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Abstract

Background: We examined the cross-sectional and longitudinal relationships of motor functions with depression in older adults with type 2 
diabetes (T2D).
Methods: Participants (n = 984) were from the longitudinal Israel Diabetes and Cognitive Decline (IDCD) study. They were initially cognitively 
normal and underwent evaluations of motor functions (grip strength and gait speed) and of depression (using the 15-item version of the 
Geriatric Depression Scale [GDS]) approximately every 18 months. We applied Hierarchical Linear Mixed Models (HLMM) to investigate 
the associations between motor functions and depression adjusting for sociodemographic, cardiovascular factors, overall cognitive score, and 
subjective report of exhaustion.
Results: Participants’ baseline characteristics were 72 (±5) years of age (59.6% males), 13 (±4) years of education, Mini-Mental Status 
Exam (MMSE) score of 28.01 (±1.78), and a GDS score of (2 ± 2.00), consistent with normal cognitive status and lack of major affective 
symptomatology. Slower gait speed at baseline was associated with higher GDS scores (p = .001) and with their increase over time (p = .049). 
A decrease in walking speed from baseline was associated with an increase in GDS scores (p = .015). Lower grip strength at baseline was 
associated with higher GDS scores (p = .002), but not with trajectories in GDS scores over time. A faster decrease in grip strength from baseline 
was associated with a faster increase in GDS scores (p = .022).
Conclusions: Both gait speed and grip strength are cross-sectionally associated with depression. However, only gait speed and its decrease over 
time can potentially be used to predict incident depression symptoms, thus facilitating the introduction of depression prevention strategies.

Keywords:  Depression, Gait speed, Geriatric depression scale, Grip strength, Motor function, Type 2 diabetes

Symptoms of depression, especially at sub-syndromal levels, are 
highly prevalent in old age, reaching prevalence rates of 10.4% 
for minor depression (1) and up to 27% for depression symptoms 
(2). In this age group, even at sub-syndromal levels, symptoms of 
depression are associated with higher morbidity, mortality, and 
poor cognitive and functional outcomes. Response rates to anti-

depressant medications are lower in older adults compared to 
younger age groups (3), potentially reflecting the different patho-
physiological mechanisms underlying depression in this age group 
(4). The substantial burden of depression in old age, together with 
the limited availability of qualified professionals and the partial 
efficacy of currently available interventions, led to an increasing 
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awareness of the need for preventive interventions in this age group 
(5,6). Depression prevention strategies in old age have been shown 
to be effective in improving functional status, disease outcomes, 
and quality of life (7).

The role of old-age depression in health-related outcomes is fur-
ther accentuated in the presence of chronic diseases and specifically 
in type 2 diabetes (T2D). The prevalence of T2D increases with age, 
reaching rate of 21.4% in individuals aged ≥65 years (8). Older adults 
with T2D constitute ~50% of the adult population with diabetes 
mellitus (9), and are at increased risk for depression (10), which in 
turn is associated with worse diabetes, health, and cognitive-related 
outcomes (11). Depression in T2D is prone to chronicity (12) and 
recurrence (13). Moreover, some of the antidepressant medications 
may exacerbate glucose dysregulation (12), stressing the import-
ance of depression prevention treatments in older adults with T2D. 
However, there is a shortage in objective tools for the prediction of 
depression in old age and specifically in T2D (14). Motor functions, 
commonly measured via walking speed and handgrip strength, are 
important markers of biological aging (15) and potent predictors 
of brain-related outcomes, such as cognitive impairment (16), and 
depression (17–19). Low gait speed, and low grip strength (17–19) 
are associated with higher levels of depression (20), lower response 
to antidepressant medications (21), and depression chronicity (22). 
However, studies on the association of motor function with subtle 
forms of depression, which are the most prevalent forms in old age, 
are still relatively scarce, and specifically so in distinct clinical popu-
lations who are prone for depression such as T2D.

Given the high risk of older adults with T2D to both impaired 
motor function (23) and to depression, we examined the longitu-
dinal relationship of gait speed and grip strength and the changes 
in their trajectories, with trajectories of depression symptoms in 
n = 984 older adults with T2D, participants of the Israel Diabetes 
and Cognitive Decline (IDCD) study.

