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Abstract

Background: The human population residing in monazite bearing Kerala coast are exposed to chronic low dose
and low dose rate external gamma radiation due to Th232 deposits in its beach sand. The radiation level in this
area varies from < 1.0 to 45.0 mGy/year. This area serves as an ideal source for conducting large-scale
epidemiological studies for assessing risk of low dose and low dose rate radiation exposure on human population.
The areas with a dose level of ≤1.50 mGy/year are considered as normal level natural radiation areas (NLNRAs) and
areas with > 1.50 mGy/year, as high level natural radiation areas (HLNRAs). HLNRAs were further stratified into three
dose groups of 1.51-3.0 mGy/year, 3.01-6.00 mGy/year and > 6.0 mGy/year. The present study evaluates the effects of
chronic low dose radiation (LDR) exposure on the birth prevalence of Congenital Heart Diseases (CHD) among the
live newborns monitored in hospital based prospective study from NLNRAs and HLNRAs of Kerala coast, India.

Methodology: Consecutive newborns were monitored from two hospital units located in the study area for
congenital malformations. Referred CHD cases among the newborns screened were confirmed by conducting
investigations such as pulse oximetry, chest X-ray, electrocardiogram and echocardiogram etc.
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Results: Among the newborns screened, 289 CHDs were identified with a frequency of 1.49‰ among 193,634
livebirths, which constituted 6.03% of overall malformations and 16.29% of major malformations. Multiple logistic
regression analysis suggested that the risk of CHD among the newborns of mothers from HLNRAs with a dose
group of 1.51-3.0 mGy/year was significantly lower as compared to NLNRA (OR = 0.72, 95% CI: 0.57-0.92), whereas it
was similar in HLNRA dose groups of 3.01-6.00 mGy/year (OR = 0.55, 95% CI: 0.31-1.00) and ≥ 6.0 mGy/year (OR =
0.96, 95% CI: 0.50-1.85). The frequency of CHDs did not show any radiation dose related increasing trend. However,
a significant (P = 0.005) reduction was observed in the birth prevalence of CHDs among the newborns from HLNRA
(1.28‰) as compared to NLNRA (1.79‰).

Conclusion: Chronic LDR exposure did not show any increased risk on the birth prevalence of CHDs from high-
level natural radiation areas of Kerala coast, India. No linear increasing trend was observed with respect to different
background dose groups. The frequency of CHD was observed to be 1.49 per 1000 livebirths, which was similar to
the frequency of severe CHD rate reported elsewhere in India and was much less than the reported frequency of 9
per thousand.

Keywords: High level natural radiation area (HLNRA), Normal level natural radiation areas (NLNRA), Prevalence at
birth, Hospital-based newborn monitoring, Congenital heart disease, Chronic low dose radiation

Introduction
Congenital malformations are structural, functional or
cosmetic disabilities present at the time of birth. They de-
velop prenatally and are identified at the time of birth or
before or after birth. Congenital heart diseases (CHD) are
one of the most common major birth defects, which can
involve the walls, valves, arteries or veins of the heart. The
birth prevalence of CHD varies widely worldwide and
ranges from 0.6 to 75 per 1000 live births [1–4] with con-
sistent increase after the introduction of echocardiography
and reporting of even minor form of CHD. In India, large-
scale studies on the prevalence of CHD at birth are limited
and available reports of birth prevalence of CHD range
from 3 to 13 per 1000 live births and sometimes found to
be as high as 74, if minor form of CHDs are included [5].
The reported birth prevalence of severe CHD, requiring
an intervention in the first year of life itself, is 1.5-1.7 per
1000 live births [5].
About 70-80% of CHD cases are multifactorial in origin,

