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Abstract

Objectives: Research has demonstrated that the association between high blood pressure and
outcomes is attenuated among older adults with functional limitations, compared to healthier
elders. However, it is not known whether these patterns vary by racial/ethnic group. We
evaluated race/ethnicity-specific patterns of effect modification in the association between blood
pressure and incident cardiovascular disease by functional status.

Setting: We used data from the Multi-Ethnic Study of Atherosclerosis (2002-2004, with an
average of 8.8 years of follow up for incident cardiovascular disease). Functional status was
assessed by self-reported physical limitations.

Participants: The study included 6,117 participants (aged 46 to 87; 40% white, 27% black, 22%
Hispanic, and 12% Chinese) who did not have cardiovascular disease at the second study exam
(when self-reported physical limitations were assessed).

Outcome measures: Incident cardiovascular disease was defined as an incident myocardial
infarction, coronary revascularization, resuscitated cardiac arrest, angina, stroke (fatal or non-
fatal), or CVD death.

Results: We observed weaker associations between systolic blood pressure and cardiovascular
disease among white adults with low functional status (e.g. IRR per 10-mmHg higher systolic
blood pressure among those without and with physical limitations, 1.29 [95% CI: 1.19, 1.40] vs.
1.09 [0.99, 1.20], p-value for interaction, <0.01). We found a similar pattern among black, but
not Hispanic or Chinese, adults. The attenuated associations were consistent across both
multiplicative and additive scales.

Conclusion: Attenuated associations between high blood pressure and incident cardiovascular
disease were not consistent across racial/ethnic groups, though small sample sizes remain a
limitation. Identifying the characteristics that distinguish those in whom high SBP is associated
with varying risk of morbidity or mortality may inform our understanding of the consequences of
hypertension among older adults.

Keywords: blood pressure, epidemiology of cardiovascular disease, physical function

Strengths and limitations of this study:

e The Multi-Ethnic Study of Atherosclerosis is the largest cohort of middle aged and older
adults in the US from four racial/ethnic groups (white, black, Hispanic, and Chinese).

e We used self-reported physical limitations as the primary measure of functional status,
and chronological age as a comparative measure.
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Small sample size among some racial/ethnic groups limited the precision of our
estimates.

Additional research is needed to investigate patterns of SBP and CVD risk among diverse
minority populations, and understand the underlying biological mechanisms.
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High blood pressure is a major cause of morbidity and mortality among American adults,
and is responsible for an estimated $49 billion in direct and indirect costs per year.1 However,
the risks of cardiovascular events associated with high blood pressure are not consistent for all
adults. Previous research has shown that among older adults with functional limitations,
measured by slow gait speed” or by limitations in activities of daily living,* the association
between high blood pressure and morbidity and mortality is attenuated compared to healthier
elders. However, it is not yet clear which factors can best discriminate between those at high risk

and low risk of blood pressure-related cardiovascular events.

Additionally, it is plausible that the patterns of blood pressure, frailty, and morbidity and
mortality vary by racial/ethnic group. Race/ethnicity, as a proxy for biological characteristics as
well as life-long contextual influences, cultural norms, and cumulative stressors,® is associated
with blood pressure levels and with rates of cardiovascular disease (CVD). For example, a 10-
mmHg higher systolic blood pressure level is associated with a larger increase in stroke risk for
blacks than for whites.” Our objective was to explore racial/ethnic heterogeneity in the

interaction of blood pressure and functional status on CVD outcomes.

Methods
Study population

We used data from the Multi-Ethnic Study of Atherosclerosis (MESA) to explore
race/ethnicity-specific patterns of effect modification in the association between blood pressure
and incident CVD by functional status.

MESA includes 6,814 adults aged 45-84 who self-identified as white, black, Hispanic, or

Chinese from six areas across the U.S. (New York, New York; Baltimore, Maryland; Forsyth
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County, North Carolina; Chicago, Illinois; St Paul, Minnesota; and Los Angeles, California).
White participants were recruited at all sites; black participants were recruited at all sites except
for Minnesota. Hispanic participants came from New York, Minnesota, and California, and
Chinese participants came from Chicago and California. Participants were excluded if they had
a history of heart attack, angina, stroke or transient ischemic attack, heart failure, resuscitated
cardiac arrest, or procedures related to cardiovascular disease. Participants were followed from
2000-2002 until 2010-2012, with a total of five study exams. Retention was 92.4% from the first
exam to the second exam, and 75.7% from the fourth exam to the final exam.® The study was
approved by the institutional review board at each participating site, and participants provided

informed consent.’

Exposure: systolic blood pressure

Blood pressure was measured at each exam, following a standardized protocol. After five
minutes of seated rest, systolic (SBP) and diastolic (DBP) blood pressures were measured three
times, at two-minute intervals, using an automated oscillometric sphygmomanometer.10 The
average of the second and third measurements were used for analysis. We used SBP measured at
the second exam (2002-2004) as the primary exposure of interest, because physical limitations

were not assessed at the baseline exam.

Effect modifier: functional status
The primary measure of functional status for this analysis was self-reported physical
limitations. Physical limitations were assessed at Exam 2, in 2002-2004, and measured with two

questions based off the same prompt: “During the past 4 weeks, have you had any of the
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following problems with your work or other regular daily activities as a result of your physical
health?” Participants were considered to have physical limitations if they answered ‘yes’ to
either “You accomplished less than you would have liked to” or “You were limited in the kind of
work you do or other regular daily activities.”

As a comparative measure, we used chronological age (measured in calendar years) as a
crude proxy for functional status. Chronological age has been shown to be inferior to measures
of biological age in predicting mortality,'" but is often used in clinical risk calculators and policy
guidelines. As a secondary analysis, we used summary scores from a modified version of the 12-
Item Short Form Health Survey (SF-12) (version 2)" to measure overall physical health and
well-being. The SF-12 survey is a shortened version of the SF-36 scale and has been validated in

a variety of settings.'>'*

The Physical Component Summary score (SF12-P) is a weighted
average of questions about general health, limitations in moderate activities or climbing stairs,
physical limitations, emotional limitations, pain interfering with work, feeling downhearted and
blue, and health interfering with social activities. SF12-P scores range from 0-100 and are
standardized so that a score of 50 reflects the average of the general U.S. population.”” The
SF12-P scale was used as a secondary analysis because it includes the physical limitation

questions described above, in addition to other covariates that were less related to the underlying

construct of functional status.

