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Abstract: Genetic polymorphisms in interleukin-1 (IL-1A and IL-1B) isoforms have been associated with
Chronic Periodontitis (CP) in Caucasians, Asians and Arabs but little is known about their role in Africans.
Therefore, this study was to resolve the association between genetic polymorphisms in IL-1A and IL-1B
isoforms and chronic periodontitis in a Kenyan community.
Methods: This was a case-control study. After informed consent, a clinical examination was conducted. Buccal
swab samples were then obtained. Deoxyribonucleic acid was isolated from the swabs using QIAamp DNA
purification protocol followed by polymerase chain reaction amplification using specific primers to IL-1A (loci 889 & +4845) and IL-1B (loci -511 & +3954). The amplicons were digested using Nco1, Fnu4H1, Ava1 and
Taq1 respectively. Restriction fragment length polymorphisms (RFLP) were recorded. Association analyses of
the RFLP and clinical data were carried out.
Results: After screening 523 Swahili participants from old town Mombasa, 100 cases and 100 controls were
included in the study.
There was more plaque present in cases than controls with OR = 9.2 (95%CI = 3.7-23.1), p<0.001. Mild
Chronic Periodontitis was present in 9(9%) participants, moderate CP in 35(35%) and the severe form of CP in
56(56%).
Carriage of allele 1 at IL-1A-889 amongst the Swahili participants was associated with Chronic Periodontitis
(OR = 3.16, 95%CI=1.644-6.083, p<0.001). Allele 1 at locus IL-1A-889 was associated with mild, (OR=5.2,
95%CI=1.445-18.71, p=0.005), moderate (OR=4.51, 95%CI = 2.08-9.79, p<0.001) and severe disease
(OR=2.19, 95%CI=1.013-4.738, p=0.042). Furthermore, plaque level was an effect modifier in the association
between IL-1B-511 polymorphism and CP.
Conclusions: Increased susceptibility to Chronic Periodontitis was found in Swahili participants with allele 1 at
IL-1A-889.
Keywords: Chronic Periodontitis, IL-1 polymorphisms, Kenya, plaque, Swahili.
I.
Introduction
Genetic variation is considered as one of the risk factors, which bring about differences in periodontal
disease progression [1]. Studies carried out on reared – together and reared – apart twins on the development of
gingivitis, probing depth and clinical attachment loss, have shown that between 38% and 82% of the variation
seen in the progression of chronic periodontitis, could be attributed to genetic variation [1-3].
A meta-analysis investigation to determine whether IL-1A (-889) and IL-1B (+3954) composite
genotype was associated with chronic periodontitis confirmed this association in Caucasians [4]. The prevalence
of IL-1 composite genotype is low among Asian populations. The prevalence reported in Chinese subjects is
2.3%, [5] 2% in Thai subjects, [6] 0.2% in Japanese persons, [7] and 14% in Indians [8]. Other Indian studies
reported no association of IL-1B (+3954) and chronic periodontitis [9, 10]. Thus, the use of the composite
genotype IL-1A (+4845) allele 2 and IL-1B (+3954) allele2 for determining susceptibility in Asian patients is
questionable.
In the Arab population, a recent study reported 52% of the non-smoking healthy young adults with
gingivitis to be positive for the IL-1 composite genotype polymorphisms [11]. This is the highest percentage
reported so far. The relationship between supra-gingival plaque and bleeding on probing was marginally
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significant (odds ratio of 1.674, 95% CI of 1.497-1.872), indicating that susceptibility, possibly contributed by
the presence of the IL-1 composite genotype, may be attributed to the inflammatory changes observed.
Data on IL-1 polymorphisms in native African populations are limited. The only study to the best of
our knowledge was carried out amongst the Xhosa in South Africa and reported a prevalence of IL-1A (+4845)
allele 2 at 46.9 % in cases and 22 % in controls and IL-1B (+3954) at 15.8 % in cases and 14.3 % in controls
[12]. This study showed that IL-1 composite polymorphism was not associated with severity of periodontitis in
this South African population [12].
To expand on this study in the only known African population, we sought to investigate the association
of interleukin-1 polymorphisms with chronic periodontitis in a Kenyan population focusing on the Swahili tribe.
The Swahili people are an interesting group because their genetic make-up is a mosaic with African, Caucasian
and Arab heritage.

II.

