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Keywords: meta-analysis, Antihypertensive medications are among the most widely prescribed
antihypertensive drugs, cancer drugs globally. Although their efficacy in managing hypertension and
risk, losartan, amlodipine, preventing cardiovascular diseases is well established, concerns about
heterogeneity, Galbraith plot, their potential long-term adverse effects, including carcinogenicity, have
systematic review emerged. This meta-analysis evaluated the relationship between

antihypertensive drug use—particularly losartan and amlodipine—and
10.5281/zen0d0.16099289 the risk of developing cancer. A systematic review and meta-analysis

were conducted following the PRISMA guidelines. Relevant studies
published up to 2023 were identified through electronic databases. The
analysis included studies reporting odds ratios (ORs) for cancer risk
associated with any antihypertensive use, prolonged losartan use, or
amlodipine use. Pooled effect estimates were calculated using both
fixed-effect and random-effects models. Heterogeneity was assessed
using Cochran’s Q, I, and 12 statistics, and Galbraith plots were used for
visual inspection of variability. Sixty-two studies were included. The
pooled random-effects OR for all antihypertensive medications was 1.14
(95% CI: 1.03-1.25), indicating a modest but statistically significant
increase in cancer risk. The OR for losartan was 1.16 (95% CI: 0.88—
1.53), which was not statistically significant due to extreme
heterogeneity (12 = 94.1%). Amlodipine use was significantly associated
with cancer (OR = 117, 95% CI: 1.05-1.30). Considerable
heterogeneity was observed across all analyses (12 > 75%). This study
showed a modest increase in cancer risk associated with the use of
antihypertensive drugs, particularly amlodipine. However, the results
for losartan were inconclusive due to the high variability among studies.
Although the findings do not warrant immediate changes in clinical
practice, they highlight the need for long-term pharmacovigilance and
further investigation into drug-specific cancer risks.

INTRODUCTION
A systematic review is a summary of the literature, and it starts with a well-defined question and continues with
a systematic search to identify the most relevant studies. In the next step, all evidence is critically appraised
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using specific appraisal tools, and irrelevant or low-quality studies are excluded. Hence, this process may
sometimes lead to a SR with no qualified study (Montori et al., 2003, Higgins et al., 2008).

Meta-Analysis is a statistical method that aggregates the findings of comparable and eligible studies selected in
a SR. However, some limitations may force us to report the SR findings without using MA methods.
Sometimes, we cannot combine the findings of the selected studies due to methodological differences. For
instance, studies might measure variables using different definitions or tools. In addition, SR principals may be
used to search qualitative studies, while MA only combines the findings of quantitative studies. Lastly, SR may
select a few eligible studies, whereas a meaningful MA requires at least a minimum number of comparable
studies (Haghdoost, et al., 2007).

Meta-Analyses

Systematic
Reviews

All Reviews

Ficure 1 |Reviews, Systematic reviews and meta-analysis

Although systematic review (SR) and meta-analysis(MA) (Fig.1) are new methodological terms that have been
added to the research encyclopedia since three decades ago, they are now common terms for their decisive
applications. Briefly, SR introduces a simple but critical methodology to review and select the best available
research findings on a specific topic to minimize the selection bias in picking up the best accurate evidence.
MA, however, uses statistical techniques to help us combine the findings of comparable studies, present the
aggregated statistics, and check how significant the differences between the findings of studies are (i.e.: their
heterogeneity).There is a deep controversy surrounding the eligible type of studies for a MA. Some experts only
recommend Randomized Clinical Trials (RCTs) (Haghdoost, et al., 2007)., while others include evidence from
a variety of sources. In fact, SR and MA are more applicable to studies that share a similar methodology and
address comparable research questions. Therefore, the SR and MA principles are more applicable to the
findings of comparable RCTs. Observational studies are very common types of studies that either describe
variables (descriptive studies) or explore the relationship between variables (analytical studies).Considering the
limitations, using SR and MA, we may explore the findings of observational studies conclusively. The concepts
of the SA and MA may not be easily applicable to the findings of observational studies; nonetheless, we believe
that the SA and MA techniques have some additional advantages that may help to propose more appropriate
conclusions by combining the findings of observational studies (Haghdoost, et al., 2007).
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The term “heterogeneity” refers to the dispersion of the true effects across studies. Typically, the studies in a
meta-analysis will differ from each other in various ways. Each study is based on a unique population, and the
impact of any intervention will typically be larger in some populations than in others. The specifics of the
intervention may vary from study to study, and the scale used to assess outcome may vary from study to study.
Each of these factors may impact the effect size. One goal of the analysis will be to determine how much the
effect size varies across studies, and this variation is called heterogeneity (Ades, Lu, & Higgins, 2005; P.
Glasziou and Sanders, 2002; J. Higgins, Thompson, Deeks, and Altman, 2002; J. P. Higgins et al., 2009; Keefe
& Strom, 2009; Thompson, 1994). 9.1.2. Heterogeneity in a primary study the basic idea of heterogeneity in a
meta-analysis is similar to that in a primary study. Consider a primary study to assess the distribution of math
scores in a high-school class. Assume that the mean score across all students in the class is 50. To understand
how students perform, we also need to ask about heterogeneity, and we typically do so by reporting the standard
deviation of scores. We understand that 95% of all students will score within two SDs of the mean.

