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Rapport de syntheése

Strength of family history predicting levels of blood pressure, plasma glucose and
cholesterol

Valeur de ’anamnése familiale pour la prédiction du niveau de tension artérielle, de la
glycémie a jeun et du cholestérol.

L’histoire familiale refléte non seulement la susceptibilité génétique d’un individu & certaines
maladies mais également ses comportements et habitudes, notamment partagées au sein d’une
famille. L’hypertension artérielle, le diabéte et ’hypercholestérolémie sont des facteurs de
risque cardio-vasculaire modifiables hautement prévalent. L’association entre 1’histoire
familiale d’hypertension artérielle ou de diabéte et le risque accru de développer de
I’hypertension artérielle ou du diabéte, respectivement, a été préalablement établie. Par contre,
le lien entre I’histoire familiale de facteurs de risque cardio-vasculaire et les traits continus
correspondants n’avaient jamais ét¢ mis clairement en évidence. De méme, la signification
d’une histoire familiale inconnue n’avait jusqu’alors pas été décrite.

Ce travail, effectué dans le cadre de 1’étude Colaus (Cohorte Lausannoise), une cohorte
regroupant un échantillon composé de 6102 participants adgés de 35 & 75 ans sélectionnés au
hasard dans la population lausannoise, a permis de décrire en détail la relation entre 1’histoire
familiale des facteurs de risque cardio-vasculaires et les trait correspondants dans la
population étudiée.

Les différentes analyses statistiques ont permis de mettre en évidence une relation forte entre
I’histoire familiale d’hypertension artérielle, de diabéte ainsi que de ’hypercholestérolémie et
leurs traits dichotomique et continu correspondants. Les anamnéses des fréres et sceurs avaient
des valeurs prédictives positives plus élevées que les anamnéses parentales. Ceci signifie que
les programmes de dépistage ne prenant en compte que 1’histoire familiale des fréres et sceurs
seraient probablement plus efficaces que ceux qui comportent 1’évaluation des anamnéses
paternelle et maternelle.

Plus de 40% des participants ignoraient 1’histoire familiale d’hypertension d’au moins un des
membres de leur famille. Ceux-ci avaient des valeurs de tension artérielle systolique plus
élevées que ceux dont I’histoire familiale était négative, permettant de souligner la valeur
prédictive du fait de ne pas connaitre I’histoire familiale d’hypertension artérielle. Ces
résultats montrent également que, lors d’analyses de la relation entre I’anamnése familiale de
facteurs de risque cardiovasculaires et leurs traits correspondants, les participants donnant des
réponses négatives doivent étre distingués de ceux qui ne connaissent pas leur anamnése
familiale.

Les résultats de cette étude confirment la place centrale qu’occupe I’anamnése familiale dans
I’évaluation du risque cardio-vasculaire auprés de la population générale. L importance de cet
outil prédictif simple et bon marché ne va cesser d’augmenter avec la disponibilité croissante
d’information génétique détaillée pour les maladies cardiovasculaires communes.
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Abstract

Objective: Limited information is available on the quantita-
tiverelationship between family history and the correspond-
ing underlying traits. We analyzed these associations for
blood pressure, fasting blood glucose, and cholesterol lev-
els. Methods: Data were obtained from 6,102 Caucasian par-
ticipants (2,903 men and 3,199 women) aged 35-75 years
using a population-based cross-sectional survey in Switzer-
land. Cardiovascular disease risk factors were measured, and
the corresponding family history was self-reported using a
structured questionnaire. Results: The prevalence of a posi-
tive family history (in first-degree relatives) was 39.6% for hy-
pertension, 22.3% for diabetes, and 29.0% for hypercholes-
terolemia. Family history was not known for at least one
family member in 41.8% of participants for hypertension,
14.4% for diabetes, and 50.2% for hypercholesterolemia. A
positive family history was strongly associated with higher
levels of the corresponding trait, but not with the other
traits. Participants who reported not to know their family

history of hypertension had a higher systolic blood pressure
than participants with a negative history. Sibling histories
had higher positive predictive values than parental histories.
The ability to discriminate, calibrate, and reclassify was best
for the family history of hypertension. Conclusions: Family
history of hypertension, diabetes, and hypercholesterol-
emia was strongly associated with the corresponding di-
chotomized and continuous phenotypes.

Copyright © 2009 S. Karger AG, Basel

Family history not only captures genetic susceptibility
to a specific disease but also behaviors and life styles that
are shared across members of the same family. Hyper-
tension, diabetes mellitus, and hypercholesterolemia are
highly prevalent modifiable cardiovascular risk factors
that are known to aggregate in families [1-3]. A positive
family history of hypertension or diabetes is an indepen-
dent risk factor for hypertension [4] or diabetes [3, 5-8],
respectively. Whether a positive family history of hyper-
cholesterolemia is able to capture any familial aggrega-
tion and hence represents an independent risk factor for
the disease is more controversial, as it has been reported
in some studies [3, 9, 10] but not in others [11, 12].

KARGER © 2009 S. Karger AG, Basel
1662-4246/09/0000-0000$26.00/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch

wwiwkarger.com

Accessible online at:
www.karger.com/phg

Prof. Murielle Bochud, MD, PhD

Community Prevention Unit

Institute of Social and Preventive Medicine

Rue du Bugnon 17, CH~-1005 Lausanne (Switzerland)

Tel, +41 21 314 08 99, Fax +41 21 314 73 73, E-Mail Murielle. Bochud@chuv.ch



Although numerous studies have analyzed the risk of
cardiovascular disease associated with a positive family
history of risk factors, considerably less data are available
on the relationship between a positive family history and
the corresponding level of the continuous trait [10, 13].
This is especially true for hypercholesterolemia in adults,
with little population-based data available on family his-
tory [10, 14]. In addition, data on the cardiovascular risk
of subjects who report not to know their family history of
hypertension, diabetes, and/or hypercholesterolemia are
scarce [13, 15, 16].

We took advantage of the CoLaus study to explore in
more detail the relationship between family history and
related traits. The CoLaus study is a population-based
study aiming at unraveling the genetic determinants of
cardiovascular risk factors [17]. We analyzed (1) the rela-
tionship between the family history of hypertension, dia-
betes, or hypercholesterolemia and the corresponding
continuous phenotype in a large population-based study,
(2) whether knowledge of a specific family history was
associated with the corresponding phenotype and hence
with cardiovascular risk, and (3) whether personal aware-
ness of hypertension, diabetes, or hypercholesterolemia
changed these associations.

Subjects and Methods

Study Population

Recruitment began in June 2003 and ended in May 2006. The
complete list of Lausanne inhabitants aged 35-75 years (n =
56,694) was provided by the population registry of the city. A sim-
ple non-stratified random sample of 35% of the overall population
was drawn. Inclusion criteria were: (a) written informed consent,
(b)aged 35-75 years, (c) available examination and blood sample,
and (d) Caucasian descent. Of the 6,188 participants, we excluded
86 subjects because they were adopted (n = 62), or because of miss-
ing blood pressure (n = 6), laboratory (n = 11), questionnaire (n =
5), and anthropometric (n = 2) data, leaving 6,102 for the main
analyses. The study was approved by the Ethics Committee of the
Faculty of Biology and Medicine of Lausanne. In Switzerland
health insurance is mandatory, and access to health cave is uni-
versal. Therefore, every inhabitant has easy access to cardiovas-
cular screening. In Lausanne the screening guidelines are based
on the US Preventive Services Task Force guidelines [18].

