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Abstract

IMPORTANCE The broader mortality risks faced by household members following a suicide remain
poorly understood, particularly in low- and middle-income countries.

OBJECTIVES To estimate the risk of all-cause and cause-specific mortality among surviving
household members after a suicide within the household and to identify individual and
contextual factors associated with mortality risk using data from a national population-based
cohort in Brazil.

DESIGN, SETTING, AND PARTICIPANTS This nationwide cohort study used data from the 100
Million Brazilian Cohort linked to the Mortality Information System (SIM) (2001-2018). All individuals
who lived in a household with a suicide index case were considered exposed. Data were analyzed
from March 2023 to September 2025.

MAIN OUTCOMES AND MEASURES All-cause mortality, cause-specific mortality, and suicide.
Outcomes were derived from the national mortality tracking system. The adjusted hazard ratio of
all-cause and specific-cause mortality was calculated using a multivariate, time-varying Cox
regression. The risk factors associated with increased mortality, including characteristics of the index
case, surviving household members, household conditions, and the timing since the suicide event
were also analyzed.

RESULTS The cohort included 101 million individuals, of which there were 47 982 suicide index cases
identified. Household members exposed to a suicide (11 070 [7%] Black, 82 407 [53%] Parda, and
57 726 [37%] White) had a 32% higher risk of all-cause mortality (adjusted hazard ratio [aHR], 1.32;
95% CI, 1.28-1.36). The risk of suicide among exposed individuals was more than 4 times higher (aHR,
4.42; 95% CI, 3.86-5.07), with 101 of these deaths (44%) occurring within 2 years of the index suicide
case. The population attributable fraction for suicide was 77%. Elevated risks were also observed for
other external causes (eg, assault and falls) and nonexternal causes (eg, neoplasms and circulatory
and respiratory diseases). Mortality risk was highest when the index case was female and younger,
among male survivors, and individuals aged 25 to 59 years. Better household conditions were
associated with lower risks of both suicide and all-cause mortality.

CONCLUSIONS AND RELEVANCE Exposure to suicide within the household was associated
with a substantial increase in both suicide-specific and all-cause mortality among surviving
household members, particularly in the immediate aftermath. These findings underscore the
urgent need to incorporate targeted postvention strategies into comprehensive suicide
prevention efforts.
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Key Points
Question Does household exposure to

suicide increase mortality among

surviving members, and what risk

factors and temporal patterns are

involved?

Findings In this cohort study of over

100 million Brazilians, household suicide

exposure was associated with a 32%

higher risk of all-cause mortality and a

4-fold higher risk of suicide, with over

half of suicides occurred within 2 years

following the index case. Risks were

greatest when the index cases were

young or female and among those in

poor housing conditions.

Meaning These findings suggest that

household suicide exposure confers

substantial time-sensitive mortality

risks, underscoring the need for

targeted early postvention strategies.
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Introduction

Suicide is a major global public health issue with profound impacts that extend beyond the deceased
to surviving family members.1-4 The psychological, social, and economic consequences of suicide
ripple through families and communities.2-4 Surviving family members are frequently confronted
with a complex mix of grief, stigma, and structural vulnerability5-7 that adversely affects their
mental8-11 and physical well-being.9 These challenges are heightened in low-income settings, where
the burden of suicide intersects with barriers to mental health care, socioeconomic hardship, and
cultural stigma.12,13

Research has largely focused on suicide risk among bereaved relatives,2,14-25 though less is
known about how many people are exposed and need support in the broader household19 or about
their overall mortality risk from nonsuicide causes.9,26-28 Prior studies have lacked unexposed
comparison groups, reducing causal inference and limiting the ability to attribute observed outcomes
to suicide exposure. Furthermore, there is a need to consider when excess mortality arises and how
it varies over time following a suicide in the household. Most evidence comes from high-income
countries,2,9,14-24,26-28 where more robust health systems may buffer harms. In contrast, household
socioeconomic stressors and sociodemographic characteristics remain understudied in low-income
settings where risks may be amplified.17

Understanding the long-term consequences of suicide exposure on mortality is essential for
guiding public health and postvention efforts.29,30 However, few population-based studies have
examined these outcomes.17,19 This study used nationwide administrative data from Brazil to
investigate mortality outcomes among household members exposed to suicide in socioeconomically
disadvantaged settings. Objectives were to (1) estimate the increased risk of all-cause and cause-
specific mortality among household members exposed to suicide, (2) identify risk factors for
subsequent suicide among these household members, and (3) assess timing of mortality after
exposure. It was hypothesized that exposure to suicide increases mortality, with risks varying by
timing, sociodemographic factors, and household conditions.

Methods

Ethical Considerations
Ethical approval was obtained from the Federal University of Bahia and Centro de Pesquisa Gonçalo
Moniz, Fundação Oswaldo Cruz, Bahia. As no personally identifiable information was included,
informed consent was waived. The study followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.

Study Design and Data Sources
This nationwide longitudinal study used data from the 100 Million Brazilian Cohort (100MCohort)
linked with the Brazilian Mortality Information System (SIM) (2001-2018).31 The 100MCohort,
established by the Centre for Data and Knowledge Integration for Health (CIDACS),32 involves linkage
between the Unified Registry for Social Programs (CadÚnico) and Brazilian Health Information
Systems.33 CadÚnico eligibility requires per capita monthly family income equal to half of the
minimum wage or less.34 From 2011 to 2018, CadÚnico included 131 697 800 individuals, with higher
proportions of young people, female individuals, and urban residents. SIM is a nationwide health
information system for recording mortality data, encompassing all deaths in the country and
their causes.35

Data Linkage
Linking the 100MCohort baseline and SIM datasets (2001-2018) used a 2-step process based on 5
individual identifiers (name, date of birth, sex, mother’s name, and municipality) via the CIDACS
record linkage tool.36 Exact matching was followed by similarity-score linkage for unmatched entries.
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Accuracy was assessed through manual validation of a random subset and receiver operating
characteristic analysis, with sensitivity and specificity exceeding 92% (eFigure 1 and eTable 1 in
Supplement 1).

Study Population
This study included individuals aged 10 years or older at registration or who reached this age during
follow-up (January 1, 2001, to December 31, 2018). Excluded individuals were (1) those aged above
110 years at registration and (2) individuals who registered in CadÚnico on the last day of the
follow-up (December 31, 2018), died, or became exposed on the day of cohort enrollment (eFigure 2
in Supplement 1).

Exposure and Follow-up
Suicide survivors were defined as household members of the decedent, given their exposure to a
suicide and likelihood of being personally affected by it.19,29 In the 100MCohort, household members
share a family and/or household code, and each individual has a unique identifier linked to
socioeconomic and demographic characteristics. Using these codes, we identified all members of
each household and the first suicide within it, referred to as the suicide index case. The exposed
individuals were those who had a suicide index case in their household, identified by sharing the
same household code. Unexposed individuals were classified as: (1) those who never had a suicide
index case during the follow-up period or (2) those who had an suicide index case but were
considered unexposed until the occurrence of that event.

Unexposed individuals were followed up from the time of their registration in the cohort
baseline until 1 of the following occurrences: (1) death due to any cause (including suicide), (2) end of
the follow-up (December 31, 2018), or (3) the date of the occurrence of the suicide index case within
the same household. Exposed individuals were followed up from the occurrence of the suicide index
case until 1 of the following: (1) death due to any cause (including suicide) or (2) end of the follow-up
(December 31, 2018) (eFigure 3 in Supplement 1).

Primary and Secondary Outcomes
The primary outcome was all-cause mortality, defined as death from any cause as classified by the
International Statistical Classification of Diseases and Related Health Problems, Tenth Revision
(ICD-10).35 As suicide is an expected outcome in families with a history of suicide, the main analyses
focused on all-cause mortality excluding suicide (ICD-10 codes X60-X84) to avoid confounding.
Separate analyses were conducted for all-cause mortality including suicide and for suicide-specific
mortality to enable comparison and interpretation. Secondary outcomes included (1) other mortality
due to external causes (ICD-10 codes V00-Y99, excluding suicide); (2) the 5 most frequent specific
causes of external mortality in our dataset: violence (X85-Y09), transport injuries (V01-V99), falls
(W00-W19), accidental drowning (W65-W74), and accidental poisoning (X43); (3) mortality due to
natural causes (all other causes excluding external causes); and (4) the most frequent specific natural
causes of death, including diseases of the circulatory system (I00-I99), neoplasms (C00-D48),
metabolic diseases (E70-E89), diseases of the respiratory system (J00-J99), and parasitic diseases
(B65-B83).

Statistical Analysis
For the first objective, sex-specific age-standardized rates were estimated using person-year as the
denominator and using the Brazilian 2015 official population projection as the standard.33 A
multivariable, time-varying Cox regression model was used to assess whether exposure to a
household suicide was associated with subsequent mortality among surviving members. This
approach considers changing variables and time-dependent covariates,37 allowing exposure to be
treated dynamically; individuals contributed person-time as unexposed until a household suicide
occurred, after which they were classified as exposed (eFigure 3 in Supplement 1). Crude and
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adjusted hazard ratios (HRs) were estimated with 95% CIs. Models were adjusted for confounders
identified in prior literature, including sex, age, race, region, location of residence, urbanicity,
unemployment, housing materials, water supply, sanitation, and waste. Race was derived from the
CadÚnico database and self-reported as Asian, Black, Indigenous, Parda, or White. Parda (Portuguese
for brown) denotes individuals of predominantly Black or mixed ancestry, including European,
African, and Indigenous origins. The attributable risk percentage (%AR) was calculated using the
Levin formula: %AR_exp = [(Incidence_exp – 1) ÷ (Incidence_exp – 1) + 1] × 100, to quantify the
proportion of deaths attributable to exposure (exp).38

For the second objective, the focus was on individuals in households with a prior suicide. A
multivariable Cox regression was used to examine factors associated with subsequent suicide or
all-cause mortality. The final model, optimized through stepwise selection, included variables for (1)
the sex and age of the index case and (2) the sex and age of surviving household members (measured
at the time of the index case), as well as household conditions and geographic region. Household
conditions were captured using a composite score from 0 to 4, where 0 indicates no access and 4
indicates full access to essential services (water supply, sanitation, adequate housing materials, and
waste disposal). Two interaction terms (sex and age of the index case) were tested to evaluate
whether the outcomes associated with other risk factors varied according to these characteristics.
Details of model specification and covariates are provided in eAppendices 1, 2, 3, and 4 in
Supplement 1.

Finally, the proportional mortality of subsequent deaths and suicide events by year of
occurrence after the index case were calculated. Nearly half of these deaths occurred within the first
2 years, which guided the definition of the immediate period as 2 or fewer years and the distant
period as 3 or more years. The analysis further assessed whether risk factors varied between
immediate (�2 years) and distant (�3 years) follow-up periods by including multiplicative
interaction terms between each covariate and a dichotomous variable indicating follow-up time. The
model can be represented as follows: log[hazard(t)] = β0 + β1 (�3 years period) + β2 (characteristic
X) + β3 (�3 years period × characteristic X), where characteristic X refers to an explanatory variable
of interest, such as the sex of the index individual, age at death, or sex of surviving household
members, among others. The interaction term (β3) allows us to assess whether the association of
characteristic X with the risk of the outcome (all-cause mortality or suicide) differs between the
period shortly after the death (�2 years) and the later period (�3 years). Although the model
includes a single variable, multiple factors were included simultaneously, each with its respective
main association and interaction term with time since death, allowing us to evaluate time-varying
associations. The joint significance of the interaction terms was tested using the Wald test.

HRs and 95% CIs were reported separately for each time interval. All analyses were performed
using Stata version 15.1 (StataCorp LLC). A 2-sided P < .05 was considered statistically significant.

To address potential bias from differences in follow-up time between exposed and unexposed
groups, we performed sensitivity analyses using (1) a doubly robust approach adjusting the main
analysis by adding exposure time as a covariate, (2) restricting follow-up to cohort entry for exposed
and unexposed, and (3) simulating equal follow-up durations. For analyses of immediate and distant
periods, we also tested alternative cutoffs and time scales (�1 year vs �2 years; �3 years vs �4
years). Data were analyzed from March 2023 to September 2025.