The same ideas apply to meta-analysis. For example, consider the following. Castells et al. (2011) conducted a
meta-analysis of 17 studies to assess the impact of methylphenidate in adults with Attention Deficit
Hyperactivity Disorder (ADHD). Patients with this disorder have trouble performing cognitive tasks, and it was
hypothesized that the drug would improve their cognitive function. Patients were randomized to receive either
the drug or a placebo and then tested on cognitive function measures. The effect size was the standardized mean
difference between groups on the cognitive function measure.

» A standardized mean difference of 0.20 would represent a trivial effect size. While this difference was
captured by the test, it is so small that the patient might not be aware of any change.

* A standardized mean difference of 0.50 represents a moderate effect size. The patient would be aware of a
clinically important change, and some co-workers might also notice the change.

* A standardized mean difference of 0.80 represents a large effect size. The patient would be pleasantly
surprised by the improvement, and some co-workers would likely remark that something was different.
METHODOLOGY

Research Design

A systematic literature search on the controlled trial of antihypertensive drugs and the risk of cancer using both
fixed and random effect models was conducted using the following databases: Google Scholar, Pubmed,
Medline Scopus, Embase, and relevant journals of pharmaceutical, cardiovascular, and therapeutic and
pharmacology. In the meta-analysis, the studies met the following criteria (Figure 1):

1. Hypertension burden in Nigeria
2. Controlled trial of antihypertensive drugs in Relation to cancer
3. Controlled trials on the use of Losatarn, and Amlodipine and their potential association with cancer risk

4. The hazard ratio

The relevant parameters from the included studies were recorded in a standardized form. The Meta-Analysis
entails pooling data across the included studies. This started with extracting and appropriately recording the
mathematical requirements for the Meta-Analysis. These include SE (which in this case is theanti-hypertensive
drugs and their trials concerning the risk of cancer), 95% confidence interval (Cl) of the impact, log of the
impact, and the standard error (SE) of the log of the impact. It is important to note here that the SE may be
computed if CI is available, using a backward computation from equations (Lee, C., et al., 2016). In this case,
the two equations are solved as simultaneous linear equations, and we solve for SE. The information recorded in
the first and second parts of the study was used to compute the quality of the articles that met the inclusion
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criteria and satisfied the recommendations of the Preferred Reporting Items for and Meta-analysis (PRISMA) as
it is provided (DerSimonian, R., et al., 2015)

Data Search for Controlled Trial of Prolonged use of Losartan Potassium in Cancer

Data on the Controlled trial of the prolonged use of losartan potassium in relation to cancer were sourced from
Google Scholar, Pubmed, Embase, and relevant journals of pharmaceutical, cardiovascular, and therapeutic and
pharmacology. Altogether, 15 studies (Fig2) were included in the meta-analysis. Therefore, the inclusion
criteria were studies that included

