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AbstrAct
Background: Depression frequently co-occurs with 
diabetes. The associations between risk factors for 
insulin resistance and depression and diabetes can 
help determine the relative importance of factors that 
contribute toward the comorbidity. 

Method: Analyses of the NHANES I (n = 10,025) to examine 
the cross-sectional relationships between depression and 
risk factors for insulin resistance at baseline using logistic 
regression and to explore the longitudinal relationships 
between risk factors for insulin resistance and diabetes 
incidence using Cox proportional hazards modeling.

Results: Many risk factors for insulin resistance were 
associated with depression and diabetes incidence. 
Depression was cross-sectionally associated with 
diabetes, but did not increase the risk for diabetes 
incidence. These counterintuitive results can be explained 
primarily by the differing relationships between risk 
factors for insulin resistance, depression, and diabetes. 

Limitations: Lack of repeated measures of depression.

Conclusions: Lack of physical activity, hypertension, 
and inadequate sleep were the risk factors for insulin 
resistance with the highest associations with both 
depression and diabetes incidence. 
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INtrODUctION
Major depression is a heterogeneous disorder, yet up to 
50% of those diagnosed with it have been found to have 
insulin resistance (1, 2). There are three primary explana-
tions for the comorbidity between these two disorders. 
The first is that many behaviors or symptoms associated 
with depression are established risk factors for insulin 
resistance. Weight changes, appetite disturbances, and 
the over-consumption of sweets (3) are connected with 
depression. Depression is linked with fatigue, psychomotor 
retardation, lower physical fitness levels (4), and engage-
ment in less physical activity (5). Depressed individuals 
often suffer from insomnia resulting in inadequate and 
disrupted sleep, which have been shown to compromise 
insulin sensitivity (6). Depression is often associated with 
early life stress and a history of chronic emotional stress (7) 
which have been shown to impair the body’s glucocorticoid 
negative feedback system to limit the production of cortisol 
(8, 9). About 50% of depressed individuals have been found 
to hypersecrete cortisol (10), an insulin antagonist (11). 
Depressed individuals have been found to be more likely 
to over consume alcohol (12) and to smoke cigarettes 
(13), which can compromise insulin sensitivity (14, 15).

 Various biological mechanisms by which insulin resis-
tance could cause or exacerbate depressed mood repre-
sent a second explanation for the comorbidity between 
depression and insulin resistance (16). One mechanism 
is by diminishing insulin’s effects on catecholamines. 
Insulin promotes central catecholaminergic activity (17), 
perhaps by suppressing the reuptake of norepinephrine, 
prolonging its residence in the synaptic cleft (18). Another 
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mechanism is through the impairment of insulin’s ability 
to promote brain serotonin synthesis. Tryptophan, a pre-
cursor for serotonin, competes with the other large neutral 
amino acids for the same transport system that moves 
them across the blood-brain barrier (19). Insulin stimu-
lates the uptake of the competing large neutral amino 
acids, but not tryptophan, into muscle tissue increasing 
the ratio of tryptophan to the other large neutral amino 
acids in plasma. Tryptophan is then allowed access to 
the transport system to cross the blood brain barrier to 
contribute toward the synthesis of serotonin (20). 

A third explanation for the comorbidity between depres-
sion and insulin resistance is that they share some common 
antecedent such as prenatal exposure to stress or inadequate 
nutrition. Theories of prenatal programming, imprinting, 
and gene expression posit that the experience of stress or 
inadequate nutrition by the mother during pregnancy 
results in biochemical signals to the fetus that induce 
adaptations designed to optimize the potential for survival 
of the offspring under conditions of stress or malnutrition 
after birth (21). The adaptations from prenatal exposure 
to malnutrition can be maladaptive if food is abundantly 
available after birth leading to insulin resistance, obesity, 
and diabetes (22). Prenatal exposure to stress and resultant 
elevated glucocorticoids have been theorized to program 
a hyperactive hypothalamic-pituitary-adrenal axis (HPA) 
in the offspring (23). A hyperactive HPA axis would be 
adaptive for facing a stressful environment, but chronic 
stressors and an increased stress response can lead to 
depression and insulin resistance through chronically 
elevated glucocorticoids such as cortisol (24). 

