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Abstract
Objective: This study sought to determine whether waist to height ratio (WhtR) can be used to identify psychiatric patients
at risk for metabolic syndrome (MetS). Body mass index (BMI) is most often used as the primary determinant for MetS in
current screening protocols. There is currently no defined range of values of BMI that determine the level of risk. Psychiatric
patients have twice the risk of dying from cardiovascular events than the general population. Cardiovascular disease has been a
consequence of metabolic dysregulation that is common to MetS which involves abnormalities in at least three of the following
biometric parameters: increase waist circumference, decreased high density lipids (HDL), increased triglycerides (TRG), ele-
vated fasting blood sugar (FBS) and elevated blood pressure (BP). It is well documented that antipsychotic medication is a risk
factor for developing MetS.

Methods: A retrospective record review (n = 48), evaluated the clinic records of psychiatric patients treated with antipsychotic
medication. Data from these records compared the relationship between the WhtR and BMI. The association between WhtR and
BMI was analyzed through a Pearson correlation analysis and their respectively sensitivity and specificity for predicting risk for
MetS was analyzed using a Receiver Operating Characteristic (ROC) curve. Confounding of the relationships between WhtR
and risk of MetS by other risk factors was examined using generalized linear models.

Results: Pearson coefficients of BMI and WhtR revealed a strong positive correlation r = 0.935, p = .01. Furthermore, WhtR was
evaluated utilizing a ROC curve and demonstrated maximum sensitivity between 0.52 and 0.58 with the maximum specificity at
78%. Both WhtR and BMI showed robust measures in determining metabolic syndrome risk. The relationship between WhtR
and risk of MetS existed even when controlling for other factors.

Conclusions: The ratio of waist circumference to height, can provide a reliable low-cost, non-invasive form of measurement
that can be performed in any setting, to monitor the progression of metabolic involvement.

Key Words: Antipsychotic medication, Cardiovascular disease, Metabolic syndrome, Psychiatric patients, Screening tool

1 Introduction

It is estimated that individuals who have been diagnosed
with a disease involving a formal thought disorder as is seen
with schizophrenia, have twice the chance of developing
metabolic syndrome (MetS) when compared to the general

population.[1] MetS is defined by the American Heart As-
sociation (AHA) and the International Diabetes Federation
(IDF) as abdominal obesity and two of the following con-
ditions: hypertension, dyslipidemia, and hyperglycemia.[2]

Research shows that 31% to 34% of the population who
live with serious and persistent psychiatric disease compli-
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cated by MetS die from cardiovascular disease. The use of
antipsychotic medication has been well documented a ma-
jor risk factor for cardio-metabolic changes that point to
MetS. Efforts in recent years to better understand the re-
lationship between these variables has been instrumental
in providing data to support the development of evidence-
based guidelines for safer clinical practice when the antipsy-
chotic medications are a dimension of the treatment plan.
The American Diabetes Association (ADA) and American
Psychiatry Association (APA) have developed a guideline
schedule for evaluating those biometrics that can identify
metabolic syndrome risk.[3] In this guideline, weight gain
and subsequently Body Mass Index (BMI) are the predom-
inant parameters evaluated, and waist circumference is rec-
ommended only annually.

MetS is not well understood but occurs more frequently than
by chance alone in individuals diagnosed with serious men-
tal illness.[4] Known risk factors that contribute to height-
ened chances for the onset of MetS include central obesity,
elevated fasting blood sugar (FBS), elevated blood pressure
(BP), elevated triglycerides (TRG), and reduced high den-
sity lipids (HDL). Central obesity or abnormally large waist
circumference has been debated in the literature as a con-
troversial measurement parameter and has not been con-
sistently considered as a diagnostic criteria for determining
MetS.[5]

Per the AHA and IDF definition of MetS, waist circumfer-
ence is the one mandated parameter to determine risk, how-
ever this is not always the case in the literature. Saloojee,
et al.[6] found that out of 331 persons studied with severe
mental illness only 0.6% had documented waist circumfer-
ence measured. This study aims to examine the utility of
a sensitive non-invasive screening tool which can be used
to determine MetS risk in persons receiving antipsychotic
medications. This tool utilizes a metric which measures the
Waist to Height Ratio (WhtR), calculated by dividing the
waist circumference by the height. The WhtR values greater
than 0.5 document an increased risk associated with MetS in
non-psychiatric populations.[7] WhtR can be used to iden-
tify individuals who live with chronic and persistent psy-
chiatric illness, and are at risk for emergence of metabolic
syndrome in light of treatment with antipsychotic medica-
tions.

The main purpose of this study was to examine WhtR, and
BMI with waist circumference, in a community-based sam-
ple of individuals diagnosed with chronic and persistent
mental illness to determine if this metric is a reliable pre-
dictor of metabolic risk. The second purpose of the study
was to evaluate whether the WhtR is a more sensitive pre-
dictor then either BMI or waist circumference alone in de-
termining the level of metabolic risk. This study sample
consisted of n = 48 of individuals receiving care in a com-
munity mental health clinic, who are currently receiving at
least one antipsychotic medication.

