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Association of periodontal 
disease with gestational diabetes 
mellitus among postpartum 
women at a private tertiary care 
hospital of Karachi, Pakistan: 
a cross‑sectional study
Wafa Zehra Jamal 1*, Farhan Raza Khan 2, Nadeem Zuberi 3,  
Syed Murtaza Raza Kazmi 4 & Shafquat Rozi 1

Due to the overlapping aetiology of Gestational Diabetes Mellitus (GDM) and Periodontal disease 
(PD), which are prevalent metabolic disorder and chronic inflammatory disorder in pregnant women 
respectively, they are often at risk of developing both diseases simultaneously. This study aims to 
evaluate the association of periodontal disease and gestational diabetes mellitus among post‑partum 
women who delivered within 24 h at private tertiary care hospital, Karachi, Pakistan. Analytical 
cross sectional study with sample size of 178 by non‑ probability purposive sampling, a total of 
101 postpartum women (57%) were diagnosed with periodontal disease and 50 (28%) were GDM 
positive. Of those who had PD, 35% (n = 35/101) were GDM positive. An insignificant association of 
the prevalence ratio of GDM in women with periodontal disease was found. [PR = 1.7; 95% CI: 0.2–3.2; 
p‑value 0.07] A statistically significant association was found between the prevalence ratio of GDM in 
women with obesity. It was 2.6 times compared to women who were not obese (p value < 0.01, 95% 
CI: 1.3–5.1). There is insignificant association found between the prevalence ratio of GDM in women 
with periodontal disease in our setting. Women who are overweight or tend to gain weight should be 
closely monitored and guided to take dietary measures.
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Glucose or carbohydrate intolerance of varying degree, with new onset or recognition during pregnancy is termed 
as gestational diabetes mellitus (GDM)1. This type of hyperglycaemia in pregnancy is not expected to persist 
 postpartum2. It is one of the most common metabolic disorder of pregnancy with an increasing incidence and a 
global prevalence ranging from 1 to 45% in pregnant  women3. The varying prevalence reflects the dependence 
on the characteristics of the population and the methods used for screening and diagnosing. It is estimated, 
globally, one in six live births are to women with some form hyperglycaemia in pregnancy out of which majority 
(84%) are due to  GDM4. Globally, the South East Asian region has the highest prevalence of GDM (27%) and 
live births effected by  GDM5. A higher prevalence is seen in the low-middle-income countries (LMIC) where 
access to maternal care is often  inadequate5. A study reported prevalence of 13.9% GDM cases among pregnant 
women in the South Asian  region6. The reported prevalence of GDM in Pakistan has increased from 3.3% in 
1996 to 17.2% in  20177,8. GDM is a significant cause of perinatal morbidity with adverse birth outcomes includ-
ing macrosomia, maternal cardiovascular disorders and subsequent high risk of type 2 diabetes and obesity in 
both mother and  baby9–11.

Periodontal disease (PD) is one of the most common chronic inflammatory disorders affecting the tissues 
surrounding the teeth and has a global prevalence of about 20–50% in the adult  population12. It is characterized 
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by one or more of the conditions; accumulation of plaque and calculus around the tooth surface near the gums, 
bleeding on probing the gums, attachment loss, recession and bone loss. The global prevalence of periodontal 
disease among pregnant women is reported to vary from 11 to 100%13. A study from Pakistan reported preva-
lence ranging from 56 to 87% of varying periodontal conditions among pregnant  women14. Another study from 
a province in Pakistan reported prevalence ranging from 21 to 79% in female patients from dental  hospitals15. 
The periodontal disease, as a source of sub-clinical and persistent infection, may induce systemic inflammatory 
responses that may result in complications during pregnancy (low birth weight, still birth, preeclampsia, anomaly 
etc.). Epidemiological studies of periodontal disease among pregnant women have observed association with 
poor pregnancy  outcomes13,14,16. Literature highlights an association between periodontal disease and adverse 
pregnancy outcomes, such as preterm birth and low birth  weight17.

The disease progression of both the conditions is affected by multiple factors. It has been postulated that few 
risk factors are common to the development of both GDM and periodontal disease such as age of the individual, 
sedentary lifestyle, poor dietary habits and obesity. Therefore, due to overlapping aetiology, a person exposed 
to these risk factors is at risk of developing both diseases simultaneously. Studies exploring the association of 
GDM and periodontal disease are limited and reported to have found a variable relationship between the two 
conditions. Few studies have explored the co-existence of GDM and periodontal disease. A study from USA 
found a high prevalence (77.4%) of periodontal disease among GDM  patients18. Whereas a study conducted in 
India reported no meaningful association between the two  conditions6. Studies from Indonesia, West Africa, 
Sudan, Pakistan and Brazil have also provided some evidence of association between pregnancy and periodontal 
 disease19–23. However, varying results demand a greater need of further studies to explore the relationship with 
better study designs for a meaningful impact since both the conditions can be prevented and treated successfully 
if diagnosed timely.

