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Abstract

Background and purpose: Blood pressure variability, in acute stroke, may be an important
modifiable determinant of functional outcome after stroke. In a large international cohort
of participants with acute stroke, it was sought to determine the association of blood
pressure variability (in the early period of admission) and functional outcomes, and to
explore risk factors for increased blood pressure variability.

Patients and methods: INTERSTROKE is an international case-control study of risk fac-
tors for first acute stroke. Blood pressure was recorded at the time of admission, the
morning after admission and the time of interview in cases (median time from admission
36.7h). Multivariable ordinal regression analysis was employed to determine the asso-
ciation of blood pressure variability (standard deviation [SD] and coefficient of variance)
with modified Rankin score at 1-month follow-up, and logistic regression was used to
identify risk factors for blood pressure variability.

Results: Amongst 13,206 participants, the mean age was 62.19 +13.58years. When
measured by SD, both systolic blood pressure variability (odds ratio 1.13; 95% confidence
interval 1.03-1.24 for SD 220 mmHg) and diastolic blood pressure variability (odds ratio
1.15; 95% confidence interval 1.04-1.26 for SD >10mmHg) were associated with a sig-
nificant increase in the odds of poor functional outcome. The highest coefficient of vari-
ance category was not associated with a significant increase in risk of higher modified
Rankin score at 1 month. Increasing age, female sex, high body mass index, history of
hypertension, alcohol use, and high urinary potassium and low urinary sodium excretion
were associated with increased blood pressure variability.

Conclusion: Increased blood pressure variability in acute stroke, measured by SD, is associ-
ated with an increased risk of poor functional outcome at 1 month. Potentially modifiable

risk factors for increased blood pressure variability include low urinary sodium excretion.
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INTRODUCTION

Blood pressure (BP) management in acute stroke has been an inten-
sive area of interventional research; randomized controlled trials
have focused on lowering elevated BP, or increasing BP in patients
where hypoperfusion is suspected [1-7]. Whilst lowering BP con-
fers a modest benefit in patients with intracerebral haemorrhage
(ICH), there is no evidence to support BP lowering in acute isch-
aemic stroke, based on large randomized controlled trials [1, 8-10].

Blood pressure variability, rather than absolute BP levels, has
received considerably less attention in acute stroke research, and
current guidelines do not consider BP variability in their recommen-
dations [11]. Observational studies have reported an association
between BP variability and functional outcome after acute stroke
[12, 13], although a significant association has not been consistently
reported, perhaps due to heterogeneity in the measure of BP vari-
ability and the time frame during which this was measured [14, 15].
Increased BP variability may also confound the evaluation of antihy-
pertensive therapy in clinical trials [16].

In a non-acute setting, BP variability is associated with an in-
creased risk of stroke, conferring additive risk to absolute BP levels
[13]. The mechanism is not well understood but is thought to relate
to fluctuations in BP, impaired autoregulation and transient hypoper-
fusion [17, 18]. Similarly, increased BP variability in acute stroke may
result in a larger burden of ischaemic damage, which may result in
more unfavourable outcomes. If an association exists between acute
BP variability and functional outcomes after stroke, it may present
an important target for developing and evaluating future BP man-
agement interventions.

The INTERSTROKE study offers an opportunity to evaluate
the association of modifiable factors, such as dietary factors, with
BP variability in an international population. A previous analysis
of the INTERSTROKE study reported the association between
sodium and potassium excretion and risk of stroke, with lowest
stroke risk in the moderate sodium excretion range and higher
potassium range [19]. If an association between dietary factors
and BP variability exists, this may warrant further evaluation, for
example evaluating modification of fluid and nutritional manage-
ment post stroke.

The aim of this analysis of the INTERSTROKE study is to explore
factors (e.g., dietary exposures) that may increase the risk of BP vari-
ability and to evaluate the associations of BP variability with func-
tional outcome 1 month following incident stroke event.