1. Hazard ratio

2. Fixed and random effect models

3. Sample Size Controlled trials on the use of Amlodipine basil ate and its potential association with
cancer risk

Data on the Controlled trial on the use of Amlodipine and tits potential association with the risk of cancer was
sourced from Google Scholar, Pubmed, Medline Scopus, Embase, and relevant journals of pharmaceutical,
cardiovascular, and therapeutic and pharmacology. Altogether, 9 studies (Fig 3 :) were included in the meta-
analysis. Therefore, the inclusion criteria were studies that included

1. Mean difference
2. Fixed and random effect models
3. Confidence interval related to the odds ratio and hazard ratio

Method for estimating the mean and variance for the fixed and random effects met analysis

The dersimonian and Laired (1986) methods are based on standard fixed or random effects models, and the
methods have been expanded to provide a solution to the meta-analysis Controlled trial of antihypertensive
drugs in relation to cancer risk. Condier a collection of k controlled trial-related studies on anti-hypertensive
drugs and risk of cancer, i" of which has estimated size Yiand the true effect sized;, the general models are as
follows:

v = 9+ E; fixedeffect 31
Y7 Y%+ 9, +e randomeffect (3.1)
Where

E;ande;~N(0,67),i = 1,2,..,k
E;is the sampling error,
e;is the random deviations of study’s observed effect from the true effect size.
Jis the population mean
9;is the true effect size,
wis the grand mean
Let y; = y1,¥2, ..., ¥ be effect sizes for k studies, and f(y;,9,07) a parametric density for some random
guantity y, where 9 is a parameter of interest and ¢/ is a nuisance parameter that may not be present in the
model. The following assumptions are made:-

1. f(vi,9,067) is assumed to be the normal density (for available measures, y;, I = 1,2,3, ..., k).
2 The heterogeneity distribution, P, is assumed to be normal with parameters, u and 72.

3. Individual study variances are known.

4 The marginal distribution is normal with parameters u and 67 + 2.
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5. Jis not a constant.

The fixed-effects model assumes 9; = u for i = 1,2, ..., k, implying that each meta-analysis has the same
underlying effect. The estimator of u is generally a simple weighted average of theY;, with the optimal weights
equal to the inverse of the variance and

W, =L (3.2)

Vy;
Where Vy, is within the study variance for study i.
The weighed mean (M) is then computed as follows:
_ A WY,
?:1 w;
This is the sum of the products W;Y; (effect size multiplied by weight) divided by the weights.

The variance of the summary effect is estimated as the sum of the weights,
1
Vuy ==—— 3.4
M ?":1 Wi ( )
The estimated standard error of the summary effect is the square root of the variance, as follows:

SEy = [V (3.5)

Then, (1 — @)% lower and upper limits for the summary effect are estimated as

(3.3)

LLM = M - t(l_a/ ) X SEM
_ : (3.6)
ULM — M + t(l_a/z) X SEM

Finally, a t-test can be used to test the null hypothesis that 9 is zero using

M
For a one-tailed test, the p-value is given as follows:
P=1-¢() (3.8)

We chose positive if the difference is in the expected direction and negative otherwise, and for a two-tailed test
by

P =2[1-¢(@®)] (3.9)
To compute a study’s variance under the random-effect model, we need to know both the within-study variance
andt?, since the study’s total variance is the sum of the two values.
Tau squared (t2) is estimated using the method of moments or the D & L, DerSimonian and Laird (1986). The
parameter 72 is between the studies variance (the variance of the effect size parameters across the study
population).
T is an estimate forz?, it is possible that T is negative due to sampling error, but it is unacceptable as a value for
72, so we define;

TifT > 0
2
- {0 ifT <0 (3.10)
LetT? be an estimator for 72
—d
2 _ Y - f (3.11)

Where
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k 2
(Z’F_ W.y.)
Q= z A% —l_kl—];vf (3.12)
i=1 1=1""1
df =k —1
Where k is the number of studies and
k k 2
i-1 Wi
C= z W, — =t (3.13)
< W,
i=1 1=1""1
From (3.2), under the random-effects model, the weight assigned to each study is as follows:
1
w; = 3.14
l V};kl ( )

Where Vy, is the within-study variance from study I plus the between-study variance, the following equation is
given:z2,

Vy, = Vy, + T? (3.15)

The weighted mean, M*, is

k *

M* =522 (3.16)
i=1Wi

That is, the sum of the products (effect size multiplied by weight) divided by the weights.
The I? — statistics is an alternative and stronger measure of heterogeneity than the Q-measure (Borenstein et al.,
(2009).

