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Abstract

Objectives—To assess racial variation in depression risk factors and symptom trajectories 

among older women.

Design—Nurses’ Health Study participants aged ≥60 years, free of depression in 2000, were 

followed until 2012.

Setting—Prospective cohort.

Participants—29,483 non-Hispanic white and 288 black women.

Measurements—Data on race and risk factors, selected a priori, were obtained from biennial 

questionnaires. Incident depression was defined as depression diagnosis, antidepressant use, or 

presence of severe depressive symptoms. Group-based trajectories of depressive symptoms were 

determined using latent variable modeling approaches.
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Results—Black participants had lower risk (hazard ratio=0.76, 95% confidence 

interval[CI]=0.57-0.99) of incident late-life depression compared to whites. Although blacks had 

higher prevalence than whites of some risk factors at study baseline, distributions of major 

contributors to late-life depression risk (low exercise, sleep difficulty, physical/functional 

limitation, pain) were comparable. There was evidence of effect modification by race for relations 

of region of birth (Southern birthplace), smoking and medical comorbidity to depression risk; 

however, there were wide CIs among blacks, due to smaller sample size. Four trajectories were 

identified: minimal symptoms-stable (58.3%); mild symptoms-worsening (31.4%); sub-threshold 

symptoms-worsening (4.8%); sub-threshold symptoms-improving (5.5%); probabilities of 

trajectory types were similar for blacks and whites.

Conclusion—While overall trajectories of late-life depressive symptoms were comparable by 

race, there was racial variation in depression risk estimates associated with less-studied factors, 

such as US region of birth. Future work may address unmeasured health and resilience 

determinants that may underlie observed findings and that could inform clinical assessment of 

late-life depression risk factors.
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INTRODUCTION

Depression is a common and life-impairing problem in older adults(1). Even with 

appropriate treatment, residual symptoms and dysfunction frequently occur(2). Although 

racial differences in late-life depression (LLD) prevalence have been reported(3-8), the 

important issue of whether there are race differences in the distributions and relative 

contributions of risk factors to LLD is less understood. Such work is pivotal to optimizing 

depression prevention strategies in diverse older populations.

Prior studies that investigated racial differences in the frequencies of LLD risk factors(3, 4, 

7-13) showed that non-Hispanic blacks had more chronic conditions, functional limitations, 

unfavorable lifestyle behaviors (e.g., cigarette smoking and physical activity), and relative 

economic disadvantages compared to non-Hispanic whites. However, most studies were 

cross-sectional; all included both depressed and non-depressed individuals, which can 

influence frequency estimates. Furthermore, despite lower reported risk of depression in 

blacks compared to whites(4, 8, 14), there have been no studies, to our knowledge, that 

comprehensively examined potential race/ethnic differences in the impact of risk factors on 

incident late-life depression.

Additionally, emerging research has emphasized the importance of temporal variations of 

symptoms over time to identify underlying heterogeneity of depression(15, 16). Evaluation 

of long-term symptom trajectories in blacks and whites may help identify subpopulations 

with different symptomatology and risk factors. Three studies have examined racial 

variations in depressive symptoms trajectory longitudinally; however, these studies adjusted 

for a few risk factors (such as income, marital status, functional status and health(16-18)), 

and behavioral risk factors for LLD were not incorporated. Furthermore, results from these 
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studies suggested that racial variation in trajectories may have been largely confounded or 

mediated by frequently observed disparities in socioeconomic status (SES) between blacks 

and whites in the U.S.(19).

In separate work, we observed that multiple social stressors, unfavorable lifestyle behaviors, 

and poor health conditions were significantly associated with higher depression incidence in 

older women. To address the above-mentioned gaps in the literature, we now: (1) extend this 

work to address potential race differences in prevalence of the risk factors at baseline and 

their contributions to development of LLD prospectively; (2) investigate potential race 

differences in 12-year trajectories of late-life depressive symptoms among a 

socioeconomically comparable group of black and white older women, and whether there 

are differential relations by race of the risk factors to symptom trajectories.

