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ABSTRACT OF THE THESIS 

 

Effect Measure Modification by Sex on the Association between  

Educational Attainment and Depressive Distress: NHANES 2015-2016 

 

by 

 

Sijia Wang 

 

Master of Science in Epidemiology 

University of California, Los Angeles, 2019 

Professor Susan D. Cochran, Chair 

 

Background: Studies yield conflicting results for the relationship of educational attainment to 

depressive distress. In addition, there is competing evidence for the sex variations in this 

relationship.  

Objectives: The aim of this study was to examine 1) the patterns of depressive distress across 

varying levels of education, and 2) whether there are sex differences in the effect of educational 

attainment on depressive symptoms. 

Methods: This is a cross-sectional study using the most recent data available from the U.S. 

National Health and Nutrition Examination Survey (NHANES) 2015 – 2016. 4912 U.S. adults 

aged 20 years and older whose depressive distress was assessed with the Patient Health 

Questionnaire (PHQ-9) depression screener were analyzed. Adjusted multivariate logistic 
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regressions and trend analyses were performed to examine the patterns of depressive symptoms 

across varying educational levels. Product terms were incorporated to detect whether there is 

departure from odds-ratio multiplicativity of effects. Additionally, relative excess risk due to 

interaction (RERI) was also evaluated for discerning the existence of deviation from additivity 

for the purpose of testing the effect measure modification (EMM) by sex.  

Results: The weighted prevalence of depressive distress was 7.5%. An inverse association 

between educational attainment and depressive symptoms was detected and remained 

statistically significant after adjusting for potential confounders. In addition, trend analyses 

suggested a statistically significant linear trend in this association (P for trend = 0.0079). 

Compared to the highly educated, individuals who did not complete a high school degree had a 

much higher odds of displaying depressive distress (OR = 2.32, 95% CIs 1.59 - 3.38, P < 

0.0001). However, no statistically significant departure from either odds-ratio multiplicativity or 

additivity of effects was observed, although RERI suggested a positive additive interaction 

between education and sex.   

Conclusions: This study identified a linearly negative relationship between educational levels 

and depression. A higher level of educational attainment is associated with lower odds of 

showing depressive symptoms, independent of other risk factors. Furthermore, the effect of 

educational attainment on depressive distress was found to be homogeneous between males and 

females. This result reflects a major transition in certain social determinants in the context of the 

contemporary society in the U.S and further studies are needed to better understand this 

phenomenon. 

Keywords: NHANES; Depressive distress; Educational attainment; Sex; EMM 

 



 iv 

The thesis of Sijia Wang is approved. 

 

Leeka I. Kheifets 

Hilary Jeanne Aralis 

Elizabeth Rose Mayeda  

Susan D. Cochran, Committee Chair 

 

 

University of California, Los Angeles 

2019 

 

 

 

 

 

 

 

 

 

 

 

 

 



 v 

Table of Contents 

1. Introduction ................................................................................................................................ 1 

2. Methods ...................................................................................................................................... 3 

2.1 Data Sources and Dataset Description ................................................................................. 3 

2.2 Study population .................................................................................................................. 4 

    2.3 Measurements …….............................................................................................................. 5 

    2.4 Statistical Analysis ............................................................................................................... 9 

3. Results ...................................................................................................................................... 10 

3.1 Baseline Characteristics of Participants ............................................................................. 10 

3.2 Educational Attainment and Depressive Distress .............................................................. 11 

    3.3 Sex and Depressive Distress ….......................................................................................... 12 

    3.4 Effect Measure Modification by Sex …………………..................................................... 12 

4. Discussion ................................................................................................................................ 23 

4.1 Educational Attainment and Depressive Distress .............................................................. 23 

4.2 Sex and Depressive Distress .............................................................................................. 24 

    4.3 Effect Measure Modification by Sex …............................................................................. 25 

4.4 Additional Findings ………………..…………………..................................................... 27 

4.5 Strengths and Limitations ……………………………………………………………….. 28 

5. Appendix …………………………………………………………………………………….. 31 

6. References ................................................................................................................................ 35 

 

 

 



 vi 

List of Tables 

Table 1. Baseline characteristics of participants aged 20 years and older by depressive distress 

defined by PHQ-9 in NHANES 2015–2016 (n = 4912) .............................................................. 15 

Table 2. Crude ORs (95% CIs) from bivariate logistic regressions and adjusted ORs (95% CIs) 

from multivariate logistic regression associated with depressive distress in NHANES 2015-

2016 …………………………………………….......................................................................... 17 

Table 3. Multivariate logistic regressions of depressive distress with product terms testing for 

statistical interaction on multiplicative scale among adult participants aged 20 years and older, 

NHANES 2015-2016 ................................................................................................................... 19 

Table 4. Modification of the effect of educational attainment on depressive distress by sex on the 

additive scale among adult participants aged 20 years and older, NHANES 2015-

2016 .............................................................................................................................................. 20 

Table 5. Crude and adjusted ORs (95% CIs) of depressive distress stratified by sex from logistic 

regressions in adult participants aged 20 years and older, NHANES 2015-

2016 .............................................................................................................................................. 21 

 

 

 

 

 

 

 

 



 vii 

List of Figures 

Figure 1. Study population review chart ……………………........................................................ 5 

Figure 2. Sex difference on the association between levels of educational attainment and log 

odds of depressive distress, adjusting for covariates (i.e., Age Group, Race/Ethnicity, Marital 

Status and PIR) ……………………............................................................................................ 22 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 1 

1. Introduction 
 
            Depression is a prevalent and recurrent medical condition that negatively affects the 

quality of life of patients and is associated with significant disability, mortality, and economic 

burden throughout the world [1, 2]. It has been established as a leading cause of disability 

worldwide [3, 4] and is expected to rank as the 2nd major contributor to the overall global burden 

of disease by 2030 [5]. According to the World Health Organization (WHO), more than 300 

million people of all ages from all walks of life around the world are estimated to be suffering 

from depression, representing an increase of more than 18% between 2005 and 2015 [6]. In the 

United States, an estimated 17.3 million (7.1%) adults aged 18 or older have experienced at least 

one major depressive episode in 2017, of whom approximately 63.8% ended up with severe 

impairment, accounting for 4.5% of all U.S. adults [7]. Statistics, derived from American 

Psychiatric Association, suggest that about one in six people (16.7%) will experience depression 

sometime in their life [8]. Subsequently, this situation entails higher societal costs [9] and greater 

functional damage than many other chronic diseases [10]. 

            Extensive research has investigated the etiology of depression; however, the complete 

picture has yet been fully delineated. Factors attributable to depression may concern biological, 

psychological as well as the social environment. Previous literature and meta-analyses have 

demonstrated that higher educational attainment has a cumulative protective effect against 

depressive distress throughout life [11-14]. Meanwhile, robust findings of the sex effect in 

depression maintain that major depressive disorders are more likely to be diagnosed among 

females compared to males and women are subject to more distress represented by depressive 

symptoms [15-20]. Nevertheless, the role of sex in the depressive distress does not exist in a 

vacuum [21]. Efforts have been made to explore whether the effects of education on depression 
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are modified by sex, and a spectrum of research has yielded evidence that women receive more 

protective benefits from education against depression relative to their male counterparts [22-24].  

