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Background: Postpartum depression (PPD) remains a significant challenge in women’s health. While breastfeeding has been widely
recognized as a protective factor against PPD, women with a breastfeeding history are still at risk for depression symptoms. This study
aims to explore the relationship between muscle quality index (MQI) and depression symptoms in women with a breastfeeding history.
Methods: This cross-sectional study used data from 481 women with a breastfeeding history from the 2011-2012 National Health and
Nutrition Examination Survey (NHANES). MQI was computed as the ratio of handgrip strength to appendicular skeletal muscle mass.
Depression was assessed using the Patient Health Questionnaire-9 (PHQ-9). Logistic regression models were applied to assess the
relationship between MQI and depression, controlling for potential confounders, including sociodemographic factors, health status,
and lifestyle behaviors. Restricted cubic spline (RCS) analysis was used to examine potential nonlinear associations.

Results: After adjusting for all covariates, lower MQI value was significantly associated with increased depression risk in women
with breastfeeding history [P: 0.002, odds ratio (OR) = 0.25, 95% confidential interval (CI): 0.10-0.65]. Women in the highest MQI
quartile had reduced odds of depression compared to those in the lowest quartile (P: 0.003, OR = 0.12, 95% CI: 0.03-0.44).
A nonlinear relationship between MQI and depression was observed, with a critical threshold identified at MQI 3.32. Subgroup
analyses revealed a consistent inverse association between MQI and depression across strata of factors such as BMI, smoking status,
and income levels.

Conclusion: MQI is associated with depression symptoms in women with a breastfeeding history. This association underscores the
importance of integrating physical health markers into mental health risk assessments for more effective early intervention and care.
Keywords: muscle quality index, depression, breastfeeding history, National Health and Nutrition Examination Survey, cross-
sectional

Background

As highlighted by the Lancet Commission on Global Mental Health and Sustainable Development, mental health is
increasingly recognized as a fundamental human right and holds critical significance in global human development.'
Depression is a prevalent mental health ailment, which always impinge upon individuals’ regular life functions, leading
to loss of interests in routine activities and, in the most extreme circumstances, culminating in suicide.”> * The etiology of
depression is multifactorial, involving genetic, physiological, psychological, and social environmental factors.” Owing to
the intricacy of its onset, the clinical management of depression encompasses a multiplicity of modalities such as
pharmacological therapy, psychotherapy, and physical therapy, which not only imposes substantial emotional and

financial strains on individuals and families but also presents a formidable menace to the progression of global public
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health.®® Early diagnosis and intervention are crucial to improving treatment outcomes, reducing suicide risk, and
alleviating the financial impact on affected individuals.” Consequently, identifying reliable and accessible biomarkers for
depression risk identification is imperative.

The muscle quality index (MQI) is defined as the ratio of muscle strength to muscle mass, which serves as an index
for gauging muscle quality.'® Former investigations have demonstrated that MQI can prognosticate overall health status,
including muscle atrophy, physical impairments, and psychosocial dysfunctions.'''* Researchers have increasingly
focused on exploring the relationship between MQI and depression, particularly in women, given their higher risk of
depression than males.'>'® A cohort study found that women with higher MQI levels were less likely to develop
depression.'” Similarly, Wang et al'? used weighted logistic regression and subgroup analysis to assess the relationship
between MQI and depression risk among non-elderly US adults (aged 20-59 years), revealing that low MQI was
a significant risk factor for depression, particularly in non-elderly women. These findings underscore MQI’s potential as
a protective factor against depression in females. Building on these findings, it is crucial to explore the connection
between MQI and long-term depression risk in specific subgroups, such as women with a history of breastfeeding,
a population that may experience unique physical and psychological changes influencing depression outcomes.

