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Abstract

Background: To investigate whether anemia is associated with incident cardiovascular events and all-cause death among participants
who received intensive blood pressure (BP) treatment in the Systolic Blood Pressure Intervention Trial (SPRINT). Methods: A to-
tal of 4394 participants who received intensive BP control (systolic BP <120 mmHg) in SPRINT were included. Anemia status was
self-reported. Our primary outcome was a composite of cardiovascular events, and the secondary outcome was all-cause death. Cox
regression was used to compare the incidence of outcomes between participants with anemia and non-anemia. In order to balance the
baseline characteristics between the 2 groups, inverse probability of treatment weighting (IPTW) was applied. Hazard ratios (HRs),
along with 95% confidence intervals (Cls), were then calculated. Results: There were 4394 participants who received intensive BP
control (537 participants with anemia). Participants with anemia were older (mean age 68.86 versus 67.75, p = 0.01) and more likely
to be female (64.8% versus 31.8%, p < 0.001). The presence of anemia was strongly associated with composite cardiovascular events
after adjusting for potential confounders (HR 1.66, 95% CI 1.18-2.34, p = 0.004). The association remained statistically significant even
in the population after IPTW (HR 1.55, 95% CI 1.06-2.27, p = 0.024). The secondary outcome revealed that participants with anemia
had a higher rate of all-cause death compared to those without anemia. The HR of all-cause death for participants with anemia was
1.61 (95% CI 1.00-2.57, p = 0.049) in the population after IPTW. Conclusions: Anemia appears to be an independent risk factor for
composite cardiovascular events and all-cause death among participants who received intensive BP control in SPRINT. Clinical Trial
Registration: URL: https://www.clinicaltrials.gov; Unique identifier: NCT01206062. All SPRINT anonymized data can be found at the
National Heart, Lung and Blood Institute (NHLBI) Biologic Specimen and Data Repository (https://biolincc.nhlbi.nih.gov/home/).
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1. Introduction by declined blood capacity of carrying oxygen, is not only
a risk factor for cardiovascular diseases (CVD) [6-8] but
also a prognosis predictor for adverse outcomes following
heart failure and end-stage renal disease [9—11]. The preva-
lence of anemia increases with advancing age and exceeds
20% in the elderly population [12]. As the control target
of SBP becomes lower, reduced blood supply with lower
oxygen may be harmful to remote organs. In other words,
anemia may be a risk factor for CVD among those who
received intensive BP treatment. Although prior studies
have found a positive link between anemia and compro-
mised cerebral autoregulation and intensified myocardial
ischemia [11,13,14], the impact of anemia on the risk of
CVD among participants treated with lower SBP target has
not yet been investigated. The low SBP control target of
SPRINT gives us an opportunity to explore the relationship
between anemia and the risk of CVD among participants
enrolled in an intensive BP treatment group. We hypoth-

Hypertension is a common chronic disease across
the world [1]. Well-controlled blood pressure (BP) is as-
sociated with favorable cardiovascular health. Recently,
a lower systolic blood pressure (SBP) control target has
shown a beneficial effect in reducing cardiovascular events
[2—4]. Among those trials related to intensive BP control,
the Systolic Blood Pressure Intervention Trial (SPRINT)
was designed with the lowest intensive SBP target (<120
mmHg). The main findings of SPRINT indicated inten-
sive BP control reduced composite cardiovascular events
and all-cause death by 25% and 27% compared to stan-
dard BP control (<140 mmHg). While intensive BP control
has been shown to be associated with beneficial effects, it
has also been linked to adverse events such as acute kid-
ney injury, hypotension, syncope, and falls [2]. The haz-
ard ratio (HR) for adverse events was higher in subgroups
with advanced age or frailty [5]. Anemia, characterized
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esize that anemia could be a risk factor for CVD and all-
cause death among participants who received intensive BP
treatment in SPRINT.

2. Materials and Methods
2.1 Data Reproducibility Statement

All SPRINT anonymized data can be found
at the National Heart, Lung and Blood Institute
(NHLBI) Biologic Specimen and Data Repository
(https://biolincc.nhlbi.nih.gov/homey/).

2.2 Study Design and Population

This study was a secondary analysis of the SPRINT
trial. As mentioned above, SPRINT was designed to inves-
tigate the beneficial effect of intensive BP control in reduc-
ing cardiovascular events, as compared with standard BP
control. Details of the trial have been discussed elsewhere
[15]. Briefly speaking, the SPRINT trial enrolled 9361 par-
ticipants between November 2010 and March 2013. The
participants were aged over 50 years and had an average
SBP of 130 to 180 mmHg, along with an increased risk for
CVD. This was defined as having at least one of the follow-
ing: clinical or subclinical CVD other than stroke, a 10-year
Framingham risk score (FRS) of 15% or higher, being aged
75 years or older, or having an estimated glomerular filtra-
tion rate (eGFR) of 20 to <60 mL/min/1.73 m?.

Major exclusion criteria for the trial included diag-
nosed diabetes, prior stroke, severe chronic kidney disease
(CKD) (eGFR <20 mL/min/1.73 m?), congestive heart fail-
ure (ejection fraction <35%), or dementia. For the purpose
of'this study, only participants who received intensive blood
pressure treatment were included.

This study was approved by the Institutional Review
Board of each clinical site, and all participants provided in-
formed consent.