There are few population based studies on the associa-
tion between insulin resistance and depression in subjects 
without diabetes and their findings are contradictory, 
fueling the debate over the nature and direction of cau-
sality between these two disorders. Insulin resistance 
in subjects without diabetes was found to be negatively 
associated with depression in one study (25) and with 
suicide in another study (26), leading the authors to 
assert that insulin resistance could be protective against 
depression and suicide. Another cross-sectional study 
with subjects without diabetes showed insulin resistance 
to be positively associated with depression (27) while a 
prospective study found no relationship at all between 
insulin resistance and depression (28).

Insulin resistance and the resultant increased load on the 
pancreas can lead to type 2 diabetes over time by compro-
mising beta cell function. If depression is associated with 
insulin resistance then it would be expected that depression 

of sufficient severity and duration would increase the risk 
of developing diabetes over time. Strong cross-sectional 
associations have been found between depression and 
diabetes with those suffering from diabetes being two to 
three times more likely to suffer from depression than those 
in the general population. However, these cross-sectional 
associations could be partially attributed to the psychoso-
cial adjustments required to cope with a chronic medical 
condition and to the overlap of symptoms of diabetes 
and depression such as fatigue and changes in appetite 
and weight. Results from prospective population-based 
studies can help shed light on the contributions of these 
competing explanations on the comorbidity of depression 
and diabetes. By excluding subjects with known diabetes at 
baseline from analyses, the observed associations between 
depression and the onset of type 2 diabetes are unlikely to 
have resulted from stress associated with being diagnosed 
with a chronic medical condition or from the overlap 
of symptoms of diabetes and depression. Results from 
prospective population-based studies have varied though 
from no relationship between depression and diabetes 
incidence (29) to a strong relationship (30) making it 
difficult to disentangle these competing explanations for 
the comorbidity between depression and diabetes. 

In 2002 William Eaton (31) suggested that large-scale 
epidemiologic studies such as the NHANES be used to 
study the comorbidity between depression and diabetes by 
identifying, measuring, and prioritizing the mechanisms 
presumed to be responsible for the relationship. The 
NHANES I provides a unique opportunity to explore 
these issues because it has a large sample size, a longitu-
dinal design, and includes measures for depression, many 
known risk factors for insulin resistance, diabetes, and 
incidence cases of diabetes over the follow-up period. The 
relationship between depression and diabetes has already 
been explored previously in the NHANES (32, 33). The 
primary goal of our study is to explore the differential 
associations between the risk factors for insulin resistance 
and depression at baseline and the diagnosis of diabetes 
over follow-up to help clarify their relative importance 
in the comorbidity between the two illnesses. 

sUbJEct MEtHODs
sUbJEcts
Subjects for this study were participants in the Epidemiologic 
Follow-up Studies of the first National Health and Nutrition 
Examination Survey (NHANES I) (34). The survey included 
a probability sample of the civilian non-institutionalized 
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population of the United States between 1971 and 1975. 
The NHANES I Epidemiologic Follow-up Study conducted 
between 1982 and 1984 attempted to trace and interview 
NHANES I subjects, or their proxies, who were aged 25 
to 74 years at baseline (n = 14,407). Eighty-five percent 
of all eligible subjects were successfully re-contacted (n 
= 12,220). Individuals who were deceased (n = 1,697) or 
who failed to answer any of the Center for Epidemiologic 
Studies Depression Scale (CES-D) questions (n = 498) were 
excluded from the analyses, yielding a total final sample 
size of 10,025. All study participants gave informed consent 
and the data do not include information that could be 
used to identify participants to protect confidentiality. The 
study was approved by the Ethics Committee of Columbia 
University and the study conforms to the provisions of the 
Declaration of Helsinki.

