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Abstract

Objectives To examine the cross-sectional association between baseline depressive symptoms and the presence of type 2
diabetes (T2D), and its association with glycated hemoglobin (HbA1c) and other metabolic variables, and the prospective
association of depressive symptoms and HbA 1c after 1 year of follow-up.

Methods n=6224 Mediterranean older adults with overweight/obesity and metabolic syndrome (48% females, mean age
64.9 +4.9 years) were evaluated in the framework of the PREDIMED-Plus study cohort. Depressive symptoms were assessed
using the Beck Depression Inventory-II and HbAlc was used to measure metabolic control.

Results The presence of T2D increased the likelihood of higher levels of depressive symptoms (y*>=15.84, p=0.001). Poly-
nomial contrast revealed a positive linear relationship (y>=13.49, p=0.001), the higher the depressive symptoms levels,
the higher the prevalence of T2D. Longitudinal analyses showed that the higher baseline depressive symptoms levels, the
higher the likelihood of being within the HbAlc>7% at 1-year level (Wald-y*=24.06, df=3, p <.001, for the full adjusted
model). Additionally, depressive levels at baseline and duration of T2D predicted higher HbA 1c and body mass index, and
lower physical activity and adherence to Mediterranean Diet at 1 year of follow-up.

Conclusions This study supports an association between T2D and the severity of depressive symptoms, suggesting a worse
metabolic control from mild severity levels in the short-medium term, influenced by lifestyle habits related to diabetes care.
Screening for depressive symptoms and a multidisciplinary integrative therapeutic approach should be ensured in patients
with T2D.

Keywords Type 2 diabetes - Depressive symptoms - Metabolic syndrome - HbAlc - Severity

Introduction and disability and is directly responsible for approximately

1.5 million deaths each year [1]. Type 2 diabetes (T2D) pre-

Diabetes is a highly prevalent medical condition and a major
health burden, affecting approximately 422 million people
worldwide [1]. It is considered a leading cause of mortality
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dominates in most cases, with a typical onset in adulthood.
This metabolic disease has a complex etiology, involving
multiple risk factors from genetics to environmental fea-
tures, such as a sedentary lifestyle, malnutrition, and the
presence of other metabolic disorders. Individuals with
metabolic syndrome (MetS) and obesity are at an increased
risk of developing T2D, which are often comorbid condi-
tions [2]. Remarkably, these disorders are associated with
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multisystemic consequences in the short and middle-long
term [1]. In addition to somatic complications, it is worth
mentioning their impact on emotional well-being [3].

The presence of a chronic disease such as T2D implies a
multifaceted psychological adjustment encompassing emo-
tional, cognitive, and behavioral spheres. This process has a
dynamic nature and is influenced by multiple disease-related
and individual factors which, in turn, could modulate the
individual’s capacity to adaptively adjust [4]. In this con-
text, coping with a chronic disease and its consequences,
the burden of self-care to maintain proper metabolic control
and prevent the development of complications, as well as
physical disability and social difficulties could contribute to
a disorder-related emotional distress (i.e., diabetes-related
distress) [5]. The presence of T2D also increases the vul-
nerability to the development of mood disturbances, from
subthreshold symptoms to mood disorders [6, 7]. Accord-
ingly, the meta-analysis by Harding et al. [8] described a
prevalence of depressive symptoms ranging from 13.9 to
66.4% in patients with T2D. Furthermore, the prevalence
of major depressive disorder (MDD) oscillates between 0.9
and 51.8% [9]. Depressive symptomatology in individuals
with T2D has been associated with younger age and higher
glycated hemoglobin (HbAlc) levels, leading to a higher
risk of diabetic complications [8]. Alternatively, a higher
vulnerability for a comorbid MDD has been associated with
older age and higher weight, as well as with other comorbid
chronic diseases [10]. In this context, MetS may contribute
to an increased risk of mood disturbances in patients with
T2D [7].

Due to the usual coexistence of metabolic and mood dis-
turbances, some authors have suggested the existence of a
so-called “metabolic-mood syndrome” [11], and common
underlying neurobiological mechanisms and environmental
factors between T2D, MetS, and mood disturbances have
been suggested [12]. That said, the chronic proinflamma-
tory state associated with MetS and obesity favors processes,
such as hyperinsulinemia, lower tolerance to glucose, and
dysregulation of the hypothalamus—pituitary—adrenal (HPA)
axis, which may precede the development of T2D [13]. Like-
wise, this proinflammatory scenario and oxidative stress
have been linked to the pathogenesis of depression [6], with
a consequent increased cardiovascular risk [14]. On the other
hand, unhealthy dietary habits, a sedentary lifestyle, and
lower self-care are common environmental characteristics
found in both individuals with mood disturbances and those
with T2D [15].

