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Abstract

Background—High blood pressure in middle age is a well-established risk factor for
cardiovascular disease, but the consequences of low-level elevations during young adulthood are
unknown.

Objective—To measure the association between prehypertension exposure before age 35 and
coronary calcium later in life

Design—~Prospective cohort study
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Setting—Four U.S. communities

Participants—Black and white men and women recruited at age 18-30 for the Coronary Artery
Risk Development in Young Adults (CARDIA) Study in 1985-6, and without hypertension before
age 35

Measurements—We estimated blood pressure trajectories for each participant using
measurements from 7 examinations over the course of 20 years. Cumulative exposure to blood
pressure in the prehypertension range (systolic 120-139 and/or diastolic 80-89 mmHg) from age
20-35 was calculated in units of “mmHg-years” (similar to “pack-years” of tobacco exposure) and
related to presence of coronary calcium measured at each participant’s last examination (age 44+4).

Results—Among 3560 participants, the 635 (18%) who developed prehypertension before age 35
were more often black, male, overweight and of lower socioeconomic status. Exposure to

prehypertension before age 35, especially systolic prehypertension, showed a graded association with
coronary calcium later in life (coronary calcium prevalence 15%, 24% and 38% for 0, 1-30, and >30
mmHg-years of exposure, respectively, p<.001). This association remained strong after adjusting for
blood pressure elevation after age 35 and other coronary risk factors and participant characteristics.

Limitations—Caoronary calcium, though a strong predictor of future coronary heart disease, is not
a clinical outcome.

Conclusions—Prehypertension during young adulthood is common and associated with coronary
atherosclerosis 20 years later. Keeping systolic pressure below 120 mmHg before age 35 may provide
important health benefits later in life.

INTRODUCTION

High blood pressure in middle-aged and older populations is a strong risk factor for
cardiovascular disease(1). Among adults aged 40 and older, each 20 mmHg increase in systolic
blood pressure is associated with an approximate doubling in the short-term risk (within 5
years) of a cardiovascular disease event(2,3). Clinical trials show that lowering blood pressure
with antihypertensive medications lowers this short term risk(4), but damage from blood
pressure elevation appears to accumulate over time, such that damage from prior exposure may
not be completely reversible with treatment later in life. Cohort studies in the elderly show that
blood pressure elevation even 20-30 years in the past is associated with cardiovascular events
(5,6) and atherosclerosis(7) independent of current blood pressure.

Less is known about the effects of blood pressure elevation during young adulthood. Though
frank hypertension (systolic >140 and/or diastolic >90 mmHg) is rare before age 40,
“prehypertension” (systolic 120-139 mmHg or diastolic 80-89 mmHg(1)) is more common
(8,9). Current guidelines recommend lifestyle modification without pharmacotherapy for
persons with prehypertension in order to reduce the risk of developing hypertension(1,10), but
itis unclear whether prehypertension itself during young adulthood may cause vascular damage
that persists later in life. In practice, sub-optimal blood pressure levels that remain below
140/90 mmHg are often ignored in young adults(8).

The Coronary Artery Risk Development in Young Adults (CARDIA) Study provides a unique
opportunity to evaluate the consequences of prehypertension during young adulthood. Using
CARDIA'’s repeated measures of blood pressure starting at the outset of adulthood and
continuing over 20 years of follow-up, we identified participants exposed to prehypertension
between age 20 and 35, estimated cumulative exposure in “mmHg-years” (similar to “pack-
years” of tobacco exposure), and observed associations with coronary calcium measured later
in life.
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METHODS

Study Design and Sample

CARDIA is a longitudinal cohort of 5115 black and white women and men recruited from 4
U.S. cities, aged 18-30 years and healthy at the time of enrollment in 1985(11,12). Participants
underwent a baseline examination and follow-up examinations at Years 2, 5, 7, 10, 15, and 20.
For this investigation, we identified all CARDIA participants who received a cardiac computed
tomography scan for coronary calcium in either the Year 15 or 20 follow-up examinations, and
excluded participants who developed hypertension (systolic = 140 mmHg or diastolic = 90
mmHg or taking a blood pressure medication) before the age of 35.

