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ABSTRACT
Objectives  We assessed the relationship between the 
Patient Health Questionnaire-9 (PHQ-9) at intake and 
other measurements intended to assess biological factors, 
markers of disease and health status.
Design, setting and participants  We performed a cross-
sectional analysis of 2365 participants from the Baseline 
Health Study, a prospective cohort of adults selected 
to represent major demographic groups in the USA. 
Participants underwent deep phenotyping on demographic, 
clinical, laboratory, functional and imaging findings.
Importance  Despite extensive research on the clinical 
implications of the PHQ-9, data are limited on the 
relationship between PHQ-9 scores and other measures 
of health and disease; we sought to better understand this 
relationship.
Interventions  None.
Main outcomes and measures  Cross-sectional 
measures of medical illnesses, gait, balance strength, 
activities of daily living, imaging and laboratory tests.
Results  Compared with lower PHQ-9 scores, higher 
scores were associated with female sex (46.9%–66.7%), 
younger participants (53.6–42.4 years) and compromised 
physical status (higher resting heart rates (65 vs 
75 bpm), larger body mass index (26.5–30 kg/m2), 
greater waist circumference (91–96.5 cm)) and chronic 
conditions, including gastro-oesophageal reflux disease 
(13.2%–24.7%) and asthma (9.5%–20.4%) (p<0.0001). 
Increasing PHQ-9 score was associated with a higher 
frequency of comorbidities (migraines (6%–20.4%)) 
and active symptoms (leg cramps (6.4%–24.7%), mood 
change (1.2%–47.3%), lack of energy (1.2%–57%)) 
(p<0.0001). After adjustment for relevant demographic, 
socioeconomic, behavioural and medical characteristics, 
we found that memory change, tension, shortness of 
breath and indicators of musculoskeletal symptoms 
(backache and neck pain) are related to higher PHQ-9 
scores (p<0.0001).
Conclusions  Our study highlights how: (1) even 
subthreshold depressive symptoms (measured by PHQ-9) 
may be indicative of several individual- and population-
level concerns that demand more attention; and (2) 
depression should be considered a comorbidity in common 
disease.
Trial registration number  NCT03154346.

INTRODUCTION
Depression is a complex, chronic condition 
that affects hundreds of millions of people 
worldwide.1 Bidirectional relationships have 
been reported between depression and many 
chronic illnesses2; however, most studies 
have focused on specific conditions, such as 
diabetes, stroke or congestive heart failure, as 
opposed to a multidimensional deep pheno-
typing approach. Findings from previous 
studies highlight the need to more fully char-
acterise the relationship between depression 
and physical health.3–5 Furthermore, it would 
be helpful to better understand whether 
these relationships exist only above a certain 
threshold or across the entire continuum.

The most common screening tool for 
depression is the Patient Health Question-
naire-9 (PHQ-9), whose operating character-
istics are well known6 and have been validated 
in a variety of contexts.7 8 Despite extensive 
research on the clinical and behavioural 
implications of PHQ-9,9 10 the results of this 

Strengths and limitations of this study

	► This study included deep phenotyping on demo-
graphic, clinical, laboratory, functional and imag-
ing findings of 2365 participants from the Baseline 
Health Study.

	► This study provides important data on the relation-
ship between Patient Health Questionnaire-9 scores 
and other measures of health and disease.

	► The cross-sectional nature of this study limits our 
ability to assess the time course of these findings; 
however, follow-up is currently accruing.

	► People with significant depression are less likely to 
volunteer, thereby limiting the breadth of depression 
observed in this study.

	► The study population is generally representative of 
adult age, sex, race and ethnicity, but it is not a fully 
representative sample of the population.
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questionnaire are often used in a dichotomous manner 
(eg, cut-off of 10) without evaluating the full relation-
ship between PHQ-9 scores and measures of health and 
disease.

The Baseline Health Study (BHS)11 is a prospective 
cohort study of an adult population selected to represent 
major demographic groups in the USA. In BHS, deep 
phenotyping of numerous demographic, clinical, labo-
ratory, functional and imaging findings is coupled with 
ongoing longitudinal follow-up. The purpose of our study 
was to assess the relationship between the entire spectrum 
of depression, measured by PHQ-9, and a broad array of 
measurements intended to assess health status.

METHODS
The Baseline Health Study
BHS methods have been previously described,11–13 
including entry and exclusion criteria, the institutional 
review board and participant consent procedures, the 
data collection scheme and key components of study 
procedures.

Additional details of the effects of social determi-
nants on health in the BHS study have been previously 
reported.12 BHS is enrolling a large number of partici-
pants, beginning with intensive measurement of the first 
2502 people (the deeply phenotyped cohort) in whom a 
large volume of multimodal data are collected. Four clin-
ical BHS sites in the USA have begun enrolment.

