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Highlights

— Prevalence of depressive symptoms and functional impairment decoupled across adulthood.
— Age moderated the association between depressive symptoms and high impairment.

— Middle-aged adults were more likely to report high impairment.

— Three individual symptoms showed age-specific patterns of impairment.



Abstract

Background. Depressive symptoms differ from each other in the degree of functional impairment they cause.
The incidence of depression varies across the adult lifespan. We examined whether age moderates the
impairment caused by depressive symptoms.

Methods. The study sample (n=21,056 ) was adults drawn from six multistage probability samples from the
National Health and Nutrition Examination Survey series (NHANES, years 2005 to 2016) conducted in the
United States using cross-sectional, representative cohorts. Depressive symptoms were assessed with the nine-
item Patient Health Questionnaire (PHQ-9). We used regression models to predict high functional impairment,
while controlling for sociodemographic variables and physical disorders.

Results. Age moderated the association between depressive symptoms and functional impairment: middle-aged
adults perceived moderate and severe symptoms as more impairing than did others. Older adults reported slightly
higher impairment due to mild symptoms. The individual symptoms of low mood, feelings of worthlessness and
guilt, and concentration difficulties were more strongly related to high impairment in mid-adulthood as
compared to early and late adulthood.

Limitations. Cross-sectional data allows only between-person comparisons. The PHQ-9 is brief and joins
compound symptoms into single items. There was no information available concerning comorbid mental
disorders. Co-occurring physical disorders were self-reported.

Conclusions. Symptoms of depression may imply varying levels of impairment at different ages. The results
suggest a need for age adjustments when estimating the functional impact of depression in the general
population. Additionally, they show a need for more accurate assessments of depression-related impairment at
older ages. Evidence-based programs may generally benefit from symptom- and age-specific findings.
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Depression is a common disorder that ranks among the top causes of global disability (Whiteford et al.,
2013; World Health Organization, 2017). Unsurprisingly, this has motivated a large body of research
aimed at characterizing depression. Epidemiological studies have shown that Major Depressive
Disorder (MDD) reaches peak prevalence during midlife. This trajectory is widely documented in large
cross-sectional (Jorm, 2000; Blanchflower & Oswald, 2016) and longitudinal datasets (Sutin et al.,
2013; Cheng, Powdthavee, & Oswald, 2017), and particularly in western countries (Le Bon & Le Bon,
2014; Steptoe et al., 2015). However, a key question remains underexplored: Is depression equally

impairing across the adult lifespan?

There is evidence that there is age-specific variance in the prevalence of not only depression
sum-scores, but also of individual depressive symptoms (Hegeman, Kok, van der Mast, & Giltay, 2012;
Hegeman, de Waal, Comijs, Kok, & van der Mast, 2015; Schaakxs, Comijs, Lamers, Beekman, &
Penninx, 2017). It seems that younger patients diagnosed with MDD are more prone to affective and
cognitive symptoms, while somatic symptoms are more common in older patients. The different age
trends found in clinical samples of depressed individuals, however, cannot be directly generalized to
the community at large due to the possibility of different correlation structures (Foster & Mohler-Kuo,
2018). Thus, it remains unclear whether the age patterns seen in clinical samples are found in the adult

general population (i.e., along the whole spectrum of depressive symptoms).

Depressive symptoms are heterogeneous in more aspects than prevalence. According to clinical
and community studies, it appears that individual depressive symptoms vary in risk factors, biomarkers,
and responses to antidepressants (Fried & Nesse, 2015a; Jokela et al., 2016). Importantly, symptoms
also differ in their association with functioning (Fried & Nesse, 2014). This is to some extent
understandable, given that depressive symptoms expand across several domains of human experience

(i.e., somatic, affective-motivational, and cognitive). Thus, studies have addressed independently how
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symptom prevalence varies across age groups, and how the disabling effects of depressive symptoms
vary. A wider approach is necessary to tackle the question of whether age has implications for the

impairment caused by depressive symptoms.

There are reasons to think that depressive symptoms may show different patterns of impact
across the adult lifespan. The first reason has to do with contextual factors: symptoms could interfere
with people’s daily routines differently depending on the person’s life stage. Several life transitions,
such as social role changes when entering adulthood, may relate to the burden caused by depressive
symptoms. For instance, fatigue or concentration problems could be more taxing for younger adults
who are in their early work careers and/or taking care of young children, compared to older adults for
whom work life and parenthood do not impose the same demands. A second reason for looking into
age patterns of depression is physical deterioration, which challenges the assessment of depression in
older adults (Haigh et al., 2018). Some symptoms, such as difficulties with sleep and concentration, are
well-known correlates of ageing (Mander et al., 2017) and at the same time are diagnostic criteria for
MDD (APA, 2013). Additionally, chronic disease may cause symptoms similar to those of depression
(Molarius & Janson, 2002). Studying the impairment associated with individual symptoms is
fundamental given the interplay of comorbid chronic disease, deterioration, and different pathways to

depression in ageing populations.

