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Abstract
Background—Individuals with schizophrenia have a life expectancy that is 20 years less than
the general population along with high rates of obesity and cardiovascular disease (CVD)
mortality.

Objective—This study assessed the 10-year general CVD risk and vascular ages of 106 obese
schizophrenia spectrum patients and 197 demographically matched obese controls without severe
mental illness (SMI) from the National Health and Nutrition Examination Survey (NHANES).

Methods—Vascular age and general CVD risk were calculated using the Framingham global
CVD calculator which incorporates age, sex, total and HDL cholesterol levels, systolic blood
pressure, smoking status, and diabetes or hypertension treatment.

Results—Obese schizophrenia spectrum patients had a mean vascular age that was 14.1 years
older than their mean actual age, while obese NHANES participants had only a 6.7 year
difference. The probability of experiencing a CVD event within the next ten years was 10.7% for
obese patients and 8.5% for obese NHANES participants.

Conclusion—These findings suggest that schizophrenia spectrum patients experience increased
metabolic risk independent of weight. Primary care clinicians can utilize general CVD risk and
vascular age scores to communicate metabolic risk more easily and to help make treatment
decisions.

Introduction
Cardiovascular disease (CVD) kills more than 2,200 Americans daily and costs the United
States (US) approximately $286 billion annually (1). General CVD is a composite term that
encompasses coronary heart disease, cerebrovascular disease, peripheral vascular disease,
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and heart failure. Certain risk factors—age, sex, smoking status, hypertension, diabetes, and
dyslipidemia—aggregate to promote CVD risk (2). As a result, several multivariable risk
assessment tools incorporating these risk factors were created to predict CVD risk (3–5).
Among these, the Framingham general CVD risk score (6) provides a 10-year risk estimate
for all CVD events and calculates a vascular age, which signifies the CVD risk of an
individual transformed to the age of a person with the same CVD risk but with normal levels
for all risk factors. General CVD risk and vascular age calculations can be easily
implemented in clinical settings to communicate metabolic risk in a straightforward manner
and to help guide treatment decisions.

One group that may benefit from the increased incorporation of the general CVD risk
calculation in clinical care is schizophrenia spectrum patients. Schizophrenia patients have a
life expectancy that is approximately two decades shorter than the general population, along
with high rates of CVD mortality (7, 8). Schizophrenia is associated with an increased
prevalence of obesity (9) and type 2 diabetes (10). Obesity itself may represent a major
CVD risk factor; the age adjusted relative risk for CVD was increased by 64% for women
and 46% for men among obese individuals in the Framingham Heart Study (11). In a follow-
up examination of this study, obesity reduced life expectancy by approximately six years in
40 year old nonsmokers (12).

Schizophrenia patients’ unhealthy lifestyles significantly contribute to CVD risk. Individuals
with schizophrenia tend to make poor nutritional decisions (13), to be less physically active
(14), and are three times more likely to smoke cigarettes (7). Furthermore, some
antipsychotic medications, especially the newer second generation drugs, promote weight
gain, and these medications may also impair lipid and glucose regulation (15–18). Despite
an increased likelihood for metabolic disorders, schizophrenia patients often have CVD risk
factors that are left untreated. In the Clinical Antipsychotic Trials of Intervention
Effectiveness (CATIE) schizophrenia study, 30.2% of patients with diabetes, 62.4% of
patients with hypertension, and 88% of patients with dyslipidemia were not receiving
treatment for these disorders (19). While the health risks associated with both obesity and
schizophrenia spectrum disorders individually are well documented, obese schizophrenia
spectrum patients may have additional CVD risk above and beyond obese individuals
without severe mental illness (SMI), possibly due to the combination of an unhealthy
lifestyle and medications that disrupt metabolism.

The present study compared the 10-year general CVD risk and vascular ages of obese
schizophrenia spectrum patients to values for demographically matched obese controls
without SMI. We hypothesized that obese schizophrenia spectrum patients would have
increased CVD risk above and beyond obese individuals without SMI.

