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Abstract
Objective—Prevention of late-life depression, a common, disabling condition with often poor
outcomes in primary care, requires identification of seniors at highest risk of incident episodes.
The authors examined a broad range of clinical, functional, and psychosocial predictors of incident
depressive episodes in a well-characterized cohort of older primary care patients.

Method—In this observational cohort study, patients age ≥65 years without current major
depression, recruited from practices in general internal medicine, geriatrics, and family medicine,
received annual follow-up assessments over a period of 1 to 4 years. Of 617 enrolled subjects, 405
completed the 1-year follow-up evaluation. The Structured Clinical Interview for DSM-IV (SCID)
determined incident major depressive episodes. Each risk indicator’s predictive utility was
examined by calculating the risk exposure rate, incident risk ratio, and population attributable
fraction, leading to determination of the number needed to treat in order to prevent incident
depression.

Results—A combination of risks, including minor or subsyndromal depression, impaired
functional status, and history of major or minor depression, identified a group in which fully
effective treatment of five individuals would prevent one new case of incident depression.

Conclusions—Indicators routinely assessed in primary care identified a group at very high risk
for onset of major depressive episodes. Such markers may inform current clinical care by fostering
the early detection and intervention critical to improving patient outcomes and may serve as the
basis for future studies refining the recommendations for screening and determining the
effectiveness of preventive interventions.

The individual, family, and societal costs of depressive conditions in later life are enormous
(1) and will rise considerably in the years ahead as the population ages. Although the best
available treatment strategies substantially improve the lives of many who are afflicted, too
many suffer incomplete improvement or rapid relapses or recurrences (2,3). Moreover, real-
world effectiveness outcomes are even poorer (4), reflecting a confluence of patient,
provider, and sociocultural barriers to optimal implementation of therapies. The net result is
that ≥10% of older adults seen in primary care settings suffer from current major or minor
depressive disorders (5), with considerable symptom and functional morbidity and risk for
mortality from suicide and general medical causes (6,7).
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Growing attention is being paid to the potential for preventing incident depression. One
approach is to intervene in patient subgroups at extremely high risk for depression (e.g., as a
result of a particular medical illness or its therapy). However, to have a broader impact, it is
important to identify patients who are at high risk for depression from among larger, more
heterogeneous populations. Study of new-onset depression in community dwelling elderly in
the Netherlands has demonstrated the potential cost-effectiveness of preventive interventions
for depression based on favorable indices of the potential health gains in focusing on those
with depressive symptoms, functional deficits, and a small social network size (8).
Additional risks were female gender, low education, and chronic medical disease burden. In
another Netherlands cohort comprising noninstitutionalized elderly registered with a primary
care provider, similar analyses led to the conclusion that preventive interventions should
focus on those with subsyndromal depression (9). Although ground-breaking, the former
study did not include any measure for categorical diagnosis of depression, relying on a self-
report depressive symptom scale, and the latter, although it did use a measure for categorical
diagnosis of depression analogous to that of DSM-IV, did not assess a range of other
putative clinical and psychosocial risks for depression onset. In addition, neither study
recruited subjects directly from primary care, an important setting for future broadly targeted
preventive interventions because most older persons with clinically significant depressive
symptoms do not seek mental health specialty care but do see primary care providers (10).

Accordingly, we sought to examine predictors of incident major depressive episodes in a
cohort of older primary care patients well-characterized with regard to major, minor, and
subsyndromal depression, along with a broad range of clinical, functional, and psychosocial
variables that have conferred risk for depression outcome in prior work. By examining
several epidemiological indicators of health effect in this cohort, we planned to identify the
high-risk groups for which depression prevention would likely yield the greatest health
benefit at the lowest cost.

Method
Subjects and Inclusion Criteria

Subjects were recruited in Monroe County, N.Y., from private practices and University-
affiliated clinics in internal medicine, geriatrics, and family medicine. As described
previously (11), all patients aged ≥65 years presenting for care on selected recruitment days
and capable of giving informed consent were eligible for study enrollment. After complete
description of the study, written informed consent was obtained using procedures approved
by the University of Rochester Research Subjects Review Board. For the present analyses,
only subjects without a diagnosis of current or partially remitted major depression at study
intake were included.

