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Abstract

The aim of the present study was to map and grade evidence for the relationships between
telomere length with a diverse range of health outcomes, using an umbrella review of
systematic reviews with meta-analyses. We searched for meta-analyses of observational
studies reporting on the association of telomere length with any health outcome (clinical
disease outcomes and intermediate traits). For each association, random-effects summary
effect size, 95% confidence interval (Cl), and 95% prediction interval were calculated. To
evaluate the credibility of the identified evidence, we assessed also heterogeneity, evidence
for small-study effect and evidence for excess significance bias. Twenty-one relevant meta-
analyses were identified reporting on 50 different outcomes and including a total of 326
observational studies. The level of evidence was high only for the association of short
telomeres with higher risk of gastric cancer in the general population (relative risk, RR=1.95,
95%Cl: 1.68-2.26), and moderate for the association of shorter telomeres with diabetes or
with Alzheimer’s disease, even if limited to meta-analyses of case-control studies. There was
weak evidence for twenty outcomes and not significant association for 27 health outcomes.
The present umbrella review demonstrates that shorter telomere length may have an
important role in incidence gastric cancer and, probably, diabetes and Alzheimer’s disease.
At the same time, conversely to general assumptions, it does not find strong evidence
supporting the notion that shorter telomere length plays an important role in many health

outcomes that have been studied thus far.
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1. Introduction

Telomeres are specific DNA-protein structures at both ends of each linear chromosome that
play a vital role in protecting genome from nucleolytic degradation, unnecessary
recombination, repair, and interchromosomal fusion.'? The structure of telomeres was first
recognized in 1938 and thought to stabilize chromosome ends to prevent them from being
recognized as DNA double-strand breaks.? In the past three decades, the number of studies
investigating the association between telomere length, telomere shortening and health

outcomes has been growing.*®

In humans, telomeres shorten throughout the life span with each cell division, therefore
reflecting the overall cellular turnover within an individual.'° Hence, telomere length is
thought to be a marker of biological ageing independent of chronological age, and linked to
risks of common diseases of aging as well as all-cause mortality 2. In particular, over the
past 20 years, there has been a proliferation of research suggesting that shorter telomere
length are associated with higher risk of cardiovascular disease,*? biomarkers of
cardiovascular disease risk,*! cancer,?!? diabetes,'* schizophrenia,'®> depression and
anxiety,'® decline in cognitive function 17 and mortality.'® Various measures of telomere
length or attrition rate have been used in different studies.3 In recognition of the reported
deleterious outcomes of shortened telomere length, research began to explore the
determinants, particularly modifiable determinants, of telomere length and telomere
attrition rates.**%2% Research has shown that women with the highest levels of perceived
stress have telomeres shorter on average by the equivalent of at least one decade of
additional aging compared to low stress women.# In a cross-sectional study including 477

healthy volunteers aged 20 to 50 years it was found that smoking was related to shorter



telomere length while vigorous physical activity was related to longer telomeres.'® Other

identified determinents of telomere length include diet and obesity.?°

Whilst the literature suggests that reduced telomere length may be associated with adverse
outcomes, the epidemiological credibility of this evidence is still unclear. In addition, a
number of nuances exist within the literature including varying definitions in the specific
measures of telomere length (e.g. some capture “telomere length”, other capture “attrition
rate” or “shortening” and some report “telomerase activity”) making it challenging for

interpreting the data.

In order to address the breadth of the literature of complex health behaviors and outcomes,
an increasing emphasis has been placed on “umbrella reviews”.?%?2 To the best of our
knowledge, there are no existing umbrella reviews to capture the breadth of outcomes
associated with telomere length and to assess systematically the quality and the strength of

the evidence from meta-analyses of telomere length and health outcomes.

Therefore, the aim of the present paper is to assess the strength and credibility of the
evidence derived from meta-analyses and systematic reviews of telomere length on health
outcomes across systematic reviews with meta-analyses of observational studies. The
following questions will be answered: (i) Which health outcomes are associated with
telomere length? (ii) What is the epidemiological credibility of the relationship between

telomere length and health outcomes?



