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BRIEF REPORT

Peak-End Bias in Retrospective Recall of Depressive
Symptoms on the PHQ-9

Adam G. Horwitz1, Zhuo Zhao2, and Srijan Sen1, 2
1 Department of Psychiatry, University of Michigan Medical School

2 Michigan Neuroscience Institute, The University of Michigan Medical School

Mental health care is built around patient recall and report of clinical symptoms. However, memories of events
and experiences rely on cognitive heuristics that influence our recall. The peak-end bias, which refers to the
tendency for the most intense and proximate aspects of an experience to disproportionately influence our
memory, has been understudied in the context of mental health symptoms and may unduly influence self-
reported symptoms, even in the context of standardized assessments. To determine whether the peak-end bias
applies to the report of depressive symptoms on the standardized Patient Health Questionnaire–9 (PHQ-9)
assessment, we compared two scores from daily mood assessments collected over a 2-week period from 4,322
medical interns (56% women; 60% non-Hispanic White). The peak-end-mood score, which averaged the
single lowest and most recent mood scores over 2 weeks had a significantly stronger correlation with the PHQ-
9 than the mean-mood score, which averaged all mood scores during the 2 weeks. Likelihood ratio tests and fit
statistics provided further support that the peak-end-mood score was a significantly better predictor of
depression than the mean-mood score. Results were consistent when limiting the sample to those with mild-to-
severe depressive symptoms, andwhen only examining the two primarymood items as the dependent variable.
These findings provide evidence for a modest peak-end recall bias for mood and depressive symptoms. There
may be benefits to implementing intermittent assessment strategies to support clinical decision-making.

Public Significance Statement
The findings from this study suggest that there is a systematic bias in the recall of depressive symptoms
that overemphasizes the peak (worst) and end (current) mood states. Implementing brief, intermittent
assessments may be a useful tool for overcoming this peak-end bias and providing a more accurate
picture of between-session symptomatology for mental health care providers and systems applying
measurement-based care practices.
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For mental health disorders, much of clinical care is built around the
recall and report of clinical symptoms. For example, when an individ-
ual withmajor depression returns to their provider 6weeks after starting
a new medication, the person’s report of changes in depressive
symptoms typically drives the decision to maintain, adjust, or stop
the dose of the medication. To capture more accurate reports of clinical
symptoms, there have been significant efforts to institute measurement-

based care (MBC) practices in behavioral health settings, with stan-
dardized clinical symptom assessments used to inform treatment
decisions (e.g., Lewis et al., 2019). MBC has demonstrated improve-
ment in clinical costs and outcomes, leading to large implementation
efforts to expand MBC by psychologists (e.g., Wright et al., 2020),
psychiatrists (e.g., Aboraya et al., 2018), and health care systems like
the Veterans Health Administration (e.g., Resnick & Hoff, 2020).
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While MBC has advantages to being used in conjunction with,
rather than strictly relying on, verbal reports to inform treatment
decisions, standardized measures of clinical symptoms still rely on
the retrospective report of symptoms over weeks to months. A large
body of work suggests that our memory of events and experiences
(autobiographical memory) relies on cognitive shortcuts (heuristics)
that systematically bias our recall (e.g., Shiffman et al., 2008). One
important heuristic is the peak-end rule, whereby the most intense
and proximate aspects of an experience disproportionately influence
our memory (Kahneman et al., 1993). The peak-end bias has
been well established in the pain literature, where the retrospective
recall of pain during a procedure or event, such as a colonoscopy or
vaginal delivery, is disproportionately influenced by both the peak
level of pain and the level of pain at the conclusion of the event/
procedure (e.g., Chajut et al., 2014; Redelmeier et al., 2003).
Despite the established effects in the pain literature, the peak-end

bias has not been extensively studied in the context of mental health
and emotional states. One team has experimentally demonstrated
the peak-end bias in the context of anxiety, whereby participants in
one study reported greater overall anxiety when a horror movie clip
ended at the most intense scene relative to those who viewed an
extended version of the clip ending on a less intense scene (Müller
et al., 2019), and participants in a shock paradigm ending in a “high”
threat condition reported greater retroactive distress compared
to those who ended in a “moderate” threat condition (Müller
et al., 2022). With respect to depression, a small study of Japanese
undergraduate students, Sato and Kawahara (2011) had participants
complete daily mood assessments for 2 weeks and a final assessment
to rate their mood as a whole during the preceding 2 weeks, which
demonstrated a significant negativity bias driven by the peak and
final daily-level scores for anxiety and depression.
Given the centrality of recall to mental health clinical decision-