Therefore, individuals with T2D represent a group of par-
ticular interest when analyzing the bidirectional relationship
with mood-related symptomatology and the consequences
derived from their comorbidity [13]. From diabetes-related
distress to depression, the presence of mood disturbances
may influence the management of the disorder in terms
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of metabolic control (e.g., HbAlc), adherence to diet and
physical activity, or monitoring of diabetes-related com-
plications, leading to increased morbidity and mortality
and poorer quality of life [3]. This fact acquires a special
significance in the middle adulthood and older adults, who
represent a particularly vulnerable population for the conflu-
ence of both metabolic and mood anomalies, contributing to
a higher cardiovascular risk and associated complications,
such as cognitive impairment [14, 16]. Precisely, previous
research developed in the context of the PREDIMED-Plus
study examining older adults with T2D and MetS found
that, in addition to poorer metabolic control and higher body
mass index (BMI), depressive symptoms were associated
with poorer neurocognitive status [17]. Some studies have
analyzed strategies to ameliorate the comorbidity between
metabolic and mood disturbances. In this regard, the benefi-
cial effects of a Mediterranean Diet (MedDiet) intervention
have been highlighted [15, 18-21].

Considering this, a few studies have investigated the link
between depressive symptoms and T2D in an older adult
population with MetS and a MedDiet intervention. The first
objective of this research was to examine cross-sectionally
the association between the severity levels of depressive
symptoms and the presence of T2D. Second, among indi-
viduals with T2D, we explored whether depressive symp-
toms were related to metabolic control (i.e., HbAlc) and
other MetS-related variables at baseline. Third, the link
between baseline levels of depressive symptoms and HbAlc
at 1-year follow-up was also assessed. Using path analysis,
we evaluated the predictive capacity of baseline depressive
symptoms on HbAlc at 1-year follow-up. This model also
aimed to explore the potential mediating role of different
features, such as T2D duration (at baseline), physical activ-
ity, adherence to MedDiet, and BMI (at 1-year follow-up).
We expected to find higher levels of depressive symptoms
in individuals with T2D. We also hypothesized that more
severe depressive symptoms would be linked to a worse
metabolic control both at baseline and at 1-year follow-up.
Furthermore, we presumed that higher levels of depressive
symptoms at baseline would predict a worse metabolic con-
trol at 1-year follow-up.

Materials and methods
Study design and participants

The present study was conducted in the context of the PRED-
IMED-Plus study, a 6-year, controlled, randomized parallel-
group intervention study. The main aim of this multicentric
project is to assess the effects of an intensive lifestyle inter-
vention based on an energy reduced MedDiet, physical activ-
ity promotion, and behavioral support on primary prevention
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of cardiovascular disease events. Participants were enrolled
between 2013 and 2016 by 23 Spanish centers from different
universities, hospitals, and research institutes working in col-
laboration with 208 Primary Care Health Facilities belong-
ing to the Spanish National Health System. The total cohort
included older adults (n=6874), with men aged between
55 and 75 years, and women between 60 and 75 years. All
the participants had overweight or obesity and met at least
three components of MetS at the moment of enrollment [22].
They were randomly assigned to either an intensive weight
loss intervention group, based on an energy reduced Med-
Diet with physical activity promotion and behavioral sup-
port, or to a control group, advised to follow an ad libitum
MedDiet without any other indication. More details of the
study, inclusion and exclusion criteria, and methods have
been previously specified [23], and the protocol is available
at http://predimedplus.com/. The PREDIMED-Plus Study
was registered at the International Standard Randomized
Controlled Trial in 2014 (ISRCT; http://www.isrctn.com/
ISRCTN89898870). According to the ethical standards of
the Declaration of Helsinki by the Research Ethics Commit-
tees, the study protocol and procedures were approved from
all the participating institutions. All participants provided
written informed consent.

The sub-sample analyzed in this study comprised 6224
individuals at baseline (n=1913 with prevalent T2D), as
650 participants were excluded from the total sample due
to missing data on the variables assessed in this work. At
1-year follow-up, the sample was composed of 5559 indi-
viduals, after excluding 665 subjects due to incomplete data
or dropout. Among them, n=1694 had T2D. Supplementary
Fig. 1 (S1) shows the sampling flowchart.

Outcomes and assessments
Depressive symptoms’ evaluation

The Beck Depression Inventory—II (BDI-II) [24]; Span-
ish validation [25]: it is a 21-item self-report measure for
assessing the severity of depressive symptoms in adults and
adolescents (ages from 13 to 80 years). Scores for each item
ranged from O to 3 and a total score is obtained from the sum
of all responses. Higher total scores indicate more severe
depressive symptomatology. The standardized cut-offs are
as follows: 0—13 indicates minimal levels, 14—19 mild levels,
20-28 moderate levels, and 29-63 severe levels. The Cron-
bach’s alpha in our sample was a0 =0.884.

Assessment of glycemic control

Fasting peripheral blood samples were obtained to determine
HbA1c, that was used as a measure of metabolic control

in T2D, establishing a cut-off point (7%) according to the
American Diabetes Association (ADA) [26].