Method

Participants are patients with T2D aged ≥65, engaged in the 
IDCD study, a collaboration of the Icahn School of Medicine 
at Mount Sinai, NY, the Sheba Medical Center, Israel, and the 
Maccabi Healthcare Services (MHS), Israel. The study was ap-
proved by all 3 IRB committees and all participants signed in-
formed consent.

The IDCD is a longitudinal study, investigating the relationship 
between long-term T2D characteristics and cognitive decline. Its 
methods have been described in depth elsewhere (24). Briefly, IDCD 
participants were randomly selected from the ~11,000 older adults 
with T2D listed in the diabetes registry of MHS, the second-largest 
HMO in Israel. The diabetes registry was established in 1998 to fa-
cilitate T2D management and improve its treatment. Entry criteria 
to the registry are any of the following: (i) HbA1c > 55.7s mmol/mol 
(7.25%), (ii) glucose >200 mg/dl on 2 exams more than 3 months 
apart, (iii) purchase of anti-diabetic medication twice within 
3 months supported by an HbA1c > 47.4 mmol/mol (6.5%) or glu-
cose > 125 mg/dl within half a year, (iv) diagnosis of T2D (ICD9 
code) by a general practitioner, internist, endocrinologist, ophthal-
mologist, or diabetes advisor, supported by an HbA1c > 47.4 mmol/
mol (6.5%), or glucose > 125 mg/dl within half a year. The MHS 
diabetes registry collects detailed information on laboratory, medi-
cation, and medical diagnoses of its subjects, including diagnosis of 
depression and purchase of antidepressant medications prior to re-
cruitment to the IDCD study.

Eligibility criteria to the IDCD were the following: being listed 
in the MHS diabetes registry, T2D diagnosis, living in the central 
area of Israel, age ≥65 years, being identified as cognitively normal 
at baseline (based on a multidisciplinary weekly consensus confer-
ence), absence of major medical, psychiatric, or neurological diag-
noses that may significantly affect cognitive performance, having ≥3 
HbA1c measurements in the diabetes registry, fluency in Hebrew, 
and availability of an informant.

IDCD participants’ recruitment procedure has been described in 
detail previously (24). In short, the MHS diabetes registry is thor-
oughly screened for detection of potential participants, excluding 
anyone with an ICD code for dementia, treatment with cholin-
esterase inhibitors, or with a major psychiatric or neurological con-
dition (eg, schizophrenia or Parkinson’s disease) that might affect 
cognitive performance. Depression is not an exclusion criterion. The 
MHS team contacts potential participants and asks for their partici-
pation after determining Hebrew fluency and the availability of an 
informant. Consenting individuals undergo a comprehensive cogni-
tive assessment (described below). All participants’ data, including 
the results of the cognitive battery administered, the score of the 
Clinical Dementia Rating (CDR) scale (described below), and the 
results of the affective assessments, are discussed by a multidiscip-
linary consensus conference team in order to define cognitive status 
(ie, cognitively normal, MCI, or dementia and their subtypes). If the 
participant is cognitively normal at baseline, follow-up interviews, 
identical on procedures, and content to the baseline assessment, are 
performed at 18 months intervals. Participants diagnosed as MCI 
or dementia at baseline, are not included in the study, however, 
those who convert from a status of normal cognition to MCI during 
follow-up, continue their participation in the study until conversion 
to dementia.

Assessment of Depression Symptoms
The presence of depression symptoms is evaluated using the 15-item 
version of the Geriatric Depression Scale (GDS) (25), a self-reported, 
easily administered scale. This questionnaire is suitable for depres-
sion screening in large-scale studies of aging populations and is ad-
vantageous in the context of older adults with T2D since it has little 
focus on somatic symptoms which could be confounded by diabetes 
symptoms such as neuropathy (25). GDS data are collected at every 
IDCD visit.

Assessment of Motor Function
Motor function was assessed using 2 performance-based measures 
of motor ability, as follows: (i) Gait speed: Two lines were marked 
on the floor to define 3 m. Participants were instructed to stand up 
and walk 3 m at their usual pace after the instruction “Go.” The time 
(in seconds) required to walk 3 m was recorded. (ii) Grip strength: 
A hydraulic hand dynamometer (Jamar; Lafayette Instrument Co, 
Lafayette, Indiana), which displays isometric grip force ranging from 
0 to 90 kg, was used to measure grip strength bilaterally. Three trials 
of grip strength from each hand were averaged for a composite grip 
strength score (26).

