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Abstract
Background: Infections in young children may affect the vasculature and initiate early atherosclerosis. VWhether infec-
tions experienced in childhood play a part dult clinical cardiovascular disease remains unclear. We investigated the
ciation between infections in early life and the occurrence of prem coronary heart disease.

ethods: We conducted a population-based case-control study of 153 patients with a first acute coronary syndrome
before the age of 56 years and 153 age- and sex-matched controls. Any history of severe infections in childhood and
adolescence was obtained, together with clinical and laboratory measuremel nd other cardiovascular risk factors. We
developed an infection score for the overall burden of early life infections.@nditional logistic regression was used to
assess the associations.
Results: Infections experienced in early life increased the risk of acqui acute coronary syndrome at a young age with
an odds ratio (OR) of 2.67 (95% confidence interval (Cl) 1.47—4.83, p=0.001). After adjustments for traditional risk
factors, lifestyle, dietary patterns, socio-economic status and parental history of cardiovascular events, these associations
remained significant and changed only slightly. There was an indication for an interaction between infections in early life
and current cardiovascular risk (Framin Risk Score (FRS); p-interaction = 0.052). Within participants with a low FRS
(<10%), the OR of early life infection for acute coronary syndrome was 1.49 (95% Cl 0.72-3.08, p = 0.283); within
participants with an intermediate FRS (10-20%), the OR was 4.35 (95% CI 1.60—11.84, p = 0.004); and within participants
with a high FRS (>20%), the OR 10.00 (95% CI 1.21-82.51, p =0.032).
Conclusion: Infections in early life may partly explain premature coronary heart disease in adulthood and may potenti-
ate traditional cardiovascular risk factor effects.
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Alth clinically manifest in adulthood, the devel-
opment ol atherosclerosis, the underlying pathology of
CVD. begins in early life* ® and chronic inflammation
in response to injury of the arterial wall is central to the
pathogenesis.” '' Many traditional CVD risk factors
affect the vasculature in childhood,”'*'* but less is
known about infections early life — a ubfagditous stimu-
lus of host inflammation.'™'® Infections in early life are
pervasive and elicit repeated inflammatory responses
from the developing immune system,'” which may
adversely affect the young vasculature,’'¢'% 2! 47

We investigated whether infections in early life are
associated with early coronary heart disease in adult-

d and if this association is modified by traditional
risk factors. We conducted a population-based case-
control study of incident patients with a first acute cor-
onary syndrome (ACS) at a young age in the Makassar
Cardiac Centre, Indonesia to determine the relationship
between ACS and infections experienced in childhood
and adolescence.

Methods

This study was conducted in Makassar Cardiac
Centre, Wahidin Sudirohusodo Hospital, In@FResia
between February 2013 and December 2014. Ethical
approval was obtained from the Institutional Review
Board of the Faculty of Medicine, University of
Hasanuddin Makassar (letter no. 030/H4.8.4.5.31/
PP 36-KOMETIK /2013).

Cases

The cases with premature ACS were defined as patients
with an ACS event occurring belore the age of 56 years.
After obtaining written informed consent, we enrolled
153 consecutive new patients aged < 55 years admitted
to the cardiovascular care unit with a first ACS, a spec-
trum of clinical presentations consistent with acute car-
diac ischaemia with@yg4 hours of hospital presentation,
which ranged from unstable angina to non-ST-segment
elevation myocardial infarction and ST-segment eleva-
tion myocardial infarction.”** 4

Cardiologists made an initial diagnosis of ACS mn
patients presenting with acute cardiac chest pain
based on clinical presentation, electrocardiography
and clEinges in cardiac enzymes. Patients were diag-
nosed with ST-segment elevation myocardial infarction
when they had new or presumed new ST-segment ele-
vation = I mm seen in any location, or new left bundle
branch block on the index or any subsequent electro-
cardiogram, with at least one positive cardiac biochem-

m?arker of necrosis.****
nstable angina and non-ST-segment elevation
myocardial infarction are closely related conditions;

their clinical presentations are indistinguiffable, but
they differ in severity.”>=* For a diagnosis of non-ST-
segment elevation myocardial infarction, at least one
positive cardiac biochemical marker of necrosis without
new ST-segment elevation seen on the index or subse-
quent electrocardiogram had to be present.”® Unstable
angina was diagnosed when ischaemic chest pain lasted
more than 20 minutes™ with no evidence of myocardial
necrosis or ST elevation.”*** Patients were excluded if
they had a history of previous CVD or negative find-
ings on coronary angiography.