Given the high burden of both GDM and periodontal disease in Pakistan it is imperative to explore the 
relationship between these two diseases. Both the conditions are known to cause maternal and infant morbidity 
which already has a high burden in Pakistan. Exploring the relationship will fill the knowledge gap that can help 
identify the need to take timely measures to prevent both periodontal disease and GDM as both can be easily 
diagnosed and treated early to avoid unfavourable outcomes, especially in low resource countries such as Paki-
stan where a dental check-up is not a part of regular antenatal care. The study aims to evaluate the association 
of periodontal disease and gestational diabetes mellitus (GDM) among post-partum women at private tertiary 
care hospital of Karachi, Pakistan. The study hypothesis is that the prevalence ratio of GDM in women with 
periodontal disease is greater as compared to women without periodontal disease.

Materials and methods
Study design and setting
This is an analytical cross sectional study design to infer the association between periodontal disease and GDM. 
Data is collected from women delivering babies (postpartum) within 24 h at private tertiary care hospital, Aga 
Khan university hospital of Karachi, Pakistan.

Eligibility criteria
Inclusion criteria

 i. Postpartum women who delivered babies within the last 24 h at AKUH.
 ii. Women without any prior history of existing diabetes
 iii. Those giving consent for participation.

Exclusion criteria

 i. Altered Glasgow Coma Score of postpartum women. (those women may not be in the condition to par-
ticipate)

 ii. Women with metabolic bone disease. (those women might already be suffering from periodontal disease 
due to bone disorder)

 iii. Women taking calcium channel blockers, phenytoin, immunosuppressant and anticonvulsants (medica-
tion that causes gingival hyperplasia)

 iv. More than 8 teeth missing (may include index teeth that need to be examined, or may be using dental 
prosthesis for missing teeth that may affect periodontal health)

Approach to study participants
Permission from the relevant department (Gynecology and Obstetrics ward) was sought prior to the initiation 
of data collection process. Daily list of deliveries was readily available in the respective department and was pro-
vided to the data collectors on request. Patients were enrolled from the post-partum ward using non-probability 
purposive sampling method. All the participants were administered a screening questionnaire to check for eli-
gibility criteria. In addition, the eligibility criteria were also cross-checked from the patient’s medical record. A 
written informed consent was taken from all the eligible participants after explaining them the study objectives 
and mechanics in detail. Data collection took place from July 2022 till September 2022.
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A structured questionnaire was used to collect socio-demographic and disease related information from 
each patient through interview and medical record review. The questionnaire included tools that are validated 
to measure GDM and periodontal disease. A pilot test of the questionnaire was conducted on 5% of the sample 
size at a similar setting, which lead to no major revisions in the questionnaire, however, due to unavailability of 
pre-pregnancy weight, a criterion of using  1st trimester weight for BMI was set.

Exposure assessment for the presence of periodontal disease was carried out using a structured question-
naire and physical examination. Data collectors were Bachelor of Dental Surgery, graduate dentists, received a 
3 day training as per the instructions in expert approved manual of operations prior data collection process to 
ensure reliability. The dental examination was carried out under standard operating procedures (SOPs) at the 
participants own bed or chairside. The dentist (data collector) was wearing clean utility gloves, protective eyewear, 
facemask and lab coat while performing the examination. Examination was done using sterilized mouth mirror 
and a periodontal probe (UNC15).

Non- probability purposive sampling was used to enroll the study participants. Sample size was calculated 
using Open-epi  software24. Percent of exposed (50% with periodontal disease) and unexposed (26% without 
periodontal disease) with the outcome (GDM) were taken from the reference  study25. Keeping 5% level of sig-
nificance, 80% power and adjusting for 10% non-response rate a sample size of 157 was calculated. This was the 
minimum required sample size. However, we achieved a sample size of 178 in this study.

Variables of interest
Outcome variable: gestational diabetes status
GDM status of the postpartum women was obtained through the structured questionnaire and confirmed from 
medical records. It is a routine practice to screen every pregnant woman for GDM using the Oral Glucose Toler-
ance Test (OGTT). The diagnosis of GDM was completed by a 2 h oral glucose tolerance test (OGTT) performed 
with 75 g of glucose, according to the International Association of Diabetes and Pregnancy Study Group  criteria26. 
The results of the OGTT are readily available in patient’s file.

Exposure variable: periodontal disease (includes both gingivitis and periodontitis)
Probing Depth (PD), Clinical Attachment Loss (CAL) and Bleeding on Probing (BOP) was noted for four sides of 
index teeth. Periodontitis is defined as the presence of ≥ 4 teeth having ≥ 1 sites with PD ≥ 4 mm and CAL ≥ 3 mm 
associated with  BOP27,28. Gingival index is determined as—0: normal, 1: mild inflammation slight color change 
and edema and no bleeding on probing, 2: moderate inflammation redness, edema with bleeding on probing, 
3: severe inflammation, marked redness and edema, ulceration and spontaneous bleeding. Total Gingival Index 
(GI) score was calculated as total score divided by number of surfaces examined. As per the GI score, gingivitis 
is classified as—mild (0.1 − 1), moderate (1.1− 2) and severe gingivitis (2.1− 3)29.

