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Abstract
Introduction  Hypertension is one of the most common 
medical conditions and represents a major risk factor 
for heart attack, stroke, kidney disease and mortality. 
The risk of progression to hypertension depends on 
several factors, and combining these risk factors into a 
multivariable model for risk stratification would help to 
identify high-risk individuals who should be targeted for 
healthy behavioural changes and/or medical treatment 
to prevent the development of hypertension. The risk 
prediction models can be further improved in terms of 
accuracy by using a metamodel updating technique where 
existing hypertension prediction models can be updated 
by combining information available in existing models with 
new data. A systematic review and meta-analysis will be 
performed of hypertension prediction models in order to 
identify known risk factors for high blood pressure and 
to summarise the magnitude of their association with 
hypertension.
Methods and analysis  MEDLINE, Embase, Web of 
Science, Scopus and grey literature will be systematically 
searched for studies predicting the risk of hypertension 
among the general population. The search will be based 
on two key concepts: hypertension and risk prediction. The 
summary statistics from the individual studies will be the 
regression coefficients of the hypertension risk prediction 
models, and random-effect meta-analysis will be used to 
obtain pooled estimates. Heterogeneity and publication 
bias will be assessed, along with study quality, which 
will be assessed using the Prediction Model Risk of Bias 
Assessment Tool checklist.
Ethics and dissemination  Ethics approval is not required 
for this systematic review and meta-analysis. We plan 
to disseminate the results of our review through journal 
publications and presentations at applicable platforms.

Introduction
Hypertension or high blood pressure is one 
of the most common medical conditions 
affecting almost one in four individuals 
worldwide1 and represents a major risk factor 
for heart attack, stroke, kidney disease and 

mortality.2 Hypertension has been attributed 
to be responsible for 13% of global deaths.3 
Prevention of hypertension, as well as control 
of blood pressure in hypertensive patients, is 
considered a major public health and primary 
care concern.4 Current population health 
research is increasingly integrating aspects 
of precision public health, which emphasises 
targeted health interventions by identifying 
people who are at greatest risk of disease.5

The risk of developing hypertension 
depends on many factors, including age, 
body mass index (BMI), blood pressure, 
smoking, family history and level of phys-
ical inactivity.6 Combining these known risk 
factors into a multivariable model for risk 
stratification would help to identify high-
risk individuals who should be targeted for 
healthy behavioural changes and/or medical 
treatment to prevent the development of 

Strengths and limitations of this study

►► One of the big strengths of this study is the com-
prehensiveness of the systematic review, which will 
include a search of four different databases and ex-
tensive use of reference lists.

►► This study will provide a comprehensive summary 
of hypertension risk prediction models and the risk 
factors they employ in the general population, and 
will summarise evidence as to their performance.

►► The study will lay a foundation for further im-
provement on hypertension risk prediction using 
metamodelling, where pooled common regression 
coefficients obtained through meta-analysis will be 
used in a new population.

►► This review has some limitations due to inevitable 
heterogeneity caused by study differences in mod-
elling methods, adjustment factors and methods of 
measurements.
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hypertension.7 8 Inaccurate risk estimation can lead to 
ineffective interventions in patients at low risk, as well as 
missed opportunities to intervene in those who are most 
susceptible to develop hypertension.

The accuracy of the prediction model can be improved 
by using a metamodel updating technique.9 Existing 
hypertension prediction models can be updated by 
combining information from other published models. 
This metamodel updating approach works from the 
‘middle ground’ in which existing prediction models 
designed for the specific populations and endpoints of 
interest are then used and revised to fit a new popula-
tion.9 10 The updated model is then based on both the 
new and existing data, with the potential of improving 
model performance in the new population of interest.

