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SYSTEMATIC REVIEW AND META-ANALYSIS

Mildly Elevated Pulmonary Arterial 
Pressure Is Associated With a High Risk 
of Progression to Pulmonary Hypertension 
and Increased Mortality: A Systematic 
Review and Meta- Analysis
Lin Xue, MD*; Yicheng Yang, MD*; Bo Sun, BE; Bingyang Liu, MD, PhD; Qixian Zeng, MD, PhD; 
Changming Xiong , MD, PhD

BACKGROUND: Pulmonary hypertension (PH) is defined as a mean pulmonary arterial pressure (PAP) ≥25 mm Hg measured by 
right heart catheterization. However, the upper limit of a normal mean PAP is 20 mm Hg. There is a gap between the upper 
limit of normal and the threshold for diagnosing PH. Therefore, we aimed to investigate whether individuals with a mildly el-
evated PAP, defined as 20 mm Hg < mean PAP <25 mm Hg, are at an increased risk of progression to PH or mortality than 
those with a normal PAP.

METHODS AND RESULTS: We reviewed studies evaluating the risk of progression to PH and/or mortality in individuals with a 
mildly elevated PAP versus those with a normal PAP. The mean PAP value of each participant was confirmed by right heart 
catheterization. We reviewed 1213 studies and 8 fulfilled our inclusion criteria. Our results indicated that individuals with a 
mildly elevated PAP were 1.81 to 2.45 times more likely to progress to PH than individuals with a normal PAP. There was a 
statistically significant difference in mortality between the mildly elevated PAP and normal PAP groups (hazard ratio, 2.48; 95% 
CI, 1.69– 3.64). We also pooled survival probabilities in each arm to obtain a summary survival curve for each group, and the 
pooled survival rates in the mildly elevated PAP group were numerically lower than those in the normal PAP group.

CONCLUSIONS: Our study revealed that individuals with a mildly elevated PAP were at an increased risk of progression to PH 
and mortality than those with a normal PAP.

Key Words: mildly elevated pulmonary arterial pressure ■ mortality ■ pulmonary hypertension

Pulmonary hypertension (PH) is defined as a mean 
pulmonary arterial pressure (mPAP) ≥25 mm Hg 
measured by right heart catheterization (RHC) in 

the supine position at rest, according to current guide-
lines.1 However, the upper limit of normal for mPAP is 
20 mm Hg, as reported by Paul Wood in 19562 and 
by the World Health Organization Expert Committee 
in 1961.3 In 2009, a systemic review on the normal 

mPAP value also showed that the mPAP at rest is 
14.0±3.3  mm  Hg and rarely exceeds 20  mm  Hg.4 
There is a gap between the upper limit of normal and 
the threshold for diagnosing PH, and the clinical signif-
icance of a mildly elevated PAP is currently unknown.

At the 6th World Symposium on Pulmonary 
Hypertension, held in Nice, France, in 2018, a 
controversial hemodynamic definition of PH was 
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proposed; it suggested lowering the threshold from 
≥25 to >20 mm Hg.5 This proposal might have been 
attributed to increasing evidence from studies sug-
gesting that a mildly elevated PAP is associated with 
an increased risk of disease progression and poor 
survival.6– 9 However, those studies used different 
criteria for the lower limit of a mildly elevated PAP, 
varying from 19 to 21 mm Hg. Critical voices against 
this proposal were raised, arguing that the evidence 
for redefining PH was not enough and that the new 
definition might lead to overdiagnosis and overtreat-
ment of PH.10 Guidelines for the diagnosis of PH have 
not been updated since 2015, and further studies 
concerning individuals with a mildly elevated PAP 
(20 mm Hg < mPAP <25 mm Hg) are needed to sup-
port the new PH definition proposed at the 6th World 
Symposium on Pulmonary Hypertension.

We aimed to systematically investigate whether 
individuals with a mildly elevated PAP, defined as 
20 mm Hg < mPAP <25 mm Hg in our study, are at an 

increased risk of progression to PH, defined as mPAP 
≥25 mm Hg according to the 2015 guidelines1 or an 
increased risk of all- cause mortality than those with a 
normal PAP.

METHODS
Search Strategy and Data Sources
The data that support the findings of this study are 
available from the corresponding author upon rea-
sonable request. This systematic review and meta- 
analysis is reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses guidelines11 and MOOSE (Meta- Analysis of 
Observational Studies in Epidemiology) guidelines 
and was registered at PROSPERO (International 
Prospective Register of Systematic Reviews) (ID: 
CRD42020175897).