            The large body of literature have shed light on the importance of social determinants in 

mental well-being. However, recent endeavors on the association between education and 

depression along with its sex differences suggested conflicting results across studies. In contrast 

to a cumulative protective effect, a curvilinear pattern was discerned in the protection from 

education against depressive symptoms by Bracke and Pattyn [25, 26]. Moreover, results derived 

by Goesling showed a diminishing protective effect of educational attainment against depressive 

symptoms as levels of education increase [27]; and exceptionally attenuated mental well-being 

returns to education have been observed in multiple studies among individuals with a high 

education [28-32], reported to be more pronounced among females by Chevalier and Feinstein 

[31]. Furthermore, the inconsistency in the findings also concerns sex variations. Rather than 

suggesting females benefit more from education, Bauldry observed evidence predicting that men 

gain more from education than women in terms of mental well-being [33]. More remarkably, a 

longitudinal analysis in HUNT study found that the gap in depression between males and 

females was essentially nonexistent across each level of education [12].  

            Given the ambiguity of the data and the inconsistency of research findings, this study was 

performed using the most recent nationally representative data available, i.e., National Health 

and Nutrition Examination Survey (NHANES) 2015 – 2016. The aims of this study were to 1) 

measure the patterns of depressive distress across varying levels of education while accounting 

statistically for a range of sociodemographic characteristics, and 2) examine whether there are 

sex differences in this relationship on the odds-ratio scale – namely, whether the effect of 

educational attainment on depressive distress differs between males and females. Findings will 
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contribute to the body of research examining the sex differences in the association between 

educational achievement and depressive symptoms. In addition, the fact that depression 

constitutes a major portion of global disability burden warrants the pressing need to identify the 

modifiable factors affecting depressive distress to be targeted in public health campaigns.  

 

2. Methods 

2.1 Data Sources and Dataset Description 

            I used publically available data from the National Health and Nutrition Examination 

Survey (NHANES) 2015–2016. The NHANES is a cross-sectional, nationally representative 

survey conducted by National Center for Health Statistics (NCHS), a branch of the Centers for 

Disease Control and Prevention (CDC) to monitor the health and nutritional status of adults and 

children in the United States [34]. Participants, representative of the noninstitutionalized civilian 

US population, are selected through a complex, multistage, probability sampling design [35]. 

Since 1999, NHANES, also known as Continuous NHANES, has collected health-pertinent 

information on an annual basis, and the data have been released in a 2-year cycle. During a 

single survey year, a nationally representative sample of about 5,000 persons are interviewed and 

examined in about 15 counties (i.e., primary sampling units - PSUs) selected out of 

approximately 3,100 counties in the United States [36]. On average, within each selected 

segment (generally a city block or its equivalent) from these counties, 1.6 individuals are chosen 

to participate per household. Participation in the survey is confidential and voluntary. The 

selected respondents who provide the informed consent receive a personal interview performed 

by trained personnel using Computer-Assisted Personal Interview (CAPI) system at home, and 

then a standardized physical examination involving medical, dental, and physiological 
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measurements, as well as laboratory tests administered by highly trained medical professionals in 

the well-equipped Mobile Examination Centers (MEC). 

            NHANES questionnaires assess socio-demographics (e.g., sex, age, race/ethnicity, 

education, marital status, ratio of family income to poverty), dietary matters (e.g., individual 

foods, nutrient intakes), health behaviors (e.g., alcohol use, drug use, smoking), lifestyle patterns 

(e.g., physical activity, sleeping patterns), medical conditions (e.g., past diagnoses given by 

health professionals of cardiovascular diseases, diabetes, cancer) and multiple other health-

related topics. The overall unweighted interview response rate and examination response rate for 

the in-home and MEC interview were 61.3% and 58.7%, respectively [36]. Detailed descriptions 

of the survey design and procedures are available elsewhere [37].  

 

2.2 Study Population 

            From the total nationally representative survey sample of 2015-2016 (N = 9971), 4236 

participants were excluded due to ineligibility (i.e., only MEC participants 12 years and older 

were eligible) and data inaccessibility for privacy protection (i.e., data for youth aged 12-17 

years are available through the NCHS Research Data Center only). Among eligible adults in 

NHANES public data (n = 5735), 261 aged under 20 years old were not included as there was an 

age restriction for different education classifications and covariate information. Of the rest, 556 

subjects did not provide usable answers to any question and thus were excluded, since there was 

no way to estimate their PHQ-9 scores without any information from the items. In addition, 

another 6 individuals were not included because their missing items for the PHQ-9 depression 

screener were more than 2 and did not meet the criteria for the estimation of missing items (see 

Statistical Methods). Finally, 4912 participants were included in the following analysis (Figure 
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1). The ethics approval for NHANES has been obtained by the NCHS Research Ethics Review 

Board (Continuation of Protocol #2011-17). 

 

Figure 1. Study population review chart. 

 

2.3 Measurements 

           Depressive Distress: NHANES has been administering Patient Health Questionnaire 

(PHQ-9) since 2005 to detect depressive symptoms. The PHQ-9 is a nine-item depression 

screening instrument that asks about the frequency of symptoms of depression over the past two 

weeks [38, 39]. It incorporates nine criteria upon which the diagnosis of DSM-V depressive 
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disorders is based and is a well-validated version of the Primary Care Evaluation of Mental 

Disorders (PRIME-MD) [40, 41]. For each of the nine items, the response is scored on a four-

point Likert scale of 0–3, indexed to "not at all," "several days," "more than half the days," and 

"nearly every day", respectively. Based on the sum of the points in each item (i.e., a total PHQ-9 

score from 0 to 27), responses are categorized into five levels of depression severity: “none or 

minimal” (0–4), “mild” (5–9), “moderate” (10–14), “moderately severe” (15–19), and “severe” 

(20–27) [38, 39]. The 10th question evaluates holistically the extent to which those problems 

have impaired daily life, from no difficulty to extreme difficulty incurred. The questions were 

asked at the MEC, by trained interviewers, using the CAPI system as part of the MEC private 

interview. Participants requiring a proxy were not eligible because of the sensitive nature of the 

screener [42]. For the purpose of this study, a PHQ-9 score ≥10 was employed to indicate the 

presence of depressive distress. A cut-off score of 10 has been recommended for detecting 

depressive symptoms in the prior validation study where it yielded a sensitivity and specificity of 

88% when compared against structured professional mental health assessment [38, 39]. Thus, 

participants scoring 10 or greater (10–27) were classified as having “depressive distress”, 

corresponding to the combination of moderate, moderately severe, and severe depression, while 

none or minimal and mild depressive symptoms (PHQ–9 scores of 0–9) amounts to “no 

depressive distress” for the purpose of analysis in this study. The missing item pattern was 

examined and the most common pattern was missing all 9 items. PHQ-9 with up to two missing 

values were estimated, substituted with the average score of the completed items [43-45].  

           Educational Attainment: Educational attainment was assessed by the highest grade or 

level of education completed or the highest degree received by adults 20 years and older. For the 

analysis of this study, education was classified into four levels: 1) less than high school (less than 



 7 

9th grade or 9-11th grade or 12th grade with no diploma), 2) high school graduate/GED (i.e., 

General Education Development/Diploma or equivalent), 3) some college (including associates 

or AA degree), and 4) college graduate or above [37].  