Anthropometric, blood pressure, and other biochemical
measures

Weight, height, and waist circumference were measured in
duplicate following a pre-established protocol. BMI (Kg/m?)
was calculated by dividing the weight (Kg) by the square of
height (m?). Waist circumference was determined midway
between the lowest rib and the iliac crest. Blood pressure
(mm/Hg) was measured with a validated semi-automatic
oscillometer (Omron HEM-705CP). Fasting peripheral
blood samples were obtained to determine serum glucose
(mg/dl), insulin (mcU/dl), and lipid profile (mg/dl) [i.e., total
cholesterol, high-density lipoprotein cholesterol (HDLc),
and triglycerides] using standard enzymatic methods. Low-
density lipoprotein cholesterol (LDLc) was calculated by
the Friedwald formula whenever triglycerides were less than
300 mg/dl. Laboratory personnel performing all assays was
blinded to group allocation.

Leisure-time physical activity and adherence to MedDiet

Adherence to the MedDiet pattern was assessed using the
energy-restricted Mediterranean Diet Adherence Screener
(er-MEDAS), a validated 17-item questionnaire [27]. This
screener is a modified version from the previously validated
Mediterranean Diet Adherence Screener (MEDAS), devel-
oped and applied in the framework of the randomized clini-
cal trial PREDIMED Study. The er-MEDAS encompasses
the 14 questions related to food consumption and behaviors
from MEDAS, and 3 additional items aiming at capturing
the dimension of energy restriction. Each of the items was
scored as either 1 or 0, with a range between 0 and 17 points,
17 being the maximum adherence.

The Minnesota-REGICOR leisure-time physical activity
questionnaire was used to estimate the physical activity total
energy expenditure [28].

Other covariates

At baseline, trained staff collected participants’ information
through face-to-face interviews regarding sociodemographic
characteristics (i.e., sex, age, level of education, marital sta-
tus, and employment status), T2D illness duration, and use
of diabetic medication.

Statistical analysis
Data analysis was performed with the Statal7 program for

Windows [29]. The March 2019 PREDIMED-Plus data-
base was used. Cross-sectional associations of the severity
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groups regarding depressive symptoms and presence of
T2D at baseline, with the sociodemographic and clinical
profiles, were performed with Chi-squared tests for cat-
egorical measures and with analysis of variance (ANOVA)
for quantitative measures. The longitudinal association
between the severity of depressive symptoms at baseline
and HbAlc levels at 1-year follow-up was analyzed with a
multivariate regression model, adjusting for the covariates
HbA 1c baseline levels, the data collection center, and the
intervention group.

Path analysis was used to assess the predictive capac-
ity of the duration of T2D and the levels of depressive
symptomatology at baseline on the results registered
at 1 year of follow-up in HbAlc, energy expenditure in
leisure-time physical activity, adherence to MedDiet, and
BML. In this work, path analysis was implemented through
Structural Equation Modeling (SEM), adjusted by HbAlc
at baseline, the center, and the intervention group. The
following procedure was used: (a) all parameters were
free estimated (no initial values were assumed); (b) only
statistical parameters were retained in the final model to
achieve the most parsimonious model and facilitate inter-
pretation; and (c) the maximum-likelihood estimation
method was used. Goodness-of-fit was evaluated using
the typical fit indexes/criteria: Root-Mean-Square Error
of approximation RMSEA <0.08, Bentler’s Comparative
Fit Index CFI > 0.90, Tucker—Lewis Index TLI> 0.90, and
Standardized Root-Mean-Square Residual SRMR < 0.10.
The global predictive capacity of the model was measured
by the coefficient of determination (CD).

In this study, Finner's method was applied to control the
increase in the Type I error due to the performance of mul-
tiple null-hypothesis tests [30].

Results
Characteristics of the participants

Table 1 shows the descriptive for the sample at baseline
(n=6224). The mean age of the sample was 64.9 years
(SD=4.9 years) and 52% of the participants were men
(n=3239). Participants were predominantly married
(76.3%), with education up to the primary level (47.7%)
and retired from active service (58%). Regarding clinical
features, 49.3% of the sample had obesity type I, followed by
overweight (26.6%) and obesity type II (23.3%). Most of the
participants had HbAlc <7% (87.4%) and 30.7% suffered
from T2D. While 79.8% of the cases reported “minimal
depressive symptoms”, 11.1% of the participants reported
“mild depressive symptoms”, 6.9% “moderate depressive
symptoms”, and 2.2% “severe depressive symptoms”.
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Table 1 Baseline characteristics of the sample