2.3 Study Measurements

Baseline demographic data, including age, gender,
and race were self-reported at randomization. Medical his-
tories were recorded in a document called self-administered
baseline history. As for anemia status, participants were
asked if they had ever been told by a physician that they
had anemia or low blood count. If they answered yes, then
they were recorded as positive for anemia. The same kinds
of questions were asked to collect other medical histories,
including cancer, smoking status, and medication usage.
In the SPRINT trial, prior CVD was defined as a history
of clinical or subclinical CVD, including acute coronary
syndrome, carotid revascularization, coronary revascular-
ization, more than 50% stenosis of carotid/coronary/lower
extremity artery, or a coronary artery calcium score of 400
or higher. Chronic kidney disease was defined as an eGFR
of less than 60 mL/min/1.73 m?. The eGFR was calculated
using the modification of diet in renal disease 4-component
equation [16]. BP was measured using an automated device

(Omron-HEM-907, OMRON HEALTHCARE Co., Ltd.,
Kyoto, Japan) following standard procedures. The mean
of 3 automated cuff readings was used for analysis. Labo-
ratory specimens were obtained at baseline and stored at the
University of Minnesota for estimation of serum markers,
including blood glucose, serum creatinine, and lipid pro-
files.

2.4 Outcome Definitions

The primary outcome of our study was a composite
of cardiovascular events, including nonfatal myocardial in-
farction, acute coronary syndrome not resulting in myocar-
dial infarction, stroke, acute decompensated heart failure,
or death from CVD. The definition of our primary outcome
is consistent with the one used in SPRINT. Our secondary
outcome was all-cause death, which is also a prespecified
secondary outcome in SPRINT. All outcome events were
reviewed and confirmed by experienced physicians who
were blinded to the treatment assignment.

2.5 Statistical Analysis

All statistical analyses were performed using R ver-
sion 3.6.2 (https://www.r-project.org/; R Foundation for
Statistical Computing, Vienna, Austria). A p value less than
0.05 was considered to be statistically significant. Partici-
pants in the intensive BP treatment group were divided into
2 groups based on their anemia status. The baseline charac-
teristics of the 2 groups were compared using appropriate
statistical tests. Continuous variables were compared us-
ing the Wilcoxon rank sum test or 2-sample ¢-test, while
categorical variables were compared using Pearson’s Chi-
squared test or Fisher’s exact test. Cox proportional haz-
ards models were used to compare the incidence of compos-
ite cardiovascular events and all-cause death between the
2 groups. HRs with 95% confidence intervals (Cls) were
calculated, with participants without anemia serving as the
reference group.

Since this was a secondary analysis of SPRINT, base-
line characteristics may not be balanced between the 2
groups. One approach to help us remove confounding
is the inverse probability of treatment weighting (IPTW)
[17]. This method relies on building a logistic regres-
sion model to estimate the probability score of the expo-
sure (anemia/non-anemia) observed for the study popula-
tion and using the probability score as a weight in subse-
quent analyses. The predicted probability score was cal-
culated by putting all our baseline characteristics into the
logistic regression model. By applying these weights to
the study population, we can create a pseudo-population
in which baseline characteristics are balanced across the
2 groups. We constructed 4 Cox regression models to
test the robustness of the relationship between anemia and
outcomes. In model 1, no confounder was adjusted. In
model 2, confounders with p value < 0.05 between the 2
groups were adjusted (age, gender, eGFR, SBP, diastolic
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9361 participants enrolled in SPRINT

Excluded

* 4683 participants in standard treatment group

A4

4678 participants in intensive treatment group

Excluded

* 9 participants with missing record of anemia

* 4 participants with missing record of cancer history

* 4 participants with missing record of smoking status

* 7 participants with missing record of Aspirin usage

« * 9 participants with missing value of eGFR

* 6 participants with missing value of Creatinine

* 202 participants with missing value of Albumin-to-
creatinine ratio

» 20 participants with missing value of BMI

* 23 participants with missing record of Statin usage

A 4

4394 participants included in our analysis

Fig. 1. Study flowchart. SPRINT, Systolic Blood Pressure Intervention Trial; BMI, body mass index; eGFR, estimated glomerular

filtration rates.

BP, FRS, baseline CKD, race, serum creatinine, cancer his-
tory, cholesterol, blood glucose, and high-density lipopro-
tein). In model 3, we adjusted for the predicted probability
score calculated by a logistic regression model. In model 4,
the HR was calculated within the population after [PTW. A
cumulative incidence plot for our outcomes was drawn both
in pre-weighted and post-weighted populations with a log-
rank test indicating the differences between the 2 groups.
The follow-up time was censored at the end of the trial,
death, loss to follow-up, or the occurrence of the outcomes
being studied. The proportional hazards assumption was
verified by checking the plot of Schoenfeld residuals.

