Hypertensive Retinopathy and Risk of Cardiovascular Diseases in a National Cohort

Abstract

Background: Retinal vascular examination using direct ophthalmoscopy can be used to determine the extent of hypertensive vascular
changes. We studied the association of these changes in a large national cohort.

Methods: First National Health and Nutrition Survey (NHANES T) was conducted from 1971 through 1975. A subgroup (n=5500) of
participants aged 25 to 74 years received standardized ophthalmologic examination and hypertensive changes were documented.
Participants of the study had follow-up interviews and examinations up to 1992. All health care facility records and death certificates
were ascertained and reviewed. Participants who were admitted with or died of primary diagnosis of either ischemic stroke or coro-
nary heart disease were identified. We used Cox proportional-hazards regression to study the association of hypertensive retinopathy
with cardiovascular disease.

Results: After excluding patients with previous history of stroke or myocardial infarction and/or missing blood pressure information,
4753 participants were included in the analysis. Participants with hypertensive retinopathy were older (61 # 11 vs 47 * 15) and more
likely to be men (54% vs 62%). After adjustment for age, sex, race/ethnicity, body-mass index, cigarette smoking, systolic blood pres-
sure, cholesterol, and diabetes mellitus patients with hypertensive retinopathy had a relative risk (RR) of 1.2 (95% confidence interval
[CI] 1.0 - 1.3) for any cardiovascular disease and RR of 1.2(95% CI 0.9-1.5) for ischemic stroke.

Conclusion: The presence of hypertensive retinal vascular changes is associated with increased risk of cardiovascular disease. Identifica-
tion of such changes in the clinical setting can be used for stratification of high risk patients.
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association of retinal microvascular abnormalities with stroke has been noted in mul-
tiple studies®® and the potential of their utilization in clinical and epidemiological set-
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Methods

We used data from the First National Health and Nutrition Examination Survey (NHANES I) Epidemiologic Follow-up Study
(NHEFS). NHANES I was conducted by the National Center for Health Statistics from 1971 through 1975 to collect health-related
information on a nationally representative probability sample of the US civilian non-institutionalized population. To increase the
sample size in select subgroups, the survey over-sampled the elderly, persons living in poverty areas, and women of childbearing
age. The NHANES I Epidemiologic Follow-up Study (NHEFS) was jointly initiated by the National Center for Health Statistics and
the National Institutes of Health. The objective of the NHEFS was to follow up the 14,407 participants in the NHANES I who were
between the ages of 25 and 74 years at the time of that survey and completed a baseline medical examination. Data collection for this
analysis included tracing all NHANES I participants for morbidity and mortality through 1992 using health care facility (hospital or
nursing home) records or death certificates. The NHEFS included four followup waves, 1982-1984, 1986, 1987, and 1992.

We used 20-year follow-up data from the First National Health and Nutrition Examination Survey (NHANES I) Epidemiologic
Follow-up Study (NHEFS) to determine the risk of stroke and myocardial infarction in middle aged and elderly persons.

Definition of incident cardiovascular events.
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We defined incident ischemic stroke (n=309) cases as study
participants who were hospitalized or died during the 20-
year follow-up period with International Classification of
Diseases, 9th Revision, Clinical Modification (ICD-9-CM)
codes 433-434.9 or 436-437.1. Individuals with ICD-9-CM
code 435 (transient ischemic attack, TIA) were not included
as incident stroke cases. Persons with ICD-9-CM codes 410-
414 were defined as having coronary artery disease (CAD)
(n=798). ICD-9-CM codes for deaths were based on the un-
derlying cause of death listed on the participant’s death cer-
tificate.

Definition of hypertensive retinopathy.

A subgroup (n-5500) of participants aged 25-74 years, re-
ceived a standardized ophthalmologic examination at base-
line. Retinoscopy was done for examinees with visual acuity
less than 20/40. Up to 10 diagnoses using Centers for Disease

Control and Prevention (CDC) Ophthalmologic Disease Code
(ODC), were listed for each examinee. Hypertensive arterio-
lar sclerosis, macular involvement, arteriovenous nicking, or
any arteriosclerosis was classified as hypertensive retinopathy
(ODC codes 76-35-64, and 76-00-00).

Study variables.

