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Abstract

Objective: Major depressive disorder (MDD) is a heterogeneous clinical condition associ-
ated with impairments not only in mood and cognition but also in physical functioning.
This study aimed to examine the associations of handgrip strength with depression sever-
ity, self-esteem, and orthorexic tendencies in individuals with MDD. Materials and Meth-
ods: This cross-sectional study included 63 patients with MDD and 50 healthy controls.
Depression severity was assessed using the Hamilton Depression Rating Scale (HAM-D),
self-esteem using the Rosenberg Self-Esteem Scale (RSES), and orthorexic tendencies us-
ing the Orthorexia Nervosa Inventory (ONI). Handgrip strength was measured in kilo-
grams using a digital hand dynamometer according to standard procedures. Because of
the strong physiological dependence of handgrip strength on sex, sex-stratified and sen-
sitivity analyses were performed. Results: Compared with controls, patients with MDD
had significantly higher HAM-D scores and significantly lower RSES scores and handgrip
strength. ONI scores did not differ significantly between groups. Within the MDD group,
handgrip strength was negatively correlated with depression severity and positively cor-
related with self-esteem. In sex-stratified analyses, handgrip strength was numerically
lower in patients with MDD among both women and men, although the difference
reached statistical significance only among men. Sex-standardized handgrip strength was
also lower in the MDD group. In the multivariable sensitivity model accounting for sex
and body mass index, depression severity remained independently associated with hand-
grip strength, whereas the association with self-esteem was attenuated. Conclusion: Indi-
viduals with MDD showed lower handgrip strength than healthy controls. These findings
suggest that handgrip strength may provide complementary information on physical
functioning in MDD. However, clinical interpretations should remain cautious because of
the cross-sectional design, modest sample size, and possible residual confounding.

Keywords: major depressive disorder; self-esteem; handgrip strength; orthorexia nervosa;
physical functioning

1. Introduction

Major depressive disorder (MDD) is a heterogeneous psychiatric disorder associated
not only with disturbances in mood and cognition but also with impairments in somatic
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and physical functioning. Depressive symptoms are frequently accompanied by reduced
energy, psychomotor slowing, decreased daily activity, sleep and appetite changes, and
alterations in inflammatory and metabolic processes'-. Therefore, the evaluation of MDD
may require attention not only to symptom severity but also to physical functioning and
related psychosocial factors.

Handgrip strength (HGS) is a simple, non-invasive measure of general muscle
strength and functional capacity. Previous population-based and clinical studies have re-
ported associations between lower HGS and depressive symptoms, suggesting that re-
duced muscle strength and depression-related functional impairment may be interre-
lated®. However, HGS is also strongly influenced by biological and physical determi-
nants such as sex, age, body size, body composition, and physical activity level>7. For this
reason, studies examining HGS in psychiatric populations should consider these factors
when interpreting group differences and clinical associations.

Self-esteem is closely related to MDD and reflects an individual's global evaluation
of self-worth. Previous studies and meta-analytic evidence have shown that lower self-
esteem is associated with greater depressive symptom severity and may contribute to vul-
nerability to depression over time$212. Cognitive models of depression also emphasize
the role of negative self-schemas, negative self-evaluation, and reduced perceived compe-
tence in the maintenance of depressive symptoms?24. In addition, self-esteem has been
linked to physical activity and perceived physical fitness, suggesting that self-evaluation
and physical functioning may be related through both psychological and behavioral path-
ways?. Based on this literature, examining self-esteem together with HGS may help clar-
ify whether lower physical performance in MDD is associated only with depressive symp-
tom severity or also with broader self-evaluative processes.

Orthorexic tendencies represent another cognitive-behavioral domain that may be
relevant in individuals with MDD. Orthorexia nervosa is characterized by excessive pre-
occupation with healthy eating and dietary purity, although it is not currently included
as a formal diagnosis in major diagnostic systems!®!l. Previous studies have suggested
that orthorexic tendencies may be associated with anxiety, perfectionism, eating-related
rigidity, eating disorder symptoms, and self-esteem®2. In clinical samples, orthorexia-re-
lated features may overlap with broader psychopathological dimensions rather than rep-
resenting a construct specific to eating behavior alone!®!!. Therefore, examining orthorexic
tendencies alongside depression severity and self-esteem may help determine whether
eating-related cognitive rigidity is associated with physical functioning or whether it rep-
resents a separate accompanying feature in patients with MDD.