           Sex: Throughout this study, sex is dichotomized into male and female. The term, sex 

differences, is referred to as variations ascribed to the reproductive organs or different 

chromosomal complement (i.e., XX or XY) of individuals from a biological viewpoint [40]. For 

the purpose of this study, sex is conceived as representative of unequal hierarchies of social 

status. Women have been believed to be inferior to their male counterparts in terms of 

socioeconomic resources, for instance, income, power and authority. Restricted opportunities for 

employment, unsatisfactory payment, the ensuing economic dependency, as well as less 

authority and power confine women to a disadvantaged position in the society relative to men 

[46-48].  

           The a priori covariates selected for inclusion in the analyses are related to education and 

depressive distress, based on the scientific literature review. These potential confounding 

covariates involve age, race/ethnicity, marital status and ratio of family income to poverty (PIR). 

Data on all covariates were collected by interviewers using CAPI system during the home 

interview session through the family and sample person demographics questionnaires. 

           Age: The variable age, calculated based on the date of birth of the respondents, is age in 

years at the time of the screening interview, and is reported for survey participants between the 

ages of 1 and 79 years of age. With respect to participants aged ≥ 80 years old, the responses are 

top-coded at 80 years of age. In rare cases, the self-reported age was used, under the condition 

that the actual date of birth was missing. In this study, age was restricted at 20 and older and 

categorized into three groups for the analysis: 1) 20 - 39, 2) 40 - 59, and 3) 60 and older. 
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           Race/Ethnicity: The NHANES includes a race/ethnicity variable accommodating the 

oversampling of non-Hispanic Asian and it has been incorporated in the demographics since the 

2011-2012 survey cycle. It is derived from responses to the survey questions on race and 

Hispanic ethnicity. Race/ethnicity has six levels: Mexican American, Other Hispanic, Non-

Hispanic White, Non-Hispanic Black, Non-Hispanic Asian, and Other Race - Including Multi-

Racial. For this analysis, four categories were employed to represent race/ethnicity effect: 1) 

Hispanic (including Mexican American and Other Hispanic), 2) Non-Hispanic White, 3) Non-

Hispanic Black, and 4) Non-Hispanic Asian. Respondents in “Other Race - Including Multi-

Racial” group were incorporated in the total but not reported separately, as they are highly 

heterogeneous and much smaller in proportion relative to other racial/ethnic groups, which 

rendered interpretation difficult.  

           Marital status: Information on marital status is also obtained. For analytical purposes, 

marital status was divided into three classes: 1) Married/Cohabiting, 2) Widowed/ Divorced/ 

Separated, and 3) Never married. 

           PIR: Poverty income ratio, a measurement of socio-economic status, was calculated by 

dividing family (or individual) income by the poverty guidelines specific to the survey year, 

accounting for inflation and family size. Poverty guidelines, issued each year in the Federal 

Register by the Department of Health and Human Services (HHS), are applied as the federal 

poverty measure for the calculation of PIR and also serve for administrative purposes - 

determining financial eligibility for certain federal programs [49]. In this study, PIR were 

dichotomized into two levels: 1) low income (< 200% of poverty level), and 2) middle or high 

income (≥ 200% of poverty level) [50]. 
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2.4 Statistical Analysis 

           Statistical analysis was performed with Statistical Analysis System software package 

version 9.4 (SAS Institute Inc., Cary, NC, USA). Multiple imputation was implemented to deal 

with the missing values in educational attainment, marital status, and PIR. Sample design 

variables were employed to account for the stratified, multistage probability sampling design. 

MEC sample weights were used to take into account the differential probabilities of selection and 

survey non-response in NHANES. Selected characteristics for participants with and without 

depressive distress were described by % (95% confidence intervals, i.e., 95% CIs) and were also 

compared using χ2 tests (Table 1). Sex-specific characteristics of educational attainment with 

respect to depressive status are also listed in Table 1. Binary logistic regression was applied to 

explore the crude and adjusted odds ratios (ORs) together with the corresponding 95% CIs 

associated with depressive symptoms (Table 2). The potential confounders adjusted for in the 

multivariate logistic regressions involve age group, race/ethnicity, marital status and PIR. Trend 

analysis of the association between education and depression was also performed and P-values 

were reported in Table 2. Estimates presented were statistically reliable grounded on a relative 

standard error of 30% or less. Statistical significance was evaluated by a two-sided P-value < 

0.05.  

           For the purpose of testing whether there are sex differences in the association between 

educational attainment and depressive distress, the multiplicative interactions between 

educational levels and sex in association with depression were statistically tested by introducing 

product terms into the logistic regression models, both Model I (i.e., basic model with only main 

effects) and Model II (i.e., covariate-adjusted model based on the main effects). The results were 

reported as coefficient estimates (ßs) with 95% CIs and P-values for interpretation of the sex 
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differences (Table 3). Figure 2 depicted the patterns of educational effects on depressive 

symptoms between males and females on the log-odds scale. Given the assumption of a rare 

outcome (< 10%), ORs could approximate relative risks (RRs) and be used in lieu of RRs in this 

study [51]. Thus, relative excess risk due to interaction (RERI) was calculated to examine further 

whether there was departure from additivity in the effect modification (Table 4). Furthermore, 

sex-stratified analyses were also used to evaluate the magnitude of the association within each 

stratum and their 95% CIs (Table 5). In the sensitivity analysis (see Appendix), I used several 

categories of educational levels, several choices for a reference, and adjusted for varying 

combinations of covariates. Since the results did not change materially, the detailed version of 

educational classification, which maintained relatively balanced group sizes, and the most 

interpretable and comprehensible choice of reference group are presented herein. �

  

3. Results 

3.1 Baseline Characteristics of Participants 

           The baseline characteristics of the study population, weighted to the US adult population, 

are presented in Table 1. In this study population, the weighted prevalence rate of depressive 

distress was 7.5%. Among those displaying depressive distress, the proportion of females 

(64.7%, 95% CIs 57.9% - 71.6%) was approximately twice that of males (35.3%, 95% CIs 

28.4% - 42.1%); whereas, among the non-depressives, the difference of proportions was 

extremely small. As for educational attainment, a statistically significant difference was observed 

in the depressive status associated with various levels of education (χ2 P-value < 0.0001). 

Compared to subjects without depressive symptoms, the depressives were characterized by a 

higher proportion of “Less Than High School” (21.7%, 95% CIs 14.7% - 28.7%), almost two 
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times that of the non-depressives, and a lower proportion of “College Graduate or Above” 

(18.4%, 95% CIs 9.1% - 27.6%), around half of the percentage of participants without depressive 

distress. Table 1 also delineates sex differences in the distribution of varying educational levels 

between participants with and without depressive symptoms. χ2 P-values suggest a statistically 

significant association between educational attainment and depression among both females (χ2 P-

value < 0.0001) and their male counterparts (χ2 P-value = 0.0431). Moreover, the patterns of 

educational distribution were similar – namely, that wide disparities were discerned in 

individuals of “Less Than High School” and “College Graduate or Above” among both sex 

subgroups. The proportion of the least educated was much higher among the depressives relative 

to non-depressives (female: 18.5% v. 11.8%; males: 27.7% v. 14.8%); whereas, the highly 

educated constituted the lowest portion of all among the depressive participants (female: 17.9% 

v. 33.5%; males: 19.3% v. 33.0%). At the bivariate level, participants with and without 

depressive distress were significantly different across most demographic characteristics.  