METHODS

Nurses’ Health Study

The Nurses’ Health Study (NHS) began in 1976 when 121,700 U.S. female nurses, aged 

30-55 years, returned a mailed questionnaire regarding lifestyle and medical history. 

Participants have received questionnaires biennially since then. The institutional review 

board of Brigham and Women's Hospital approved the study.

Measures

Risk Factors—All potential risk factors examined in this study were collected from NHS 

questionnaires and selected a priori from either previous NHS findings or other 

literature(20-24):

(1) Demographic: Age (in years); education (RN associate vs. bachelor's or higher degree); 

living alone; census-tract median household income; birth region.

(2) Psychosocial: Social network, measured by the Simplified Berkman-Syme Social 

Network Index (quintiles)(25); subjective social standing (measured using a 10-point visual 

analog scale representing social standing in U.S. society)(26); hours of regular caregiving to 

children/grandchildren and/or to ill relatives.

(3) Lifestyle/behavioral: Current smoking status; physical activity (validated in NHS(27); 

measured as average hours/week in moderate/vigorous exercise); heavy or binge drinking 

(having ≥3 drinks in a single day during a typical month in the past year).

(4) Health/medical: Body mass index (in kg/m2); medical comorbidity burden (having ≥2 

major chronic diseases)(28); difficulty falling/staying asleep (frequency categories: none to 

all of the time); daily hours of sleep; significant physical/functional limitation (having 

limitations in milder activities or having more than moderate limitations in demanding 

activities)(28); total bodily pain (severity categories: none to very severe).

Assessment and Measures of Depression—Depression assessments include 

symptoms, medications and diagnosis. Symptoms were first assessed using the 5-item 
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Mental Health Index (MHI-5) subscale of the Short-Form 36 Health Status Survey on the 

1992/1996/2000 questionnaires, and continued to be assessed in 2004 (using 10-item Center 

for Epidemiologic Studies Depression; CESD-10) and in 2008/2012 (using 15-item Geriatric 

Depression Scale; GDS-15). These measures have published cut-points for screening for 

clinical depression (MHI-5≤52; CESD-10≥10; GDS-15≥6)(29-31). Questions on regular 

antidepressant use and physician/clinician-diagnosed depression were respectively assessed 

biennially since 1996 and 2000. Because 2000 was the earliest year in which we could 

classify women as ever having physician/clinician-diagnosed depression, we designated this 

as the study baseline.

NHS questionnaires were administered every 2 years; participants reported on depressive 

symptoms, antidepressant use, or physician/clinician-diagnosed depression within these time 

windows. Because there is no information on the number or duration of discrete depressive 

episodes within 2-year windows, recurrent depression events cannot be unambiguously 

determined during follow-up. Therefore, we only examined incident, or new-onset, 

depression in this study. Incident depression is defined as the first occurrence of self-

reported physician/clinician-diagnosed depression, regular antidepressant use, or presence of 

severe depressive symptoms by published cut-points. This “Boolean OR” definition was 

applied, as preliminary data from separate, ongoing validation work supported optimal 

sensitivity and specificity using this definition. Prior NHS publications have illustrated the 

ability to use this depression definition to predict health outcomes or to relate individual 

factors to depression risk(32, 33). For medication, we included selective serotonin reuptake 

inhibitors but excluded tricyclic antidepressants, which could be more likely to be prescribed 

for other indications(34).

As a complement to our analyses examining LLD incidence, we evaluated race differences 

in longitudinal trajectories of late-life depressive symptoms. Because the dimensional 

outcome of symptoms does not depend on binary clinical cut-points or on action of 

clinicians to diagnose/treat depression, this approach enables us to examine directly the race 

differences in long-term paths of mood during late-life. Furthermore, we can examine how 

the risk factors influence any observed race differences in the relative proportions of 

trajectory group membership. In the trajectory analysis, data on depressive symptoms were 

used; the symptom measures were the MHI-5, CES-D and GDS-15 (see Appendix).

