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KEYWORDS Abstract Background and Aim: Depression affects one in four individuals with type 2 diabetes
Lifestyle mellitus (T2DM). The impact of T2DM lifestyle interventions on depression is unclear. The aim
intervention; of this analysis was to examine the influence of lifestyle interventions on depressive symptoms
Depression; scores in individuals at-risk of or with T2DM.

Diabetes Method and Results: Major bibliographic databases were searched for studies published in En-

glish from 1990 to 2015. Meta-analysis was conducted by random-effects model. Nineteen
studies were included in the meta-analyses. A significant reduction in depression scores was
shown for lifestyle interventions in the pooled analysis (Standardized Mean Difference (SMD):
—0.165; 95%Cl: —0.265, —0.064; 12:67.9%) and when limited to individuals with T2DM (SMD:
—0.202; 95%Cl: —0.288, —0.079; 12:72.5%). In subgroup analyses the most effective intervention
methods were face-to-face individual consultations (SMD: —0.241; 95%Cl: —0.403, —0.078, I*:
50.8%) with a duration of <6 months (SMD: —0.203; 95%Cl: —0.381, —0.026, 12:59.9%). Interven-
tions were most effective when delivered four times a month (SMD: —0.247; 95%CI: —0.441,
—0.053, 12:76.3%).

Conclusions: Lifestyle interventions were effective in improving depression among people with
T2DM.

© 2016 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico Il University. Published by Elsevier B.V. All rights reserved.
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Depression is a global health concern which affects
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Adjusted Life Years (DALYs) in developed countries [4,5].
Depressive individuals experience reduced quality of life
and productivity, highlighting the importance of depres-
sion management [6,7]. Although depression is the most
prevalent mental disorder in primary health care [5], it has
not been appropriately recognized and treated [3,8,9],
which leads to high costs for the public health care system
and individuals [10]. Unhealthy lifestyles, including inad-
equate diet and/or physical inactivity, are common among
individuals with depression and favor the development of
chronic diseases, such as type 2 diabetes mellitus (T2DM)
[11-13]. A meta-analysis reported a 1.8-fold higher mor-
tality rate among people with depression [14].

Globally, 347 million people suffer from diabetes, of
whom 90% have T2DM [15]. By 2025, the T2DM preva-
lence in adults is expected to increase by 122%, and in
developing countries, it is projected to increase by 170%
[15]. Its influence on health care systems includes lost
days of work, premature mortality [16], physical disability
[17], and excessive hospital admissions mainly due to
cardiovascular complications [18]. To decrease the
adverse impact on health care systems, there has been
substantial investment in T2DM prevention [11-13,19].
However, implementing interventions to improve life-
style [12,13], and to promote long-term maintenance
of healthy behaviors, remains a challenge for health
professionals.

There is a bidirectional association between depression
and T2DM [20]. Depressed individuals may have up to a
60% higher risk of developing T2DM [21,22]. Concurrently,
25% of individuals with T2DM have depression during
their lifetime [23]. Both conditions negatively influence
quality of life [24], treatment adherence [25], and survival
rates [26]. This association may also affect self-care and
health care costs [27]. Previous studies suggest that man-
agement of depression may help to improve outcomes of
diabetes treatment [28,29]. Moreover, integrating
screening and management of depression with diabetes
treatment has been recommended in international dia-
betes guidelines [30]. This approach allows patients with
these chronic diseases to receive person-centered care and
information on both conditions [31].

There is a consensus on the deleterious impact of
depression associated with T2DM. A meta-analysis evalu-
ating the impact of exercise on depression showed an in-
crease in physical activity improved response to treatment
for depression [32]. A recent systematic review assessing
the effect of exercise on psychological aspects, particularly
in people with diabetes, found only one in four studies that
showed improved depression symptoms after the inter-
vention when compared with the control group [33].
However, the importance of lifestyle interventions,
considering also dietary changes, used to improve
depression in adults at-risk of or with T2DM is unclear.
This review comprehensively examines the effect of life-
style interventions on depression management in in-
dividuals at-risk of or with T2DM by investigating: 1) the
effect of lifestyle interventions on depression outcomes; 2)
the effect of lifestyle interventions on dietary habits; 3) the

degree of heterogeneity among the studies; 4) the poten-
tial sources of heterogeneity using subgroup analyses by
methods, duration, and frequency of interventions.