Postpartum depression (PPD) is characterized by the manifestation of substantial depressive symptoms or typical
depressive episodes during the puerperium.'® It is categorized as a puerperal psychiatric syndrome, which also
encompasses postpartum dysphoria and postpartum psychosis.m Extensive evidence supports a negative association
between breastfeeding and the incidence of PPD.?°** However, mothers with a history of breastfeeding remain at risk for
depression (including but not limited to the puerperium) due to various factors. This vulnerability may extend beyond the
immediate postpartum period due to the long-term physiological demands of lactation and the chronic stress of parenting.
Furthermore, the period following breastfeeding represents a critical window for assessing modifiable physical health
markers. Given that MQI has shown predictive value for depression risk in women, the relationship between MQI and
depression risk in women with a history of breastfeeding remains underexplored. Several potential mechanisms may
explain the observed association. Muscle quality influences glucose metabolism and inflammatory status, which are
implicated in neuroendocrine regulation and mood states.*>** Additionally, adequate muscle function supports physical
capacity for childcare activities; poorer muscle quality may thus exacerbate fatigue and reduce resilience to parenting
stress, potentially increasing vulnerability to depressive symptoms.

To fill this gap, this study aims to investigate the association between MQI and depression risk in women with
a history of breastfeeding, using a representative national sample from the National Health and Nutrition Examination
Survey (NHANES).

Methods
Study Population

The data for this study were derived from the NHANES (www.cdc.gov/nchs/nhanes.com), a comprehensive survey
administered by the National Center for Health Statistics at the Centers for Disease Control and Prevention (CDC).?

The survey employed a stratified, multistage random sampling method to ensure a representative sample of the national

population. Participants underwent comprehensive physical examinations, completed detailed health and nutrition
questionnaires, and provided laboratory samples for testing. The analysis incorporated NHANES sample weights to
account for the complex survey design and ensure national representativeness. Missing values for continuous and
categorical variables were handled using median and mode imputation, respectively. The Ethics Review Board of the
National Center for Health Statistics approved the research procedures and the patients’ informed consent was
obtained.

We chose the 2011-2012 period due to the available data for the MQI test (2011-2014 cycles) and breastfeeding
history (2007-2012 cycles) data overlapped in 2011-2012. A total of 9756 participants were initially enrolled, we
exclude: (1) 4856 male participants; (2) 3118 participants without breastfeeding data; (3) 18 participants without PHQ-9
data; (4) 990 participants without MQI data. 481 participants were finally enrolled in this study (Figure 1).
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Participants from NHANES 2011-2012 (n=9756)

Excluded 4856 male participants

4900 female participants

Excluded 3118 participants without
breastfeeding data

1782 participants with breastfeeding history information

Excluded 18 participants without
PHQ-9 data

1764 participants with complete PHQ-9 data

Excluded 990 participants without
MQI data

774 participants with complete information

v

481 participants were finally included for analysis

Figure | The participants’ selection flow chart.

Assessment of MQI

MQI was the exposure variable of this study. It is calculated via the ratio between the combined handgrip strength (HGS, values
from the dominant and non-dominant hand) divided by the total arm and appendicular skeletal muscle mass (ASM).*® HGS was
represented by the maximum value recorded from the dominant hand, which was measured using a hand dynamometer, while
ASM was evaluated by summing the lean soft tissue across all four limbs, assessed through body composition analysis using
dual-energy X-ray absorptiometry (DXA).>” MQI was selected as it provides an integrated measure of neuromuscular efficiency,
offering a more physiologically relevant indicator of muscle quality than mass or strength alone.

Assessment of Breastfeeding History

Breastfeeding history is measured via self-reported questionnaires: “did you breast feed your child/any of you children
for at least one month?” Female participants who answered “Yes” to this question were considered as having
a breastfeeding history.