2. Materials and Methods

We conducted an umbrella review 2324 following a predetermined, published protocol
(PROSPERO ID: CRD42018104343). Three authors (CL, JD, PS) searched the electronic
databases MEDLINE/PubMed, PsycINFO, and Embase from inception to 1st August 2018.
The search terms used were (“telomere” OR “telomeres” OR “telomeric” OR “telomere
length” OR “T/C ratio”) AND (Meta-Analysis[ptyp] OR metaanaly*[tiab] OR meta-
analy*[tiab] OR Systematic review [ptyp] OR “systematic review” [tiab]). In addition, we
hand-searched the reference lists of eligible articles and other narrative overviews of

systematic reviews/meta-analyses.

2.1 Eligibility criteria

We included meta-analyses informed by systematic reviews which investigated the
relationship between telomere length and any health outcome in any type of observational
study (case-control, cross-sectional, cohort). We included only studies that: (i) measured
telomere length directly, excluding those relying on indirect assessment of telomere length
or telomere function (e.g. telomerase activity, polymorphisms of telomerase reverse
transcriptase subunit), and (ii) ascertained health outcomes using self-report (e.g.
depression questionnaire), observed (e.g. clinical diagnoses) or objective (e.g. biomarkers,

certified mortality) criteria.

We included meta-analyses reporting any effect size including estimates for discrete (such
as odds ratio (OR), relative risk (RR), hazard ratio (HR)) or continuous outcomes (such as
Pearson’s coefficients, r) with their 95% confidence intervals (Cis) or such information could

be inferred from the presented data.



2.2 Data extraction

Two independent investigators (CL, JD) extracted the following information for each article:
(1) first author name; (2) year of publication; (3) journal; (4) the number of included studies
and the total number of people included in the review; (5) the population; (6) effect sizes
from the most adjusted model(s) used; (7) number of cases and controls for each study
when available; (8) study design (case-control, cross-sectional, prospective); (9) the unit of
comparison (continuous, longest vs. shortest category of telomere leght) for cohort studies.

Any discrepancies were revoled by discussion.

We subsequently extracted the study-specific estimated associations for health outcomes
(RR, OR, HR, standardized mean differences (SMDs), correlation coefficients), along with
their 95% Cls. Correlation coefficients were transformed into ORs using a standard

formula.?®

When two meta-analyses were available for the same association, we included the largest in

terms of number of studies.

2.3 Quality assessment

We assessed the methodological quality of the included meta-analyses using AMSTAR 2. 26
We categorized the overall AMSTAR 2 score as high: no or one non-critical weakness;
moderate: more than one non-critical weakness; low: one critical flaw with or without non-
critical weaknesses; critically low: more than one critical flaw with or without non-critical

weaknesses. 2°



2.4 Statistical Analyses

We followed standard umbrella review quantitative frameworks.?3?4 We reported the
results according to each health outcome. For each meta-analysis, we estimated the
summary effect size and its 95% Cl through random-effects models. We calculated the
prediction interval and its 95% Cl, which further accounts for between-study effects, and
estimates the certainty of the association if a new study addresses that same association.?’
In order to estimate whether any large (very precise) studies were available, for the largest
study of each meta-analysis, we calculated the standard error (SE) of the standardized effect
size. If the SE is less than 0:10 then the 95% Cl would be lower than 0:20 (which is less than
the magnitude of a small effect size). Between-study inconsistency was estimated with the /?
metric, with values greater than 50% indicative of large and greater than 75% for very large

heterogeneity.?®

In addition, we tested for evidence of small-study effects (i.e. whether small studies would
have larger effect sizes compared to larger studies) using the regression asymmetry test.?° A
p-value < 0.10 with more conservative effects in larger studies in random-effects meta-

analysis was considered as indicative of small-study effects.