Method

This systematic review followed the methods proposed
by the Cochrane Collaboration [34] and was in accordance
with the PRISMA Statement for Reporting Meta-analyses
of Studies that Evaluate Health Care Interventions [35].
Risk of bias was assessed by the Cochrane Risk of Bias
Tool (Appendix 1) [34]. We included intervention studies
that: (i) examined adults (>18 years old) at-risk of, or
with T2DM; (ii) used biochemical tests to diagnose
glucose tolerance disturbance; (iii) utilized standardized
and validated assessment tools for depression with pre-
established cut-off scores; and (iv) were published in
English. Literature was excluded if it: (i) did not report
depression based on standard and validated instruments
with pre-established cut-offs from the literature to
identify depression; (ii) focused only on treating depres-
sion; or (iii) contained duplicated data from another
study. The duplicates were determined by thoroughly
examining the study information about the study location
and year, and the number, age, and sex of the participants.
In general, studies focused on lifestyle (diet and/or
physical activity) interventions directed at adults (>18
years) at-risk of or with T2DM. All study participants
received a minimum of four weeks intervention, a
depression assessment at baseline, and a post-
intervention. Participants “at-risk” were defined by the
presence of impaired glucose tolerance or impaired fast-
ing glucose [11]. T2DM was diagnosed by biochemical
tests (75-g oral glucose tolerance test, fasting plasma
glucose or glycated hemoglobin) according to the Amer-
ican Diabetes Association criteria [36].

Search strategy

We searched bibliographic databases PubMed/Medline,
EMBASE, CINAHL, COCHRANE, PsycINFO, and Scopus, and
identified studies on dietary/lifestyle interventions for in-
dividuals at-risk of or with T2DM published in the English
language from January 1990 to March 2015. We used the
following medical subject heading (MeSH) terms and/or
pertinent text words for the search: “depression”, “major
depression”, “depressive symptoms”, “depressive disor-
der”, “diabetes,” “lifestyle intervention,” “diet,” and “di-
etary intervention.” Two reviewers (AC, FK) independently
assessed study titles and abstracts. In addition, the refer-
ence lists of all relevant reviews and selected papers were
screened for additional studies. When deemed necessary,
the first authors of selected publications were contacted
for additional information [37—39]. We conducted a sec-
ondary search for relevant non-English publications to
avoid excluding them. We identified 12 potentially rele-
vant non-English studies; based on our review of the ab-
stracts they were deemed irrelevant.
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Figure 1 Summary of published study selection process.

Data extraction

The following information was extracted from the selected
studies: i) study information (author’s name, year of data
collection, and study location), ii) participants (sample size,
baseline age, diagnosis of T2DM or pre-T2DM, impaired
fasting glycemia and/or impaired glucose tolerance,
methods of depression assessment, and use of antidepres-
sants), and iii) intervention details (type, frequency and
duration of intervention, method of supervision, and dura-
tion of follow-up). The number of participants with mea-
sures of depression was recorded. Extracted data were
inspected for concordance by two authors (AC, FK). If a study
used more than one intervention in addition to a control
group, the most complete intervention with the greatest
combination of the strategies was used for meta-analysis.

Statistical analysis

For each study, the standardized effect size was calculated by
dividing the mean difference in depression scores between
the control and intervention groups by its standard deviation
(SD)[40]. When the SD of changes in scores was not reported,
we applied the imputation method based on reported mean
and SD at follow-up. A correlation was assumed for a corre-
lation coefficient of r 0.5. The Standardized Mean

Table 1 General characteristics of the studies excluded” from the meta-analyses on the effectiveness of lifestyle intervention for diabetes
prevention among people with depressive symptoms.

Author, Age Sample Population with or at-risk Depression Duration of the Reason for
Country (yrs) size of diabetes mellitus (DM) assessment intervention exclusion
(months)

[84] US.A. 25-79 M = 80 At-risk of DM confirmed CES-D 12 Mean difference
F =232 by predictive algorithm¢ not reported

[85] Germany” 46.1¢ M = 70 At-risk of DM confirmed SCL-90-R 9 No control group
F =125 by OGTT

[86] U.S.A. >25 M = 1029 At-risk of DM confirmed BDI and/or 12 Results reported
F = 2158 by OGTT antidepressant use in percentage

[83] Italy 65—74 M = 30 DM confirmed by FBS BDI and GDS-15 2 Intervention used
F =22 low protein diet

[37] US.A. >18 M = 124 DM confirmed by physician PHQ-9 12 Mean difference
F=171 not reported

[87] United 59.5¢ M = 453 DM confirmed by physician HADS 12 Mean difference

Kingdom F =371 not reported

[88] US.AP 43—-66 M =6 DM confirmed by physician CES-D 6 No control group
F=6

[39] Germany” 58.8¢ M = 136 DM confirmed by physician CES-D 3 No control group
F =191

[12] Australia® 40-75 M = 65 At-risk of DM confirmed by HADS 8 No control group
F=172 Diabetes Risk Score too

[89] U.S.A. 63¢ M = 665 DM confirmed by Welborn PHQ-9 6 Results reported
F =221 criteria in percentage

[90] U.S.A 58.5¢ M = 115 DM confirmed by physician SCL-20 12 Results reported
F =214 in percentage

OGTT, Oral Glucose Tolerance Test; FBS, Fasting Blood Sugar; BDI, Beck Depression Inventory; CES-D, Centre for Epidemiological Studies-
Depression Scale; SCL-90-R, Self-reported Symptom Checklist; PHQ-9, Patient Health Questionnaire-9; GDS-15, 15-item Geriatric Depression
Scale; SCL-20, Hopkins Symptom Checklist-20; WBQ22, patient Well-Being Questionnaire; HADS, Hospital Anxiety and Depression Scale; DASS-
21, Depression, Anxiety and Stress Scale.
2 Studies excluded due to missing data or not reporting in means and standard deviation or error or confidence interval.
> Non-Randomized trial.
¢ Mean age in years.
d Validated predictive algorithm based on age, gender, ethnicity, fasting blood glucose, systolic blood pressure, HDL cholesterol, BMI and family

history of diabetes.