Material And Methods

The study was conducted in the old town section of Mombasa town in Mombasa County where most of
the Swahili people are found. Mombasa County lies along the Kenyan coastline. The city has a population of
939,370, as per the 2009 census.
This was a case-control study design. The design allowed for selection of cases and controls without
randomization as long as the inclusion criteria were adhered to [13]. The test was, whether the marker genotypes
distributed differently between the cases and controls. The selection of cases involved matching by age and
gender of the cases with unaffected controls. Cases comprised individuals with chronic periodontitis selected on
the basis of having clinical loss of attachment of ≥ 3mm on several teeth but a minimum of at least 2 nonadjacent teeth with proximal attachment loss of ≥ 3mm [14, 15] and controls were individuals with a clinically
healthy gingiva that did not bleed on probing and had no probing depth of >3mm. Controls were individuals
who would have been designated study cases if they had developed the disease. Study participants were adults
of ages 35-44 years since this is the age at which cumulative effects of Chronic Periodontitis will present
according to the World Health Organization Basic Methods Criteria. These participants were selected from
subjects who presented themselves to the various recreational centers and health centers and met the inclusion
criteria. Controls were recruited from the same area and were used to characterize the distribution of the
genotype.
Included persons had to have most of their teeth but at least 18 teeth including 2 molars and 2
premolars in the same arch. This allowed representation of all tooth types including molars and premolars so as
to capture the presentation of chronic periodontitis in single rooted teeth as well as multi-rooted teeth because
progression of chronic periodontitis may differ in the different tooth types [16]. Only those who consented to
participate in the study were recruited. Those excluded were persons with a history of periodontal treatment, six
months prior to the study since this would have interfered with disease definition by the inclusion of cases with
a reduced but healthy periodontium as control subjects. Those on any medication or with any systemic illness
were also excluded.
The required minimum sample size for case control studies was calculated using a formula developed
by Kirkwood and Sterne [17]. The exposure rate reported in the study by Kornman et al., [18] was used since
there are no known Kenyan African studies on genetic polymorphism and chronic periodontitis. The
specifications yielded a sample size of 88. Anticipating a 10% loss due to inadequate DNA collection, the
sample size (per group) was 88/0.9 = 98. A minimum appropriate sample ensured proper utilization of
resources since sample size is often determined by logistic and financial considerations [15].
A modified WHO questionnaire on oral health seeking behavior, oral health practices and sugar
consumption was used [19]. A Kiswahili version was used for participants who did not understand English. A
clinical examination form was used to record data on recession on the following six sites, mesio-buccal, buccal,
disto-buccal, mesio-lingual, lingual and disto-lingual areas. Probing depth measurements were also carried out
on the same six sites per tooth. Bleeding on probing, calculus and plaque were recorded as present or absent.
DNA collection was carried out using the isohelix buccal swabs (Boca Scientific, Isohelix, Kent, England) as
per the manufacturer’s instructions.
Labeled swabs were used to collect buccal cells from the cheeks of the participants from which DNA
samples were obtained. DNA was purified from cells adhering on the swabs using QlAmp DNA Minikit spin
protocol (Qiagen, Turnberry Lane, Valencia, CA) following the manufacturer’s instructions. Centrifugation
steps were carried out at room temperature (15-250C). Purity and concentration of isolated DNA was determined
using NanoDrop 2000c spectrophotometer (Thermo Scientific, Waltham, Mass., USA). Genomic DNA from
cases and controls were analyzed for polymorphisms within the IL-1A gene loci -889 [20] and +4845 [21] and
the IL-1B gene loci -511 [22], and +3954 [23]. PCR reaction conditions were as previously described [24, 25].
Briefly, a reaction mix excluding Taq polymerase was prepared with template DNA added prior to heating at
95°C for 15 min. Taq polymerase (Invitrogen Corporation, Grand Island NY, USA) was added and PCR
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initiated. MgCl2 and primer concentrations were varied in each type of reaction for the different loci
([rs1800587] -889, [rs17561] +4845, [rs16944] -511 and [rs1143634] +3954). Restriction fragment length
polymorphism (RFLP) assays of PCR-amplified gene fragments were carried out as previously described [25]
before subjecting the digests to polyacrylamide gel electrophoresis followed by staining with ethidium bromide
(0.2pg/ml) and visualized under ultraviolet light. Descriptive and bivariate analyses were done. Associations
between exposure variables and chronic periodontitis were done using Pearson Chi-squared and risk assessed by
odds ratio (OR) with 95% confidence interval. Chi-squared, Breslow-Day and Mantel Hanzel were done to
determine association between IL-1 and chronic periodontitis and possible confounders and effect modifiers
identified. Multivariate analysis was carried out using the Binary Logistic Regression to test for significance of
being a case in the presence of factors that were found to be significant at the bivariate stage. Hardy – Weinberg
equilibrium for the four loci (-511, +3954, -889, +4845) was tested for genotype frequency by chi square test,
with 1 degree of freedom.

III.

