yduasnuel Joyny Yd-HIN

1duasnuely Joyny vd-HIN

1duosnuely Joyny vd-HIN

"% NIH Public Access

(A & Author Manuscript
st

NATTG,
fiy

Published in final edited form as:
Psychosom Med. 2011 October ; 73(8): 643-647. doi:10.1097/PSY.0b013e318230343f.

Testosterone in Newly Diagnosed, Antipsychotic-Naive Men with
Nonaffective Psychosis: A Test of the Accelerated Aging
Hypothesis

Emilio Fernandez-Egea, M.D., Ph.D.1.2:3, Clemente Garcia-Rizo, M.D.34, Brian Miller, M.D.5,
Eduard Parellada, M.D; Ph.D.348.7 Azucena Justicial-3, Miguel Bernardo, M.D., Ph.D.346.7,
and Brian Kirkpatrick, M.D., M.S.P.H.8

1Department of Psychiatry, University of Cambridge, Cambridge CB2 0QQ, United Kingdom

2Cambridgeshire and Peterborough NHS Foundation Trust, Huntingdon PE29 3RJ, United
Kingdom

3Schizophrenia Program, Department of Psychiatry, Neuroscience Institute, Hospital Clinic,
Barcelona, Spain

4Centro de Investigacion Biomédica en Red de Salud Mental (CIBERSAM). Barcelona. Spain

SDepartment of Psychiatry and Health Behavior, Medical College of Georgia, Augusta, Georgia.
USA

8Institute of Biomedical Research Agusti Pi i Sunyer (IDIBAPS), Barcelona, Spain
"Department of Psychiatry and Clinical Psychobiology. University of Barcelona, Barcelona, Spain

8Department of Psychiatry, Texas A&M University College of Medicine and Scott & White
Healthcare, Temple, Texas

Abstract

Objective—Schizophrenia has been associated with age-related abnormalities, including
abnormal glucose tolerance, increased pulse pressure, increased inflammation, abnormal stem cell
signalling and shorter telomere length. These metabolic abnormalities as well as other findings
suggest schizophrenia and related disorders might be associated with accelerated aging.
Testosterone activity has a progressive decline with increasing age.
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Methods—We tested the hypothesis that circulating biologically active testosterone is lower in
newly diagnosed, antipsychotic-naive male patients with nonaffective psychosis than in matched
control subjects.

Results—Patients (n=33) were matched to control subjects (n=33) for age, gender, body mass
index, socioeconomic status of the family of origin, and smoking. The free androgen index (FAI),
a measure of biologically active testosterone, was significantly lower in the psychosis group
[mean 57.7%, SD=26.1] than in control subjects [71.6%, 27.0; p=0.04], with an effect size of 0.53.
Multivariate analysis also supported the findings. In the psychosis group, FAI had a significant
negative correlation with the conceptual disorganization item (r=-0.35, p=0.049), but not with
reality distortion (r=-0.21; p=0.24), negative symptoms (r=0.004; p=0.98) or depression (r=-0.014;
p=0.94).

Conclusion—Lower testosterone is consistent with accelerated aging in nonaffective psychosis,
but further testing of this hypothesis is needed.
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1. Introduction

Schizophrenia has 1% lifetime prevalence in the general population, causing long-term
disability to the majority of affected persons. The neurodevelopmental hypothesis of
schizophrenia indicates that under a background of genetic vulnerability, intra-uterine insults
affect brain development leading to the onset of schizophrenia during adulthood (1).
However, the mechanism that link early insults with schizophrenia onset remains elusive.

Intra-uterine insults are associated with other medical illnesses having onset in adulthood,
which may represent a model for studying schizophrenia. Epidemiological studies have
correlated early insults to type 2 diabetes mellitus (T2DM) onset later in life, leading to the
so-called “Barker's thrifty phenotype hypothesis” (2). Molecular pathways underlying the
mechanisms by which a suboptimal foetal environment leads to increased risk of T2DM in
adulthood suggest a role for oxidative damage and the over-activation of the molecular
pathways related to aging (3). In our previous work, we have studied schizophrenia and
molecular biomarkers of aging, under the theoretical framework of schizophrenia as a
disorder of accelerated aging (4). We reported a reduced telomere content (5) (a proxy of
telomere length or TL), significantly lower blood levels of SDF-1a (6), a molecule that is
critical in maintenance, mobilization and homing of adult stem cells (7) and we also found
increased blood levels of the pro-inflammatory cytokine interleukin-6 (IL-6) (8). Our group
has reported an increased prevalence of additional age-related features subjects with
schizophrenia, which include abnormal glucose tolerance (8-10) and increased pulse
pressure (5). In this study, we aim to study another biological marker of the aging
phenotype: androgens.