Table 2 General characteristics of the studies included in the meta-analyses on the effectiveness of lifestyle intervention for diabetes prevention among people with depressive symptoms.

Reference Age® Sample size Population with or Depression Intervention
MLIEIBET, ) m ) at—r1§1< e assessment .\ ation Type and strategies Frequency and consultant Goals
Country mellitus (DM)
(months)
[43] Finland 57.6 522 (33%) At-risk of DM BDI 36 In-person nutrition counseling - 7 in-person sessions with Weight reduction of >5%;
confirmed by OGTT and individualized exercise sessions. . nutritionist in the 1st year <30% daily energy intake
- 1 session every 3 months from fat; <10% of energy
until end of the study intake from saturated fat;
- Nutritionist + Personal Trainer fiber intake to >15 g/1000
kcal; moderate exercise
for >30 min/day
[44] US.A. 457 58 (10.3%) At-risk of DM CES-D 6 Culturally relevant education -620 min in-person sessions Limit calories, fat and
confirmed by OGTT from a nutritionist and nurse - 5 telephone sessions processed foods and
practitioner, on healthy lifestyles - Nurse practitioners (NP) increase exercise to at
and strategies for overcoming least 30 min, 5 days/week
barriers to change. to lose 5—7% of
initial weight
[47] US.A. 61.5 335(49.9%) DM confirmed PHQ-9 2 Use of a tailored self-management - 1 session prior to next diabetes- Decrease dietary fat
by physician intervention (TSM) through a CD_ROM related doctor appointment and increase fruit and
program that focuses on healthy eating, - 2 follow-up phone calls (1 week vegetable intake.
physical activity and identifies benefits and 1 month after first visit)
and barriers to change while providing - Health newsletter 6 weeks
customized goal-setting and after first visit
action-planning. - Computer program -+
Health educators
[48] U.S.A. 609 279 female DM confirmed by CES-D 24 Mediterranean Lifestyle Program - An initial 3 day retreat Decrease % daily calories
Welborn criteria (emphasis on vegetables, legumes - 6 months of weekly, 4-h meetings from saturated fat. 1 h
and fish while discouraging - 2 months weekly meetings of moderate aerobic
consumption of red meat, butter and - 4 meetings over the activity at least 3
cream), stress-management (yoga, remaining 18 months days/week. At least
meditation, progressive deep relaxation, - Dietitian + exercise physiologist + 1 h/day of stress
and directed or receptive imagery), stress-management instructor management (yoga,
social support (support groups) and meditation, directed
physical activity. or receptive imagery
and progressive
deep relaxation).
[49] US.A. 58.7 5129 (40.5%) DM confirmed BDI 12 Intensive behaviorally-oriented diet - 3 group +1 individual meeting Mean weight loss
by physician and physical activity counseling. each month during months 1—6 >7% of initial weight.
First 4 months consumed a diet of - 2 group and 1 individual session Increase physical
1200—1800 kcal/d and replaced 2 per month during months 7—12 activity to >175
meals and 1 snack per day with - Dietitian + Physical educator + min/week
liquid shakes and meal bars. stress-management instructor
[50] U.S.A. 574 214 (43%) DM confirmed SCL-20 24 Nurse care managers helped identify - Initial individual visit Depression improvements

by HbA1C

clinical goals and develop individualized
care plans and strategies for
self-care activities

- Phone calls 2—3 times/month
during the maintenance

- Phone calls every 4—6 weeks

- Nurses trained and supervised by
physicians and psychiatrists

Medication adherence,
diet, exercise regimens,
monitoring blood pressure



[51] Germany 58.7

[45] Australia 61.3

DM confirmed by WBQ22
physician and HbA1C

DM confirmed PHQ-9
by physician

DM confirmed CES-D
by physician

DM confirmed Short form
by physician of GDS-15
At-risk of DM Short form

confirmed by OGTT  of DASS-21

DM confirmed CES-D
by physician

Instruction for a blood glucose device,
documentation of daily blood glucose
levels and eating/exercise habits, and
state of well-being. During counseling,
questions based on self-perception,
self-reflection and self-regulation
were discussed.

- Visits once every 4 weeks
- Family practitioner

Patients receive coaching via
Smartphone and enter their blood
glucose, carbohydrates consumed, and
diabetes medication taken. From this,
real time feedback is provided. Primary
care providers have access to patients’
online logbook. Physicians are provided
with data analysis reports and treatment
recommendations and all received
American Diabetes Association
Guideline for diabetes care.

Individuals were placed on a tailored
low-glycemic index (GI) diet and
received comprehensive education

on following a low-GlI diet.