Blood pressure

At each CARDIA examination, right arm blood pressure was measured three times after the
participant had been sitting in a quiet room for five minutes. We used the average of the second
and third readings. Measurements were made using a Hawksley (Hawksley; Sussex, United
Kingdom) random zero sphygmomanometer until the last examination at Year 20, when
concerns about mercury contained in the apparatus required a switch to the OmROn (Omron
Corporation; Kyoto, Japan) HEM907XL sphygmomanometer. Dual measurement on a
subgroup of participants was used to calibrate the new measurements and assure comparability.

Estimating systolic blood pressure trajectories and cumulative exposure

We used mixed models to estimate a blood pressure trajectory (systolic and diastolic) for each
participant from age 20 up to the time of his or her coronary calcium measurement. We assumed
that the trajectory for each participant had a constant slope within each decade of life (age 20—
30, 30-40, 40-50), so we allowed each participant a different random intercept and 3 random
slopes, modeled as deviations from race- and gender-specific mean trajectories (see Appendix
for details).

Using these individual blood pressure trajectories, we then calculated an integrated, cumulative
measure of years of exposure to blood pressure elevation for each participant, measured in
“mmHg-years” (analogous to “pack-years” of cumulative tobacco smoke exposure), by
calculating the area under the trajectory for each participant in the blood pressure range of
interest. The area under the blood pressure trajectory before the age of 35 and in the
prehypertension range (120-139 mmHg systolic and 80-89 mmHg diastolic) was considered
the primary predictor for this analysis: Cumulative exposure to prehypertension during young
adulthood. The area under the blood pressure trajectory after age 35 was used as a covariate
in the multivariable analysis.

Coronary calcium

Consenting CARDIA participants underwent cardiac computed tomography scanning at Year
15 and Year 20 to measure coronary calcium, which represents calcified plaque in the coronary
arteries(13), with an electron beam or multi-detector electrocardiographically-gated cardiac
computed tomography scanner(14). Two sequential coronary calcium scans were obtained
using a standard phantom with known concentrations of calcium hydroxy-apatite. Imaging was
performed using prospective gating in late diastole, a slice thickness of 2.5-3.0 mm,
reconstruction into a 35 cm field-of-view, and with a temporal resolution of 100-520 (Year 15
exam) and 100-250 milliseconds (Year 20 exam). Experienced image analysts blinded to
participant information and the paired scan measured calcified plaque in the epicardial coronary
arteries and calculated a total coronary calcium score using a modified Agatston method to
account for slice thickness(15), a minimum lesion size of 4 adjacent pixels (an area of at least
1.87 mm?), and a density greater than 130 Hounsfield units. An expert physician in

Ann Intern Med. Author manuscript; available in PMC 2009 January 15.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Pletcher et al.

Page 4

cardiovascular imaging reviewed all scans that were discordant (one with and without coronary
calcium), had a score>200, a change in calcium status between Year 15 and Year 20, a possible
surgical intervention (pacemaker, valve replacement, coronary stent or bypass surgery) or a
concern identified by the reader. The accuracy, comparability, reproducibility, and robustness
of the calcium score using electron beam, helical and multi-detector computed tomography
systems using these methods has been published(16,17). For this analysis, we used the last
non-missing coronary calcium measurement (i.e., the scan from Year 20, if available; otherwise
the scan from Year 15).

Other measurements

Gender, ethnicity, date of birth, serum cotinine levels, and family history of premature coronary
heart disease, defined by a mother or father with myocardial infarction before age 60, were
ascertained at baseline. Fasting plasma levels of glucose (and diabetes status), low-density and
high-density lipoprotein cholesterol (LDL and HDL) and triglycerides, as well as smoking
habits from all CARDIA examinations were used. Other covariates, including educational
grade attained and income (self-report), body mass index and waist circumference (directly
measured), and physical activity (self-reported on a scale of 1-5) were taken from the time of
the coronary calcium scan(18). Cumulative exposure to LDL, HDL, triglycerides and fasting
glucose (without partition by age or level) were estimated using the same method as was used
for blood pressure.

Statistical analysis

We described persons with and without prehypertension (systolic or diastolic) before age 35,
and compared characteristics using t-tests (for continuous variables) and chi-square tests (for
dichotomous variables). To estimate independent cross-sectional associations of various
demographic factors with prehypertension before age 35, we constructed a multivariable
logistic model regressing prehypertension before age 35 on age, sex, and all income-education
combinations (three education and four income categories for a total of 12 combined income-
education categories).

