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Physical Frailty and cognitive performance in older populations, 
part I: systematic review with meta-analysis

Abstract  The purpose of present study was to 
analyze the magnitude of the effect-size in the 
assessment of the cognitive status of populations 
over 60 years of age. The search strategy included 
PubMed, B-on, Ebsco, Ebsco Health, Scielo, Eric, 
Lilacs and Sportdiscus data bases. Only obser-
vational, cohort and cross-sectional studies were 
included in the meta-analysis. The central de-
scriptors were elderly-frail, older adults, cognition 
and geriatric assessment and other additional 
terms. After applying the additional search crite-
ria, 12 manuscripts were selected from an initial 
universe of 1,078 identified. When comparing 
the mean cognitive profile scores of the partici-
pants of the pre-frail (n =11,265) and frail (n = 
2,460) groups, significant statistical differences 
were found (p<0,001), with lower mean scores 
emerging in frail-group. The results showed that 
cognitive decline is strongly associated with frail-
ty, being a probable main clinical outcome. In this 
sense, any strategy aimed at mitigating or revers-
ing the incidence of frailty with ageing should take 
into account that physical and cognitive frailty 
seem to have similar temporal trajectories.
Key words  Frail-older adults, Mild cognitive im-
pairment, Geriatric assessment, Cognition
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Introduction 

The frailty syndrome (FS) is a complex condition 
characterized by the decline of multiple physio-
logical systems, leading to progressive loss of the 
energy reserves, compromising the ability to re-
sist the adverse effects of chronic stress1. There 
are several approaches related to FS, but recently 
the study developed by Fried et al.2, is one of the 
most important. From this construct, emerged 
the main pillars considered as the pathological 
core of FS, such as negative energy balance, sar-
copenia and low levels of physical activity.

From a frailty state, the individual tends to go 
through institutionalization and/or hospitaliza-
tion often followed by precociously death3,4. The 
vulnerability acquired by these losses can lead 
to a frail state, due to exposure to aggression in 
multiple physiological systems3,5. For this reason, 
much of the money spent on health care for the 
population is concentrated on the frail individu-
als who progress to developing more severe clini-
cal conditions6. This represents an average of 20-
35% of the elderly population in contemporary 
societies, according to recent research1,2,7.

The FS is aging-related, although it does not 
exclusively result from the aging process8. The 
gender differences indicated that frail men are 
more susceptible to early which was proven in 
studies linking the FS and the incidence of mor-
bidity9, however, the incidence in women has 
exponentially increased. In general, older frail 
individuals are those at increased risk for adverse 
clinical outcomes10-12. The consistent relationship 
between FS and the physical-functional decline 
does not invalidate the importance of other di-
mensions associated with a frailty condition13-15. 
Recent research has tried to identify other clinical 
conditions associated with the FS3,5,16,17, such as 
the ‘frailty’ of neurocognitive functions18,19.

An imminent consequence is the clinical out-
comes related to mental health20, which can also 
be characterized by traumas caused by falls or 
a high fear (risk) of falling21, acute neurological 
outcomes triggered suddenly (dementia caused 
by a stroke)22, Alzheimer and/or Parkinson19. 
However, recent studies try to make it increas-
ingly clear that there is an association between 
the FS and low cognitive profile or so-called mild 
cognitive impairment (MCI)18,22. This condition 
is characterized by the transient state between 
normal cognitive aging and mild dementia23. 
This condition results in progressive memory 
loss greater than expected for its age and educa-
tional level24, although other cognitive functions 

are generally preserved and do not interfere with 
the daily living tasks. Several studies have shown 
statistically significant differences in cognitive 
status when analyzed according to subgroups of 
Frailty, that is those who are pre-frail or frail tend 
to be more affected by MCI when compared with 
non-frail groups25-27.

Currently, there is a large number of stud-
ies carried out in large population databases 
aimed at screening and detecting the FS6,19,34: 
Their results confirm the hypothetical premise 
of the existence of a ‘new frailty subgroup’ as a 
more recurring pattern, that results from a phys-
ical-functional decline and an associated neu-
rocognitive decline19,30. Unlike some systematic 
reviews on the topic31, the objective of this study 
was to investigate, through a systematic review 
followed by meta-analysis (SRM), the magnitude 
of the effects of different frailty levels (pre-frail 
vs. frail) in evaluating cognitive status of people 
over 60 years of age.