There is a progressive decline of sex hormone levels in normal aging, starting during the
early twenties (11). Testosterone, which is the main androgen in males, is secreted almost
exclusively by the Leydig cells of the testes and is largely bound to plasma proteins, with 1—
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2% free in blood, 40-50% loosely bound to albumin, and 50-60% specifically and strongly
bound to the sex hormone-binding globulin (SHBG) (11). Free and albumin-bound
testosterones form the two pools that are readily available for biological action. In men, total
testosterone blood levels decline on the order to 1.6% per year, whereas SHBG increases
around 1.2% per year (12), leading to a decline in the availability of biologically active
testosterone. There are several ways of measuring biological active testosterone. The free
testosterone index, also known as the free androgen index (FAI), is a widely used indicator
of androgen activity, above testosterone total level. FAI represents the ratio of total
testosterone to SHBG (expressed as a percentage), and therefore quantifies biologically
active, or available, testosterone. The amount of testosterone produced by Leydig cells is
primarily under the control of LH. Besides aging, other factors influence the FAI. For
instance, obesity and a sedentary lifestyle influence androgens by decreasing SHBG levels;
on the other hand, nutritional deficiency increases levels of SHBG (13).

Nonaffective psychosis shares genetic, neuropsychological and neuroimaging abnormalities
with schizophrenia (14). As a partial test of the hypothesis that schizophrenia and related
disorders are associated with an excess of age-related features, we tested the hypothesis that
the FAI is lower in newly diagnosed, antipsychotic-naive male patients with nonaffective
psychosis (schizophrenia and related conditions) than in matched control subjects.

2. Materials and methods

2.1 Subjects

Psychotic subjects were consecutively recruited at the time of their first clinical contact for
non-affective psychotic symptoms at a general academic hospital (the Hospital Clinic of
Barcelona), from November 2006 to January 2010. Inclusion criteria for the psychosis group
allowed having a maximum cumulative (lifetime) antipsychotic exposure of one week, and
no antipsychotic use in the 30 days prior to the study; although in this study all subjects were
drug-naive. The psychosis subjects were allowed to receive anti-anxiety medication
(lorazepam) the night before blood was drawn, to a maximum of 3 mg, but not on the day of
assessment. Control subjects were recruited using advertisements. All of the subjects were
Caucasian residents of Spain except for 2 Asian and 1 North African subjects in the
psychosis group.

Inclusion criteria for all subjects were: 1) male, 2) age from 18 to 64 years, 3) no history of
diabetes or other serious medical or neurological condition associated with glucose
intolerance or insulin resistance (e.g. Cushing's disease), 4) not taking a medication
associated with insulin resistance (hydrochlorothiazide, furosemide, ethacrynic acid,
metolazone, chlorthalidone, beta blockers, glucocorticoids, phenytoin, nicotinic acid,
cyclosporine, pentamidine, or narcotics), 5) no history of cocaine use in the previous 30
days, 6) have not previously received an antipsychotic or antidepressant medication, except
having a maximum cumulative (lifetime) antipsychotic exposure of one week, and no
antipsychotic use in the 30 days prior to the study (although in this particular study, all
subjects were drug-naive), 7) No primary diagnosis of drug-induced psychosis. Additional
exclusion criteria for the control subjects were 1) no lifetime diagnosis of schizophrenia or
major depressive disorder, 2) no current diagnosis of adjustment disorder and 3) no first
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degree relative diagnosed with a psychotic disorder. All subjects gave informed consent for
participation in the study, which was conducted under the supervision of the authors'
institutional review boards.

The two subject groups came from a larger cohort of 33 male patients and 42 male control
subjects who had participated in a metabolic study described elsewhere (8) and in whom
testosterone was assayed. From that larger cohort, blind to testosterone blood levels, all 33
subjects from the psychosis group were selected and matched, as a group, to 33 subjects
from the control group for age, BMI, smoking, blood cortisol levels and socioeconomic
status of the family of origin. A secondary, confirmatory multiple regression analysis was
also conducted in which all of the subjects who had been recruited were included (33 and 42
subjects in the two groups, as noted above), Multiple regression models are explained in the
statistical analysis section.