Cumulative blood pressure exposure variables, including the primary predictor, were right-
skewed with most participants having zero exposure, and the relationships between these
continuous cumulative exposure measures and coronary calcium prevalence were closer to
linear after log-transformation of the cumulative exposure measure (adding one mmHg-year
unit before the log-transformation). Our main adjusted results are presented, therefore, using
these log-transformed cumulative exposure measures as continuous predictors. Results are also
presented using categorized cumulative exposure measures. Trends across categories and trend
interactions are calculated using adjusted Wald tests of linear combinations of regression
coefficients.

We used logistic regression to analyze the association between blood pressure elevation and
presence/absence of coronary calcium. We first analyzed the association of coronary calcium
with categories of systolic and diastolic prehypertension, with simple adjustment and/or
stratification for age, sex and race, and current blood pressure. We then fit models for our
primary predictor (cumulative exposure to prehypertension before age 35) adjusting for a-priori
specified potential confounders flexibly modeled using linear spline knots where suggested by
linearity plots. These included demographics (age, sex, race, income and education), standard
coronary risk factors (current blood pressure, diabetes, LDL, HDL and triglycerides, family
history of premature coronary heart disease and pack-years of tobacco exposure), baseline
serum cotinine, alcohol consumption, body mass index, waist circumference and physical
activity, as well as cumulative exposure measurements for LDL, HDL, triglycerides, fasting
glucose, and systolic blood pressure elevation after age 35. We also fit adjusted models after
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excluding all participants who met criteria for hypertension at any age. Hosmer-Lemeshow
chi-squared statistics are reported to describe goodness-of-fit for each model. Sensitivity
analyses were performed stratifying by baseline age, using diastolic blood pressure instead of
systolic, using systolic prehypertension exposure in lower exposure ranges (120-129 and <120
mmHg), and using ordinal logistic regression with coronary calcium score categories of 0, 1-
10, 11-100, and >100 as the outcome.

Role of the Funding Source

RESULTS

The CARDIA Study is funded by the National Heart, Lung and Blood Institute, which oversees
conduct of the study and reviews manuscripts. The study, and our analysis of the data, has been
approved by all relevant institutional review boards.

Of 5115 CARDIA participants enrolled in 1985-6, 3549 CARDIA participants attended the
Year 20 examination, and 3138 CARDIA participants received a coronary calcium scan at that
time. An additional 558 participants who received a coronary calcium scan only at Year 15
were also eligible. Of these 3696 participants, 136 with hypertension before age 35 were
excluded, leaving 3560 participants in the study sample. Blood pressure measurements were
missing at one or more examinations for 24% (842) of participants, but mixed modeling yielded
trajectory estimates for all 3560 participants (see Methods). About half of participants were
black (46%), half were female (56%), and the average age was 44 years at the time of the index
coronary calcium scan (at Year 20, if available; otherwise at Year 15). Coronary calcium was
present in 17% of participants, and scores were mostly low; only 3% of participants had
extensive calcification with a calcium score greater than 100.

Nearly one fifth of this cohort (635 participants) developed prehypertension before age 35.
These participants were more likely to be black, male, and to have lower levels of education
and income (Table 1). Multivariable logistic analysis demonstrated independent, cross-
sectional associations between presence of prehypertension before age 35 and black race/
ethnicity (adjusted odds ratio 2.0; 95% confidence interval 1.6-2.4) and male sex (4.2; 3.4—
5.1), as well as a strong socioeconomic status gradient: participants with low income (<
$25,000/year) and no college education were about twice as likely to have had early
prehypertension (adjusted odds ratio 2.3; 95% confidence interval 1.5-3.6) as participants with
post-graduate education and an annual income over $100,000. Prehypertension before age 35
was also associated with overweight, diabetes, low HDL levels, and higher exposure to blood
pressure elevation later in life (Table 1).

Increasing exposure to systolic prehypertension during young adulthood was strongly
associated with presence and extent of coronary calcium later in life (Figure 1). Participants
with exposure greater than 30 mmHg-years were two to three times as likely to have any
coronary calcium (38% vs. 15%, p<.001), a coronary calcium score greater than 10 (27% vs.
10%, p<.001), and extensive calcification with a score greater than 100 (10% vs. 3%, p<.001)
than persons without any exposure to systolic prehypertension during young adulthood.
Diastolic prehypertension was less strongly associated with age- and sex-adjusted prevalence
of coronary calcium than systolic prehypertension, and the prevalence of coronary calcium
among participants with isolated diastolic prehypertension (without systolic prehypertension)
was no higher than it was among participants without any prehypertension exposure (Table 2).

