1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Ann Epidemiol. Author manuscript; available in PMC 2023 November 25.

-, HHS Public Access
«

Published in final edited form as:
Ann Epidemiol. 2019 May ; 33: 1-18.e3. doi:10.1016/j.annepidem.2019.02.011.

The Weathering Hypothesis as an Explanation for Racial
Disparities in Health: A Systematic Review

Allana T. Forde, PhD1, Danielle M. Crookes, MPH1, Shakira F. Suglia, ScD1:2, Ryan T.
Demmer, PhD1:3

1Department of Epidemiology, Columbia University Mailman School of Public Health, 722 West
168t Street New York, NY 10032 USA

2Department of Epidemiology, Emory University Rollins School of Public Health, 1511 Clifton
Road NE Atlanta, GA 30322 USA

3Division of Epidemiology and Community Health, School of Public Health, University of
Minnesota, 420 Delaware St. S.E. Minneapolis, MN 55455 USA

Abstract

Purpose.—The weathering hypothesis states that chronic exposure to social and economic
disadvantage leads to accelerated decline in physical health outcomes and could partially explain
racial disparities in a wide array of health conditions. This systematic review summarizes the
literature empirically testing the weathering hypothesis and assesses the quality of the evidence
regarding weathering as a determinant of racial disparities in health.

Methods.—Databases (Web of Science, Ovid MEDLINE, PubMed and Embase) were searched
for studies published in English up to July 1, 2017. Studies that tested the weathering hypothesis
for any physical health outcome and included at least one socially or economically disadvantaged
group (e.g., Blacks) for whom the weathering hypothesis applies were assessed for eligibility.
Threats to validity were assessed using the Quality in Prognostic Studies tool.

Results.—The 41 included studies were rated as having overall good methodological quality.
Most studies found evidence in support of the weathering hypothesis, although the magnitude of
support varied by the health outcome and population studied.

Conclusions.—Future evaluations of the weathering hypothesis should include an examination
of additional health outcomes and interrogate mechanisms that could link weathering to poor
health.
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INTRODUCTION

Blacks have higher rates of morbidity and mortality than Whites for almost all health
outcomes in the United States (U.S.) and this inequality increases with age. [1-8] While these
racial disparities are notable, their underlying causes are unclear. [% 101 The weathering
hypothesis was proposed to explain racial health disparities. Weathering is the result

of chronic exposure to social and economic disadvantage that leads to the acceleration

of normal aging and earlier onset of unfavorable physical health conditions among
disadvantaged (versus advantaged) persons of similar age (i.e. weathering pattern). [11-15]

The weathering hypothesis was motivated by observations of earlier onset of chronic
diseases (e.g. hypertension) impacting birth outcomes in Blacks relative to Whites [16] and
originated from Geronimus’ empirical studies on racial disparities in birth outcomes. [1°]
Contrary to the well-documented curvilinear relationship between maternal age and birth
outcomes, where teenage and 30+ year old pregnant women are expected to have a higher
risk for adverse birth outcomes than women in their mid-20s, studies by Geronimus revealed
variations by race. She found that White teenage mothers had a higher risk for infant
mortality and low birthweight than White mothers in their mid-to-late 20s, but Black teenage

mothers had a lower risk for infant mortality and low birthweight than older Black mothers.
[14, 15, 17]

Many studies use this hypothesis as an explanatory framework for racial disparities in
health, but a systematic review of the studies that explicitly test this hypothesis has not been
previously conducted. The goals of this systematic review are to: 1) provide an overview

of the existing literature that empirically tests the weathering hypothesis across a variety of
physical health outcomes; 2) assess the evidence for weathering as a determinant of racial
disparities in health; and 3) evaluate the threats to validity of existing studies.

