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ABSTRACT
Introduction Despite extensive studies on the relationship 
between diabetes mellitus (DM) and depression, the 
associations of depressive symptom severity with 
prevalence, awareness, treatment, and control of diabetes 
remain unclear. We aimed to investigate changes in these 
outcomes of diabetes as depressive symptoms aggravate.
Research design and methods We conducted a cross- 
sectional analysis of 14 328 participants in the 2011–2016 
National Health and Nutrition Examination Survey. 
Participants were classified into depressive symptom 
groups of none, mild, moderate, moderately severe, and 
severe depending on their Patient Health Questionnaire-9 
scores. Multivariate logistic regression analyses were 
conducted in three models adjusted for expanding 
confounders to evaluate the associations between severity 
of depressive symptoms and prevalence, awareness, 
treatment, and control of DM.
Results As depressive symptom severity worsened, both 
prevalence and awareness of DM increased regardless 
of models (p value for trend <0.01 in all models for 
prevalence and awareness; adjusted OR (aOR) 2.14, 
95% CI 1.29 to 3.56 for prevalence in the severe group, 
model 1; aOR 2.43, 95% CI 1.27 to 4.64 for awareness in 
the moderately severe group, model 1). Notwithstanding 
higher awareness of diabetes in the moderately severe and 
severe groups (84.5% and 86.2%, respectively, vs 71.3% 
in the none group), these groups were treated less (aOR 
0.25, 95% CI 0.11 to 0.55 in the severe group, model 3) or 
inadequately controlled (aOR 0.51, 95% CI 0.27 to 0.98 in 
the moderately severe group, model 3).
Conclusions The gap between patients’ higher awareness 
and lower treatment rate or control of diabetes among 
individuals with severe depressive symptoms highlights 
the unmet needs for postdiagnostic multidisciplinary care 
for patients with comorbid depression and DM.

INTRODUCTION
Diabetes mellitus and depression are two 
major public health concerns in the USA. 
According to the 2020 report by the Centers 
for Disease Control and Prevention (CDC), 

more than 34 million people in the USA have 
diabetes,1 and in addition US adults with a 
past- year major depressive episode reached 

Significance of this study

What is already known about this subject?
 ► Diabetes mellitus and depression have bidirectional 
causality through multilayered (biological, psycho-
logical, socioeconomic, and cultural) mechanisms.

 ► The burden of diabetes and depression has con-
tinuously increased among the US population and 
therefore their comorbidity is also a significant pub-
lic health concern.

What are the new findings?
 ► As depressive symptoms worsened, prevalence and 
awareness of diabetes mellitus increased.

 ► Despite higher awareness of diabetes in the mod-
erately severe and severe depressive symptom 
groups, their treatment and control rates were low 
compared with groups with less severe depressive 
symptoms.

 ► Unhealthy behavioral factors such as obesity, smok-
ing, and physical inactivity were more frequently ob-
served in those with depressive symptoms.

How might these results change the focus of 
research or clinical practice?

 ► Our study emphasizes the fact that individuals with 
diabetes with moderately severe and severe de-
pressive symptoms (Patient Health Questionnaire-9 
score of 15 or higher) represent a unique patient 
group with an unmet need in the current care model.

 ► At a public health level, multidisciplinary approach-
es which incorporate care for both diabetes and 
depression should be implemented in chronic care 
models.

 ► At a practice level, physicians should consider the 
possibility of severe depression in a patient whose 
diabetes is poorly controlled despite optimal therapy.
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19.4 million in 2019.2 On top of the burden of each 
disease, their comorbidity and bidirectional causality 
pose even greater challenges at both the individual and 
public health levels.3–5 A meta- analysis of prospective 
cohort studies summarized that there is a 60% increased 
risk of incident type 2 diabetes among individuals with 
depression and a 15% greater risk of incident depres-
sion among patients with diabetes over their life span.4 
When broader designs of studies and patients with type 
1 diabetes are included, the prevalence of depression 
among patients with diabetes doubles or triples compared 
with that among those without diabetes mellitus.3 6