Results

All the participants were of the Swahili ethnic group and 108 were males and 92 females. There was no
difference in the distribution of male and female participants OR = 1.00(95% CI = 0.57-1.74); p=1.000.
Seventeen (17) tooth surfaces had plaque in controls compared to 26 in cases per individual. When cases were
compared to controls, the mean number of teeth with plaque was 26 (SD=4) tooth surfaces per individual in
cases and 18 (SD=6) tooth surfaces per individual in controls with OR = 9.2 (95%CI = 3.7-23.1), p<0.001 (Fig
1). The mean number of teeth in cases that had bleeding on probing of the gingival tissues was 25 (SD=6).
There was minimal bleeding recorded in the control participants and it was only observed on 29 (1.07%) sites
out of 2800 sites examined. When the gingival tissues surrounding 27 teeth out of a possible 28 were examined,
it was found that approximately 64% of the teeth in cases had tissues that bled on probing (Fig 2) .
Less than 50% of the control individuals had calculus. When presence of calculus was examined in
cases compared to controls, we found an OR = 114.6, 95%CI = 33.1-397.2, p<0.001 showing that calculus was
most likely in cases than controls.
On probing the periodontal pockets, it was found that cases had probing depths of more than 3mm but
none of the controls had pockets of more than 3mm (normal probing depths range from 0-3mm). Periodontal
probing depths of more than or equal to 4mm were found on 8.33 (5.0%) sites per individual in cases. The mean
pocket depth in all participants was 1.93 (SD=1.07).
Mean clinical attachment loss (CAL) ≥4mm was present in 37 (SD = 30.6) of the sites per individual in
cases. None of the controls had CAL. When CAL of more than or equal to 5mm and more than or equal to 6mm
were considered, 25 (SD = 8.6) and 16 (SD = 24.8) sites per individual were affected respectively. The mean
total CAL was 3.13 (SD = 1.07). Amongst the Swahili participants, the distribution of disease according to the
CDC/AAP definitions (Page and Eke 2007) revealed a high prevalence of severe chronic periodontitis with 56
(56%) cases having severe periodontitis, 35(35%) moderate periodontitis and only 9 (9%) with the mild form.
Interleukin-1 polymorphisms were tested at loci-511, and +3954 for IL-1B and loci -889 and +4845 for
IL1-A. The genotype frequency was tested for allele 1 and 2 at the four loci. Thus the presence of allele 1 alone
(1-1), presence of allele 1 and 2 (1-2) and the presence of allele 2 alone (2-2) were reported (table 1).
An insignificantly higher frequency of heterozygous IL-1B (-511) was found in cases 67 (69.8%)
compared to controls 66 (69.5%), p=0.881. The frequency of homozygous allele 1 at this locus was very low
with only 4 (4.2%) and 6 (6.3%) individuals in cases and controls respectively, p=0.516. Homozygous
distribution of allele 2 was 25 (26%) and 23 (24.2%) in cases and controls, p=0.741. Overall, the frequency
distribution of allele 2 at -511 locus was higher than allele 1. The frequencies that were found were, 117
(60.9%) and 112 (58.2%) in cases and controls respectively for allele 2 and 75 (39.1%) and 78 (41%) in cases
and controls respectively for allele 1, p=0.983.
Polymorphisms at the +3954 locus of interleukin-1B showed an insignificant higher frequency
distribution of homozygous allele 1 of 43 (48.9%) and 35 (41.4%) in cases and controls, p=0.246. Heterozygous
distribution between cases and controls, was 29 (33%) and 29(34.1%) respectively, p=1.000. The homozygous
distribution of allele 2 (2-2) was the lowest, with the cases and controls having 16 (18.2%) and 21 (24.7%)
respectively, p=0.363. The total frequency of allele 1 was insignificantly higher in cases at 115 (65.5%) and at
99 (58.2%) in controls, with p value of 0.174.
Homozygous frequency for IL-1A allele 1 at locus-889 was 15 (16.3%) for cases and 5 (5.1%) for
controls, p = 0.018, indicating significantly higher frequency in cases than controls. Homozygous distribution
for allele 2 (2-2) was significant, p<0.001, with a distribution of 71 (77.2%) and 89 (90.8%) in cases and
controls respectively (table 1). Heterozygous frequency was 6 (6.5%) and 4 (4.1%) for cases and controls
respectively with a p value of 0.516.
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The carriage rate of allele 2 polymorphism at -889 in cases was 148 (80.4%) and 182 (92.9%) in
controls, whereas the frequency of allele 1 was 36 (19.6%) and 14 (7.1%) in cases and controls, p< 0.001, OR =
3.16, 95%CI =1.644-6.083.
At IL-1A locus+4845, the frequency of the homozygous allele 1 was the lowest, with cases at 5 (5.7%)
and controls at 6 (6.7%), p=0.756. Homozygote frequency for allele2 was 24 (27.3%) and 28 (31.1%) in cases
and controls respectively with a p=0.519. Heterozygote frequency for allele1 at locus +4845 was 59 (67%) and
56 (62.2%), p=0.668 in cases and controls respectively. The frequency for allele 2 carriage rate at loci +4845
was 107 (60.8%) and 112 (62.2%) for cases and controls respectively, p=0.782 (table 1).
When Hardy Weinberg Principle was tested, 2 distribution with 1df (3.84) showed that equilibrium
exists for IL-1A loci -889 (2 = 85.22, p<0.05) and +4845 (2 = 23.80, p<0.05) and IL-1B at locus -511 (2 =
38.66, p<0.05) and +3954 (2 = 14.66, p<0.05) in the Swahili participants.
Heterozygotes for the composite genotype, 1-2/1-2, were found to be 0% in controls. There was equal
distribution of homozygous allele 2 at locus -889 [27 (32.5%)] and homozygous allele 1 at locus +3954 [27
(32.5%)] with a p value of 1. The positive genotype (allele 2 polymorphism at -889 and allele 2 polymorphism
at +3954) distribution was recorded in 65 (78.3%) cases and 76 (91.6%) controls, with a p value of 0.088.
Severity of chronic periodontitis was subjected to analysis by comparing the frequency of IL-1A and
IL-1B genotypes in mild, moderate and severe chronic periodontitis with controls. We found that allele 1
frequency in IL-1A at locus -889 was 4 (28.6%) for cases with mild chronic periodontitis and 14 (7.1%) in the
controls, (p=0.005 and OR=5.2, 95%CI=1.445-18.7). The frequency for allele 1 at locus -889 in cases with
moderate chronic periodontitis was 17 (25.8%) and 14 (7.1%) for controls, (p=<0.001, OR=4.51, 95%CI=2.089.79). In cases presenting with severe form of chronic periodontitis, the distribution frequency was 15 (14.4%)
in cases and 14 (7.1%) in controls, (p=0.042, OR=2.19, 95% CI = 1.013 – 4.738). There was no significant
correlation between the other alleles and chronic periodontitis.
Breslow- Day test showed that there was a significant difference between the odds ratios, p=0.009 and
thus there is effect modification by plaque level (table 4). The crude and adjusted ORs are different (1.116 and
8.25 respectively).
Mantel-Haenszel method assumes exposure (genotype -511) and chronic periodontitis association is the
same in each of the strata defined by plaque level. It is a weighted average of the odds ratios from the separate
strata. A Mantel-Haenszel estimate value of 0.94 implied that, after controlling for the effect of plaque level, the
odds of disease were less in subjects without genotype compared to subjects with the genotype at the lower
plaque level of <=15 tooth surfaces with plaque (table 5).