Controls

We sampled young adult controls from the general
population every weekend to obtain identical numbers
to the cases. The controls were sampled from the same
neighbourhood that the cases came from and were
invited to visit a primary health care centre after match-
ing for age (£3 years) and sex. To ensure a proper
incidence-density sampling, every time a case was
selected, a control was recruited within one week.
Controls were excluded if they had any previous diag-
nosis of heart disease. presented current symptoms and
signs of cardiovascular events, or were incapable of
giving consent.

Measurements

A detailed questionnaire w§ developed and applied to
all cases and controls. For a participants,e recorded
data on socio-demographic characteristics such as age,
sex, occupation, monthly income, educational level,
dietary pattern, physical activity, smoking status,
family history of heart disease, diabetes, and sudden
cardiac death, as wel?s any known history of hyper-
tension and diabetes. A positive family history of CVD
was defined as =1 first-degree and/or =2 second degree
family members with CVD before the age of 55 years in
mepgand 65 years in women.™ 2"

?nthmpometric measurements, including hefght.
weight and waist circumference were collected. Two
readings of blood pressure were recorded in a seated
position with a mercury sphygmomanometer. Nurses
were trained as research assistants and administered
all measurements wusing standardized protocols.
Fasting plasma glucose, lipid profiles, uric acid, and
renal and liver functions were measured within 24
hours of hospital admission for all cases. We collected
similar cross-sectional data from all controls at the pri-
mary health care centre.

For the overall burden of infections in early life, we
developed an infection score based on the questionnaire
data on the history of previous infections during four
periods of life: infancy and pre-school (0-5 years),
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elementary school (6-13 years). junior high school
(14-17 years) and senior high school (18-21 wyears).
All documented severe infections during a given time
period were scored as 1 and were added to give a con-
tinuous infection score (minimum (0, maximum 4). We
then dichotomized the score to either exposed to early
life infections or unexposed (yes/no). Positive experi-
enced early life infection was defined as an infection
score =2 when the participants reported severe infec-
tions in at least in two g@riods early in life. Severe infec-
tion was defined as a ger for three or more days or
hospitalization as a result of an infectious disease.

We asked the patients and close family members
(parents, partner. siblings, aunts, uncles or others)
accompanying them at the time of data collection in
hospital to answer the interview questionnaire regard-
ing the patient’s history ol diagnosed or experienced
infections during childhood and adolescence. I the
patients or family were in doubt, we cross-checked
with other family members who were present during
the patient’s early life. We gathered this information
for the controls with exactly the same questionnaire
and interview methods as used [ e cases while visit-
ing their house to invite them to participate in this
study and to obtain informed consent. To ensure
there was no difference in recall or remembering of
past events between cases and controls, we verified
the answers of the cases and controls with their parents,
siblings or closest family members before the cases were
discharged from hospital and by telephone or home
visit at the end of the study for the controls.

Using diagnostic test results in the cases and contem-
porary tests in controls, we calculated regular
Framingham Risk Scores (FRSs) for all participants
to arrive at a summary value. The FRS was calculated
not for clinical purposes, but for the accurate ranking
of traditional CVD risks for later analysis.

Statistical analysis

Comparisons of the general characteristics between the
cases and controls were made first. Paired tlests were
performed with normal distributions and non-para-
metric Wilcoxon signed-rank tests for skewed distribu-
tions. McNemar’s x” tests were used for the categorical
variables. Univariable and multivariable conditional
logistic regression analyses were conducted for the
y life infection variable to obtain unadjusted and
adjusted odds ratios (OR) and their 95% confidence
interval (CI), corresponding to two-sided p < 0.05.

