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Abstract

Aim: To examine whether advanced age and hypertension influence the functional gains of
stroke patients undergoing rehabilitation.

Material and methods: This was retrospective observational study Department of Physical
Medicine and Rehabilitation Anugrah Narayan Magadh Medical College, Gaya, India for 18
months. Two hundred patients with thromboembolic strokes were included. The patients were
divided into five age groups: below 50 years, 50-60 years, 60-70 years, 70-80 years and above
80 years. They were further classified into the hypertensive and non-hypertensive groups.
Patients’ functional performance was assessed on the Functional Independence Measure (FIM)
on admission, weekly, and at discharge. For each group the averages of the length of stay
(LOS), FIM score, and the efficiency ratio (ER) were obtained from the records. The ER is the
difference of discharge to Admission FIM expressed as a fraction of the Length of Stay.
Results: There was significant difference (p<0.0003) among the five age groups for the means
of ER for the male and female hypertensive and non-hypertensive patients together. The ER
for patients below 60 years of age is found to be significantly higher than for patients over 60
years (p<0.00001). The means of the ER are 1.29, and 0.95 with the difference of 0.37 and its
standard error of 0.108. Non-hypertensive patients had higher ER compared to the
hypertensives for all the age groups (Tables 4a and 4b). This difference is significant for
patients younger than 60 years (p<0.01) and older than 80 years (p<0.00001). ER for non-
hypertensive patients below age 60 is significantly higher (p<0.05) than for the hypertensives.
Among the patients over 60 years of age, there is no significant difference for the ER between
non-hypertensives and hypertensives.

Conclusion: Younger non-hypertensive patients seem to show better progress with inpatient
rehabilitation.
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Introduction

The incidence of stroke is increasing once again, primarily in relation to the aging population.t?
Unfortunately, acute interventions, such as tissue plasminogen activator, have not had a large
impact on stroke-related disability, primarily because this treatment can be offered to only a
minority of ischemic stroke survivors. Subsequently, the demand for stroke rehabilitation
services continues to increase,® and there is a growing need to optimize both the effectiveness
and the efficiency of these limited resources. Age has been identified as a significant prognostic
factor for recovery in a number of studies.*” Jongbloed5 has identified 14 studies that found
age to be negatively correlated with function at or after discharge and 4 that did not find such
a relationship. Such information has led to the suggestion that age be used in combination with
severity of stroke to determine whether a patient should receive intensive interdisciplinary
stroke rehabilitation, geriatric reactivation, or a “slower-stream” rehabilitation unit.® In view of
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the strong evidence supporting the effectiveness of intensive stroke rehabilitation units, it is
important to clearly identify the impact of age on functional outcome before embracing a
system that denies access to these units based on a person’s age. Numerous studies have
reported associations between age and poor outcome. The predictive value of age in the
literature, however, depends on evaluation of the outcome. The negative impact of age on
functional outcome is most apparent when functional status at discharge is being assessed.
Conversely, when change of function is assessed, age tends not to influence outcome
negatively.* It is difficult to distinguish between age itself and such age-associated factors as
comorbidities that have a negative influence on functional outcome, including ischemic heart
disease, hypertension, diabetes, and altered cognitive capacity.>

Hypertension is the first modifiable risk factor, accounting for 10.4 million deaths and 218
million attributable disability-adjusted life-years worldwide.® With a recently revised definition
(athreshold shift from 140/90 mmHg to 130/80 mmHg), hypertension may concern nearly 50%
of the US population ®* and thus is a truly crucial public health issue, especially as
hypertension is still dramatically underdiagnosed. In a recent international study population
that aimed to estimate hypertension prevalence, awareness, and medication control, only 46.5%
of participants were aware that they suffered from hypertension, and only 32.5% of treated
patients were pharmacologically controlled.!? In line with this evidence, the French cross-
sectional study ESTEBAN assessed between 2014 and 2016 the same 50% proportion of
hypertension awareness and that only 47.3% patients were treated, while again only 55% were
pharmacologically controlled.'® Since hypertension is the major cause of strokes, in our study
we have evaluated the effect of both age and hypertension on stroke patients using the
Functional Independence Measure (FIM), awidely accepted functional outcome measure. We
have examined the functional performance for both the hypertensive and non- hypertensive
patients separately and for the male and female patients with or without hypertension.