Subgroup analyses were conducted to test the inter-
action effect (anemia status* subgroup) for our primary
outcome among the following groups: age (>75/<75
years), gender (male/female), FRS (>15%/<15%), race
(black/non-black), number of antihypertensive drugs at
baseline (>2/<2), previous CVD (Yes/No), medical his-
tory of cancer (Yes/No), SBP tertile at randomization (<132
mmHg; 132 to 145 mmHg; >145 mmHg), and baseline
CKD (eGFR >60/<60 mL/min/1.73 m?). As for the R
packages we used in our study, tableone, survey, and re-
shape2 were used for the inverse probability of treatment
weighting; survival and survminer were used for Cox pro-
portional hazards models; forestplot was used to draw
forest-plot.
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2.6 Sensitivity Analysis

First, our hypothesis in this study is that anemia could
be a risk factor for composite cardiovascular events and
all-cause death among participants who received intensive
BP treatment in SPRINT. To reinforce our findings, we
also conducted the same analysis mentioned above among
participants who received standard BP treatment. From
our point of view, the relationship between anemia and
outcomes found in the intensive BP treatment group may
not exist in the standard BP treatment group. Second, we
separated the whole SPRINT participants into 2 groups
(anemia/non-anemia). The beneficial effect of intensive BP
treatment compared with standard BP treatment in reducing
cardiovascular events may not be identical among anemia
and non-anemia participants. In other words, intensive BP
treatment may not be suitable for participants with anemia.

3. Results
3.1 Characteristics of Study Participants

The study flowchart (Fig. 1) shows the enrollment pro-
cess of our study. There were 9361 participants enrolled in
SPRINT, with 4678 participants randomized to the inten-
sive BP treatment group and 4683 participants randomized
to the standard BP treatment group. For the purpose of this
study, we excluded participants in the standard BP treat-
ment group. We further excluded 9 participants with miss-
ing information about anemia, 4 participants with missing


https://www.imrpress.com

Table 1. Univariate comparison of baseline characteristics stratified by exposure to anemia in unweighted and propensity

score-weighted participants.

L Unmatched IPTW
Characteristics
Non-Anemia Anemia p Non-Anemia Anemia p

N 3857 537 4393 4402.4
Age 67.75 (9.32) 68.86 (9.82) 0.01 67.90 (9.36) 68.73 (9.39) 0.107

<75 2794 (72.4) 360 (67.0) 0.011  3151.6(71.7) 3030.4 (68.8) 0.25

>75 1063 (27.6) 177 (33.0) 1241.4 (28.3) 1372.1 (31.2)
Gender (Female) 1226 (31.8) 348 (64.8) <0.001 1573.5(35.8) 1575.9 (35.8) 0.992
BMI, (kg/m?) 29.95 (5.77) 29.78 (6.24) 0.538 29.92 (5.82) 29.44 (5.67) 0.099
SBP, mmHg 139.49 (15.72) 140.96 (15.86) 0.043  139.67 (15.84) 139.66 (14.91) 0.99
DBP, mmHg 78.41 (11.84) 76.96 (12.25) 0.008  78.23 (11.90)  77.48 (12.02) 0.28
SBP Tertile

<132 mmHg 1318 (34.2) 171 (31.8) 0.485  1486.6(33.8) 1479.9 (33.6) 0.934

132—145 mmHg 1232 (31.9) 172 (32.0) 1403.2 (31.9) 1374.0 (31.2)

>145 mmHg 1307 (33.9) 194 (36.1) 1503.2 (34.2) 1548.5(35.2)
FRS (>15%) 2446 (63.4) 263 (49.0) <0.01 27122 (61.7) 2813.0(63.9) 0.409
Race (Black) 1174 (30.4) 200 (37.2) 0.002 13747 (31.3)  1351.1(30.7) 0.812
Number of antihypertensive agents

<2 1474 (38.2) 212 (39.5) 0.606 1683.7(38.3) 1618.7(36.8) 0.571

>2 2383 (61.8) 325 (60.5) 2709.3 (61.7)  2783.7 (63.2)
Aspirin usage 2000 (51.9) 263 (49.0) 0.229  2263.9(51.5) 2260.2(51.3) 0.946
Statin usage 1653 (42.9) 223 (41.5) 0.591 1877.8 (42.7)  1946.2 (44.2) 0.608
Smoking status

Never smoked 1684 (43.7) 229 (42.6) 0.906 1911.0(43.5) 1811.7 (41.2) 0.648

Former smoker 1637 (42.4) 232 (43.2) 1868.1 (42.5)  1982.8 (45.0)

Current smoker 536 (13.9) 76 (14.2) 613.9 (14.0) 607.9 (13.8)
Baseline CKD 1045 (27.1) 223 (41.5) <0.001 1265.5(28.8) 1220.7 (27.7) 0.64
Previous CVD 778 (20.2) 113 (21.0) 0.679 890.6 (20.3) 888.6 (20.2) 0.969
Cancer history 465 (12.1) 92 (17.1) 0.001 555.4 (12.6) 547.3 (12.4) 0.897
eGFR, mL/min/1.73 m2 72.43 (20.23)  66.15(23.05) <0.001 71.68(20.62) 72.22(21.07) 0.63
Serum creatinine, mg/dL 1.07 (0.33) 1.12 (0.46) 0.001 1.08 (0.35) 1.06 (0.34) 0.466
CHR, mg/dL 189.92 (41.14) 193.75(44.99) 0.046 190.33 (41.14) 187.91 (44.21) 0.304
GLUR, mg/dL 99.18 (13.76)  97.01 (14.07)  0.001  98.94 (13.66)  99.08 (14.09) 0.867
HDL, mg/dL 52.46 (14.17) 5578 (15.78) <0.001 52.87 (14.33)  53.09 (15.24) 0.792
TRR, mg/dL 126.46 (89.35) 118.91 (68.05) 0.06  125.44 (86.85) 122.74 (80.84) 0.621
Urine albumin-to-creatinine ratio, mg/g 42.00 (177.37) 55.61 (184.60) 0.097 43.86 (180.54) 43.86 (156.92) 1