Assessment of Subjective Exhaustion
During every IDCD visit, participants were asked to rate whether 
the following two statements regarding exhaustion were relevant for 
them: “during the last week, I felt that everything that I did was an 
effort for me” and “I could not bring myself to action.” For each 
question, participants had to choose one of the following answers: 
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seldom or never (less than 1 day), not frequently (1–2 days), often or 
quite often (3–4 days), most of the time (5–7 days).

Cognitive Assessment
A broad neuropsychological battery is administered to IDCD parti-
cipants (detailed in ref. (24)), and is used to calculate scores in the 
cognitive domains of episodic memory, attention/ working memory, 
executive functions, semantic categorization, and overall cognition.

Clinical Dementia Rating Scale
A numeric scale derived from clinician rating of cognition and daily 
function in the domains of memory, orientation, judgment and 
problem solving, community affairs, home and hobbies, and per-
sonal care, with composite scores ranging from 0 to 3 (0 = cogni-
tively normal; 0.5 = questionable dementia, ≥1 = increasing degrees 
of severity of dementia) (27). IDCD participants with a CDR≥ 0.5 at 
baseline were not included in this study.

Brain MRI Procedures
A random sub-sample of IDCD participants had a brain mag-
netic resonance imaging (MRI) scan. Scans were performed using 
a 3 Tesla scanner (GE, Signa HDxt, v16VO2). High-resolution 
(1 mm3) images were acquired using a 3D inversion recovery pre-
pared spoiled gradient-echo (FSPGR) T1-weighted sequence (TR/
TE = 7.3/2.7s, 20o flip angle, TI 450 ms). The T1 weighted ana-
tomical images for each subject were processed using the Voxel 
Based Morphometry [VBM (15)] toolbox, developed by Gaser 
(http://www.fil.ion.ucl.ac.uk/spm/ext/#VBMtools) and imple-
mented in Statistical Parametric Mapping (SPM8) software. This 
procedure included automated iterative skull stripping, segmen-
tation of the images into gray matter (GM), white matter (WM), 
and cerebrospinal fluid probability images, and spatial normaliza-
tion of the GM images to a customized GM template in standard 
Montreal Neurological Institute space. In order to optimize signal 
to noise, the GM maps were smoothed using an 8 mm Gaussian 
kernel. GM probability maps were thresholded at 0.1 to minimize 
the inclusion of incorrect tissue types. Total intracranial volume 
(TICV) was calculated using the segmented and thresholded images 
(TICV = GM+WM+CSF).

Statistical Analysis
We used Pearson correlations for continuous variables and t-test for 
dichotomous variables in order to explore the relationship between 
the motor function variables (gait speed and grip strength) and pos-
sible confounders which may affect the association between motor 
function and depression. We applied Hierarchical Linear Mixed 
Models (HLMM) to investigate the main and longitudinal effects 
of the association between baseline motor function and GDS scores 
(see below) and the main and longitudinal effects of the association 
between the change in motor function and the change in GDS scores 
between measurements (see below).

The use of HLMM allowed us to include a random intercept, 
assuming each subject had a different baseline GDS, and a random 
slope for time, assuming that the change in GDS scores over time can 
vary between different subjects.

The main effects represent the cross-sectional associations of 
motor functions with GDS scores. The longitudinal effects of the 
models examined the associations of motor functions or of change 
in motor functions with GDS scores or changes in GDS scores over 
time. For example, if a decrease in motor functions (ie, weaker hand 

grip) between successive measurements was associated with an in-
crease in GDS scores (ie, more depressive symptoms), then a signifi-
cant negative interaction with time would suggest that this effect 
increased over time. Similarly, if an increase in change in motor func-
tion (ie, greater decline in gait speed between successive measure-
ments) was associated with an increase in GDS scores change (ie, a 
greater increase in depressive symptoms between successive meas-
urements), then a significant negative interaction with time would 
suggest that this effect increased over time. All models were adjusted 
for factors that have previously been reported to affect depression or 
motor function, that is, sociodemographic characteristics (age, sex, 
and education) (28,29) measured at the IDCD baseline, cardiovas-
cular risk factors measured by Maccabi (diabetes duration, and the 
mean of all measures for each participant for total cholesterol, cre-
atinine, HbA1c, triglycerides, systolic and diastolic blood pressure, 
and BMI) (30) exhaustion and global cognition (31).