Questionnaire Data

Trained health professionals used a standardized question-
naire on socio-demographic characteristics and family history.
Subjects were asked questions about hypertension, diabetes, and
hypercholesterolemia in their father, mother, and siblings. The
following questions were asked: Ts your father still alive?’, ‘Does
(did) your father have hypertension?’, ‘If yes, at what age was hy-
pertension diagnosed?’, ‘Does (did) your father have diabetes?’,
‘Does (did) your father have elevated cholesterol levels?’. Possible
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answers were ‘yes, ‘no’, and ‘don’t know’. The same questions were
asked for the mother’s history. ‘Do you have siblings?’, ‘If yes, how
many siblings do you have?’, ‘How many of your siblings suffer
from hypertension? Diabetes? Hypercholesterolemia?’. A “don’t
know’ answer could be provided. For awareness, the following
questions were asked: ‘Did a medical doctor ever tell you that you
have elevated blood pressure (hypertension)?, “Were you ever told
that you have diabetes? Hypercholesterolemia?’. Definitions of
hypertension, diabetes, or hypercholesterolemia were not provid-
ed to participants. None of the subjects who reported not to have
diabetes or hypertension reported to be treated for hypertension
or diabetes. We included the 44 participants who reported not to
have hypercholesterolemia but were treated with statins in the
group of persons unaware of being affected.

Assessment Process and Data Collection

Participants attended the outpatient clinic of the University
Hospital of Lausanne (CHUV) in the morning after an overnight
fast. For the purpose of the present analysis, smoking was defined
as present if a participant reported to be a current smoker at the
time of examination; alcohol consumption was defined as present
for participants reporting to drink alcohol at least once a day.
Body mass index (BMI) was defined as weight divided by height
in meter squared. Blood pressure and heart rate were measured 3
times on the left arm after at least 10 minutes rest in the seated
position using a clinically validated automatic oscillometric de-
vice (Omron HEM-907, Matsusaka, Japan) [19] with an appropri-
ately sized cuff. The average of the 2nd and 3rd readings was used
for analyses. Hypertension was defined as a mean systolic blood
pressure =140 mm Hgand/or a diastolic blood pressure =90 mm
Hg and/or presence of anti-hypertensive drug treatment. A ve-
nous blood sample was collected from each participant under
fasting conditions. Blood tubes were centrifuged at 1,500 rpm for
10 min at 4°C within 2 h of admission. The CHUV Clinical Lab-
oratory, which is ISO 9001 certified and regularly checked by the
Swiss Centre for Quality Control, conducted all measurements in
a Modular P apparatus (Roche Diagnostics, Switzerland). Glucose
and blood lipids were measured using standard laboratory meth-
ods. Diabetes was defined as a fasting blood glucose =126 mg/dl
or presence of any antidiabetic drug (including insulin). Two def-
initions were used for hypercholesterolemia. The first was de-
fined as a fasting blood cholesterol =242 mg/dl or under lipid
lowering treatment. The second definition took into account fast-
ing LDL-cholesterol values =161 mg/dl or =101 mg/d! in par-
ticipants at high risk of cardiovascular diseases (i.e., a history of
myocardial infarction, stroke, coronary artery disease, or diabe-
tes) or under lipid lowering treatment.

Statistical Analyses

Statistical analyses were performed using Stata 9.2 (Stata Corp.,
College Station, USA). Quantitative data were expressed as mean
+ gtandard deviation or as median and interquartile range. We
conducted multiple linear regressions using (1) systolic blood pres-
sure, (2) fasting blood glucose, and (3) fasting serum cholesterol
levels as the dependent variables. For all traits, the values of the
dependent variables and the residuals of the regression models
were approximately normally distributed. For age- and sex-adjust-
ed models we used F tests to compare adjusted means between
groups. For full models, age, sex, education level, smoking status,
alcohol consumption, weight, height, and treatment (coded as 0/1
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for the absence/presence of current antihypertensive drugs for hy-
pertension, lipid lowering drugs for hypercholesterolemia, and an-
tidiabetic drugs for diabetes) were added as covariates in the mod-
els. We conducted regression diagnostics to assess non-linearity
and heteroscedasticity. We tested for collinearity using the ‘collin’
function in Stata. We did not systematically test all two-way inter-
actions but conducted separate analyses by sex. In addition, we as-
sessed whether any of the family history was associated with sys-
tolic and diastolic blood pressure, fasting glucose, and total choles-
terol using multiple linear regressions (e.g., whether a positive
family history of hypertension was associated with higher fasting
blood glucose, etc.). To assess the influence of outlier observations,
we conducted sensitivity analyzes using continuous traits win-
sorized at percentiles 1 and 99 (i.e,, replacing values lying away
from percentiles 1 or 99 by percentiles 1 or 99, respectively). Fam-
ily history of cardiovascular risk factors in siblings was considered
as ‘don’t know’ when the history of at least one sibling was un-
known. We also conducted separate analyses for men and women,
for treated and untreated subjects, and used a definition for a fam-
ily history of hypertension that took into account the age of diag-
nosis of hypertension in the parent. After excluding ‘don’t know’
responses, we conducted multiple logistic regressions adjusted for
age, sex, educational level, BMI, smoking, and alcohol consump-
tion to measure the association between a positive family history
and the risk of the corresponding dichotomized risk factor. Wealso
conducted these latter analyses using the combined negative and
‘don’t know’ responses as a reference group. We also estimated the
ability of family history (1) to discriminate the dichotomized risk
factor using area under the curve (AUC), (2) to calibrate the risk
factor using the Hosmer-Lemeshow test, and (3) to reclassify the
dichotomized risk factor using the net reclassification index [20].
Separate linear and logistic regression analyses including only par-
ticipants who were unaware of their own disease status (i.e., hyper-
tension, diabetes, and/or hypercholesterolemia) were also con-
ducted. After excluding ‘don’t know’ responses, we also calculated
the sensitivity, specificity, and positive and negative predictive val-
ues of the family history to predict the corresponding disease in
participants, including exact binomial confidence intervals.

Results

Participants’ Characteristics

Participants’ characteristics are listed in table 1. Differ-
ences between men and women were statistically signifi-
cant for all variables except for total cholesterol levels (p =
0.09) and personal history of stroke (p = 0.10). Women had
lower education levels and were less frequently treated for
hypertension, diabetes, and/or dyslipidemia than men.
Men had higher levels of systolic and diastolic blood pres-
sure, fasting blood glucose and triglyceride, and a lower
HDL-cholesterol level than women, whereas total choles-
terol levels were similar in men and women. The preva-
lence of hypertension, diabetes, and hypercholesterol-
emia (1st and 2nd definitions, see Subjects and Methods)
was 35.7%, 6.2%, 33.8%, and 22.9%, respectively.

