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ABSTRACT

Background: Prostate cancer is one of the most common types of cancer in the US, and it has a high mortality
rate. Diabetes mellitus is also a dangerous health condition. While some studies have examined the
relationship between diabetes mellitus and the risk of prostate cancer, there is still some debate on the matter.
This study aims to carefully assess the relationship between prostate cancer and diabetes from both real-world
and genetic-level data.

Methods: This meta-analysis was conducted following the PRISMA 2020 reporting guidelines. The study
searched three databases including Medline, Embase and Cochrane. The studies about the incidence risk of
prostate cancer with diabetes mellitus were included and used to evaluate the association. The odds ratio (OR),
risk ratio (RR) and 95% confidence intervals (95% ClI) were estimated using Random Effects models and Fixed
Effects models. Mendelian randomization study using genetic variants was also conducted.

Results: A total of 72 articles were included in this study. The results showed that risk of prostate cancer
decreased in diabetes patients. And the influence was different in different regions. This study also estimated
the impact of body mass index (BMI) in the diabetes populations and found that the risk decreased in higher
BMI populations. The MR analysis found that diabetes mellitus exposure reduced the risk of prostate cancer in
the European population and Asia populations.

Conclusions The diabetes mellitus has a protective effect on prostate cancer. And the influence of obesity in
diabetes mellitus plays an important role in this effect.

INTRODUCTION Prostate cancer is a kind of cancer that occurs in the
prostate, most of which are prostatic intraepithelial
Nowadays, cancer has become a tremendous burden on neoplastic [3]. Obesity plays an essential role in the
people’s health and society’s economy. For males, occurrence of prostate cancer. The mortality and the risk
prostate cancer is one of the most important diseases, of recurrence increased in obese patients, leading to a
and people are paying more attention to it. As reported, worse prognosis [4]. The incidence risk of prostate
prostate cancer is the most common cancer in the US, cancer is also associated with age, family history, and
and the mortality is the second, just behind cancer of the physical activity [5].
lung [1]. Besides, even in Asia, a traditional low-
incidence risk region, the risk of prostate cancer is Diabetes mellitus, a kind of metabolic syndrome with
rapidly increasing [2]. Thus, prostate cancer has become chronic hyperglycemia [6], is also a dangerous factor to
an emergency challenge to the health of human beings. human health, especially in developed countries. In
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2017 there were about 425 million cases, which is
projected to rise to 693 million by 2045 [7]. In recent
years, the association between diabetes mellitus and the
risk of cancer has gotten researchers’ attention, and
several studies confirm that there is a strong association
between diabetes and cancers. [8-10] The neoplastic
cell can be activated by the IGF-1 or IGF-2 and
hyperglycemia also plays a vital role in the growth of
neoplasm [8]. But as for prostate cancer, there are some
different opinions. Some studies found that the
incidence risk decreased in diabetes mellitus patients
[10, 11], while others have an opposite conclusion
[12, 13]. This phenomenon is confusing and the detailed
mechanism still needs further study. The study of the
association between diabetes mellitus and the risk of
prostate cancer can help us understand and manage the
disease better.

With the development of bioinformatics, we now have
more tools to study the association between diabetes
mellitus and the risk of prostate cancer. Mendelian
randomization (MR) is a new tool to evaluate the
association between the causal effects using genetic
variants. It uses genome-wide association studies
(GWASS) to assess the result which can avoid both the
researching bias and confounding factors [14]. In this
study, we first conducted a meta-analysis using data
from the real-world study. Then, MR was applied to
evaluate and confirm the result of meta-analysis. The
results may offer a new vision of the relationship
between prostate cancer and diabetes mellitus.

MATERIALS AND METHODS
Selection criteria
The inclusion and exclusion criteria were as follows:

1. The exposure we were interested in was suffering
from diabetes mellitus

2. The outcome of interest was suffering from prostate
cancer

3. This study only included the latest datasets reported
in different articles.

4. The patients with secondary tumors of prostate
cancer were excluded.

5. Studies using cell or animal models and case
reports were excluded.

6. Studies without full text or lack of data were
excluded. The study language was limited to
English.

Search strategy

This study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-

analyses (PRISMA) 2020 reporting guideline. We
searched PubMed, Cochrane, and EMBASE to
evaluate the association between diabetes mellitus and
the risk of prostate cancer from inception to September
17, 2023. We also used Google Scholar to get gray
literature, just like conference abstracts. The searching
keywords were “Diabetes mellitus”, “Prostate cancer”
and “Prostate neoplasms”. The detailed search strategy
for each database was offered in Supporting
Information: Supplementary Table 1. Two reviewers,
Y.G.C and Y.Y.X, searched for the title and abstract
independently, and the discrepancies of including were
judged by an independent third authors X.Q.D. The
Endnote application (20 version) was used to remove
duplicate articles and literate the articles. A PRISMA
flow chart in Figure 1 was used to depict the literature
search procedure. This systematic review and
meta-analysis study was registered in PROSPERO
(CRD42023461982).

Data extraction

We used a designed data extraction sheet to extract
information from the included studies. The data
extraction sheet consists of the article’s name, author’s
name, publication’s year, study type, region, sample
source, matching criteria, treatment, and type of
diabetes mellitus. The background information, like the
age of patients, was also included. The detailed
characteristics of the articles included in this study are
shown in Supplementary Table 9. The outcomes of
interest were the risk of prostate cancer.