 

3.2 Educational Attainment and Depressive Distress 

           Both the crude and adjusted ORs (95% CIs) associated with depressive distress from 

logistic regressions suggested higher educational attainment as a statistically significant 

protective factor against depression (Table 2). In addition, a statistically significant linear trend 

in the association was detected from trend analyses. Although the magnitude of this association 

slightly attenuated after adjusting for multiple potential confounders in the adjusted model, 

statistically significant protective effects and the linear trend of varying levels of education 

against depressive symptoms still held firmly. Compared with college graduates and above, 

participants who only completed less than high school had nearly 2.5 times higher odds of 
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showing depressive symptoms, which accounted for the highest odds of depression across 

varying educational levels (OR = 2.32, 95% CIs 1.59 - 3.38, P < 0.0001). As educational 

achievement increased, the odds of depression declined, with a linear trend P-value = 0.0079, 

indicating that there was sufficient evidence to suggest a statistically significant linear trend 

between educational levels and depressive distress. 

  

3.3 Sex and Depressive Distress 

           Being female was a statistically significant risk factor of depression as shown in Table 2. 

The magnitude of the association did not differ much and the statistical significance remained in 

the adjusted model (OR = 1.46, 95% CIs 1.18 – 1.81, P = 0.0006) relative to the crude point 

estimate (OR = 1.52, 95% CIs 1.24 – 1.86, P < 0.0001) in the bivariate logistic regression. 

Adjusting for other factors, the odds of being depressively distressed among females in this study 

population was 1.46 times that of males. 

 

3.4 Effect Measure Modification by Sex  

Statistical Interaction on the Multiplicative Scale 

           Results of analyses did not support the hypothesis of a statistical interaction between 

educational attainment and sex in predicting depressive distress. Results derived from Model I 

and Model II were in accordance with each other (Table 3). In the adjusted Model II, I failed to 

detect the evidence for interactions (Less Than High School*Female: P = 0.5747, High School 

Graduate*Female: P = 0.9835, Some college*Female: P = 0.6958). In addition, the 95% CIs 

were consistent with no departure from odds-ratio multiplicativity. Hence, no odds-ratio 

heterogeneity was evident in the effect of educational levels on depressive symptoms between 
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sex subgroups on the multiplicative scale in either unadjusted Model I or the adjusted Model II 

(Table 3). Figure 2 presents this relationship by sex with covariates adjusted for. Females were 

generally more likely to display depressive symptoms than males. However, the patterns of the 

relationship between educational levels and depression across sex subgroups were quite similar.  

Effect Modification on the Additive Scale 

            OR approximation of RR under the assumption of a rare outcome generated RERIs for 

the assessment of additive interaction, as shown in Table 4. The RERIs derived from each level 

of education in comparison with college graduates or above by sex measures the extent to which 

the effect of the two factors together exceeds the effect of each considered individually. Given 

that the RERIs were all greater than 0, an indication of positive additive interaction was 

discerned. However, given the uncertainty of the estimate as attested to by the 95% CIs for 

RERISome College = 0.52 (95% CIs -0.39 - 1.43), RERIHigh School Graduate = 0.39 (95% CIs -0.72 - 

1.50), and RERILess Than High School = 0.23 (95% CIs -1.31 - 1.76), there was insufficient evidence to 

suggest a statistically significant departure from additivity in the data. 

Sex-stratified Analysis 

           No significant discrepancy was observed between males and females with respect to the 

change of magnitude of association for specific educational levels with depressive distress after 

adjusting for potential confounders (Table 5). For females, having a high school degree as the 

highest level of education was no longer a statistically significant predictor as compared to 

college graduates or above (P-value = 0.0923), although the point estimate suggested a 1.5 

higher odds of depressive distress and the 95% CIs of 0.93 - 2.46 was compatible with nearly 

null to moderately high odds of depression. Nevertheless, being the least educated or receiving 

some college remained statistically significant. To be specific, the odds of expressing depressive 
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symptoms among those who did not finish high school was double that of college graduates 

(95% CIs 1.24 - 3.35, P-value = 0.0048). Although a smaller detrimental magnitude was 

observed among individuals completing some college, the odds of being depressed was still more 

than 1.6 higher than that of college graduates (95% CIs 1.04 - 2.52, P-value = 0.0333). As for 

males, not completing high school was the only statistically significant risk factor of all 

educational levels associated with depression, relative to college graduate level or higher (P-

value = 0.0008). The least educated males had almost 3 times higher odds of depression than the 

highly educated (OR = 2.74, 95% CIs 1.52 – 4.95), controlling for other covariates. Whereas 

being high school graduates or receiving some college was no longer statistically significant in 

the adjusted model, the adverse magnitude of the point estimates was still nontrivial, with ORs 

being 1.6 (95% CIs 0.88 - 2.89, P-value = 0.1232) and 1.47 (95% CIs 0.82 - 2.62, P-value = 

0.1952) respectively, compared with college graduates. Generally speaking, for both sex 

subgroups, the highest magnitude of association was observed between individuals who did not 

finish high school and college graduates. Moreover, there was consistency between the results 

shown in Table 3 and the sex-stratified analysis, where the 95% CIs around the point estimates 

heavily overlapped at each distinct educational level between men and women (Table 5 and 

Figure 2).  

 



 15 

Table 1. Baseline characteristics of participants aged 20 years and older by depressive distress defined by PHQ-9 in NHANES 2015–2016 (n = 4912)†. 

 Depressive Distressa No Depressive Distress Overall 
Chi-Squared P-valuec  % (95% CIs) % (95% CIs) % (95% CIs) 

N, participants (%) 406 (8.3) 4506 (91.7) 4912 (100)  
Frequency, weightedb (%) 16048596 (7.5) 197986589 (92.5) 214035185 (100)  
Education Attainment    < 0.0001 

Less Than High School 21.7 (14.7, 28.7) 13.3 (9.7, 16.8)  13.9 (10.2, 17.6)   
High School Graduate/GED 24.5 (19.3, 29.7) 20.6 (18.3, 22.9) 20.9 (18.7, 23.2)   
Some college/AA 35.4 (25.6, 45.2)  32.8 (29.7, 36.0) 33.0 (29.8, 36.3)   
College Graduate or Above 18.4 (9.1, 27.6)  33.3 (26.7, 39.8)  32.1 (25.6, 38.7)   

Sex    < 0.0001 
Male  35.3 (28.4, 42.1) 49.6 (48.4, 50.9) 48.6 (47.2, 50.0) 0.0431d 

Less Than High School 27.7 (15.3, 40.1) 14.8 (10.4, 19.1) 15.5 (10.9, 20.0)�  
High School Graduate/GED 24.4 (10.4, 38.3) 21.9 (19.1, 24.6) 22.0 (19.3, 24.7)  
Some college/AA 28.7 (13.4, 43.9) 30.4 (26.8, 34.0) 30.3 (26.5, 34.1)  
College Graduate or Above 19.3 (4.3, 34.2) 33.0 (25.4, 40.5) 32.2 (24.5, 39.9)  