Methods
Setting and participants

This study utilized the baseline data of 115 outpatients aged 30 to 70 years (BMI ≥ 28) with
a Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) (20) diagnosis of
schizophrenia (n = 58) or schizoaffective disorder (n =48) from a lifestyle modification
weight loss study. After excluding nine individuals with incomplete or unverified
medication lists, we included 106 patients in our analyses. Clinicians referred individuals
that were on a stable dose of antipsychotic medication for at least one month prior to
baseline assessment. Exclusion criteria included pregnancy, history of dementia, major
medical illness, or English non-fluency. Research assistants interviewed participants to
obtain demographic information, and the treating clinician verified participants’ lists of
current medications. The Human Investigation Committee of Yale University School of

Ratliff et al. Page 2

Psychosomatics. Author manuscript; available in PMC 2014 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Medicine approved the study protocol, and potential subjects completed a ten question quiz
to assess their understanding of the study before providing written informed consent.

The National Health and Nutrition Examination Survey (NHANES) is a program of studies
designed to evaluate and assess the health and nutritional status, disease risk factors, and
disease prevalence for individuals within the United States. Two hundred thirty age, gender,
race, and body mass index (BMI) matched individuals were selected using stratified random
sampling from the 2005–2008 NHANES. After excluding 30 individuals with incomplete
laboratory values and 3 individuals taking an antipsychotic medication, we analyzed a
sample of 197 obese control patients.

Vascular age and general CVD risk calculation
The 10-year probability of developing overall CVD was calculated using a sex-specific
multivariable risk factor algorithm that is available on the Framingham Heart Study website
http://www.framinghamheartstudy.org/risk/gencardio.html# (6). This risk estimate
incorporates age, total and HDL cholesterol levels, systolic blood pressure, smoking status,
and treatment for diabetes or hypertension, and the calculator is validated for individuals
between the ages of 30 and 74. Vascular age represents the CVD risk of an individual
transformed to the age of a person with the same CVD risk but with normal levels for all
risk factors (non-diabetic, non-smoker, and untreated systolic blood pressure of 125 mmHg,
total cholesterol levels of 180 mg/dL, and HDL cholesterol levels of 45 mg/dL).

Metabolic syndrome
Metabolic syndrome inclusion criteria were the presence of at least three of the following
five risk factors (21):

1. Elevated waist circumference > 88 cm for women or > 102 cm for men.

2. Elevated fasting plasma glucose levels > 100 mg/dL or undergoing
pharmacotherapy for hyperglycemia.

3. Elevated blood pressure > 130/85 mmHG or undergoing pharmacotherapy for
hypertension.

4. Elevated fasting triglyceride levels > 150 mg/dL or undergoing pharmacotherapy
for hypertriglyceridemia

5. Reduced HDL cholesterol levels < 40 mg/dL for men or < 50 mg/dL for women or
undergoing pharmacotherapy for reduced HDL levels.

Anthropometric measurements
Height was measured to the nearest 0.1 cm and weight was measured to the nearest 0.1 kg
on a calibrated Health O Meter scale (Pelstar LLC, Alsip, IL). Waist circumference was
measured around the trunk in a horizontal plane just above the uppermost lateral border of
the right ilium to the nearest 0.1 cm. Blood pressure was measured using a calibrated wrist
monitor (Oregon Scientific, Portland, OR) after participants sat quietly for five minutes.

Metabolic measurements
Plasma glucose concentration was analyzed using the glucose oxidase method (Yellow
Springs Instruments, Ohio), and cholesterol levels were determined using standard
enzymatic methods (Sigma, St. Louis, MO).
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Statistical analyses
Independent two tailed t-tests were used to compare differences in general CVD risk and
vascular age between obese individuals with and without SMI. Chi-square analyses were
used for categorical variable comparisons between groups. Linear regression was used to
determine the effects of income, waist circumference, or a schizophrenia spectrum diagnosis
on the variation in the difference between mean vascular ages and mean actual ages after
accounting for age, sex, race, and BMI. All analyses were performed using SPSS, version
17.0 for Windows (SPSS Inc., Chicago, IL), and statistical significance was set at p < 0.05.