Methods

Search strategies

Scientific research studies were conducted in 
the following databases: PubMed, ‘B-on, Scielo, 
Sportdiscus and PsycINFO, with access made be-
tween the months of July 2015 and January 2016, 
using the advanced meta-search option, in which 
original articles of epidemiological studies of 
cross-sectional, observational, cohort and popu-
lation-based published between 2000-2016 were 
selected. To refine the search, the combination 
of the indexed descriptors in Medical Subjects 
Headings32, was used: (((“frail elderly”[MeSH 
Terms] OR “frail” [MeSH Terms]) AND “cog-
nition”[MeSH Terms]) OR ([mild cognitive 
impariment]] AND “frail older adults”[MeSH 
Terms]) OR “frail older adults”[MeSH Terms] 
AND”[mini-mental State exam]”AND”Fried 
criteria”AND”Frailty Phenotype AND”Pheno-
type of Fried.” 

For the search in Lilacs and Scielo database, 
we selected Health Sciences Descriptors (DeCS), 
available at the online Health Library portal 
[http://decs.bvs.br], with the following combina-
tion: elderly-frail [Subject descriptor ] and cog-
nition [subject descriptor] and elderly [Subject 
descriptor] OR (weakened elderly) AND (slight 
state of mind) OR mild cognitive impairment 
AND (tw: (Fried criteria)) OR (tw: of Fragility)) 
OR (tw: (Fried Phenotype)). The terms ‘Fried 
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criteria’, ‘Fried fragility phenotype’ and ‘Fried 
phenotype’ in English and Portuguese were used 
as additional search terms, following a strategy 
used in a previous study9.

Central criterion studies selection 

The main criterion for the selection of arti-
cles in the SRM, is reflected in the inclusion of 
articles that used the evaluation criteria of the FS, 
according to the Phenotype of Frailty (PF) The-
ory2, as well as the use of the test Mini-Mental 
State Examination (MMSE)33 in the assessment 
of cognitive status in the populations.

The criterion of ‘weight loss’ is checked by 
self-report, which questions the individual on 
the loss of ‘ four or more kilograms of weight’ 
in the last year or, when there is a loss of 5% of 
total body weight in the three months prior to 
the evaluation date. The dimension “exhaustion” 
is verified through the negative concordance be-
tween two questions (number seven and twen-
ty) of the assessment questionnaire called the 
CES-D34. For measurement of the ‘physical ac-
tivity levels’ through weekly energy expenditure 
in the elderly, we used the short version of the 
Minnesota Questionnaire35. ‘Walking speed’ is 
measured through a walking test of 4.6 meters, 
measuring the time taken by the elderly to go this 
distance at a comfortable speed, and whose val-
ues are adjusted for age and gender36. ‘Strength’ is 
assessed using the handgrip test for grip strength, 
adjusting the values according to age and body 
mass index37. The evaluation of these criteria al-
lows to classify the individual in frail (three or 
more obvious criteria), pre-frail (two of the ob-
vious conditions) and non-frail or ‘robust’ (with 
nullity in five criteria)2,15.

The Mini-Mental State Examination 
(MMSE)33 is an instrument composed of 30 ques-
tions, which is able to assess the five dimensions 
of cognitive profile38. Its score can range from 
zero to 30 points, and according to the criteria 
established in several studies, cut-off values that 
classify individuals on the following cognitive 
profiles are accepted: a) Severe Cognitive Disor-
der (from 1 to 9 points), b) Moderate Cognitive 
Disorder (10 to 18 points) c) Mild Cognitive Im-
pairment (19 to 24 points), d) Normal Cognitive 
Profile (equal to or over 25 points)39. The MMSE 
is the most used assessment tool of cognitive sta-
tus in studies of frailty since it is able to assess 
what it is intended to evaluate40. 