n=6224
n %
Sex
Men 3239 52.0
Women 2985 48.0
Marital status
Single 344 5.5
Married 4751 76.3
Divorced-separated 500 8.0
Widowed 629 10.1
Education level
Higher education 1387 22.3
Secondary 1815 29.2
Primary 2969 47.7
Less than primary 53 0.8
Employment status
Employed 1344 21.6
Work at home 903 14.5
Retired 3613 58.0
Unemployed (with incomes) 241 39
Unemployed (no incomes) 123 2.0
Weight status
Overweight 1657 26.6
Obesity I (BMI 30-34.9) 3066 49.3
Obesity I or more (BMI > 35) 1501 24.2
Depressive symptoms
Minimal (score 0-13) 4967 79.8
Mild (score 14-19) 688 11.1
Moderate (score 20-28) 431 6.9
Severe (score >29) 138 2.2
HbAlc
Low-normal (<7.0%) 5438 87.4
High (>7.0%) 786 12.6
T2D
Absent 4311 69.3
Present 1913 30.7
Age (years) Mean SD
64.9 4.9

Depressive symptoms, BDI-II scores: minimal (0-13), mild (14-19),
moderate (20-28), and severe (29 or high). SD standard deviation,
HbAIc glycosylated hemoglobin, 72D type 2 diabetes

Cross-sectional analyses

An association was found between the presence/absence
of T2D and the levels of depressive symptoms at baseline
(¥*=15.84, p=0.001). The polynomial contrast test showed
a positive linear relationship (y>=13.49, p=0.001): partici-
pants with T2D reported more depressive symptoms com-
pared to those without T2D (Table 2), and the higher the
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Table.2 .Cross-sectional . Depressive Type 2 diabetes Chi-square tests Pt p
association between depressive symptoms
symptom severity levels and Absent (n=4311)  Present (n=1913)
T2D at baseline
n % n %
Severe 78 1.8 60 3.1 Pearson-test 15.84 (3) 0.001*
Moderate 280 6.5 151 7.9 Linear-by-linear 13.49 (1) <0.001*
Mild 473 11.0 215 11.2 Deviation 2.35(2) 0.154
Minimal 3480 80.7 1487 71.7
df degrees of freedom

*Bold: significant comparison. Depressive symptoms, BDI-II scores: minimal (0-13), mild (14-19), mod-
erate (20-28), and severe (29 or high)

levels of depressive symptoms, the higher the prevalence
of T2D (Fig. 1).

Table 3 shows the association between the levels of
depressive symptoms at baseline and the sociodemographic
and clinical measures of the study (analysis within the
sub-sample of patients with T2D at baseline, n=1913).
Regarding the sociodemographic variables, higher levels of
depressive symptoms were associated with sex (women),
not being married, lower educational levels, and not being
employed. Additionally, higher depressive symptoms were
related to higher levels of HbA lc, cholesterol, glucose, and
weight; also, to the use of treatment for T2D (metformin
and insulin).

Longitudinal analyses

Table 4 shows the frequency distribution of the depres-
sive symptom levels at baseline and HbAlc at 1-year fol-
low-up (analysis within the sample with T2D at baseline,
n=1694). Logistic regression adjusted for baseline HbAlc,

Fig. 1 Bar chart with the preva- Prevalence T2D+
lence of participants with T2D

the recruitment center and the intervention group showed
a predictive association: the higher the depressive symp-
toms levels at baseline, the higher the likelihood of being
within the high-range level of HbAlc. The association
was obtained for an univariate model (with no adjustment:
Wald—;(2 =18.77,df =3, p<0.001), and for some alternative
models with different covariates: (a) model 2 adjusted for
HbAc at baseline, center, and intervention group (Wald-
)(2:22.27, df=3, p<0.001); (b) model 3 adjusted for
HbA Ic at baseline, center, intervention group, sex, age, edu-
cation and incomes (Wald- ;(2 =24.62,df=3, p<0.001); and
(c) model 4 adjusted for HbAlc at baseline, center, interven-
tion group, and use of T2D medication (Wald- y?=24.06,
df=3, p<0.001).

Path analysis
Figure 2 shows the path diagram with the standardized

coefficients obtained in the SEM (analysis within the
T2D + group at baseline, N=1,694; complete results are

within each depressive symptom 50%
severity levels (cross-sectional 45% -+
analysis at baseline). Note:
dash-line: linear trend. Sample 40%
size: n=6224. T2D +: baseline

lence of type 2 diabetes. 35%
preval yp
Depressive symptoms, BDI-II 30%
scores: minimal (0-13), mild
(14-19), moderate (20-28), and 25%
severe (29 or high)

20%
15%
10%
5%
0%

Minimal

43.5%

Polynomial trends

Linear: p < 0.001

Deviation: p = 0.154

Mild Moderate Severe

Depressive symptoms
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Table 3 Cross-sectional associations with the depressive symptom severity levels at baseline, within the sub-sample of participants with T2D at
baseline