Cardiovascular Family History

Prevalence of Positive and Unreported (‘Don’t Know’)

Family History

36% of the fathers and 56% of the mothers of the par-
ticipants were reported to be alive at the time of the in-
terview. The prevalence of a positive family history (fa-
ther, mother, and/or siblings) was 39.6% for hypertension,
22.3% for diabetes, and 29.0% for hypercholesterolemia.
The prevalence of a positive paternal, maternal, and sib-
ling history was 16.5%, 23.9%, and 12.9% for hyperten-
sion, 9.0%, 10.5%, and 6.5% for diabetes, and 13.9%,
12.7%, and 10.0% for hypercholesterolemia, respectively
(table 2). The prevalence of ‘don’t know’ responses for at
least one family member was 41.8% for hypertension,
14.4% for diabetes, and 50.2% for hypercholesterolemia.
The paternal, maternal, and sibling history was reported
not to be known by 30.3%, 19.1%, and 16.5% of the par-
ticipants for hypertension, 8.7%, 4.5%, and 5.7% for dia-
betes, and 38.2%, 29.6%, and 22.0% for hypercholesterol-
emia, respectively (table 2).

Association of a Positive Family History with

Corresponding Cardiovascular Risk Factors

Age- and sex-adjusted systolic blood pressure was
higher in participants with a positive family history of
hypertension than in participants with a negative or un-
reported history. Similar observations were made for
fasting blood glucose and family history of diabetes, as
well as for fasting total cholesterol levels and family his-
tory of hypercholesterolemia (table 2). Results were simi-
lar for diastolic blood pressure (data not shown). In mul-
tiple linear regressions adjusting for age, sex, treatment,
BMLI, educational level, smoking, and alcohol consump-
tion a positive family history was also independently as-
sociated with the corresponding trait (i.e., blood pres-
sure, fasting blood glucose, and cholesterol) (data not
shown). The systematic associations of a positive family
history with increased cardiovascular risk factor were
specific to the corresponding trait (i.e., family history of
hypertension was associated with increased blood pres-
sure but not with increased fasting blood glucose or cho-
lesterol).

Association of Unreported Family History with

Corresponding Cardiovascular Risk Factors

Participants unable to report on their family history
(father, mother, or siblings) of hypertension had a higher
systolic blocd pressure than those with a negative history
(table 2). The same association was observed for fasting
glucose levels and a missing history of diabetes, although
it did not reach statistical significance in siblings. Par-
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Table 1. Participants’ characteristics overall and by sex

Total Men Women
(n=6,102) (n = 2,903) (n=3,199)

Age (years) 53.0£10.9 52.6 %109 53.5+10.7
Education level (%)

Less than high school 20.7 17.4 23.8

Apprenticeship 36.9 379 36.0

High school /GED 23.8 22,7 24.8

More than high school 18.5 22.0 15.4
Antihypertensive treatment (%) 18.1 19.9 16.5
Anutidiabetic treatment (%) 3.7 5.5 2.0
Lipid lowering treatment (%) 11.5 14.2 9.0
Current smoker (%) 26.7 29.1 24.9
Daily alcohol drinker (%) 25.4 36.0 15.7
Weight (kg) 73.6 £15.0 81.,5+13.2 66.4+£12.8
Height (cm) 168.6+9.3 175,073 162.8+6.7
Body mass index (kg/m?) 25.8+14.5 26.6+4.0 25.1+48
Hypertension (%) 35.7 42.0 30,1
Diabetes (%) 6.2 9.3 8.1
Hypercholesterolemia 1 (%)? 33.8 35.1 32.6
Hypercholesterolemia 2 {%)° 22.9 26.9 19.4
SBP (mm Hg) 128.2£17.9 1321 16.6 124.7 +18.3
DBP (mm Hg) 79.3+10.8 81.3+10.7 77.5+£10.6
Glucose (mg/dl) 99.9420.5 104.0 £ 21.8 96.1+18.4
Total cholesterol (mg/dl) 218.0+40.2 216.8£40.6 218.8+39.8
HDL-cholesterol (mg/dl) 63.6+17.2 56.2 £ 14.0 70.6 +16.8
Triglycerides (mg/dl) 123,7 £ 105.0 147.7 £ 136.2 103.2£57.9
Personal history

Acute myocardial infarction (n) 97 75 22

Stroke (n) 70 39 31

Data are means £ SD, unless stated otherwise. Differences between men and women were statistically sig-
nificant for all variables except for total cholesterol levels (p = 0.09) and personal history of stroke (p = 0.10).
SBP = Systolic blood pressure; DBP = diastolic blood pressure

 Hypercholesterolemia was defined as a fasting blood cholesterol 2242 mg/dl or under lipid lowering treat-

ment,

b Hypercholesterolemia was defined as a fasting LDL-cholesterol 2161 mg/dl or 2101 mg/dl in participants
at high risk of cardiovascular diseases (i.e., a history of myocardial infarction, stroke, coronary artery disease,
or diabetes) or under lipid lowering treatment,

ticipants with an unreported family history of hypercho-

lesterolemia had cholesterol levels similar to those of par-
ticipants with a negative family history.

Association of the Number of Positive Family Histories

with Cardiovascular Risk Factors

After adjusting for age, sex, educational level, BMI,
smoking, alcohol consumption, and treatment, mean
systolic blood pressure, fasting glucose, and cholesterol
levels linearly increased with an increasing number of
first-degree relatives with a positive history of hyper-
tension, diabetes, or hypercholesterolemia, respectively

4 Public Health Genomics

(fig. 1). The three risk factors were significantly higher
with every added positive family history (p <0.001). Par-
ticipants who did not know their family history (n =
2,917) were excluded from these analyses in order to com-
pare positive with negative responses only.

Association of the Number of Unreported Family

Histories with Continuous Cardiovascular Risk

Factors

The same approach was used to determine differences
in mean systolic blood pressure, glucose, and cholesterol
level when considering the number of ‘don’t know’ re-
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Table 2, Age- and sex-adjusted systolic blood pressure, fasting glucose, and total cholesterol levels by family history status