The exclusion criteria of this study presented 
the elimination of all the manuscripts that did 

not meet the initial selection criteria, as well as 
all those that presented as opinion articles, letters 
to editor, systematic reviews and protocol format 
studies.

Data extraction 

The initial search for the present SRM study 
was carried out by two researchers independent-
ly, following the ultimate criterion for selection 
of the articles. For the final selection we included 
all manuscripts that evaluated older populations 
by FS subgroups of ‘pre-frail’ and ‘frail’, as well 
as comparing the mean scores (as a continuous 
variable) of the results of the MMSE according 
to the aforementioned subgroups, regardless of 
the gender of the participants in study samples 
included in the review39.

Methodological design of the research

This study followed the PRISMA Positioning 
guidelines to aid in the methodological design of 
this study41. These guidelines describe the four 
stages (identification, screening, eligibility, fi-
nal selection) needed to perform the search and 
selection of manuscripts under an RS, and fea-
ture the graphics option to draw a flowchart42. 
At the same time, the SRM presents the PICOS 
acronym (‘patient, problem or population’, ‘in-
tervention’, ‘comparison, control or comparison’, 
‘outcomes’), which directs the refinement of the 
systematic search, making the process more ef-
fective (Table 1)41.

Quality of information assessment

In addition to this method, we chose to use 
the Strobe Positioning43. This method consists 
of a checklist comprising 22 items, which char-
acterizes a manuscript based on the Quality As-
sessment (QA) that it presents. In this study, we 
used a combined model of study designs, specific 
to assess observational, epidemiological, popu-
lation-based, cross-sectional or cohort studies44. 
After applying all the above criteria, to the total 
score of the 22 items has a value equal to 100%. 
However, the percentage was used to identify 
studies in which low QA could have interfered 
with the results of the SRM.

Statistical analysis

The results are expressed by calculating the 
values of the differences of mean MMSE values 
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when comparing the groups of pre-frail and frail 
groups, as well as their respective standard devi-
ation, variance, confidence intervals (95%), the 
magnitude of the effects and levels of statistical 
significance (p £ 0.05)45. The global average of 
the studies included in the SRM was calculated 
based on the random effects model in relation to 
the methodological heterogeneity of the studies 
and their participants. The risk of publication 
bias was assessed by the method of the visual in-
spection method of scatter plot generated by the 
Egger’s intercept test46. The statistical heteroge-
neity of the studies included in the review was 
checked with the calculation of the Cochran Q 
test and the Higgin I2, which represent the per-
centage of the variance attributed to the hetero-
geneity of the study, ranging from low (25% <I2 
<50%) to high (I2> 75%)46. The statistical treat-
ment was performed using the statistical pro-
gram Comprehensive Meta-Analysis - Version 
3.047.

Results 

Study manuscripts sample

Figure 1 depicts in detail the steps under-
taken in conducting the SRM. After completion 
of the initial search, a total of 1078 manuscripts 
were initially identified. After applying the first 
study selection criteria, 954 were excluded and 
124 studies passed the screening stage. At this 
stage, in which the selection criterion was to read 
the abstracts, 79 studies were excluded. From the 
45 studies that passed the eligibility stage, 28 were 
excluded after a full reading of the manuscripts 
and 17 studies remained.

From the 17 manuscripts eligible for evalu-
ation of the QA according to the criteria estab-
lished by the Strobbe positioning44, two were ex-
cluded as they presented the values of the MMSE 
categorically. Three other studies were excluded 
at the end of the eligibility stage as they used dif-
ferent definitions of the FS or submitted incom-
plete or agglutinated subgroups of the FS. A total 
of 12 manuscripts were selected to be integrated 
into the quantitative analysis (Table 1).

Study sample

The 12 selected manuscripts defined the FS 
according to the operational criteria proposed by 
Fried et al.2. The use of this protocol for the eval-
uation of the participants requires a multidimen-
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sional, categorical approach, based on the evalu-
ation of the five dimensions described above48. In 
the assessment of the cognitive status, all selected 
studies used the MMSE49 in the form of a con-
tinuous variable, describing the mean values and 
standard deviation, and comparing these values 
to the subgroup of the FS.

