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A Family and a Genome-Wide Polygenic Risk 
Score Are Independently Associated With Stroke 
in a Population-Based Study
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Florian Kronenberg , MD; Christian Gieger , PhD*; Claudia Lamina , PhD*

BACKGROUND: Positive family history and genetic risk scores have been shown to independently capture those individuals 
with high risk for stroke. The aim of our study was to evaluate the amount of shared information between family history and 
genetic risk and to investigate their combined effect on the association with prevalent and incident stroke cases.

METHODS: We obtained a family risk score (FamRS), weighted for disease onset and family size as well as genome-wide 
polygenic risk score (PGS) including over 3.2 million single-nucleotide polymorphisms in the population-based prospective 
KORA F3 (Cooperative Health Research in the Region of Augsburg) study (n=3071) from Southern Germany. FamRS and 
PGS were evaluated separately and combined. The measures were once treated as continuous variables but also divided 
in the highest 20%, 10%, 5%, and 1% percentiles. Odds ratios via logistic regression and hazard ratios via Cox regression 
were estimated. A stroke event was defined as a hospitalization for stroke that was self-reported in a standardized interview 
by certified and supervised personnel.

RESULTS: The FamRS outperformed other simplified family measures such as affected parents or number of affected family 
members. FamRS and PGS were not correlated, and no individuals were observed with both very high FamRS and very high 
PGS (top 1% percentile). In a combined model, both FamRS and PGS were independently from each other associated with 
risk of stroke, also independent of other traditional risk factors (p [FamRS]=0.02, p [PGS]=0.005). Individuals in the top 1% 
of either FamRS or PGS were found to have >5-fold risk for stroke (odds ratios, 5.82 [95% CI, 2.08–14]; P=0.0002). The 
results for incident stroke events showed the same trend but were not significant.

CONCLUSIONS: Our study shows that a family risk score and PGS capture different information concerning individual stroke 
risk. Combining the risk measures FamRS and PGS increases predictive power, as demonstrated in a population-based study.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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S troke is the second most common cause of death 
worldwide. Furthermore, it is the paramount rea-
son for neurological disability in adults.1 It annu-

ally accounts for ≈5.5 million deaths worldwide,2 
around 440 000 in Europe. In 2017, the costs rose 
to 45 billion $ in Europe by including lost production 
and care costs.3

The average lifetime risk of suffering a stroke is 25%.4 
Even though the prevalence of stroke has decreased 
over the past decades,1,2 the burden remains high. As 
low- and middle-income countries adapt to an unhealth-
ier lifestyle5 and populations grow older, implementing 
effective preventive strategies is necessary.2 Previous 
research indicated that between ≈35% and 70% of all 
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stroke events are preventable, especially for those at 
high risk.6–8 Additionally to traditional risk factors, posi-
tive family history and genetic risk scores (GRS) could be 
used to identify those individuals with high risk for stroke.

Early research9 indicated that family history as rep-
resented by parental10 and sibling history11,12 might be 
a risk factor for stroke. They were indeed identified as 
risk factors independent from traditional risk factors in 
a study including different populations.13 A large cohort 
study in China confirmed the predictive power of accu-
mulated stroke events within families.14

A role of genetics in the susceptibility to stroke 
has been suggested by family and twin studies.11 Until 
today, 35 influential genetic loci have been identified via 
genome-wide association studies.15 The results of early 
GRS for stroke, however, were modest and clinical appli-
cability was limited or unclear.16,17 The predictive power 
was substantially improved by increasing the number 
of single-nucleotide polymorphisms (SNPs) within the 
score and thereby calculating a so-called polygenic score 
(PGS).18 A subsequent study demonstrated that this 
score was an independent risk factor.19 Genetic scores 
proved useful also for geriatric individuals with cardio-
vascular risk factors.20 Furthermore, the independent 
association of genetic and lifestyle factors with incident 
stroke was shown, highlighting the potential reduction of 
stroke risk by adhering to a healthier lifestyle.21 To further 
improve the measurement of genetic risk on an individual 
level, it has been suggested to combine different GRS 
related to the same condition.22 This idea laid the ground 
for the metaGRS for stroke and was the basis for calcu-
lating the PGS in this study.23

With emerging availability of reasonably priced SNP-
chips and, therefore, usage of GRS, one might ask 
whether collection of family history is still necessary. 
However, it was hypothesized that the predictive power 
might increase via the combination of family history and 
GRS.24,25 Most importantly, the independent or combined 
effect of family history and GRS on risk of stroke has 
not been evaluated, yet. It was the aim of this study to 
fill this gap. Therefore, data for both familial and genetic 
risk were collected and calculated as family risk score 

(FamRS) and PGS. The risk measures were then applied 
for evaluating the association with stroke risk in a popu-
lation-based study.