Prehypertension exposure before age 35 was moderately correlated with blood pressure later
in life (Spearman rho = .42 for rank correlation between cumulative exposure to systolic

prehypertension before age 35 and systolic blood pressure measured at the time of the coronary
calcium scan). The association between prehypertension before age 35 and coronary calcium,
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however, appears to be independent of blood pressure elevation later in life, showing consistent
trends among subgroups of participants stratified by current blood pressure (Table 3). Current
blood pressure, in contrast, was not associated with coronary calcium among persons with any
exposure to systolic prehypertension before age 35 (p = .27). When we examined the
prehypertension-coronary calcium association in the different race/sex subgroups in our
sample, we found no evidence of an interaction (p = .23, Table 3).

Multivariable analyses adjusting for other coronary heart disease risk factors, and for
cumulative exposure to prehypertension and frank hypertension after age 35 show that
prehypertension before age 35 remains a strong, independent risk factor for coronary calcium
(Table 4). Each 1 log increase in cumulative exposure to prehypertension before age 35 is
associated with a fully adjusted odds ratio of 1.14 (95% ClI: 1.03-1.27) among all participants,
or 1.22 (95% CI: 1.05-1.42) after excluding those with hypertension. The Hosmer-Lemeshow
chi-squared statistic provides evidence for lack of fit in the first model (X2(8) = 20.6, p = .008),
but not in the second (X2(8) = 8.5, p = .39). Results are similar for minimally adjusted models
(including only age, sex, race and blood pressure exposure later in life, analogous odds ratio
1.14; 95% CI: 1.03-1.26), for fully adjusted ordinal logistic regression with coronary calcium
score categories of 0, 1-10, 11-100 and >100 as the outcome (odds ratio 1.15; 95% CI: 1.04—
1.28), and when stratified by baseline age (odds ratio = 1.22; 95% CI: 1.03-1.46 for baseline
age<26 and 1.09; 95% CI: 0.94-1.26 for baseline age>26). Diastolic prehypertension showed
a non-statistically-significant association in the same direction (1.07, 95%CI: .89-1.29).

When we focused our analysis on exposure to systolic blood pressure elevation in the range of
120-129 mmHg, excluding those with systolic blood pressure trajectories = 130 mmHg before
age 35 and adjusting for blood pressure elevation after age 35 and other risk factors, the
association was undiminished in size (adjusted odds ratio 1.13, 95%CI: 1.00-1.27). Even levels
of systolic blood pressure under 120 mmHg before age 35 (after excluding persons with
prehypertension before age 35 and adjusting for blood pressure exposure after age 35) were
associated with coronary calcium later in life (adjusted odds ratio 1.26 per 100 mmHg-years
exposure, 95%Cl: 1.02-1.55).

DISCUSSION

Prehypertension exposure before age 35 is common and strongly associated with coronary
calcium later in life. This relationship is independent of other coronary heart disease risk
factors, independent of exposure to prehypertension or frank hypertension after age 35, and
consistent across race/sex subgroups. Systolic prehypertension is more strongly associated with
coronary calcium than diastolic prehypertension, and it is more common in blacks, men, and
those with low socioeconomic status or obesity. Even systolic pressures in the 120-129 mmHg
range are associated with subsequent coronary calcium.

As an illustration of effect size, consider a person with a flat systolic blood pressure trajectory
of 130 mmHg from the age of 20 to 35 years. This person would accumulate 150 mmHg-years
((130-120 mmHg)*(35-20 years)) of exposure to prehypertension during young adulthood.
Our models estimate that the relative likelihood of having coronary calcium later in life would
be 70% higher (converted from an odds ratio of 1.94) than someone whose systolic blood
pressure remains below 120 until the age of 35, independent of blood pressure elevation later
in life and other risk factors.