which include interaction of both genetic and environ-
mental factors [1]. Several investigations involving ad-
vanced techniques like fluorescence-in-situ hybridization
(FISH), Comparative genomic hybridization (CGH), ex-
ome sequencing etc., reveal that aneuploidy, gene muta-
tions, copy number variations and single nucleotide
polymorphisms are associated with CHD [1, 6]. There are
several factors that are reported to be associated with
CHD including use of anticonvulsant medicines, lithium,
alcohol, tobacco etc. In addition, maternal illnesses such
as uncontrolled insulin dependent diabetic mellitus, sys-
temic lupus erythematosus, rubella infection etc., in the
first trimester of pregnancy [7] also contribute substan-
tially to the increase incidence of CHDs.
Ionizing radiation (IR) has clastogenic, teratogenic and

carcinogenic potential for induction of somatic and

germinal mutations. Both paternal and/or maternal ex-
posure may induce germline mutations in the parental
lineage. The induced mutations may have its impact
during conception, pre-implantation, organogenesis and
general intra-uterine development [8, 9], which may lead
to congenital malformations including CHDs at birth.
However, till date no significant increase in birth defects
or hereditary anomalies are reported in human due to IR
below 100mSv [10].
The risk of parental exposure to IR below 100mSv on

birth prevalence of CHD in human population is not
clearly established. Linear No Threshold (LNT) hypoth-
esis, commonly used as basis for regulatory and safety
purposes, considers any dose of IR is harmful whether it
is acute or chronic, low or high dose. Human population
exposed to IR provides direct evidence on hereditary ef-
fects or cancer incidence. There are large scale epi-
demiological studies such as Atomic Bomb (A-Bomb)
survivors, Chernobyl and Fukushima Daiichi nuclear dis-
aster affected population, population exposed to occupa-
tional and medical exposures and most importantly,
those residing in HLNRAs of the world such as Yang-
jiang (china), Guarapari (Brazil), Ramsar (Iran) and Ker-
ala (India). Even the largest epidemiological study
involving children of survivors of the atomic bombings
(A-Bomb) in Japan did not indicate any significant im-
pact of acute radiation exposures in human population
[11]. No statistically significant increase in major birth
defects or other untoward pregnancy outcomes was ob-
served among children of A-Bomb survivors. Similarly,
studies conducted in Chernobyl nuclear disaster areas
did not show any increase in the birth prevalence of
congenital malformations [12]. Congenital Heart Disease
after the Fukushima nuclear accident also did not show
any increase in CHDs [13].
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Although the transgenerational and intra-uterine ef-
fect of LDR on the development of heart disease is
poorly understood, somatic effect of IR was recognized
in late 1960s [14] when thoracic radiation exposure was
identified as a risk factor. Several epidemiological stud-
ies including studies on Japanese A-Bomb survivors
[15, 16] and studies on occupational exposures on hu-
man population have consistently suggested positive re-
lationship between IR and cardiovascular diseases, for
doses > 0.5 Gy as reported by Baselet et al. [17]
Epidemiological studies require very large sample size,
up to several millions to detect the risk of CHDs at low
doses, especially for dose levels of < 0.5 Gy with suffi-
cient statistical power [17]. Hence, studies on birth
prevalence of CHDs among a large population exposed
to LDR exposure in HLNRA of Kerala coast, provide a
practical approach to shed light on this area of re-
search, especially in the context of recent interest and
debate on the effect of LDR exposure on circulatory
diseases as a whole [18].
The study area is a narrow coastal belt in the state