In order to better characterize the burden of depressive symptomatology across the adult
lifespan, we (1) examined the prevalence of aggregated and individual symptoms of depression across
age groups in a representative sample of the general population of the United States, and (2) inspected
whether age group plays a role in the associations between symptoms of depression and difficulties
with normal life activities. This provides useful information for understanding age-related needs and

for accurately calibrating the evaluation of depression-related functional impairment at different ages.
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We used data from the National Health and Nutrition Examination Surveys (NHANES), which consists
of cross-sectional measurements of a nationally representative sample of adults in the U.S. (CDC,

2017).

Methods

Participants

Participants were from the NHANES (CDC, 2017) for 2005-2006 (n=5,334), 2007-2008 (n=5,995),
2009-2010 (n=6,360), 2011-2012 (n=5,615), 2013-2014 (n=5,924), and 2015-2016 (n=5,735) with a
total of 34,963 participants who were on average 46.24 years old (sample weighted, SE=.112). The
NHANES protocol selected the samples to represent the U.S. adult population. Depressive symptoms
have been assessed for all the adult participants in the NHANES since 2005. The samples are new for

every study cohort, and thus there are no repeated observations.

Our analytic sample included only the participants who reported having depressive symptoms,
and therefore could report the impairment caused by them. Put differently, one cannot report the
impairment caused by symptoms he or she does not suffer from. The reader can observe in the next
section that the wording of the item measuring functional impairment was clear in this respect (i.e., if
you checked off any problems, how difficult have those problems made it for you...). Thus, the
structure of the questionnaire defined our analytic sample in what comes to the analysis of functional
impairment. Additionally, the initial sample had missing questionnaire data in each cross-sectional
cohort (between 9% and 12.5%). The size of our analytic sample was n=21,056. The descriptive
information is based on the entire sample, and thus the prevalence of symptoms, for example, is to be

interpreted in the context of the general population.

Measures
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In the NHANES protocol depressive symptoms and functional impairment were assessed by
questionnaire and by a single item, respectively, in computer-assisted personal interviews. Depressive
symptoms were assessed using the nine item Patient Health questionnaire (PHQ-9). The questionnaire
items query how often the participant had been suffering from concrete depressive symptoms during
the last 2 weeks, each self-rated on a 4-point response scale (0=Not at all, I=Several days, 2=More than
half the days, 3=Nearly every day). The nine symptoms correspond to the MDD diagnostic criteria in
the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), and are as
follows: anhedonia, low mood, problems with sleep, low energy or fatigue, changes in appetite,
feelings of worthlessness or guilt, concentration difficulties, psychomotor alterations, and thoughts of

self-harm or death.

The level of difficulty in normal life was measured with the question “If you checked off any
problems, how difficult have those problems made it for you to do your work, take care of things at
home, or get along with other people?”, also rated on a 4-point Likert scale (0=Not difficult at all,
1=Somewhat difficult, 2=Very difficult, 3=Extremely difficult). This single item is considered a
measure of functional impairment for which there is substantial evidence of convergent validity with a
number of variables measuring quality of life, functional status, and use of health care services
(Kroenke & Spitzer, 2002; Spitzer et al., 2000, 1999). In our analyses, this variable was dichotomized
by merging together the two lower and the two higher values and coding it as 0 or 1, the latter
indicating that it was very or extremely difficult to carry out normal activities. This variable will be
referred to as high functional impairment. The sum-score of the PHQ-9 questionnaire was calculated by
summing the nine items together, resulting in a variable ranging between 0 and 27. Age was reported in

years and top coded at 80 to preserve the anonymity of participants.
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The covariates controlled for were as follows: gender (reported as “Male” or “Female”);
race/ethnicity, recoded into four categories (1=Mexican American, 2=other Hispanic, 3=non-Hispanic
white, 4=non-Hispanic black, or 5=Other including multiracial); marital status including six categories
(1=married, 2=widowed, 3=divorced, 4=separated, 5=never married, 6=living with partner); ratio of
family income to poverty level (dichotomized with a threshold at 1, informing whether the income of a
household is below or above the poverty level); a count of self-reported physical medical conditions
(diabetes, heart disease, stroke, pulmonary disease, and cancer); and NHANES sampling year. The
epidemiological variables we controlled for were selected based on availability in the NHANES data
and on previous literature showing that they have an association with major depression (e.g., Kessler &

Essex, 1982; Moussavi et al., 2007; Haushofer & Fehr, 2014).

Statistical analyses

The scoring system of the PHQ-9 can be interpreted based on the cut-off points of 5, 10, 15, and 20,
indicative of mild, moderate, moderately severe, and severe levels of depressive symptoms (Kroenke &
Spitzer, 2002; Kroenke et al., 2010). These categories are used for aiding the interpretation of the
results when the PHQ-9 score is examined, but the PHQ-9 score was introduced in our analyses as a
ratio scale. We first conducted preliminary analyses to examine potential nonadditive effects of age and

the PHQ-9 scores when predicting functional impairment.

