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Abstract
Background—Height is inversely associated with incident coronary disease and total stroke, but
few studies have examined the association between height and intraparenchymal hemorrhage. We
hypothesized height would be inversely associated with incident intraparenchymal hemorrhage in
the combined cohorts of the Atherosclerosis Risk in Communities Study and the Cardiovascular
Health Study.

Methods—Data on Caucasian and African American participants were used to estimate the
association of height at baseline with incident intraparenchymal hemorrhage verified by MD
review of medical records and imaging reports. Sex-specific Cox proportional hazards regression
models were used to calculate hazard ratios.

Results—A total of 20,983 participants initially free of stroke (11,788 women, 9,195 men) were
followed for an average of 15.9 years (SD = 5.1 years). Incident intraparenchymal hemorrhage
occurred in 115 women and 73 men. Sex, but not age, race, study or blood pressure, modified the
association, p = 0.03. After adjustment for risk factors (age, systolic blood pressure, triglycerides,
LDL-cholesterol, fibrinogen and race), among women, height was significantly inversely
associated with incident intraparenchymal hemorrhage [hazard ratio per standard deviation (6.3
cm) = 0.81, 95% CI (0.66 – 0.99)], p = 0.04. The hazard ratio (95% CI) for tertile 3 versus 1 in
women was 0.63 (0.37–1.08). Among men, height was not linearly associated with incident
intraparenchymal hemorrhage [hazard ratio per standard deviation (6.7 cm) = 1.09, 95% CI (0.84
– 1.40)], p = 0.52.
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Conclusions—This large prospective study provides evidence that shorter height may be a risk
factor for incident intraparenchymal hemorrhage in women.

Background
Short height is a risk factor for several cardiovascular diseases but whether height is
associated with incident intraparenchymal hemorrhage (IPH) is unclear.1–3 Two of three
previous studies found short height associated with a higher incidence of total hemorrhagic
stroke (IPH plus subarachnoid hemorrhage).4,5 The Nurses’ Health Study reported no
association.6 Only three previous studies have examined the association specifically between
height and incident IPH.7–9 All found an inverse association, but one was based on a total of
23 events, one was restricted to men, and one was unable to examine if the association was
similar in men and women. Based on this prior research, we hypothesized that height would
be inversely associated with incident IPH in the combined cohorts of the Atherosclerosis
Risk in Communities Study (ARIC) and the Cardiovascular Health Study (CHS).

Methods
Study Sample

The ARIC cohort comprises a population sample of 15,792 participants age 45–64 at
baseline (1987 – 1989) in four communities: Washington County, MD; the northwest
suburbs of Minneapolis, MN; Jackson, MS (African Americans only); and Forsyth County,
NC.10 CHS comprises a population sample of 5,888 participants ≥ 65 years of age at
baseline selected from Health Care Financing Administration (Medicare) eligibility lists
from four communities: Sacramento County, CA; Washington County, MD; Forsyth
County, NC; and Pittsburgh, PA.11 Of the 5,888, 5,201 participants were recruited from
1989 – 1990, and 687 African Americans were recruited from 1992 – 1993. Each center’s
institutional review committee approved the study, and all participants provided informed
consent.

Data Collection
As previously described, ARIC and CHS measured many stroke risk factors using
comparable methods at baseline.10–15 Height was measured without shoes at baseline in
centimeters (cm) utilizing a vertical height ruler or stadiometer. The between-technician
repeatability coefficient for height measurements at ARIC visits was 0.99.