The data are presented as mean (standard deviation) or number (percentage). To convert values for creatinine to micromoles per liter,

multiply by 88.4. To convert values for cholesterol to millimoles per liter, multiply by 0.02586. To convert values for triglycerides to

millimoles per liter, multiply by 0.01129. To convert values for glucose to millimoles per liter, multiply by 0.05551. The body mass index

(BMI) is calculated as weight in kilograms divided by the square of height in meters.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FRS, Framingham risk score; CKD, chronic kidney

disease; eGFR, estimated glomerular filtration rates; CVD, cardiovascular disease; CHR, Cholesterol; TRR, Triglycerides; GLUR, Glucose;

HDL, high-density lipoprotein cholesterol direct; IPTW, inverse probability of treatment weighting.

information about cancer history, 4 participants with miss-
ing information about smoking status, 7 participants with
missing information about aspirin usage, 9 participants with
missing value of eGFR, 6 participants with missing value
about serum creatinine, 202 participants with missing value
about urine albumin-to-creatinine ratio, 20 participants with
missing value of body mass index (BMI), and 23 partici-
pants with missing information about statin usage. Finally,
there were 4394 participants included in this study. The dy-

namic change of BP after randomization among participants
with anemia and non-anemia was shown in Supplementary
Fig. 1.

Table 1 shows the baseline characteristics between the
2 groups before and after IPTW. Participants with ane-
mia were older (mean age 68.86 versus 67.75, p = 0.01),
more likely to be female (64.8% versus 31.8%, p < 0.001),
mostly Black race (37.2% versus 30.4%, p = 0.002), with
lower FRS >15% (49.0% versus 63.4%, p < 0.001), a
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Table 2. Impact of anemia on outcomes among participants who received intensive blood pressure control.

Non-Anemia  Anemia HR (95% CI)
Outcomes
N = 3857 N =537 Model 1 Model 2 Model 3 Model 4
Primary outcome Reference
Composite cardiovascular events 186 (4.8%) 45 (8.4%) 1.75(1.26,2.42) 1.66(1.18,2.34) 1.61 (1.14,2.27) 1.55(1.06,2.27)
Secondary outcome
All-cause death 116 3.0%) 31(5.8%) 1.89(1.27,2.81) 1.75(1.15,2.66) 1.67(1.09,2.54) 1.61(1.00,2.57)

In model 1, no confounder was adjusted.

In model 2, confounders with p value < 0.05 between the 2 groups were adjusted (age, gender, eGFR, SBP, DBP, FRS, baseline CKD, race,

serum creatinine, cancer history, cholesterol, blood glucose, and high-density lipoprotein).

In model 3, we adjusted for the predicted probability score calculated by the logistic regression model.

In model 4, the HR was calculated within the population after the inverse probability of treatment weighting.

HR, hazard ratio; CI, confidence interval; eGFR, estimated glomerular filtration rates; SBP, systolic blood pressure; DBP, diastolic blood

pressure; FRS, Framingham risk score; CKD, chronic kidney disease.

higher percentage of cancer history (17.1% versus 12.1%,
p = 0.001), higher prevalence of baseline CKD (41.5%
versus 27.1%, p < 0.001), higher SBP level at baseline
(mean 140.96 mmHg versus 139.49, p = 0.043), lower DBP
level at baseline (mean 76.96 versus 78.41, p = 0.008),
lower eGFR (mean 66.15 versus 72.43, p < 0.001), higher
serum creatinine (mean 1.12 versus 1.07, p =0.001), higher
cholesterol (mean 193.75 versus 189.92, p = 0.046), lower
blood glucose (mean 97.01 versus 99.18, p = 0.001), and
more elevated high-density lipoprotein (mean 55.78 versus
52.46, p < 0.001). After IPTW, baseline characteristics
were similar between the 2 groups (Table 1, Supplemen-
tary Fig. 2).

3.2 Relationship between Anemia and Outcomes

Table 2 shows us the HRs for the association be-
tween anemia and outcomes. The presence of anemia was
strongly associated with composite cardiovascular events
after adjusting for potential confounders (HR 1.66, 95% CI
1.18-2.34, p = 0.004). The association remained statisti-
cally significant when we adjusted for propensity score (HR
1.61, 95% CI 1.14-2.27, p = 0.007) and did not change
much even in the population after IPTW (HR 1.55, 95%
CI 1.06-2.27, p = 0.024). The cumulative incidence plot
indicates anemia was associated with the development of
composite cardiovascular events, though the difference be-
came marginally significant (p = 0.05) in the population af-
ter IPTW (Fig. 2A,B). As for the secondary outcome, par-
ticipants with anemia had a higher rate of all-cause death
compared with those without anemia (Table 2). The HR
of all-cause death for participants with anemia compared
with those without anemia was 1.75 (95% CI 1.15-2.66,
p = 0.009) when adjusted for potential confounders, 1.67
(95% CI 1.09-2.54, p = 0.018) when adjusted for propen-
sity score, and 1.61 (95% CI 1.00-2.57, p = 0.049) in the
population after IPTW. The cumulative incidence plot in-
dicates anemia was only associated with incident all-cause
death in the pre-matched population (p = 0.001) but not in
the population after IPTW (p = 0.1, Fig. 2C,D).
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Fig. 3 shows the interaction effect between anemia and
prespecified groups on our primary outcome in the popula-
tion after IPTW. Overall, no significant interaction effect
was observed among all subgroups except for the subgroup
of prior CVD (p for interaction = 0.04). Anemia seems to
be a risk factor for composite cardiovascular events only
among participants without prior CVD (HR 2.05, 95% CI
1.3-3.23) but not among participants with prior CVD (HR
0.86, 95% CI 0.43-1.73).