If the WhtR can be supported as a reliable, economical, non-
invasive screening tool for accurately assessing metabolic
risk, it can be used to initiate early intervention in those de-
termined to be at risk for MetS. In some cases, the plan
may include referral to the primary care provider for the
monitoring of the development of comorbidities associated
with MetS. In other scenarios, changes or adjustments in
antipsychotic medication prescriptions could help to reduce
metabolic risk. Conversely, BMI which has long been used
as the measurement for metabolic risk in the literature, does
not have specific BMI parameters identified that determine
metabolic risk.

1.1 Literature review

The seriously mentally ill have been found to be more at
risk than the general population for developing diabetes and
subsequently MetS.[8] Prescribing antipsychotic medication
to a person already at risk for developing diabetes can com-
pound this risk and potentiate cardiovascular complications
or even death. Currently there are multiple parameters that
determine metabolic syndrome depending on the definition
used. Weight gain, however, is the most often addressed
in the literature to determine whether a patient is at risk for
developing diabetes and MetS. However, within the most re-
cent literature, there are references to other parameters that
can be used to assess an individual’s potential risk, therefore
establishing alternative ways to determine metabolic com-
plications. For example, Meyer, et al. references the In-
ternational Diabetes Federation criteria from 2005 to state
that “an emphasis on abdominal adiposity is a necessary
condition that must be met for metabolic syndrome to be
diagnosed”. This parameter, abdominal girth or waist cir-
cumference, in addition to a minimum of two to four other
criteria such as elevated TRG > 150 mg/dl, low levels of
HDL < 40 mg/dl in men and < 50 mg/dl in women, elevated
BP > 130/85 mmHg or on hypertensive medication, and el-
evated FBS > 100 mg/dl or on insulin or oral hypoglycemic
medications, can confirm the presence of MetS.

Carey, et al.[9] also support the International Diabetes Fed-
eration’s 2005 criteria for MetS when they concluded in
their earlier study that after direct measurements “body fat
distribution appears more important than obesity in deter-
mining insulin resistance and possibly risk of Non-Insulin
Dependent Diabetes Mellitus (NIDDM)”. More recently
the measurement of waist circumference has come under
scrutiny by Ashwell, Gunn & Gibson as an incomplete de-
terminant of potential cardio-metabolic development. Their
meta-analysis shows that the ratio of waist circumference
to height is a better parameter for determining risk. Since
this ratio is a novel measurement tool, a literature search
was done on metabolic risk in the mentally ill who are pre-
scribed antipsychotic medication to determine the most uti-
lized form of measurement for potential MetS.
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1.2 Literature sources

A search for relevant literature articles was conducted on
the following electronic databases: Cumulative Index of Al-
lied Health Literature (CINAHL), Medline, PsychArticles,
PsychInfo and Cochrane Database of Systemic Reviews.
The search articles were dated from January 1, 2005 through
December 31, 2012. They were full text articles and in-
cluded an abstract. Each database was searched for the
keyword terms antipsychotic medication and antipsychotic
agents since relevance to the project was dependent on the
use of antipsychotic medication. An additional advance
Boolean term joining weight gain, metabolic or metabolic
syndrome and antipsychotic medication or antipsychotic
agent also was used to include keywords in articles that
identify the accepted pre-diabetic symptom of weight gain
and the prodromal symptom of potential metabolic syn-
drome. One article, which was found in an additional elec-
tronic search, referencing a clinical measurement of waist to
height to determine cardiovascular metabolic syndrome, us-
ing the terms obesity and adulthood was also included in
the relevant article list. This article, Ashwell, Gunn and
Gibson, will be sited as the basis for determining the pol-
icy improvement in identifying early metabolic syndrome
potential in patients receiving antipsychotic medication by
measuring the WhtR.

The number of references found through an electronic
database search totaled 199. Eighteen duplicates identified
in Refworks R© were excluded leaving a total of 181 refer-
ences. Additional references excluded were those in lan-
guages other than English and non-journal references such
as: editorials, books, and dissertations. Dementia references
were excluded unless specific identification of treatment
with anti-psychotic medications and reference to metabolic
parameters was documented. One hundred and fifteen were
excluded due to irrelevant content related to this literary re-
view. Irrelevant causes for exclusion included: animal tri-
als, children, articles on genetic markers, medication trials
for efficacy which did not specifically address side effects,
and bipolar diagnosis with mood stabilization medications.
A total of 66 articles were then reviewed for inclusion and
exclusion criteria.

Of the 66 remaining articles, each was reviewed by the au-
thor for relevant content. Using the inclusion criteria, 16
articles and an additional two articles hand searched were
added for a total of 18 total articles reviewed. Each cho-
sen article needed to include; adult participants with or
without adolescent participants, the use of second genera-
tion antipsychotic medication, participants diagnosed with
a psychotic disorder and a list of specific parameters which
were measured to determine metabolic impact. The types
of articles included were: random controlled trials (RTC),
cross-sectional studies, systematic reviews, meta-analyses,
one survey study, one observational study and one interven-
tional study.