Procedures
Subjects underwent semistructured research interviews, conducted by trained raters, at study
intake. Measures were completed based on data obtained from these interviews and from
review of subjects’ primary care medical charts. Annual follow-up in-person research
interviews were conducted up to 4 years after study intake, with data collected from these
interviews supplemented by information obtained from interim 6-month contact via
telephone and annually-repeated medical chart review. Study recruitment was staggered
between 2001 and 2005, with annual follow-up interviews through 2006, and thus the
number of subjects eligible for the follow-up interviews decreased at each annual time point
(i.e., the number of subjects eligible for the 1-year follow-up interview was higher than that
for the 2-, 3-, and 4-year follow-up interviews). The study outcome was incident major
depression, while the other variables assessed were examined as putative risk indicators.

Lyness et al. Page 2

Am J Psychiatry. Author manuscript; available in PMC 2010 November 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Measures
Depression diagnoses were assigned by investigators and raters at consensus conferences
and were based on the Structured Clinical Interview for DSM-IV (SCID) (12), a well-
validated tool for establishing psychiatric diagnoses in research settings. Based on SCID
data, subjects without current or partially remitted major depression at study intake who
developed major depression at any point during the follow-up period were defined as having
experienced an episode of incident major depression. We examined incident depressive
episodes rather than incident major depressive disorder, allowing us to assess the role of a
history of depression as a predictor variable.

Demographic, psychopathological, functional, and psychosocial variables were chosen as
the predictive models based on prior literature demonstrating their association with
depression. These predictor variables were dichotomized to facilitate the identification of at-
risk subgroups, using established cut-points, when possible, or based on a median split.
Demographic characteristics were age, gender, years of education, and race. Each
participant’s race, obtained for descriptive purposes, was self-reported based on response
choices listed in accordance with reporting required by the National Institutes of Health.

Severity of depressive symptoms was assessed with the 24-item Hamilton Depression
Rating Scale (HAM-D) (13), an examiner-rated instrument that has been widely used and
validated in older and medically ill populations. Participants with minor or subsyndromal
depression were those with either current minor depressive disorder, defined using DSM-IV
criteria, or current subsyndromal depression, defined as ≥2 depressive symptoms present at
subthreshold or threshold levels according to SCID (with one or more being depressed mood
or decreased interests/pleasure) and not meeting criteria for current major or minor
depression, as described previously (14). Although, in principle, the present definitions for
minor and subsyndromal depression would include subjects with partially remitted major
depression (as defined by DSM-IV and SCID criteria), these individuals were excluded from
the study. Interrater reliability for depression assessment was high. Kappa coefficients for
diagnoses of mood disorders ranged from 0.66 to 0.86 (p=0.0003, based on six raters and
three subjects), and the intraclass correlation coefficient for HAM-D scores was 0.93 (based
on six raters and five subjects). SCID also was used to record any history of major or minor
depressive disorder. We chose to include patients with a history of major or minor
depressive disorder (recognizing that the study sample consequently would include those
with fully remitted major depression and fully or partially remitted minor depression) in
order to make our findings of maximum relevance to the broad practices of primary care
providers who may not be fully aware of a patient’s entire history of depressive episodes. If
a history of depression proved to be an important risk indicator, it would reinforce the need
for clinicians to elicit such history before making decisions about monitoring or treating
their practice population.

Coding of “other psychiatric disorder” was made for those with a SCID diagnosis of any
current alcohol-related or anxiety disorder. Overall cognitive function was assessed with the
Mini-Mental State Examination (15). Patients with dementia were included, except for
severely impaired subjects who were unable to give informed consent. The diagnosis of
dementia was assigned by an experienced geriatric psychiatrist (Dr. Lyness) based on
subject interview, record review, and performance on the Mini-Mental State Examination as
well as on the Trail Making Test, Part A and Part B (16), and the initiation/perseveration
subscales of the Mattis Dementia Rating Scale (17).

Medical illness burden was assessed using the Cumulative Illness Rating Scale (18).
Measures of overall functional status were the Instrumental Activities of Daily Living and
Physical Self-Maintenance Scale (19). The Instrumental Activities of Daily Living assesses
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higher-order activities of daily living, such as shopping, driving, and preparing meals,
whereas the Physical Self-Maintenance Scale assesses more basic self-care tasks, such as
grooming, feeding, and bathing. For both of these scales, higher scores indicate poorer
functioning. Global Assessment of Functioning assessed functional disability as a result of
psychiatric causes. Similarly, the Karnofsky Performance Status Scale (20) measured
functional disability as a result of physical causes. For both of these scales, lower scores
indicate poorer functioning. Self-rated health was assessed by a validated single question,
which was the first item of the general health subscale of the Medical Outcomes Study Short
Form—36 (21).