To examine the potential effect of brain pathology (brain atrophy 
and white matter hyperintensities [WMH]) on the relationships be-
tween motor functions and depression, we conducted an exploratory 
analysis additionally adjusting to total GM volume, total intracra-
nial volume, and WMH’s volume.

We applied a sensitivity analysis to reduce the potential contribu-
tion of pre-existing major affective disorder to the results, excluding 
participants with a diagnosis of depression or those purchasing anti-
depressant medications based on MHS medical records.

All the statistical analyses were performed using the computed 
environment R version 3.5.2. We used “nlme” and “effects” pack-
ages for the HLMM. We defined a significance level of p = .05 in all 
statistical tests.

Results

Sample Characteristics and Associations of 
Demographic and Clinical Variables With Motor 
Function at Baseline
Table 1 shows demographic, health, and brain-related character-
istics of the total sample (n  =  984). Participants’ baseline charac-
teristics were 72 (±5) years of age (59.6% males), 13 (±4) years of 
education, Mini-Mental State Examination (MMSE) score of 28.01 
(±1.78), consistent with normal cognitive status, and a GDS score of 
(2 ± 2.00), consistent with lack of major affective symptomatology. 
Table 2 shows the associations of demographic and clinical variables 
with motor variables at baseline. Slower gait speed (longer time to 
walk 3 m) was associated with male gender (p < .001), fewer years of 
education (p < .001), worse cognitive functioning (p < .001), higher 
BMI (p < .001), lower creatinine values (p = .032), higher exhaus-
tion (p < .001), lower GM (p < .001), intracranial (ICV) (p < .001) 
volumes and with a higher load of WMH (p < .001). Lower grip 
strength at baseline was associated with female gender (p < .001), 
older age (p < .001), worse cognitive functioning (p < .001), lower 
diastolic blood pressure (p < .001), higher triglyceride (p < .001), 
lower creatinine (p < .001), higher Hba1c (p = .015), higher exhaus-
tion (p < .001), lower GM (p < .001), and lower ICV (p < .001).

Cross-sectional and Longitudinal Associations of 
Motor Function With Depression Symptoms
Gait speed
Slower gait speed at baseline was associated with more depression 
symptoms (β  =  0.140, p < .001, Table 3, Figure 1A) and with a 
greater increase in depression symptoms over time (β = 0.001 for 
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the interaction of gait speed with time, p = .046). (Table 3, Figure 
1B). Adjusting for sociodemographic and cardiovascular variables as 
well as for global cognition and exhaustion did not alter the results 
(p = .001 and p = .049, respectively; Table 3).

The main effect of change in gait speed on GDS scores was 
strongly significant such that an increase in walking time (ie, de-
crease in walking speed) from baseline was associated with an in-
crease in GDS scores (β = 0.050, p = .007; Table 3; Figure 1C). This 
effect remained significant after adjusting for sociodemographic, and 
cardiovascular variables as well as global cognition and exhaustion 
(p = .015). Adding the time term into the model, also resulted in a 
significant effect over time (β = 0.003, p = .049), such that a greater 
increase over time in walking time was associated with an acceler-
ated increase in GDS scores over time. However, this association did 
not withstand adjustment for the covariates (p = .221; Figure 1D).

We also examined whether depressive symptoms at baseline 
predict motor decline: higher GDS scores at baseline were not as-
sociated with the trajectory of gait speed over time (β  =  −0.003, 
p = .726). Adjusting for sociodemographic and cardiovascular vari-
ables as well as for global cognition and exhaustion did not alter the 
results (p = .789).