METHODS
The data used for this analysis are subject to national data 
protection laws and restrictions were imposed by the eth-
ics committee of the Bavarian Medical Association to ensure 
data privacy of the study participants. However, they can be 
applied for through an individual project agreement with KORA 
(Cooperative Health Research in the Region of Augsburg) 
using the digital tool KORA.PASST (https://epi.helmholtz-
muenchen.de/). Our study is reported in accordance with 
the Strengthening the Reporting of Observational Studies in 
Epidemiology statement (http://www.strobe-statement.org).

Study Population
KORA F3 is a population-based study in Augsburg, Germany, 
and surrounding counties, enrolling individuals of German 
nationality aged 35 to 84.26 Study methods included ascertain-
ing basic sociodemographic information, family and medical 
history, standardized interviews, and medical examinations.27

Between February 2004 and May 2005, 3184 individu-
als participated in the KORA F3 study28; for 3071 individuals, 
genetic data and family history information was available to 
obtain the PGS and FamRS. In the follow-up study from 2016, 
information about morbidity and mortality for 2904 individuals 
was available (Figure S1).

Definition of Stroke Events
A stroke event was defined as hospitalization due to stroke 
which was self-reported in a structured and standardized inter-
view performed by certified and supervised personnel. In the 
interview, there was no distinction between different stroke 
types. In the 2016 follow-up, prevalent stroke was assessed 
alike, but for incident stroke the self-reported information was 
validated. In the validation step, different stroke types and time-
point of stroke events were assessed. More details can be 
found in the Supplemental Material.

Definition and Calculation of the FamRS
The FamRS is a quantitative measure to ascertain an indi-
vidual’s risk of developing a specific disease.29 The basis for 
the calculation is the difference between expected (E) and 
observed (O) affected family members. The information needed 
to calculate the FamRS was obtained via a standardized inter-
view. If first-grade relatives (father, mother, brothers, and sis-
ters) suffered a stroke, it was further ascertained whether the 
disease occurred before or after age 60. The age was taken 
into account by assigning scores to the different age groups: 
w=2 for those <60, w=1 for those ≥60, and w=1.5 if the age 
was unknown. Summing these weights of the affected family 
members yields the observed values. There was no distinction 
between different types of stroke. As we described earlier,28 
the expected values for each 10-year age group could be cal-
culated within KORA F3 as this is a population-based study 
with no specific inclusion criteria other than age range. Taken 
together, the FamRS basically takes into account the number 

Nonstandard Abbreviations and Acronyms

FamRS	 family risk score
GRS	 genetic risk score
HR	 hazard ratio
KORA	� Cooperative Health Research in the 

Region of Augsburg
NRI	 net reclassification index
OR	 odds ratio
PGS	 polygenic score
SNP	 single-nucleotide polymorphism
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of affected family members, but additionally weights the age of 
disease onset and number of relatives. For example, no event 
in a big family would lead to negative values of the FamRS. 
One early or 2 events at any age within a small or averaged 
size family would lead to a FamRS of higher than 1. Thus, the 
difference between these 2 scenarios corresponds to about 1 
unit difference in the FamRS. Further details, the formula for 
calculation and an example can be found in the Supplemental 
Material and in Williams et al.29