Material and methods

This was retrospective observational study Department of Physical Medicine and
Rehabilitation Anugrah Narayan Magadh Medical College, Gaya, India for 18 months. after
taking the approval of the protocol review committee and institutional ethics committee. The
data were collected from medical records of stroke patients who underwent inpatient
rehabilitation during this period. Two hundred patients with thrombo- embolic strokes were
included. The patients were divided into five age groups: below 50 years, 50-60 years, 60-70
years, 70-80 years and above 80 years. They were further classified into the hypertensive and
non-hypertensive groups. The location of the lesion, time interval between the onset of stroke
and transfer to rehabilitation, neurologic deficits, discharge destination, and gender were
comparable among the groups. Patients with ischemic strokes from all age groups with or
without hypertension are included. Patients had to complete their inpatient rehabilitation
without interruption of their rehabilitation stay. Patients with hemorrhagic strokes and those
with previous strokes and whose rehabilitation was interrupted from any medical complications
were excluded. Patients’ functional performance was assessed on the Functional Independence
Measure (FIM) on admission, weekly, and at discharge. For each group the averages of the
length of stay (LOS), FIM score, and the efficiency ratio (ER) were obtained from the records.
The ER is the difference of discharge to Admission FIM expressed as a fraction of the Length
of Stay. We considered that ER as the main functional outcome measure. Co-morbidity,
medical complications and presence or absence of visuo-spatial deficits were also recorded.
There were 200 patients 20 of them were under 50 years, 35 between 50-60 years, 50 between
60-70years, 70 between 70-80 and 25 were over 80 years of age. Comorbidities for the five age
groups were depression; diabetes mellitus, coronary artery disease and congestive heart failure
were observed. There were 110 males comprising of 70 hypertensives and 40 non-
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hypertensives. 60 were hypertensive and 30 were non-hypertensive of 90 female patients. The
admission (ADM) FIM, discharge (D/C) FIM, Length of Stay and Efficiency Ratios were
individually tabulated under male, female hypertensive and non hypertensive groups and all
male and all female groups in hypertensive and non- hypertensive categories were also studied.

Results
There were 110 males comprising of 70 hypertensive and 40 non-hypertensive. 60 were
hypertensive and 30 were non-hypertensive of 90 female patients

Table 1: Demographics n=200

Age (years) Below -50 | 50-60 60-70 70-80 Above 80
(n) 20 35 50 70 25
Male=110 9 21 30 38 12
Female=90 11 14 20 32 13

Lt. CVA 7 20 23 23 11

Rt. CVA 10 13 25 45 12

Br. Stem 3 2 2 2 2
Hypertensive=130 7 25 30 50 18
Non-hypertensive=70 13 10 20 20 7

Abbreviations CVA, cerebrovascular accident; BR, brain

Table 2A: Male hypertensives n=70

Age (years) Below -50 50-60 60-70 70-80 Above 80
(n) 4 16 15 28 7
A-FIM Avg. 47.3 37.2 50.2 41.9 51.5
St. Dev. 18.9 14.2 13.2 15.2 15.6
D-FIM Avg. 69.8 65.8 72.8 65.8 72.3
St. Dev. 18.9 17.9 13.8 17.9 10.9
LOS Avg. 23.5 33.2 21.9 32.7 25.1
St. Dev. 12.3 15.9 10.2 12.3 9.7
ER Avg. 1.50 1.5 1.34 0.95 0.98
St. Dev. 0.92 0.74 1.7 0.61 0.38
Table 2B: Male non-hypertensives n=40
Age (years Below -50 50-60 60-70 70-80 Above 80
(n) 6 7 14 9 4
A-FIM Avg. 45.5 47.7 40.3 45.5 39.4
St. Dev. 20.5 13.8 11.3 14.9 8.7
D-FIM Avg. 74.5 72.6 66.6 66.5 62.7
St. Dev. 5.5 5.7 11.7 12.7 16.5
LOS Avg. 32.5 25.9 30.4 24.9 30.5
St. Dev. 105 279 11.8 11.5 10.4
ER Avg. 0.95 1.07 1.1 1.11 0.97
St. Dev. 0.42 0.91 0.51 0.72 0.65

Abbreviations A-FIM, admission functional independence measure; D-FIM, discharge
functional independence measure; LOS, Length of Stay; ER, efficiency ratio

Table 3A: Female hypertensives n=60
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Age (years) Below -50 | 50-60 60-70 70-80 Above 80
(n) 3 9 15 22 11
A-FIM Avg. 48.6 38.5 49.6 42.8 50.9

St. Dev. 19.4 13.8 12.9 14.8 15.2
D-FIM Avg. 70.5 64.9 717 64.5 70.9

St. Dev. 19.2 172 13.3 17.2 11.3
LOS Avg. 22.8 32.8 22.2 31.8 24.5

St. Dev. 12 15.6 9.5 13.6 9.4
ER Avg. 1.41 1.2 1.31 0.87 0.92

St. Dev. 0.88 0.71 14 0.57 0.41

Table 3B: Female non-hypertensives n=30

Age (years Below -50 50-60 60-70 70-80 Above 80
(n) 7 3 6 11 3
A-FIM Avg. 41.5 48.7 32.7 46.9 42.3