To reduce the potential contribution of pre-existing major 
affective disorder to the results, the analysis was repeated for 
n = 690 participants after excluding those with a diagnosis of de-
pression or those purchasing antidepressant medications based on 
MHS medical records. In the fully adjusted models (controlling for 
sociodemographic, and cardiovascular variables as well as global 
cognition and exhaustion), apart from gait speed at baseline, which 
was no longer associated with depression symptoms (β  =  0.042; 
p  =  .197), all the remaining findings regarding the relationship of 
gait speed with depression, were essentially unaltered; lower gait 
speed at baseline was associated with increase in the number of de-
pression symptoms over time (β = 0.001, p = .026). Change in gait 
speed from baseline was associated with an increase in depression 

symptoms over time (β = 0.045, p = .015). The degree of decrease 
over time in gait speed was not associated with an accelerated in-
crease in GDS scores over time (β = 0.001, p = .534; Table 3, Model 
3). Additionally, the number of depression symptoms at baseline did 
not predict a change in gate speed (β = 0.001, p = .747).

Lastly, we repeated the analysis in n = 213 participants for whom 
brain MRI data were available, additionally adjusting the models for 
GM and WMHs’ volume. Lower gait speed at baseline was associ-
ated with more depressive symptoms (β = 0.144, p = .025), and with 
greater increase in depressive symptoms over time (β = 0.004, p < 
.001). The main effect for change in gait speed turned nonsignificant 
after adjusting for the MRI components (β = 0.009, p = .795). Adding 
the time term into the model did not alter the results (β = −0.0006, 
p = .804; Supplementary Table 1).

Grip strength
Lower grip strength at baseline was associated with more depres-
sion symptoms (β  = −0.043, p < .001). This association remained 
significant after adjustment for sociodemographic and cardiovas-
cular variables as well as for overall cognitive function and ex-
haustion (p =  .002; Table 3; Figure 2A). However, the association 
of grip strength at baseline with the slope of GDS score over time 
was nonsignificant (β = −0.0001, p = .491; Table 3; Figure 2B) with 
no change after adjustment for the above-mentioned covariates 
(p = .076).

The main effect of change in grip strength on change in GDS 
score from baseline was not significant (β = −0.001, p = .831; Table 
3; Figure 2C), that is, a decrease in hand grip strength was not asso-
ciated with increase in depression over time. Adding the time term 
into the model, also resulted in a nonsignificant effect (β = −0.001, 
p = .105; Table 3; Figure 2D), that is, the degree of change in grip 
strength was not associated with the degree of change in depres-
sion. Adjustment for sociodemographic and cardiovascular variables 
as well as for overall cognitive performance and exhaustion, did 

Table 1. Sample Demographic and Cardiovascular Characteristics (n = 984)

 Min Max Mean/n (n%) SD 

Sex Male   588 (59.6)  
Female   396 (40.4)  

Age at baseline 62 85 72 5
Years of education 0 26 13 4
Number of assessments 1 6 2.52 0.87
MMSE at baseline 13 30 28.01 1.78
GDS score at baseline 0 14 2 2
Overall cognition baseline −25.2 18 0.76 7.22
Diabetes duration 0.33 19.90 9.79 4.39
BMI at baseline 18 50 28.87 4.28
Systolic BP 99.93 171.4 134.3 9.65
Diastolic BP 58.69 95.68 76.89 4.86
Cholesterol 93.50 267.1 177.8 25.08
Triglyceride 41.44 707.4 155.8 60.77
Creatinine 0.50 3.2 0.99 0.24
Hba1c 3.93 10.03 6.77 0.75
Frailty effort 0 3 0.31 0.75
Frailty activate self 0 3 0.14 0.55
Gray matter 376 655 514 49
Intracranial volume 1022 1749 1331 135
White matter hyperintensities 0 76 13.1 14.2
Gait speed at baseline 1.22 18.22 4.32 2.35
Grip strength at baseline 6 83 29 10

Note: BMI = body mass index; BP = blood pressure; GDS = Geriatric Depression Scale; MMSE = Mini-Mental State Examination.
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not alter the results for the main effect of change in grip strength 
(p = .963) but the time term turned significant (p = .022), suggesting 
that a greater decrease over time in grip strength is associated with 
an accelerated increase in GDS scores over time.

GDS scores at baseline were not associated with trajectories 
of grip strength over time (β  =  −0.001, p  =  .989). Adjusting for 
sociodemographic and cardiovascular variables as well as for overall 
cognitive performance and exhaustion did not alter the results 
(p = .783).

After excluding patients with a diagnosis of depression or those 
purchasing antidepressant medications, grip strength was not associ-
ated with the number of depression symptoms in any of the models.