Results

The cohort consisted of 101 346 669 individuals from 26 594 713 households, with 167 475
individuals in the exposed group. There were 47 982 suicide index cases (eFigure 2 in Supplement 1).
Compared with the nonexposed group, individuals exposed to suicide were more likely to be female
(90 405 individuals [54%]), young people (aged 10-24 years: 111 791 individuals [67%]), Parda
(82 407 individuals [53%]), and unemployed (162 916 individuals [97%]) (Table 1). The exposed
group also included 11 070 (7%) Black and 57 726 (37%) White individuals.
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Table 1. Description of Study Population by Exposure to an Index Suicide Case in the Same Household
(N = 101 346 669)

Characteristic

Participants, No. (%)

P valueaNonexposure (n = 101 179 194) Exposure (n = 167 475)

Sex

Male 47 658 742 (47) 77 070 (46)
<.001

Female 53 520 452 (53) 90 405 (54)

Age cohort

10-24 y 58 804 961 (58) 111 791 (67)

<.00125-59 y 37 278 090 (37) 50 809 (30)

60-110 y 5 096 143 (5.0) 4875 (2.9)

Raceb

Asian descendants 372 702 (0.4) 506 (0.3)

<.001

Black 7 036 884 (7.5) 11 070 (7.1)

Indigenous 538 453 (0.6) 3627 (2.3)

Pardac 55 370 996 (59) 82 407 (53)

White 31 068 881 (33) 57 726 (37)

Unknown 6 791 278 12 139

Region

Northeast 40 065 572 (40) 61 754 (37)

<.001

North 10 465 502 (10) 16 459 (9.8)

Southeast 32 322 337 (32) 45 742 (27)

South 11 522 233 (11) 31 126 (19)

Central-West 6 710 100 (6.6) 12 216 (7.3)

Unknown 93 450 178

Location residence

Urban 73 144 808 (74) 113 151 (69)

<.001Rural 25 327 550 (26) 51 598 (31)

Unknown 2 706 836 2726

Unemployed

Yes 96 309 167 (95) 162 916 (97)
<.001

No 4 870 027 (4.8) 4559 (2.7)

Construction materials

Uninformed 3 630 860 (3.6) 3644 (2.2)

<.001Bricks or cement 72 657 604 (72) 109 128 (65)

Wood, vegetal materials, and other 24 890 730 (25) 54 703 (33)

Sanitation

Uninformed 4 301 559 (4.3) 4391 (2.6)

<.001

Public network 42 391 809 (42) 59 256 (35)

Septic tank 14 932 195 (15) 27 551 (16)

Homemade septic tank 24 675 659 (24) 45 457 (27)

Ditch or other 14 877 972 (15) 30 820 (18)

Water supply

Uninformed 3 630 469 (3.6) 3634 (2.2)

<.001Public network (running water) 68 163 602 (67) 107 549 (64)

Well, natural sources, or other 29 385 123 (29) 56 292 (34)

Waste

Uninformed 3 630 901 (3.6) 3642 (2.2)

<.001Public collection system 71 129 518 (70) 108 884 (65)

Burned, buried, outdoor disposal,
or other

26 418 775 (26) 54 949 (33)

a Pearson χ2 test.
b Race was self-reported.
c Parda, which translates from Portuguese as brown,

is used to denote individuals whose racial
background is predominantly Black and those with
multiracial ancestry, including European, African,
and Indigenous origins.
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Risk of All-Cause and Specific-Cause Mortality
Exposure to a suicide index case was associated with a 32% higher risk of mortality when including
suicide (HR, 1.32; 95% CI, 1.28-1.36), and 27% higher risk when excluding suicide (HR, 1.27; 95% CI,
1.23-1.31), compared with nonexposed individuals (Figure 1). Suicide-specific mortality risk was over
4 times higher among exposed household members (HR, 4.42; 95% CI, 3.86-5.07). Exposed
members also had a higher risk of death from external causes (excluding suicide) (HR, 1.35; 95% CI,
1.27-1.44) and natural causes (HR, 1.23; 95% CI, 1.18-1.27). Among external causes, higher risks were
observed for deaths due to falls (HR, 1.80; 95% CI, 1.31-2.44), drowning (HR, 1.49; 95% CI,
1.09-2.03), assault (HR, 1.38; 95% CI, 1.27-1.51), and transport crashes (HR, 1.26; 95% CI, 1.12-1.43). For
natural causes, higher risks were found for circulatory diseases (HR, 1.20; 95% CI, 1.12-1.29),
neoplasms (HR, 1.22; 95% CI, 1.11-1.33), metabolic conditions (HR, 1.27; 95% CI, 1.11-1.46), and
respiratory diseases (HR, 1.27; 95% CI, 1.08-1.48), with no clear association for infectious diseases
(HR, 1.09; 95% CI, 0.92-1.29) (Figure 1).

Main Risk Factors Among Surviving Household Members
Exposure to a female index case was associated with higher all-cause mortality excluding suicide
among surviving household members (HR, 1.27; 95% CI, 1.16-1.40) compared with a male index case,
but not with higher suicide (HR, 1.39; 95% CI, 0.94-2.06). Exposure to a younger index case (aged
10-24 years) was associated with higher all-cause mortality (HR, 1.16; 95% CI, 1.08-1.26) and suicide
(HR, 1.68; 95% CI, 1.22-2.31) compared with an older index case (aged 60 years or older). An
interaction showed that a young female index case was associated with lower risk of all-cause
mortality (HR, 0.72; 95% CI, 0.61-0.84) relative to older male cases (Table 2).

Among surviving household members, male individuals had a 75% higher risk of all-cause
mortality excluding suicide (HR, 1.75; 95% CI, 1.64-1.86) and over 3 times higher risk of suicide (HR,
3.58; 95% CI, 2.65-4.84) compared with female individuals. Compared with young survivors, risk of
all-cause mortality was higher among those aged 25 to 59 years (HR, 3.81; 95% CI, 3.51-4.15) and
those aged 60 years or older (HR, 24.13; 95% CI, 22.09-26.37), whereas suicide risk was higher

Figure 1. Cox Multivariate Model of the Association Between Suicide Index Case and the Risk of Mortality

0.3 41
Adjusted HR (95% CI)

Age-standardized rate, per person-years (95% CI)

Unexposed ExposedCause of death
Adjusted HR 
(95% CI) PAF (95% CI)

All-cause mortality

With suicide

Without suicide
Cause-specific mortality

Suicide

External cause (without suicide)

Nonexternal cause

External cause-specific mortality

Assault

Transport related

Falls

Accidental drowning

Exposure smoke

Accidental poisoning

Nonexternal cause-specific mortality

Diseases in the circulatory system

Neoplasms

Metabolic diseases

Diseases in the respiratory system

Infectious disease

541.92 (541.92-541.93)

537.60 (537.60-537.61)

4.32 (4.31-4.32)

57.32 (57.31-57.32)

480.29 (480.29-480.30)

26.12 (26.12-26.13)

17.68 (17.68-17.69)

4.74 (4.73-4.74)

2.17 (2.17-2.18)

0.34 (0.34-0.35)

0.23 (0.23-0.24)

165.83 (165.83-165.84)

89.92 (89.92-89.93)

37.52 (37.52-37.53)

27.55 (27.55-27.56)

22.83 (22.83-22.83)

646.68 (646.67-646.68)

625.22 (625.22-625.23)

21.45 (21.45-21.46)

87.65 (87.65-87.66)

537.56 (537.56-537.57)

43.69 (43.69-43.70)

23.38 (23.38-23.39)

7.01 (7.01-7.02)

3.60 (3.60-3.61)

0.45 (0.45-0.46)

0.22 (0.22-0.23)

184.03 (184.03-184.04)

100.41 (100.41-100.42)

45.30 (45.30-45.31)

30.86 (30.86-30.87)

23.64 (23.64-23.64)

1.32 (1.28-1.36)

1.27 (1.23-1.31)

4.42 (3.86-5.07)

1.35 (1.27-1.44)

1.23 (1.18-1.27)

1.38 (1.27-1.51)

1.26 (1.12-1.43)

1.80 (1.31-2.44)

1.49 (1.09-2.03)

1.45 (0.54-3.86)

0.93 (0.30-2.89)

1.20 (1.12-1.29)

1.22 (1.11-1.33)

1.27 (1.11-1.46)

1.27 (1.08-1.48)

1.09 (0.92-1.29)

0.24 (0.22-0.27)

0.21 (0.18-0.24)

0.77 (0.74-0.80)

0.26 (0.21-0.31)

0.18 (0.15-0.21)

0.28 (0.22-0.34)

0.21 (0.11-0.31)

0.44 (0.27-0.61)

0.33 (0.12-0.54)

0.31 (-0.37-0.99)

-0.07 (-1.29-1.14)

0.17 (0.11-0.22)

0.18 (0.11-0.25)

0.21 (0.11-0.32)

0.21 (0.09-0.33)

0.08 (-0.07-0.24)

Model adjusted for sex, age cohort, race, region, location residence, unemployed, construction materials, water supply, and waste. HR indicates hazard ratio; PAF, population
attributable fraction.
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among those aged 25 to 59 years (HR, 1.64; 95% CI, 1.25-2.14) but not among those aged 60 years or
older (HR, 1.04; 95% CI, 0.52-2.06).

Better household conditions, reflected by having all 4 essential services, had lower risk of
all-cause mortality (HR, 0.76; 95% CI, 0.69-0.85) and suicide (HR, 0.49; 95% CI, 0.33-0.73)
compared with households without these essential services. Regionally, suicide risk was higher in the
South (HR, 2.13; 95% CI, 1.51-3.01) and Central-West (HR, 2.89; 95% CI, 1.89-4.41) compared with the
Northeast. For all-cause mortality excluding suicide, the South showed increased risk (HR, 1.17; 95%
CI, 1.07-1.28) (Table 2).

Table 2. Cox Regression Model by Characteristics of the Index Suicide Case, Sociodemographic Characteristics of the Members, and Household Conditions
Among Individuals Who Have Experienced a Previous Suicide Within the Same Household, 2001 to 2018

Characteristic

All-cause mortality outcome (without suicide) Suicide outcome

HR (95% CI) Adjusted HR (95% CI) HR (95% CI) Adjusted HR (95% CI)

Characteristics of the index case

Sex of the index case

Male 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Female 1.13 (1.05-1.22) 1.27 (1.16-1.40) 1.48 (1.12-1.96) 1.39 (0.94-2.06)

Age at death of the index case

≥60 y 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

10-24 y 1.19 (1.11-1.27) 1.16 (1.08-1.26) 1.70 (1.30-2.21) 1.68 (1.22-2.31)

25-59 y 1.73 (1.55-1.94) 1.04 (0.92-1.19) 1.22 (0.69-2.16) 1.09 (0.54-2.17)

Sex of the index case and age at death
of the index case

Male ≥60 y 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Female 10-24 y 0.64 (0.55-0.75) 0.72 (0.61-0.84) 0.57 (0.32-1.03) 0.70 (0.39-1.27)

Female 25-59 y 1.47 (1.12-1.96) 0.94 (0.72-1.24) 1.78 (0.52-6.16) 1.88 (0.54-6.51)

Sociodemographic characteristics of
surviving members

Sex of surviving household members

Female 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Male 1.50 (1.41-1.60) 1.75 (1.64-1.86) 3.54 (2.63-4.77) 3.58 (2.65-4.84)

Mortality age of the surviving household members
at the date of occurrence of the Index case

10-24 y 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

25-59 y 3.57 (3.29-3.89) 3.81 (3.51-4.15) 1.42 (1.09-1.85) 1.64 (1.25-2.14)

≥60 y 22.74 (20.84-24.82) 24.13 (22.09-26.37) 0.92 (0.47-1.82) 1.04 (0.52-2.06)

Household characteristics

Living conditionsa

0 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

1 1.02 (0.94-1.11) 1.03 (0.94-1.12) 0.43 (0.29-0.65) 0.47 (0.31-0.71)

2 0.96 (0.87-1.05) 0.99 (0.90-1.10) 0.62 (0.43-0.91) 0.61 (0.42-0.89)

3 0.78 (0.70-0.86) 0.79 (0.71-0.88) 0.34 (0.23-0.51) 0.33 (0.22-0.50)

4 0.73 (0.66-0.81) 0.76 (0.69-0.85) 0.43 (0.30-0.62) 0.49 (0.33-0.73)

Region

Northeast 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

North 0.85 (0.75-0.97) 1.09 (0.96-1.23) 1.51 (0.94-2.43) 1.22 (0.75-1.98)

Southeast 1.04 (0.96-1.12) 1.09 (1.00-1.18) 1.00 (0.68-1.47) 1.15 (0.76-1.73)

South 1.09 (1.01-1.19) 1.17 (1.07-1.28) 2.05 (1.45-2.88) 2.13 (1.51-3.01)

Central-West 0.97 (0.85-1.10) 1.09 (0.95-1.24) 2.80 (1.84-4.25) 2.89 (1.89-4.41)

Abbreviation: HR, hazard ratio.
a Living conditions defined as household conditions measured using a composite score from 0 to 4, where 0 indicates no access and 4 indicates full access to essential services,

including water supply, sanitation, adequate housing materials, and waste disposal.
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Timing of Subsequent Deaths After the Index Case: Comparison of Immediate
(≤2 Years) and Distant Events (>3 Years)
Most subsequent deaths, both all-cause and by suicide, occurred within 2 years of the index suicide.
Among all-cause mortality (excluding suicide; 4009 individuals), 1429 (35.6%) occurred within 2
years (931 [23.2%] in year 1; 498 [12.4%] in year 2) (Figure 2). Among suicides (232 individuals), 101
(43.6%) occurred in the same period (79 [34.1%] in year 1; 22 [9.5%] in year 2). For all-cause
mortality, no differences were observed between immediate (�2 years) and distant (�3 years)
periods. For suicide, a time-dependent association was found; during the first 2 years, having a
female index case was associated with higher suicide risk among survivors (HR, 1.72; 95% CI,
1.03-2.84; P = .03), an outcome not observed after 3 years (HR, 0.86; 95% CI, 0.58-1.28) (Figure 3).
All sensitivity analyses yielded results consistent with those of the main model (eTables 6-9,
eFigure 5 in Supplement 1). A summary of key findings and associated risk factors is provided in
eFigure 6 in Supplement 1.

Discussion

This large-scale cohort study is the first we know of to examine timing and risk factors for all- and
cause-specific mortality after household exposure to suicide. Exposure was associated with a 27%
increased in all-cause mortality (excluding suicide) and over 4-fold higher suicide risk, with a
population attributable fraction of 77%. Risks were elevated when the index case was younger or
female, and when surviving household members were male, aged 25 to 59 years, or living in
households with poor infrastructure. Over half of subsequent suicides occurred within the first 2
years, reinforcing the urgency of targeted early interventions (eFigure 7 in Supplement 1).