Depressive symptoms (baseline) P
Minimal (n=1487) Mild (n=215) Moderate (n=151)  Severe (n=60)
n % n % n % n %
Sex
Men 933 62.7 83 38.6 49 325 14 23.3 0.001°*
Women 554 373 132 61.4 102 67.5 46 76.7
Marital status
Single 71 52 11 5.1 6 4.0 7 11.7 0.003*
Married 1177 792 149 69.3 113 74.8 40 66.7
Divorced-separated 108 7.3 22 10.2 10 6.6 5 8.3
Widowed 125 8.4 33 15.3 22 146 8 133
Education
Higher education 326 21.9 35 16.4 24 159 3 5.0 0.001°*
Secondary 449 30.2 58 27.0 30 199 9 15.0
Primary 705 474 120 55.8 96 63.6 48 80.0
Less than primary 7 0.5 2 0.9 1 0.7 0 0.0
Employment
Employed 292 19.6 34 15.8 31 205 7 11.7 0.001*
Work at home 170 11.4 42 19.5 35 232 18 30.0
Retired 938 63.1 123 57.2 75 49.7 31 51.7
Unemployed 87 5.9 16 74 10 6.6 4 6.7
Weight status
Overweight (BMI 25-30) 390 26.2 49 22.8 33 219 6 10.0 0.001*
Obese I (BMI 30-35) 734 494 105 48.8 62 41.1 31 51.7
Obesity II or more (BMI> 35) 363 24.4 61 28.4 56 371 23 38.3
HbAlc
Low-normal (<7.0%) 925 62.2 127 59.1 83 550 28 46.7 0.034*
High (>7.0%) 562 37.8 88 40.9 68 450 32 533
Insulin for T2D
No 1289  86.7 174 80.9 121 80.1 39 65.0 0.001*
Yes 198 13.3 41 19.1 30 199 21 35.0
Duration of T2D
Less than 1 year 133 8.9 17 7.9 11 7.3 5 8.3 0.980
Between 1 and 5 years 411 27.6 58 27.0 40 265 15 250
More than 5 years 943 63.4 140 65.1 100 662 40 66.7
Mean SD Mean SD Mean SD Mean SD p
Total cholesterol, mg/dl 180.4 359 187.8 39.3 181.9 40.3 185.9 45.1 0.040%*
LDLc, mg/dl 106.3 339 112.8 34.8 107.2 36.2 113.1 449 0.046*
HDLc, mg/dl 452 11.1 473 11.9 46.4 10.5 48.4 11.8 0.010%*
Triglycerides, mg/dl 158.5 76.5 156.4 71.5 155.5 63.1 156.6 83.1 0.951
Fasting plasma glucose, mg/dl 138.0 34.1 136.6 33.7 139.8 374 150.6 37.3 0.035*
HbAlc, % 6.83 0.93 6.86 0.92 7.00 0.95 7.26 1.01 0.002*
Insulin mcU/ml 18.3 8.6 18.3 8.3 18.8 8.8 18.6 9.2 0.933
Systolic blood pressure, mm Hg 142.2 17.8 140.0 17.1 140.1 16.9 144.6 20.2 0.113
Diastolic blood pressure, mm Hg 81.0 10.3 80.1 9.9 80.1 10.6 78.9 10.9 0.246
Waist circumference, cm 109.6 93 108.3 9.4 109.6 8.9 109.9 11.1 0.256

P values are based on the difference between severity levels of baseline depressive symptoms (ANOVA for the continuous variables and y* test
for categorical variables). HbAlc, glycosylated hemoglobin; HDLc, high-density lipoprotein cholesterol; LDLc, Low-density lipoprotein cho-
lesterol. Depressive symptoms, BDI-II scores: minimal (0-13), mild (14-19), moderate (20-28), and severe (29 or high). HbAlc: low-normal
(<7%), high (>7%)

*Bold: significant comparison
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Table 4 Longitudinal association between the depressive symptom severity levels at baseline and the HbAlc at 1-year follow-up, within the sub-

sample of participants with T2D at baseline: logistic regression/ANCOVA

HbAIc (1-year follow-up)  Depressive symptoms (baseline)

Minimal Mild (n=188) Moderate Severe (n=48) Modell Model2 Model3 Model 4
(n=1337) (n=121)
HbAlc % Mean SD Mean SD Mean SD Mean SD P )4 )4 )4
6.72 1.00  6.93 123  6.88 093 7.07 1.23  0.004* 0.011* 0.009* 0.008*
n % n % n % n % p p p p
Low-normal (<7.0%) 917 68.6 105 559 69 570 27 56.3  0.001* 0.001* 0.001* 0.001*
High (>7.0%) 420 314 83 441 52 43.0 21 43.8