METHODS
Search Strategy

The systematic review methodology and reporting followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) guidelines for a review that does

not contain a meta-analysis of studies. [18] First, a citation search was conducted in Web

of Science to identify all articles published by Geronimus as well as articles that cited

her original publications [14: 131 describing the weathering hypothesis. Second, keyword

and medical subject headings searches in Ovid MEDLINE (MeSH), PubMed (MeSH)

and Embase (Emtree) electronic databases were employed from the first mention of the
hypothesis in 1986 to July 1, 2017; the keyword “weathering” was combined with the
keyword “racial disparities” and MeSH terms (e.g. health status disparities, health care
disparities, inequalities, ethnic group, race difference) to identify relevant articles for the
systematic review. Third, the reference lists of the: 1) included studies, 2) conceptual/review
articles identified in the search process, and 3) grey literature (non-peer reviewed) were
examined to identify additional studies. All retrieved articles were imported and stored in an
EndNote database.
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Inclusion and Exclusion Criteria

Inclusion criteria for articles included in this review were as follows: 1) published

in English-language peer-reviewed journals; 2) contained a statement in the abstract,
introduction or methods that the weathering hypothesis was being tested in relation to
physical health outcomes; and 3) compared at least one disadvantaged group with one
advantaged group.

Study Selection

Applying the selection criteria to the retrieved articles, one reviewer examined the titles and
abstracts for full text review and two reviewers independently assessed the eligibility of

the full text articles, reaching a consensus on the final articles to include in the systematic
review.

Data Extraction

One reviewer used a data collection form (Supplemental Table 2) to extract data from

the included articles and a second reviewer verified the extracted data to ensure accuracy.
The publication characteristics (author name, publication year), study characteristics (data
source), participant characteristics (age, sex), weathering hypothesis characteristics (type
of test employed to test the weathering hypothesis); and study characteristics related to
potential risks of bias (participant selection and retention) were recorded for each article.

Risk of Bias Assessment

RESULTS

The methodological quality of the included articles was assessed using the Quality in
Prognostic Studies (QUIPS) tool, [1°] which we adapted for this review (Supplemental Table
2) by dichotomizing studies as low (combined original QUIPS criteria for low and moderate
risk) or high (original QUIPS criteria for high risk) risk, and replacing the term prognostic
factor with exposure.

Two reviewers independently assessed the likelihood of bias by examining the extracted
study information on potential risk of bias (Supplemental Table 1) and then using the
QUIPS (Supplemental Table 2) ‘basis for judgment’ criteria for six bias domains (study
participation, study attrition, exposure measurement, outcome measurement, confounding,
and statistical analysis and reporting) as a guide for evaluating the likelihood of bias.

When reviewers disagreed on bias assessments, the studies in question (n=4) were formally
discussed by both reviewers to arrive at a final decision.

The citation and database searches identified 817 records (Figure 1). After removal of
duplicates, 617 articles were eligible for the title and abstract review, of which 341 articles
underwent full-text review. Of these, 298 were excluded because they did not test the
weathering hypothesis. Three studies were excluded because they lacked a comparison
group. One additional article was added after reviewing the reference lists. In total, 41
articles were included in this review.
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Study and Participant Characteristics

The study and participant characteristics are presented in Table 1. The 41 studies in the
review were published between 1996 and 2017. Most studies (78%) used a cross-sectional
design and the remaining 22% of studies employed a cohort design. Only two studies were
conducted outside of the U.S. (Taiwan and the United Kingdom). Study participant data
were obtained from vital statistics and/or census data alone in 46% of studies or solely from
survey data in 54% of studies. Sample sizes ranged from 100 to 26,578,118 participants,
ages 10 to 86+ years. Females were the focus of 73% of studies, while 2% of studies
included men only and 25% included both men and women.

The weathering hypothesis was tested most often for birth outcomes (58%). Potentially
disadvantaged racial or ethnic groups to whom the weathering hypothesis was applied
included U.S.-born Blacks, non-U.S.-born Blacks, Puerto Ricans, Black Hispanics, U.S.-
born Mexican Americans, and Taiwan-born Aboriginals. In comparison, advantaged groups
included Whites, White Hispanics, foreign-born Mexican Americans, and Non-Aboriginals.
(Table 1) Black and White racial group comparisons appeared the most frequently across
the studies (80%). Fifty one percent of the studies included disadvantaged groups other than
Blacks and 22% of studies examined weathering by nativity status.