A significant interaction was found between the PHQ-9 score and age in predicting high
impairment, thus we defined four age categories to discriminate between young adulthood, midlife, and
postretirement age for further study: 18 to 30 years, 31 to 50 years, 51 to 65 years, and 66 years and
older. This allowed us to examine differential patterns of association between depression and

impairment across life stages. We present this model as Step 1.
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We performed logistic regression-based differential item functioning (DIF) analysis. DIF
analyses assess whether some items (symptoms) behave differently across population subgroups (e.g.,
age groups) when adjusting for possible differences in the underlying “trait” (depression). We also
conducted DIF analyses for gender in order to consider its potential bias on response distributions. DIF
was examined by comparing nested regression models where the grouping variable (i.e., sex or age
group) was included as a predictor of item responses, first only as an additive effect (known as uniform
DIF) and then as an interaction effect (nonuniform DIF). An improvement in the fit from one model to
another indicates DIF, since the grouping variable contributes to explaining the responses to the item.
The criterion for DIF-flagging was a change in Nagelkerke’s pseudo R? > 0.02 (Gelin & Zumbo,

2003). For a detailed review of our DIF approach see Choi (2016).

We provide different descriptive tables showing the prevalence of individual depressive
symptoms according to age group. In order to test whether the differences between age groups were
statistically significant, we performed chi-square tests and calculated the effect sizes with Cramer’s V
following the formula \/m , where y? is the chi-square statistic and df is the minimum number
of categories minus one (Cramer, 1946). In this case df=3, since both age group and the PHQ-9 items
had four different categories. We considered the effect size to be small when surpassing .06, to be

medium moderate when at least .17, and to be large when reaching .30.

We analyzed the association of all individual symptoms with high functional impairment in a
series of stepwise models. First, nine logistic regression models were fitted (Step 2), one for each of the
nine PHQ-9 symptoms including its interaction with age group. These models were adjusted for all
covariates, but not for other PHQ-9 symptoms. In Step 3 we estimated the fully adjusted model where

all PHQ-9 symptoms and interactions with age group were collapsed into one single model, and thus
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the regression estimates of the influence of individual symptoms on high functional impairment were

adjusted for the presence of the other symptoms plus covariates.

We provide Akaike’s information criterion (AIC), which penalizes for model complexity
(Burnham & Anderson, 2002). AIC was used for comparing the models in Step 1 and 3. A lower AIC
is indicative of a better fit or higher parsimony. Nagelkerke’s pseudo R? was calculated, which is
asymptotically independent of the sample size and can be interpreted as the proportion of the outcome

variation explained by the predictors. Pseudo R? values range between 0 and 1 (Nagelkerke, 1991).

The analyses were conducted using R 3.4.0 software (R Core Team, 2017) and the packages
lordif (Choi, 2016), and survey (Lumley, 2014). Sampling weights were used to achieve population-
representative estimates in all the analyses presented. Sampling weights for the NHANES data
(variable wtmec2yr) were used according to the guidelines provided by the NHANES project (CDC,

2015). A demonstration code file of our analyses can be found from the Supplementary materials.

Results

Distribution of depressive symptoms according to age group

Survey-weighted descriptive information on the sample is presented in Table 1. The distribution of the
PHQ-9 severity scores (i.e., based on cut-offs) and of the functional impairment item were similar to
those found in other studies using western community samples, but overall milder (Kocalevent et al.,
2013; Rief et al., 2004). Depression scores rose with age, and declined approximately after age 55

(Figure 1).

The frequencies of individual symptom endorsement per age group are found in Figure 2 (see
Figure S1 in the Supplement to see the distribution according to age in years). The severity of

symptoms was milder compared to other general population findings, but such data are, however,
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scarce for individual PHQ-9 items (Rief et al., 2004). The symptoms did not show any meaningful age-
prevalence pattern. The chi-square tests of association between age group and symptom responses were
statistically significant due to the large sample size, but the effect size according to Cramer’s V was
less than .056 for all PHQ-9 items, which is negligible. Thus, the age groups showed very similar

symptom prevalence patterns.

We also inspected the subset of the sample reporting high functional impairment (n= 1,032).
Chi-square tests and effect sizes revealed no age-group patterns in individual symptom prevalence (chi-
square tests were statistically significant due to large sample size, but effect sizes registered values
between .015 and .041, which is considered negligible). The reader can find a more detailed
characterization of symptom prevalence in the subsample reporting high functional impairment in
Figure S2, where the distributions are shown without the age grouping. Note this information is merely

descriptive, and confounding variables may contribute to the distributional patterns.

Regression models for high functional impairment

In preliminary analyses there was an interaction effect between depression sum-score and age in
predicting high functional impairment, which remained present throughout several sensitivity analyses.
DIF analyses indicated that neither age group nor gender were a source of DIF in the PHQ-9 items
(Supplement, Tables S1 and S2). At this point gender did not register a statistically significant effect
(p-value <.05) in any of the models from Step 1 to 3, either at the aggregate level or at the symptom-
specific level. From here on we will elaborate on the relationship of PHQ-9 depression sum-scores and

high functional impairment across the four age groups, with no distinction between genders.