Model 1: crude results (no adjustment). Model 2: adjusted for HbAlc at baseline, center, and intervention group. Model 3: adjusted for HbAlc
at baseline, center, intervention group, sex, age, education, and incomes (0: unemployed without incomes versus 1: employed or unemployed
with incomes). Model 4: adjusted for HbAlc at baseline, center, intervention group, and use of T2D medication (metformin and/or insulin).
HbAlc: glycosylated hemoglobin. Depressive symptoms, BDI-II scores: minimal (0-13), mild (14-19), moderate (20-28), and severe (29 or

high). HbAlc: low-normal (< 7%), high (>7%)

*Bold: significant comparison

Baseline 1-yr follow-up
! Duration T2D ; 0.10 ——> HbA1c |
! i Physical Activity
! . -018 — = !
Depressive 0.15
| symptom (BDH-II) [T~ | |
i 0.09— | Adnerence
5 | i MedDiet |
| 016 | 013 ) 013 |
i i \ BMI i

___________________________________________

Fig.2 Standardized coefficients in the path analysis, within the sub-
sample of patients with T2D at baseline. Note. HbAlc: glycosylated
hemoglobin. Physical activity: energy expenditure in leisure-time
physical activity. Adherence MedDiet: adherence to MedDiet inter-

showed in Table S1, supplementary) Adequate good-
ness of fit was obtained (RMSEA =0.02, CFI=0.998,
TLI=0.999, and SRMR =0.060), and the global predic-
tive capacity was approximately 58% (CD =0.415). After
adjustment for sex, age, HbAlc at baseline, the center,
and the intervention group and the use of T2D medica-
tion (metformin and/or insulin), it was found that higher
HbAlc was predicted by longer duration of the T2D.
Higher levels of depressive symptoms at baseline also

___________________________________________

vention. BMI: body mass index (Kg/m?). Depressive symptoms: BDI-
II total score. Model adjusted for sex, age, use of T2D medication
HbAIc at baseline, center, and intervention group. Only significant
results retained in the model. Sample size: n=1694

predicted lower level of energy expenditure in leisure-
time physical activity, lower likelihood of adherence to
MedDiet, and higher BMI. At 1-year of follow-up, HbAlc
was positively correlated with the BMI and negatively
correlated with the likelihood of adherence to MedDiet,
the BMI was also negatively correlated with the energy
expenditure in leisure-time physical activity and the like-
lihood of adherence to MedDiet. Energy expenditure in
leisure-time physical activity was positively correlated
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with adherence to MedDiet. Table S1 shows complete
results for the SEM.

Discussion

Aligned with our initial hypotheses, depressive symptoms
appeared more frequently in older adults with MetS who
presented T2D. While minimal-to-mild depressive symp-
toms were predominantly reported in the total sample,
there was a significantly higher proportion of individuals
referring moderate and severe depressive symptoms in the
T2D group. Among them, we found that higher levels of
depressive symptoms were associated with worse baseline
metabolic state. A higher prevalence of depressive symp-
toms has been previously described in individuals with T2D
compared to the general population [8, 31]. According to our
results, this finding could be replicated in individuals with
MetS, suggesting that T2D may represent an independent
risk factor among them for the development and severity
of these psychological traits, even without meeting crite-
ria for a clinical depression [32]. While, in most cases, a
positive screening would not necessarily imply the presence
of a psychiatric disorder [4, 31], subthreshold depressive
symptoms have an impact on health outcomes, premature
mortality, and burden in T2D [8, 32]. In this context, our
findings highlight the need to monitor and carefully man-
age depressive symptoms in older age, when factors such as
age and other chronic somatic diseases confer an increased
metabolic and emotional fragility [7]. Different neurobio-
logical and environmental factors may contribute to explain
the association between T2D and depressive symptoms, as
well as the association between these psychological traits
and a poorer metabolic control.

From a biophysiological perspective, common mecha-
nisms may underlie the complex association between T2D
and mood disturbances, mutually influencing their develop-
ment, clinical course, and management [33]. Mainly, a dys-
functional central insulin signaling due to peripheral insulin
resistance, immune-inflammatory pathways, and the hyper-
activation of the HPA axis are considered key interconnected
neurobiological mechanisms [33—35]. Resulting alterations
in neurogenesis and neuroplasticity [36] have been associ-
ated with both depressive symptoms and glycemic control
[33, 37]. Increased levels of glucocorticoids, catechola-
mines, and inflammatory biomarkers in individuals with
T2D and depressive symptoms could exacerbate not only
insulin resistance, but also lipolysis with an increase in cir-
culating free fatty acids, BMI, and atherosclerotic processes
[38]. Hence, these neurobiological disturbances might also
play arole in the relationship between depressive symptoms
and worse global metabolic state in individuals with MetS
and T2D. On the other hand, obesity and other metabolic
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disturbances, such as dyslipidemia, could also contribute to
mood and glucose disturbances [13]. Interestingly, related-
genetic disturbances, such as those affecting HPA axis, neu-
rotransmitter signaling, endocrine factors, such as leptin, or
circadian rhythms, have been described in T2D and mood
disturbances [39]. Indeed, a moderate co-heritability has
been described between depression and cardiovascular dis-
turbances, including blood pressure and serum lipid levels
[39]. The interaction of genetics with environmental factors
related to stress, physical activity, diet, and other lifestyle
features could influence the progression and pathogenesis of
both cardiometabolic and mood disturbances through epige-
netic mechanisms [39].