Assessment of Depression

Depressive symptoms were assessed using the self-administered nine-item Patient Health Questionnaire (PHQ-9),
a validated instrument designed to measure the frequency of depressive symptoms over the past two weeks based on
DSM-IV criteria.”® The assessment was conducted via computer-assisted interviews administered by trained interviewers
at a mobile testing center. Each item on the PHQ-9 is scored on a four-point scale: 0 (“not at all”), 1 (“several days”), 2
(“more than half the days”), and 3 (“nearly every day”), yielding a total score ranging from 0 to 27. A PHQ-9 score of
>10 was used to classify participants as having clinically relevant depression symptoms, in line with established
thresholds.?*~*°
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Covariates Definitions
According to previous researches, we included confounding covariates that may influence the correlation between MQI
and risk of depression, including socio-demographic characteristics, lifestyle habits and health conditions.>' 3

The socio-demographic characteristics including age, body mass index (BMI), race (Black, Mexican, White, Other),
marital status (Married/Living with partner, Never married, Widowed/Divorced/Separated), education level (College
graduate or above, Less or equal to High school, Some college or AA degree) and family income (<$20.000, $20.000-
$35.000, $35.000-$75.000, >$75.000). Lifestyle variables included alcohol and smoking status. Alcohol consumption
was categorized as former, current and never drinkers, and smoking status was categorized as former, current and never
smokers. Health conditions included hypertension, hyperlipidemia, and metabolic syndrome (MetS; diagnosed using the
ATP criteria).**

Statistical Analysis

To ensure the sample’s representativeness of the broader population, the analysis incorporated sample weights as
provided by the official NHANES website. This step was essential to account for the complex multistage cluster
sampling design used in NHANES. By applying these weights, the analysis appropriately adjusted for the survey’s
design, ensuring that the results accurately reflected the distribution of the population from which the sample was drawn.
Missing values for continuous variables were inputted using the existing median values. For categorical variables,
missing data were replaced with the mode of the observed values. The weighted continuous variates were expressed as
mean (standard deviation, SD) and were compared using the weighted Student’s ¢-test. The weighted categorical
variables were presented as number (percentage, %) and were compared via the chi-squared test.

To explore the association between MQI and depression symptoms in female with breastfeeding history, the
univariate and multivariate logistic regression analysis was employed. Three models were established thereby. The
Model 1 (crude model) was unadjusted. The Model 2 was adjusted for age, BMI, race, marital status, family income,
education level, alcoholic consumption, and smoking status. The Model 3 (fully adjusted model) was further adjusted for
hypertension, hyperlipidemia, and metabolic syndrome. MQI was stratified to four levels according to its quartile (Q1:
1.307-2.951; Q2: 2.951-3.323; Q3: 3.323-3.710; Q4: 3.710, 5.16). In addition, the consistency of correlation between
categorized MQI and depression in female with breastfeeding history was verified by the linear trend test. Furthermore,
the multiple restricted cubic spline (RCS) regression with 5 dots was employed to investigate the nonlinear relationship
between MQI and depression in female with breastfeeding history. Moreover, Subgroup analysis was utilized to assess
the robustness in correlation between MQI and depression. The continuous variables are classified as categorical with
a median division in the subgroup analysis.

All statistical analyses were conducted via the SPSS 26.0 software (SPSS Inc., Chicago, Illinois, USA) and
R (Version 4.4.2, https://www.r-project.org/). A two tailed P value less than 0.05 was considered as statistically

significant.

Results

Baseline Characteristics

A total of 481 participants were included from the NHANES 2011-2012, representing approximately 8,000,025 citizens in the
US. All participants (n = 481) are females who with breastfeeding history, with a weighted average age of 41.72 + 1.02 years.
Among them, 51 (10.6%) participants had a diagnosis of depression. As listed in Table 1, compared with non-depression group,
the depression group exhibited increased BMI (P = 0.03), lower education levels (P = 0.04) and family incomes (P = 0.01).
Besides, more depression participants had smoking history (P = 0.004), hyperlipidemia history (P < 0.001), and metabolic
syndrome history (P = 0.03). The MQI (P = 0.002) values in depression group were significantly lower.

