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The confounding effect of cryptic relatedness for environmental risks of systolic bl
ood pressure on cohort studies.
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We investigated the confounding effect of unadjusted cryptic relatedness (CR) amon
g a rural cohort in the relationship between environmental risk factors (body mass index, smoking status,
alcohol consumption) and systolic blood pressure (SBP). We applied the methods of population-based whole-g
enome association studies for the analysis of the genome-wide SNP data in 1622 subjects, and detected 20.2
% CR in this cohort population. In conclusion, we found a confounding effect of CR in the relationship bet
ween SBP and environmental risk factors was not negligible. In our study, we showed that heritability for
liability might reflect on the estimation of regression coeffients between SBP and environmental risk fact
ors, because they vary with environmental risk factors that differ across some unsuspected relatedness.
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Figure 1. Plot of the relationship between total 1622 subjects with
an identity by descent (IBD) probability with regard to an identity by
state (BS) distance; y-axis and x-axis describe IBD probability and 1BS
distance, respectively.
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Figure 2. Plot of the relationship between 1291 subpcts with an
dentity by descert (IBD) probability with regard to an identity by state
(18S) distance after which is removed a oyptic relatedness of 326
subpcts with an BD probabity >14 (i.e., monozygotc twirs,
dizygotic twins, fullsits, parent-offspring half-siblings, grandparent,
grandchild, auntunde, and niecenephew); y-axs and x-axs describe
BD probabiity and BS dstance, respectively.

Table 1. Results of the regression coefficients between systalic blood
pressure and environmental risk factors in the sample with and with-
out cryptic relatedness (CR): sample size 1039, ratio of CR to the pop-
ulation 20.2%, population prevalence 25%, heritability for liability
14.3%, prevalence in the subpopulation without CR 26%, prevalence

in CR 26%.
Standard
Estimated error tvalue  Pri>|t)

Intercept

Sample with CR' 8252 5.15 1603 <2e'®

Sample without CR>  77.11 5.49 1406 <2e'®
BMI

Sample with CR 1.31 0.14 930 <e'®

Sample without CR 1.36 0.16 834 323"
Alcohal consumption

Sample with CR ~0.80 1.51 -053 0.60

Sample without CR 042 1.61 -026 0.79
Smoking status

Sample with CR ~0.66 0.71 -093 035

Sample without CR ~ —0.02 1.05 -002 098
Age

Sample with CR 038 0.07 543 6.86e %

Sample without CR 0.41 0.05 799 462"
Gender

Sample with CR -3.09 1.04 -297  0.003

Sample without CR ~ ~2.46 1.01 -244 001

'Size of sample with CR was 1039 subjects. From the sampling data
with CR, equation (1) in Results were found. Adjusted R-

squared = 0.14.

2Size of sample without CR was 829 subjects. From the sampling data
without CR, equation (2) in Results were found. Adjusted R-

squared = 0.15.

Table 2. Results of the regression coefficients between systolic blood
pressure and environmental risk factors in the sample with and with-
out cryptic relatedness (CR): sample size 400, ratio of CR to the popu-
lation 52.5%, population prevalence 40%, heritability for liability
24.2%, prevalence in the subpopulation without CR 55%, prevalence
in CR 26%.

Standard
Estimated  error t-value  Pr>|t)

Intercept

Sample with CR' 141.04 552 2556 <2e'®

Sample without CR>  145.97 1.67 8740 <26
BMI

Sample with CR ~0.12 0.15 ~-0.76 045

Sample without CR 0.04 0.05 079 043
Alcohol consumption

Sample with CR -6.11 1.81 ~3.37 0.0008

Sample without CR 128 0.56 230 0.022
Smoking status

Sample with CR 534 07 757 269 "

Sample without CR -0.39 0.25 -159 on
Age

Sample with CR -0.040 0.082 -048 063

Sample without CR ~-0.13 0.02 -547 1.44e7
Gender

Sample with CR ~1.24 1.13 -1.10 027

Sample without CR ~0.92 0.32 ~-286 0.004

'Size of sample with CR was 400 subjects. From the sampling data
with CR, equation (3) in Results were found. Adjusted
R-squared = 0.25.
%size of sample without CR was 190 subjects. From the sampling data
without CR, equation (4) in Results were found. Adjusted
R-squared = 0.16.