Other variables
BMI was categorized as 30kg/m2 and above as obese, 25.0–29.9 kg/m2 as overweight and 18.5–24.9 kg/m2 as 
normal or healthy weight. Birthweight less than 2500 g was termed as low birth weight. Gestational age less than 
36 weeks was labelled as Preterm.

A screening questionnaire, based on eligibility criteria was used after which a structured questionnaire was 
employed which included examination for periodontal disease.

Data management
Principal investigator and data entry officers entered the data separately, both datasets were compared for consist-
ency & missing values. Data entry was done on Excel and transferred on Stata version 17.0 for cleaning and edit-
ing. Editing was done on a daily basis to ensure there are no missing values, no illogical or inappropriate entries, 
completeness and accuracy of data. Missing values or inappropriate information were rechecked for correction 
and verification. Cleaning of data was carried out to sort responses in ascending order and data is sequenced in 
a logical manner. The link between ID # and name is kept secured and confidential. Electronic data is secured 
with a strong password and data will be discarded 5 years after the study as per protocol.

Statistical analysis
Gestational diabetes as a binary categorical outcome and periodontal disease as binary categorical exposure 
variable were examined. Data analysis is performed on Stata version 17.

For a descriptive analysis, dispersion and distribution of quantitative variables was seen. For normal distribu-
tion of quantitative variables mean and standard deviation is reported. Proportions of characteristics, exposures 
and outcome of qualitative variables is tabulated. Frequency and percentages is seen for ordinal and normal 
distribution of categorical data. Chi square test was used to examine the association between two categorical 
variables and independent t test is applied to compare the means of two groups of continuous numerical data.

Cox Proportional hazard regression is used to obtain unadjusted and adjusted prevalence ratios with 95% 
confidence interval and p value, in a step wise model building approach.

Each variable is regressed independently with outcome variable (GDM), their assumptions checked and sig-
nificance reported. Multicollinearity, interaction and confounding is assessed individually using the appropriate 
tests. The Multicollinearity was assessed by using coefficient of correlation. The Pearson correlation was used in 
normally quantitative distributed variables. The Eta correlation was used to assess the correlation between one 
qualitative and one quantitative explanatory variable. The Cramer’s V for correlation between two qualitative 
explanatory variables.



4

Vol:.(1234567890)

Scientific Reports |         (2024) 14:9951  | https://doi.org/10.1038/s41598-024-60659-6

www.nature.com/scientificreports/

Ethical approval and considerations
This study received approval from the Ethics Review Committee, Aga Khan University Hospital (2022–7086-
21752). The study was conducted in accordance with the Helsinki Declaration, revised in 2013. An informed 
consent from every participant was taken, where they were made aware of the study implications, its importance 
and their right to refuse to participate without any consequence. Confidentiality was maintained at every step. 
The research poses no more than minimal risks to participants and does not give any rise to the disclosure of 
the participant’s identity. In addition, the analysis has an important public health function. A referral form was 
provided to those who were diagnosed/ suspected with either periodontal disease or gestational diabetes for their 
management and treatment. An educational/informational pamphlet was provided to all participants to create 
awareness and knowledge. Each woman was counselled about the condition of her oral health and referred for 
treatment if needed.

Results
A total of 192 eligible women were recruited after an initial screening. Fourteen postpartum women were 
excluded due to lack of prior medical record, indicating un-booked or emergency cases of deliveries. Hence, 
a total of 178 postpartum women were evaluated in this study. Figure 1 shows the study flowchart. Out of 178 
women, 50 (28%) had GDM. The mean age of women with GDM was 31.4 (± 5.2) years whereas those without 
GDM had a mean age of 29.2 (± 4.5) years (Table 1). Of those with GDM, majority were diagnosed in the third 
trimester (60%), followed by second (24%) and then first trimester (16%). Most of these (44%) were managed 
with oral medications only, followed by diet control only (28%), injectables (22%) and a combination of meth-
ods (6%). Majority of the women (72%) were fully active during their pregnancy. Among those who had GDM, 
68% (n = 34) had a family history of diabetes. The GDM positive women were also found to have delivered male 
babies (60%) and gone through a C- Section (62%) for their delivery (Table 2). Upon clinical examination, major-
ity (70%) of the GDM positive women exhibited periodontal disease (gingivitis or periodontitis, p value 0.03) 
(Table 3). A significant difference was found among women with GDM and those without GDM for variables 
such as age, existing comorbidity and family history of diabetes (Tables 1–2).