Female 64.7 (57.9, 71.6) 50.4 (49.1, 51.6) 51.4 (50.0, 52.8) < 0.0001d 
Less Than High School 18.5 (11.3, 25.7) 11.8 (8.9, 14.8) 12.5 (9.3, 15.6)  
High School Graduate/GED 24.6 (19.2, 29.9) 19.4 (16.9, 21.9) 19.9 (17.6, 22.2)  
Some college/AA 39.1 (28.4, 49.8) 35.2 (31.9, 38.6) 35.6 (32.2, 39.0)  
College Graduate or Above 17.9 (10.0, 25.8)  33.5 (27.6, 39.5) 32.1 (26.1, 38.0)  

Age Group    0.8015 
20 - 39 36.6 (29.8, 43.3) 35.1 (32.0, 38.1) 35.2 (32.3, 38.1)  
40 - 59 36.7 (29.8, 43.6) 36.1 (33.3, 38.9) 36.1 (33.5, 38.7)  
60 and Older 26.7 (19.8, 33.7) 28.9 (25.7, 32.1) 28.7 (25.6, 31.8)  

Race/Ethnicitye    0.064 
Mexican/Hispanic 15.7 (9.9, 21.6) 14.8 (9.0, 20.7) 14.9 (9.2, 20.6)   
Non-Hispanic White 64.5 (55.0, 73.9) 65.4 (56.7, 74.0)  65.3 (57.0, 73.6)  
Non-Hispanic Black 12.1 (6.8, 17.4) 11.0 (6.4, 15.6)  11.1 (6.5, 15.7)   
Non-Hispanic Asian 2.1 (0.7, 3.5) 5.3 (2.9, 7.8)  5.1 (2.7, 7.4)   

Marital Status    < 0.0001 
Never Married 24.7 (19.0, 30.4)  17.1 (14.5, 19.6)  17.6 (14.9, 20.3)   
Married/Cohabiting 45.6 (37.5, 53.6)  65.8 (62.5, 69.1)  64.3 (60.9, 67.7)   
Widowed/Divorced/Separated 29.8 (23.5, 36.1)  17.1 (14.3, 19.9)  18.1 (15.2, 20.9)   

Ratio of family income to poverty   < 0.0001 
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Low Income (<200%) 58.0 (47.7, 68.3)  34.0 (28.7, 39.3)  35.8 (30.3, 41.3)  
Middle/High Income (≥200%) 42.0 (31.7, 52.3)  66.0 (60.7, 71.3)  64.2 (58.7, 69.7)    

Values are percentages (95% CIs) unless specified, and may not be added up to 100% because of the rounding.  
†% (95%CIs) are weighted to the US civilian, non-institutionalized population; N is not. 
aDepressive Distress is defined by PHQ-9 score ≥ 10; no depressive distress if < 10. 
bWeighted frequency indicates the number of U.S. civilian non-institutionalized population represented. 
cRao-Scott Chi-Square P-values, comparing differences between participants with and without depressive distress, applies the NHANES complex survey 
design effect correction to the Pearson Chi-Square statistic computed from the weighted frequencies (statistically significant indicator if P-value < 0.05).  
dSex-stratified P-values for the association between education and depression. 
eOther/Multi-Racial category (including other Hispanic, Asian, Pacific Islander, Native American and respondents who reported two or more race groups) is 
incorporated in the analyses but not reported due to its within-category heterogeneity. 
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Table 2. Crude ORs (95% CIs) from bivariate logistic regressions and adjusted ORs (95% CIs) from multivariate logistic regression associated with depressive 
distress in NHANES 2015-2016. 

Variables 
Bivariate Logistic Regressionc Multivariate Logistic Regressiond 

ORCrude (95% CIs) P-valueb ORAdjusted (95% CIs) P-valueb 

Educational Attainment < 0.0001a   
Less Than High School 3.25 (2.32, 4.54) < 0.0001 2.32 (1.59, 3.38) < 0.0001 
High School Graduate/GED 2.19 (1.54, 3.12) < 0.0001 1.56 (1.07, 2.27) 0.0193 
Some college/AA 2.14 (1.53, 3.00) < 0.0001 1.57 (1.11, 2.24)  0.0113 
College Graduate or Above 1 < 0.0001 1  
P for trend  0.0021e  0.0079e 

Sex  < 0.0001a   
Male 1 < 0.0001 1  
Female 1.52 (1.24, 1.86) < 0.0001 1.46 (1.18, 1.81) 0.0006 

Age Group  0.6185a   
20 - 39 1 < 0.0001 1  
40 - 59 1.13 (0.88, 1.46) 0.3324 1.31 (1.00, 1.73) 0.0508 
60 and Older 1.08 (0.84, 1.39) 0.5372 1.02 (0.76, 1.36) 0.9157 

Race/Ethnicityf  < 0.0001a   
Non-Hispanic White 1 < 0.0001 1  
Mexican/Hispanic 0.99 (0.78, 1.26) 0.9384 0.68 (0.52, 0.89) 0.0044 
Non-Hispanic Black 0.86 (0.65, 1.13) 0.2666 0.62 (0.47, 0.84) 0.0016 
Non-Hispanic Asian 0.37 (0.23, 0.60) < 0.0001 0.36 (0.21, 0.61) 0.0001 

Marital Status  < 0.0001a   
Married/Cohabiting 1 < 0.0001 1  
Never Married 2.05 (1.59, 2.65) < 0.0001 2.10 (1.59, 2.78) < 0.0001 
Widowed/Divorced/Separated 2.12 (1.67, 2.70) < 0.0001 1.62 (1.25, 2.10) 0.0003 

Ratio of family income to poverty < 0.0001a   
Low Income (<200%) 2.56 (2.04, 3.22) < 0.0001 2.02 (1.57, 2.60) < 0.0001 
Middle/High Income (≥200%) 1 < 0.0001 1   

aOverall P-values from likelihood ratio chi-square test comparing to the null model, i.e., testing global null hypothesis and detecting whether there is any effect 
of the variable. 
bStatistically significant level is set at α = 0.05. 
cBivariate logistic regressions examine the association between each variable with depressive distress using indicator variables. 
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dAdjusted multivariate logistic regression examines the adjusted ORs (95% CIs).   
eP-values from the trend analyses detecting the linear trend between educational attainment and depressive distress; P-value < 0.05 indicates evidence of the 
existence of a linear trend, otherwise if P-value is greater than or equal to 0.05. 
fOther/Multi-Racial category (including other Hispanic, Asian, Pacific Islander, Native American and respondents who reported two or more race groups) is 
incorporated in the analyses but not reported due to its within-category heterogeneity. 
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Table 3. Multivariate logistic regressions of depressive distress with product terms testing for statistical interaction on multiplicative scale among adult 
participants aged 20 years and older, NHANES 2015-2016. 