Results
Table 1 shows the demographic composition of both study groups, and table 2 provides a list
of psychiatric and somatic medications for the obese schizophrenia spectrum group. Sixty-
seven percent of obese schizophrenia spectrum patients and 46% of obese controls had
metabolic syndrome (χ2 = 12.0, p = .001) (Table 3). Mean vascular age was significantly
higher (t = −13.7, p ≤ .001) than mean actual age for both patients (14.1 years) and obese
controls (6.7 years). However, the difference between mean vascular age and mean actual
age for obese schizophrenia spectrum patients was significantly greater than this age
difference for obese controls (t = 5.33, p ≤ .001). Obese schizophrenia spectrum patients had
a significantly higher probability for a general CVD event within the next 10 years (general
CVD risk) than obese controls (t = 2.34, p = 0.02) (Figure 1). Fifty-seven percent of obese
schizophrenia spectrum patients and 34% of obese controls had a vascular age that was more
than ten years higher than their actual age. While, only 24% of obese schizophrenia
spectrum patients had a vascular age that was within five years of their actual age, whereas
54% of participants in the obese control group was within this range.

Obese schizophrenia spectrum patients had significantly higher waist circumference values
(t = 2.27, p = 0.02), lower total cholesterol levels (t = −3.41, p = 0.01), and lower LDL
cholesterol levels (t = −2.42, p = 0.02) than the matched NHANES group. The obese control
group tended to have higher HDL cholesterol levels (t = −1.93, p = 0.06) than schizophrenia
spectrum patients. There were no significant differences in blood pressure between groups.

Linear regression analyses showed that a schizophrenia spectrum diagnosis (t = −2.31, p = .
022) and an elevated waist circumference (t = 4.85, p ≤ .001) explained a significant amount
of the variation in the difference between mean vascular age and mean actual age after
accounting for age, sex, race, and BMI.

Effect of antipsychotic medication on vascular age, CVD risk, and metabolic syndrome
incidence

Chlorpromazine equivalents were used to compare antipsychotic medication dose (22).
Mean antipsychotic medication dose was 645 mg/day and median antipsychotic medication
dose was 600 mg/day. Vascular age and general CVD risk were assessed between
individuals receiving more than 600 mg/day of antipsychotic medication and those receiving
less. There was no difference in vascular age, general CVD risk, or metabolic syndrome
incidence between individuals in either the low or high dose medication groups. There was
also no difference in the duration of schizophrenia spectrum diagnosis (mean 21± 11 years)
between individuals with or without metabolic syndrome.

Discussion
Obese schizophrenia spectrum patients had a significantly higher mean 10-year general
CVD risk score and mean vascular age than age, gender, race, and BMI matched controls
without SMI. Although the mean actual age of the schizophrenia spectrum patients was only
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47, the mean vascular age for this sample indicates that they have the same general CVD
risk as a 61 year old individual with normal risk factors. These results are in accordance with
those found in the Cardiovascular, Lipid, and Metabolic Outcomes Research in
Schizophrenia Study (CLAMORS), which reported that schizophrenia patients treated with
antipsychotic medications develop CVD risk factors 10–15 years before the general
population (23). Obese schizophrenia spectrum patients had an estimated 23% higher CVD
risk than matched controls, which is consistent with results from previous versions of the
Framingham risk score that found schizophrenia patients had increased heart disease risk
(24, 25). The mean general CVD risk for obese schizophrenia spectrum patients (10.7%)
was almost three times greater than the reference value for a healthy, 47 year old woman
without metabolic risk factors (3.7%). Similarly, obese controls had a mean general CVD
risk score (8.5%) that was more than twice as high as the reference value. The increased
CVD risk in our schizophrenia spectrum sample is striking since we have previously shown
that first episode psychosis patients with less than eight weeks of antipsychotic treatment do
not have higher CVD risk than matched controls without SMI (26). Taken together, these
results suggest that obesity alone does not fully account for increased CVD risk.

Sixty-seven percent of obese schizophrenia spectrum patients and 46% of obese controls had
metabolic syndrome, while 48% of patients and 15% of controls were diabetic. Our patient
values are much higher than the 40.9% metabolic syndrome and 13% diabetes incidences
reported in the CATIE sample (24, 27). One reason for this discrepancy is the sampling bias
in the current study resulting from the BMI ≥ 28 inclusion criteria. Another reason for the
different reported incident rates is that the average age of patients in the current study was
seven years older than the mean age of subjects in the CATIE sample. Several risk factors
for metabolic syndrome are co-morbid with obesity and increased age represents more
exposure to these risk factors. Obese schizophrenia spectrum patients had a significantly
higher mean waist circumference than the matched obese sample. While the significance of
waist circumference as an independent predictor of CVD is controversial (28), schizophrenia
patients with visceral abdominal obesity are less likely to reverse metabolic syndrome (29).