We used four adjustment models for the multivari-
able logistic regression to show the respective influences
of each model in modifying the OR for early life infec-
tion. Regarding sample size, we restricted the analyses
to =15 variables in one model. Model 1 was adjusted

for lifestyle and diet factors (current smoking, seden-
tary life. consumption of fatty foods, salty foods and
monosodium glutamate, fried food and less fibre).
Model 2 was adjusted for socio-economic status
(monthly income and college education). Model 3 was
adjusted for history of mother and father with CVD,
history of parents with diabetes mellitus, maternal and
paternal history of premature sudden cardiac death (at
age < 60 years™). Model 4 was adjusted for traditional
risk f@)rs (hypertension, raised fasting plasma glu-
cose, total cholesterol, triglycerides, high-density lipo-
protein cholesterol, low-density lipoprotein cholesterol
and obesity).

It is basically unknown whether an efTect of child-
hood infections on vasculature, il any, would be direct
or indirect through other CVD risk factors. Therefore
we performed an interaction analysis using the inter-
action term experienced early life infection x FRS in
multivariable modelling. For graphical evaluation of
that interaction, we repeated both the crude and
adjus@yl main analyses within the following strata of
FRS: low risk. FRS < 10%: intermediate EZk. FRS 10—
20%: and high risk (FRS > 20%).*" All analyses were
performed using the IBM SPSS 22.0 statistical package.

ﬁsults

able 1 shows the baseline characteristics of the cases
and controls. Their mean 4+ SD age was 47+ 6.3 years
(range 28-55 years) and 81.7% were n Compared
with the controls, the cases had higher fasting plasma
glucose. lower high-density lipoprotein cholesterol
levels, lower low-density lipoprotein cholesterol levels
and a higher serum creatinine level. The cases more
often had a known history of hypertension, medication
for hypertension, a history of diabetes and a higher
education level (formal college education). Cases were
more often current smokers, ate more fatty foods, more
salt and more monosodium glutamate. Cases and con-
trols had an approximately equal monthly income and
a similar body mass index.

Table 2 shows that, in the univariable analysis, early
life infection was associated with almost three-fold
higher odds for acquiring premature ACS. None of
the adjustments (models 1-4) materially changed these
findings.

Considerable differences in the overall burden of
infections were observed between cases and controls
(Figure 1). In the entire study population, the most
prevalent infectious diseases were varicella/chickenpox
(28.1%), typhoid fever (23.9%), measles (21.6%),
gastrointestinal infection/diarrhoea (11.8%), lower
respiratory tract infections (5.6%), malaria (4.3%),
dengue fever (3.9%), hepatitis A (2.6%) and tonsillitis
(2.6%). The majority of the participants (80.7%) had at
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Table I. Comparison of baseline characteristics between cases and controls.

Variable Case (n=153) Control (n=153) Total (n=306) p
Male sex 125 (81.7) 125 (81.7) 250 (81.7) 1.000
e (years) 47.1 6.2 46.9 £ 6.4 47.0+ 63 0.121
gystolic BP (mmHg) 120.7 £21.2 1203 £21.6 1205+ 214 0.867
Diastolic BP (mmHg) 782137 80.2 4 14.1 792+ 139 0221
Fasting plasma glucose (mmol/L)* 6.9 (5.7-9.6) 4.8 (4.3-5.6) 56 (4.7-7.5) =0.001*
ed plasma glu cose” 103 (67.3) 25 (16.3) 129 (42.2) =0.001*
Total cholesterol (mmol/L)* 5.1 (4.4-5.9) 5.3 (48-59) 52 (4.6-5.9) 0.541
Triglycerides (mmeol/L)* 1.6 (1.1-2.4) 1.5 (12-2.3) 1.6 (1.2-2.3) 0.287
HDL-chol (mmolfL) 0.9+£02 12403 1.0+03 =0.001*
LDL-chol (mmol/L) 3513 39+09 37+ 11 0.002*
Creatinine (umel/L)* 88.4 (70.7-106.1) 81.3 (69.4-884) 82.2 (70.7-97.2) =0.001*
BMI (kg/m?) 244 +£3.1 244441 244+ 36 0.962
Obese (BMI = 25) 55(35.9) 62 (40.5) 117 (38.2) 0494
Waist circumference (cm) 86.3+78 88.7£10.2 87.5+9.1 0.013*
Metabolic syndrome 92 (60.1) 30 (19.6) 122 (39.9) =0.001*
History of hypertension 99 (64.7) 60 (39.2) 159 (52.0) =0.001*
eiving medication for hypertension 57 (37.3) 38 (24.8) 95 (31.0) 0.020*
@story of diabetes mellitus 44 (28.8) 17 (11.1) 61 (19.9) =0.001*
Maternal histery of CVD® 21 (13.7) 27 (17.6) 48 (15.7) 0430
Paternal history of CVD® 22 (14.4) 25 (16.3) 47 (15.4) 0.755
Monthly income (=Rp.1,810,000)" 82 (53.6) 68 (44.4) 150 (49.0) 0.146
College education 67 (43.8) 48 (31.4) 115 (37.6) 0.034*
Current smoker 70 (45.8) 49 (32.0) 119 (38.9) 0.015%
Ex-smoker 36 (23.5) 46 (30.1) 82 (26.8) 0.203
Sedentary life 101 (66.0) 117 (76.5) 218 (71.2) 0.060
Fatty food 31(20.3) 9(59) 40 (13.1) =0.001*
Salty food and MSG 73 (47.7) 47 (30.7) 120 (39.2) 0.002*