We reviewed studies evaluating the risk of devel-
oping PH and/or mortality in individuals with a mildly 
elevated PAP versus those with a normal PAP. The 
mPAP value of each participant was confirmed by 
RHC. The exposure of our study was a mildly ele-
vated PAP, which was defined as 20 mm Hg < mPAP 
<25 mm Hg. The primary outcome of our study was 
all- cause mortality, and the secondary outcome was 
progression to PH.

A systematic search of articles published before 
March 31, 2020, was conducted through PubMed, 
EMBASE, Web of Science, the Cochrane Library, and 
Ovid. Other resources, including OpenGrey (unpub-
lished grey literature) and the European Respiratory 
Journal (up- to- date literature), were also searched. The 
reference lists of key articles were also reviewed. The 
complete PubMed search is shown in Data S1.

Study Selection and Data Collection
The inclusion criteria were as follows: (1) studies that 
included an identifiable study group with a mildly el-
evated PAP of >20 and <25 mm Hg; (2) the mPAP 
of each individual was measured by RHC; and (3) 
studies that provided the number of events or risk 
estimates for progression to PH and/or mortality in 
the mildly elevated PAP group versus the normal 
PAP group (mPAP ≤20  mm  Hg). The exclusion cri-
teria were as follows: (1) mildly elevated PAP or mild 
PH was defined as any value other than 20 mm Hg 
< mPAP <25 mm Hg; (2) studies without a reference 
group; (3) the mPAP was calculated by echocardiog-
raphy instead of RHC; (4) follow- up data were incom-
plete; and (5) editorials, commentaries, opinions, and 
review articles.

Selection of studies: Two reviewers searched 
the database independently based on the same cri-
teria. Two reviewers screened titles and abstracts 

CLINICAL PERSPECTIVE

What Is New?
• Individuals with mildly elevated pulmonary ar-

terial pressure (PAP) had a higher risk of pro-
gression to pulmonary hypertension during 
follow- up than those with normal PAP.

• Mildly elevated PAP is associated with increased 
mortality compared with normal PAP.

• The pooled 1- , 3- , 5- , 7- , and 9- year survival 
rates in the mildly elevated PAP group (97.0%, 
89.4%, 77.0%, 64.5%, and 49.6%, respec-
tively) were lower than those in the normal PAP 
group (97.7%, 93.3%, 88.8%, 81%, and 74.9%, 
respectively).

What Are the Clinical Implications?
• Individuals with a mildly elevated PAP should re-

ceive more attention and closer follow- up than 
they do currently.

• Further studies concerning the time- to- 
progression to pulmonary hypertension and 
proper management for individuals with a mildly 
elevated PAP are needed.

Nonstandard Abbreviations and Acronyms

mPAP mean pulmonary arterial pressure
PAP pulmonary arterial pressure
PH pulmonary hypertension
RHC right heart catheterization
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independently and ultimately examined the full texts of 
original articles for study inclusion. Any disagreements 
between reviewers were resolved by discussion and 
by a third reviewer when necessary.

Data extraction and quality assessment: Data that 
described the studies, participants, and outcomes 
were extracted. The study characteristics comprised 
the study design (prospective cohort and retrospec-
tive cohort), study year, country, and sample size. 
Participants’ characteristics included the proportion of 
women and mean age. Follow- up duration and signifi-
cant outcomes were also recorded. We contacted the 
study authors by e-mail when additional information 
was needed. Two investigators assessed study quality 
following the Newcastle- Ottawa Quality Assessment 
Scale for cohort studies.

Statistical Analysis
The pooled risk ratio (RR) for progression to PH and 
the corresponding 95% CI were calculated with a 
fixed- effects model (Mantel- Haenszel method) except 
when heterogeneity among studies was statistically 
significant (eg, I2>50%). In that case, a random- 
effects model (DerSimonian- Laird method) was ap-
plied for estimation. The pooled hazard ratio (HR) for 
mortality and the corresponding 95% CI were esti-
mated by the generic inverse variance method, using 
a fixed- effects or random- effects model as appropri-
ate, according to the absence or existence of statis-
tically significant heterogeneity. Subgroup analyses 
were conducted to identify subsets of individuals who 
were more likely to suffer from poor outcomes and to 
evaluate the efficacies of different studies.