High smoking rates provide another prominent CVD risk factor for the obese schizophrenia
spectrum sample. Forty-nine percent of sampled patients smoke cigarettes, while only 23%
of the matched sample and 20% of American adults smoke (1). A large percentage of the
excess mortality in schizophrenia is possibly smoking related (30). Additionally, smoking is
reported to be a significant risk factor for type 2 diabetes (31) and to limit the effectiveness
of interventions designed to reduce health inequalities that are associated with
socioeconomic status (32). Smoking represents a modifiable risk factor that should be
targeted to reduce CVD risk.

Surprisingly, obese schizophrenia spectrum patients had significantly lower mean total
cholesterol and LDL cholesterol values than obese controls. One possible reason for this
reduction was that one-third of sample patients received pharmacotherapy for
hypercholesterolemia, while only 19% of the matched sample received this treatment.
Another possible reason is that the most prescribed antipsychotic medication for sample
patients, risperidone, was associated with a reduction in total cholesterol levels during the
CATIE study (33). Although it did not reach statistical significance, obese schizophrenia
spectrum patients tended to have lower mean HDL levels than controls. Epidemiological
evidence suggests that low HDL values contribute to elevated CVD risk (34). Increased
physical activity coupled with dietary modification and modest weight losses provide
numerous improvements to lipid and glucose metabolism that could reduce excess CVD risk
for schizophrenia spectrum patients (35–37).
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This study has some limitations that must be acknowledged. First, this was a cross-sectional
analysis, with a limited sample size, so results should be interpreted carefully. Since sample
patients were volunteers for a weight loss research study, our results may not be generalized
to all individuals with SMI, but this study provides insight into the prevalence of CVD
events for obese schizophrenia spectrum patients seeking weight loss treatment. Second, the
Framingham general CVD risk calculator has not been validated yet for individuals with a
schizophrenia spectrum diagnosis. Finally, longitudinal studies are necessary to determine
the relationship between estimated CVD risk and CVD mortality in this population. A
previous study using the Framingham 10-year coronary heart disease calculator (38)
reported that schizophrenia patients from the CATIE study had higher risk than controls
(24), so the general CVD risk calculator, which represents an update to this tool, likely
provides similar validity. The results from this study could be used to help develop specific
CVD risk calculators for individuals with SMI. For example, incorporating socioeconomic
status may improve CVD risk estimates within this population. Strengths of this study
include a large schizophrenia spectrum sample and the use of a BMI matched control group.

Schizophrenia impacts one percent of the population and many of the individuals affected by
this disease are obese. Obese schizophrenia spectrum patients have significantly increased
general CVD risk and higher vascular ages than matched controls without SMI.
Schizophrenia often limits future educational prospects and socioeconomic status by
occurring at an early age. These patients have less knowledge of how to reduce heart disease
risk by modifying dietary intake and physical activity (39). Patients’ diet, physical activity,
and medications should be monitored diligently by clinicians (40). A complete metabolic
screening, including a fasting glucose measurement and lipid panel, are essential for
improving CVD outcomes in this population. Vascular age represents an easier way to
communicate CVD risk, and the 10-year general CVD risk calculation allows clinicians to
assess several risk factors simultaneously to guide their treatment decisions.
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Figure 1. Probability of a CVD event in 10 years
Abbreviations: SP, schizophrenia spectrum patients.
Normal reference percentage was calculated using values for a 47 year old female with no
risk factors (systolic blood pressure = 125 mmHg, total cholesterol level = 180 mg/dl, and
HDL cholesterol level = 45 mg/dl).
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Table 1

Study sample characteristics

Variable Obese schizophrenia spectrum
patients (n= 106)

