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Abstract
Background

To measure depressive symptoms in population-based studies, there are two well-established questionnaires: the Center
for Epidemiologic Studies Depression Scale (CES-D) and the Patient Health Questionnaire-9 (PHQ-9). So far, comparisons
between both instruments have only been performed using cross-sectional data, and in speci�c patient groups.
Furthermore, comparisons for population-based studies are missing as well as sex-speci�c analyses. The aim is to
evaluate the psychometric properties and concordance of the longitudinal results of CES-D and PHQ-9 in the German
population-based Heinz Nixdorf Recall (HNR) study.

Methods

We used data of n=3,084 participants (48.8% men, mean age: 66.8 years). CES-D and PHQ-9 were assessed in the 8th (t8)
and 9th (t9) annual postal follow up within two years via questionnaires. Depressive symptoms were de�ned as CES-D
score ≥ 17 and PHQ-9 score ≥ 10. Internal consistency reliability, convergent validity, and agreement between PHQ-9 and
CES-D were assessed using respectively Cronbach’s alpha, Pearson’s correlation, and Cohen’s kappa. To analyse
depressive symptoms differences between t8 and t9 we used McNemar’s test. Sex-strati�ed results are presented.

Results

The prevalence of depressive symptoms at t8 was higher for CES-D (7.8%) than for PHQ-9 (4.4%). The prevalence slightly
increased for CES-D (8.1%), as well as for PHQ-9 to 4.5% at t9. Internal consistency of the PHQ-9 and CES-D was good at
both times (Cronbach’s alpha: CES-D t8 & t9: 0.89, PHQ-9 t8: 0.84; t9: 0.85). Cohen’s kappa of agreement between CES-D
and PHQ-9 was moderate at both time points (t8: k=0.57; 95% CI: 0.51, 0.63; t9; k=0.58; 95% CI: 0.52, 0.64). For both
instruments, the McNemar’s test revealed no differences in the proportion of depressives between t8 and t9. We could not
observe sex-speci�c differences of psychometric characteristics, whereas the agreement between the CES-D and PHQ-9
performed slightly higher in men than in women (t8: k=0.61, resp. k=0.55).

Conclusions

The results do not support the superiority of one of the scales. Both scales perform well in this population-based cohort in
both sexes and longitudinal approach. The decision, which scale to use may depend on characteristics other than the
accuracy of the scale, including feasibility and clinical usability.

Introduction
The mental disorder depression is one of the most common mental illnesses in the world and more than 300 million
people suffer from depression worldwide [1, 2]. Symptoms include feelings of sadness, hopelessness, loss of pleasure,
appetite, weight, self-esteem or self-con�dence as well as sleep and concentration disorders that exceed a certain
duration, persistence, and intensity. Often depression is associated with comorbidity and increased mortality risk. Due to
the high prevalence of depression and its physical comorbidity, the assessment of depressive symptoms is part of the
standard program of many epidemiological studies [3, 4].

In epidemiological studies, a large number of self-administrative instruments in the form of psychometric personality
tests were developed as a screening assessment tool and used to detect Major Depressive Disorders (MDD). MDD are
determined by the presence of relevant multiple depressive symptoms within a de�ned time. Self-administered
questionnaires are easy to use and cost-effective. Of the many instruments available, the "Center for Epidemiologic
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Studies Depression Scale (CES-D Scale)" [5] and the "Patient Health Questionnaire (PHQ)" are the most widely used ones
in epidemiological studies [6].

It has been shown that these questionnaires performed well as a screening instrument in comparison with the reference
standards, a clinical interview [7]. However, to make an evidence-based decision for one of the instruments for measuring
depressive symptoms in epidemiological studies, it is necessary to precisely analyse the differences and similarities of
the instruments as well as to evaluate the psychometric strengths and weaknesses. To compare results between studies,
it is also important to know whether these instruments are interchangeably or to what extent the results differ
systematically.

The psychometric performance of the CES-D and the PHQ-9 has already been compared in speci�c patient groups like
people with diabetes type 2, multiple sclerosis or systemic sclerosis [8–11]. Taken together, the literature shows no
relevant differences between the two instruments in terms of reliability, validity as well as differences in speci�c
subpopulations. It is only noted that PHQ-9 is more speci�c in indicating depression [12], while CES-D detects various
parts of depression and some of the other emotions associated with serious illness [13].