The participants were enrolled through a virtual online 
registry with selection of participants for the deep pheno-
typing cohort included in this report using an algorithm 
intended to produce a representative sample of USA 
adult age, race and ethnicity. People in good health and 
with medical conditions were included and the sampling 
method was designed to over-represent people at risk of 
heart disease or cancer. The PHQ-9 in this report was 
collected at the initial study visit in person or online.

A pre-BHS pilot study, which tested clinical assessment 
workflows, was conducted in 200 healthy participants 
prior to initiation of the primary study. BHS is funded 
by Verily (South San Francisco, California, USA) and is 
managed in collaboration with Stanford University (Stan-
ford, California, USA), Duke University (Durham, North 
Carolina, USA, and the California Health and Longevity 
Institute (Westlake Village, California, USA) with 
enrolling sites in Durham, North Carolina; Kannapolis, 
North Carolina; Los Angeles, California and Palo Alto, 
California, USA. The extended studies have governance 
approaches specific to the needs of each study. Herein, 
we examine a cross-sectional analysis of the first BHS time 
point PHQ-9 scores.

Statistical methods
The statistical methods used in this manuscript have been 
described previously.12 Distributional measures; medians 
and 25th, 75th percentiles for continuous variables; and 
counts and percentages for categorical variables were 

computed and summarised across each of 5 PHQ-9 
severity groups6 (0, 1–4, 5–9, 10–14, >14), divided by 
convention to be consistent with prior studies. The 
Cochran-Armitage trend test for binomial variables,13 14 
and the Spearman rank correlation test for continuous 
variables15 or categorical variables that are ordinal in 
nature (eg, education and income), were used to test for 
linear trend across severity group. Multiple tests were not 
adjusted for, given the exploratory nature of this study. 
Subsequent studies with preplanned hypotheses are 
needed to confirm results.

Penalised regression using the least absolute shrinkage 
and selection operator (LASSO) was conducted to model 
physical, phenotypic and symptom factors that could 
predict the PHQ-9 score (logarithm of PHQ-9 +1). Data 
were randomly split into a training set (approximately 
70% of the data), which was used to build the models, 
and an independent test set, which was used to evaluate 
model performance. The final linear model was trained 
on the full training set, retaining all predictors with coef-
ficients not equal to zero, and was evaluated on the held-
aside test set.

Since inference rather than prediction is the goal of 
this analysis, we considered five sets of sequential ‘adjust-
ment’ models, consisting of smaller-to-larger covariate 
lists that were entered into a LASSO regression model. 
The LASSO-predicted values resulting from each of the 
five models were used to estimate a covariate-adjusted 
effect for all other candidate variables. Separate regres-
sions for each of the candidate variables that are not 
included in a given model were performed to obtain coef-
ficients and CIs (ie, only the LASSO-predicted value and 
the candidate variable to be evaluated were included in 
each model).

The LASSO adjustment models comprise the following 
covariates: (1) model 1: age, sex, and age  ×sex interac-
tion; (2) model 2: variables from model 1, plus race 
and ethnicity, socioeconomic-related variables (highest 
education completed, household income, marital 
status, employment status and health insurance) and 
behavioral-related variables (smoking status, pack-years 
smoked, and the Alcohol Use Disorders Identification 
Test-Consumption sum score); (3) model 3: variables 
from model 2 plus medical conditions except mental 
health disorder diagnoses or disorders directly related to 
mental health or depression (major depressive disorder, 
generalised anxiety disorder, attention deficit hyper-
activity disorder, post-traumatic stress disorder, bipolar 
disorder, alcohol abuse, drug abuse and concussion or 
loss of consciousness); (4) model 4: variables from model 
3, plus symptoms and allergies, except those symptoms 
that are directly related to mental health or depression 
(ie, nervousness, mood changes, fatigue, lack of energy, 
change in sleep patterns, change in appetite and diffi-
culty concentrating) and (5) model 5: variables from 
model 4, plus all physical health metrics. Patient-reported 
outcomes, including measures of anxiety, psychological 
and social well-being (eg, General Anxiety Disorder-7, 
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WHO Disability Assessment Schedule, and Satisfaction 
with Life), and self-reported medical conditions and 
symptoms related to mental health or depression, have 
been reported6 and were excluded from these analyses 
to enable a focus on physical and medical findings. In 
preliminary analyses, higher PHQ-9 score was associ-
ated with female sex, age, and the age by sex interaction, 
confirming the well-established relationship between 
depression, sex and age,16 17 thereby informing our deci-
sion to include age and sex in all models. The key vari-
ables included in each covariate model can be found in 
online supplemental eTable 1.