Variables Model Ia P-valuec Model IIb P-valuec 
ß Estimate (95% CIs) ß Estimate (95% CIs) 

Educational Attainment    
Less Than High School 1.29 (0.77, 1.82) < 0.0001 0.95 (0.39, 1.50) 0.0008 
High School Graduate/GED 0.78 (0.22, 1.34) 0.0066 0.44 (-0.14, 1.02) 0.1346 
Some college/AA 0.63 (0.07, 1.19) 0.0263 0.36 (-0.21, 0.93) 0.2166 
College Graduate or Above 1  1  

Sex     
Male  1  1  
Female 0.45 (-0.13, 1.03) 0.1312 0.40 (-0.19, 0.99)  0.1807 

Product Terms    
Less Than High School*Female -0.18 (-0.86, 0.51) 0.6153 -0.20 (-0.89, 0.49) 0.5747 
High School Graduate*Female 0.03 (-0.69, 0.76) 0.9299 0.01 (-0.73, 0.74)  0.9835 
Some college*Female 0.17 (-0.53, 0.87) 0.6327 0.14 (-0.57, 0.85) 0.6958 

aModel I, basic model, estimates are unadjusted for covariates. 
bModel II estimates are adjusted for covariates, including age group, race/ethnicity, marital status and PIR. 
cStatistically significant level is set at α = 0.05. 
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Table 4. Modification of the effect of educational attainment on depressive distress by sex on the additive scale among adult participants aged 20 years and 
older, NHANES 2015-2016. 

 Male Female  

 
N with/without 

Depressive Distress OR (95% CIs)a  
N with/without 

Depressive Distress OR (95% CIs)a RERIb 
Less Than High School 63 / 520 3.29 (1.82, 5.93) 76 / 475 4.06 (2.23, 7.41) 0.23 (-1.31, 1.76) 
    P < 0.0001   P < 0.0001   
High School Graduate 38 / 523 1.62 (0.89, 2.93) 55 / 469 2.53 (1.42, 4.50) 0.39 (-0.72, 1.50) 

  P = 0.1151  P = 0.0017  
Some college/AA 39 / 621 1.43 (0.80, 2.55) 85 / 731 2.34 (1.37, 3.99) 0.52 (-0.39, 1.43) 

  P = 0.2246  P = 0.0018  
College Graduate/Above 19 / 572 1 31 / 595 1.55 (0.86, 2.80)  

  -  P = 0.1461  
†ORs are adjusted for covariates, including age group, race/ethnicity, marital status and PIR. 
aOdds ratios approximate risk ratios for the assessment of additive interaction. 
bRERI: relative excess risk due to interaction, measure of effect modification on additive scale to evaluate departure from additivity. 
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Table 5. Crude and adjusted ORs (95% CIs) of depressive distress stratified by sex from logistic regressions in adult participants aged 20 years and older, 
NHANES 2015-2016. 

Variables 
Female Male 

Crudec Adjustedd Crudec Adjustedd 
OR (95% CIs) P-valueb OR (95% CIs) P-valueb OR (95% CIs) P-valueb OR (95% CIs) P-valueb 

Educational Attainment < 0.0001    < 0.0001   
Less Than High School 3.05 (1.98, 4.72) < 0.0001 2.04 (1.24, 3.35) 0.0048 3.64 (2.15, 6.16) < 0.0001 2.74 (1.52, 4.95) 0.0008 
High School Graduate 2.25 (1.43, 3.56) 0.0005 1.51 (0.93, 2.46) 0.0923 2.18 (1.24, 3.83) 0.0066 1.60 (0.88, 2.89) 0.1232 
Some college/AA 2.24 (1.46, 3.43) 0.0002 1.62 (1.04, 2.52) 0.0333 1.89 (1.08, 3.30) 0.0263 1.47 (0.82, 2.62)  0.1952 
College Graduate/Above  1    1  

Age Groupa         
20 - 39   1    1  
40 - 59   1.27 (0.89, 1.81) 0.1853   1.37 (0.89, 2.13) 0.1542 
60 and Older  0.91 (0.62, 1.33) 0.6199   1.20 (0.76, 1.88) 0.4313 

Race/Ethnicitya        
Non-Hispanic White  1    1  
Mexican/Hispanic  0.66 (0.47, 0.93) 0.0175   0.69 (0.44, 1.06)  0.0931 
Non-Hispanic Black  0.48 (0.33, 0.72) 0.0003   0.86 (0.55, 1.34) 0.5118 
Non-Hispanic Asian  0.30 (0.14, 0.60) 0.0008   0.49 (0.22, 1.05) 0.0679 

Marital Statusa        
Married/Cohabiting  1    1  
Never Married  2.25 (1.55, 3.25) < 0.0001   2.01 (1.30, 3.10) 0.0017 
Widowed/Divorced/Separated 1.62 (1.16, 2.26) 0.0044   1.70 (1.11, 2.60) 0.0149 

Ratio of family income to povertya       
Low Income (<200%) 2.21 (1.58, 3.08) < 0.0001   1.79 (1.21, 2.66) 0.0037 
Middle/High Income (≥200%) 1       1   

aCovariates adjusted for in the adjusted multivariate logistic regressions. 
bStatistically significant level is set at α = 0.05. 
cCrude association between educational attainment and depressive distress by sex. 
dThe association between educational attainment and depressive distress by sex, adjusting for age group, race/ethnicity, marital status and PIR. 
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Figure 2. Sex difference on the association between levels of educational attainment and log odds of depressive 
distress, adjusting for covariates (i.e., Age Group, Race/Ethnicity, Marital Status and PIR). 
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4. Discussion 

           This study, using data from the NHANES 2015-2016 (n = 4912), found that 7.5% of 

adults age 20 and older are suffering from depressive distress. Depressive symptoms were 

associated with both educational attainment and sex. However, I found little evidence for 

hypothesized interactions between educational attainment and sex in predicting depression. A 

linearly inverse relationship between educational levels and depression was observed, even after 

adjusting for potential confounding due to age, sex, race/ethnicity, marital status and PIR. 

Investigations of multiplicative interaction on the odds ratio scale resulted in similar findings 

with respect to a non-significant interaction between education and sex. Furthermore, despite the 

results yielded by RERI, the positive additive interaction was not statistically significant given 

the data. The sex-stratified analyses corroborated the results from multivariate logistic 

regressions testing for heterogeneity and discerned similar patterns of the negative association. 

Among males, men who reported the lowest level of education were the most depressed as 

compared to those with a college degree or more. Among females, both those with levels of 

education corresponding to less than high school and some college were significantly more 

depressed than those with a college degree. The current work extends previous research to 

provide the estimates of social determinants of depression in this contemporary society. 

 

4.1 Educational Attainment and Depressive Distress 

           One of the main findings in this study concerned a relatively high degree of protection 

offered by higher education against depressive distress. This was consistent with a substantial 

body of evidence documenting the impact of education on depressive symptoms [11-14]. As 

expected, the highest odds of displaying depression lay in individuals whose educational level 
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was less than high school, with an adjusted 2.32 higher odds (95% CIs 1.59 – 3.38) compared 

with college graduates in the study. In addition, trend analysis detected a statistically significant 

linear trend between educational levels and depressive symptoms (adjusted P-value for trend = 

0.0079), which was in line with the conclusions from a meta-analysis of 37 studies on education 

and depression [14]. Although the idea of reverse association has been raised, studies accounted 

for this process generally found it minimal or nonexistent [52] and still detected a robust inverse 

relationship of educational attainment and depressive symptoms [53, 54]. 

           The exact mechanism driving this association still remains unclear, but the main ideas 

underlying varying conceptual frameworks involve human capital and its ensuing effects. 