3.3 Sensitivity Analysis

First, anemia was not associated with composite car-
diovascular events and all-cause death among participants
treated with standard BP control (Supplementary Table 1).
The HR of composite cardiovascular events and all-cause
death for participants with anemia compared with those
without anemia was 1.23 (95% C10.88-1.72, p=0.221) and
1.19 (95% CI1 0.78-1.82, p =0.41) when adjusted for poten-
tial confounders, 1.15 (95% 0.83-1.62, p = 0.4) and 1.05
(95% C10.68-1.60, p = 0.84) when adjusted for propensity
score, and 1.03 (95% 0.69—1.54, p=0.89) and 1.08 (95% CI
0.66—1.78, p = 0.76) in the population after IPTW. Second,
we divided the whole SPRINT participants into 2 groups
(anemia and non-anemia) and investigated the interaction
effect of anemia on the cardiovascular benefits of intensive
BP control (Supplementary Table 2). The HR of com-
posite cardiovascular events for participants who received
intensive BP treatment compared with those who received
standard BP treatment was 1.06 (95% CI 0.70-1.61, p =
0.77) for participants with anemia and 0.71 (95% CI 0.59—
0.85, p < 0.001) for participants without anemia (interac-
tion p = 0.08). The HR of all-cause death for participants
who received intensive BP treatment compared with those
who received standard BP treatment was 1.17 (95% 0.70-
1.95, p = 0.56) for participants with anemia and 0.67 (95%
CI 0.53,0.84, p < 0.001) for participants without anemia
(interaction p = 0.05).
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Fig. 2. Cumulative incidence plot of time to outcome events by anemia status. (A) Impact of anemia on composite cardiovascular

events in the pre-matched population. (B) Impact of anemia on composite cardiovascular events in post-matched population. (C) Impact

of anemia on all-cause death in the pre-matched population. (D) Impact of anemia on all-cause death in the post-matched population.

4. Discussion

Our study found that anemia was a significant risk
factor for composite cardiovascular events and all-cause
death among participants treated with intensive BP con-
trol in SPRINT. Anemia was associated with more than
50% higher risk of composite cardiovascular events and all-
cause death, and this association was not found among par-
ticipants treated with standard BP control in SPRINT. In the
meantime, the cardiovascular protection effect of intensive
BP control in SPRINT seems not to exist among partici-
pants with anemia, though the interaction p value did not
reach <0.05. In light of these findings, our study indicated
that intensive BP control of SBP <120 mmHg may not be

suitable for participants with anemia. It’s better for physi-
cians to acquire the medical history of anemia before con-
sidering implementing the intensive BP control strategy.

As compared with SPRINT, the Action to Control
Cardiovascular Risk in Diabetes blood pressure trial (AC-
CORD BP) found intensive BP treatment was not able to
reduce a composite of cardiovascular events, though they
had the same SBP control target [18]. One major differ-
ence between the 2 trials is that ACCORD only enrolled
participants with diabetes, whereas SPRINT excluded par-
ticipants with diabetes. It remains unknown whether ane-
mia can serve as a risk factor for composite cardiovascular
events among participants treated with intensive BP control
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Subgroup No. of patients HR (95%Cl) p for interaction
Age 0.59
<75yr 3154 (71.8)  1.40(0.82,2.36) -—
>75yr 1240 (28.2)  1.71(0.99,2.97) —-—
Gender 0.88
Male 2820 (64.2)  1.52(0.91,2.54) -—
Female 1574 (35.8)  1.61(0.98,2.66) —-—
FRS 0.46
<15% 1685 (38.3)  1.92(1.03,3.59) ——
>15% 2709 (61.7)  1.42(0.89,2.29) -—
No. of antihypertensive agents 0.59
<2 1686 (38.4)  1.31(0.62,2.76) —-—
22 2708 (61.6)  1.64(1.05,2.56) -—
Race 0.79
Non-Black 3020 (68.7)  1.51(0.96,2.36) -—
Black 1374 (31.3)  1.66(0.81,3.37) - —
Baseline CKD 0.73
No 3126 (71.1)  1.48(0.84,2.60) -
Yes 1268 (28.9)  1.70(1.04,2.79) —-—
Previous CVD 0.04
No 3503 (79.7)  2.05(1.30,3.23) ——
Yes 891(20.3)  0.86(0.43,1.73) -—
Cancer history 0.44
No 3837 (87.3)  1.62(1.09,2.42) -—
Yes 557 (127)  1.06(0.27,3.33) ——
Baseline Systolic blood pressure 0.62
<132 mmHg 1489 (33.9)  1.38(0.65,2.92)  —
132-145mmHg 1404 (32.0)  1.53(0.76,3.07) ——
>145mmHg 1501 (34.2)  1.74(0.98,3.10) e
>
01238

Fig. 3. Interaction effect between anemia and prespecified
subgroups on composite cardiovascular events in the post-
matched population. HR, hazard ratio; FRS, Framingham risk
score; CKD, chronic kidney disease; CVD, cardiovascular dis-

€ases.

in ACCORD. It would be a good complement to our find-
ings if there exists a positive link between anemia and risk
for cardiovascular events among participants treated with
intensive BP control in ACCORD.

