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Abstract
Aims—To compare insulin sensitivity (Si) in adults at risk for type 2 diabetes (T2DM) who were
categorized as non-depressed, treated for depression and untreated depression after controlling for
PA (PA).

Methods—Baseline data was analyzed from individuals enrolled in a diabetes prevention program
(n=56). Si was calculated using the whole body insulin sensitivity method. The Centers for
Epidemiologic Studies Depression Scale (CESD) was used to assess depressive symptoms and
depressed cases were identified using a cutoff of ≥16. Depression treatment was identified using a
self-report form validated by medical chart review. The PA subscale of the Health Promoting
Lifestyle Profile was used to determine PA levels.

Results—One third of participants had elevated depressive symptoms; 19% were taking
antidepressant medication. Mean Si was 3.0 (±1.9). In ANOVA, depressed individuals (M=1.79
±0.91) showed significantly lower Si than non-depressed individuals (M=3.39±1.78). However,
individuals taking antidepressant medications had Si similar to non-depressed individuals (M=3.10
±1.86: p=.63). In ANCOVA this association remained after controlling for PA.

Conclusions—These data suggest that in adults at high risk for T2DM, depression treatment may
improve insulin resistance observed in depression. Healthcare practitioners are encouraged to screen,
treat, or refer their patients with depression for treatment.
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1. Introduction
Type 2 diabetes (T2DM) is a major health problem associated with significant morbidity,
mortality, and economic burden. The prevalence of diabetes across all ages is high and is
currently estimated at 20.8 million [1]. Incidence is rising and in 2005 there were 1.5 million
new cases in adults aged 20 and older [1]. Controlled trials have demonstrated that T2DM is
preventable [2,3]. The landmark Diabetes Prevention Program (DPP) reduced conversion to
T2DM by 58% with lifestyle modification, which was almost twice as effective as
pharmacotherapy with metformin (58% vs.31%)[2]. Because T2DM is preventable, there have
been considerable scientific efforts to identify its modifiable risk factors. A small but growing
body of literature suggests that two risk factors for diabetes — insulin resistance and depression
— are related.

Decreased insulin sensitivity (Si), the corollary of insulin resistance, has long been known to
be a strong independent risk factor for T2DM [4,5]. It is also a central component of
cardiovascular risk and mortality in its own right [6]. High and rising rates of insulin resistance
were recently documented both among normoglycemic individuals and among people with
undiagnosed diabetes or impaired fasting glucose[7]. Insulin resistance is a modifiable
metabolic and cardiovascular risk factor. In particular, insulin resistance is exquisitely sensitive
to physical activity (PA) in persons with normal or impaired glucose regulation [8]. Recent
data have linked Si to depression. An epidemiological study in China found that insulin
resistance values were significantly higher in persons with elevated depressive symptoms [9,
10]. Studies of clinical samples have found lower levels of insulin sensitivity in depressed
patients than their age-, sex-, and body mass index-matched controls [15]. Furthermore, some
data suggest that insulin resistance improves with depression treatment and/or remission in
nondiabetics [9,11,12], and that glycemic control improves with depression remission in
persons with diabetes.[13]

Although the American Diabetes Association does not recognize depression as a risk factor
for T2DM, several prospective studies have found that depression is a strong, independent risk
factor for T2DM [4,14,15]. Odds of developing incident diabetes as a function of baseline
depression vary across samples from a low of OR=1.23 [16] to a high of OR=2.23 [4]. A meta-
analysis by Knol et al.[17] concluded that depressed adults have a 37% increased risk of
developing diabetes, and one by Cosgrove [18] concluded 25% increased risk. Decreased
physical activity is a common characteristic of depression, and is thought to be an important
behavioral pathway through which depression increases risk for diabetes.

This small literature is not entirely consistent in detecting positive associations between
depression and Si [e.g., 19-22]. Similarly, some studies fail to support depression as a risk
factor for T2DM [23,24], or detect it only in certain populations [25]. However, some of these
studies have used questionable measures to define depression cases [e.g., 20,21].