Outcome: incident cardiovascular disease
The outcome of interest was incident CVD, measured through the end of 2012. MESA
participants were contacted every 9 to 12 months and asked about interim cardiovascular events.

Medical records, death certificates, and next-of-kin interviews (for out-of-hospital cardiovascular
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deaths) were used by a team of two study cardiologists, cardiovascular epidemiologists, or
neurologists to determine the date of incident CVD.'® CVD was defined as an incident
myocardial infarction, coronary revascularization, resuscitated cardiac arrest, angina, stroke

(fatal or non-fatal), or CVD death."’

Covariates

All covariates were measured at the second exam (2002-2004). Demographic
confounders included age, sex, and income. Income was dichotomized for this analysis at
earning $75,000 per year. Additional covariates included smoking (never, former, or current
smoker), body mass index (BMI), total cholesterol, diabetes status, and medication use. Diabetes
status was categorized as normal, impaired fasting glucose or untreated diabetes, and treated
diabetes based on the 2003 American Diabetes Association fasting criteria algorithm.
Medications (antihypertensives and statins) were assessed by visual inspection of medication

containers by study personnel or by self-report.

Statistical methods

We first stratified the study population by race/ethnicity, and summarized blood pressure,
functional status, and other covariates within each racial/ethnic group. Then we used Poisson
models to estimate the incident rate ratios (IRR) for incident CVD per 10 mmHg higher SBP, by
including time to the first event as an offset. All models were adjusted for age, sex, and income.
A likelihood ratio test provided evidence for a 3-way interaction (on a multiplicative scale)

between race/ethnicity, functional status, and SBP, so we present models stratified on
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race/ethnicity. Within the race/ethnicity-stratified models, we also tested a two-way interaction
term between SBP and functional status.

We explored the impact of adjusting for additional covariates (smoking, diabetes,
antihypertensive medication, statins, total cholesterol, DBP, and BMI) among white and black
subgroups only, due to limited sample size. Due to conceptual concern over distinguishing
confounders from mediators in the joint effects of SBP and functional status on CVD, we present
the minimally-adjusted models as our primary results.

We also explored the relationship between SBP and CVD by functional status on an
additive scale, because departures from multiplicativity may result from different baseline levels
of risk in the subgroups of interest. We used Poisson models to estimate incident rates of CVD
by quintile of SBP stratified by race/ethnicity and functional status, and graphed the estimated
rates to visualize the patterns. We then used multivariable regression spline models to identify
the best-fit form of the association between SBP and CVD.

As a comparison, we ran a similar set of analyses using DBP instead of SBP as the

primary exposure.

Results

Our analysis included 6,117 participants who attended Exam 2 but did not have prevalent
CVD at Exam 2. The analytic sample ranged in age from 46 to 87. Participants were followed
for up to 10 years (until time of CVD incidence, death, or loss to follow-up; average of 8.8
years), during which time there were 557 incident cases of CVD detected.

White participants were older than members of other racial/ethnic groups, and had higher

average education and income levels (Table 1). Black participants had the highest mean SBP
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and were most likely to be on anti-hypertensive medications. Black participants were most
likely to report physical limitations, while white participants were most likely to be diagnosed
with CVD during follow-up.

We observed a generally weaker association between SBP and CVD among low-
functioning subgroups (those with physical limitations or over age 65) compared to high-
functioning subgroups (Table 2). This pattern was most apparent among white participants,
though there was a similar pattern among black participants that did not reach statistical
significance for the interaction of SBP and physical limitations. Among Hispanic and Chinese
participants, the association between SBP and CVD appeared not to be modified by measures of
functional status. Among all racial/ethnic groups, higher SBP was associated with higher
incidence of CVD.

The estimated CVD incidence rates by quintile of SBP revealed more nuances about the
race/ethnicity-specific associations between SBP, functional status, and CVD. In Figure 1, the
slope across SBP quintiles represents the average incidence rate difference (IRD) per quintile.
Though age was modeled continuously, we estimated incidence rates at the 1** and 3™ quintiles
(age 54 and 70, respectively) to illustrate differences.

Among all racial/ethnic groups, the incidence of CVD was higher among low-functioning
subgroups than high-functioning subgroups. Spline models confirmed that a linear fit was
appropriate for the association between SBP and CVD in all subgroups. Among white
participants, the association between SBP and CVD appeared weaker among those with physical
limitations compared to those without physical limitations. However, the average IRD across
quintiles of SBP was slightly larger among older whites compared with younger whites. Among

black participants, the association of SBP and CVD was weaker both among participants with
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physical limitations and among older participants, compared to those without physical limitations
and younger participants respectively. Among Hispanic participants, those with low functional
status had higher incidence rates and larger IRDs for SBP than those with high functional status.
Large confidence intervals limit generalizations among Chinese participants.

Adjustment for additional covariates resulted in generally attenuated but consistent
results (Figure 2). Among both white and black participants, the adjusted association of SBP
with CVD risk was statistically significant among those with high functional status, but
approached unity in those with low functional status. Patterns with DBP were also broadly
consistent to those with SBP, but with smaller magnitude of differences (results not shown);
likelihood ratio tests of three-way interactions provided evidence of racial/ethnic differences in
the linear, multiplicative association between DBP and CVD (p=0.04 for physical limitations and
p=0.01 for age) but within-racial/ethnic group tests for interaction by functional status were non-
significant (e.g. for whites, IRR for interaction between DBP and physical limitations = 0.93,
p=0.55; for blacks, IRR = 0.80, p=0.18). Using SF12-P scores to measure functional status
produced similar patterns to those in Figure 1 but with smaller differences between low-

functioning and high-functioning groups (Appendix Figure 1).