PATIENTS AND METHODS

INTERSTROKE is an international case-control study of risk factors
for incident stroke. The methods have been described previously
[20]. Patients (13,462 stroke patients and 13,488 matched controls)

were recruited between January 2007 and August 2015. For the
current analysis cases only were included (i.e., participants present-
ing with acute stroke). Cases were patients who presented with
first acute stroke, either ischaemic or haemorrhagic (confirmation
by computed tomography or magnetic resonance brain imaging), en-
rolled within 72 h of hospital admission or 5days of symptom onset.
For the current analyses, 13,206 cases were included, where data
on BP measurements were available. The top 1% of BP variability
measurements (as measured by systolic BP standard deviation [SD]
and diastolic BP SD, respectively) were excluded from analyses, to

reduce an effect of extreme values.

Measurement of blood pressure variability

Blood pressure was measured at three time-points: admission, the
morning after admission (from patient's chart) and the time of in-
terview (recorded by research personnel, within 72h of admission;
median time from admission 36.7 h). Measures of BP variability were
SD and coefficient of variance (CoV) of systolic and diastolic BP.

Measurement of other risk factor exposures

Standardized questionnaires were used to collect data on baseline de-
mographics, lifestyle stroke risk factors and characteristics of acute
stroke from all cases. Physical measurements (weight, height, BP) were
recorded in a standardized manner. Diet quality was defined by the
modified Alternative Healthy Eating Index (mAHEI); a higher score
indicates a healthier cardiovascular diet than does a low score [21].
Sodium and potassium excretion was measured by non-fasting (casual)
urine samples, which were taken from cases within 72 h of recruitment,
frozen at -20 to -70 °C and shipped to core laboratories (Hamilton,
Canada; Beijing, China; Bangalore, India; and Istanbul, Turkey). Twenty-
four hour urine sodium and potassium excretion was estimated using
the Tanaka formula [22]. This method has been validated against 24-h
urine collections and reported to be the least biased estimation for
casual urine samples in an international population [23].

Measurement of functional outcome at 1 month

The modified Rankin scale (mRS) was used to measure stroke se-
verity. A physician recorded each participant's mRS score prior to
admission for acute stroke, at acute presentation and at 1-month
follow-up.

The study was approved by the ethics committees in all partic-
ipating centres. Written informed consent was obtained from par-
ticipants or their proxy. This report adheres to STROBE reporting
guidelines [24].
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Statistical analysis

The following variables of BP variability were derived: systolic BP SD,
systolic BP CoV (systolic BP SD/systolic BP mean), diastolic BP SD,
diastolic BP CoV (diastolic BP SD/diastolic BP mean). Simple associa-
tions were assessed with frequency tables and Pearson's ;(2 tests for
two independent proportions. Restricted cubic spline plots were used
to explore the pattern of association between sodium and potassium
excretion with BP variability (systolic BP and diastolic BP CoV) and of
BP variability (continuous variables) with functional stroke outcome
(mRS category at 1 month). Three level categories were derived for
each of the BP variability variables, based on an assessment of uni-
variable cubic splines. Univariable and multivariable logistic regres-
sion were used to evaluate the association of risk factors with high
BP variability (systolic BP SD >20mmHg, CoV 20.1, diastolic BP SD
>10mmHg, CoV 20.05). This multivariable model was adjusted for
factors known to affect BP variability: age, sex, body mass index
(BMI), diabetes mellitus, hypertension, use of antihypertensive medi-
cations, alcohol use, smoking, sodium excretion, potassium excretion,
AHEI tertile and physical activity (fixed effects), and centre (random
effects). Multivariable ordinal regression was used to evaluate the
association between the following measures of BP: systolic BP CoV
category, diastolic BP CoV category, systolic BP SD category, dias-
tolic BP SD category with mRS category at 1month. The following
covariates were adjusted for age, sex, centre and mRS score at admis-
sion. Multicollinearity of other BP variability was assessed and covari-
ates which were highly collinear were not included [25]. For analyses
where systolic BP CoV or diastolic BP CoV were the predictors of
interest, mean systolic or diastolic BP was adjusted for respectively
as these variables were not above our prespecified threshold of mul-
ticollinearity. A sensitivity analysis excluding those on antihyperten-
sives was performed. Exploratory subgroup analyses were completed
by age (<70years, >70years), sex, stroke type, history of hyperten-
sion, admission BP above the median, in-hospital antihypertensive
use and diabetes mellitus. A likelihood ratio test was used to test for
interaction between risk factor and subgroups. p for interaction was
considered statistically significant when <0.05. Statistical analyses

were performed using R version 4.2.2 (Innocent and Trusting).

