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Objective: Periodontal diseases are chronic inflammatory disorders influenced by systemic health of the individual. This study aimed
to investigate the association between hypothyroidism and periodontal disease in a cohort of adult Saudi population.

Methods: This case—control study included 201 adults with hypothyroidism on hormone replacement therapy and 188 healthy
controls. The medical files of patients were reviewed to check thyroid stimulation hormone (TSH) and free thyroxine (FT4) levels.
Participants completed a questionnaire on demographic and health information, followed by a comprehensive periodontal examination.
Pearson chi-square and binary logistic regression analyses determined associations, with a significance set at p <0.05.

Results: Gingivitis was found in 20.9% of cases and 58% of controls. Periodontitis stages I, II, III and IV were in general higher in
cases compared to controls (23.4%, 27.9%, 21.9%, 6% in cases versus 13.8%, 17%, 9.6%, 1.6% in controls, respectively). Mean PPD
and CAL values were higher in cases (5.54 £ 2.5 and 3.88 + 3.1) than in controls (4.03 + 1.6 and 1.72 + 2.4). Significant associations
between periodontal status and hypothyroidism were found (p < 0.0001). The periodontal status in hypothyroid cases correlated
significantly with hormone replacement therapy dose and duration (p < 0.0001).

Conclusion: The findings of the current study showed that, in a cohort of adult Saudi subjects, patients with hypothyroidism have
higher prevalence and more severe periodontal disease symptoms compared to controls, suggesting significant association.
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Introduction

Periodontitis is one of the most common infectious diseases in humans. It is a chronic bacterial infection characterised by
persistent inflammation, connective tissue breakdown and alveolar bone destruction. The chronic inflammation asso-
ciated with the disease is attributed to the subgingival bacteria-induced immune response dysregulation. Severe period-
ontitis affects 7.4% of the world’s population, making it a serious global public health challenge.'? Clinically, the disease
can cause impaired function and aesthetics, adversely affects the overall quality of life of affected individuals, and if not
properly treated, it will irreversibly progress and result in tooth loss. There is a growing body of evidence that indicates
that periodontitis is independently associated with several systemic conditions, including cardiovascular disease, type 2
diabetes, respiratory diseases, premature birth, osteoporosis, Alzheimer’s disease, rheumatoid arthritis, and other auto-
immune diseases.”

Hypothyroidism is a common endocrine disorder identified as failure of the thyroid gland to produce adequate thyroid
hormone to meet the metabolic demands of the body. If left untreated, it can lead to other significant comorbidities, such
as hypertension, dyslipidemia, infertility, cognitive impairment, and neuromuscular dysfunction.* The most common
cause of hypothyroidism is primary gland failure, either due to congenital causes, autoimmune thyroiditis, or infiltrative
diseases. The disease can also occur due to insufficient thyroid gland stimulation by the hypothalamus or pituitary gland.

Iodine deficiency, surgical thyroidectomy, and some medications can also induce hypothyroidism in some patients.
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Autoimmune thyroid disease is the most common aectiology of hypothyroidism in the United States. In some other
countries, iodine deficiency is highly prevalent, causing hypothyroidism affecting children and infants too.>*
Periodontitis shares risk factors with other chronic noncommunicable diseases and has bidirectional associations with
general health and other systemic diseases. There is a growing global consensus that improving oral and periodontal
health positively impact the systemic health and well-being. Previous investigations had suggested a reciprocal relation-
ship between endocrine disorders, including hypothyroidism, and periodontal diseases and that this relationship is
mediated through the immune system. Hypothyroidism may be associated with an increased risk of periodontal
disease.”® There is debate whether their concomitance reflects a causal link is coincidence, or the result of one
unmasking the other and the data from the Saudi Arabian population are limited. The aim of the current study was to
investigate the relationship between hypothyroidism and periodontal status in a cohort of Saudi Arabian adult population.