Further complicating these associations is the role of antidepressant medication. A handful of
depression treatment studies show benefit for Si with depression remission, suggesting that
resolving the depression disorder, or depression treatment per se, positively impacts Si [9,11,
12]. However, secondary analysis of DPP data [20], as well as a recent large observational
study [26] suggest that antidepressant medication may actually increase risk for diabetes. In a
way that helps resolve these apparently conflicting findings, depression treatment per se may
exert a beneficial (or null) effect on Si, while it also functions a marker for more severe,
persistent, or recurrent depression. It has been therefore been recommended that the roles of
depression and antidepressant medication in Si be investigated [24].
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2. Aims
We sought to disentangle the relationship between depression, its treatment, and Si. The aim
of this study was to compare Si in adults at risk for type 2 diabetes who varied by depressive
symptoms and use of antidepressant medications, after controlling for physical activity. We
hypothesized that individuals with elevated depressive symptoms would have lower Si than
those without elevated symptoms. We further hypothesized that depression treatment would
buffer the deleterious association between depression and decreased Si. Specifically, we
hypothesized that individuals taking antidepressant medication would have Si more similar to
nondepressed persons than their depressed but unmedicated counterparts. Finally, we
hypothesized that PA would partly account for, but not fully explain, the association between
depression and Si. Secondary data analysis was performed on baseline data from participants
enrolled in a weight-loss diabetes prevention intervention for individuals at high risk for the
disease.

3. Subjects
A convenience sample was recruited from primary care clinics in suburban and urban
Connecticut. Inclusion criteria were: 1) age 21 or older; 2) considered medically stable and
safe to exercise by participant’s primary provider (PCP); 3) at risk for T2DM; and 4) able to
speak English. Participants were considered at risk if they were overweight or obese (BMI≥25
kg/m2) and were age 45 years or older. Adults younger than 45 years and overweight or obese
were also considered at risk if they had any other risk factor for T2DM (family history of
T2DM, history of gestational diabetes or giving birth to a baby ≥ 9 pounds, of an ethnic group
at high risk for T2DM, hypertension, or lipid abnormalities of high triglycerides and low-
density lipoproteins, and low high-density lipoproteins) [27]. Exclusion criteria included:
current participation in a commercial diet program, treatment of impaired glucose tolerance
with metformin, and/or 2 hour post glucose load of ≥ 200 mg/dL [28].

4. Materials and methods
Research procedures were approved by all institutional review boards associated with the
study. Nurse practitioner primary care providers informed qualifying patients from their
clinical caseload about the study. If a patient was interested and agreed, the research coordinator
contacted the recruit to further explain the study, to determine eligibility, and to obtain informed
consent. Trained research assistants that were blinded to the purposes of the study carried out
data collection in a private room at the participant’s primary care clinic. Blood was collected
by trained phlebotomists and sent in batches to the same laboratory. Standard oral glucose
tolerance test (OGTT) procedure was used to obtain insulin and glucose levels: 1) fasting
glucose level and insulin level were measured following at least an 8 hour fast, 2) participants
ingested 75 gm of glucose, 3) glucose and insulin levels were re-drawn at 120 minutes.

4.1 Demographics
Demographic data were per self report questionnaire and included gender, race, ethnicity,
education, age, and income.

4.2 Insulin Sensitivity
Insulin sensitivity (Si) was assessed using a composite measure of whole-body Si that
encompasses both hepatic and peripheral tissues. The following formula was used: 10,000/
square root of [fasting glucose × fasting insulin] × [mean glucose × mean insulin during OGTT]
[29]. This Si method produces numbers ranging from 0-12 [29]. The Si calculation using data
from the OGTT has been highly correlated (r = 0.73, p< 0.0001) with the rate of whole-body
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glucose disposal during the euglycemic insulin clamp [29]and data suggest it may be a more
sensitive measure of whole body insulin resistance than the Homeostasis Model Assessment
(HOMA) method of deriving Si [29,30].