Only one study has clearly presented the 
data in relation to gender38, being introduced 
and subsequently analyzed in the meta-analy-
sis as two independent studies, thus justifying 
a total of 13 entries in the statistical meta-anal-
ysis. A total of eight studies analyzed the data 
without separation by gender, presenting values 
only for the total sample19,25,26,49-53, which deter-
mines the shape of the meta-analysis to be car-
ried out. A total of two studies were developed 

only with samples of elderly men38,54, and three 
were prepared with samples of elderly female 
participants only18,55. Regarding the QA of the 
studies, an average value of 94% was recorded. 

Characteristics of participants

Regard to the total number of participants 
analyzed in the selected studies under this SRM, 
we identified a total of n = 26,935 elderly partic-
ipants. From these, a total of 13,725 participants 
(51.0%) represent the sum of the pre-frail and 
frail individuals in the total of people evaluated, 
being 11,265 considered pre-frail and 2,460 frail. 
Considering the absolute and relative values of 
the sample (n = 13725), the pre-frail presented 
percentage values ranging from 32 to 94%, being 

Figure 1. Flowchart of studies included following PRISMA guidelines.    
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databases searching
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75% the mean value of the individuals in this cat-
egory. In the subgroup of the frail, the amplitude 
values range from 6 to 68% of the sample, being 
25% the mean value of individuals in this cate-
gory. The studies carried out in South Korea38, 
Spain19 and Ireland55 are the ones with broader 
samples (Table 2).

From the 12 studies included (13 entries) in 
this meta-analysis, they all started from the same 
research assumption, in which the elderly with 
classifications according to the FS (pre-frail ver-
sus frail) differ in the assessment of their cogni-
tive performance, having frail individuals’ lower 
cognitive performance in comparison to the pre-
frail. The effect size is represented here by the dif-
ference in means (Table 3).

Effect Size of the differences between groups

Regarding the central hypothesis of the pres-
ent study, it was verified that the difference of 
averages found between the two subgroups of 
the FS for the evaluation of the DC was equal to 
2,676, which means that the pre-frail had high-
er mean values ​​(2.7 points ) compared to frail 
subgroups. The confidence interval for the mean 
difference is 1.794 to 3.558, which means that the 
gross difference of means is within this range. 
On the other hand, this range does not include 
the difference of zero, which means that the true 
difference of averages is probably non-zero. The 
Z values ​​obtained to test the null hypothesis, ac-
cording to which the means difference is zero, 
showed a Z = 5.948, with the corresponding val-
ue of p <0.001. In this way, we can reject the null 
hypothesis and affirm that the sample presented 
different DC levels in by FS subgroups, these dif-
ferences being statistically significant. 

Homogeneity of the effects

It is known that the magnitude of the ob-
served effects may vary between studies, due to 
sample error56. Thus, it was necessary to deter-
mine if the observed variation was located within 
the range attributed to the sampling error, which 
translates into an absence of evidence as to the 
variation of the true effects. To this, we deter-
mined the value expected from the Q Cochran 
statistics, normally used as a significance test and 
we also tested the null hypothesis according to 
which all the studies involved in this meta-anal-
ysis share a magnitude of common effects, being 
that any variation would result from the sam-
pling error within the studies. If all studies share 

the same magnitude of effects, the expected val-
ue of Q will be equal to the degrees of freedom, 
i.e., the number of studies minus 156. The value 
obtained from Q is 361.762 with 12 degrees of 
freedom and with a value of p < 0.001. Thus, we 
can accept the alternative hypothesis, according 
to which the true magnitude of the effect varies 
from study to study. 

The statistics of I2 corresponds to the ratio 
of the real heterogeneity of the total variation of 
the observed effects, that is, it tells us what pro-
portion (percentage) of the observed variance 
reflects the differences in the true magnitude of 
the effect rather than in the error of the sample57. 
In the current meta-analysis, the obtained value 
of I2 is 96,683, which means that about 96.7% of 
the variance on the observed effects reflects the 
variance of the true effects. T2 corresponds to 
the variance of the true effect sizes among stud-
ies which, in the current study, depicts a value of 
2.358. On the other hand, the value of T2, refers 
to the standard deviation of the true magnitude 
of the effects, being in this meta-analysis equal to 
1.536. Regarding the publication bias of integrat-
ed studies in this SRM, we used the visual inspec-
tion of the funnel plot, which is the effect size of 
each study in relation to its standard error.