Sample for analysis

Participants were excluded from this study if they: did not return the baseline questionnaire 

or died before baseline; had a missing MHI-5 score before/at baseline; had prior history of 

depression before/at baseline, determined by: (1) physician/clinician-diagnosed depression, 

(2) antidepressant use, and/or (3) MHI-5 score ≤52; stopped returning questionnaires after 

baseline; reported race/ethnicity other than non-Hispanic white or black; lacked data on risk 

factors (see Risk Factors); had no health examination anytime during follow-up (i.e., no 

opportunity for depression detection by a clinician); were aged<60 years at baseline. 29,483 

non-Hispanic whites and 288 blacks were in the final analysis (Supplementary Figure 1).
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Statistical Methods

Risk Factor Categorization—We dichotomized risk factors, accommodating the 

relatively small number of black participants. Cutoff determinations were driven by the 

distributions of response options, their plausible expected effects, and/or their conceptual 

degrees of intensity or severity. We calculated the percentages of each risk factor by race.

Estimating Depression Incidence—Among incident cases, we examined race 

differences in the case identification methods. Individuals contributed person-time from the 

baseline questionnaire return date to the date of LLD incidence, death, end of follow-up 

(5/31/2012), or the last returned questionnaire, whichever occurred first. Cox proportional 

hazards models were used to estimate age- and multivariate-adjusted hazard ratios (HRs), 

and their 95% confidence intervals (CIs), of developing LLD. The basic model included age 

(in years). The multivariate-adjusted model simultaneously adjusted for age and all risk 

factors listed under Risk Factors; covariates were updated in time-dependent fashion where 

possible. Effect modification of each risk factor association by race was assessed using a 

multiplicative interaction term, with main effects of the risk factor and race in the 

multivariate-adjusted model that included all other risk factors (17 separate models to test 

effect modification – one for each risk factor). For each factor, the group with expected 

lowest risk was considered as the reference group.

To scrutinize robustness of results, we conducted a sensitivity analysis excluding cases in the 

first 2 years of follow-up and adding a 2-year outcome lag to address possible reverse 

causation (e.g., incipient depression may lead to changes in sleep or physical activity).

Trajectory Models of Depressive Symptoms—We used group-based trajectory 

modeling to determine distinct trajectories of depressive symptoms as a function of age at 

each questionnaire cycle, through a polynomial relationship estimated via a latent variable, 

among participants without depression history at baseline. These models were implemented 

using the SAS TRAJ procedure(35).

Because depressive symptoms were assessed by different instruments during follow-up, they 

could not be directly combined to characterize trajectory. Therefore, we applied 

equipercentile equating(36) to determine comparable scores based on percentile equivalents 

for different forms of one underlying measurement to create CESD-10-converted and 

GDS-15-converted MHI-5 scores for each participant (see methods in Appendix). The 

original (in 2000) and inferred (in 2004/2008/2012) MHI-5 scores were then used to model 

trajectories.

We were then able to employ latent class growth-curve analyses to estimate mean 

trajectories for two or more unobserved classes, in combination with membership 

probability in each latent class for every individual. We first assessed the most appropriate 

number of groups and the shape of their trajectories, from two- to ten-group models. 

Consistent with other work in the field(15), we determined the final number of groups based 

on Bayesian Information Criteria (BIC), proportion of assigned trajectory groups, model 

parsimony, and clinical meaningfulness and interpretation; use of this approach was also in 

recognition of the fact that BIC is not the sole indicator of fitness and will tend to decrease 
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as more groups are added, even though the additional groups may not enhance 

interpretability. The shapes of the trajectories were set to be quadratic for all groups initially; 

we dropped the parameters if statistically non-significant to reduce model complexity. We 

then examined race differences in symptom trajectories by including the race variable in the 

trajectory model. Participants were assigned to the group with the highest posterior 

probability of group membership. Goodness-of-fit of the final model was assessed by 

calculating average posterior probabilities of all groups. The final model was also run 

separately in blacks and whites to scrutinize robustness of results.

Because covariates can change over time, we additionally performed multivariate-adjusted 

trajectory analyses to estimate probabilities of latent class membership, incorporating 

baseline and time-varying risk factors that were statistically significant in bivariate analyses. 