RESULTS

The mean age of participants was 62.2 +13.6years, of whom 5.9%
(n=776) of included cases received thrombolysis. 27.2% (n=3585)
of included cases had high BP variability measured as SD 220mmHg
and 39.9% (h=5272) had high BP variability measured as CoV >0.1.
Table 1 presents baseline characteristics of included participants
with acute stroke, amongst systolic BP SD categories. Individuals
with higher BP variability were older, more likely to be female, with
more severe stroke syndromes (as measured by the mRS at ad-
mission) (Table 1). A higher proportion of those with high BP vari-
ability had a history of hypertension or were taking pre-admission
antihypertensive medications. Tables S1 and S2 present baseline

characteristics of included cases by systolic BP CoV category and

diastolic BP SD category, respectively.

Risk factors for increased blood pressure variability

Table 2 reports the association of demographics and cardiovascular
risk factors with systolic and diastolic BP variability (as measured by
SD and CoV respectively). On multivariable analysis, female sex was
associated with increased risk of systolic BP variability (SD 220 mmHg,
odds ratio [OR] 1.19, 95% confidence interval [CI] 1.07-1.32; and
CoV 20.1, OR 1.19, 95% CI 1.08-1.32) and diastolic BP variability (SD
210mmHg, OR 1.20, 95% Cl 1.08-1.32; and CoV 20.05, OR 1.25,95%
Cl 1.11-1.40). Older age was associated with increased risk of systolic
BP SD 220mmHg (OR 1.63, 95% Cl 1.24-2.15 for 70-80years and OR
1.75, 95% Cl 1.31-2.35 for >80years; reference <40years) and CoV
>0.1 (OR 1.35, 95% Cl 1.08-1.69 for 70-80years and OR 1.39, 95%
Cl 1.09-1.78 for >80years; reference <40years). History of hyperten-
sion was associated with increased risk of systolic BP variability (SD
220mmHg, OR 1.53, 95% Cl 1.35-1.72; and CoV 20.1, OR 1.26, 95%
Cl 1.13-1.40) and diastolic BP variability (SD 210mmHg, OR 1.45, 95%
Cl 1.30-1.62; and CoV 20.05, OR 1.17, 95% Cl 1.03-1.33). Increased
BMI was associated with increased risk of systolic BP variability (SD
220mmHg, OR 1.18, 95% Cl 1.03-1.36, and CoV 20.1, OR 1.38, 95%
Cl 1.03-1.83 for obesity (BMI 230); reference normal BMI) and dias-
tolic BP variability (SD 210mmHg, OR 1.16, 95% Cl 1.02-1.32, and
CoV 20.05,0R 1.12,95% Cl 0.96-1.31).

The relationship between sodium and BP variability is depicted in
Figure 1, demonstrating an increased risk of systolic and diastolic BP
variability associated with lower sodium excretion range (Figure 1a,b).
Higher sodium excretion range was associated with reduced risk of
systolic BP variability (SD 220mmHg, OR 0.76, 95% CI 0.66-0.87
for 3.5-4.26 g/day and OR 0.70, 95% Cl 0.61-0.81 for >4.26 g/day;
and CoV 20.1, OR 0.85, 95% C1 0.75-0.97 for 3.5-4.26 g/day and OR
0.77, 95% Cl 0.68-0.88 for >4.26 g/day; reference <2.8g/day) and
diastolic BP variability (SD 210mmHg, OR 0.86, 95% Cl 0.75-0.98
for >4.26 g/day; and CoV 20.05, OR 0.80, 95% Cl 0.69-0.93 for 3.5-
4.26g/day and OR0.78,95% Cl1 0.67-0.90 for >4.26 g/day; reference
<2.8g/day). The urinary potassium range >1.86 g/day was associated
with increased risk of systolic BP variability (SD 220mmHg, OR 1.25,
95% Cl 1.06-1.46 and CoV 20.1, OR 1.12, 95% Cl 0.97-1.29 for
>1.86 g/day; reference <1.34 g/day). Table S3 reports the univariable
association of these factors with BP variability metrics. A sensitivity
analysis excluding samples taken 272 h from admission did not mate-

rially alter findings (Figure S1).