Previous studies indicated that complex shared mech-
anisms in biological, psychological, socioeconomic, 
and cultural aspects contribute to the comorbidity of 
these two conditions.7 8 These multilayered associa-
tions also impact the clinical outcomes of each disease. 
A meta- analysis showed that depression was associated 
with hyperglycemia among people with type 1 or type 2 
diabetes.9 Furthermore, there were strong associations 
between depression and diabetic complications such as 
retinopathy and neuropathy.10 Unsurprisingly, depres-
sion among those with diabetes significantly disrupted 
patients’ quality of life.11 A randomized controlled trial 
revealed that specifically designed collaborative care 
for patients with diabetes and depression improved the 
level of glycated hemoglobin (HbA1c) and quality of life 
compared with usual care,12 and other care models that 
aimed at simultaneously managing the two conditions 
also showed promising results.13 14

Although many researchers agree that specialized 
interventions are needed for patients with comorbid 
depression and diabetes,7 8 only a limited number of 
studies have looked into the relationship between the 
severity of depressive symptoms and diabetes- related 
clinical outcomes.5 15 16 In addition, while some studies 
investigated the combination of prevalence, awareness, 
treatment, and control of diabetes in different demo-
graphic groups, none has been conducted in conjunc-
tion with depression.17–19 Therefore, the aim of our 
study was to study the associations between depressive 
symptom severity and prevalence, awareness, treatment, 
and control of diabetes using the National Health and 
Nutrition Examination Survey (NHANES) data to iden-
tify specific subgroups that need specialized attention 
beyond usual care.

RESEARCH DESIGN AND METHODS
Study population
We conducted a cross- sectional study of the NHANES 
data from years 2011 to 2016. NHANES is a national 
survey conducted and released in a 2- year cycle by the 
CDC. It is unique in that it incorporates both interviews 
and physical examinations by highly trained interviewers 
and examiners.

The research sample comprised non- pregnant adults 
(aged 20 and older) who completed a depression 

screening questionnaire (Patient Health Question-
naire-9, PHQ-9) and underwent screening for diabetes 
with laboratory tests (fasting plasma glucose, HbA1c, 
plasma glucose 2 hours after 75 g oral glucose tolerance 
test) or a survey. Initially, 14 581 adults who completed 
the PHQ-9 were selected. Of these, 163 pregnant partic-
ipants, 76 with incomplete demographic or examination 
data (besides household income and body mass index 
(BMI)), and 14 with no available information regarding 
diabetes were excluded. Finally, 14 328 participants were 
included in the analysis (figure 1).

Definition of depressive symptom severity
We used the PHQ-9 self- report questionnaire available 
within the NHANES data to determine the severity of 
patients’ depressive symptoms. The PHQ-9 consists of 
nine questions which score each item of the Diagnostic 
and Statistical Manual of Mental Disorders- IV (DSM- IV) 
criteria for major depressive disorder. Participants were 
classified into five groups of depressive symptom severity 
according to the sum of the total raw PHQ-9 score: 0–4 
(none), 5–9 (mild), 10–14 (moderate), 15–19 (moder-
ately severe), and 20 or greater (severe). A PHQ-9 score 
of 10 or above is consistent with a diagnosis of major 
depression using the DSM- IV, with sensitivity of 88% and 
specificity of 88%.20

Definition of prevalence, awareness, treatment, and control of 
diabetes
Participants who met one of the following five criteria 
were considered to have diabetes: (1) fasting plasma 
glucose ≥126 mg/dL, (2) HbA1c ≥6.5% (48 mmol/mol), 
(3) post 2- hour plasma glucose after 75 g oral glucose 
tolerance test ≥200 mg/dL, (4) self- report of previous 
diagnosis of diabetes by medical professionals, or (5) 
taking glucose- lowering agents or insulin (survey or 
prescription medication check). Criteria 1–3 were based 
on the diagnostic criteria of diabetes mellitus by the Amer-
ican Diabetes Association,21 and criterion 4 was based on 
a question in the NHANES diabetes survey, which asks 
participants ‘Other than during pregnancy, have you 
ever been told by a doctor or health professional that 
you have diabetes or sugar diabetes?’ Participants who 
answered ‘yes’ to this question were regarded as having 
diabetes. Criterion 5 was determined by survey questions 
that asked participants if they were taking insulin or oral 
glucose- lowering agents, or based on the examination of 
prescribed diabetic medications used in the past 30 days. 
Participants taking the following classes of medications 
were classified as having diabetes mellitus: biguanides, 
sulfonylureas, dipeptidyl peptidase 4 inhibitors, incretin 
mimetics (Glucagon- Like Peptide-1 agonists), thiazo-
lidinediones, meglitinides, sodium- glucose cotrans-
porter-2 inhibitors, alpha- glucosidase inhibitors, and all 
types of insulin.