When we focused on the sub-sample with T2D, our
results showed a significant impairment in metabolic control
from mild depressive symptom levels at both baseline and at
1-year of follow-up. To date, previous research has shown
that while a clearer relationship between depressive symp-
toms and poorer glycemic control has been established in
underage population [40], mixed results have been reported
from different cross-sectional and longitudinal studies in
adult samples [4]. Some research supports that diabetes-
related distress would be the psychological trait particularly
associated with glycemic control, and has been proposed
as a better predictor of metabolic control than depressive-
related disturbances [4, 41]. Alternatively, consistent with
our findings, some studies have suggested that depressive
symptoms may be independently related to self-care and dia-
betes self-management [32, 35]. In line with these findings,
individuals with T2D who experienced depressive symp-
toms have reported missing medical appointments, lower
adherence to diet and exercise guidelines, a disrupted use of
medication, as well as a lower monitoring of glycemia and
physical complications [34, 42]. In addition to the associa-
tion between depressive symptoms and a poorer metabolic
control, our results support the need to consider a quantita-
tive measure of symptom severity. Accordingly, a study in
individuals with T2D found that merely a 1-point increase
in depressive symptom scores evaluated trough the Harvard
Department of Psychiatry/National Depression Screening
Day Scale (HANDS) resulted in a 10% increased risk of
nonadherence to fruit and vegetable intake and foot care
[42]. In this vein, it has been hypothesized that the pres-
ence and increase of depressive symptoms could represent
a marker of increased health risk among patients with T2D
[31]. Hence, the optimization of preventive and therapeutic
approaches for depressive symptoms in T2D since its early
stages seems crucial, considering the dynamic impact of
depressive symptoms on the metabolic control in the short
and middle term. In this regard, the early identification of
patients at risk for T2D could be helpful. In our findings, the
sociodemographic profile of individuals with higher levels
of depressive symptoms agrees with the previous literature
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defining shared risk factors for T2D and mood disturbances,
such as female sex, single marital status, and low socio-
economic income [35]. Individuals with more disadvanta-
geous socioeconomic circumstances might experience less
external care and more difficult accessibility to treatment.
This scenario could influence a poorer self-care and diabetes
management, as well as the presence of higher emotional
disturbances which, in turn, may contribute to a poorer meta-
bolic control [31].

Remarkably, we found that higher levels of depressive
symptoms at baseline were predictive of lower adherence to
MedDiet and higher BMI. Previous studies have shown that
individuals with depressive symptoms have more unhealthy
eating patterns, and that higher levels of symptoms are asso-
ciated with emotional eating, as with uncontrolled eating,
which promotes weight gain [43]. It is very common for peo-
ple to turn to emotional eating as strategy to cope with stress
or anxiety, sometimes along with increased appetite due to
the use of some psychotropic medications, people resort to
emotional eating as a strategy to cope with these issues [44].
In turn, people with diabetes generally feel that nutritional
issues are the most complex in managing their disease [45].
Research has shown that when assessing diabetes-related
emotional distress, some of the most common concerns are
shame and guilt related to lifestyle, including food choices,
and stigma related to obesity [46]. Another barrier expressed
by people with diabetes is the difficulty in maintaining the
motivation for self-care that diabetes and obesity require,
and the need for support to do so [45]. Low self-efficacy in
people with comorbid mental health problems and diabetes
has been associated with lower engagement in diabetes self-
management activities [47]. This highlights the importance
of improving self-efficacy as a key component of diabetes
self-management. Motivational interviewing techniques,
patient-centered approaches based on dynamic personal
goals, and action planning have been found to be useful
strategies for maintaining and improving motivation [48],
and its implementation has shown improvements in dietary
management and self-monitoring of blood glucose [49]. As
a goal of nutritional therapy for adults with diabetes, the
ADA recommends promoting healthy eating patterns that
enhance the consumption of nutrient-dense foods, such as
the MedDiet, through practical tools to achieve glycemic
control and delay diabetes complications [26]. Similarly,
these guidelines emphasize not only addressing patients’
personal and cultural preferences, but also their willingness
and ability to make behavioral changes and their existing
barriers to change.