IV.

Discussion

Plaque levels were 26 (91%) tooth surfaces in cases and 17 (65%) tooth surfaces in controls with OR =
9.2 and 95%CI = 3.7-23.1. Gingivitis or bleeding on probing of the gingival tissues around at least one tooth
was present in 100% of the individuals with chronic periodontitis. This high prevalence was an expected finding
because of the inclusion criteria. When all the gingival tissues around the teeth were examined, 89% were found
to bleed on probing in the cases. Only 29(<1%) sites in control individuals were found to bleed on probing.
These areas with this slight bleeding may have been inadvertently included in the control group.
Pocket depths of ≥4mm were found in 5.0% of the subjects. Pockets of less than 4mm are considered to
be within normal range (Newman 2006). Clinical attachment loss was reported as ≥4mm being present in
21.9%, ≥5mm in 15% and ≥6mm in 9.8%. This demonstrated a high degree of disease, which was expected
because of the inclusion criteria. Recording >3mm attachment loss ensured that all cases actually had chronic
periodontitis and of a moderate or severe form as recommended by Schafer et al 2011[15]. In this paper, Schafer
et al 2011[15] recommend a higher level of severity in the case selection so as to improve the power of the study
when numbers of less than 1000 individuals was used. This high level of chronic periodontitis improves the
statistical power of the study [13]. Therefore, the severity of chronic periodontitis in this study was high. It is
clear that in this Kenyan population, the measure of disease that should be used in detecting chronic
periodontitis is CAL. Probing pocket depths mask the level of disease since the character of disease progression
in the Kenyan population appears to be via recession rather than pocket formation [26].
The only polymorphism that was found to be significantly associated with chronic periodontitis was at
the IL-1A-889 locus. At this locus, homozygous allele 1(1-1), p=0.018 and carriage of total allele 1 where the
OR = 3.16; 95%CI=1.644-6.083; p< 0.001 were both associated with chronic periodontitis amongst Swahili
participants. Interleukin-1A -889 locus has been associated with chronic periodontitis in some populations and
not others [27-29]. Hence amongst the Swahili participants, the association between [rs1800587] IL-1A -889
and chronic periodontitis was similar to studies in Caucasians, probably reflecting that the genetic make-up is a
mosaic with Caucasoid contribution. The increased destruction of the periodontium in those genotype-positive
for IL-1A-889 allele1, are probably due to reduced production of IL-1α cytokine [30]. This leads to increased
destruction of the periodontium due to low levels of IL-1α protein resulting in lowered recruitment of
www.iosrjournals.org
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inflammatory cells. Variations in IL-1α also affect the production of IL-1β [30, 31]. The distribution of allele 2
at IL-1A locus -889 in Swahili participants was 80.4% in cases and 92.9% in controls, OR=0.32, 95%CI=1.16 –
0.61, p<0.001. This is in contrast to study where allele 2 at IL-1A locus -889 was highest in cases than controls
hence associated with severe periodontitis [32]. Additionally, it was also shown by Hulkkonen et al [31] that
homozgyous allele 2 IL-1A at locus -889 was associated with high IL-1α transcription and these high levels then
induced IL-1β production only in the presence of allele 2 in IL-1B at locus -511 [31]. In the Swahili participants,
allele 2 in IL-1B at locus -511was associated with chronic periodontitis but this effect was modified by the
presence of plaque. In the presence of low plaque levels, the association between [rs16944] IL-1B-511 was
observed but this association was lost when there was a high plaque level. It may be that the high levels of
plaque -(91%) of the teeth affected per individual amongst the Swahili participants- were affecting these
relationships. Thus, the effect of the genotype is expressed when there is less plaque. When there is more
plaque, the genotype effect is masked by the strong association between plaque and chronic periodontitis.
Regarding the effects of composite genotype amongst the Swahili, the known composite genotype,
allele 2 in IL-1A at locus -889 and allele 2 in ILA-1A at locus+4845,was not associated with chronic
periodontitis. This finding is similar to that found in Xhosas of South Africa [12] indicating the African genetic
heritage of this Swahili group. However, this finding contrasts studies, which have shown a positive correlation