However, to best to our knowledge, there are no comparisons between these instruments within the general population. In
addition, there are no comparisons with longitudinal data measuring the development of depressive symptoms. Moreover,
as it is known that there are large differences in the prevalence and development of depressive symptoms between
women and men [14–17] it is useful to examine the psychometric characteristics separately by sex.

We have chosen the CES-D and the PHQ-9 because they are commonly used instruments to assess depression
symptomatology in epidemiological studies and they measure different aspects of depression. The PHQ-9 corresponds to
major depression and was designed for clinical use. The CES-D has been developed for large epidemiological studies and
investigates a variety of aspects of depression.

This study aims to compare the psychometric properties and the concordance of the CES-D and the PHQ-9 in an elderly
population using the data set of the German longitudinal, population-based Heinz Nixdorf Recall (HNR) Study.

Methods
Study population

The design of the HNR Study has been described in detail elsewhere [18, 19]. Brie�y, for baseline examination, 4,814
women and men (49.8% men) aged 45 to 75 years were recruited between 2000 and 2003 from mandatory citizen
registries of three large cities (Bochum, Essen, and Mülheim an der Ruhr, Germany). For follow up, participants were
invited further two times to the study centre in Essen every �ve years. In addition, a yearly questionnaire-based postal
follow-up was conducted between these examinations. To perform a longitudinal comparison between the CES-D and the
PHQ-9 we used the 8th (hereafter t8) and 9th (t9) follow up year in which both instruments were applied concurrently.

For our analysis, we included 3,084 participants (1,580 women, 1,504 men) who completed both the PHQ-9 and CES-D
questionnaires at both time points.

The HNR study is con�rmed by the local ethics committees and all participants gave written informed consent before
participation.

Assessment of depressive symptoms

We assessed depressive symptoms using the validated tools “Center for Epidemiologic Studies Depression Scale” (CES-
D) [5] and the PHQ-9, a sub-module of the "Patient Health Questionnaire (PHQ) ". Both instruments are structured self-
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administrative scales, in which the participants answer predetermined answer options. The CES-D was always measured
immediately before the PHQ-9. The participants were also asked if they are currently in therapy for depression or are
taking medication against it. These variables are only used for sensitivity analysis.

Center for Epidemiologic Studies Depression Scale (CES-D)

The CES-D is often used in epidemiological studies in the general population. The CES-D asks for the presence and
frequency of symptoms and emotional states in the week before the interview including depressive mood, feelings of guilt
or worthlessness, sleep disorders and self-doubt [20, 21]. The CES-D is considered as an indicator of depression and is
highly correlated with a clinical diagnosis of depression [22].

In the HNR Study, a short version of the CES-D with 15 questions was applied. Answers are given on a 4-point Likert-scale
ranging from ‘‘less than one day’’ (0 point) to ‘‘5–7 days’’ (3 points). We calculated a sum score ranged from 0 to 45 points
with a higher score indicating more and/or more frequent depressive symptoms. Positively formulated items were coded
backward and an average value was calculated over all 15 items. For up to three missing answers, the item value was
replaced by the mean value of the answered questions. In the HNR Study, a cutoff point of ≥ 17 was de�ned as
depression [23, 24].

Patient Health Questionnaire (PHQ)

The Patient Health Questionnaire developed by Spitzer, Kroenke, and Williams [25] is used to screen for MDD with items
corresponding to the symptoms identi�ed in the Diagnostic and Statistical Manual of Mental Disorders [26]. In the HNR
Study, we used the nine items subscale PHQ-9 which consists of the actual nine criteria of the DSM-5 diagnosis for
depressive disorders. The PHQ-9 is widely applied in medical settings [6]. Participants were asked about the frequency of
the emergence of nine different problems or depression criteria over the last two weeks.

There are four possible answers: not at all (0 point), several days (1 point), more than half the days (2 points), and nearly
every day (3 points). Total PHQ-9 score ranges from 0 to 27 and are categorized as “none or minimum” (0–4), “mild” (5–
9), “moderate” (10–14), “moderately severe” (15–19), and “severe” (20–27) for depression severity. For up to two missing
answers, the item value was replaced by the mean value of the answered questions. We de�ned a PHQ-9 score ≥ 10 as
depression [27].