Since LASSO regression techniques require an input 
dataset with complete data, missing data were addressed 
using iterative regression-based imputation, where predic-
tors were first grouped by data type.Groups were rank-
ordered by the most missing to the least missing data. The 
rank of the whole group was based on the amount of miss-
ingness of the majority (≥50%) of the fields within that 
group), and then at each imputation step, the grouped 
predictors were used in a regression model to predict the 
missing data. The PHQ-9 score was imputed in the last 
step along with other patient-reported outcome scores 
and, therefore, all 2502 participants were included in the 
LASSO models.

To summarise key model findings adjusted for known 
demographic and socioeconomic-related risk factors 
of PHQ-9, 4 groups were created based on the LASSO-
predicted value using model 1 (age, sex, and age  ×sex 
interaction) and model 2 (race, ethnicity, socioeconomic-
related variables and health behaviours). For both models, 
‘high risk’ was defined as the top 50% of the predicted 
value, while ‘low risk’ was defined as the bottom 50% of 
the predicted value. The two risk groups from each model 
were combined to create the following four groups: (1) 
high-risk model 1+high-risk model 2; (2) high-risk model 
1+low-risk model 2; (3) low-risk model 1+high-risk model 
2; and (4) low-risk mdel 1+low risk model 2.

Patient and public involvement statement
From the beginning, BHS has used participant and 
community engagement methods. Participants have been 
involved in feedback sessions, and return of results is a 
commitment of the project. Community meetings have 
also been held to assure broad feedback on the goals and 
conduct of the project.

RESULTS
The relationship between the PHQ-9 score and key demo-
graphic characteristics and vital signs is shown in table 1. 
Younger participants, women, people of colour and those 
of Hispanic ethnicity had higher PHQ-9 scores. While no 
difference was observed in blood pressure or tempera-
ture, higher PHQ-9 scores were found in participants with 
higher resting heart rates, larger body mass index, greater 
waist circumference and higher respiratory rates.

PHQ-9 scores as a function of medical history and 
symptoms are shown in table 2 and online supplemental 
eTable 2. As expected, participants with other chronic 
conditions, particularly gastro-oesophageal reflux 
disease, anxiety and asthma, had higher PHQ-9 scores. 
A history of diagnosed depression was highly correlated 
with elevated PHQ-9. Various symptoms were evident in 
participants with higher PHQ-9 scores, with musculoskel-
etal, mood and anxiety symptoms proving particularly 
prominent.

Table 3 demonstrates the relationship between measures 
of physical performance and PHQ-9; differences in 6 min 
walk distance, handgrip strength, leg balance, chair stand 
and mean steps are particularly associated with higher 
PHQ-9.

The covariates resulting from each LASSO model are 
shown in online supplemental eTables 3–7. All other vari-
ables that are not presented in those tables are set to zero 
by the LASSO regression and thereby excluded from the 
final adjustment models. Age remained a top predictor 
in all models. Where health behaviours and measures 
of socioeconomic status were included (ie, models 2–5), 
smoking status and employment, insurance and marital 
status also remained in the models as significant predic-
tors. When medical conditions were added (ie, models 
3–5), respiratory-related conditions such as asthma 
remained in the models, and when symptoms were added 
(ie, models 4 and 5), tension, body image concerns and 
memory change remained in the models as top predic-
tors. Model performance was similar between the training 
and test sets for each model (model 1: R2=0.032 vs 0.035; 
model 2: R2=0.117 vs 0.112; model 3: R2=0.167 vs 0.133; 
model 4: R2=0.247 vs 0.228; and model 5: R2=0.270 vs 
0.240, respectively).

The interplay of higher PHQ-9 score predictors based 
on the LASSO regression adjustment models is shown in 
figures  1–5. Regardless of adjustment factors included 
in the models, memory change, tension, shortness of 
breath and indicators of musculoskeletal symptoms are 
significantly related to higher PHQ-9 scores (models 
1–3). Further details of the LASSO analysis are included 
in online supplemental eTables 8–12. Tension, memory 
change, and back pain consistently remain in the models 
after adjustment. When medical conditions, symptoms, 
and allergies are taken into account, indicators of obesity 
(body mass index, waist circumference) and lack of phys-
ical fitness are the most significant predictors of PHQ-9 
score. When physical performance is also factored into 
the adjustment, laboratory values are only weakly associ-
ated with PHQ-9 scores. online supplemental eFigures 
1–5 present the distribution of PHQ-9 according to a 
sample of other health conditions, such as asthma, sleep 
apneoa and body image concerns, after adjustment for 
known demographic and socioeconomic-related risk 
factors of PHQ-9. The inter-relationships are clear across 
this spectrum of measures, emphasising the importance 
of understanding all three dimensions when designing 
interventions.