Prior research shows elevated suicide risk among individuals with a family history of
suicide,2,14-25 yet broader mortality outcomes remain underexplored.9,26-28 In Taiwan, higher rates of
suicide (rate ratio [RR], 4.61; 95% CI, 4.02-5.29) and accidental deaths (RR, 1.62; 95% CI, 1.43-1.84)
were reported among first-degree relatives of suicide decedents.27 Another study found increased
risks of suicide (HRs up to 15.67; 95% CI, 2.09-117.41), homicide (HRs up to 23.26; 95% CI,
3.10-174.56), and dementia (HR, 4.41; 95% CI, 1.14-17.05) in suicide-exposed individuals, but not for

Figure 2. Proportion of Subsequent All-Cause Mortality (Excluding Suicide) and Suicide in Years
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all-cause mortality relative to unnatural deaths (HR, 0.95; 95% CI, 0.87-1.04).28 The current study
expands on existing evidence, showing that household suicide exposure is linked to higher risks of
both suicide and all-cause mortality, including from metabolic, respiratory, circulatory diseases, and
neoplasms. All major external and natural causes of death were elevated except parasitic diseases,
which are likely more tied to environmental and socioeconomic factors than psychosocial stressors.
The 442% increased risk of suicide observed in this study exceeds estimates from high-income
countries such as Denmark (RR, 2.58; 95% CI, 1.84-3.61)21 and South Korea (RR, 2.75; 95% CI,
2.55-2.97),16 suggesting greater impact in settings characterized by heightened social and structural
vulnerability.

The mechanisms linking family suicide history and increased mortality likely involve multiple
pathways.9,26-28 Suicide exposure is traumatic and often results in grief, guilt, stigma, and family
disruption.5-7 These factors are associated with suicide behaviors,2,14-25 and contribute to

Figure 3. Factors Associated with Immediate (≤2 Years) and Distant (≥3 Years) Time-to-Event Mortality

P value
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risk
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0.6 21
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Characteristic HR (95% CI) HR (95% CI)

SuicideBAll-cause mortalityA
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0.97 (0.88-1.07)

1.72 (1.03-2.84)
0.86 (0.58-1.28)
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0.92 (0.82-1.04)
0.98 (0.90-1.06)

1.46 (0.88-2.41)
1.09 (0.75-1.60)

Index case aged 10-24 y .24 .61

1.14 (0.96-1.36)
0.90 (0.78-1.05)

0.83 (0.40-1.72)
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0.87 (0.51-1.50)

 Male survivor household member .34 .96
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1.12 (1.00-1.24)

0.87 (0.48-1.55)
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0.80 (0.43-1.46)

Households with 3 essential services .86 .72
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P value represents the test of interaction between the time since the index case's death (�2 years vs �3 years) and the respective characteristic under evaluation.
HR indicates hazard ratio.
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depression, anxiety, PTSD, and substance use,3-11,18 thereby leading to early death. Chronic stress
may disrupt the hypothalamic-pituitary-adrenal axis, suppress immune function, and increase the
risk of cardiovascular and metabolic disorders,39 explaining elevated deaths from circulatory,
respiratory, and metabolic diseases. Social and economic stressors may also play a role.2,18 Suicide
loss can trigger financial hardship, social withdrawal, family conflict, and caregiving burdens.5-7 Male
survivors and adults aged 25 to 59 years were especially affected, suggesting that adult men may
face distinct challenges in coping with household suicide. Death of a younger index case (aged 10-24
years) also resulted in higher mortality risk, reflecting the destabilizing impact of an unexpected
death and the profound grief it provokes.20,21,40

Over a third of all-cause deaths (35.6%) and nearly half of suicides (43.6%) occurred within 2
years of the index suicide. In the immediate aftermath of the suicide, family members often
experience intense grief marked by guilt, blame, and stigma,2,5-7,18 leading to enduring physical,
psychological, and psychosomatic difficulties.18 These challenges highlight the urgent need for
family-centered interventions after suicide loss.12 Although the bereaved may express a notable
desire to participate in suicide support groups,2,18 access to mental health services or specialized care
for survivors remains scarce, especially in lower-resource contexts such as Brazil.41 In the current
study, survivors living in better housing conditions showed lower mortality risk, reinforcing the role
of socioeconomic factors in mitigating outcomes after suicide loss.42,43

Strengths and Limitations
Previous studies have been limited to high-income settings with small samples and lacked
population-based comparison groups. This study leveraged a large population-based cohort to
overcome these gaps. This design provides sufficient power to examine rare outcomes and
exposures, including suicide occurrence and recurrence within households. Most earlier studies used
case-control designs, which precluded estimation of population-level measures such as suicide,
relative risks, and attributable risks. Other studies focused only on individuals with recorded deaths,
limiting comparisons by family suicide history. The current approach enabled the estimation of these
rates and risks and the assessment of the interval between an index suicide and subsequent suicide
within the same household, offering important insights for prevention strategies.

Some limitations are unmeasured confounders that could introduce bias and the lack of
information regarding parental status, as well as access to mental health care. It is noteworthy that
some causes of death, such as ill-defined or unknown causes, events of undetermined intent, and
accidental deaths, may conceal hidden suicides, potentially influencing the findings. Moreover, this
study population was composed of low-income individuals, limiting generalizability. Additionally,
suicide may be underregistered; however, in Brazil, external causes of death undergo systematic
review by medical-legal institutes, and the SIM database is recognized for its high quality, minimizing
misclassification.44

Conclusions

This cohort study of 101 346 669 individuals in Brazil found that household exposure to suicide
resulted in over 4-fold increase in subsequent suicide risk and a 27% rise in all-cause mortality
(excluding suicide) among surviving members (eFigure 7 in the Supplement). These far-reaching
health consequences, associated with external and nonexternal causes, were most pronounced in
the first 2 years, highlighting the urgency for early intervention. These findings call for integrated
postvention strategies including bereavement care, psychosocial support, and clinical follow-up,
especially in lower-resource settings, to advance global mental health equity and support Sustainable
Development Goal 3.4: “reducing premature mortality from noncommunicable diseases and
promoting mental well-being.”45
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A bs tr ac t

Background

Patients with metastatic non–small-cell lung cancer have a substantial symptom 
burden and may receive aggressive care at the end of life. We examined the effect 
of introducing palliative care early after diagnosis on patient-reported outcomes 
and end-of-life care among ambulatory patients with newly diagnosed disease.

Methods

We randomly assigned patients with newly diagnosed metastatic non–small-cell 
lung cancer to receive either early palliative care integrated with standard onco-
logic care or standard oncologic care alone. Quality of life and mood were assessed 
at baseline and at 12 weeks with the use of the Functional Assessment of Cancer 
Therapy–Lung (FACT-L) scale and the Hospital Anxiety and Depression Scale, re-
spectively. The primary outcome was the change in the quality of life at 12 weeks. 
Data on end-of-life care were collected from electronic medical records.

Results

Of the 151 patients who underwent randomization, 27 died by 12 weeks and 107 
(86% of the remaining patients) completed assessments. Patients assigned to early 
palliative care had a better quality of life than did patients assigned to standard 
care (mean score on the FACT-L scale [in which scores range from 0 to 136, with 
higher scores indicating better quality of life], 98.0 vs. 91.5; P = 0.03). In addition, 
fewer patients in the palliative care group than in the standard care group had 
depressive symptoms (16% vs. 38%, P = 0.01). Despite the fact that fewer patients in 
the early palliative care group than in the standard care group received aggressive 
end-of-life care (33% vs. 54%, P = 0.05), median survival was longer among patients 
receiving early palliative care (11.6 months vs. 8.9 months, P = 0.02).

Conclusions

Among patients with metastatic non–small-cell lung cancer, early palliative care led 
to significant improvements in both quality of life and mood. As compared with 
patients receiving standard care, patients receiving early palliative care had less 
aggressive care at the end of life but longer survival. (Funded by an American 
Society of Clinical Oncology Career Development Award and philanthropic gifts; 
ClinicalTrials.gov number, NCT01038271.)
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The quality of care and the use of 
medical services for seriously ill patients 
are key elements in the ongoing debate 

over reform of the U.S. health care system.1 On-
cologic care is central to this debate, largely be-
cause anticancer treatments are often intensive 
and costly.2 Comprehensive oncologic services for 
patients with metastatic disease would ideally 
improve the patients’ quality of life and facilitate 
the efficient allocation of medical resources. Pal-
liative care, with its focus on management of 
symptoms, psychosocial support, and assistance 
with decision making, has the potential to im-
prove the quality of care and reduce the use of 
medical services.3,4 However, palliative care has 
traditionally been delivered late in the course of 
disease to patients who are hospitalized in spe-
cialized inpatient units or as a consultative ser-
vice for patients with uncontrolled symptoms.5,6 
Previous studies have suggested that late refer-
rals to palliative care are inadequate to alter the 
quality and delivery of care provided to patients 
with cancer.7,8 To have a meaningful effect on 
patients’ quality of life and end-of-life care, pallia-
tive care services must be provided earlier in the 
course of the disease.

Metastatic non–small-cell lung cancer, the 
leading cause of death from cancer worldwide,9 
is a debilitating disease that results in a high 
burden of symptoms and poor quality of life; the 
estimated prognosis after the diagnosis has been 
established is less than 1 year.10-12 We previous
ly found that introducing palliative care shortly 
after diagnosis was feasible and acceptable among 
outpatients with metastatic non–small-cell lung 
cancer.13 The goal of the current study was to 
examine the effect of early palliative care inte-
grated with standard oncologic care on patient-
reported outcomes, the use of health services, 
and the quality of end-of-life care among patients 
with metastatic non–small-cell lung cancer. We 
hypothesized that patients who received early 
palliative care in the ambulatory care setting, as 
compared with patients who received standard 
oncologic care, would have a better quality of life, 
lower rates of depressive symptoms, and less 
aggressive end-of-life care.

Me thods

Study Design

From June 7, 2006, to July 15, 2009, we enrolled 
ambulatory patients with newly diagnosed meta-

static non–small-cell lung cancer in a nonblind-
ed, randomized, controlled trial of early palliative 
care integrated with standard oncologic care, as 
compared with standard oncologic care alone. 
The study was performed at Massachusetts Gen-
eral Hospital in Boston. Eligible patients were 
enrolled within 8 weeks after diagnosis and were 
randomly assigned to one of the two groups in a 
1:1 ratio without stratification. Patients who were 
assigned to early palliative care met with a mem-
ber of the palliative care team, which consisted 
of board-certified palliative care physicians and 
advanced-practice nurses, within 3 weeks after 
enrollment and at least monthly thereafter in the 
outpatient setting until death. Additional visits 
with the palliative care service were scheduled at 
the discretion of the patient, oncologist, or pallia-
tive care provider.

General guidelines for the palliative care vis-
its in the ambulatory setting were adapted from 
the National Consensus Project for Quality Pallia-
tive Care and were included in the study protocol.14 
Using a template in the electronic medical re-
cord, palliative care clinicians documented the 
care they provided according to these guidelines 
(see Table 1 in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org). 
Specific attention was paid to assessing physical 
and psychosocial symptoms, establishing goals 
of care, assisting with decision making regard-
ing treatment, and coordinating care on the 
basis of the individual needs of the patient.14,15 
Patients who were randomly assigned to standard 
care were not scheduled to meet with the pallia-
tive care service unless a meeting was requested 
by the patient, the family, or the oncologist; those 
who were referred to the service did not cross 
over to the palliative care group or follow the 
specified palliative care protocol. All the partici-
pants continued to receive routine oncologic care 
throughout the study period. Before enrollment 
in the study was initiated, the protocol was ap-
proved by the Dana Farber/Partners CancerCare 
institutional review board. All participants pro-
vided written informed consent. The protocol, 
including the statistical analysis plan, is avail-
able at NEJM.org. All the authors attest that the 
study was performed in accordance with the 
protocol and the statistical analysis plan.

Patients

Patients who presented to the outpatient thoracic 
oncology clinic were invited by their medical on-
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cologists to enroll in the study; all the medical 
oncologists in the clinic agreed to approach, re-
cruit, and obtain consent from their patients. 
Physicians were encouraged, but not required, to 
offer participation to all eligible patients; no ad-
ditional screening or recruitment measures were 
used. Patients were eligible to participate if they 
had pathologically confirmed metastatic non–
small-cell lung cancer diagnosed within the pre-
vious 8 weeks and an Eastern Cooperative Oncol-
ogy Group (ECOG) performance status of 0, 1, or 
2 (with 0 indicating that the patient is asymp-
tomatic, 1 that the patient is symptomatic but 
fully ambulatory, and 2 that the patient is symp-
tomatic and in bed <50% of the day)16 and were 
able to read and respond to questions in English. 
Patients who were already receiving care from 
the palliative care service were not eligible for 
participation in the study.

Patient-Reported Measures

Health-related quality of life was measured with 
the use of the Functional Assessment of Cancer 
Therapy–Lung (FACT-L) scale, which assesses 
multiple dimensions of the quality of life (physi-
cal, functional, emotional, and social well-being) 
during the previous week.17 In addition, the lung-
cancer subscale (LCS) of the FACT-L scale evalu-
ates seven symptoms specific to lung cancer. The 
primary outcome of the study was the change 
from baseline to 12 weeks in the score on the 
Trial Outcome Index (TOI), which is the sum of 
the scores on the LCS and the physical well-being 
and functional well-being subscales of the FACT-L 
scale.

Mood was assessed with the use of both the 
Hospital Anxiety and Depression Scale (HADS) 
and the Patient Health Questionnaire 9 (PHQ-
9).18,19 The 14-item HADS, which consists of two 
subscales, screens for symptoms of anxiety and 
depression in the previous week. Subscale scores 
range from 0, indicating no distress, to 21, in-
dicating maximum distress; a score higher than 
7 on either HADS subscale is considered to be 
clinically significant. The PHQ-9 is a nine-item 
measure that evaluates symptoms of major de-
pressive disorder according to the criteria of the 
fourth edition of the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-IV). A major depressive 
syndrome was diagnosed if a patient reported at 
least five of the nine symptoms of depression on 
the PHQ-9, with one of the five symptoms being 
either anhedonia or depressed mood. Symptoms 

had to be present for more than half the time, 
except for the symptom of suicidal thoughts, 
which was included in the diagnosis if it was 
present at any time.