Basic similarities and differences

The CES-D and PHQ-9 are used to detect depression and depressive symptoms. Both scales are designed as self-
administrative questionnaires, brief and easy to assess as well as available in the public domain. Nevertheless, there are
differences. The PHQ-9 indicates major depression based on the DSM-5 diagnostic criteria and was developed for clinical
use. The CES-D, on the other hand, was developed for large epidemiological studies and measures depressive symptoms
with emphasis on the affective component and depressed mood. The CES-D consists of 15 items, whereas the PHQ-9
contains only nine items. Although there is a basic frequency questioning in both scales, the retrospective period differs.
The CES-D refers to the last seven days, the PHQ-9 to the last 14 days. The response options are quite similar for both
instruments. A four-step scale with increasing frequencies is given.

Demographic Variables

The socio-economic status was assessed in a standardized computer-assisted interview (CAPI) carried out by trained
personnel at baseline examination. Education was classi�ed according to the International Standard Classi�cation of
Education (ISCED-97) as total years of formal education, combining school and vocational training and was categorized
into four groups (≤ 10 y, 11–13 y, 14–17 y, ≥ 18 y). Economic activity was categorized into four groups [employed,
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inactive (e.g. homemaker, but not unemployed), pensioner, and unemployed]. We also recorded if participants were
cohabiting with a partner or not. For the classi�cation by subgroups, age was divided into < 67 and ≥ 67 years, as this
corresponds to the mean age of the participants.

Statistical Analyses

Cronbach’s alpha was calculated for CES-D and PHQ-9 to evaluate the internal consistency based on the correlations
between different items on the total scale. It describes the extent to which all the items in a test measure the same
concept or construct. Convergent validity of CES-D and PHQ-9 was assessed using Pearson’s correlation coe�cient to
explore the magnitude of the associations between the scales.

Agreement probability is calculated by using the sum of the number of the same classi�cation for both scales, as well as
the disagreement probability as the sum of the number of a different classi�cation. The response agreement between
PHQ-9 and CES-D with dichotomous cutoffs was evaluated with Cohen’s kappa. Cohen’s kappa is used to assess the
reliability of different measurement methods by quantifying their consistency in placing individuals or items in two or
more mutually exclusive categories. We calculated kappa values including 95% con�dence intervals (CI) by
subtracting/adding the kappa from the value of the 95% CI level (1.96) times the standard error of kappa [28]. We
interpreted the strength of the agreement as slight (0-0.20), fair (0.21–0.40), moderate (0.41–0.60), substantial (0.61–
0.80), and almost perfect (0.81-1) [29].

McNemar's test of marginal homogeneity is conducted for the CES-D and PHQ-9, respectively, to test the hypothesis that
the proportion of participants with depressive symptoms above the corresponding cutoff is the same at both times.
Temporal changes in PHQ-9 and CES-D are represented by the percentage difference from t8 to t9. A change in the
depression score is rated 10% or more on the given scale. Temporal changes were classi�ed as an increase, decrease and
no change. To assess the conformity of a temporal trend, the proportions of the concordantly and discordantly identi�ed
changes are compared.

For a sensitivity analysis, various cutoffs (CES-D score ≥ 16 to 22) were selected for the CES-D to demonstrate how the
agreement and kappa values change. Participants were also strati�ed according to whether they are currently in therapy
for depression. Based on this strati�cation, the observed agreement and the kappa value were calculated.

Descriptive results are expressed as mean ± SD, percentage (%) or number (n), as appropriate. Results are presented
separately by sex. All analysis was performed using SAS 9.4.

Results
The sex-strati�ed characteristics of the analysed population at t8 (n = 3,084) are shown in Table 1, for the entire
population as well as for women (n = 1,580) and men (n = 1,504) separately. The average age was 66.8 years at t8. Of the
participants, 85.8% lived with a partner and 34.9% completed post-secondary education (≥ 14 years of education); 45.5%
were employed.