Finally, to aid in comparing our findings with those from prior studies(15, 16), we also 

modeled the trajectories where prevalent depression cases at baseline were included. 

Statistical analyses were conducted using SAS v. 9.3 (SAS Institute Inc., Cary, NC). All 

nominal p-values were 2-sided (p < 0.05).

RESULTS

Race Differences in Distributions of Depression Risk Factors

As shown in Table 1, blacks had significantly higher baseline prevalence of some factors 

previously associated with higher risk of LLD: demographic factors (living alone; lower 

household income), psychosocial stressors (lower social network; lower subjective social 

status), and health/medical factors (obesity; medical comorbidity). However, they had 

significantly lower baseline prevalence of other LLD risk factors (lower education, heavy/

binge drinking). The largest race difference in risk factor prevalence at study baseline was 

for place of birth: 41.2% of blacks were born in the South; 8.0% of whites were born in the 

South. No significant differences by race were observed in distributions of other factors, 

including those with strong reported relations to LLD risk (e.g., low exercise, sleep 

difficulty, physical/functional limitation, and pain).

Race Differences in Case Detection

The crude depression incidence was lower in blacks than in whites (16.0 vs. 20.1 per 1,000 

person-years). The HR (95% CI) of developing LLD among blacks, compared to whites, 

was 0.78 (0.59-1.03) and 0.76 (0.57-0.99) in the age- and multivariate-adjusted models, 

respectively. Nearly half of the depression cases were identified by severe depressive 

symptoms, and there was no significant global difference in case detection method 

( ; p=0.232). Health care utilization also appeared highly similar in blacks and 

whites (t(29768)=−0.66; p=0.508).

Racial Variations in Relations of Risk Factors to Incident Depression

Among whites, effect estimates in multivariate-adjusted models were generally consistent, 

but attenuated, compared with those in age-adjusted models. Many demographic (Southern 

birthplace), psychosocial (lower social network; lower subjective social status; no caregiving 

to children/grandchildren; any caregiving to ill relatives), lifestyle (current smoking; low 
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physical activity; and heavy/binge drinking), and health/medical (medical comorbidity; sleep 

difficulty; excessive sleep; physical/functional limitation; pain) risk factors were 

significantly associated with increased LLD risk. However, living alone and lower census-

tract median household income of $40,000 USD per year had modest but statistically 

significant relations to lower LLD risk among whites (Table 2). Only three interactions 

offered significant or suggestive statistical evidence that effects differed by race: (1) while 

being born in the South was significantly associated with 11% higher LLD risk in whites, it 

was significantly related to a 54% lower LLD risk in blacks ( , p-for-

interaction=0.056); (2) the association between current smoking and elevated LLD risk 

appeared non-significantly stronger in blacks ( , p-for-interaction=0.062); and (3) 

medical comorbidity was significantly associated with a higher LLD risk among whites, but 

was related to a statistically non-significant lower LLD risk among blacks ( , p-for-

interaction=0.024) (Table 2). Notably, the findings could be affected by estimation 

instability in blacks due to small number of cases and multiple testing. Results were 

consistent in the lagged sensitivity analysis (data not shown).

In addition to examining the effect of Southern birthplace separately in whites and blacks 

(i.e., two different reference groups, one in each racial group), we examined joint 

associations of race and Southern birthplace. Compared to a single common reference group 

of whites not born in the South, blacks not born in the South showed no difference in LLD 

risk (HR=0.91, 95% CI=0.65-1.26); however, Southern-born whites had a HR of 1.11 (95% 

CI=1.02-1.21) whereas Southern-born blacks had a HR of 0.56 (95% CI=0.34-0.92) in the 

multivariate-adjusted model.