Literature quality assessment

The Newcastle-Ottawa scale (NOS) was used to
evaluate the quality of case-control studies and cohort
studies. The evaluation criteria for an observational
study of the Agency for Healthcare Research and
Quality (AHRQ) were used to evaluate the quality of
cross-sectional studies.

The NOS mainly considers three methods: selection,
comparability, and outcome. And it has eight points. A
study can score one in the items in selection and
outcome, while the score in comparability is from zero
to two. If the score is under 4, it will be considered as a
bad quality study. The AHRQ criteria consist of eleven
points, and the answer can be ‘yes’, ‘no’ and
‘unknown’. If the answer is ‘yes’, the item scores one,
or it scores zero. The scores between 8 and 11 are
regarded as good quality, 4 and 6 as moderate quality,
and 0 and 3 as bad quality.

Two researchers, Y.G.C and Y.Y.X, evaluated the
quality and the bias of studies independently and the
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discrepancies were judged by the third researcher,
X.Q.D.

Data synthesis and statistical analysis

This study estimated the association between prostate
cancer and diabetes mellitus using Random Effects
(RE) models or Fixed Effects (FE) models. We
extracted the odds ratio (OR), risk ratio (RR), and their
95% CI of adjusted DM, which could provide
sufficient data. Besides, we also calculated the

unadjusted OR, RR, and 95% CI of DM by using the
data from included articles. The pooled risk ratio
(PRR) and pooled odds ratio(pOR) were calculated
with 95% CI. The heterogeneity between studies was
also analyzed using the standard Cochrane Chi-square
¥’(Cochrane’s Q) test and the 12 test. Sensitivity
analyses were conducted if 12>50% or a>0.10. All
the p-values were two-sided, and a p<0.05 was
considered significantly different. All the analyses
were performed in R software (version 4.2.1) with the
“meta” package.

Identification of studies via databases and registers }
Er Records identified from*: Records removed before
'5 Databases (n = 12402) screening:
= Medline:3435 —» Duplicate records removed
c The Cochrane Library:2 (n = 2594)
] Embase:8965
. 4
Records screened Records excluded*™*
—»
(n =9808) (n = 9547)
A4
Reports sought for retrieval Reports not retrieved
—
= (n = 261) (n=10)
:
3 v
Reports assessed for eligibility Reports excluded:
4, -
(n=251) Unrelated to study (n = 54)
All the patients have diabetes
or prostate cancer (n = 9)
Study only about mortality (n
= 54)
No datas (n = 28)
— Study about the same
y populations (n=21)
3 Meta or review (n = 4)
-] Reports of included studies Other reasons (n = 9)
=5
S (n=72)
c

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for study selection for
the systematic review on diabetes mellitus and the risk of prostate cancer.
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MR

The data resources were obtained from MRC IEU
OpenGWAS  (https://gwas.mrcieu.ac.uk/;  version:
v7.5.12 - 2023-09-27), developed at the MRC
Integrative Epidemiology Unit at the University of
Bristol. The GWAS ID of the included study were: bbj-
a-153 (Type 2 diabetes), bbj-a-148 (Prostate cancer),
ebi-a-GCST007517 (Type 2 diabetes), ebi-a-
GCST007516 (Type 2 diabetes (adjusted for BMI), ebi-
a-GCST90018905 (Prostate cancer). The detailed
information was shown in Supporting Information:
Supplementary Table 2. All the p-values were two-
tailed. The R software (version 4.2.1) with the
“TwoSampleMR’ package was used for the analysis.

Availability of data and materials

All the articles and GWAS data are available on public
dataset. The datasets generated during and/or analyzed
during the current study are available from the
corresponding author on reasonable request.

RESULT

This study sought 261 reports for retrieval from the
database or other sources. After using inclusion and
exclusion tools, 189 articles were excluded, and 72 were
included in this meta-analysis study. Of the 188 articles,
55 were found unrelative to our study after reading the
full text. 54 articles only reported the mortality. 21
articles reported the same populations, 28 with no
complete data, 4 were reviews of meta-analysis, 9 were
studies for patients, and 9 for other reasons.

Characteristics of included studies and patients

The characteristics of the 72 articles included in this study
were shown in Supplementary Table 9. Among the
studies, 35 were case-control studies, 31 were cohort
studies, and 6 were cross-section studies. The match
population in the case-control was varied, such as the
patients in the same hospital and those in the same area.
The total number of the population was 1,268,481. The
regions of the studies were all over the world, such as
Asia, North America, European, Africa, and Oceania. In
the studies, most of the population was over 40 years old,
and the average age was about 60. Most patients were
identified from the national cancer registry or local
medical records. 29 studies reported the influence of BMI,
and 20 studies also reported the treatments of the patients.

Quality assessment of the included studies

This study used the Agency for Healthcare Research
and Quality (AHRQ) criteria to evaluate cross-sectional

studies, and the Newcastle-Ottawa scale (NOS) was
used to assess the quality of case-control studies and
cohort studies. The detailed results were shown in the
Supporting Information: Supplementary Tables 3-5.
The included 71 articles were evaluated as high or
moderate quality. Only 1 meeting abstract had little
information about the study, but we still included this
article in our study.