of these alleles (-889, 2-2 and +4845, 2-2) with chronic periodontitis [18, 33, 34] in Caucasians or Arabs or
Asians. The severity of chronic periodontitis and association with the tested genotypes (-889, +4845, -511 and
+3954) also differed from other populations because amongst the Swahili participants, there was no correlation,
whereas other studies report a positive relationship [18, 35].
Amongst the Swahili participants, homozygous allele 1 of IL-1A-889 was found to be more frequent in
those with chronic periodontitis. Although the frequency was low (16.3% in chronic periodontitis and 5.1% in
controls), this allele was associated with chronic periodontitis. Other studies have reported frequencies for
homozygous allele 1 at locus -889 as follows: D’Aiuto et al 2004 [36] (Caucasians) reported 39% in those with
chronic periodontitis, Lopez et al 2005 [35] (Caucasians) reported 53.9% in chronic periodontitis and 64.35% in
controls and Al-hebshi et al 2012 [37] (Yemenis) reported 20.3% in chronic periodontitis and 32.5% in controls.
In all these studies, homozygous allele 1 of IL-1A-889 was not associated with chronic periodontitis. Hence
amongst the Swahili participants the association of allele 1 at IL-1A-889 with chronic periodontitis is unique.
There was a 3-fold odds of developing chronic periodontitis in the presence of allele 1 [rs1800587] IL-1B-889.
This uniqueness may be attributed to the Swahili participants being of mixed heritage. They are Bantu in origin
but have over the years intermarried with Arabs and Europeans especially of Persian heritage [38]. Thus this
may affect their genetic makeup. This finding requires further investigations with a mapping of their genome to
find out how their genes have changed, if at all, over the years.
Carriage rate for allele 2 of IL-1A-889 has been reported to vary widely in Caucasians. According to
Asian [6], Japanese [39] and Brazilian [40] studies, the carriage rate in these populations was found to be lower
than that reported for the Caucasian [35, 41]. The lower carriage has also been reported in the Arab population
where in Syrian Arabs, the rate was 12.5% and 8.6% in chronic periodontitis and controls [42]. However, in
Yemeni Arabs, the carriage rates were 30% and 10% in chronic periodontitis and controls [37]. The frequency
distribution of alleles appears to be different in various ethnic groups.
Amongst the Swahili participants, the frequency of allele 2 at IL-1A-889 was high but was not
associated with chronic periodontitis. The negative correlation observed implies that this more common allele is
not associated with chronic periodontitis. The levels in the Swahili participants are comparable to the study by
Wagner et al [43] amongst Caucasians.
Amongst the Swahili participants, the distribution of polymorphism in IL-1A at locus +4845 was most
frequent in heterozygote individuals where 67% in the chronic periodontitis group had the allele and 62.2% in
controls but the difference was not significant (p=0.668). The carriage rate of allele 1 was 39.2% in cases and
37.8% in controls but the difference was also not significant. The carriage rate for allele 2 was almost evenly
distributed between cases and controls at 60.8% and 62.2% respectively. Very few studies have tested +4845
alone. Armitage et al in 2000 reported a carriage rate of 17% (51/300) for allele 2 amongst Chinese, with only 2
subjects being homozygous [5]. It is difficult to compare our findings with other studies since most have studied
-889 rather than +4845. The fact that -889 and +4845 are in linkage disequilibrium and only -889 was found
significant can only be explained by the finding that in the African population, there is a increased genetic
diversity that is not seen in other populations [44].
The weakness in this study is the sample size. A larger sample size would have given a better
representation. Nevertheless, the information obtained is unique in that four alleles were examined and for the
first time in an African ethnic group of mixed descent. These findings confirm the genetic mosaic heritage of
the Swahili as well as that our immune response to disease is greatly dependent on our genetic heritage.
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V.

Conclusions

IL-1A-889 was associated with chronic periodontitis in the Swahili participants. Plaque level was
found to modify the association between IL-1B -511 and chronic periodontitis in the Swahili participants.
Plaque and calculus were associated with clinical attachment loss.