Although HGS, self-esteem, and orthorexic tendencies have each been examined in
relation to depression or related psychopathological constructs, relatively limited evi-
dence has evaluated these variables together in clinically assessed individuals with MDD.
This combined approach may be useful because MDD involves overlapping physical, cog-
nitive, motivational, and behavioral dimensions!-#21-2¢. Evaluating HGS together with de-
pression severity, self-esteem, and orthorexic tendencies may therefore provide a more
integrated view of physical and psychosocial functioning in MDD. At the same time, be-
cause HGS is physiologically sex-dependent and influenced by body composition, anal-
yses should account for these factors to avoid overinterpreting crude group differences?.

The present study aimed to examine handgrip strength in individuals with MDD and
healthy controls and to evaluate its associations with depression severity, self-esteem, and
orthorexic tendencies among patients with MDD. We hypothesized that patients with
MDD would show lower HGS than healthy controls. We also hypothesized that, within
the MDD group, greater depressive symptom severity and lower self-esteem would be
associated with lower HGS. The association between orthorexic tendencies and HGS was
examined as an exploratory objective, given the limited and mixed evidence regarding
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orthorexia-related features in MDD. In addition, because HGS is strongly influenced by
sex and body composition, sex-stratified and sensitivity analyses were planned to support
a more cautious interpretation of the findings.

2. Material and Method

2.1. Procedure

The study included patients aged 18-65 years who applied to the Psychiatry Outpa-
tient Clinic of Cukurova University Faculty of Medicine Balcali Hospital and were diag-
nosed with MDD according to DSM-5 criteria, and healthy volunteers with similar socio-
demographic characteristics. All patients with MDD were receiving selective serotonin
reuptake inhibitor (SSRI) treatment at the time of assessment. Individuals with additional
psychiatric diagnoses, neurological disorders, musculoskeletal disorders, endocrine dis-
eases, severe chronic physical illnesses, hand injury, dominant-hand limitation, or any
upper-extremity condition that could affect handgrip strength were excluded. The control
group was evaluated through clinical interview, and individuals with any current psychi-
atric diagnosis or history of psychotropic medication use were excluded.

In order for the self-report scales to be administered and the clinical interviews to be
conducted properly, being at least literate was determined as a basic inclusion criterion.
The research process was carried out through face-to-face clinical interviews conducted
by the first author and lasting approximately 3040 minutes. Within the scope of these
interviews, the sociodemographic data form, Rosenberg Self-Esteem Scale (RSES), Ham-
ilton Depression Rating Scale (HAM-D), and Orthorexia Nervosa Inventory (ONI) were
administered. During the completion of the forms, expressions that participants had dif-
ficulty understanding were explained by the interviewer. Within the scope of physical
performance assessment, handgrip strength was measured using a digital hand dyna-
mometer according to standard protocols.

As a result of the evaluation, participants in the patient group who were found to
have additional psychiatric diagnoses, including obsessive-compulsive disorder (n=2) and
anxiety disorder (n=10), were excluded from the analysis. In the control group, individu-
als diagnosed during the clinical interview with MDD (n=4) or generalized anxiety disor-
der (n=5), and those who completed the scales incompletely (n=16), were excluded. The
final sample consisted of 113 participants, including 63 patients with MDD and 50 healthy
controls. The study protocol was approved by the Non-Interventional Clinical Research
Ethics Committee of Cukurova University Faculty of Medicine. Written informed consent
was obtained from all participants, and the study was conducted in accordance with the
Declaration of Helsinki.