The association between diabetes mellitus and
prostate cancer risk

A total of 1 268 481 people were included in this study.
The result of the meta-analysis was shown in Figure 2.
There was statistical significance in the connection
between the risk of prostate cancer and diabetes
mellitus, with a pOR of 0.89 (95% CI. 0.82-0.98,
12=99%, RE model). Notably, there is a study in Asia
with significant heterogeneity on the study [12]. After
excluding this study, the pOR changed to 0.86 (95% ClI:
0.81-0.92, 12=99%, RE model. Figure 3). This means
the incidence risk of prostate cancer significantly
decreases in patients with diabetes mellitus.

Following this, a subgroup analysis stratified by region
was also performed. In the study, we found out that in
European, North America, and Middle East, the
incidence risk of prostate cancer decreased in diabetes
mellitus patients, while in the East Asia the incidence
risk increased (Figure 4C). Interestingly, the results
were almost on the contract. Moreover, in the subgroup
analysis of unadjusted effects, we found that there was
no significant pOR in European populations.

This funnel plot was shown in Figure 4A. We found it
did not show good symmetry, so the trim and fill
method was used to eliminate the latent publication
(Figure 4B). It indicated that the publication bias had
weakened the effect of diabetes on the incidence of
PCa. The cumulative meta-analysis showed that a study
in Asia played an important role in the result, and the
incidence risk of prostate cancer decreased significantly
after it was excluded. Besides, the study did identify a
statistically significant publication bias based on Begg’s
test (z = -3.01, p-value = 0.0026) and Egger’s test (t =
1.75, df = 70, p-value = 0.0847).

The association between BMI and risk of prostate
cancer in diabetes mellitus patients

In this study, we found 8 articles with stratification
analysis of body mass index. We defined the BMI under
18,5 as underweight, 18.5~24.9 as normal weight,
25~29.9 as overweight, and more than 30 as obesity. We
found that the influence of diabetes mellitus increased in
the population with higher BMI. The results showed a
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Study logOR SE({logOR) Odds Ratio OR 95%=Cl Weight