Potential confounders in the association between hyperten-
sive retinopathy and cardiovascular disease were age, sex,
ethnicity (black, white, other), serum cholesterol level, body
mass index (weight [kg]/height [m2]) (>30.0), diabetes mel-
litus, cigarette smoking (never, former, current), and systolic
blood pressure. All measures were obtained prospectively
during the NHANES T baseline interview. Smoking status was
self-reported.

Diabetes mellitus was determined by patient selfreport or by

Table 1. Baseline demographic and clinical characteristics of participants in the First National Health and Nutrition Examination Survey (NHANES

1) Epidemiologic Follow-up Study (NHEES). (1971-1975)

No hypertensive

retinopathy (n-3818)

Hypertensive

retinopathy (n=935)

Age (mean + SD) in years 47+15 61+ 11*
Gender
Men 1442 (38%) 428 (46%)
Women 2376 (629%) 507 (549%)*
Race/Ethnicity
Caucasian 3032 (79%) 618 (66%)
African-American 746 (20%) 306 (33%)*
Others 40 (19) 11 (1%)
Diabetes Mellitus
Diabetic 125 (3%) 65 (7%)
Non-diabetic 3693 (97%) 870 (93%)*
Cigarette smoking
Current 955 (25%) 114 (12%)
Past 785 (21%) 203 (229%)*
Unknown 599 (16%) 181 (199%)*
Never 1479 (39%) 437 (47%)*
Systolic blood pressure 132+23 150 + 26*
(mean + SD) in mmHg
Body mass index 255+5 26.6 + 5.6%
(mean + SD) in units
Serum cholesterol 217 + 47 232 + 51*

(mean * SD) in mg/dl

*p<0.05 (t-test or Chi-square test); Abbreviations used: SD, standard deviation
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physician coding. Measurements of height and weight were
taken by trained examiners during the NHANES I physical
examination.

Statistical analysis.

Because the interval of follow-up varied among study partici-
pants, Cox proportional hazards analysis was used to esti-
mate the relative risk for stroke and coronary heart disease.
The Cox proportional hazards assumptions for each explana-
tory variable were assessed with the SPSS. The multivariate
adjusted Cox proportional hazards model adjusted for differ-
ences in age, sex, ethnicity, cigarette smoking, systolic blood
pressure, serum cholesterol level, diabetes mellitus, and body
mass index.

Results

A total of 5500 persons aged 25-74 years underwent a detailed
interview and ophthalmologic examination in the NHANES I
baseline survey. Follow-up was available for 5155 persons. A

total of 402 persons were excluded because of a previous his-
tory of stroke or myocardial infarction (n=376), and/or missing
blood pressure information (n=26). During the follow-up pe-
riod, the rate of CAD and ischemic stroke was 798 (17%) and
309 (79%), respectively. The baseline characteristics of the par-
ticipants according to retinal changes are provided in Table
1. The participants with hypertensive retinopathy were older

and had higher systolic blood pressure, body mass index, and
serum cholesterol. The proportion of women, African-Amer-
icans, non-diabetics, past or non-smokers was higher in the
participants with hypertensive retinopathy.

Table 2 provides the event rate, age- and multivariate adjust-
ed relative risk of cardiovascular diseases, CAD, and ischemic
stroke according to the retinal changes of the patients. The
risk of all cardiovascular diseases was increased in persons
with hypertensive retinopathy (relative risk [RR], 1.2; 95%
confidence interval [CI], 1.0 - 1.3). The age- adjusted risks of
both ischemic heart disease (RR 1.2,95% CI1.0-1.4) and isch-
emic stroke (RR 1.3, 95% CI 1.0 -1.6) were higher among per-
sons with hypertensive retinopathy. A trend towards higher
risk was observed for both CAD and stroke with retinal vas-
cular disease after adjusting for other confounding factors.

Discussion

In this study, we noted that hypertensive retinal changes
were associated with an increased risk of cardiovascular dis-
eases independent of other cardiovascular risk factors. When
analyzed separately, there was a trend towards increased risk
of both stroke and CAD associated with hypertensive reti-
nopathy. Retinal vascular changes in patients with elevated
blood pressure have long been recognized and their detec-
tion is recommended in clinical practice.'® Although the simi-
larities between retinal and cerebral circulation have been

Table 2. The 20-year risk of cardiovascular disease according to retinal vascular changes among participants in the First National Health and Nutri-
tion Examination Survey (NHANES I) Epidemiologic Follow-up Study (NHEFS). Multivariate analysis adjusted for age, sex, race/ethnicity, body-
mass index, cigarette smoking, systolic blood pressure, serum cholesterol, and diabetes mellitus.