Table 3. Results of the regression coefficients between systolic blood
pressure and environmental risk factors in the sample with and with-
out cryptic relatedness (CR): sample size 400, ratio of CR to the popu-
lation 52.5%, population prevalence 50%, heritability for liability
14.3%, prevalence in the subpopulation without CR 76.3%, preva-
lence in CR 26%.

Standard
Estimated  error t-value  Pr(>|tf)

Intercept

Sample with CR' 13537 577 2347 <t

Sample without CR® 13668  2.09 6534 <2 't
BMI

Sample with CR 007 0.6 046 064

Sample without CR 006 005 111027
Alcohol consumption

Sample with CR -1234 200 -616 177

Sample withowt CR ~ ~7.75 081 -954 <6
Smoking status

Sample with CR 415 074 562 360e %

Sample without (R~ -232 032 123 124"
Age

Sample with CR 017 009 189 0.06

Sample without CR 027 003 784 356"
Gender

Sample with CR -1.13 118 -095 034

Sample without CR 011 041 027 079

'Size of sample with CR was 400 subjects. From the sampling data
with CR  equation (5) in Results were found. Adjusted
R-squared = 0.24.
Size of sample without CR was 190 subjects. From the sampling data
without CR, equation (6) in Resuts were found. Adjusted
R-squared = 0.42.

Table 4. Results of the regression coefficients between systolic blood
pressure and environmental risk factors in the sample with and with-
out cryptic relatedness (CR): sample size 500, ratio of CR to the popu-
lation 42%, population prevalence 40%, heritability for liability
22.1%, prevalence in the subpopulation without CR 50%, prevalence
in CR 26%.

Standard
Estimated  error tvalue  Pr(>|t)

Intercept

Sample with CR' 137.18 491 2792 <2 '®

Sample without CR® 14155 2.9 4726 <2¢7'®
BMI

Sample with CR 004 014 029 077

Sample without CR 009 008 111027
Alcohol consumption

Sample with CR -947 1.59 -594 547¢°%®

Sample without CR ~ -534  1.00 -535 4267
Smoking status

Sample with CR 347 064 545 8.10e"%®

Sample without CR~ ~2.30 0.44 -5.18 4.26e”"
Age

Sample with CR 010 007 134 018

Sample without CR 0.1 0.0 239 0018
Gender

Sample with CR -0.95 1.10 -094 035

Sample without vCR ~ ~1.10  0.60 -183 007

Table 5. Results of the regression coefficients between systolic blood
pressure and environmental risk factors in the sample with and with-
out cryptic relatedness (CR): sample size 500, ratio of CR to the popu-
lation 42%, population prevalence 50%, heritability for liability
31.7%, prevalence in the subpopulation without CR 67.2%, preva-
lence in CR 26%.

Standard
Estimated  error tvalue  Pri>|t)

Intercept

Sample with CR' 13015 551 2362 et

Sample without CR* 12816  3.92 R73 e
BMI

Sample with CR 017 015 113 026

Sample without CR 02 010 213 003
Alcohol consumption

Sample with CR ~16.61 1.67 -995 et

Sample without CR ~ ~8.11 1.24 -653 299 '°
Smoking status

Sample with CR 258 071 363 0.0003

Sample without CR ~ -2.87  0.65 -440 153
Age

Sample with CR 039 008 491 1.21e™*

Sample without CR 042 005 772 1.9 "
Gender

Sample with CR -1.4 109 -133 019

Sample without CR ~ ~1.29  0.72 -1.79  0.08

'Size of sample with CR was 500 subjects. From the sampling data
with CR, equation (9) in Results were found. Adjusted
R-squared = 0.21.
%Size of sample without CR was 290 subjects. From the sampling data
without CR, equation (10) in Results were found. Adjusted
R-squared = 0.24.
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'Size of sample with CR was 500 subjects. From the sampling data
with CR, equation(7) in Results were found. Adjusted
Rsquared = 0.19.
%Size of sample without CR was 290 subjects. From the sampling data
without CR, equation (8) in Results were found. Adjusted
Rsquared = 0.16.
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