- Contact every 2—3 months
- Physician + Diabetes educator

- 2 group sessions

- 1 individual session

- 3 telephone counseling sessions
(with 1 contact occurring
each month)

- Dietitians

Non-reported - Frequency non-reported

- Physician

Sessions encouraging healthy
lifestyle change including,
weight-loss goals, self-management
and problem-solving skills.
Diabetes-related knowledge and
attitudes were assessed and
strategies to improve diabetes
self-management skills

were initiated.

- 1 session per month
- General practitioner

- 1 h individual session
- 10 weekly 2.5-3 h
group sessions
- Two-15 min individual sessions
- Nutritionist + Nurse +
Intervention assistant

Daily diary to become
more familiar with their
diabetes in terms of
eating habits, well-being
and the significance of
self-monitoring of blood
glucose. Promotion of
self-reflection and
enhancement of
self-regulation.

N/A

Obtain 55% of daily
energy intake from
carbohydrates.

Reduction of daily GI
score to 55. Consume
<10% daily calories

from saturated fat and
<300 mg/d of

dietary cholesterol.
HbA1lc < 6.9%, BMI

< 25 kg/m? Systolic
blood pressure <130
mmHg Diastolic blood
pressure <85 mmHg
HDL-C > 40 mg/dL Serum
triglycerides <150 mg/dL
Serum total cholesterol
<180 mg/dL (or LDL-C
<100 mg/dL if patients
had CHD) or <200 mg/dL
(or LDL-C <120 mg/dL

if patients did

not have CHD).

Increase physical activity
and healthy eating

to lose weight.

Healthy diet, increase
physical activity and
improve adherence
to daily blood glucose
self-monitoring and
all medications.

(continued on next page)



Table 2 (continued )

Reference Age® Sample size  Population with or Depression Intervention
b i) o (el At-“.Sk ol el bt assessment Duration Type and strategies Frequency and consultant Goals
Country mellitus (DM)
(months)
[55] US.A. 58.02 336 (46.7%) DM confirmed Short form 3 Phone calls to reinforce - Weekly phone call (initially 15—20 Glycemic control
by physician of CES-D education and self-management min and subsequently 5—7 Prevention of diabetes
skills learned in standard diabetes min in length) complications.
disease management programs. - Nurse + Nutritionist +
Primary Care Provider
[56] US.A. 66.7 345(33.9%) DM confirmed PHQ-9 6 Action planning and problem - 2.5 h of group education during 6 Decrease weight
by physician solving in the areas of healthy eating, weeks to implement DSMP and fatigue,
fitness, stress management and (Diabetes Self-Management and increase exercise
relaxation techniques. Program) and healthy eating.
- Trained 2 peer leaders +
diabetes educators
[57] US.A. 52 62 (41.9%) DM confirmed PHQ-9 6 Coaches provided information on - 1 phone call per week for the Increase physical activity,
by physician nutrition, physical activity, stress first 3 months (15 min) healthy eating, and
management, blood sugar testing - 1 bi-weekly phone call for Glycemic control
and medication management. the final 3 months Medication management.
- Coaches trained and supervised
by Psychologist
[46] Brazil 554 177 (32.2%)  At-risk of DM BDI 9 Counseling and print materials on - 3 medical visits Weight loss >5%,
confirmed by dietary habits, physical activity - 1 counseling session dietary fiber intake
impaired FBS and stress management. with a Dietitian >20 g/d, saturated fat
or OGTT - 2-h group sessions (4 in month <10% of total energy,
1, 2 in month 2, and 1 each and moderate physical
month until month 9) activity >150 min
- Endocrinologist + Nutritionist + per week.
Physical educator + Psychologist
[58] US.A. 58 549 (43%) DM confirmed CES-D 24 Diabetes self-management and - 1-h individual visit at Glycemic control
by physician lifestyle change counseling through week 2 and 6 Blood pressure control
motivational interviewing. - 1-h individual visit month Stress management
3,6, and 12
- 1-h individual visit every
6 months thereafter
- Primary care provider + Nurse
[59] South 55.6 43 (62.8%) DM confirmed CES-D 4 Exercise, diet, and process of - One 1-h counseling Complete 150 min
Korea by physician change and self-efficacy counseling. every 2 months moderate exercise/week;
- 1 (10—30 min) telephone 200—300 kcal reduction
counseling every week in daily calories.
during intervention
- Nurse
[60] USA 56.8 44 (50.6%) DM confirmed MADRS 12 Self-monitoring of blood glucose, - 3 counseling session with Diabetes self-care.

by physician

lifestyle counseling (exercise, diet),

and cognitive behavioral therapy (CBT)

for adherence and depression.

Dietitian and 1 with Nurse
- 12 CBT group sessions

Individualized goals
of nutrition and activity.

OGTT = Oral Glucose Tolerance Test; FBS = Fasting Blood Sugar; BDI = Beck Depression Inventory; CES-D = Centre for Epidemiological Studies-Depression Scale; PHQ-9 = Patient Health Questionnaire-9;
GDS-15 = 15-item Geriatric Depression Scale; SCL-20 = Hopkins Symptom Checklist-20; WBQ22 = patient Well-Being Questionnaire; DASS-21 = Depression, Anxiety and Stress Scale; HbA1C = glycosylated
hemoglobin Al.