C. La Vecchia et al. 1994 -0.3567 0.4270 —l—fJ— 0.70 [0.30;1.60] 0.7%
Elizabeth A. Tindall et al. 2013 0.6043 0.2499 | — 1.83 [1.13;3.01] 1.1%
Maria Camila Suarez Arbelaez et al. 2023 -0.1863 0.0061 n 0.83 [0.82;0.84] 1.7%
Y. R. Lawrence et al. 2013 -0.8916 0.3049 —— 0.41 [0.23;0.76] 1.0%
Kevin M. Waters et al. 2009 -0.2107 0.0413 0.81 [0.74;087] 1.7%
E. Lin et al. 2020 -0.2107 0.0189 i 0.81 [0.78;084] 1.7%
Paola Ballotari et al. 2017 -0.1508 0.0938 0.86 [0.72;1.04] 1.6%
Gabriel Chodick et al. 2010 -0.4620 0.0835 | 0.63 [0.62;0.86] 1.6%
Carmen Rodriguez et al. 2005 -0.4005 0.0569 : 0.67 [0.60;0.75] 1.7%
Chin-Hsiao Tseng 2011 1.7630 0.0681 ! B 5.83 [5.10;6.66] 1.6%
A. Tavani et al. 2002 0.0677 0.2277 t 1.07 [0.68;1.66] 1.2%
C. M. Velicer et al. 2007 -0.1863 0.1311 {7 0.83 [0.64;1.07] 1.5%
Brandon L. Pierce et al. 2008 -0.0202 0.1310 0.98 [0.76;1.27] 1.5%
A. L. Coker et al. 2004 -0.4463 0.1796 —- 0.64 [0.45;091] 1.4%
Michael F. Leitzmann et al. 2008 -0.2231 0.0853 [ | 0.80 [0.68;095] 1.6%
Konstantinos K. Tsilidis et al. 2014 -0.3011 0.0794 n 0.74 [0.63;0.86] 1.6%
Jocelyn S. Kasper et al. 2009 -0.1863 0.0610 = 0.83 [0.74;0.94] 1.6%
David J. Rosenberg et al. 2002 -0.5108 0.2901 —m— 0.60 [0.34;1.06] 1.0%
A. Tavani et al. 2005 0.0198 0.1592 1.02 [0.75;1.40] 1.4%
C..line Lavalette et al. 2022 -0.1054 0.1508 0.90 [0.87;1.21] 1.4%
Clara Lam et al. 2018 -0.6931 0.0050 0.50 [0.51;0.52] 1.7%
Meng-Bo Hu et al. 2019 0.5710 0.3868 1.77 [0.83;3.78] 0.8%
Aurora Perez—Cornago et al. 2020 -0.1744 0.0542 0.84 [0.76;0.94] 1.7%
Visalini Nair-Shalliker et al. 2022 0.3075 0.0582 1.36 [1.21;1.52] 1.6%
Teemu J. Murtela et al. 2018 0.4187 0.0739 1.52 [1.31;1.75] 1.6%
Jeanne A. Darbinian et al. 2008 -0.2485 0.1142 0.78 [0.62;097] 1.5%
K. Zhu et al. 2004 -0.4463 0.2022 0.64 [0.43;0.95] 1.3%
Brook A. Calton et al. 2007 -0.3425 0.0360 0.71 [0.66;0.78] 1.7%
J. C. Will et al. 1999 0.1133 0.1268 1.12 [0.87;1.43] 1.5%
Jesus Gibran Hernandez-Pérez et al. 2022 -0.0305 0.1694 0.97 [0.70;1.36] 1.4%
Zhihong Gong et al. 2006 -0.4155 0.1193 0.66 [0.52;0.83] 1.5%
Gaurav Aggarwal et al. 2013 -0.9943 0.3122 0.37 [0.20;0.68] 1.0%
Rocio Barries-Rodriguez et al. 2022 -0.2485 0.1354 0.78 [0.60;1.02] 1.5%
C. C. Hsieh et al. 1999 0.3075 0.3341 1.36 [0.71;2.63] 0.9%
Saima Shakil Malik et al. 2018 0.1740 0.0765 1.19 [1.03;1.39] 1.6%
B. Ganesh et al. 2011 0.9163 0.5196 2.50 [0.90;6.90] 0.6%
Elizabeth A. Atchison et al. 2011 -0.1165 0.0115 0.89 [0.87;091] 1.7%
Shih-Yi Lin et al. 2021 0.4700 0.1802 : —- 1.60 [1.12;2.27] 1.4%
K. A. Moses et al. 2012 0.2311 0.1093 ! 1.26 [1.01;1.55] 1.6%
Birgitta Grundmark et al. 2010 0.0392 0.1975 i 1.04 [0.71;1.54] 1.3%
N. Baradaran et al. 2009 -0.8210 0.2836 —— E 0.44 [0.25;0.76] 1.0%
Eric A. Miller et al. 2018 -0.3011 0.0446 -+ 0.74 [0.68;081] 1.7%
E. L. Turner et al. 2011 -0.2485 0.1235 R 3 0.78 [0.61;0.99] 1.5%
Williams R et al. 2018 -0.1054 0.1153 1 0.90 [0.70;1.10] 1.5%
Cristina Bosetti et al. 2012 -0.0834 0.1670 0.92 [0.66;1.27] 1.4%
Hadith Rastad et al. 2019 -0.6733 0.3262 —— 0.51 [0.27;0.97] 0.9%
Rousseau M.-C et al. 2006 0.1823 0.2678 —i—-.— 1.20 [0.70;2.00] 1.1%
Kozue Nakamura et al. 2013 -0.5798 0.3604 —— 0.56 [0.28;1.15] 0.9%
Jennifer L. Beebe—Dimmer et al. 2007 -0.0408 0.2849 0.96 [0.55;1.68] 1.0%
Qiang Li et al. 2010 0.1655 0.2242 F 1.18 [0.76;1.83] 1.2%
Sung F.-C et al. 2013 0.1906 0.0084 Hl : | 1.21 [1.19;1.23] 1.7%
Wallstrom P et al. 2009 -0.2485 0.1954 —- 0.78 [0.63;1.14] 1.3%
Strom S.S et al. 2008 0.5933 0.3777 *:-—I— 1.81 [0.86;3.78] 0.8%
Gholamreza Pourmand et al. 2007 -0.4780 0.4087 ——— 0.62 [0.28;1.39] 0.7%
Hsin-Chieh Yeh et al. 2012 0.0770 0.2517 —i-:— 1.08 [0.66;1.77] 1.1%
Chaoyang Li et al. 2011 0.0953 0.0669 ! 1.10 [1.00;1.30] 1.6%
Sheng—Hwu Hsieh et al. 2014 0.2151 0.0876 i 1.24 [1.05;148] 1.6%
Bo Attner et al. 2012 -0.2485 0.0847 ‘ 0.78 [0.66;0.92] 1.6%
H. O. Adami et al. 1991 -0.3567 0.0641 | 3 0.70 [0.70;0.90] 1.6%
Richard M. Martin et al. 2009 -0.0202 0.1694 0.98 [0.70;1.36] 1.4%
C. Wu et al. 2011 0.0100 0.1271 1.01 [0.79;1.30] 1.5%
Cuiping Bao et al. 2018 -0.7340 0.1657 - 0.48 [0.35;067] 1.4%
Dianna J. Magliano et al. 2012 -0.1863 0.1680 0.83 [0.59;1.14] 1.4%
Lourdes Guerrios—Rivera et al. 2023 -0.0202 0.1330 0.98 [0.76;1.28] 1.5%
A. Gonzalez-Pérez et al. 2005 -0.3285 0.0991 R J 0.72 [0.59;0.87] 1.6%
Lauren P. Wallner et al. 2011 -0.2614 0.3436 —— 0.77 [0.39;1.50] 0.9%
Bendix Carstensen et al. 2016 -0.5798 0.0457 i 0.56 [0.51;061] 1.7%
Bjornsdottir H.H. et al. 2018 -0.1985 0.0094 H 0.82 [0.80;0.83] 1.7%
Karlin N.J. et al. 2023 -0.2107 0.2079 —— 0.81 [0.54;1.22] 1.3%
Song M et al. 2020 -0.0202 0.1566 0.98 [0.72;1.33] 1.4%
Chen C.B. etal. 2018 -0.1985 0.0249 g 0.82 [0.78;0.88] 1.7%
Walker J.J. et al. 2013 -0.1393 0.0411 ' 0.87 [0.80;0.94] 1.7%
Random effects model : : 9 I I 0.89 [0.81; 0.98] 100.0%
1