Finally, we applied the excess of significance test.3 In brief, this test evaluates whether the
number of studies with nominally significant results (i.e., with p<0-05) among those included
in a meta-analysis is too large based on the power that these data sets have to detect
effects at a=0-05. The power estimate for each data set was calculated. The sum of the
power estimates of each outcome provides the expected (E) number of data sets with

nominal statistical significance. As described elsewhere, the number of expected ‘positive’



(i.e. statistically significant data sets) sets can be compared with the observed (O) number of
statistically significant studies through a x2-based test.3! The larger the difference between
O and E, the higher the degree of excess significance. All the analyses were conducted with

STATA 13.0 (STATA Corp, Texas, USA).

2.5 Grading of Evidence

Using the criteria mentioned above, associations that presented nominally statistically
significant random effects summary estimates (i.e. p<0-05) were categorized into convicing,
highly suggestive, suggestive, or weak evidence, following a grading scheme that has already

been applied in various fields. 3235

Criteria for class | (convincing) were the following: statistical significance with p<10-%, more
than 1,000 cases (or >20,000 participants for continuous outcomes), the largest component
study reported statistically significant effect (p<0-05); 95% prediction interval excluded the
null; no large heterogeneity (1°<50%), no evidence of small study effects (p>0-10) and no
excess significance bias (p>0-10); for class Il (highly suggestive): statistical significance with
p<107%, more than 1,000 cases (or >20,000 participants for continuous outcomes), the
largest component study reported statistically significant effect (p<0-05); for class Il
(suggestive): statistical significance with p<1073, more than 1,000 cases (or >20,000
participants for continuous outcomes); for class IV (weak): the remaining statistically

significant associations with p<0-05.



3 Results

3.1 Literature review

As shown in Figure 1, we identified 257 unique papers across three major databases
(Pubmed, Psychinfo, Embase). After applying the eligibility criteria, 41 articles were selected
as potentially eligible and, of them, 21 systematic reviews with meta-analyses'%36->6 (=50

different outcomes) were finally eligible for our umbrella review.

3.2 Meta-analyses of observational studies

As reported in Table 1, the median number of studies of meta-analyses for each outcome
was 6 (range 2-20), the median number of participants was 2,536 (range 315 to 26,660), and

the median number of cases was 983 (range 58 to 7,335).

Overall these meta-analyses included 50 outcomes covering a wide spectrum of disorders.
Of them, cancer and cancer-related outcomes (n=28; 56%) were the most frequent
examined. The outcomes eligible included only cohort studies (n=21), only case-control
studies in 13 outcomes, and only cross-sectional studies in other 3 outcomes. The other
outcomes included mixed types of studies (e.g. nested case-control and cohort studies

together).

Overall, 23 (46%) out of the 50 outcomes reported nominally significant summary results
(p<0-05). These included several diseases, especially the association between telomere

length and incident cancer (n=5 outcomes) and prognosis in cancer (n=3).

10



Heterogeneity among studies was generally high and 43/50 outcomes (86%) had an |2
estimates consistent with a large heterogeneity (250%), with 33 showing a very large
heterogeneity (275%). Only two associations (comparison between diabetic vs. no diabetic
patients and overall survival in people with lung cancer) presented 95% prediction intervals
excluding the null value. Evidence for excess statistical significance was present in two
outcomes and small-study effects were also seen in 10 of the outcomes. The largest study
maintained its statistical significance in 20/50 outcomes (=40%) and had a more

conservative effect in 30/50 outcomes (n=60%).

Based on the above criteria, no outcome presented convincing evidence, only one outcome
presented highly suggestive evidence (class Il: higher incidence of gastric cancer in the
general population in 3 studies including 3,726 subjects; RR=1-95, 95%Cl: 1-68-2-26, 1>=14),
two (4%) outcomes presented suggestive evidence (class Ill: shorter telomere length in the
comparison between diabetic people and people with Alzheimer’s disease vs. healthy
controls) (Table 1) and 20 outcomes (40%) a weak evidence. No association was found for

27 outcomes.

The majority of meta-analyses scored low or critically low (n=20) on AMSTAR 2 and one
scored moderate. (Supplementary Table 1), with all the meta-analyses included not
reporting information regarding the funding source of the included studies. The outcome
with highly suggestive evidence was supported by a low quality due to not sufficient

information regarding the methodology used. (Supplementary Table 1).