Definition and Calculation of the PGS
The basic idea behind (poly)genic risk scores is to calculate a 
quantitative measure for predicting an individual’s genetic risk 
of developing a specific condition. The contribution of genetic 
variants is quantified with effect estimates according to their 
association with diseases.30 Then, GRS were developed includ-
ing several million SNPs scattered over the whole genome 
without limitation by P value.30 It was reasoned that it would be 
sensible to include more than one risk score and calculate an 
average of the standardized risk scores to make risk prediction 
more accurate.22 This approach was applied to ischemic stroke 
and was used for calculating the PGS in this study.23 Nineteen 
stroke-related genetic scores were included in the so-called 
metaGRS: any stroke, ischemic stroke, cardioembolic stroke, 
small and large artery stroke, 3 cardiovascular disease scores, 
total cholesterol, LDL (low-density lipoprotein), HDL (high-den-
sity lipoprotein), triglycerides, systolic blood pressure, diastolic 
blood pressure, body mass index, and T2D. The metaGRS, as 
denoted in Abraham et al,23 was calculated individually for 3.2 
million SNPs for all 19 GRS and then summed up as follows. 
The overall PGS (aka metaGRS) is the weighted (βi, i=1…19) 
sum of the single PGS:

PGS PGS PGS PGSany stroke ischaemic stroke T= + + …+⋅ ⋅ ⋅β β β1 2 19 2DD

More detailed information can be obtained from Abraham 
et al.23

Details on genotyping in KORA F3 can be found in the 
Supplemental Material. The metaGRS was calculated using 
PGS-Calc (https://github.com/lukfor/pgs-calc).

Statistical Analysis
For the baseline characteristics, the mean with SD and the 
median with 25% and 75% quantile were calculated, and per-
centages were denoted. For logistic and Cox regression, FamRS 
and PGS were treated as continuous variables, but also divided 
into the quantiles (top 20%, 10%, 5%, 1%, and 0.5%) to evalu-
ate the effect of the extremes of the distribution. To ensure the 
validity of the estimates and sufficient power, a minimum of 5 
stroke cases was set as a threshold. The analyses were con-
ducted with the reference group lower 80%, 90%, 95%, and 
99%, respectively. Different adjustments were used: (1) PGS 
(or FamRS), unadjusted, (2) adjustment for age and sex, (3) as 
(2) plus traditional risk factors (body mass index, cholesterol, 
diabetes, hypertension, and smoking), and (4) as 3) plus addi-
tional adjustment for FamRS (or likewise PGS, if FamRS was 
the initial variable of interest). Nonlinear P-splines31 were con-
ducted to check, if a linear relationship can be readily applied 
on the continuous variables PGS and FamRS. Further sensitiv-
ity analyses accounting for population stratification and related-
ness are described in the Supplemental Material.

To ascertain the combination of FamRS and PGS, there 
were also 3 models for the variable FamRS or PGS, firstly 
unadjusted, secondly adjusted for age and sex, and third 
adjusted for traditional risk factors. This analysis could be 
conducted only for the stratifications in the extreme quantile 
groups of FamRS and PGS. The predictive ability of FamRS 
and PGS was evaluated with categorical-free net reclassifica-
tion index (NRI) and Integrated Discrimination Improvement 
using function improveProb in package Hmisc. False dis-
covery rates were calculated to account for the number of 
models and subgroup analyses. Table S1 includes all P values 
with their corresponding false discovery rates. All P values 
≤0.0088 have a false discovery rates of <0.05.

RESULTS
Descriptive Statistics
In total, 71 individuals have had a stroke at study start 
and 186 first incident strokes were recorded (72 isch-
emic strokes, 39 embolic strokes, 42 ransient ischemic 
attack/prolonged reversible ischemic neurological defi-
cit, 33 others, or unknown). Table 1 displays the descrip-
tive statistics of the study cohort. The distribution of 
the PGS in the KORA F3 study compared with 1000 
Genomes reference populations is given in Figure S2, 
indicating that KORAF3 resembles a European popula-
tion, as expected.

Figure 1 shows that the distribution of PGS is shifted 
to higher values in those who suffered a stroke (mean 
value, −0.33) compared with those, who did not (mean 
value, −0.43). All individuals with a very high FamRS 
(essentially >1, which corresponds to the top 3%), had 
a stroke, but at the same time did not show a high PGS 
(ranging between the seventh and 94th percentile). 
Thus, high FamRS scores do not necessarily go hand in 
hand with high PGS scores. As ascertained via Spear-
man correlation, PGS and FamRS are not significantly 
correlated (P=0.4173).