In an exploratory analysis, additional adjustment for GM and 
WMHs’ turned the association between grip strength at baseline and 
depression symptoms to nonsignificant (β = −0.022, p = .213). The 
association between grip strength at baseline and the change over 
time in depression symptoms remained nonsignificant (β = −0.0003, 
p  =  .152) as well as the association between the change in grip 
strength and depression symptoms (β = 0.011, p = .314). The associ-
ation between the change in grip strength and the degree of change 
in depression symptoms remained significant (β = −0.002, p = .020; 
Supplementary Table 1).

Discussion

This study extends the current knowledge on the associations of 
motor function and depression by examining these relationships 
specifically in older adults with T2D, who are at high risk of de-
pression and compromised motor function (32,33). The study add-
itionally innovates by examining the associations of concomitant 
changes in motor function with trajectories of depression symp-
toms over time. We show that in older adults with T2D who are 
initially cognitively normal, both slower gait speed and weaker 
grip strength were associated with a higher number of depression 
symptoms at baseline. However, gait speed and grip strength differ 
in their longitudinal relationships with the number of depression 
symptoms. Specifically, slower gait speed at baseline and its decrease 
during follow-up, were associated with an increase in the number 
of depression symptoms over time. These effects withstood adjust-
ment for sociodemographic, cardiovascular, cognitive function, and 
self-rated exhaustion variables. In contrast, grip strength at base-
line or decrease in grip strength over time was not associated with 
longitudinal trends in depression. Only the rate of change in grip 
strength was associated with an accelerated increase in the number 
of depression symptoms. The results were minimally affected in a 
sensitivity analysis excluding IDCD participants with a clinical diag-
nosis of depression or those receiving anti-depression medications 
based on MHS medical records, such that the baseline relationship 
of gait speed with baseline depression was no longer significant. The 
longitudinal relationships between gait speed and depression were 
not affected, suggesting that the contribution of a small segment of 
the IDCD cohort with preexisting depression, to the associations 
found was minimal. The present results support the potential of grip 
strength and gait speed measurement as objective markers of coex-
istent symptoms of depression. Gait speed, is also a predictor of an 
increase in the number of incident depression symptoms and thus 
may be developed as a marker for incipient depression, which can 
enable the introduction of depression-prevention interventions. Such 
a tool is especially important in the context of subtle symptoms of 
depression, which are the most prevalent in old age (1,2), but com-
monly underdiagnosed (34).Ta
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Previous studies examining the relationships of motor functions 
with depression, generally demonstrate an association of worse 
motor functions with higher depression scores, but findings vary by 
the population studied, the type of motor function examined, the 
type and severity of depression-related outcome, and the study de-
sign (cross-sectional or longitudinal). In the majority of these studies, 
only one of the motor functions was measured, limiting the ability to 
compare their strength as predictors of depression-related outcomes. 
Slower gait speed was cross-sectionally associated with elevated 
symptoms of depression (20) and with increased risk for incident 
depression (14) in older adults. Similarly, in middle-aged (mean age 
41 years (35)) and “young old” populations (mean = 66 years (18)), 

lower handgrip strength was associated with higher cotemporary 
depression scores (18,35), and with increased incidence of depres-
sion at follow-up (18). Both slow gait speed and weak grip strength 
were highly comorbid with major depression or with a persistent 
depressive disorder in nondemented older adults (36). Moreover, in 
these patients, worse motor function was associated with higher se-
verity of depression (36). Despite these apparent consistencies, it is 
important to take into consideration that the role of motor functions 
in depression may differ be the overall clinical context, as demon-
strated by the association of handgrip strength with depression in 
individuals with metabolic disease (eg, diabetes) but not in those 
with arthritis (37). Thus, motor functions are potential simple and 

Table 3. Final Hierarchical Linear Models Predicting GDS Depression Scores by Motor Function

 Model 1 Model 2 Model 3

Effect β Coefficient SE p Value β Coefficient SE p Value β Coefficient SE p Value 