Measures of Health Care Use

Data were collected from the electronic medical 
record on the use of health services and end-of-
life care, including anticancer therapy, medication 
prescriptions, referral to hospice, hospital admis-
sions, emergency department visits, and the date 
and location of death. Patients were classified as 
having received aggressive care if they met any of 
the following three criteria: chemotherapy within 
14 days before death, no hospice care, or admis-
sion to hospice 3 days or less before death.20-22 
Finally, we assessed whether patients’ resuscita-
tion preferences were documented in the outpa-
tient electronic medical record.23

Data Collection

Participants completed baseline questionnaires 
before randomization. Follow-up assessments of 
quality of life and mood were performed at 12 
weeks (or at an outpatient clinic visit within  
3 weeks before or after that time point). Partici-
pants who had no scheduled clinic visits within 
this period received the questionnaires by mail. 
When responses on questionnaires were incom-
plete, research staff documented the reasons for 
which the participant did not give a full response.

Statistical Analysis

Data obtained through December 1, 2009, were 
included in the analyses. The primary outcome 
was the change in the score on the TOI from 
baseline to 12 weeks. We estimated that with 120 
patients, the study would have 80% power to de-
tect a significant between-group difference in the 
change in the TOI score from baseline to 12 
weeks, with a medium effect size of 0.5 SD.24 The 
protocol was amended in August 2008 to allow 
for the enrollment of an additional 30 participants 
in order to compensate for the loss of any patients 
to follow-up.

Statistical analyses were performed with the 
use of SPSS software, version 16.0 (SPSS). Descrip-
tive statistics were used to estimate the frequen-
cies, means, and standard deviations of the study 
variables. Differences between study groups in 
baseline characteristics and clinical outcomes 
were assessed with the use of two-sided Fisher’s 
exact tests and chi-square tests for categorical 
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Table 1. Baseline Characteristics of the Study Participants.*

Variable
Standard Care

(N = 74)
Early Palliative Care

(N = 77) P Value†

Age — yr 64.87±9.41 64.98±9.73 0.94

Female sex — no. (%) 36 (49) 42 (55) 0.52

Race — no. (%)‡ 0.06§

White 70 (95) 77 (100)

Black 3 (4) 0

Asian 1 (1) 0

Hispanic or Latino ethnic group‡ 1 (1) 1 (1) 1.00

Marital status — no. (%) 1.00

Married 45 (61) 48 (62)

Single 9 (12) 9 (12)

Divorced or separated 12 (16) 12 (16)

Widowed 8 (11) 8 (10)

ECOG performance status — no. (%)¶ 0.24

0 30 (41) 26 (34)

1 35 (47) 46 (60)

2 9 (12) 5 (6)

Presence of brain metastases — no. (%) 19 (26) 24 (31) 0.48

Initial anticancer therapy — no. (%) 0.87‖

Platinum-based combination chemotherapy 35 (47) 35 (45)

Single agent 3 (4) 9 (12)

Oral EGFR tyrosine kinase inhibitor 6 (8) 6 (8)

Radiotherapy 26 (35) 27 (35)

Chemoradiotherapy 3 (4) 0

No chemotherapy 1 (1) 0

Receipt of initial chemotherapy as part  
of a clinical trial — no. (%)

20 (27) 16 (21) 0.45

Never smoked or smoked ≤10 packs/yr — no./ 
total no. (%)

16/73 (22) 18/76 (24) 0.85

Assessment of mood symptoms — no./total no. (%)

HADS**

Anxiety subscale 24/72 (33) 28/77 (36) 0.73

Depression subscale 18/72 (25) 17/77 (22) 0.70

PHQ-9 major depressive syndrome†† 12/72 (17) 9/76 (12) 0.48

variables and independent-samples Student’s t-tests 
for continuous variables. Multivariate linear re-
gression analyses, adjusted for baseline scores, 
were used to examine the effect of early palliative 
care on quality-of-life outcomes. For intention-
to-treat analyses, we used the conservative method 
of carrying baseline values forward to account 
for all missing patient-reported outcome data, 
including data that were missing owing to death. 
Survival time was calculated from the date of 
enrollment to the date of death with the use of 
the Kaplan–Meier method. Data from patients who 
were alive at the last follow-up (December 1, 

2009) were censored on that date. A Cox propor-
tional-hazards model was used to assess the ef-
fect of early palliative care on survival, with ad-
justment for demographic characteristics and 
baseline ECOG performance status.

R esult s

Baseline Characteristics of the Patients

A total of 151 patients were enrolled in the study 
(see the figure in the Supplementary Appendix). 
The percentage of patients enrolled was similar 
for each of the thoracic oncologists in the clinic. 
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No significant differences in demographic char-
acteristics or overall survival were seen between 
the study participants and eligible patients who 
were not enrolled in the study. The baseline char-
acteristics were well matched between the two 
study groups (Table 1). Known prognostic factors, 
including age, sex, ECOG performance status, 
presence or absence of brain metastases, smoking 
status, and initial anticancer therapy, were also 
balanced between the study groups. Although 
genetic testing was not routinely performed, the 
proportions of patients with mutations in the 
epidermal growth factor gene (EGFR) were simi-
lar between the study groups among the patients 
who underwent testing (9% in the palliative care 
group and 12% in the standard-treatment group, 
P = 0.76). No significant between-group differenc-
es were seen in baseline quality of life or mood 
symptoms.

Palliative-Care Visits

All the patients assigned to early palliative care, 
except for one patient who died within 2 weeks 
after enrollment, had at least one visit with the 

palliative care service by the 12th week. The aver-
age number of visits in the palliative care group 
was 4 (range, 0 to 8). Ten patients who received 
standard care (14%) had a palliative care consul-
tation in the first 12 weeks of the study, primar-
ily to address the management of symptoms, with 
seven patients having one visit and three having 
two visits.

Quality-of-Life and Mood Outcomes

A comparison of measures of quality of life at 12 
weeks showed that the patients assigned to early 
palliative care had significantly higher scores 
than did those assigned to standard care, for the 
total FACT-L scale, the LCS, and the TOI, with 
effect sizes in the medium range (Table 2). Pa-
tients in the palliative care group had a 2.3-point 
increase in mean TOI score from baseline to 12 
weeks, as compared with a 2.3-point decrease in 
the standard care group (P = 0.04) (Fig. 1). With 
the use of linear regression to control for base-
line quality-of-life values, the group assignment 
significantly predicted scores at 12 weeks on the 
total FACT-L scale (adjusted difference in mean 

Table 1. (Continued.)

Variable
Standard Care

(N = 74)
Early Palliative Care

(N = 77) P Value†

Scores on quality-of-life measures‡‡

FACT-L scale 91.7±16.7 93.6±16.5 0.50

Lung-cancer subscale 18.7±4.4 20.1±4.4

Trial Outcome Index 55.3±13.1 56.2±13.4

*	 Plus–minus values are means ±SD. Percentages may not total 100 because of rounding. ECOG denotes Eastern 
Cooperative Oncology Group, EFGR epidermal growth factor receptor, FACT-L Functional Assessment of Cancer 
Therapy–Lung, HADS Hospital Anxiety and Depression Scale, and PHQ-9 Patient Health Questionnaire 9.

†	 P values were calculated with the use of two-sided chi-square and Fisher’s exact tests for categorical variables and the 
independent-samples Student’s t-tests for continuous variables.

‡	 Race or ethnic group was self-reported.
§	 The P value is for the between-group comparison of the proportions of patients who were white and those who were 

members of a minority group (black and Asian), calculated with the use of Fisher’s exact test.
¶	 An ECOG performance status of 0 indicates that the patient is asymptomatic, 1 that the patient is symptomatic but 

fully ambulatory, and 2 that the patient is symptomatic and in bed less than 50% of the day.
‖	 The P value is for the between-group comparison of the proportion of patients receiving platinum-based combination 

chemotherapy and the proportion receiving other treatments, calculated with the use of Fisher’s exact test.
**	 The HADS consists of two subscales, one for symptoms of anxiety and one for symptoms of depression. Subscale 

scores range from 0, indicating no distress, to 21, indicating maximum distress; a score higher than 7 indicates clinical-
ly meaningful anxiety or depression.

††	The PHQ-9 is a nine-item measure that evaluates symptoms of major depressive disorder according to the criteria of 
the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). A major depressive syndrome 
was diagnosed if a patient reported at least five of the nine symptoms of depression on the PHQ-9, with one of the 
five symptoms being either anhedonia or depressed mood. Symptoms had to be present for more than half the time, 
except for the symptom of suicidal thoughts, which was included in the diagnosis if it was present at any time.

‡‡	The quality of life was assessed with the use of three measures: the FACT-L scale, on which scores range from 0 to 136, 
with higher scores indicating a better quality of life; the lung-cancer subscale of the FACT-L scale, on which scores range 
from 0 to 28, with higher scores indicating fewer symptoms; and the Trial Outcome Index, which is the sum of the scores 
on the lung-cancer, physical well-being, and functional well-being subscales of the FACT-L scale (scores range from 0 
to 84, with higher scores indicating a better quality of life).
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[±SE] scores, 5.4±2.4; 95% confidence interval 
[CI], 0.7 to 10.0; P = 0.03) and the TOI (adjusted 
difference in mean scores, 5.2±1.8; 95% CI, 1.6 to 
8.9; P = 0.005), but not on the LCS (adjusted differ-
ence in mean scores, 1.0±0.6; 95% CI, –0.2 to 2.3; 
P = 0.12). In addition, the percentage of patients 
with depression at 12 weeks, as measured by the 
HADS and PHQ-9, was significantly lower in the 
palliative care group than in the standard care 
group, although the proportions of patients re-
ceiving new prescriptions for antidepressant drugs 
were similar in the two groups (approximately 
18% in both groups, P = 1.00) (Fig. 2). The per-
centage of patients with elevated scores for symp-
toms of anxiety did not differ significantly be-
tween the groups.

The figure in the Supplementary Appendix in-
cludes an explanation of missing data according 
to study group. There was no significant asso-
ciation between missing data on patient-reported 
outcomes at 12 weeks and any baseline charac-
teristic (although there was a trend toward a 
significant association between missing data and 
assigned treatment [P = 0.07]). When we carried 
the baseline scores of the participants forward 
for the missing data on patient-reported out-
comes, all primary treatment effects were repli-
cated with respect to quality of life (P = 0.04 for 
the 12-week FACT-L score, P = 0.01 for the 12-week 
LCS score, P = 0.04 for the 12-week TOI score, 
and P = 0.04 for the mean change from baseline 
to 12 weeks in the TOI score) and mood (P = 0.04 
for the comparison of patients with elevated scores 
on the HADS depression subscale, and P = 0.02 

for the comparison of patients with symptoms 
of major depression on the PHQ-9).

End-of-Life Care

At the time of the analysis of end-of-life care, 105 
participants (70%) had died; the median duration 
of follow-up among participants who died was 
5.7 months. Within this subsample, a greater per-
centage of patients in the group assigned to stan-
dard care than in the group assigned to early 
palliative care received aggressive end-of-life care 
(54% [30 of 56 patients] vs. 33% [16 of 49 pa-
tients], P = 0.05). In addition, fewer patients in the 
standard care group than in the palliative care 
group had resuscitation preferences documented 
in the outpatient electronic medical record (28% 
[11 of 39 patients who had preferences docu-
mented during the course of the study] vs. 53% 
[18 of 34 patients], P = 0.05). The study did not 
have adequate power to examine specific indica-
tors of aggressive care at the end of life. Howev-
er, analyses of various measures of utilization, 
such as rates of hospitalization and emergency 
department visits (Table 2 in the Supplementary 
Appendix), as well as the duration of hospice care 
(median duration, 11 days in the palliative care 
group vs. 4 days in the standard care group; 
P = 0.09 with the use of the Wilcoxon rank-sum 
test), suggested an improvement in the quality of 
care with early palliative care. Despite receiving 
less aggressive end-of-life care, patients in the pal-
liative care group had significantly longer survival 
than those in the standard care group (median 
survival, 11.6 vs. 8.9 months; P = 0.02) (Fig. 3).

Table 2. Bivariate Analyses of Quality-of-Life Outcomes at 12 Weeks.*

Variable
Standard Care

(N = 47)
Early Palliative Care

(N = 60)

Difference between Early 
Care and Standard Care 

(95% CI) P Value† Effect Size‡

FACT-L score 91.5±15.8 98.0±15.1 6.5 (0.5–12.4) 0.03 0.42

LCS score 19.3±4.2 21.0±3.9 1.7 (0.1–3.2) 0.04 0.41

TOI score 53.0±11.5 59.0±11.6 6.0 (1.5–10.4)   0.009 0.52

*	Plus–minus values are means ±SD. Quality of life was assessed with the use of three scales: the Functional Assessment 
of Cancer Therapy–Lung (FACT-L) scale, on which scores range from 0 to 136, with higher scores indicating better qual-
ity of life; the lung-cancer subscale (LCS) of the FACT-L scale, on which scores range from 0 to 28, with higher scores 
indicating fewer symptoms; and the Trial Outcome Index (TOI), which is the sum of the scores on the LCS and the 
physical well-being and functional well-being subscales of the FACT-L scale (scores range from 0 to 84, with higher 
scores indicating better quality of life).