Our new finding — that prehypertension in young adults is associated with coronary calcium
later in life — suggests the possibility that prehypertension itself is harmful, and not just because
itisassociated with subsequent hypertension. This finding extends previous findings in middle-
aged and older adults showing associations between prehypertension and cardiovascular
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disease(1-3,19-27), and findings in children or young adults that have demonstrated cross-
sectional associations between blood pressure levels and atherosclerosis(28,29) and left
ventricular hypertrophy(30), and longitudinal associations with arterial stiffness(31-33),
endothelial dysfunction(34), microalbuminuria(35) and renal function(36), carotid intima-
media thickness(37-40), and coronary calcium(41,42). Our study is unique in size (overall and
for the four race-gender subgroups), in the two decades of follow-up before measuring coronary
calcium during middle age, and in the specific isolation of the association with sub-optimal
blood pressure during young adulthood with control of confounding from other risk factors
including blood pressure elevation later in life.

We also found that blood pressure levels during young adulthood were more strongly
associated with middle-age coronary calcium than blood pressure measured at the time of the
coronary calcium scan. This suggests the possibility that young adulthood is a critical period
in life when exposure to suboptimal blood pressure is particularly important. Calcification of
a damaged vessel may occur many years after the actual insult(43), and represents a stage of
the disease process that would not be expected to reverse with antihypertensive treatment.
Conversely, damage occurring from high blood pressure during middle age may have had an
insufficient latency period to calcify to a measurable size by the time of the coronary calcium
scan. Consistent with previous studies of blood pressure and atherosclerosis, we would expect
damage from untreated prehypertension or hypertensive-level elevations in blood pressure to
continue to accumulate at older ages(7).

Our finding that prehypertension during young adulthood is more common in blacks, men, and
participants with lower income and education is consistent with previous reports(44-46). The
discovery that these disparities occur early in adulthood has important implications for
targeting of blood pressure control efforts. Our findings also suggest that racial and
socioeconomic disparities in cardiovascular event rates may be partially explained by more
adverse risk factor trajectories (including for blood pressure and also possibly other risk factors)
starting early in life.

Several limitations are worth noting. Despite standardized approaches to measuring blood
pressure at seven examinations over 20 years, our findings are susceptible to error from
measurement and from variation in blood pressure between examinations. Our mixed modeling
approach should minimize these problems, but random error could result in underestimation
of true associations with coronary calcium (regression dilution bias(47)). We rely on a
subclinical endpoint (coronary calcium) because our cohort is still too young to have suffered
enough cardiovascular events to validate our findings using a clinical endpoint; coronary
calcium, however, is a strong, independent predictor of future events(48-50). As with any
observational study, residual confounding could have influenced our findings.

Our findings support efforts to optimize blood pressure early in adulthood. In 2003, the Joint
National Committee on Prevention, Detection, Evaluation and Treatment of High Blood
Pressure (JNC7) defined prehypertension, describing it as “not a disease category” but “a
designation chosen to identify individuals at high risk of developing hypertension”, and
recommended that lifestyle modification (e.g. regular physical activity, healthy eating and
weight control) be implemented with the goal of lowering blood pressure to less than120/80
mmHg and preventing progression to hypertension(1). The British Hypertension Society
considers systolic blood pressures of 120-129 mmHg “normal”, and 130-139 “high normal”;
and neither this Society nor the World Health Organization recommend treatment at these
levels(10,51). None of the three guidelines specifically addresses young adults. Our findings
add a new basis for the relatively low blood pressure goal advocated by JNC7, and emphasize
the importance of addressing prehypertension, at least with lifestyle modification, during young
adulthood in particular. While our findings raise the possibility that treatment of
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prehypertension during young adulthood with blood pressure lowering medications could also
be beneficial, these benefits have not been confirmed by a randomized trial in this population,
and would have to be weighed against the lack of expected benefits in the short term, the
potential for side effects from very long-term medication exposure, and the costs.

Optimizing blood pressure in young adults will be a major challenge. Even treatment of frank
hypertension in young adults is difficult. Hypertensive adults under age 40 surveyed in the
National Health and Nutrition Examination Survey 1999-2000 were less aware of their high
blood pressure(8), less likely to take medicine if they were aware(8), and less likely to be
adequately treated than older hypertensive adults(8,52). Regardless of whether these age
discrepancies in blood pressure control represent reluctance of physicians or resistance of
patients to treatment, aggressive control of prehypertension in young adults is likely to meet
similar obstacles. Our results suggest, however, that a concerted effort to attain optimal blood
pressure in early adulthood may yield substantial health benefits for individuals and reduce
population rates of clinical cardiovascular disease during middle-age and beyond.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Coronary Calcium Score Distribution in Middle Age with Increasing Exposure to Systolic
Prehypertension Before Age 35
Cumulative exposure to systolic prehypertension is measured by calculating the area under the
systolic blood pressure trajectory in mmHg-years (analogous to “pack-years” of tobacco
exposure, see Methods). The association with coronary calcium score category is statistically
significant (p<.001). Numbers (%) inside bars refer to the number of participants (percent of
group total); ten persons with a positive coronary calcium scan but an unknown coronary
calcium score were excluded from this analysis.
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Table 1