The NHANES I includes weights to account for the 
complex sampling design and to allow approximations 
of the U.S. population. We conducted non-weighted 
analyses using SAS Software (35) for three reasons. First, 
our objective was not to provide national estimates, but 
to look at the associations between risk factors for insulin 
resistance, depression, and the incidence of diabetes. 
Second, our study’s baseline measures were taken from the 
1982 to 1984 Follow-up to the NHANES I, so the weights 
created for baseline measures taken from the 1971 to 1974 
NHANES I did not account for subjects who were lost to 
follow-up between the two waves. Third, there have been 
differences of opinion regarding the appropriateness of 
using the sample weights in the NHANES (36). 

MEAsUrEs 
DEprEssION
 Our measure of depression came from the CES-D which 
was administered to subjects at the time of the 1982-1984 
NHANES I Follow-up. The standard cutoff score for the 
presence of depressive symptoms in the CES-D is 16 out of 
a total possible score of 60 (37), so we defined the presence 
of depression as a score of 16 or above. 

INcIDENcE Of DIAbEtEs 
Incident cases of diabetes over the 8 to 10 year follow-up 
period were determined by cause of death, by self report 
of having been diagnosed by a physician, or by hospital 
diagnosis at the times of the 1986, 1987, or 1992 follow-up 
surveys. We presumed that the incident cases of diabetes 
were predominantly of the type 2 variety since they were 
diagnosed later in life. 

rIsk fActOrs fOr INsUlIN rEsIstANcE 
We examined ten risk factors for insulin resistance, includ-
ing body mass index (BMI) greater than 25, physical inac-
tivity, inadequate sleep (< 6 Hours Per Night), elevated 
stress, alcohol consumption greater than 2 drinks per day, 
hypertension, high serum cholesterol, cigarette smoking, 
age greater than 45 years, and non-Caucasian ethnicity. 
The risk factors were dichotomized between their presence 
and absence. We considered subjects physically inactive 
if they reported getting little or no exercise in things they 
did for recreation and if they reported being quite inac-
tive in non-recreational activities. To determine whether 
subjects had elevated stress, we created a scale ranging 
from 2 to 18 that was based upon the subject’s responses 
to three questions taken from the 10-item version of the 
General Well-Being Schedule (34). These three questions 
assessed whether over the last month they had been under 
strain, stress, or pressure, whether they had been anxious, 
worried, or upset, and how relaxed or tense they had been. 
Subjects were considered to have had elevated stress if they 
had a score on this scale greater than 12. Subjects were 
considered to have been hypertensive if they reported ever 
having been told by a doctor that they had hypertension 
or high blood pressure or if their measured systolic pres-
sure was greater than 140 or their diastolic pressure was 
greater than 90. The control variables used in the study 
were gender, income, and education. 

stAtIstIcAl ANAlysEs
crOss-sEctIONAl
We used logistic regression models to examine the cross-
sectional relationships between depression and the risk 
factors for insulin resistance while controlling for gender, 
income, and education. We added together the number of 
risk factors for insulin resistance that were present to create 
an insulin resistance risk factor index. In one set of logistic 
models we included the index as the main independent 
variable while in another set of logistic models we included 
risk factors for insulin resistance separately to determine 
their individual influences. Missing values, which for most 
variables represented less than 5% of the total sample size, 
were imputed using mean and mode substitution. 

lONgItUDINAl
We used Cox proportional hazards models to examine the 
effect of depression and the risk factors for insulin resis-
tance upon the risk for being diagnosed with diabetes over 
the 8 to 10 year follow-up period. We excluded from these 
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analyses subjects who had been diagnosed with diabetes at 
or before baseline (n = 807). The time duration to diagnosis 
was determined from the baseline date to the first report 
of diabetes. We included the insulin resistance risk factor 
index as the main independent variable in one set of Cox 
proportional hazards models while we included the risk 
factors for insulin resistance separately to determine their 
individual influences in another set of models.

rEsUlts 
crOss-sEctIONAl 
 Before excluding subjects with diabetes from the baseline 
sample, there were 1,726 (17%) subjects who suffered from 
depression. Depressed subjects were 89% (Unadjusted OR 
= 1.89, 95% CI 1.61-2.23) more likely than non-depressed 
subjects to suffer from diabetes at baseline. This associa-
tion was attenuated after adjusting for the risk factors for 
insulin resistance, gender, income, and education (Adjusted 
OR = 1.30, 95% CI 1.07-1.58). Subjects with diabetes at 
baseline (n = 807) were excluded from the other analyses 
so we could see the associations between the risk factors 
for insulin resistance and depression at baseline and then 
explore the effects of depression and the risk factors upon 
incidence cases of diabetes over the follow-up period.

