amount of 
carbohydrate from a test food relative to that of a 
control food is consumed.

• Test food: usually white bread or glucose

50
Who hasn’t heard about glycemic index? What does it mean? Basically, it’s a way of comparing how different 
carbohydrate-containing foods affect our metabolism.



Copyright restrictions may apply.

Ludwig, D. S. JAMA 2002;287:2414-2423.

Glycemic and Insulinemic Responses After Ingestion of Carbohydrates

51
Ludwig DS. The glycemic index: physiological mechanisms relating to obesity, diabetes, and cardiovascular disease. 
JAMA. 2002;287:2414-2423.

This is an example of two foods, white bread and spaghetti, made from identical ingredients.

I would like you to notice how after the white bread, blood sugar levels go below where they were initially. This may 
stimulate hunger.



Prevent weight gain: low GI
• Low glycemic index meals

• No weight gain in rats fed isoenergetic low-GI, vs high-GI 
diet (Brand-Miller 2002)

High-GI: weight gained as visceral fat

Low-GILow-GI

52
Brand-Miller JC, Holt SH, Pawlak DB, McMillan J. Glycemic index and obesity. Am J Clin Nutr. 2002;76:281S-285S.



Weight loss with low GI

• Low glycemic index 
meals

• Promote weight loss

• Weight loss in pounds for 
overweight women 
randomly assigned to 
high-glycemic index 
(white) or low GI diet 
(black). Diets equal in 
calories. (Slabber 1994)

• The Montignac diet is 
based on low-GI 
principles

53
Slabber M, Barnard HC, Kuyl JM, Dannhauser A, Schall R. Effects of a low-insulin-response, energy-restricted diet on 
weight loss and plasma insulin concentrations in hyperinsulinemic obese females. Am J Clin Nutr. 1994;60:48-53.



Reduce carbohydrates (Morris 2003)

(Morris 2003)

Zucker rats were fed three different diets over 4 weeks: 
standard rat chow (21% protein, 12% saturated fat, 67% 
carbs); zero-carbohydrate (20% protein, 80% saturated 
fat); or 10% sucrose (20% protein, 70% saturated fat, 

10% carbohydrate). Although the rats on the zero-
carbohydrate and the 10% sucrose diet consumed one-
third more energy than the rats on the standard diet, 

the standard diet rats and those on 10% sucrose gained 
90% more weight than the rats on the no-carb diet.

Bottom line: it’s what you eat, not how much!

22.4 kJ 30.5 kJ 22.7  kJ 29.5 kJ
54

Morris KL, Namey TC, Zemel MB. Effects of dietary carbohydrate on the development of obesity in heterozygous Zucker 
rats. J Nutr Biochem. 2003;14:32-39.



Low-carb (Dr. Atkins) diet

55



Samaha 2003 (NEJM):
• 132 obese subjects (mean BMI 43); 39% diabetic
• Randomized to low-carb vs low-fat diet
• 79 patients completed study
• Analysis included all subjects, with last observation 

carried forward

56
Samaha FF, Iqbal N, Seshadri P, et al. A low-carbohydrate as compared with a low-fat diet in severe obesity. N Engl J 
Med. 2003;348:2074-2081.



Foster 2003 (NEJM)
•63 patients, BMI 34.1

57
Foster GD, Wyatt HR, Hill JO, et al. A randomized trial of a low-carbohydrate diet for obesity. N Engl J Med. 
2003;348:2082-2090.



Low-carb vs low-fat in severe 
obesity [Samaha et al, 2003]

• 132 patients, average BMI 43, 39% diabetic, 43% 
metabolic syndrome

• randomized to low-carb or low-fat:

• low-carb: prot 22%, carb 37%, fat 41%

• low-fat: prot 16%, carb 51%, fat 33%

• analysis used all patients, with LOC for dropouts 
(47% low-fat; 33% low-carb, difference ns)