Standard oral glucose tolerance test (OGTT), using a 75-gram glucose load, was used to assess
the 2-hour post-glucose loads of plasma glucose and plasma insulin. The ACE Chemistry
Analyzer - Enzymatic Reaction (Alfa Wasserman, West Caldwell, NJ), was used to measure
glucose (mg/dL). The two glucose measurements included fasting plasma glucose and 2-hour
OGTT plasma glucose. The Double Antibody RIA (HI-14K) (Millipore, St. Charles, MO) was
used to measure insulin. Insulin measures included fasting plasma insulin and the 2-hour OGTT
plasma insulin.

4.3 Body Mass Index
Body Mass Index (BMI) was calculated as weight (kg)/height (m2). Weight was measured in
kilograms to the nearest 0.1 kg using a standard scale that was calibrated daily. Height was
measured on the same scale to the nearest 0.5-inch.

4.4 Depressive Symptoms
Depressive symptoms were measured using the Center for Epidemiologic Studies Depression
Scale (CESD) [31]. The scale includes 20 items that measure the presence and severity of
depressive symptoms over the preceding 7 days. The response options are 4-point Likert scales,
with range 0-3, with anchor points in terms of days per week ‘rarely or none of the time (less
than one day)’ to ‘most or all of the time (5-7 days). The total score ranges from 0 to 60, with
a higher score indicating higher depressive symptoms. A score of ≥16 has been shown to have
good sensitivity and specificity for major depressive disorder in community samples [32]. The
CESD scale has high internal consistency, test-retest reliability, and construct validity in both
community and psychiatric samples. Validation of the measure has been demonstrated in
elderly samples with co-morbid health conditions, different ethnic groups, and low-income
adults [33]. Coefficient alpha was 0.93 in this sample.

4.5 Depression Treatment
Participants provided self-reported health history, current medical problems, and current
medications. Current medical problem and medication checklist items included depression,
cardiac, hypertension, metabolic syndrome, musculoskeletal, osteoarthritis, respiratory, renal,
depression, high cholesterol or triglycerides, pre-diabetes, gastrointestinal, and overweight.
Health history and medication information was verbally confirmed with the participant, and
verified by research assistants via medical chart review. Participants were considered to have
treated depression if their self-report and/or medical chart review indicated use of
antidepressant pharmacotherapy.

4.6 Physical Activity
Physical activity behavior was measured with the exercise subscale of the Health Promoting
Lifestyle Profile II (HPLP). This instrument has five subscales, including nutrition and exercise
(8 and 9 items respectively) which has items constructed on 4-point Likert scale [34]. The
HPLP has been used in diverse samples and demonstrates adequate internal consistency (r=.
70 to .90 for sub-scales)[35]. The alpha coefficient was 0.86 for the exercise subscale in this
study.

4.7 Statistical Analysis
Data were double entered in a Microsoft Access database using an automated Teleform system,
and checked for accuracy. Data were examined for violations of assumptions of linearity,
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skewness, kurtosis, and homoschedasticity. Scatterplots were examined to identify
multivariate outliers. Bivariate correlations were performed to test for relationships among
variables using Pearson product moment correlates.

In the first set of analyses, two groups were compared. Participants were categorized by their
CESD score, with scores above 16 indicating ‘depressed’, and those with scores below 16
indicating ‘non-depressed’. Analysis of variance (ANOVA) was performed with depression
status (depressed vs. non-depressed) as the independent variable, and Si as the dependent
variable. Next, analysis of covariance (ANCOVA) was performed adding PA as a covariate.

In the second set of analyses, three groups were compared. Participants were categorized by
their CESD score and their use of antidepressant medications. Participants who endorsed
antidepressant medication were categorized as ‘antidepressant medication’ regardless of their
CESD score, those with scores above 16 and did not endorse antidepressant medication were
considered ‘untreated depressed’, and those with scores below 16 and did not endorse
antidepressant medication were considered ‘non-depressed’. ANOVA was performed with
depression status (antidepressant medication, depressed, and non-depressed) as the
independent variable, and Si as the dependent variable. Next, ANCOVA was performed adding
PA as a covariate. Follow up Tukey tests were performed to determine which groups differed.
For all analyses, alpha was set a priori at 0.05. Analyses were performed using SPSS (version
14.0, Chicago, IL, USA).