2.2 Metabolic and psychiatric assessment

All subjects were given a two-hour, 75 g oral glucose tolerance test (GTT), which began
between 8 and 9 AM after an overnight fast. At baseline, total testosterone blood levels
(Roche, Elecsys) and sex harmone-binding globulin (SHBG; Roche, Elecsys) were
evaluated. The free androgen index (FAI) was calculated accordingly the formula 100 x
[testosterone (mmol/L) / SHBG (mmol/L)]. Cortisol was measured using a
radioimmunoassay (Immuchem, Ivoz-Ramet, Belgium). Height, weight, and waist and hip
circumference, while wearing underwear and without shoes, were recorded between the
baseline and two-hour blood samples.

Within 24 hours of the blood test, all subjects were interviewed using the Spanish translation
of the Structured Clinical Interview for DSM-1V Axis I Disorders, clinician version (SCID-
). Two psychiatrists (CGR and EFE) interviewed all subjects. They were also administered
the Dartmouth Assessment of Lifestyle Inventory (15), which quantifies substance abuse.
Socio-economic status (SES) of the family of origin was assessed with the Hollingshead-
Redlich scale (16). The Spanish version of the Positive and Negative Syndromes Scale
(PANSS) and the Schedule for the Deficit Syndrome (SDS) (17) were administered only to
the psychosis group. PANSS factor scores were calculated as follows: reality distortion (the
sum of the delusions and hallucinatory behavior item scores), disorganization [the
conceptual disorganization item], negative symptoms (the sum of the scores for the seven
items of the negative syndrome subscale) and depression (sum of guilt and depression item
scores) (18).

2.3 Statistical analysis

The two matched groups were compared using the non-paired Student's t-test, or the 2 test
for comparisons of proportions. Significance was defined as 2-tailed p<0.05 for all statistical
tests, and these were performed using version 16.0 of the Statistical Package for Social
Sciences (SPSS) for Windows.

Two separate linear regression analyses were also performed. In the first analysis, the
matched sample of 33 patients and controls was included. The second analysis included all
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of the subjects who had been recruited (i.e., not only those in the two matched groups; n=33
patients and n=42 control subjects). For each analysis, the dependent variable was FAI; the
independent variables were diagnosis (patients versus controls as a 0/1 variable), age, BMI,
smoking (average number of cigarettes per day), cortisol, and SES. Additional models that
included DALLI scores for alcohol and illicit drug use and/or fasting glucose blood levels
were also performed.

On previous results in factor analytic studies (19) we examined the relationship of domains
of psychopathology to FAI using the r Spearman correlation index. Correlation indexes for
exploring morphometric and testosterone data were also performed.

The two groups were very similar with regard to demographics, BMI, waist to hip ratio,
smoking (which in our sample population was correlated with measures of abuse of other
drugs, including alcohol; data not shown), SES and cortisol blood levels (Table 1). DSM-IV
diagnoses for the 33 subjects were: schizophrenia (n=19; n=17 paranoid subtype and n=2
disorganized subtype), brief psychotic disorder (n=7), schizophreniform disorder (n=3), and
psychosis NOS (n=4).

3.1 Testosterone blood levels

3.2. Multiple

There was a significant difference in the FAI between the two groups (t=-2.123; p=0.04): the
psychosis group had a mean FAI [and SD] of 57.7% [26.1], versus 71.6% [27.0] in the
control group. This corresponding effect size was 0.52, which represents a medium effect
size.

Two other testosterone-related measures, total testosterone and SHBG, did not differ
significantly between the two groups. Total testosterone was 22.0 mmol/L [7.7] in the
psychosis group and 23.1 [6.4] in the control group (t=-0.63; p=0.53); for SHBG the
respective means and standard deviations were 41.7 mmol/L [16.8] and 35.0 [13.3; t=1.73;
p=0.09). A comparison of the entire sample (n=33 subjects with psychosis and n=42
controls) yielded similar results (data not shown).

variant analyses

In order to confirm our results, a linear regression analysis was performed with the matched
sample. FAI was used as the dependent variable and age, smoking habit (average number of
cigarettes per day), diagnosis, SES, cortisol and BMI as the independent variables. This
model explained 23% of the variance (r2 = 0.23) and showed that diagnosis and age were
significant predictors of FAI (Table 2). The linear regression model using the whole sample
yielded similar results (data not shown). Other models that included DAL scores for alcohol
and illicit drug also yielded similar results (data not shown). An additional multiple
regression analysis was performed with fasting glucose as a covariate, which was not a
significant predictor of FAI (p=0.926).
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3.3. Analysis of potential confounding factors