2.2. Scales
2.2.1. Rosenberg Self-Esteem Scale (RSES)

The Rosenberg Self-Esteem Scale (RSES) is a 10-item self-report measure developed
by Rosenberg (1965) to assess global self-esteem!®. Each item is rated on a 4-point scale
ranging from 'very untrue' to 'very true.' Positively worded items (items 1, 2, 4, 6, and 7)
were scored from 1 to 4, whereas negatively worded items (items 3, 5, 8, 9, and 10) were
reverse-scored. Item scores were summed to obtain a total score ranging from 10 to 40,
with higher scores indicating higher self-esteem. The Turkish adaptation of the scale was
conducted by Cuhadaroglu (1986)“.

2.2.2. Hamilton Depression Rating Scale (HAM-D)

It is a 17-item clinician-rated scale developed by Hamilton (1960) to assess the sever-
ity of depressive symptoms's. Each item is scored between 0-2 or 0—4, and the total score
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ranges from 0 to 52. As the score increases, the severity of depression increases. The Turk-
ish validity and reliability study of the scale was conducted by Akdemir et al. (2001), and
the internal consistency coefficient was found to be between 0.87 and 0.98.

2.2.3. Orthorexia Nervosa Inventory (ONI)

It is a self-report scale developed to assess eating attitudes related to orthorexia ner-
vosa. Participants responded to each item in a 4-point Likert-type format (1 = “not at all
true” — 4 = “very true”). A high score obtained from the scale indicates pathologically
obsessive attitudes related to healthy eating. The Turkish validity and reliability study
was conducted by Kaya et al. (2022), and the Cronbach's alpha coefficient was reported as
0.917.

2.2.4. Physical Strength Measurement (Handgrip Strength)

As an indirect indicator of physical functioning and general muscle strength, hand-
grip strength was measured with a calibrated digital hand dynamometer. The measure-
ment protocol was carried out in accordance with the standards recommended by the
American Society of Hand Therapists. During the measurements, participants were posi-
tioned in a seated posture with the shoulders in adduction, elbows at 90° flexion, forearms
in a neutral position, and wrists at 0-30° extension and 0-15° ulnar deviation. Handgrip
strength was measured in the dominant hand. Three consecutive measurements were ob-
tained with rest periods of at least 60 seconds between trials, and the highest of the three
measurements was used in the analyses. In order to maintain procedural standardization,
all measurements were performed by the same researcher in a quiet environment free
from external stimuli. Before each trial, device calibration and participant posture were
checked, and measurement errors were minimized.

2.3. Statistical Analysis

Data were analyzed in two groups: patients diagnosed with MDD and healthy con-
trols. Descriptive statistics were presented as mean + standard deviation for continuous
variables and as frequency and percentage for categorical variables. Distributional char-
acteristics of continuous variables were examined using skewness and kurtosis values.
Welch's independent-samples t-test was used for between-group comparisons of contin-
uous variables. Categorical variables were compared using Fisher's exact test or its exten-
sion for larger contingency tables, as appropriate. For subgroup comparisons according
to suicide attempt history, Mann—Whitney U tests were used because of the small sub-
group size. Correlations among clinical scale scores and handgrip strength within the
MDD group were examined using Spearman correlation coefficients.

Multiple linear regression analyses were performed to examine variables associated
with handgrip strength among patients with MDD. In the primary clinical model, hand-
grip strength was defined as the dependent variable, while HAM-D, RSES, ON], age, and
illness duration were included as independent variables. Because handgrip strength is
physiologically sex-dependent, sex-stratified descriptive analyses were also performed.
In addition, sensitivity analyses were conducted using sex-standardized handgrip
strength z-scores and a second regression model including sex and body mass index (BMI)
to evaluate whether the observed associations were robust to major biological determi-
nants of handgrip strength. Standardized beta coefficients, 95% confidence intervals, and
multicollinearity diagnostics were reported for regression models. Variance inflation fac-
tor values below 5 were considered acceptable. Given the exploratory nature of the study
and the number of statistical comparisons, borderline findings were interpreted cau-
tiously. All analyses were performed using IBM SPSS Statistics 22.0 (IBM Corp., Armonk,
NY, USA). The statistical significance level was set at p<0.05.
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3. Results

Detailed comparisons of sociodemographic and habit-related variables are presented
in Table 1. The final sample consisted of 113 participants, including 63 patients with MDD
and 50 healthy controls. No statistically significant difference was found between the
groups in terms of sex distribution, mean age, education level, place of residence, smok-
ing, alcohol use, substance use, or BMI categories (p>0.05 for all comparisons). Although
the proportion of women was higher in the MDD group than in the control group, this
difference did not reach statistical significance. A history of suicide attempt was present
in 15 patients with MDD and in none of the controls (p<0.001).