The multivariable analysis using cox proportional hazard ratio indicated presence of periodontal disease and 
BMI (obesity) as a predictor of GDM. The prevalence ratio of GDM among those with periodontal disease was 
1.7 times greater (p value 0.07, 95% CI: 0.9–3.2) to those who did not have periodontal disease. However, this 
association turned out to be statistically insignificant. Statistically significant association was found between the 
prevalence ratio of GDM in women with obesity which was 2.6 times that of non-obese women (p value < 0.01, 
95% CI: 1.3–5.1) keeping all other variables constant (Table 4). Multi-collinearity analysis showed that all the 
independent variables inserted in the regression models showed values of tolerance greater than 0.10 and Vari-
ance Inflation Factor (VIF) < 2. There was no statistical interaction or confounding observed among the variables 
as tested by adjusted regression model.

Discussion
The main finding of this study suggests that the prevalence ratio of GDM in women with periodontal disease is 
1.7 times as compared to women without periodontal disease, however the association is statistically insignificant. 
A statistically significant association was found between the prevalence ratio of GDM in women with obesity. It 
was 2.6 times compared to women who were not obese.

There is evident biological plausibility of periodontal disease contributing to systemic spread of bacteria and 
bacterial products inducing a systemic inflammatory response that can lead to numerous diseases including 

Figure 1.  Study sample composition.
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Table 1.  Baseline characteristics and Sociodemographic factors of postpartum women in Aga Khan hospital, 
Karachi. † : Pearson chi square, *: t-test.

Total postpartum women n (%) Women with GDM n (%) Women without GDM n (%) P value

Age in years

Mean (SD) 29.8 (4.8) 31.4 (5.2) 29.2 (4.5) 0.01*

BMI (kg/m2)

Normal 79 (44.4) 14 (28) 65 (50.8)

0.004†Overweight 58 (32.6) 17 (34) 41 (32)

Obese 41 (23) 19 (38) 22 (17.2)

Education

College or less 37 (20.8) 12 (24) 25 (19.5)

0.17†Graduate 84 (47.2) 18 (36) 66 (51.5)

Postgraduate 57 (32) 20 (40) 37 (28.9)

Employment

Employed 50 (28.1) 13 (26) 37 (28.9)
0.70†

Housewives 128 (71.9) 37 (74) 91 (71.1)

Ward Type

General/semi 62 (34.8) 17 (34) 45 (35.2)
0.88†

Private 116 (65.2) 33 (66) 83 (64.8)

Consanguineous marriage

Yes 32 (18) 12 (24) 20 (15.6)
0.19†

No 146 (82) 38 (76) 108 (84.4)

Existing comorbid

Yes 55 (30.9) 21 (42) 34 (26.6)
0.04†

No 123 (69.1) 29 (58) 94 (73.4)

Table 2.  Gestational factors of postpartum women in Aga Khan hospital, Karachi. † : Pearson chi square, *: 
t-test.

Total postpartum women n (%) Women with GDM n (%) Women without GDM n (%) P value

Physical activity during pregnancy

Bedrest 12 (6.7) 4 (8) 8 (6.2)

0.89†Fairly active 38 (21.4) 10 (20) 28 (21.9)

Fully active 128 (71.9) 36 (72) 92 (71.9)

Parity

One 76 (42.7) 21 (42) 55 (43)

0.47†Two 52 (29.2) 12 (24) 40 (31.2)

Three or more 50 (28) 17 (34) 33 (25.8)

Family history of DM

Yes 100 (56.2) 34 (68) 66 (51.6)
0.04†

No 78 (43.8) 16 (32) 62 (48.4)

Baby gender

Female 90 (50.6) 20 (40) 70 (54.7)
0.08†

Male 88 (49.4) 30 (60) 58 (45.3)

Baby weight

Low birth weight 27 (15.2) 6 (12) 21 (16.4)
0.46†

Normal range 151 (84.8) 44 (88) 107 (83.6)

Gestational age

Preterm 40 (22.5) 16 (32) 24 (18.7)
0.06†

Term 138 (77.5) 34 (68) 104 (81.3)

Mode of Delivery

C-section 94 (52.8) 31 (62) 63 (49.2)
0.12†

Vaginal 84 (47.2) 19 (38) 65 (50.8)
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 GDM30. The role of inflammation in the pathogenesis of diabetes justifies the interest in investigating the associa-
tion between the two conditions. The effect of inflammatory mediators such as IL-6, CRP and TNF-α on glucose 
metabolism can influence an antagonistic action on  insulin31. Based on this hypothesis of association, it has been 
speculated that periodontal disease contributes to the development of insulin resistance observed in women 
with GDM. Current scientific evidence points out the bidirectional relationship of the conditions whereby DM 
is associated with an increase in progression and incidence of periodontal disease while periodontal disease is 
reported to worsen glycaemic control seen in DM  patients32. However, GDM has a multifactorial origin with 
other reported risk factors including age, education, socioeconomic status, pre-pregnancy BMI/ obesity, ethnicity, 
family history of diabetes, history of GDM, high parity, short stature and polycystic ovary syndrome (PCOS)33–41.