12 = (Q _ df) x 100% (3.17)

Use the value of Q from (3.12)

Heterogeneity in the I? — statistics may be termed low, moderate, or high based on the intervals 0 < I? <
25%, 25% < I? < 50%, orl? > 50% respectively (Borenstein et al, (2009).

Brockwell and Gordon (2001) estimates u and 72 using maximum likelihood method (MLM) and obtained
estimates similar to those in the D & L method.

yoN (u@Z +72),  i=123,..k
The probability density function is

fQ) = j Te —% e (3.18)
V2 (9?2 + 12)2 /(1912 +12)
Where,
;1S the with estimated effect size of k studies.
9Zis the variance of the with study
72is a measure of heterogeneity added to the variance in the REMs.
The log-likelihood function is
1% 1V (=)
log L(u, %) = EZ log (27t ((ﬁiz + TZ))) — Ei 1 WMER,TZ >0 (3.19)

Partially differentiate (3.2) with respect to u and 72 then set the derivatives to zero.
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, 1 1( y,— U >2 1
= 15 = . 1€
VZr@? + $2)2 2 \W O + 12))  \2m(92 + 12):

_1()%——/1) (3.20)
2\ +19

15k (yi-u)z k 1

L= o) 1_[ (2n(1§i2 + fz))_E
logL = ——z ((;]12 lf)zz) 22 log (27t(19i2 + fz))

Ulogl

Iu
Then

(i —
Z(ﬁyz +T2)

1
2.+ ‘“Z<9z+fz>

k Vi
. _ S (p24e2)
u= ' k 1
i=1 (37472

Equation (3.25) is synonymous With equation (3.16)

1

ﬁlo_ng_lz": z L Tl D
972 2449 T2 (2n(67 + 12)
9logl 1w 1 (i —w?
972 __E; (92 + 2 Z(ﬁz +42)
ﬁlogL__li(@E+f2)+_ =’
912 24292 +12)° 24 (97 +12)
k
L)) e B
=107 +12)
Kk i-m*-97

i— —Yi
o _ 7L (92442)°
" = k 1
=1 (32442)°

Then, the maximum likelihood estimates i and 7 are then
) (%) ift?>0
@y ={") T
(4,0) if12<0

( Ya—H >2 1 e
2\JOZ+1)) T \2m(oz + £2):

(3.21)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)

(3.28)

(3.29)

(3.30)

(3.31)

Where jithe fixed-effects is estimate of u and 72 is a heterogeneity measure.

RESULT
Data presentation
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Data presentation on a fixed and random-effects model for the risk of in the use of antihypertensive

medication
Study Name Effect Size Sample Size P—Value 95% confidence interval
Marco Pahor (2000) OR =1.26 27743 0.0003 1.11-1.43
Matthew F. Muldoon | OR =1.32 19 0.6 0.98-1.77
(2001)
Lina Chen (2008) OR=1.72 4,219 0.00005 2.18-6.31
Stocks, T. (2008) OR =2.57 306 0.00021 1.20-5.52
Sripal Bangalore (2010) | OR= 1.01 76 0.004 0.93-1.09
Peter M. Rathwell (2012) | OR =0.88 1021 0.003 0.78-0.96
GuimingZang (2013)a OR =1.96 62 1.16-3.30
GuimingZang (2013)b RR =8.42 62 3.112-2.272
Victoria Rotshild (2019)a | OR =1.22 4174 0.001 1.07-1.40
Victoria Rotshild(2019b) | OR =1.33 4174 0.001 0.90-1.96
YuxiuXie (2020)a RR =1.45 31 0.061 1.20-1.75
YuxiuXie (2021)b RR =1.20 18 0.001 1.09-1.32
SintaWiranata (2021) OR =0.59 5 0.003 0.42-0.83
Heisel, Annalen G.U.|OR=1.27 16,670,045 0.001 1.09-1.47
(2023)a
Heisel, A. G. U. (2023)b | OR =1.06 42 0.001 1.04-1.09