Likewise, our results also showed that higher levels of
depressive symptoms at baseline were a predictor of the
lower levels of energy expenditure in leisure-time physi-
cal activity which, in turn, influenced BMI. Mental distur-
bances have been associated with reduced physical activity

[50]. Some psychological symptoms such as loss of interest
and lack of motivation, as well as the sedating effects of
some psychiatric medications, can significantly reduce both
planned and daily physical activity. Besides, disrupted sleep
patterns, altered circadian rhythms, or anhedonia have been
related to sedentary lifestyle favoring insulin resistance [51],
an increased BMI, and higher cardiovascular risk, poten-
tially interfering with metabolic control [52]. Moreover,
many people with mood disturbances report feeling uncom-
fortable in noisy and crowded environments, such as gyms,
or in open or enclosed spaces [53]. In this line, anxiety traits
and social isolation may also interfere with a physically
active lifestyle due to reduced social incentive motives for
diabetes care management [52]. Thus, physical activity is a
fundamental pillar in the treatment of both T2D and mental
health disturbances. Recognizing the limitations of people
with mental health problems can help to better intervene
throughout the treatment. Regular exercise has several well-
reported physical benefits for people with T2D, including
improvements in cardiovascular fitness, reductions in blood
pressure and body weight, and improvements in diabetes
management [26]. Furthermore, exercise can produce many
psychological changes, positively affecting the mood state
and self-esteem, and reducing anxiety and stress levels [54].

Final thoughts: considerations for primary care

A more holistic and integrative approach may be needed
in an intent to encompass both metabolic management
and depressive symptoms in individuals with T2D, as the
improvement of one will influence the other. In this con-
text, a trained multidisciplinary team seems to be crucial
[31]. Although the management of depressive symptoms
in these patients requires the involvement of physicians
from different spcialities, other health care providers, such
as nurses and psychologists, should also be involved [35].
The ADA, in their 2023 Standards of Care in Diabetes for
Primary Care Providers, recommends that psychosocial care
should be integrated into routine medical care for all people
with diabetes [26]. Routine assessment and evaluation of
mood-related disturbances, such as depressive symptoms
and diabetes-related distress, should be included in every
visit as part of comprehensive care. That said, well-validated
scales should be used to avoid under- and overestimation
mood-related symptoms as specific therapeutic approaches
may be required [35]. When warranted, patients should be
referred to mental health facilities for more formal diag-
nostic assessments and specific interventions as needed. In
these cases, it is critical that mental health professionals
treating people with diabetes address specific therapeutic
goals related to diabetes management, as there is growing
evidence that psychological interventions are most effective
when tailored specifically to people with diabetes [55]. Due

@ Springer



Journal of Endocrinological Investigation

to the complexity of the pathology and to provide effec-
tive care, international diabetes-related institutions recom-
mend that mental health professionals have expertise in the
unique issues associated with this condition [56]. Scientific
evidence has shown that mental health interventions can
successfully target and modify aspects of diabetes care to
improve outcomes associated with standard care. Evidence
suggests that identifying alternative, realistic goals, such as
improved adherence and glycemic control, fewer hospital
admissions, fewer episodes of diabetic ketoacidosis, and
improved attendance at medical appointments, can have a
significant impact on patients’ physical and mental health,
reducing the development of complications and improving
their quality of life [26]. Given the role that lifestyle fac-
tors play in the onset and course of both T2D and mood
disturbances, they should be considered crucial therapeutic
targets [57].

Limitations

This study must be interpreted considering some limitations.
First, the characteristics of the study cohort (i.e., older adults
with MetS and high cardiovascular risk) limit the extrapo-
lation of the results to the general population. Second, our
analyses were not based on a clinical diagnosis of depression
but on a screening tool for depressive symptoms (BDI-II).
However, this is a well-validated questionnaire and widely
used instrument. Third, the self-reported nature of the data
collection may affect the reliability of the study. Fourth,
although our study is based on a large sample, the longitudi-
nal analysis is limited by some dropouts and incomplete data
during follow-up, which could represent a potential selection
bias. Similarly, the consolidation of our results may require
longer follow-up periods. Finally, as in any observational
study, the possibility of unmeasured confounding could not
be excluded. Nonetheless, relevant confounders were con-
sidered throughout the analyses.

Conclusions

The present study suggests an association between the pres-
ence of T2D and the severity of depressive symptoms, which
may be of particular importance in vulnerable populations
such as older adults with MetS. Our results highlight the
importance of monitoring mood disturbances, as their pres-
ence has been shown to interfere with metabolic control even
from mild levels of severity, both in the short and middle
term. In this line, our study also supports the idea of depres-
sive symptom severity as a predictive factor of poorer meta-
bolic control, throughout its association with lower diabetes
care and higher BMI. Therefore, primary care physicians
and other specialists directly involved in the management
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of T2D need to be familiar with useful and well-validated
screening tools for mood disturbances, that should be incor-
porated as part of the routine examination of these patients.
Ensuring a well-established coordination network between
different health care providers, including mental health care
professionals, allows personalized psychosocial needs to be
integrated into physical health care, either from a compre-
hensive or parallel perspective. In T2D, including psych-
oeducation, motivational, and goal-oriented psychological
interventions could be especially helpful in the management
of metabolic and depressive features.
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