Gait speed* 0.140 0.030 <.001 0.080 0.031 .001 0.042 0.033 .197
Gait speed time† 0.001 0.001 .046 0.001 0.001 .049 0.001 0.0006 .026
Gait speed change 0.050 0.019 .007 0.037 0.015 .015 0.045 0.018 .015
Gait speed change time 0.003 0.002 .049 0.002 0.001 .221 0.001 0.002 .534
Grip strength −0.043 0.007 <.001 −0.030 0.010 .002 −0.057 0.009 .053
Grip strength time −0.0001 0.0001 .491 −0.0002 0.0001 .076 −0.0001 0.0001 .689
Grip strength change −0.001 0.007 .831 0.007 0.005 .222 −0.001 0.007 .822
Grip strength change time −0.0008 0.0005 .105 −0.0009 0.0004 .022 −0.0007 0.0004 .111

Notes: Model 1 includes only main and longitudinal effects of the motor variables. Model 2 is adjusted to age, sex, education, diabetes duration, BMI at baseline, 
systolic and diastolic blood pressure, total cholesterol, triglycerides, creatinine, HbA1c, total cognitive score, and frailty. Model 3 is a sensitivity analysis examining 
the main and longitudinal effects of motor variables on depression symptoms while adjusting for age, sex, education, diabetes duration, BMI at baseline, systolic 
and diastolic blood pressure, total cholesterol, triglycerides, creatinine, HbA1c, total cognitive score, and frailty.

*Main effect
†Longitudinal effect

Figure 1. Plots for the associations between gait speed (time in seconds to walk 3 m, higher scores representing lower gait speed) with Geriatric Depression 
Scale (GDS) score: (A) association between baseline gait speed and baseline GDS scores; (B) association between baseline gait speed and change in GDS score 
over time; (C) association between change in gait speed over time with change in GDS score over time; (D) association between extent of change in gait speed 
over time with extent of change in GDS score over time.
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objective markers for depression symptoms and for their trajectory 
over time, however, their clinical implementation should be differen-
tially adapted to different co-morbidities.

There are several possible explanations for our findings. 
Cerebrovascular pathology is associated with slower gait speed 
(38), weaker grip strength (35), and with old-age depression. The 
risk for incident stroke increases with decreasing gait speed (39), 
potentially pointing to this motor function as a marker of sub-
clinical cerebrovascular pathology. Cerebrovascular pathology, 
more prominent in the context of diabetes, largely affects frontal-
subcortical circuits, which are crucial for emotional regulation and 
motor functionality in late life (14). Grip strength has also been 
associated with hippocampal volume (35), which in turn, plays a 
role in the onset and course of depression (40). Thus, motor func-
tions may reflect disrupted integrity of brain areas responsible for 
coordination, balance, strength as well as for higher mental func-
tion (15) and affect, and for the interconnections between them 
(15). We examined the potential contribution of GM and WMH’s 
volume in a small sample of IDCD participants for whom brain 
MRI was available. When these variables were added to the stat-
istical model, the associations between changes in gait speed and 
changes in depression over time were no longer significant, how-
ever, the relationship of baseline gait speed with cross-sectional 
and longitudinal depression scores were unaltered. Similarly, the 
association of grip strength at baseline with co-temporary depres-
sion scored were no longer significant, but faster decrease in grip 
strength was still associated with accelerated worsening in depres-
sion symptoms. GM and WMHs may therefore underlie the rela-
tionships found, but only to a certain extent. The small number of 
IDCD participants for who brain MRI was available prevents a 
deeper exploration of this hypothesis.

Depression and motor impairments may be both a cause and 
consequence of a physically inactive lifestyle (20). People who are 
more physically active, have better motor functions and are less 
prone for cerebrovascular pathology (35) and, therefore, depres-
sion. Alternatively, individuals with depression, are less likely to be 
engaged in physical activity and consequently, have lower muscle 
strength and slower and gait speed, and be more prone to cerebro-
vascular pathology.

Lastly, brain dopaminergic functionality, which is relevant for 
both motor functions and depression decreases with age and is dis-
rupted in diabetes (41). Another potential mechanism of psycho-
motor slowing in the context of T2D, may involve the increased 
inflammatory process in this population (42), which has been dem-
onstrated to modify the functionality of the basal ganglia and of 
the dopaminergic pathways, potentially presenting as anhedonia, fa-
tigue, and psychomotor slowing (43).