The model in Step 1 shows the statistically significant interaction effect of age group and
depression sum-score on functional impairment (Table S3). The interaction can be observed in Figure

3, where the association between PHQ-9 depression sum-scores and reported functional impairment
9
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varies in strength (i.e., slope) for the different age groups. For depression sum-scores between 1 and 9,
corresponding to mild depression, older adults were slightly more likely to report high impairment than
were younger adults. Starting from moderate scores onward adults aged over 65 became gradually less
likely than middle-aged adults to report high impairment. For instance, at a score of 8, the probability
of reporting high impairment was 6% for adults over 65 and 4% for those aged 31 to 50. At a score of
20 the probability of feeling highly impaired 53% in the age group over 65 and 67% in the 31 to 50
year age group. The coefficients and details of the models tested in every step are shown in
Supplementary Table S3. The predictor sum-score alone accounted for the 85% of the predictive power
in the model in Step 1 (Nagelkerke’s R?>=.269 for a model with the depression sum-score as only

predictor), the remainder being attributable to age and interactions plus covariates.

All separate regression models testing the effect of individual symptoms on high functional
impairment showed a statically significant main effect, and also some significant interactions between
the symptom and age group (Step 2). The AIC for the symptom-level, fully adjusted model (Step 3)
was lower than that of the depression sum-score fully adjusted model (Step 1), which suggests that the
model including the individual symptoms explains the data better that the one with the depression sum-
score. The effects in Step 3 revealed that when adjusting for all other symptoms, age group moderated
the relationship between high functional impairment and three symptoms: low mood, feelings of
worthlessness and guilt, and concentration difficulties (interactions displayed in Figure 4). The effects

of the rest of the symptoms remained uniform across age groups.

To quantify the specific contribution of each PHQ-9 symptom on high functional impairment, a
series of Nagelkerke’s R? were calculated: we calculated the model in Step 3 by excluding one

symptom at a time, and then compared the proportion of change in R? with respect to that of the full

10
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model (R?>=.331). Table 2 presents the percentage of loss in R?> when each symptom was excluded. The

magnitude of each unique contribution was, however, very similar and rather small.

After identifying three individual symptoms for which the association to high impairment was
moderated by age group, we performed a sensitivity analysis. We calculated a sum-score for the PHQ-9
excluding these three symptoms (i.e., a sum score based on six items) and then calculated a regression
model identical to that in Step 1. The interaction effects of this new sum-score variable with age were
not statistically significant, suggesting that the interaction of the PHQ-9 sum-score with age is driven
by the three symptoms (Supplementary Table S4). We found the same for age group and for age in

years.

Discussion

The results of our analysis suggest that reported functional impairment attributed to depressive
symptoms is not a simple function of aggregated depression scores. The association we found was
instead moderated by age, so that moderate to severe depression was perceived as more impairing by
middle-aged adults as compared to adults in early adulthood and postretirement age. Adults of
postretirement age were slightly more likely to report high impairment due to mild depressive
symptoms, but as scores increased from moderate to severe, the likelihood to report high impairment
decreased compared to other age groups (Figure 3). The youngest age group (18-31 years) was in
general less likely to report feeling high functional impairment as compared to middle-aged adults (age
groups of 31 to 50 and 51 to 65 years). In addition, symptom-level analyses revealed a significant role
of age in the functional impairment attributed to the specific symptoms of low mood, concentration
difficulties, and feelings of worthlessness and guilt. These associations remained after adjusting for the

other PHQ-9 individual symptoms and for covariates such as chronic physical disorders, marital status,

11
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and living below the poverty threshold, which are known to relate to clinical depression (e.g., Kessler

& Essex, 1982; Moussavi et al., 2007; Haushofer & Fehr, 2014).

This study implemented models both at the level of depression sum-score and individual
symptoms, obtaining very similar results. The goodness of fit registered by both approaches was also
very similar, with fit indices slightly favoring the symptom-level approach (Table S3). Thus, according
to our results, depression sum-scores functioned efficiently as a proxy for all the individual symptoms
in what comes to predicting functional impairment. However, examining symptoms individually
offered a deeper understanding of depression as a syndrome because only three specific symptoms
showed age-related patterns of functional impairment (Table 2). They explained the interaction effect
observed between aggregated depression sum-scores and age (Table S4). This information was

concealed as a single number in the sum-score.

Symptom-level research is important also because different depression scales have different
content, which implies that a sum-score calculated from one scale may contain different symptoms than
a sum-score derived from a different scale (Fried, 2017). The findings obtained using sum-scores of
different depression scales may not be directly comparable. Symptom-level research has the potential
to reveal valuable information for making informed decisions about MDD classification or treatment.
For example, diagnostic criteria that are only weakly associated with relevant outcomes could be
revised. Nosological theories may well be tested or developed based on symptom-level evidence.
Treatment guidelines could benefit from identifying the most impairing symptoms. MDD has been
pointed out as a problematic diagnosis by many researchers for being simultaneously under- and
overdiagnosed, and for responding inconsistently to treatment (Fried, 2015; Lorenzo-Luaces, 2015;
Maj, 2011; Wakefield & Schmitz, 2017). This may relate to the heterogeneous symptom combinations

being collapsed to same diagnostic outcomes (Fried & Nesse, 2015b; Ostergaard et al., 2011), which

12
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motivates symptom-based approaches. Therefore, we analyzed functional impairment with respect

individual diagnostic symptoms, not just their sums.