Univariate Logistic Analysis of Depression Related Variables
The result of univariate logistic regression indicated that participants with higher BMI (OR = 1.06, 95% CI: 1.01-1.12),
never married (OR = 3.40, 95% CI: 1.30-8.93), education level < high school (OR = 6.50, 95% CI: 1.12-37.77), with
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Table | Baseline Characteristics of Women with Breastfeeding History from the 201 1-2012 NHANES

Data
Variables History of Breastfeeding | Non-Depression | Depression | P-value
(n = 481) (n = 430) (n=51)

Age (years) 41.72 (1.02) 43.03 (0.75) 43.04 (1.66) 1.00

BMI (kg/m?) 27.57 (1.01) 27.96 (0.42) 30.96 (1.15) 0.03

Race, n (%) 0.52
Black 91 (8.7) 82 (8.6) 9 (9.9
White 174 (64.9) 153 (65.2) 21 (61.1)

Mexican 69 (10.7) 64 (11.0) 5(82)
Other races 147 (15.8) 131 (15.2) 16 (20.7)

Marital status, n (%) 0.11
Married/Living with partner 337 (73.9) 310 (75.5) 27 (58.5)
Widowed/Divorced/Separated 100 (20.9) 85 (20.0) 15 (29.6)

Never married 44 (5.3) 35 (4.6) 9 (12.0)

Education level, n (%) 0.04
College graduate or above 167 (34.9) 160 (37.4) 7(11.6)

Some college or AA degree 152 (35.6) 135 (35.7) 17 (34.1)
Less or equal to High school 162 (29.5) 135 (26.9) 27 (54.27)

Family income, n (%) 0.01
2$75.000 165 (41.3) 158 (43.7) 7 (18.7)
$35.000-$75.000 124 (28.5) 114 (29.3) 10 (21.0)
$20.000-$35.000 91 (16.0) 76 (14.4) 15 (31.4)
<$20.000 101 (14.2) 82 (12.7) 19 (28.9)

Alcohol user, n (%) 0.15
Current 336 (76.68) 301 (77.46) 35 (69.27)

Former 60 (12.62) 49 (11.44) Il (23.82)
Never 85 (10.70) 80 (11.10) 5(6.91)

Smoke status, n (%) 0.004
Current 69 (17.1) 52 (14.7) 17 (39.1)

Former 89 (22.2) 74 (21.9) 15 (25.2)
Never 323 (60.8) 304 (63.4) 19 (35.7)

Hypertension, n (%) 0.18
No 349 (75.2) 318 (76.1) 31 (65.9)

Yes 132 (24.9) 112 (23.9) 20 (34.1)

Hyperlipidemia, n (%) <0.001
No 164 (32.1) 157 (34.6) 7 (84)

Yes 317 (67.9) 273 (65.4) 44 (91.6)

MetS_ATP, n (%) 0.03
No 393 (83.2) 362 (85.6) 31 (61.1)

Yes 88 (16.8) 68 (14.4) 20 (38.9)
MQI 3.31 (1.01) 3.40 (0.03) 3.03 (0.09) 0.002

hyperlipidemia history (OR = 5.80, 95% CI: 2.31-14.55), and with metabolic syndrome history (OR = 3.77, 95% CI:
1.05-13.47) were positively related to depression, while participants with higher family income ($35.000-$75.000, OR =
0.31, 95% CI: 0.12-0.85; >$75.000, OR = 0.19, 95% CI: 0.07-0.50), never smoking (OR = 0.21, 95% CI: 0.08-0.56),
and increased MQI (OR = 0.29, 95% CI: 0.14-0.61) were negatively relative (Table 2).