11



4, Discussion

In the present umbrella review, including 21 meta-analyses and 50 outcomes, highly
suggestive evidence was found for one outcome variable, as shorter telomere length was
associated with a higher incidence of gastric cancer in the general population. Additionally,
there was suggestive evidence for shorter telomere length in diabetic people and people
with Alzheimer’s disease compared to healthy controls. Finally, 20 outcomes of telomere
length shortening showed only weak evidence, whilst 27 did not report any significant
association between telomere length and health outcomes. These findings were derived by
examining the epidemiological credibility of the evidence using a novel umbrella review
approach, an emerging technique that has been applied in other fields of science.3?3 It is
reported that researchers often use a nominal significance level p<0-05 to claim novel
associations with clinical relevance. However, there is discussion that p<0-05 constitutes
only weak evidence,”’ thus level of significance should be redefined to a more conservative
value (e.g. p<0-0001) to reduce false positives or at least at 0-005 as recently suggested.>® In
the present review, for example, 23 outcomes were statistically significant taking a p-value
<0-05 as the threshold, but only 3 outcomes were deemed having evidence that was highly
suggestive or suggestive, and no outcome was deemed as having convincing evidence after

employing the critical appraisal of the literature using the umbrella review technique.

It remains unclear if telomere length is simply a biomarker of disease or if it plays a causal
role in disease processes, even if the link between telomere length and cancer may be
biologicaly plausible. Cell proliferation is accompanied by telomere shortening> and this
observation explains the crucial role of telomeres in maintaining the normal homeostasis,

but also in influencing cell senescence and carcinogenesis.?%®1 A hallmark of cancer, indeed,

12



is represented by its intrinsic capacity of uncontrolled proliferation. To this aim, cancer cells
have developed the ability to maintain telomere length, activating a pathway known as
telomere maintenance mechanism. In the majority of cancers, telomeric DNA is provided by
telomerase®?, but some cancers (e.g. sarcomas) can use other processes to achieve
telomere maintenance, such as the so called ALT (“alternative lengthening of telomeres).%3
Given this complex telomere landscape, we focused only on telomere length in our study.
After having confirmed that the presence of short telomeres is associated with an increased
risk of several cancers (even if we found only a weak evidence for many of them), we found
an important highly suggestive association with incident gastric cancer. Possible reasons of
this interesting finding may reside in the fact that the epithelium of the stomach undergoes
massive replications, since the frequency of cellular turn-over in this area is one of the
highest in the human body. Alterations in telomere maintenance, thus, may be amplified in

these kind of cells with an intensified basal rate of cellular division.

Although supported by weak evidence, an inverse association was found for other cancers,
including melanoma and prostate cancer, where longer telomeres were associated with a
lower risk of developing such cancers. In melanoma, this association may indicate that
shorter telomere length is protective against the carcinogenetic process of melanocytic
cells, probably triggering the onset of a senescent stage as late event and cooperating with
important senescent effectors, like p16 in this cancer.®* Of interest is also the observation of
Sanchez-Esperidion et al., which showed that patients with lung squamous cell carcinoma
had shorter telomeres than controls, whereas the contrary has been observed for patients

with lung adenocarcinoma, for which telomeres were longer than those of controls.®>

13



These findings, also in the light of the heterogeneous results of our umbrella-review, may
suggest that telomere length could influence cancer risk based on histology, further pointing

to the peculiar roles of telomeres biology in cancer biology and development.