Association of systolic blood pressure variability with
modified Rankin Scale score at 1 month

Based on cubic spline analysis, increasing systolic BP measured as
SD and CoV respectively was associated with a modest increased
risk of higher mRS at 1 month for all stroke and ischaemic stroke
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TABLE 1 Characteristics by systolic blood pressure variability (SD of systolic blood pressure category).
SD (mmHg)
Variable Overall <10 10-20 220 p value®
n 13,2067 4817° 48047 3585°
Age, years (SD) 62.19 (13.56) 61.10 (13.85) 62.38(13.52) 63.40 (13.10) <0.001
Sex
Female 5331 (40.37%) 1837 (38.14%) 1964 (40.88%) 1530 (42.68%) <0.001
Male 7875 (59.63%) 2980 (61.86%) 2840 (59.12%) 2055 (57.32%)
Region
Western Europe/Australia/North America 1886 (14.28%) 537 (11.15%) 732 (15.24%) 617 (17.21%) <0.001
Eastern/Central Europe/Middle East 1378 (10.43%) 447 (9.28%) 566 (11.78%) 365(10.18%)
Africa 921 (6.97%) 377 (7.83%) 281 (5.85%) 263 (7.34%)
South Asia 2807 (21.26%) 1029 (21.36%) 1070 (22.27%) 708 (19.75%)
China 3953 (29.93%) 1738 (36.08%) 1339 (27.87%) 876 (24.44%)
Southeast Asia 840 (6.36%) 262 (5.44%) 321 (6.68%) 257 (7.17%)
South America 1421 (10.76%) 427 (8.86%) 495 (10.30%) 499 (13.92%)
Stroke subtypes
Ischaemic 10,230 (77.46%) 3984 (82.71%) 3759 (78.25%) 2487 (69.37%) <0.001
ICH 2976 (22.54%) 833 (17.29%) 1045 (21.75%) 1098 (30.63%)
Modified Rankin Scale score (admission)
0 441 (3.34%) 156 (3.24%) 172 (3.58%) 113 (3.15%) <0.001
1 2093 (15.85%) 820 (17.02%) 768 (15.99%) 505 (14.09%)
2 2609 (19.76%) 1012 (21.01%) 975 (20.30%) 622 (17.35%)
3 3330(25.22%) 1276 (26.49%) 1176 (24.49%) 878 (24.49%)
4 2966 (22.46%) 975 (20.24%) 1102 (22.95%) 889 (24.80%)
5-6 1765 (13.37%) 578 (12.00%) 609 (12.68%) 578 (16.12%)
Received thrombolysis 776 (5.88%) 181 (4.73%) 231 (5.62%) 364 (6.90%) <0.001
Leisure physical activity
Mainly inactive 11,830 (89.63%) 4393 (91.24%) 4272 (88.98%) 3165 (88.33%) <0.001
Mainly active 1369 (10.37%) 422 (8.76%) 529 (11.02%) 418 (11.67%)
Alcohol
Never 7769 (58.93%) 2951 (61.38%) 2785 (58.05%) 2033 (56.82%) <0.001
Former 1435 (10.88%) 479 (9.96%) 548 (11.42%) 408 (11.40%)
Current 3980 (30.19%) 1378 (28.66%) 1465 (30.53%) 1137 (31.78%)
Smoking history
Never or former smoker 9181 (69.55%) 3272 (67.98%) 3350 (69.75%) 2559 (71.40%) 0.003
Current smoker 4019 (30.45%) 1541 (32.02%) 1453 (30.25%) 1025 (28.60%)
Total AHEI score 22.62 (6.25) 22.26 (6.12) 22.79 (6.22) 22.87 (6.45) <0.001
Body mass index (kg/m?) 25.82(4.88) 25.47 (4.75) 25.98 (4.97) 26.07 (4.89) <0.001
History of atrial fibrillation/flutter 1314 (9.95%) 456 (9.47%) 492 (10.24%) 366 (10.21%) 0.37
History of hypertension 9571 (72.47%) 2763 (57.36%) 3548 (73.86%) 3260 (90.93%) <0.001
History of diabetes or HbAlc>6.5% 3712(28.12%) 1329 (27.61%) 1392 (28.99%) 991 (27.65%) 0.25
Antihypertensives pre-admission 5254 (39.79%) 1746 (36.25%) 1980 (41.22%) 1528 (42.63%) <0.001
Beta blocker use pre-admission 1830 (13.86%) 561 (11.65%) 682 (14.20%) 587 (16.38%) <0.001
Alpha blocker use pre-admission 181 (1.37%) 56 (1.16%) 67 (1.39%) 58 (1.62%) 0.20
Calcium channel blocker use 1975 (14.96%) 677 (14.05%) 737 (15.34%) 561 (15.66%) 0.081
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TABLE 1 (Continued)
SD (mmHg)
Variable Overall <10 10-20 220 p value®
Diuretic use pre-admission 1461 (11.06%) 459 (9.53%) 581 (12.09%) 421 (11.75%) <0.001
ACE inhibitor use pre-admission 2020 (15.30%) 628 (13.04%) 804 (16.74%) 588 (16.41%) <0.001
ARB use pre-admission 770 (5.83%) 246 (5.11%) 276 (5.75%) 248 (6.92%) 0.002
Time of admission SBP 158.09 (29.08) 142.81 (20.68) 156.21 (23.70) 181.15 (30.63) <0.001
Time of admission DBP 91.66 (16.95) 86.12(13.41) 90.60 (15.45) 100.53 (19.40) <0.001
Heart rate on admission 80.76 (14.53) 79.40(13.52) 80.89 (14.78) 82.40 (15.30) <0.001
24-h urinary sodium excretion 3.69 (1.27) 3.73(1.26) 3.70(1.22) 3.62 (1.36) <0.001
24-h urinary potassium excretion 1.57(0.38) 1.56(0.38) 1.57(0.38) 1.59 (0.38) 0.025