St. Dev. 15.8 19.7 11.8 16.8 11.2
D-FIM Avg. 75.7 69.5 57.8 67.6 63.7

St. Dev. 14.3 14.4 15.9 14.8 15.2
LOS Avg. 24.7 23.2 39.2 26.2 23.1

St. Dev. 13.9 11.7 10.5 9.3 11.1
ER Avg. 1.7 1.02 0.72 0.9 1.24

St. Dev. 1.29 0.84 0.45 0.47 0.91

Table 4 A: All hypertensives n=130

Age (years) Below -50 50-60 |[60-70 |70-80 | Above 80
(n) 7 25 30 50 18
A-FIM Avg. 47.4 43.5 43.7 43.9 45.2

St. Dev. 18.8 18.5 12.6 16.2 13.7
D-FIM Avg. 71.9 69.1 68.4 65.3 66.9

St. Dev. 15.7 17.9 12.6 17.4 14.5
LOS Avg. 26.4 30.3 27.9 28.9 27.4

St. Dev. 12.7 15.8 11.2 14.1 10.5
ER Avg. 1.24 1.08 1.12 0.94 0.92

St. Dev. 0.71 0.7 0.79 0.65 0.50

Table 4B All non-hypertensives n=70

Age (years) Below -50 50-60 60-70 70-80 Above 80
(n) 13 10 20 20 7
A-FIM Avg. 43.2 57.4 38.7 45.9 41.8

St. Dev. 12.4 15.5 16.5 16.3 13.2
D-FIM Avg. 75.9 77.3 58.8 67.5 66.8

St. Dev. 10.7 10.2 17.9 14.1 14.3
LOS Avg. 23.9 18.3 20.5 29.6 23.9

St. Dev. 115 8.7 111 14.9 115
ER Avg. 1.6 1.4 0.61 0.82 1.25
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St. Dev.

| 0.95

| 0.88

| 0.42

|05

| 0.75

Table 5A: Male hypertensives and non-hy

ertensives together n=110

Age (years) Below -50 50-60 60-70 70-80 Above 80
(n) 9 21 30 38 12
A-FIM Avg. 44.7 54.2 41.2 44.9 39.7

St. Dev. 12.8 18.3 13.7 15.5 10.8
D-FIM Avg. 75.5 76.6 64.7 67.2 64.8

St. Dev. 5.2 13.8 14.8 13.2 15.9
LOS Avg. 26.1 22.2 30.5 28.7 28.7

St. Dev. 9.5 13.9 11.8 15.7 11.2
ER Avg. 1.32 1.23 0.92 0.96 1.08

St. Dev. 0.45 0.76 0.57 0.64 0.8

Table 5B: Female hypertensives and non-hypertensives together n=90

Age (years) Below -50 50-60 | 60-70 |70-80 | Above 80
(n) 11 14 20 32 13
A-FIM Avg. 44.9 41.9 43.1 44.5 48.6
St. Dev. 17.1 16.2 14.7 16.2 14.5
D-FIM Avg. 73.6 66.7 66.5 65.9 68.9
St. Dev. 16.5 16.5 15.7 17.8 12.4
LOS Avg. 24.2 29.7 22.7 29.5 24.2
St. Dev. 13.5 14.7 9.2 13.2 10.4
ER Avg. 1.71 1.04 1.08 0.85 0.96
St. Dev. 1.12 0.68 0.95 0.56 0.58
Table 6: Hypertensive and non-hypertensive males and females n=200
Age (years) Below -50 50-60 60-70 70-80 Above 80
(n) 20 35 50 70 25
A-FIM Avg. 44.8 49.5 41.9 44.7 44.2
St. Dev. 15.2 18.5 14.2 16.2 135
D-FIM Avg. 74.3 72.5 65.5 66.7 66.9
St. Dev. 12.8 15.8 15.2 15.7 14.5
LOS Avg. 24.9 25.2 30.2 28.8 26.5
St. Dev. 11.8 14.5 12.6 14.5 10.4
ER Avg. 1.55 1.17 0.97 0.92 1.2
St. Dev. 0.92 0.76 0.75 0.55 0.56