For studies in which the numbers of at- risk partici-
pants during different time intervals or HRs and corre-
sponding 95% CIs were not available, estimates were 
calculated using the method previously proposed by 
Williamson et al12 and Tierney et al.13 The survival prob-
ability at each time point was extracted using the R 
packages ReadImage and digitize. Summary survival 
curves were obtained using the R package MetaSurv 
provided by Combescure et al.14

Optimal method was used for estimating the mean 
value and SD from the sample size, median, and mid-
quartile range if necessary.15 For continuous data, the 
mean differences and the corresponding 95% CIs 
were used as the effect sizes.

The Cochran Q- test and I2 and H2 statistics were 
used to evaluate heterogeneity among studies.16 Leave- 
one- out sensitivity analyses were performed to deter-
mine the influence of individual studies. Publication 
bias was assessed with funnel plots by Egger’s linear 
regression test.17 The results with P<0.05 were con-
sidered “statistically significant.” Analyses were per-
formed using Review Manager version 5.3 (Cochrane 

Collaboration, Oxford, UK), Stata/MP version 16.0 
(Stata Corporation, College Station, TX), and R ver-
sion 3.6.3 (The R Foundation for Statistical Computing 
Platform, Vienna, Austria).

RESULTS
Characteristics of the Included Studies
We identified 1213 studies through the aforementioned 
search method, 8 of which fulfilled our inclusion criteria 
(study selection flow diagram is shown in Figure 1).18– 25 
Four of the studies evaluated the risk of progression to 
PH in the mildly elevated PAP and normal PAP groups, 
and all 8 studies compared mortalities among different 
groups. The study characteristics of the included studies 
are summarized in Table 1. All 8 studies were published 
between 2012 and 2019; 3 were retrospective, 3 were 
prospective, and 2 were ambispective. Patients with 
cardiac and/or pulmonary comorbidities were included 
in 5 studies and excluded in the remaining 3 studies.

A total of 2015 participants were enrolled in the 8 
studies (802 with a normal PAP, 333 with a mildly el-
evated PAP, and 880 diagnosed with PH). The mean/
median age of the participants ranged from 56.2 to 
71.2  years, and the female proportion ranged from 
64.0% to 87.0% (1 study did not provide this infor-
mation). The mean/median follow- up duration ranged 
from 2.1 to 4.2  years (not mentioned in 2 studies). 
Study quality, assessed using the Newcastle- Ottawa 
Quality Assessment Scale, is shown in Table S1.

Risk of Progression to PH
Four studies investigated the incidences of progres-
sion to PH during follow- up in the mildly elevated 
PAP group versus the normal PAP group. Pooled 
analyses of the 4 studies showed a higher risk of 
progression to PH during follow- up in the mildly el-
evated PAP group than in the normal PAP group (RR, 
1.81; 95% CI, 1.21– 2.71; P=0.0040, I2=0%, when only 
participants who had repeated RHCs were included 
when calculating the incidence of progression to PH, 
Figure 2A; RR, 2.45; 95% CI, 1.55– 3.87; P=0.0001, 
I2=0%, when all participants in each group were in-
cluded, regardless of whether they had repeated 
RHCs, Figure 2B). Sensitivity analyses assessing the 
robustness and reliability of the merged results are 
shown in Figures S1 and S2. In these analyses, there 
were no statistically significant publication biases 
based on Egger’s tests (P=0.2180 and P=0.6950, 
Figures S3 and S4).

Risk of All- Cause Mortality
Seven studies were included to analyze the HR for all- 
cause mortality, where the mildly elevated PAP group 
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was compared with the normal PAP group. Valerio’s 
study was excluded from the analysis because neither 
survival curves nor HRs were provided. Douschan et 
al subdivided the normal PAP group into lower- normal 
and upper- normal subgroups in their study. We pooled 
the survival curves of these subgroups to obtain the 
survival curve for the normal PAP group. We estimated 
the HR and corresponding CI using survival curves of 
the normal PAP and mildly elevated PAP groups. As 
illustrated in Figure 3, the pooled HR of the mildly el-
evated PAP group versus the normal PAP group was 
2.48 (95% CI, 1.69– 3.64; P<0.0001, I2=26%).