With regard to the outcomes of interest among patients 
who met the above criteria for diabetes mellitus, aware-
ness of diabetes was determined based on their answers to 
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criterion 4 (self- report of a previous diagnosis of diabetes 
by a medical professional); treatment for diabetes was 
defined based on criterion 5 (either self- report or docu-
mented evidence of taking glucose- lowering agents or 
insulin); lastly, the control of diabetes was defined as 
having HbA1c below 7% (53 mmol/mol).21

Associated factors
Given the complex association between depression and 
diabetes, we analyzed our models with three major catego-
ries of covariates including demographic, behavioral, and 
socioeconomic factors. The demographic factors included 
age, sex, and race/ethnicity. The behavioral factors 
included BMI, smoking, alcohol consumption, and phys-
ical activity. Participants were classified according to BMI 
into underweight (BMI <18.5), normal (18.5 ≤ BMI <25), 
overweight (25 ≤ BMI <30) and obese (BMI ≥30) groups, 
and those with missing BMI values were assigned to the 
unknown group. Smokers and ex- smokers who reported 
‘yes’ to the question ‘Have you smoked at least 100 ciga-
rettes in your entire life?’ were grouped together as ever- 
smokers. In addition, those who reported one or more 
days of excessive drinking (five or more drinks in men and 
four or more drinks in women) in the past 12 months were 
considered to be in the binge drinking group.22 Individ-
uals who reported that they were engaged in moderate 
or vigorous recreational physical activities were assigned 
to the ‘moderate/vigorous physical activity’ group. The 
socioeconomic factors included marital status, education, 
household income, health insurance, and healthcare utili-
zation over the past 1 year. Marital status was divided into 
two groups: married or living with partner, and the rest. 

Education level was classified into three categories of less 
than high school, high school or General Education Devel-
opment (GED), and some college or more. Household 
income was summarized into a binary variable indicating 
an annual income of US$20 000 or more or less than 
US$20 000 since many households only reported whether 
their income was below or above US$20 000. Six hundred 
and ninety- six subjects with missing household income 
information were designated as an unknown group. Self- 
reported health insurance status was also included. The 
reported number of healthcare utilizations over the past 
year was divided into three groups of none, one to three, 
and four or more. These numbers did not include over-
night hospitalizations, visits to hospital emergency rooms, 
home visits, or telephone calls.

Statistical analysis
In this study, descriptive statistics were used to under-
stand the general demographic characteristics. Multivari-
able logistic regression analyses and χ2 tests were used 
to identify the associations between the independent 
and dependent variables. The independent variables of 
interest were the depressive symptom severity groups of 
none, mild, moderate, moderately severe, and severe 
according to the PHQ-9 score. The four dependent vari-
ables of interest were prevalence of diabetes, patients’ 
awareness of having diabetes, whether the patient was 
receiving treatment for diabetes, and whether the patient 
had adequate control of diabetes. Data were weighted to 
the non- institutionalized US population using sampling 
weights (WTMEC2YR/3), considering the PHQ-9 survey 
was taken at the Mobile Examination Center (MEC) 

Figure 1 Flow diagram of selection of study population. *2011–2016 National Health and Nutrition Examination Survey 
(NHANES). PHQ-9, Patient Health Questionnaire-9.
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and the diabetic outcomes of our interest were oper-
ationally defined dependent variables as the union of 
criteria including MEC data. In exploring the above asso-
ciations, three models with expanding adjustment were 
used. The first model was adjusted for the basic demo-
graphic factors only. The second model was adjusted for 
demographic and behavioral factors. Finally, the third 
model included all of the covariates, adding socioeco-
nomic factors to the second model. We also confirmed 
there is absence of multicollinearity between covariates 
by checking the generalized variance inflation factor. 
Statistical analysis was executed using R V.4.0.4 (2020-10-
10) and RStudio V.1.3.1093 (2020, The R Foundation for 
Statistical Computing).