Table 7: Analysis of variance (ANOVA). F- ratio and p-value

Males Females Males and females
Hypertensive n=70 n =60 n=130
F p F p F P
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A-FIM 1.07 0.4 1.61 021 |03 0.96
D-FIM 1.21 0.32 0.70 055 |[0.55 0.68
LOS 0.92 0.51 2.37 0.07 |04 0.91
ER 0.1 0.97 151 0.27 [0.95 0.45
Non- hypertensive | n =40 n=230 n =70

F P F P F p
A-FIM 2.81 0.03 1.72 2.61 |4.29 0.003
D-FIM 451 0.004 1.95 0.14 |595 0.0002
LOS 3.89 0.007 0.44 081 |3.55 0.01
ER 4.47 0.003 44 0.006 | 8.14 0.00005
Hypertensive and
Non- hypertensive | n =110 n=290 n =200

F P F P F p
A-FIM 4.18 0.0032 | 0.54 0.72 |1.65 0.17
D-FIM 4.52 0.002 0.79 054 (321 0.0141
LOS 2.02 0.09 2.44 0.05 |1.77 0.14
ER 2.05 0.09 3.97 0.004 |5.31 0.0004

Table 8: Correlation of (r) age and ER and Student’s t

Males Females Males and females
Hypertensive

n=70 n =60 n =130

r t r t r t

-0.09 -0.77 -0.21 -0.17 -0.15 -1.91
Non- hypertensive | n=40 n=30 n=70

r t r t r t

-0.3 -2.5 -0.48 -3.8 -0.39 -4.4
Hypertensive and | n=
Non- hypertensive | 110 n=90 n =200

r t r t r t

-0.2 -2.45 -0.35 -3.98 -0.25 -4.6

In this study, the differences among the averages of the five age groups for each of the four
functional measures A-FIM, D-FIM, LOS and ER are statistically analyzed. The evaluation is
conducted separately for the male-female and hypertensive-non-hypertensive groups. The
Analysis of Variance (ANOVA) method, F-ratios and Student’s t-tests were employed for the
statistical evaluation. The ANOVA is an extension of the Student’s t-test employed to examine
the hypothesis related to the differences among the means of more than two groups. The effect
of age is further examined from its correlation with ER. Correlation significantly different from
zero indicates difference of ER among the age groups. Examining this correlation is statistically
equivalent to the evaluation of the relation between ER and age through regression analysis.

The averages and standard deviations of the four functional measures appear in (Tables 2)
(Tables 3) (Tables 4) (Tables 5) (Tables 6). The F-ratios and p-values for the ANOVA tests are
presented in Table 7. The correlations of age with ER along with the corresponding values of
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the Student’s t are presented in Table 8. The following observations are made from all these
tables, from (Tables 7) (Tables 8).

Age: There is a significant difference (p<0.0003) among the five age groups for the means of
ER for the male and female hypertensive and non-hypertensive patients together. The ER for
patients below 60 years of age is found to be significantly higher than for patients over 60 years
(p<0.00001). The means of the ER are 1.29, and 0.95 with the difference of 0.37 and its standard
error of 0.108. Non-hypertensive patients had higher ER compared to the hypertensives for all
the age groups (Tables 4a and 4b). This difference is significant for patients younger than 60
years (p<0.01) and older than 80 years (p<0.00001).

Hypertension: ER for non-hypertensive patients below age 60 is significantly higher (p<0.05)
than for the hypertensives. Among the patients over 60 years of age, there is no significant
difference for the ER between non-hypertensives and hypertensives, (Tables 2A), (Table 2B)
and (Tables 3A), (Table 3B).

The average lengths of stay (LOS) for the five age groups were 25, 25, 30, 29 and 26 days,
respectively. The mean efficiency ratios for the groups were 1.55, 1.17, 0.97, 0.92 and 1.2
respectively (see Table. 6). The difference of the average ER among the five age groups is
significant for the non-hypertensive males as well as for females. The hypertensive patients’
LOS in general is longer compared to non- hypertensives. The average ER for the age groups
60-70 and 70-80is less than one but>1 for the remaining three age groups. The ADM and D/C
FIM scores were lower for the non hypertensives for the 60-70 group to account for the lower
ER. For the hypertensive males and females, the differences among the means for the functional
measures are not significant. These results may be attributed to either stable hypertension or
better management of hypertension during their rehabilitation stay.The male non-
hypertensives, the difference among the means is significant for each of the four functional
measures; p<0.02 for A-FIM and<0.007 for the remaining three measures. the female non-
hypertensives, the difference among the means of the age groups is significant only for the ER
(p< 0.007), but not for the remaining three measures (Tables 7). The 60 -80 year- old (male
and female) non-hypertensives, the LOS is longer relative to the remaining four age groups.
For the (60-70 age group) male non-hypertensives, the FIM gain is smaller relative to the
remaining four age groups. These are the two reasons for the significant differences in (a) and
(b) for the ERs of both males and females (Table 2B).For the male as well as female non-
hypertensives in the age groups (60-70) and (70-80), the LOS is longer relative to the other
three groups (Table 2B) & (Table 3B), resulting in the ER<1 compared to>1 for the other age
groups. The male and female hypertensives, the differences among the age groups are not
significant for the four functional measures, especially the ER. It is only slightly significant for
the LOS of the female hypertensives (p< 0.07) (Tables 7).