A systematic review conducted by Samuel A. and Brian W. found periodontitis to be significantly associated 
with increased risk for GDM compared to women without  periodontitis42. Despite the statistical significance of 
the results, the study highlights the lack of robust study designs to substantiate the findings. Also, just like find-
ings from our study, 2 out of the 3 cross sectional studies included in the systematic review reported insignificant 
association between periodontitis and GDM. Another systematic review of epidemiologic observational studies 
reported the evidence of adverse effects of periodontal disease on diabetes  outcomes43. The study similar to ours, 
also concluded the need of further longitudinal studies with bigger sample sizes and greater generalizability.

The lack of scientific evidence to affirm a positive association between periodontal disease and GDM was 
reported by Esteves et al. in a meta-analysis44. One of the main reasons pointed out was the lack of clinical 
heterogeneity whereby studies do not follow the same criteria to define periodontal disease and non-uniform 
methods for diagnosing GDM status. Another study reported no association between PD and GDM with a p 
value = 0.053, despite having participants from similar education and status  background6. Comparable to our 
study, Novak et al. concluded insignificant association between the conditions (OR = 2, 95%CI = 0.6–6.3) and in 
models adjusting for potential  confounders45.

Obesity is an important risk factor of GDM. The conditions together can result in adverse birth  outcomes46. 
Obesity is reported to be positively associated with clustering of metabolic risk factors of GDM (p value < 0.05)47. 
Close to our findings, a meta-analysis reported odds of developing GDM among obese women to be 3.56 (95% 
CI: 3.05–4.21) times  higher48. A few studies have examined the association between pregnancy obesity and 

Table 3.  Dental factors of postpartum women in Aga Khan hospital, Karachi.

Dental characteristics Total postpartum women n (%) Women with GDM n (%) Women without GDM n (%) P value

Last dental visit

Never 88 (49.4) 24 (48) 64 (50)

0.55
During pregnancy 29 (16.3) 8 (16) 21 (16.4)

1–2 years ago 45 (25.3) 13 (26) 32 (25.)

 > 2 years ago 16 (9) 5 (10) 11 (8.6)

Bleeding gums (as per participant)
Yes 80 (45) 23 (46) 57 (44.5)

0.86
No 98 (55) 27 (54) 71 (55.5)

Gingival index score

No gingivitis 77 (43.3) 15 (30) 62 (48.4)

0.007Mild gingivitis (0.1 -1) 45 (25.3) 11 (22) 34 (26.6)

moderate gingivitis (1.1–2) 56 (31.5) 24 (48) 32 (25)

Periodontitis
Yes (≥ 4 teeth having ≥ 1 sites with 
PD ≥ 4 mm and CAL) 37 (20.8) 16 (32) 21 (16.4)

0.02
No 141 (79.2) 34 (68) 107 (83.6)

Periodontal disease
Gingivitis or periodontist 101 (56.7) 35 (70) 66 (48.4)

0.03
No 77 (43.6) 15 (30) 62 (51.6)

Table 4.  Adjusted and unadjusted prevalence ratio with 95% CI from cox proportional regression model of 
postpartum women in Aga Khan hospital, Karachi.

Unadjusted prevalence ratio (95% CI) Adjusted prevalence ratio (95% CI)

Age (years) 1.1 (1.01–1.12) –

BMI (kg/m2)

Over weight 1.6 (0.82–3.35) 1.6 (0.78–3.21)

Obese 2.6 (1.31–5.22) 2.6 (1.29–5.14)

Family history of DM 1.7 (0.91–3.00) –

Other illness (comorbid) 1.6 (0.92–2.84) –

Baby gender (male) 1.5 (0.87–2.71) –

Gestational age (preterm) 1.6 (0.90–2.90) –

Delivery Type (C-section) 1.5 (0.82–2.59) –

Periodontal disease 1.8 (0.97–3.26) 1.7 (0.95–3.20)



7

Vol.:(0123456789)

Scientific Reports |         (2024) 14:9951  | https://doi.org/10.1038/s41598-024-60659-6

www.nature.com/scientificreports/

periodontal disease among diabetic pregnant women. A cohort study reported no difference in association of 
obesity and periodontal disease among women with gestational diabetes and those without gestational  diabetes49. 
Another study reported severity in periodontal diseases among women with GDM and obesity as compared to 
women who were normal weight 50. This variation of findings suggests a further need to probe the relationship 
of these conditions together. Our study also reported a significant difference in variables such as age, existing 
comorbidity and family history of diabetes in women with GDM and those without GDM. Studies have reported 
similar findings and also other risk factors of GDM including socioeconomic status, education, parity, consan-
guineous marriage, physical activity and lifestyle  habits7,11,18,34,36,41,48,49.