58
Patients in both groups met in weekly diet counseling sessions for 4 weeks, followed by monthly sessions. Participants 
in the low-carb group were instructed only to reduce carb intake to less than 30g per day. Participants in the low-fat 
diet were instructed to reduce caloric intake by 500 calories per day, with less than 30% of calories derived from fat.
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As a measure of substantial weight loss, we
found that a weight loss of at least 10 percent of the
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0.009), regardless of the diet-group assignment.
There were no other significant differences in
weight loss between the groups.
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ide levels may also be affected by medications tak-
en for diabetes. However, in a separate analysis of
subjects who were not taking either diabetes medi-
cations or lipid-lowering medications (28 on the
low-fat diet and 24 on the low-carbohydrate diet),
we still observed a greater reduction in the mean
triglyceride level among subjects on the low-carbo-
hydrate diet (–20
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P=0.001). In a model adjusted for the amount of
weight lost and the base-line variables, assignment
to the low-carbohydrate diet (P=0.01) and the
amount of weight lost (P<0.001) were each inde-
pendent predictors of a decrease in the triglyceride
level. However, comparison of subjects within
weight-loss strata demonstrated that this finding
was limited to subjects who lost more than 5 per-
cent of their base-line weight.

Black subjects had a smaller decrease in triglyc-
eride levels than did white subjects (mean, –1
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30
percent vs. –21
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36 percent), independent of the
diet-group assignment (P=0.002), but not after ad-
justment for base-line variables and the amount of
weight lost (P=0.09).

Total cholesterol, high-density lipoprotein cho-
lesterol, and low-density lipoprotein cholesterol
levels did not change significantly during the six-
month study within or between groups (Table 4).
During the study, there were no changes in lipid-

lowering therapy in the low-fat group, whereas two
subjects on the low-carbohydrate diet started tak-
ing a statin and one stopped taking a statin.

 

glycemic control and insulin sensitivity

 

The mean fasting glucose level decreased more in
the low-carbohydrate group than in the low-fat
group at six months (–9
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19 percent vs. –2
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17 per-
cent, P=0.02) (Table 4). This difference remained
significant after adjustment for base-line variables
(P=0.004). However, the greater reduction in se-
rum glucose levels in the low-carbohydrate group
was limited to diabetic subjects, with no significant
change in the levels in nondiabetic subjects on ei-
ther diet (Table 4). Assignment to the low-carbo-
hydrate diet was no longer a significant predictor
of a decrease in glucose levels after adjustment for
the amount of weight lost (P=0.12). There was a
trend toward a greater decrease in mean glycosylat-
ed hemoglobin values in diabetic subjects on the
low-carbohydrate diet, as compared with those on
the low-fat diet (P=0.06) (Table 4). By six months,
seven subjects in the low-carbohydrate group had
had dose reductions in oral hypoglycemic agents
or insulin. In comparison, one subject in the low-fat
group had a dose reduction in insulin and one sub-
ject began oral therapy.

Insulin sensitivity was measured only in subjects

 

Figure 1. Mean (±SE) Decrease in Weight between Subjects on the Low-Carbo-
hydrate Diet and Those on the Low-Fat Diet.

 

Weights for each time point include all 132 subjects. The number of subjects 
at each point for whom weights were either extracted from records or carried 
forward from a previous visit are given in parentheses. The standard errors 
have not been adjusted for these imputed values.
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low-fat low-carb P value
triglycerides, mg/dL -7 -38 0.001
insulin sensitivity -0.01 +0.02 0.01
glucose, mg/dL -2 -11 0.017
glucose in diabetic patients -5 -26 0.01
insulin level, without 
diabetes meds, μU/mL 1 -6 0.008

glycosylated hemoglobin in 
diabetic patients, % 0 -0.6 0.06 ns

60
Total cholesterol, HDL and LDL cholesterol, glucose level in nondiabetic subjects, and insulin level for those taking 
diabetes medication, did not differ significantly between the two diets.



pleted the study (change, !0.2 " 7.6 kg vs. !7.3 " 8.3
kg, respectively; mean difference, !7.1 kg [CI, !11.6 kg
to !2.8 kg]; P # 0.003). In contrast, weight loss was not
significantly different for those on the conventional diet,
whether they dropped out or completed the study (change,
!2.2 " 9.5 kg vs. !3.7 " 7.7, respectively; mean differ-
ence, !1.5 kg [CI, !5.7 kg to 2.7 kg]; P $ 0.2). Never-
theless, the difference in weight loss between the 2 diet
groups for those who dropped out of the study was not
significant (P $ 0.2).

Serum Lipids
Changes in total and LDL cholesterol were not signif-

icantly different between groups (Table 3). Triglyceride
levels decreased more in the low-carbohydrate group than
in the conventional diet group (P # 0.044 before and P #
0.041 after adjustment for baseline variables) (Table 3). A
separate sensitivity analysis that included only the 87 per-
sons who completed the study confirmed the significance
of this finding (adjusted P # 0.016), as did the sensitivity
analysis in which baseline values were carried forward for
missing data (adjusted P # 0.001). Assignment to the low-
carbohydrate group (P # 0.003) and greater weight loss
(P # 0.004) were each independent predictors of a de-
crease in triglyceride concentration, suggesting a direct ef-
fect of the low-carbohydrate diet on triglyceride reduction.