Many prediction models have been developed to 
predict the risk of hypertension in the general popula-
tion. Although there are multiple models, their predic-
tive ability varies due to a lack of consistency in estimating 
risk by different models. Two prior reviews examined 
hypertension risk prediction models in adults.11 12 Both 
reviews conducted a narrative synthesis of the evidence 
to summarise the existing knowledge and performance 
of hypertension prediction models. In addition, a system-
atic review on prediction models to identify children at 
increased risk of future hypertension was also conducted.13 
However, none of the previous studies performed a meta-
analysis. Our review is different from the past reviews and 
adds to knowledge on predicting risk of hypertension and 
identifying associated risk factors in the following ways: (1) 
we plan to synthesise common regression coefficients of 
the existing hypertension risk prediction models through 
meta-analysis; (2) we propose pooled regression coeffi-
cients to be further used in developing a new hyperten-
sion risk prediction model for improved accuracy; (3) we 
plan to provide a detailed assessment of quality of studies 
among models developed; and (4) we hope to identify 
several additional and recently derived models. A system-
atic review and meta-analysis will be performed to identify 
existing prediction models for incident hypertension and 
risk factors they employ in the general adult population 
and to summarise evidence as to their performance. This 
will allow for model updating, which has the potential of 
improving the predictive ability for hypertension.

Objectives
The specific objectives for this systematic review and 
meta-analysis are
1.	 To summarise the predictive ability and quality of all ex-

isting risk prediction models for incident hypertension.
2.	 To identify a list of risk factors/predictors considered 

in existing hypertension risk prediction models and 
get their corresponding parameter values (regression 
coefficients).

3.	 To lay a foundation for further improvement on hyper-
tension risk prediction through metamodel updating 
technique using pooled common regression coeffi-
cients identified in objective 2.

Method
Protocol design
A systematic review and meta-analysis study design will be 
used to summarise information about all known published 
hypertension risk prediction models.To summarise and 
synthesise research evidence from multiple studies that 
are combinable, this study design is most applicable. 
This study protocol is reported in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses Protocol.14

Data sources and searches
We will systematically search MEDLINE, Embase, Web of 
Science and Scopus (each from inception to March 2020) 
for studies predicting the risk of incident hypertension in 
the general adult population. We will also search the refer-
ence lists of all identified relevant articles and will contact 
experts in the field of hypertension for information about 
other potential ongoing or unpublished studies. These 
experts will be identified from the review process. For the 
grey literature, Google Scholar and ProQuest (theses and 
dissertations) will be searched. The systematic search will 
be broken into two key concepts: hypertension and risk 
prediction. For each key concept, proper free-text words 
and Medical Subject Headings (MeSH) terms will be 
used. In addition, certain text words will be truncated, or 
wildcards will be used to capture all relevant articles from 
all databases. Finally, all the words and MeSH terms will 
be combined using the Boolean operators ‘AND’, ‘OR’ 
and ‘NOT’ as appropriate. The detailed search strategy 
for MEDLINE is provided in box 1.

Eligibility criteria
We plan to use broad inclusion criteria to provide a compre-
hensive systematic review of the topic. Only primary studies 
with extractable data will be included in this review. This 
excludes reviews, editorials, commentaries and letters to 
the editor. We will only consider cohort studies consid-
ering the risk prediction models for incident hyperten-
sions are generally developed using cohort study design 
with a follow-up information. However, studies will not be 
considered for inclusion if they were written in languages 
other than English and French. The Population, Prog-
nostic Factors (or Models of Interest) and Outcome15 
framework will used to outline eligibility criteria.

Population
The study population consists of general people who are 
free from hypertension at baseline and those for which 
hypertension risk prediction models are developed. 
There will be no restrictions in geographical region, time 
period or gender of the study participants. However, 
only the adult population, those who are aged 18 years 
or older, will be considered as our outcome is essential 
hypertension common in adults.