https://dx.doi.org/10.1136/bmjopen-2021-054741
https://dx.doi.org/10.1136/bmjopen-2021-054741
https://dx.doi.org/10.1136/bmjopen-2021-054741
https://dx.doi.org/10.1136/bmjopen-2021-054741
https://dx.doi.org/10.1136/bmjopen-2021-054741
https://dx.doi.org/10.1136/bmjopen-2021-054741
https://dx.doi.org/10.1136/bmjopen-2021-054741
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DISCUSSION
Our study reinforces previous observations regarding the 
relationship between PHQ-9 and measures of chronic 
disease and poor physical performance in addition to 
the critical importance of social factors and psycholog-
ical distress, previously published.12 While these findings 
are not surprising, they highlight how PHQ-9 is an entree 
into a variety of individual-level and population-level 
concerns that demand more attention. Contextual aware-
ness is critically important when the PHQ-9 is used in clin-
ical practice18 as recommended by the USA Preventive 

Services Task Force19 for screening within a health system 
or for public health assessment.

This analysis cannot answer questions of cause and 
effect since it is cross-sectional. The PHQ-9 and detailed 
serial measures of biological, clinical, behavioural and 
social function will be assessed in the ongoing BHS longi-
tudinal study; the bi-directional relationship between the 
PHQ-9 and these multiple measures will be particularly 
interesting, as few studies have collected this amount of 
detail in a diverse population. This measurement depth of 
demographic, clinical, biological and behavioural issues 

Table 1  Demographics: PHQ-9 score

PHQ-9 0 (N=484)
PHQ-9 1–4 
(N=1086) PHQ-9 5–9 (N=518)

PHQ-9 10–14 
(N=184) PHQ-9 15+ (N=93)

Age, median (25th, 
75th)*

53.6 (36.7, 66.1) 51.7 (37.0, 66.5) 47.6 (32.7, 60.7) 42.8 (31.2, 55.1) 42.4 (32.1, 54.2)

Female sex* 227 (46.9) 622 (57.3) 299 (57.7) 108 (58.7) 62 (66.7)

Race

 � Black 80 (16.5) 153 (14.1) 82 (15.8) 31 (16.8) 19 (20.4)

 � White 294 (60.7) 731 (67.3) 323 (62.4) 110 (59.8) 57 (61.3)

 � Asian† 64 (13.2) 113 (10.4) 47 (9.1) 15 (8.2) 5 (5.4)

 � NHOPI 7 (1.4) 11 (1) 7 (1.4) 2 (1.1) 0 (0.0)

 � American Indian or 
Alaska Native

4 (0.8) 8 (0.7) 11 (2.1) 3 (1.6) 1 (1.1)

 � Other† 35 (7.2) 70 (6.4) 48 (9.3) 23 (12.5) 11 (11.8)

Ethnicity

 � Hispanic 54 (11.2) 108 (9.9) 69 (13.3) 26 (14.1) 13 (14.0)

Site

 � Los Angeles 94 (19.4) 194 (17.9) 111 (21.4) 35 (19) 21 (22.6)

 � Durham 99 (20.5) 196 (18.0) 102 (19.7) 40 (21.7) 25 (26.9)

 � Kannapolis 100 (20.7) 226 (20.8) 105 (20.3) 41 (22.3) 28 (30.1)

 � Palo Alto† 191 (39.5) 470 (43.3) 200 (38.6) 68 (37.0) 19 (20.4)

Systolic BP, median 
(25th, 75th), mm Hg

123.0 (112.5, 133.1) 122.0 (112.0, 132.5) 123.0 (112.5, 133.5) 119.5 (109.9, 132.0) 122.5 (115.5, 130.5)

Diastolic BP, median 
(25th, 75th), mm Hg

75.5 (69.0, 82.0) 75.0 (68.0, 82.0) 76.0 (70.0, 83.5) 74.0 (68.9, 81.1) 77.5 (71.5, 84.0)

Body mass index, 
median (25th, 75th), kg/
m2*

26.5 (23.7, 29.9) 26.1 (22.9, 31.0) 28.0 (24.5, 33.2) 29.1 (25.1, 34.7) 30.0 (25.4, 38.8)

Waist circumference, 
median (25th, 75th), cm*

91.0 (81.0, 100.1) 88.9 (78.7, 101.6) 93.0 (81.3, 105.4) 96.5 (82.0, 111.8) 96.5 (81.6, 112.5)

Heart rate, median (25th, 
75th), beats/min*

65.0 (58.0, 72.0) 66.0 (59.0, 73.0) 67.0 (60.0, 77.0) 70.0 (61.8, 80.0) 75.0 (65.0, 82.0)

Respiratory rate, median 
(25th, 75th), breaths/
min*

16.0 (14.0, 16.0) 16.0 (14.0, 16.0) 16.0 (14.0, 17.0) 16.0 (14.0, 18.0) 16.0 (16.0, 18.0)