Abbreviations: ACE, angiotensin-converting enzyme; AHEI, Alternative Healthy Eating Index; ARB, angiotensin receptor blockers; DBP, diastolic
blood pressure; ICH, intracerebral haemorrhage; SBP, systolic blood pressure.

Mean (SD); n (%).
bKruskal-Wallis rank sum test; Pearson's ;{2 test.

(Figures 2 and 3). On multivariable ordinal regression, the high-
est systolic BP variability category measured as SD (220 mmHg)
was associated with an increase in risk of higher mRS at 1 month
within all stroke types (OR 1.13, 95% Cl 1.03-1.24). This was con-
sistent for ischaemic stroke cases (OR 1.09, 95% Cl 0.97-1.21)
and ICH stroke types (OR 1.14, 95% Cl 0.95-1.37) (Figure 2 and
Table S4). However, the highest CoV category (20.1) was not asso-
ciated with a significant increase in risk of higher mRS at 1 month
within all stroke types (OR 1.03, 95% CI 0.94-1.12) (Figures 2 and
3, Table S4). An exploratory subgroup analysis by age (<70 vs.
>70), sex, history of hypertension, admission systolic BP (above
vs. below the median) and diabetes mellitus did not alter findings
(Table S5).

Diastolic blood pressure variability and
functional outcome

Based on cubic spline analysis, increasing diastolic BP CoV was as-
sociated with a modest increased risk of higher mRS at 1 month
for all stroke (Figure S2). However, on multivariable ordinal regres-
sion, the highest diastolic BP CoV category (>0.1) was not associ-
ated with a significant increase in risk of higher mRS at 1 month
within all stroke types (OR 1.10, 95% Cl 0.97-1.23), ischaemic
stroke (OR 1.07, 95% Cl 0.94-1.23) or ICH (OR 1.16, 95% Cl 0.90-
1.49) (Figure S2 and Table S4). An exploratory subgroup analysis
by age (<70 vs. >70), sex, history of hypertension, admission sys-
tolic BP (above vs. below the median) and diabetes mellitus did
not alter findings (Table Sé). The highest diastolic BP SD category
(210 mmHg) was associated with a significant increase in risk of
higher mRS at 1 month within all stroke types (OR 1.15, 95% Cl
1.04-1.26); this was consistent for ischaemic stroke (OR 1.12, 95%
Cl 1.01-1.26) and ICH stroke types (OR 1.16, 95% Cl 0.95-1.42)
(Figure S3 and Table S4).