Table 1. Comparison of sociodemographic and habit-related variables between the depression and control groups

Variable Category Control (n=50) Depression P
(n=63)

Sex Female 25 39 0.253
Male 25 24

Age Mean + standard deviation 3592 £12.17 40.46 +£13.29 0.061

Education Below primary school 0 1 1.000
Primary school and above 50 62

Place of residence District/Village 2 10 0.063
City center 48 53

Smoking No 33 39 0.697
Yes 17 24

Alcohol use No 36 55 0.056
Yes 14 8

Substance use No 50 63 -
Yes 0 0

Body mass index Underweight (<18.5 kg/m?) 0 1 0.947
Normal (18.5-24.9 kg/m?) 30 40
Overweight (25.0-29.9 kg/m?) 16 17
Obese (=30 kg/m?) 4 5

History of suicide attempt No 50 48 <0.001
Yes 0 15

Fisher's exact test (or its extension for larger contingency tables) was used for categorical comparisons; Welch's independent-samples t-test was

used for age. Blank cells indicate a category row belonging to the variable above.

When clinical scale scores and physical performance measurements were compared,
patients with MDD had significantly higher HAM-D scores than controls (13.63+4.41 vs.
2.56+0.50; p<0.001). RSES scores were significantly lower in the MDD group than in the
control group, indicating lower self-esteem among patients with MDD (18.03+4.86 vs.
22.90+6.15; p<0.001). Handgrip strength was also significantly lower in the MDD group
compared with controls (29.03+8.61 kg vs. 33.86+9.78 kg; p=0.007). ONI scores did not dif-
fer significantly between groups (36.24+11.21 vs. 33.56+9.42; p=0.170). Detailed statistics
are presented in Table 2.

Table 2. Comparison of scale scores between the depression and control groups

Control n=50

MDD n=63

- ' 0,

Variable Mean + SD Mean + SD t P Cohen'sd  95% CI
fgandgnp strength, 33 664978 29.03 +8.61 2.75 0.007 0.53 1.34 t0 8.32
HAM-D 256 +0.50 13.63 + 4.41 -19.78 <0.001 3.34 -12.19 to -9.96
RSES 22.90 +6.15 18.03 + 4.86 458 <0.001 0.89 2.76 t0 6.98
ONI 33.56 +9.42 36.24 +11.21 138 0.170 -0.26 6.52t0 1.17
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HAM-D: Hamilton Depression Rating Scale; RSES: Rosenberg Self-Esteem Scale; ONI: Orthorexia Nervosa Inventory; SD: standard deviation;
CI: confidence interval. Higher HAM-D scores indicate greater depression severity, higher RSES scores indicate higher self-esteem, and higher
ONI scores indicate greater orthorexic tendencies. Handgrip strength was recorded in kilograms.

Because handgrip strength is physiologically sex-dependent, sex-stratified compari-
sons were also performed. Handgrip strength was numerically lower in patients with
MDD in both women and men. The difference reached statistical significance among men,
whereas the difference among women showed the same direction but did not reach sta-
tistical significance. These subgroup findings should be interpreted cautiously because of
the limited sample size.

As an additional sensitivity analysis, handgrip strength values were standardized
within sex groups and converted into sex-specific z-scores. Patients with MDD had sig-
nificantly lower sex-standardized handgrip strength scores than controls (-0.25+1.05 vs.
0.31+0.83; p=0.002), suggesting that the lower handgrip strength observed in the MDD
group was not explained solely by the unequal sex distribution.