¢ Mean age in years.
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Difference (SMD) calculation was used to combine the results
from the different tools used to measure depression.

We chose a fixed- or random-effects model to estimate
the combined effects based on the results of the heteroge-
neity test (Cochrane-Q). Stratified analyses were conducted
according to key features of study design including methods
of the lifestyle intervention (group or individual face-to-face
sessions, telephone, and internet), duration (<6 months,
7—12 months, and >12 months), frequency of intervention
(4x/month, 1x/month, and <1x/month), age (<60 years,
>60 years), and sex, as well as T2DM status (at-risk of and
with T2DM). We estimated 12 as the indicator of heteroge-
neity using the restricted likelihood method. The signifi-
cance levels of P < 0.10 and I°>50% were considered
as heterogeneity. For subgroup analysis, we tested for
interaction using a chi-square significance test [41]. For
subgroups with more than two variables and seven obser-
vations, we performed meta-regression. A sensitivity anal-
ysis was performed to assess the contribution of each study
to the overall effect. We evaluated publication bias by
qualitatively assessing a funnel plot of the impact of lifestyle
interventions on depression in participants at-risk of or with
T2DM and by using Begg’s rank correlation test and Egger’s
regression method [42]. The statistical analyses were per-
formed using Stata version 11.

Results

The search identified 609 potentially relevant articles
(Fig.1). After assessing titles and abstracts, 504 publications

were considered irrelevant. Following full review of the
remaining 105 articles, 16 duplicates, 26 studies with
incomplete depression data and 33 non-interventional
studies were excluded. We identified 30 eligible studies
that evaluated the effect of lifestyle interventions on
depression in individuals at-risk of or with T2DM. Of these,
11 studies (Table 1) did not present sufficient information
for meta-analysis, leaving 19 studies for the final analyses.
These randomized trials evaluated the impact of lifestyle
interventions on depression in participants at-risk of
[43—46] or with [38,47—60] T2DM (Table 2).

The meta-analyses included 9107 individuals (4687
receiving an intervention and 4420 control) aged between
18 and 84 years at baseline. One study included only
women [48]. The studies were conducted in North Amer-
ican [44,47-50,52—58,60], European [43,51], Asian
[38,59], Australian [45], and Brazilian [46] populations. Ten
studies showed that lifestyle interventions improved
depression scores [47,49—54,56,57,59]. Antidepressant use
was assessed in four studies [43,46,49,50].

Seventeen interventional studies focused on both diet
and physical activity, one study implemented only dietary
interventions [53], and one did not report intervention fea-
tures [38]. Ten studies showed that lifestyle interventions
had a positive impact reporting changes on dietary habits,
such as saturated fat [48,53,54], fiber and energy intake
[43,46,53,54], improvements in  healthy eating
[44,45,56,57,59], and/or higher fruit and vegetable con-
sumption [47]. One study demonstrated a correlation be-
tween reduced energy intake and reduced depression scores

Table 3 Pooled results of the point estimates (95% confidence intervals) of the depression improvements after lifestyle intervention in at-risk of;,

or with T2DM individuals.

Pooled effect estimate (95%CI) P Heterogeneity 12 (%) No. of studies
Effect on depression
Overall —0.165 (—0.265; —0.064) <0.001 67.9 19
By age
Mean age <60 years —0.201 (—0.323; —0.080) 0.001 57.6 13
Mean age >60 years —0.105 (—0.288; 0.079) 0.263 721 6
By disease condition
At-risk of T2DM 0.004 (—0.163; 0.171) 0.905 0.0 4
Diagnosed with T2DM —0.202 (-0.317; —0.087) <0.001 72.5 15
By methods of intervention
Group sessions —0.209 (-0.378; —0.039) 0.002 68.7 8
Individual sessions —0.241 (-0.403; —0.078) 0.058 50.8 7
Individual sessions by phone or internet® 0.061 (—0.177; 0.299) 0.259 26.0 3
By duration of intervention
<6 months —0.203 (—0.381; —0.026) 0.008 59.9 10
7—12 months —0.152 (—0.358; 0.055) 0.086 67.9 3
>12 months —0.148 (—0.366; 0.070) <0.001 81.1 5
By frequency of intervention
Less than once a month 0.061 (—0.112; 0.234) 0.807 0.0 3
Once a month —0.201 (-0.345; —0.057) 0.156 34.1 7
Four times a month —0.247 (—0.441; —0.053) <0.001 76.3 7
Effect on energy intake
Overall —1.191 (-2.243; —0.139) <0.001 939 4
By T2DM
At-risk of T2DM —0.326 (—0.565; —0.087) 0.380 0.0 2
Diagnosed with T2DM —2.440 (—6.949; 2.069) <0.001 97.3 2

P for interactions are as follows: for T2DM status (at-risk of and with T2DM = 0.342; for age = 0.881, and for sex = 0.682.