Association Between MQI and Depression in Female with Breastfeeding History

Weighted multivariate logistic analysis was conducted to evaluate the association between MQI and depression in female
with breastfeeding history (Table 3). When analyzed as continuous variable, Model 1 revealed that lower MQI value (OR
= 0.29, 95% CI: 0.14-0.61) was observed to significantly associated with depression in our cohort. When adjusted
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Table 2 Univariate Logistic Analysis of the Depression-Related

Variables
Character Univariate Logistic Analysis
OR (95% CI) P-value

Age (years) 1.00 (0.96, 1.04) 1.00
BMI (kg/m?) 1.06 (1.01, 1.12) 0.03
Race, n (%)

Black Ref Ref

White 0.81 (0.37, 1.74) 0.56

Mexican 0.64 (0.20, 2.03) 0.42

Other 1.17 (0.54, 2.54) 0.67
Marital status, n (%)

Married/Living with partner Ref Ref

Never married 3.40 (1.30, 8.93) 0.02

Widowed/Divorced/Separated 1.91 (0.61, 6.03) 0.25
Education level, n (%)

College graduate or above Ref Ref

Some college or AA degree 3.08 (0.82, 11.60) 0.09

Less or equal to High school 6.50 (1.12, 37.77) 0.04
Family income, n (%)

2$75.000 Ref Ref

$35.000-$75.000 0.31 (0.12, 0.85) 0.03

$20.000-$35.000 0.96 (0.44, 2.06) 0.90

<$20.000 0.19 (0.07, 0.50) 0.002
Alcohol user, n (%)

Current Ref Ref

Former 2.33 (0.72, 7.56) 0.15

Never 0.70 (0.20, 2.42) 0.54
Smoke status, n (%)

Current Ref Ref

Former 0.43 (0.14, 1.37) 0.14

Never 0.21 (0.08, 0.56) 0.004
Hypertension, n (%)

No Ref ref

Yes 1.65 (0.76, 3.59) 0.19
Hyperlipidemia, n (%)

No Ref Ref

Yes 5.80 (2.31, 14.55) <0.001
MetS_ATP, n (%)

No Ref Ref

Yes 3.77 (1.05, 13.47) 0.04
MQI 0.29 (0.14, 0.61) 0.003

confounding factors, Model 2 produced consistent results (OR = 0.23, 95% CI: 0.10-0.53). After full adjustment in
Model 3, MQI remained the negative association (OR = 0.25, 95% CI: 0.10-0.65). When analyzed using the stratified
groups for sensitivity analysis, quarter 4 compared with quarter 1 kept significant differences in both Model 1(OR = 0.12,
95% CI: 0.03-0.49), Model 2 (OR = 0.10, 95% CI: 0.02-0.43), and Model 3 (OR = 0.12, 95% CI: 0.03—0.44), with
P values of 0.01, 0.004, and 0.003, respectively. The P for trends in Model 1, Model 2, and Model 3 were 0.001, <0.001,
and 0.002, respectively. However, when compared quarter 3 and quarter 2 with quarter 1, there were no significant
differences. In RCS analysis, MQI was found to negatively nonlinear associate with depression in female with
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Table 3 Multivariable Logistic Analysis Exploring the Association Between MQI and Depression in

Female with Breastfeeding History

Variables Model | Model 2 Model 3

OR (95% CI) P-value | OR (95% CI) P-value | OR (95% CI) P-value
Continuous | 0.29 (0.14, 0.61) | 0.003 0.23 (0.10, 0.53) | 0.002 0.25 (0.10, 0.65) | 0.0l
Quarters
Ql Ref Ref Ref
Q2 1.10 (0.45, 2.70) | 0.83 0.75 (0.27, 2.13) | 0.57 0.73 (0.25, 2.18) | 0.56
Q3 0.36 (0.08, 1.57) | 0.16 0.35 (0.08, 1.44) | 0.13 0.41 (0.09, 1.91) | 0.24
Q4 0.12 (0.03, 0.49) | 0.0l 0.10 (0.02, 0.43) | 0.004 0.12 (0.03, 0.44) | 0.003
P for trend 0.001 <0.001 0.002

Notes: Model | (crude model): MQI. Model 2: adjusted for age, BMI, race, marital status, family income, education level,
alcoholic consumption, and smoking status. Model 3 (fully adjusted model): adjusted for age, BMI, race, marital status, family

income, education level, alcoholic consumption, smoking status, hypertension, hyperlipidemia, and metabolic syndrome.

breastfeeding history (Figure 2). The curve indicates that the inverse association becomes more pronounced below an

MQI value of approximately 3.32.