The correlations of ER with age are negative for the male-female as well as the hypertensive-
no hypertensive groups (see Table 8), that is, ER decreases with age for all these categories.
Further, the decrease of ER with age is significant for the non-hypertensive males as well as
females. Similar results can be expected from the regression of ER on age.

Discussion

Effect of hypertension and its impact on an individual’s outcome measured in FIM scale has
not been studied previously. Our study examined the presence or absence of hypertension and
its impact retrospectively and found that presence of hypertension itself had  a clear impact
on the functional outcome as measured by ER. It is significantly higher for the non-
hypertensive patients in the younger age groups (n=32) vs 23 patients under 60 years of age
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(2.69 vs 1.21). Hypertension did not affect functional progress of stroke patients(n=80)
between 60-80 years of age The possible explanation is that older individuals are more likely
to have pre-existing disease and disabilities which may have effects on their functional
recovery. It is possible that other factors such as co-morbidities may have had a stronger impact
on functional recovery in older age groups, and thus presence or absence of hypertension did
not make a significant difference in those groups. There is no consensus on the influence of
age on the outcome of rehabilitation after stroke. Most studies in the literature showed negative
outcomes with increasing age. A few studies pointed out the absence of the effect of age on the
outcomes. Earlier studies reflected utilizing the Barthel index to measure functional progress
of patients in rehabilitation settings. Our study showed that patients younger than 60 years of
age with no history of hypertension had better progress in rehabilitation. This group of 47
patients with no hypertension showed better functional performance on FIM scores and ER.
Also the oldest group of 25 patients >80 years have shown better functional outcomes in this
study. The FIM is a widely accepted functional outcome measure, currently used in the
rehabilitation units across the US. In a Meta-analysis of 11 studies by Ottenbacher and
Granger,'* the FIM instrument demonstrated acceptable reliability across a wide variety of
settings, raters, and patients. The study by Bagg et al.'® found that advanced age had no effect
on the FIM scores. In their sample of 561 patients age is reported to be a significant prognostic
factor for acute and long-term mortality and functional recovery. The study by Adler'®
suggested that compared to younger patients, older individuals may have more severe deficits
from strokes and hence do less well. As age advances, cognitive skills may also decline. In our
study, we had excluded patients with dementia or cognitive deficits.

It was also postulated by some researchers that older brains may intrinsically have less ability
to recover, although the elderly may be more likely to employ compensatory strategies to
overcome some of the neural impairment that remains after stroke. More studies are required
to show that age itself is not a factor in determining the outcome after stroke. Research also
needs to focus on patients older than 80 years.

The clinical impact of this study is enormous when the stroke statistics are taken into
consideration. Every year about 140,000 Americans die from stroke. In 2016, stroke
accounted for about one out of every 19 deaths in the US. Every 40 seconds, someone in the
United States has a stroke and there is a death every 4 minutes from stroke.!’ Stroke risk varies
by age. In 2009, 34% of people hospitalized for stroke were less than 65 years old.'® Stroke
reduces mobility in more than half of stroke survivors age 65 and over.’®* Memis and
colleagues® found in their study that age had roeffect on functional status and disability of
stroke patients.

Feigin et al?! described the global impact of stroke and its consequences emphasizing the need
for more efficient prevention strategies. Hypertension being the major contributor for the
disease, our study evaluated its impact especially on functional outcomes.

The limitations of the study are that it is a retrospective analysis and we were unable to find
how many of the hypertensives had swings or variability of their blood pressures and whether
they were symptomatic from it during rehabilitation. Patients’ admission blood pressures and
their effect on the participation in therapies were not reported. The collection of the FIM scores
to assess maintenance of the functional gains at 3 months and at one year would have been
helpful to determine the influence of age and hypertension in this population. Future studies
are needed to study the impact of the variations in blood pressure of stroke patients during
rehabilitation and their functional gains.
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Conclusion

Stroke Patients younger than 60 years of age with no hypertension showed better progress with
inpatient rehabilitation as measured on the Functional Independent Measure in our
retrospective study of 200 subjects.
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