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Abstract

This study examines trends in depressive symptoms across various age groups and demographic subgroups from 2021 to 2024. Analysis reveals a cyclical pattern
of depressive symptoms with peaks and troughs, showing a decline toward late 2023 and 2024, suggesting potential recovery or intervention effects. It highlights
significant variability in depressive symptoms during phase 3.1, particularly among younger adults (18-29 years), indicating possible external influences. Some
show fluctuating trends with a sharp decline towards the series end, possibly reflecting seasonal effects. It illustrates higher symptom prevalence in younger
groups and those with lower education or disabilities. Some charts confirm a general decline in symptoms across most subgroups, with significant differences
based on age, gender, and education. Additionally, it shows stable geographic trends with minor fluctuations, and identifies statistically significant subgroup
differences, guiding targeted mental health interventions.
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Introduction paper have significant implications for public health policy and mental
health intervention strategies.

Depressive disorders represent a significant public health challenge,
affecting millions of individuals globally. The World Health Organization Materia|s and MethOdS
(WHO) estimates that depression is the leading cause of disability
worldwide, and its prevalence continues to rise, particularly in the aftermath D
of the COVID-19 pandemic [1]. Understanding the demographic and ata
socioeconomic factors associated with depressive symptoms is important We used data from CDC in the U.S. that includes 5 federal agencies,
for developing targeted interventions and public health strategies aimed  survey, named the household pulse so that we test the influence of the
at reducing the burden of depression across diverse populations. Mental COVID-19 pandemic on American employment status, consumer spending,
health is influenced by a complex interplay of biological, psychological,  food security, housing, education disruptions and dimensions of mental
and social factors [2-5]. Research has consistently shown that certain health.
demographic groups, such as younger adults, females, and individuals with Lo .
lower socioeconomic status, are at higher risk for developing depressive  otatistical analysis

symptoms [6-9]. However, recent societal shifts, including increased Initially used the baseline characteristics to summarize demographic

awareness of mental health issues, changes in healthcare accessibility,  5nq paseline characteristics of the study objects. Also, we simplify analyzed
and the evolving cultural landscape, necessitate ongoing investigation into group, subgroup, and estimate value by indicator. All analysis data were

how depressive symptoms manifest across different subgroups over time  a4ijsted based on data collection time periods. After that, we analyzed

(10-13]. some important links of estimate value with phase, indicator, group, and
This paper examines trends in depressive symptoms across various ~ Subgroup by applying ggplot2 to create a graphic and to combine some

demographic subgroups in the United States from 2021 to 2024, using ~ components and to add layers of phase, indicator, group, or subgroup so

data from a national survey. By analysing trends in depressive symptoms  that we obtain the aesthetic properties.

across different age groups, genders, racial/ethnic categories, educational HSD test

attainment levels, disability statuses, and geographic regions, this study

aims to identify the subgroups most at risk for depression and explore This is a post-hoc test used to find significant differences between

potential factors contributing to observed disparities. Particularly, group means after conducting an ANOVA (Analysis Of Variance). It is

this study places a strong emphasis on high-risk populations such as particularly useful when you have multiple groups and want to compare all

transgender individuals, those with disabilities, and individuals with lower possible pairs of means [22,23]. The formula is:

educational attainment, as previous research has indicated these groups

experience significant mental health challenges [14-21]. The analysis HSD=¢ MSE

also considers how geographic factors and state-level policies might \

contribute to variations in depressive symptoms, reflecting the importance

of contextual influences on mental health. The findings presented in this Where q is the studentized range statistic, which depends on the
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number of groups and the degrees of freedom for the error term. MSE is the
Mean Square Error (within-group variance) obtained from the ANOVA. n is
the number of observations in each group (assuming equal sample sizes).
If the difference between two group means is larger than the HSD value, we
conclude that these two groups have significantly different means [24]. If
the difference is smaller than the HSD value, the means are not significantly
different. The analysis revealed a general trend of fluctuating depressive
symptoms across the study period, with some subgroups showing
significant spikes in prevalence during specific years. Younger adults,
individuals identifying as transgender, and those with lower educational
attainment exhibited consistently higher levels of depressive symptoms.
In contrast, older adults and those with higher educational attainment
generally reported lower levels of depressive symptoms. Tukey’'s HSD test
identified numerous significant differences between subgroups.