Discussion

We observed attenuated associations between SBP and incident CVD among those with
low functional status (measured by self-reported physical limitations and by chronological age)
among white and black adults, but not among Hispanic or Chinese adults. This pattern appeared
to be consistent across both multiplicative and additive scales using self-reported physical

limitations, but not age. Our findings are consistent with previous research that has found

10
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attenuated or inverted associations between blood pressure and health outcomes among low-

functioning subgroups (defined by age, walking speed, or limitations in activities of daily

oNOYTULT D WN =

living).>”

10 Blood pressure treatment guidelines and randomized controlled trials have frequently
used age to define treatment targets or populations of interest.'®*! Chronological age is an

15 imprecise measure of functional status, though it is easily and routinely collected. Others have
17 recognized the limitations of relying on chronological age to predict health-related outcomes. "'
Among white participants, using self-reported physical limitations as a measure of functional

22 status provided consistent evidence of attenuated associations between SBP and incident CVD
24 across multiplicative and additive scales, while chronological age did not. Where feasible,
physical limitations and other specific measures of functional status may be more useful than

29 chronological age in estimating risk.

31 We observed no apparent patterning of SBP and CVD by functional status among

33 Hispanics or Chinese participants. For Chinese participants, the small sample size is likely a key
limitation for distinguishing patterns by functional status. For Hispanic participants, associations
38 between SBP and CVD were similar by functional status on a multiplicative scale, and on an

40 additive scale appeared to be stronger (larger average IRDs across quintiles) for low-functioning
groups than high-functioning groups. Previous research in a Hispanic population found that the
45 association between SBP and all-cause mortality was attenuated among slow walkers compared
47 to fast walkers;” however, these participants were older (mean age 70.5 years) and less healthy
49 overall (mean SBP 139 mmHg, 22.8% on diabetes medication) than MESA’s Hispanic

52 participants (mean age 62.7 years, mean SBP 125 mmHg, 16.3% on diabetes medication).

58 11

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"yBuAdoa Aq parosrold 1sanb Aq 20z ‘6 IHdy uo jwod fwg uadofwa//:dny woly papeojumod '8T0Z Arenigad €2 Uo 9t/ /10-/T0Z-uadolwaq/9eTT 0T Se paysiignd 1s1y :uado CING


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Future research should continue to investigate patterns of SBP and CVD risk among diverse
minority populations.

Additionally, more research is needed to inform how observed differences in CVD risk
associated with SBP should influence treatment of high blood pressure. The biologic mechanism
mediating an attenuated association between high blood pressure and outcomes among low
functioning older adults remains uncertain, although there are several plausible explanations.
Poor physical functioning may be associated with compromised hemodynamic regulation,
vascular stiffening, and insufficient cerebral, myocardial, or renal perfusion. Others have noted
the challenges in accurate measurement of blood pressure in older adults, due to orthostatic
hypotension, pseudohypertension, and postprandial hypertension.* Another possibility is that
treatment of high blood pressure, which often requires multiple medications, could result in
polypharmacy or other adverse events such as falls and fractures,” and these adverse events
could initiate a cascade of events that could result in hospitalization, morbidity, and even death.
Our analysis shows that future studies that evaluate treatment benefits should examine the role of
race/ethnicity as well as functional status.

The presence of racial/ethnic variation in associations between SBP, incident CVD, and
functional status do not imply biologically predetermined differences in risks; rather, our
findings should caution against generalizing results from predominantly white study populations
to other racial/ethnic populations. The observed differences that we found are likely the result of
broad social and environmental influences throughout the life course that are strongly patterned
by racial/ethnic identity in the U.S. However, these findings are also novel and, if replicated,
much more research is needed to understand the causal pathways resulting in racial/ethnic

heterogeneity in associations between SBP, functional status, and CVD.
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In summary, we found that the risks associated with high blood pressure appear to be
attenuated among some adults with poor functional status. In a diverse cohort of middle aged
and older adults, we observed distinct racial/ethnic patterning in the influence of functional status
on associations between SBP and incident CVD. Additionally, using self-reported physical
limitations as a measure of functional status provided consistent results across multiplicative and
additive scales, in contrast to using chronological age to measure functional status. Identifying
the characteristics that best distinguish those in whom high blood pressure does not substantially
increase risk of morbidity or mortality may inform our understanding of the consequences of

hypertension among older adults.
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Table 1. Characteristics of analytic sample at MESA Exam 2 by race/ethnicity

White Black Hispanic Chinese p-value
N= 2421 1659 1320 717
Age (yrs) 64.1 63.5 62.7 63.3 <0.01
Female 51.6% 54.9% 52.3% 51.3% 0.17
Income

<$16,000 10.0% 19.9% 38.6% 44.5%

$16,000 - $39,999 21.2% 32.0% 35.3% 22.4%

$40,000 - $74,999 30.9% 30.1% 18.6% 15.4%

$75,000+ 37.8% 18.0% 7.5% 17.7% <0.01
BMI (kg/m® 27.7 30.1 29.6 24.1 <0.01
Current smoker 10.9% 16.0% 10.2% 5.6% <0.01
DBP (mmHg) 68.9 73.5 70.1 69.3 <0.01
Total cholesterol (mg/dL) 192.8 188.4 194.1 189.9 <0.01
Taking statins 23.5% 18.8% 16.6% 17.2% <0.01
Diabetes

Impaired fasting glucose 17.9% 20.1% 21.7% 20.6%

Treated diabetes 5.9% 16.6% 16.6% 11.2% <0.01
Taking anti-hypertension 37.8% 54.0% 37.3% 32.1% <001
medication
SBP, mean 121.0 130.2 125.0 120.7 <0.01
SBP quintiles

Quintile 1 (60-107 mmHg) 24.3% 12.2% 20.7% 27.8%

Quintile 2 (107.5-116.5 23.3% 16.8% 20.2% 19.4%

mmHg)

Quintile 3 (117-127 mmHg) 19.2% 19.8% 18.7% 18.0%

Quintile 4 (127.5-141 mmHg) 19.0% 23.7% 20.0% 18.6%

Quintile 5 (141.5-230 mmHg) 14.2% 27.6% 20.5% 16.3% <0.01
Self-reported physical limitations 26.4% 31.7% 27.2% 20.8% <0.01