Articles excluded were those that focused on: adolescents
only, the etiology of weight gain or metabolic changes in-
cluding genetic references, specific treatment management
strategies, cost effectiveness, qualitative studies, those on
multiple other psychotropic medications and participants
that had significant co-morbid medical diagnoses.

1.3 Literature results

The first item to be reviewed is to determine the consis-
tency with which the literature measures the effect of an-
tipsychotic medication on the patients studied. BMI was
considered the primary measurement to determine potential
metabolic impact with 14 out of 18 studies using BMI as
a method of measurement. In addition to BMI, ten stud-
ies looked at weight gain as an independent parameter of
change with or without BMI. Only four references identi-
fied waist circumference as a parameter while six studies
measured lipid levels, either TRG, HDLs, LDL or choles-
terol (CHOL). Two references looked at family history as a
parameter of measurement with specific focus on parent’s
BMI. Fasting glucose was used in four cases and insulin
levels were measured in only two instances; one by direct
insulin measurement through an insulin suppression test.
This was the first insulin suppression test done on patients
who were actually taking antipsychotic medication and had
a psychotic disorder. In the past testing was performed only
on general population volunteers taking antipsychotic med-
ication.[10]

Other areas were reviewed as having epidemiologic causes
for potential metabolic syndrome, such as gender, age and
pre-treatment elevated BMI. Gender was addressed in two
studies. Allison, et al.[11] found that there was no sig-
nificant correlation between baseline BMI and subsequent
weight gain when testing ziprasidone, olanzapine, risperi-
done and haloperidol, by either gender or premorbid BMI.
Their hypothesis was based on an artifact created when se-
rial weights are obtained causing a regression toward the
mean (RTM) when these weights are not compared to an
adequate control group. Allison’s results were contradictory
from Gebhardt, et al.[12] who showed by regression analy-
sis that a predictive value of higher premorbid BMI deter-
mines higher post-treatment BMI. Likewise to be true, gen-
der (female) and lower age also were predictive of greater
weight gain. Gebhardt outcomes, however, these were based
on a small dataset of 65 participants, with the power being
too small to validate its generalization. In only one study,
Meyer, et al. did the researchers describe a movement to-
ward metabolic syndrome that did not include weight gain.
Meyer’s determination of metabolic syndrome was based on
HDL, BP, and waist circumference, all of which can be de-
termined without fasting test results. Stahl, et al.[13] ad-
vocates for complete pre-morbid condition screening due to
the fact that some SGAs can rapidly increase TRG levels re-
sulting in an increase in insulin resistant without an increase
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in weight.

In line with Stahl’s recommendation that extensive pre-
treatment screening tests be performed before anti-
psychotic treatment begins at least two references discussed
the previous treatment obtained by the participants used for
these studies. In the systematic review done by Alvarez-
Jimenez, et al.[14] they discuss 51 RCT’s examining the use
of olanzapine, risperidone and haloperidol and the resulting
weight gain and changes in BMI. They argue that the mixed
samples of naive treated patients and those with chronic
mental illness with a varied history of treatment histories
can confound the results of weight gain. He theorizes that
when the samples include chronically mentally ill patients
that they have in most cases already gained weight with pre-
vious med trials and that their weight gain has in some cases
plateaued. Therefore mixing them with newly diagnosed pa-
tients with psychotic disorders, could artificially lower their
weight gain threshold. He believes this factor could be de-
creased by three or four times the expected weight gain of
the newly diagnosed. Kraemer, Minarzyk, et al.[15] after
studying 718 participants with newly diagnosed schizophre-
nia found that these patients had significantly lower rate
of metabolic syndrome parameters than patients previously
treated with both first generation and second generation an-
tipsychotics. Lipovich, Jacobson, et al.[16] found that after
evaluating the degree of early weight gain was determined
they could predict the potential of future weight gain look-
ing at olanzapine. Significant weight gain was considered to
be an increase of 7% or more.

The following results of the literature search indicate that
weight gain and its associated BMI increases and not cen-
tral adiposity are used by the psychiatric and pharmaceu-
tical industry as a primary measurement for potential dia-
betes and metabolic syndrome. In spite of the evidence that
weight gain is not always present in metabolic syndrome;
and that some individuals do not gain weight while receiv-
ing antipsychotics, consistent waist circumference measure-
ments are not globally accepted as a measure for metabolic
syndrome screening. Examples of parameters used to mea-
sure metabolic syndrome are seen in Table 1.

2 Methods
A retrospective record review was performed utilizing data
provided from a sample derived from a community mental
health clinic. The researcher used this convenient sample
to extract data related to metabolic risk associated with the
prescription of antipsychotic drugs.