Social support was measured using three subscales of the Duke Social Support Index (22),
assessing perceived social support, social interaction, and instrumental support. A modified
version of the Louisville Older Persons Event Scale (23) assessed the presence and severity
of any stressful life event in the preceding 6 months. Perceived family criticism was
assessed using the self-report Family Emotional Involvement and Criticism Scale (24).
Antidepressant treatment was measured by the Composite Anti-depressant Scale (25).

Statistical Analysis
Analyses were carried out via STATA—9 (StataCorp LP, College Station, Tex.).
Descriptive statistics were means and standard deviations for continuous variables and
counts and proportions for categorical variables. Generalized linear models with a logistic
link were used to model the relationship between the predictor variables (history of
depression and demographic, psychopathological, functional, and psychosocial variables)
and depression outcome (an episode of incident major depression). Based on the logistic
models, the following epidemiological indicators of health effect were used to assess the
importance of each predictor variable as a risk indicator: exposure rate, incident risk ratio,
population attributable fraction, and number needed to treat (26,27).

The exposure rate was the percentage of the study sample exposed to the risk indicator (i.e.,
the prevalence of the risk indicator in the study population). The incident risk ratio
compared the rate of incident major depression episodes among those participants exposed
to the risk indicator with the rate of incident major depression episodes among unexposed
participants. The incident risk ratio was computed by regressing the depression outcome
onto the risk indicator via a Poisson log-linear model. Values >1 represented an increased
risk level for the exposed group. (For variables with a significant incident risk ratio <1, the
variable’s complement with a significant incident risk ratio >1 are reported, since the
objective was to reduce increased episodes of incident major depression by eliminating the
effect of the putative risk marker.) The population attributable fraction in the present study
indicates the amount of percentage points the current episodes of incident major depression
would be reduced if the adverse effect of the risk indictor were completely eliminated, thus
representing an upper bound for the potential health gain in the group exposed to the risk
indicator. The population attributable fraction was obtained for each risk indicator that
conferred a higher risk for depression (using the AFLOGIT procedure in STATA based on a
Poisson log-linear model), with adjustments for other competing risks. The number needed
to treat was the number of participants with a given risk indicator who would need to receive
a fully effective preventive intervention in order to prevent one new case of an episode of
incident major depression. The number needed to treat was calculated as the inverse of the
absolute risk difference based on the regression results from modeling the incident risk ratio
as a function of a risk indicator, using the DPROBIT procedure in STATA.

In addition to regressing the incident major depression outcome onto each risk indicator
individually, we performed multivariate regression including the risk indicators in a model
to identify high-risk individuals for whom prevention was likely to have the greatest health
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benefit against the lowest implementation burden. Since there were many predictors chosen
on the basis of prior evidence, backward selection procedure was used to trim the model.
This approach was used to ensure that no important predictor was omitted, controlling for
any potential selection bias. Starting from the full model, the predictor variable with the
highest p value was removed. This process was continued until all p values were <0.2 in the
final model. Using the resulting model, we also assessed the potential health benefits in
targeting prevention among those exposed to joint risk indicators. We started with the risk
indicator associated with the highest incident risk ratio and attributable fraction but the
lowest number needed to treat. Next, assessing those subjects with the first-identified risk
indicator, we determined the second risk indicator associated with the highest incident risk
ratio and attributable fraction and lowest number needed to treat. We repeated this process to
determine the optimal combination of risk indicators (i.e., the combination of risk indicators
most predictive of an episode of incident major depression).

Results
Among participants recruited, 617 met the study inclusion criteria. An additional 133
subjects who were enrolled in the parent study were excluded from the present study
because they had current depression at the time of study intake. As reported previously (28),
the cohort consisting of both those patients who did and did not meet study criteria (i.e.,
those who completed intake assessments) represented 50.1% of the primary care patients
invited to participate in the study enrollment. Based on available data, patients who elected
to enroll did not differ from those who did not enroll with regard to age, gender, or scores on
the 15-item Geriatric Depression Scale (29). Among those patients who elected to enroll,
405 completed the 1-year follow-up interview, 338 completed the 2-year follow-up
interview, 259 completed the 3-year follow-up interview, and 54 completed the 4-year
follow-up interview. Those subjects who did complete at least one annual follow-up
assessment did not differ from those subjects who did not complete at least one annual
follow-up assessment with regard to demographic variables and HAM-D and Cumulative
Illness Rating Scale scores but were more likely to be Caucasian (30) (Table 1).