Acknowledgements
We wish to acknowledge the University of Nairobi for funding the study. There is no conflict of
interest since the study was carried out for academic purposes.

References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

Michalowicz B S, Diehl S R, Gunsolley J C, Sparks B S, Brooks C N, Koertge T E, Califano J V, Burmeister J A and Schenkein H
A 2000 Evidence of a substantial genetic basis for risk of adult periodontitis Journal of periodontology 71 1699-707
Michalowicz B S 1994 Genetic and heritable risk factors in periodontal disease Journal of periodontology 65 479-88
Michalowicz B S, Aeppli D, Virag J G, Klump D G, Hinrichs J E, Segal N L, Bouchard T J, Jr. and Pihlstrom B L 1991 Periodontal
findings in adult twins Journal of periodontology 62 293-9
Nikolopoulos G K, Dimou N L, Hamodrakas S J and Bagos P G 2008 Cytokine gene polymorphisms in periodontal disease: a metaanalysis of 53 studies including 4178 cases and 4590 controls Journal of clinical periodontology 35 754-67
Armitage G C, Wu Y, Wang H Y, Sorrell J, di Giovine F S and Duff G W 2000 Low prevalence of a periodontitis-associated
interleukin-1 composite genotype in individuals of Chinese heritage Journal of periodontology 71 164-71
Anusaksathien O, Sukboon A, Sitthiphong P and Teanpaisan R 2003 Distribution of interleukin-1beta(+3954) and IL-1alpha(-889)
genetic variations in a Thai population group Journal of periodontology 74 1796-802
Kobayashi T, Westerdaal N A, Miyazaki A, van der Pol W L, Suzuki T, Yoshie H, van de Winkel J G and Hara K 1997 Relevance
of immunoglobulin G Fc receptor polymorphism to recurrence of adult periodontitis in Japanese patients Infection and immunity 65
3556-60
Agrawal A A, Kapley A, Yeltiwar R K and Purohit H J 2006 Assessment of single nucleotide polymorphism at IL -1A+4845 and
IL-1B+3954 as genetic susceptibility test for chronic periodontitis in Maharashtrian ethnicity Journal of periodontology 77 1515-21
Gayathri R, Saadi A V, Bhat K M, Bhat S G and Satyamoorthy K 2011 Allele, genotype, and composite genotype effects of IL -1A
+4845 and IL-1B +3954 polymorphisms for chronic periodontitis in an Indian population Indian journal of dental research : official
publication of Indian Society for Dental Research 22 612
Kaarthikeyan G, Jayakumar N D, Padmalatha O, Sheeja V, Sankari M and Anandan B 2009 Analysis of the association between
interleukin-1beta (+3954) gene polymorphism and chronic periodontitis in a sample of the south Indian population Indian journal of
dental research : official publication of Indian Society for Dental Research 20 37-40
Muller H P and Barrieshi-Nusair K M 2007 A combination of alleles 2 of interleukin (IL)-1A(-889) and IL-1B(+3954) is associated
with lower gingival bleeding tendency in plaque-induced gingivitis in young adults of Arabic heritage Clinical oral investigations
11 297-302
Saleh A T 2007 Prevalence of interleukin 1 polymorphism and its association with periodontal disease status in the Xhosa
population of South Africa. University of the Western Cape
Mann C J 2003 Observational research methods. Research design II: cohort, cross sectional, and case-control studies Emergency
medicine journal : EMJ 20 54-60
Hugoson A and Norderyd O 2008 Has the prevalence of periodontitis changed during the last 30 years? Journal of clinical
periodontology 35 338-45
Schafer A S, Jepsen S and Loos B G 2011 Periodontal genetics: a decade of genetic association studies mandates better study
designs Journal of clinical periodontology 38 103-7
Muller H P and Heinecke A 2002 The influence of gingival dimensions on bleeding upon probing in young adults with plaqueinduced gingivitis Clinical oral investigations 6 69-74
Kirkwood B R and Sterne A C 2003 Essential Medical Statistics (Massachusetts: Blackwell Science)
Kornman K S, Crane A, Wang H Y, di Giovine F S, Newman M G, Pirk F W, Wilson T G, Jr., Higginbottom F L and Duff G W
1997 The interleukin-1 genotype as a severity factor in adult periodontal disease Journal of clinical periodontology 24 72-7
WHO 1997 Oral health surveys, basic methods. (Geneva: WHO)
McDowell T L, Symons J A, Ploski R, Forre O and Duff G W 1995 A genetic association between juvenile rheumatoid arthritis and
a novel interleukin-1 alpha polymorphism Arthritis and rheumatism 38 221-8
Diehl S R, Wang Y, Brooks C N, Burmeister J A, Califano J V, Wang S and Schenkein H A 1999 Linkage disequilibrium of
interleukin-1 genetic polymorphisms with early-onset periodontitis Journal of periodontology 70 418-30
di Giovine F S, Takhsh E, Blakemore A I and Duff G W 1992 Single base polymorphism at -511 in the human interleukin-1 beta
gene (IL1 beta) Human molecular genetics 1 450
Gore E A, Sanders J J, Pandey J P, Palesch Y and Galbraith G M 1998 Interleukin-1beta+3953 allele 2: association with disease
status in adult periodontitis Journal of clinical periodontology 25 781-5
Saiki R K, Gelfand D H, Stoffel S, Scharf S J, Higuchi R, Horn G T, Mullis K B and Erlich H A 1988 Primer -directed enzymatic
amplification of DNA with a thermostable DNA polymerase Science (New York, N.Y.) 239 487-91
Saiki R K, Scharf S, Faloona F, Mullis K B, Horn G T, Erlich H A and Arnheim N 1985 Enzymatic amplification of beta -globin
genomic sequences and restriction site analysis for diagnosis of sickle cell anemia Science (New York, N.Y.) 230 1350-4
Baelum V, Chen X, Manji F, Luan W M and Fejerskov O 1996 Profiles of destructive periodontal disease in different populations
Journal of periodontal research 31 17-26
Engebretson S P, Lamster I B, Herrera-Abreu M, Celenti R S, Timms J M, Chaudhary A G, di Giovine F S and Kornman K S 1999
The influence of interleukin gene polymorphism on expression of interleukin-1beta and tumor necrosis factor-alpha in periodontal
tissue and gingival crevicular fluid Journal of periodontology 70 567-73
Papapanou P N, Neiderud A M, Sandros J and Dahlen G 2001 Interleukin-1 gene polymorphism and periodontal status. A casecontrol study Journal of clinical periodontology 28 389-96
Van der Velden U, Van Winkelhoff A J, Abbas F, Arief E M, Timmerman M F, Van der Weijden G A and Winkel E G 1996
Longitudinal evaluation of the development of periodontal destruction in spouses Journal of clinical periodontology 23 1014-9

