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Abstract
Aim: Short stature in adulthood has been associated with increased risk of health
problems. Predisposition to inflammatory diseases might be associated with impaired
length growth and impose a lifelong inflammatory burden. We tested this hypothesis in
a cross-sectional population-based study with respect to periodontitis.

Material and Methods: In 4290 randomly selected subjects from the normal
population , we determined anthropometric measures and diagnostic periodontal
parameters. Behavioural and environmental risk factors were assessed by interviews
and questionnaires.

Results: In regression analyses adjusted for age, gender, smoking, diabetes,
education, and dental appointments, an inverse association was observed between
height and clinical attachment loss. The magnitude of the association was higher in
presence of risk factors smoking or diabetes. Odds ratios for smoking were 3.5 (2.2–
5.7%, 95% confidence interval) and 2.6 (1.5–4.3%) with the shortest and tallest height
quartile, respectively. Figures for diabetes were 1.37 (1.04–1.80%) and 0.97 (0.67–
1.39%), respectively. Stratification for age and gender revealed that taller subjects had
less periodontitis and decreased concentrations of markers of systemic inflammation
than their shorter counterparts.

Conclusion: This study is the first to associate height with periodontitis concluding
that individuals born with a high susceptibility to infectious and inflammatory diseases
may suffer from such diseases in childhood whereby the length growth could be
impaired. Reaching adulthood, growth comes to a halt but the individual remains
susceptible to inflammatory sequelae. Thus, smaller persons pertain a tendency to
more severe periodontitis.
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Short stature in adulthood has been
associated with increased risk of health
problems (Tuvemo et al. 1999).
Recently, a pathophysiological model
was suggested linking infectious expo-
sure at earlier ages and environmental
factors to inflammation, height, morbid-
ity, and mortality at older ages (Crim-
mins & Finch 2006). The authors argued
that early-life infections impose a life-
long inflammatory burden, presumably
leading eventually to the development
of atherosclerotic and thrombotic con-
ditions. This may explain the widely
discussed association of periodontal
diseases with various systemic diseases

which have in common an inflammatory
background (Kantarci & van Dyke
2005). Genetic predisposition and intra-
uterine imprinting in addition to a high-
infectious environment and possible
nutritional restrictions may interact in
producing a condition which is now
widely discussed as a ‘‘hyper-reactive
type’’ of the innate immune system.
Individuals reacting with an exaggerated
response to inflammatory stimuli could
suffer from more infectious or inflam-
matory diseases in their childhood dur-
ing which most of the growth spurt
occurs. Besides the lifelong enhanced
morbidity, it was also shown that such a
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condition could result in a reduced body
height (Crimmins & Finch 2006). If so,
we can hypothesize that subjects suffer-
ing from lifelong inflammatory diseases
were delayed in their growth and a
reduced height should be detectable in
their later life.

Indeed, inflammatory diseases fre-
quently impair linear growth during
childhood (Preece et al. 1986). Such
diseases influencing the growth of chil-
dren include inflammatory intestinal dis-
eases (Hildebrand et al. 1994, Burnham
et al. 2004), juvenile rheumatoid arthri-
tis (Bacon et al. 1990), atopic dermatitis
(Baum et al. 2002), and cystic fibrosis
(Rosenfeld et al. 2001).

Periodontitis is a chronic inflamma-
tory disease affecting more or less most
adults. The inflammation leads to
pocket formation in the gingival tissue,
attachment loss, bone destruction, and
eventually to tooth loss. This local
inflammation hardly occurs during
childhood. The severest cases of perio-
dontitis in adulthood could be the
consequence of a ‘‘hyper-reactive’’
individual predisposition. Therefore,
detecting reduced height in subjects
suffering from periodontitis could be a
hint of inflammatory susceptibility dur-
ing the growth period in childhood.
Periodontal disease offers the unique
possibility of tracing their natural his-
tory in each individual as the diagnostic
measures accumulate during lifetime
and are easy to assess.

In industrialized nations, perio-
dontitis affects 30–50% of the adults,
10% of them with severe symptoms
(Albandar 2002). Periodontitis is a mul-
tifactorial disease modified by numerous
risk factors. Such risk factors influen-
cing susceptibility to extent, severity
and course of the disease are age, sex,
socio-economic status, smoking, dia-
betes, and also inherited factors (Genco
1996, Heitz-Mayfield 2005). Although
bacteria are necessary for periodontal
disease to occur, a susceptible host is
also required (Kinane & Lappin 2002).