There are some considerations that we have to explain
the association between anemia and risk for composite car-
diovascular events and all-cause death observed among par-
ticipants treated with intensive BP control. First, chronic
anemia has been reported to be associated with increased
cardiac output, leading to ventricular dilation and left ven-
tricular hypertrophy (LVH) [19,20]. The structure change
is known to be associated with an increased risk for cardio-
vascular events [21]. Although prior studies have indicated
intensive BP control can improve cardiac structure, the im-
provement was not associated with reduced cardiovascu-
lar events [22,23]. Moreover, the impact of intensive BP
control on cardiac structure among participants with ane-
mia and non-anemia was not known. Further investiga-
tion is needed in the future. Second, the blood capacity
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to carry oxygen is impaired among participants with low
hemoglobin [24]. The blood supply to remote areas would
be reduced when participants received intensive BP treat-
ment; hence, the risk for cardiovascular events increased.
Third, anemia may be the reflection of increased inflam-
matory status [25]. As we know, increased inflammatory
status is associated with a higher risk for cardiovascular
events. However, we were not able to adjust for biomark-
ers related to inflammatory status since they were not avail-
able in the SPRINT dataset. Fourth, previous studies sug-
gested anemia can lead to decreased physical performance
and cognition and increased frailty and dementia [26-28].
These factors may be the cause of increased cardiovascular
risk and all-cause death. Fifth, studies indicated that the use
of angiotensin-converting enzyme (ACE) inhibitors can de-
press the synthesis of erythropoietin [29], which can aggra-
vate anemia. Among participants who received intensive
BP treatment, this drug is commonly used. Sixth, the pos-
sibility that relative iron deficiency, rather than anemia per
se, contributed to the development of cardiovascular dis-
ease cannot be ruled out.

The causes of anemia are diverse. Iron deficiency ane-
mia has been reported to be the most common cause among
the elderly population [30]. Besides, cancer of the large
bowel, acute or chronic inflammatory diseases, and CKD
are also associated with the development of anemia. Our
subgroup analysis indicated anemia may not be the risk
factor for composite cardiovascular events among partici-
pants with prior CVD (HR 0.86 95% CI 0.43-1.73, p for
interaction 0.04). From our perspective, the prevalence of
anemia may be higher among participants with prior CVD
because of the acquired disability and impaired ability to
absorb nutrition; therefore, the HR became non-significant
when participants with anemia took a large proportion of
the subgroup. After conducting an exploratory analysis,
we found that the prevalence of anemia was higher among
participants with prior CVD (13% versus 12%, p = 0.2),
though it did not reach statistical significance. Because this
study was a secondary analysis, we were not able to include
unmeasured confounding factors, such as the treatment of
anemia or CVD or lifestyle changes following CVD. These
factors may also have played a role in our observation.

Several clinical studies have shown positive results
with erythropoiesis-stimulating agents as a treatment of
anemia to improve the outcomes of heart failure, end-
stage kidney disease, and patients undergoing elective
surgery [31-33]. As of now, whether the risk for cardio-
vascular events and all-cause death can be reduced with
erythropoiesis-stimulating agents among patients treated
with intensive BP control is not known. This question is
important as more and more evidence indicates intensive
BP control is feasible.
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Limitations

It is important to consider several limitations when
interpreting the results of our study. First, this is a post-
hoc analysis of SPRINT, and baseline characteristics be-
tween participants with anemia and non-anemia were un-
balanced. Although we can balance baseline characteris-
tics through IPTW, there may be other confounders that
were not measured in SPRINT. Second, the anemia sta-
tus was self-reported. The duration and degree of ane-
mia can’t be adjusted in our model, so this may influence
our observation. Prior treatment of anemia may also bias
our observation. However, this kind of information was
not provided in SPRINT. Third, as mentioned above, the
causes of anemia are diverse. The association between ane-
mia and outcomes may come from those undying diseases.
Fourth, hemoglobin level was not measured in SPRINT. We
were not able to analyze the impact of dynamic change in
hemoglobin on our outcomes. Fifth, as shown in Supple-
mentary Fig. 1, the BP of participants in the 2 treatment
groups had a significant drop in the first 6 months after
randomization. The dramatic change may increase the risk
of cardiovascular disease, which was not considered in our
study when investigating the impact of anemia. The land-
mark dynamic prediction model may help us gain insight
into the dynamic changing effect of BP [34].

5. Conclusions

Anemia appears to be an independent risk factor for
composite cardiovascular events and all-cause death among
participants who received intensive BP control in SPRINT.
Future studies are needed to investigate whether treatment
of anemia with erythropoiesis-stimulating agents can im-
prove CVD outcomes. In the meantime, the causes of ane-
mia and their impact on CVD outcomes should also be in-
vestigated.