There is biological plausibility for a correlation between fasting glucose levels and FAL.
There was no significant correlation between FAI and fasting glucose in the entire sample
(r=0.10; p=0.40), or in the psychosis (r=-0.04; p=0.83) or control (r=0.24; p=0.18) groups,
separately. BMI did not correlate with either total testosterone blood levels or FAI in the
entire sample (r=-0.08; p=0.50 and r=-0.19; p=0.10, respectively) or in the psychosis
(r=-0.06; p=0.72 and r=-0.22; p=0.21, respectively) or control (r=-0.09; p=0.63 and r=-0.22,
p=0.22) groups, separately. We did not find a correlation between FAI and waist to hip ratio
(WHR) (r=0.08, p=0.55) in the entire sample, or after stratifying by groups (psychosis,
r=0.08, p=0.72; controls r=-0.04, p=0.82). Total testosterone was not correlated with WHR
in the psychosis group (r=-0.23; p=0.30), but was significantly correlated with WHR the
total sample (r=-0.31; p=0.01) and in controls (r=-40; p=0.02).

3.4. FAIl versus age

Figure 1 plots FAI versus age in the two groups. Spearman's rho correlation coefficient was
significant for the entire sample (r=-0.23; p=0.047), and within psychosis (r=-.40: p=0.03).
By contrast, in control subjects, FAI was not correlated with age either in the matched
sample (n=33, r=-0.198; p=0.214) or in the entire sample (n=42, r=-0.17; p=-0.33). Total
testosterone was also significantly negatively correlated with age (r=-0.29, p=0.02). SHBG
was not correlated with age in the whole sample (r=0.40; p=0.70).

In the psychosis group, FAI had a significant negative correlation with the conceptual
disorganization item (r=-0.35, p=0.049), but not with reality distortion (r=-0.21; p=0.24),
negative symptoms (r=-0.004; p=0.98) or depression (r=-0.01; p=0.94).

4. Discussion

In this study, newly diagnosed antipsychotic-naive men with schizophrenia and related
disorders had a lower concentrations of biologically active testosterone, as measured by
FAI, than matched control subjects. These differences could not be attributed to
confounding by BMI, age, psychotropic medications, cortisol, fasting glucose blood levels,
socioeconomic status or smoking. In our primary analysis, the study sample was chosen
from a larger dataset and some subjects were excluded; however, a multiple regression
analysis in both the matched and the entire sample showed a similar pattern of results. We
believe this is the first report of reduced biologically active testosterone in newly diagnosed,
antipsychotic-naive patients with nonaffective psychosis compared to matched control
subjects.

FAI is widely used as an approach for measuring active testosterone, and decreases with
aging (12). FAI is a better measure of testosterone activity than is direct total testosterone
blood levels or SHGB, as the fraction actually available for biological action may vary with
the tissue as well as other factors, including fat mass, loss of muscle and bone mass, or
insulin resistance (13). As expected, total testosterone was lower in the psychotic group
(although not statistically significant) and SHBG was higher in the psychotic group (p=0.08,
no statistically significant). Lack of statistical difference might be due to relatively small
sample size. In our sample, FAI and total testosterone did not correlate with BMI, either in
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the whole sample or after splitting by group. We found a correlation between waist to hip
ratio only in control subjects and total testosterone (not FAI) which is reported in the
literature (20). Psychotic subjects did not show this correlation, supporting the view that
they present a different metabolic pattern.

Our results are consistent with previous reports of reduced total and free testosterone blood
levels in patients with schizophrenia (21-29). However, in these other studies, the
schizophrenia subjects had been chronically exposed to antipsychotic medications. Since
antipsychotics increase the risk of diabetes, and diabetes is associated with low testosterone
concentrations (30, 31), these drugs are an important potentially confounding variable. One
study did include several drug-naive subjects, but they were not evaluated as an independent
subgroup (24), while another study included only drug naive patients, but there was no
control group (25).

Some previous studies (21, 22, 26, 28) focused on the potential relationship between low
testosterone levels and negative symptoms, which have led to three treatment trials with
testosterone supplementation, targeting negative symptoms (32, 33). Despite promising
initial results (32, 33), a recent meta-analysis indicates an overall lack of efficacy of
testosterone for negative symptoms (34). We did not replicate the association between the
severity of negative symptoms and testosterone. Instead, we found a negative correlation
between FAI and disorganization. Perhaps some of the reports of an association between
negative symptoms and low testosterone were due to secondary negative symptoms caused
by disorganization, as previous studies did not consider disorganization separately. In turn,
as all our cases were acutely psychotic, this may have masked primary negative symptoms.
A few reports have also been published regarding depressive symptoms and lower
testosterone levels in both young and old adults with depression (35). We did not find a
correlation between depression and FAI in our study; however, few of our patients would
have met criteria for a depressive episode. As both diabetes (36) and low testosterone (35)
have been previously linked to depression the relationship of testosterone to depression in
patients with psychosis deserves further exploration.