making, it is critical to further our understanding of whether psychiatric
symptoms are subject to the peak-end bias. The Patient Health Ques-
tionnaire–9 (PHQ-9; Kroenke et al., 2001) is a widely used measure of
depression that assesses the frequency of depressive symptoms during
the 2 weeks prior to assessment. Yet, while this measure is intended to
capture 2 weeks of retrospective data, a study by Aguilera et al. (2015)
found that dailymood scores over a 2week period only correlated to the
PHQ-9 when mood scores were restricted to the preceding 1 week (and
not when including the full 2 weeks), suggesting a recency bias.
Notably, these previous studies comparing daily measures to recall
reports have not examined the combined influence of recency and
negativity biases. To further this line of research and directly test
whether a peak-end bias applies to depressive symptoms, we compared
average mood scores assessed daily during the 2 weeks prior to
assessment (mean-mood score) to a calculated score combining only
the lowest mood score and most recent mood score (peak-end-mood
score) over the same 2 weeks for associations with PHQ-9 scores.

Method

Participants, Measures, and Procedure

First-year resident physicians (interns) entering residency pro-
grams from 2016 to 2020 at U.S. medical centers were recruited
to participate as part of the Intern Health Study (Sen et al., 2010).
Participants (N = 4,322; 56% women; 60% non-Hispanic White)
downloaded a mobile application that provided daily mood

assessment prompts between 5 and 10 p.m. throughout the intern-
ship year, “On a scale of 1 (lowest) to 10 (highest), how was your
mood today?” Participants also completed longer survey assess-
ments prior to internship and at the end of the first quarter of the
internship year, which included the PHQ-9 (Kroenke et al., 2001), a
widely used nine-item scale assessing the frequency of the nine
clinical depressive symptoms (scale range: 0–27) over the previous
2 weeks. With regard to depressive symptom severity, PHQ-9 total
scores are classified as follows: minimal (0–4), mild (5–9), moderate
(10–14), moderately severe (15–19), and severe (20 and above;
Kroenke et al., 2001). The study was approved by the institutional
review board at the University of Michigan.

Data Analytic Plan

To be included in the analytic sample, participating interns were
required to complete the PHQ-9 at the follow-up assessment
(offered during the third month of internship) and to have had at
least three daily mood ratings submitted in the 14 days preceding
the PHQ-9’s completion. Retention analyses examined differences
between the 4,322 included interns who completed at least three
daily mood scores and the 724 interns who were excluded from
the analytic sample due to providing fewer than three daily mood
scores.1 There were no differences for sex or age, but interns of
Asian descent (80.7%) were significantly less likely to complete
the requisite number of daily surveys compared to White (87.4%)
and multiracial (87.3%) interns (χ2[7] = 32.55, p < .001). Preintern-
ship scores of depression were also significantly higher among
those who did not complete at least three daily mood surveys
(PHQ-9 M[SD]: 6.28[4.2] versus 5.55[4.1]; t[5,040] = 4.36, p <
.001). Mean-mood scores were calculated by averaging all com-
pleted daily mood scores during the 2 weeks prior to the PHQ-9
assessment. The peak-end-mood score was calculated by averaging
an individual’s single worst daily mood score and most recent daily
mood score in the 2 weeks prior to the PHQ-9 assessment.