Data availability
Data set for this study is available from

https://data.cdc.gov/w/8pt5-q6wp/tdwk-ruhb?cur=Z272qzvpv4NA&from
=MtkW7ecXseK.

Code availability

This study was performed by R version 4.4.1 (2024-06-14), it can be
available upon request.

Results

Significant variations in anxiety levels across different
subgroups

In Figure 1, transgender individuals show the highest mean percentage
of anxiety, with a "High, Declining" trend. The high percentage indicates a
significant mental health burden within this group, although the declining
trend suggests some improvement. Individuals with disabilities also
shows high anxiety levels with a "Moderate, Fluctuating" trend, indicating
persistent anxiety issues with some variability over time. Anxiety
levels for bisexual group are relatively high and fluctuate, marked by a
"Moderate, Fluctuating" trend, indicating that this group is also at higher
risk for anxiety. The group for young adults (18-29 years) shows higher
anxiety levels with a "Moderate, Fluctuating" trend, highlighting them as
a vulnerable group with variable anxiety trends. For Older adults (70-
79 years and 80+ years) display the lowest anxiety levels with a “low,
stable” trend, indicating minimal fluctuations and generally lower anxiety
prevalence. Individuals with lower educational attainment for less than high
school diploma show higher anxiety levels with a "Moderate, Fluctuating"
trend, indicating greater mental health challenges within this group. This
group with bachelor’'s degree or higher shows lower anxiety levels with
a "Low, Stable" trend, reflecting better mental health outcomes among
more educated individuals. This group of gay or leshian individuals has
moderate anxiety levels with fluctuating trends, like bisexual individuals,
indicating higher mental health concerns. Straight group has relatively low
anxiety levels with a “low, stable” trend, representing a more stable and
lower prevalence of anxiety.

Cyclical patterns and age-related differences in depres-
sive symptoms over time

In Figure 2a, the data shows significant fluctuations in depressive
symptoms across all age groups over the time period. The general trend
seems to be a cyclical pattern with visible peaks and troughs, potentially
indicating seasonal variation or responses to external events. Also, it
appears in decline towards 2024: Toward the end of the series (late 2023
and into 2024), there appears to be a decline in depressive symptoms
across all age groups. We can find that there is higher prevalence in
younger age groups: Younger age groups (18-29 years, 30-39 years)
consistently show higher percentages of depressive symptoms compared
to older groups. The lines for these younger groups are often positioned
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higher on the y-axis (percentage of depressive symptoms) than the lines
representing older groups. Lower Prevalence in Older Age Groups: Older
age groups, particularly those 70 years and above, tend to have lower
percentages of reported depressive symptoms. So, younger groups likely
have higher means and potentially higher variability. The percentage
values on the y-axis represent the prevalence of depressive symptoms
within each age group at various points in time. The higher percentages
in younger age groups suggest a higher burden of depressive symptoms
in these populations. Incidence: While the data appears to represent
prevalence (existing cases), understanding changes over time could also
provide insights into the incidence of new cases.

In Figure 2b, phase 3.1 is a visible divergence among age groups,
indicating significant variation. The other phases display closely grouped
lines, suggesting minimal differences in depressive symptoms among the
age groups. The trend appears stable for most phases, with percentages
clustered around certain values. The exception is phase 3.1, where the
variability between age groups increases. Phase 3.1 that the most
pronounced variability occurs in this phase, where age groups show
different trajectories of depressive symptoms.

Young adults (18-29): They appear to have higher percentages of
depressive symptoms during this phase.

Older adults (50-79): These age groups seem to have more stable and
lower percentages.

Other phases: The depressive symptoms percentages for different
age groups are closely aligned, indicating little variation between groups
in these phases.