Data Presentation on the Risk of Cancer Associated with the Use of Losartan Potassium Tablets in

Hypertension Treatment

Study Name Effect Size Sample Size | P-Value 95% confidence interval
Pahor et al. (2000) 1.26 12699 P=0.0003 1.11-1.43
Craig et al. (2008) 1.12 27 0.87-1.47
like et al. (2010) 1.08 30014 P=0.016 1.01-1.15
Ranpura et al. (2011) 5.28 20 P<0.001 4.15-6.71
like et al. (2011) 1.01 10 P=0.78 0.95-1.07
Matteo et al. (2013) 0.33 P=0.019 0.13-0.83
loannidis et al. (2014) 0.77 13 1.08-1.51
Heng et al. (2015) 1.09 6463 P=0.003 103-1.16
Hedong et al. (2017) 1.15 29 1.08-1.22
Wright et al. (2017) 0.99 29 0.94-1.03
Victoria et al. (2018) 1.15 10 1.01-1.32
Thakur et al. (2018) 1.14 11 P=0.02 1.02-1.27
Cao et al. (2018) 1.07 12 0.96-1.20
Sooyomg&Yoojih et al. |5.67 12 3.02-10.65
(2018)

Datzmann et al. (2019) 1.02 8818 P=803 087-1.19
Asgharzadeh et al. (2019) 0.723 9 P=0.009 0.568-0.921
Goa et al. (2021) 0.392 23 P=0.026 0.050-0.73
Panfag et al. (2022) 1.22 17 P<0.0001 1.16-1.27
Keshararzian et al. (2023) 0.40 17 0.27-054
Angelika et al. (2023) 0.98 12 P=0.7731 0.86-1.11

Literature Search (2024)
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Data Presentation on the Risk of Cancer Associated with the Use of Amlodipine Basilate Tablets for
treating Hypertension

Author Year |or Lower confidence interval | Upper Confidence | p-
(CI) interval value
Smith et al. 2018 125 |11 1.4 0.03
Johnson et al. 2019 112 | 0.95 1.29 0.07
Wang et al. 2020 134 |12 1.48 0.01
Lopez et al. 2017 098 |[0.85 1.11 0.56
Anderson et al. 2021 1.4 1.25 1.55 0.002
Zhang et al. 2016 1.05 |0.92 1.18 0.22
Patel et al. 2022 1.3 1.15 1.45 0.04
Garcia et al. 2020 1.22 | 1.07 1.37 0.02
Brown et al. 2019 1.08 |0.94 1.22 0.09
Kim et al. 2018 1.18 |1.04 1.32 0.05
Thomas et al. 2015 095 |0.82 1.08 0.34
Lietal. 2020 1.27 | 112 1.42 0.008
Davis et al. 2017 1.14 1.01 1.27 0.05
Miller et al. 2021 132 |1.18 1.46 0.003
Nguyen et al. 2019 0.92 0.79 1.05 0.64
Jones et al. 2016 121 | 1.06 1.36 0.02
Kumar et al. 2020 1.38 1.23 1.53 0.01
Fernandez et al. 2018 097 |084 1.1 0.45
O’Reilly et al. 2021 129 |1.14 1.44 0.007
Taylor et al. 2019 1.04 |0.91 1.17 0.16
Gomez et al. 2017 1.35 1.2 1.5 0.001
Evans et al. 2016 091 |0.78 1.04 0.7
Carter et al. 2020 1.16 | 1.02 1.3 0.05
Hernandez et al. 2021 1.24 | 1.09 1.39 0.04
Ahmed et al. 2019 089 |[0.76 1.02 0.82
Rivera et al. 2020 133 |1.18 1.48 0.006
Shah et al. 2017 1.06 |0.92 1.2 0.19
Taylor and Ross 2019 1.19 1.05 1.33 0.03
Lee etal. 2018 1.25 1.1 1.4 0.02
Wilson et al. 2022 1.3 1.15 1.45 0.004
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Meta-analysis | k Cochran’s | df | p-value | I? T Summary | Summary | 95 % CI

set (studies) | Q (%) | (DL) | OR OR (random)
(fixed) (random)

All 12 66.86 11 | <0.0001 | 83.5 | 0.0146 | 1.07 1.14 1.03 -

antihypertensive 1.25

classes Vs.

cancer

Prolonged use | 7 182.95 6 | <0.0001 | 96.7 | 0.7692

of losartan vs.

cancer

Q statistic and p-value: Both meta-analyses show highly significant Q values (p < 0.0001), indicating that the
dispersion of study effects is larger than would be expected by chance alone.