For the visual analysis of the graph, it is as-
sumed that when there is no publication bias, the 
distribution of the studies should be symmetric 
around the magnitude of the effect of the true 
population and the graph becomes narrower as 
the size of the sample increases58. Additionally, 
the Egger intercept test was performed which is 
intended to test the null hypothesis according to 
which the intercept is equal to zero, in the popula-
tion. In Figure 2, the intercept is 1.34143. 95% of 
the confidence interval (-3.18799, 5.87086), with 
t = 0,65184, gl = 11. The recommended value of 
p (2-tailed) is 0.52789. Thus, there is no statistical 
evidence of the existence of publication bias. 

Discussion 

A great number of studies use the FS construct 
designed by Fried et al.2 to evaluate the FS59-61. 
Nevertheless, the literature contains over twenty 
different methods of assessing FS. However, there 
is some evidence that the multidimensional as-
sessment provided by this construct seems to be 
more sensitive to detect the FS in the populations 
aged 60 years and over, as well as to establish as-
sociations with mortality, morbidity and other 
adverse clinical outcomes59, and its replication in 
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Table 2. Quality assessment of manuscript information by STROBE guidelines (n=12 studies and 13 inputs in 
the metanalysis).
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Author (year of publication) I II III IV V VI VII VIII IX X XI XII XIII

1. Abizanda et al. (2013)                          

 1 1 1 1 1 1 1 0 1 1 1 1 1

2. Alencar et al. (2013)                          

 0 1 1 1 0 1 1 0 1 1 1 1 1

3. Ávila- Funes et al. (2009)                          

 1 1 1 1 1 1 1 1 1 1 1 1 1

4. Gonzalez Vaca et al. (2014)                          

 1 1 1 1 1 1 1 1 1 1 1 1 1

5. Han et al. (2014)                          

 1 1 1 1 1 1 1 1 1 1 1 1 1

5. Han et al. (2014)                          

  1 1 1 1 1 1 1 1 1 1 1 1 1

6.  Jacobs et al. (2011)                          

 0 1 1 1 1 1 0 1 1 1 1 1 1

7. Kiely et al. (2011)                          

 1 1 1 1 1 1 1 0 1 1 1 1 1

8. Robertson et al. (2014)                          

 0 1 1 1 1 1 1 0 1 1 0 1 1

9. Samper-Tenent et al. (2008)                          

 1 1 1 1 1 1 1 1 1 1 1 1 1

10. Woo et al. (2015)                          

 1 1 1 1 1 1 1 0 1 1 1 1 1

11. Al-Kuwaiti et al. (2015)                          

 0 1 1 1 1 1 1 0 1 1 1 1 1

12. Macuco et al. (2012                          

 0 1 1 1 1 1 1 0 0 1 1 1 1

it continues

large38 or small samples62. In the final selection 
stage of the study, studies were removed from the 
systematic review in which the change of evalua-
tion criteria for each dimension was introduced. 
The QA studies that integrated the SRM show 
the scientific rigor of the researchers in this area. 
However, it is important to note that in the orig-
inal study2, the QA was reported systematically 

and accurately, which may have influenced the 
replication, with high quality, of the studies in 
other countries31.

The fact that the subgroup of frail older peo-
ple has lower values in cognitive status when eval-
uated using the MMSE test, was clearly shown in 
this SRM. The values found for all analyzed stud-
ies showed significant values statistically. Some of 
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Table 2. Quality assessment of manuscript information by STROBE guidelines (n=12 studies and 13 inputs in 
the metanalysis).
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Author (year of publication) XIV XV XVI XVII XVIII XIX XX XXI XXII 22 100%

1. Abizanda et al. (2013)                      

 1 1 1 1 1 1 1 1 1 21 95%

2. Alencar et al. (2013)                      

 1 1 1 1 1 1 1 1 1 19 86%

3. Ávila- Funes et al. (2009)                      