To identify covariates, zero order bivariate correlations were calculated between Si, depressive
symptoms, and potential demographic, behavioral, and clinical covariates. Among these
variables, CESD scores were inversely correlated with PA (r=−.36) and Si (r=−.30). Group
differences were also calculated to compare the groups on potential demographic, behavioral,
and clinical covariates. PA differed significantly between the 2 depression groups F(1,55)
=10.22, *p<.05. Depressed participants reported lower levels of physical activity (M=1.6,
SD=0.5) than nondepressed participants (M=2.0, SD=0.6). PA also differed significantly
among the 3 depression treatment groups, F(2,55)=6.48, *p<.05. Follow up Tukey tests showed
that depressed individuals (M=1.5, SD=0.5) and those on antidepressant medications (M=1.7,
SD=0.6), both had significantly lower physical activity than nondepressed participants (M=2.1,
SD=0.6), both *p<.05. Participants who were depressed and those treated with antidepressant
medications had similar levels of physical activity. Based on these bivariate analyses, PA was
selected as a covariate. None of the other demographic, behavioral, or clinical variables were
significant.

5. Results
5.1 Participants

Participants had a mean age of 46 years and the majority were White (45%), female (89%),
obese (BMI 39±8), and had moderately low incomes with modal annual income $20,000-
$39,000 (Table 1). Thirty-four percent had impaired fasting glucose and 28% had impaired
glucose tolerance. Mean CESD score was 13.4 (SD=12.1). Thirty-three percent had scores
above the 16 point cutoff indicating significant depressive symptoms. Nineteen percent were
using antidepressant medication and of them, 46% scored >16 on the CESD.

Participants on particular antidepressants were as follows: buproprion n=1; escitalopram n=3;
sertraline n=2; paroxetine n=1; fluoxetine n=2; venlafaxine n=2; amitriptyline n=1; and
multiple agents n=2. Participants were medically stable and receiving other medications for
common health problems including: antihypertensives (n=19), cholesterol reducing agents
(n=7), thyroid (n=5), proton pump inhibitors and H2 blockers (n=5), antihistamines/allergy
related agents (n=7), and analgesics (n=4).
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5.2 Multivariate Analysis
5.2.1 Depressed vs. Non-depressed—ANOVA showed significant differences in Si
between the two groups, F(1,55)=5.74, *p<.05. Depressed participants showed significantly
lower Si (M=2.3, SD=0.4) than non-depressed participants (M=3.5, SD=0.3). When PA was
added as a covariate in ANCOVA, it was not significantly associated with Si, p=0.28. In this
ANCOVA, the groups were marginally different in the same direction, F(2,55)=3.25, p=0.08,
with depressed participants showing lower Si (M=2.4, SE=0.4) than non-depressed participants
(M=3.4, SE=0.3).

As would be expected given the importance of insulin to the formula for Si, participants with
elevated depressive symptoms showed significantly higher insulin levels μU/ml at 120 minutes
post OGTT (M=150, SD=133) than participants without elevated symptoms(M=75, SD=46),
F(1,54)=9.51, *p<.05. As would be expected given the scheme used to categorize participants,
there was a significant difference in CESD scores between the depressed (M=28.5, SD=9.2)
and nondepressed groups (M=5.8, SD=3.1), F(1,55)=186.6, *p<.05.