Oxygen saturation, 
median (25th, 75th), %†

99.0 (98.0, 100.0) 99.0 (98.0, 100.0) 99.0 (98.0, 100.0) 99.0 (97.0, 100.0) 98.0 (97.0, 100.0)

Data shown are no (%), unless otherwise indicated.
P values for trend were calculated with the use of Spearman correlation or Cochrane-Armitage tests, where appropriate.
*P value for trend <0.0001.
†P value for trend <0.01.
BP, blood pressure; NHOPI, Native Hawaiians and other Pacific Islanders; PHQ-9, Patient Health Questionnaire-9.
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Table 2  Medical history: PHQ-9 score

PHQ-9 0 
(N=484)

PHQ-9 1–4 
(N=1086)

PHQ-9 5–9 
(N=518)

PHQ-9 10–14 
(N=184)

PHQ-9 15+ 
(N=93)

Alcohol use disorder* 1 (0.2) 20 (1.8) 12 (2.3) 7 (3.8) 6 (6.5)

Fibromyalgia* 2 (0.4) 10 (0.9) 11 (2.1) 7 (3.8) 6 (6.5)

Bipolar disorder* 3 (0.6) 9 (0.8) 12 (2.3) 9 (4.9) 8 (8.6)

PTSD* 8 (1.7) 14 (1.3) 15 (2.9) 21 (11.4) 9 (9.7)

COPD with emphysema* 5 (1.0) 19 (1.7) 22 (4.2) 12 (6.5) 10 (10.8)

ADHD* 15 (3.1) 50 (4.6) 33 (6.4) 25 (13.6) 11 (11.8)

Asthma* 46 (9.5) 157 (14.5) 79 (15.3) 39 (21.2) 19 (20.4)

Migraine* 29 (6.0) 134 (12.3) 77 (14.9) 31 (16.8) 19 (20.4)

GERD* 64 (13.2) 176 (16.2) 106 (20.5) 40 (21.7) 23 (24.7)

Anxiety* 13 (2.7) 98 (9.0) 109 (21.0) 55 (29.9) 34 (36.6)

Depression* 16 (3.3) 93 (8.6) 110 (21.2) 63 (34.2) 55 (59.1)

Itching skin* 19 (3.9) 81 (7.5) 50 (9.7) 30 (16.3) 10 (10.8)

Sinus pain* 18 (3.7) 77 (7.1) 58 (11.2) 21 (11.4) 10 (10.8)

Urgency* 13 (2.7) 69 (6.4) 46 (8.9) 23 (12.5) 10 (10.8)

Excessive belching or passing of gas* 24 (5.0) 84 (7.7) 54 (10.4) 29 (15.8) 13 (14.0)

Dryness* 35 (7.2) 113 (10.4) 68 (13.1) 39 (21.2) 14 (15.1)

Heartburn* 27 (5.6) 94 (8.7) 70 (13.5) 42 (22.8) 15 (16.1)

Dry mouth* 27 (5.6) 84 (7.7) 64 (12.4) 28 (15.2) 16 (17.2)

Constipation* 22 (4.5) 98 (9.0) 64 (12.4) 48 (26.1) 17 (18.3)

Numbness or loss of sensation* 17 (3.5) 54 (5.0) 38 (7.3) 19 (10.3) 17 (18.3)

Cramping* 14 (2.9) 62 (5.7) 45 (8.7) 18 (9.8) 18 (19.4)

Frequency of urination* 33 (6.8) 90 (8.3) 73 (14.1) 34 (18.5) 19 (20.4)

Swelling in calves, legs, or feet* 15 (3.1) 62 (5.7) 49 (9.5) 31 (16.8) 20 (21.5)

Coughing up sputum* 12 (2.5) 62 (5.7) 56 (10.8) 27 (14.7) 20 (21.5)

Pain or stiffness in neck* 32 (6.6) 128 (11.8) 72 (13.9) 49 (26.6) 22 (23.7)

Diarrhoea* 24 (5.0) 99 (9.1) 70 (13.5) 31 (16.8) 22 (23.7)

Night sweats* 22 (4.5) 88 (8.1) 65 (12.5) 25 (13.6) 22 (23.7)

Lightheadedness* 11 (2.3) 62 (5.7) 53 (10.2) 37 (20.1) 22 (23.7)

Cough* 36 (7.4) 98 (9.0) 83 (16.0) 41 (22.3) 23 (24.7)

Tingling or numbness in extremities* 35 (7.2) 101 (9.3) 74 (14.3) 36 (19.6) 23 (24.7)

Leg cramps* 31 (6.4) 103 (9.5) 55 (10.6) 31 (16.8) 23 (24.7)

Shortness of breath with exercise* 11 (2.3) 59 (5.4) 68 (13.1) 37 (20.1) 23 (24.7)

Joint pain or swelling* 42 (8.7) 140 (12.9) 81 (15.6) 45 (24.5) 25 (26.9)