In Figure 1 we can see that as subjects had more risk fac-
tors for insulin resistance, their likelihood of being depressed 
progressively increased. As the number of risk factors for 
insulin resistance increased by one, the odds of suffering 
from depression increased by 56% (OR = 1.56, 95% CI 

1.49-1.63). These results remained stable after controlling 
for gender, income, and education (OR = 1.52, 95% CI 
1.45-1.59). Only 6% of the subjects who had no risk factors 
for insulin resistance were depressed while 73% of subjects 
who had seven or more risk factors were depressed. Table 1 
shows the results from the logistic regression models that 
included the risk factors for insulin resistance separately. 
Subjects who were physically inactive, got inadequate sleep, 

Figure 1. The percentage of subjects who suffered from 
depression at baseline and who were diagnosed with diabetes 
over the follow-up period by the number of risk factors for 
insulin resistance present at baseline.

Table 1. Cross-Sectional Logistic Regression Analysis – Odds 
of Suffering from Depression by Risk Factors For Insulin 
Resistance at Baseline (1982-1984).

Model 1 Model 2

Risk Factors For Insulin 
Resistance

Odds
Ratio

95%
Confidence
Interval

Odds
Ratio

95%
Confidence
Interval

Body Mass Index (kg/m2)

Lean (BMI <= 25) 1.00 - 1.00 -

Overweight (BMI > 25) 0.85 0.73, 0.99 0.91 0.78, 1.06

Physical Activity

At least Moderate Activity 1.00 - 1.00 -

Very Inactive 2.86 2.29, 3.58 2.68 2.14, 3.35

Hours of Sleep Per Night

≥ 6 Hours of Sleep Per Night 1.00 - 1.00 -

< 6 Hours of Sleep Per Night 2.47 1.99, 3.06 2.30 1.85, 2.86

Stress

Low/Moderate Stress 1.00 - 1.00 -

High Stress 11.83 9.95, 14.06 12.28 10.15, 14.85

Consumption of Alcohol

<= 2 Drinks Per Day 1.00 - 1.00 -

> 2 Drinks Per Day 0.69 0.52, 0.93 0.96 0.71, 1.28

Hypertension

Non-Hypertensive 1.00 - 1.00 -

Hypertensive 1.32 1.12, 1.56 1.22 1.03, 1.45

Cholesterol

Total Cholesterol < 240 1.00 - 1.00 -

Total Cholesterol => 240 1.11 0.83, 1.49 1.13 0.84, 1.53

Cigarette Smoking

Non-Smoker 1.00 - 1.00 -

Smoker 1.27 1.08, 1.50 1.26 1.08, 1.48

Age

Age <= 45 1.00 - 1.00 -

Age > 45 1.25 1.06, 1.48 1.07 0.90, 1.28

Non-Caucasian Ethnicity

Caucasian Ethnicity 1.00 - 1.00 -

Non-Caucasian Ethnicity 1.36 1.08, 1.71 1.16 0.93, 1.45

Model 1 Unadjusted. Model 2 Adjusted for Gender, Income, and Education.
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had high stress, were hypertensive, and who were cigarette 
smokers were all significantly more likely to suffer from 
depression. The risk factor with the highest association 
with depression was high stress, with subjects with high 
stress being over twelve times more likely to suffer from 
depression. Having high cholesterol, being over the age of 
45, and being of non-Caucasian ethnicity were associated 
with an elevated, yet not statistically significant, likelihood of 
suffering from depression. Being overweight and consuming 
more than two alcoholic beverages per day were actually 
associated with a reduced, yet statistically insignificant, 
likelihood of suffering from depression. 