†	The P value was calculated with the use of two-sided Student’s t-tests for independent samples.
‡	The effect size was determined with the use of Cohen’s d statistic, which is a measure of the difference between two 

means (in this case, the mean in the group assigned to early palliative care group minus the mean in the group assigned 
to standard care) divided by a standard deviation for the pooled data. According to the conventional classification, an 
effect size of 0.20 is small, 0.50 moderate, and 0.80 large.
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Discussion

This study shows the effect of palliative care 
when it is provided throughout the continuum of 
care for advanced lung cancer. Early integration 
of palliative care with standard oncologic care in 
patients with metastatic non–small-cell lung can-
cer resulted in survival that was prolonged by ap-
proximately 2 months and clinically meaningful 
improvements in quality of life and mood. More-
over, this care model resulted in greater docu-
mentation of resuscitation preferences in the 
outpatient electronic medical record, as well as 
less aggressive care at the end of life. Less ag-
gressive end-of-life care did not adversely affect 
survival. Rather, patients receiving early pallia-
tive care, as compared with those receiving stan-
dard care alone, had improved survival. Previous 
data have shown that a lower quality of life and 
depressed mood are associated with shorter sur-
vival among patients with metastatic non–small-
cell lung cancer.25-27 We hypothesize that im-
provements in both of these outcomes among 
patients assigned to early palliative care may ac-

count for the observed survival benefit. In addi-
tion, the integration of palliative care with stan-
dard oncologic care may facilitate the optimal 
and appropriate administration of anticancer 
therapy, especially during the final months of 
life. With earlier referral to a hospice program, 
patients may receive care that results in better 
management of symptoms, leading to stabiliza-
tion of their condition and prolonged survival. 
These hypotheses require further study.

Improving quality of life and mood in patients 

Figure 1. Mean Change in Quality-of-Life Scores  
from Baseline to 12 Weeks in the Two Study Groups.

Quality of life was assessed with the use of the Func-
tional Assessment of Cancer Therapy–Lung (FACT-L) 
scale, on which scores range from 0 to 136, with higher 
scores indicating a better quality of life; the lung-cancer 
subscale (LCS) of the FACT-L scale, on which scores 
range from 0 to 28, with higher scores indicating fewer 
symptoms; and the Trial Outcome Index (TOI), which 
is the sum of the scores on the LCS and the physical 
well-being and functional well-being subscales of the 
FACT-L scale (scores range from 0 to 84, with higher 
scores indicating a better quality of life). With study 
group as the independent variable, two-sided indepen-
dent-samples Student’s t-tests showed a trend toward 
a significant between-group difference in the mean 
(±SD) change in scores from baseline to week 12 on 
the FACT-L scale (−0.4±13.8 in the standard care group 
vs. 4.2±13.8 in the palliative care group; difference be-
tween groups, 4.6; 95% confidence interval [CI], −0.8 
to 9.9; P = 0.09) (Panel A), no significant between-
group difference in the mean change in scores on the 
LCS (0.3±4.0 and 0.8±3.6 in the two groups, respective-
ly; difference between groups, 0.5; 95% CI, −1.0 to 2.0; 
P = 0.50) (Panel B), and a significant between-group 
difference in the mean change in scores on the TOI 
(−2.3±11.4 vs. 2.3±11.2; difference between groups, 4.6; 
95% CI, 0.2 to 8.9; P = 0.04) (Panel C). Data are from 
the 47 patients in the standard care group and the 60 
patients in the palliative care group who completed the 
12-week assessments. I bars indicate 95% confidence 
intervals.
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with metastatic non–small-cell lung cancer is a 
formidable challenge, given the progressive na-
ture of the illness.28 The improvement we ob-
served in the quality of life among patients as-
signed to early palliative care, as indicated by a 
mean change in the TOI score by 12 weeks that 
was approximately 5 points higher in the pallia-
tive care group than in the standard care group, 
is similar to the improvement in the quality of 
life that has been observed among patients who 
have a response to cisplatin-based chemothera-
py.29 Most studies show that there is a deteriora-

tion in the quality of life over time, which is 
consistent with the results in the standard care 
group in our study.30-32 Despite similar cancer 
therapies in our two study groups, the patients 
assigned to early palliative care had an improved 
quality of life, as compared with those receiving 
standard care. Rates of depression also differed 
significantly between the groups, with approxi-
mately half as many patients in the palliative care 
group as in the standard care group reporting 
clinically significant depressive symptoms on the 
HADS, and this effect was not due to a between-
group difference in the use of antidepressant 
agents.

To date, evidence supporting a benefit of pal-
liative care is sparse, with most studies having 
notable methodologic weaknesses, especially with 
respect to quality-of-life outcomes.8 One study 
with sufficient power to examine quality-of-life 
outcomes showed that among patients receiving 
radiation therapy, a multidisciplinary intervention 
focused on education, behavioral modification, 
and coping style resulted in improvements in the 
quality of life.33 A recent study showed that Proj-
ect ENABLE (Educate, Nurture, Advise, Before Life 
Ends), a telephone-based, psychoeducational pro-
gram for patients with advanced cancer, signifi-
cantly improved both quality of life and mood.34 
However, the percentage of patients who com-
pleted the study assessments was somewhat low, 
and the study did not use a traditional palliative 
care model.

Our study also showed that early outpatient 
palliative care for patients with advanced cancer 
can alter the use of health care services, including 
care at the end of life. Other studies of outpa-
tient palliative care have failed either to investi-
gate these outcomes or to show an effect on the 
use of resources.5,34,35 In our trial, significantly 
more patients in the group assigned to early pal-
liative care than in the standard care group had 
resuscitation preferences documented in the out-
patient electronic medical record, an essential 
step in clarifying and ensuring respect for pa-
tients’ wishes about their care at the end of 
life.36 Early introduction of palliative care also 
led to less aggressive end-of-life care, including 
reduced chemotherapy and longer hospice care. 
Given the trends toward aggressive and costly 
care near the end of life among patients with 
cancer, timely introduction of palliative care may 
serve to mitigate unnecessary and burdensome 
personal and societal costs.20,37
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Figure 2. Twelve-Week Outcomes of Assessments  
of Mood.

Depressive symptoms were assessed with the use of 
the Hospital Anxiety and Depression Scale (HADS), 
which consists of two subscales, one for symptoms  
of anxiety (HADS-A) and one for symptoms of depres-
sion (HADS-D) (subscale scores range from 0, indi
cating no distress, to 21, indicating maximum distress; 
a score higher than 7 on either HADS subscale is con-
sidered to be clinically significant) and with the use of 
the Patient Health Questionnaire 9 (PHQ-9). The PHQ-9 
is a nine-item measure that evaluates symptoms of 
major depressive disorder according to the criteria  
of the fourth edition of the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV). A major depres-
sive syndrome was diagnosed if a patient reported at 
least five of the nine symptoms of depression on the 
PHQ-9, with one of the five symptoms being either 
anhedonia or depressed mood. Symptoms had to be 
present for more than half the time, except for the 
symptom of suicidal thoughts, which was included in 
the diagnosis if it was present at any time. The percent-
ages of patients with mood symptoms, assessed on the 
basis of each of these measures, in the group assigned 
to standard treatment and the group assigned to early 
palliative care, respectively, are as follows: HADS-D, 
38% (18 of 47 patients) versus 16% (9 of 57), P = 0.01; 
HADS-A, 30% (14 of 47 patients) and 25% (14 of 57), 
respectively; P = 0.66; and PHQ-9, 17% (8 of 47 patients) 
versus 4% (2 of 57); P = 0.04. The analyses were per-
formed with the use of a two-sided Fisher’s exact test.
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Our study has several advantages over previ-
ous studies, in which investigators have often re-
lied on referrals to palliative care instead of us-
ing a recruitment approach designed to obtain a 
representative sample.5,35 Because all patients with 
a new diagnosis of metastatic non–small-cell 
lung cancer were eligible for enrollment in our 
study, we extended the generalizability of our 
findings. Another strength of our trial was the 
low rate of loss to follow-up and the high per-
centage of participants who completed the study 
assessments. In addition, the dropout rate by 
week 12 was less than 1%, further supporting 
the feasibility and acceptability of early palliative 
care. Finally, the trial was adequately powered to 
detect changes in both quality of life and mood, 
and we prospectively collected data on end-of-
life care.

Several limitations of the study deserve men-
tion. It was performed at a single, tertiary care 
site with a specialized group of thoracic oncol-
ogy providers and palliative care clinicians, there-
by limiting generalization of the results to other 
care settings or patients with other types of 
cancer. In addition, because the sample lacked 
diversity with respect to race and ethnic group, 
we were unable to assess the effect of these 
important factors on study outcomes. Although 
we used a randomized, controlled design, both 
the patients and the clinicians were aware of the 
study assignments. To account for possible in-
fluences of care that are not specific to the pal-
liative care provided, follow-up investigations 
should include a control group that receives a 
similar amount of attention. In addition, we did 
not deny palliative care consultations to partici-
pants receiving standard care, and a small minor-
ity of patients in the standard care group was 
seen by the palliative care team. The data from 
these patients were analyzed with the data from 
their assigned study group (standard care), a fac-
tor that may have diluted our findings. Finally, 
carrying the last observation forward for all miss-
ing data in the intention-to-treat analyses is a 
conservative approach; therefore, the actual treat-
ment effect of early palliative care may be greater 
than we report.

Early integration of palliative care for patients 
with metastatic non–small-cell lung cancer is a 
clinically meaningful and feasible care model 
that has effects on survival and quality of life 
that are similar to the effects of first-line chemo-
therapy in such patients.28,38,39 As compared with 

the study participants who received standard 
care, those who were assigned to early palliative 
care had improved mood, more frequent docu-
mentation of resuscitation preferences, and less 
aggressive end-of-life care. Although our find-
ings must be replicated in a variety of care set-
tings and cancer populations, the results none-
theless offer great promise for alleviating distress 
in patients with metastatic disease and address-
ing critical concerns regarding the use of health 
care services at the end of life.
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Figure 3. Kaplan–Meier Estimates of Survival According to Study Group.

Survival was calculated from the time of enrollment to the time of death,  
if it occurred during the study period, or to the time of censoring of data on 
December 1, 2009. Median estimates of survival were as follows: 9.8 months 
(95% confidence interval [CI], 7.9 to 11.7) in the entire sample (151 patients), 
11.6 months (95% CI, 6.4 to 16.9) in the group assigned to early palliative 
care (77 patients), and 8.9 months (95% CI, 6.3 to 11.4) in the standard 
care group (74 patients) (P = 0.02 with the use of the log-rank test). After 
adjustment for age, sex, and baseline Eastern Cooperative Oncology Group 
performance status, the group assignment remained a significant predictor 
of survival (hazard ratio for death in the standard care group, 1.70; 95% CI, 
1.14 to 2.54; P = 0.01). Tick marks indicate censoring of data.
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SUMMARY

Altered gut microbiome profiles correlate with anxiety and depression in humans, and work in animal

models has identified specific bacterial taxa and/or microbiome-derived metabolites that influence complex

emotional behaviours. Intriguingly, many pharmaceuticals, including widely used oral treatments for anxiety

and depression, can be chemically modified by microbes in the gastrointestinal tract, which may lead to

drug inactivation. The authors highlight the importance of integrating research across microbial culture

systems, animal models, and multi-omics analyses of clinical cohorts to gain mechanistic insights into

whether microbiome composition determines efficacy, bioavailability, and tolerability of neuropsychiatric

medications. This hypothesis, if validated, may have profound implications for personalised drug treatment

plans and microbiome-based biomarker development.

THE RECIPROCAL RELATIONSHIP BETWEEN THE GUT MICROBIOME AND
MEDICATIONS

The gut microbiome, comprising a staggering 3.8×10  bacteria along with microscopic fungi, archaea, and

viruses in humans,  plays crucial roles in shaping and maintaining host health. Gut microbes support a wide

range of physiological functions including digestion, immune modulation, metabolism, and neuronal

signaling. Disruptions in host-microbe interactions are associated with a range of human diseases, such as

inflammatory bowel disease (IBD),  cancer,  Type 2 diabetes,  and neurological disorders.

The gut microbiome is highly dynamic, with community composition influenced by intrinsic factors such as

host genetics,  but also strongly determined by extrinsic/environmental contributors,  including diet and

medication.  Because diet and drugs are modifiable, understanding the interactions between environmental

factors and the gut microbiome offers an exciting and tractable opportunity for development of personalised

medicines.

Most pharmaceuticals are administered orally. These substances are either absorbed in the small intestine,

where the microbiome is sparse, or pass to the colon, where the densest and most diverse microbial

communities reside. Additionally, drugs absorbed in the small intestine may be modified (or not) and

secreted back into the intestine, creating new opportunities for exposure to the gut microbiome.

Consumption of antibiotics, unsurprisingly, has profound effects on the gut microbiome. Acute exposure to

a single course of antibiotics can result in the transient reduction or loss of microbial taxa that are important

for basic metabolic functions such as carbohydrate fermentation,  energy production, bile acid

transformation,  and lipid absorption. While most individuals treated with antibiotics experience a rapid

recovery of microbiome composition, for some it may take up to 6 months to fully recover their original (pre-

drug) microbiome.  Loss of community stability and, consequently, compromise of normal metabolic

functions of the microbiome may lead to opportunistic infections,  deficits in gut barrier integrity,
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weakening of the immune system,  and other unintended consequences. While antibiotics likely have the

most profound impact on microbiome function, emerging evidence suggests that other medications may

also compromise the microbiome, albeit to a subtler degree.

The vast majority of pharmaceutical drugs were developed against human targets (e.g., proteins,

molecules, metabolic pathways), are diverse in structure, and are often consumed for extended periods of

time, making it challenging to predict their direct or indirect effects on the microbiome. However, some

drug–microbiome interactions have been uncovered. The common Type 2 diabetes medication metformin

alters gut microbiome composition in patients, increasing microbial taxa that promote glucose metabolism

and thereby increasing its therapeutic effect.  Methotrexate, a first-line treatment for rheumatoid arthritis,

alters microbiome composition in patients and in human microbiome colonised mice, with transplantation of

a drug-modified microbiome into drug-naïve mice being sufficient to reduce immune activation.  The

benzisoxazole ring structure in risperidone, an atypical antipsychotic used for schizophrenia and bipolar

disorder, is chemically modified by gut microbes, leading to its rapid excretion and thus potentially reducing

efficacy and altering dosing regimens in ways that may vary between patients.