With respect to the model mentioned
above, one may speculate that the pre-
disposition with hyper-reactive inflam-
matory susceptibility makes an
individual prone to both the reduced
length growth and an exaggerated
inflammatory response to infectious
challenges. This might be revealed in
exaggerated periodontitis.

In a cross-sectional health study com-
prising 4290 randomly selected sub-
jects, we tested if the hypothesis could

be supported in our data set. To do so,
we searched for a possible relationship
between the height of the subjects stu-
died and their periodontal state.

Material and Methods

Study population

Four thousand two hundred and ninety
subjects were selected by a two-stage
cluster sampling method from a popula-
tion of 210,000 inhabitants of the north-
eastern German region of Pomerania
designated as SHIP study. From 32
communities in the region a random
sample was drawn from residence regis-
tries, stratified by gender and age. Final-
ly, 7008 subjects were sampled, with
292 persons of each gender in each
of twelve 5-year age strata (age range
20–80 years). The net sample (without
migrated or deceased persons) consisted
of 6267 eligible subjects. The final SHIP
sample comprised 4310 participants
(response 68.8% of eligible subjects).
Owing to incomplete data, finally 4290
data sets were included in the analysis.
The design of the study, the recruiting of
participants and the scope of this popu-
lation-based cross-sectional health sur-
vey was reported elsewhere (Hensel
et al. 2003). The participants gave their
written informed consent and the study
was approved by the local ethics com-
mittee. Table 1 lists characteristics of
the subjects which were relevant to the
objective of the study.

Anamnestic and periodontal
examinations

Periodontal status was assessed by spe-
cially trained and calibrated dentists.
For attachment loss, double examina-
tions (full-mouth, four-point measure-
ment) of four periodontally diseased
test patients yielded an intra-class cor-
relation of 0.82–0.91, and the inter-rater
correlation was 0.84 (Hensel et al.
2003). Assessment included probing

depth, clinical attachment loss (CAL),
plaque, bleeding on probing, and the
number of teeth. The periodontal exam-
ination was carried out on either the left
or right side quadrants and the examina-
tion side was changed from subject to
subject. All fully erupted teeth were
assessed excluding third molars. A max-
imum of 14 teeth per subject was exam-
ined. Attachment loss and probing depth
were assessed with a periodontal probe
(PCP 11, HuFriedy, Chicago IL, USA)
at mesiobuccal, distobuccal, midbuccal,
and midlingual aspect on each selected
tooth. Attachment loss is represented by
the distance from the cemento-enamel
junction to the bottom and probing
depth by the distance from the gingival
margin to the bottom of the periodontal
pocket. The measurements were made
in whole millimetres. Smoking beha-
viour and socio-economic status were
assessed with an extensive questionnaire
and an interview.

Statistics and clinical chemistry

ANOVA or the Mann–Whitney or Krus-
kal–Wallis tests were used to assess the
significance of the height effects on
periodontal or inflammatory markers.
We used logistic regression analyses to
adjust the effects for confounding vari-
ables. To avoid arbitrary disease criteria,
attachment loss measures were divided
in tertiles and comparisons between the
first and third were made. Statistical
significance was assumed for odds ratios
whose confidence intervals did not cross
a value of 1.0. Stratification was per-
formed to adjust measures in subgroups
for age and sex.

The statistical software STAT-
VIEWs 5.0 (SAS, Cary, NC, USA)
was used.

Clinical chemistry data were deter-
mined by standard laboratory methods.
In blood samples drawn by venipunc-
ture, white blood count, fibrinogen
according to Clauss, and LDL/HDL
cholesterol were determined.