Table 3. Sex-stratified comparison of handgrip strength between the MDD and control groups

Sex Control Mean = SD MDD Mean = SD t p
Female 25.04 +3.19 23.59 +3.63 1.68 0.099
Male 42.68 +4.78 37.88 +6.81 2.85 0.007

In the correlation analyses performed within the MDD group, handgrip strength was
negatively correlated with HAM-D scores (r=-0.37; p<0.01) and positively correlated with
RSES scores (r=0.40; p<0.01). Thus, greater depression severity and lower self-esteem were
associated with lower handgrip strength. ONI scores were not significantly correlated
with handgrip strength (r=0.13; p>0.05). HAM-D scores were negatively correlated with
both RSES and ONI scores. Age was not significantly correlated with handgrip strength.
The correlation coefficients are presented in Table 4. In the full sample, an additional lin-
ear regression model adjusted for sex, age, and BMI showed that MDD status remained
associated with lower handgrip strength (B=-2.29 kg, 95% CI: -3.99 to -0.59; p=0.009).

Table 4. Correlations among clinical variables and handgrip strength in patients with MDD

Variable Handgrip strength HAM-D RSES ONI
HAM-D -0.37** — — —
RSES 0.40** -0.32* — —
ONI 0.13 -0.40** 0.21 —
Age -0.02 0.25* -0.11 -0.23

HAM-D: Hamilton Depression Rating Scale; RSES: Rosenberg Self-Esteem Scale; ONI: Orthorexia Nervosa Inventory. Spearman correlation
coefficients are presented. *p<0.05, **p<0.01.

Multiple linear regression analyses were performed to examine variables associated
with handgrip strength among patients with MDD. In the primary clinical model, HAM-
D, RSES, ON], age, and illness duration were entered as independent variables. In this
model, RSES showed a borderline independent association with handgrip strength,
whereas HAM-D, ON], age, and illness duration were not independently associated with
handgrip strength. The overall model was statistically significant but explained a modest
proportion of variance.

Because handgrip strength is strongly influenced by sex and body composition, a
second sensitivity model additionally including sex and BMI was performed. In this ad-
justed model, HAM-D score remained independently and negatively associated with
handgrip strength, whereas the association between RSES and handgrip strength was at-
tenuated and no longer statistically significant. Male sex showed the strongest association
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with handgrip strength, as expected for a physical strength measure. No evidence of prob-
lematic multicollinearity was observed, with all VIF values below 5. Regression coeffi-
cients are presented in Table 5.

Table 5. Linear regression models examining variables associated with handgrip strength among patients with MDD

Variable B B 95% CI t p VIF
Model 1: Primary clinical model

Intercept 29529  9.073 - 11.361 to 47.698 3.255 0.002 -
HAM-D 0498 0273 -0.255 -1.044 to 0.048 -1.828 0.073 1.34
RSES 0451 0222 0.254 0.006 to 0.895 2.030 0.047 1.08
ONI 0.097  0.105 -0.126 -0.308 to 0.114 0.922 0.360 1.29
Age 0.073  0.110 0.113 -0.147 t0 0.293 0.665 0.509 1.99
E(‘;"rder dura- 146 0186 -0.136 -0.518 t0 0.226 -0.787 0.435 2.06
Model 2: Sensitivity model adjusted for sex and BMI

Intercept 24896  6.885 - 11.098 to 38.694 3.616 0.001 -
HAM-D 0464  0.149 -0.237 -0.763 to -0.166 -3.115 0.003 1.39
RSES 0194  0.124 0.109 -0.054 to 0.442 1.567 0.123 1.16
ONI 0.007  0.058 -0.009 -0.123 t0 0.109 -0.120 0.905 1.35
Age 0.106  0.063 -0.163 -0.233 t0 0.021 -1.669 0.101 2.29
E:)snorder dura-— 0041 0101 0.038 -0.162 to 0.244 0.408 0.685 212
Male sex 14323 1.206 0.814 11.906 to 16.740 11.877 <0.001 1.12
BMI 0235  0.183 0.093 -0.131 to 0.602 1.287 0.203 1.25

B: unstandardized regression coefficient; SE: standard error; B: standardized beta coefficient; CI: confidence interval; VIF: variance inflation factor;
HAM-D: Hamilton Depression Rating Scale; RSES: Rosenberg Self-Esteem Scale; ONI: Orthorexia Nervosa Inventory; BMI: body mass index.
Model 1: R?=0.174, adjusted R?=0.101, p=0.048. Model 2: R?=0.769, adjusted R?>=0.740, p<0.001.