Informed by these findings, there is growing interest in understanding how the gut microbiome may be

influenced by, and may influence the efficacy of, various drug classes. Emerging evidence has identified

novel microbial transformations of drugs that may alter the intended outcomes of medications.  Given the

emerging and likely intricate relationship between gut bacteria and brain function, drug–microbiome

interactions in the context of neuropsychiatric disorders represent a particularly interesting area of study.

This perspective will first examine how the gut microbiome influences drug metabolism in vivo, drawing

from studies in mice and humans with anxiety and major depressive disorder (MDD). The authors will then

review known drug–microbiome interactions, primarily through examples beyond neuropsychiatric

medications, as these well-characterised cases provide insights into the methodologies needed for future

study of microbial metabolism of psychiatric drugs. Finally, the authors will discuss how integrating these

approaches can provide an actionable framework for understanding the role of microbial influences on the

efficacy and other features of psychiatric drugs.

THE GUT MICROBIOME AND BRAIN HEALTH: INSIGHTS FROM ANXIETY
AND DEPRESSION

Anxiety disorders represent the most common class of neuropsychiatric conditions, and are characterised

by a persistent avoidance response even in the absence of imminent danger.  Often co-occurring with

depression,  which is marked by a prolonged loss of interest in activities, anxiety disorders significantly

impact quality of life in up to a quarter of the USA and European populations.

In recent years, studies conducted in both mouse models and human cohorts have described a functional

role for the gut microbiome in the development of anxiety and depression (Figure 1A). The gut microbiome

is stereotypically altered in individuals with anxiety or MDD,  and is speculated to affect symptoms via

altered neurotransmitter production,  inflammation/cytokines,  the hypothalamic–pituitary–adrenal (HPA)

axis,  vagus nerve,  and other potential mechanisms. These associations are supported by animal
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models. Germ-free mice, which are raised without any exposure to microbes, exhibit reduced anxiety-like

behaviour, and the reintroduction of a normal microbiome early in life is sufficient to restore anxiety-like

traits of standard laboratory mice.  Transplantation of microbiomes from mice that have experienced

chronic stress into naïve recipient mice induces behaviours consistent with depression, and

supplementation with Lactobacillus alleviates this effect.

The gut and brain communicate through various pathways (neuronal, endocrine, immunological) and these

interactions involve factors that can be influenced by a diverse array of microbes and their products. For

instance, treatment with the bacterium Lactobacillus rhamnosus (JB-1) has been shown to alleviate anxiety

and depression-like behaviours in mice.  This effect occurs through the differential regulation of GABA

receptors in the brain and is dependent on the vagus nerve, as vagotomised mice do not exhibit the same

behavioural improvements when treated with L. rhamnosus (Figure 1B). Gut bacteria can also produce small

molecule metabolites that then travel to the brain and alter cell function: the gut microbial metabolite 4-

ethylphenyl sulfate (4-EPS) impairs oligodendrocyte differentiation in mice and increases anxiety-like

behaviour.  In contrast, treating mice with the human commensal Bacteroides fragilis is able to alleviate

anxiety-like and autism-associated features (Figure 1C).
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Figure 1: The microbiome and microbially-derived metabolites modulate host nervous system

function.

Figure 1A is generated on Biorender.com.

In humans, large cohort studies surveying the microbiomes of depressed patients have revealed

stereotypical alterations. Notably, MDD patients often show depletion of genera such as Subdoligranulum

and Coprococcus, and an increase in Eggerthella, alongside changes in their metabolomes, particularly

increased lipid metabolism.  A recent study integrated microbiome sequencing data from faecal

samples of individuals with anxiety and depressive disorders, including those taking medications, to train

machine learning algorithms that could successfully predict both the presence of these disorders and

medication use based on microbiome profiles alone.  While effect sizes in human studies remain modest

and may necessitate further replication, research to date on the potential pathogenic or protective effects of

the gut microbiome in neuropsychiatric conditions represents an exciting frontier of research at the

intersection of microbiology, neuroscience, and human health.

Microbiome Modulation of Neuropsychiatric Drugs

Selective serotonin reuptake inhibitors (SSRIs) and selective norepinephrine reuptake inhibitors (SNRIs) are

first-line treatments for both anxiety and MDD.  While these drug classes have been shown to be more

effective than placebo for generalised anxiety disorder, their benefits are often accompanied by a

therapeutic lag and significant variability in response rates, particularly in terms of long-term acceptability

and sustained efficacy.  Given that SSRIs and SNRIs are orally administered, an important question is

whether their interaction with the gut microbiome contributes to the substantial differences in therapeutic

acceptability observed across patient populations. Interindividual variations in gut microbiome composition

may influence drug metabolism and bioavailability, potentially explaining why some patients respond better

to treatment than others.

Recent studies with high-throughput, in vitro culture-based screening systems have revealed extensive

drug–microbiome interactions (Figure 2). In one study, researchers exposed 76 individual strains of diverse

human gut bacterial taxa to over one hundred commonly prescribed drugs, including medications for

anxiety.  This work found that metabolic reactions were taxon-specific; i.e., Bacteroidetes primarily

hydrolysed drugs with ester or amide groups, while most other strains metabolised drugs containing a nitro

or azide group. Of note, 10% of the strains chemically transformed anxiolytics, significantly reducing active

drug levels in culture, with the SSRI fluoxetine emerging as the most widely metabolised anxiolytic across

isolated bacterial strains. Another study incubated different complex communities derived from human

faecal samples with drugs used to treat anxiety, again finding that microbiome composition can broadly

influence drug metabolism.  Some communities had the metabolic capacity to degrade specific drugs,

while others did not, highlighting interindividual variability in microbiome-driven drug metabolism.
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Figure 2: The microbiome modulates drugs, potentially affecting their therapeutic function in the host.

Created on Biorender.com.

Researchers have also leveraged publicly available repositories to develop models to predict drug–

microbiome interactions, such as SIMMER (Similarity algorithms that Identify MicrobioMe Enzymatic

Reactions)  and AGORA2 (Assembly of Gut Organisms through Reconstruction and Analysis, version 2).

SIMMER combines metagenome-assembled genomes, protein homology, and enzyme databases to

predict bacterial drug metabolism. This tool identified candidate gut bacterial enzymes, primarily

carboxypeptidase G2-like enzymes, with sequence similarity to an environmental enzyme known to

hydrolyse methotrexate.  Experimental testing of strains containing these enzymes confirmed

methotrexate degradation. AGORA2 provides a resource for reconstructing metabolic pathways from

metagenomic datasets, and incorporates clinical parameters such as BMI and age to facilitate rapid

prediction of drug metabolism in epidemiological cohorts.  Both SIMMER and AGORA2 provide interactive

frameworks, allowing researchers to prioritise microbial species, gene products, and pathways of particular

relevance for a given disorder and drug class.

While high-throughput screening and large-scale dataset analyses have provided valuable insights, efforts

to fully characterise drug–microbiome interactions remain ongoing, with only a few examples to date that

have identified products of drug metabolism and even fewer cases tested functionally. For instance,

Levodopa (L-DOPA), the first-line treatment for Parkinson’s disease, is degraded by Eggerthella lenta and

Enterococcus faecalis.  These bacterial species were shown to contain enzymes for conversion of L-

DOPA into m-tyramine through decarboxylation and dihydroxylation, which may reduce L-DOPA

bioavailability and impact treatment efficacy. Another well-known example of a drug–microbiome interaction

is 5-aminosalicylic acid (5-ASA), used to treat IBD, whose efficacy is reduced by microbial metabolism.  By

longitudinally monitoring IBD patients on 5-ASA treatment using metagenomics, metatranscriptomics, and
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metabolomics, researchers identified twelve previously uncharacterised microbial acetyltransferases that

were upregulated in non-responders. In vitro assays confirmed that these enzymes acetylate 5-ASA into an

inactive form, providing a mechanistic link between microbial metabolism and drug response.

In addition to metabolising drugs, some gut bacteria have been shown to actively transport and

bioaccumulate drugs in vitro without modifying their chemical structure (Figure 2).  Duloxetine, an SNRI,

bioaccumulates in diverse gut species, including many from the Firmicutes phylum (Streptococcus

salivarius, Clostridium bolteae, Clostridium saccharolyticum, Ruminococcus gnavus, Lactobacillus

plantarum, and Lacticaseibacillus paracasei), resulting in altered endogenous metabolism and secretion

profiles. Duloxetine modulates Caenorhabditis elegans movement in a dose-dependent manner, and

colonisation with the Escherichia coli IAI1 strain that is capable of bioaccumulating duloxetine attenuates this

behaviour, highlighting that drug–microbiome interactions can impact behavioural outcomes.

Finally, the gut microbiome can regulate host drug transporters, thus influencing pharmacokinetics.

Differences in microbiome composition, such as between conventionally-raised and germ-free animals,

alter the expression of the efflux transporter P-glycoprotein (P-gp/ABCB1),  which may contribute to

pharmacokinetic variability for P-gp substrate drugs, including the SSRI sertraline and the antipsychotic

risperidone. However, whether degradation, modification, bioaccumulation and/or altered transport of SSRIs

or SNRIs impact anxiety or depression-like behaviours in mammalian model systems remains unexplored to

date, defining a frontier of future research.

TOWARDS A HOLISTIC UNDERSTANDING OF DRUG–MICROBIOME
INTERACTIONS

While microbial cell culture-based experiments offer rigorous insights into drug–microbiome interactions,

these systems are unable to capture the physiology of an organism and its associated microbiome, with

studies in freely behaving animals required to advance this research toward understanding effects on

emotional behaviours. Recent in vitro findings have also revealed that reductions in drug levels do not

necessarily indicate microbial metabolism.  Abiotic factors, including spontaneous degradation, ion

suppression, surface adsorption, and bioaccumulation, can have strong effects on drug activity.

To ensure reproducible and clinically relevant results, it is important to test drug–microbiome interactions

within their native host context, minimising artefacts introduced by culture conditions. Moreover, it is

possible that long-term medication use can reshape the gut environment and microbiome composition,

which then secondarily influences symptoms or treatment outcomes, though this concept remains

hypothetical in the absence of empiric evidence. Disentangling these factors requires an integrated

approach, combining multi-omics analyses of diverse human cohorts with rodent models or non-human

primate models that are amenable to experimental approaches to define functional outcomes. Given that

microbial bio-transformations largely fall within a defined set of reaction types, such as reduction,

hydrolysis, decarboxylation, and dealkylation, identifying overarching principles governing these

transformations may be feasible. Leveraging large-scale machine learning models trained on high-
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resolution microbiome and metabolomics datasets could offer a powerful strategy to predict drug

modifications and their downstream effects, ultimately guiding the design of more precise and effective

therapeutic interventions.

As our understanding of drug–microbiome interactions becomes more refined, the development of

predictive frameworks for drug efficacy and tolerability based on an individual’s symptoms, lifestyle,

medication history, and microbiome status will be increasingly feasible. Such tools could one day help tailor

pharmacological treatments to maximise therapeutic benefit, ultimately advancing precision medicine. It is

conceivable that gut microbiome variations explain inter-individual responses to numerous classes of oral

drugs, beyond those for neuropsychiatric conditions, and potentially even injectables via microbiome

modulation of immune profiles (e.g., immune checkpoint inhibitors)  and metabolic states (e.g., weight

loss drugs).  Identifying microbiome-based markers that quantitatively predict variance in drug response

in defined patient populations may streamline drug discovery and development, improve efficacy rates and

response times, and reduce side effects.
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Abstract: We aimed to investigate prevalence and factors associated with 
Suicide ideation (SI) in mothers of asthmatic children. This cross-sectional study 
included 362 dyads of mothers and children with asthma aged 2 to 14 years who 
attended two pediatric outpatient clinics in Brazil. We assessed the presence of SI 
(Self-Report Questionnaire-20), the occurrence of stressful events and maternal 
social support. The prevalence of SI was 8.6%. Low maternal education, exposure 
to serious illness, and low perception of social support in its affective–social in-
teraction dimension remained significantly associated with SI in the final model. 
Thus, life stressors, social support and low maternal education accounted for 
most of the variation in prevalence of maternal SI. There were no effects of child 
asthma severity on maternal SI in this study.

Keywords: suicidal ideation, mental health, maternal behavior, asthma

Resumo: Nosso objetivo foi investigar a prevalência e os fatores associados 
à ideação suicida (IS) em mães de crianças asmáticas. Este estudo transver-
sal incluiu 362 díades de mães e crianças com asma de 2 a 14 anos em dois 
ambulatórios pediátricos no Brasil. Avaliamos a presença de IS (Self-Report 
Questionnaire-20), a ocorrência de eventos estressantes e o suporte social 
materno. A prevalência de IS materna foi de 8,6%. Escolaridade materna inferior 
a oito anos, doença materna grave e a baixa percepção de suporte social em 
sua dimensão afetivo-social permaneceram significativamente associadas à IS 
no modelo final. Portanto, eventos estressores maternos, suporte social e baixa 
escolaridade materna foram os responsáveis pela maior parte da variação na 
prevalência de IS materna. Não houve efeitos da gravidade da asma infantil na 
IS materna neste estudo.

Palavras-chave: ideação suicida, saúde mental, comportamento materno, asma

Resumen: Este estudio investigo la prevalencia y los factores asociados com 
ideación suicida (IS) en madres de niños asmáticos. Participaron 362 díadas de 
madres y niños con asma de 2 a 14 años en dos clínicas pediátricas ambulato-
rias en Brasil. Evaluamos la presencia de IS (Self-Report Questionnaire-20), la 
ocurrencia de eventos estresantes y el apoyo social materno. La prevalencia 
de IS materno fue del 8,6%. La educación materna de menos de ocho años, la 
enfermedad materna grave y la baja percepción de apoyo social en su dimen-
sión afectivo-social se mantuvieron significativamente asociadas con el SI en el 
modelo final. Entonces, los eventos de estrés materno, el apoyo social y la baja 
educación materna explicaron la mayor parte de la variación en la prevalencia 
materna de IS. No hubo efectos de la gravedad del asma infantil en el IS materno 
en este estudio.