The impairing effects of concentration difficulties are well documented in studies on clinical
depression (Gonda et al., 2015; Lam et al., 2014). This is because concentration difficulties and
indecisiveness, define the DSM criterion of MDD most related to cognitive impairment. Research has
found that impaired attention and executive functioning are likely trait-markers of depression, meaning
that they predispose a person to MDD and remain present after remission (Lee et al., 2012). In line with
this, a recent study examining working-aged patients with MDD found that concentration difficulties
related to health-related quality of life independently of the severity of depression (Fattori et al., 2017).
Our finding that disrupted ability to concentrate is a more impairing symptom at ages of 31 to 65 years
in the general population supports the hypothesis that adults living in the “rush hour of life”” are most
exposed to environmental demands, and therefore may feel most impaired by not being able to perform
at their best. Indeed, younger and middle-aged adults report encountering minor stressors more
frequently, and perceiving them as more severe, than do older adults (Charles et al., 2010; Carstensen

et al., 2011; Charles et al., 2016).

A study comparing symptom presentation in MDD with onset before and after age 60 found
that two symptoms predict earlier onset: feelings of worthlessness and guilt, and depressed mood
(Heun et al., 2000). These findings suggest this symptom may have clinical implications starting at
middle age, which is consistent with the effect on high impairment we found. Another study found that
subjects who had experienced earlier onset depression were more likely after the age of 65 to report
feelings of worthlessness and guilt in the last month (Gallagher et al., 2009). This is a symptom worthy
of particular attention as well for being associated with complicated depression, and found to predict

concurrent and post-remission suicide attempts in clinical samples (Wakefield & Schmitz, 2016, 2017).

13
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Low mood, on the other hand, is one of the most prevalent symptoms in epidemiological studies
of general and clinical samples alike (Tebeka et al., 2018). This is to some extent expected since it is
one of the two required diagnostic criteria for MDD. Low mood was the most impairing symptom in a
study by Fried and Nesse (2014) which examined the functional impact of individual symptoms in a
clinical sample. There were three findings in common with those of our study: first, a large weight of
low mood on functional impairment in both community and clinical samples (compared to other
symptoms); second, the nonsignificant effect of gender on impairment; and third, the significant effect
of age. A second, similar study conducted by Tweed (1993), found that concentration difficulties and
low mood, together with other symptomes, statistically predict both concurrent and post-recovery
impairment. The comparability of these results to ours is also affected by the age range of the samples.
Fried and Nesse’s sample was similar to the community sample we used in terms of age distribution.

The age range in Tweed’s study was not reported, but the mean age was similar.

Thus, our study reinforces some previous findings from observations on clinical samples, and
brings novel results suggesting that age moderates the effects of depressive symptoms on functional
impairment. Another novel result was that, regardless of the varying size of regression weights, the
effect of the symptoms on high impairment was conjoint or common (i.e., symptom-specific
contributions were rather small). The outcome we used was a single item querying functional
impairment specifically caused by the depressive symptoms, in contrast to other studies which used
wider, generic impairment measures. The PHQ item should be a more valid indicator of depression-
related functional impairment than are indicators assessing unspecific disability, particularly in
community samples which are rather heterogeneous (i.e., general population samples may present

important comorbidity with other disorders, which is reduced in clinical samples by exclusion criteria).

14
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Sum-scores of symptom ratings on depression inventories are generally used as a proxy for
depression severity. We found that the depression sum-scores in this cross-sectional sample population
reached a peak among those just older than age 50 and then decreased, which is generally consistent
with findings from earlier studies (Stone et al., 2010; Blanchflower & Oswald, 2016; Cheng et al.,
2017; Schaakxs et al., 2017). However, the effects on impairment were most noticeable for the age
group of 31 to 50 years; age group 51 to 65 years followed a similar but less pronounced trend. If our
findings on self-reported functional impairment generalize to objective disability, it would mean that
the age-composition of the population should be taken into account when analyzing the impact of
depression. The predictive power of the models was mostly due to the depressive symptoms alone
(about 85% in both models). However, epidemiological factors may have small effect sizes and be
theoretically important for understanding etiological mechanisms, or may exert a meaningful

confounding effect (Kraemer et al., 2001).