DISCUSSION

In this international study of incident stroke, high BP variability
was observed in a considerable proportion of cases. Female sex,
prior history of hypertension, use of antihypertensive medications,
increased physical activity, high BMI and alcohol intake were as-
sociated with increased BP variability at the time of acute stroke.
Moderate sodium excretion range (3.5-4.26 g/day) was associated
with a reduced risk of increased BP variability. A modest associa-
tion of BP variability was observed with worse functional outcome
(mRS) at 1 month, but the association was not consistent amongst all
measures of BP variability and was strongest for systolic BP SD and
diastolic BP SD.

A reduced risk of both systolic BP and diastolic BP variabil-
ity is reported, measured as CoV, with urinary sodium excretion
>3.5g (Figure 1). Our findings suggest that very low urinary so-
dium excretion, a surrogate for intake, may be associated with in-
creased BP variability in acute stroke, which may suggest a role of
pre-admission sodium intake in diet. Animal studies have reported
increased BP variability with low salt diets [26], and increased salt
intake is a recommended treatment for orthostatic hypotension
[27] as such low sodium intake may increase the risk of BP variabil-
ity, but this requires additional research. If BP variability is an im-
portant determinant of functional outcome after stroke, which may
be of particular relevance following endovascular thrombectomy
[28], this may have implications for fluid and nutrition management.
Current guidelines, for example the American Heart Association/
American Stroke Association guidelines, advise a reduction of 1g
sodium/day for secondary stroke prevention whilst acknowledging
the knowledge gap regarding optimal range in this population [29].
Previous studies evaluating the effect of reducing sodium intake
on BP variability, in a general population, have not demonstrated
a significant reduction in BP variability with reduced salt intake

[30]. There are no clinical studies evaluating different regimens of
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TABLE 2 Risk factors for blood pressure variability.

Odds of systolic BP variability? Odds of diastolic BP variability®

Variable SD220mmHg CoV20.1 SD2>10mmHg CoV20.05

Sex

Male 1.0 1.0 1.0 1.0

Female 1.19 (1.07-1.32) 1.19(1.08-1.32) 1.20(1.08-1.32) 1.25(1.11-1.40)
Age (years)

<40 1.0 1.0 1.0 1.0

40-50 1.38(1.04-1.86) 1.03(0.81-1.31) 1.11(0.88-1.41) 0.89 (0.67-1.18)
50-60 1.43(1.09-1.89) 1.11(0.89-1.39) 0.92(0.74-1.15) 0.82(0.62-1.06)
60-70 1.51 (1.16-2.00) 1.16 (0.93-1.45) 0.86 (0.69-1.07) 0.71(0.54-0.92)
70-80 1.63(1.24-2.15) 1.35(1.08-1.69) 0.80(0.64-1.00) 0.73(0.56-0.95)
>80 1.75(1.31-2.35) 1.39(1.09-1.78) 0.96 (0.76-1.23) 0.89 (0.66-1.19)
History of hypertension

No 1.0 1.0 1.0 1.0

Yes 1.53(1.35-1.72) 1.26 (1.13-1.40) 1.45(1.30-1.62) 1.17(1.03-1.33)

Pre-hospital use of antihypertensives

No

Yes

1.0
0.66 (0.59-0.74)

In-hospital use of antihypertensives

1.0
0.79 (0.70-0.88)

1.0
0.75(0.67-0.84)

1.0
0.87(0.76-0.99)

No 1.0 1.0 1.0 1.0

Yes 1.90(1.70-2.14) 1.60(1.45-1.77) 1.55(1.40-1.72) 1.53(1.37-1.72)
Smoking

No 1.0 1.0 1.0 1.0

Yes 0.96 (0.86-1.08) 0.98 (0.88-1.09) 0.92(0.82-1.02) 1.01(0.89-1.14)
Alcohol

Never 1.0 1.0 1.0 1.0

Former 1.15(0.98-1.35) 1.19 (1.03-1.38) 1.20(1.04-1.39) 1.36 (1.14-1.62)
Current 1.28(1.13-1.44) 1.32(1.19-1.48) 1.36 (1.22-1.52) 1.47 (1.29-1.67)

Diabetes mellitus
No

Yes

Physical activity
Mainly active
Mainly inactive
BMI

1.0
0.91(0.82-1.02)

1.0
0.85(0.73-0.98)

1.0
0.96 (0.87-1.07)