Prognostic Factors (or Models of Interest)
Studies that developed risk prediction models for inci-
dence hypertension in the general adult population 
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Box 1  Keywords used to search in MEDLINE

Keywords
1.	 prediction model*.mp
2.	 risk function*.mp
3.	 risk prediction*.mp
4.	 risk table*.mp
5.	 predictive model*.mp
6.	 exp ‘Predictive Value of Tests’/
7.	 risk chart*.mp
8.	 risk equation*.mp
9.	 risk engine*.mp

10.	 risk calculat*.mp
11.	 risk score*.mp
12.	 prediction tool*.mp
13.	 prediction rule*.mp
14.	 risk model*.mp
15.	 prognostic tool*.mp
16.	 prognostic model*.mp
17.	 exp Risk Assessment/
18.	 risk algorithm*.mp
19.	 risk ind*.mp
20.	 prediction algorithm*.mp
21.	 (hypertension adj2 (risk score or risk model or prediction model or 

risk prediction model or risk assessment)).mp
22.	 (high blood pressure adj2 (risk score or risk model or prediction 

model or risk prediction model or risk assessment)).mp
23.	 OR/1–22
24.	 validation.mp.
25.	 exp Validation Studies/
26.	 validate*.mp
27.	 OR/24–26
28.	 23 AND 27
29.	 exp Hypertension/
30.	 hypertens*.mp
31.	 (high adj2 blood pressure).mp
32.	 high blood pressure.mp
33.	 elevated blood pressure.mp
34.	 blood pressure.mp
35.	 OR/29–34
36.	 28 AND 35

will be included. However, studies focusing on the addi-
tive predictive value of new risk factors to an existing 
prediction model, or studies presenting a prediction 
model developed in patients with previous hypertension, 
or studies that derived risk prediction tools other than 
score-type tools, such as risk charts, will not be included. 
In addition, we will not consider studies that have only 
assessed bivariate associations between predictors and 
hypertension incidence. Rather, we will be focusing on 
those studies where hypertension prediction models were 
built incorporating predictors that demonstrated signifi-
cant prognostic contribution in predicting incident hyper-
tension. Further, we will only consider predictors that 
are non-invasive, considering their feasibility in routine 
setting. A hypertension risk prediction model is defined 
as one combining two or more predictors to obtain esti-
mates of the predicted risk of developing hypertension. 
Regression coefficients associated with the risk prediction 

models are constants (that are estimated) in the predic-
tion model that tells about the change in outcome corre-
sponding to the change in predictors and describe the 
relationship between a predictor and the outcome. If a 
model is assessed on more than one external population, 
information from all reported models will be considered. 
However, if the model is presented both in a derivation 
cohort and in a validation cohort, only information from 
the validation cohort will be considered.

Outcome
Outcomes of our study are hypertension and will be 
primarily defined as a systolic blood pressure (SBP) of 
≥140 mm Hg or a diastolic blood pressure (DBP) of ≥90 mm 
Hg or taking antihypertensive medication. Although the 
2017 American College of Cardiology (ACC)/American 
Heart Association (AHA) Hypertension Guideline lowers 
the cut-off level to define hypertension (SBP≥130 mm Hg 
or DBP≥80 mm Hg or taking antihypertensive medica-
tion),16 we will consider the former definition bearing in 
mind prediction models developed before appearance of 
new definition considered the former definition. Never-
theless, if we identify any study that reported a different 
formal definition of hypertension (eg, new ACC/AHA 
definition), we will also consider those definitions to 
capture the maximum number of studies. In the event of 
more than one hypertension definition, meta-analysis will 
be performed separately for each different definition of 
hypertension (outcome).

Study selection
Title–abstract screening
Initially, all articles identified through our search strategy 
will be exported to EndNote (Clarivate Analytics) (a soft-
ware for managing bibliographies, citations and refer-
ences) for duplicate removal. Level 1 screening will 
consist of an independent review by two researchers of 
the title and abstract of deduplicated records. Studies 
will be included if they indicate assessment of predic-
tion models for hypertension. Records will be included 
if they discuss either validation or development of such a 
model. Further, records will be included if they assess the 
predictive ability of individual risk factors associated with 
hypertension. Inter-rater reliability (kappa coefficient) 
will be calculated to measure disagreement between inde-
pendent reviewers, which will be resolved by consensus. 
Studies kept during level 1 screening will go through level 
2 screening.