Materials and Methods

The study was conducted in the outpatient clinic at the College of Dentistry, King Saud university (KSU), Riyadh, Saudi Arabia.
The study complies with the Declaration of Helsinki and the protocol was approved by the Institutional Review Board for Health
Sciences Colleges Research on Human Subjects, KSU (E-22-7407). Participants were informed about the nature of the study and
that they could withdraw at any stage of the investigation without consequences. Adult Saudi patients with primary hypothyr-
oidism diagnosis receiving thyroid hormone replacement therapy were recruited for the study as well as a matched control group
comprising healthy individuals. Primary hypothyroidism was defined by elevated TSH levels above 4.0 mIU/L and low free
thyroxine (fT4) levels below 0.7 ng/dL. Hypothyroidism was excluded in the control group by confirming that a recent (within
the past 6 months) TSH assay fell within the normal range of 0.4—4.0 mIU/L. We reviewed each patient’s medical file to verify
TSH and T4 levels and to ensure that the diagnosis was confirmed by an endocrinologist. The mean TSH level in hypothyroid-
ism cases was 9.3 & 3.6 mIU/L, while among controls, it was 2.7 £+ 1.1 mIU/L (Table 1). Written informed consent was obtained

Table | Demographic and Clinical Characteristics of the
Included Sample

Characteristics Cases(n=201) Controls(n=188)
Age 40.55+9.7 39.37%11.0
Gender

Male 97(48.3%) 85(45.2%)
Female 104(51.7%) 103(54.8%)
Brushing frequency

| time a day 70(34.8%) 107(56.9%)
| to 2 times a day 54(26.9%) 23(12.2%)
2 times a day 77(38.3%) 58(30.9%)
Distribution

Generalized 182(91.9%) 143(76.1%)
Localized 16(8.1%) 45(23.9%)
Periodontal Dx

Gingivitis 42(20.9%) 109(58.0%)
Stage | 47(23.4%) 26(13.8%)
Stage Il 56(27.9%) 32(17.0%)
Stage Il 44(21.9%) 18(9.6%)
Stage IV 12(6.0%) 3(1.6%)
PPD 5.54£2.5 4.03x1.6
CAL 3.88+3.1 1.72+2.4
Pl 49.22+19.6 47.85+23.3
BOP 56.06+22.2 57.79+26.6
TSH 9.3 %36 27 % 1.1

Abbreviations: PPD, periodontal pocket depth; CAL, clinical attachment loss.
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from all participants before the study commencement. Sample size estimation was carried out by conducting a pilot study. Using
the 26% prevalence of periodontal disease among healthy subjects, with an odds ratio of 2.0 at 0.05 level of significance and 90%
power, keeping all other values constant, a sample of 196 per group was required.

The test group consisted of 201 cases selected according to predefined criteria of being adults (age >18 years), diagnosed
with primary hypothyroidism and treated with hormone replacement therapy. Cases were excluded if their medical records
indicated previous diagnosis of other chronic diseases such as diabetes mellitus or other systemic conditions such as
cardiovascular diseases, renal diseases, cancer, and hepatic disorders; received other pharmaceutical agents such as
antibiotics, steroids, anti-inflammatory medications and/or bisphosphonates within the past 60 days; and/or received any
periodontal treatment in the past 60 days. Female patients were excluded if they were pregnant and/or nursing. The control
group consisted of 188 healthy age and gender matching adults. All participants responded to a pre-examination
questionnaire to collect information about the age, sex, education level, smoking habits, medical history, oral hygiene
behaviours, brushing frequency, duration since hypothyroidism was first diagnosed, and the dose of medication used. The
periodontal status of all participants was then assessed via comprehensive full oral exam recording the probing pocket depth
(PPD; distance between the marginal gingiva and the bottom of the periodontal pocket, in millimeters), plaque index (PI;
The presence or absence of dental plaque at four points mesial, buccal, lingual, and distal on each tooth, determined after the
application of a disclosing agent), bleeding on probing (BOP; the occurrence of bleeding within 15 seconds after probing,
indicating a positive result) and clinical attachment loss (CAL; distance between the cemento-enamel junction and the
bottom of the pocket, in millimeters). A Williams’ periodontal probe (Hu-Friedy® PW6) was utilized for measuring the
clinical parameters including PPD and CAL. Six sites per tooth were assessed, and a diagnosis of periodontitis was
established when subjects had at least two sites with a PPD >4 mm and a CAL > 1 mm (one on each tooth). A case with 30%
or more of teeth involved was classified as generalized periodontitis. Individuals with mean PPD <3mm and less than 10%
bleeding sites with absence of clinically detectable signs of inflammation were categorized as having a healthy period-
ontium. Classification of periodontitis was determined based on the criteria proposed by the 2017 World Workshop on the