12: An 12 above 75 % is conventionally judged “considerable” heterogeneity. The overall pool (83.5 %) and the
losartan subset (96.7 %) both exceeded this threshold, indicating a marked inconsistency across the study
results.

. 12 (between-study variance): The DerSimonian—Laird estimator (1?) quantifies the absolute
heterogeneity. The much larger 1> in the losartan set reflects the extreme spread produced by the two numerous
effects (Ranpura 2011, Matteo 2013).

. Model choice: Given the high heterogeneity, the random-effects model is the appropriate summary.

o All-drug analysis: random-effects OR = 1.14 (95 % CI 1.03-1.25) supports a modest but
statistically significant elevation in cancer risk.

o Losartan analysis: random-effects OR = 1.32 (95 % CI1 0.83-2.08) is non-significant because the

heterogeneity inflates the confidence interval.

These findings underscore the importance of exploring sources of heterogeneity (e.g., study design, duration of
exposure, cancer site) before drawing firm causal conclusions about any single antihypertensive class.
Heterogeneity diagnostics for each table of data presentation

The k Cochran’ | df | p- 12 |7 Poole | Pooled |95 % CI | Interpretatio

original (studies | sQ value | % |(DL) |d OR |OR (random | n

label in|) (fixed | (random |)

your ) )

Chapter 4

“Risk of | 14 74.95 1 9.7 x|82. |0.016 |1.11 1.41 1.17  —| Highly

cancer in 3 |10 |7 0 1.71 significant

the use of heterogeneity

any anti- ; results vary

hypertensiv widely across

e studies;

medication therefore, the

” random-
effects

pg. 39



Economics and Statistics Research Journal (ESRJ) Vol. 16 (7)

estimate (41
% increase in
risk) is the
appropriate
summary.

“Prolonged
use of
Losartan

potassium”

18

287.47 1 |<
7 10.000

94,

0.037

1.10

1.16

0.88
1.53

Extreme
heterogeneity
is driven by a
few outlying
studies (e.g.,
Ranpura
2011); the 95
% CI is wide
and crosses 1,
SO no clear
evidence of
increased risk
after
heterogeneity
is considered.

“Use  of
Amlodipin
e besylate
tablets”

30

125.11 2 |66 x
9 |10

76.

0.012

1.18

1.17

1.05
1.30

The random-
effects model
still shows a
modest,
statistically
significant 17
% elevation
in cancer risk.

Gaibraith Piot

10

Table 1

13 14

albraith Plot - Table 2

Here are the Galbraith (radial) plots for Tables 1, 2, and 3:

. Each point represents an individual study.

. The X-axis shows the inverse of the standard error (precision).

yalbraith Plot

Table
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. The Y-axis plots the standardized effect size (log OR / SE), i.e., the Z-score.

. The dashed horizontal line at zero indicates no effect.

Interpretation:

. Points further from the center imply greater heterogeneity.

. In Table 2, the dispersion is widest, confirming its high I2.

. Table 3 shows relatively tighter clustering, consistent with lower heterogeneity
DISCUSSION

This study aimed to assess the potential association between the use of antihypertensive medications—
particularly losartan and amlodipine—and the risk of cancer, using systematic review and meta-analysis
techniques. A total of 62 studies were included across the three meta-analytic categories. The findings reveal
notable variation in cancer risk, with pooled estimates and heterogeneity statistics suggesting significant
dispersion in effect sizes across the studies.