Predicting Episodes of Incident Major Depression
Thirty-three participants (5.3%) developed an episode of incident major depression over the
course of the follow-up assessment period. The exposure rates for each predictor variable in
the entire sample and in the group of subjects who developed an episode of incident major
depression are shown in Table 2. As expected, exposure rates were frequently elevated in
the group of subjects who experienced an episode of incident major depression. Results
from the multiple regression model and subsequent calculations, yielding incident risk
ratios, attributable fractions, and the number needed to treat (among those subjects with
incident risk ratios >1) to prevent an episode of incident major depression, are also reported.
(Of note, some of the estimated incident risk ratios in the model were <1 even though the
individual exposure rate was >1 as a result of adjustments for the effects of the other
predictors in the model.)

These results were then used in the backward selection procedure to define the high-risk
subgroups that might be best targeted for preventive intervention (Table 3). The optimal
combination of risk variables (those variables with the lowest exposure rate and number
needed to treat and highest incident risk ratios and attributable fractions) from the entire
panel of predictors was entered into a multiple regression, yielding estimates of exposure
rates, incident risk ratios, attributable fractions, and the number needed to treat. Since the
first regression revealed that minor and subsyndromal depression were the predictor
variables with the highest attributable fractions and lowest number needed to treat, the next
regression examined the other predictor variables among those subjects with minor or
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subsyndromal depression. The same regression procedure was repeated for subjects who had
minor or subsyndromal depression as well as functional disability (Physical Self-
Maintenance Scale score >0), since subjects with a Physical Self-Maintenance Scale score
>0 had high attributable fractions and a low number needed to treat (and because of the ease
of clinically screening subjects for physical self-maintenance disability relative to, for
example, a high perceived family criticism). The final model revealed that a number needed
to treat as low as 5 was obtained for subjects with the combined predictor variables of minor
or subsyndromal depression, functional disability, and a history of major or minor
depression.

Discussion
Although prior studies have demonstrated the association of many putative risk indicators
with depression outcome, our study is the first, to our knowledge, to identify optimal risk
indicators for incident major depressive episodes in a cohort of older primary care patients
well-characterized as to current minor or subsyndromal depression. Moreover, we used a
wider range of operationalized measures of psychopathology, medical conditions, and
psychosocial factors than prior investigators (8,9,31). We found that a combination of risks,
including minor or subsyndromal depression, impaired functional status, and history of
major or minor depression, did identify a group at very high risk for incident depression.
The number needed to treat was 5, a figure low enough to make an effective preventive
intervention potentially cost effective. It is, perhaps, not surprising that our results point to
the importance of “indicated” prevention strategies (32) (i.e., targeting persons already
somewhat symptomatic and with a history of depression, but these data demonstrate the
usefulness of focusing on these specific factors together with functional impairment
compared with other putative risks).

Also of note is the presence of functional disability, rather than medical illness burden, in
the final risk indicator models. Medical burden long has been associated with depression in
later life, and specific medical illnesses may be of particular etiological or prognostic
significance (e.g., the role of small vessel cerebrovascular disease [33]) in selected
subgroups. However, growing evidence suggests that the effects of medical illnesses may
more broadly, perhaps mediated through functional disability, play the greatest roles in the
heterogeneous populations found in primary care settings (34). Although none of the other
psychosocial measures appeared in the final risk models, perceived family criticism had
predictive characteristics comparable with that of functional disability (Table 3). We opted
to make the next-level risk model conditional on functional disability rather than family
criticism because functional disability is commonly addressed in primary care and other
clinical settings, while family criticism is rarely assessed formally. Future work should
continue to examine the potential role of family and other psychosocial factors in predicting
incident depression, in part to identify mechanisms of depression onset that might inform
innovative approaches to preventive psychosocial interventions.