Accomplish less than like 23.1% 27.8% 24.6% 19.1%

Limited in daily work 17.2% 20.7% 21.8% 16.5%

SF12-P score 49.9 47.8 47.9 48.9 <0.01
Incident CVD 10.2% 8.9% 9.2% 5.7% <0.01
Mean time to CVD or end of 2.9 2.6 3.7 9.0 <0.01

follow-up (yrs)
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1
2
3 Table 2. Estimated associations (IRR' per 10-mmHg higher SBP) between SBP and incident
g CVD by measures of functional status and racial/ethnic group.
6
No physical With physical _
; limitations limitations Age <65 Age >=65
9 Overall N= 4446 1671 3218 2899
10 IRR 1.21 1.10 1.30 1.11
1 95% CI 1.16-1.27 1.03, 1.17 1.22,1.39 1.06, 1.17
12 P-value for interaction 0.04 <0.01
13
14 White N= 1783 638 1229 1192
15 IRR 1.29 1.09 1.33 1.17
16 95% CI 1.19, 1.40 0.99, 1.20 1.18, 1.49 1.01, 1.07
1; P-value for interaction <0.01 <0.01
o Black  N= 1134 525 864 795
51 IRR 1.25 1.10 1.36 1.10
2 95% CI 1.14,1.37 0.96, 1.25 1.22,1.52 1.00, 1.21
23 P-value for interaction 0.14 <0.01
;g Hispanic N= 961 359 740 580
26 IRR 1.11 1.10 1.13 1.08
27 95% CI 1.00, 1.23 0.95, 1.27 0.97,1.31 0.98, 1.19
28 P-value for interaction 0.89 0.66
29
30 Chinese N= 568 149 385 332
31 IRR 1.21 1.23 - 1.10
32 95% CI 1.01, 1.44 0.95, 1.58 -3 0.94,1.29
33 P-value for interaction 0.93 -
34
22 Th{ee—way. 1nteractlg)n across <0.01 <0.01
racial/ethnic groups
37 " From Poisson models with offset for person-time contributed; all models adjusted for age, gender, and income
38 ? Based on a likelihood ratio test of nested models
23 ? Omitted due to small number of events (<10)
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58 15
59
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STROBE Statement—Checklist of items that should be included in reports of cohort studies

Item
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or Pgl1
the abstract
(b) Provide in the abstract an informative and balanced summary of what  Pg2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being Pg 4
reported
Objectives 3 State specific objectives, including any prespecified hypotheses Pg4
Methods
Study design 4 Present key elements of study design early in the paper Pg4-5
Setting Describe the setting, locations, and relevant dates, including periods of Pg 4-5
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection Pg 4-5
of participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed n/a
and unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, Pg 5-6
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods  Pg 5-6
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias Pg 7-8
Study size 10 Explain how the study size was arrived at Pg4,8
Quantitative 11 Explain how quantitative variables were handled in the analyses. If Pg 7-8
variables applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for Pg 7-8
confounding
(b) Describe any methods used to examine subgroups and interactions Pg 8
(c) Explain how missing data were addressed Pg8
(d) If applicable, explain how loss to follow-up was addressed Pg 8
(e) Describe any sensitivity analyses Pg 8
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers Pg4,8
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage n/a
(c) Consider use of a flow diagram n/a
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, Pg8-9, 14
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of = Pg 8
interest
(¢) Summarise follow-up time (eg, average and total amount) Pg 8
Outcome data 15*  Report numbers of outcome events or summary measures over time Pg8
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted Pg 15

estimates and their precision (eg, 95% confidence interval). Make clear
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which confounders were adjusted for and why they were included

(b) Report category boundaries when continuous variables were Pg7
categorized
(c) If relevant, consider translating estimates of relative risk into absolute =~ Fig 1
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, Pg 10
and sensitivity analyses

Discussion

Key results 18  Summarise key results with reference to study objectives Pg 10-11

Limitations 19  Discuss limitations of the study, taking into account sources of potential Pg1l1-12
bias or imprecision. Discuss both direction and magnitude of any potential
bias

Interpretation 20  Give a cautious overall interpretation of results considering objectives, Pg 10-12
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21  Discuss the generalisability (external validity) of the study results Pg11-12

Other information

Funding 22 Give the source of funding and the role of the funders for the present Pg 16

study and, if applicable, for the original study on which the present article
is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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Abstract

Objectives: Research has demonstrated that the association between high blood pressure and
outcomes is attenuated among older adults with functional limitations, compared to healthier
elders. However, it is not known whether these patterns vary by racial/ethnic group. We
evaluated race/ethnicity-specific patterns of effect modification in the association between blood
pressure and incident cardiovascular disease by functional status.

Setting: We used data from the Multi-Ethnic Study of Atherosclerosis (2002-2004, with an
average of 8.8 years of follow up for incident cardiovascular disease). We assessed effect
modification of systolic blood pressure and cardiovascular outcomes by self-reported physical
limitations and by age.

Participants: The study included 6,117 participants (aged 46 to 87; 40% white, 27% black, 22%
Hispanic, and 12% Chinese) who did not have cardiovascular disease at the second study exam
(when self-reported physical limitations were assessed).

Outcome measures: Incident cardiovascular disease was defined as an incident myocardial
infarction, coronary revascularization, resuscitated cardiac arrest, angina, stroke (fatal or non-
fatal), or death from cardiovascular disease.

Results: We observed weaker associations between systolic blood pressure and cardiovascular
disease among white adults with physical limitations (IRR per 10-mmHg higher systolic blood
pressure: 1.09 [95% CI: 0.99, 1.20]) than those without physical limitations (IRR 1.29 [1.19,
1.40]; p-value for interaction, <0.01). We found a similar pattern among black adults. Poor
precision among the estimates for Hispanic or Chinese participants limited the findings in these
groups. The attenuated associations were consistent across both multiplicative and additive
scales, though physical limitations showed clearer patterns than age on an additive scale.