Table 1. Characteristics of the study population: sex: male/female (%); smoking: never/ever (%);
education: less than 10th grade/otherwise (%), diabetes: subjects treated with antidiabetic drugs
or with HbA1C 47% (%)

Age group N Sex Smoking Education Diabetes

20–430 594 46/54 52/48 11/89 1.0
430–440 766 47/53 45/55 9/91 0.5
440–450 753 47/53 44/56 21/79 4.6
450–460 791 47/53 55/45 47/53 9.5
460–470 792 53/47 55/45 76/24 16.3
470 614 55/45 58/42 79/21 21.8
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Results

It was a prerequisite of the present study
to avoid the confounding of age on body
height and on disease parameters as

well. Figure 1 shows the age effects
which are consistent with common
knowledge. Dividing the study popula-
tion into 12 age cohorts of 5 years each,
we estimated the height quartiles sepa-

rately for male and female participants
in every age cohort. Figure 2 gives a
comparison of attachment loss between
short and tall persons showing less
periodontitis in the tallest ones. In sys-
temic inflammation parameters as white
blood count the same effect was seen.
The impact of body height on the dif-
ference is detectable for periodontitis
and WBC in all age cohorts. The differ-
ences are significant except for the old-
est cohort. The differences were also
detected with the disease-causing signs
(gingival plaque index, p 5 0.0025) as
well as with the outcome of the disease,
i.e. the number of teeth (p 5 0.0052). In
this population, the mean difference in
height between subjects in the tallest
quartile and those in the shortest quartile
was 16.1 and 15.5 cm in males and
females, respectively.

Therefore, we compared the perio-
dontal parameters among the tallest per-
sons with those belonging to the shorter
quartiles. The results are given in Table
2. There is a small but consistent differ-
ence in all parameters assessed. Even
though the effect is rather small, it is
detectable for different definitions and
thresholds of attachment loss but not
for probing depth. Subjects in their
age and sex-specific fourth quartile of
height have on average less attachment
loss (extent and severity), less plaque
and more teeth than their counterparts
in the lower quartiles with a contin-
uous trend. Moreover, markers of
systemic inflammation measured in
blood show the same trend to be
decreased in the taller subjects com-
pared with their shorter counterparts.
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Fig. 1. Age dependency of body height in male and female subjects of the the Study of Health
in Pomerania study (top) and of extent of periodontitis expressed as percentage of all sites
assessed exceeding 3, 4, or 5 mm attachment loss (bottom). Shown are the fitted curves to the
medians in each of 12 age cohorts (solid lines) and the 95% confidence bands (dotted lines).

Fig. 2. Comparison of mean attachment loss (a) and white blood cell count (b) in six age groups of 10 years each. Compared are the
measurements between subjects in the fourth quartiles (black columns) of their age-and sex-specific height percentiles with those in the first
height quartiles (grey columns) including the 95% confidence intervals. Differences significant po0.05 (n) or po0.01 (nn). Attachment loss
ANOVA: Age groups po0.0001, height first versus fourth quartile p 5 0.0003, no interaction (p 5 0.625). WBC count ANOVA: Age groups
po0.0001, height first versus fourth quartile po0.0001, no interaction (p 5 0.667). Quartiles were estimated age-specifically and separately in
twelve 5-year cohorts, combined in six groups for better clarity.
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Indicators of socio-economic status tend
to be better in taller persons.

As various risk factors of perio-
dontitis are associated with age, viz.
smoking, diabetes, number of dental
treatments, etc., we performed a logistic
regression analysis adjusting for all
these confounding variables. Table 3
shows the adjusted odds ratios for the
association of these factors with perio-
dontitis calculated separately for each
height stratum. For all the periodontal
risk factors, i.e. diabetes, smoking, and
increased white blood count, height
modifies their impact in such a way
that the tallest are affected the slightest.
Thus, there is evidence of effect mod-
ification as the odds ratios of having
periodontitis in the presence of a risk
factor is lower in the tallest height
stratum as compared with the shortest
one.

In Fig. 3, we present stratification
according to smoking status and dia-

betes. Obviously, in either case there is
more attachment loss if the risk factor is
present, while the effect of height on the
extent of attachment loss is significant in
the strata with and without the risk
factor. For CAL the Kruskal–Wallis p-
values were 0.020 and 0.005 for never
and ever smokers, respectively. The
figures for diabetes were p 5 0.009 and
0.080 for non-diabetics and diabetics,
respectively. For the latter, the number
of subjects was too low to reach statis-
tical significance. However, even
though the impact was more pronounced
when the risk factor was present, the
interaction term was not significant.
Interaction was also included in the
logistic regression analyses shown in
Table 4. These show a remarkable cor-
respondence in risk factor associations
between inflammatory markers and
periodontitis, in height impact and the
lacking significance of the interaction
term (at least for smoking with height

interaction). We analysed the data files
for the most significant predictors of
markers of systemic inflammation,
which are above the cut-off thresholds
of clinical significance (Table 4). Beside
risk factors of systemic diseases such as
cholesterol, diabetes, and smoking we
found attachment loss and again body
height as a significant factor. With
increasing height the probability of
belonging to the subjects having inflam-
mation markers above the clinically
relevant cut-off thresholds decreases.
This probability decreases by 30–60%
for subjects in the fourth quartile com-
pared with those in the first quartile, i.e.
the shortest (odds ratios between 0.68
and 0.44, po0.01).