Full-text screening
Full text articles will be retrieved for all records meeting 
level 1 review criteria. Level 2 screening will consist of 
full-text review by two independent reviewers. Articles will 
be included if they contain extractable data on hyperten-
sion prediction models and regression coefficients for 
hypertension risk factors. The articles identified eligible 
after full-text review will be included for data extraction. 
Agreement between reviewers will be quantified using the 
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Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram for systematic review of studies 
presenting hypertension prediction models developed in the general population.

kappa statistic. Any disagreement between reviewers will 
be resolved through consensus.

Data extraction and synthesis
First, the numbers of studies identified, excluded (with 
the reason for exclusion) and included in the systematic 
review and subsequent meta-analysis will be summarised 
using the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses flow diagram17 (figure  1). 
Next, two reviewers will independently extract data from 
each study using a standardised form (table 1) that will 
include study name, location where the model was devel-
oped and participants’ ethnicity, study design used, age 
and gender of the study participants, predictors included 
in the model, number of events and total participants, 
definition used for hypertension, duration of follow-up, 
modelling method used, measures of discrimination and 
calibration of the prediction model, and the validation of 
the prediction model. In a separate form (table 2), infor-
mation about the parameters (regression coefficients) 

of the identified hypertension risk prediction models 
will be extracted, which includes study name, sample 
size, modelling method, mathematical model and corre-
sponding regression coefficients, number of predictors, 
list of predictors, values of the regression coefficients and 
statistical significance of the regression coefficients. In 
this review, we will primarily focus on a traditional regres-
sion type’s prediction modelling (eg, logistic regression 
model and Cox proportional hazard regression model), 
anticipating that it is the most common form of predic-
tion modelling. Recently emerged more complicated 
modelling strategies (eg, machine learning tools) will not 
be considered in this review. It is very likely that some of 
the studies will report ORs or HRs (depending on the 
modelling methods) instead of the regression coefficients 
for their model. In that case, we will back-calculate the 
regression coefficients from the OR or HR using appro-
priate formula. For example, the OR formula for any 
single generally defined exposure variable ﻿‍ E‍, whether 
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dichotomous, ordinal or interval, controlling for a collec-
tion of control variables is given by

	﻿‍
OREa vs Eb = exp

[(
Ea − Eb)β +

(
Ea − Eb) p∑

j=1
δjWj

]

‍�

where ﻿‍ Ea‍ and ﻿‍ Eb‍ are the two levels of the exposure 
variable ‍E, β‍ is the regression coefficient associated with 
exposure ‍E,‍ and the deltas ‍

(
δs
)
‍ are coefficients of poten-

tial interaction effects involving ﻿‍E‍ separately with each of 
the ‍p‍ potential effect modifiers ‍Ws‍.18 When there is no 
interaction case, the OR formula reduces to the quantity 

‍exp
[(

Ea − Eb)β]‍ and becomes ‍exp
(
β
)

,‍ when the differ-
ence between exposure levels equals 1. This formula can 
be used to convert ORs to the regression coefficients. 
Similarly, the HRs can also be converted to the regression 
coefficients. As relation between OR and HR is not yet 
established, pooling regression coefficients derived from 
them will be separate.

Meta-analysis of regression coefficients associated with 
the risk factors in prediction models involved several chal-
lenges, including incomparable effect measures (eg, OR 
and HRs); different methods of measurement for predic-
tors and outcome; different approaches to handling 
outcome and predictors (eg, age can be continuous or 
categorical with different levels of categories and cut-offs 
to define categories); differences in measurement units; 
lack of proper reporting of estimates (eg, SE of the effect 
measures may not be reported); and use of a different 
set of adjustment predictors in different models.19 These 
issues can lead to a substantial amount of heterogeneity.