2 Software installed in the mobile phone.



Study SMD (95% CI) Study SMD (95% CT)
a - b ,
Participants at risk of diabetes mellitus : Group 1
Whittemore e al. (2009) . -0.17 (-0.72, 0.38) Rosal et al. (2005) T -0.79 (-1.63, 0.04)
Moore et al. (2011) 1—0— 0.04 (-0.22, 0.30) Toobert et al. (2007) |—L'— 0.09 (-0.14, 0.33)
Ruusunen et al. (2012) —— -0.03 (-0.36, 0.30) Ma et al. (2008) —_— -0.65 (-1.29, -0.02)
Cezaretto et al. (2012) —— 0.05(-0.29, 0.38) Lorig et al. (2009) —=— -0.47 (-0.70, -0.23)
Pooled Estimate <> 0.00(-0.16, 0.17); P for heterogeneity 0.905 Moore et al. (2011) — 0.04(-0.22, 0.30)
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[43]. In all of the studies, trained healthcare professionals
applied behavioral strategies to help participants achieve
their desired lifestyle changes. Three studies reported the
presence of a psychiatrist or psychologist during the in-
terventions [46,50,57]. In other studies, interventions were
supervised by trained nurses, physicians and/or nutritionists
(Table 2). Eight studies structured the interventions as group
sessions [45,46,48,49,53,54,56,60] and four performed in-
dividual consultations [46,49,53,54]. Seven studies relied on
individual, face-to-face consultations [43,44,47,50,51,58,59],
four used telephone or internet orientations [44,52,55,57],
and one did not describe the lifestyle intervention [38].

The duration of the interventions ranged from two to
36 months (median: six months). One study examined
three components of the intervention (coaches, primary
care providers, and personal decision-making process)
[52]; only the results of including all three components in
the intervention was considered in this meta-analyses. The
sessions were commonly most frequent during the first six
months of the intervention (mean = 2.08, SD = 141
sessions/month). Computer or mobile phone software was
utilized by health coaches for diabetes management in
four studies [47,52,55,57]. Among the included studies, six
studies analyzed the interventions at various time points
[44,48,50,54,58,60]. From these, one study showed that
benefits in the short term were lost after the completion of
the intervention [54]. Contrarily, one study found that the
benefit of the intervention was maintained over 24
months [50].

The overall pooled analysis of 19 studies [38,43—59]
showed a significant small effect of lifestyle interventions
on improved depression scores (SMD: —0.165; 95%CI:
—0.265, —0.064; 12:67.9%). Stratified analysis revealed a
robust effect on depression in individuals with T2DM
(SMD: —-0.202; 95%CI: —0.317, —0.087; 12:72.5%). However,
no effect was found in individuals at-risk of T2DM (SMD:
0.004; 95%CI: —0.163, 0.171; 12:0.0%) (Table 3; Fig. 2a).

The stratified analyses by method of intervention
showed that both individual (SMD: —0.241; 95%Cl: —0.403,
—0.078; I2: 50.8%) and group (SMD: —0.209; 95%Cl: —0.378,
—0.039; 1°:68.7%) sessions had a significant beneficial effect
on depression. However, depression scores were unaffected
by internet and telephone interventions (SMD: 0.061; 95%
Cl: —0.177, 0.299; 12:26.0%) (Table 3; Fig. 2b).

In stratified analyses by intervention duration, the <6-
months category had the strongest effect (SMD: —0.203;
95%Cl: —0.381, —0.026; 1°:59.9%) compared to the 7-12-
months or >12-months categories (Table 3; Fig. 2c¢). Ana-
lyses by frequency of the interventions showed a significant
beneficial effect on depression in association with sessions
provided four times a month (SMD: —0.247; 95%Cl: —0.441,
—0.053; 12:76.3%) and once a month (SMD: —0.201; 95%Cl:
—0.345, —0.057; 1%:34.1%). Depression was not affected by a
less frequent intervention (Table 3; Fig. 2d).

In the meta-regression model, the effects of lifestyle
intervention methods (SMD: 0.09; 95%Cl: —0.09, 0.27;
12:62.3%), duration of intervention (SMD: 0.028; CI: —0.12,
0.17; I?: 68.6%), and frequency of intervention (SMD: —0.11;
95%Cl —0.29, 0.07; I’: 64.0%) were investigated on the

mean difference in depression scores. In subgroup analyses,
we did not find any differences by T2DM status (at-risk of
and with T2DM; p for interaction = 0.342), age (p for
interaction = 0.881), and sex (p for interaction = 0.682).

Meta-analysis of four studies [43,46,53,54]| assessed the
effect of interventions on energy and fiber intake. A sta-
tistically significant reduction in energy intake was found
(SMD: —1.191; 95%Cl: —2.243, —0.139; P for heterogeneity
<0.001; 12:93.9%). Interventions had no effect on fiber
intake (data not shown).