Subgroup analyses were conducted based on base-
line diseases (systemic sclerosis or others, Figure 3A) 
and underlying comorbidities (including or exclud-
ing patients with cardiac and/or pulmonary diseases, 
Figure 3B). The differences between subgroups were 
not statistically significant (P=0.7900 and P=0.2700). 
Sensitivity analyses indicated that no individual study 
significantly influenced the pooled HR (Figure S5). No 

publication bias was detected based on Egger’s test 
(P=0.8610, Figure S6).

As Assad’s research have a large number of par-
ticipants, we added his study for supplementary 
analyses, although it defined the “mildly elevated PAP 
group” differently from our study (patients with mPAP 
values of 19 to 24  mm  Hg were classified as bor-
derline PH group in Assad’s study). The pooled HR 
of the mildly elevated PAP group versus the normal 
PAP group was 1.73 (95% CI, 1.46– 2.06; P<0.0001, 
I2=43%, Figure  4) when Assad’s study was added. 
The mean difference of pulmonary vascular resis-
tance between the mildly elevated PAP and nor-
mal PAP groups were compared and illustrated in 
Figure 5. Pulmonary vascular resistance of mildly ele-
vated PAP group was 0.89 Wood units (95% CI, 0.72– 
1.07; P<0.0001, I2=0%, Figure  5A) higher than that 
of the normal PAP group and was 0.79 Wood units 
(95% CI, 0.50– 1.09; P<0.0001, I2=82%, Figure  5B) 
when Assad’s study was added.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) study 
selection flow diagram.
PAP indicates pulmonary artery pressure; and PH, pulmonary hypertension.
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Furthermore, participants of Nemoto’s study 
had different underlying etiologies of elevated 
PAP compared with that of other included stud-
ies. We also conducted supplementary analyses 
which excluded Nemoto’s study (HR, 2.54; 95% 
CI, 1.71– 3.75; P<0.0001, I2=36%, when Nemoto’s 
study was excluded, Figure S7A; HR, 2.24; 95% CI, 
1.43– 3.49; P=0.0004, I2=51%, when Assad’s study 
was added whereas Nemoto’s study was excluded, 
Figure S7B).

Summary Survival Curves
Survival curves for different groups were provided in 
6 studies (all 6 studies contained the normal PAP and 
mildly elevated PAP groups, and 4 of 6 contained the 
PH group), and we pooled survival probabilities in each 
arm to obtain a summary survival curve for each group 
(Figure 6). The pooled survival rates and 95% CIs for 
each group are shown in Table S2. The pooled 1- , 3- , 
5- , 7- , and 9- year survival rates in the mildly elevated 
PAP group (97.0% [95% CI, 93.7– 100.0], 89.4% [95% 
CI, 84.0– 95.2], 77.0% [95% CI, 67.2– 88.3], 64.5% 
[95% CI, 55.4– 75.0], and 49.6% [95% CI, 35.5– 69.4], 
respectively) were numerically lower than those in the 
normal PAP group (97.7% [95% CI, 95.4– 100.0], 93.3% 
[95% CI, 90.2– 96.5], 88.8% [95% CI, 83.4– 94.6], 81% 
[95% CI, 72.3– 90.7], and 74.9% [95% CI, 67.8– 82.8], 
respectively).

DISCUSSION
A mildly elevated PAP has been a heated topic es-
pecially since the proposal of lowering the hemody-
namic definition of PH at the 6th World Symposium on 
Pulmonary Hypertension in 2018.5 The threshold value 
of mPAP that should be used for diagnosing PH is still 
under debate.10,26,27 We aimed to evaluate the prog-
nostic effects of mildly elevated PAP, and the results 
showed that participants with a mildly elevated PAP 
were at a higher risk of progression to PH and mortality 
than those with a normal PAP.

In the first part of our analyses, we assessed the 
risk of progression to PH between the mildly elevated 
PAP group and the normal PAP group. As RHC is an 
invasive operation, not all participants underwent re-
peated RHCs during follow- up. The criteria for repeated 
RHCs also varied among the 4 studies. Patients had 
repeated RHCs if they were suspected of having overt 
PH clinically or on noninvasive examinations in the stud-
ies of Bae et al18 and Valerio et al.20 Repeated RHCs 
were performed in all participants in Coghlan’s study at 
the 3- year follow- up after excluding those who refused 
the invasive operation.22 Kovacs et al21 did not declare 
the criteria for repeated RHCs. All these factors might 
have affected the results. Thus, we calculated the inci-
dences of progression to PH among participants who 
underwent repeated RHCs or among all participants in 
each group, and the pooled RRs were similar (shown in 