Father Mother Siblings
no don’tknow yes no don’t know yes no don’t know yes
History of hypertension
n (%) 3,250 (53.3) 1,848 (30.3) 1,004 (16.5) 3,479 (57.0) 1,167 (19.1) 1,456 (23.9) 3,825(70.5) 897 (16.5) 702 (12.9)
Age (years) 52.0%0.2 56.1 £0.2% 507 +0.3M¢ 52.0£0.2 57.2402* 523%0.3¢ 51.1%0.2  565+0.3* 57.4%04°
SBP (mm Hg) 1271403 1288404 131.0%05>¢ 127.0£0.3 129.1£05 130.6%0.45¢ 127.1£03 1291405 132.4£0.6"¢
Glucose (mmol/l) 552%0.02 5.60x0.03* 5.50% 0.03 5.52%0.02 5.61%£0.03* 556%0.03 553+0.02 557£0.04 559X0.04
Cholesterol (mmol/l) 5.59+0.02 5.60+0.02 5.54%0.03 5.57%0.02 560%£003 560+03 5.58%£0.02 5.60£0.03 550£0.04°
History of diabetes
n (%) 5,025 (82.4) 530(8.7) 547 (9.0) 5,189 (85.0) 275 (4.5) 638 (10.5) 4,763 (87.8) 308 (5.7) 353 (6.5)
Age (years) 529402  569%05° 505+£05%°  527%0.0 582%0.6° 537x£04°¢ 521202 57.6%0.6" 583:%0.6
SBP (mm Hg) 128.1£0.2 1293x07 1287x0.7 128.0+£0.2 130.0£09* 1292%06 1278402 130.0%09° 130.0£0.8°
Glucose (mmol/l) 5514002 5.68+0.05 5.76%0.05" 5504002 565007 5862004>¢ 550+0.02 5611006 6.06+0.06™¢
Cholesterol (mmol/l) 5.59+0.01 5591004 5.55+0.04 559%0.01 547x006 5.63£0.04¢ 5.57%£0.01 549%0.06 5.63%0.05
History of hypercholesterolemia
n (%) 2,924 (47.9) 2,329 (38.2) 849 (13.9) 3,524 (57.8) 1,804 (29.6) 774 (12.7) 3,684 (67.9) 1,195 (22.0) 545 (10.0)
Age (years) 52302 559102 47.6%204bC 52202  561:402' 494%04bc 513%0.2  565X03% 550%04bc
SBP (mm Hg) 1276203 1288%0.3* 129.1£05° 127.7£0.3 1293%04* 1284*06 127.7+£0.3  129.5%+0.5* 128.1%0.7
Glucose (mmol/l) 554%0.02 556+0.02 555+0.04 55240.02 5581003 5.62+004" 553+0.02 5.58+0.03 5.60%0.05
Cholesterol (mmol/l) 5.56+0.02 557002 572%0,04%¢ 556+0.02 5591002 568+0.040¢ 5554002 5.57+0.03 574%0.04b¢
Data are means * SE. SBP = Systolic blood pressure,
 p < 0.05 for the difference between ‘don’t know’ and ‘no’ responses.
" p < 0.05 for the difference between ‘yes’ and ‘no’ responses.
¢ p < 0.05 for the difference between ‘yes’ and ‘don’t know’ responses.
134 — = 647
Q
132 T E 6.2 T
130 -| p <0.001 3 60 p<0.001 .
E 128 4 8 5.8
E T 3
% 126 — g 6.6 T
7] T o
124 — S 54
2
122 -| £
1,692 1,006 352 135 g 527
120 e 3,603 956 135 24
I T T 1 5.0 | | |
0 1 2 3 0 1 o 3
a Number of relatives with hypertension b Number of relatives with diabetes
= 6.4
£
£ 6.2
S 6.0 p<0.001
L
8 5.8+
[s]
5 5.6 —
o E3
8 5.4+
Fig. 1. Quantitative relationships between the number of relatives = )
with a positive hi.story of hypertension (a), .diabetes (b)3 and h}f— = 5 1713 749 190 68
percholesterolemia (¢) and the corresponding underlying trait. J 5.0 -+ | | T :
Traits are adjusted for age, sex, BMI, alcohol consumption, smok- 0 1 2 3
ing, treatment, and education level. ‘Don’t know’ responses were - c Number of relatives with hypercholesterolemia
excluded.
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Table 3, Risk of hypertension, diabetes, or hypercholesterolemia associated with a positive family history

Unadjusted Age- and sex-adjusted Fully adjusted 1 Fully adjusted 2
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Hypertension (1) (3,196) (3,196) (3,185) (5,424)
Father history 1.41 1.19-1.68 191 1.58-2.33 2.16 1.75-2.66 1.61 1.30-2.02
Mother history 1.63 1.39-1.93 2.12 1.76-2.55 2.10 1.72-2.55 1.45 1.19-1.76
Sibling history 3.38 2.76-4.14 2.85 2,28-3.56 2.73 2.15-3.47 1.54 1.20-1.97
Number of relatives ‘

0 1.00 1.00 1.00 1.00

1 1.37 1.15~-1.62 1.79 1.48-2.18 1.94 1.58-2.39 1.40 1.16-1.68

2 2.25 1.77-2.85 2.98 2.28-3.90 3.08 2.31-4.10 1.51 1.10-2.07

3 . 5.79 3,99-8.40 6.92 4.58-10.46 6.79 4.40-10.49 2.95 1.83-4.79
Diabetes (n) (4,722) (4,722) (4,718) (5,424)
Father history 2.14 1.51-3.02 2.77 1.93-3.98 2.80 1.91-4.10 2.03 1.40-2.94
Mother history 2.68 1.95-3.67 2.85 2.05-3.97 2.70 1.90-3.83 2.63 1.93-3.58
Sibling history 4.59 3.28-6.41 4.00 2.81-5.70 3.34 2.29-4.85 2.83 2.01-3.97
Number of relatives

0 1.00 1.00 1.00 1.00

1 2.74 2.05-3.65 3.01 2.23-4,07 2.95 2.16-4.05 2.45 1.86-3.23

2 5.30 3.22-8.74 5.36 3.15-9.12 3.92 2.23-6.90 3.09 1.84-5.18

3 17.26 7.41-40.24  20.25 8.37-48.98 18.22 7.26-45.73 17.06 7.69-37.86
Hypercholesterolemia (n) (2,727) (2,727) (2,720) (5,424)
Father history 1.20 0.99-1.46 1.80 1.45-2.22 1.93 1.55-2.40 1.51 . 1.24-1.84
Mother history 1.08 0.86-1.34 1.40 1.11-1.77 1.39 1.10-1.77 1.16 0.94-1.43
Sibling history 2.12 1.66-2.72 2.11 1.62-2.74 1.96 1.50-2.56 1.42 1.14-1.78
Number of relatives

0 1.00 1.00 1.00 1.00

1 1.13 0.94-1.36 1.59 1.30-1.96 1.66 1.35-2.05 1.27 1.18-1.51

2 1.39 1.01-1.91 1.98 1.41-2.76 1.92 1.36-2.70 1.54 1.13-2.09

3 3.73 2.78-6.12 5.06 3.02-8.50 4,97 2.92-8.45 2.77 1.66-4.64

OR = Odds ratio; 95% CI = 95% confidence interval.

Data are results from multiple logistic regression models using either negative histories (fully adjusted 1) or negative and ‘don’t
know” histories (fully adjusted 2, n = 5,424) as the reference group. Fully adjusted models included the use of age, sex, education level,
body mass index, smoking, and alcohol consumption as covariates,

sponses, using the same multivariable adjustment (fig. 2).
Positive responses were excluded in order to compare
negative with ‘don’t know’ responses only, reducing the
sample size to 3,803 participants. Systolic blood pressure
was higher with every additional ‘don’t know’ response,
with statistically significant (p < 0.05) differences be-
tween 0 and 2, and 0 and 3 unreported histories. No such
association was found with the other risk factors.