Discussion

For nearly one decade, there has been an
ongoing research activity for genetic
risk factors in periodontitis to clarify
the background of the known individual
predisposition to the disease. This was
encouraged by the understanding that
the periodonto-pathogenic infection is
the prerequisite of the disease but host
factors contribute considerably to the
extent, severity and duration of the dis-
ease (Kinane & Lappin 2002).

Moreover, the insight into associa-
tions between periodontitis and systemic
diseases leads to the assumption of a
common underlying inflammatory trait.
The innate immune system may be
activated by low-grade inflammation in
utero or during infant life. This bundle
of factors increases or worsens in later
life symptoms of inflammation of perio-
dontitis and systemic diseases as well,
e.g. cardiovascular or diabetic compli-
cations (Rosenfeld et al. 2001, D’Aiuto

Table 2. Periodontal measures and markers of systemic inflammation compared between the smallest and the tallest subjects

Parameter Height 425th percentile Height 475th to 425th Height 475th percentile pn

% CALX3 mm median (IQR)n 48.7 (67.8) 41.7 (67.5) 40.5 (64.3) 0.0018
% CALX4 mm median (IQR) 16.7 (53.2) 12.8 (48.8) 11.1 (45.0) 0.0012
% CALX5 mm median (IQR) 5.9 (34.4) 2.9 (25.0) 2.3 (21.9) 0.0004
CAL mean, mm � SD 2.81 � 1.91 2.60 (1.92) 2.47 � 1.80 0.0002
No. of teeth, mean � SD 16.9 � 9.9 17.7 (9.6) 18.1 � 9.3 0.0233
White blood count, mean � SD 6.96 � 2.11 6.73 (2.08) 6.39 � 1.73 o 0.0001
Fibrinogen, mean � SD 3.07 � 0.76 2.97 (0.69) 2.97 � 0.69 0.0059
Ever smokers, % (95% CI) 49.6 (46.8–52.4) 47.9 (45.8–50.0) 49.7 (46.6–52.9) 0.5126
Packyears smoked, mean � SD 9.1 � 14.3 8.6 � 14.3 8.3 � 13.8 0.5285
Low work grade of spouse, % 39.5 (35.8–43.3) 35.4 (32.7–38.2) 30.9 (27.0–35.0) 0.0100
Educationo10th grade, % 44.9 (42.1–47.8) 41.0 (38.9–43.1) 33.8 (30.9–36.8) o0.0001

Body height percentiles were determined separately for males and females in each of the twelve 5-year age cohorts.
nKruskal–Wallis test.

IQR, interquartile range; SD, standard deviation; CAL, clinical attachment loss.

Table 3. Logistic regression of third versus first tertile of % attachment loss X4 mm on
periodontal risk factors stratified in quartiles of body height (first quartile the shortest, fourth
quartile the tallest)

Parameter Odds ratios (95% confidence intervals)

height 425th
percentile

height >25th
to 475th

height 475th
percentile

Age 1.18 (1.15–1.21) 1.17 (1.16–1.19) 1.21 (1.18–1.24)
Sex 0.72 (0.46–1.14) 0.75 (0.54–1.05) 0.51 (0.30–0.84)
Dental appointment 1.14 (0.56–2.31) 1.59 (0.96–2.62) 1.75 (0.78–3.92)
Education 1.81 (1.08–3.05) 2.34 (1.57–3.48) 1.43 (0.76–2.69)
Diabetes 1.37 (1.04–1.80) 1.03 (0.84–1.26) 0.97 (0.67–1.39)
Smoking 3.50 (2.16–5.68) 3.84 (2.71–5.43) 2.55 (1.51–4.32)
White blood count 2.49 (1.18–5.26) 1.54 (0.78–3.05) 1.46 (0.38–5.64)