Participants Sample size ~ No of events Event rate Age-adjusted relative Multivariate-adjusted
per 100 risk (93% CI) relative risk (95% CI)

Cardiovascular diseases

No vascular retinal changes 3818 682 17.9 Reference Reference

Hypertensive retinopathy 935 331 354 12(1.0-14) 12(1.0-13)

Ischemic heart disease

No vascular retinal changes 3818 545 14.3 Reference Reference

Hypertensive retinopathy 935 253 271 12(1.0-14) 11(0.97 -13)

Ischemic stroke

No vascular retinal changes 3818 193 51 Reference Reference

Hypertensive retinopathy 935 116 124 13 (1.0-16) 12(0.9-15)

Abbreviations used: CI, confidence interval

known' 2, there was little information on the prognostic im-
plications of these findings. Recently, data from cohort studies
have identified independent association of these findings with
cardiovascular disease. The Atherosclerosis Risk in Communi-
ties (ARIC) study demonstrated that the presence of any reti-
nopathy increases the risk of stroke by 2.6 times over an aver
age followup of 3.5 years.? This risk was independent of age,
sex, ethnicity, mean arterial pressure, use of antihypertensive
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medication, diabetic status, and cholesterol level. Duncan et
al" studied 560 hypertensive middle aged men for a median
follow-up of 7.8 years. Presence of hypertensive retinopathy
doubled the risk of definite coronary heart disease events
independent of other cardiovascular risk factors. Wong et
al* studied the 10 year risk of cardiovascular mortality in a
population-based study with nested case-control design and
noted that, independent of other cardiovascular risk factors,
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retinopathy was associated with an increased risk of cardiovas-
cular mortality(odds ratio 1.8).

Mitchell et al studied association of retinopathy in 859 subjects
without diabetes mellitus who were followed for 7 years.? Af-
ter controlling for cardiovascular risk factors, retinopathy was
significantly associated with risk of incident stroke/TIA/cere-
brovascular death (Relative risk 1.7). Our study supports the
findings of these studies and with larger sample size and longer
follow-up duration.

The association between retinopathy and magnetic resonance
imaging (MRI) findings in the brain has been previously noted.
The incidence of white matter lesions in persons with reti-
nopathy was 22.9% compared with 9.9% in persons without
retinopathy in ARIC study.” Cooper et al® in a cross-sectional
study noted that persons with retinal microvascular abnormal-
ities, independent of other risk factors, have odds of 1.9 for hav-
ing cerebral infarcts on MRI compared to those without these
changes.

Recently, an analysis from Cardiovascular Health Study (CHS)
noted association between MRI findings and smaller retinal ar-
teriovenous ratio independent of age, gender, hypertension and
diabetes mellitus.”

The association between retinal vascular changes and cardio-
vascular disease is based on the hypothesis that retinal vascu-
lature provides direct visual assessment of the hypertensive
or other pathological changes affecting the vasculature. Some
pathophysiological studies have supported this hypothesis.
Thickening of retinal artery has been noted to be associated
with fibrinoid degeneration, fibrous nodules, and splitting of
cerebral vessels.? Lower arteriolar-to-venular ratio in retina
has also noted to be related to increased carotid intima-media
thickness™.

Retinal vascular examination as a predictor of cardiovascular
events has important implications. The abnormalities can be
used to help identify patients at higher risk of cardiovascular
disease, both in clinical and epidemiological settings. There is
some evidence to suggest that these changes can even be re-
versed.” If this reversal accompanies reduction of cardiovascu-
lar risk, then this can serve as a surrogate marker for treatment
efficacy. Retinal photography has improved the inter-rater reli-
ability and is now becoming a standard tool for retinal vascular
epidemiological studies. Our study was limited because of lack
of more advanced methodologies for detecting retinal vascular
changes. The number of patients with untreated or uncon-
trolled hypertension among general population is lower now
compared to the study period.”

Hypertensive retinopathy definition, in comparison to direct
ophthalmoscopic findings used in our study, is based on reti-
nal photography in recent studies. This allows more accurate
measurement of blood vessel diameters.” A large sample size, a
nationally representative population, and long follow-up dura-
tion are the strengths of our study.
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In conclusion, this study confirms the association between
hypertensive retinopathy and cardiovascular disease and sup-
ports the idea of routine inclusion of these findings in cardio-
vascular-risk stratification.
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