Racial Variations in Trajectories of Late-life Depressive Symptoms

Four distinct 12-year trajectories were identified (Figure 1a): minimal symptoms-stable 

(61.4%); mild symptoms-worsening (29.7%); sub-threshold symptoms-worsening (5.0%); 

and sub-threshold symptoms-improving (4.0%) (percentages do not add to 100% due to 

rounding). Average posterior probabilities were good (>0.70) in all groups. We did not 

observe significant race differences in likelihood of belonging to any trajectory type: e.g., 

compared to the sub-threshold symptoms-improving group, blacks did not have statistically 

different probabilities of being classified in any of the three remaining trajectories compared 

to whites (t-test statistic=0.17-0.32 with 29769 degrees of freedom (df), p=0.747-0.863). 

Symptom trajectory patterns also appeared similar when modeled separately in blacks and 

whites, despite wide confidence bounds among blacks (Supplemental Figure 2). Observed 

trajectories adjusting for significant baseline and time-varying risk factors were similar to 

those observed without such adjustments (Figure 1b); average posterior probabilities were 

also >0.70 in all groups. In the multivariate-adjusted trajectory model, race was not 

significantly associated with probabilities of belonging to any identified trajectories (t=
−0.21−0.71 with 29769 df, p=0.477−0.838). Figure 2 illustrates that the frequencies of 

trajectory groups – where each participant was assigned to the group of maximum posterior 

probability – were comparable among blacks and whites ( ; p=0.358).
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In additional analyses that included those with lifetime depression history at baseline, six 

trajectory groups were identified (Supplemental Figure 3). Four were the same as above, 

with two additional groups observed: clinical range depressive symptoms-persistent and 

worsening (2.1%), and clinical range depressive symptoms-improving (1.8%). Thus, in this 

validity check, we observed the broader range of symptom patterns expected, when 

including prevalent cases. There were no race differences in probabilities of group 

membership when including baseline prevalent cases (t=−0.24−0.01 with 37284 df, 

p=0.809−0.991).

DISCUSSION

To our knowledge, this is the first study that longitudinally investigated racial differences in 

relations of a comprehensive array of risk factors to development of incident LLD, and also 

addressed racial variations in longitudinal late-life depressive symptoms trajectories among 

individuals without depression history at baseline. Consistent with prior U.S. national 

surveys(8, 14), we observed that blacks had lower LLD incidence compared to non-Hispanic 

whites in the Nurses’ Health Study. Although blacks had higher prevalence of several risk 

factors, the distributions of the factors with the strongest contributions to LLD risk – low 

exercise, sleep difficulty, physical/functional limitation and pain – were comparable in 

blacks and whites. Estimates for the relations of risk factors to LLD incidence were also 

generally similar by race. Notably, the largest discrepancy in risk factor prevalence at 

baseline and effect estimate was for Southern birthplace; we observed a birthplace-by-race 

interaction on LLD risk: being born in the U.S. South was associated with significantly 

lower depression risk in blacks but higher risk in whites. Finally, we identified four distinct 

long-term trajectory patterns of depressive symptoms among older women without 

depression history at baseline, but there were no significant differences by race in the type or 

proportion of trajectories of depressive symptoms.

While reasons for the contrast in associations of U.S. birthplace with LLD risk by race 

cannot be fully determined in these data, there are several speculative possibilities. NHS 

participants were born in 1921-1946; many were born during the Great Depression, which 

had greater adverse economic impact among blacks. It is possible that some Southern-born 

blacks living under combined hardships of segregation, discrimination and economic 

depression as young persons may have developed unmeasured resilience or social cohesion 

attributes – which in turn may be protective against depression later in life. Southern-born 

blacks who went on to become nurses in this study may represent a resilient group. If true, 

one could expect that Southern-born blacks would also have lower lifetime prevalence of 

depression at baseline. Indeed, in our data, blacks and whites who were not born in the 

South had similar lifetime depression prevalence at baseline (19-20%); by contrast, 

Southern-born whites had higher (23.8%) and Southern-born blacks had lower (13.9%) 

lifetime depression prevalence ( ; p<0.0001). Furthermore, blacks – especially 

those who were Southern-born – reported higher life optimism scores (measured on the 2004 

and 2008 questionnaires by the Life Orientation Test-revised)(37) ( ; p=0.012). 