Data are presented as n (%) or meSD values unless stated otherwise. Comparison of baseline characteristics between cases and controls was
performed using a paired samples t-test for continuous variables and McNemar's x* test for categorical variables,
BMI: body mass index; BP: blood pressure; CVD: cardiovascular disease; HDL-chol: high-density lipoprotein cholesterol; LDL-chol: low-density

lipoprotein cholesterol; MSG: monosodium glummate.
*p < 0.05.

“Data are presented as median (Q1-Q3) values. Comparison was performed using the Wilcoxon signed-rank test for paired samples.

®Defined as fasting plasma glucose = 6.1 mmol/L.

“Maternal history of CVD defined as mother had CVD at age < 65 years.

dPaternal history of CVD defined as father had CVD at age <55 years.

“US% | =Rp.12,700 (Indonesian rupiah). This was the cut-off point based on the national average of proper life minimum income in 2015,

least one episode of acute upper respiratory tract infec-
1 childhood and adolescence.

able 3 shows the results of the analysis of the asso-
ciation between early life infections and premature ACS
using the continuous score, which reflects the actual
cumulative number of infectious diseases for each par-
ticipant during their childhood and adolescence, irre-
spective of the severity of infection. The OR for
@mature ACS was significant for the total period of
childhood and adolescence with OR 1.42 (95% CI
1.17-1.71, p<0.001) and appeared to be stronger in
early childhood (0-5 years). even after adjustments.

The adjusted model included the term early life
infection x FRS indicated interaction (p=0.052).
Figure 2 shows how the overall association was modified
by the predefined classes of FRS. Within the low risk
group (FRS < 10%). the OR of early life infection for
ACS was 1.49 (95% CI 0.72-3.08, p=0.283); within the
ipmmediate risk group (FRS 10-20%), OR =435
(95% CI 1.60-11.84, p=0.004); and within the high
risk group (FRS=>20%). OR =10.00 (95% CI 1.21-
82.51, p=0.032). After adjustment of these within-risk
strata analyses for education, income. and paternal and
maternal histories of CVD, these estimates were: low risk
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Table 2. Qdds ratios for severe infection in early life.

Infection experienced in early life OR (95% CI) b

Crude 267 (1.47-4.83) 0.001
Model | 267 (1.39-5.10) 0.003
Model 2 257 (1.41-4.69) 0.002
Model 3 2.73 (1.50-4.98) 0.001
Model 4 388 (1.29-11.68) 0.016

Univariable and multivariable analyses were performed by conditional logistic regression for matched data.

Model | was adjusted for lifestyle and diet factors (current smoking, sedentary life, consumption of fatty food, salty food and monosodium glutamate,
fried food and less fibre). Model 2 was adjusted for socio-economic status (monthly income and college education). Model 3 was adjusted for history of
mother with cardiovascular disease at age < ars and father with cardiovascular disease at 55 years, history of parents with diabetes mellitus,
mater| d paternal history of premature sudden cardiac death (at age < 60 years). Model 4 was adjusted for traditional risk factors (hypertension,
raised fasting plasma glucose, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol and obesity).