Obese NHANES controls
(n=197)

t or χ2 p

Female (%) 61 57 0.57 0.45

AA/C/H (%) 55/41/4 50/41/9 2.83 0.42

Smokers (%) 49 23 20.8 ≤ 0.001

Hypertension treatment (%) 46 35 3.99 0.05

*Diabetes (%) 48 15 38.1 ≤ 0.001

Hypercholesterolemia treatment (%) 33 19 7.71 0.005

BMI (mean± SD), (kg/m2) 37.9 ± 7.8 37.1 ± 6.8 1.02 0.31

Waist circumference (mean± SD), (cm) 118.4 ± 16.0 114.2 ± 14.5 2.27 0.02

Men 120.1 ± 17.8 115.2 ± 14.1 1.68 0.10

Women 117.4 ± 14.7 113.4 ± 14.8 1.71 0.09

SBP (mean± SD), (mmHg) 127 ± 17 124 ± 15 1.49 0.14

Total cholesterol levels (mean± SD), (mg/dL) 181 ± 43 198 ± 42 −3.41 0.001

HDL cholesterol levels (mean± SD), (mg/dL) 47 ± 14 50 ± 14 −1.93 0.06

LDL cholesterol levels (mean± SD), (mg/dL) 107 ± 39 119 ± 36 −2.42 0.02

Triglycerides (mean± SD), (mg/dL) 131 ± 69 149 ± 115 −1.36 0.18

Actual age (mean± SD), (years) 47.5 ± 8.3 47.7 ± 8.5 −0.24 0.82

Vascular age (mean± SD), (years) 61.6 ± 14.3 54.5 ± 15.6 4.03 ≤ 0.001

*
Represents the number of individuals diagnosed with Type 2 diabetes or met criteria with impaired fasting glucose.

Abbreviations: AA, African American; C, Caucasian; H, Hispanic; BMI, body mass index; SBP, systolic blood pressure; HDL, high-density
lipoprotein; LDL, low-density lipoprotein.
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Table 2

Psychiatric and somatic medications used by obese schizophrenia spectrum patients (n= 106)

Antipsychotic medications n (%)

Risperidone 22 (20.8)

Aripiprazole 21 (19.8)

Clozapine 18 (17)

Fluphenazine 15 (14.2)

Quetiapine 15 (14.2)

Haloperidol 13 (12.3)

Perphenazine 12 (11.3)

Olanzapine 10 (9.4)

Ziprasidone 10 (9.4)

Paliperidone 3 (2.8)

Thiothixene 2 (1.9)

Mood stabilizer medications

Divalproex Sodium 20 (18.9)

Lamotrigine 9 (8.5)

Gabapentin 4 (3.8)

Valproic Acid 2 (1.9)

Lithium 1 (0.9)

Antidepressant medications

Trazodone 11 (10.4)

Sertraline 8 (7.5)

Citalopram 6 (5.7)

Paroxetine 4 (3.8)

Mirtazapine 2 (1.9)

Imipramine 1 (0.9)

Venlafaxine 1 (0.9)

Anxiolytic medications

Clonazepam 13 (12.3)

Lorazepam 3 (2.8)

Diazepam 1 (0.9)

Buspirone 1 (0.9)
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Table 3

Metabolic syndrome risk factors present for obese individuals with (n = 106) or without (n =197) a
schizophrenia spectrum diagnosis

Metabolic syndrome criteria Obese schizophrenia
spectrum patients: n (%)

Obese NHANES
controls n (%)

Low HDL (< 40 mg/dL for men or < 50 mg/dL for women or undergoing
pharmacotherapy for reduced HDL)

55 (51.9) 68 (34.5)

High Triglycerides (> 150 mg/dL or undergoing pharmacotherapy for
hypertriglyceridemia)

53 (50) 58 (29.4)

High blood pressure (> 130/85 mmHG or undergoing pharmacotherapy for
hypertension)

73 (68.9) 110 (55.8)

Impaired fasting Glucose (>100 mg/dL or undergoing pharmacotherapy for
hyperglycemia)

64 (60.4) 79 (40.1)

High waist circumference (>88 cm for women or > 102 cm for men) 100 (94.3) 184 (93.4)

Number of risk factors present

0 1 (0.9) 5 (2.5)

1 9 (8.5) 28 (14.2)

2 25 (23.6) 73 (37.1)

3 22 (20.8) 50 (25.4)

4 26 (24.5) 30 (15.2)

5 23 (21.7) 11 (5.6)

Metabolic syndrome inclusion criteria were the presence of at least three of the five risk factors
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