The present review found suggestive evidence for shorter telomere length in those with
diabetes compared to healthy controls, even though these findings are limited only to case-
control studies. Type Il diabetes is characterized by insulin resistance and relative insulin
deficiency.®® The literature suggests that telomere length in those with type Il diabetes is
likely influenced by oxidative stress. A shortening of telomere length increases the risk of 8-
cell injury and apoptosis, leading to a decline in islet cell functioning and diabetes
development and progression. However, the exact role of telomere length in predicting
diabetes should be better examined in longitudinal studies, since in a meta-analysis
investigating diabetes as an incident outcome,® the association with telomere length was

only weak, mainly due to high heterogeneity.”,¢8

Suggestive evidence was found for shorter telomere length and Alzheimer disease. Similar
to the previously discussed health outcomes, the exact link between shorter telomere
length and AD is elusive. In AD patients, the shortest telomeres have been associated with
high levels of the proinflammatory cytokine tumor necrosis factor-a®® and there is evidence
that markers of oxidative stress are associated with telomere shortening.”® Moreover,
perceived stress and lower physical activity are risk factors for AD and are both associated

with shorter telomeres.”%72

Whilst this umbrella review indicated there may be some highly/suggestive and weak

evidence for a number of the aforementioned outcomes, it also transpires that most health

14



outcomes (more than half) were not supported by any evidence. This finding of a large
number of null relationships may help direct the field in the search for outcomes associated
with telomere length, indicating this should turn towards the associations supported by
suggestive evidence. For instance, our data provide no evidence on several outcomes
related to cancer or several psychiatric conditions and future studies investigating this may
not be helpful use of resources. The large proportion of null findings in our review also
suggests that telomere length may not be as an important marker for health as once
thought. However, some of the null associations may be explained by limitations in the
original studies and meta-analyses, such as small studies, low number of cases and other

inherent biases and accounting for these may yeild future contradicotry results.

The present review focused on associations between telomere length and health outcomes.
It should also be noted there is a growing body of literature that suggests lifestyle has an
important role in telomere dynamics. Indeed, research has shown that smoking, stress, and
poor diet are associated with shorter telomeres whereas physical activity participation and a
balanced diet are associated with longer telomeres.* 1% 20 Importantly, engaging in healthy

behaviors may mitigate the effect of harmful behaviors on telomere length.

The present umbrella review is the first of its kind investigating the relationship between
telomere length and all researched health outcomes. The data should, however, be
interpreted in light of its limitations. First, except for cancer-related outcomes, several
outcomes reported a comparison between people with a condition vs. controls, possibly
introducing a reverse causation. Moreover, meta-analyses contained studies that differed in
their design, population and other characteristics. To account for this, we used an 1°<50% as

one of the criteria for class | evidence (convincing) in order to assign the best evidence grade
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only to robust associations and without any suspect of bias. Unfortunately a large part of
the outcomes included reported a high or very high heterogeneity. Observational studies
are susceptible to confounding bias and uncertainty. However, credibility assessment
criteria was employed that was based on established tools for observational evidence.”?
Meta-analyses per se have limitations’#and results will depend on decisions relating to
which estimates are selected from each primary study and how to apply them in the meta-
analysis. It is important to note that telomere length should not be compared with the
activity of an enzyme (telomerase) as it does not represent the actual length of telomeres,
but only a possible index of the status of the telomeres (hypothesis exist of a direct
correlation, but only in some cell types and in some specific moments of the cell life).”>
Therefore, meta-analyses that looked at only telomerease were excluded during the
screening process. We excluded outcomes where meta-analyses were not available, such as
coronary artery calcium.’®7° Such studies may have helped clarify if shortened telomere
length is a prognostic biomarker for the early identification of participants at high risk of
developing CVD before symptoms appear. Finally, the majority of meta-analyses included in
the present review scored low or critically low on AMSTAR 2. This calls for clearer reporting

of meta-analyses in this field and to better standardize methods of telomeres measurement.

In conclusion, the present umbrella review of the top tier of evidence from systematic
reviews with meta-analyses suggests that shorter telomere length has a weak association
with heightened risks in a range of health outcomes. However, there was some highly
suggestive association with incidence of gastric cancer and suggestive evidence with
diabetes and Alzeimar’s disesae risks. Therefore, the present umbrella review does not

provide strong evidence to support an association between telomere length and a range

16



health outcomes. Nevertheless, the present review does suggest shorter telomere length is

associated with incident gastric cancer, diabetes and Alzheimer's disease.

17
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Table 1. Health outcomes and evidence class reported in included meta-analyses of observational studies.