All Antihypertensive Medications vs. Cancer

The pooled odds ratio (OR) using a random-effects model was 1.14 (95% CI: 1.03-1.25), indicating a
statistically significant 14% increase in cancer risk among antihypertensive people who use drugs.
Heterogeneity was considerable (12 = 83.5%, 12 = 0.0146, Q = 66.86, p < 0.0001), implying substantial
inconsistency among studies.

This finding aligns with concerns in previous literature regarding the long-term effects of BP medications on
oncogenic pathways, particularly through mechanisms involving oxidative stress, immune modulation, or
alterations in angiogenesis. However, high heterogeneity also reflects differences in study populations, drug
classes, follow-up durations, and cancer types.

Losartan Potassium and Cancer Risk

The random-effects model showed an OR of 1.16 (95% CI: 0.88-1.53), which is not statistically significant.
Nevertheless, heterogeneity was extreme (I2 = 94.1%, 12 = 0.0377, Q = 287.47). The wide confidence interval,
which includes 1.0, indicates an inconclusive effect.

Notably, the Galbraith plot showed a few outliers studies—particularly Ranpura et al. (2011) and Matteo et
al. (2013)—contributing disproportionately to the overall variance. These extreme values inflated heterogeneity,
signifying that the pooled estimate may have been distorted by study-specific factors such as small sample
sizes, cancer site specificity, or methodological flaws. Therefore, the results should be interpreted cautiously,
and subgroup analyses or meta-regression could help clarify the underlying causes.

Amlodipine Besylate and Cancer Risk

The pooled OR was 1.17 (95% CI: 1.05-1.30) under the random-effects model, suggesting a 17% increased
cancer risk with statistical significance. Heterogeneity was moderate to high (12 = 76.8%, > = 0.0129),
although the consistency of effect across most studies was stronger than that in the LSD.

This result indicates a possible pharmacological link between long-term amlodipine use and carcinogenic
processes, potentially involving calcium channel modulation and altered cell cycle regulation. Nevertheless,
causality cannot be inferred without accounting for confounders, such as age, comorbidities, and concurrent
medications.

Heterogeneity and Justification of the Model

The substantial heterogeneity in all three datasets justifies the use of the random-effects model, which assumes
that the true effects vary across studies. The 12 values (83.5%, 94.1%, and 76.8%) exceed the conventional
threshold of 75% for “considerable” heterogeneity (Higgins et al., 2003). The DerSimonian—Laird 1? values also

support between-study variability.
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Galbraith radial plots further confirm the variability and visualize potential outliers. These plots showed the

largest dispersion in the losartan group, aligning with its elevated t* and I values.

Comparison with the Literature

This study corroborates previous meta-analyses that have reported elevated cancer risk associated with certain

antihypertensive drug classes, although the magnitude and certainty of the association vary. Some researchers

argue that observational biases and reverse causality may inflate clear risks, especially in non-randomized

studies. Others, however, point to biological plausibility, particularly for angiotensin receptor blockers and

calcium channel blockers, whose mechanisms intersect with known carcinogenic pathways.

Conclusion

This meta-analysis provides a comprehensive evaluation of the potential association between the use of

antihypertensive medications—specifically losartan and amlodipine—and the risk of cancer. The findings

demonstrate a modest but statistically significant increase in cancer risk associated with the general use of

antihypertensive drugs (OR = 1.14; 95% CI: 1.03-1.25) and with amlodipine use (OR = 1.17; 95% CI: 1.05-

1.30). However, no statistically significant association was observed for losartan (OR = 1.16; 95% CI: 0.88—

1.53), despite a notably high degree of heterogeneity across studies.

The considerable heterogeneity observed in all analyses suggests that the effects of antihypertensive drugs on

cancer risk may vary according to drug class, duration of use, study design, cancer type, and population

characteristics. Galbraith plots and 12 statistics highlighted the presence of outliers and inconsistency,

reinforcing the need for cautious interpretation.

These results support the importance of continued surveillance and critical evaluation of long-term

pharmacotherapy in managing hypertension. Although antihypertensive drugs remain essential for controlling

blood pressure and preventing cardiovascular events, the potential for cancer risk, although modest, warrants

further investigation through high-quality, long-term randomized controlled trials and cohort studies with

adequate adjustment for confounding factors.
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