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Abstract

Background Little is known about the prevalence of orthostatic hypertension (OHT) and its effect on long-term mortality in the eld-
erly. We evaluated the prevalence of OHT and its effect on mortality in hospitalized elderly patients. Methods Out of 1852 patients admit-
ted between 31/12/1999 and 31/12/2000 to an acute geriatric ward, 474 patients (48% males) with a mean age of 81.5 + 6.8 years were en-
rolled in this study. Blood pressure (BP) was measured three times during the day in a supine and standing position. Patients with at least one
increase in systolic or diastolic BP levels upon standing were diagnosed with OHT. Medical history, physical examination and laboratory
parameters were retrieved from the medical records. Mortality data until 18" June 2014 were retrieved from the computerized system of the
Ministry of the Interior. Results Four hundred and seven patients (86%) were diagnosed with OHT. Those without OHT had a lower body
mass index and were more likely males, smokers, had a higher rate of Parkinson’s disease and less congestive heart failure compared with
those with OHT. Patients with OHT had a better survival rate than those without OHT (P = 0.024). Hazard ratios (HRs) for mortality in those
with OHT adjusted to age and multiple risk factors were: 0.67 [95% confidence interval (CI): 0.51-0.87] and 0.73 (95% CI: 0.55-0.97),
respectively; a similar tendency was noticed in a sensitivity analysis by gender. Conclusion Hospitalized elderly patients with OHT had a
better survival rate than those without OHT.
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1 Introduction positioning. The fact that OH presents considerable risks to

afflicted individuals, particularly the elderly,” ® may sug-

Orthostatic hypotension (OH) is a common and disturb- gest that OHT may provide a protective effect. We therefore

ing problem among the elderly and is especially prevalent evaluated the prevalence of OHT and its effect on survival

among hospitalized patients." Data as to the opposite phe- in a cohort of hospitalized elderly patients in an acute geri-
nomenon, orthostatic hypertension (OHT) is scarce. There is atric setting.

a dearth of information relating to the prevalence of OHT

amor?g t.he elderly ansi har.dly. any knowledge as to its clini- 2 Methods

cal significance and implications.””! Aries, et al.”’ found a

favorable outcome in patients with acute stroke if a signifi- Data for this study was retrieved from a previous study in
cant blood pressure (BP) rise occurred during early upright which OH was evaluated in a cohort of hospitalized pa-
tients.!"! All patients consecutively admitted to an acute
geriatric department from January 1, 1999 to December 31,
2000 were evaluated. Patients were included in the study if
they were at least 60 years old, able to get out of bed alone
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the hospital. Of the 1852 patients hospitalized during this
period, 474 were included in the study. The study was ap-
proved by the local Helsinki committee. Patients were fol-
lowed until June 2014.

2.1 BP measurementsand orthostatic test

BP and heart rate were measured with a device (Vital
Signs Monitor 52 NTP model, Welch Allyn Protocol, Inc.,
Beaverton, Ore USA) checked every day for accuracy
against a mercury sphygmomanometer. Measurements were
taken in a supine and standing position, three times a day,
30 min after meals and three days before planned discharge.
BP was measured in a supine position after at least 5 min
of complete bed rest and then after 2 min of standing. BP
was measured twice, 1 min apart in each position and sub-
sequently, the average of the two measurements was re-
corded.

OHT was defined when either systolic or diastolic BP
levels upon standing were greater than the supine levels.
Patients were classified as either OHT™ when OHT was
exhibited in at least in one measurement or OHT when
OHT was not exhibited on all three measurements.

2.2 Datacollection

Detailed medical history, standard physical examination,

and routine blood chemistries were performed in all patients.

Cause of hospitalization and prescribed medications were
recorded. In addition to age, height and weight were also
recorded. Body mass index (BMI) was calculated as weight
(kg) divided by height (m?). Hypertension was diagnosed if
the patient had been treated with antihypertensive medica-
tions or if the systolic BP was >140 mmHg and/or diastolic
BP > 90 mmHg.

Dyslipidemia was defined as serum total cholesterol lev-
els > 200 mg/dL. Diabetes mellitus (DM) was diagnosed if
the patient was taking hypoglycemic agents or if fasting
plasma glucose was recorded as higher than 126 mg/dL on
at least two occasions. Chronic kidney disease was diag-
nosed when serum creatinine values > 1.5 mg/dL. Coronary
heart disease was diagnosed when a history of angina pecto-
ris, myocardial infarction, coronary catheterization with
balloon dilatation or coronary artery bypass graft operation,
was recorded. Other medical conditions retrieved from the
medical records were atrial fibrillation, chronic obstructive
pulmonary disease and senile dementia. Prescribed medica-
tions were categorized as diuretics, renin angiotensin system
blockers (angiotensin converting enzyme inhibitor/angio-
tensin receptor blocker), calcium channel blockers, beta
blockers, aspirin, and hypoglycemic agents.

Mortality data until 18" June 2014 were taken from the
Bureau of Population Registry of the Ministry of Interior.