Association of a Positive Family History with the Risk

of the Dichotomized Cardiovascular Risk Factors

A positive history of hypertension in the father, the
mother, or siblings increased the risk of hypertension by
approximately 50% in fully adjusted models (table 3).
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With a corresponding family history, the risk of diabetes
increased by about 150%. By contrast, a maternal history
of hypercholesterolemia was not associated with in-
creased risk of hypercholesterolemia in the subject. Using
an alternate definition of hypercholesterolemia by taking
only LDL-cholesterol values into account did not change
those results significantly but tended to weaken the as-
sociations between family history and hypercholesterol-
emia. There was a trend toward increased risk of hyper-
tension, diabetes, and hypercholesterolemia with an in-
creasing number of first-degree relatives with a positive
history. This trend was the strongest for diabetes. For
-each trait, the odds ratios were not attenuated and some-
times strengthened with the fully adjusted model. Asso-

Wandeler/Paccaud/Vollenweider/
Waceber/Mooser/Bochud



Table 4. Sensitivity, specificity, and predictive values of family history for the risk of the corresponding disease

‘Don’t know’

Specificity, %
(95% CI)

PPV, %
(95% CI)

NPV, %
(95% CI)

79.5 (78.1-80.9)
85.4 (84.3-86.4)
74.3 (72.9-75.8)
79.0 (77.8-80.2)
89.7 (88.7-90.7)
91.3 (90.4-92.1)

34.8 (31.8-37.8)
34.8 (31.8-37.8)
35.1 (32.7-37.6)
35.1 (32.7-37.6)
50.4 (46.6-54.1)
50.4 (46.6-54.1)

78.5 (77.0-79.9)
75.3 (74.1-76.5)
78.7 (77.3-80.0)
76.4 (75.2-77.6)
79.7 (78.4-81.0)
77.4 (76.2-78.6)

90.4 (89.6-91.2)
91.2 (90.4-91.9)
89.7 (88.8-90.5)
90.1 (89.3-90.8)
94.0 (93.2-94.6)
94.3 (93.6-94.9)

7.6 (5.5-10.2)

7.6 (5.5-10.2)
10.7 (8.4-13.3)
10.7 (8.4-13.3)
17.2 (13.4-21.6)
17.2 (13.4-21.6)

95.9 (95.3-96.4)
95.2 (94.5-95.7)
95.9 (95.3-96.5)
95.6 (95.0-96.1)
96.3 (95.7-96.8)
95.8 (95.2-96.3)

n Sensitivity, %
responses (95% CI)
Hypertension
Father history 4,244 excluded 33.4 (30.5-36.3)
6,084 included 21.8 (19.8-23.9)
Mother history 4,921 excluded 40.8 (38.1-43.6)
6,084 included 31.8 (29.5-34.2)
Sibling history 4,514 excluded 31.3 (28.6-34.2)
5,409 included 24.9 (22.7-27.2)
Diabetes
Father history 5,458 excluded 16.8 (12.3-22.1)
5,967 included 13.5(9.9-17.8)
Mother history 5,711 excluded 24,5 (19.5-30.0)
5,967 included 22.0(17.5-27.1)
Sibling history 5,011 excluded 25.6 (20.2-31.7)
5,310 included 22.4(17.5-27.9)
Hypercholesterolemia
Father history 3,631 excluded 29.4 (26.3-32.8)
5,798 included 15.9 (14.1-17.9)
Mother history 4,130 excluded 26.5(23.7-29.5)
5,798 included 17.2(15.3-19.3)
Sibling history 4,019 excluded 23.8 (21.1-26.7)
5,154 included 17.1(15.1-19.3)

79.7 (78.2-81.2)
86.7 (85.7-87.7)
84.6 (83.3-85.8)
88.7 (87.7-89.6)
90.1 (89.0-91.1)
92.1 (91.2-92.9)

28.6 (25.5-31.8)
28.6 (25.5-31.8)
33.7 (30.3-37.3)
33.7 (30.3-37.3)
41.4 (37.2-45.8)
41.4 (37.2-45.8)

80.4 (78.9-81.8)
75.5 (74.5-76.7)
79.6 (78.2-80.9)
76.2 (75.0-77.4)
80.0 (78.7-81.3)
77.1(75.9-78.3)

‘Don’t know’ responses were either excluded or coded as negative responses (included) in the analyses.
95% CI = 95% confidence intervals calculated using an exact binomial distribution; PPV = positive predictive value; NPV = nega-

tive predictive value.

ciations obtained using the combination of negative and
‘don’t know” histories as the reference group were sub-
stantially weaker than those excluding ‘don’t know’ re-
sponses (last column of table 3).

Ability of Family History to Predict the Risk of the

Corresponding Disease

For hypertension, diabetes, and hypercholesterolemia,
a negative sibling history was more specific to exclude the
presence of the underlying disease in the participant than
either paternal or maternal history (table 4). Analogously,
a positive sibling history was better in predicting disease
in the participant than either paternal or maternal histo-
ries. The positive predictive value was highest for the
family history of hypertension, in particular for sibling
history, and lowest for the family history of diabetes.
Combining ‘don’t know’ with negative responses resulted
in lower sensitivities and higher specificities of family
history to predict the corresponding disease whereas it

did not alter positive predictive values and only slightly

modified negative predictive values.

Cardiovascular Family History

Ability of Family History to Discriminate, Calibrate,

and Reclassify the Dichotomized Cardiovascular Risk

Factors

The inclusion of family history of hypertension, dia-
betes, or hypercholesterolemia in a model including only
age and sex as covariates always significantly improved
the AUCs to predict the corresponding dichotomized
risk factor for hypertension and diabetes, except for the
mother’s history of hypercholesterolemia (table 5). Tak-
ing ‘don’t know’ responses into account always led to
similar or better AUCs than considering ‘don’t know’ as
negative responses. The calibration of the models includ-
ing family history were not always good as reflected by
low Hosmer-Lemeshow p values (table 5), in particular
for the family history of hypercholesterolemia. Adding
family history to age and sex led to improved reclassifica-
tion of hypertension status, whether or not ‘don’t know’
responses were included in the models (table 5). This was
only observed for sibling and overall family history for
hypercholesterolemia. Family history of diabetes had lit-
tle to no ability to reclassify diabetes status.

Public Health Genomics 7
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Fig. 2, Quantitative relationships between the number of relatives
with unknown history of hypertension (a), diabetes (b), and hy-
percholesterolemia (c) and the corresponding underlying trait.
Traits are adjusted for age, sex, BMI, alcohol consumption, smok-
ing, treatment, and education level. Positive responses were ex-
cluded. *Statistically significant (p < 0.05) differences between 0
and 2 and between 0 and 3 unreported histories.

Sensitivity Analyses

Analyses conducted using winsorized continuous
phenotypes led to similar results, i.e., differing by 50% or
less of a standard error for systolic blood pressure and
cholesterol and by 17-183% of a standard error for fasting
glucose without changing our conclusions. Results were
similar when analyses were stratified by sex or treatment
status or when a family history of hypertension was con-
sidered as positive only if hypertension was reported to
have been diagnosed before the age of 60 years. We con-
ducted the same analyses in the subgroups of participants
who were unaware of having a specific condition [hyper-
tension (n = 4,481), diabetes (n = 5,663), and/or hyper-
cholesterolemia (n = 4,346)], as these participants would
represent the target population for selected screening.
Among the participants unaware of being affected, the
associations between family history and the correspond-
ing trait were in the same direction as those observed in
the entire sample but were weaker. Subjects with a posi-
tive family history had higher levels of the corresponding
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trait than those with a negative history (systolic blood
pressure with and without paternal history of hyperten-
sion was 124.8 * 0.4 mm Hg vs, 123.1 = 0.3 mm Hg,
p <0.05, whereas with or without maternal history of hy-
pertensionitwas 125.3 = 0.5 mmHgvs. 122.9 = 0.3 mm
Hg, p < 0.05). The associations were statistically signifi-
cant (p < 0.05), except for those with a positive paternal
history of hypercholesterolemia. Participants who were
unaware of their family history of hypertension had high-
er systolic blood pressure levels than those who reported
a negative family history, but this was only statistically
significant for paternal (124.8 * 0.4 mm Hgvs. 123.1 £
0.3 mm Hg, p <0.05) and maternal (125.3 & 0.5 mm Hg
vs. 122.9 & 0.3 mm Hg, p <0.05) histories. Similar con-
clusions can be made for the associations between family
history and the risk of disease (hypertension, diabetes,
hypercholesterolemia) in participants who were unaware
of being affected (with or without excluding ‘don’t know’
responses). In order to asses a recall bias concerning fam-
ily history of cardiovascular risk factors, we conducted
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Table 5. Discrimination, calibration, and reclassification ability of family history to predict the risk of hypertension, diabetes, or