A recent guideline has provided some recommenda-
tions to overcome these issues.19 A separate meta-analysis 
on similar effect measures (eg, meta-analysis of ORs and 
HRs separately), similar associations (eg, meta-analysis of 
unadjusted and adjusted predictors separately), similar 
cut-offs for predictors (eg, separate meta-analysis on 
distinct cut-offs of predictors), and similar method of 
measurement for predictors and outcome (eg, separate 
meta-analysis for each measurement method) are among 
the recommendations.

Although ideal but very unlikely, the estimates (eg, 
regression coefficients or ORs or HRs) derived from 
different models are adjusted for the same set of other 
predictors. Estimates adjusted for a different set of predic-
tors create difficulty in interpreting meta-analysis results. 
To overcome this issue, the guideline recommended 
considering meta-analysis only on those estimates that 
are adjusted for at least a predefined minimum core set 
of established predictors.19 This core set of predictors 
for the outcome can be defined in consultation with the 
experts. For the hypertension outcome, a potential core 
set of predictors to adjust can be age, gender, smoking 
status and BMI.

Standardisation of the effect measures to ensure they 
all relate to the same scale of measurement will also be 
considered if necessary. Regression coefficients will be 
converted into standardised regression coefficients and 
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Table 2  Extracted information about the parameters of the existing hypertension prediction models

Study

Sample size 
considered 
in the final 
model

Modelling 
method 
used to 
develop the 
model

Reported 
mathematical 
model and 
corresponding 
regression 
coefficients of 
the model

Predictors 
considered 
in the final 
model (n)

List of 
predictors 
considered 
in the final 
model

Values of 
the reported 
regression 
coefficients/
ORs in the 
final model

Statistical 
significance 
of the 
corresponding 
regression 
coefficients



















then meta-analysis will be performed. Most of the existing 
standardisation techniques20 21 were built with continuous 
response variables in mind, and complication arises when 
response variable become binary as in our case. We will 
adopt the latent-theoretical method proposed by Grace 
et al22 for standardisation as this method offers a suit-
able approach for standardisation in a binary response 
variable.

We will follow the above steps and recommendations 
provided by the guideline19 in our study to make our 
meta-analysis results (pooled estimates) more interpre-
table. Although our initiatives may not provide complete 
remedy and heterogeneity may remain, we anticipate 
performing a random-effect meta-analysis will allow for 
inevitable heterogeneity in effect measures across studies.

Quality assessment
Study quality will be assessed by each reviewer, according 
to the Prediction Model Risk of Bias Assessment Tool 
(PROBAST) checklist23 (table  3). The PROBAST tool 
is designed for assessing the risk of bias and concerns 
regarding the applicability of both diagnostic and prog-
nostic prediction model studies. The PROBAST contains 
20 questions under four domains: participants, predictors, 
outcome and analysis that facilitates judgement of risk of 
bias and applicability. Overall risk of bias of the predic-
tion models will be judged as ‘low’, ‘high’ or ‘unclear’, 
and overall applicability of the prediction models will 
be judged as ‘low concern’, ‘high concern’ and unclear 
according to the PROBAST checklist.