Shown are the odds ratios [95% confidence intervals (CI)]. Independent variables age: continuous in

years; sex: male 0, female 1; diabetes continuous as %HbA1C; last dental appointment: 41 year,

within last 6 months (reference); smoking: ever versus never; education level less than 10th grade 1,

otherwise 0; WBC: white blood count 410). N 5 3475 (edentulous subjects not included).
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et al. 2004). Golub et al. (2006) sug-
gested that systemic diseases provide
a systemic inflammatory response co-
affecting periodontal diseases when
induced by periopathogenic bacteria.
This chain of events may also act in
the opposite direction, i.e. worsening of
systemic diseases by periodontitis-born
inflammation. Coexistence or mutual
intensification of these diseases is a
matter of individual predisposition.
There is evidence that such pathog-
nomic combinations even increase mor-
tality (Abnet et al. 2005, Hamalainen
et al. 2005).

In the present population-based study
we have shown that there is a significant
relationship between body height and
periodontal measures, i.e. tooth loss
and attachment loss. From the analyses,
we concluded that the height effects are
most pronounced in the individuals with
the shortest stature. This is most obvious
from the attachment loss, whereas the
number of teeth may be subject to
influences other than inflammation.
Besides age, gender, and education, we
found that mainly those variables are
negatively associated with height which
are related to inflammation. These vari-
ables are white blood count and high-
fibrinogen levels, and, in addition,
periodontal attachment loss. The latter
may be considered as a measure of the
lifelong accumulation of inflammatory
episodes or even chronic inflammation.

Taken together, these findings and the
references cited support the hypothesis
suggested by Crimmins & Finch (2006).

As shown in their paper, height is linked
to infections and the inflammatory
response. Chronic infection and chronic
inflammation as typical of periodontal
diseases are associated with high levels
of circulating inflammation markers,
viz. CRP, fibrinogen, and cytokines.
Especially, interleukin (IL)-6 seems to
play a crucial role in the relationship in
inflammation-induced growth retarda-
tion. Treatment with anti-TNFa antibo-
dies of paediatric patients with Crohn’s
disease does not only lower the disease
activity index, it also promotes growth
(Borelli et al. 2004). Likewise, this
treatment is effective in children with
growth retardation due to juvenile
arthritis (Tynjala et al. 2006). Treatment
with etanercept or infliximab did not
only suppress the inflammation in these
patients, it also restored growth velocity.
The relationship to inflammation mar-
kers is also obvious from the data shown
in our study.

If there exist individuals who are
prone to a hyper-reactivity to inflamma-
tory stimuli, this could be manifested
already during childhood. At this time,
when the growth spurt occurs, suscept-
ibility to infectious and/or inflammatory
diseases may be increased and slow
down the length growth. Such indivi-
duals are then most probably also vul-
nerable to inflammatory diseases in their
adulthood. In this way, the association
between body height and periodontitis
may be explained. Albeit many more
factors determine growth, the associa-
tions between systemic diseases, the

local chronic inflammation of perio-
dontitis and height strongly support the
idea of a special hyper-reactive type of
vulnerability. It should be kept in mind
that such an inborn or acquired predis-
position acts as a disease modifier rather
than a cause. In periodontitis, the cau-
sative factor is the infection-induced
formation of gingival plaque.