ARIC outcomes were ascertained through annual phone interviews, three triennial follow-up
examinations, community hospital surveillance, and reports of deaths. Acute stroke
hospitalizations were screened for eligibility: a discharge diagnosis code of cerebrovascular
disease (ICD-9, codes 430–438) or a discharge summary mentioning either a
cerebrovascular procedure or acute cerebrovascular disease on neuroimaging. Hospitalized
strokes and out-of-hospital stroke deaths, but not nonfatal, out-patient strokes, were
ascertained in ARIC. ARIC utilized the National Survey of Stroke criteria for defining
stroke.16 Specifically, a definite IPH must have met at least one of the following criteria: 1.
CT or MRI evidence of intraparenchymal hemorrhage; 2. Evidence of intraparenchymal
hematoma at autopsy or surgery; or 3. At least 1 major or 2 minor neurological deficits; and
bloody cerebrospinal fluid on lumbar puncture; and cerebral angiography indicating an
avascular mass effect and no evidence of aneurysm or arteriovenous malformation; and no
CT or MRI. A probable IPH met criterion 3, other than cerebral angiography, and had a
decreased level of consciousness or coma lasting 24 hours or until death. Overall, 98% of
strokes in ARIC had neuroimaging.
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CHS outcomes were ascertained through semiannual interviews to identify hospitalizations
and searches of the Medicare utilization files for ICD-9 codes 430–438.17,18 Medical
records for potential acute stroke events were abstracted. Fatal and nonfatal hospitalized and
non-hospitalized strokes were ascertained. CHS defined stroke events based on the Systolic
Hypertension in the Elderly Program.15 A stroke event was defined as IPH if one of the
following criteria was met: 1. CT or MRI evidence of intraparenchymal hematoma; 2.
Evidence of intraparenchymal hemorrhage at autopsy or surgery; or 3. Bloody cerebrospinal
fluid on lumbar puncture with a focal deficit. Neuroimaging was performed in 86% of stroke
events in CHS.

Statistical Analysis
The combined cohort consisted of 21,680 participants at baseline. Participants with a history
of stroke at baseline (n = 582) or race/ethnicity other than Caucasian or African American (n
= 87) were excluded. In addition, participants who did not fast eight hours prior to baseline
blood draw or who were missing fasting information were excluded from analyses involving
triglycerides (n = 560). Follow-up went from baseline to either IPH occurrence, loss to
follow-up, death, or else December 31, 2007.

Crude and age-adjusted incident rates of IPH were calculated using Poisson regression.
Crude and age-adjusted hazard ratios (HRs) of baseline risk factors with incident IPH were
estimated from sex-specific Cox proportional hazards regression models. The multivariable
association between height (continuous) and incident IPH was adjusted for known
confounders in this study population. The final model was selected with backward stepwise
models, retaining all statistically significant covariates (α = 0.05). Pre-specified two-way
multiplicative interactions of height with age, sex, race, study (ARIC, CHS) and systolic
blood pressure were examined. We considered p < 0.05 to be evidence of significant effect
modification. All statistical analyses were performed in SAS 9.2.

Results
A total of 20,983 participants initially free of stroke (11,788 women, 9,195 men) were
followed for an average of 15.9 years (SD = 5.1 years). The mean height was 161.4 cm
(range 124 – 188) for women and 175.4 cm (range 142 – 199) for men. The interaction of
height (continuous) with sex was significant (p = 0.03); subsequently sex-specific analyses
were performed. Short participants were older and had slightly higher frequency of
cardiovascular risk factors than tall participants (Table 1).

A total of 188 incident IPH events (115 in women, 73 in men) occurred during 334,642
person-years of follow-up. Table 2 shows the crude IPH incidence rates and age-adjusted
relative rates by sex-specific height tertiles. Among women, an inverse monotonic
association existed between height and the crude IPH incidence rate. Among men, the
incidence rate was highest for intermediate height. The inverse monotonic association for
women between sex-specific height tertiles and incident IPH remained after adjustment for
age, systolic blood pressure, log triglycerides, low-density lipoprotein cholesterol (LDL-C),
fibrinogen and race. Women in the tallest tertile of height had a HR of 0.63 (95% CI: 0.37 –
1.08) compared with women in the shortest height tertile. For each standard deviation
increase in height (6.3 cm), the rate of incident IPH decreased by 19 percent (HR = 0.81,
95% CI: 0.66 – 0.99) in women (Table 3). In the multivariable models for men (Table 3)
there was no significant association between height and incident IPH.

The interactions of height with age, study, race and systolic blood pressure were not
significant. When stratified by age 65 at baseline (i.e., by study) findings were generally
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consistent with the main analysis; however, because of fewer events, the precision of the
estimates decreased.

In CHS, the occurrence of a hemorrhagic cerebrovascular event while on anticoagulation
medication did not prevent a classification of IPH. Thirteen participants potentially taking
anticoagulation medication at the time of IPH were excluded in a sensitivity analysis.
Excluding these participants had minor impact on the results and thus they were retained in
the analyses.

Discussion
In this prospective population-based study, the association between height and incident IPH
differed for women and men. Tall height was significantly associated with a reduced risk of
IPH incidence among women, but not among men. The association in women was
independent of other measured IPH risk factors and was moderately strong.