The electronic medical record system, of 1,000 clients,
was queried to identify those clients treated for a psy-
chotic disorder. Inclusion criteria determined the selection
of records which contained a diagnosis of schizophrenia
(295.0, 295.10, 295.30, 295.90), schizoaffective disorder
(295.70), delusional disorder (297.1) and psychotic disor-

der (298.90),[24] n = 214. Exclusion criteria included all
cases with a secondary diagnosis of development or intellec-
tual disability, those with a diagnosis of dementia or records
that had missing biometric or lab data, leaving, n = 89. Of
the 89 remaining records, 48 records (22%) met all the bio-
metric measures available for review criteria to determine
metabolic risk: BP, height, weight, waist circumference,
TRG, HDL and either FBS or Hemoglobin A1c (HbA1c). In
these 48 records all biometric and lab values were obtained
within a 15 day period and therefore their respective records
were included in the study. A 15-day time span was chosen
to assure that lab values and biometric data were obtained
without possible significant change to ether value over an
expanded time frame.

Lab values were either obtained from the clinic labora-
tory services, or from the primary care provider’s medical
records. Data extracted from these records did not include
cultural or ethnic details due to lack of consistent informa-
tion downloaded on the electronic medical records in 2012.
Since many of the clinic records were originally created
years prior to installation into the electronic medical record,
cultural and ethnic detail was not obtained when the patients
started treatment in the clinic.

2.1 Measures

For the purpose of this study metabolic syndrome was de-
fined by the combined criteria from the AHA and the IDF.
Common measures between the AHA and IDF criteria in-
cluded the presence of an enlarged waist circumference (ab-
dominal adiposity), as a necessary factor for metabolic syn-
drome. Both the AHA and IDF specify that in females the
waist must be greater than 35 inches, and in males greater
than 40 inches. Two other laboratory findings must also
be present to identify metabolic syndrome, they are either:
TRG over 150 mg/dl, HDL less than 40 mg/dl in males and
50 mg/dl in females, FBS greater than 110 mg/dl, and blood
pressure greater than 135 mmHg systolic or 85 mmHg di-
astolic. HbA1c with a cut-off of 6.2 (for normal range) was
used for those cases without a fasting blood sugar.[25]

2.2 Data collection

Biometric data was extracted from the electronic medical
record and placed in an Excel spreadsheet. The data col-
lected included: blood pressure, height, weight and waist
circumference from the individual client visit notes. WhtR
was calculated by dividing waist circumference in inches by
height in inches. BMI was calculated using the documented
weight in pounds and height in inches in the following equa-
tion, (ht × 703)/(wt × wt). Medication(s) for hypertension,
hyperlipidemia or hyperglycemia was recorded as a posi-
tive value for their respective conditions on the Excel sheet.
Laboratory data were also collected and collated with blood
pressure, height, weight and waist circumference if dated
within a 15-day span.
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Table 1: Metabolic syndrome measurement parameters
 

 

Citation Study design Analysis Sample Variables Studied Measurement Implications Findings 

Meyer JM, et 
al.[4] 

Meta analysis 

The change in proportion of 
subjects with Metabolic 
Syndrome (MetS) and 
individual criteria was 
compared between 
antipsychotic treatment 
groups. 

661 

First generation 
antipsychotic (FGA) and 
second generation 
anti-psychotics (SGA) 

WC, BP, HDL 
Need to replicate 
findings in an unbiased 
study 

Stratification of antipsychotic from 
the least metabolic effect to the 
most. BMI or wt. not needed for 
diagnosis of MetS Hypothesis that 
4 parameters needed for a 
diagnosis of MetS was disproved 

Citromere L, 
et al.[5] 

Literature 
review and 
meta-analysis 

MetS with olanzapine use, the 
general population and the 
seriously mentally ill.  

135 
olanzapine other SGAs, 1st 
generation antipsychotics. 

Wt., BMI, 
glucose, 
insulin or lipids

Mental ill pts. are at risk 
of MetS with or without 
olanzapine use 

Wt. gain and positive MetS 
parameters are seen: 1) mentally 
ill; 2) general population; 3) 
olanzapine patients

Holt I, et 
al.[8] 

Systematic 
review  

Addressed the role of genetics, 
environment, and 
antipsychotic medication in 
obesity seen in the mentally 
ill. 

105 references 

Areas searched: 1) serious 
mental illness. 2) genetic 
predisposition. 3) 
pathogenesis of wt. gain. 4) 
antipsychotic medication 
used

BMI, waist 
circumference 

Other factors influence 
obesity in this pt 
population, in addition 
to antipsychotics 

Obesity is more likely to be seen in 
the seriously mentally ill. Cause of 
obesity in the chronically mentally 
ill is due to genetics and 
environment.  

Kim SH, et 
al.[10] 

Interventional 
study 

Measure the relationship 
between BMI and insulin 
resistance 

54 
Olanzapine risperidone 
aripiprazole 

BMI, insulin 
suppression 
test 

This was the first 
insulin resistant testing 
with psychiatric  
patients receiving  
antipsychotic treatment 

Olanzapine treated pts are more
Insulin resistant than those on 
Risperidone or aripiprazole Pts on 
SGA similar BMI and Insulin 
resistant as general Population

Allison DB, 
et al.[11] 

Meta analysis 
Whether drug-induced wt. 
gain was moderated by 
baseline BMI 

470 
ziprasidone, olanzapine, 
risperidone and 
haloperidol 

BMI 

Baseline BMI has no 
effect on the amount of 
wt. gain after 
antipsychotic treatment. 