5.2.2 Antidepressant Medication vs. Untreated Depressed vs. Non-depressed—
ANOVA revealed significant differences in Si among the three groups, F(2,55)=4.38, *p<0.05
(Figure 1). Follow-up Tukey tests showed that untreated depressed participants had
significantly lower Si (M=1.8, SD=0.9) than non-depressed participants (M=3.4, SD=1.8), and
those on antidepressant medications (M=3.7, SD=2.3), *p<.05. Non-depressed participants and
those on antidepressants showed similar Si, p=0.63. When PA was added as a covariate in
ANCOVA, it was not significantly associated with Si, p=0.25. In this ANCOVA, the groups
were marginally different in the same directions, F(3,55)=3.17, p=0.05. Comparisons showed
that untreated depressed participants showed marginally lower Si (estimated marginal mean
M=1.99, SE=0.53) than non-depressed participants (M=3.28, SE=0.32), p=0.05. Non-
depressed participants and those on antidepressant medication (M=3.78, SE=0.53) showed
similar Si, p=0.44.

As would be expected given the importance of insulin to the formula for Si, a similar pattern
was found for insulin levels μU/ml at 120 minutes post OGTT, F(2,54)=9.54, *p<.05. Follow
up Tukey tests showed that untreated depressed participants had significantly higher insulin
(M=188.1, SD=149.6) than non-depressed participants (M=75.2, SD=45.8), and those on
antidepressant medications (M=73.2, SD=42.1), both *p<.05. Non-depressed participants and
those on antidepressants showed similar insulin levels.

As would be expected given the scheme used to categorize participants, there were significant
differences in CESD scores, F(2,55)=52.5, *p<.05. Follow up Tukey tests showed that
nondepressed participants had lower CESD scores (M=5.3, SD=2.7) than those on
antidepressants (M=19.6, SD=12.2), who in turn had significantly lower CESD scores than
those with untreated depression (M=28.6, SD=9.6), all *p<.05.

6. Discussion
This study investigated the relationships among depression, depression treatment, PA, and Si
in persons at high risk for T2DM. Our findings support an association between depression and
Si. Specifically, these results indicate that Si is lower in untreated depressed persons than their
counterparts who are not depressed or who are taking antidepressant medication. This
relationship was only slightly attenuated by PA, indicating that depression is related to Si
independent of PA.

Our data are consistent with observational reports of cross sectional associations between
depression and insulin resistance in various non-diabetic populations. Timonen [36]
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investigated 2,609 men in Finland and found that insulin resistance increased in line with the
severity of depressive symptoms, even after adjusting for confounding factors. Similarly, Pan
et al. [10] studied 3,285 adults in China and found higher insulin resistance in those with CESD
scores above 16 after adjustment for confounding variables. Lastly, in the Study of Women’s
Health across the Nation, 2,662 non-diabetic women were studied and insulin resistance was
shown to be associated with presence of depression [25].

There are also experimental data to support the relationship between depression and Si. For
example, Weber [37] showed that following a glucose load, glucose and insulin peaks were
higher in depressed patients compared to non-depressed control patients [37]. Other studies
suggest that the relationship between depression and Si holds only for certain populations. For
example, Suarez [38] and Adriaanse [39] found that depressive symptoms were associated with
insulin resistance in women, but not men. Our sample was predominantly female, and the small
sample prevented us from examining the effect of depression by sex.

The interpretability of the existing literature is limited by various measures of Si, depression,
and definitions of depressed cases. Particularly problematic is inadequate attention to
participant use of antidepressant medications. In the study reported here, we found that persons
on antidepressant medication continued to show elevated depressive symptoms — above the
standard cutoff of 16 points — yet they had Si similar to their non-depressed counterparts. To
the extent that patients who receive antidepressant medication may have more persistent,
severe, or recurrent depression, the increased Si found in treated individuals with depression
is even more remarkable.

Our study results showing an increase in Si in participants on antidepressant medications are
consistent with several reports of improved Si with depression treatment in humans [9,11,
40]. The existing literature suggests that depression remission rather than depression
treatment per se is associated with improved Si. Two depression treatment studies in
nondiabetics found improved insulin sensitivity with depression remission with different
antidepressants including mirtazapine, venlafaxine [12], amitriptyline, and paroxetine.[12].
Similarly, among people with diabetes, depression recovery with sertraline, as well as sustained
remission with or without treatment, was associated with improvements in glycemic control
[13]. Our data suggest that depression treatment may have beneficial effects on Si independent
of depression remission per se.