Five studies did not control for bias [43,44,51,53,58].
Some studies did not report about blinding and randomi-
zation (Appendix 1). Details about loss to follow-up were
unclear in three studies [43,44,53] and absent in two
studies [51,58]. In sensitivity analysis, excluding the
women-only study [48] and studies reporting antide-
pressant medication use [43,46,49,50] did not change the
overall pooled effect. Similarly, exclusion of the study
considering only depressed individuals with diabetes did
not alter both the overall pooled effect of lifestyle in-
terventions and the effect of depression in the analyses of
the with-T2DM subset. Publication bias was not apparent
in the analyzed studies, as the funnel plot of the impact of
lifestyle interventions on depression was close to sym-
metrical. Egger’s regression method (P for bias = 0.974)
and Begg'’s rank correlation test (P for bias = 0.184) also
did not confirm the hypothesis of publication bias
(Appendix 2).

Discussion

Promoting healthy diets and physical activity have been
considered key strategies for diabetes prevention [61—63].
However, lifestyle modification is more challenging among
patients with diabetes who have psychiatric co-
morbidities, such as depression [64,65]. Interdisciplinary
interventions focused on behavioral change are being
utilized effectively to control depression symptoms,
improve quality of life, and enhance self-care by main-
taining a healthy lifestyle [66,67]. This systematic review
assessed the impact of dietary and lifestyle interventions
on depression scores in individuals at risk of or diagnosed
with T2DM. In general, interventions resulted in decreased
depression scores regardless of the intensity and duration
of intervention. In the meta-analysis, the interventions
using individualized person-centered or group-session
approaches were associated with significant depression
score improvements. Results were null for telephone in-
terventions. Presence of psychosocial-trained health pro-
fessionals during face-to-face interventions might be
facilitating the remission of depressive symptoms.

The diverse nature of various interventions paired with
the wide range of study durations should prompt caution in
the interpretation of pooled data. To partially address this
issue, the meta-analyses included different subsets to
analyze intervention methods. For interventions that used
face-to-face methods a significant reduction in depression
was found. Among short, intermediate, and longer-term
intervention durations, it was evident, upon meta-analysis,
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that all durations were useful in reducing depression
scores. Furthermore, when the frequency of interventions
was considered, substantial depression score improvement
was found within the weekly frequency subset. These
findings further validate previous studies [28,68] that
demonstrate providing increased attention to individuals
with chronic diseases could result in a greater sense of care
and in turn improvements in depression outcomes.

Improving physical activity may reduce symptoms of
depression [32,69,70] but the impact of changes in dietary
habits on depression outcomes is unclear. In this study, it
was not possible to analyze the effect of diet on depres-
sion because studies investigated different dietary pa-
rameters. Some studies, however, did demonstrate
decreased depression scores in participants with
improved dietary habits [47,53,56,57,59]. Previous studies
have shown that dietary intakes of certain nutrients
[71,72] may contribute to improved mental health. These
findings indicate that adopting a healthy diet could result
in reduced symptoms of depression. Just as obesity is
widely acknowledged as a major risk factor in the devel-
opment of diabetes, researchers have found an association
between obesity and depression [73]. Despite some
controversial reports [74], foods rich in simple carbohy-
drates have been associated with developing a negative
mood [75]. Furthermore, adopting a healthy and
conscious diet may lead to physical fitness, which in turn
may result in an enhanced sense of well-being, conse-
quently decreasing depressive symptoms. However, in-
terventions considering younger individuals were shown
to be more effective at reducing depression symptoms
than interventions focusing on elderly populations. The
studies included in this review did not consider the po-
tential for co-morbidities in older individuals, which
could prevent lifestyle interventions from resulting in
improved depression symptoms. The relationship be-
tween depression and diabetes is complex. In addition to
the association between unhealthy life habits and
depression and diabetes, there is extensive literature
speculating on a link between depression, diabetes, and
subclinical inflammation [76]. Changes in the
hypothalamic-pituitary-adrenal axis, present in depres-
sion, could impair glucose metabolism, ultimately
contributing to the generation or deterioration of the pro-
inflammatory state and in turn raise cardiovascular risk
[77]. Several studies support the association between
depression and activation of the immune-inflammatory
system [78]. A recent meta-analysis revealed that in-
flammatory markers have a small but significant associ-
ation with the subsequent development of depression
[76]. Furthermore, specific nutrients, such as omega-3
fatty acids [72] and methylfolate [79], may be linked to
the reduction of depression and the attenuation of
inflammation. This suggests a physiological link between
diet and both depression and T2DM.

The ever-increasing burden of chronic diseases such as
depression and T2DM continue to be a challenge to global
health. The increased frequency of T2DM paired with a
considerable impact on psychosocial factors, health care,

and costs have made depression and T2DM priorities for
policy makers around the world [80]. Individuals with
both conditions may have a reduced life expectancy by
5—6 years, mainly due to cardiovascular complications
[81]. A recent meta-analysis found that individuals with
diabetes who are depressed have a 1.5-fold increased risk
of mortality compared to those who are not depressed
[26]. Even those individuals with diabetes who have
subclinical depression (not a clinically diagnosed condi-
tion like Major Depression Disorder) exhibit an increased
risk of mortality [14]. In this review, we found that life-
style interventions to manage T2DM were also effective in
decreasing depression scores. Overall healthy lifestyles
can contribute to improvements in depression, and
vice-versa [82].