Palabras clave: ideación suicida, salud mental, conducta materna, asma
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Every year, over 800,000 people die from 

suicide worldwide (World Health Organization, 

2014). Suicide is the 15th most common cause of 

death and accounts for 1.4% of all deaths glo-

bally; 75.5% of these deaths occur in developing 

countries (Cha et al., 2018; Turecki & Brent, 2016; 

World Health Organization, 2014, 2017). Suicidal 

behavior is a spectrum that includes suicidal 

ideation (SI), planning, attempt, and the action of 

committing suicide itself (World Health Organiza-

tion, 2014). However, suicidal ideation (SI) inclusion 

in suicidal behavior is controversial because the 

factors associated with SI may differ from the 

factors underlying suicide attempt and suicide 

itself (Klonsky et al., 2016; Wetherall et al., 2018; 

World Health Organization, 2014). The SI preva-

lence was 9.2% in a multicenter study involving 

17 countries. Studying SI and its determinants is 

important because up to 60% of the transitions 

to suicide planning and attempt can occur in the 

first year after suicidal thoughts are developed 

(Nock et al., 2008).

As SI can be an important predictor of death by 

suicide (Nock et al., 2008; World Health Organiza-

tion, 2014), it is extremely important to identify SI 

as a topic for planning suicide prevention. Some 

theories regarding suicide and suicidal behavior 

are rooted in the ideation-to-action framework. 

These theories consider SI development and SI 

transition to suicide attempt as distinct processes 

(Joiner, 2005; Klonsky & May, 2015; Klonsky et 

al., 2017; O’Connor, 2011). The Three-Step The-

ory (3ST), for example, hypothesizes that: 1) SI 

results from the combination of pain (mainly 

psychological) and hopelessness; 2) among those 

who experience one or both, connectedness is 

a crucial protective factor against the escalating 

SI and 3) progression from ideation to attempts 

depends on dispositional, acquired, and practical 

contributors to the capacity to attempt suicide 

(Klonsky & May, 2015; Klonsky et al., 2017). Regar-

ding the first and second steps of 3ST, stressful 

life events (SLE) may act as a trigger and social 

support as a protective factor on the escalating 

SI. In the first case, association between negati-

ve stressful situations and SI and behavior was 

generally consistent (Liu & Miller, 2014).

As caring for patients with chronic mental or 

physical illness can be a stressful event, a growing 

number of studies have investigated aspects of 

the caregiver’s mental health, including SI, whose 

prevalence may range from 10.3 to 18% (Huang 

et al., 2018; Koyama et al., 2017; O’Dwyer et al., 

2016; Park et al., 2013; Skeen et al., 2014). Studies 

revealed much heterogeneity, with SI prevalence 

depending on child’s illness type and other fac-

tors associated with the caregiver, such as the 

presence of CMD, depression, and anxiety, social 

support, age, and associated chronic disease 

(Huang et al., 2018; O’Dwyer et al., 2016; Park et 

al., 2013; Skeen et al., 2014). Being single, female, 

and unemployed; having low perception of social 

support; and presenting a mental disorder have 

been frequently identified as factors for increased 

risk of SI among caregivers (Huang et al., 2018; 

O’Dwyer et al., 2016). In the particular case of chil-

dren, studies evaluating the presence of suicidal 

thoughts in their caregivers, especially mothers 

(if we consider that they are the main caregivers 

in this age group), are lacking. (Lise et al., 2017).

Moreover, no studies have tested any type of 

socioeconomic and/or psychosocial model for 

SI in mothers of children with asthma, the most 

prevalent chronic disease in childhood. (Asher & 

Pearce, 2014; Global Initiative for Asthma, 2015) 

Thus, this study aims to investigate the socioeco-

nomic and psychosocial factors that are associa-

ted with an increased prevalence of SI in mothers 

of asthmatic children in subspecialty outpatient 

practice. Since having a child with asthma can be 

a stressful event for the mother, we will consider 

the additional stress of severe asthma in the child 

as a determinant for SI in these mothers.

Methods

Participants

This study was conducted in two public pedia-

tric pulmonology outpatient clinics that are refe-

rence for attendance of children and adolescents 

in the state of Alagoas, Brazil. Eligible participants 

were mothers of asthmatic children aged 2 to 14 
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years selected by convenience.

A total of 481 eligible mothers were invited 

to participate in the study. Once they agreed to 

participate and signed a consent form, a face-

-to-face interview was conducted in a private 

room before medical appointment. Seventeen 

mothers refused to participate, and 102 question-

naires were excluded due to inconsistencies in 

their completion or by noting that mothers were 

embarrassed to complete one or more items in 

the questionnaire.

Mother-child dyads included mainly male 

children, mothers with low education, and se-

vere financial problems (see table 1 for detailed 

information on socio-demographic characte-

ristics, maternal factors, and asthma severity in 

the sample).

Measurements

Maternal SI. Information about maternal SI 

was obtained through the question “Have you 

had thoughts about ending your life in the past 

30 days?” from the Self Report Questionnaire 

(SRQ-20). This is a common mental disorder (CMD) 

screening questionnaire comprising 20 questions 

and dichotomous answers (yes/no) on symptoms 

over the previous 30 days and validated in Brazil 

(Harding et al., 1980; Mari & Williams, 1986). Par-

ticipants were divided into groups of mothers 

with and without SI.

Maternal stressful life events (SLE). The oc-

currence of maternal stressful life events (SLE) in 

the previous 12 months was measured through 

nine close-ended questions about events or 

unpleasant situations taking place over the pre-

vious 12 months, with dichotomized answers in 

yes or no – exposed or non-exposed, respectively 

(Lopes & Faerstein, 2001). Each one of the nine 

events was evaluated as an isolated variable 

(serious illness, hospitalization, death of close 

family member, severe financial problems, change 

of residence, separation/divorce, physical ag-

gression, mugging/robbery). This questionnaire 

showed good test-retest reliability, with most 

of the questions having a good stability when 

reported by adults in a previous study in Brazil 

(Lopes & Faerstein, 2001).

Maternal Social Support. Maternal social su-

pport was assessed using the Social Support 

Scale (Medical Outcomes Study Questions; MOS-

-SSS). The instrument consisted of 19 questions 

and answers on a five-item Likert scale (“never” 

– 1, “rarely” – 2, “sometimes” – 3, “almost always” 

– 4 and “always” – 5), validated for the Brazilian 

population (GRIEP et al., 2005). For the purposes 

of this study, the items were organized to cover 

three dimensions of social support: 1) affective–

positive social interaction (7 items), 2) emotional–

informational (8 items), and 3) material support (4 

items) (Griep et al., 2005). The higher the score, 

the greater the perception of social support. The 

scores in each dimension were dichotomized at 

high and low, using the first distribution quartile 

as a cut-off point.

Support from relatives and friends. Support 

from relatives and friends was measured throu-

gh the questions: 1) “How many relatives do you 

feel comfortable with and can talk about almost 

everything?” and 2) “How many friends do you 

feel comfortable with and can talk about almost 

everything?”, also extracted from MOS-SSS men-

tioned above. Both variables were dichotomized 

based on presenting or not support from relatives 

or friends, at least one.

Covariates. Child’s asthma severity was con-

sidered an adjustment variable, as this sample 

consists of mothers of asthmatic children. Child’s 

gender, child’s age, maternal age, maternal edu-

cational level, economic classification, and ma-

ternal smoking were considered as possible 

adjustment variables if they achieved significance 

(p<0.05) in the bivariate analysis for predictors of 

SI in the mothers. Asthma severity was defined 

based on the type of medication that was being 

used (Global Initiative for Asthma, 2015) and was 

categorized as mild or moderate to severe for 

analysis. For economic classification, the ABEP 

(Associação Brasileira de Empresas de Pesquisa) 

questionnaire was used, which categorizes eco-

nomic classes as A, B, C, D, and E, in witch A was 

the highest and E was the lowest. For analysis, the 

economic classes were dichotomized in A/B/C 
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and D/E.

Procedures

This was a cross-sectional study conducted 

between June 2015 and December 2017 in two 

outpatient pediatric clinics in the State of Alagoas, 

Brazil. Participants included dyads of mothers 

and their respective asthmatic child aged 2 to 14 

years. The data were collected through structured 

interviews with the mothers and by using data 

from patients’ medical records.

After the Informed and direct consent was 

obtained from the mothers, questionnaires were 

applied. Application of the instrument (face-to-fa-

ce), as well as the interview environment (waiting 

room) were used to minimize the gaps in filling 

in the questionnaires. However, the interviewees 

might have felt embarrassed with one or more 

items in the questionnaire. When this happe-

ned, we invalidated the instrument entirely and 

the participant was excluded from the research. 

When the mothers answered positively to the 

question “Have you had thoughts about ending 

your life in the past 30 days?”, they were referred 

to the clinic’s psychology service for follow-up. 

This assurance complies with items III, III.2 of the 

Guidelines and Regulatory Norms for Research 

Involving Humans, RESOLUTION No. 466, of the 

Brazilian NATIONAL HEALTH COUNCIL.

The Research Ethics Committee of the Federal 

University of Alagoas approved this study with 

the protocol number 1.091.863.

All the analyses were conducted using the 

STATA version 13.0 program. Association between 

the presence of maternal SI and categorical in-

dependent variables was analyzed by means of 

the qui square test. The variables that presented 

association at a level of p ≤ 0.05 in the bivariate 

analysis with SI entered a multivariate regression 

model. Estimates by point (prevalence ratio; PR) 

and adjusted 95% confidence intervals (95% CIs) 

were calculated by using Poisson regression with 

robust variance in order to produce point and 

interval estimates that were lower than those 

obtained using logistic regression which would 

overestimate the associations for outcomes (Cou-

tinho et al., 2008). A value of p <0.05 was conside-

red as statistically significant in the multivariate 

regression model.

To quantify the additional contribution of each 

group of independent variables to the variation 

observed in the dependent variable (maternal SI) 

explained by the model, such groups of interest 

variables were progressively added. Contribution 

with the addition of each group of variables to 

the model was measured by change in R2. Suc-

cessive models for association with maternal SI 

were: 1) socio-demographic factors; 2) Model 1 + 

perception of maternal social support; 3) Model 2 

+ maternal exposure to SLE in the previous year; 

4) Model 3 + asthma severity.

Results

The maternal SI prevalence in the previous 

month was 8.6%. All mothers with SI also had 

evidence of common mental disorder (CMD), 

with eight or more positive answers to SRQ-20, a 

cut-off point defined in the Brazilian validation of 

the questionnaire (Mari & Williams, 1986). Half of 

the mothers in the sample had CMD. Almost half 

of the dyads belonged to economic classes D 

and E. Exposure to severe financial problems was 

the most frequently reported SLE in the previous 

year, followed by loss of a close relative (Table 1).
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Table 1 – Socio-demographic characteristics, maternal factors and asthma severity of the sample (n=362)

Characteristics N (%)

Maternal SI*
Maternal CMD**
Gender of the child, male
Age of child (≤ 5 years)
Asthma severity in the child (moderate / severe)
Maternal age (> 35 years)
Maternal education (less than eight years)
Economic class (D/E)
Maternal smoking
Affective – positive social interaction support, low
Emotional – informational support, low
Material support, low
Relatives support (none)
Friends support
Maternal stressful life events (SLE) in the last year (2 or more)

31 (8,6%)
183 (50,55%)
232 (64,09%)
161 (44,48%)
146 (40,33%)
116 (32,04%)
212 (58,56%)
175 (48,34%)

18 (4,97%)
82 (22,65%)
91 (25,14%)
103 (28,45)
64 (17,68%)

166 (45,86%)
190 (52,49%)

            Serious illness
            Hospitalization
            Death of close family member
            Severe financial problems
            Forced change of residence
            Separation/divorce
            Mugging/robbery
            Physical aggression
            Discrimination

105 (29,01%)
29 (8,01%)

116 (32,04%)
206 (56,91%)
63 (17,40%)
50 (13,81%)
39 (10,77%)
17 (4,70%)
14 (3,87%)

* CMD: Common mental disease; **SI: Suicidal ideation

Bivariate Relationships between maternal 

SI, sociodemographic characteristics, mater-

nal psychosocial factors, and Child’s Asthma 

severity. Mothers with less than eight years of 

schooling and mothers belonging to economic  

 

classes D and E showed a positive association 

with SI (PR: 2,95; CI95%: 1,24 – 7,02 and PR: 2,24; 

CI95%: 1,09 – 4,63, respectively). Child’s asthma 

severity was not associated with maternal SI 

report (Table 2).

 
Table 2 – Clinical and sociodemographic characteristics of the mother-child dyads, according to the 
presence of SI (n=362)

Characteristics Without SI (n=331) With SI (n=31) PR CI (95%) p

Gender of the child, Male 213 (64.3%) 19 (61.3%) 0,89 0,44 – 1,77 0,73

Age of child, ≤ 5 years 149 (45.0%) 12 (38.7%) 0,79 0,39 – 1,58 0,50

Asthma severity in the child, Moderate / 
severe

131 (39.6%) 15 (48.4%) 1,39 0,71 – 2,72 0,34

Maternal age, > 35 years 105 (31.7%) 11 (35.5%) 1,17 0,58 – 2,35 0,67

Maternal education, Less than eight years 187 (56.5%) 25 (80.6%) 2,95 1,24 – 7,02 0,01*

Economic class (ABEP), D/E 154 (46.5%) 21 (67.7%) 2,24 1,09 – 4,63 0,03*

Maternal smoking, Yes 16 (4.8%) 2 (6.4%) 1,32 0,34 – 5,10 0,69

* p < 0,05

* ABEP: Associação Brasileira de Empresas de Pesquisa
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Among the maternal psychosocial factors, 

perception of low social support in its three di-

mensions and exposure to most stressors in the 

previous year (serious illness, hospitalization, 

separation/divorce, and being victim of physical 

aggression and discrimination) were significantly 

associated with maternal SI (Table 3). Interper-

sonal support provided by relatives was also 

inversely associated with maternal SI.