Our sample size was too small to compare different classes of drugs. However, given that the
majority of participants taking antidepressant medications were on selective serotonin reuptake
inhibitors, or SSRI’s, our findings suggest that SSRI’s might have a beneficial effect on Si that
may or may not generalize to other drugs. This SSRI effect is an important distinction as some
studies show that various antidepressants have different effects on metabolism. Although data
are not entirely consistent, it appears that in general, serotonergic antidepressants have
hypoglycemic effects [41], whereas noradrenergic antidepressants exert opposite effects [42,
43], and dual mechanism drugs may not alter glucose homeostasis [44]. In contrast, some
studies have shown no no effect for depression treatment on Si [22]. Null findings may be due
to methodological and sampling issues. That is, effects may vary by type, dosing, or duration
of antidepressant medication as well as the metabolic state of the sample at baseline, i.e.,
normal, insulin resistant, or individuals with diabetes. Although these study designs have
controlled for weight changes, changes in PA behavior, which may affect Si, has not been
addressed. We suspect that our null findings for PA are due to insensitivity of the self-report
instrument, and recommend objective measures of physical activity and fitness when feasible.
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6.1. Plausible Biological Mechanisms
The mechanisms through which depression and depression treatment/remission affect Si is a
blossoming area of investigation [45]. Depression may exert a direct effect on insulin resistance
and subsequent risk for T2DM via various biological mechanisms including the hypothalamic-
pituitary-adrenal (HPA) axis, the immune system, and the serotonin system [45].

It has long been known that depression is associated with dysregulation of the HPA axis in
some patients. The primary effect of this is hypercortisolemia and disruption of the cortisol
circadian rhythm [46,47]. Clinical recovery from depression correlates with normalization of
cortisol; those patients who do not show normalization are at increased risk for depression
recurrence [48]. Furthermore, Weber [37] and others have shown that hypercortisolemia is
associated with higher insulin and glucose levels in response to food. Cortisol also directs fat
deposits viscerally and causes direct inhibition on insulin receptors. In individuals with
depression, the HPA axis balance is altered and may affect Si levels.

Another biological mechanism that may be involved is the immune system. Depression is
considered a pro-inflammatory state [49]. It has been theorized that pro-inflammatory
cytokines such as tumor necrosis factor and the interleukins that are elevated in depression
may disrupt insulin signaling [50]. This disruption can lead to decreased insulin action.

The serotonin system may play a role in changes in Si in people with depression. Humans with
metabolic syndrome exhibit lower central nervous system response to serotonergic activity
than individuals without the metabolic syndrome [51]. Neurons that release the
neurotransmitter serotonin modulate a range of metabolic functions. Further, administration
of serotonin receptor antagonist in normal humans impairs Si by suppression of glucose uptake
in skeletal muscle [52]. In animals, treatment with the SSRI fluoxetine improves Si by
increasing glucose uptake and glycogen synthesis in skeletal muscle [41]. It is possible that
this same mechanism is responsible for the higher levels of Si seen in depressed individuals
receiving antidepressants in this study than those with untreated depression.

6.2. Plausible Behavioral Mechanisms
Depression may also exert an indirect effect on Si via behavioral factors, especially decreased
PA. It is well demonstrated that depression is related to low levels of PA [53]. In the Study of
Women’s Health across the Nation, the relationship between depression and insulin resistance
was accounted for by central adiposity which is largely behaviorally controlled with eating and
PA [25]. However, our data did not support this finding. Other behaviors associated with
depression, including eating, substance use, and sleeping patterns may also play a role.