The mean score for PHQ-9 and CES-D score was 3.5 resp. 7.1. Women showed a higher score on both scales than men.
Figure 1 presents the distribution of CES-D and PHQ-9 at t8 and t9. Both scores were strongly skewed to the right. The
mode of PHQ-9 was even 0. For men, the distribution of the PHQ-9 scale was even more right-skewed, than for women. No
differences according to the distribution were observable between both time points.
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Table 1
Demographic Characteristics

Characteristics all men women

  mean SD n % mean SD n % mean SD n %

      3084 100.0     1504 48.8     1580 51.2

PHQ-9
(missings n = 0)

3.5 3.5     3.0 3.4     3.9 3.5    

CES-D
(missings n = 0)

7.1 6.5     6.4 6.1     7.7 6.8    

Age in years
(missings n = 0)

66.8 7.3     67.0 7.3     66.7 7.4    

Age group (missings
n = 0)

                       

45–54     35 1.1     14 0.9     21 1.3

55–64     1207 39.1     560 37.2     647 41.0

65–75     1419 46.0     727 48.3     692 43.8

75–85     423 13.7     203 13.5     220 13.9

Partnership
(missings n = 2)

    2645 85.8     1409 93.8     1236 78.3

Education in years
(missings n = 3)

                       

≤ 10     270 8.8     58 3.9     212 13.4

11–13     1735 56.3     690 45.9     1045 66.2

14–17     710 23.0     527 35.1     183 11.6

≥ 18     366 11.9     228 15.2     138 8.8

Employed (missings
n = 2)

                       

employed     1403 45.5     813 54.1     590 37.4

inactive o housewife     444 14.4     7 0.5     437 27.7

pensioner     1049 34.0     606 40.3     443 28.1

unemployed     186 6.0     77 5.1     109 6.9

Table 2 shows the prevalence rates. The prevalence of depression at t8 was higher for CES-D (7.8%) than for PHQ-9
(4.4%) The prevalence slightly increased for CES-D (8.1%), as well as for PHQ-9 to 4.5% at t9. The sex-speci�c analyses
admittedly show the well-known observation of higher prevalence in women than in men. However, it also reveals (i) an
even greater difference between sexes measured by CES-D (men 6.0%, women 9.6%) than by PHQ-9 ( 3.6%, 5.3%), and (ii)
a decreasing prevalence rate in women measured by PHQ-9 (5.3–4.9%) whereas it increased when measured by CES-D
(9.6–10.4%).
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Table 2
Prevalence of Depression Scores

  all men women

  n % n % n %

PHQ-9 t8 137 4.4 54 3.6 83 5.3

PHQ-9 t9 138 4.5 60 4.0 78 4.9

CES-D t8 242 7.8 90 6.0 152 9.6

CES-D t9 251 8.1 88 5.9 163 10.4

Cronbach’s alpha showed high reliability for the CES-D (a = 0.89) at both time points (Table 3). Inter-item correlations
ranged from 0.16 to 0.67. Similar results were found for PHQ-9 (t8: a = 0.85, t9: a = 0.84). Inter-item correlations ranged
from 0.20 to 0.54. No sex-speci�c differences could be identi�ed. Table 4 depicts a high correlation between CES-D and
PHQ-9 (t8: r = 0.84, t9: r = 0.85). The long-term approach between t8 und t9 achieved a correlation of r = 0.71 for both CES-
D and PHQ-9.

Table 3
Cronbach's alpha Coe�cient of Internal Consistency

  all (n = 3084) men (n = 1504) women (n = 1580)

  n1 % Cronbach's
alpha

n % Cronbach's
alpha

n % Cronbach's
alpha

PHQ-9
t8

3011 97.6 0.85 1476 98.1 0.85 1535 97.2 0.84

PHQ-9
t9

2992 97.0 0.84 1467 97.5 0.84 1525 96.5 0.84

CES-D
t8

2852 92.5 0.89 1411 93.8 0.88 1441 91.2 0.89

CES-D
t9

2823 91.5 0.89 1381 91.8 0.89 1442 91.3 0.90

1 n is slightly different for each scale because not all questionnaires were �lled out completely
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Table 4
Pearson's Correlation Coe�cient between Depression Scales

all        

Scale PHQ-9 t8 PHQ-9 t9 CES-D t8 CES-D t9

PHQ-9 t8        

PHQ-9 t9 0.71      

CES-D t8 0.84 0.67    

CES-D t9 0.65 0.85 0.71  

         

men        

Scale PHQ-9 t8 PHQ-9 t9 CES-D t8 CES-D t9

PHQ-9 t8        

PHQ-9 t9 0.71      

CES-D t8 0.83 0.68    

CES-D t9 0.65 0.84 0.71  

         

women        

Scale PHQ-9 t8 PHQ-9 t9 CES-D t8 CES-D t9

PHQ-9 t8        

PHQ-9 t9 0.71      

CES-D t8 0.84 0.66    

CES-D t9 0.65 0.86 0.70  

         