Characteristics of participants with and without prehypertension before age 35

PrehypertensionT before age 35

Characteristics at the time of the coronary calcium Absent n = 2925 Present n = 635 P-value
measurement

Age, years, mean (SD) 445 (4.1) 441 (4.1) .009
Sex, % male 38% 70% <.001
Race/ethnicity, % black 43% 61% <.001
Never went to college, % 22% 33% <.001
Income < $25,000/year, % 14% 21% <.001
Family history of premature coronary disease, % 12% 13% .28
Ever smoked, % 44% 43% .45
Low self-reported physical activity*, % 21% 24% 117
Body mass index > 30 kg/m?, % 33% 53% <.001
Glucose intolerance, % 7% 12% <.001
Low-density lipoprotein cholesterol, mmol/L, mean (SD) 2.85(.80) 2.93 (.91) 162
High-density lipoprotein cholesterol, mmol/LE, mean (SD) 1.42 (44) 1.27(:36) <.001
Current blood pressure, mmHg, mean (SD) 113 (12) 130 (15) <.001
Cumulative exposure to systolic blood pressure elevation before age 0 (0) 25 (38) <.001
35!, mmHg-years, mean (SD)

Cumulative exposure to systolic blood pressure elevation after age 5(19) 65 (77) <.001
35!, mmHg-years, mean (SD)

Duration of prehypertension, years, mean (SD) 1(2) 12 (10) <.001

*
- Characteristics measured at the time of the coronary calcium scan (Year 20, or Year 15 if a scan at Year 20 is not available). Some participants were

missing information on education (n = 72), income (n = 124), or lipid measurements (n = 247).

7 Prehypertension is defined by a systolic blood pressure of 120-139 mmHg and/or a diastolic of 80-89 mmHg

i— Low self-reported physical activity is defined by an answer of 1 or 2 on a scale of 1-5, where 3 is “moderately active”.

§- Convert cholesterol measurements from mmol/L to mg/dl by multiplying by 38.61

||Cumulative exposure to systolic blood pressure elevation is measured in mmHg-years (analogous to “pack-years” of tobacco exposure), measured by
calculating the area under the systolic blood pressure trajectory above 120 mmHg. For example, a person with a flat systolic blood pressure trajectory of
130 from age 20 to age 45 would accumulate 150 mmHg-years ((130-120 mmHg)*(35-20 years)) before age 35 and 100 mmHg-years ((130-120 mmHg)

*(45-35 years)) after age 35. Before age 35, cumulative exposure occurs completely in the prehypertension range (120-139 mmHg) since all participants
any value over 140 mmHg before the age of 35 are excluded. Trajectories are estimated using mixed models.

SD - Standard deviation

Ann Intern Med. Author manuscript; available in PMC 2009 January 15.



Page 14

Pletcher et al.

"S|apow paxiw Buisn pajewiiss aJe sallojoalel | "uoneWIISa 8ousjeAald a)qels Joj azis axenbape Jo ale yeyr Alobared yoes ul

saz1s a)dwes apinoid ey spjoysalyl Jaquinu-punos Buisn paziiohialed pue ‘Ajaresedss (abuel BHWW 8—08 ay3 ul) ainssaid poojq d1joiselp pue (sbues BHWW 6ET-0ZT aY} ut) ainssaid poojq 21101sAs 1oy
parewnsa si ainsodxa aaneInwND "((sieak 0z-Ge)x(BHWW 0ZT-0ET)) SIeaA-BHWW OGT are|nwinade pinom Ge abe 0] 0z abe woly OET Jo A101dalely ainssald poojq 91103SAS 1el4 & ylm uosiad e ‘ajdwexa
104 *A10198fely ainssaid poojq ay Japun ease ay) Bunenofes Agq painseaw ‘(ainsodxa 099eq0) 40 . Sieak-3oed,, 01 snofojeue) sieak-BHwiw ul painseaw si uoisusuadAyaid 01 ainsodxa aAlre|NWND s