Thus, for Phase 3.1 shows a notable change in depressive symptoms
across age groups compared to other phases, indicating potential external
factors influencing depressive symptoms during this period. Additionally,
stability in Other Phases: The lack of significant variability in other phases
suggests that depressive symptoms either stahilized or that the impact of
any external factors affected all age groups similarly. Epidemiologically,
younger adults (18-29 years) may represent a high-risk group during
certain periods (e.g., phase 3.1), as they seem to exhibit higher levels of
depressive symptoms compared to older adults.

The plot in Figure 2c shows a fluctuating trend in depressive symptoms
over time, with some periods of increase and others of decline. The initial
phase shows a rise in depressive symptoms, peaking around the middle of
the series, followed by a gradual decline with some fluctuations. Towards
the end of the time series, there is a sharp drop in depressive symptoms,
falling below 20%. This sharp decline could be significant and warrants
further investigation. The graph exhibits periodic fluctuations, suggesting
the presence of seasonality or cyclic patterns in depressive symptoms. (1)
Peaks in depressive symptoms might correspond to periods of increased
stress, such as winter months, holidays, or specific socio-economic events;
(2) Troughs could correspond to periods with potentially lower stress
levels, such as summer months or times of economic stability. For error
bars, indicating the variability or uncertainty in the reported percentages.
The variability is relatively consistent throughout the time series, though
it appears to slightly reduce during periods of decline in depressive
symptoms.

Variability in anxiety and depressive symptoms across
demographics: Insights from 2021-2024 trends

Now we find that in Figure 3, the lines in each graph show fluctuating
trends in the prevalence of symptoms, with some groups consistently
showing higher percentages than others. The pink line, representing one
of the subgroups, consistently remains at the highest level across all three
indicators, this subgroup experiences the highest prevalence of both
anxiety and depressive symptoms. The prevalence of symptoms shows
significant variation over the observed period (2021-2024), indicating that
the prevalence rates have not remained stable. Peaks and troughs could
be indicative of external factors or interventions impacting mental health
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at different points in time. In age-related patterns age groups such as 18-
29 years and 30-39 years (presumed from the color codes) may exhibit
higher symptom percentages, suggesting younger populations are more
affected by anxiety and depressive disorders. Education level, represented
by different color codes, shows varying prevalence, potentially highlighting
the role of education and associated socioeconomic status in mental health
outcomes. Subgroups related to gender identity and sexual orientation
may show distinct patterns, possibly indicating the impact of social
stigma, discrimination, and lack of support on mental health within these
communities. Groups with and without disabilities might exhibit different
trends, reflecting how physical or cognitive disabilities could exacerbate
or coincide with mental health challenges. Endemiological, the time series
analysis shows that a significant portion of the population experiences
anxiety and depressive symptoms, suggesting a high prevalence of these
conditions across multiple demographics.

Trends and disparities in depressive symptoms: Analysis
by subgroup, education, and disability status

In Figure 4, first take general trend overview that from 2021 to 2024,
there is a general decline in the percentage of people reporting depressive
symptoms across most subgroups. This indicates improvements in mental
health awareness, access to mental health services, or changes in societal
conditions. Second, the rate of decline varies by subgroup, suggesting
that different factors may be influencing mental health outcomes across
these groups. Also, for 18-29 years, consistently reports higher depressive
symptoms, with levels around 40% to 45%. Although there is a slight decline
over time, they remain among the highest across all age groups. In 70-79
years and 80+ years, these groups report the lowest levels of depressive
symptoms, with percentages often below 20%. Older adults have better
coping mechanisms or that different life stressors affect younger adults
more. Transgender Individuals: This subgroup reports the highest levels
of depressive symptoms, often exceeding 50%. This highlights significant
mental health challenges faced by transgender individuals. For Cis-
gender Females vs. Males: Cis-gender females report higher levels of
depressive symptoms than cis-gender males, which aligns with existing
research showing that females are more likely to experience depression.
In Race/Ethnicity: Non-Hispanic Black and White: These groups show
similar trends, with depressive symptoms hovering around 30%-35%. Non-
Hispanic Asian individuals report slightly lower levels, indicating potential
cultural or community support differences. Other Races: This group shows
variability, which may reflect the diverse experiences within this category.
On the other hand, Educational Attainment: Less than High School Diploma:
Individuals in this group report higher depressive symptoms compared
to those with higher education levels, indicating the potential impact of
socioeconomic factors on mental health. Bachelor's Degree or Higher:
This subgroup reports the lowest levels of depressive symptoms. Disability
Status: The group with disability reports some of the highest levels of
depressive symptoms, close to 50%, underscoring the significant mental
health burden faced by people with disabilities. For Without Disability:
Reports lower levels, often below 30%, suggesting better mental health
outcomes for those without disabilities. In geographic trends some states
like Utah, Tennessee, and Texas report higher depressive symptoms, often
around or above 40%.