Sleeping pattern changes* 21 (4.3) 126 (11.6) 78 (15.1) 47 (25.5) 25 (26.9)

Tingling or pins and needles* 30 (6.2) 91 (8.4) 75 (14.5) 36 (19.6) 25 (26.9)

Appetite changes* 9 (1.9) 36 (3.3) 35 (6.8) 25 (13.6) 26 (28.0)

Heat or cold intolerance* 17 (3.5) 85 (7.8) 65 (12.5) 36 (19.6) 27 (29.0)

Shortness of breath* 8 (1.7) 51 (4.7) 57 (11.0) 34 (18.5) 27 (29.0)

Bloating* 26 (5.4) 104 (9.6) 61 (11.8) 41 (22.3) 29 (31.2)

Body image concerns* 9 (1.9) 40 (3.7) 46 (8.9) 33 (17.9) 29 (31.2)

Nasal stuffiness* 70 (14.5) 218 (20.1) 141 (27.2) 53 (28.8) 30 (32.3)

Urination at night* 69 (14.3) 172 (15.8) 105 (20.3) 43 (23.4) 30 (32.3)

Muscle or joint pain* 71 (14.7) 225 (20.7) 142 (27.4) 61 (33.2) 31 (33.3)

Memory change* 9 (1.9) 52 (4.8) 55 (10.6) 41 (22.3) 32 (34.4)

Continued
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offers an opportunity to better understand how different 
aspects of distress track similarly or differently over time.

An important aspect of our examination is how the 
binary division of PHQ-9 into labels of depression or 
‘not depression’ leaves significant content unattended. 
While the division of PHQ-9 scores at 10 provides good 
discrimination with regard to a clinical diagnosis of Major 
Depressive Disorder,6 9 10 the gradient between a score 

of 0 and 10 contains relevant information about distress 
levels. Such a finding is not novel,20 but a reminder that 
singular focus on a binary classification tends to obscure 
important information. For example, demographic data 
demonstrate how females and younger participants had 
higher PHQ-9 scores, yet whether this finding represents 
a different approach to revealing concerns or more signif-
icant distress is unclear.

PHQ-9 0 
(N=484)

PHQ-9 1–4 
(N=1086)

PHQ-9 5–9 
(N=518)

PHQ-9 10–14 
(N=184)

PHQ-9 15+ 
(N=93)

Headache* 28 (5.8) 151 (13.9) 104 (20.1) 44 (23.9) 38 (40.9)

Fatigue* 10 (2.1) 129 (11.9) 113 (21.8) 65 (35.3) 38 (40.9)

Stiffness* 76 (15.7) 267 (24.6) 121 (23.4) 63 (34.2) 39 (41.9)

Backache* 43 (8.9) 183 (16.9) 148 (28.6) 63 (34.2) 39 (41.9)

Nervousness* 4 (0.8) 46 (4.2) 51 (9.8) 39 (21.2) 43 (46.2)

Mood change* 6 (1.2) 36 (3.3) 60 (11.6) 42 (22.8) 44 (47.3)

Difficulty concentrating* 8 (1.7) 58 (5.3) 74 (14.3) 54 (29.3) 50 (53.8)

Neck or low back pain* 73 (15.1) 264 (24.3) 185 (35.7) 73 (39.7) 51 (54.8)

Tension* 10 (2.1) 84 (7.7) 86 (16.6) 44 (23.9) 51 (54.8)

Lack of energy* 6 (1.2) 92 (8.5) 115 (22.2) 74 (40.2) 53 (57.0)

Data presented as no (%).
P values for trend were calculated with the use of Spearman correlation or Cochrane-Armitage tests, where appropriate.
*P value for trend <0.0001.
ADHD, attention deficit hyperactivity disorder; COPD, chronic obstructive pulmonary disease; GERD, gastro-oesophageal reflux disease; 
PHQ-9, Patient Health Questionnaire-9; PTSD, post-traumatic stress disorder.

Table 2  Continued

Table 3  Physical functioning: PHQ-9 score

PHQ-9 0 (N=484) PHQ-9 1–4 (N=1086) PHQ-9 5–9 (N=518) PHQ-9 10–14 (N=184) PHQ-9 15+ (N=93)

6 min walk* 485.5 (444.0, 543.2) 480.0 (431.7, 530.3) 465.0 (422.0, 
517.6)

460.1 (403.8, 511.9) 443.0 (391.2, 
492.4)

30 s chair stand* 15.0 (12.0, 18.0) 14.0 (12.0, 17.0) 13.0 (11.0, 16.0) 13.0 (10.0, 16.0) 12.0 (10.0, 15.0)