lONgItUDINAl
There were 446 incidence cases of diabetes over the follow-up 
period. The presence of depression at baseline had a weak 
and statistically insignificant relationship with the incidence 
of diabetes over the follow-up period (HR = 1.22, 95% CI 
0.96-1.55) in the unadjusted model. The hazards ratio fell 
below 1.0 after the risk factors for insulin resistance were 
included in the Cox model (HR = 0.98, 95% CI 0.75-1.28). 
Figure 1 shows that as subjects had more risk factors for 
insulin resistance at baseline, their likelihood of being diag-
nosed with diabetes over the follow-up period increased 
up to the presence of five risk factors and then leveled off. 
The odds of being diagnosed with diabetes at some time 
over the follow-up period increased by 54% (HR = 1.54, 
95% CI 1.44-1.64) for each additional risk factor for insulin 
resistance present at baseline. These results were somewhat 
attenuated after controlling for gender, income, and educa-
tion (HR = 1.49, 95% CI 1.39-1.59). The results from the 
Cox models with the risk factors for insulin resistance 
included separately are shown in Table 2. Being overweight, 
physically inactive, hypertensive, over the age of 45, and of 
non-Caucasian ethnicity were associated with a significantly 
increased risk for being diagnosed with diabetes over the 
follow-up period. Getting inadequate sleep and being a 
cigarette smoker were associated with an elevated, yet not 
statistically significant, likelihood of being diagnosed with 
diabetes over the follow-up period. Consuming more than 
two alcoholic beverages per day and having high cholesterol 
were actually associated with a reduced, yet statistically 
insignificant, likelihood of being diagnosed with diabetes 
over the follow-up period. 

DIscUssION
Depression was associated with diabetes cross sectionally 
at baseline. Possible explanations for the strong cross-sec-

Table 2. Longitudinal Cox Proportional Hazards Modeling 
Analysis – Hazards Ratio of Being Diagnosed with Diabetes 
Over the Follow-up Period by the Presence of Depression and 
Risk Factors for Insulin Resistance at Baseline

Model 1 Model 2

Risk Factors For Insulin 
Resistance

Hazards
Ratio

95%
Confidence
Interval

Hazards
Ratio

95%
Confidence
Interval

Depression

Non-Depressed  
(CES-D < 16)

1.00 - 1.00 -

Depressed (CES-D => 16) 0.98 0.75, 1.28 0.94 0.72, 1.25

Body Mass Index (kg/m2)

Lean (BMI <= 25) 1.00 - 1.00 -

Overweight (BMI > 25) 3.58 2.78, 4.61 3.56 2.76, 4.59

Physical Activity

At least Moderate 
Activity

1.00 - 1.00 -

Very Inactive 1.56 1.21, 2.01 1.54 1.19, 1.99

Hours of Sleep Per Night

≥ 6 Hours of Sleep Per 
Night

1.00 - 1.00 -

< 6 Hours of Sleep Per 
Night

1.29 0.97, 1.72 1.26 0.95, 1.68

Stress

Low/Moderate Stress 1.00 - 1.00 -

High Stress 1.01 0.71, 1.43 1.02 0.72, 1.45

Consumption of Alcohol

<= 2 Drinks Per Day 1.00 - 1.00 -

> 2 Drinks Per Day 0.63 0.42, 0.97 0.65 0.42, 1.00

Hypertension

Non-Hypertensive 1.00 - 1.00 -

Hypertensive 1.78 1.45, 2.20 1.72 1.39, 2.12

Cholesterol

Total Cholesterol < 240 1.00 - 1.00 -

Total Cholesterol => 240 0.86 0.57, 1.29 0.86 0.57, 1.30

Cigarette Smoking

Non-Smoker 1.00 - 1.00 -

Smoker 1.16 0.93, 1.44 1.15 0.92, 1.43

Age

Age <= 45 1.00 - 1.00 -

Age > 45 1.69 1.32, 2.18 1.60 1.24, 2.07

Non-Caucasian Ethnicity

Caucasian Ethnicity 1.00 - 1.00 -

Non-Caucasian  
Ethnicity

1.59 1.28, 1.99 1.52 1.21, 1.90

Model 1 Unadjusted. Model 2 Adjusted for Gender, Income, and Education.
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tional association found between depression and diabetes 
at baseline include the relationship between depression 
and many of the risk factors for insulin resistance, various 
neurobiological mechanisms, prenatal programming, 
and the stress associated with being diagnosed with a 
chronic medical condition.