RESULTS
Characteristics of the study population by depressive 
symptom severity
The general characteristics of the weighted study popu-
lation are presented in table 1, stratified by severity of 
depressive symptoms. Of the total participants repre-
senting 205 446 326 non- institutionalized US population, 
23% reported depressive symptoms that were mild or 
more severe. Consistent with previous studies on demo-
graphic factors associated with depression, groups with 
depressive symptoms included more women (66.2% in 
moderate, 66.3% in moderately severe, 57.6% in severe 
groups vs 47.0% in the none group), fewer individuals 
who were married or living with partner (44.1% in the 
severe group vs 65.8% in the none group),23 fewer Asians 
(1.4% in the severe group vs 5.3% in the none group),24 
and more obese individuals (48.7% in moderate, 53.2% 
in moderately severe, 42.8% in severe groups vs 35.6% 
in the none group).25 Moreover, as depressive symptom 
severity worsened, the proportion of smoker/ex- smoker 
increased, while the proportion of participants who 
reported moderate to vigorous physical activity gradu-
ally decreased. Similar to previous studies, people with 
household income below US$20 000 accounted for 
11.4% in the none group and increased up to 29% in 
the severe group.23 Predictably, as depressive symptom 
severity became greater, the proportion of participants 
who used healthcare services four or more times in the 
past 1 year steadily increased from 32.6% in the none 
group to 63.6% in the severe group.

Prevalence, awareness, treatment, and control of diabetes by 
depressive symptom severity
Table 2 demonstrates the relationship between severity 
of depressive symptoms and our outcomes of interest. 
The odds of having diabetes (prevalence of diabetes) 
increased with worsening depressive symptom severity in 
every model (p value for trend <0.001 in models 1 and 2, 
and 0.003 in model 3). Adjusting for age, sex, and race/
ethnicity, individuals with mild, moderate, moderately 
severe, and severe depressive symptoms had significantly 
increased risk of having diabetes mellitus compared with 

those without depression (57%, 105%, 127%, and 114%, 
respectively). Such statistically significant increases in 
the prevalence of diabetes with worsening depressive 
symptoms were consistently observed after additionally 
adjusting for behavioral factors in model 2.

With regard to patients’ own awareness of having 
diabetes, worsening depressive symptoms were associ-
ated with increased awareness of diabetes. Among those 
with diabetes, only 71.3% of patients with diabetes with 
no depressive symptoms responded that they were aware 
of their diagnosis of diabetes, whereas 84.5% and 86.2% 
of patients with diabetes in moderately severe and severe 
depressive symptom groups acknowledged their diabetic 
conditions. In the same manner, the odds of being aware 
of diabetes diagnosis continuously increased as depres-
sive symptom severity escalated (p value for trend 0.002, 
<0.001, and 0.006 in models 1, 2, and 3). Specifically, in 
model 1, those with mild, moderate, moderately severe, 
and severe depressive symptoms were 1.47, 1.26, 2.43, 
and 3.12 times more likely to be aware of their diabetes 
compared with those in the none group, although this 
was not statistically significant in the moderate and severe 
groups.

Patients with depressive symptoms were less likely to 
receive treatment for diabetes despite having increased 
awareness of their diagnoses. Only 50.1% of patients 
with diabetes with severe depressive symptoms received 
treatment for their diabetes, compared with 79.3% of 
patients with diabetes with no depressive symptoms 
receiving treatment. In addition, patients with diabetes 
with increasing depressive symptom severity were also 
significantly less likely to have adequate control of their 
diabetes compared with those with no depressive symp-
toms (p value for trend 0.007, 0.028, and 0.022 in models 
1, 2, and 3).

In additional subgroup analyses by gender and ethnicity, 
all subgroups demonstrated the overall tendency of 
increasing prevalence and awareness of diabetes with 
worsening depressive symptoms. The proportion of 
patients receiving no diabetes treatments was espe-
cially high among men and ethnic minorities, while the 
proportion of patients with uncontrolled diabetes was 
more pronounced among women and white.