2.3 Statistical analysis

Data were analyzed with SPSS software version 22.0.
(SPSS Inc. Headquarters, 233 S. Wacker Drive, 11™ floor
Chicago, Illinois 60606, USA). The significance level was
set at 0.05. Data were presented as mean + SD for continu-
ous variables and as frequency and percentage for categori-
cal variables. Chi-square tests and independent t-tests com-
pared the two OHT groups for categorical and continuous
variables, respectively. Survival was calculated as time from
screening to death or time from screening to the end of fol-
low-up (June 18, 2014). Cox regression analyses were per-
formed separately for each conventional risk factor, adjusted
to age, to analyze its HR for mortality.

Multivariate analysis using the Cox regression model for
survival was performed with conventional risk factors. Con-
ventional risk factors for mortality were selected for the
final model on the basis of an association with mortality in
the univariate analysis or findings of significant associations
in previous studies. The covariates were age, gender, BMI,
cerebrovascular accident, atrial fibrillation, ischemic heart
disease, congestive heart failure, chronic renal failure, dia-
betes mellitus, Parkinson’s disease and dementia. Cumula-
tive survival curves were computed and demonstrated using
the Cox regression models.

3 Resaults

3.1 Study population

The study population consisted of 474 subjects (48%
male) with a mean age of 81.5 + 6.8 years. Four hundred
and seven patients (86%) exhibited OHT at least in one of
the three measurements and were defined as OHT". Table 1
summarizes patients’ characteristics by OHT group. OHT"
patients had a higher BMI, were less likely males, were
smokers, had a lower rate of Parkinson’s disease and con-
gestive heart failure compared with those who were OHT".

3.2 Mortality rateand survival

A total of 425 deaths occurred in the entire cohort over a
mean follow-up of 5.7 £ 4.7 years (range 0.1 to 15.3 years).
The mortality rate was 15.8 per 100 person-years and was
lower in those with OHT" (15.1 per 100 person-years) than
in those with OHT (21.3 per 100 person-years), (P =
0.010).

Female gender and higher BMI were associated with a
lower rate of mortality, whereas diabetes mellitus, chronic
renal failure, congestive heart failure, ischemic heart disease
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and senile dementia were associated with a higher rate of
mortality (Table 2).

Tablel. Patients characterigtics.

Orthostatic hypertension

Total No Yes P
n =474 n=67 n =407

Males 229 (48%) 43 (64%) 186 (46%)  0.005
Age, yrs 81.5+6.8 81 +6.1 82+6.9 0.652
Body mass index, kg/m* 252 +4.5 24+3.6 25.5+45  0.002
Smokers 75 (16%) 20(32%)  55(14%) <0.001
Hypertension 298 (63%)  39(58%) 259 (64%) 0.367
Diabetes mellitus 140 (29.5%) 23 (34%) 117(29%) 0.353
Hyperlipidemia 178 (40%) 22 (35.5%) 156 (41%) 0.398
Chronic renal failure 116 24.5%) 21 (31%)  95(23%)  0.158
Chronic heart failure 147 (31%)  12(18%) 135(33%) 0.012
Ischemic heart discase 268 (57%) 42 (63%) 226 (56%)  0.302
Stroke 152(32%)  25(37%) 127 (31%) 0.334
Parkinson’s disease 61 (13%) 14 (21%)  47(12%)  0.036
Plasma glucose, mg/dL. 121 +47 126 +43 120+ 48 0.357
eGFR, mL/min 56.2+17.7 53+17 57+18 0.150
Medications

Diuretics 163(34%) 18(27%)  145(36%) 0.162

ACEI/ARB 149 31%) 21 (31.3%) 128(31.4%) 0.986

B-blockers 85(18.4%) 12(18%) 73 (18%)  0.996

Calcium antagonists 143 (30%) 17 (25.4%) 126 (31%) 0.356

Data are presented as mean + SD or n (%). ACEI: angiotensin converting
enzyme inhibitor; ARB: angiotensin receptor blocker; eGFR: estimated
glomerular filtration rate.

Table 2. Risk of mortality by clinical and laboratory pa-
rameter sand orthostatic hypertension.

Adjusted age, HR *Adjusted multivariate,

(95% Cl)

HR (95% ClI)

Female gender

High body mass index”
Diabetes mellitus
Chronic renal failure
Congestive heart failure
Ischemic heart disease
Atrial fibrillation
Stroke

Chronic obstructive pulmo-

nary disease
Parkinson’s disease
Dementia

Orthostatic hypertension

0.62 (0.51-0.75)
0.95 (0.93-0.97)
1.35 (1.08-1.67)
1.93 (1.55-2.40)
1.56 (1.26-1.91)
1,40 (1.14-1.71)
1.35 (1.07-1.71)
1.23 (1.00-1.51)

1.27 (1.01-1.59)

1.51 (1.14-1.99)
1.97 (1.57-2.49)
0.67 (0.51-0.87)

0.69 (0.56-0.86)
0.95 (0.93-0.97)
1.29 (1.03-1.61)
1.54 (1.21-1.95)
1.41 (1.09-1.81)
1.25 (1.01-1.55)
1.20 (0.92-1.57)
0.98 (0.79-1.22)