hypercholesterolemia

Including DK responses Coding DK responses as ‘no’  Comparison
Hypertension
Discrimination and calibration AUC HL p value AUC HL p value p value?
Age, sex 0.763 0.26 0.763
+ father history 0.769* 0.21 0.768° 0.27 0.27
+ mother history 0.7722 0.44 0.772% 0.50 0.50
+ sibling history 0.774% 0.05 0.773% 0.22 0.22
+ parents and sibling history 0.7832 0.13 0.7812 0.07 0.07
Reclassification
Full model NRI p value NRI p value NRI® p value®
+ father history 0.016 0.03 0.013 0.03 0.002 0.65
+ mother history 0.029 0.0003 0.023 0.005 0.007 0.11
+ sibling history 0.024 0.006 0.018 0.03 0.006 0.16
+ parents and sibling history 0.047 <0.0001 0.040 <0.0001 0.005 0.39
Diabetes
Discrimination and calibration AUC HL p value AUC HL p value p value®
Age, sex 0.755 0.20 0.755 0.20
+ father history 0.766° 0.13 0.758 0.13 0.04
+ mother history 0.7742 0.15 0.7722 0.03 0.32
+ sibling history 0.779* 0.04 0.776* 0.003 0.26
+ parents and sibling history 0.798? 0.07 0.790° 0.04 0.02
Reclassification
Full model NRI p value NRI p value NRI® p value®
+ father history 0 0
+ mother history 0 0
+ sibling history 0.002 0.59 0.002 0.59
+ parents and sibling history 0.009 0.12 0.008 0.15
Hypercholesterolemia
Discrimination and calibration AUC HL p value AUC HL p value p valueb
Age, sex 0.687 <0.0001 0.687 <0.0001
+ father history 0.692* <0.0001 0.691 <0.0001 0.32
+ mother history 0.689 <0.0001 0.688 <0.0001 0.34
+ sibling history 0.695% <0.0001 0.694* <0.0001 0.49
+ parents and sibling history 0.698* 0.0001 0.698* 0.0005 0.37
Reclassification
Full model NRI p value NRI p value NRI¢ p value®
+ father history 0.005 0.34 0.007 0.16 -0.001 0.78
+ mother history 0.010 0.06 0.004 0.44 0.006 0.09
+ sibling history 0.018 0.02 0.015 0.05 0.004 0.44
+ parents and sibling history 0.029 0.001 0.021 0.01 0.008 0.11

DK = ‘Don’t know’ response; AUC = area under the curve (test of discrimination); HL p value = p value from a Hosmer-Lemeshow

goodness of fit test of calibration; NRI = net reclassification index.
For reclassification a full model including family history was compared to a reduced model including only age and sex.
1p < 0.05 for the comparison of the AUC including family history and the AUC including only age and sex as covariates.

bp value for the comparison of AUC including ‘don’t know’ responses as a separate category versus considered them as negative

responses.

¢NRI and p value for the comparison of including ‘don’t know’ responses as a separate category versus considering them as nega-

tive responses.

Cardiovascular Family History
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sensitivity analysesin which an interaction term between
family history and a reported cardiovascular event (ei-
ther stroke or acute myocardial infarction) in the father
orin the mother was added. None of the interaction terms
was significant, which suggests that the risk of dichoto-
mized phenotype (i.e., hypertension, diabetes, hypercho-
lesterolemia) associated with corresponding parental his-
tory did not significantly differ according to the presence
or absence of reported cardiovascular events in the par-
ents.

Discussion

We found that a positive family history of hyperten-
sion, diabetes, and hypercholesterolemia was strongly
associated with higher levels of blood pressure, fasting
glucose, and cholesterol, respectively. These associations
were ‘dose-dependent’ in that the larger the number of
affected first-degree relatives, the higher the correspond-
ing trait. Most studies on the family history of these phe-
notypes have reported the associated risk of hyperten-
sion, diabetes, or hypercholesterolemia, but few have an-
alyzed the independent effect size of a positive family
history on the continuous underlying phenotype. From a
standpoint of preventive medicine, our results suggest
that family histories of hypertension, diabetes, and hy-
percholesterolemia should be used as a tool to detect sub-
jects at high cardiovascular risk in the general adult pop-
ulation, increasing the effectiveness of screening in the
general population [21].

Tozawa et al. [22] also found a significant linear rela-
tionship between the number of first-degree relatives
with a positive family history of hypertension and the
participant’s blood pressure level. Wada et al. [3] reported
a similar relationship for diabetes and hyperglycemia but
not for high blood pressure and dyslipidemia. This dis-
crepancy with our results and those of Tozawa et al. [22]
may come from the facts that (1) Wada et al. {3] did not
consider separately ‘don’t know’ and negative answers for
the family histories and (2) the sample population size
was smaller, with lower BMI and younger age. Our re-
sults confirm those obtained by Lauer et al. [10] who
foundsignificantly higher total cholesterol levelsin young
adults with a positive family history of high cholesterol as
compared to those with a negative history. Our results are
also consistent with results of prospective studies show-
ing that parental blood pressure levels predict those in the
offspring [4, 23], that parental hypercholesterolemia pre-
dicts elevated total cholesterol levels in the offspring [24],
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or that a positive family history of diabetes predicts the
incidence of impaired glucose tolerance and diabetes
during follow-up [25-27].

Few population-based studies have analyzed the sib-
ling history of hypertension [3, 22], diabetes [3], and/or
hypercholesterolemia [3]. In the present study, sibling
history was as strongly associated with the risk of the cor-
responding dichotomized phenotype and with the un-
derlying continuous phenotype as were the parental his-
tories. Furthermore, the contribution of sibling history
was independent of that of parental histories. In the
Framingham Offspring study, sibling history of cardio-
vascular disease was more strongly associated with in-
creased risk of incident cardiovascular disease during
follow-up than parental history of cardiovascular disease
[28]. We found sibling histories to have higher positive
predictive values than either paternal or maternal histo-
ries in predicting the risk of the underlying dichotomized
phenotype. We found large differences in risk observed
between the unadjusted and fully adjusted models for sib-
ling history for each trait, which underlines the key role
of confounding factors (e.g., age and educational level)
when analyzing the risk associated with a positive sibling
history. Our data suggest that screening programs fo-
cused only on sibling family history may be more effi-
cient than those taking paternal and maternal histories
into account, and such programs should therefore be fur-
ther evaluated.