Study strengths and limitations
The generalizability of this study is slightly limited as this study is a single center study conducted at a private 
tertiary care hospital. Despite Aga Khan hospital, stadium road, Karachi serves about 500 deliveries per month 
with a mixture of population from all sorts of backgrounds and socioeconomic status, however, it cannot be 
considered a representative of the general population of women with a potential bias of higher medical risk or 
socioeconomic status and proper care given throughout the antenatal period to all pregnant women. The level 
of care given during the antenatal period reflects in our findings of low adverse pregnancy outcomes. Misclas-
sification bias may have occurred as there a lack of uniformity in the guidelines for screening and diagnosing 
 GDM51. However, this study uses validated standard methods to define both GDM and periodontal disease. 
The cross-sectional study design, limits the assessment of temporality of development of the conditions. Lack 
of pre-pregnancy maternal weight is also a limiting factor in assessing the relationship of the association as pre-
pregnancy BMI is also a known potential  confounder38. No tool was used to measure physical activity during 
pregnancy and the question was recall based as study population was postpartum women. To the best of our 
knowledge, this is a pioneer study from the region, with methodological rigor, evaluating postpartum women 
for association between PD and GDM.

Public health implications and recommendations
Improving oral health and treating periodontal disease before and during pregnancy may reduce and perinatal 
morbidity associated with the conditions and prevent type 2 diabetes after pregnancy. Strategic planning is needed 
as part of antenatal program to improve dental health care and to reduce periodontal diseases among pregnant 
females and inclusion of dietary guidance for weight control in antennal care. The study calls attention of doctors 
and dentists to the importance of the transdisciplinary and holistic approach of the pregnant woman in order 
to offer prevention and treatment for these patients and, consequently, improve the health of their children.

Future studies should perform analyses evaluating glycaemic control and its relationship with inflammatory 
mediators in saliva and plasma. Some laboratory analyses at molecular levels are necessary to better understand 
the systemic diseases’ effect on periodontium.

Conclusion
There is insignificant association found between the prevalence ratio of GDM in women with periodontal disease 
in our setting. Women who are overweight or tend to gain weight should be closely monitored and guided to 
take dietary measures. Timely measures can prevent both periodontal disease and subsequent GDM to avoid 
unfavourable outcomes, especially in low resource countries such as Pakistan where a dental check-up is not a 
part of regular antenatal care.

Data availability
The dataset used for analysis during the current study is available from the corresponding author on reasonable 
request.

Received: 15 August 2023; Accepted: 25 April 2024

References
 1. Bagchi, D. & Nair, S. Nutritional and Therapeutic Interventions for Diabetes and Metabolic Syndrome (Academic Press, 2018).
 2. International Diabetes Federation. IDF Diabetes Atlas, 10th edn. Brussels, Belgium. https:// www. diabe tesat las. org. (2021).
 3. Lawrence, R. L., Wall, C. R. & Bloomfield, F. H. Prevalence of gestational diabetes according to commonly used data sources: An 

observational study. BMC Pregnancy Childbirth 19(1), 1–9 (2019).
 4. Hod, M. et al. The international federation of gynecology and obstetrics (FIGO) initiative on gestational diabetes mellitus: A 

pragmatic guide for diagnosis, management, and care. Int. J. Gynaecol. Obstet. 131, S173-211 (2015).
 5. Ana, Y., Prafulla, S., Deepa, R. & Babu, G. R. Emerging and public health challenges existing in gestational diabetes mellitus and 

diabetes in pregnancy. Endocrinol. Metab. Clin. 50(3), 513–530 (2021).
 6. Kalra, M. et al. Assessment of two-way relationship between periodontal disease and gestational diabetes mellitus: A case-control 

study. Indian J. Dent. Res. 27(4), 392 (2016).
 7. Fatima, S. S. et al. Gestational diabetes mellitus and the predisposing factors. J. Pak. Med. Assoc. 67(2), 261–265 (2017).
 8. Ahkter, J. et al. Diabetes in pregnancy in Pakistani women: Prevalence and complications in an indigenous south Asian community. 

Diabet. Med. 13(2), 189–191 (1996).
 9. Metzeger, B. E. et al. Hyperglycaemia and adverse pregnancy outcomes HAPO Study Cooperative Research Group. N. Engl. J. Med. 

358, 1991–2002 (2008).
 10 Hunt, K. J. & Schuller, K. L. The increasing prevalence of diabetes in pregnancy. Obstet. Gynecol. Clin. N. Am. 34(2), 173–199 

(2007).
 11. Mwanri, A. W., Kinabo, J., Ramaiya, K. & Feskens, E. J. Prevalence of gestational diabetes mellitus in urban and rural Tanzania. 

Diabetes Res. Clin. Pract. 103(1), 71–78 (2014).

https://www.diabetesatlas.org


8

Vol:.(1234567890)

Scientific Reports |         (2024) 14:9951  | https://doi.org/10.1038/s41598-024-60659-6

www.nature.com/scientificreports/

 12. Nazir, M. A. Prevalence of periodontal disease, its association with systemic diseases and prevention. Int. J. Health Sci. (Qassim). 
11(2), 72–80 (2017).

 13. Daalderop, L. A. et al. Periodontal disease and pregnancy outcomes: Overview of systematic reviews. JDR Clin. Trans. Res. 3(1), 
10–27 (2018).

 14. Mobeen, N. et al. Periodontal disease and adverse birth outcomes: A study from Pakistan. Am. J. Obstet. Gynecol. 198(5), 514.
e1-514.e8 (2008).