The phenomenon that severe depressive symptoms were less strongly related to functional
impairment at older ages is in agreement with socioemotional selectivity theory, which accounts for the
improvement commonly observed in wellness-related indicators at older ages (Carstensen et al., 2003;
Haigh et al., 2018). It postulates that as adults age, they tend to select and evocate more positive stimuli
in favor of emotional self-regulation. Accordingly, older adults are supposed to report less depressive
symptoms, and probably tend to undervalue their impact as well. The theory complementarily
hypothesizes that the so-called negativity bias typically found in younger ages is abandoned in favor of
more positive information (Carstensen & DeLiema, 2018). Many of our findings further support these
hypotheses: mid-aged adults reported more symptoms and perceived them as more severely impairing
than did adults in retirement age, both in terms of sum-scores and single symptoms. However, the
result that older adults reported feeling slightly more impaired by mild symptoms is not fully

accommodated by the theory. A possible explanation is that the depressive symptoms of older adults
15
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are not well captured by general depression scales like the PHQ-9 (e.g., they lack content validity), or
that age-dependent response styles influence symptom reports. However, there was no evidence of the

latter according to DIF analyses.

Our findings motivate considering a wider range of symptoms, both in terms of severity (i.e.,
from mild to severe presentations) and content (i.e., symptomatology in older populations), when
assessing the impact of depressive symptoms throughout adulthood. Further research may shed light on
whether middle-aged adults are indeed more prone to feeling highly impaired by depressive symptoms,
or whether general purpose depression scales fail to properly capture depression in late adulthood.
These two interpretations of our findings do not exclude each other. Longitudinal approaches would be
useful in future, covering bio-psychological and contextual factors (e.g., taking into account the effects
of self-perceived role demands), as well as making use of domain-specific, more comprehensive

functional impairment indicators (McKnight & Kashdan, 2009).

Limitations

The NHANES datasets are representative of the U.S. adult population, and thus, appropriate caution
should be taken when generalizing our results to other countries, or to individuals aged under 18.
Additionally, our findings are based on multiple cross-sectional samples and only regard between-
person variability patterns. Regarding the PHQ-9, the amount of information it provides is rather
limited, favoring brevity over comprehensiveness. For instance, having thoughts about death in general
versus planning suicide most likely imply different levels of burden, even though they were collapsed
into a single questionnaire item in the PHQ-9. Similarly, functional impairment was measured with
only one item. Measurement could be improved by using multiple indicators of impairment.
Additionally, the items in the questionnaire are only a portion of the range of existing depressive
symptoms (Fried, 2017). Apart from these nine, which correspond to the diagnostic criteria for MDD in
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the DSM-5, many symptoms (e.g., crying spells or physical pain) may play a role in self-reported

functional impairment and were not taken into account in this study.

Finally, comorbidity was taken into account only partially in this study. It is common that
depressive symptoms co-occur with other mental syndromes (Rush et al., 2005). The symptoms
included in the PHQ-9 could be due to or aggravated by other mental syndromes. This was not
controlled for in our analyses, since the NHANES data do not include mental syndromes other than
depression. While physical medical conditions are examined in more detail in NHANES, these are self-
reported in the interview and therefore the data may be less reliable than register-based medical

information.
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1 Table 1. Description of the sample according to age group. NHANES 2005-2016, sampling-weighted.

Covariates Age groups
Categorical covariates 18 to 30 31 to 50 51 to 65 66 to 80
Age group Total, % 23 36 24 16
Gender Female, % 50 51 51 57
Minimal (0 to 4) 80 79 78 81
Mild (5 to 9) 14 14 14 14
PHQ-9 Severity Moderate (10 to 14) 4 5 5 4
score 11\/;())derately severe (15 to 1 ) ’ |
Severe (20 to 27) 1 1 1 <1
. Not difficult at all 18 26 18 12
L0 Somewhat difficult 5 8 5 3
impairment Very difficult 1 1 1 <1
P Extremely difficult <1 1 <1 <1
Mexican American, % 13 10 5 4
Other Hispanic, % 7 6 4 3
Race-ethnicity Non-Hispanic white, % 58 63 73 80
Non-Hispanic black, % 14 12 11 8
Other race, % 8 8 7 5
2005, % 16 17 14 15
2007, % 16 17 15 15
NHANES 2009, % 17 17 16 16
sampling year 2011, % 17 16 18 16
2011, % 17 17 18 18
2013, % 17 16 18 20
Ratlo of family ?elow poverty threshold, 24 14 1 1
income to poverty | %
married, % 28 64 65 57
widowed, % 0 1 5 27
. divorced, % 2 11 16 10
Marital status separated. % 1 3 3 1
never married, % 52 13 8 3
living with partner, % 16 9 4 2
Continuous covariates
i 3.01 (.06) | 3.09 (.05) | 3.11(.07) | 2.65(.06)
PHQ-9 score, mean (SE) [C10, C90] [0, 8] (0. 8] [0, 9] [0, 7]
?él}lan)lber of physical medical conditions, mean 080 (.00) | 29 (01) 76 (.02) 139 (.02)

2 Footnote. The values are percentage units.
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Table 2. Contribution of the symptom to the full model in terms of Nagerlkerke’s R2.