These findings support that resilience factors may contribute to the observed lower LLD 

risk. Birthplace also serves as a proxy for numerous unmeasured factors, such as childhood 

Chang et al. Page 8

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



environment or sunlight/vitamin D exposure; additional investigation of this complex topic 

is needed. Living alone and lower census-tract median household income were significantly 

associated with slightly lower LLD risk among whites, but these modest observed effect 

estimates may be due to chance or unmeasured confounding and require future study.

Our examination of depressive symptoms trajectories specifically among those non-

depressed at baseline complements the extant literature, as prior investigations included both 

depressed and non-depressed persons at baseline(15, 16). When prevalent cases were 

included, we identified six distinct trajectories. Although the number of groups is higher 

than that in some prior work(15, 38), it is consistent with results from a comparable study by 

Liang et al(16) with 17,196 adults aged 50+ years, followed for 11 years. Our finding that 

adjustment for risk factors did not meaningfully alter the trajectories was also consistent 

with Liang et al(16). However, with respect to race differences, we observed similar 

distributions of all trajectories by race, while Liang et al(16) observed higher likelihood of 

being in the increasing depressive symptoms trajectory groups among blacks compared to 

whites. Population composition may explain the different findings. In the Liang et al 

study(16), there was a higher percentage of women among blacks compared to whites; older 

women have nearly twice the depression incidence of older men(39). Also, blacks had lower 

education and yearly household income (blacks: 30.6K/whites: 54.9K) in that study; by 

contrast, all NHS participants are female nurses, and blacks on average had higher education 

than whites in the NHS. Although we observed lower household income in blacks, the 

disparity was not as large in the NHS (blacks: 55.7K/whites: 63.4K).

Additionally, the apparent discrepancy between observing lower overall risk of LLD among 

blacks, yet finding no racial differences in 12-year symptom trajectories, deserves 

discussion. In the depression incidence analyses, the outcome is defined by first occurrence 

of diagnosis, medication, and/or symptoms above clinical cut-points. Once a participant 

became a case, she was no longer at risk and her subsequent depressive symptoms did not 

contribute further information. On the other hand, the trajectory models incorporate 

depressive symptoms throughout follow-up, regardless of whether or when a participant 

becomes a case; instead, these models provide information on the long-term course of mood 

and may help identify heterogeneous subpopulations.

Strengths of this study include prospective data collection, large sample size, lengthy follow-

up, and repeated measures of a wide array of risk factors. Potential limitations should also be 

addressed. First, we used self-reported indicators to define incident depression; thus, some 

outcome misclassification is inevitable. However, LLD incidence in our study is consistent 

with reports from prior studies that featured clinical evaluations to define depression(39) – 

suggesting that either our observed incidence is close to true incidence or that any 

underestimation of depression in this study is not appreciably greater than that occurring 

elsewhere. As we have done in prior work(22), to interrogate the outcome misclassification 

issue, we also applied alternate depression definitions that were more strict (i.e., depression 

was defined as having: 1) both physician/clinician-diagnosed depression and antidepressant 

use, 2) either diagnosis or antidepressant use, but not incorporating symptoms); however, 

findings from these models were unchanged (data not shown). Nevertheless, potential 

outcome misclassification remains a limitation. Second, although the number of blacks in 
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this study (N=288) was larger than in several prior studies (N range=47-181)(5, 6, 13, 40), 

the relatively small sample size limited the precision of estimates, and results should be 

interpreted cautiously. Third, despite the comprehensive and repeated measures of a wide 

array of variables, information on some potentially relevant confounders is not available in 

the NHS (e.g., early-life adversities or personality traits); therefore, unmeasured 

confounding is a potential concern. Fourth, all NHS participants are well-educated; thus, 

participant characteristics and the study results may not be generalizable to the rest of U.S. 

population. It is possible that NHS black nurses were a selected group of individuals who 

overcame adversity to attain high education. On the other hand, this selection may also 

render blacks and whites in this sample more comparable in SES and access to health care; 

this may have provided a unique opportunity to examine risk differences due to other factors 

besides SES and health care knowledge/access and also reduced residual confounding due to 

these factors. Finally, for the trajectory models, depressive symptom scores measured by 

different instruments were converted to a common scale using equipercentile transformation, 

which assumed an equivalent percentile distribution of the score on different instruments. 