Our study presents some limitations, as a comprehensive assessment of the hypothalamic-
pituitary-gonadal (HPG) axis was not available. Therefore, blood levels of testosterone
regulators such as LH, FSH or estradiol were not assessed. However, our study was a
hypothesis-driven analysis of a well-known index (FAI) than decreases with age, rather than
an analysis of the HPG axis. Direct measure of Free Testosterone was not available at the
time of the study. However, as mentioned earlier, FAI is a widely used measure for the
biologically active testosterone. Cortisol blood levels were non-significantly lower in the
psychotic group compared to the control group. However, the absolute blood levels of
cortisol in the psychotic group weren't low (16.2 mg/dL) and the lack of difference is due to
the control group having a moderate-high level of cortisol. This rules out hypercortisolemia
as a confounding factor of our findings. An intrinsic limitation of the study is related to the
cross-sectional design, and therefore further studies should assess the fluctuation of FAI
over time or whether these abnormalities precede the onset of the disorder. Additionally,
FAI was not correlated with age in the control group. We consider that a likely explanation
is the restricted variance in age controls and the relative small numbers. Another limitation
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of the study relies on the lack of the level of physical activity assessment, as it may have an
influence over testosterone levels. However, both groups were quite young. The psychotic
group had a recent onset of their psychosis, and therefore is more likely that the impact of
drug-induced sedation or lack of activity were not present. In any case, future studies should
consider more carefully the degree of physical activity.

Our findings of decreased testosterone activity are consistent with other evidence for
accelerated aging in schizophrenia reported by our group and others (4, 5, 8, 37). As a
group, people with schizophrenia suffer premature death compared to the general population
(38). No doubt, medication side effects, an increased suicide rate, poor health care, and poor
health habits all make substantial contributions to this increased mortality. However, the
existence of these factors does not exclude the possibility of a pre-existing vulnerability to
other medical comorbidity, which needs further study. Should accelerated aging be
substantiated, targeting aging pathways might become a new treatment approach to some of
the metabolic problems found in schizophrenia.
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BMI body mass index
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Figure 1. Individual FAI scores and subjects' age
Red squares marks healthy controls subjects whereas blue diamonds marks patients

diagnosed with non affective psychosis. Lines marks the r lineal adjustment for each
subsample.
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Characteristics of the Nonaffective Psychosis and Control Subjects. Matched sample

Psychosis Control Statistics p
(N=33) (N=33)

Mean age [SD] 27.0[6.77] 27.8[5.19]  t=-0.58 0.56
Socio Economic Status [SD]§ 39.2[14.95] 45.5[14.39] t=-1.59 0.12
Mean body mass index [SD] 22.5[4.09] 23.8[2.44 =-1.56 0.12
Mean number cigarettes per day [SD] 8.3[9.73] 5.1[6.89] t=1.55 0.13
Mean waist/hip ratio [SD] & 0.85[0.05]  0.87[0.06] t=-1.39 0.17
Fasting glucose [SD] (mg/dL) 85.4 [7.17] 86.2 [6.25] t=-0.77 0.64
Two hours glucose during the Glucose Tolerance Test (mg/dL) 114.6 [34.3]  83.1[20.1] t=4.49 <0.001
Cortisol blood levels (mg/dL) 16.3 [5.87] 18.7[4.54]  t=-1.859 0.07
PANSS - Reality Distortion 8.73[2.18]

PANSS — Negative Symptoms 23.35[6.77]

PANSS - Disorganization 3.54 [1.44]

PANSS - Depression 6.35 [2.50]

§

SES were available among 25 subjects in the psychotic group and 31 in the control group. PANSS derived factors are: reality distortion (the sum

of the delusions and hallucinatory behavior item scores), disorganization [the conceptual disorganization item], negative symptoms (the sum of the

scores for the seven items of the negative syndrome subscale) and depression (sum of item thoughts of guilty and depression)
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Regression using the

Table 2

matched sample.

Standardized Coefficients t Significance
Group (psychosis/control) 0.31 2.22 0.03
Number of Cigarettes (average per day) 0.150 112 0.27
Age (in years) -0.37 -2.82 0.007
Body Mass Index (in Kg/m?) 0.16 1.23 0.22
Cortisol (mg/dL) 0.04 0.35 0.65
Socio Economic Status 0.06 0.45 0.65
Constant 2.22 0.04
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