o
)
=]
o
N
o

Heterogeneity: /> = 99%, <° = 0.1314,p =0

Figure 2. Forest plot for the association between suffering diabetes mellitus and the risk of prostate cancer. Pooled prevalence
and 95% confidence intervals of prostate cancer risk associated with diabetes mellitus.
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[Study Odds Ratio OR 95%-Cl P-valus  Tau2 Tau 12)
jOmitting C. La Vecchia et al. 1994 0.89 [0.81;0.98] 0.02 0.1323 0.3637 99%
lOmitting Elizabeth A. Tindall et al. 2013 0.88 [0.81;0.97] <0.01 0.1285 0.3584 99%
[Omitting Maria Camila Suarez Arbelaez et al. 2023 ———— 0.89 [0.81;0.98] 0.02 0.1339 0.3659 999
[Omitting Y. R. Lawrence et al. 2013 — 0.90 [0.82;0.99] 0.02 0.1288 0.3589 999
[Omitting Kevin M. Waters et al. 2009 s 0.89 [0.81;0.98] 0.02 0.1338 0.3657 99%
[Omitting E. Lin et al. 2020 — 0.89 [0.81;0.98] 0.02 0.1338 0.3658 99%)
Omitting Paola Ballotari et al. 2017 — 0.89 [0.81;0.98] 0.02 0.1338 0.3658 99%)
JOmitting Gabriel Chodick et al. 2010 — 0.90 [0.82;0.98] 0.02 0.1316 0.3628 99%
[Omitting Carmen Rodriguez et al. 2005 — 0.90 [0.82;0.98] 0.02 0.1323 0.3638 99°%
[Omitting Chin—Hsiao Tseng 2011 —— 0.86 [0.81;0.92] <0.01 0.0605 0.2459 99%)
Omitting A. Tavani et al. 2002 —_— 0.89 [0.81;0.98] 0.01 0.1329 0.3646 99%
[Omitting C. M. Velicer et al. 2007 — 0.89 [0.81;0.98] 0.02 0.1336 0.3655 99%
jOmitting Brandon L. Pierce et al. 2008 — 0.89 [0.81;0.98] 0.02 0.1335 0.3654 99%
[Omitting A. L. Coker et al. 2004 —_— 0.90 [0.82;0.98] 0.02 0.1320 0.3634 99%
Omitting Michael F. Leitzmann et al. 2008 = 0.89 [0.81;0.98] 0.02 0.1336 0.3656 99%
[Omitting Konstantinos K. Tsilidis et al. 2014 — 0.89 [0.81;0.98] 0.02 0.1332 0.3650 999
[Omitting Jocelyn S. Kasper et al. 2009 — 0.89 [0.81;0.98] 0.02 0.1338 0.3658 999
lOmitting David J. Rosenberg et al. 2002 — 0.90 [0.82;0.98] 0.02 0.1318 0.3630 99%]
lOmitting A. Tavani et al. 2005 = 0.89 [0.81;0.98] 0.01 0.1333 0.3651 99%
[Omitting C..line Lavalette et al. 2022 —_— 0.89 [0.81;0.98] 0.02 0.1336 0.3655 99%
[Omitting Clara Lam et al. 2018 —_— 0.90 [0.82;0.99] 0.03 0.1271 0.3565 98%
[Omitting Meng-Bo Hu et al. 2019 — 0.89 [0.81;0.97] 0.01 0.1306 0.3614 99%
[Omitting Aurora Perez—Cornago et al. 2020 ——— 0.89 [0.81;0.98] 0.02 0.1339 0.3659 99%
[Omitting Visalini Nair-Shalliker et al. 2022 —B— 0.89 [0.81;0.97] 0.01 0.1305 0.3612 99%
lOmitting Teemu J. Murtola et al. 2018 —_— 0.88 [0.81;0.97] <0.01 0.1286 0.3586 99%)
[Omitting Jeanne A. Darbinian et al. 2008 — 0.89 [0.81;0.98] 0.02 0.1334 0.3653 99%
[Omitting K. Zhu et al. 2004 - 0.90 [0.82;0.98] 0.02 0.1321 0.3634 99%
[Omitting Brook A. Calton et al. 2007 —_— 0.90 [0.82;0.98] 0.02 0.1329 0.3646 99%
[Omitting J. C. Will et al. 1999 —_— 0.89 [0.81;0.98] 0.01 0.1329 0.3645 99%
jOmitting Jes..s Gibran Hern..ndez-P..rez et al. 2022 —————— 0.89 [0.81;0.98] 0.02 0.1334 0.3653 99%)
jOmitting Zhihong Gong et al. 2006 — 0.90 [0.82;0.98] 0.02 0.1322 0.3636 99%
[Omitting Gaurav Aggarwal et al. 2013 —a 0.90 [0.82;0.99] 0.02 0.1278 0.3575 99%)
jOmitting Roc..o Barrios-Rodr..guez et al. 2022 — 0.89 [0.81;0.98] 0.02 0.1334 0.3652 99%)
[Omitting C. C. Hsieh et al. 1999 —_— 0.89 [0.81;0.98] 0.01 0.1318 0.3630 992