The proportion of individuals suffering a stroke rose 
consistently with the higher quantiles of both PGS and 
FamRS. Notably, there was no individual with both very 
high FamRS and very high PGS, that is, highest 1% or 
0.5% (Table S2).

For incident stroke events, the tendency of rising 
proportions in the upper quantiles could no longer be 
observed as clearly as before. For the PGS, the propor-
tions even declined. Combining both measures demon-
strated inconsistent trends (Table S3).

Comparing Measures for Family History
Family history is often defined as disease occurred in 
parents or number of affected relatives. The FamRS is 
comprised out of this information but additionally weighs 
for age of disease onset and number of relatives. There-
fore, these 3 measures for family history were evaluated 
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on risk of stroke (unadjusted models) to be also compa-
rable to other studies. Having at least one parent with a 
stroke leads to an odds ratio (OR) for prevalent stroke of 
1.57 (95% CI, 0.93–2.62). The OR of suffering a stroke 
increased with each affected relative: from 1.63 (95% 
CI, 0.96–2.70) for one to 2.53 (95% CI, 0.86–5.97) for 
2 up to 5.11 (95% CI, 0.28–27.61) for those with 3 or 
more affected relatives. None of these was significantly 
associated with risk of prevalent stroke, in contrast to 
continuous FamRS (P=0.0048). Therefore, more exten-
sive models evaluating family history were conducted 
with the FamRS.

Association With Prevalent Stroke
The PGS as a continuous variable was significantly asso-
ciated with prevalent stroke in all adjustment models, 
but the OR was attenuated after inclusion of the tradi-
tional risk factors (Table 2). The stratification into the top 
20%, 10%, and 5% quantile demonstrated that the OR 
increased in higher categories; for example, from 2.01 
(95% CI, 1.19–3.29) to 2.32 (95% CI, 1.24–4.12) and 

2.60 (95% CI, 1.11–5.37) for the age- and sex-adjusted 
model. This was confirmed by a nonlinear P-spline (Fig-
ure S3A), which shows an increasing slope for upper 
tails of the PGS, but which can be approximated by a 
linear slope. Appending the FamRS to adjustment model 
3 (including traditional risk factors), hardly changed the 
OR and P values.

FamRS as a continuous variable was also significant 
in all adjustment models (Table  3), while none of the 
stratifications, expect for the top 1%, were significant 
in the adjusted models. A straight line best represents 
the increase in risk by increasing FamRS values (Figure 
S3B). For the FamRS, appending other risk factors and 
PGS hardly influenced the OR. There was no interaction 
between the continuous FamRS and PGS (P=0.27).

The combination of the variables, that is, eg, calculating 
the risk for individuals within the top 20% of the FamRS 
or the PGS compared with those not in those top groups, 
increased the OR and decreased the P values (Figure 2A 
and Table S4). While the OR were similar between the top 
20% and top 5%, the OR rose steeply up to 5.82 (95% 
CI, 2.08–14.00) for the top 1% and did not change when 
traditional risk factors were added to the model. Sensitivity 
analyses accounting for potential population stratification 
did not change the ORs for the PGS markedly and left the 
results for FamRS or the combination of PGS and FamRS 
practically unchanged (Table S5). Removing relatives from 
the analyses did also not change the ORs for PGS, FamRS 
or the combination of both (Table S6).

Association With Incident Stroke
The PGS as a continuous variable was significant in 
model 1 and 2 but no longer in model 3 and 4 (Table S7). 
The hazard ratio (HR) even decreased with the higher 
quantiles. Nonlinear splines showed that the hazard for 
incident stroke rather reaches a plateau for PGS values 
above the median (Figure S4A). After adding the FamRS 
to the model, hardly any change in the HR for the PGS 
could be observed.

The FamRS was not significantly associated with 
time to incident stroke events, in none of the adjustment 
models, except for the top 1% (Table S8). However, only 
5 individuals experienced a stroke event within this cat-
egory. However, an increase in HR could be observed for 
increasing FamRS values (Table S8, Figure S4B). Adding 
the PGS to the fully adjusted model hardly increased the 
HR of the FamRS. The combination of FamRS and PGS 
showed an increase in HR for increasing quintiles, but 
that was not statistically significant (Table S9, Figure 2B).