Overview of the Evidence by Type of Test of the Weathering Hypothesis

Age patterns.—Comparing the age patterns of health outcomes was employed as one of
the first approaches to determine the presence of weathering. Among the 28 studies that used
the age patterns test of weathering (Table 2a, Table 2b), evidence of weathering was more
likely to be observed in studies on birth outcomes (37/44 tests) [low birthweight (11/14),
(15, 20-27] mean birthweight (1/1), (281 moderately low birthweight (5/5), [23. 29. 301 very fow
birthweight (6/7), 15 20. 23,291 jnfant mortality (5/5), 120 31331 neonatal mortality (2/2),

(20, 341 postneonatal mortality (1/1), 29 preterm birth (3/5), 135-371 small for gestational
age (3/3), 121, 24,381 and intrauterine growth retardation (0/1)] and for non-birth outcomes
(11/15) [body mass index (1/1), (29 djabetes (1/1), B9 hypertension/blood pressure (4/4),
(20, 34,39, 401 stroke (1/1), 1391 functional limitations (2/3), 141 421 Jongevity (1/1), [43]
self-reported health (1/1), 120 cardiovascular disease (0/1), cholesterol (0/1), and anemia

(/1))

While weathering age patterns were observed for most health outcomes, the results varied by
the comparison group studied. Among the studies comparing the health of U.S. Blacks

to Whites by age, all but four studies, (on preterm birth, [24] cholesterol level, [20]
cardiovascular disease, [3°] and functional limitations [44]) observed evidence of weathering.
Given that this hypothesis is thought to have relevance for any disadvantaged population,
evidence of weathering was also observed among disadvantaged groups, such as Blacks of
Caribbean and African descent in the United Kingdom, [25] Puerto Ricans, [23] Mexican
Americans [23. 31, 33, 34] and Black Hispanics. [421 However, evidence of weathering was
not observed for any health outcome among the aggregated Hispanic ethnic group (for low
birthweight, [221 mean birthweight, [28] small for gestational age, [38] functional limitations
[41]) or among Taiwanese Aboriginals (for low birthweight [451).
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Socioeconomic Status.—In addition to studies that defined disadvantage by race or
ethnicity, several studies [15: 21, 24-27, 29, 30, 35-37, 46] considered measures of socioeconomic
disadvantage defined by individual or neighborhood poverty, education, and neighborhood
segregation. Among these studies, 14/20 tests showed that weathering was more likely

to be observed in the socioeconomically disadvantaged group than the socioeconomically
advantaged group, and all studies supporting the weathering hypothesis were for birth
outcomes [15. 21, 24-27, 29,30, 35-37] (Table 2a).

Biological/Physiological Mechanisms.—Several studies have investigated different
biological/physiological mechanisms (i.e., allostatic load, telomere length, chronic stress,
inflammation and epigenetics) hypothesized to link chronic exposure to social/economic
disadvantage to racial or ethnic health disparities. Among thirteen studies, eight focused on
allostatic load, two on telomere length and one study each on chronic stress, inflammation
and epigenetics (Table 3).

Five studies [47-51] included allostatic load as the primary health outcome and reported
results that were supportive of weathering when considering either race or ethnicity [47-51]
or socioeconomic status [47- 511 as measures of disadvantage (Table 3). Three additional
studies [52-54] examining allostatic load as the primary exposure also showed evidence of
weathering, where higher allostatic load was associated with increased mortality rates [52. 53]
and lower gestational age [54] (Table3).

Studies on telomere length, chronic stress, inflammation and epigenetics also found support
for weathering. Regarding telomere length as a marker of biological age, one study

[55] reported that Black women had shorter telomere length than White women and

the difference was partially explained by perceived stress and poverty. Another study

[56] showed decreasing telomere length with age and observed an interaction between
poverty and race or ethnicity. Chronic stress was associated with lower birthweight in
Blacks, Mexican-origin Latinas and Non-Mexican-origin Latinas compared to Whites. [57]
Inflammation arising from cumulative exposure to stress placed Black men at a greater
risk for developing diabetes and cardiovascular disease than White men. [8] Having lower
income versus higher income resulted in accelerated aging (as measured by methylation
changes) among Black women [591 (Table 3).

Overall, most studies provided evidence in support of weathering that was more pronounced
in racial or ethnic minority groups, lower SES groups and segregated neighborhoods, but
results for studies including biological mechanisms were not necessarily restricted to racial
or ethnic minority groups. (Table 3). Most studies were of good methodological quality
(Table 4), but there were potential threats to validity most likely arising from selection bias.