lOmitting Saima Shakil Malik et al. 2018 — 0.89 [0.81;0.97] 0.01 0.1323 0.3638 99%
Omitting B. Ganesh et al. 2011 —_— 0.89 [0.81;0.97] 0.01 0.1300 0.3606 99%
Omitting Elizabeth A. Atchison et al. 2011 —a 0.89 [0.81;0.98] 0.02 0.1340 0.3660 99%
[Omitting Shih-Yi Lin et al. 2021 —_— 0.88 [0.81;0.97] <«<0.01 0.1291 0.3593 99%
lOmitting K. A. Moses et al. 2012 — . 0.89 [0.81;0.97] 0.01 0.1317 0.3630 99%
[Omitting Birgitta Grundmark et al. 2010 —8— 0.89 [0.81;0.98] 0.01 0.1331 0.3648 99%
[Omitting N. Baradaran et al. 2009 —_— 0.90 [0.82;0.99] 0.02 0.1292 0.3594 99%
[Omitting Eric A. Miller et al. 2018 —a 0.89 [0.81;0.98] 0.02 0.1332 0.3650 99%
[Omitting E. L. Turner et al. 2011 — 0.89 [0.81;0.98] 0.02 0.1334 0.3653 99%]
lOmitting Williams R et al. 2018 - 0.89 [0.81;0.98] 0.02 0.1337 0.3657 99%
Omitting Cristina Bosetti et al. 2012 —_— 0.89 [0.81;0.98] 0.02 0.1335 0.3654 99%
[Omitting Hadith Rastad et al. 2019 _— 0.90 [0.82;0.98] 0.02 0.1309 0.3618 99%
[Omitting Rousseau M.-C et al. 2006 —a— 0.89 [0.81;0.98] 0.01 0.1323 0.3638 999
[Omitting Kozue Nakamura et al. 2013 —a 0.90 [0.82;0.98] 0.02 0.1316 0.3627 99%
[Omitting Jennifer L. Beebe—Dimmer PhD et al. 2007 ————— 0.89 [0.81;0.98] 0.02 0.1330 0.3646 99%
[Omitting Qiang Li et al. 2010 —_— 0.89 [0.81;0.98] 0.01 0.1324 0.3639 99%
[Omitting Sung F.-C et al. 2013 _— 0.89 [0.81;0.97] 0.01 0.1321 0.3635 99%
[Omitting Wallstrom P et al. 2009 — 0.89 [0.81;0.98] 0.02 0.1332 0.3649 99%
[Omitting Strom S.S et al. 2008 —_— 0.89 [0.81;0.97] 0.01 0.1304 0.3611 99%
[Omitting Gholamreza Pourmand et al. 2007 _— 0.89 [0.82;0.98] 0.02 0.1320 0.3633 99%
[Omitting Hsin—Chieh Yeh et al. 2012 —_— 0.89 [0.81;0.98] 0.01 0.1328 0.3644 99%
[Omitting Chaoyang Li et al. 2011 —_— 0.89 [0.81;0.98] 0.01 0.1331 0.3648 99
lOmitting Sheng-Hwu Hsieh et al. 2014 —— 0.89 [0.81;0.97] 0.01 0.1319 0.3632 99%]
[Omitting Bo Attner et al. 2012 —_— 0.89 [0.81;0.98] 0.02 0.1335 0.3654 99%
[Omitting H. O. Adami et al. 1991 —_— 0.90 [0.82;0.98] 0.02 0.1328 0.3644 99%
lOmitting Richard M. Martin et al. 2009 — 0.89 [0.81;0.98] 0.02 0.1334 0.3652 99%)
[Omitting C. Wu et al. 2011 — 0.89 [0.81;0.98] 0.02 0.1335 0.3653 99%
Omitting Cuiping Bao et al. 2018 — 0.90 [0.82;0.99] 0.02 0.1282 0.3581 99%)
[Omitting Dianna J. Magliano et al. 2012 —_— 0.89 [0.81;0.98] 0.02 0.1335 0.3653 99%
lOmitting Lourdes Guerrios—Rivera et al. 2023 —_— 0.89 [0.81;0.98] 0.02 0.1335 0.3654 99%
[Omitting A. Gonz..lez—P..rez et al. 2005 —_— 0.90 [0.82;0.98] 0.02 0.1330 0.3647 99%
Omitting Lauren P. Wallner et al. 2011 —— 0.89 [0.81;0.98] 0.02 0.1326 0.3642 99%
[Omitting Bendix Carstensen et al. 2016 — 0.90 [0.82;0.99] 0.02 0.1296 0.3601 99%
[Omitting Bjornsdottir H.H. et al. 2018 — 0.89 [0.81;0.98] 0.02 0.1338 0.3658 99%
[Omitting Karlin N.J. et al. 2023 —— 0.89 [0.81;0.98] 0.02 0.1332 0.3650 99
[Omitting Song M et al. 2020 — 0.89 [0.81;0.98] 0.02 0.1335 0.3653 99%)
Omitting Chen C.B. et al. 2018 —_— 0.89 [0.81;0.98] 0.02 0.1338 0.3658 99%
[Omitting Walker J.J. et al. 2013 — 0.89 [0.81;0.98] 0.02 0.1339 0.3660 99%
Random effects model —e—=m———— 0.89 [0.81; 0.98] 0.02 0.1314 0.3624 99%
| I R
0.9 1 1.1