The current study has some limitations. First, the
assessment of depression was of secondary interest to
most studies. Second, it is possible that the Hawthorne
effect played a role in measuring depression scores and
overestimating the true impact of lifestyle interventions
on reducing depression in many studies. Moreover, most
studies did not assess antidepressant use, which could
have had an influence on the results; some antidepressant
classes such as the tricyclic may trigger cardiovascular
complications and interfere with the effectiveness of life-
style interventions. Therefore, some studies failed to pro-
vide necessary information, such as details on the
randomization process, assessment of bias, and interven-
tion designs, and may raise concerns about the quality of
studies included in this review. Also, due to differing
methods of analysis or types of variables presented among
studies, a meta-analysis could only be conducted on 18 of
the 29 studies; nevertheless, the number of studies is
considered satisfactory and added new results to litera-
ture. One study was excluded from the meta-analysis as it
focused on only one nutrient rather than the total diet, and
this may misrepresent our results [83]; this report sug-
gested that low protein intake was associated with
increased depression.

Despite considering methodologically robust trials for
this meta-analysis, our results show a small effect in favor
of lifestyle interventions in depression among individuals
with T2DM. It is important to note that there was signifi-
cant heterogeneity across different study types; this could
be due to the fact that the majority of studies considered
weight loss as a main outcome and changes in depression
scores as a secondary result of the interventions. The
confounding effect of obesity and weight loss on depres-
sion might have influenced the results of our study.
However, studies included in this review utilized various
depression assessment tools; most of them have a high
sensitivity. Those tools can examine different aspects of
depression beyond somatic symptoms and are widely used
to assess emotional and social depressive symptoms in
individuals with chronic diseases such as T2DM. Investi-
gating the impact of various types of intervention (e.g. diet
and physical activity) on depression was beyond the scope
of our review. Future studies should evaluate whether
different lifestyle intervention strategies have different
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impacts on depression among individuals at risk for, or
with, T2DM.

Conclusion

Overall, the meta-analyses suggested that lifestyle in-
terventions intended to manage T2DM, delivered face-to-
face and with a high degree of frequency, are effective in
improving depression.

Negative consequences of depression in individuals at
risk of or with T2DM are known to include poor dietary
intake, low physical activity levels, increased mortality,
and health care costs. Consequently, it is essential that
these vulnerable groups be screened regularly for
depression. Once diagnosed, these individuals may benefit
from treatment and management involving healthy life-
styles by an interdisciplinary team. Future studies need to
investigate if different strategies used in lifestyle in-
terventions for individuals at risk of or with T2DM can
help improve or prevent depression.
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Risk-of-bias of the randomized controlled trials.
Author, Sequence Allocation Blind Incomplete Reporting Selective  Other bias Comment
Country generation concealment outcome outcome data tolossto outcome
assessor follow up  reporting
[43] Finland Unclear Unclear Unclear Low Unclear Low Low Good quality study;
concise data analysis
[44] US.A. Low Low Unclear  Low Unclear Low Low: small Good quality study;
sample analysis difficult to
interpret
[47] US.A. Low Low Unclear Low Low Low Low Good quality study
[48] U.S.A. Low Low Unclear Low Low Low Low Good quality study;
methods concisely
described
[49] US.A. Unclear Unclear Low Low Low Low Low Good quality study;
very concise description
of non-completers
[50] U.S.A. Unclear Unclear Low Low Low Low Low Good quality study
[51] Germany Unclear Unclear High Unclear High Low Unclear Possibly a good quality;
Non reported missing
on follow-up
[52] US.A. Low Low Low Low Low Low Low Good quality study;
methods concisely
described
[53] US.A. Low Low Unclear Low Unclear Low Low Good quality study
[38] Japan High High Unclear  High Low High Unclear Possibly a good quality;
methods not concisely
described.
[45] Australia Low Low High Low Low Low Unclear Good quality study
[54] US.A. Low Low Unclear Low Low Low Low: small Good quality study;
sample methods concisely
described
[55] US.A. Low Low Unclear  Low Low Low Low Good quality study
[56] US.A. Unclear Unclear High Low Low Low Low Good quality study;
concise data analysis
[57] US.A. Low Low Unclear Low Low Low Low: small Good quality study;
sample concise data analysis

(continued on next page)
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(continued )
Author, Sequence Allocation Blind Incomplete Reporting Selective  Other bias Comment
Country generation concealment outcome outcome data tolossto outcome
assessor follow up  reporting
[46] Brazil Unclear Unclear High Low Low Low Low Good quality study
[58] U.S.A. Unclear Unclear High High High Low Low Possibly a good quality;
Non reported missing
on follow-up
[59] South Unclear Unclear Unclear  Low Low Low Low: small Good quality study;
Korea sample methods concisely
described
[60] U.S.A High High High Low High Unclear Unclear Good quality study;
methods concisely
described
Appendix 2 disorders in the National Comorbidity Survey Replication. Arch
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