of Kerala (55 km long and 0.5 km wide) in southwest
India extending from Neendakara (Kollam district) in
the south to Purakkad (Alappuzha district) in the
north. It has a patchy distribution of monazite in its
beach sand that contains Th-232, and its decay prod-
ucts. Due to the uneven distribution of monazite in
the beach sand, the level of radiation exposure varies
extensively in this area, which ranges from < 1.0 to
45 mGy/year [19, 20]. The level of radiation exposure
is elevated from place to place and in some places, it
is above 70 mGy/year. The human population residing
in this area is more than 1000 years old. This popula-
tion is exposed to chronic LDR exposure and pro-
vides useful information on epidemiological and
biological endpoints due to elevated level of back-
ground radiation at all stages of development. Screen-
ing of newborns of the HLNRA and adjacent NLNRA
of Kerala is being carried out to assess the risk of
congenital malformations (hereditary risk) among the
offspring of parents exposed to LDR, projected to be
about 0.3 to 0.5% per Gy to the first generation [10].
So far, epidemiological data on congenital malforma-
tions and cytogenetic investigations on newborns did
not reveal any increased frequency in any of the pa-
rameters in HLNRA as compared to NLNRA [21–26].
The present investigation is focused on the effect of
chronic LDR effects on birth prevalence of CHDs
from newborn survey conducted in HLNRA of Kerala
coast.
The objective of the present study is to delineate the

risk and/or effect of chronic LDR exposure on CHDs
among the newborns from HLNRAs and the adjoining
NLNRAs of Kerala coast.

Materials and methods
Screening of the newborns in hospital units located in
NLNRA and HLNRA is described in detail elsewhere
[21, 24]. Briefly, the study was carried out in selected
government hospitals catering to the medical needs of
the population residing in the HLNRA and adjacent
NLNRA under Memorandum of Understanding (MoU)
between Bhabha Atomic Research Centre (BARC) and
Department of Health and Family Welfare, Directorate
of Health Services, Government of Kerala. All the
women admitted for delivery with a gestational age of
more than 28 weeks were included in the study and the
newborn infants, alive or dead, were the primary study
subjects. Data related to the socio-economic profile,
pregnancy history, life style, occupation, place of stay of
the parents, etc. were collected in pre-coded proforma
along with the details of the current pregnancy outcome.
Congenital anomaly was identified primarily by clinical
examination of the newborns by paediatricians of the
collaborative hospitals and was further verified by
trained medical doctors of Low-Level Radiation Research
Laboratory (LLRRL), Kollam, who made regular visits to
the participating hospitals. Newborns showing signs and
symptoms of heart defects on clinical evaluation were
examined by pulse oximetry, electrocardiogram, chest x-
ray and echocardiogram for diagnosing CHD.

Dosimetry
The study area was divided into small grids of 100 m2

and radiation dose level of each grid was estimated by
taking the mean of several survey meter (halogen-
quenched Geiger Muller tube-based survey meter con-
sisting of the tube and microprocessor based digital dis-
play) readings taken across the length and breadth of the
grid at 1 m height from the ground and the dose was
assigned to all the newborns with parental residence in
the grid. Areas with a radiation exposure level above 1.5
mGy/year were considered as HLNRA and those below
1.50 mGy/year, as NLNRA [21].

Statistical methods
Chi-square test, with Yate’s continuity correction where
indicated, was used to compare the frequencies of CHD
across different sub-groups. Multiple logistic regression
using STATISTICA software [27] was employed to esti-
mate the risk of CHD in terms of Odds Ratio (OR). To
estimate the contribution of paternal age to the risk of
CHD, taking into account the maternal age effect and
the high correlation between maternal and paternal age,
simple logistic regression was used with parental age dif-
ference (age of father minus age of mother, ignoring
negative values) as independent variable, separately in
the maternal age groups of 15-19, 20-21, 22-23, 24-25,
26-27, 28-29 and ≥ 30 years. Parental age difference was
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grouped as 0-4, 5-9 and ≥ 10 years, with 0-4 years as the
reference category. The statistical significance of OR was
judged from its 95% CI, a 95% CI that do not include
the null value of 1, suggests statistical significance of the
OR at 5% level. No correction for multiple testing was
carried out.