Conclusion: Attenuated associations between high blood pressure and incident cardiovascular
disease were observed for blacks and whites with poor function, though small sample sizes
remain a limitation for identifying differences among Hispanic or Chinese participants.
Identifying the characteristics that distinguish those in whom higher systolic blood pressure is
associated with less risk of morbidity or mortality may inform our understanding of the
consequences of hypertension among older adults.

Keywords: blood pressure, epidemiology of cardiovascular disease, physical function

Strengths and limitations of this study:

e The Multi-Ethnic Study of Atherosclerosis is the largest cohort of middle aged and older
adults in the US from four racial/ethnic groups (white, black, Hispanic, and Chinese).
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We evaluated self-reported physical limitations (based on 2 questions) and chronological
age as potential effect modifiers of systolic blood pressure and cardiovascular outcomes.

Small sample size among some racial/ethnic groups limited the precision of our
estimates.

Additional research is needed to investigate heterogeneity in associations between
systolic blood pressure and cardiovascular disease among racial/ethnic minority
populations, and to understand the underlying biological mechanisms.
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High blood pressure (systolic blood pressure [SBP] >140 mmHg or diastolic blood
pressure [DBP] >90 mmHg or taking antihypertensive medicine) is a major cause of morbidity
and mortality among American adults, and is responsible for an estimated $48.6 billion in direct
and indirect costs per year.! However, the health risks associated with high blood pressure are
not uniform in all adults; some subgroups have been identified in which elevated blood pressure
is not associated with increased morbidity or mortality. For example, among older adults with
poor functional status, measured by slow gait speed®” or by functional limitations, the
association between high blood pressure and mortality is attenuated compared with elders with
better functional status.” Interestingly, in this latter study, the effect modification of blood
pressure and mortality by functional status was less apparent in middle-aged participants. * There
are limited data on functional status as an effect modifier of blood pressure and cardiovascular
outcomes; existing studies have been limited to older adults.>®  Thus, it is not yet clear how age

and functional limitations pattern risks of CVD associated with elevated SBP.

Additionally, it is plausible that the patterns of blood pressure, functional status, and
morbidity vary by racial/ethnic group. Previous research has demonstrated patterns of
attenuation in populations of Latinos” and populations of white Americans and African
Americans.*” Race/ethnicity, as a proxy for biological characteristics as well as life-long
contextual influences, cultural norms, and cumulative stressors,’ is associated with blood
pressure levels and with rates of cardiovascular disease (CVD). For example, a 10-mmHg higher
systolic blood pressure level is associated with a larger increase in stroke risk for blacks than for
whites.® Our objective was to explore racial/ethnic heterogeneity in the interaction of blood

pressure and functional status on incident CVD.
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Methods
Study population

We used data from the Multi-Ethnic Study of Atherosclerosis (MESA) to explore
race/ethnicity-specific patterns of effect modification in the association between blood pressure
and incident CVD by physical limitations and by age.

MESA includes 6,814 adults aged 45-84 who self-identified as white, black, Hispanic, or
Chinese from six areas across the U.S. (New York, New York; Baltimore, Maryland; Forsyth
County, North Carolina; Chicago, Illinois; St Paul, Minnesota; and Los Angeles, California).
White participants were recruited at all sites; black participants were recruited at all sites except
for Minnesota. Hispanic participants came from New York, Minnesota, and California, and
Chinese participants came from Chicago and California. Participants were excluded if they had
a history of heart attack, angina, stroke or transient ischemic attack, heart failure, resuscitated
cardiac arrest, or procedures related to cardiovascular disease. Participants were followed from
2000-2002 until 2010-2012, with a total of five study exams. Retention was 92.4% from the first
exam to the second exam, and 75.7% from the fourth exam to the final exam.” The study was
approved by the institutional review board at each participating site, and participants provided

informed consent.'°

Exposure: systolic blood pressure

Blood pressure was measured at each exam, following a standardized protocol. After five
minutes of seated rest, SBP and DBP were measured three times, at two-minute intervals, using
an automated oscillometric sphygmomanometer.'' The average of the second and third

measurements were used for analysis. We used SBP measured at the second exam (2002-2004)
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as the primary exposure of interest, because physical limitations were not assessed at the baseline

€xam.

Effect modifiers:

We used two effect modifiers for this analysis: self-reported physical limitations and age.
Physical limitations were assessed at Exam 2, in 2002-2004, and measured with two questions
based off the same prompt: “During the past 4 weeks, have you had any of the following
problems with your work or other regular daily activities as a result of your physical health?”
Participants were considered to have physical limitations if they answered ‘yes’ to either “You
accomplished less than you would have liked to” or “You were limited in the kind of work you
do or other regular daily activities.”

As a secondary analysis, we used summary scores from a modified version of the 12-Item
Short Form Health Survey (SF-12) (version 2)12 to measure overall physical health and well-
being. The SF-12 survey is a shortened version of the SF-36 scale and has been validated in a

variety of settings.'>!*

The Physical Component Summary score (SF12-P) is a weighted average
of questions about general health, limitations in moderate activities or climbing stairs, physical
limitations, emotional limitations, pain interfering with work, feeling downhearted and blue, and
health interfering with social activities. SF12-P scores range from 0-100 (higher scores represent
better function) and are standardized so that a score of 50 reflects the average of the general U.S.
population.”> The SF12-P scale was used as a secondary analysis because it includes the

physical limitation questions described above, in addition to other covariates that were less

related to the underlying construct of functional status.
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Outcome: incident cardiovascular disease

The outcome of interest was incident CVD, measured through the end of 2012. MESA
participants were contacted by phone every 9 to 12 months and asked about interim
cardiovascular events. Medical records, death certificates, and next-of-kin interviews (for out-
of-hospital cardiovascular deaths) were used by a team of two study cardiologists, cardiovascular
epidemiologists, or neurologists to determine the date of incident CVD.'® CVD was defined as
an incident myocardial infarction, coronary revascularization, resuscitated cardiac arrest, angina,

stroke (fatal or non-fatal), or CVD death."”’