No significant findings that there is 
a correlation between baseline 
BMI and subsequent wt. gain 

Ephardt S, et 
al.[12] 

Retrospective 
cross-sectional 
design. 

The study was to determine 
whether other factors, such as 
family BMI, history 
premorbid BMI, age and 
gender effect wt. gain from 
antipsychotic medications. 

94 reduced to 65 
participants 

1) On either: clozapine, 
olanzapine or risperidone. 
2) treatment for psychotic 
disorder. 3) no medical or 
neurological disorders 

Premorbid 
BMI, BMI of 
parents, 

After the inclusion and 
exclusion criteria were 
applied to the study 
group the sample size 
was reduced to 65 
participants. Power 
number of participants 
is questionable for 
predictive qualities 

1) increase BMI of parents 
predicted increase BMI patients. 2) 
regression analysis shows a 
predictive value of higher 
pre-morbid BMI to determine 
higher BMI with antipsychotic 
use. 3) lower age and sex (female) 
are also predictive of greater wt. 
gain. 

Stahl S M, et 
al.[13] 

Clinical 
overview 

Overview of cardio-metabolic 
risk induced by antipsychotic 
drugs 

48 articles 
referenced 

clozapine, olanzapine, 
risperidone, quetiapine, 
ziprasidone, aripiprazole 

BMI, wt. gain, 
FBS, TRG, 
HDL, waist 
circumference 

Addresses Diabetic 
ketoacidosis side effect 
of SGA. Questions 
whether there is an 
acute receptor-mediated 
action of SGAs on 
insulin resistance 
without gaining weight. 

Guidelines for pre-morbid 
condition screening. Some SGAs 
rapidly inc TRG and resulting 
insulin resistance w/o inc in 
weight. 

Alvarez-Jime
nez M, et 
al.[14] 

Systematic 
Review 

Critical review of RCTs* 

involving wt. gain with FGA 
and SGA 

51 studies 
olanzapine, risperidone 
and haloperidol 

BMI, wt. gain 

Using mixed samples of 
patients can alter 
estimates of wt gain by 
3 to 4 times. Chronic 
patients might have 
stabilized wt. gain prior 
to testing. 

Comparing mixed samples of 
first-episode and chronic patients 
as well as diverse diagnostic 
groups in RCTs does not 
accurately estimate wt. gain 
results. 

Kraemer S, 
et al.[15] 

Observational 
study 

To assess the prevalence of 
metabolic syndrome in 
patients with schizophrenia 
after 3 months of treatment. 

718 
olanzapine, risperidone 
quetiapine, other SGA, 
typical antipsychotics 

TRG, HDL, 
BP, FBS, BMI 

Longer period of 
observation be 
recommended. 

New patients to medication had 
significant lower values of 
metabolic syndrome parameters 

Lipkovich I, 
et al.[16] 

Post-Hoc 
analysis of 
clinical trial 
data 

Evaluating the predictive 
value of future weigh gain 
based on early wt. gain or 
increase BMI. 

52-week study with 
669 participants, 
28-week study with 
102 participants

olanzapine BMI, Wt. gain 
Early wt. gain can 
predict potential future 
wt. and BMI changes. 

84% of patients who gained less 
than 0.64 Kg/m3 in BMI by week 3 
will gain less than 3 Kg/m3 in 
26-34 weeks

Ascher-Svan
um H, et 
al.[17] 

RCT 

Determine whether gender or 
agent used affects acute wt. 
gain. Broaden therapeutic 
effect: +/- signs of psychosis, 
depression or mental/physical 
functioning 

700 women, 1296 
men 

olanzapine and haloperidal 

Wt gain, BMI, 
BPRS**, 
MADRS# and 
SF-36. Physical 
and mental 
components 

These results cannot be 
generalized due the 
specific agents used. 
Improvement in clinical 
outcomes with SGA use 
cannot be correlated to 
wt gain.

Regression analysis proved gender 
not a significant variable Improved 
clinical indicators correlated with 
more wt. gain, olanzapine group 
had better scores than haloperidol 
group 

Buckley PF, 
et al.[18] 

A 10 question 
survey 

To determine the disparity 
between guideline knowledge 
and clinical practice. 1) use of 
SGA. 2) clinical concerns over 
risks. 3) monitoring for wt 
gain and metabolic change  

258  
All Second Generation 
Antipsychotics (SGA) 

BMI, Family 
or personal 
history BP, 
FBS, lipids, 
waist 
circumferenc. 

2/3 of treaters with 
SGAs are not following 
guidelines for 
determining MetS. 
Further education re: 
guidelines for 
monitoring needed. 