 1 1 1 1 1 1 1 1 1 22 100%

4. Gonzalez Vaca et al. (2014)                      

 1 1 1 1 1 1 1 1 1 22 100%

5. Han et al. (2014)                      

 1 1 1 1 1 1 1 1 1 22 100%

5. Han et al. (2014)                      

  1 1 1 1 1 1 1 1 1 22 100%

6.  Jacobs et al. (2011)                      

 1 1 1 1 1 1 1 1 1 20 91%

7. Kiely et al. (2011)                      

 1 1 1 1 1 1 1 1 1 21 95%

8. Robertson et al. (2014)                      

 1 1 1 1 1 1 1 1 1 19 86%

9. Samper-Tenent et al. (2008)                      

 1 1 1 0 1 1 1 1 1 21 95%

10. Woo et al. (2015)                      

 1 1 1 1 1 1 1 1 1 21 95%

11. Al-Kuwaiti et al. (2015)                      

 1 1 1 1 1 1 1 1 1 20 91%

12. Macuco et al. (2012                      

  1 1 1 1 1 1 1 1 1 19 86%

Mean of total percentage                     94%

these studies explicitly related the FS to the cog-
nitive performance18,55. However, this seems to be 
the first SRM that sought to test the magnitude of 
the effect of the differences between the groups 
of pre-frail and frail. On the other hand, a very 
recent SRM carried out by Chang and Lin9, also 

pointed to the existence of a strong association 
between mortality and the FS in the population 
evaluated using the Fried protocol. Individuals 
with higher levels of FS (pre-frail and frail) also 
have a higher risk of mortality when compared to 
non-frail elderly individuals. 
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The results found in this study corroborate 
with the literature, it being increasingly evident 
that the FS is strongly related to cognitive sta-
tus22,26. The present study makes it more evident 
that the pre-frail and frail groups, respectively, 
have a tendency to an imminent risk of suffering 
from more severe cognitive impairments, when 
the FS is detected. The geographic distribution 
and diversity in the countries involved in the 
study of this issue show that there is a global con-
cern about the phenomenon of the FS in adverse 
populations25,50,52, accompanied by an increasing 
interest in terms of research, as well as evidence 
that this pattern occurs in countries on several 
continents. Currently, the term ‘cognitive frailty’ 
associated with the concept of disorder or MCI 
appears, which shows a growing interest in the 
search for other explanations for this phenom-
enon63.

The non-consideration of data from non-
frail individuals under this SRM as the first lim-
itation of this study. The participants from the 
group of non-frail showed average values below 
24.0 points, i.e., a score that, according to the cut-
off values of the MMSE, indicates the existence 
of an MCI18,21. In this sense, it is reinforced that 
overall, non-frail individuals have a ‘preserved’ 
cognitive status. Regarding gender differences, it 
is valid to indicate that the literature points to a 
trend similar to the FS for both genders38, with 

earlier death for men, due to a higher incidence 
of metabolic diseases when compared to older 
women. However, in this study, it was not possi-
ble to further explore these differences, since only 
one of the studies presented analyses by gender 
and most samples investigated only females.

Thus, we can infer that cognition, as well as 
frailty, can appear as potential predictors of ear-
ly mortality in the populations aged 60 and over, 
besides pointing out that the evaluation of the FS 
cannot be dissociated from the assessment of the 
cognitive function54,64,65. Comparing a pre-frail 
population pool with a frail population sample, 
the poor cognitive function associated with the 
FS is a likely clinical outcome in these popula-
tions which should be assessed27.

Conclusion

By analyzing the magnitude of the effect in the 
mean difference of the studies included in this 
SRM, we found a low cognitive function associ-
ated with the FS, i.e., we identified this as a prob-
able clinical outcome, with the occurrence of a 
decrease in cognitive performance as the elder-
ly progress from a pre-condition of frailty to a 
frail condition. Therefore, any strategy or public 
health policy that aims to mitigate or reverse the 
incidence of this condition should take into ac-

Figure 2. Funnel plot and Egger’s test.
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count that these two outcomes seem to have sim-
ilar temporal trajectories, caused in a population 
phenotype to be investigated with due attention.
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