Data analysis
The summary statistics, also known as the effect measure, 
from the individual studies will be the regression coeffi-
cients of the hypertension risk prediction models. Studies 
will be grouped based on the type of modelling method 
used to develop the model as regression coefficients will 
have different meanings based on different modelling 

methods (eg, in a logistic regression model, a coefficient 
represents the change in the log odds that would result 
from a one unit change in one specific predictor, holding 
all other predictors constant while in a Cox proportional 
hazard regression model, the coefficients represent the 
change in the expected log of the HR relative to a one 
unit change in one specific predictor, holding all other 
predictors constant). We will use random-effect meta-
analysis to obtain the pooled weighted average of the 
common regression coefficients with 95% CIs for groups 
of models using the DerSimonian and Laird method.24 
Forest plots will be also generated to show the pooled 
regression coefficient, together with 95% CI, the author’s 
name, publication year and study weights. In studies that 
provided only regression coefficients (β) but no measure 
of its variance or CIs, the SE and 95% CI of the regression 
coefficients (β) will be calculated using the formula

	
‍
SE(β) =

√
β
[
1−β

]
+
[
N1−1

]
×
[
β/

(
2−β

)
−β2

]
+
[
N2−1

]
×
[
2β2/

(
1+β

)
−β2

]
(
N1×N2

)
‍

�

where ‍N1 =‍the number of patients with hypertension 
and ‍N2 =‍the number of patients without hypertension 
and the upper 95% CI‍= β +

[
1.96 × SE(β)

]
‍, and lower 

95% CI‍= β −
[
1.96 × SE(β)

]
‍.
25 If the CIs of the regres-

sion coefficients are available, SEs of the regression coef-
ficients will be derived from the CIs. Information about 
the pooled regression coefficients will be presented in 
a tabular form (table  4). STATA V.13.1 will be used to 
perform statistical analysis using the following commands: 
metan, metareg, metabias, metatrim and metafunnel.

Testing for heterogeneity
Studies that will be included in our systematic review 
are likely to be diverse methodologically, and as a result, 
heterogeneity in the results is to be expected. Heteroge-
neity arises when differences between study results are 
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Table 4  Information about the pooled regression coefficients

Name of the predictor 
extracted from the 
selected model

Names of 
the studies 
from which 
predictor was 
extracted

Studies reporting 
the regression 
coefficient of the 
corresponding 
predictor (n)

Reported values 
of regression 
coefficients from 
the corresponding 
predictor

Pooled value of 
the corresponding 
regression 
coefficients with 
95% CIs

Amount of 
heterogeneity 
observed



















Table 3  Prediction Model Risk of Bias Assessment Tool checklist

Participants Predictors Outcome Analysis

1. Were appropriate data 
sources used, for example, 
cohort, RCT or nested case–
control study data?

1. Were predictors defined 
and assessed in a similar way 
for all participants?

1. Was the outcome 
determined appropriately?

1. Were there a reasonable 
number of participants with the 
outcome?

2. Were all inclusions and 
exclusions of participants 
appropriate?

2. Were predictor 
assessments made without 
knowledge of outcome data?

2. Was a prespecified or 
standard outcome definition 
used?

2. Were continuous and 
categorical predictors handled 
appropriately?

 �  3. Are all predictors available 
at the time the model is 
intended to be used?

3. Were predictors excluded 
from the outcome definition?

3. Were all enrolled participants 
included in the analysis?

 �   �  4. Was the outcome defined 
and determined in a similar way 
for all participants?

4. Were participants with 
missing data handled 
appropriately?

 �   �  5. Was the outcome 
determined without knowledge 
of predictor information?

5. Was selection of predictors 
based on univariable analysis 
avoided?

 �   �  6. Was the time interval 
between predictor assessment 
and outcome determination 
appropriate?

6. Were complexities in the 
data (eg, censoring, competing 
risks and sampling of control 
participants) accounted for 
appropriately?

 �   �   �  7. Were relevant model 
performance measures 
evaluated appropriately?

 �   �   �  8. Were model overfitting, 
underfitting and optimism in 
model performance accounted 
for?

 �   �   �  9. Do predictors and their 
assigned weights in the final 
model correspond to the 
results from the reported 
multivariable analysis?