Approximately 1/3 of responders 
consistently monitored glucose 
and lipid, and 4%-6% performed 
waist circumference  

Roerig JL, et 
al.[19] 

Systematic 
Review 

Reviews etiology of wt. gain 
phenomena 

30 tabled articles, 
228 references 

All 10 SGA, haloperidol Wt. gain, BMI 

Genetic data is needed 
to determine why 
different persons have 
different  responses to 
same meds 

Variability of wt.gain across SGAs 
coupled with variability of wt.gain 
in pts receiving same SGA 
questions multifactorial 
phenomena

Parsons B, et 
al.[20] 

Systematic 
review 

Estimates of mean wt. change 
and % of persons experiencing 
wt. gain or loss across studies. 

1742 short-term wt. 
effects participants, 
1649 long-term wt. 
effects participants 

amisulpride, olanzapine, 
risperidone, ziprasidone, 
haloperidol and placebo 

Wt. gain  

Providers prescribing 
practices can be 
influenced by potential 
weigh gain with some 
SGAs.

Ziprasidone wt. gain in both short 
and long term studies was similar 
to placebo. 

Faulkner G, 
et al.[21] 

Selective 
review of 
interventionsa
nd RCTs for 
schizophrenic 
pts. 

An overview of 
pharmacologic and 
non-pharmacologic 
interventions for wt. gain and 
metabolic changes  

56 

olanzepine. risperidone, 
clozapine, ziprasidone, 
antidepressants mood 
stabilizers 

Wt. gain 
Lifestyles changes can 
influence wt. gain from 
antipsychotics 

Prevention of wt. gain and the 
promotion of wt. loss are possible 
for individuals treated with 
antipsychotics.  

Gentile S.[22] 
Systematic 
review 

Analyze the potential patient 
and drug related factors that 
lead to wt. gain from SGAs in 
long term treatment. 

242 articles, 6 
articles hand 
searched 

1) SGAs study’s reviewed:
clozapine aripiprazole 
olanzapine quetiapine 
risperidone. 2) Length of 
treatment. 3) med doses

Wt. gain  

Risperidone was found to be more 
influential on both patient and drug 
related factors that increase wt. 
gain.  

Perez 
Iglesias R, et 
al.[23] 

Prospective 
RCT 

Qualify the wt. gain induced 
by FGA and SGA in cohort of 
drug-naïve subjects after 1 
year of treatment. 

144 
haloperidol, risperidone, 
olanzapine 

Wt. gain, BMI 

Wt gain is continuous 
through-out first year. 
FGA and SGA use wt. 
gain were not 
significantly different. 

Pts continued to gain weight 
during the full year of treatment. 
Differences in wt. gain patterns 
were seen over 1year, but not 
difference in amount of wt. gained.

Verma S, et 
al.[24] 

Cross-sectiona
l study. 

On logistic regression lower 
BMI, female gender and 
younger age were associated 
with clinically significant wt. 
gain 

56 patients 
admitted  

First generation 
antipsychotic and Second 
generation antipsychotic. 

BMI, TRG, 
LDL, CHOL 

 

Significant increases in BMI, 
TRG, LDL and total CHOL from 
baseline readings to 6 months 
readings. 

* Random Controlled Trials; ** Brief psychiatric rating scale; # Montgomery Asberg depression rating scale. 
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2.3 Ethical considerations

The University of Massachusetts Lowell Institutional Re-
view Board approved this study. Data collection, by the
student investigator, occurred between June 6, 2013 until
November 27, 2013, (n = 48). During the data extraction
period an amended IRB approval was obtained in order to
obtain additional demographic information. The following
data was added to the extraction sheet: age, gender and
number of years of treatment. Anonymity was maintained
by using a combination of patient initials (first character of
first name, first and last character of the last name) and the
date the biometric data was obtained. All data were secured
in a locked drawer in a locked office.
Table 2: Psychiatric client’s records characteristic table (N
= 48)

 

 

 Range Mean(SD) 

Age 22-73 46.19(12.11)

WhtR 0.43-0.81 0.63(0.10) 

BMI 19.84-47.00 31.75(7.03) 

 N % 

Gender   

Male 39 81 

Female 9 19 

Antipsychotics   

FGA* 6 13 

SGA** 28 58 

SGA(2) 11 23 

FSA+SGA treatment in years 3 6 

> 10 yrs 38 79 

< 10 yrs 10 21 

Hypertension 25 52 

Dyslipidemia 36 75 

Hyperglycemia 16 33 

Disease risks***   

0 9 19 

1 12 25 

2 18 37 

3 9 19 

* First generation antipsychotic; ** Second generation antipsychotic 

*** Risk of hypertension, dyslipidemia or hyperglycemia 

2.4 Data analysis

All data was downloaded to IBM’s SPSS Statistics software
(version 19). The participants’ demographic information
was analyzed using descriptive statistics that included fre-
quencies for categorical values and mean values and ranges
for WhtR and BMI. Pearson’s correlation and the ROC
curve were used to determine both the WhtR and the BMI
levels of sensitivity and specificity.

ROC curves In order to explore how well WhtR, BMI, and
waist circumference predict being at risk for metabolic syn-
drome, ROC curves were created using SPSS version 19.
The curves were generated using WhtR, BMI, and waist cir-
cumference as test variables and either being at risk or not
at risk of having metabolic syndrome as the state variable.