All correlations are signi�cant at p < 0.0001  

Table 5 shows the agreement of the two scales at t8 as well as at t9. At t8 both scales classi�ed 113 participants as
depressed and 2,818 as non-depressed, resulting in a 92.2% agreement. Kappa coe�cient (k = 0.57; 95% CI: 0.51, 0.63)
indicated a moderate agreement. Cohen’s kappa at t8 was for men slightly higher (k = 0.61; 95% CI: 0.51, 0.70) than for
women (k = 0.54; 95% CI: 0.47, 0.63). At t9 the agreement amounted 95.0% and kappa coe�cient of k = 0.58 (95% CI: 0.52,
0.64) for all participants. The agreement, considered separately by sex at t8, did not differ from t9.
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Table 5
Agreement of Depression Scores PHQ-9 and CES-D with Cohen's Kappa and 95% Con�dence Interval

  CES-D & PHQ-9 both classify
participants as

         

  non-depressed depressed observed
Agreement

expected
Agreement

Cohen's
kappa

95%
lower CI

95%
Upper CI

t8 all 2818 113 95.0% 88.4% 0.57 0.51 0.63

t9 all 2812 117 95.0% 88.1% 0.58 0.52 0.64

t8 men 1405 45 96.4% 90.9% 0.61 0.51 0.70

t8
women

1413 68 93.7% 86.1% 0.55 0.47 0.63

t9 men 1404 48 96.5% 90.6% 0.63 0.54 0.72

t9
women

1408 69 93.5% 85.8% 0.54 0.47 0.69

Figure 2 illustrates the results for the agreement of the two scales showing the kappa coe�cient and the 95% con�dence
interval, divided into different subgroups for both time points. The kappa coe�cients for the subgroups ranged between
0.51 and 0.68. The agreement between the CES-D and PHQ-9 can be considered as moderate to substantial within the
different subgroups. At both times, the kappa coe�cient was greater for men than for women, suggesting that there are
more concordant cases for men. It can also be seen that the agreement between the two scales was greater among the
younger participants (< 67 years) than among the older participants. Similarly, the agreement among participants with
post-secondary education was lower than among participants with less than 14 years of education.

To answer the question of whether there was a higher proportion of participants who were above the cutoff for depression
at t9 than at t8, the McNemar’s test was performed for each scales. The results (Table 6) show that the proportion of
being depressed did not differ signi�cantly (p = 0. 539) according to the CES-D scale. The marginal percentages for being
depressed at t8 were 7.8% and 8.1% at t9. For the PHQ-9, this result can be seen even more clearly. At t8 4.4% were
depressed and at t9 4.5%. According to the McNemar’s test, this leads to a p-value of 0.931, assuming that the
proportions did not differ signi�cantly from each other, too. The McNemar’s test conducted separately by sex indicates
that the proportions of being depressed did not differ between t8 and t9 on both scales.
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Table 6
Contingency Tables for McNemar's test of Marginal Homogeneity for Being Depressed in t8 vs t9

      t9

      CES-D PHQ-9

      - + total   - + total  

t8 CES-D - 2730 112 2842 (92.2%)        

+ 103 139 242 (7.8%)        

total 2833 251 3084          

    (91.9%) (8.1%)            

PHQ-9 -         2880 67 2947 (95.6%)

+         66 71 137 (4.4%)

total         2946 138 3084  

              (95.5%) (4.5%)    

As described, a relative change of more than 10% between the two time points on one of the scales was regarded as an
increase or decrease in the depression score. Table 7 shows the results for analysing these development trends of both
scales over time. In total, 75.8% of the participants on both scales identi�ed similar trends (increasing, no change or
decreasing) from t8 to t9. A similar pattern was observed among men for 77.1% of participants and 74.5% among
women. A proportion of 24.2% of all participants, in contrast, shows a different development trend. Nevertheless, for 0.5%
of the participants opposite developments are identi�ed by the two scales.