1.20 (0.95-1.52)

1.06 (0.79-1.42)
1.91 (1.50-2.45)
0.73 (0.55-0.97)

"Per 1 kg/m’; *Adjusted for age, gender, body mass index stroke, atrial

fibrillation, ischemic heart disease, congestive heart failure, chronic renal

failure, diabetes mellitus, Parkinson’s disease and dementia.
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Figure 1. Survival curvesin patients with and without OHT.
Survival curves by OHT adjusted for age, gender, body mass index,
stroke, atrial fibrillation, ischemic heart disease, congestive heart
failure, chronic renal failure, diabetes mellitus, Parkinson’s disease
and dementia (P = 0.041). OHT: orthostatic hypertension.

In comparison to the OHT group, the HR for mortality
during the follow-up period in the OHT" group adjusted for
age and known risk factors was: 0.67 [95% confidence in-
terval (CI): 0.51-0.87] and 0.73 (95% CI: 0.55-0.97), re-
spectively (Table 2). The survival rate was significantly
better amongst the OHT" group compared to the OHT
group (5.9 £4.9 vs. 4.7 £ 3.7 years, respectively; P = 0.024).
Females had a better survival rate than males (6.5 + 4.9 and
4.8 £ 4.3 years, respectively; P < 0.001). In both genders,
OHT" patients had better survival rates then OHT patients.
Differences in cumulative survival curves between the two
OHT groups are presented in Figure 1.

4 Discussion

In this historical-prospective study, it was shown that
elderly patients whose BP increased above the supine posi-
tion at least once in three BP measurements during the day
were at a lower risk of mortality, even after adjustments for
known risk factors. This finding seems to contradict our
previous analysis of this cohort where no association was
found between OH and all-cause mortality.!”) However, the
interpretation of the orthostatic tests was different in our
previous analysis. Herein, orthostatic tests were performed
three times a day. In our previous analysis, patients were
diagnosed with OH when they had a fall in BP in two out of
the three measurements. In the present analysis, OHT was
defined when exhibited in at least one measurement. Thus,
some patients who had been diagnosed with OH in our for-
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mer study, experienced OHT only on the third measurement
and were thus included in our OHT group.

In accordance with our present findings, Lagro, et al.’®
found a survival advantage in patients attending a fall clinic
when their BP fell upon standing, recovering to at least 80%
of its supine levels in one minute. Aries, et al.”’ showed that
stroke patients in whom BP rose after upright repositioning
had a better outcome compared to stroke patients whose BP
did not rise. Lindqvist, et al.”’’? demonstrated in a relatively
young cohort of diabetic patients that increased BP after
rising to a standing position was associated with preserved
autonomic function. These observations, together with our
findings, may suggest a favorable outcome in elderly pa-
tients with OHT. It seems that an effective mechanism to
overcome a gravitational challenge, especially when rising
from a supine position to a standing position, presents a
better prognosis in the elderly.

Yet, other investigators reported that OHT was associ-
ated with ‘masked hypertension’ and thus considered a risk
factor for mortality.!"*!"!

A possible explanation for the different observations can
be the varied populations studied and the magnitude of BP
elevation upon standing. It is possible that the ‘autonomic
reserve’ manifested by OHT may be protective in the eld-
erly, fragile populations such as the one evaluated in our
study. In addition, when BP elevation upon standing is mild
(<20 mmHg), it may indicate preserved autonomic function,
whereas when BP elevation upon standing is remarkable (>
20 mmHg), it may uncover ‘masked hypertension’ and be
associated with increased mortality.

In the present study, the majority of patients were defined
as having OHT. This may be related to the flexible criteria
we used when defining OHT as any rise or no change in
systolic or diastolic BP upon assuming an upright posture
from a lying position, even once during the day. It is note-
worthy that we used three measurements during the day to
identify those with at least one episode of OHT. We prefer
to use flexible criteria in identifying all patients with even a
minimal ability to maintain or increase BP levels while
standing.

The mechanism underlying the survival benefit of elderly
persons with OHT is somewhat unclear and several mecha-
nisms have been proposed. We believe that the main
mechanism in the elderly is the agile and tonic reaction of
the autonomic sympathetic systems as suggested by previ-
ous studies.>'>"*!

Our study has some limitations. Firstly, we included only
hospitalized elderly patients; however, BP was measured
towards the end of the hospitalization when the patient’s
medical condition had stabilized. In addition, co-morbidities

and dispensed medications in the study cohort were similar
to the community-dwelling elderly. Nevertheless, we should
be careful and emphasize that our observation may not be
applicable to elderly healthy subjects. Secondly, the cause
of mortality was unknown to us; therefore, we did not know
whether the increased mortality rate was related to cardio-
vascular mortality.

In conclusion, hospitalized elderly patients in whom BP
levels increase or remain unchanged upon standing from a
supine position at least once during the day, have a favor-
able survival rate. Several measurements may be required
for diagnosing OHT.
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