6.3. Limitations and Future Directions
Several factors limit the conclusions that can be drawn from this study. First, the sample was
small and predominantly female. Some data suggest that the relationship between depression
and Si is stronger in women than in men, but our data cannot speak to a gender difference.
Second, data were cross sectional, so the directionality of the relationship between Si and
depression cannot be determined. That is, elevated depressive symptoms could lead to insulin
resistance, as hypothesized here, or conversely, insulin resistance could lead to elevated
depressive symptoms. Moreover, there could be a bidirectional relationship, or both insulin
resistance and depression could be caused by a common precursor such as a genetic
vulnerability. Third, our data do not provide an objective measure of activity/inactivity and
subjective measures are vulnerable to recall bias. Finally, our limited data do not allow for an
in-depth analysis of Si related to multiple antidepressant medications, doses, and/or different
durations of antidepressant treatment.
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In conclusion, these results indicate that in individuals at risk for T2DM, Si levels are lower
in people with untreated depression than those who are not depressed or who are taking
antidepressant medications. Patients with depression may be particularly vulnerable to health
problems including insulin resistance and T2DM. Brief screening tools are available that can
assist clinicians in identifying depression in patients. Moreover, many of the newer
antidepressants are effective at treating depression with few side effects. While it is currently
unknown whether treating depression attenuates risk for diabetes, there are other compelling
reasons to treat depression including improved health behaviors, improved quality of life, and
of course, amelioration of depression itself. Prospective research is needed to examine how Si
levels are affected by various antidepressant medications when given at different doses and at
different treatment durations. Ultimately, treatment of depression may prove to be another
effective means of delaying or decreasing risk for T2DM.
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Figure 1.
Insulin Sensitivity by Depression Treatment Status
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Table 1
Participant characteristics (N= 56)

Characteristic Non-
Depressed
(n=32)

Untreated
Depression
(n=13)

Antidepressants
(n=11)

All
(N=56)

Gender: n (%)

 Male 4(12) 1(8) 1(9) 6(11)

 Female 28(88) 12(92) 10(91) 50(89)

Race: n (%)

 White 15(47) 3(23) 7(64) 25(45)

 Black 11(34) 7(54) 1(9) 19(34)

 Latino 6(19) 3(23) 3(27) 12(21)

Income ($): n (%)

 Less than 19,999 4(13) 5(39) 2(18) 11(20)

 20,000-39,000 11(34) 4(31) 1(9) 16(29)

 40,000-59,000 7(22) 2(15) 3(27) 12(21)

 60,000-79,000 2(6) 3(27) 5(9)

 80,000-99,999 3(9) 1(9) 4(7)

 More than 100,000 5(16) 1(8) 1(9) 7(13)

Age (years): (mg/dl):
mean ±S.D.

49(±12) 39(±14) 46(±10) 46(±13)

Fasting Glucose (mg/dl):
mean ±S.D.

96(±13) 99(±12) 94(±7) 96(±12)

Fasting Insulin
(μU/ml):
mean ±S.D.

22(±17) 26(±12) 19(±7) 22(±14)

Glucose at 120 minutes
(mg/dl): mean ±S.D.

105(±26) 128(±39) 106(±38) 111(±32)

**Insulin at 120 minutes:
(μU/ml): mean ±S.D.

75.2(±45.8) 188.1(±149.6) 73.2(±42.1) 99.5(±91.2)

**Whole body insulin
Sensitivity:
mean ±S.D.

3.4(±1.8) 1.8(0.9) 3.7(±2.3) 3.1(±1.9)

BMI (kg/m2):
mean ±S.D.

37(±7) 41(±8) 40(±7) 39(±7)

Waist (inches):
mean ±S.D.

42(±6) 45(±9) 46(±6) 44(±7)

**HPLP Physical Activity: 2.1(±0.6) 1.5(±0.5) 1.7(±0.6) 1.9(±.6)
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Characteristic Non-
Depressed
(n=32)

Untreated
Depression
(n=13)

Antidepressants
(n=11)

All
(N=56)

(1-4): mean ±S.D.

**CESD score 5.3(±2.7) 28.6(±9.6) 19.6(±12.2) 13.5(±12.3)

**
p<.05, see text for comparisons
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