Availability of Data and Materials

All SPRINT anonymized data can be found
at the National Heart, Lung and Blood Institute
(NHLBI) Biologic Specimen and Data Repository
(https://biolincc.nhlbi.nih.gov/home/).

Author Contributions

XL: study concept, data curation, and analysis, writ-
ing the first draft, revising the manuscript. BL: study con-
cept, writing the first draft, revising the manuscript. SY:
data curation, revising the manuscript. ZP: study concept,
study supervision, revising the manuscript. All authors read
and approved the final manuscript. All authors have partic-
ipated sufficiently in the work and agreed to be accountable
for all aspects of the work.

Ethics Approval and Consent to Participate

This study was approved by the institutional review
board of each clinical site (IRB00014304) and all partici-
pants provided informed consent.

Acknowledgment

We acknowledge the patients and investigators that
participated in the SPRINT trial.

Funding

This research was funded by Project of Common
Chronic Disease Education and Decision Support coop-
erated between Ping An Healthcare and Technology Co.,
Ltd. and Zhongshan Hospital of Fudan University (H2020—
027), and Institutional research project of Zhongshan hos-
pital (2023ZSFZ03).

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
31083/.rem2501006.

References

[1] NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends
in blood pressure from 1975 to 2015: a pooled analysis of 1479
population-based measurement studies with 19-1 million partic-
ipants. Lancet. 2017; 389: 37-55.

[2] SPRINT Research Group, Lewis CE, Fine LJ, Beddhu S, Che-
ung AK, Cushman WC, et al. Final Report of a Trial of Inten-
sive versus Standard Blood-Pressure Control. The New England
Journal of Medicine. 2021; 384: 1921-1930.

[3] SPRINT Research Group, Wright JT, Jr, Williamson JD, Whel-
ton PK, Snyder JK, Sink KM, et al. A Randomized Trial of Inten-
sive versus Standard Blood-Pressure Control. The New England
Journal of Medicine. 2015; 373: 2103-2116.

[4] Zhang W, Zhang S, Deng Y, Wu S, Ren J, Sun G, et al. Trial
of Intensive Blood-Pressure Control in Older Patients with Hy-
pertension. The New England Journal of Medicine. 2021; 385:
1268-1279.

[5] Sink KM, Evans GW, Shorr RI, Bates JT, Berlowitz D, Conroy
MB, et al. Syncope, Hypotension, and Falls in the Treatment
of Hypertension: Results from the Randomized Clinical Sys-
tolic Blood Pressure Intervention Trial. Journal of the American
Geriatrics Society. 2018; 66: 679-686.

[6] Sarnak MJ, Tighiouart H, Manjunath G, MacLeod B, Griffith J,
Salem D, et al. Anemia as a risk factor for cardiovascular dis-
ease in The Atherosclerosis Risk in Communities (ARIC) study.
Journal of the American College of Cardiology. 2002; 40: 27—
33.

[7] LiZ,Zhou T, Li Y, Chen P, Chen L. Anemia increases the mor-
tality risk in patients with stroke: A meta-analysis of cohort stud-
ies. Scientific Reports. 2016; 6: 26636.

[8] Dexter F, Hindman BJ. Effect of haemoglobin concentration on
brain oxygenation in focal stroke: a mathematical modelling
study. British Journal of Anaesthesia. 1997; 79: 346-351.

[9] Anand IS. Anemia and chronic heart failure implications and

&% IMR Press


https://biolincc.nhlbi.nih.gov/home/
https://doi.org/10.31083/j.rcm2501006
https://doi.org/10.31083/j.rcm2501006
https://www.imrpress.com

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

treatment options. Journal of the American College of Cardiol-
ogy. 2008; 52: 501-511.

Locatelli F, Nissenson AR, Barrett BJ, Walker RG, Wheeler
DC, Eckardt KU, et al. Clinical practice guidelines for anemia
in chronic kidney disease: problems and solutions. A position
statement from Kidney Disease: Improving Global Outcomes
(KDIGO). Kidney International. 2008; 74: 1237-1240.

Tang YD, Katz SD. The prevalence of anemia in chronic heart
failure and its impact on the clinical outcomes. Heart Failure Re-
views. 2008; 13: 387-392.

Patel KV. Epidemiology of anemia in older adults. Seminars in
Hematology. 2008; 45: 210-217.

Tomiyama Y, Jansen K, Brian JE, Jr, Todd MM. Hemodilution,
cerebral O2 delivery, and cerebral blood flow: a study using
hyperbaric oxygenation. The American Journal of Physiology.
1999; 276: H1190-H1196.

Hsiao KY, Hsiao CT, Lin LJ, Shiao CJ, Chen IC. Severe ane-
mia associated with transient ischemic attacks involving ver-
tebrobasilar circulation. The American Journal of Emergency
Medicine. 2008; 26: 382.e3-4.

Ambrosius WT, Sink KM, Foy CG, Berlowitz DR, Cheung AK,
Cushman WC, et al. The design and rationale of a multicen-
ter clinical trial comparing two strategies for control of systolic
blood pressure: the Systolic Blood Pressure Intervention Trial
(SPRINT). Clinical Trials. 2014; 11: 532-546.

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A
more accurate method to estimate glomerular filtration rate from
serum creatinine: a new prediction equation. Modification of
Diet in Renal Disease Study Group. Annals of Internal Medicine.
1999; 130: 461-470.