"puai 4O SIS8] 40} SIUBIONYB0D UOISSaIBal JO

SUOITRUICUIOD Jeaul] JO S1S3) pleAA palsnipe 01 1o ‘A10631ed ,,8UON,, 8yl SNSIBA uoisualiadAyaid Jo salioBared usalb ayy ur winiofes Areuolod yim uoriodoid ayp Jo uosiiedwod paisnipe ue 0} 18)aJ sanfeA-d %

*(92usfenald palsnipeun ayy yorew pinom asusfeald paisnipe

1121310 8} 1By} 0S Uasoyo abe siyy) sieak 9y Je JU.ISUOD play si abe pue (sanfen abesane Je) JULISUOD Pay aJe 8Bl PUB X8S YOIYM Ul [pow d1sIBO| B WOy PBALIBP 8. saleliss aousjeAsid paisnipy "

‘BHWW 68—08 21]0ISeIP 10 6ET—0ZT 91]01SAS Ag paulyap si GE abe alojaq uoisuanadAyaid -
*

(se-91) ¥ (6817 8T 9. 0z<
(Lz-1m) 2T (8z-81) €T 68z 0z-T
100° (8T-ST) 9T T-s1) 9T 66TE 0
m&mg.mIEE ‘Ge abe alojaq uoisuapadAyaid a1joiseip 03 ainsodx3
(ev-82) o (sy-1¢) 8¢ 8.1 0g<
(9z-11) 1T (62-02) vT 9ve 0e-T
100> (LT-¥T) ST 9T -¥17) ST 9€0¢ 0
mﬂmg.mIEE ‘Ge abe a10jaq uoisuanadAyaid 21103sAs 031 ainsodx3
100> (ee-T12) LT (ve—€27) 8T 0S¢ uotsuanadAyaid o1joiselp pue d1j01sAS
8z (Tz-80) €T (ez-60) ST 11T Ajuo uoisuapadAyaid orjoiselq
200° (62617 ¥ (se—¥2) 6T vl Ajuo uorsuspadAyaid o1j01sAS
100> (Lz-02) €T (0e-€27) 9T Ge9 Ge abe a1048q uoisusuiadAyaid Auy
LT—¥1) ST 9T -¥T7) ST G262 3UON
Ge abe al10jaq uoisuauadAyald
VIN (8T-ST) LT (8T-91) LT 095€ [EIENNe)
Hm:_ms-a ,fmom; pue xas ‘abe uoy parsnlpy paisnipeun N *mm:omm:mu ainsodx3

(1D %S6) WN19Jed Areuotod Jo sdus|ensid

wnioes Areuolod pue pooyljnpe BunoA Burinp ainsodxa uoisusiiadAyaid
¢9l|qelL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2009 January 15.



Page 15

Pletcher et al.

"S)UBII1YJ809 UOISSaIHaI JO SUOITRUIGUIOD Jeaul| 4O SISal PleAA paisnipe Buisn pale|najed uondeIsIUL PUE pUs} J0) SanjeA-d .u.m.
"UoITeW1ISa 9dUdfeAald 9]qe)s 40y aZIS
ayenbape Jo aJe 1ey) A106a3ed yoea ui sazis ajdwes apinoid yeyy spjoysaiyy Jaquinu-punos Buisn paziiofiared si ainsodxa aAle|nWNY ‘s|apowl paxiw Buisn payewss ase saliojoalel | ‘Ge abe alojaq ((sresk
02-5€)x(PHWW 0ZT-0ET)) SiedA-bHWW QGT arejnwindde pjnom Gy abe 03 oz abe woly 0T 40 A1oyoalel ainssald poojq 21101SAS 1e4 e yiim uosiad e ‘ajdwexs 104 ‘BHww 0zT anoge Aloydalesy ainssaid
poo|q 21101sAs 8y} Japun eaJe ayl Bunenaed Aq painseaw ‘(ainsodxa 039eq0) J0 , SIeak-3aed,, 01 snobojeue) sieaA-BHww ul painseaw SI UOITeA3|d 8inssaid poojq 21j0ISAS 0] 3Insodxa aAle|INWND .k
'sisAeue ay A311elis 01 pasn pue paziioBared 1o (ainssaid poojq 1oy BHWwW 9TT) sanjeA abesane 0] 1S I8yl ale xas pue adel ‘ainssald

poo|q 21]03SAS JuaLINd pue ‘(3ouafenasd palsnipeun ay: yorew pinom aousjeAald paisnipe |[eJano syl Jeyl 0s uasoyd) sieak giy 0119s I abe YdIYm Ul S|3poL W) W0d sajewnsa asuafenald paisnipe ||y -
*