Participants were unable to report on their family his-
tory of hypertension (41.8%) or hypercholesterolemia
(50.2%) much more frequently than on their family his-
tory of diabetes (14.4%). Thorand et al. [15] found a high-
er prevalence of ‘don’t know’ responses for maternal
(8.8%) and paternal history (17.3%) of diabetes than we
did (4.5% and 8.7%, respectively). In our study, ‘don’t
know’ responses were strongly associated with parent’s
gender, older age, and lower education level of the par-
ticipants. The increase in the prevalence of ‘don’t know’
responses with age [15, 16], the role of the education level
[16], and the higher prevalence of ‘don’t know’ responses
for paternal as compared to maternal histories [15, 16, 29]
have been previously reported.

In the present study, unreported family history of
hypertension was associated with higher systolic blood
pressure levels, even after adjustment for age, education-
al level, and other potential confounders. This was not
true for the family history of diabetes and hypercholes-
terolemia. To our knowledge, this finding has never been

. described before. Also, we found that including ‘don’t

know’ responses in the models usually led to better dis-
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crimination, but without significantly improving the
ability to reclassify participants as having the dichoto-
mized phenotype. Our results show that ‘don’t know’ re-
sponses and negative family history of hypertension
should be analyzed separately. Subjects who are unable to
report on their family history of hypertension have a car-
diovascular risk profile that matches more closely those
with a positive family history than those with a negative
family history. A potential explanation is that ‘hyperten-
sion’ is less clearly perceived as a disease than diabetes.
Given the high prevalence of hypertension (36%), the
‘don’t know’ responses will inevitably encompass many
positive histories. Family history of hypercholesterol-
emia shares many common features with high blood
pressure (high prevalence and high proportion of ‘don’t
know’ responses) and lies somewhere between hyperten-
sion and diabetes.

Another reason to separately consider ‘don’t know’ re-
sponses is illustrated by the family history of diabetes.
Whenever ‘don’t know’ responses are ignored (i.e,, clas-
sified as negative responses), the maternal history of dia-
betes is about twice as common as the paternal history
[30-33]; by contrast, studies that took ‘don’t know’ re-
sponses into account, such as this study, found a much
lower difference between maternal and paternal history
of diabetes [15, 16]. Failure to account for ‘don’t know’
responses creates a reporting bias that leads to an over-
estimation of excess maternal transmission of diabetes
[15, 16].

This study suffers from some limitations. First, it is
cross-sectional, and we cannot show to what extent fam-
ily history predicts longitudinal changes in cardiovascu-
lar risk factors and future cardiovascular risk. Second, we
rely on self-reported family history, which is subject to
misclassification. The estimate of the prevalence of hy-
pertension among fathers was very low, which suggests
that hypertension in fathers was underestimated. This
further underlines the usefulness of sibling history. Also,
we did not provide a definition for family history. How-
ever, family history of hypertension, diabetes, and hyper-
cholesterolemia was found to be very accurate when val-
idated against confirmed medical evidence [14]. Third,
the less striking association between family history of hy-
percholesterolemia and elevated cholesterol levels can, at
least partly, be explained by an overdiagnosisin this study
because of the inclusion of treated patients in the group
with elevated cholesterol levels. Many participants re-
ceiving lipid lowering drugs had lipid levels which would
not qualify for our definition of dyslipidemia. Given the
low prevalence of cardiovascular disease in the sample,

Cardiovascular Family History

our study was underpowered to analyze the associations
of family history of cardiovascular risk factor with a per-
sonal history of cardiovascular events in the participants.
Finally, our findings may not apply to non-Caucasians.
In the present study, a positive family history of hyper-
tension, diabetes, and hypercholesterolemia was associ-
ated with clinically relevant effect sizes on the corre-
sponding cardiovascular risk factor. These results con-
firm that family history, whenever known, is a simple,
specific, inexpensive, and powerful tool to assess cardio-
vascular risk in the general population. The importance
to consider what subjects know about the health of their
first-degree relatives may rapidly increase with the grow-
ing availability of detailed genotypic information, such as
to guide selective genetic testing in order to target preven-
tive measures to high-risk individuals. Our results fur-
ther suggest that ‘don’t know’ responses do in fact con-
tain information on the level of risk factor. This aspect
should be carefully considered in future research focus-
ing on the family history of cardiovascular risk factors.

Acknowledgements

We would like to thank Yolande Barreau, Vladimir Mayor,
Matthieu Firmann, Anne-Lise Bastian, Binasa Ramic, Martine
Moranville, Martine Baumer, Marcy Sagette, Jeanne Ecoffey, and
Sylvie Mermoud for data collection. The CoLaus study was sup-
ported by research grants from GlaxoSmithKline and from the
Faculty of Biology and Medicine of Lausanne, Switzerland. Mu-
rielle Bochud is supported by a grant from the Swiss Nation-
al Foundation for Science (PROSPER: 3200BO-111362/1 and
3233B0O-111361/1). Researchers were independent from funders.

P. Vollenweider, G. Waeber, V. Mooser and F. Paccaud de-
signed the study. P. Vollenweider collected the data. G. Wandeler
and M. Bochud conducted the statistical analyses and drafted the
paper. All authors critically revised the paper and approved its
final version.

V. Mooser is a full-time employee of GlaxoSmithKline. P. Vol-
lenweider and G. Waeber received grant money from Glaxo-
SmithKline to build the CoLaus study.

1 Fuentes RM, Notkola IL, Shemeikka S, Tuo-
milehto J, Nissinen A: Familial aggregation
of serum total cholesterol: a population-
based family study in eastern Finland. Prev
Med 2000531:603-607.

2 Harrap SB, Stebbing M, Hopper JL, Hoang
HN, Giles GG: Familial patterns of covaria-
tion for cardiovascular risk factors in adults:
The Victorian Family Heart Study. Am J
Epidemiol 2000;152:704-715.

References

Public Health Genomics 11



(=)

[e=

10

11

12

Wada K, Tamakoshi K, Yatsuya H, Otsuka R,
Murata C, Zhang H, Takefuji S, Matsushita
K, Sugiura K, Toyoshima H: Association be-
tween parental histories of hypertension, di-
abetes and dyslipidemia and the clustering of
these disorders in offspring. Prev Med 2006;
42:358-363.

van den Elzen AP, de Ridder MA, Grobbee
DE, Hofman A, Witteman JC, Uiterwaal CS:
Families and the natural history of blood
pressure. A 27-year follow-up study. Am J
Hypertens 2004;17:936-940.

Meigs JB, Cupples LA, Wilson PW: Parental
transmission of type 2 diabetes: the Fra-
mingham Offspring Study. Diabetes 2000;
49:2201-2207.

Wilson PW, Meigs JB, Sullivan L, Fox CS,
Nathan DM, D’Agostino RB Sr: Prediction of
incident diabetes mellitus in middle-aged
adults: the Framingham Offspring Study.
Arch Intern Med 2007;167:1068-1074.
Harrison TA, Hindorff LA, Kim H, Wines
RC, Bowen DJ, McGrath BB, Edwards K1L:
Family history of diabetes as a potential pub-
lic health tool. Am J Prev Med 2003;24:152—
159.