Unhealthy behaviors by depressive symptom severity among 
those with diabetes
To investigate the factors associated with lower rates 
of diabetes treatment and control despite increasing 
awareness among patients with depressive symptoms, we 
conducted a subgroup analysis focusing on the presence 
of unhealthy behaviors by depressive symptom severity. 
Overall, patients with depressive symptoms were signifi-
cantly more likely to be obese (74.9% in moderate, 80.1% 
in moderately severe, 65.9% in severe vs 57.4% in the none 
group). Patients with severe depressive symptoms were 
also significantly more likely to be ever- smokers (68.8% 
vs 48.2%) and be physically inactive (83.9% vs 56.5%) 
compared with those with no depressive symptoms.
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Table 1 General characteristics of the weighted study population by depressive symptom severity

Estimated proportion (%)

Depressive symptom severity*

P value
None
0–4

Mild
5–9

Moderate
10–14

Moderately severe
15–19

Severe
20 and higher

Total (n)† 157 949 112 31 099 302 10 085 455 4 280 562 2 031 895

Age

  20–39 35.5 33.4 34 30.8 34.5 0.032

  40–59 36 39.9 39.3 43.8 47.7

  60–79 24.1 21.6 23.8 21.7 14.3

  ≥80 4.4 5.1 2.9 3.6 3.5

Sex

  Male 52.4 41.5 33.8 33.7 42.4 <0.001

  Female 47.6 58.5 66.2 66.3 57.6

Race/ethnicity

  White 67.6 65.6 64.8 66.1 58.2 <0.001

  Black 10.4 12.7 13 11.8 10.7

  Mexican Hispanic 8.4 8.7 7.1 8.2 5.5

  Other Hispanic 5.6 5.9 7.3 9.4 13.7

  Asian 5.3 4 2.4 0.6 1.4

  Others 2.8 3.2 5.3 3.8 10.5

BMI (kg/m2)‡

  Underweight 1.2 2.2 1.9 2 1.5 <0.001

  Normal 28.9 23.1 24.7 16.5 28.5

  Overweight 33.6 31.4 23.6 26.9 27

  Obese 35.6 42.5 48.7 53.2 42.8

  Unknown 0.7 0.9 1.2 1.4 0.2

Smoking

  Smoker/ex- smoker 41.2 51.7 60.5 62.6 69 <0.001

  Never 58.8 48.3 39.5 37.4 31

Alcohol

  Binge drinking 32.4 34.6 33.6 28.4 36.7 0.296

  No 67.6 65.4 66.4 71.6 63.3

Physical activity

  Moderate/vigorous activity 58.4 47.7 36.9 34.9 28.4 <0.001

  No 41.6 52.3 63.1 65.1 71.6

Marital status

  Married/living with partner 65.8 55.4 44.6 47.4 44.1 <0.001

  Other 34.2 44.6 55.4 52.6 55.9

Education

  Less than high school 13.1 17.2 22 30 25.9 <0.001

  High school or General 
Education Development 
(GED)

20 23.8 23.9 30.5 22.7

  Some college or more 66.9 58.9 54.1 39.5 51.4

Income (household, US$)

  <20 000 11.4 18.2 28 31.6 29 <0.001

  ≥20 000 85 78.1 68.8 64.4 67.7

  Unknown 3.5 3.7 3.2 4 3.3

Insurance

Continued
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CONCLUSIONS
To our knowledge, this is the first study to evaluate the 
prevalence, awareness, treatment, and control of diabetes 

by severity of depressive symptoms. By looking at these 
four diabetes- related outcomes concurrently with groups 
of increasing depressive symptoms, our study aimed to 

Estimated proportion (%)

Depressive symptom severity*

P value
None
0–4

Mild
5–9

Moderate
10–14

Moderately severe
15–19

Severe
20 and higher

  Covered 84.2 80.3 79.2 77.5 78.9 <0.001

  Not covered 15.8 19.7 20.8 22.5 21.1

Healthcare utilization/past 1 year

  None 16.5 11.3 12.1 12.4 9.8 <0.001

  1–3 50.9 40.7 31 21.9 26.5

  4 or more 32.6 47.9 56.9 65.7 63.6

*Depressive symptom severity was based on PHQ-9 score.
†Data are weighted to the non- institutionalized US population.
‡Underweight (BMI <18.5), normal (18.5 ≤ BMI <25), overweight (25 ≤ BMI <30), and obese (BMI ≥30).
BMI, body mass index; PHQ-9, Patient Health Questionnaire-9.