The HDL cholesterol concentration decreased more in
the conventional diet group than in the low-carbohydrate
group by 1 year (P # 0.025 before and P # 0.014 after
adjustment for baseline variables) (Table 3). A separate
sensitivity analysis that included only the 87 persons who
completed the study confirmed the significance of this
finding (adjusted P # 0.004), as did the analysis using
baseline values carried forward for missing data (adjusted
P # 0.011). The difference in mean HDL cholesterol re-
sponse between diet groups remained significant after ad-
justment for both baseline variables and weight loss (P #
0.028), suggesting direct diet-related effects on HDL cho-
lesterol.

Glycemic Control and Insulin Sensitivity
The difference in the response of glucose and insulin

sensitivity between diet groups by 1 year was not signifi-
cant (Table 3). Despite this, the hemoglobin A1c level in
the small group of persons with diabetes (n # 54) de-
creased more in the low-carbohydrate group, after adjust-
ment for baseline differences (Table 3). This difference
remained significant after weight loss amount was added to
the model (P # 0.019), suggesting a direct effect of the
low-carbohydrate diet on glycemic control. However, the
significance of the difference in the response of hemoglo-
bin A1c was not confirmed by an analysis that included
only the persons who completed the study (adjusted P #
0.080) or when baseline values were carried forward for
missing persons (adjusted P # 0.18). Two persons on the
low-carbohydrate diet and 4 on the conventional diet de-
veloped diabetes at 1 year (P $ 0.2).

Figure. Comparison of mean weight loss in kg between
participants on the conventional diet and participants on the
low-carbohydrate diet at 6 months (n ! 118) and at 1 year
(n ! 126).

*P # 0.003 for comparisons between diet groups by random-coefficient
analysis. The difference in weight loss was not significant between the 2
diet groups by 1 year (P # 0.195 before and P $ 0.2 after adjustment
for baseline variables, by random-coefficient analysis). Error bars repre-
sent SDs.

Table 3—Continued

Blood pressure, mm Hg

Systolic !1 (!8 to 6) 0.780 0.208
Conventional diet 139 " 16 142 " 18 2 " 15
Low-carbohydrate diet 133 " 16 134 " 20 1 " 19

Diastolic 2 (!4 to 7) 0.502 0.997
Conventional diet 82 " 9 83 " 10 1 " 10
Low-carbohydrate diet 77 " 11 80 " 14 3 " 15

* Values are given as the mean ("SD) for the 87 persons who completed the study. HBA1c # hemoglobin A1c; HDL # high-density lipoprotein; LDL # low-density
lipoprotein.
† The mean difference in 1-year change and 95% CIs are for the low-carbohydrate diet group relative to the conventional diet group and are obtained by random-coefficient
analysis.
‡ The P values are for comparison of the change from baseline to 1 year between diet groups by random-coefficient analysis.
§ Adjusted P values are obtained by random-coefficient analysis; the included covariates are age, race, sex, baseline body mass index, baseline caloric intake, and the presence
or absence of hypertension, lipid-lowering therapy use, diabetes, active smoking, and sleep apnea.
! LDL cholesterol was not calculated in 2 persons in the low-carbohydrate diet group because of triglyceride levels above 4.52 mmol/L (400 mg/dL).
¶Determined by the quantitative insulin sensitivity check index: 1/[(fasting insulin (!U/mL)) % (log fasting glucose (mg/dL))].

ArticleLow-Carbohydrate Diet at 1 Year

www.annals.org 18 May 2004 Annals of Internal Medicine Volume 140 • Number 10 783

[Stern et al, 2004]
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Stern L, Iqbal N, Seshadri P, et al. The effects of low-carbohydrate versus conventional weight loss diets in severely 
obese adults: one-year follow-up of a randomized trial. Ann Intern Med. 2004;140:778-785.

This is the same group, reporting results after one year. At this point, the low-carb group had reduced their daily carb 
intake to 120 g on average, certainly not the 30 g that they were aiming for. However, this was still about half of the 
carb grams for the low-fat group.

After one year, the difference in weight loss was no longer statistically significant.