Lt
. 19.6%
16.7%
55 13.4%
12.4% 12.4%
2
£ 105 8.5%
a
5.9%
5.2%
5 =
1.6% 13% 1.0% 1.6%
N H
0 - ] ] [] [ I I ]
0o 1 2 5 7
Case Gonlml
Cumulative number of early-life infections

Figure |. Number of overall infections during childhood and adulthood between cases and controls. Infectious diseases included in
the score (the continuous score of overall infections based on the summation of each positive infectious disease, regardless of the
severity; minimum = 0, maximum = |8) were: typhoid fever, measles, varicella (chickenpox), bronchitis, tuberculosis, pertussis, ton-
sillitis, acute upper respiratory tract infection, malaria, dengue fever, gastrointestinal infection (diarrhoea), febrile convulsions, hepatitis
A, meningitis, dermatitis, oral infection, conjunctivitis and unknown fever =3 days.

(FRS < 10%), OR =1.50 (95% CI1 0.72-3.12, p=0.282);  higher occurrence of premature ACS later in life.
mtermediate risk [I“RS 0-20%), OR =529 (95% CI There was an indication that this association became
1.79-15.62, p=0 ] cmd high risk (FRS=20%), stronger with increasing levels of CVD risks.
OR =12.58 (95% —134.31, p=0.036). To our knowledge, we are the first to report the rela-
tionship between early life infection and ACS at a
young age in South-East Asians. We took some meas-
ures to ensure that our case-control findings could be
This study found that infection experienced during validly interpreted as an incidence rate ratio from a
childhood and adolescence was associated with the cohort study. As an important part of our study

Discussion
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Table 3. Unadjusted and adjusted odds ratios for overall infection in early life.

Time period rude OR (95% CI) b Model | (95% CI) p Model 2 (95% CI) p

Early childhood (0-5 years) 256 (1.66-3.96) =0.001 2.68 (1.66-3.96) =0.001 3.67 (1.87-722) =0.001
Total period (0-2lyears) 142 (1.17-1.71) =0.001 1.44 (1.15-1.79) 0.001 1.64 (1.21-2.23) 0.002

Univariable and multivariable analyses were performed by conditional logistic regression for matched dam using the cumulative number of infectious
@ases of each participant during childhood and adolescence.

. confidence interval; OR: odds ratio.
Maodel | was adjusted for history of mother and father with cardiovascular disease, socio-economic status (monthly income and college education),
lifestyle an t factors (current smoking, sedentary life, consumption of salty food and monesodium glutamate and less fibre). Model 2 was adjusted for
traditional risk factors (hypertension, diabetes mellitus, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol and obesity).

Low risk (FRS <10%) oy

2“‘9*‘@‘”*3 ] N
Intermediate risk (FRS 10-20%) :_\

10verall erude OR _

1 Adjusted®
B8 Crude

o 1

2 3 4 5 6 7 8 5 10 11 12 13

Odds ratio (OR)

Figure 2. @5 ratios for early life infection (for acquiring premature ACS) among Framingham Risk Score classification groups.

'Univariable analysis was performed by conditional logistic regression to obtain the overall crude odds ratio (OR).

gultivariable analyses were performed by logistic regression separately within the Framingham Risk Score (FRS) classification groups:
w risk (FRS = 10%), intermediate risk (FRS 10-20%) and high risk (FRS = 20%).

*Models were adjusted for socio-economic status (formal education and monthly income) and family (maternal and paternal) histories

of cardiovascular diseases.

design, we enrolled newly diagnosed patients or inci-
dent cases during the study period. One advantage of
this is that the recall of past events in personal histories
may be more accurate among new cases"' and they are
less likely to have changed their habits or exposures
beneficial to ac@EEing the disease. Our method of ran-
domly selecting age- and sex-matched controls from the
residential neighbourhoods of the cases ensured that
the controls came from the same source as the cases.
To assure sampling from equal incidence-densities in
cases and controls, we sampled controls every time
th@pases occurred.

ere is consistent evidence that inflammation plays a
substantial part in the pathogenesis of atherosclerosis.®**
It is increasingly recognized that both chronic low-@ZRle
inflammation™ and bacterial and viral infections are asso-
ciated with an increased risk of CVD.™ ** There are a
number of possible, non-exclusive mechanisms by which
infection may act to potentiate the development of ath-
erosclerosis. Individual or — more plausibly — multiple
infectious agents may result in a local or systemic

inflammatory response''* or elicit an injury to the vas-
cular endothelium that affects both the arterial structure
and function." Pessi et al.* identified bacterial material
from coronary arteries and thrombus aspirates, whereas
Ott et al.*” demonstrated the presence of widely varied
bacterial DNA in atherosclerotic coronary plaques.