Results
During the period from August 1995 till December
2020, a total of 194,167 newborns were monitored from
192,822 deliveries, which include 1318 twins, 12 triplets
and one quadruplet in hospital units of NLNRA and
HLNRA of Kerala coast. Age at birth of the mothers
ranged from 15 to 45 years with a mean age of 24.7 ±
3.8 years and about 83% were in the age group of 20-29
years. Majority (~ 92%) of the births was either from first
(46.2%) or second (45.6%) gravida/delivery. The overall
sex-ratio of the newborns monitored was 1042 males to
1000 females. Among these, congenital malformations
were detected in 4668 (24.04‰) newborns of which
1774 (9.14‰) had major congenital malformations.
About 59% (114,764) newborns were from HLNRA and
41% (79,403), from NLNRA. Major malformations
(0.92% v/s 0.91%), stillbirths including born alive but
died immediately after birth (0.38% v/s 0.34%), down
syndrome (0.065% v/s 0.065%) and live singleton new-
borns with low birthweight of < 2500 g (8.13% v/s 8.15%)
were observed to be similar in HLNRA and NLNRA, re-
spectively. The prevalence of paternal smoking habit was
35% and it was not associated with the risk of any of the
end-points considered. Maternal smoking was rare (<
1%) in the study population.
A total of 533 infants were born dead, either as still

birth or intrauterine death and were excluded from the
analysis of congenital heart disease (CHD) among the
live births. Among 193,634 live newborns, a total of 289
newborns were identified as CHDs (138 males; 151 fe-
males) with a frequency 1.49‰ of which 23 newborns
with CHD (15 males; 8 females) died within few days
without any physical stress. Though male newborns with
CHD died immediately after birth, which is twice as
often as their female counterpart, the difference was not
statistically significant (RR = 2.05, 95% CI: 0.90-4.69).
CHD constituted 6.03% of overall malformations and
16.29% of major congenital malformations with serious
structural, functional, or developmental disability. About
86% of the newborns had CHD alone and the remaining
14% had other major malformations involving central
nervous, musculoskeletal, genitourinary, gastrointestinal,
respiratory systems or syndromes.
Maternal age at birth, gravida status, gender of the

newborns and radiation dose levels at the area of paren-
tal residence were found to be associated with overall as
well as major congenital malformations. However, the

variation observed in the frequency of malformations
across different religious groups was well within the
limits of random fluctuation (Table 1). While there was
statistically significant difference in the frequency of
overall congenital malformation among different ethnic
groups within Hindu religious group, the frequency of
major congenital anomalies was statistically similar
among them (Table 1).
Detailed analysis of the frequency of congenital heart

disease (CHD) among live births was carried out among
the newborns monitored. CHD was least frequent in the
maternal age group of 20-21 years (0.86‰) and most fre-
quent (1.92‰) in the age group of ≥30 years (Table 1).
Chi-square test suggested that the associations of mater-
nal age at birth with CHD was statistically significant
(P = 0.026) with increase in CHD after the maternal age
at birth of 26 years and a statistically significant maternal
age at birth related linear trend (Trend χ2 = 10.7, P <
0.01). Newborns of mothers with gravida status of 4 or
more had the highest frequency of CHD (3.42‰) as
compared to 1.33‰, 1.59‰ and 1.67‰ among mothers
with gravida status of 1, 2 and 3, respectively (P = 0.057).
Female newborns had relatively higher frequency of
CHD (1.59‰) as compared to male newborns (1.40‰),
but the difference was not statistically significant (P =
0.291). Newborns from consanguineous (1.83‰) and
non-consanguineous marriage groups (1.49‰) had sta-
tistically similar frequency of CHD (P = 0.778). The vari-
ation in the CHD frequency across the three religious
groups i.e., Hindu, Christian and Muslim as well as that
among different ethnic groups within Hindu religious
group was within the limits of chance fluctuations/
occurrences.
The data was stratified based on background radiation

level at the area of parental residence and was grouped
as ≤1.50, 1.51-3.0, 3.01-6.0 and > 6.0 mGy/year. The
CHD rates among the newborns of mothers belonging
to these areas were 1.79‰, 1.30‰, 0.98‰ and 1.64‰ re-
spectively (Table 1). Chi-square test suggested that the
difference in the incidence of CHDs in the four radiation
dose groups to be statistically significant (P = 0.024). The
overall frequency of CHD in HLNRA was 1.28‰, which
was significantly (P = 0.005) different from the frequency
1.79‰ observed from NLNRA.
The odds ratio (OR) was estimated using multiple lo-