HbA1c values for those with diabetes, fell by 0.1% for the low-fat group, and by 0.7% for the low-carb group, 
statistically significant at 0.019 after adjusting for weight loss differences. This suggests a direct effect of the low-carb 
diet on glycemic control.



• This was a randomized, 5-week, crossover study

• 8 men with mild, untreated DM2 completed the trial

• Diets were provided by the researchers

• control diet: carb:prot:fat 55:15:30 by weight, ie 388 g 
carbs

• test diet: 20:30:50, ie 142 g carbs

High-protein low-carbs for DM2
[Gannon & Nuttall, 2004]
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Gannon MC, Nuttall FQ. Effect of a high-protein, low-carbohydrate diet on blood glucose control in people with type 2 
diabetes. Diabetes. 2004;53:2375-2382.



were determined by enzymic methods using an Analox analyzer with an O2

electrode (Analox Instruments, London, U.K.). %tGHb was measured by
boronate-affinity high-performance liquid chromatography (BioRad Variant;
BioRad Labs, Hercules, CA). Serum immunoreactive insulin was measured
using a standard double-antibody radioimmunoassay method using kits pro-
duced by Incstar (Stillwater, MN). Glucagon and C-peptide were measured by
radioimmunoassay using kits from Linco Research (St. Louis, MO) and
Diasorin (Stillwater, MN), respectively. NEFAs were measured enzymically
using a kit manufactured by Wako Chemicals (Richmond, VA). Weight was
determined in street clothes without shoes on a digital scale (Scalitronix,
White Plains, NY). Blood pressure was measured using a Dinemap instrument
(Critikon/Mediq, Pennsauken, NJ).

The net 24-h incremental area responses were calculated using the overnight
fasting value as baseline. Total 24-h area responses were calculated using zero
as the baseline. Both area calculations were done using a computer program
based on the trapezoid rule. Statistics were determined using Student’s t test
for paired variates, with the Statview 512! program (Brain Power, Calabasas,
CA) for the Macintosh computer (Apple Computer, Cupertino, CA). P " 0.05
is the criterion for significance. Data are presented as the mean # SE.

RESULTS

The average body weight was 219 # 10 lb (99 # 4.5 kg) and
216 # 10 lb (98 # 4.5 kg) at the beginning of the control
and LoBAG diets, respectively (Fig. 1A). At the end of the
5 weeks on the control diet, the average body weight was
215 # 10 lb (98 # 4.5 kg). After 5 weeks on the LoBAG diet,
the average weight was 212 # 9 lb (96 # 4.1 kg). Thus, the
average body weight decreased by 4 lb (1.8 kg) during the
5-week study period, regardless of diet.

Urine ketones were monitored twice weekly while par-
ticipants were on the LoBAG diet. They were always zero
to trace using nitroprusside impregnated Ketostix (Bayer,
Elkhart, IN). Twenty-four–hour urine ketones were iden-
tical at the beginning and the end of the LoBAG diet (196 #
8 and 196 # 9 $mol/l, respectively). Before and after the

FIG. 2. A: Mean plasma glucose concentration before (‚) and after (E) 5 weeks on the control diet. Side graph: Net and total 24-h integrated
glucose area response. Area response was not significantly different. B: Mean plasma glucose concentration before (Œ) and after (F) 5 weeks on
the LoBAG diet. Side graph: Net and total 24-h integrated glucose area response. *Both the net and the total area responses were significantly
lower after the LoBAG diet (P < 0.05).
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High-protein low-carbs for DM2
[Gannon & Nuttall, 2004]
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High-protein low-carbs for DM2
[Gannon & Nuttall, 2004]

control diet, they were 187 ! 7 and 203 ! 10 "mol/l,
respectively.

The mean fasting #-hydroxybutyrate concentration was
225 ! 15 "mol/l after 5 weeks on the control diet (Fig. 1B).
After 5 weeks on the LoBAG diet, the mean fasting
concentration was 236 ! 27 "mol/l. The 24-h profiles were
similar when the participants ingested either diet.

The mean fasting glucose concentration before starting
the control diet was 180 ! 10 mg/dl (10 ! 0.6 mmol/l; Fig.
2A). After 5 weeks on the control diet, the fasting glucose
concentration was decreased to 159 ! 11 mg/dl (8.8 ! 0.6
mmol/l), but this was not significant (P $ 0.66). Before
starting the LoBAG diet, the mean fasting glucose concen-
tration was 167 ! 13 mg/dl (9.3 ! 0.7 mmol/l), similar to
that before starting the control diet (P $ 0.24). After 5
weeks on the LoBAG diet, the fasting glucose concentra-

tion was significantly decreased to 119 ! 7 mg/dl (66 ! 0.4
mmol/l; P % 0.003; Fig. 2B).