Among subjects who had not been diagnosed with 
diabetes at baseline, significant positive cross-sectional 
relationships were found between five of the risk fac-
tors for insulin resistance and depression, while elevated, 
yet not statistically significant, relationships were found 
between three of the risk factors for insulin resistance 
and depression. As subjects possessed more risk factors 
for insulin resistance their likelihood of suffering from 
depression increased. 

Five of the risk factors for insulin resistance were associ-
ated with a significantly increased risk for diabetes incidence 
over the follow-up period while two of the risk factors were 
associated with an elevated, yet not statistically significant, 
risk for diabetes incidence. As subjects had more risk factors 
for insulin resistance their chances of being diagnosed with 
diabetes over the follow-up period increased. 

Given the fact that depression was correlated with many 
of the risk factors for insulin resistance at baseline, one 
would presume that the presence of depression at baseline 
would result in a significantly increased risk for the inci-
dence of diabetes over the follow-up period, but this was 
not the case. These counterintuitive results can be explained 
primarily by the differing relationships between the risk 
factors for insulin resistance and depression at baseline 
and the incidence of diabetes over the follow-up period. 
Lack of physical activity, hypertension, and inadequate 
sleep were the risk factors for insulin resistance that had 
the highest associations with both depression at baseline 
and the diagnosis of diabetes over the follow-up period. 
Being overweight was negatively associated with depression 
(OR = 0.92, 95% CI 0.81-1.05) while it had the strongest 
association of all of the risk factors for insulin resistance 
with the incidence of diabetes (HR = 3.56, 95% CI 2.76-
4.59). High stress was highly associated with depression 
but not at all associated with the incidence of diabetes over 
the follow-up period. Having high cholesterol was weakly 
associated with depression at baseline and was actually 
negatively associated with the diagnosis of diabetes over the 
follow-up period. Another factor likely to have contributed 
toward these findings is the fact that the NHANES dataset 
did not include repeated measures of depression over the 
follow-up period and therefore the presence of depres-
sion at baseline may not have reflected the presence of a 

chronic mood state that could have contributed toward 
the development of diabetes over the follow-up period. 

Glucose control is of primary importance in the treat-
ment of insulin resistance and type II diabetes. The pri-
mary behavioral interventions to control blood glucose 
levels have included dietary and exercise regimens. More 
recently it has been suggested that getting adequate sleep 
could also help manage blood glucose levels and improve 
insulin sensitivity (38). Compliance with these behavioral 
interventions can be particularly difficult for patients with 
appetite disturbance, fatigue, sleep disruption, and lack of 
motivation associated with depression. Individuals who 
suffer from both diabetes and depression have been found 
to have significantly poorer blood glucose regulation (39). 
Poor blood glucose regulation could exacerbate depressed 
mood by increasing the likelihood of suffering from com-
plications of diabetes and by increasing the pervasiveness 
of hypoglycemic reactions. When blood sugar levels drop 
to a point where brain glucose supplies are jeopardized, 
counter-regulatory hormones such as epinephrine and 
cortisol are secreted that can induce symptoms of anxiety, 
confusion, sadness, irritability, and weakness (40, 41). 
Individuals suffering from depression have been found to 
have higher cortisol responses to hypoglycemia (42). Given 
the potential physical and mental health implications, 
it would be advantageous for health and mental health 
professionals to bolster their efforts to encourage and 
motivate their patients who suffer from either diabetes or 
depression to eat a healthy diet and get adequate amounts 
of exercise and sleep.
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