Figure 3. Sensitivity analysis of the association between diabetes mellitus and risk of prostate cancer. Sensitivity analysis by
stepwise omitting the included studies.
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pRR of 0.83 (95% CI.0.75~0.91, 12=44%, FE model,
Figure 4C). It showed that there was no significant
association in the normal weight population (pRR=0.89,
95% CI: 0.72~1.09). And the risk decreases in
overweight people (pRR=0.84, 95% ClI: 0.73~0.97) and
obesity (pbRR=0.76, 95% CI :0.68~0.85).

Thus, a meta-regression was also conducted with 40
studies offering the BMI data of the population to
investigate the association between BMI and publication
OR/ RR. We estimated overall BMI by the percentage of
people in different segments and used the medium BMI
of every segment as the average BMI. The results
showed a negative tendency between BMI and risk of
prostate cancer (p=0.207, Figure 4D), though the result
was not precise, and more studies had to be conducted.

MR

The data source for this two-sample MR study was
shown in Supporting Information Supplementary
Table 2. The results of MR in European and East
Asian populations were shown in the Supporting
Information: Supplementary Tables 6-8. And pleiotropy
and heterogeneity tests were also included.

As Figure 5 showed, we analyzed and found out that in
East Asian populations, the risk of prostate cancer
decreased in the people suffering from diabetes mellitus
(B=-0.21652, p<0.01, Figure 5A), which is opposite to
the result of the meta-analysis. In the European
populations, the risk decreased in diabetes mellitus after
adjusted by BMI (B=-0.13575, p=0.04342, Figure 5C).
The forest plots by Leave-One-Out were offered in
Supplementary Figure 1.

DISCUSSION

In recent years, some review and meta-analysis studies
reported the association between diabetes mellitus and
the risk of prostate cancer, but there still are some
problems to solve. In the post studies, the overall risk of
prostate cancer was decreased in diabetes mellitus
patients except in the studies conducted in Asia. [11, 13,
15-18]. So, we made this meta-analysis and MR
analysis to reevaluate the association between diabetes
mellitus and the risk of prostate cancer. A total of 35
case-control studies, 31 cohort studies, and 6 cross-
section studies were included. The total of 1,268,481
people came from different regions such as the US, UK,
China, Japan, Israel, Sweden, and so on. We found that
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in North America, the Middle East, and Europe,
diabetes mellitus was a protective factor to prostate
cancer, while the result in East Asia was on the
contrary. This result was consistent with some previous
meta-analysis [13, 15, 19-21]. As for unmeasured
confounding meta-analysis, we had a different
conclusion from the study conducted in 2020 [22]. We
thought there was not enough evidence to confirm the
association between diabetes mellitus and prostate
cancer (Figure 4C), because that meta-analysis didn’t
include enough studies conducted in Asia [22].

Actually, this protective effect’s mechanism is still
debated and not fully delineated. The low level of
testosterone and hypoinsulinemia can be possible
reasons [8]. The insulin-like growth factor (IGF) plays
an important role in growth and also participates in the
development of pathological situations, especially
tumorigenesis [23]. Insulin can also be affected through
IGF receptor (IGFR) [24]. IGFR was found to be
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overexpressing in prostate cancer, and the inhibition
of IGF-1 receptor has a therapeutic efficiency in
preclinical studies [25]. Hypoinsulinemia in Type 1
diabetes mellitus(TIDM) and long-lasting Type 2
diabetes mellitus(T2DM) may cause protective effects.
Some studies also reported low testosterone in diabetes
mellitus patients [26, 27], though the protective effect is
controversial [28].

It is generally believed that diabetes mellitus is
associated with decreased incidence of prostate cancer.
But in subgroup analysis, we found the effect of
diabetes mellitus was not the same in different regions,
especially in East Asia. We first thought about the
different expressions on genetic. Some studies had
reported some genes like ERG, PTEN, FOXAl
[2, 29, 30]. However, there is not enough study to point
out why DM is associated with higher risk in Asia on
genetic level, especially in East Asia, so we made a
MR-analysis. We also considered the effects of life
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Figure 5. The result of Mendelian randomization. (A) The scatter plot of MR in East Asia population (B) The scatter plot of MR in
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style, environment and food. Also, in the subgroup
meta-analysis and meta-regression, the protective effect
increases in the higher BMI population. This
phenomenon aroused our interest. As is known to all,
obesity is an important risk factor for cancer. But in
prostate cancer, there are still some arguments about the
influence of obesity. Some studies have reported the
protective effect of obesity in prostate cancer [4, 31]. It
was found that the obese man has a significantly lower
risk of low-grade disease. A Mendelian randomization
reported that testosterone mediates the protective effect
of obesity [32]. Several researchers also think a higher
BMI may lead to a lower concentration of PSA [33],
and it is harder to detect prostate cancer in obese people
[31, 34]. That may be a good explanation for the
regional difference in results. In our study, the Asia
population has a lower average BMI, and more prostate
cancer can be detected in diabetes mellitus patients.
And in the same population, a higher BMI is associated
with a lower risk of prostate cancer in diabetes mellitus
patients. However, more studies should be conducted to
explain this phenomenon. Because obesity is associated
with diabetes mellitus directly [35], and obese people
may have some unhealthy lifestyles.

To continue exploring, we conducted a MR.
Interestingly, we found a negative tendency of prostate
cancer risk in European patients with diabetes mellitus
after adjusted by BMI, though the result has no
horizontal pleiotropy. And there was no statistical
significance in the MR of the same population not
adjusted by BMI. The MR makes the protective effect
of diabetes mellitus more confirmed. However, in the
Asia population, diabetes mellitus still showed a
protective effect, which is different from meta-
analysis. MR study using genetic variation to construct
the instrumental variables of exposure, reducing real
world confounders. The results suggest that racial
differences in the effects of diabetes on prostate cancer
incidence at genetic level may not be as large as
previously thought. We also found that BMI
adjustment had an impact on the results. The influence
of BMI may explain this result and we observed a
significant protective effect in higher BMI groups in
two Asia studies [36, 37]. However, genomic
alterations in Asian prostate cancer were poorly
defined. [2] And there are not much open access
GWAS data of Asian population, more high equality
GWAS data need to be studied.