Patients with MDD were divided into two groups according to the presence or ab-
sence of a history of suicide attempt. Patients with a history of suicide attempt had lower
RSES scores than those without a suicide attempt history, indicating lower self-esteem
(p=0.046). HAM-D, ONI, and handgrip strength values did not differ significantly be-
tween the two groups. Given the small subgroup size and exploratory nature of these
comparisons, the RSES finding should be interpreted cautiously. The subgroup compari-
sons are presented in Table 6.

Table 6. Clinical and physical parameters according to suicide attempt history among patients with MDD

No suicide attempt n=48 Median

Variable (IOR) Suicide attempt n=15 Median (IQR) p

HAM-D 13.0 (10.0-15.0) 14.0 (13.5-18.0) 0.088
RSES 19.0 (15.75-23.0) 16.0 (11.0-18.5) 0.046
ONI 34.0 (29.0-39.25) 33.0 (30.0-38.5) 1.000
Handgrip strength, kg 28.0 (23.0-35.25) 24.0 (21.0-29.0) 0.119

HAM-D: Hamilton Depression Rating Scale; RSES: Rosenberg Self-Esteem Scale; ONI: Orthorexia Nervosa Inventory; IQR: interquartile range.

Comparisons were performed using Mann—Whitney U tests. Higher RSES scores indicate higher self-esteem.

4. Discussion

The present study examined handgrip strength in individuals with MDD and evalu-
ated its associations with depression severity, self-esteem, and orthorexic tendencies. The
principal findings were as follows: patients with MDD had lower handgrip strength than
healthy controls; this difference remained observable in sex-stratified and sex-standard-
ized analyses; within the MDD group, lower handgrip strength was associated with
greater depression severity and lower self-esteem in correlation analyses; however, after
accounting for sex and BMI, depression severity remained independently associated with
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handgrip strength, whereas the association with self-esteem was attenuated. Orthorexic
tendencies were not directly associated with handgrip strength.

The lower handgrip strength observed in the MDD group is consistent with evidence
suggesting that depressive symptoms are associated with reduced physical performance,
lower activity levels, psychomotor slowing, and sedentary behavior. Previous studies
have reported associations between reduced grip strength and depressive symptoms
across different populations, supporting the view that muscle strength and mental health
are interrelated domains®518-20, In the present study, the MDD group showed lower hand-
grip strength than controls even after sex-standardization, and MDD status remained as-
sociated with lower handgrip strength after adjustment for sex, age, and BMI in the full
sample. These findings suggest that the lower handgrip strength in the MDD group was
not explained solely by the unequal sex distribution between groups.

Handgrip strength is widely used as a feasible measure of general muscle strength
and functional capacity; however, its interpretation requires caution because absolute val-
ues vary substantially according to sex and age, and may also be influenced by body size,
body composition, and physical activity level. Large normative studies have shown that
men have higher handgrip strength than women from adolescence onward and that grip
strength follows a life-course pattern, increasing to early-adult peak values and declining
from midlife onward?®. In addition, recent international reference data emphasize the im-
portance of interpreting handgrip strength using sex-, age-, and body-size-specific
norms®. Therefore, although handgrip strength is clinically feasible, raw values should
not be interpreted without considering major biological and functional determinants.