Excess arge
. Study Unit of Type N of Mean ES s , Pp-value Small signifi Le.vel of
Outcome Population . . of . P tudy study Cases Controls evidence
design  comparison . studies (95%Cl) Egger cance . . b
metric effect . signif
bias
icant
. Cohort/
Gastric General Longest vs- 1-95 7-53
R 14 . 1832 1894 72 ]
cancer®® population case shortest TL © 3 (1-68-2-26) el 0-86 no no yes 83 89 3726
control
Case- 098
AD* - NA SMD 13 (-1-43; 0-00001 92 0-07 yes no yes 748 1808 2536 n
control
-0-54)
-341
. 51 Case- 3 3-63
Diabetes - NA SMD 18 (-4-02; 8 99 0-001 yes NA yes 5575 6389 11964 n
control e
-2:81)
Disease-free Longest vs- 1.79
survival in CLL patients Cohort g RR 6 0-001 61 0-003 yes NA NA NA NA NA v
CLLS shortest TL (1-25; 2-55)
Esophageal General Longest vs: 2:07 6-66
cancer>® population Cohort shortest L OR 3 (1-59; 2-69) e 0 072 no o yes 440 701 114 v
Head and
neck General Cohort ~ OMEESLVS' g 4 186 0003 70 006 no  yes yes 509 1156 1665 IV
6 population shortest TL (1-23; 2:82)
cancer
Overall Glioma Longest vs- 1-51
survival in . Cohort & RR 2 0-0005 O NA NP NP yes NA NA 330 v
. 3 patients shortest TL (1-:20; 1-89)
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Overall
survival in Lung cancer Longest vs- 2-52 1-69
1 1 1
lung patients Cohort shortest TL RR 4 (1-73; 3-67) e0® 0 0le no no yes >8 06 315 v
cancer®
Prostate General Longest vs- 0-85
cancers population Cohort shortest TL OR 3 (0-74; 0-97) 0-01 0 0-35 no no no 1646 2047 3693 v
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Cancer-
specific
o Breast cancer Longest vs- 1-21
mobr:;\l:?c/ in patients Cohort shortest TL HR 3 (0-64; 2-28) 0-55 75 036 no NA NA NA NA NA NS
cancer®
Cohort/
Colorectal General Longest vs: 1.27
R . 4 22 1 N
cancer>® population case shortest L~ © 8 (0:97; 1-65) 008 8 049 no noyes 30 8033 3055 S
control
Disease-free
survival in Colorectal Longest vs- 344
h HR 1 71 22 NA NA NA NA NA N
colorectal car.wcer Cohort shortest TL 3 (0-78; 15-09) 0-10 0 no S
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Hepatocellul
ar General Cohort ~ OMEESVST g 2 0-29 013 96 NA NP no yes 380 520 902 NS
carcinomas® population shortest TL (0-06; 1:42)
Cohort/
tung General case  ongestvst g 9 0-96 080 90 009 no  no no 2917 2920 5834 NS
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control
Lymphoma -
Hodgkin's ~ oenera Cohort ~ OMEESLVS' g 3 1:59 065 90 029 no no no 561 561 1122 NS
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Ovarian General case  omgestvst g 2 163 037 89 NA NP no no 1010 1047 2057 NS
cancer population shortest TL (0-56; 4-79)
control
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21 2
bladder car.wcer Cohort shortest TL RR 3 (0-79; 2-89) 0 77 0-24 no NP NA NA NA NA NS
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Excess g