Table 1 Continued

Table 2 Associations of depressive symptom severity with prevalence, awareness, treatment, and control of diabetes

aOR (95% CI)

Depressive symptom severity*

P value for 
trend

None
0–4

Mild
5–9

Moderate
10–14

Moderately severe
15–19

Severe
20 and higher

Prevalence

  Proportion (%) 13.6 19.1 22.3 24.1 22

   Model 1† 1 1.57 (1.34 to 1.83) 2.05 (1.53 to 2.75) 2.27 (1.65 to 3.12) 2.14 (1.29 to 3.56) <0.001

   Model 2‡ 1 1.42 (1.20 to 1.68) 1.74 (1.30 to 2.33) 1.77 (1.31 to 2.37) 1.85 (1.08 to 3.16) <0.001

   Model 3§ 1 1.26 (1.04 to 1.53) 1.41 (1.04 to 1.92) 1.35 (0.99 to 1.86) 1.43 (0.85 to 2.40) 0.003

Awareness¶

  Proportion (%) 71.3 78.2 74.4 84.5 86.2

   Model 1† 1 1.47 (1.05 to 2.07) 1.26 (0.74 to 2.15) 2.43 (1.27 to 4.64) 3.12 (0.85 to 11.38) 0.002

   Model 2‡ 1 1.53 (1.10 to 2.13) 1.33 (0.79 to 2.24) 2.59 (1.36 to 4.94) 3.36 (0.92 to 12.26) <0.001

   Model 3§ 1 1.48 (1.06 to 2.06) 1.17 (0.68 to 2.04) 2.17 (1.13 to 4.15) 2.82 (0.66 to 12.02) 0.006

Treatment¶

  Proportion (%) 79.3 76.5 75.7 84 50.1

   Model 1† 1 0.88 (0.61 to 1.26) 0.93 (0.59 to 1.46) 1.63 (0.85 to 3.11) 0.33 (0.16 to 0.67) 0.326

   Model 2‡ 1 0.83 (0.59 to 1.17) 0.85 (0.54 to 1.32) 1.45 (0.75 to 2.83) 0.33 (0.16 to 0.66) 0.181

   Model 3§ 1 0.79 (0.55 to 1.13) 0.75 (0.48 to 1.17) 1.23 (0.60 to 2.55) 0.25 (0.11 to 0.55) 0.071

Controlled** (HbA1c <7%)

  Proportion (%) 51.3 48.1 48.9 41.8 32.5

   Model 1† 1 0.81 (0.62 to 1.06) 0.85 (0.57 to 1.28) 0.49 (0.25 to 0.95) 0.56 (0.27 to 1.19) 0.007

   Model 2‡ 1 0.85 (0.64 to 1.13) 0.94 (0.63 to 1.40) 0.52 (0.27 to 0.98) 0.61 (0.31 to 1.20) 0.028

   Model 3§ 1 0.83 (0.63 to 1.10) 0.92 (0.62 to 1.37) 0.51 (0.27 to 0.98) 0.57 (0.29 to 1.11) 0.022

Statistically significant results are written in bold (p<0.05).
Data are weighted to non- institutionalized US population.
Multivariate logistic regression analysis was used.
*Depressive symptom severity was based on PHQ-9 score.
†Adjusted for age, sex, and race/ethnicity.
‡Adjusted for age, sex, race/ethnicity, body mass index, smoking, alcohol consumption, and physical activity.
§Adjusted for age, sex, race/ethnicity, body mass index, smoking, alcohol consumption, physical activity, marital status, education, household 
income, health insurance, and healthcare utilization.
¶Among participants with diabetes and available treatment data.
**Among participants with diabetes and available HbA1c data.
aOR, adjusted OR; HbA1c, glycated hemoglobin; PHQ-9, Patient Health Questionnaire-9.
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identify patient groups that need special attention and 
also highlight areas in need of improvement in caring 
for patients with diabetes and depression. In our study, 
as depressive symptom severity worsened, the preva-
lence and self- awareness of diabetes increased, but the 
treatment and control of diabetes decreased despite the 
higher degree of awareness. This discrepancy between 
awareness and management outcomes of diabetes 
emphasizes that currently the postdiagnostic approaches 
for those with depression and diabetes are not sufficient 
to achieve optimal diabetes control, especially among 
those with severe depressive symptoms. This suggests that 
while the current screening system may be effective for 
the diagnosis of diabetes, there remains an unmet need 
for collaborative and individualized care for patients 
with diabetes with severe depression following their diag-
noses. As the burden of both diabetes and depression 
continues to rise,1 2 the results of our study emphasize 
the importance of identifying and focusing our public 
health resources on the particular subgroup of patients 
who suffer the most from the negative impacts of this 
comorbidity.