The sex-stratified analyses provided additional context for interpreting the group
difference in handgrip strength. Previous literature suggests that the relationship between
grip strength and depressive symptoms may vary by sex and age group>”. In the present
study, handgrip strength was numerically lower among patients with MDD in both
women and men, although the difference reached statistical significance only among men.
This pattern should not be interpreted as evidence that the association between MDD and
handgrip strength is specific to men, because the subgroup analyses were based on rela-
tively small numbers and may have been underpowered, particularly among women. Ra-
ther, these findings indicate that sex-related differences in muscle strength should be ex-
plicitly considered when evaluating handgrip strength in psychiatric samples.

Self-esteem was significantly lower in the MDD group than in controls and was cor-
related with handgrip strength within the MDD group. This finding is compatible with
the cognitive model of depression, in which negative self-evaluation, feelings of inade-
quacy, and reduced perceived competence represent important psychological dimensions
of the disorder?-24. From this perspective, lower self-esteem may accompany reduced mo-
tivation, lower perceived competence, and more negative evaluations of one's own phys-
ical and functional capacity. This interpretation is consistent with cognitive models of de-
pression, in which negative self-schemas and reduced self-efficacy contribute to symptom
persistence and functional impairment?24. It is also supported by literature showing that
physical activity is directly and indirectly associated with self-esteem through perceived
physical fitness and body-related self-evaluation®. Therefore, the correlation between
lower self-esteem and lower handgrip strength in the present sample may reflect an over-
lap between depressive cognition, perceived physical capacity, and actual physical per-
formance.

However, the cross-sectional design does not allow the direction of the association
between self-esteem and handgrip strength to be determined. Lower self-esteem may be
associated with reduced motivation, lower activity engagement, and poorer perceived
physical capacity, but the reverse direction is also plausible. Reduced physical capacity,
fatigue, or perceived bodily weakness may contribute to demoralization and lower self-
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esteem. Therefore, the relationship between self-esteem and handgrip strength should be
interpreted as an association rather than as evidence of a directional pathway.

The multivariable findings further support a cautious interpretation. In the primary
clinical model, RSES showed a borderline independent association with handgrip
strength. However, when sex and BMI were included in the sensitivity model, this asso-
ciation was attenuated and no longer statistically significant, whereas depression severity
remained independently associated with handgrip strength. This suggests that the biva-
riate relationship between self-esteem and handgrip strength may partly reflect shared
variance with depression severity and biological determinants of muscle strength. Ac-
cordingly, self-esteem should not be presented as the main independent determinant of
handgrip strength in this sample. Instead, the findings indicate that self-esteem is clini-
cally relevant in MDD and is associated with physical performance at the correlational
level, but its independent contribution requires confirmation in larger and better-con-
trolled samples.

The finding that depression severity remained associated with handgrip strength af-
ter adjustment for sex and BMI is clinically relevant. Depressive symptom severity may
be linked to lower handgrip strength through several non-mutually exclusive mecha-
nisms, including psychomotor slowing, reduced energy, diminished physical activity,
sleep disturbance, appetite changes, inflammatory processes, and treatment-related fac-
tors318-20, Although the present study cannot test these mechanisms directly, the results
support the view that physical functioning should be considered when evaluating pa-
tients with MDD. Handgrip strength may provide a brief and feasible physical perfor-
mance measure, but it should be interpreted as complementary information rather than
as a stand-alone clinical indicator of psychological functioning.

The findings regarding orthorexic tendencies require careful interpretation. ONI
scores did not differ significantly between patients with MDD and controls, and ONI was
not significantly associated with handgrip strength. Orthorexia nervosa is characterized
by excessive preoccupation with healthy eating and dietary purity, but its diagnostic
boundaries and relationship with other psychopathological constructs remain debated 0.
Previous studies have suggested that orthorexic tendencies may be associated with anxi-
ety, low self-esteem, perfectionism, and eating disorder symptoms®'2. In the present
study, depression severity showed an inverse correlation with ONI within the MDD
group, which is not the expected direction based on the assumption that depressive symp-
toms may accompany greater cognitive rigidity, perfectionistic concerns, or eating-related
preoccupation. Several explanations may be considered. More severe depressive states
may include appetite loss, anhedonia, and psychomotor retardation®'; these features could
plausibly reduce engagement with food-related rules or dietary control. Alternatively, the
inverse association may reflect sample-specific characteristics or restricted variability in
ONI scores. More broadly, the marked clinical heterogeneity of MDD and the methodo-
logical variability across orthorexia studies and assessment instruments may contribute
to context-dependent associations®2%. Therefore, this finding should be regarded as ex-
ploratory and hypothesis-generating rather than as evidence of a stable inverse relation-
ship between depression severity and orthorexic tendencies.