There are still some limitations in this study. First, the
study lacks some detailed BMI data of the articles we
included, so the results can be undetailed, and the
conclusions are not exacted. Second, we ignored the
differences between T1DM and T2DM because most
studies didn’t distinguish them, which may cause some

bias. Third, diabetes mellitus is associated with many
factors, and they can also influence the risk of prostate
cancer. Finally, the MR results are not so convincing in
statistics, and more GWAS data should be used to
further study.

This research finds the effects of weight on prostate
cancer incidence risk in diabetes mellitus patients and
discusses the region differences. More attention can be
paid to the mechanism of these differences, and it may
be helpful to the prevention or treatment of prostate
cancer.

CONCLUSIONS

Diabetes mellitus has a protective effect on prostate
cancer, especially in the European population, and the
obesity plays an important role in it. But more
mechanisms behind this should be elucidated.

Abbreviations

OR: odds ratio; RR: risk ratio; 95% CIl: 95%
confidence intervals; MR: Mendelian randomization;
FE: fixed effects; RE: random effects; pRR: pooled
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index.
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SUPPLEMENTARY MATERIALS
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Supplementary‘Figure 1. The forest plot of Mendelian randomization. (A) The forest plot of MR in East Asia population. (B) The
forest plot of MR in European population. (C) The forest plot of MR in European population adjusted by BMI.
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Supplementary Tables
Please browse the Full Text version to see the data of Supplementary Tables 2-9.

Supplementary Table 1A. Details of search strategy to retrieve the studies using PubMed (Medline).
Date of Search: 9/17/2022

# Search terms Hits
#1 Search: “Prostatic Neoplasms”[Mesh] 149563
Search: (Prostate Neoplasms) OR (Neoplasms, Prostate) OR (Neoplasm, Prostate) OR (Prostate Neoplasm)
4 OR (Neoplasms, Prostatic) OR (Neoplasm, Prostatic) OR (Prostatic Neoplasm) OR (Prostate Cancer) OR 213661
(Cancer, Prostate) OR (Cancers, Prostate) OR (Prostate Cancers) OR (Cancer of the Prostate) OR (Prostatic
Cancer) OR (Cancer, Prostatic) OR (Cancers, Prostatic) OR (Prostatic Cancers) OR (Cancer of Prostate)
#3 #1 OR #2 213661
#4 Search: “Diabetes Mellitus “[Mesh] 510469
#5 Search: (Diabetes) OR (Diabetes Mellitus) 948328
#6 #4 OR #5 948328
#7 #3 and #6 3435
Supplementary Table 1B. Details of search strategy to retrieve the studies using Embase.
Date of Search: 9/17/2022
# Search terms Hits
#1 ‘Diabetes’ OR ‘Diabetes Mellitus’ 1579682
‘Prostate Neoplasms’ OR ‘Neoplasms, Prostate’ OR ‘Neoplasm, Prostate’ OR ‘Prostate Neoplasm’ OR
# ‘Neoplasms, Prostatic’ OR ‘Neoplasm, Prostatic’ OR ‘Prostatic Neoplasm’ OR ‘Prostate Cancer’ OR . 293405
‘Cancer, Prostate’ OR ‘Cancers, Prostate’ OR ‘Prostate Cancers’ OR ‘Cancer of the Prostate’ OR ‘Prostatic
Cancer’ OR ‘Cancer, Prostatic’ OR ‘Cancers, Prostatic’ OR ‘Prostatic Cancers’ OR ‘Cancer of Prostate’
#3 #1 AND #2 8963
Supplementary Table 1C. Details of search strategy to retrieve the studies using Cochrane.
Date of Search: 9/17/2022
# Search terms Hits
#1 ((Diabetes) OR (Diabetes Mellitus)):ti,ab,kw 115706
((Prostate Neoplasms) OR (Neoplasms, Prostate) OR (Neoplasm, Prostate) OR (Prostate Neoplasm) OR
(Neoplasms, Prostatic) OR (Neoplasm, Prostatic) OR (Prostatic Neoplasm) OR (Prostate Cancer) OR
#2 (Cancer, Prostate) OR (Cancers, Prostate) OR (Prostate Cancers) OR (Cancer of the Prostate) OR 17564
(Prostatic Cancer) OR (Cancer, Prostatic) OR (Cancers, Prostatic) OR (Prostatic Cancers) OR (Cancer of
Prostate)):ti,ab,kw
#3 #1 AND #2 2
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Supplementary Table 2. The GWAS ID and details of the included studies.

Supplementary Table 3. Newcastle-Ottawa scale for assessing the quality of case-control studies in meta-
analysis.

Supplementary Table 4. Newcastle—Ottawa scale for assessing the quality of cohort studies in meta-analysis.

Supplementary Table 5. Agency for healthcare research and quality (AHRQ) criteria for assessing the quality of
cross-sectional studies in meta-analysis.

Supplementary Table 6. The outcome, heterogeneity and pleiotropy of MR (id: bbj-a-153, bbj-a-148).

Supplementary Table 7. The outcome, heterogeneity and pleiotropy of MR (id: ebi-a-GCST007517, ebi-a-
GCST90018905).

Supplementary Table 8. The outcome, heterogeneity and pleiotropy of MR (id: ebi-a-GCST007516, ebi-a-
GCST90018905).

Supplementary Table 9. Characteristics of included studies in this systematic review and meta-analysis.
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