Infection may also potentiate traditional risk {{frs
such as dyslipidaemia. Liuba'® reported that acute
infections in young cpren were accompanied by
increased oxidized low-density lipoprotein cholesterol,
decreased high-density lipoprotein cholesterol and [
lowed by carotid intima-media thickening. Notably mn
young people, these changes might accumulate over
time and increase the vulnerability of vessels to early
atherosclerosis.

Most studies on infections and CVD have been car-
ried out in adults, whereas atherosclerosis begins to
develop in early life* ' Research has shown that
severe childhood infection is independently associated
with hospitalization for CVD. subclinical atheroscler-
osis'” and adverse metabolic profiles in adulthood.”
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@ur findings are in line with the most recent
Cardiovascular Risk in Young Finns Study'” and
SAPALDIA Youth Study.’ which provided further evi-
dence of the association between childhood infections
and adult atherosclerosis. Although Burgner et al.'”
used records of admission hospital as a measure of
the more severe infections 1n the first five years of life.
we collected the history of various infectious diseases
regardless of severity over childhood and adolescence.
an approach also used in the SAPALDIA Youth
Study.” The SAPALDIA childhood infection score
summarized the cumulative number of specific types
of infections, although the precise age of onset was
not given.” In our study, we used age categories based
on school years to facilitate parental and participant
recall of infections. We primarily analysed severe and
systemic infections with a history of fever = 3 days or
that resulted in admission to hospital, on the assump-
tion that these reflected a more severe inflammatory
response and were more likely to be recalled by
families.

The observed association between early life infec-
tions and early atherosclerotic CVD could be of
major importance for future prevention strategies Lo
reduce the CVD burden. This may be especially rele-
vant in South-East Asia, where infectious diseases con-
tinue to be highly prevalent among a young and rapidly
increasing population* Therefore we consider our
findings to be an aetiologically important signal L
early life infections could play a part in the high nci-
dence of premature coronary heart disease in South-
East Asia.

Numerous studies have suggested that infection in
childhood may affect the v lature.”'® '* The pre-
cise mechanisms by which nlection, alone or in com-
bination with traditional risk factors, may contribute to
atherosclerosis remains unclear.'” We assessed whether
early life infection modified the effect of traditional
CVD risk factors by applying the FRS to our study
group. FRS measures the absolute CVD risk burden
continuously and therefore provides a more precise
and accurate score. Instead of estimating the 10-year
risk of developing CHD in each individual participant.
we used the FRS to rank all participants based on their
traditional risks burden. We classified them as low,
intermediate and high risk classes. From the analyses,
we then attained appreciable differences in the ORs of
early life infection between the low, intermediate and
high risk classes.

Limitations

This study has some potential limitations. First, as a
result of the unavailability of registry data on infection-
related admission to hospital and exposure to

antibiotics. we relied on participant and parental
recall of infection. Therefore the possibility of recall
bias and differential recall of past infections as a
result of current disease status is acknowledged. To
minimize recall bias, we verified the infection data
from the cases and controls with first-degree family
members. In addition, qu?}nnaires about early life
exposures collected other data unrelated to infection
and the participants were not aware of the main
research question. Second. the lack of specificity of
infections observed in this study limited the conclusions
that can be drawn regarding potential mechanisms that
may act in the inflammatory process; however, no con-
sensus exists on which infectious diseases are most rele-
vant for CVD. Third. the absence of serological data
limited our ability to validate the exposure to specific
infectious agents, although this approach has inherent
limitations as it is not informative about clinical symp-
toms or severity.”' Fourth, we excluded fatal cases of
ACS. which may introduce a bias in the assessment
of the association between early life infection and pre-
mature ACS if the association differed with CVD mor-
tality. However, we speculate that the association is
more likely to be stronger in patients with ACS who
died (as they may have had more severe CVD) and
therefore the strength of the association may be
underestimated.

Conclusion

Thig@udy confirms that infection experienced in early
life 1s associated with early coronary hegggdisease in
adulthood and may potentiate the effects ol traditional
CVD risk factors.
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