Classifications of Periodontal and Peri-implant Diseases and Conditions.*'°

Statistical Analysis

Data were analyzed using IBM SPSS Statistical software for Windows version 26.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics (mean, standard deviation, frequencies, and percentages) were used to describe the quantitative and
categorical variables. Pearson chi-square test and odds ratios were used to assess and measure the association between
categorical variables and outcome (cases and controls). Student’s #-test for independent samples was used to compare the
mean values of quantitative variables between cases and controls. The binary logistic regression was used to identify the
independent variables associated with hypothyroidism diagnosis. A p-value of <0.05 and 95% confidence intervals were
used to report the statistical significance and precision of results.

Results
The sample was classified into 201 hypothyroidism patient (Cases, mean age 40.55 + 9.7 years, 48.3% males) and 188
healthy subjects (Control, mean age 39.37 £ 11 years, 45.2% males). The characteristics of the two groups are presented
in Table 1. A brushing frequency of one time a day was reported for 34.8% and 56.9% and two times a day for 38.3 and
30.9% of the cases and control groups, respectively. The distribution of periodontal disease was generalized in 91.9% of
cases and 76.1% among controls. The periodontal status was classified as gingivitis in 20.9% of cases and 58% of
controls. Periodontitis classification of stages I, II, IIT and IV was in general higher in cases compared to controls (23.4%,
27.9%, 21.9%, 6% in cases versus 13.8%, 17%, 9.6%, 1.6% in controls, respectively). The mean values of PI and BOP in
cases were 49.22 + 19.6 and 56.06 + 22.2 versus 47.85 + 23.3 and 57.79 + 26.6 among controls, respectively. The mean
values of PPD and CAL in cases were 5.54 = 2.5 and 3.88 £ 3.1 versus 4.03 + 1.6 and 1.72 + 2.4 among controls,
respectively (Table 1).

The bivariate analysis conducted to assess the association between demographic and clinical characteristics of the
study sample revealed statistically significant association between the periodontal status in terms of distribution of
periodontal diseases (generalized vs localized), severity of periodontal diseases, PPD, CAL, and the hypothyroidism
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diagnosis (p < 0.0001). The odds of having generalized periodontal diseases was 3.58 times more in hypothyroidism
cases when compared with controls (p < 0.0001). Similarly, the odds of having stage I, II, III and IV periodontitis was
4.69, 4.54, 6.34, and 10.38 times more in hypothyroidism cases compared with controls, respectively, with differences
being statistically significant (p < 0.0001). Differences in the mean values of PPD and CAL were significantly higher in
cases compared to the controls (p < 0.0001). The corresponding odds ratios of 1.43 and 1.32 indicated that the odds of
having higher PPD and CAL values was 43% and 32% times more in cases when compared with controls, respectively
(Table 2). The multivariate logistic regression analysis indicated that two clinical variables, distribution and classification
of periodontal diseases were independently associated with hypothyroidism diagnosis (Table 3).

The periodontal status of the hypothyroidism cases was significantly associated with the hormonal replacement
therapy dose and duration (p < 0.0001). Patients on higher doses of medication and for longer duration suffered more
severe periodontal tissue destruction as the majority presented with stage II to IV periodontitis (Table 4).