Austin PC, Stuart EA. Moving towards best practice when us-
ing inverse probability of treatment weighting (IPTW) using the
propensity score to estimate causal treatment effects in observa-
tional studies. Statistics in Medicine. 2015; 34: 3661-3679.
ACCORD Study Group, Cushman WC, Evans GW, Byington
RP, Goff DC, Jr, Grimm RH, Jr, et al. Effects of intensive blood-
pressure control in type 2 diabetes mellitus. The New England
Journal of Medicine. 2010; 362: 1575-1585.

Varat MA, Adolph RJ, Fowler NO. Cardiovascular effects of
anemia. American Heart Journal. 1972; 83: 415-426.

Foley RN, Parfrey PS, Harnett JD, Kent GM, Murray DC, Barre
PE. The impact of anemia on cardiomyopathy, morbidity, and
and mortality in end-stage renal disease. American Journal of
Kidney Diseases. 1996; 28: 53-61.

Tsao CW, Gona PN, Salton CJ, Chuang ML, Levy D, Manning
W1, et al. Left Ventricular Structure and Risk of Cardiovascular
Events: A Framingham Heart Study Cardiac Magnetic Reso-
nance Study. Journal of the American Heart Association. 2015;
4: e002188.

Soliman EZ, Ambrosius WT, Cushman WC, Zhang ZM, Bates
JT, Neyra JA, et al. Effect of Intensive Blood Pressure Lowering
on Left Ventricular Hypertrophy in Patients With Hypertension:

&% IMR Press

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

SPRINT (Systolic Blood Pressure Intervention Trial). Circula-
tion. 2017; 136: 440-450.

Upadhya B, Rocco MV, Pajewski NM, Morgan T, Blackshear J,
Hundley WG, et al. Effect of Intensive Blood Pressure Reduc-
tion on Left Ventricular Mass, Structure, Function, and Fibrosis
in the SPRINT-HEART. Hypertension. 2019; 74: 276-284.
Gottesman RF, Sojkova J, Beason-Held LL, An Y, Longo DL,
Ferrucci L, et al. Patterns of regional cerebral blood flow associ-
ated with low hemoglobin in the Baltimore Longitudinal Study
of Aging. The Journals of Gerontology. Series A, Biological Sci-
ences and Medical Sciences. 2012; 67: 963-969.

Agarwal N, Prchal JT. Anemia of chronic disease (anemia of
inflammation). Acta Haematologica. 2009; 122: 103-108.

Penninx BWJH, Guralnik JM, Onder G, Ferrucci L, Wallace RB,
Pahor M. Anemia and decline in physical performance among

older persons. The American Journal of Medicine. 2003; 115:
104-110.

Hong CH, Falvey C, Harris TB, Simonsick EM, Satterfield S,
Ferrucci L, et al. Anemia and risk of dementia in older adults:
findings from the Health ABC study. Neurology. 2013; 81: 528—
533.

Chaves PHM, Semba RD, Leng SX, Woodman RC, Ferrucci L,
Guralnik JM, et al. Impact of anemia and cardiovascular dis-
ease on frailty status of community-dwelling older women: the
Women’s Health and Aging Studies I and II. The Journals of
Gerontology. Series A, Biological Sciences and Medical Sci-
ences. 2005; 60: 729-735.

Albitar S, Genin R, Fen-Chong M, Serveaux MO, Bourgeon B.
High dose enalapril impairs the response to erythropoietin treat-
ment in haemodialysis patients. Nephrology, Dialysis, Trans-
plantation. 1998; 13: 1206-1210.

Artz AS, Thirman MJ. Unexplained anemia predominates de-
spite an intensive evaluation in a racially diverse cohort of older
adults from a referral anemia clinic. The Journals of Gerontol-
ogy. Series A, Biological Sciences and Medical Sciences. 2011;
66: 925-932.

Goodnough LT, Levy JH, Murphy MF. Concepts of blood trans-
fusion in adults. Lancet. 2013; 381: 1845-1854.

Silverberg DS, Wexler D, Sheps D, Blum M, Keren G, Baruch R,
et al. The effect of correction of mild anemia in severe, resistant
congestive heart failure using subcutaneous erythropoietin and
intravenous iron: a randomized controlled study. Journal of the
American College of Cardiology. 2001; 37: 1775-1780.
Mancini DM, Katz SD, Lang CC, LaManca J, Hudaihed A, An-
drone AS. Effect of erythropoietin on exercise capacity in pa-
tients with moderate to severe chronic heart failure. Circulation.
2003; 107: 294-299.

Sayadi M, Zare N, Attar A, Ayatollahi SMT. Improved Land-
mark Dynamic Prediction Model to Assess Cardiovascular Dis-
ease Risk in On-Treatment Blood Pressure Patients: A Simu-
lation Study and Post Hoc Analysis on SPRINT Data. BioMed
Research International. 2020; 2020: 2905167.


https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Data Reproducibility Statement
	2.2 Study Design and Population
	2.3 Study Measurements
	2.4 Outcome Definitions
	2.5 Statistical Analysis
	2.6 Sensitivity Analysis

	3. Results
	3.1 Characteristics of Study Participants
	3.2 Relationship between Anemia and Outcomes 
	3.3 Sensitivity Analysis

	4. Discussion
	Limitations

	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