Mean leg balance 
time†

60.0 (23.5, 60.0) 55.0 (21.4, 60.0) 50.5 (14.0, 60.0) 49.5 (11.0, 60.0) 44.0 (12.5, 60.0)

10-metre walk 
speed*

2.0 (1.8, 2.2) 2.0 (1.8, 2.2) 2.0 (1.6, 2.1) 1.8 (1.5, 2.0) 1.8 (1.5, 2.0)

Handgrip† 35.8 (27.8, 44.4) 32.5 (26.3, 42.5) 32.3 (26.4, 42.8) 33.4 (25.6, 40.7) 30.0 (22.0, 39.7)

Sit-rise score 8.0 (6.0, 9.0) 8.0 (6.0, 9.0) 8.0 (6.0, 9.0) 8.0 (6.0, 9.0) 7.5 (5.0, 9.0)

EF at rest, % 59.0 (55.8, 60.5) 58.8 (55.9, 60.5) 59.2 (56.1, 60.5) 59.2 (56.0, 61.4) 58.9 (56.0, 60.9)

Mean steps in first 
30 days*

8398.0 (6560.6, 
10709.6)

8172.2 (6220.6, 
10335.7)

7666.7 (5128.2, 
9862.5)

7008.4 (4673.5, 
9821.8)

6498.1 (4684.1, 
9044.5)

Coronary calcium 
score†

0.0 (0.0, 33.9) 0.0 (0.0, 42.6) 0.0 (0.0, 8.8) 0.0 (0.0, 7.1) 0.0 (0.0, 1.9)

FEV1/FVC 0.8 (0.7, 0.8) 0.8 (0.7, 0.8) 0.8 (0.7, 0.8) 0.8 (0.7, 0.8) 0.8 (0.7, 0.8)

ABI† 1.1 (1.1, 1.2) 1.1 (1.1, 1.2) 1.1 (1.1, 1.2) 1.1 (1.0, 1.2) 1.1 (1.0, 1.2)

Data presented as median (25th, 75th percentile).
P values for trend were calculated with the use of Spearman correlation or Cochrane-Armitage tests, where appropriate.
*P value for trend <0.01.
†P value for trend <0.001.
ABI, ankle brachial index; EF, ejection fraction; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; PHQ-9, Patient Health 
Questionnaire.
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The higher scores associated with elevated heart rates, 
body mass index and abdominal girth were expected and 
consistent with previous literature. In general, PHQ-9 
scores aligned with musculoskeletal or central and periph-
eral nervous system disorders,21 22 but less with cardio-
vascular disease, cancer and other more organ-focused 
conditions. The previously widely reported association 
with obesity and diabetes was confirmed in our study.23–26 
We found low PHQ-9 scores in a small, but noticeable 

proportion of the population with a previous diagnosis 
of depression, which could represent diagnostic errors, 
inaccurate reporting of medical history or recovery from 
a previous episode of depression.

The profound relationship between PHQ-9 score and 
a host of common symptoms27–31 is also expected, but 
the continuous nature of the relationship with PHQ-9 
score and the depth of the relationships raise many issues 
that need further exploration. Significant predictors of 

Figure 1  Top 30 factors associated with PHQ-9 score adjusted by age, sex, and age by sex interaction. LASSO regression 
model one comprised age, sex, and age by sex interaction. The LASSO-predicted value was used to estimate a covariate-
adjusted effect for all other candidate variables. BMI, body mass index; LASSO, least absolute shrinkage and selection 
operator; PHQ-9, Patient Health Questionnaire-9; WBC, white blood cell.

Figure 2  Top 30 factors associated with PHQ-9 score adjusted by age, sex, age by sex interaction, race, ethnicity, 
socioeconomic status and health behaviours. LASSO regression model two comprised age, sex, age by sex interaction, race, 
ethnicity, socioeconomic status and health behaviours. The LASSO-predicted value was used to estimate a covariate-adjusted 
effect for all other candidate variables. BMI, body mass index; LASSO, least absolute shrinkage and selection operator; PHQ-9, 
Patient Health Questionnaire-9.
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PHQ-9 scores include a wide range of concerns encom-
passing neurological disease, musculoskeletal disease32 33 
and psychological distress. A particularly notable finding 
is the progressive and highly significant relationship 
between reported memory loss and PHQ-9 score. Among 

people with PHQ-9 scores of 0, only 1.9% reported 
memory change, while among those with PHQ-9 scores 
>15, memory change was reported in 34%.

Finally, participants with higher PHQ-9 scores had 
impaired physical functioning, as indicated by a host 

Figure 3  Top 30 factors associated with PHQ-9 score adjusted by age, sex, age by sex interaction, race, ethnicity, 
socioeconomic status, health behaviours, and medical conditions. LASSO regression model 3 comprised age, sex, age by sex 
interaction, race, ethnicity, socioeconomic status, health behaviours and medical conditions (except mental health disorder 
diagnoses or disorders directly related to mental health or depression). The LASSO-predicted value was used to estimate 
a covariate-adjusted effect for all other candidate variables. BMI, body mass index; LASSO, least absolute shrinkage and 
selection operator; PHQ-9, Patient Health Questionnaire-9.