We used Fisher’s r-to-z transformation and computed a Steiger’s
Z test (Steiger, 1980) to assess whether the correlation of the peak-
end-mood score with the PHQ-9 was significantly different from
the correlation of the mean-mood score with the PHQ-9, accounting
for the nonindependence of the correlations. To assess how PHQ-9
scores corresponded to the mean-mood and peak-end-mood scores
over the past 2 weeks, we conducted likelihood ratio tests comparing
reduced models to full models, with two reduced models (each
testing the effect when the independent variable was removed
from the model) nested within the same full model (both mean-
mood and peak-end-mood scores predicting PHQ-9 scores). We
compared the Akaike information criterion (AIC) of model fit and
used a difference of at least 10 AIC units as the threshold for
demonstrating a significantly better model fit (Burnham &
Anderson, 2004). To extend generalizability to clinical samples,
we examined these effects for a subset of interns with PHQ-9 scores
of 5 or higher, indicating mild-to-severe depressive symptoms
(2,190 interns; 50.7% of the sample). We also examined results
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1 Out of concern that only requiring three responses would reduce
potential variability between mean-mood and peak-end-mood scores, a
sensitivity analysis examined results restricted to those with 7+ responses.
Results did not meaningfully differ with this more selective sample, so our
study maintained inclusion for three or more responses.
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restricted to primary mood symptom (PHQ-2; low or depressed
mood, anhedonia) to control for the potential influence of environ-
mental factors captured by the PHQ-9 that might function indepen-
dently of mood in the context of medical internship (e.g., sleeping
difficulty due to shift work, fatigue from long work hours).

Results

Participants included in the study completed an average of 9.3
(SD = 3.7) daily mood surveys during the 2-week assessment
period. Sample descriptives for the analytic sample and clinical
subsample are described in Table 1. PHQ-9 depressive symptom
scores correlated significantly with both the mean-mood (r= −.405,
p < .001) and peak-end-mood scores (r = −.458, p < .001),2 and the
mean-mood and peak-end-mood scores were significantly corre-
lated with each other (r = .765, p < .001). The computed Steiger’s
Z test indicated that peak-end-mood scores had a significantly
stronger correlation to PHQ-9 scores than the mean-mood scores
(Z = 5.79, p < .001). In likelihood ratio tests, the peak-end-mood
score was a significantly better predictor of PHQ-9 scores than
the mean-mood score (284.97 vs. 38.33, p < .001) and had a
significantly better model fit according to the AIC (23511.9 vs.
23758.6).3 Findings were consistent, with a better fit for the peak-
end model, when restricting the sample to a subset of interns with
mild-to-severe depressive symptoms, and when only examining
primary mood symptoms as an outcome (see Table 2).

Discussion

This study demonstrated the presence of a peak-end bias with
respect to mood and depressive symptoms in a large sample of
medical interns. Our primary findings suggest that symptom
reports, even when filtered through standardized assessments, are
susceptible to the influence of both the worst mood state over the

preceding period and the current mood state. In practice, a provider
might increase a particular dose for a drug or treatment in response
to an elevated symptom scale, despite this score potentially being
influenced by a nonrepresentative day and not necessarily reflecting
the general mental health status during the interval period. The
average depression scores for the full, nonclinical sample of
interns were a bit higher than depression scores found in normative
samples of adults (e.g., Kocalevent et al., 2013), and the average
depression scores for the clinical subsample of interns were slightly
less than those found in clinical outpatient and inpatient settings
(e.g., Hansson et al., 2009; Sun et al., 2020). While the peak-end
bias remained in effect when restricting our sample to those with
at least mild or worse depressive symptoms, additional research is
needed in clinical contexts to clarify the magnitude of this effect.

These findings have implications for the use of standardized
assessment measures in clinical practice and MBC initiatives,
particularly with respect to longitudinal monitoring of symptoms.
While standardized assessments may assist in screening for a
range of symptoms, assist with diagnostics at an intake appointment,
and provide a useful endpoint for treatment, caution may be needed
with respect to drawing conclusions about symptoms between
sessions. Previous studies have demonstrated that even for the
2 week interval of the PHQ-9, correlations with daily mood scores
are more reflective of the past week than 2 weeks (Aguilera et al.,
2015). While the prospect of regular assessment between sessions
may initially seem burdensome, the administration of single items,
on a simple scale, delivered through mobile applications or text
messages is quite feasible (e.g., Porras-Segovia et al., 2020), and
may provide a less biased perspective of mental health functioning
between sessions and support clinical decision-making in conjunc-
tion with standardized measures.
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Table 1
Sample Characteristics

Demographics
Full sample

n (%)

Clinical
subsample
n (%)