gistic regression analysis to assess the individual contri-
butions of maternal age at birth, gravida status, gender
of the newborn, consanguinity, religion and ethnicity to-
gether with background radiation dose to the risk of
CHD and is depicted in Table 1 with OR of 1 indicating
reference category. The analysis suggested that maternal
age at birth and radiation levels at the area of parental
residence is associated with CHD. The risk of CHD was
less in the age group of 20-21 years as compared to the
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Table 1 Overall and major malformations and heart diseases among newborns according to maternal and newborn characteristics
N No. babies born dead No. of newborns with ORe CHD

(95% CI)
CAa (‰) MCAb (‰) CHDc

(‰d)

Maternal age at birth in years

15-19 11,886 33 255 (21.45) 93 (7.82) 15 (1.27) 0.87 (0.49-1.54)

20-21 29,068 74 693 (23.84) 246 (8.46) 25 (0.86) 0.59 (0.37-0.94)h

22-23 41,424 95 957 (23.1) 374 (9.03) 61 (1.48) 1.00

24-25 40,533 115 988 (24.38) 349 (8.61) 57 (1.41) 0.95 (0.66-1.37)

26-27 29,905 84 714 (23.88) 279 (9.33) 54 (1.81) 1.22 (0.84-1.77)

28-29 19,938 50 485 (24.33) 189 (9.48) 36 (1.81) 1.21 (0.79-1.85)

≥ 30 21,413 82 576 (26.9) 244 (11.39) 41 (1.92) 1.26 (0.83-1.91)

Pf = 0.047 P = 0.008 P = 0.026

Gravida Status

1 89,787 234 2236 (24.9) 784 (8.73) 119 (1.33) 1.00

2 88,482 205 2060
(23.28)

818 (9.24) 140 (1.59) 1.02 (0.78-1.33)

3 13,826 71 313 (22.64) 139 (10.05) 23 (1.67) 1.02 (0.63-1.64)

≥ 4 2072 23 59 (28.47) 33 (15.93) 7 (3.42) 2.02 (0.92-4.44)

P = 0.048 P = 0.004 P = 0.057

Gender of the newborng

Male 99,085 287 2882
(29.09)

1048
(10.58)

138 (1.40) 0.88 (0.70-1.10)

Female 95,060 243 1764
(18.56)

704 (7.41) 151 (1.59) 1.00

P < 0.001 P < 0.001 P = 0.291

Consanguinity

No 190,879 516 4579
(23.99)

1723 (9.03) 283 (1.49) 1.00

Yes 3288 17 89 (27.07) 51 (15.51) 6 (1.83) 1.31 (0.58-2.96)

P = 0.253 P < 0.001 P = 0.778

Religion and Ethnicity

Hindu 132,138 367 3190
(24.14)

1179 (8.92) 190 (1.44) –

Nair 26,791 66 588 (21.95) 229 (8.55) 41 (1.53) 1.00

Ezhava 48,688 121 1251
(25.69)

442 (9.08) 70 (1.44) 0.93 (0.63-1.37)

Viswakarma 13,656 27 348 (25.48) 118 (8.64) 21 (1.54) 0.96 (0.57-1.63)

Others 43,003 153 1003
(23.32)

390 (9.07) 58 (1.35) 0.86 (0.58-1.29)

Christian 21,724 61 532 (24.49) 201 (9.25) 39 (1.8) 1.14 (0.74-1.78)

Muslim 40,305 105 946 (23.47) 394 (9.78) 60 (1.49) 1.01 (0.67-1.51)

P = 0.670 P = 0.284 P = 0.449

Radiation dose in mGy/year

≤ 1.50 79,403 203 2059
(25.93)