www.iosrjournals.org

12 | Page

Genetic polymorphisms in IL-1A and IL-1B isoforms and their associations with chronic periodontitis

[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]

Dominici R, Cattaneo M, Malferrari G, Archi D, Mariani C, Grimaldi L M and Biunno I 2002 Cloning and functional analysis of
the allelic polymorphism in the transcription regulatory region of interleukin-1 alpha Immunogenetics 54 82-6
Hulkkonen J, Laippala P and Hurme M 2000 A rare allele combination of the interleukin-1 gene complex is associated with high
interleukin-1 beta plasma levels in healthy individuals European cytokine network 11 251-5
Laine M L, Loos B G and Crielaard W 2010 Gene polymorphisms in chronic periodontitis International journal of dentistry 2010
324719
Archana P M, Salman A A, Kumar T S, Saraswathi P K, Panishankar K H and Kumarasamy P 2012 Association between
interleukin-1 gene polymorphism and severity of chronic periodontitis in a south Indian population group Journal of Indian Society
of Periodontology 16 174-8
Laine M L, Farre M A, Gonzalez G, van Dijk L J, Ham A J, Winkel E G, Crusius J B, Vandenbroucke J P, van Winkelhoff A J and
Pena A S 2001 Polymorphisms of the interleukin-1 gene family, oral microbial pathogens, and smoking in adult periodontitis
Journal of dental research 80 1695-9
Lopez N J, Jara L and Valenzuela C Y 2005 Association of interleukin-1 polymorphisms with periodontal disease Journal of
periodontology 76 234-43
D'Aiuto F, Parkar M, Brett P M, Ready D and Tonetti M S 2004 Gene polymorphisms in pro-inflammatory cytokines are associated
with systemic inflammation in patients with severe periodontal infections Cytokine 28 29-34
Al-Hebshi N N, Shamsan A A and Al-Ak'hali M S 2012 Interleukin-1 Two-Locus Haplotype Is Strongly Associated with Severe
Chronic Periodontitis among Yemenis Molecular biology international 2012 231309
Hubbard A R 2012 An examination of population history, population structure and biological distance among regional populations
of Kenyan coast using genetic and dental data. (OH: Ohio State University)
Kobayashi T, Ito S, Yasuda K, Kuroda T, Yamamoto K, Sugita N, Tai H, Narita I, Gejyo F and Yoshie H 2007 The combined
genotypes of stimulatory and inhibitory Fc gamma receptors associated with systemic lupus erythematosus and periodontitis in
Japanese adults Journal of periodontology 78 467-74
Gonzales J R, Michel J, Rodriguez E L, Herrmann J M, Bodeker R H and Meyle J 2003 Comparison of interleukin-1 genotypes in
two populations with aggressive periodontitis European journal of oral sciences 111 395-9
Geismar K, Enevold C, Sorensen L K, Gyntelberg F, Bendtzen K, Sigurd B and Holmstrup P 2008 Involvement of interleukin -1
genotypes in the association of coronary heart disease with periodontitis Journal of periodontology 79 2322-30
Shibani K, Shhab R and Khattab R 2011 Analysis of IL-1alpha(-889) and IL-1B(+3953) Gene Polymorphism in Syrian Patients
with Aggressive Periodontitis: A Pilot Study ISRN dentistry 2011 682564
Wagner J, Kaminski W E, Aslanidis C, Moder D, Hiller K A, Christgau M, Schmitz G and Schmalz G 2007 Prevalence of OPG and
IL-1 gene polymorphisms in chronic periodontitis Journal of clinical periodontology 34 823-7
Mboowa G 2014 Genetics of Sub-Saharan African Human Population: Implications for HIV/AIDS, Tuberculosis, and Malaria
International journal of evolutionary biology 2014 108291