In the subgroup analysis according to suicide attempt history, patients with a history
of suicide attempt had lower self-esteem than those without such a history, whereas de-
pression severity, orthorexic tendencies, and handgrip strength did not differ significantly
between the groups. This finding is consistent with literature suggesting that negative
self-evaluation and reduced self-worth are relevant to suicidal vulnerability?>2?7. However,
the subgroup size was small, and the p value was borderline. Therefore, this result should
be interpreted cautiously and should not be overextended beyond the present sample.
The absence of significant differences in handgrip strength according to suicide attempt
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history also suggests that handgrip strength should not be considered a marker of suicidal
behavior based on these data.

Overall, the present findings suggest that physical and psychological functioning
may be interrelated in MDD. Lower handgrip strength in patients with MDD may reflect
a broader pattern of reduced physical functioning associated with depressive symptom
burden. At the same time, the attenuation of the self-esteem association after adjustment
for sex and BMI indicates that psychological interpretations of handgrip strength should
remain cautious. Clinical assessment of MDD may benefit from considering physical func-
tioning alongside symptom severity and self-perception, but the present findings do not
establish handgrip strength as a diagnostic, prognostic, or causal marker.

This study has several limitations. First, the cross-sectional design prevents any in-
ference regarding directionality or causality. Lower handgrip strength may be associated
with greater depressive symptom severity, but the reverse direction is also possible; re-
duced physical capacity, fatigue, or perceived bodily weakness may contribute to demor-
alization, lower self-esteem, and greater depressive symptoms. Second, the study was
conducted in a single center with a modest sample size. This may limit generalizability
and may increase the instability of borderline findings, particularly in subgroup analyses.
Third, although sex-stratified and sensitivity analyses were performed, handgrip strength
is strongly sex-dependent, and residual confounding related to sex-related biological dif-
ferences cannot be fully excluded. Fourth, BMI was considered, but more detailed body
composition measures, muscle mass, nutritional status, and physical activity level were
not assessed. The lack of these measures may have led to residual confounding and may
have resulted in either overestimation or underestimation of the associations between
psychological variables and handgrip strength. Fifth, all patients with MDD were receiv-
ing SSRI treatment, but treatment duration, dose, adherence, and specific medication-re-
lated effects were not analyzed. Therefore, possible treatment-related influences on de-
pressive symptoms, appetite, activity level, and physical performance could not be fully
evaluated. Sixth, although individuals with neurological, musculoskeletal, endocrine, se-
vere chronic physical illnesses, hand injury, dominant-hand limitation, or upper-extrem-
ity conditions were excluded, subclinical physical factors affecting handgrip strength may
still have been present. Seventh, physical functioning was assessed only through handgrip
strength; other components such as gait speed, muscle mass, endurance, and broader
functional capacity were not evaluated. Finally, the number of statistical comparisons was
relatively high, and some findings were borderline. Therefore, the results should be con-
sidered exploratory and hypothesis-generating.

5. Conclusion

In conclusion, individuals with MDD showed lower handgrip strength than healthy
controls, and this difference remained observable in sex-stratified and sex-standardized
analyses. Within the MDD group, lower handgrip strength was associated with greater
depression severity and lower self-esteem in correlation analyses. However, after account-
ing for sex and BMI, depression severity remained the more robust psychological correlate
of handgrip strength, whereas the association with self-esteem was attenuated. These
findings suggest that handgrip strength may provide complementary information on
physical functioning in MDD, but its clinical utility should be interpreted cautiously in
light of the cross-sectional design, modest sample size, and residual confounding.
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