DISCUSSION

The weathering hypothesis has been tested for several health outcomes among a diverse
group of participants. Most studies focused on birth outcomes for Blacks versus Whites,
consistent with the original framing of the weathering hypothesis. Generally, however,
findings supported the weathering hypothesis for both birth and non-birth outcomes.
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The most common approach used to test the weathering hypothesis was to compare
disadvantaged to advantaged groups across different ages to determine if age-related patterns
of adverse health outcomes were accelerated among disadvantaged versus advantaged
groups. Fewer studies focused on biological mechanisms explaining these patterns or how
SES may exacerbate the relationship between age and poor health.

This review identified a diverse literature on the weathering hypothesis that was determined
to be of good methodological quality, although there was some concern about the

potential for selection bias and the temporal ambiguity. The cross-sectional nature of

the data prevented the longitudinal examination of health outcomes over the life course

and introduced potential selection bias. Specifically, prevalence-incidence bias or selective
survival bias was a possibility because a disproportionately high percentage of cases with
long duration (prevalent cases) and better average survival could have been included

in cross-sectional studies, whereas, those with shorter duration (incident cases) who
represented the complete range of severity of the health outcome would have a lower
probability of being included. The studies that examined short-acting health conditions
were less likely to be impacted by this bias. Among the cohort studies, there appeared to

be adequate response rates and attempts to collect information on participants who were
not included in the studies, but studies with significant differences in participation and
attrition were judged as being more likely to have appreciable selection bias that impacted
the results. In contrast, while temporality in cross-sectional studies is often difficult to
establish, temporal inference in the context of weathering is less problematic, as weathering
is presumed to begin at birth (or even in utero) and therefore precede the health outcome.

While measurement error was less likely, the few studies rated as high risk for measurement
error either failed to use valid and reliable measurements (e.g. self-reported outcomes that
would only be reported if notified by a physician). Confounding was also less likely since
most studies included valid and reliable measurement and analysis of confounders that were
clearly defined.

Some important limitations of our review should be noted. Relevant studies that may

have inexplicitly tested the weathering hypothesis, but were omitted because weathering

or Geronimus’ seminal articles were not specified, were likely relevant to a comprehensive
review of the weathering hypothesis. The presence of publications bias was likely, but there
was not sufficient information to assess publication bias.

The weathering hypothesis has contributed significantly to the literature on racial disparities
in birth outcomes. The number of studies that tested the applicability of this hypothesis

to other outcomes and racial or ethnic groups has grown since the publication of
Geronimus’ earliest studies on weathering and birth outcomes. However, few studies
examined weathering within the Hispanic population by race or within the Black population
by nativity status, making this an important target for future research on weathering. While
discrimination was not examined in any of the studies, it may be experienced differently by
Blacks than other racial and ethnic minority groups and therefore could explain racial or
ethnic differences in weathering patterns. The rigor of future research can be enhanced by
(1) studying clinical disease outcomes using gold standard outcome assessments (rather than
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participant self-report), (2) including additional health outcomes (e.g., cancer, dementia,
pulmonary disease), (3) conducting analyses on the health of ethnic groups by race and on
racial groups by nativity status, (4) characterizing the precise nature of social and economic
disadvantage of most relevance (e.g., racial discrimination, neighborhood effects, poverty),

an

d (5) utilizing longitudinal studies beginning early in the life-course to better characterize

how disadvantage and health co-evolve over the life course.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Identification

Articles identified in the citation and database searches: n=817

= | Duplicates excluded in EndNote: n=200

Articles remaining after removal of duplicates: n=617

Screening

Titles and abstracts screened: n=617

=3 | Excluded after title and abstract review: n=276

Eligibilit

Full-text articles assessed for eligibility: n=341

Excluded after full-text review: n=301

*no explicit test (n=298):

Included — -no test, but conclusion states if weathering
could explain the results (n=265)
-no test and does not mention if weathering
could explain the results (n=33)

*no comparison group (n=3)

Full-text articles n=40

Articles retrieved from reference lists meeting
inclusion criteria: n=1

Full-text articles included in the current analysis: n=41

Figure 1.
Flow Chart
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