Subgroup Analyses

Figure 3 shows the subgroup analysis of the association between MQI and depression in female with breastfeeding

history. As a result, MQI was found to significantly associated in subgroups such as age < 42 years (OR = 0.33, 95% CI:
0.14-0.77), age over 42 years (OR = 0.26, 95% CI: 0.10-0.70), BMI < 27.4 kg/m* (OR = 0.16, 95% CI: 0.04-0.65),
white race (OR = 0.24, 95% CI: 0.08-0.76), Mexican race (OR = 0.18, 95% CI: 0.04-0.73), marital status in Married/
Living with partner (OR = 0.28, 95% CI: 0.09-0.89), marital status in never married (OR = 0.26, 95% CI: 0.08-0.91),

predicted value

Overall P value: 0.024

P for Nonlinear: 0.517

Figure 2 The restricted cubic spline (RCS) regression analysis for association between MQI and depression in female with breastfeeding history.

MQl total
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Stratum OR (95% CI) P P for Interaction
age 0.641
less/equeal_to_42 0.33 (0.14,0.77) —— 0.013
over_42 0.26 (0.1,0.7) —- 0.011
BMI 0.116
less/equeal_to_27.4 0.16 (0.04, 0.65) — 0.014
over_27.4 0.41(0.14, 1.18) 0.093
Race 0.556
Black 0.33 (0.09, 1.16) 0.077
White 0.24 (0.08, 0.76) —_— 0019
Mexican 0.18 (0.04, 0.73) —_— 0.023
other races 0.48 (0.16, 1.44) - 0.172
Marital 0.679
Married/Living with partner 0.28 (0.09, 0.89) - 0.033
Widowed/Divorced/Separated 0.47 (0.17,1.28) 0.129
Never married 0.26 (0.08, 0.91) e —— 0.038
Famliy income 0.259
>=$75,000 0.23 (0.1,0.53) — 0.002
$35,000-75,000 0.1(0.01,1.32) 0.077
$20,000-35,000 0.46 (0.15, 1.37) - 0.147
<=$20,000 0.52 (0.26, 1.03) —_—— 0.058
Education level 0.975
College graduate or above 0.39 (0.13, 1.15) S — R 0.083
Some college or AA degree 0.34 (0.12, 0.95) — 0.041
less_or_euqualto_High school 0.34 (0.15, 0.77) — 0.013
Alcohol use 0.711
current 0.24 (0.08, 0.71) — 0.013
former 0.23 (0.06, 0.88) — 0.035
never 0.52 (0.1,2.71) - 0.406
Smoke 0.042
current 0.12 (0.05, 0.32) - 0.000001
never 0.38 (0.17, 0.85) B S 0.021
former 0.28 (0.08, 0.94) —_———— 0.041
r T T T 1
0 05 1 15 2 25

Odds Ratio (OR) and 95% ClI

Figure 3 Subgroup logistic analysis of the association between MQI and depression in female with breastfeeding history.

family income >$75.000 (OR = 0.23, 95% CI: 0.10-0.53), education level is Some college or AA degree (OR = 0.34,
95% CI: 0.12-0.95), education level is Less or equal to High school (OR = 0.34, 95% CI: 0.15-0.77), current alcohol
user (OR = 0.24, 95% CI: 0.08-0.71), former alcohol user (OR = 0.23, 95% CI: 0.06—0.88), current smoking (OR = 0.12,
95% CI: 0.05-0.32), former smoking (OR = 0.28, 95% CI: 0.08-0.94), and never smoking (OR = 0.38, 95% CI:
0.17-0.85).