Figure 2. Risk of progression to PH in the mildly elevated PAP group vs the normal PAP group (fixed- effects model).
A, Only participants who had repeated RHCs were included in the calculation of the incidence of progression to PH; (B) all participants 
in each group were included in the total number. M- H indicates Mantel- Haenszel; PAP, pulmonary artery pressure; PH, pulmonary 
hypertension; and RHC, right heart catheterization.
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Figure 2). Individuals in the mildly elevated PAP group 
were 1.81 to 2.45 times more likely to progress to PH 
than individuals in the normal PAP group, indicating that 
a mildly elevated PAP might be an intermediate stage 
between a normal PAP and PH. As progression to PH 
is also time dependent, further studies investigating the 
time- to- progression to PH are needed to better evaluate 
its risk in the population with a mildly elevated PAP.

The primary outcome of our study was all- cause 
mortality, because for patients who died from other 

diseases, an elevated PAP might have aggravated their 
clinical conditions and worsened their prognoses. In 
2018, Kolte et al28 reported an increased risk of mor-
tality in patients with mild PH, defined as a measured 
or calculated mPAP >19 mm Hg by RHC or echocar-
diography, in a meta- analysis. However, the studies 
included in the meta- analysis used different criteria for 
the lower limit of a mildly elevated PAP, which varied 
from 19 to 21 mm Hg, and would lead to misclassifi-
cation: participants with an mPAP of 19 to 20 mm Hg 

Figure 3. Pooled hazard ratio for mortality in the mildly elevated PAP group vs the normal PAP group (fixed- effects model).
A, Subgroup analysis based on baseline diseases; (B) subgroup analysis based on underlying comorbidities. IV indicates inverse 
variance; PAP, pulmonary artery pressure; and SSc, systemic sclerosis.
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might be assigned to the normal PAP group in some 
studies but assigned to the mild PH group in others, 
which may have reduced the credibility of the results. 
Moreover, echocardiography is useful for screening for 
PH but is not precise enough for an individual diagnosis 
of PH.29– 31 In our study, the mPAP of participants was 
measured by RHC, and the hemodynamic criteria for 
different groups were clear: mPAP ≤20 mm Hg for the 
normal PAP group, 20 mm Hg < mPAP <25 mm Hg for 
the mildly elevated PAP group, and mPAP ≥25 mm Hg 
for the PH group. The pooled HR for mortality in our 
study suggested increased mortality for the mildly el-
evated PAP group (Figure 3), consistent with the study 
by Kolte et al.28 Subgroup analyses based on base-
line diseases and comorbidities showed no statistically 

significant differences between subgroups, which 
suggested that increased mortality was a general phe-
nomenon in the population with a mildly elevated PAP. 
Another essential achievement of this meta- analysis is 
the summary survival curves for different groups, es-
pecially the curve for the mildly elevated PAP group, 
which offered complementary information illustrating 
the risk of death over time (Figure  6). There was no 
evidence of statistically significant heterogeneities or 
publication biases in our analyses.

As poor prognoses (risk of progression to PH and 
mortality) were observed in the population with a mildly 
elevated PAP, we need to know how to better manage 
this population to improve their outcomes. It is univer-
sally acknowledged that early treatment is beneficial 

Figure 4. Supplementary analysis of pooled hazard ratio for mortality in the mildly elevated PAP group vs the normal PAP 
group when Assad’s study was added (fixed- effects model).
IV indicates inverse variance; and PAP, pulmonary artery pressure.

Figure 5. Mean difference of PVR between the mildly elevated PAP group vs the normal PAP group.
A, Analysis of PVR of included studies (fixed- effects model); (B) supplementary analysis of PVR when Assad’s study was added 
(random- effects model). IV indicates inverse variance; PAP, pulmonary artery pressure; and PVR, pulmonary vascular resistance.
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in patients with pulmonary arterial hypertension, while 
the management of individuals with a mildly elevated 
PAP has not yet been verified. Whether this population 
with a mildly elevated PAP would benefit from pulmo-
nary arterial hypertension targeted therapies and other 
nonpharmaceutical interventions still requires further 
randomized controlled trials before revising the defini-
tion of PH.