1.0
0.74 (0.64-0.85)

1.0
0.89 (0.81-0.99)

1.0
0.92 (0.80-1.05)

1.0
1.01(0.90-1.14)

1.0
0.88(0.74-1.05)

Normal 1.0 1.0 1.0 1.0
Overweight 1.12(1.01-1.25) 1.15(1.04-1.26) 1.05 (0.95-1.16) 1.02 (0.91-1.14)
Obese 1.18 (1.03-1.36) 1.23(1.08-1.40) 1.16 (1.02-1.32) 1.12 (0.96-1.31)

Underweight

1.26 (0.91-1.72)

1.38(1.03-1.83)

0.94 (0.70-1.27)

1.26 (0.89-1.83)

AHEI tertile

Tertile 3 1.0 1.0 1.0 1.0

Tertile 1 0.95(0.84-1.07) 0.90(0.81-1.00) 0.90(0.81-1.00) 0.82(0.72-0.93)
Tertile 2 0.93(0.82-1.05) 0.94 (0.84-1.05) 0.89 (0.80-0.99) 0.83(0.73-0.95)
Urinary Na (g/day)

<2.8g 1.00 1.00 1.00 1.00

2.8-3.5¢g 0.81(0.71-0.93) 0.90(0.80-1.02) 0.94 (0.83-1.07) 0.94 (0.81-1.10)
3.5-4.26¢g 0.76 (0.66-0.87) 0.85(0.75-0.97) 0.91(0.80-1.03) 0.80 (0.69-0.93)

>4.26g

0.70(0.61-0.81)

0.77(0.68-0.88)

0.86(0.75-0.98)

0.78 (0.67-0.90)
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TABLE 2 (Continued)

Odds of systolic BP variability® Odds of diastolic BP variability®
Variable SD220mmHg CoV20.1 SD2>10mmHg CoV20.05
Urinary K (g/day)
<1.34g 1.0 1.0 1.0 1.0
1.34-1.58¢g 1.08(0.95-1.24) 1.02(0.91-1.16) 1.11 (0.98-1.25) 1.09 (0.95-1.26)
1.58-1.86¢g 1.12(0.97-1.29) 1.04 (0.92-1.18) 1.14 (1.00-1.29) 1.05(0.91-1.21)
>1.86g 1.25(1.06-1.46) 1.12 (0.97-1.30) 1.18(1.02-1.37) 1.14 (0.96-1.35)

Abbreviations: AHEI, Alternative Healthy Eating Index; BMI, body mass index; BP, blood pressure; CoV, coefficient of variance; K, potassium; Na,
sodium; SD, standard deviation.

Multivariable model adjusts for all covariates in this table.

Odds of SBP SD =20 Odds of SBP COV =0.1 Odds of SBP COV >0.1 Odds of DBP COV =0.1
15 15
—_ —_ /-\1 5‘ —_
S 5] S S
2 2 2 2
3 3 3 3
il il ) o
] ] ] k]
(2] (2] n 2]
3 3 3 3
@] @] o @]

i 2 3 4 5 6 7 8 9 12 3 4 5 6 7 8 9 12 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Sodium (g/day) Sodium (g/day) Sodium (g/day) Sodium (g/day)
Odds of DBP COV >0.1 Odds of SBP COV =0.1 Odds of SBP COV >0.1 Odds of DBP COV =0.05
1.5
1.5 1.59 15
S S 3 S
2 32 32 32
3 3 S 2
2 2 he] 2
S s ] s
[%2] 172} 172} 172}
3 3 3 3
o o e} o

1 2 3 1 2 3 1 2 3 1 2 3
Potassium (g/day) Potassium (g/day) Potassium (g/day) Potassium (g/day)

FIGURE 1 Association of estimated 24-h sodium and potassium excretion (Tanaka) with risk of blood pressure variability. All plots were
adjusted for age, sex, country. The grey ribbons indicate 95% confidence interval. The black lines represent the median value. DBP, diastolic
blood pressure; SBP, systolic blood pressure.

intravenous fluid (e.g., normal saline, Hartmann's solution) which variability include non-modifiable risk factors of increasing age,
have different amounts of sodium, which may be an approach to which has been consistently reported, and female sex, which has
intervening in future studies. Other risk factors of increased BP not been consistently reported [31-33], and increased BMI [34].