 15. Shehzad, S. et al. Comparison of periodontal diseases among genders in Khyber Pakhtunkhwa Pakistan. Int. J. Sci. Innov. Res. 2, 
0100037IJESIR (2021).

 16. Xiong, X., Buekens, P., Vastardis, S. & Yu, S. M. Periodontal disease and pregnancy outcomes: State-of-the-science. Obstet. Gynecol. 
Surv. 62(9), 605–615 (2007).

 17 Damante, C. A. et al. Association among gestational diabetes mellitus, periodontitis and prematurity: A cross-sectional study. 
Arch. Endocrinol. Metab. 66, 58–67 (2022).

 18. Xiong, X. et al. Periodontal disease is associated with gestational diabetes mellitus: A case-control study. J. Periodontol. 80(11), 
1742–1749 (2009).

 19. Thorpe, L. E. et al. Trends and racial/ethnic disparities in gestational diabetes among pregnant women in New York City, 1990–2001. 
Am. J. Public Health 95(9), 1536–1539 (2005).

 20. Tedjosasongko, U., Anggraeni, F., Wen, M. L., Kuntari, S. & Puteri, M. M. Prevalence of caries and periodontal disease among 
Indonesian pregnant women. Pesqui Bras Odontopediatria Clin. Integr. 19, e4533 (2019).

 21. Hess, R. F., Gilill, C. S. & DembÃ, J. Prevalence and predictors of periodontal disease among pregnant women in Mali, West Africa. 
Ann. Med. Health Sci. Res. 7(4), 263 (2017).

 22. Salih, Y., Nasr, A. M., Ahmed, A., Sharif, M. E. & Adam, I. Prevalence of and risk factors for periodontal disease among pregnant 
women in an antenatal care clinic in Khartoum, Sudan. BMC Res. Notes 13(1), 1–5 (2020).

 23. de VasconcellosPiscoya, M. D., de AlencarXimenes, R. A., da Silva, G. M., Jamelli, S. R. & Coutinho, S. B. Periodontitis-associated 
risk factors in pregnant women. Clinics 67(1), 27–33 (2012).

 24. Dean AG, Sullivan KM, Soe MM. OpenEpi: Open Source Epidemiologic Statistics for Public Health, Version. www. OpenE pi. com, 
updated 2013/04/06.

 25. Chokwiriyachit, A. et al. Periodontitis and gestational diabetes mellitus in non-smoking females. J. Periodontol. 84(7), 857–862 
(2013).

 26 Rani, P. R. & Begum, J. Screening and diagnosis of gestational diabetes mellitus, where do we stand. J. Clin. Diagn. Res. 10(4), QE01 
(2016).

 27. Kumar, A. et al. Association between periodontal disease and gestational diabetes mellitus—A prospective cohort study. J. Clin. 
Periodontol. 45(8), 920–931 (2018).

 28. Lopez, N. J., Smith, P. C. & Gutierrez, J. Periodontal therapy may reduce the risk of preterm low birth weight in women with peri-
odontal disease: A randomized controlled trial. J. Periodontol. 73, 911–924. https:// doi. org/ 10. 1902/ jop. 2002. 73.8. 911 (2002).

 29. Löe, H. & Silness, J. Periodontal disease in pregnancy I. Prevalence and severity. Acta Odontol. scand. 21(6), 533–551 (1963).
 30. Garcia, R. I., Henshaw, M. M. & Krall, E. A. Relationship between periodontal disease and systemic health. Periodontol 2001(25), 

21–36 (2000).
 31. Taylor, G. W. & Borgnakke, W. S. Periodontal disease: Associations with diabetes, glycemic control and complications. Oral Dis. 

14(3), 191–203 (2008).
 32. Molina, C. A. et al. Diabetes and periodontal diseases: An established two-way relationship. J. Diabetes Mellit. 6(04), 209 (2016).
 33. Leng, J. et al. Prevalence of gestational diabetes mellitus and its risk factors in Chinese pregnant women: A prospective population-

based study in Tianjin China. Plos One 10, e0121029 (2015).
 34. Erem, C., Kuzu, U. B., Deger, O. & Can, G. Prevalence of gestational diabetes mellitus and associated risk factors in Turkish women: 

The Trabzon GDM Study. Arch. Med. Sci. 11, 724–735 (2015).
 35. Dong, B. et al. The effect of pre-pregnancy body mass index and excessive gestational weight gain on the risk of gestational diabetes 

in advanced maternal age. Oncotarget 8, 58364–58371 (2017).
 36. Yong, H. Y. et al. Independent and combined effects of age, body mass index and gestational weight gain on the risk of gestational 

diabetes mellitus. Sci. Rep. 10(1), 1–8 (2020).
 37 Pirjani, R. et al. Gestational diabetes mellitus its association with obesity: A prospective cohort study. Eat. Weight Disord. https:// 

doi. org/ 10. 1007/ s40519- 016- 0332-2 (2016).
 38. Kim, S. Y. et al. Fraction of gestational diabetes mellitus attributable to overweight and obesity by race/ethnicity, California, 

2007–2009. Am. J. Public Health 103, e65 (2013).
 39 Scott-Pillai, R., Spence, D., Cardwell, C., Hunter, A. & Holmes, V. The impact of body mass index on maternal and neonatal 

outcomes: A retrospective study in a UK obstetric population, 2004–2011. BJOG Int. J. Obstet. Gynaecol. https:// doi. org/ 10. 1111/ 
1471- 0528. 12193 (2013).