Table 2 Association Between Demographic, Clinical Characteristics, and Periodontal Status

Characteristics Cases Controls X% OR (95% CI) p-value
(n=201) (n=188) value

Age 40.55+9.7 39.37£11.0 1.12 1.01(0.99, 1.03) 0.262

Gender

Male 97(48.3%) 85(45.2%) 0.36 1.0(ref.) 0.547

Female 104(51.7%) 103(54.8%) 0.88(0.59, 1.32)

Distribution

Generalized 182(56.0%) 143(44.0%) 18.22 3.58(1.94, 6.59) <0.0001*

Localized 16(26.2%) 45(73.8%) 1.0(ref.)

Periodontal Dx

Gingivitis 42(27.8%) 109(72.2%) 58.25 1.0(ref.)

Stage | 47(64.4%) 26(35.6%) 4.69(2.58, 8.52) <0.0001*

Stage Il 56(63.6%) 32(36.4%) 4.54(2.59, 7.96)

Stage llI 44(71.0%) 18(29.0%) 6.34(3.30, 12.19)

Stage IV 12(80.0%) 3(20.0%) 10.38(2.79, 38.64)

PPD 5.54+2.5 4.03%1.6 7.02 1.43(1.27, 1.61) <0.0001*

CAL 3.8843.1 1.7242.34 7.62 1.32(1.22, 1.43) <0.0001*

Note: *Statistically significant (p<0.05).
Abbreviations: PPD, periodontal pocket depth; CAL, clinical attachment loss.

Table 3 Clinical Variables Independently Associated with
Periodontal Disease (Multivariate Logistic Regression

Analysis)
Variables Adjusted Odds Ratios* (95% CI)
Distribution
Generalized 3.88(1.96, 7.72)
Localized 1.0(ref.)
Periodontal Dx
Gingivitis 1.0(ref.)
Stage | 5.90(3.10, 11.30)
Stage Il 4.29(2.42, 7.61)
Stage llI 5.56(2.86, 10.80)
Stage IV 8.61(2.31, 32.15)

Notes: *Other variables included in the model, not statistically signifi-
cant, are age and gender.
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Table 4 Association Between Medication Dose, Duration of Use, and Periodontal Status Among Cases

Clinical variables Periodontal Disease Classification X2 p-value

value
Gingivitis | Stage | Stage Il | Stage Ill | Stage IV

Medication dose

25 20(64.5) 11(35.5) 0 0 0 233.12 <0.0001*

50 17(29.3) 24(41.4) 17(29.3) | O 0

75 5(10.2) 12(24.5) 32(65.3) | O 0

=100 0 0 7(11.1) 44(69.8) 12(19.1)

Duration of Medication use (in years)

<5 23(56.1) 11(26.8) 6(14.6) 1(2.4) 0 71.33

6to 10 16(21.3) 24(32.0) 19(25.3) | 15(20.0) 1(1.3)

>10 3(3.5) 12(14.1) 31(36.5) | 28(32.9) 11(12.9) <0.0001*

Notes: *Statistically significant (p<0.05).

Discussion

Periodontitis is the most common form of periodontal diseases, which includes a group of inflammatory diseases that
affect the periodontal supporting tissues of the teeth. It is commonly regarded a “silent disease” since patients present
with no or few symptoms until the disease progresses to destroy the periodontal soft tissues and alveolar bone."!
Periodontitis is considered the main cause of tooth loss after the third decade of life. Current evidence indicates that
periodontitis is a complex disease with multiple potential contributing factors including genetics and epigenetics,
environmental, and behavioural factors. Low socioeconomic status, poor oral hygiene, psychological stress, advanced
age, use of certain medications, and some systemic conditions are well-recognised risk factors that contribute to the
initiation and progression of periodontal diseases.'""'?

Hypothyroidism is one of the most common hormone deficiency disorders. According to the time of onset, it could be
classified as congenital or acquired. Symptoms of hypothyroidism include fatigue, weight gain, alteration in cognition,
infertility, menstrual abnormalities, irregular heart rate, and depression. Monotherapy with levothyroxine at doses to
normalize the serum thyroid-stimulating hormone (TSH) is the standard of care for treating hypothyroidism.'*'* Studies
had previously suggested that hypothyroidism may be associated with an increased risk of periodontal diseases. The
present study was conducted to investigate the association between hypothyroidism and periodontal status in a cohort of
Saudi Arabian adult population.