Table 7
Temporal Changes Over Time

CES-D PHQ-9 all men women

    n % n % n %

↗ ↗ 184 6.0 79 5.3 105 6.6

→ → 2002 64.9 1028 68.4 974 61.6

↘ ↘ 151 4.9 53 3.5 98 6.2

↗ → 237 7.7 103 6.8 134 8.5

↗ ↘ 6 0.2 2 0.1 4 0.3

→ ↗ 146 4.7 77 5.1 69 4.4

→ ↘ 148 4.8 69 4.6 79 5.0

↘ ↗ 8 0.3 4 0.3 4 0.3

↘ → 202 6.5 89 5.9 113 7.2

    3084 100 1504 100.0 1580 100.0

↗ Increase ↘ Decrease → No change
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Sensitivity analysis

By increasing the cutoff for the CES-D, the proportion of depressives decreased accordingly (Table 8). The agreement
between the CES-D and PHQ-9 improved with a higher cutoff. The Kappa coe�cient improved, too.

Table 8
Different Cutoffs for CES-D: Being Depressed and Agreement of PHQ-9 and CES-D with Cohen's Kappa

CES-D
Cutoff
≥

  depressed observed
Agreement

expected
Agreement

Cohen's
kappa

95% lower
CI

95% Upper
CI

16 t8 9.4% 93.8% 87.0% 0.53 0.47 0.58

t9 9.5% 94.0% 86.9% 0.54 0.49 0.60

17 t8 7.9% 95.0% 88.4% 0.57 0.51 0.63

t9 8.1% 95.0% 88.1% 0.58 0.52 0.64

18 t8 7.1% 95.7% 89.1% 0.60 0.54 0.66

t9 7.0% 95.7% 89.1% 0.61 0.54 0.67

19 t8 6.1% 96.2% 90.0% 0.62 0.56 0.69

t9 6.0% 96.5% 90.1% 0.64 0.58 0.71

20 t8 5.3% 96.8% 90.7% 0.65 0.59 0.72

t9 5.1% 96.7% 90.9% 0.64 0.58 0.71

21 t8 4.7% 97.2% 91.3% 0.68 0.62 0.74

t9 4.6% 96.9% 91.4% 0.64 0.58 0.71

22 t8 4.1% 97.5% 91.8% 0.69 0.63 0.76

t9 4.0% 97.1% 91.9% 0.64 0.57 0.71

Table 9 shows the results strati�ed by current therapy for depression. The proportion of depressives currently in therapy
turn out to be distinctively higher (t8: CES-D 45.2%, PHQ-9 33.3%; t9: 39.8%, 28.5%). Nevertheless, even among the group
being not currently in therapy, 3 to 6% were depressed according to CES-D or PHQ-9 (t8: CES-D 5.7%, PHQ-9 2.8%; t9 6.1%;
2.9%). The agreement between the scales was higher among those who were not in therapy. Despite this, the Kappa
coe�cient at both time points was lower compared to those who were in therapy.
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Table 9
Being Depressed and Agreement of PHQ-9 and CES-D with Cohen's Kappa by Intake of Antidepressants or Therapy

Time
point

Intake of
antidepressants
or current
therapy for
depression

n depressed
CES-D

depressed
PHQ-9

observed
Agreement

expected
Agreement

Cohen's
kappa

95%
lower
CI

95%
Upper
CI

t8 yes 168 45.2% 33.3% 0.83 0.52 0.66 0.54 0.77

t8 no 2916 5.7% 2.8% 0.94 0.90 0.47 0.40 0.55

t9 yes 186 39.8% 28.5% 0.84 0.54 0.66 0.55 0.77

t9 no 2898 6.1% 2.9% 0.96 0.91 0.50 0.42 0.57

Discussion
This is the �rst study to compare systematically the psychometric properties of the CES-D and PHQ-9 in the general
population in a longitudinal and sex-speci�c approach. The analyses carried out have shown that both scales achieved
concordant results in detecting depression, but also differed from each other in some aspects. In this study, 4.4% of the
participants were identi�ed as depressed with the PHQ-9, slightly lower than the latest WHO prevalence data for
depressive disorders in Germany (5.2%) [1]. The CES-D, in contrast, classi�ed 8% as depressed in our sample. Women
were more likely than men to suffer from depression. This difference was more noticeable in CES-D than in PHQ-9. Each
scale performed well and proved to be highly reliable instruments with high Cronbach's alpha values for the total score
from 0.84–0.89. Concerning internal consistency and convergent validity, our �ndings match those observed in other
studies [8, 9]. The degree of concordance of the results regarding a binary classi�cation of participants as depressed or
not depressed ranged in a moderate to a substantial level. These results are in line with other studies examining speci�c
patient groups. Zhang et al. [11] compared the CES-D and PHQ-9 in type 2 diabetes patients in China, whereas Milette et
al. [10] in patients with systemic sclerosis (SSc) in Canada showing both a moderate agreement between the instruments
(k = 0.45; resp. k = 0.49). Their agreement was slightly weaker than in our study.