Covariates

All covariates were measured at the second exam (2002-2004). Demographic
confounders included age, sex, and income. Income was dichotomized for this analysis at
earning $75,000 per year. Additional covariates included smoking (never, former, or current
smoker), body mass index (BMI), total cholesterol, diabetes status, and medication use. Diabetes
status was categorized as normal, impaired fasting glucose or untreated diabetes, and treated
diabetes based on the 2003 American Diabetes Association fasting criteria algorithm.
Medications (antihypertensives and statins) were assessed by visual inspection of medication

containers by study personnel or by self-report.

Statistical methods
Participants with missing data on SBP or physical limitations at exam 2, or on incident
CVD status, were excluded, as were participants who had developed CVD by exam 2. We first

stratified the study population by race/ethnicity, and summarized blood pressure, functional
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status, and other covariates within each racial/ethnic group. Then we used Poisson models to
estimate the incident rate ratios (IRR) for incident CVD per 10 mmHg higher SBP, using an
offset for the person-time contributed until incident CVD, death, or lost to follow-up. A
likelihood ratio test provided evidence for a three-way interaction (on a multiplicative scale)
between race/ethnicity, age, and SBP (p=0.07), so we present models stratified on race/ethnicity.

All models were adjusted for age (as a linear term), sex, and income. We ran separate
sets of models for each modifier of interest: self-reported physical limitations, age, and SF12-P
score. We checked for a three-way interaction between SBP, physical limitations, and age (<65
vs. >=65) in race-specific models, but did not find any evidence that the association between
SBP and physical limitations on incident CVD varied by age category.

To assess modification on a multiplicative scale, we ran Poisson models stratified by
functional status (e.g. e.g. with physical limitations; without physical limitations; age <65; age
>65) and by race/ethnicity to estimate the association between SBP (as a continuous measure)
and CVD. We tested for interaction by running models with an interaction term between SBP
and the measure of functional status. We explored the impact of adjusting for additional
covariates (smoking, diabetes, antihypertensive medication, statins, total cholesterol, DBP, and
BMI) among white and black subgroups only, due to limited sample size. Due to conceptual
concern over distinguishing confounders from mediators in the joint effects of SBP and
functional status on CVD, we present the minimally-adjusted models as our primary results.

We also explored the relationship between SBP and CVD by functional status on an
additive scale, because departures from multiplicativity may result from different baseline levels
of risk in the subgroups of interest. We ran Poisson models with SBP categorized into quintiles,

in order to estimate the incidence rate of CVD at each quintile. Models of physical limitation
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were stratified (with limitations vs. without limitations) and adjusted for age. In the models for
age, incidence rates were estimated at the first and third quartile (age 54 and 70, respectively).
We used multivariable regression spline models to evaluate the best shape (linear or non-linear)
of the trend in incidence rate across quintiles. We calculated slopes across quintiles to represent
the average incidence rate difference (IRD) per quintile.

All analyses were done in Stata 13.1.

Results

Our analysis excluded 584 participants who did not have a blood pressure measurement
at Exam 2, 14 participants who did not have physical function measures at Exam 2, five
participants with missing information on incident CVD, and three participants who had prevalent
CVD at Exam 2. Excluded participants were older (mean age 67.9 vs. 63.5), more likely to be
male (61.2% vs. 47.4%), less well educated (22.7% vs. 36.7% with bachelor’s or higher), had
lower incomes (2.0% vs. 22.6% with income >$75,000), and were more likely to report physical
limitations (50.5% vs. 27.3%). SBP, DBP, and racial/ethnic distribution were similar among
excluded and included participants. Among the analytic sample of 6,117 participants, age at
baseline ranged from 46 to 87. Participants were followed for an average of 8.8 years (until time
of CVD incidence, death, loss to follow-up, or December 31, 2012), during which time there
were 557 incident cases of CVD detected.

White participants were older, more educated, and had higher income levels than
members of other racial/ethnic groups (Table 1). Black participants had the highest mean SBP

and were most likely to be on anti-hypertensive medications. Black participants were most
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likely to report physical limitations, while white participants were most likely to be diagnosed
with CVD during follow-up.

We observed a generally weaker association between SBP and CVD among low-
functioning subgroups (those with physical limitations or over age 65) compared to high-
functioning subgroups (Table 2). This pattern was most apparent among white participants,
though there was a similar pattern among black participants that did not reach statistical
significance for the interaction of SBP and physical limitations. Among Hispanic and Chinese
participants, the association between SBP and CVD appeared not to be modified by measures of
functional status. Among all racial/ethnic groups, higher SBP was associated with higher
incidence of CVD. There was no evidence for an interaction between SBP, age, and physical
limitation among white (p=0.71) or black (p=0.22) participants. Sample sizes were insufficient
to estimate the three-way interaction among Hispanic or Chinese participants.

The estimated CVD incidence rates by quintile of SBP revealed more nuances about the
race/ethnicity-specific associations between SBP, functional status, and CVD (Figure 1). Among
all racial/ethnic groups, the incidence of CVD was higher among low-functioning subgroups
(with physical limitations or older age) than high-functioning subgroups (without physical
limitations or younger age). Multivariable spline regression models reported that a linear fit was
appropriate for the association between SBP and CVD in all subgroups.

Among white participants, the estimated increase in CVD per quintile higher SBP was
smaller for those with physical limitations than for those without physical limitations (IRD 1.67
vs. 3.35 per 1,000 person-years). However, the average IRD across quintiles of SBP was slightly
larger among older whites (estimated at age 70) compared with younger whites (estimated at age

54). Among black participants, the association of SBP and CVD was weaker both among
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participants with physical limitations and among older participants, compared to those without
physical limitations and younger participants. In contrast, among Hispanic participants, those
with physical limitations and those of older age had larger IRDs (a larger increase in CVD
incidence per quintile higher SBP) than those with no physical limitations and at younger ages,
respectively. Large confidence intervals limit generalizations among Chinese participants.
Chinese participants were less likely to reported physical limitations and less likely to develop
CVD than other racial/ethnic groups, further hindering statistical power.

Adjustment for additional covariates resulted in generally attenuated but consistent
results among white and black participants (Figure 2). The adjusted association of SBP with
CVD risk was statistically significant among those with high functional status, but approached
unity in those with physical limitations or age >= 65.