Discussion

Depression is a prevalent and debilitating mental health disorder with significant global implications, and early
identification of reliable biomarkers is crucial for effective intervention.>>*® This study aimed to explore the association
between MQI and depression symptoms in women with a history of breastfeeding using data from the NHANES
2011-2012, and found that lower MQI values were associated with a higher risk of depression, even after adjusting for
various confounding factors.

There has been growing recognition of the importance of maternal health, particularly in the context of PPD.
Although breastfeeding has long been established as a protective factor against PPD, it is important to note that this
protective effect does not extend to all women, as many continue to face depression symptoms even after the
breastfeeding period.*”*® It is essential to explore additional risk factors and biomarkers that may contribute to the
development of depression in this population. MQI is a reflection of both muscle mass and muscle function, which are
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essential for maintaining physical health and psychosocial well-being.* Several studies have shown that poor muscle
quality is associated with various health problems, including depressive symptoms.'>*° This relationship may be partly
due to that low muscle quality can lead to physical disability, reduced physical activity, and social isolation, all of which
are known risk factors for depression. In more recent researches, lower MQI is found to be associated with an increased
risk of depression, particularly among women.'” Nevertheless, the association between MQI and depression risk in
women with a history of breastfeeding remains unexplored. Our study contributes to the literature by highlighting MQI
was significantly associated with long-term depression in women who have breastfed. In this specific population of
women with a breastfeeding history, our findings suggest a potential inverse association between MQI and depression.
These preliminary results indicate that MQI may be a marker worth further investigation.

The association between MQI and depression was also influenced by several sociodemographic and lifestyle factors.
Women who were unmarried, had lower educational attainment, or had a history of smoking were more likely to
experience depression. These findings are consistent with the broader body of research on depression, which often links
depression risk to socioeconomic status and lifestyle factors.*® Subgroup analyses further support the robustness of the
association between MQI and depression. The negative relationship between MQI and depression was consistent across
different age groups, racial backgrounds, marital statuses, and smoking statuses. This suggests that MQI may be
a reliable indicator of depression risk for a wide range of women, regardless of their demographic characteristics.
Besides, it is noteworthy that in our quartile analysis, a statistically significant reduction in the odds of depression was
observed only for women in the highest MQI quartile (Q4) compared to the lowest (Q1). This pattern, where the
intermediate quartiles (Q2 and Q3) did not show significant effects, suggests the possibility of a threshold effect, wherein
the benefits of muscle quality on mental health may become substantial only beyond a certain level. This observation
aligns with the non-linear relationship identified by our restricted cubic spline analysis.

From a clinical perspective, the identified nonlinear relationship and potential threshold (MQI~3.32), while explora-
tory, suggest a quantifiable target for potential intervention. If validated prospectively, this threshold could serve as
a practical benchmark to identify at-risk individuals and inform the goals of targeted interventions, such as resistance
training and nutritional support, aimed at improving muscle quality above this level to potentially mitigate depression
risk in this population.

This study has some limitations. First, the cross-sectional design of the NHANES data prevents us from making
causal inferences. Although the observed association between MQI and depression is compelling, longitudinal studies are
needed to confirm whether improvements in muscle quality can lead to a reduction in depression risk over time.
Secondly, both the depression status (outcome) and breastfeeding history (exposure) were based on self-reported
measures, which are subject to potential recall and misclassification biases. Additionally, the number of identified
depression cases (n = 51) was relatively small. This limited sample size reduces the statistical power of the study,
potentially leading to an underestimation of associations, particularly in subgroup analyses, and increases the risk of Type
IT errors. Lastly, while we controlled for various confounding factors, there may be other unmeasured variables, such as

physical activity levels or a history of mental health issues, that could influence the results.

Conclusion

In conclusion, this cross-sectional study provides preliminary evidence of an inverse association between MQI and
depression in US women with a breastfeeding history. However, these findings should be interpreted with caution due to
the study’s limitations, including its cross-sectional design, limited statistical power, potential unmeasured confounding,
and the lack of detailed breastfeeding history. Future prospective studies are needed to confirm this association and
explore the underlying mechanisms.

Abbreviations
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