Generalized linear models Using SPSS version 19, gen-
eralized linear models with Poisson regression was used to
explore whether the relationship between WhtR and hav-
ing metabolic syndrome was confounded by either age, sex,
years on medication, or the number of drugs being taken.
Univariate models testing each of the potential confounders’
relationship to metabolic syndrome were run, along with a
multivariable model including all of the confounders.

2.4.1 Participants

The records of 48 individuals were included in this study:
39 males and 9 females. The mean age of the data was
46.19 with a Standard Deviation of 12.11 years. Treatment
for greater than 10 years was found in 79% of the popu-
lation. And 46% of the population demonstrated metabolic
syndrome with abdominal obesity and two other positive pa-
rameters (see Table 2).

2.4.2 Prevalence of MetS in the population

Using the WhtR parameter of over 0.50, as a parameter
that demonstrates a confirmation of abdomen obesity. Forty
percent show evidence of metabolic syndrome over 0.50
with two risk factors (elevated BP, elevated TRG or hyper-
glycemia elevated over 110 mg/dl or an HbA1c greater than
6.2%). Abdominal obesity with one risk factor is seen in
30%, and abdominal obesity with no risk factors is seen in
10% of the total population. Of all the cases 80% have val-
ues of WhtR greater than 0.50 (see Figure 1, 2).

Figure 1: Frequency of waist to height ratio in subjects
with metabolic syndrome
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Figure 2: Frequency of waist to height ratio without
metabolic syndrome

2.4.3 Correlations between WhtR and BMI

A correlation was made between BMI and WhtR. The Pear-
son correlation coefficient between BMI and WhtR in the
entire sample shows r value was 0.935 with a significance
of p = .01, shown in Table 3.

Table 3: Pearson’s correlation between BMI and WhtR
 

 

 WhtR BMI 

WhtR 1 .935** 

BMI .935** 1 

** Correlation is significant at the 0.01 level (2-tailed) 

2.4.4 ROC curves comparison

Generalized linear mixed models: Using SPSS version 19.
Generalized linear models were used to explore whether the
relationship between WhtR and having metabolic syndrome
was confounded by either age, sex, years on medication, or
the number of drugs being taken. Univariate models testing
the relationship each of the potential confounders’ relation-
ship to metabolic syndrome were run, along with a multi-
variate model including all of the confounders.

2.4.5 ROC curves

As is shown in Table 4, WhtR, BMI, and waist circumfer-
ence are all robust tests for assessing this population’s risk
of metabolic syndrome with areas under the curve greater
than 0.50 (the null-hypothesis indicating no significant abil-
ity to assess risk). All of the values are significant at less
than 0.01.

2.4.6 Generalized linear mixed models

As is shown in Table 5, in a univariate analysis of the as-
sociation between WhtR, age, sex, years on anti-psychotic
drugs, the number of anti-psychotic medications being taken

and risk of metabolic syndrome, only WhtR showed a clear
significant association (p = .013), with each 0.1 increase in
WhtR resulting in a 79.2% (95% Confidence Interval [CI]:
13.3% to 183.3%) increased probability of being at risk for
metabolic syndrome. The number of anti-psychotic medica-
tions being taken is not significant at p = .05, but does show
some association, with those taking only one anti-psychotic
drug having a 55.5% (95% CI: 80.7% lower probability to
3.2% higher probability) lower probability of being at risk
for metabolic syndrome than those who take two antipsy-
chotic drugs (p = .059).

As is shown in Table 5, when controlling for age, sex, years
on medication, and the number of medications being taken,
only WhtR has a significant association with being at risk
for metabolic syndrome (p = .029), with each 0.1 increase
in WhtR resulting in a 75.6% (95% CI: 6.0% to 190.7%) in-
creased probability of being at risk for metabolic syndrome.
All other potential confounders, including the number of an-
tipsychotic medications being taken, which was close to sig-
nificant in the univariable model, show non-significant rela-
tionships in this multivariable model.

3 Discussion
3.1 ROC curves

Based on the different areas under the curve shown in Table
4, WhtR, BMI, and waist circumference are all good models
for predicting individuals in this population being at risk for
metabolic syndrome. Being above the 0.50 cut-off line in-
dicates that the as sensitivity (the ability to accurately diag-
nosis someone with the metabolic syndrome) increases sig-
nificant specificity (the ability to not inaccurately diagnose
some with metabolic syndrome) is not lost and as specificity
increases, significant sensitivity is not lost. The confidence
intervals for all of the test variables making it difficult to de-
termine if one test variable is better than any of the others,
most likely due to the relatively small sample size.

3.2 Generalized linear models analysis

As indicated by both the univariate analysis in Table 5 and
the multivariate analysis in Table 6, WhtR has a strong rela-
tionship with risk of metabolic syndrome, which exists even
when controlling for several potential confounders. This in-
dicates that it is less likely to be due to any association be-
tween these confounders and the risk of metabolic syndrome
that is causing this association, but rather due to the relation-
ship between WhtR itself and metabolic syndrome itself.