Table 3 – Maternal psychosocial characteristics, according to the presence of SI (n=362)

Characteristics Without SI
(n=331)

With SI
(n=31)

PR CI (95%) P

Serious illness 90 (27.2%) 15 (48.4%) 2,29 1,18 – 4,47 0,01*

Hospitalization 21 (6.3%) 8 (25.8%) 3,99 1,96 – 8,13 <0,01*

Death of close family member 103 (31.1%) 13 (41.9%) 1,53 0,78 – 3,02 0,22

Severe financial problems 184 (55.6%) 22 (71.0%) 1,85 0,88 – 3,91 0,11

Forced change of residence 58 (17.5%) 5 (16.1%) 0,91 0,36 – 2,29 0,84

Separation/divorce 41 (14.4%) 9 (29.0%) 2,55 1,25 – 5,23 0,01*

Mugging/robbery 34 (10.3%) 5 (16.1%) 1,59 0,65 – 3,91 0,31

Physical aggression 11 (3.3%) 6 (19.3%) 4,87 2,31 – 10,28 <0,01*

Discrimination 10 (3.0%) 4 (12.9%) 3,68 1,49 – 9,10 0,01*

Low Affective – positive social interaction support 62 (18.7%) 20 (64.5%) 6,21 3,10 – 12,43 <0,01*

Low Emotional – informational support 78 (23.6%) 13 (41.9%) 2,15 1,10 – 4,22 0,02*

Low Material support 88 (26.6%) 15 (48.4%) 2,36 1,21 – 4,59 0,01*

No support from relatives 53 (16.0%) 11 (35.5%) 2,56 1,29 – 5,08 0,01*

No support from Friends 151 (45.6%) 15 (48.4%) 1,11 0,56 – 2,17 0,77

* p < 0,05

Maternal SI, Stressors, Social Support and 

Child’s Asthma severity: a series of Multivaria-

te Models. To predict the dependent variable 

maternal SI, we estimated a series of regression 

models to identify the independent contributions 

of socio-demographic factors, social support, 

life stressors and childhood asthma severity to 

maternal SI. The variables that presented asso-

ciation at a level of p < 0.05 with SI entered the 

multivariate regression model. Although asthma 

severity was not associated with maternal SI in 

the bivariate analysis, we added this variable to 

the model to identify a possible strengthening or 

buffering effect of it on the other variables. In this  

 

multivariate model, we accounted for elements 

of the socio-demographic factors of mother-child 

dyads first, describing the relationships of social 

support and stressors to the mother’s SI before 

we incorporated the additional stress of child’s 

asthma severity (Table 4). Support from relatives 

and perception of social support added 16% of 

explanation to the SI model in this study measured 

by change in R2. Thus, social support explained 

a considerable amount of additional variation in 

maternal SI, over and above socio-demographi-

cs factors. The included SLE added 7% to the 

explanation provided by socio-demographic 

factors and social support. Inclusion of asthma 
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severity did not explain additional variation in the 

cumulative model of maternal SI to the model, as 

observed by unaltered R2. Maternal exposure to 

severe illness and the low social support in their 

affective–social interaction dimension remained 

significantly associated with SI in the final model, 

even with the addition of child’s asthma severity 

to the model. The complete model accounted 

for 27% of maternal SI in this sample.

Table 4 – Multivariate regression model for SI asthmatic children and adolescents’ mothers

SI Model 1
socio-demographic 

factors
(R2 0,04)

Model 2
(Model 1 + 

perception of 
maternal social 

support)
(R2 0,20; Change 

in R2:0,16)

Model 3
(Model 2 + ma-
ternal exposure 

to SLE in the 
previous year)

(R2 0,27; Change 
in R2:0,07)

Model 4
(Model 3 + asthma 

severity)
(R2 0,27; Change in 

R2:0,00)

PR (CI 95%) PR (CI 95%) PR (CI 95%) PR (CI 95%)

Economic classification 
(D/E)

1.36 (0.56 – 3.29) 1.18 (0.54 – 2.60) 1,03 (0.43 – 2.51) 1.03 (0.40 – 2.66)

Maternal educational 
level

< 8 years of schooling

2.85 (0.96 – 8.44) 2.51 (0.97 – 6.52) 2,59 (1.05 – 6.38)* 2.59 (1.04 – 6.47)*

Low Affective – positive 
social interaction support

6.43 (2.37 – 17.46)* 6.86 (2.66 – 17.71)* 6.86 (2.67 – 17.65)*

Low Emotional – informa-
tional support

1.08 (0.49 – 2.38) 1.10 (0.54 – 2.22) 1.10 (0.53 – 2.27)

Low Material support 0.98 (0.44 – 2.18) 0.73 (0.29 – 1.80) 0.73 (0.30 – 1.79)

No support from relatives 2.09 (0.99 – 4.42) 2.05 (0.94 – 4.48) 2.05 (0.91 – 4.64)

Serious illness 3.25 (1.27 – 8.27)* 3.24 (1.25 – 8.44)*

Hospitalization 1.02 (0.36 – 2.87) 1.02 (0.36 – 2.93)

Separation/divorce 1.11 (0.45 – 2.76) 1.11 (0.45 – 2.75)

Physical aggression 2.61 (0.89 – 7.65) 2.62 (0.83 – 8.25)

Discrimination 1.66 (0.74 – 3.74) 1.66 (0.69 – 3.99)

Asthma severity 1.00 (0.45 – 2.30)

* p < 0,05

Discussion

This study including mothers of asthmatic 

children in a subspecialty outpatient practice 

regarding suicidal thoughts in the previous month 

found a SI prevalence of 8.6%, which was similar to 

that found in a previous multicenter study – 9.2% 

(Nock et al., 2008). Thus, there does not seem to 

exist a higher prevalence of SI in this population. 

SI prevalence can differ from one study to another 

depending on the evaluation method (response 

to only one question or a specific questionnai-

re, population characteristics, and assessment 

time – if ever in life, the previous month, or the 

previous year). For example, a study involving 

young adults in Scotland revealed up to 23% of 

suicidal thoughts at one time in life and 10.6% in 

the previous 12 months (O’Connor et al., 2018). In 

Brazil, a study carried out with pregnant women 

and using a methodology like the methodolo-

gy described here found SI prevalence of 6.3% 

(Huang et al., 2012).

Based on the assumption that context matters, 

we built the mother’s social context by crea-

ting a model of demographics, social support 

and life stress that served as a backdrop for the 

additional stress of having a child with severe 



8/11 Psico, Porto Alegre, v. 53, n. 1, p. 1-11, jan.-dez. 2022 | e-37342

asthma. By looking further into the model, we 

found that demographics mattered somewhat, 

but the lack of social support and experience of 

life stressors explained more of the presence of 

maternal SI. Moreover, the child’s actual asthma 

severity had not a relationship to the mother’s SI 

and did not make an additional contribution to the 

relationship between the psychosocial variables 

and maternal SI.

Different from previous studies evaluating the 

presence of SI in caregivers of individuals with 

chronic diseases such as HIV, chronic kidney 

disease, cerebrovascular disease, mental disor-

ders, and cancer (Huang et al., 2018; Park et al., 

2013; Skeen et al., 2014), we assessed whether 

the severity of the disease was associated with 

the presence of SI. We observed a lack of as-

sociation between disease severity in child and 

the presence of maternal SI, including child’s 

asthma severity to the multivariate analysis mo-

del. Although prospective studies with a larger 

number of subjects should confirm or not this lack 

of association, it seems that having a child with 

severe asthma per se may not be causally related 

to maternal SI. Asthma severity is a possible stres-

sor, but other events related to interaction with 

the environment and social support may exert a 

greater influence on suicidal thinking, possibly 

related to the individual’s inherent feeling of 

non-belonging and non-connectivity regardless 

of the amount of care that is required.

In line with the 3ST theory, which considers that 

events that cause pain and hopelessness trigger 

IS, we identified in our study that the SLE serious 

illness increased the risk of SI in mothers of chil-

dren with asthma. In addition, low social support 

on its affective and social interaction dimension 

remained associated with SI in an adjusted analy-

sis, strengthening the idea contained in the 3ST 

hypothesizing that connectedness may act as a 

protective factor against progression of SI. Thus, in 

mothers of asthmatic children, the event serious 

illness (a trigger) and the lack of affective and 

social interaction support (the connectedness 

protective factor) are important determinants of 

suicidal thinking in mothers caring for children 

with a chronic condition.

Several factors, mainly psychosocial factors, 

are associated with SI in caregivers including 

CMD, depression, anxiety, low perception of social 

support, exposure to stressful events, low quality 

of life, and coping strategies (Huang et al., 2018; 

O’Dwyer et al., 2016; Park et al., 2013; Skeen et 

al., 2014). For SLE, studies involving caregivers 

are lacking. The most common SLE identified in 

a British study involving 1066 patients with psy-

chological morbidity and SI were loss of family 

or friend, interpersonal conflicts, severe illness, 

financial crisis, and interpersonal violence (Mc-

Feeters et al., 2015). In an epidemiological study 

conducted in the United States involving 34,653 

adults with major depressive disorder, SI was 

associated with stressors loss or victimization, 

problems with interpersonal relationships, serious 

problems with neighbors, friends, or relatives, and 

financial difficulties (Wang et al., 2015). Although 

the above-mentioned stressors were associated 

with SI in other studies, in the present study, only 

the event severe illness remained associated with 

SI after multivariate analysis.

In relation to social support, previous studies 

shows that it exerts an effect on SI among adoles-

cents by mediating its relationship with stressors 

(Kang et al., 2017). Further, the lack of support 

from relatives has also been associated (in the 

unadjusted analysis) with the presence of SI in 

caregivers of patients with physical and mental 

illness in a tertiary hospital in Taiwan (Huang et 

al., 2018). The present study adds that perceived 

lack of social support in their affective–social in-

teraction dimension was significantly associated 

with SI in mothers of asthmatic children, in an 

adjusted model.

Among the socio-demographic factors as-

sociated with SI occurrence, only the maternal 

schooling factor remained statistically significant 

after adjusted analysis. A study in Korea evaluated 

the risk factors for SI in migraine patients and, 

through logistic regression analysis, found that 

patients with SI were more likely to have a low 

educational level - measured in years of study - 

as compared to patients without SI (Kim & Park, 
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2014). Among caregivers of cancer patients, being 

female, single, and unemployed were also socio-

-demographic factors associated with higher risk 

of SI (Park et al., 2013).

This study had some limitations. First, because 

of its cross-sectional design, we were not able to 

determine cause and effect relationship betwe-

en SI and the considered factors. Because both 

the exposure and outcome are determined at 

the same time, no temporality between these 

variables can be inferred. However, the present 

study was useful to provide a snapshot of the 

association between SI and maternal psychoso-

cial at one point in time whose direction of effect 

can be better indicated in a prospective study. 

Second, some possible confounding factors may 

have affected self-reporting of SI and attempts, 

including educational level, understanding and 

interpretation of the questionnaire, and respon-

dent’s willingness to disclose this information 

(World Health Organization, 2014). Application 

of the instrument (face-to-face), as well as the 

interview environment (waiting room) were used 

to minimize the gaps in filling in the question-

naires. However, the interviewees may have felt 

embarrassed, which may have altered their res-

ponses and consequently underestimated the 

results of the questions related to the stressor 

physical aggression event and the presence of 

SI for example. The researchers in relation to the 

risks of constraints offered guarantee of data 

confidentiality and withdrawal from the study 

without consequences for the treatment of the 

child to the research participants. Finally, there 

is no questions about frequency, intensity, or 

duration of SI in the suicide item of the SRQ-20, 

thus limiting its ability to assess the severity of 

suicidality.

Despite these concerns, the present study 

has many important strengths, such as demons-

trating a model where the psychosocial context 

explains much more IS in mothers of asthmatic 

children than the severity of the disease in the 

child. Moreover, it raises the possibility of iden-

tifying maternal SI and associated factors in a 

routine outpatient child consultation by means 

of a simplified instrument with rapid application 

(20-30 minutes). There was no need for the in-

terviewers to go through complex training. The 

instrument could be useful mainly in the context 

of primary healthcare, could be applied in an 

outpatient waiting room, is easily accessible, and 

has low cost for the health system. Once the risk 

is identified, the caregiver should be referred to 

specialized care for appropriate diagnosis and 

treatment. The importance of identifying SI and 

associated factors could enable early interven-

tion and prevention or block the process leading 

from ideation to suicidal behavior through active 

search in an interview with mothers. In addition, 

providing support to the mother will probably 

improve their children’s asthma status.

Conclusions

The SI prevalence in asthmatic children’s mo-

thers was the same as in the general population. 

Previously described psychosocial factors, as 

maternal education, exposure to stressors (in this 

case, serious illness) and low perception of social 

support in their affective–social interaction was 

also significantly associated with SI in mothers 

of asthmatic children. Our results points to the 

lack of association between severity of disease 

in children and SI in their mothers. In general, the 

presence of SI is better explained by the experien-

ce of life stressors and low perception of social 

support. Finally, the current study suggests that it 

is possible to identify maternal SI and associated 

factors with the aid of a simplified instrument 

during a routine visit to a child outpatient unit.
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