We have demonstrated a significantly increased prevalence and severity of periodontitis in subjects with treated
hypothyroidism compared to controls. This increase seen in adult Saudi patients diagnosed with hyperthyroidism was
similar to reports on other ethnic populations.'>'® In the current study, subjects with hypothyroidism had significantly
higher PPD and CAL when compared with matched controls. Attard and Zarb,'’ in their study, demonstrated an
association between hypothyroidism and peri-implant radiographic bone loss, compared with normal controls.'’
Rahangdale and Galgali*® reported statistically significant higher PPD and CAL in hypothyroidism patients in compar-
ison to the controls. They concluded that, since all other variables that might affect the periodontal status of the patients
were controlled, the history of hypothyroidism and replacement therapy probably had the main effect on PPD and CAL,
the most reliable measure of periodontitis. Our data, together with previous observations, support the generally accepted
view that chronic inflammatory periodontal diseases are associated with endocrinal morbidity.

In adults, the integrity of the skeletal structures, including the alveolar bone, is maintained by bone remodelling,
a process controlled by thyroid hormones and TSH.?' Animal models of hypothyroidism have demonstrated alterations in
bone metabolism, through a mechanism by which thyroid hormone has direct or indirect effects on bone cells.>**
Feitosa et al*? used an experimental periodontitis model in rats to evaluate, histologically, the influence of thyroid
hormones on the rate of periodontal disease progression. The results indicated that hypothyroidism significantly increased
the bone loss resulting from ligature-induced periodontitis and the number of TRAP-positive cells on the linear surface of
bone crest. They concluded that decreased serum levels of thyroid hormones may enhance periodontitis-related bone loss,
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as a function of an increased number of resorbing cells. It is possible to speculate that the significant association between
higher distribution and severity of periodontal disease in hypothyroidism cases in the current study was related to the
negative effect of hypothyroidism on bone remodelling sequence.

The present study is the first to indicate that the periodontal status of the hypothyroidism cases was significantly
associated with the hormone replacement therapy dose and duration. Patients on higher doses of medication and for
longer duration suffered more severe periodontal tissue destruction. This might imply that the duration of the disease
onset and the degree of hormonal deficiency are critical in determining the periodontal tissue response. It has been
proposed that the cytokines produced due to thyroid dysfunction might act as initiators for an amplified inflammatory
cascade systemically.”> This, in combination with the existing inflammatory reaction in the periodontium due to the
endotoxins produced by microbial plaque, might lead to higher local inflammatory mediator concentration in the
periodontal tissues, including matrix metalloproteinases, leading to excessive periodontal tissue breakdown.
Furthermore, it has been reported that in patients with hypothyroidism using a large dose of thyroxine replacement
therapy, the risk of bone fracture increased compared to small doses, which could be attributed to lower bone density and
poor bone quality reported with high-versus-low-dose thyroxine replacement.?®?’

In summary, we have shown that, in a cohort of adult Saudi subjects, patients with hypothyroidism have higher
prevalence and more severe periodontal disease compared to controls, suggesting association. However, it is important to
interpret the data carefully, since case—control study is not the best approach to show a cause-and-effect relationship.
Furthermore, the result of the current study was based on data collected from a single hospital, and its conclusions might
not be entirely generalizable. Despite the limitations, this study offers guidance for future research and presents evidence
of correlation from a group that has not been previously explored. The results of this study thus support routine
periodontal evaluation for patients with hypothyroidism. Further studies are required to investigate the pathophysiology
of periodontal tissue diseases and its relationship to the underlying endocrinal disorder.

Conclusion

The findings of the current study showed that, in a cohort of adult Saudi subjects, patients with hypothyroidism have
higher prevalence and more severe periodontal disease symptoms compared to controls, suggesting significant associa-
tion. However, the study was not sufficiently powered to estimate the association in the general population. Further
studies are required to investigate the pathophysiology of the periodontal tissue reaction and its relationship to the
underlying endocrinal disorder.
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