Reclassification and Discrimination 
Improvement
Since there was no significant association with the PGS 
or FamRS with incident events in any of the models 

Table 1.  Descriptive Statistics of KORA F3 at Baseline 
(n=3071) as Well as the 2016 Follow-Up (n=2904)

Baseline characteristics (n=3071)
Mean±SD; median [25%Q;75%Q] 
or n (%)

Women (%) 1575 (51.3%)

Age, y 57.4±12.9; 57.0 [46;67]

BMI, kg/m2 27.7±4.6; 27.1 [24.4;30.3]

SBP, mm Hg 130.8±20.0; 129 [117;142.5]

DBP, mm Hg 81.9±10.9; 81.0 [74.5;88.5]

Hypertension (%)* 1535 (50.2%)

Cholesterol, mg/dL 218.3±39.9; 216 [191;243]

LDL-C, mg/dL 128±32.6; 127 [105;148]

HDL-C, mg/dL 58.8±17.2; 56 [46;69]

Triglycerides, mg/dL 165.2±126.1; 136 [88;201]

Smoker (%) 542 (18.7%)

≥1hphysical activity per week (%) 2049 (66.7%)

Any type of diabetes (%)† 268 (8.7%)

Prevalent myocardial infarction (%)‡ 82 (2.7%)

Prevalent stroke (%)§ 71 (2.3%)

Age at first stroke event, only preva-
lent cases, y

62.67±11.6; 65 [52.5;72]

Incident stroke (%) at follow-up 186 (6.9%)

Total mortality (%) at follow-up 413 (14.2%)

Death due to stroke (%) at follow-up 38 (1.3%)

For continuous variables, mean, SD, and median [25% quantile;75% quantile] 
are given and n(%) percentages for categorical variables. BMI indicates body 
mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cho-
lesterol; KORA F3, Cooperative Health Research in the Region of Augsburg; 
LDL-C, low-density lipoprotein cholesterol; and SBP, systolic blood pressure.

*Defined as>140/80 mm Hg or known medical treatment.
†Validated diabetes.
‡Hospitalization due to MI (self-reported).
§Hospitalization due to stroke (self-reported).
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adjusting for additional risk factors, predictive ability 
was only tested on prevalent events. The basic model 
included age, sex, body mass index, hypertension, total 
cholesterol, diabetes, and current smoking. By adding 
PGS into the model, the probability of events could be 
correctly increased in 61.3% of cases (NRIevents=0.226) 
whereas the probability was correctly decreased in 57.2% 
of noncases (NRInon-events=0.145), leading to an overall 
NRI of 0.37 (P=0.003). The Integrated Discrimination 
Improvement was estimated to be 0.006 (P=0.022). 
Adding the FamRS alone to the basic model could only 
improve prediction for nonevents (NRInon-events=0.70, 
NRIevents=−0.55, NRI=0.15, P=0.15; Integrated Discrimi-
nation Improvement=0.005, P=0.17). Taking both PGS 
and FamRS together in addition to the basic model leads 
to a better prediction for both events (NRIevents=0.161) 
and nonevents (NRInon-events=0.30), yielding an overall 
NRI of 0.461 (P=0.0003) and Integrated Discrimination 
Improvement of 0.012 (P=0.014).

DISCUSSION
The FamRS outperformed the other family-related risk 
measures (affected parents and relatives), as only the 
FamRS was significantly associated with stroke. Each 
one-unit change in FamRS was leading to a 1.48-fold 
risk of suffering a stroke. Furthermore, a significant asso-
ciation between PGS and prevalent stroke was shown. A 
one-unit change in the PGS resulted in a 3.39-fold risk 
for a stroke. The adjustment of both variables for each 
other did not markedly influence the findings, indicating 
that FamRS and PGS have independent effects on the 
risk of stroke. As a consequence, combining both risk 
scores decreased the P values, and those being in the 
top 1% quantile either PGS or FamRS were found to 
have a 5.82-fold increased probability to have already 
experienced a stroke. The evaluation of different upper 
percentiles compared with the rest of the population and 
nonlinear splines showed that no specific thresholds 

could be derived but that the risk rather increased lin-
early with increasing FamRS or PGS.