The mean 24-h integrated net glucose area responses
were similar precontrol, pre-LoBAG, and postcontrol
(681 ! 174, 731 ! 159, and 730 ! 236 mg ! h ! dl&1 [38 !
9.7, 41 ! 8.8, and 41 ! 13.1 mmol ! h ! l&1], respectively;
Fig. 2 side graphs, left bars). After 5 weeks on the LoBAG
diet, the net mean 24-h integrated glucose area response
was decreased by 77% (165 ! 59 mg ! h ! dl&1) (9.2 ! 3.3
mmol ! h ! l&1; P % 0.02).

Total 24-h integrated glucose area responses also were
similar precontrol, pre-LoBAG, and postcontrol (4,998 !
337, 4,746 ! 301, and 4,554 ! 347 mg ! h ! dl&1 [278 ! 18.7,
264 ! 16.7, and 253 ! 19.3 mmol ! h ! l&1], respectively; Fig.
2 side graphs, right bars). The total area response after 5
weeks on the LoBAG diet was decreased significantly

FIG. 3. A: Mean serum insulin concentration before (‚) and after (E) 5 weeks on the control diet. Side graph: Net and total 24-h integrated
insulin area response. Area response was not significantly different. B: Mean serum insulin concentration before (Œ) and after (F) 5 weeks on
the LoBAG diet. Side graph: Net and total 24-h integrated insulin area response. *Both the net and the total area responses were significantly
lower after the LoBAG diet (P < 0.05).

LoBAG DIET AND GLUCOSE CONTROL
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High-protein low-carbs for DM2
[Gannon & Nuttall, 2004]

(3,023 ! 160 mg ! h ! dl"1 [168 ! 8.9 mmol ! h ! l"1]; P #
0.0004 vs. the 5-week postcontrol and P # 0.0001 vs.
pre-LoBAG). On the basis of these integrated areas, the
mean glucose concentration over the 24-h periods of study
was reduced from 198 to 126 mg/dl (11–7 mmol/l) after 5
weeks on the LoBAG diet, a 36% decrease (P # 0.0001).

The mean fasting insulin concentrations before and
after 5 weeks on both the control and the LoBAG diets
were identical (12 ! 2 $U/ml [72 ! 12 pmol/l]; Fig. 3). The
mean 24-h integrated insulin area response above the
fasting value was similar after the pre- and postcontrol diet
and pre-LoBAG diet (534 ! 73 $U ! h"1 ! ml"1 [554 ! 84
$U ! h"1 ! ml"1]; and 530 ! 81 $U ! h"1 ! ml"1 [3,024 ! 438,
3,324 ! 504, and 3,180 ! 486 pmol ! h ! l"1], respectively;
Fig. 3 side graphs, left bars). It was decreased at 5 weeks
on the LoBAG diet (318 ! 39 $U ! h"1 ! ml"1 [1908 ! 702
pmol ! h ! l"1). This was a decrease of 40% from the
pre-LoBAG value (P # 0.01). The mean 24-h total inte-
grated insulin area response decreased by 25%.

The mean fasting C-peptide concentration before and
after the control diet was 0.86 ! 0.08 and 0.91 ! 0.08
pg/ml. It was 0.81 ! 0.09 and 0.92 ! 0.08 before and after
the LoBAG diet (data not shown). The 24-h time course
response was similar to the insulin response. The net
C-peptide area response was decreased by 34% after 5
weeks on the LoBAG diet. This was statistically significant
(P # 0.05).

The mean %tGHb was essentially unchanged during the
5 weeks on the control diet (Fig. 4). A decrease in tGHb
was present 1 week after the institution of the LoBAG diet
and became significant by 3 weeks on the diet. At the end
of the 5-week period, the %tGHb had decreased 22%, from
9.8 ! 0.5 to 7.6 ! 0.3% (P # 0.0007).