Limitations
First, restricted by the nature of the meta- analysis, 
we were unable to obtain individual participant data 
from each study, which might have influenced the 
precision of the pooled estimates and survival curves. 
Additionally, the criteria used for repeated RHC varied 
among studies, which could have led to an overesti-
mation or underestimation of the incidence of progres-
sion to PH. Moreover, the time intervals between the 
first and the second RHCs were not provided in most 
of the studies, which made it impossible to pool the 
risk of progression to PH at the same time point. In 
addition, any retrospective study is subject to selection 
bias. Three of our included studies were retrospective 
and might have affected our results. Last but not least, 
the clinical phenotypes of participants varied among 
studies. Even though we conducted subgroup and 
sensitivity analyses, there might still be some effects.

CONCLUSIONS
Our study revealed that individuals with a mildly ele-
vated PAP (20 mm Hg < mPAP <25 mm Hg) were at a 
higher risk of progression to PH and increased mortality 
(HR, 2.48; 95% CI, 1.69– 3.64) than those with a normal 
PAP. The pooled 1- , 3- , 5- , 7- , and 9- year survival rates 
in the mildly elevated PAP group were 97.0% (95% CI, 

93.7– 100.0), 89.4% (95% CI, 84.0– 95.2), 77.0% (95% 
CI, 67.2– 88.3), 64.5% (95% CI, 55.4– 75.0), and 49.6% 
(95% CI, 35.5– 69.4), respectively. Our results suggest 
that individuals with a mildly elevated PAP should re-
ceive more attention and closer follow- up than they 
do currently. Further studies concerning the time- to- 
progression to PH and proper management for indi-
viduals with a mildly elevated PAP are needed.
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SUPPLEMENTAL MATERIAL 

 



Data S1. The search method used for PubMed. 

 

#1,"Search ""Hypertension, Pulmonary""[Mesh]",35554 

#2,"Search ""Survival""[Mesh]",4690 

#3,"Search ""Mortality""[Mesh]",375640 

#4, "Search (((((((((((borderline pulmonary hypertension[Title/Abstract]) OR borderline 

pulmonary arterial pressure[Title/Abstract]) OR mild pulmonary hypertension[Title/Abstract]) 

OR mild elevated mean pulmonary artery pressure[Title/Abstract]) OR mild elevated mean 

pulmonary arterial pressure[Title/Abstract]) OR borderline pulmonary artery 

pressure[Title/Abstract]) OR mild elevation of pulmonary artery pressure[Title/Abstract]) OR 

mild elevation of pulmonary arterial pressure[Title/Abstract]) OR mild elevation of 

mPAP[Title/Abstract]) OR mild elevated mPAP[Title/Abstract]) OR borderline 

mPAP[Title/Abstract]) OR mild pulmonary arterial hypertension[Title/Abstract]",280 

#5,"Search ((((((((((((((((((((((((((((((((((((((((((mortality[Title/Abstract]) OR 

Mortalities[Title/Abstract]) OR Case Fatality Rate[Title/Abstract]) OR Case Fatality 

Rates[Title/Abstract]) OR Rate, Case Fatality[Title/Abstract]) OR Rates, Case 

Fatality[Title/Abstract]) OR Mortality, Excess[Title/Abstract]) OR Excess 

Mortalities[Title/Abstract]) OR Mortalities, Excess[Title/Abstract]) OR Excess 

Mortality[Title/Abstract]) OR Decline, Mortality[Title/Abstract]) OR Declines, 

Mortality[Title/Abstract]) OR Mortality Declines[Title/Abstract]) OR Mortality 

Decline[Title/Abstract]) OR Mortality Determinants[Title/Abstract]) OR Determinant, 

Mortality[Title/Abstract]) OR Mortality Determinant[Title/Abstract]) OR Determinants, 



Mortality[Title/Abstract]) OR Mortality, Differential[Title/Abstract]) OR Differential 

Mortalities[Title/Abstract]) OR Mortalities, Differential[Title/Abstract]) OR Differential 

Mortality[Title/Abstract]) OR Age-Specific Death Rate[Title/Abstract]) OR Age-Specific 

Death Rates[Title/Abstract]) OR Death Rate, Age-Specific[Title/Abstract]) OR Death Rates, 

Age-Specific[Title/Abstract]) OR Rate, Age-Specific Death[Title/Abstract]) OR Rates, Age-