The combination of both risk measures outperformed 
the model with solely FamRS or PGS for prevalent stroke. 
Adding both PGS and FamRS to a model with traditional 
risk factors also led to significantly improved net reclas-
sification and discrimination. These findings might justify 
the additional effort in calculating the FamRS, especially 
since ascertaining family history, at least in a simplified 
form, is already an established procedure in clinical prac-
tice.32,33 A general limitation is that the potential of family 
history is often underutilized, especially due to a lack of 
technologies to document family history and due to time 
limitations in the clinical routine. Therefore, a valid and 
intuitive tool for ascertaining and documenting family his-
tory would be useful33–35 to make use of the FamRS.

The results on the incident stroke events were incon-
sistent and differed from what would be expected given 
previous research.23 In the present study, however, no 
information on recurrent strokes was collected for those 
individuals who already had experienced a prevalent 
stroke event. Excluding prevalent cases in the incident 
analysis might have led to a selection bias due to selecting 
based on the risk factors profile. Furthermore, one might 
reasonably speculate that especially those with extraor-
dinary high familial or genetic risk experience a stroke 
event at younger age and are consequently overrepre-
sented in the prevalent stroke cases rather the incident 
ones. In line with that speculation, Marston et al20 showed 
that a GRS on ischemic stroke performed better in a pri-
mary prevention cohort than in subjects with previous 
stroke. In our study, incident stroke events occurred on 
average 10 years later than prevalent events. Therefore, 
older age and also accumulated risk factors over years 
might have diminished the predictive power of FamRS 
and PGS. Especially as, on average, one out of 4 stroke 
patients experiences more than one stroke event.36

We demonstrated that the information included in 
family history and FamRS is not necessarily driven by 

Figure 1. Density plot.
Density plot of the polygenic score (PGS; A) and Family Risk Score (FamRS; B) stratified by stroke yes (light red)/no (turquoise). The single 
humps for FamRS values >1 stand for single individuals, which all had a stroke and for which their respective PGS values are denoted. 
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genetics. The results indicated that the FamRS captures 
information not incorporated in the PGS and vice versa. 
Apart from shared genetic factors, the FamRS contains 
information on social determinants of health, behavior, 
and shared environment.34,37 Interestingly, the OR of the 
FamRS was not influenced by traditional risk factors. 
The OR of the PGS, however, decreased after inclusion 
of other risk factors. This is only surprising at the first 
glance. The PGS also incorporates GRS for several of the 
risk factors, which were adjusted for (body mass index, 
cholesterol, blood pressure, diabetes). That means, the 
PGS is one cause of those risk factors, which are causes 
for stroke themselves. Adjusting for those risk factors 
removes the indirect causal paths from the PGS to stroke. 
Thus, the risk factor adjusted analysis likely underesti-
mates the PGS effect. It will be relevant for future analy-
ses, to ascertain whether the effects of the FamRS would 
be diminished by including recognized behavioral and 
environmental risk factors such as air pollution, diet, and 
physical activity, which are not available in sufficiently high 
granularity and quality in the present study.38

Limitations and Strengths
To the best of our knowledge, this is the first analysis 
combining a genetic with a familial risk score, which is 

the major strength of this study. Furthermore, different 
family-related risk factors (eg, affected parents, affected 
relatives, and the FamRS) were systematically compared 
and the FamRS outperformed other measures of family 
history. As KORA F3 is a population-based study, it might 
more accurately represent the true familial and genetic 
susceptibility to stroke within a population than a case-
control study.39 The population-based nature of the study 
is also a limitation at the same time, since there are only 
few stroke cases, especially in the high risk groups. The 
analyses in the top 5% or even top 1% quantiles are 
to be taken with caution. It has also to be noted that all 
models, which are based on different upper thresholds of 
FamRS, PGS, and their combinations have not been pre-
defined and are of explorative nature. Results are pretty 
stable, though, and are confirmed by nonlinear splines 
in the extreme tails of the distribution. False discovery 
rates reassure the findings. There was no information 
on stroke subtypes for the prevalent events and also the 
FamRS did not take subtypes into account. This could 
lead to the mixing of different types of genetic mecha-
nisms and family structures in the analyses.

In population-based studies with low stroke preva-
lence, a relatively large proportion of self-reported 
strokes may be false positives. Therefore, results should 
be confirmed by replications.