. Study Unit of Type N of Mean ES s , p-value signifi S Sample Le.vel of
Outcome Population . . of . | study Cases Controls . evidence
design  comparison . studies (95%Cl) Egger cance . . b
metric effect . signif
bias
icant
Overall Longest vs- 1-14
survival in CLL patients Cohort & RR 9 0-70 91 0-002 yes NP NA NA NA NA NS
CLLS shortest TL (0-59; 2-18)
I
sﬁzilrjl in Colorectal Longest vs- 1-26
h HR 7 . 22 NP NA NA 4 N
colorectal car.1cer Cohort shortest TL (0-76; 2:08) 0-38 8 0 no yes 33 S
< patients
cancer
Overall
survivalin  CsoPhageal Longest vs- 0-84
cancer Cohort & HR 3 0-65 83 0-06 no NP yes NA NA 490 NS
esophageal . shortest TL (0-:39; 1-80)
26 patients
cancer
Overall .
survival in Ovarian Longest vs- 1-25
ovarian car.1cer Cohort shortest TL HR 3 (0-63; 2-52) 0-52 84 092 no NP yes NA NA 321 NS
36 patients
cancer
Progression-
free survival  Lung cancer Longest vs: 1-87
in lung patients Cohort shortest TL HR 3 (1-34; 2-60) 0-002 0 0-81 no yes no 232 405 714 NS
cancer®
Cohort/
Renalcell - General case  ongestvst g 4 0-98 081 27 07 no no no 1132 1336 2468 NS
carcinoma population shortest TL (0-79; 1-20)
control
Cross-
I sectional/ 0-006
- D 12 . 2 1 2
Frailty case NA M 6 (-0-02; 0-14) 0 86 0-45 no no no 728 305 3268 NS
control
Psychotic Case- -0-23
Disorders - control NA SMD 6 (:068; 0-21) 0-30 91 027 no no yes 772 763 1535 NS
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. Study Unit of Type N of Mean ES s , Pp-value mall signifi Sample Le.vel of
Outcome Population . . . | stud study Cases Controls . evidence
design  comparison . studies (95%Cl) Egger nce . . b
metric effect . signif
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icant
Bipolar Case- -0-26
Disorder?” - control NA SMD 7 (:0-76; 0-23) 030 92 005 yes no yes 474 337 811 NS
Hippocampu Cross- R to 1-12
- NA 7 32 . NA NA NA 2107 N
s Volume®® sectional OR (0-90; 1-40) 03 80 099 no yes 0 S
Parkinson - Case- NA SMD 8 035 025 97 052 no no no 956 1284 2240 NS
Disease® control (-0-25; 0-96)
Cross- -0-06
D jon>® - NA MD 1 11 7 2 NA 7 16482 2 N
epression sectional 6 (-0-13; 0-01) 0 6 0-29 no no 335 648 6660 S
Schizophreni Case- 0-34
- NA MD 7 . 1 . 174 N
48 control S (:0-05; 0-73) 009 9 0-08 yes no yes 883 865 8 S
Case- -0-11
AF> - NA MD 24 77 47 NA NP NA NA NA N
control > > (o2s;007) © 0 n° >
AF General Longest vs: 1-36
(incident)**  population Cohort shortestTL % 4 (0-92; 2-02) 012 50 051 no NA NA NA NA NA NS
Median= Media Median= Media
6 n=983 1562 n=2536

2P value of summary random effects estimate.

PEvidence class criteria: class | (convincing): statistical significance with P<107%, more than 1,000 cases (or >20,000 participants for continuous outcomes),

the largest component study reported statistically significant effect (P<0-05); 95% prediction interval excluded the null; no large heterogeneity (1°<50%), no

evidence of small study effects (P>0-10) and excess significance bias (P>0-10); class Il (highly suggestive): statistical significance with P<107®, more than

1,000 cases (or >20,000 participants for continuous outcomes), the largest component study reported statistically significant effect (P<0-05); class Il
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(suggestive): statistical significance with P<1073, more than 1,000 cases (or >20,000 participants for continuous outcomes); class IV (weak): the remaining
statistically significant associations with P<0.05.

Abbreviations: AD= Alzheimer’s disease; AF= atrial fibrillation; CHD= coronary heart disease; CLL= Chronic lymphocytic leukemia; ES= effect size; HR= hazard
ratio, MD= mean difference; OSA= obstructive sleep apnea; PTSD= post traumatic stress disorder; RA= rheumatoid arthritis; RR= relative risk; SLE= lupus

erythematosus;SMD= standardized mean difference; T2DM= Type 2 Diabetes Mellitus;OR= odds ratio
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Supplementary Table 1: AMSTAR-2 quality assessment of systematic reviews and meta-analysis.