100> (56-6T") G (21107 60° (e1-80) 0T €96 USWIOM >oe|g

100> (95—2€") v (Le-81) LT (sz-11) 1T 6.9 usw >oe|g

9z (080" 8T (yr-0o1) €T (TT-207) 60° 120T UBLIOM 8HYAA

€ 890° (5662 2" (rr-92) ve (e€-92") 0g’ 668 usW aNYM
90BY/X3S

€50’ (65-627) e (8e—917) 92 (9g-117) 9T 96T ovI=<

S00° (tv-22) 1€ (lz-sT) 1T (zz-sT) 8T 16 6€T-0¢T

1z 100> (e9-€2) zv (8z-2¢1) 6T (ST-21) 9T 9e€T 0z1>
BHww ‘ainssaid poojq uainD
- 700> (or-vz) 1€ (rz-ST) 6T (LT-¥7) ST 11e49A0

uonoeIaIUI puaay 0g< 0e-T 0
%Eo?mIEE ‘1063100 aansodxe

#o:_m?a uoisualadAyaad Aq wniojed A1euo.aod Jo (JeAlalul 8dUspIJU0I 94G6) aduajensad *umum:.—u,q N ereas

30eY pue xas Ag pue ainsodx3 uoisusuadAysid 21101SAS Jo Alobared Ag winioje) Areuolo) Jo adusjeAald paisnipy
€ 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2009 January 15.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Pletcher et al. Page 16

Table 4
Adjusted associations between non-optimal systolic blood pressure (>120 mmHg) before and after age 35 with coronary
calcium
Adjusted odds ratiosJr (95% confidence interval) for coronary calcium
Exposure to elevation in systolic blood Full samplej’: Excluding hypertensives§

pressure, per In(mmHg-years+1)

Before age 35 1.14 (1.03-1.27) 1.22 (1.05-1.42)
After age 35 1.05 (.97-1.13) 1.00 (0.89-1.11)

*

- Cumulative exposure to systolic blood pressure elevation is measured in mmHg-years (analogous to “pack-years” of tobacco exposure), measured by
calculating the area under the systolic blood pressure trajectory above 120 mmHg. For example, a person with a flat systolic blood pressure trajectory of
130 from age 20 to age 45 would accumulate 150 mmHg-years ((130-120 mmHg)*(35-20 years)) before age 35 and 100 mmHg-years ((130-120 mmHg)
*(45-35 years)) after age 35. Before age 35, cumulative exposure occurs completely in the prehypertension range (120-139 mmHg) since all participants
with hypertensive-range elevation (>140 mmHg) before the age of 35 are excluded. Trajectories are estimated using mixed models. Cumulative exposure
measures are log-transformed (after adding 1) for linearity.

f- All analyses are mutually adjusted for exposure to blood pressure elevation before and after age 35, as well as age, sex, race, income, education, body
mass index, waist circumference, self-reported physical activity, alcohol consumption, baseline serum cotinine, family history of premature coronary heart
disease, and coronary heart disease risk factors including current and cumulative measures of low-density and high-density lipoprotein cholesterol levels
(LDL and HDL), triglycerides, fasting glucose (and glucose intolerance), and tobacco exposure. Note that an odds ratio of 1.14 is equivalent to a risk or
prevalence ratio of 1.11 when the proportion with the outcome is 17% (equal to the prevalence of coronary calcium in the study sample).

;‘- The full multivariable analysis sample (n = 3375) excludes participants missing data on LDL (n = 249), HDL (n = 209), fasting glucose (n = 217),
alcohol consumption (n = 74), baseline serum cotinine (n = 28), body mass index (94), waist circumference (n = 7), or physical activity (n = 64, n = 340
total exclusions).

5. Hypertensive participants (n =587) are defined by a blood pressure = 140 mmHg systolic or = 90 mmHg diastolic or who reported taking antihypertensive

medications at any examination. All such participants developed hypertension after age 35 since we excluded those developing hypertension before age
35
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