721 (9.08) 142 (1.79) 1.00

1.51-3.00 96,393 290 2211
(22.94)

901 (9.35) 125 (1.3) 0.72 (0.57-0.92)h

3.01-6.00 12,256 25 260 (21.21) 89 (7.26) 12 (0.98) 0.55 (0.31-1.0)

≥ 6.01 6115 15 138 (22.57) 63 (10.3) 10 (1.64) 0.96 (0.5-1.85)

P < 0.001 P = 0.103 P = 0.024

Total 194,167 533 4668
(24.04)

1774 (9.14) 289 (1.49)

N=No. of total births
aCA – congenital anomaly
bMCA – major congenital anomaly
cCHD – congenital heart disease
dCHD frequency calculated per 1000 Live births
eOdds Ratio, with 95% Confidence Interval obtained by employing multiple logistic regression with all the characteristics in the model and category with OR as 1 as reference
fP-values of chi-square test comparing the frequencies across different sub-groups after applying Yate’s correction, where necessary
gThere were 22 cases with intersex, of which 3 were born dead
hStatistically significant
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reference group of 22-23 years (OR = 0.59, 95% CI: 0.37-
0.94). The risk of CHD in all the other age groups was
statistically similar to that in the age group of 22-23
years. The risk of CHD among newborns from areas
with background dose levels of 1.51-3.0 mGy/year was
significantly lower as compared to NLNRA (OR = 0.72,
95% CI: 0.57-0.92). The risk was statistically similar in
the dose group of ≤1.50 mGy/year and in the HLNRA
dose groups of 3.01-6.0 mGy/year (OR = 0.55, 95% CI:
0.31-1.00) and ≥ 6.0 mGy/year (OR = 0.96, 95% CI: 0.50-
1.85).
The background dose at the parental residence was

further subdivided to assess the dose response of CHD
with respect to radiation dose. The odds of CHD in each
dose group together with its 95% CI is depicted in Fig. 1.
The line of best linear fit of the odds, estimated using lo-
gistic regression by using the geometric mean of the
doses in each dose group, does not seem to suggest any
trend in the risk of CHD with increasing background
dose. An apparent statistically non-significant reduction
was observed in the first few dose groups of 1.51-2.50,
2.51-3.50, 3.51-4.50, 4.51-6.0 and 6.01-15.0 mGy/year
relative to that in ≤1.50 mGy/year, the NLNRA.

Effect of paternal age on CHD
Of the 193,634 live newborns, paternal age was not
available for 55 cases and it was less than maternal age
in 380 (0.2%) cases. Hence, analysis was done on

193,199 newborns to find out the influence of paternal
age at birth. As maternal age and paternal age were
highly correlated, the effect of paternal age at birth was
analysed by grouping the newborns whose paternal age
is more than the maternal age by 4 years or less (36.9%),
5-9 years (54.1%) and ≥ 10 years (9%). The analysis was
carried out separately in the maternal age groups of 15-
19, 20-21, 22-23, 24-25, 26-27, 28-29 and ≥ 30 years. The
risk of CHD among newborns whose paternal age is
more than the maternal age by 5-9 years and ≥ 10 years
relative to those who were within 4 years was assessed
by using odds ratio. The results as depicted in Fig. 2, do
not seem to suggest any statistically significant influence
of paternal age at birth, though mothers aged 28 or
more appear to have a higher risk of having a newborn
with CHD, if the paternal age is greater by 10 years or
more. The influence of paternal age at birth seems to be
minimal for maternal age at birth of 27 years or less.