AMSTAR-2 items
Chunli Zhang,2015 Yes No | Yes No No No No Yes Yes No Yes Yes Yes Yes Yes Yes | Critically low
Diego A. Forero,2016a Yes No | Yes | Yes | Yes Yes No Yes Yes No Yes Yes Yes Yes No Yes | critically low
Diego A. Forero,2016b Yes No | Yes | Yes | Yes Yes No Yes Yes No Yes Yes Yes Yes No Yes | Critically low
G.B. Polho,2015 Yes No Yes No No Yes No No Yes No Yes No No Yes No Yes Critically low
Gustav Nilsonne, 2015 Yes No | Yes No Yes Yes No Yes Yes No Yes Yes Yes Yes Yes Yes | Critically low
John M. Malouff & Nicola 5. Yes No Yes No No No No Yes Yes No Yes Yes es No No No Critically low
Schutte, 2016
Jianfei Wang,2016 Yes No | Yes | Yes Yes Yes No Yes Yes No Yes Yes Yes Yes Yes Yes | Critically low
Jianghua Zhou,2018 Yes No Yes Yes Yes Yes No Yes Yes No Yes Yes Yes Yes No Yes Critically low
Kaoutar Ennour-Idriss, 2016 Yes Yes | Yes | Yes Yes Yes No Yes Yes No NA NA Yes Yes NA Yes | Low
Kathryn K. Ridout,2016 Yes Yes | Yes | Yes Yes Yes No Yes Yes No Yes Yes Yes Yes Yes No Low
Linda Kachuri, 2016 Yes Yes Yes Yes Yes Yes Yes Yes Yes No NA NA Yes Yes NA Yes Moderate
Matthew J.J. D’Mello,2015 Yes No | Yes | Yes | VYes Yes No Yes Yes No Yes Yes Yes Yes Yes No | Critically low
Nixiao Zhang,2018 Yes Yes | Yes | Yes No Yes No No Yes No Yes Yes Yes Yes Yes Yes | Low
Pan Huang, 2017 Yes No Yes Yes Yes Yes No Yes Yes No Yes Yes Yes Yes No Yes Critically low
Philip C Haycock,2014 Yes No | Yes | Yes Yes No No Yes Yes No Yes Yes Yes Yes Yes Yes | Critically low
Roman Adam,2017 Yes No Yes Yes Yes No No Yes Yes No Yes Yes Yes Yes Yes Yes Critically low
Sabrina M. Darrow, 2016 Yes No | Yes | Yes | VYes Yes No Yes Yes No Yes Yes Yes Yes Yes Yes | Critically low
Wei Wang, 2017 Yes No Yes Yes Yes No No Yes Yes No Yes Yes Yes Yes Yes Yes Critically low
Xun Zhu,2016 Yes No Yes No No No Yes Yes Yes No Yes Yes Yes Yes Yes Yes Low
Y. H. Lee, 2017 Yes No Yes Yes No No No Yes Yes No Yes yes ves ves Yes es Critically fow
Y. H. Lee, 2018 Yes No Yes Yes No No No Yes Yes No Yes Yes ves Yes ves ves Critically fow

NA: No meta-analysis conducted
AMSTAR-2 items: https://www.bmj.com/content/358/bmj.j4008
*AMSTAR 2 critical domains



https://www.bmj.com/content/358/bmj.j4008

**High: No or one non-critical weakness: the systematic review provides an accurate and comprehensive summary of the results of the available studies that address the question of interest/ Moderate: More than
one non-critical weakness: the systematic review has more than one weakness but no critical flaws. It may provide an accurate summary of the results of the available studies that were included in the review/ Low:
One critical flaw with or without non-critical weaknesses: the review has a critical flaw and may not provide an accurate and comprehensive summary of the available studies that address the question of interest/
Critically low: More than one critical flaw with or without non-critical weaknesses: the review has more than one critical flaw and should not be relied on to provide an accurate and comprehensive summary of the

available studies.
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