Specific Death[Title/Abstract]) OR Age Specific Death Rate[Title/Abstract]) OR Death 

Rate[Title/Abstract]) OR Death Rates[Title/Abstract]) OR Rate, Death[Title/Abstract]) OR 

Rates, Death[Title/Abstract]) OR Mortality Rate[Title/Abstract]) OR Mortality 

Rates[Title/Abstract]) OR Rate, Mortality[Title/Abstract]) OR Rates, Mortality[Title/Abstract]) 

OR survival[Title/Abstract]) OR pulmonary hypertension[Title/Abstract]) OR hazard 

ratio[Title/Abstract]) OR ""Mortality""[Mesh]) OR ""Survival""[Mesh]) OR ""Hypertension, 

Pulmonary""[Mesh]",1823256 

#6,"Search (((((((((((((borderline pulmonary hypertension[Title/Abstract]) OR borderline 

pulmonary arterial pressure[Title/Abstract]) OR mild pulmonary hypertension[Title/Abstract]) 

OR mild elevated mean pulmonary artery pressure[Title/Abstract]) OR mild elevated mean 

pulmonary arterial pressure[Title/Abstract]) OR borderline pulmonary artery 

pressure[Title/Abstract]) OR mild elevation of pulmonary artery pressure[Title/Abstract]) OR 

mild elevation of pulmonary arterial pressure[Title/Abstract]) OR mild elevation of 

mPAP[Title/Abstract]) OR mild elevated mPAP[Title/Abstract]) OR borderline 

mPAP[Title/Abstract]) OR mild pulmonary arterial hypertension[Title/Abstract])) AND 

(((((((((((((((((((((((((((((((((((((((((((mortality[Title/Abstract]) OR Mortalities[Title/Abstract]) 

OR Case Fatality Rate[Title/Abstract]) OR Case Fatality Rates[Title/Abstract]) OR Rate, Case 



Fatality[Title/Abstract]) OR Rates, Case Fatality[Title/Abstract]) OR Mortality, 

Excess[Title/Abstract]) OR Excess Mortalities[Title/Abstract]) OR Mortalities, 

Excess[Title/Abstract]) OR Excess Mortality[Title/Abstract]) OR Decline, 

Mortality[Title/Abstract]) OR Declines, Mortality[Title/Abstract]) OR Mortality 

Declines[Title/Abstract]) OR Mortality Decline[Title/Abstract]) OR Mortality 

Determinants[Title/Abstract]) OR Determinant, Mortality[Title/Abstract]) OR Mortality 

Determinant[Title/Abstract]) OR Determinants, Mortality[Title/Abstract]) OR Mortality, 

Differential[Title/Abstract]) OR Differential Mortalities[Title/Abstract]) OR Mortalities, 

Differential[Title/Abstract]) OR Differential Mortality[Title/Abstract]) OR Age-Specific 

Death Rate[Title/Abstract]) OR Age-Specific Death Rates[Title/Abstract]) OR Death Rate, 

Age-Specific[Title/Abstract]) OR Death Rates, Age-Specific[Title/Abstract]) OR Rate, Age-

Specific Death[Title/Abstract]) OR Rates, Age-Specific Death[Title/Abstract]) OR Age 

Specific Death Rate[Title/Abstract]) OR Death Rate[Title/Abstract]) OR Death 

Rates[Title/Abstract]) OR Rate, Death[Title/Abstract]) OR Rates, Death[Title/Abstract]) OR 

Mortality Rate[Title/Abstract]) OR Mortality Rates[Title/Abstract]) OR Rate, 

Mortality[Title/Abstract]) OR Rates, Mortality[Title/Abstract]) OR survival[Title/Abstract]) 

OR pulmonary hypertension[Title/Abstract]) OR hazard ratio[Title/Abstract]) OR 

""Mortality""[Mesh]) OR ""Survival""[Mesh]) OR ""Hypertension, 

Pulmonary""[Mesh])",248 



Table S1. Quality assessment of the cohort studies included in the meta-analysis using the Newcastle Ottawa Scale (NOS). A study can be awarded a 

maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of two stars can be given for Comparability 

 