The mean fasting glucagon concentrations were similar
before and after both the control and the LoBAG diets
(95 ! 11, 91 ! 8, 91 ! 7, and 94 ! 7 pg/ml, respectively;
Fig. 5). After 5 weeks on the LoBAG diet, the glucagon

response was similar to the control for the first hour after
breakfast. Subsequently, the glucagon concentration was
higher at every time point until 0700 the next morning,
except for one time point after dinner. Both the net and the
total glucagon area responses were significantly increased
after the LoBAG diet (P # 0.05).

The mean fasting NEFA concentrations were 765 ! 67,
654 ! 59, 718 ! 70, and 593 ! 50 $Eq/l, before and after
the control and LoBAG diets, respectively (data not
shown). These differences were not statistically significant
(P % 0.05). The 24-h excursions were similar on the
control and LoBAG prediet days. When the LoBAG diet
was ingested, the fasting NEFA was lower and the in-
crease after the lunch meal was attenuated, as was the
decrease before dinner. The rise after dinner was more
rapid and reached a higher concentration.

The mean 24-h integrated net NEFA area responses
were "5,323 ! 1,187, "2,468 ! 693, "4,525 ! 1,660, and
80 ! 1,809 $Eq ! h ! l"1 before and after the control and
LoBAG diets, respectively. The small positive area re-
sponse after the LoBAG diet was statistically significantly
different compared with the response before the LoBAG
diet (P # 0.05). Total areas were not statistically different
from one another.

The mean fasting triacylglycerol concentrations were
264 ! 36, 226 ! 32, 246 ! 27, and 149 ! 23 mg/dl before
and after the control and LoBAG diets, respectively (Fig.
6). The fasting triacylglycerol concentration was signifi-
cantly lower after 5 weeks on the LoBAG diet (P # 0.05).
After ingestion of either diet, the triacylglycerol concen-
tration increased until &1200–1400, decreased at 2000–
2200, increased slightly at &2400, and subsequently
returned to the fasting value by 0800 the next morning.

The mean 24-h integrated net triacylglycerol area re-
sponse was not significantly different between diets. How-
ever, the mean 24-h integrated total area response was
significantly lower after 5 weeks on the LoBAG diet (P #
0.05).

The total cholesterol concentrations were 195 ! 7,
184 ! 17, 188 ! 10, and 177 ! 8 mg/dl before and after the
control and the LoBAG diets, respectively. The LDL cho-
lesterol concentrations were 105 ! 9, 102 ! 2, 105 ! 7, and
110 ! 6 mg/dl before and after the control and the LoBAG
diets, respectively. The HDL cholesterol concentrations
were 38 ! 1, 37 ! 2, 37 ! 2, and 36 ! 2 before and after
the control and the LoBAG diets, respectively. These total,
LDL, and HDL concentrations were not significantly dif-
ferent between diets or before and after each diet.

DISCUSSION

We previously reported that a diet in which the protein
content was increased from 15 to 30% of total food energy,
with a corresponding decrease in carbohydrate content,
resulted in a moderate but highly statistically significant
mean decrease in glycohemoglobin (8.1–7.3%) after 5
weeks on the diet. This was the consequence of smaller
postmeal glucose increases. The fasting glucose concen-
tration was unchanged (12).

In the present study, the diet contained the same 30% of
food energy as protein. However, the carbohydrate con-
tent was further reduced from 40 to 20% of total food
energy. The control diet in both studies is a diet that is

FIG. 4. Mean %tGHb response during the 5 weeks of the control (E) or
LoBAG diet (F). *The tGHb on the test diet was significantly lower at
weeks 3, 4, and 5 vs. the control diet (P < 0.05).
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The control diet left the glycohemoglobin unchanged, while there were drops on the test diet, with the differences 
being significant at weeks 3, 4, and 5.



Low calorie diets in DM2
[Miyashita et al, 2004]

• Obese subjects with DM2, randomly assigned to:

• low cal low carb diet: 1000 kCal per day, 
prot:carb:fat 25:40:35 ie 100 g carbs per day

• low cal high carb diet: 1000 kCal per day, 
prot:carb:fat 25:65:10 ie 163 g carbs per day

• inpatient treatment for 4 weeks

• exercise: walking 30 min twice daily
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Miyashita Y, Koide N, Ohtsuka M, et al. Beneficial effect of low carbohydrate in low calorie diets on visceral fat reduction 
in type 2 diabetic patients with obesity. Diabetes Res Clin Pract. 2004;65:235-241.

This is very severe calorie restriction.