Therefore, some misclassification of this harmonized score is unavoidable. However, 

correlations between raw and inferred MHI-5 scores among a NHS subset within an ongoing 

validation study were strong, suggesting that recalibration errors in symptom scores were 

likely not substantial. In addition, depressive symptoms were assessed every 4 years in the 

NHS. Therefore, the extent of variation of depressive symptoms within 4-year intervals was 

unknown and misclassification of symptom trajectory is possible; however, on average, the 

between-person variability is expected to be greater than within-person variability.

In conclusion, we observed a lower depression incidence in older non-Hispanic blacks 

compared to non-Hispanic whites in this prospective cohort of U.S women. In general, 

significant evidence of racial variation was not observed in the estimates of association 

between a comprehensive set of risk factors and incidence of late-life depression. Late-life 

trajectories of depressive symptoms were also comparable by race. However, potential racial 

variations in depression risk associations for less-studied factors – most notably, U.S. 

Southern birthplace - require further investigation. For example, additional inquiry is needed 

to examine whether specific factor(s) related to birthplace are protective among blacks with 

regard to developing LLD. Future studies that include larger samples of black participants 

are also needed to examine potential differences by race in the relations of cigarette smoking 

and medical comorbidity to LLD risk. Finally, unmeasured health, resilience, and genetic 

determinants may underlie some of the observed findings, and improved understanding of 

these determinants through future work can help to inform optimal clinical assessment of 

depression risk factors in diverse older adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix

Equipercentile equating method

Three different instruments have been used to assess depressive symptoms within the 

Nurses’ Health Study, since 1992. The MHI-5 was administered in 1992, 1996 and 2000; the 

CESD-10 was administered in 2004; and the GDS-15 was utilized on the 2008 and 2012 

questionnaires. Because the instruments were administered among NHS participants 

sequentially, as opposed to simultaneously, they cannot be directly linked to each other at a 

single time point. Furthermore, key participant factors – most notably, age – as well as the 

distributions of other important characteristics of relevance to depression are changing as 

time progresses. Thus, simplistic linking of the scales in all NHS participants is undesirable.

Thus, the first step in the linking process was to create matched sub-sets of NHS participants 

across the nearest adjacent questionnaires in which the three instruments were used: 2000, 

2004 and 2008. Seven matching factors (age, pack-years of cigarette smoking, physical 

activity, alcohol consumption, self-report of receiving a diagnosis of depression from a 

physician/clinician, regular antidepressant use, and medical comorbidities) were used in the 

matching procedure to select comparable sub-cohorts between 2000 and 2004. The same 

approach was repeated to create comparable sub-cohorts between 2000 and 2008. Within 

each pair of matching sub-cohorts, equipercentile equating method estimates the nonlinear 

linking relationship using the percentile rank distributions of the three instruments (MHI-5, 

CESD-10, and GDS-15) assuming that a score could have an equivalent percentile 

distribution on different instruments. A conversion table was then produced to convert 

between the three measures.

We then examined the performance of the euqipercentile equating method in an ongoing 

validation study of a small subset of NHS women (N=158) who have answered MHI-5, 

CESD-10, and GSD-15 along with the diagnostic instrument at the same time. The Pearson 

correlation between CESD10-converted MHI-5 and actual MHI-5 score was 0.85, and the 

GSD15-converted MHI-5 and actual MHI-5 score was 0.77 in the validation sample.
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Figure 1. 
12-year mean trajectories of depressive symptoms by increasing age among older women in 

the Nurses’ Health Study (N=29,771)

a. Trajectory model as a function of age a,b

b. Multivariate-adjusted trajectory model as a function of age, additionally adjusting for 

significant baseline and time-varying risk factors a,b,c
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Figure 2. 
Trajectory groups by race/ethnicity among older women without history of depression at 

study baseline (2000) in the Nurses’ Health Study (N=29,771) a,b
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