Figure 4  Top 30 factors associated with PHQ-9 score adjusted by age, sex, age by sex interaction, race, ethnicity, 
socioeconomic status, health behaviours, medical conditions, symptoms and allergies. LASSO regression model 4 comprised 
age, sex, age by sex interaction, race, ethnicity, socioeconomic status, health behaviours, medical conditions (except mental 
health disorder diagnoses or disorders directly related to mental health or depression), symptoms (except those that are directly 
related to mental health or depression) and allergies. The LASSO-predicted value was used to estimate a covariate-adjusted 
effect for all other candidate variables. ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; 
HbA1c, haemoglobin A1c; LASSO, least absolute shrinkage and selection operator; MCH, mean corpuscular haemoglobin; 
MCHC, mean corpuscular haemoglobin concentration; PHQ-9, Patient Health Questionnaire-9; RBC, red blood cell; WBC, white 
blood cell.
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of measurements, including daily steps, 6 min walk 
distance, ability to balance on one leg or propensity 
to exert a strong grip. Multiple previous studies have 
shown that depression and physical functioning are 
inter-related34–39 and that interventions to increase 
physical activity can improve depression status.40 41 
Nevertheless, the overall picture of this study highlights 
the need for multimodal intervention to enable people 
with social disadvantages and physical comorbidities to 
improve physical and psychological function.

Limitations
This study has some limitations. First, the cross-sectional 
nature of the study limits our ability to assess the time 
course of these findings; however, follow-up is currently 
accruing. The time course of chronic disease and 
symptom progression in relation to the PHQ-9 will be 
of interest. Second, people with significant depression 
are probably less likely to volunteer, thereby limiting 
the breadth of depression observed in this study; BHS 
participants are volunteers from selected sites who 
express willingness to share data. Third, the popula-
tion is generally representative of adult age, sex, race 
and ethnicity, but it is not a fully representative sample 

of the population; the differences between those who 
volunteer for digital technology studies and the general 
population are well known.42 Fourth, we acknowl-
edge the high comorbidity of depression and anxiety, 
which is a potential bias; psychological comorbidities 
are important contextual factors to consider when 
assessing depression. We also lack detailed information 
on depression treatment, which is a potentially modi-
fying factor. Finally, even though the PHQ-9 is a vali-
dated screening instrument, our study did not include 
psychiatric interviews.

Conclusions
PHQ-9 scores are related to multiple demographic, vital 
sign, and clinical measures that indicate poor physical 
status. BHS data provide a comprehensive picture of 
numerous interactive factors influencing PHQ-9 scores, 
thereby demonstrating how focusing on one chief 
complaint in hopes of improving depression status is 
likely futile, given that many common symptoms and 
physical limitations are profoundly integrated with 
depression status. The close association with symptoms 
often considered somatic raises a practical issue for 
clinical practice, and this is evident across the entire 

Figure 5  Top 30 factors associated with PHQ-9 score adjusted by age, sex, age by sex interaction, race, ethnicity, 
socioeconomic status, health behaviours, medical conditions, symptoms, allergies and physical function. LASSO regression 
model 5 comprised age, sex, age by sex interaction, race, ethnicity, socioeconomic status, health behaviours, medical 
conditions (except mental health disorder diagnoses or disorders directly related to mental health or depression), symptoms 
(except those that are directly related to mental health or depression), allergies, and physical function. The LASSO-predicted 
value was used to estimate a covariate-adjusted effect for all other candidate variables. ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; GFR, glomerular filtration rate; HbA1c, haemoglobin A1c; HDL, high density lipoprotein; LASSO, 
least absolute shrinkage and selection operator; LDL, low density lipoprotein; MCH, mean corpuscular haemoglobin; MCHC, 
mean corpuscular haemoglobin concentration; MCV, mean corpuscular volume; MDRD, modification of diet in renal disease; 
MPV, mean platelet volume; pH, potential hydrogen; PHQ-9, Patient Health Questionnaire-9; RBC, red blood cell; TSH, thyroid-
stimulating hormone; WBC, white blood cell.
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spectrum of PHQ-9 scores. When a high PHQ-9 score 
or other indicator of depression brings someone to the 
attention of a clinician, contextual awareness is critically 
important to provide an effective clinical intervention. 
When someone has significant neurological or muscu-
loskeletal symptoms, assessment for depression should 
be a routine consideration. The complex associations 
across biological, clinical, behavioural and social factors 
stress the need for holistic evaluation of depression for 
individuals, as well as patient populations.
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