Low calorie diets in DM2
[Miyashita et al, 2004]
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Fig. 2. Effect of the low carbohydrate diet (!) and the high car-
bohydrate diet (") on fasting blood glucose levels. Fasting blood
glucose levels were decreased in both groups with no significant

difference between the two groups. Data are shown as mean±S.D.

from 200 to 102mg/dl, respectively after low calorie

diet for 4 weeks. There was no significant difference

between two groups (Fig. 2).

Basal IRI showed a larger decrease in low carbo-

hydrate diet group compared to the high carbohydrate

diet group (Fig. 3A). The decreasing rate of basal IRI

was significantly high in low carbohydrate diet group

compared to high carbohydrate group (Fig. 3B).

3.3. Change in serum lipids

TC and TG were decreased by about 20%, and

40–50% in low carbohydrate diet group and high

carbohydrate diet group during low calorie diet, but

Fig. 3. Changes in IRI during low calorie diets in low carbohydrate diet group (closed circle and solid bar) and high carbohydrate diet

(open circle and open bar). (A and B) Show change and ratio of decrease of basal IRI. Data are shown as mean ± S.D., ∗P < 0.05.

no significant difference was observed between both

groups (Fig. 4A and B).

HDL–C was significantly increased in the low car-

bohydrate diet group compared to the high carbohy-

drate diet group (Fig. 4C).

3.4. The change in visceral fat, and V/S ratio

In the low carbohydrate diet group, the amount of

visceral fat area was significantly decreased from 124

to 84 cm2 (P < 0.05) after 4 weeks of diet, and V/S

ratio decreased from 0.47 to 0.69 (P < 0.05) during

the same period (Fig. 5A and B). In contrast, neither

the amount of visceral fat area or V/S ratio changed

significantly during diet in the high carbohydrate diet

group (Fig. 5A and B).

4. Discussion

In this study, we have shown for the first time a dif-

ference in effects of two low calorie diets with low

or high carbohydrate content on visceral fat loss and

serum insulin levels in obese patients with type 2 di-

abetes.

During both diet therapies, the body weights were

decreased without a decrease in LBM, and FBS lev-

els decreased as well as TC and TG levels. However,

although the decrease in FBS were similar between

the high and low carbohydrate diet groups, basal IRI

levels were significantly lower in the low carbohy-

drate diet group compared to the high carbohydrate
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Fig. 4. Changes in serum lipids during low calorie diets in low carbohydrate diet group (!) and high carbohydrate diet group ("). (A–C)
Show changes of total cholesterol, triglyceride and HDL–C. Data are shown as mean ± S.D, ∗P < 0.05 and ∗∗P < 0.01.

diet group at the end of the study. The lower lev-

els of insulin with similar levels of blood glucose

indicate a larger improvement of insulin sensitivity

in the low carbohydrate diet group. The homeostasis

model assessment-ratio [11] of the low carbohydrate

diet group and the high carbohydrate diet group were

changed from 3.06 to 0.77, and from 2.96 to 1.21, re-

spectively (data not shown).

HDL–C levels were also significantly increased af-

ter 4 weeks diet in the low carbohydrate diet group

compared with the high carbohydrate diet group but

there were no differences in the reduction of TC or

TO between the two groups. It is known that one of

mechanisms by which the HDL–C is increased is by

enhanced catabolism of very low-density lipoproteins

[12]. Accordingly, it is possible that a diet low in
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Similar decreases in body weight and serum glucose levels were seen in the two groups. 

Fasting serum insulin levels were significantly lower in the low carb group.

HDL cholesterol increased in the low-carb group, but not in the high carb group.



Low calorie diets in DM2
[Miyashita et al, 2004]
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Fig. 5. Changes in adipose tissue distribution measured by computed tomography after low calorie diets for a month in low carbohydrate

diet group (!) and high carbohydrate diet group ("). (A and B) Show changes of visceral fat and V/S ratio. Data are shown as mean±S.D.,
∗P < 0.05.

carbohydrates could stimulate the catabolism of very

low-density lipoproteins. Another possibility is that

the activity of lipoprotein lipase might be improved,

accompanying with the increased insulin sensitivity

[13,14].