Discussion
The present study is a part of the newborn monitoring
programme in the HLNRAs of Kerala coast, India to as-
sess the influence of natural chronic low dose and low
dose rate IR exposure directly on birth defects on off-
spring at birth. The study evaluated the symptomatic
cases of CHD among consecutive new-borns at birth,
detected by clinical examination of the baby and/or by
further clinical investigations, where necessary. The

Fig. 1 Odds of congenital heart disease (CHD) among live newborns with +/− 95% CI by geometric mean dose in dose categories fitted with
logistic regression estimate of the odds (dotted line). CHD odds ratio per mGy = 0.998, P = 0.912
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study population has a high literacy rate and practices
small family norms, where more than 90% of the
mothers had a gravida status of 1 or 2. More than 80%
of mothers had an age at delivery or child birth between
20 and 29 years with almost fully institutionalized deliv-
ery. Other reproductive parameters monitored during
delivery was comparable to developed countries [24, 26].
The birth prevalence of CHD observed in the study was
1.49 per 1000 births, is rather similar to the severe CHD
frequency rate reported elsewhere in India and is less
than 9 per 1000 live births reported to be a representa-
tive figure [5]. As the study monitored newborns at birth
and only detectable CHDs were identified, there is a
chance of missing minor forms of CHDs and CHDs
identified during infancy and later. This would perhaps
explain the lower frequency rate observed in the study
population as compared to that observed across India
ranging from 3.9-9.0/1000 births [5, 28]. The number of
newborns with CHDs, who died within first few days of
hospital stay of the mother (3 days after normal vaginal
delivery and 7 days after caesarean section) was 8% (23
out of 289 newborns diagnosed with CHD) in our study,
which is much less than the reported figure of 29% [29].
The aetiology of CHD is not fully understood, though
maternal, genetic and environmental factors have been
implicated [1, 6, 7].
A study based on acute radiation exposure from the

Chernobyl accident has not found any correlation

between radioactive contamination and CHDs [30]. In our
study, chronic LDR does not show any positive correlation
on CHDs. On the contrary, the prevalence of CHDs
among newborns of mothers hailing from areas within the
dose group of 1.51-3.0, 3.01-6.0 and > 6.0mGy/year were
lower as compared to the dose group of ≤1.50mGy/year
(NLNRA) and with statistically significant reduction
in the dose group of 1.51-3.00 mGy/year (OR = 0.72;
95% CI: 0.57-0.92) without any dose related trend in
the incidence of CHDs (Fig. 1).
The heart is considered as a radio-resistant organ,

which is not influenced by doses up to 30 Gy [31]. High
doses of IR from medical exposures may increase the se-
verity of heart diseases [17]. An elevated risk for heart
diseases was reported from Life span study (LSS) from
Japan (ERR = 0.14 per Gy, 95% CI: 0.06-0.23), but the
dose-response relationship below 0.5 Gy was not statisti-
cally significant [16]. Chernobyl liquidator cohort yielded
an ERR/Gy of 0.41 for Ischemic Heart Disease (IHD)
with 95% CI: 0.05-0.78, whereas Mayak cohort yielded
an ERR/Gy of 0.11 with 95% CI: 0.049-0.168 [32] and
reported a statistically significant female-workers-
influenced decrease in incidence of IHDs among the
workers exposed to external doses of 0.2 to 0.5 Gy as
compared to workers exposed to external doses below
0.2 Gy [33]. The relationship between radiation exposure
and heart disease may be obscured by the extrapolation
of the findings from cancer patients to general

Fig. 2 Influence of paternal age at birth on the risk of congenital heart disease. The risk was estimated among newborns with paternal age more
than the maternal age by 5-9 years & ≥10 years relative to those who were within 4 years, separately within each maternal age group. Horizontal
axis gives the maternal age group and number of newborns in each group, grouped by the difference between parental age, together with
number of newborns with CHD in parenthesis
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population in cancer survivor studies, by ‘healthy sur-
vivor’ effect in LSS cohort and ‘healthy worker’ effect in
occupational exposure studies.
The overall statistically significant reduction in the risk

of CHDs in HLNRA as compared to NLNRA and the
apparent reduction, though not statistically significant,
at the dose levels of 1.51-2.50, 2.51-3.50, 3.51-4.50, 4.50-
6.0 and 6.01-15.0 mGy/year (as shown in Fig. 1) is note-
worthy. The observation is relevant in the context of re-
cent discussions on the validity and veracity of the LNT
hypothesis and the suggestion of a possible beneficial ef-
fect, especially in the low dose region [34–36].
The contribution of paternal age towards congenital