The answer to the question of whether WhtR is a sensitive
screening tool to measure metabolic risk, can also be sup-
ported when reviewing the correlation between BMI and
WhtR. BMI has long been used in the literature for deter-
mining metabolic risk.[26] A correlation to WhtR of greater
than 93% would support the finding that WhtR is a valid
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form of measure in determining metabolic risk as it com-
pares to BMI.

BMI values although used to measure metabolic risk have
never been specifically identified when a metabolic syn-
drome risk occurs. BMI above 25 identifies an individual

in the overweight category however, this does not confirm
the individual is at metabolic syndrome risk. Some recent
studies may support the fact that a BMI greater than 25 but
less than 35 can offer protection from cardiovascular disease
as the “obesity paradox”.[27]

Table 4: Comparison of ROC analysis using WhtR, BMI and waist circumference to predict risk of metabolic syndrome
 

 

Variable Area Under the Curve Std. Error Asymptotic Sig 
95% Confidence Interval 

Lower Upper 

Waist-to-Height Ratio 0.796 0.068 < .001 0.662 0.931 
BMI 0.768 0.072 .001 0.627 0.910 
Waist Circumference 0.770 0.073 .001 0.628 0.912 

 

Table 5: Univariable analysis of association between risk of metabolic syndrome, WhtR and potential confounders
 

 

Variable Rate ratio P-Value 
95% Confidence Interval 

Lower Upper 

Waist-to-Height Ratio 1.792 0.013 1.133 2.833 
Age (Years) 1.014 0.446 0.978 1.051 
Sex     

Female 1.625 0.310 0.636 4.153 
Male 1*  1* 1* 

Years on Anti-Psychotic Medications     
Less Than 10 0.433 0.259 0.101 1.854 
10 or Greater 1*  0.331 0.795 

Number of Anti-Psychotic Medications     
1 0.446 0.059 0.193 1.032 
2 1*  1* 1* 

*Reference group 

Recent findings have revealed epidemiological evidence
showing that overweight and low-obesity categories may
have a protective cardiovascular effect in the presence of
chronic conditions (e.g., heart disease or diabetes) or older
age when compared with normal weight or severe obesity.
A current meta-analysis of 97 studies has included more

than 2.88 million subjects and over 270,000 deaths with the
aim of studying the relationship between BMI and all-cause
mortality. Obesity grade 1 was not related with the end-
point of death or cardiovascular complications, suggesting
that the excess of deaths in obese patients was mainly due
to increased mortality at higher BMI levels.[27]

Table 6: Multivariable analysis of association between risk of metabolic syndrome, WhtR and potential confounders
 

 

Variable Rate ratio P-Value 
95% Confidence Interval 

Lower Upper 

Waist-to-Height Ratio 1.756 0.029 1.060 2.907 

Age (Years) 0.999 0.984 0.943 1.060 

Sex     

Male  1* 0.530 1* 1* 

Female 1.368  0.514 3.614 

Years on Anti-Psychotic Medications     

Less Than 10 0.705 0.738 0.090 5.496 

10 or Greater 1*  1* 1* 

Number of Anti-Psychotic Medications     

1 0.481 0.481 0.201 1.151 

*Reference group 
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More often increasing BMI values are identified as poten-
tial metabolic syndrome risks. This vague determinant for
metabolic risk is difficult to correlate with specific values
identified with the WhtR although the correlation coefficient
clearly identifies a strong relationship with increasing values
of both the WhtR and BMI.

4 Conclusions
4.1 Limitations

The size of the sample records used for this study was only
22% of all the clients with a psychotic disorder in the clinic,
thus yielding an insufficient sample set for significant find-
ings except the correlation between WhtR and BMI. This
lack of consistent screening found in the population of peo-
ple receiving antipsychotic medication is well documented
in the literature.[28]

Some of the confounding influences on the results is gender
of the participant records. There are n = 9 females with n
= 39 males. However in the[17] study with olanzapine and
haloperidol, they found no difference in weight gain be-
tween sexes. The use of second generation antipsychotics
was 58% of the total population, which is expected those
clients with psychotic mental illness are usually prescribed
second-generation antipsychotics as the preferred choice to
decrease the incidence of tardive dyskinesia, which can be
since the result of first generation antipsychotic use.

Also an additional confounding influence could be ques-

tioned due to the age and length of treatment of the clients
studied. This can be can be seen in the demographics which
demonstrate an older, more chronically treated population
with a possibility of years with multiple drug trials. Age
alone, with a mean of 46 years could definitely have an
effect on the metabolic risk increasing with age. Due to
the ages of the studied population and length of treatment,
further research is needed to evaluate the WhtR tool for
metabolic risk in a younger, more treatment naive group.

4.2 Implications for practice

The WhtR a simple, low-cost, non-invasive screening tool
for the psychiatric client receiving antipsychotic medica-
tion, may identify those in need of further metabolic screen-
ing. Options such as medication changes, referrals for spe-
cialized treatment and lifestyle changes may be initiated
based on changing WhtR values rather than screening based
on time in treatment.[7]
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