 40. Hung, T.-H. & Hsieh, T.-T. Pregestational body mass index, gestational weight gain, and risks for adverse pregnancy outcomes 
among Taiwanese women: A retrospective cohort study. Taiwan. J. Obstet. Gynecol. 55, 575–581 (2016).

 41 Lee, K. W. et al. Prevalence and risk factors of gestational diabetes mellitus in Asia: A systematic review and meta-analysis. BMC 
Pregnancy Childbirth https:// doi. org/ 10. 1186/ s12884- 018- 2131-4 (2018).

 42. Abariga, S. A. & Whitcomb, B. W. Periodontitis and gestational diabetes mellitus: A systematic review and meta-analysis of obser-
vational studies. BMC Pregnancy Childbirth 16(1), 1–3 (2016).

 43 Borgnakke, W. S. et al. Effect of periodontal disease on diabetes: Systematic review of epidemiologic observational evidence. J. 
Periodontol. 84, S135–S152 (2013).

 44 Esteves Lima, R. P. et al. Association between periodontitis and gestational diabetes mellitus: Systematic review and meta-analysis. 
J. Periodontol. 87(1), 48–57 (2016).

 45 Novak, K. F. et al. Periodontitis and gestational diabetes mellitus: Exploring the link in NHANES III. J. Public Health Dent. 66(3), 
163–168 (2006).

 46. Catalano, P. M. et al. The hyperglycemia and adverse pregnancy outcome study: Associations of GDM and obesity with pregnancy 
outcomes. Diabetes Care. 35(4), 780–786 (2012).

 47. Yen, I. W. et al. Overweight and obesity are associated with clustering of metabolic risk factors in early pregnancy and the risk of 
GDM. PLoS One 14(12), e0225978 (2019).

 48. Chu, S. Y. et al. Maternal obesity and risk of gestational diabetes mellitus. Diabetes Care 30(8), 2070–2076 (2007).
 49. Xie, Y. et al. Prepregnancy obesity and periodontitis among pregnant females with and without gestational diabetes mellitus. J. 

Periodontol. 85(7), 890–898 (2014).
 50. Chapper, A., Munch, A., Schermann, C., Piacentini, C. C. & Fasolo, M. T. Obesity and periodontal disease in diabetic pregnant 

women. Braz. Oral Res. 19, 83–87 (2005).
 51. Benhalima, K., Devlieger, R. & Van Assche, A. Screening and management of gestational diabetes. Best Pract. Res. Clin. Obstet. 

Gynaecol. 29(3), 339–349 (2015).

http://www.OpenEpi.com
https://doi.org/10.1902/jop.2002.73.8.911
https://doi.org/10.1007/s40519-016-0332-2
https://doi.org/10.1007/s40519-016-0332-2
https://doi.org/10.1111/1471-0528.12193
https://doi.org/10.1111/1471-0528.12193
https://doi.org/10.1186/s12884-018-2131-4


9

Vol.:(0123456789)

Scientific Reports |         (2024) 14:9951  | https://doi.org/10.1038/s41598-024-60659-6

www.nature.com/scientificreports/

Acknowledgements
We would like to acknowledge the efforts of the dentists involved in data-collection, Dr. Mehreen and Dr. Sukaina 
for their valuable contribution to this project.

Author contributions
S.R, W.J, F.K, N.Z and M.K were involved in conception of the study, finalizing the study design. W.J conducted 
the literature review and N.Z supported in data collection. W.J and F.K were involved in data analysis and data 
interpretation. W.J drafted the manuscript and S.R, F.K, N.Z and M.K reviewed the drafts critically and finalized 
the manuscript. All authors reviewed and approved the final version to be published.

Funding
There was no funding for this publication. However, a funding of $1000 was provided to conduct the research 
as part of thesis funding award under Research Capacity Strengthening in SRHR by AKU as a regional hub for 
EM region in collaboration with HRP program of WHO.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to W.Z.J.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association of periodontal disease with gestational diabetes mellitus among postpartum women at a private tertiary care hospital of Karachi, Pakistan: a cross-sectional study
	Materials and methods
	Study design and setting
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria

	Approach to study participants
	Variables of interest
	Outcome variable: gestational diabetes status
	Exposure variable: periodontal disease (includes both gingivitis and periodontitis)

	Other variables
	Data management
	Statistical analysis
	Ethical approval and considerations

	Results
	Discussion
	Study strengths and limitations
	Public health implications and recommendations

	Conclusion
	References
	Acknowledgements