Consistent patterns and minor variations in depressive
symptoms across demographics

Additionally, most lines in Figure 5 appear relatively stable over time,
indicating that the percentage of individuals experiencing symptoms of
depressive disorder remains consistent within each subgroup. However,
there are slight fluctuations indicating possible seasonality or responses to
external events. But Lack of Large Peaks or Troughs: The absence of sharp
spikes or drops suggests that there were no major public health interventions
or large-scale stressors that dramatically altered the depressive symptoms
prevalence in most subgroups during this period. In the trends across
age groups, such as 18-29 years, 30-39 years, appear to be relatively
close together, indicating that age might not be a dominant factor in the
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fluctuation of depressive symptoms over time. Younger age groups (like
18-29 years) might show slightly higher levels of depressive symptoms,
which aligns with existing literature that younger adults often report higher
levels of depression. For gender and sexual orientation, there might be a
higher baseline level of depressive symptoms reported by subgroups like
"Transgender" and "Bisexual," which is consistent with research showing
higher rates of mental health challenges in these populations. "Cis-gender
female" and "Cis-gender male" groups might have more similar trends,
possibly indicating less variation based on gender in this dataset. The
subgroup lines for racial categories such as "Non-Hispanic Black," "Non-
Hispanic White," and "Hispanic or Latino" appear to be stable, indicating
consistent reporting across these groups. The small differences in trends
might reflect the impact of social determinants of health on depressive
symptoms, with racial and ethnic minorities often facing more significant
challenges. For educational levels, “Less than a high school diploma"
and "bachelor's degree or higher" lines seem to indicate that education
level might have some impact on the prevalence of depressive symptoms,
with those with lower educational attainment possibly showing slightly
higher rates. "With disability" subgroup might show a higher baseline of
depressive symptoms compared to "Without disability," which is consistent
with evidence that individuals with disabilities often face more mental
health challenges. Epidemiologically, depressive symptoms have been
persistent issues across all subgroups over the years, with little change
in prevalence.

Post-hoc analysis of subgroup differences: Significant
mean differences and confidence intervals from Tukey
HSD test

To further study in data, we make Figure 6. That is Tukey HSD
(Honestly Significant Difference) test, which is commonly used in post-hoc
analysis after an ANOVA to determine which specific groups' means are
different. X-Axis (Difference in Means represents the difference in means
between the compared subgroups. A value of 0 would indicate no difference
in means between the two groups being compared. Y-Axis (Subgroup
Comparisons): Each line on the y-axis represents a pairwise comparison
between two subgroups. For example, comparing the incidence rate
of a disease between "Non-Hispanic White" and "Non-Hispanic Black"
populations. Confidence Intervals: Each point on the plot represents the
difference in means between two groups, and the lines extending from the
points are confidence intervals (usually 95%). If the confidence interval
crosses 0, it suggests that there is no statistically significant difference
between the two subgroups. Comparisons where the confidence intervals
do not cross 0 indicate statistically significant differences between the
groups. These differences are what the Tukey HSD test flags as being
"honestly" significant, meaning they are likely not due to random chance.
For Significant Comparisons: The main focus should be on comparisons
where the confidence intervals do not cross zero. These comparisons
indicate that there are significant differences in the means between those
subgroups.

Discussion

For older adults, interventions might include increased social support,
mental health counselling, and programs aimed at reducing isolation. For
younger and middle-aged adults, efforts could focus on stress management,
work-life balance, and support during life transitions [25-28].