Sai XY, He Y, Men K, Wang B, Huang JY, Shi
QL, Zhang L, Li LS, Choi BC, Yan YP: All-
cause mortality and risk factors in a cohort
of retired military male veterans, Xi’an, Chi-
na: an 18-year follow up study. BMC Public
Health 2007;7:290.

Ogbeide DO, Karim A, Al-Khalifa IM, Sid-
dique S: Population based study of serum
lipid levels in Al-Kharj Health Center, Saudi
Arabia, Saudi Med ] 2004;25:1855-1857.
Lauer RM, Lee |, Clarke WR: Factors affect-
ing the relationship between childhood and
adult cholesterol levels: the Muscatine Study.
Pediatrics 1988;82:309-318.

O’Loughlin J, Lauzon B, Paradis G, Hanley
], Levy E, Delvin E, Lambert M: Usefulness
of the American Academy of Pediatrics rec-
ommendations for identifying youths with
hypercholesterolemia. Pediatrics 2004;113:
1723-1727.

Shea S, Basch CE, Irigoyen M, Zybert P, Rips
JL, Contento I, Gutin B: Failure of family his-
tory to predict high blood cholesterol among
hispanic preschool children. Prev Med 1990;
19:443-455,

13

14

15

16

17

18

19

20

21

22

Burke GL, Savage PJ, Sprafka JM, Selby JV,
Jacobs DR Jr, Perkins LL, Roseman JM,
Hughes GH, Fabsitz RR: Relation of risk fac-
tor levels in young adulthood to parental his-
tory of disease. The CARDIA study. Circula-
tion 1991;84:1176-1187.

Murabito JM, Nam BH, D’Agostino RB Sr,
Lloyd-Jones DM, O’Donnell CJ, Wilson PW:
Accuracy of offspring reports of parental
cardiovascular disease history: the Framing-
ham Offspring Study. Ann Intern Med 2004;
140:434-440.

Thorand B, Liese AD, Metzger MH, Reitmeir
P, Schneider A, Lowel H: Can inaccuracy of
reported parental history of diabetes explain
the maternal transmission hypothesis for di-
abetes? Int ] Epidemiol 2001530:1084-1089,
Karter AJ, Rowell SE, Ackerson LM, Mitchell
BD, Ferrara A, Selby JV, Newman B: Excess
maternal transmission of type 2 diabetes.
The Northern California Kaiser Permanente
Diabetes Registry. Diabetes Care 1999;22:
938-943,

Sandhu MS, Waterworth DM, Debenham
SL, Wheeler E, Papadakis K, Zhao JH, Song
K, Yuan X, Johnson T, Ashford S, Inouye M,
Luben R, Sims M, Hadley D, McArdle W,
Barter P, Kesaniemi YA, Mahley RW,
McPherson R, Grundy SM, Bingham SA,
Khaw KT, Loos RJ, Waeber G, Barroso I,
Strachan DP, Deloukas P, Vollenweider P,
Wareham NJ, Mooser V: LDL-cholesterol
concentrations: a genome-wide association
study. Lancet 2008;371:483-491.

Cornuz ], Guessous I, Rodondi N: Primary
prevention and screening in adults: update
2006. Rev Med Suisse 2006;2:262-273,

El Assaad MA, Topouchian JA, Darne BM,
Asmar RG; Validation of the Omron HEM-
907 device for blood pressure measurement.
Blood Press Monit 2002;7:237-241.

Pencina MJ, D’Agostino RB Sr, D’Agostino
RB Jr, Vasan RS: Evaluating the added pre-
dictive ability of a new marker: from area
under the ROC curve to reclassification and
beyond. Stat Med 2008;27:157-172.

Hariri S, Yoon PW, Moonesinghe R, Valdez
R, Khoury MJ: Evaluation of family history
as a risk factor and screening tool for detect-
ing undiagnosed diabetes in a nationally
representative survey population. Genet
Med 2006;8:752-759.

Tozawa M, Oshiro S, Iseki C, Sesoko S, Hi-
gashiuesato Y, Tana T, Tkemiya Y, Iseki K,
Fukiyama K: Family history of hypertension

“and blood pressure in a screened cohort. Hy-

pertens Res 2001;24:93~-98.

12

Public Health Genomics

23

24

25

26

27

28

29

30

31

32

33

Munger RG, Prineas R], Gomez-Marin O:
Persistent elevation of blood pressure among
children with a family history of hyperten-
sion: the Minneapolis Children’s Blood Pres-
sure Study. ] Hypertens 1988;6:647-653.
Uiterwaal CS, Witteman JC, de Bruijn AM,
Hofman A, Grobbee DE: Families and natu-
ral history of lipids in childhood: an 18-year
follow-up study. Am J Epidemiol 1997;145:
777-785.

Kametani T, Koshida H, Nagaoka T, Miya-
koshi H: Hypertriglyceridemia is an inde-
pendent risk factor for development of im-
paired fasting glucose and diabetes mellitus:
a 9-year longitudinal study in Japanese. In-
tern Med 2002;41:516-521.

Lyssenko V, Almgren P, Anevski D, Perfekt
R, Lahti K, Nissen M, Isomaa B, Forsen B,
Homstrom N, Saloranta C, Taskinen MR,
Groop L, Tuomi T: Predictors of and longitu-
dinal changes in insulin sensitivity and se-
cretion preceding onset of type 2 diabetes.
Diabetes 2005;54:166-174.

Srinivasan SR, Frontini MG, Berenson GS:
Longitudinal changes in risk variables of in-
sulin resistance syndrome from childhood
to young adulthood in offspring of parents
with type 2 diabetes: the Bogalusa Heart
Study. Metabolism 2003;52:443-450.
Murabito JM, Pencina MJ], Nam BH,
D’Agostino RB Sr, Wang TJ, Lloyd-Jones D,
Wilson PW, O’Donnell CJ: Sibling cardio-
vascular disease as a risk factor for cardio-
vascular disease in middle-aged adults.
JAMA 2005;294:3117-3123.

Burke V, Gracey MP, Beilin L], Milligan RA:
Family history as a predictor of blood pres-
sure in a longitudinal study of Australian
children. J Hypertens 1998;16:269-276.
Klein BE, Klein R, Moss SE, Cruickshanks
KJ: Parental history of diabetes in a popula-
tion-based study. Diabetes Care 1996;19:
827-830.

Alcolado JC, Alcolado R: Importance of ma-
ternal history of non-insulin dependent dia-
betic patients. BM] 1991;302:1178-1180.
Simmouns D, Gatland BA, Leakehe L, Flem-
ing C: Frequency of diabetes in family mem-
bers of probands with non-insulin-depen-
dent diabetes mellitus. ] Intern Med 1995;
237:315-321.

ThomasF, Balkau B, Vauzelle-Kervroedan F,
Papoz L: Maternal effect and familial aggre-
gation in NIDDM. The CODIAB Study.
CODIAB-INSERM-ZENECA Study Group.
Diabetes 1994;43:63-67.

‘Wandeler/Paccaud/Vollenweider/
‘Waeber/Mooser/Bochud