There were also differences in the effect on adi-

pose tissue distribution between the two groups. In

low carbohydrate diet group, the visceral fat area and

the V/S ratio were significantly decreased during diet,

but not in high carbohydrate diet group. As for the

mechanisms, there are at least two possible explana-

tions. The first is that the low carbohydrate diet could

stimulate growth hormone secretion from the pituitary

gland [15]. This could explain the different effects of

the two diets on visceral fat mass since it has previ-

ously been shown that the lipolytic activity induced by

growth hormone is higher in visceral fat compared to

subcutaneous fat [16,17]. Consequently, in this study,

the secretion of growth hormone might be enhanced

to a larger extent by the low carbohydrate diet com-

pared to the high carbohydrate diet. Another possibil-

ity is a lower insulin requirement of the low carbohy-

drate diet. Hyperinsulinemia is reported to be associ-

ated with visceral fat [1,2] and a high level of fasting

insulin is reported to predict visceral fat accumulation

[18]. In our study, there was a larger decrease of basal

IRI by the low carbohydrate diet compared to the high

carbohydrate diet. Accordingly, low insulin secretion

in low carbohydrate diet might be beneficial for re-

duction of visceral fat accumulation.

Bjorntorp and co-workers reported that an increased

flux of free fatty acids could cause insulin resistance

[19,20]. Consequently, the levels of free fatty acids

may be important factor during diet therapy. Free fatty

acids would be expected to increase during a low calo-

rie diet due to an increased fat mobilization. In our

study, the homeostasis model assessment-ratio in the

low carbohydrate diet is better compared to that in

the high carbohydrate diet. Hence, increased free fatty

acid levels during weight reduction by low calorie/low

carbohydrate diet did not deteriorate the insulin sensi-

tivity in these subjects. Furthermore, Reaven reported

that high carbohydrate intake would tend to increase

the risk of vascular complications [21,22], and high

carbohydrate diet is reported to increase blood glu-

cose, insulin, and TG levels and decrease HDL–C in

diabetes mellitus patients [9]. In agreement with this,

our data suggest that a high carbohydrate intake would

not always be beneficial. In our study, the amount of

total intake of fat in the low carbohydrate diet was

about 40 g per day, which is not considered to be an

excessive fat intake, and is equal to that of 1600 kcal in

a high carbohydrate diet that is widely recommended.

Consequently, our data suggest that the more favor-

able effect on metabolism induced by the low carbo-

hydrate diet compared to the high carbohydrate diet

would be not due to be over-intake of fat, but rather

restriction of carbohydrate.

It is known that monounsaturated fatty acids is

preferable to saturated fatty acids for the diet therapy

of type 2 diabetes mellitus patients [23,24]. Reaven

also reported that substituting monounsaturated fats

for carbohydrates might be advantageous in reducing

the long-term complications, particularly coronary
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The amount of visceral fat and subcutaneous fat was measured by CT scan. Visceral fat dropped significantly more on 
the low carb diet than on the high carb. The ratio of visceral fat to subcutaneous fat did not change in the high carb 
group, but dropped significantly in the low carb group.



Low carb ketogenic diet in DM2
[Yancy et al, 2005]

• 28 overweight participants with DM2 recruited from 
an outpatient clinic

• 16 week trial, single arm

• counselling provided every two weeks with an initial 
goal of < 20 g/day of carbs

• 21 completed the study: 20 men; 13 white, 8 A-A

• mean age 56 years; mean BMI 42.2
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Yancy WS, Jr., Foy M, Chalecki AM, Vernon MC, Westman EC. A low-carbohydrate, ketogenic diet to treat type 2 
diabetes. Nutr Metab (Lond). 2005;2:34.



Low carb ketogenic diet in DM2
[Yancy et al, 2005]

• Over 16 weeks:

• HgA1c dropped from 7.5 to 6.3% (16% decrease, 
P < 0.001)

• diabetes medications were discontinued in 7, 
reduced in 10, and left unchanged in 4 
participants

• Mean body weight dropped from 131.4 kg to 122.7 
kg (6.6% decrease, P < 0.001)

• Fasting serum triglyceride levels dropped from 
2.69 mmol/L to 1.57 (42% decrease, P = 0.001)
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Other serum lipid measurements did not change significantly.



Attempts to ban Atkins diet

• Norfolk and Norwich Hospital in Britain has banned 
Atkins diet from its menus, citing safety concerns

• Physicians Committee for Responsible Medicine in 
the U.S. is urging hospitals, eg Johns Hopkins & 
Mayo Clinic, to adopt a similar ban
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Summary 

• Atypical antipsychotics are associated with weight 
gain and diabetes

• Individuals with central obesity, family history of 
diabetes, and metabolic syndrome appear to be at 
greatest risk

• Risk reduction:

• weight loss

• low glycemic index diets

• low carbohydrate diets
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