8of 11 REDDIN ET AL.
400
2000
1500 3004
. 1500 - -
c c c
5 5 1000 5 2004
Q 1000 I} 2
o (&] (&]
500 5001 100
O- T T T T T 0- T T T T T 0- T T T T T
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

Systolic BP standard deviation

MRS at one month (ordinal regression)

All stroke Ischemic

QOdds ratio (95% Cl)
Odds ratio (95% Cl)

Systolic BP standard deviation

MRS at one month (ordinal regression)

Systolic BP standard deviation

MRS at one month (ordinal regression)
ICH

0 10 20 30 40 0
Systolic BP standard deviation

10
Systolic BP standard deviation

30 40 0 10 20 30 40
Systolic BP standard deviation

FIGURE 2 Spline of association of systolic blood pressure standard deviation (four level mRS). Association of systolic blood pressure
variability (SD) with functional outcome (mRS at 1 month). (a)-(c) Restricted cubic splines of the associations between systolic blood pressure
variability (SD) with functional outcome (mRS at 1 month) in all stroke types, in ischaemic stroke and in intracerebral haemorrhage (ICH)
stroke subtypes. All plots were adjusted for age, sex, centre, mRS score at admission. The grey ribbons indicate 95% confidence interval. The

black lines represent the median value. mRS, modified Rankin Scale.

Modifiable risk factors are also reported including alcohol intake
and hypertension.

Previous studies have reported the association of BP vari-
ability with increased risk of stroke [12, 13]; however, studies
report conflicting results, perhaps due to differences in study
population, time frame of BP measurement, measures of variabil-
ity and sample size [14, 15]. Given the lack of standardization of
measurement and classification of BP variability, the European
Society of Hypertension recently issued a position paper regard-
ing methodological aspects of BP variability measurement and its
clinical relevance [35]. They outline BP variability classification by
measurement interval: very short-term (beat-to-beat), short-term
(within 24 h), mid-term (day-to-day) and long-term BP variability

[35]. In this study mid-term variability is considered, measured
within days.

Strengths and limitations of our study

The INTERSTROKE study is a large international study which pro-
vides evidence of the association of BP variability from an acute
stroke population, the majority of whom did not receive throm-
bolysis or thrombectomy (due to the enrolment time frame: 2007-
2015), recruited from high-, middle- and low-income countries.
mRS scores were collected by a physician at admission and at 1-

month follow-up. Stroke types were classified by neuroimaging.
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FIGURE 3 Spline of association of systolic blood pressure coefficient of variance with function outcomes (four level mRS at 1 month).
Association of systolic blood pressure variability (CoV) with functional outcome (mRS at 1 month). (a)-(c) Restricted cubic splines of the
associations between systolic blood pressure variability (CoV) with functional outcome (mRS at 1 month) in all stroke types, in ischaemic
stroke and in intracerebral haemorrhage (ICH) stroke subtypes. All plots were adjusted for age, sex, centre, mRS score at admission. The grey
ribbons indicate 95% confidence interval. The black lines represent the median value. mRS, modified Rankin Scale.

Our study has several potential limitations. First, BP measure-
ments from admission and the morning after admission were re-
corded from the patient's chart, rather than contemporaneously
recorded. The number of measurements used to calculate variabil-
ity was small; however, large numbers of measurements were not
practical in this large international observational study. Whilst a
larger number of BP measurements would improve accuracy, our
large sample size may mitigate random error incurred by a limited
number of BP measurements. To limit the impact of potentially
inaccurate readings the top 1% of BP variability measurements
were excluded. Secondly, sodium and potassium excretion was
measured with a casual urine sample and formula derived (Tanaka),
rather than with a 24-h urine sample which would have been im-
practical. Thirdly, a change in oral intake or intravenous fluids
due to acute stroke may impact sodium and potassium excretion.
A sensitivity analysis excluding samples taken 272 h after admis-
sion was performed which did not materially alter findings.

CONCLUSION

Increased BP variability (measured as SD), which is more common
in older women and those with low urinary sodium excretion, is as-
sociated with an increased risk of poor functional outcome 1 month
after stroke. Further research is required to evaluate the optimal

time frame and measurement of BP variability.
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