N 4,322 (100) 2,190 (100)
Sex
Male 1,912 (44.0) 860 (39.3)
Female 2,410 (56.0) 1,330 (60.7)

Race/ethnicity
White 2,597 (60.2) 1,311 (59.9)
Asian 870 (20.2) 431 (19.7)
African American 193 (4.5) 110 (5.0)
Latino 177 (4.1) 89 (4.1)
Arab/Middle Eastern 64 (1.5) 23 (1.1)
Native American 5 (0.1) 3 (0.1)
Multiracial 399 (9.2) 217 (9.9)
Other 17 (0.4) 6 (0.3)

Age, M (SD) 27.60 (2.72) 27.67 (2.79)

Clinical M (SD) M (SD)

PHQ-9 total score 5.55 (4.14) 8.76 (3.37)
Mean-mood score 7.48 (1.25) 7.06 (1.29)
Peak-end-mood score 6.42 (1.52) 5.86 (1.51)

Note. PHQ-9 = Patient Health Questionnaire–9.

Table 2
Model Comparisons

Models

Full sample
(n = 4,332)

Clinical subsample
(n = 2,190)

LRTa AIC LRTa AIC

Predicting PHQ-9
Mean-mood 38.33 23758.6 7.70 11371.6
Peak-end-mood 284.97 23511.9 85.72 11293.6

Predicting PHQ-2
Mean-mood 60.76 7295.7 26.41 3517.3
Peak-end-mood 274.18 7082.3 85.02 3456.7

Note. LRT = Likelihood ratio test; AIC = Akaike information criterion
(lower scores indicate better fit); PHQ-9 = Patient Health Questionnaire–9
total depressive symptom score (range: 0–27); PHQ-2 = Patient Health
Questionnaire–2 depressive symptoms score for the first two PHQ-9 primary
mood items (i.e., low or depressed mood, anhedonia; range: 0–6). Clinical
sample = mild-to-severe symptoms of depression (PHQ-9 total scores ≥5).
a LRT signifies the value when the independent variable was left out of the
model.

2 Post hoc analyses examined the “end” and “peak” scores individually to
ensure the correlation strength was not being unduly influenced by one of the
two items making up the peak-end score. The correlations for end-only (r =
−.396) and peak-only (r = .438) scores had weaker correlations with the
PHQ-9 than the combined peak-end-mood score.

3 When requiring at least seven daily mood responses, AIC values were
17068.7 (peak-end) versus 17123.0 (mean-mood).
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While this study has several notable strengths, findings should be
understood within the context of its limitations. Even with sample
stratification for depression severity, medical interns are education-
ally and occupationally homogenous, which may limit generaliz-
ability. Since our study used a nonclinical sample, our daily mood
item was not symptom-focused, which may explain a smaller than
expected correlation between daily mood and depressive symptoms.
Future studies may wish to test the peak-end bias more directly in
clinical samples by specifically assessing depressed mood daily
rather than the mood in general. Baseline depression scores were
significantly higher among interns who were excluded from analyses
due to low survey adherence, and interns of Asian descent were also
less likely to complete the daily surveys, whichmay have contributed
to bias within the analytic sample. We did not find that increasing the
threshold for number of daily mood responses (i.e., seven or more
daily mood scores) to alter patterns associated with peak-end-mood
and average-mood models, and so maintained the threshold at three
responses to maximize inclusion, though we acknowledge that
missingness may contribute to potential measurement error.
Despite these limitations, our findings demonstrate the potential

presence of the peak-end bias in the report of depressive symptoms
and highlight the need for additional research into this phenomenon,
particularly in clinical samples. While the overall effect of the peak-
end bias was relatively modest, there may be individual differences
based on personality, clinical symptoms, or sociodemographic
factors that suggest some individuals may be more prone to this
reporting bias than others. Additional research into these nuances
would help clarify the clinical significance associated with this peak-
end bias in practice. Nevertheless, with the increasing ease of mobile
assessments through applications or texting, mental health care
providers and systems may be able to improve upon MBC practices
by implementing brief, intermittent assessments rather than relying
strictly on retrospective recall on the day of appointments to gather a
summary of the preceding time period.
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