Previous studies have consistently indicated positive 
associations between depression and diabetes (diagnosed 
or undiagnosed) in a variety of study settings.4 8 Our 
study also confirmed the positive correlation between 
the prevalence of diabetes and depression, and addition-
ally found that this association becomes stronger with 
increasing severity of depressive symptoms. Increase in 
the prevalence of diabetes by depressive symptom severity 
can be explained through a variety of mechanisms. Holt 
et al8 proposed several different interacting pathogenic 
mechanisms, including clinical burden of disease, that is, 
psychological reactions to the diagnosis of diabetes, life-
style factors and adherence, antidepressant medications, 
brain structure and function, hypothalamic–pituitary–
adrenal axis dysfunction, sleep, inflammation, and envi-
ronmental factors.8 Fisher et al7 similarly conceptualized 
and emphasized studies that dealt with socioeconomic 
and cultural factors such as socioeconomic disparities, 
ethnic differences in beliefs about the causes of depres-
sion and preferences for the treatment of diabetes, 

migrant populations, and stigmatization.7 Of note, the 
intensity of the association was slightly attenuated from 
24.1% in the moderately severe to 22.1% in the most 
severe depressive symptom group. This attenuation may 
be explained by the decreasing prevalence of obesity in 
the most severe group (65.9% vs 74.9% and 80.1% in 
the moderate and moderately severe groups). Previous 
studies have suggested that obesity increases with wors-
ening of depressive symptoms.25 26 Additionally, a study 
showed that poor diet that was prone to causing diabetes 
became prominent with more severe depressive symp-
toms.27 However, depression could also suppress appetite 
depending on the changes in patients’ endocrine and 
metabolic states, and those with decreased appetite could 
lose weight,28 implying a lower risk of getting diabetes.

Higher awareness of diabetes with worsening depres-
sive symptoms can be partly attributed to more health-
care utilizations, considering that twice as many people 
with severe depressive symptoms used healthcare services 
four or more times over the past 1 year compared with 
those in the none group (63.6% vs 32.4%; table 1). Addi-
tionally, since the use of antidepressants is linked with risk 
of developing type 2 diabetes,29 it is routine for providers 
to screen and monitor for metabolic risk factors before 
and after initiating antidepressants,30 31 and this may 
have contributed to the higher awareness of diabetes 
among those with severe depressive symptoms who were 
prescribed pharmacological interventions. However, 
significant p value for trends (0.006) in the association 
between depressive symptom severity and the prevalence 
of diabetes after adjusting for healthcare utilization in 
model 3 may imply other causes such as comorbid hypo-
chondriasis or hypochondriacal traits among those with 
depressive symptoms, which may have led to a higher 
awareness once the diagnosis of diabetes was made.32

Notably, higher awareness in those with moderately 
severe to severe depressive symptoms did not lead to 
better treatment or control outcomes, revealing an even 
lower rate of treatment and control of diabetes. Likewise, 
table 3 elaborated that more unhealthy behaviors toward 
diabetic management, such as obesity, smoking, and 
physical inactivity,21 were seen in those with depressive 

Table 3 Unhealthy behaviors of study participants with diabetes by depressive symptom severity

Estimated proportion (%)