120
Cumulative frequency

[30]

100
80
60
Controls

40

Cases

20
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
No. of tooth surfaces

Figure 1: Cumulative frequency distribution of tooth surfaces with plaque amongst the Swahili
participants by cases and controls
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Figure 2: Cumulative frequency distribution of bleeding on probing of the gingival tissues around the
teeth amongst the Swahili participants
Table 1 : Distribution of IL-1B and IL-1A genotype and allele frequencies amongst the Swahili
participants
Cases
(n=94)
Genotype
IL-1B -511

Controls
(n=96)

95% CI for OR

n
4
67
25

%
4.2
69.8
26

n
6
66
23

%
6.3
69.5
24.2

P-Value
0.516
0.881
0.741

OR

Lower

Upper

1—1
1—2
2—2

Allele

1
2

75
117

39.1
60.9

78
112

41.1
58.9

0.691

0.92

0.611

1.386

IL-1B+3954

1—1
1—2
2—2

43
29
16

48.9
33
18.2

35
29
21

41.2
34.1
24.7

0.246
1.000
0.363

Allele

1
2

115
61

65.3
34.7

99
71

58.2
41.8

0.174

1.35

0.875

2.089

IL-1A-889

1—1
1—2
2—2

15
6
71

16.3
6.5
77.2

5
4
89

5.1
4.1
90.8

0.018*
0.516
0.001*

Allele

1
2

36
148

19.6
80.4

14
182

7.1
92.9

<0.001*

3.16

1.644

6.083

IL-1A +4845

1--1
1--2
2--2

5
59
24

5.7
67
27.3

6
56
28

6.7
62.2
31.1

0.756
0.668
0.519

Allele

1
2

69
107

39.2
60.8

68
112

37.8
62.2

0.782

1.062

0.693

1.628

*p<0.05, OR= Odds Ratio, CI = Confidence Interval
Table 2: This table shows the test of association between genotype -511 and chronic periodontitis before
stratifying by plaque level (≤15 tooth surfaces with plaque and >15 tooth surfaces; 15 tooth surfaces
because all participants had plaque on at least 15 tooth surfaces). The table (2) shows no association, pvalue was greater than 0.05. Also 95% confidence interval for crude odds ratio includes 1 which is the
expected value under the null hypothesis.
Genotype511_2_2

Absent
Present

Control
n
%
77
77
23
23

Case
N
%
75
75
25
25

P-Value
0.741
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COR
1.116

95% CI for COR
Lower
Upper
0.583
2.136
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Table 3: Chi-square test for confounding and effect modification of plaque levels amongst the Swahili
participants (Stratum specific). This table shows the test of association between genotype -511 and
chronic periodontitis after stratifying by plaque level. Subjects with plaque on less or equal to 15 tooth
surfaces displayed a significant difference between the presence and absence of genotype -511 allele 2
(P<0.05; 95% CI 1.22-55.62; table 5). The plaque level of >15 tooth surfaces stratum is not significant
because it includes 1. This shows a tendency towards effect modification by plaque level in the association
between chronic periodontitis and locus -511.
Contro

Case

P-Value

Absent

n
34

n
6

1

0

Lower
0

Upper
16.41

Present

3

0

Absent

60

90

1

0.89

0.14

6.29

Present

3

4

Absent

9

4

0.06

0.16

0.01

1.4

Present

28

2

Absent

25

29

0.304

1.47

0.71

3.03

Present

38

65

Absent

33

3

0.045*

8.25

1.22

55.62

Present

4

3

<=15

Absent

44

72

0.36

0.71

0.35

1.45

>15

Present

19

22

Genotype-511
1-1

Plaque
<=15

1-1

>15

1-2

<=15

1-2

>15

2-2

<=15

2-2

AOR

95% CI for AOR

Table 4: Tests of homogeneity of the odds ratio. Breslow- Day test shows that there is a significant
difference between the odds ratios, p=0.009 and thus there is effect modification by plaque level
Breslow-Day

Tests of Homogeneity of the Odds Ratio
Chi-Squared
Df
P-Value
6.851
1
0.009

Table 5: Mantel-Haenszel analysis testing for confounding and effect modification. A value of 0.94 implies
that, after controlling for the effect of plaque level, the odds of disease are less in subjects without
genotype compared to subjects with the genotype at the lower plaque level of <=15 tooth surfaces with
plaque.
Mantel –Haenszel OR
0.94

95% CI for MHOR
Lower
0.49

1.83
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Upper

P-Value
0.86
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