RCT, randomised controlled trial.
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beyond those attributable to chance alone; potential 
sources include the study setting, the study participant 
type and the study methodology, among others. Hetero-
geneity will be assessed using Cochran’s Q statistic and 
quantified with the I2 statistic. A p value of less than 0.05 
will be considered statistically significant heterogeneity 
and will be categorised as low, moderate and high when 
the I2 values are below 25%, between 25% and 75%, 
and above 75%, respectively.26 Sources of heterogeneity 
will be further explored using metaregression and strat-
ified analyses according to the modelling method and 
study characteristics (sample size, duration of follow-up, 
number of predictors included within the prediction 
models and geographical location).

Assessment of publication bias
Publication bias, a tendency from authors to publish 
favourable or significant results, threatens the validity 
of a review’s findings. Synthesised results through meta-
analysis from the systematic review can produce over-
stated conclusions due to publication bias.27 Publication 
bias will be examined using a funnel plot and Egger’s 
test. Funnel plots provide visual aid for detecting publi-
cation bias in systematic reviews. A symmetrical inverted 
funnel plot will indicate absence of publication bias, 
whereas an asymmetrical funnel plot will indicate pres-
ence of publication bias.28 We will apply the funnel plot 
to visually describe the publication bias. Egger’s test will 
be performed to formally test/confirm the existence of 
publication bias.28 If publication bias is identified, we will 
apply Duval and Tweedie’s trim and fill method as a form 
of sensitivity analysis to see how bias in the pooled esti-
mates can potentially be reduced.29

Patient and public involvement
Patients and the public will not be involved in the devel-
opment, design, conduct or reporting of the study.

Ethics and dissemination
There is no involvement of human subjects in this study 
as there will be no primary data collection. So ethical 
approval is not required for this systematic review. A 
manuscript will be prepared for peer-reviewed journals 
after completion of the full analysis. Also, findings will be 
presented at relevant conferences and seminars.

Discussion
This systematic review will provide information on avail-
able hypertension risk prediction models, their perfor-
mances and their study quality. Additionally, it will provide 
information on risk factors/predictors that were consid-
ered during the model development and their corre-
sponding parameter values (regression coefficients). 
Together, this information will deliver a comprehensive 
summary of the predictive ability of these models based 
on the reported data. Previous hypertension risk predic-
tion models consider various demographic and clinical 

characteristics, and blood biomarkers, including SBP, 
paternal history of hypertension, BMI, age and sex.30 31 
The Framingham risk score is one of the most widely used 
for hypertension risk prediction modelling and risk 
assessment.32 However, it is imperative to regularly review 
and synthesise risk prediction models for hypertension as 
research in risk factors of hypertension improve and data 
for further clinical and demographic biomarkers become 
available. Using methodologies to evaluate prediction 
model performance and accuracy, we found that the 
metamodelling technique allows for improvement on 
existing hypertension prediction models. This compila-
tion of both existing and new information allows for an 
effective technique to improve precision public health in 
the corresponding populations.33 34

This systematic review has its strengths in an effective 
and systematic search strategy. With a broad inclusion 
criterion, we hope to obtain all relevant literature on 
hypertension risk models. Further, the unique pooled 
analysis of regression coefficient provides an opportunity 
to synthesise large amounts of information’s on risk factors 
for hypertension. This review also has some limitations. 
Although the English language is generally perceived 
to be the universal language of science, selection of 
research findings in a particular language (eg, English 
and French) can introduce language bias and may lead to 
erroneous conclusions. With this in mind, readers should 
be cautious when interpreting the findings of our results. 
Pooling regression coefficients through meta-analysis is 
also challenging, considering inevitable heterogeneity 
caused by study differences in modelling methods, adjust-
ment factors and methods of measurements. We urge 
readers to be cautious while interpreting the findings of 
the summary results.

In conclusion, this systematic review has the potential 
to synthesise the overall evidence on the performance 
and effectiveness of hypertension prediction models 
and summarise the current development status. This will 
provide updated tools for healthcare providers and clin-
ical practice, along with advancing the field of hyperten-
sion research.
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