Moving forward, it is important to integrate mental health into public
health planning, particularly in response to external stressors such as
pandemics and economic instability. By understanding and addressing the
unique mental health needs of different age groups, we can work towards a
healthier, more resilient population [29-31].

The analysis of depressive symptoms across various demographic
groups reveals both consistent and variable trends over time. This
analysis in Figure 1, reveals significant variations in anxiety levels across
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different subgroups, with certain groups experiencing higher and more
variable anxiety levels. Public health strategies should focus on targeted
interventions for high-risk groups, including transgender individuals,
those with disabilities, and younger adults, as well as region-specific
approaches to address geographical disparities. Figure 2, highlights a
general decline in depressive symptoms towards 2024, although younger
adults and individuals with disabilities continue to experience higher levels
of depressive symptoms. Figure 3, indicates significant variability across

Anxiety Trends by Subgroup
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subgroups, with transgender individuals and those with lower educational
attainment showing particularly high levels. Figure 4, confirms the overall
decline but notes persistent high rates among specific subgroups. Figure
5, illustrates stability with minor fluctuations in depressive symptoms,
suggesting sensitivity to external factors. Figure 6, Tukey HSD test identifies
statistically significant differences in depressive symptoms between certain
subgroups, emphasizing the need for targeted interventions.
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Figure 1. The trends in anxiety levels by various subgroups over the time period of 2021-2024.

A Time Series of Depressive Symptoms by Age Group
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Figure 2. Display of time series of depressive symptoms. Note: (a) The time series of depressive symptoms by age group from 2021 to 2024. The x-axis represents the dates,
while the y-axis shows the percentage of people reporting depressive symptoms. The data is broken down by age groups, with each colour representing a different age group; (b)
The series of small multiples (time series plots) showing the percentage of depressive symptoms across different age groups over time. The panels are labelled in a sequence (1,
2,3.1,3.2, etc.). Each plot shows a set of lines representing different age groups. The y-axis represents the percentage of depressive symptoms, ranging from 10% to 50%, while
the x-axis spans from 2021 to 2024; (c) The percentage of people reporting symptoms of depressive disorder over time. The y-axis represents the percentage (Value %) of people

with depressive symptoms, ranging from 20% to 50%. The x-axis represents the time periods over which these percentages were recorded.
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Percentage

Time Series of Depressive Symptoms by Age Group and Indicator
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Figure 3. Time series analysis of depressive and anxiety symptoms across various demographic subgroups.

Trends in Depressive Symptoms Over Time by Subgroup
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Figure 4. The trends in depressive symptoms over time, segmented by various subgroups.
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Figure 5. Complex, multi-variable time-series chart tracking the trend of symptoms of depressive disorder across various demographic and geographic subgroups from 2021 to
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Highly Significant Pairwise Comparisons (Tukey HSD)

Subgroup Comparison

Difference in Means

Figure 6. The visualization of a Tukey HSD (Honestly Significant Difference) test, which shows the pairwise comparisons of different subgroups, with the x-axis representing the
difference in means between the groups, and the y-axis listing the specific subgroup comparisons.

To address the mental health challenges faced by older adults, intersections to effectively support the most vulnerable populations.
interventions should focus on enhancing social support, mental health
counselling, and reducing isolation. Programs designed to foster social
connections and provide mental health resources are important for
mitigating the effects of loneliness and chronic health issues in this
population.

In sum, this study underscores the complexity of depressive symptoms
across different demographic and socio-economic groups. By focusing
on tailored interventions and integrating mental health considerations
into public health planning, we can address the specific needs of various
groups and work towards a more resilient and mentally healthy population.

For younger adults (18-29 years), interventions should target stress
management, economic support, and resources to navigate life transitions.
Programs aimed at improving work-life balance and providing support for
economic pressures, such as student debt, are essential. Middle-aged )
adults (30-59 years) might benefit from stress management and mental The author developed and designed the study concept, wrote the paper

health support tailored to their unique life stage challenges. and approved the final version of the paper for submission.
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