Nagelkerke’s R? for Step 3 model

Percentage of

PHQ-9 Symptom without o
the specific symptom with respect
to full Step 3 model?
Anhedonia 318 3.98
Low mood® 318 4.06
Sleep 327 1.13
Fatigue 317 4.31
Appetite 325 1.76
Feelings of worthlessness and guilt® 322 2.90
Concentration® 321 3.04
Motor 318 3.85
Self-harm or death thoughts 326 1.65

Footnote: Values for Nagelkerke’s Pseudo R? registered when excluding individual PHQ-9 symptoms
from the model in Step 3. #These values are with respect to the full model R*=.331 (e.g. 1 - .318/.331 =
3.98). The effect of this symptom on high functional impairment was moderated by age group.
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Supplementary Table S1. Differential Item Functioning analyses for the PHQ-9 according to age
groups 18-30, 31-50, 51-65, and 66-80. NHANES 2005-2016.

normal life activities

Uniform DIF, Non-uniform DIF, Total DIF effect,

PHQ-9 item Nagelkerke’s R? Nagelkerke’s R? Nagelkerke’s R?
change change change

Anhedonia .001 .001 .002
Low mood .000 .000 .000
Sleep .000 .000 .001
Fatigue .001 .003 .004
Appetite .002 .000 .002
Worthlessness and guilt .002 .000 .002
Concentration .001 .000 .001
Motor .000 .000 .000
Self-harm or death .003 .000 .004
Difficulties to carry out 000 001 001

Note. In order to be flagged for DIF, a change in Nagelkerke’s R? ought to be >.02.




Supplementary Table S2. Differential Item Functioning analyses for the PHQ-9 according to gender.
NHANES 2005-2016.

Uniform DIF, Non-uniform DIF, Total DIF effect,

PHQ-9 item Nagelkerke’s R? Nagelkerke’s R? Nagelkerke’s R?
change change change

Anhedonia .000 .000 .000
Mood .000 .000 .000
Sleep .000 .000 .001
Fatigue .002 .000 .002
Appetite .004 .000 .004
Worthlessness and guilt .000 .000 .000
Concentration .000 .001 .001
Motor .002 .000 .002
Self-harm or death .002 .000 .002
il )

Note. In order to be flagged for DIF, a change in Nagelkerke’s R? ought to be >.02.



Supplementary Table S3. Logistic regression models predicting functional impairment derived from the
PQ-9 symptoms. Sample-weighted model estimates corresponding to the Steps 1 to 4. NHANES 2005-
2016.

Step Predictors b s.e. Z p-value AIC R?
Sum-score 31 .02 14.43 <.0071***
Age 23 31 75 45
Age, 54 33 1.74 .10
1 Age; .96 34 2.80 <.01** 4574.57 | 316
Sum-score*Age; .01 .02 23 0.82
Sum-score*Age, -.02 .03 -.84 40
Sum-score*Ages -.06 .03 -2.15 .03*
Interest 1.19 .10 12.28 <00 ***
Age; 22 33 .66 Sl
Age, 33 37 .89 38
2a | Ages 1.04 .39 2.68 O1%* 5526.90 | .210
Interest*Age, .07 12 .56 .58
Interest *Age, .00 13 -.01 .99-.
Interest *Age; -43 .14 -3.05 <.QQ***
Mood 1.40 A1 13.25 <. 001 ***
Age .36 .36 .99 32
Age, .50 38 1.132 .19
2b | Age; 1.19 40 2.99 <001 *** 5315.18 | .233
Mood *Age, -.05 13 -.37 71
Mood *Age, -.08 13 -.61 .54
Mood *Ages -.48 15 -3.26 <.00]***
Sleep .84 A1 7.56 <00 ***
Age 32 .39 .80 42
Age, 77 41 1.87 .06
2¢ | Ages 1.17 45 2.57 O1** 6123.41 | .149
Sleep *Age; .03 13 22 .82
Sleep *Age, -.13 14 -.93 35
Sleep *Age; -.40 15 -2.67 O1**
Energy 1.18 13 9.24 <.0071***
Age; Sl 48 1.06 29
Age, 20 49 41 .68
2d | Age; .96 .53 1.81 .07 5713.72 | .191
Energy *Age; -.04 .16 -.26 .80
Energy *Age, 13 .16 .81 42
Energy *Ages -.25 17 -1.51 A3
Appetite 1.01 .10 9.76 <001 ***
Age 49 34 1.47 14
2f | Agep 1.09 .36 3.04 <001 *** 5983.35 | .163
Ages 1.28 38 3.37 <001 ***
Appetite*Age, -.03 12 -.26 .79