The divergence, to some extent, in the relationships between 
walking speed and grip strength with longitudinal depression-related 
outcomes in the IDCD cohort may potentially suggest that the 
underlying mechanisms are not entirely overlapping, as reflected by 
the associations of walking speed, but not grip strength, with global 
WM fractional anisotropy in a cohort of 122 healthy older adults 
(44). The findings could also be explained by the different muscle 
groups and neurological systems supporting walking speed and 
hand grip strength (45). Others have demonstrated, in community-
dwelling older adults, that both gait speed and grip strength at base-
line are associated with cognitive decline over a 10-year follow-up. 
However, each of these motor functions predicted deterioration in 
a different cognitive test-gait speed predicted changes in the DSST 
while grip strength predicted changes in MMSE scores, suggesting 
that different motor functions affect different cognitive domains.

Figure 2. Plots for the associations between grip strength (in kilograms, higher scores representing higher grip strength) with Geriatric Depression Scale (GDS) 
score: (A) association between baseline grip strength and baseline GDS scores; (B) association between baseline gait speed and change in GDS score over time; 
(C) association between change in gait speed over time with change in GDS score over time; (D) association between extent of change in gait speed over time 
with extent of change in GDS score over time.
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The longitudinal associations of depression with motor functions 
could theoretically be explained by the role of depression in the pre-
diction of motor outcomes, however, in this study, depression scores 
at baseline were not associated with trajectories of motor function 
thereafter.

The strengths of the study include the large cohort of pa-
tients with a well-validated diagnosis of T2D and the availability 
of long-term information on numerous potential confounders. 
Moreover, diabetes per se and the confounders were directly meas-
ured rather than self-reported.

The main limitation of the study is the measurement of depression 
symptoms based on the GDS score rather than a clinical assessment. 
Nevertheless, this tool enables the measurement of subtle depression 
symptomatology, which is commonly missed in clinical assessment 
(usually directed toward detection of depression with clinical signifi-
cance). Subtle depression symptoms comprise the most common form 
of depression in old age. The GDS has been widely used as a screening 
tool for depression (46), and in T2D, it has been associated with cog-
nition (47), quality of life (48) and cerebral small vessel disease (49), 
indicating its relevance in predicting poor health outcomes. The re-
sults of the present study may not necessarily be generalizable to all 
patients with T2D, as IDCD participants are relatively well educated, 
cognitively normal, mostly without clinically significant affective 
symptoms, and with relatively well-controlled diabetes (mean HbA1c 
value of 6.8% [SD = 0.8%]). Also, the effect sizes detected are small. 
Nevertheless, they are consistent and endured adjustment for nu-
merous factors. The findings could potentially be more pronounced 
in patients with more severe forms of depression-related outcomes. It 
is plausible that the present results are affected by factors not assessed 
in our study, such as life history of depression (age of onset, number, 
duration and severity of symptoms), comorbid anxiety, or other 
medical comorbidities. Nevertheless, the relationships remained sig-
nificant after including a large number of demographic, T2D, and 
health-related factors in the statistical model. Data on clinical fac-
tors that may affect the relationship between motor functions and 
depression (eg, blood pressure, cholesterol, or kidney functions) were 
only available at baseline, limiting our ability to examine the effect 
of changes in these variables over time on the relationship of motor 
function and depression. Nevertheless, the inclusion of the baseline 
levels of these variables in the statistical models (Model 2, Table 3) 
did not affect the results. Self-rated quality of life, which may poten-
tially be associated with motor function, depression and the inter-
relationship between these factors, was not assessed in the IDCD.

The present findings innovate by demonstrating the relationship 
of two easily measurable and objective motor functions with subtle 
depression symptoms, specifically in a sample of T2D patients. These 
patients are prone to depression, which has a detrimental effect on 
disease outcomes, even in its mildest forms. The phenotypic expres-
sion (37) and mechanisms (50) underlying depression in old age, and 
specifically in T2D, may differ from the general population, and from 
other clinical settings (37) stressing the importance of examining this 
relationship specifically in older adults with T2D. In contrast to pre-
vious studies, which usually examined only one motor variable, in the 
IDCD, both motor functions-gait speed and grip strength, were meas-
ured longitudinally, revealing some divergence in their longitudinal 
relationships with depression symptom. The differences between 
distinct motor variables to serve as markers of incident depression 
symptoms, highlight the importance of further developing the op-
timal motor function measurement for the prediction of depression. 
The availability of such tools may facilitate the introduction of de-
pression prevention strategies in an early window of time.
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