Four prior cohort studies and one nested case-control study reported that height was
inversely associated with incidence of either total hemorrhagic stroke4,5 or, specifically,
IPH.7–9 A recent Japanese cohort study of middle-aged men and women found that, after
multivariable adjustment, the risk of total hemorrhagic stroke decreased 20 percent with
each standard deviation increment in height (95% CI: 0.70 – 0.92).4 An association of
similar magnitude was found in a study of middle-aged Scottish adults, with a multivariable
relative rate of total incident hemorrhagic stroke of 0.72 per 10 cm increment in height;
however, the precision of the estimate was lower and of borderline statistical significance
(95% CI: 0.51 – 1.0).5 In a prospective cohort study of young Norwegians, aged 20–49 at
baseline, in whom 23 IPH occurred, after multivariable adjustment, the relative risk of
incident IPH for each 5 cm increment of in height was 0.61 (95% CI: 0.45 – 0.82).7 Due to
the small number of events, the possibility that sex modified the association could not be
explored. In a cohort of one million Swedish men, of whom 1,431 suffered IPH, the
multivariable-adjusted hazard ratio of incident IPH for each standard deviation increment of
height was 0.88 (95% CI: 0.83 – 0.94).8 A prospective study that matched controls to
incident IPH cases on age, sex and screening-year, reported an odds ratio of 0.97 (95% CI:
0.95 – 0.998) per cm increment in height in the fully adjusted model. However, because of
the matching criteria sex-specific associations could not be considered. Our study included
both men and women. We found an inverse association between height and incident IPH
among women that was of similar magnitude to the Swedish study. However, we found no
association among men. The 95% confidence interval for our estimate in men (0.84 – 1.40)
included the point estimate of 0.88 for the hazard ratio in the Swedish study.8

Thus, the totality of evidence suggests that shorter adults are at increased risk of IPH.
Possible biological mechanisms for this association include that short height reflects (1)
poor intrauterine and childhood nutrition or (2) lower socioeconomic status in childhood or
adulthood, both of which have been associated with increased risk of cardiovascular
diseases.19,20 A third potential mechanism for the association is that short height is
associated with higher heart rate, premature reflection of pressure waves during systole with
augmentation of the primary systolic pulse.21 Each of these components increases left
ventricle work while decreasing the duration of diastole and the pressure for coronary
filling.21 One potential reason for the observed heterogeneity between men and women may
be due to the small number of events among men in our study, 64 versus 100 in women, and
subsequently the results were less precise for men. Alternatively, differences in artery
elasticity; women have less elastic large and small arteries compared to men could explain
the results.22 In addition, the distance of the wave reflection is shorter in women, even after
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matching on height.23 How these factors related to adult height and to sex differences would
influence the risk of IPH is uncertain but warrants further study.

A limitation of this study was the small number of events. The interaction of sex with height
meant we needed to stratify by sex, which decreased precision. Despite the low number of
events, very few prospective cohort studies on this topic had a greater number of incident
IPH events. We measured and controlled for a number of potential confounding variables,
but some mismeasurement of variables associated with height could have led to residual
confounding. Height is accurately measured, but the biological construct of height that is
important to IPH remains unknown. However, both height and coronary heart disease have
strong familial components.24–26

Our results, combined with those of prior studies, suggest that shorter height may be a risk
factor for incident IPH, at least among women.
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Table 3

Sex-Specific Multivariable Adjusted Model of incident IPH

WOMEN HR 95% CI

Events: 100

Height, SD = 6.3 cm 0.81 0.66 – 0.99

Age, 10 years 2.18 1.74 – 2.72

SBP, 20 mmHg 1.44 1.21 – 1.72

Triglycerides, 0.5 log mg/dL* 0.67 0.52 – 0.87

LDL-C, 40 mg/dL 0.78 0.63 – 0.98

Fibrinogen, 65 mg/dL 1.21 1.01– 1.46

White 0.67 0.43 – 1.06

Men

Events: 64

Height, SD = 6.7 cm 1.09 0.84 – 1.40

Age, 10 years 1.92 1.45 – 2.55

SBP, 20 mmHg 1.45 1.17 – 1.81

Triglycerides, 0.5 log mg/dL* 0.89 0.68 – 1.17

LDL-C, 40 mg/dL 0.71 0.53 – 0.96

Fibrinogen, 65 mg/dL 1.27 1.04 – 1.55

White 0.49 0.28 – 0.85

*
Log transformed
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