However, a proportion of the participants were also classi�ed differently from the two scales. It has been shown that the
CES-D assesses a participant as depressed rather than PHQ-9. This result is also consistent with other studies in which a
higher sensitivity of the CES-D to PHQ-9 was found [30]. Nevertheless, in our study some subgroups were more consistent
in the agreement between the two scales, for example, men compared to women or participants younger than 67 years
compared to even older participants. If the threshold for the cutoff of the CES-D is raised further, as the sensitivity
analysis shows, the agreement between CES-D and PHQ-9 improved and the CES-D did not classify as many participants
as depressed.

In addition, our study reveals that both scales detected identical tendencies observed with regard to changes in
depression over time. Only 0.5% of participants were completely opposed to the development of depressive symptoms
identi�ed by the two scales. According to the McNemar’s test, the proportions to be depressed did not differ between the
two time points on both scales.

There were no sex-speci�c differences in psychometric characteristics. Cronbach's alpha and Pearson's correlation
coe�cients were similarly high for men and women. Merely the agreement between the CES-D and the PHQ-9 and the
corresponding kappa values show differences between men and women. Men had a higher agreement than women. This
may be due to the slightly different domains (e.g. mood, cognition, somatic symptoms) that the two scales are measured.
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The CES-D measures rather depressed mood and also positive affects, whereas the PHQ-9 measures the criteria of major
depression. Furthermore, the CES-D asks about the frequency of depressive symptoms in the last week, while PHQ-9 asks
about the frequency in the last two weeks. The shorter time interval captured by the CES-D may detect rather short-term
symptoms, including acute problems and stressors that may not indicate major depression. It can be assumed that
women are more likely to be in a depressed mood and do not yet meet the criteria for major depression. Therefore, they
had an elevated score for the CES-D, but not for the PHQ-9. This may explain the discrepancy between the prevalence
determined by CES-D and the PHQ-9 and �nally the poorer agreement.

Strengths

There are serval characteristics that are strengths of this study. First, HNR Study is a large representative sample of the
general middle and older population followed annually. There were multiple measurements of depressive symptoms
available with the widely utilized and well-established scales CES-D and PHQ-9, so the longitudinal analysis was possible.
The sample size allowed the psychometric characteristics of CES-D and PHQ-9 to be properly investigated in the general
population. We also strati�ed by gender to observe gender-speci�c differences in scales.

Limitations

The study also has a few limitations. The basis for concordance analysis is the dichotomization of the initial continuous
scores. This results in a loss of information as it is not possible to determine how close the actual score lies to the cutoff.
Another limitation is the lack of clinical con�rmation of depression, so we were not able to evaluate our results with a
valid diagnosis of depression. The results may not be applicable for use in clinical studies.

Future research

A comparison against a gold standard in the form of a structured clinical interview on depressive symptoms can provide
information on the diagnostic accuracy of the two instruments.

Conclusion
In summary, we want to highlight the overall good performance of the CES-D and PHQ-9 in assessing depressive
symptomatology in the general population. The results do not support the superiority of one scale over the other in terms
of psychometric properties. Both scales perform well and their correlations were high, so the decision, which scale to use
for a particular purpose may depend on characteristics other than the accuracy of the scale, including feasibility and
clinical usability, for example, the PHQ-9 includes fewer items than the CES-D, is shorter and take less time. The PHQ-9
focuses more on the criteria of major depression in clinical practice, whereas the CES-D measures rather different aspects
of depression such as depressive mood as well as positive affect, and was not designed for clinical diagnoses.
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Figure 1

Distribution of Depression Scores CES-D and PHQ-9 for t8 and t9
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Figure 2

Kappa coe�cient with 95% con�dence interval (CI) by subgroups