Appetite*Age, -.23 13 -1.79 .07
Appetite*Ages -.44 14 -3.23 <.00]***
W&G? 1.09 10 11.26 <001 ***
Age -.02 31 -.07 .94
Age, .39 33 1.18 24
2g | Age; .76 .36 2.11 .04%* 5608.50 | .202
W&G* Age, 15 A2 1.29 .20
W&G*Age, .04 A2 .30 77
W&G* Ages -.26 A2 -1.84 .07
Concentration 1.22 10 12.16 <.0071***
Age .65 32 2.02 .04*
Age, 1.09 33 3.28 <00 ***
2h | Age; 1.42 .36 3.91 <00 *** 5697.97 | .192
Concentration*Age; -1.0 12 -.83 41
Concentration*Age, -.22 A2 -1.76 .08
Concentration* Age; -.55 13 -4.31 <001 ***
Movement 1.24 A1 11.42 <.0071***
Age; 71 28 2.54 O1%*
Age, .99 31 3.22 <001 ***
21 | Ages .59 34 1.72 .09 5898.14 | .172
Movement*Age, -.16 13 -1.19 23
Movement*Age, -.26 .14 -1.87 .06
Movement*Age; -.21 14 -1.47 14
SH&DP 1.19 .16 7.27 <001 ***
Age; .01 .30 .05 .96
Age, 42 32 1.30 .19
2] | Ages .53 34 1.54 A2 6176.12 | .144
SH&DD *Age, 31 21 1.47 14
SH&D" *Age, .05 21 22 .83
SH&DP *Age; -.32 23 -1.41 .16
Age; 17 .56 .30 .76
Age, .64 .57 1.12 .26
Ages 1.35 .64 2.10 .04*
Interest 33 .16 2.05 .04*
Mood 77 17 4.53 <00 ***
Sleep -.07 15 -.49 .63
Energy 44 .19 2.32 02%*
3 Appetite .20 13 1.54 12 4563.42 | .331
W&G? -.14 .16 -.93 35
Concentration .60 15 3.99 <.0071***
Movement .58 14 3.98 <001 ***
SH&DP -.01 27 -.05 .96
Interest*Age, .07 .20 33 .74
Interest *Age, 17 .20 .85 .39
Interest *Age; -.17 21 -.81 42




Mood *Age, -42 21 -1.99 .05%*
Mood *Age, -.32 21 -1.55 12
Mood *Age; -.34 22 -1.54 12
Sleep *Age, .16 18 .90 .37
Sleep *Age, .02 .19 13 .90
Sleep *Age; 16 .19 .84 40
Energy *Age; -.06 23 -.28 .78
Energy *Age, 21 23 .90 .37
Energy *Age; .06 23 27 .78
Appetite*Age,; .01 16 .06 .96
Appetite*Age, -.17 17 -1.01 31
Appetite*Age; -.07 .19 -.38 .70
W&G*Age, 52 .19 2.67 O1%*
W&G*Age, 42 .19 2.18 .03*
W&G* Ages 24 21 1.14 25
Concentration*Age, -.30 18 -1.73 .08
Concentration*Age, -.44 18 -2.33 02*
Concentration* Age; -.54 .19 -2.76 01**
Movement*Age,; -.23 18 -1.27 20
Movement*Age, -.30 18 -1.63 10
Movement*Age; .07 .20 33 74
SH&DP *Age, 45 31 1.43 15
SH&D® *Age, 24 31 .79 43
SH&DP *Age; .03 35 .07 .94

Footnote. Coefficients of covariates excluded for readability. The reference category of age group is
18-30, de other groups are 31-50, 51-65, and >66. b: unstandardized logistic regression coefficient, s.e.:
standard error of estimation, Z: Z statistic, AIC: Akaike’s Information Criterion, lower values indicate
better model fit. R>: Nagelkerke’s R?, obtained by comparing to the null model (i.e. intercept only). 2
Feelings of worthlessness and guilt, ® Self-harm and death thoughts.



Supplementary Table S4. Sensitivity analyses of Step 1 excluding three items from the sum-score.
NHANES 2005-2016.

Step Predictors b s.e. Z p-value AIC R?
Sum-score? .36 .03 13.71 <00 *#*
Age, .23 32 72 47
Age, 48 34 1.44 15

1 Age; .80 36 2.24 .02* 4837.17 285
Sum-score**Age, .02 .04 41 .69
Sum-score**Age, -.03 .04 -.64 52
Sum-score**Age; -.08 .04 -1.75 .08

Footnote. Coefficients of covariates excluded for readability. The reference category of age group is
18-30, de other groups are 31-50, 51-65, and >66. b: unstandardized logistic regression coefficient, s.e.:
standard error of estimation, Z: Z statistic, AIC: Akaike’s Information Criterion, lower values indicate
better model fit. R?: Nagelkerke’s R?, obtained by comparing to the null model (i.e. intercept only).
aThe sum-score was calculated using the responses to the six symptoms only (anhedonia, appetite,
sleep, fatigue, movement, self-harm or death), therefore leaving out the effects of the symptoms
showing interaction with age group in the Step 3 of Table S3 (low mood, feelings of worthlessness and
guilt, and concentration problems).



Figure S1. Sample-weighted proportions of endorsement of PHQ-9 symptoms according to age.
NHANES sampling years 2005-2016.
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Figure S2. Sample-weighted proportions of endorsement of PHQ-9 symptoms according to age for
participants reporting that depressive symptoms make it very or extremely difficult to function.
NHANES sampling years 2005-2016 (n= 1,032).
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