Education can be deemed as a resource, which precedes and exerts an influence in employment 

and income over the lifespan. Accordingly, education reduces vulnerability to depressive distress 

and enhances emotional well-being [24]. Indeed, human capital - namely, the accumulated 

knowledge, skills, values or behaviors - embedded in the formal education has been endorsed by 

many researchers as an effective protective factor against emotional distress [55-57]. To be 

specific, the process of engaging in educational activities helps cultivate the essential properties 

integral to achieving learnt effectiveness [24, 58] and a strong sense of personal control [56, 58, 

59], mainly comprising confidence to attempt difficult tasks [60], logical and rational analytical 

skills of problem-solving [61, 62], as well as concomitant progressive motivation and effort [58]. 

Extensive literature has shown that a higher level of educational attainment tends to elevate the 

sense of personal control [57, 63-66], which subsequently lowers the level of psychological 

distress [58, 59, 64, 67-70].  

 

4.2 Sex and Depressive Distress 
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           To date, numerous studies have confirmed the susceptible nature of women to depressive 

distress. This effect was also observed in the current study. In the adjusted model, the odds of 

depression among females was nearly 1.5 (95% CIs 1.18 - 1.81) times higher than that of males. 

From a biological perspective, this could be linked to hormonal fluctuation females experience 

during different phases in their lifetime. Estradiol, the main form of estrogen, could affect levels 

of serotonin, a neurotransmitter responsible for regulating depressive status and stress level. 

Moreover, experiments have related the depression-like phenotype to a brain-wide decrease in 

serotonin 1A (5-HT1A) receptor levels and declined hippocampal volume [71]. Apart from that, 

what this phenomenon could also result from is the manifestation of stress. The biological sex 

differences in the context of socialization engender divergent coping systems between men and 

women – namely, that females are inclined to deal with distress internally, while males are 

predisposed to seek outlets externally (e.g., alcohol and substance use) [15, 16]. 

 

4.3 Effect Measure Modification by Sex 

           Results reported here are consistent with longitudinal analyses of the HUNT study [12], 

but inconsistent with much of the previous research examining whether sex acts as an effect 

modifier on the association between educational attainment and depressive distress [22-24]. No 

statistically significant departure from odds-ratio multiplicativity was evident either in the 

unadjusted or the adjusted multivariate logistic regressions. Positive additive interaction has been 

discerned from RERI in this study, showing that the effect of both factors exceeds the sum of 

each considered separately, and hence the public health consequences of an intervention on 

education would be larger in females relative to males. However, the strength of this finding did 

not achieve statistical significance, and the 95% CIs suggested that further investigation with 
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larger samples or more covariates to adjust for might be worthwhile. Furthermore, sex-stratified 

analyses also generated similar patterns of the association and no apparent deviations were 

detected between sex subgroups.  

           Past research suggesting the existence of sex differences on the association generally 

diverge towards two different underlying theories - resource substitution [24] v. resource 

multiplication [33]. The empirical evidence favors the resource substitution theory, where 

women are conceptualized as being in a disadvantage-ascribed social status (i.e., fewer 

socioeconomic resources, where resource is defined as something that helps one achieve goals) 

[24]. Accordingly, the relative dearth of alternative resources propels women to depend more 

heavily on education for their psychological well-being; whereas, men tend to benefit less from 

education due to their ascribed advantages. Hence the endorsement of education as a substitutive 

factor against depressive distress for females – namely, that a higher social status associated with 

higher educational attainment offsets a lower social status of being female. On the other hand, 

there are also studies detecting evidence for resource multiplication, which is basically the 

opposite of the former theory. It postulates education extends more protective effects to 

individuals from advantaged backgrounds than the disadvantaged. In the context of depression, 

this theory predicts that men gain more from education than women in terms of mental well-

being. Sex differences were observed in the previous research conducted on data collected earlier 

from different types of population domains. The observation of the insignificant findings in this 

study could reflect a broader picture of the changes occurring in the contemporary society in the 

U.S., meaning that as modern society advances, improvement in allocation of socioeconomic 

resources, more alternatives available and greater integration in the social structure have 

attenuated the previously wide gap between males and females.  
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           In addition, another possible explanation for the findings involves gender status, the 

socially constructed version of sex. Gender differences are variations triggered by both 

biological sex and self-representation concerning the psychological, behavioral, and social 

consequences of the perceived gender of an individual [40]. Previous research indicated that, 

relative to sex, gender differences contributed more to the manifestation of depressive symptoms 

[18, 72] and exerted more influence on mental well-being [73]. Intriguingly, recent findings 

noted that the association of education with depression differs by the joint effects between sex 

and gender traits, i.e., femininity and masculinity [23]. However, NHANES did not probe further 

into the self-identified gender that transcends the boundary of the binary sex. Provided the 

especially complex construction of gender in the U.S., no statistically significantly evident 

departure from odds-ratio multiplicativity and additivity could be ascribed to the potential role 

that gender was expected to play. 

           An idea worth noting as well is the fact that the existence and magnitude of the effect 

modification are contingent on the measurement scale. Various outcome measures are 

characterized by different scales of interaction and corresponding concepts of effect measure 

modification. As shown in Table 2, in the adjusted multivariate logistic regression, both 

education and sex were investigated as predictors of depressive distress. In this scenario, 

although no effect modification of interest on the log-odds ratio scale was detected in the current 

study, the existence of effect modification on other scales could be implied. Thus, further studies 

are needed for the ascertainment of this topic. 

 

4.4 Additional Findings 
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           Several previous epidemiological studies have reported the association between older age 

and depression with controversial conclusions [74-76]. The findings from this study indicated no 

statistically significant association between aging and the onset of depressive symptoms. In the 

adjusted model (Table 2), being elderly (60 and older) was not significantly associated with an 

increased odds of showing depressive distress (OR = 1.02, 95% CIs 0.76 - 1.36), relative to the 

young generation (20 - 39). Although sex-stratified analyses (Table 5) implied that older age 

could have a protective effect on females (OR = 0.91) while adverse for males (OR = 1.20), there 

was still no statistically significant difference observed between the two subgroups, especially 

given their 95% CIs (females: 0.62 - 1.33 v. males: 0.76 - 1.88). On the other hand, an elevated 

odds of 1.31 in depression was observed among the middle aged participants (40 - 59), compared 

with the younger generation (20 - 39). However, the statistical significance of this result was 

only borderline (95% CIs 1.00 - 1.73, P-value = 0.0508). Moreover, the sex-stratified analyses 

(Table 5) also yielded similar increased odds with no statistical significance, among both males 

(OR = 1.37, 95% CIs 0.89 - 2.13) and females (OR = 1.27, 95% CIs 0.89 - 1.81). Thus, there 

could be some evidence suggesting that aging was not associated with a higher level of 

depression whereas middle age could be related to the susceptibility to depressive distress. 

Nevertheless, detailed and carefully planned longitudinal studies spanning the life course are 

needed to better understand the age differences. 