Using SF12-P scores to measure functional status produced similar patterns to those in

Figure 1 but with smaller differences between low-functioning (estimated at SF12-P = 44.5) and

high-functioning (SF12-P = 55.5) groups (Appendix Figure 1).

Discussion

Overall, we observed attenuated associations between SBP and incident CVD among
those with low functional status (measured by self-reported physical limitations and by
chronological age) among white and black adults. This pattern was generally consistent across
both multiplicative and additive scales using self-reported physical limitations, but not age (as
older white participants had a slightly larger increase in risk per quintile higher SBP than
younger white participants). Our findings are consistent with previous research that has found

attenuated or inverted associations between blood pressure and health outcomes among low-
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functioning subgroups (defined by age, walking speed, or limitations in activities of daily
living) 341519
Blood pressure treatment guidelines and randomized controlled trials have frequently
used age to define treatment targets or populations of interest.”>** Chronological age is an
imprecise measure of functional status, though it is easily and routinely collected. Others have
recognized the limitations of relying on chronological age to predict health-related outcomes.**
Among white participants, using self-reported physical limitations as a measure of functional
status provided consistent evidence of attenuated associations between SBP and incident CVD
among adults with physical limitations across multiplicative and additive scales, while there was
not an attenuated association between SBP and incident CVD among older adults on an additive
scale. Among blacks, both older age and physical limitations revealed attenuated associations
between SBP and CVD on both multiplicative and additive scales (though not statistically
significant for physical limitations on a multiplicative scale). Additionally, across all race/ethnic
groups, those with physical limitations had higher incidence of CVD at all levels of SBP than
those without physical limitations, after adjusting for age. Where feasible, self-reported physical
limitations or other specific measures of functional status may be a useful addition to methods of
assessing risk in clinical settings.

We observed no apparent patterning of SBP and CVD by functional status among
Hispanics or Chinese participants. For Chinese participants, the small sample size is likely a key
limitation for distinguishing patterns by functional status. Additionally, Chinese participants
were least likely to report physical limitations and had the lowest incidence of CVD. For
Hispanic participants, associations between SBP and CVD were similar by functional status on a

multiplicative scale, and on an additive scale appeared to be stronger (larger average IRDs across
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quintiles of SBP) for those with physical limitations and those at higher ages than those without
physical limitations and at lower ages, respectively. Hispanic participants were also the youngest
of the racial/ethnic groups in MESA. Previous research in a Hispanic population found that the
association between SBP and all-cause mortality was attenuated among slow walkers compared
to fast walkers;'® however, these participants were older (mean age 70.5 years) and less healthy
overall (mean SBP 139 mmHg, 22.8% on diabetes medication) than MESA’s Hispanic
participants (mean age 62.7 years, mean SBP 125 mmHg, 16.3% on diabetes medication).
Future research should continue to investigate patterns of SBP and CVD risk among diverse
minority populations.

Some limitations are important to consider. Self-reported physical limitations, assessed
by two questions, is a crude measure of functional status; more objective measures may
demonstrate even better discrimination in CVD risk. Additionally, previous research has shown
that the health risks of high SBP among those with functional impairments may be stronger
among older adults than among middle-aged adults.* We did not find any evidence that the
association between SBP and physical limitations varied by age (<65 vs. >=65), though we may
have been underpowered to detect heterogeneity statistically.

Additionally, more research is needed to inform how observed differences in CVD risk
associated with SBP should influence treatment of high blood pressure. The biologic mechanism
mediating an attenuated association between high blood pressure and outcomes among low
functioning older adults remains uncertain, although there are several plausible explanations.
Poor physical functioning may be associated with compromised hemodynamic regulation,
vascular stiffening, and insufficient cerebral, myocardial, or renal perfusion, resulting in poorer

health outcomes independent of SBP. Others have noted the challenges in accurate measurement
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of blood pressure in older adults, due to orthostatic hypotension, pseudohypertension, and
postprandial hypertension,” suggesting that attenuated association with outcomes may reflect
measurement error. Another possibility is that treatment of high blood pressure, which often
requires multiple medications, could result in polypharmacy or other adverse events such as falls
and fractures,”® and these adverse events could initiate a cascade of events that could result in
hospitalization, morbidity, and even death. Thus, observed low blood pressures may be
correlated poorer outcomes. Our analysis shows that future studies that evaluate benefits of
treating high blood pressure should explore patterns by race/ethnicity as well as functional status.

The presence of racial/ethnic variation in associations between SBP, incident CVD, and
functional status do not imply biologically predetermined differences in risks; rather, our
findings should caution against generalizing results from predominantly white study populations
to other racial/ethnic populations. The observed differences that we found are likely the result of
broad social and environmental influences throughout the life course that are strongly patterned
by racial/ethnic identity in the U.S. However, these findings are also novel and, if replicated,
much more research is needed to understand the causal pathways resulting in racial/ethnic
heterogeneity in associations between SBP, functional status, and CVD.

In summary, we found that the risk of incident CVD associated with high blood pressure
appears to be attenuated among white and black adults with physical limitations and at older ages
in a diverse cohort of middle aged and older adults. Patterns among Hispanic and Chinese adults
were less clear, which likely reflects limited sample sizes. Understanding how functional status
(or factors underlying functional impairments) influence CVD risk across racial/ethnic groups
could be useful for identifying at-risk persons and informing public health strategies to improve

health and reduce CVD risk.
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Figure Legends
Figure 1. Estimated incidence rates of CVD by quintile of SBP, by measures of functional status

and race/ethnicity.