Even malnutrition as an important
growth-affecting factor shows inter-
relationships to inflammation (Finch &
Crimmins 2004). In experimental intest-
inal disease in rats it was calculated that
40% of growth retardation is attributable
to inflammation, with the rest being due
to under-nutrition (Sawczenko et al.
2005). The inflammation-related reduc-
tion in growth is independent of nutri-
tional intake (Koniaris et al. 1997). This
may not only be associated with reduced
body height or increased morbidity but
also with an increased mortality rate.
On the other hand, babies born small
for gestational age due to intra-uterine
growth retardation show diminished
final height, present with an elevated
neutrophil count and may be vulnerable
to illness acquired later in life (Ibanez
et al. 2005). Likewise, there is a nega-
tive association between birthweight
and CRP levels (Sattar et al. 2004) or
fibrinogen concentrations (Tuya et al.
2005). The latter study on twins is
compatible with the hypothesis that
genetic factors play an important role
in these associations (Ijzerman 2005).
The effects of low birthweight on dis-
ease risk are increased by slow infant
growth in childhood (Barker et al.
2002). On the other hand, in a recently
published large twin study relating
height and coronary heart disease, envir-
onmental factors (intra-uterine or post-
natal) were found to affect height and
the disease (Silventoinen et al. 2006).
These findings may be important in
interpreting the results presented here.
Because of the inflammatory back-
ground of both periodontitis and cardi-
ovascular diseases the assumption of a
direct link between these diseases is
much discussed (Kinane & Lappin
2002, Meurman et al. 2004). It was
hypothesized that taller stature may
represent resilience against adult expo-
sures that are risks of cardiovascular
diseases (Osika et al. 2006). Our results
suggest that also for periodontal
diseases an individual’s fate during
childhood as reflected by height could
affect his or her resilience against the
various risk factors.
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Fig. 3. Stratified analysis of the relationship between clinical attachment loss (CAL) X4 mm
according to smoking status or diabetes and the age- and sex-specific height quartiles (first
quartile the smallest, second and third quartiles together, fourth quartile the tallest). Smoking:
ANOVA smoking po0.0001, height p 5 0.0006, interaction p 5 0.265. Diabetes: ANOVA

diabetes po0.0001, height p 5 0.0026, interaction p 5 0.174.
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Owing to the cross-sectional setting,
the study has some limitations. A cau-
sative sequence cannot be deduced from
the interacting relationships between
periodontitis, markers of systemic
inflammation, and height. The data ana-
lysis regarding the height of the partici-
pants is complicated by secular trends in
the population as nearly four genera-
tions are included (Cole 2003). Age
effects on height originate from secular
trends, increased height in the younger
generations and a shrinking spinal col-
umn at older ages. Periodontal para-
meters tend to be increased at older
ages, especially CAL is an accumulating
measure. In this respect, the age depen-
dency reflects the natural history of the
disease. From these cross-sectional data
it is impossible to decide how much of
the height changes with age (Fig. 1) is
due to acceleration or to shrinking spine
columns in the older. Nevertheless, the
relationship between periodontal mea-
sures and height is still detectable and
significant within the different 10-year
age cohorts (Fig. 2). Another point of
concern is the central role of smoking in
the aetiology of periodontal attachment
loss (Hyman & Reid 2003). Albeit the
height effect is detectable in never as
well as in ever smokers, it is more
pronounced in subjects who were smo-
kers during their lifetime. In our study,
the proportion of smokers were identical
in all height strata. Thus, it is to be
assumed that height acts as an risk
indicator modifying the effects of perio-
dontal risk factors (Ylöstalo & Knuuttila
2006).

Parental health and genetic endow-
ment together with intra-uterine, child-
hood, and early adult exposures may all
influence an individual’s health.
Furthermore, height is associated with
socio-economic differences (Heineck

2006), which are also important risk
indicators in periodontal diseases. For
all these influences, height might be a
biomarker accessible during lifetime
(Gunnell 2002). Subnormal growth dur-
ing any growth phase is associated with
an increased risk of adult shortness (Luo
& Karlberg 2000).

In conclusion, we postulate the fol-
lowing sequence of events to explain the
association between height and perio-
dontal disease. An individual can be
born with a special susceptibility to
infectious and inflammatory diseases
caused by genetic predisposition and/or
by intra-uterine imprinting. In child-
hood, when such exaggerated diseases
occur, the length growth could be
impaired. Reaching adulthood, growth
comes to a halt but the individual
remains susceptible to inflammatory
sequelae. Thus, smaller persons pertain
a tendency to develop more severe
periodontitis and, probably, also other
diseases with an inflammatory back-
ground.
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Clinical Relevance

Scientific rationale for the study:
Body height is a biomarker of early
life events, which has intensively
been studied with respect to cardio-
vascular disease (CVD). It was
shown, that it is predictive of CVD
events. It may also prime a subject

for further chronic diseases such as
periodontitis.
Principal findings: In 4300 subjects
we found body height to be consistently
associated with periodontal disease and
markers of systemic inflammation.
Practical implications: In the multi-
factorial pathogenesis of periodonti-

tal diseases, the clinician ‘‘should’’
be aware not only of actual risk
factors as smoking or diabetes but
also of modifying factors dating from
early childhood. This may help to
better understand the individual dis-
positions for the disease.
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