 

4.5 Strengths and Limitations 

           This study adds measurable value to the growing body of literature examining the 

heterogeneity in the returns from educational attainment between males and females. A primary 

strength of this study is the analysis with the large nationally representative sample of U.S. adults 
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from the most recent NHANES data. Additionally, a range of potential confounders were 

sufficiently adjusted for and the employment of indicator variables allowed for potential 

nonlinear heterogeneous effects of interest as well as other covariates. Moreover, missing values 

in the data were taken into account. The pattern of missingness was examined. There were no 

discernible patterns in the demographic and general characteristics between subjects with and 

without missingness. Multiple imputation was performed (10 imputed data sets), although the 

magnitude of missingness was moderate, with 483 in total (2 in education, 1 in marital status and 

481 in PIR), constituting 9.8% of the whole data. This enabled the study to preserve all the 

information collected and also ensured statistical power and efficacy of the analyses. 

           Unfortunately, this study is not free of limitations. First, the cross-sectional design of the 

current study is a limitation as causal inference cannot be established. To be specific, the study 

cannot clarify whether participants are depressively distressed because of lower education or 

whether being depressed precedes educational attainment, despite the existence of studies 

indicating that reverse association is minimal or nonexistent [52]. Second, the PHQ-9 is a self-

reported screener of depressive symptoms in the past 2 weeks, rather than clinically diagnosed 

depressive disorders. Thus, it might only partially represent the burden of depression among 

participants. Standardized diagnostics from mental health professionals, psychotherapy and 

antidepressant medications specifically for depressive disorders could be more accurate. 

However, the detailed information exclusively for depressive disorders are not provided in 

NHANES. Additionally, given that the age cut-off for the study participants was 20, it was likely 

that some respondents had yet enrolled in college or completed the degree at the time of the 

interview. Regarding those individuals, there was no clear-cut classification and was hard to 

interpret. Finally, the potential for self-selection bias could not be completely ruled out. For 
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instance, if individuals who are severely depressed tend not to complete PHQ-9 questionnaire, 

the prevalence and the burden of those depressively distressed could be underestimated. Or if 

those with higher PIR are inclined not to disclose their financial status, then the estimates of the 

association of interest could also be affected. 

           In conclusion, this study observed an inverse association between educational attainment 

and depressive distress in U.S. adults and a linear trend between educational levels and 

depressive symptoms was detected. However, no statistically significant departure from odds-

ratio multiplicativity and additivity was evident – namely, that no sufficient evidence suggests 

the effect of educational levels on depressive symptoms differs by sex. However, no causality of 

the above findings could be established based on the cross-sectional design of this study. Further 

longitudinal prospective cohort studies are warranted to confirm these findings and importance 

should also be attached to the evolvement of certain social determinants when studying 

psychological distress in the context of the contemporary society. 
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5. Appendix 

Sensitivity Analysis of Varying Combinations of Educational Levels  

           In the sensitivity analysis, I used different categories of educational levels and 

corresponding choices for a reference, and adjusted for varying combinations of covariates. To 

be specific, attempts were made to dichotomize the educational attainment into 1) less than high 

school & high school graduate, and 2) some college & college graduate or above when 

examining EMM by sex. In addition, the combination of the first three levels (i.e., “Less than 

high school”, “High school graduate”, and “Some college”) compared against the level of 

“College graduate or above” was also performed. Covariates adjusted for in the multivariate 

logistic regressions were added sequentially – namely, age group and race/ethnicity followed by 

marital status and PIR. The results indicated that this did not make an impact with respect to the 

study objective of detecting EMM by sex in the effect of educational attainment on depressive 

distress. The detailed information was reported in the attached Table 1, Table 2 and Table 3.  
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Table 1. Sensitivity analysis using multivariate logistic regressions for depressive distress with product terms included (Model I†). 

Variables Model I1c P-valuef Model I2d P-valuef Model I3e P-valuef 
ß Estimate (95% CIs) ß Estimate (95% CIs) ß Estimate (95% CIs) 

Educational Attainment     
≤ High Schoola 0.69 (0.35, 1.02) P < 0.0001 0.69 (0.35, 1.03) P < 0.0001 0.45 (0.1, 0.79) 0.0115 

College Levelb 1  1  1  
Sex       

Male  1  1  1  
Female 0.59 (0.26, 0.91) 0.0004 0.58 (-0.26, 0.91)  0.0005 0.51 (0.18, 0.84)  0.0025 

Product Term      
Education*Sex -0.23 (-0.63, 0.22) 0.2869 -0.21 (-0.63, 0.22) 0.3411 -0.23 (-0.66, 0.20) 0.2963 

†Model I examines the combination of "Less than high school" and "High school graduate" compared against the combined level of "Some college" and 
"college graduate or above". 
a≤ High School corresponds to "Less than high school" & "High school graduate". 
bCollege Level corresponds to "Some college" & "college graduate or above". 
cModel I1 includes the main effects and the interaction term (unadjusted). 
dModel I2 includes the main effects and the interaction term, adjusting for age group and race/ethnicity. 
eModel I3 includes the main effects and the interaction term, adjusting for marital status and PIR. 
fStatistically significant level is set at α = 0.05. 
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Table 2. Sensitivity analysis using multivariate logistic regressions for depressive distress with product terms included (Model II†). 

Variables Model II1b P-valuee Model II2c P-valuee Model II3d P-valuee 
ß Estimate (95% CIs) ß Estimate (95% CIs) ß Estimate (95% CIs) 

Educational Attainment     
Some College & Belowa 0.93 (0.44, 1.42) 0.0002 0.85 (0.36, 1.34) 0.0007 0.57 (0.07, 1.07) 0.0267 
College Graduate/Above 1  1  1  

Sex       
Male  1  1  1  
Female 0.45 (-0.13, 1.03) 0.1312 0.43 (-0.16, 1.01)  0.151 0.40 (-0.19, 0.99)  0.1795 

Product Term      
Education*Sex -0.02 (-0.64, 0.60) 0.9475 0.007 (-0.62, 0.63) 0.9818 -0.05 (-0.68, 0.58) 0.8787 

†Model II examines the combination of the first three levels (i.e., "Less than high school", "High school graduate”, and "Some college") compared against the 
level of "College graduate or above".  
aSome College & Below corresponds to "Less than high school", "High school graduate" and "Some college". 
bModel II1 includes the main effects and the interaction term (unadjusted). 
cModel II2 includes the main effects and the interaction term, adjusting for age group and race/ethnicity. 
dModel II3 includes the main effects and the interaction term, adjusting for marital status and PIR. 
eStatistically significant level is set at α = 0.05. 
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Table 3. Sensitivity analysis of varying combinations of educational levels in examining EMM by sex. 

 Educational Attainment  

 Less Than High School High School Graduate Some college College Graduate/Above  
Model OR (95% CIs)c RERI (95% CIs)c 

Model Ia    

 

 

Female 2.86 (2.07, 3.93) 1.80 (1.3, 2.49) 0.07 (-0.72, 0.85) 

 P < 0.0001 P = 0.0004  
Male 1.99 (1.42, 2.78) 1  

 P < 0.0001 -  
Model IIb  

 

   

Female 3.88 (2.4, 6.25) 1.57 (0.87, 2.8) 0.78 (-0.12, 1.69) 

 P < 0.0001 P = 0.1314  
Male 2.53 (1.55, 4.12) 1  

  P = 0.0002 -   
aCombination of "Less than high school" and "High school graduate" compared against the combined level of "Some college" and "college graduate or above". 
bCombination of the first three levels (i.e., “Less than high school”, “High school graduate”, and “Some college”) compared against the level of “College 
graduate or above”.  
cStatistically significant level is set at α = 0.05. 
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