Figure 2. Forest plot of adjusted IRR for incident CVD per 10 mmHg higher SBP among white

and black participants.
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Table 1. Characteristics of analytic sample at MESA Exam 2 by race/ethnicity

White Black Hispanic Chinese p-value
N= 2421 1659 1320 717
Age (yrs) 64.1 63.5 62.7 63.3 <0.001
Female 51.6% 54.9% 52.3% 51.3% 0.17
Income

<$16,000 10.0% 19.9% 38.6% 44.5%

$16,000 - $39,999 21.2% 32.0% 35.3% 22.4%

$40,000 - $74,999 30.9% 30.1% 18.6% 15.4%

$75,000+ 37.8% 18.0% 7.5% 17.7% <0.001
Education

High school or less 21.1% 29.9% 63.7% 39.1%

Some college or Associate’s 27.8% 35.2% 26.0% 20.3%

Bachelor’s or more 51.1% 34.9% 10.3% 40.6% <0.001
BMI (kg/m® 27.7 30.1 29.6 24.1 <0.001
Current smoker 10.9% 16.0% 10.2% 5.6% <0.001
Total cholesterol (mg/dL) 192.8 188.4 194.1 189.9 <0.001
Taking statins 23.5% 18.8% 16.6% 17.2% <0.001
Diabetes

Impaired fasting glucose 17.9% 20.1% 21.7% 20.6%

Treated diabetes 5.9% 16.6% 16.6% 11.2% <0.001
DBP (mmHg) 68.9 73.5 70.1 69.3 <0.001
Taking anti-hypertension 37.8% 54.0% 37.3% 32.1% <0001
medication
SBP, mean 121.0 130.2 125.0 120.7 <0.001
SBP quintiles

Quintile 1 (60-107 mmHg) 24.3% 12.2% 20.7% 27.8%

g‘;lﬁg)e 2 (107.5-116.5 23.3% 16.8% 20.2% 19.4%

Quintile 3 (117-127 mmHg) 19.2% 19.8% 18.7% 18.0%

Quintile 4 (127.5-141 mmHg) 19.0% 23.7% 20.0% 18.6%

Quintile 5 (141.5-230 mmHg) 14.2% 27.6% 20.5% 16.3% <0.001
Self-reported physical limitations 26.4% 31.7% 27.2% 20.8% <0.001

Accomplished less than liked 23.1% 27.8% 24.6% 19.1%

Limited in work or daily 172%  20.7% 21.8% 16.5%

activities
SF12-P score 49.9 47.8 47.9 48.9 <0.001
Incident CVD 10.2% 8.9% 9.2% 5.7% <0.01
Mean time to CVD or end of 2.9 2.6 g7 9.0 <0.001

follow-up (yrs)
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Table 2. Estimated associations (IRR' per 10-mmHg higher SBP) between SBP and incident
CVD by measures of functional status and racial/ethnic group.

No physical With physical
limIi)taiIions limi{)atglons Age <65 Age >=65

Overall N= 4446 1671 3218 2899
IRR 1.21 1.10 1.30 1.11
95% CI 1.16,1.27 1.03, 1.17 1.22,1.39 1.06, 1.17
P-value for interaction 0.04 <0.01

White N= 1783 638 1229 1192
IRR 1.29 1.09 1.33 1.17
95% CI 1.19, 1.40 0.99, 1.20 1.18, 1.49 1.01, 1.07
P-value for interaction <0.01 <0.01

Black N= 1134 525 864 795
IRR 1.25 1.10 1.36 1.10
95% CI 1.14,1.37 0.96, 1.25 1.22,1.52 1.00, 1.21
P-value for interaction 0.14 <0.01

Hispanic N= 961 359 740 580
IRR 1.11 1.10 1.13 1.08
95% CI 1.00, 1.23 0.95,1.27 0.97,1.31 0.98,1.19
P-value for interaction 0.89 0.66

Chinese N= 568 149 385 332
IRR 1.21 1.23 -2 1.10
95% CI 1.01, 1.44 0.95,1.58 -2 0.94,1.29
P-value for interaction 0.93 -

! From Poisson models with offset for person-time contributed until incident CVD, death, or loss to follow-up.

Models for physical limitations were adjusted for age (continuous), gender, and income (dichotomized at $75,000.

Models by age category were adjusted for gender and income (dichotomized at $75,000).
? Omitted due to small number of events (<10)
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Figure 2. Forest plot of adjusted IRR for incident CVD per 10 mmHg higher SBP among white and black
participants.
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Appendix Figure 1. Estimated incidence rates of CVD by quintile of SBP, by SF-12 physical summary
score and race/ethnicity.
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STROBE Statement—Checklist of items that should be included in reports of cohort studies

Item
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or Pgl1
the abstract
(b) Provide in the abstract an informative and balanced summary of what  Pg2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being Pg 4
reported
Objectives 3 State specific objectives, including any prespecified hypotheses Pg4
Methods
Study design 4 Present key elements of study design early in the paper Pg4-9
Setting Describe the setting, locations, and relevant dates, including periods of Pg 4-8
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection Pg4-6
of participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed n/a
and unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, Pg 5-7
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods  Pg 5-7
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias Pg 8-9
Study size 10 Explain how the study size was arrived at Pg5,7,9
Quantitative 11 Explain how quantitative variables were handled in the analyses. If Pg 7-8
variables applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for Pg 7-8
confounding
(b) Describe any methods used to examine subgroups and interactions Pg 8-9
(c) Explain how missing data were addressed Pg 7
(d) If applicable, explain how loss to follow-up was addressed Pg 7
(e) Describe any sensitivity analyses Pg 8
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers Pg4,9
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage n/a
(c) Consider use of a flow diagram n/a
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, Pg9, 16
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of  Pg9
interest
(¢) Summarise follow-up time (eg, average and total amount) Pg9
Outcome data 15*  Report numbers of outcome events or summary measures over time Pg9
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted Pg 17

estimates and their precision (eg, 95% confidence interval). Make clear
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which confounders were adjusted for and why they were included

(b) Report category boundaries when continuous variables were Pg 7,17
categorized
(c) If relevant, consider translating estimates of relative risk into absolute =~ Fig 1
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, Pg 11
and sensitivity analyses

Discussion

Key results 18  Summarise key results with reference to study objectives Pg 11-12

Limitations 19  Discuss limitations of the study, taking into account sources of potential Pg12-14
bias or imprecision. Discuss both direction and magnitude of any potential
bias

Interpretation 20  Give a cautious overall interpretation of results considering objectives, Pg11-14
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21  Discuss the generalisability (external validity) of the study results Pg12-14

Other information

Funding 22 Give the source of funding and the role of the funders for the present Pg 18

study and, if applicable, for the original study on which the present article
is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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