malformation and CHD in particular is equivocal or
weak [37] while that of maternal age is well known fact
as it is established that advanced maternal age has im-
pact on congenital malformations in general and CHD
in particular. The reason could be due to the difference
in the gametogenesis of males and females. Male gam-
etic stem cells undergo meiosis continuously after pu-
berty while there is a long gap between first meiotic
division during female fetal development and second
meiosis at fertilization [9]. Unravelling the effect of pa-
ternal age from maternal age is tricky as the maternal
and paternal age are highly correlated in the study (r =
0.762) population and paternal age is usually greater
than maternal age (99.8%). It may not be possible to vary
one ‘keeping the other constant’ so as to apply regres-
sion techniques to estimate the individual contribution
of maternal and paternal age on CHD. Hence, it was
attempted to describe the effect of paternal age by com-
paring the risk of CHD among newborns whose paternal
age was more than the maternal age by 5-9 years and ≥
10 years relative to those who were within 4 years (Fig. 2),
separately within each maternal age group [38].
The present study population, which is exposed to

high level natural background radiation exposure to hu-
man population at all stages of human development is of
high relevance to assess the risk of chronic LDR expos-
ure below 100mSv (mGy). Moreover, the availability of
large sample size of newborns monitored in NLNRA
and HLNRA in Kerala coast for the last three decades
for delineating the effect of chronic LDR exposure on
CHD is noteworthy. To our knowledge this is one of the
largest studies on newborns in the World, where the risk
of LDR exposure in human population and the offspring
is assessed. No such data is available on birth prevalence
of CHDs in a larger cohort of newborn population to de-
lineate the effect of LDR.

Strength and limitations of the study
This study is based on monitoring 194,167 consecutive
newborns at birth and the large sample size is the major
strength of this study. The chance of under ascertainment

of severe CHDs detectable at birth was remote in the
study since all newborns were examined by the paediatri-
cians of the collaborating hospitals and their observations
were verified by medical doctors of LLRRL, BARC trained
in detecting congenital anomalies. All the relevant con-
comitant information was recorded in pre-coded pro-
forma during the stay of the woman in the hospital by
staff nurses and medical doctors of the hospital. The data
were scrutinized for completeness and consistency by
medical and paramedical staff of LLRRL, who made regu-
lar visits to the participating hospitals. The uniqueness of
the study population such as lower maternal age at birth,
acceptance of small family norms, universal antenatal folic
acid supplementation, higher literacy rate mediated health
awareness and practices may have influence in reducing
the prevalence of major cardiovascular anomalies. As only
suspected cases of CHDs were referred for further investi-
gation, chance of missing minor CHDs may not be ruled
out. Radiation exposure profile in the natural high-level
radiation scenario is quite complex due to local movement
of the population coupled with the general Indian pattern
of shift of residence of female to her husband’s place after
marriage. One of the limitations of the study is that the
average dose at the area of residence of the parents was
used in the study as a surrogate for the actual dose. Since
the radiation level in the region under study is purely due
to primordial radioactivity, drastic change in radiation
levels over the years was unlikely. Smaller sample size
from the areas with higher radiation levels was another
limitation of this study, which is the characteristics of this
population.

Conclusion
In conclusion, the study revealed that natural chronic
low dose and low dose radiation exposure did not in-
crease the incidence of CHD in HLNRA of Kerala coast
as compared to the adjacent NLNRA. On the contrary, a
reduction in the birth prevalence of CHDs were ob-
served among the newborns of mothers hailing from
areas with HLNRA (1.28‰) as compared to those from
normal level natural radiation areas (1.79‰), P = 0.005.
There was no increasing trend with respect to chronic
low dose and low dose background radiation exposure
to this population.
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