Several study limitations must be acknowledged. Our findings may not generalize to other
populations, including groups with greater representation of non-Caucasian seniors,
although it is not clear how our findings might differ in other settings. Further, there was no
evidence of systematic bias in our recruitment methods, and the inclusion of race as a
covariate supports the validity of the results based on any “missing at random” data. Our
study cohort may reflect biases introduced during the recruitment and retention phases,
although the inclusion rates compare favorably with other studies using such labor-intensive
assessment methodologies. The absolute number of incident depression cases was relatively
modest, limiting power to detect predictors. However, this makes the present findings more
striking. Our analyses assumed that risk indicators exerted the same effects on outcome
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across the entire cohort (i.e., we did not examine particular subgroups). Last, the numbers
needed to treat were based on the assumption of a fully effective preventive intervention.
Although useful to guide the optimal targeting of interventions, our findings underestimate
the number needed to treat values for any interventions likely to be available for the
foreseeable future. It also must be noted that elimination of a risk marker may not
necessarily improve outcomes (i.e., the marker may be a proxy for the actual pathogenic
factors, hence our use of the terms risk indicator or marker as distinguished from true risk
factors). However, our identification of risks that suggest an “indicated” prevention strategy
(e.g., current minor or subsyndromal depression) increases the likelihood that reduction of a
risk will improve outcomes.

Preventive interventions research might focus fruitfully on at-risk subject groups identified
by the predictors identified in the present study. However, it remains unclear what
interventions are most likely to be efficacious. Additionally, to achieve effectiveness in
actual practice, a preventive intervention must be acceptable to persons who largely do not
identify themselves as being depressed. Antidepressant medications might be considered,
but psychosocial treatments may be somewhat more effective than medications for treating
milder forms of depression, such as subsyndromal depression (35). One approach might be
to adapt evidence-based psychotherapy for depression (e.g., interpersonal psychotherapy or
problem solving therapy) to the context of persons suffering from subsyndromal depression
rather than full-fledged major depression. Alternatively, or in tandem with depression-
specific therapy, an intervention that focuses on coping with functional disability or that
involves increasing physical activity or exercise (36) may be more acceptable to these
patients and may hold promise of preventive efficacy.

Pending the development and empirical validation of preventive interventions, the present
study may inform current clinical practice by fostering early detection and intervention
critical to improving patient outcomes for depression. The risk markers identified are
clinical domains routinely assessed, at least informally, in primary care evaluations,
although quantification and chart documentation of these risks in practice remain quite
variable. As practices move toward adopting chronic disease management approaches based
on electronic medical records, it will be straightforward to identify and “flag” patients at risk
for incident depression. Such patients could be followed closely over time using cost-
effective methods, such as telephone-based depression symptom scales (37). Treatment
outcomes for patients who go on to develop diagnosable depressive disorders may be
maximized by the use of evidence-based depression care management paradigms,
administered within primary care practices (38,39) or via telephone (40). Future research
must refine the recommendations for such screening and demonstrate its cost effectiveness
as well as determine the effectiveness of preventive interventions. Further, the
methodologies of the present analyses should be applied to more narrowly defined
populations for whom depression poses particularly grave risks, such as those with specific
chronic medical conditions (e.g., heart failure, stroke), with similar goals of identifying
those at greatest risk for developing depression and elucidating potential targets for
intervention.
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TABLE 1

Demographic and Clinical Characteristics of Elderly Primary Care Patients Completing the 1-Year Follow-Up
Assessment

Variable N % Range Rate of Incident Major Depression Episodesa

Gender

 Male 162 40.0 0.058

 Female 243 60.0 0.056

Race

 Caucasian 382 94.3 0.061

 Other 23 5.7 0.017

Minor or subsyndromal depression

 Present 302 74.6 0.100

 Absent 103 25.4 0.032

Mean SD Range Rate of Incident Major Depression Episodesa

Age (years) 75.6 6.7 65–95

 >75 0.059

 ≤75 0.054

Education (years) 14.3 205 4–17

 >12 0.066

 ≤12 0.039

HAM-D scoreb 8.5 5.7 0–33

 >10 0.102

 ≤10 0.044

Cumulative Illness Rating Scale scorec 8.5 3.1 2–21

 >6 0.068

 ≤6 0.041

Mini-Mental State Examination score 28.1 5.5 11–30

 <24 0.073

 ≥24 0.055

Instrumental Activities of Daily Living score 1.8 5.9 0–22

 >0 0.078

 0 0.041

Physical Self-Maintenance Scale score 5.3 17.6 0–20

 >0 0.086

 0 0.025

Global Assessment of Functioning score 76.1 13.5 15–100

 <75 0.082

 ≥75 0.041

Karnofsky Performance Status Scale score 78.8 13.9 25–95

 <75 0.093

 ≥75 0.044

Am J Psychiatry. Author manuscript; available in PMC 2010 November 16.
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a
Data represent dichotomized cutoffs or categories.

b
Data missing for three subjects.

c
Data missing for 10 subjects.
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