Table 2.  Results of Logistic Regression Analysis

PGS No. stroke cases OR 95% CI P value

Model 1: Unadjusted

  Continuous 71 6.35 2.40–16.85 0.0002

  Top 20% 25 2.22 1.33–3.61 0.0016

  Top 10% 15 2.47 1.34–4.32 0.0023

  Top 5% 8 2.48 1.08–4.98 0.0181

Model 2: Adjusted for age and sex

  Continuous 71 5.15 1.90–14.10 0.0014

  Top 20% 25 2.01 1.19–3.29 0.0070

  Top 10% 15 2.32 1.24–4.12 0.0056

  Top 5% 8 2.60 1.11–5.37 0.0160

Model 3: As model 2 + BMI, hypertension, cholesterol, diabetes, smoker

  Continuous 71 3.39 1.12–10.36 0.0315

  Top 20% 25 1.67 0.94–2.88 0.0735

  Top 10% 15 2.04 1.01–3.84 0.0355

  Top 5% 8 2.04 0.75–4.63 0.1177

Model 4: As model 3 + FamRS

  Continuous 71 3.71 1.21–11.47 0.0218

  Top 20% 25 1.72 0.96–2.99 0.0580

  Top 10% 15 2.09 1.03–3.94 0.0307

  Top 5% 8 2.17 0.80–4.95 0.0901

The models 1 to 4 give OR and 95% CI for the variable PGS and PGS cat-
egories and risk of stroke with different adjustments as denoted in the table. 
The reference group for the categories are the lower 80%, 90%, and 95%. BMI 
indicates body mass index; FamRS, Family Risk Score; OR, odds ratio; and PGS, 
polygenic score.

Table 3.  Results of Logistic Regression Analysis

FamRS No. stroke cases OR 95% CI P value

Model 1: Unadjusted

  Continuous 71 1.48 1.09-1.90 0.0048

  Top 20% 21 1.70 0.99-2.81 0.0452

  Top 10% 12 1.86 0.94-3.37 0.0549

  Top 5% 9 1.66 0.76-3.22 0.1610

Model 2: Adjusted for age and sex

  Continuous 71 1.51 1.11-1.95 0.0039

  Top 20% 21 1.68 0.97-2.82 0.0533

  Top 10% 12 1.90 0.95-3.52 0.0511

  Top 5% 9 1.63 0.74-3.21 0.1880

Model 3: As model 2 + BMI, hypertension, cholesterol, diabetes, smoker

  Continuous 71 1.48 1.07-1.93 0.0080

  Top 20% 21 1.66 0.92-2.87 0.0800

  Top 10% 12 1.80 0.86-3.45 0.0946

  Top 5% 9 1.47 0.63-3.04 0.3340

Model 4: As model 3 + PGS

  Continuous 71 1.52 1.10-2.00 0.0050

  Top 20% 21 1.66 0.92-2.88 0.0797

  Top 10% 12 1.82 0.87-3.50 0.0890

  Top 5% 9 1.51 0.64-3.13 0.3010

The models 1 to 4 give OR and 95% CI for the variable FamRS and FamRS 
categories and risk of stroke with different adjustments as denoted in the table. 
The reference group for the categories are the lower 80%, 90%, and 95%. BMI 
indicates body mass index; FamRS, Family Risk Score; OR, odds ratio; and PGS, 
polygenic score.D
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Another limiting factor is that all participants are from 
European-ancestry and live in close geographic proximity 
in Germany. Previous research demonstrated that scores 
derived from genome-wide association studies with only 
European participants are biased due to genetic drifts 
found in different populations.40

Conclusions
To conclude, we could demonstrate that the FamRS and 
PGS were independently and significantly associated 
with stroke. The FamRS included more than the genetic 
information as captured by the PGS, while the PGS 
included information different from those in the FamRS. 
Therefore, even in light of SNP-microarrays, which are 

inexpensive and make the use of polygenic scores fea-
sible even in clinical settings, collecting family history and 
calculating a sophisticated and weighted family score, 
as the proposed FamRS, could increase accuracy. More 
efforts should be put into developing an easy-to-handle 
and reliable tools for ascertaining family history.
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