Depressive symptom severity*

P value
None
0–4

Mild
5–9

Moderate
10–14

Moderately severe
15–19

Severe
20 and higher

Total (n)† 21 529 750 5 931 984 2 246 573 1 033 388 447 321

Obesity (BMI ≥30) 57.4 64.7 74.9 80.1 65.9 <0.001

Ever- smokers 48.2 55.5 61.3 58.9 68.8 0.001

Binge drinking 17.7 17.5 17.3 19.1 19.8 0.997

Physical inactivity 56.5 67.4 73.6 67.3 83.9 <0.001

χ2 test was used.
*Depressive symptom severity was based on PHQ-9 score.
†Data are weighted to the non- institutionalized US population.
BMI, body mass index; PHQ-9, Patient Health Questionnaire-9.
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symptoms. Previous studies also pointed out that depres-
sive symptoms can lower the treatment and control of 
diabetes by non- adherence to medications and poor 
diet.33 Also, these results imply that current care was not 
sufficient to support patients with this comorbidity even 
after making the correct diagnosis, and the unhealthy 
behaviors of the comorbid population were not properly 
mitigated.

Our study suggests that an integrated care model for 
depression and diabetes―for both mental and physical 
health―should be implemented to satisfy the unmet 
needs of this comorbid population. First, from a public 
health perspective, it is important to reconsider the 
currently developing approaches for diabetes care to 
incorporate depression management. Although there 
have been ongoing efforts such as chronic care models 
(CCMs) and patient- centered medical homes (PCMHs) 
to provide holistic care for chronic diseases including 
diabetes in primary care settings,34 35 limited numbers 
of PCMHs or CCMs for diabetes care incorporated 
depression screening and management.35 36 Moreover, 
there were concerns that CCMs in general were devised 
to meet the healthcare system’s goals, not patient work 
or practical resources, and mainly focused on disease- 
specific outcomes or healthcare utilization, and thus 
were particularly insufficient to support patients with 
multimorbidity.37 To resolve this challenge, Boehmer et 
al37 suggested applying minimally disruptive medicine, 
which is aimed at reducing patient work and improving 
patients’ capacity, to the current CCMs. Therefore, a 
future approach to address the existing and evolving 
needs of the comorbid population with diabetes and 
depression could be the combination of the currently 
developing CCMs for different conditions and the recent 
successful attempts of collaborative care for diabetes and 
depression.13

Alongside its public health implications, our study 
also has several important clinical implications for the 
current primary care practice in the USA. First, primary 
care physicians caring for patients with either diabetes 
or depression should screen patients for other condi-
tions. The US Preventive Services Task Force currently 
recommends depression screening in general adult 
population (age 18 or older) and screening for abnormal 
blood glucose in adults aged 40–70 years who are over-
weight and obese.38 39 In addition to this, primary physi-
cians should bear in mind the risk of comorbidity and 
take a thorough patient history to ask and counsel about 
personal challenges such as diet, physical activity, medica-
tion management, and psychological stress. Finally, active 
consultations with specialists need to be performed, inte-
grating behavioral health professionals as was suggested 
in the PCMHs for diabetes.35 As it may often be chal-
lenging for patients to be referred to specialists due to 
insurance coverage and socioeconomic vulnerabilities, 
it is crucial that primary care physicians are sufficiently 
trained to perform competent initial care for both 
diabetes and depression.

Our study must be interpreted in the context of its 
limitations. First, as a cross- sectional analysis, the direc-
tion of causality of the relationships remains unclear. 
Second, we used PHQ-9 score as the only variable to 
determine depressive symptom severity in NHANES, but 
there have been arguments that the PHQ-9 may overes-
timate depressive symptom severity.40 Third, since the 
sample size of the severely depressed group was relatively 
small, the associations in that group, presented particu-
larly in online supplemental data, could be less accurate. 
Further research should be conducted with other modes 
of measuring depressive symptom severity and with a 
larger sample population to sufficiently represent the 
severely depressed group.

In summary, this study highlights the strong associa-
tions between depressive symptom severity and the prev-
alence, awareness, management, and control of diabetes 
among patients with comorbid diabetes and depression, 
and emphasizes the crucial need for improvements in 
postdiagnostic care for patients with severe depression 
and diabetes. Current care targeted for either diabetes 
or depression management still remains fragmented and 
mostly focuses on the screening of the other condition. 
Considering the chronic burden of diabetes and depres-
sion, postdiagnostic, long- term collaborative care for 
these conditions should be implemented particularly in 
treating patients with poorly controlled diabetes.
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