Study Selection 

Comparability 

Outcome 

Total 

Score Author Year 

Representativeness of 

the exposed cohort 

Selection of the 

non-exposed 

cohort 

Ascertainment 

of exposure 

outcome of interest 

was not present at 

start of study 

Assessment 

of outcome 

Adequate follow-up 

period for outcome 

Adequacy of 

follow up of 

cohorts 

Bae et al.18 2012 * * * * * * * * 8 

Heresi et al.19 2013 * * * * ** * * * 9 

Valerio et al.20 2013 * * * * * * * * 8 

Kovacs et al.21 2014 * * * *  * * * 7 

Coghlan et al.22 2018 * * * *  * * * 7 

Douschan et al.23 2018 * * * *  * * * 7 

Nemoto et al.24 2019 * * * * ** *  * 8 

Xanthouli et al.25 2019 * * * * ** * * * 9 



Table S2. The pooled survival rates and their 95% CIs of the normal PAP, mildly 

elevated PAP and PH groups. 

Year 

The Pooled Survival Rates (95%CI), % 

Normal PAP Mildly elevated 

PAP 

PH 

1 97.7 (95.4-100.0) 97.0 (93.7-100.0) 87.5 (80.9-94.7) 

2 95.9 (93.6-98.4) 92.8 (88.6-97.2) 80.2 (70.8-90.8) 

3 93.3 (90.2-96.5) 89.4 (84.0-95.2) 73.0 (63.6-83.9) 

4 91.0 (86.2-96.0) 80.7 (72.3-90.1) 65.7 (56.2-76.9) 

5 88.8 (83.4-94.6) 77.0 (67.2-88.3) 61.6 (51.9-73.1) 

6 85.2 (77.5-93.5) 70.6 (62.4-79.8) 54.8 (47.9-62.6) 

7 81.0 (72.3-90.7) 64.5 (55.4-75.0) 50.0 (43.9-57.1) 

8 75.5 (68.5-83.3) 58.8 (46.9-73.6) 46.7 (40.4-54.0) 

9 74.9 (67.8-82.8) 49.6 (35.5-69.4) 41.3 (34.8-48.9) 

PAP: pulmonary artery pressure; PH: pulmonary hypertension; CI: confidence interval. 

 

 



Figure S1. Sensitivity analysis for the meta-analysis of risk of progression to PH 

in the mildly elevated PAP group versus the normal PAP group when only 

participants who had repeated RHCs were included in the calculation of the 

incidence of progression to PH (the analysis shown in Figure 2A).  

 

 

PH: pulmonary hypertension; PAP: pulmonary artery pressure; RHC: right heart 

catheterization. 

  



Figure S2. Sensitivity analysis for the meta-analysis of risk of progression to PH 

in the mildly elevated PAP group versus the normal PAP group when all 

participants in each group were included in the total number (the analysis shown 

in Figure 2B).  

 

 

PH: pulmonary hypertension; PAP: pulmonary artery pressure. 

  



Figure S3. Egger’s test for the meta-analysis of risk of progression to PH in the 

mildly elevated PAP group versus the normal PAP group when only participants 

who had repeated RHCs were included in the calculation of the incidence of 

progression to PH (the analysis shown in Figure 2A), P=0.218.  

 

PH: pulmonary hypertension; PAP: pulmonary artery pressure; RHC: right heart 

catheterization. 



Figure S4. Egger’s test for the meta-analysis of risk of progression to PH in the 

mildly elevated PAP group versus the normal PAP group when all participants in 

each group were included in the total number (the analysis shown in Figure 2B), 

P=0.695.  

 

 

 

PH: pulmonary hypertension; PAP: pulmonary artery pressure. 

  



Figure S5. Sensitivity analysis for the meta-analysis of pooled hazard ratio for 

mortality in the mildly elevated PAP group versus the normal PAP group (the 

analysis shown in Figure 3).  

 

 

 

PAP: pulmonary artery pressure. 

  



Figure S6. Egger’s test for the meta-analysis of pooled hazard ratio for mortality 

in the mildly elevated PAP group versus the normal PAP group (the analysis shown 

in Figure 3), P=0.861.  

 

 

 

PAP: pulmonary artery pressure. 

  



Figure S7. Supplementary analyses of pooled hazard ratio for mortality in the 

mildly elevated PAP group versus the normal PAP group.  

 

 

 

A: Supplementary analysis when Nemoto’s study was excluded (fixed-effects model); 

B: Supplementary analysis when Assad’s study was added while Nemoto’s study was 

excluded (random-effects model). PAP: pulmonary artery pressure; IV: inverse 

variance; CI: confidence interval. 


