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ABSTRACT 
 

Background: Changes in salivary flow rate, pH, and salivary alkaline phosphatase (S-ALP) may reflect periodontal disease 

activity in smokers. 

Objective: To determine the association of salivary flow rate and salivary pH with salivary alkaline phosphatase in smokers 

and non-smokers with periodontitis. 

Methods: This cross-sectional study was conducted at Azra Naheed Medical & Dental College from February to December 

2025. A total of 200 adults (100 smokers with ≥5 pack-years and 100 non-smokers) aged 18-40 years with clinically 

diagnosed periodontitis were recruited by consecutive sampling. Unstimulated whole saliva was collected by passive drool 

for 5 minutes. Salivary pH was measured with a calibrated pH meter, and S-ALP was measured by spectrophotometry. Data 

was analyzed using SPSS version-25. 

Results: There was a significant difference in salivary pH (5.64±0.514 vs. 7.02±0.12, p<0.001) and S-ALP (59.67±34.28 

vs. 31.73±18.86, p<0.001) between smokers and non-smokers, respectively, while the difference in salivary flow rate was 

non-significant (Smokers:0.648±0.136 vs. Non-smokers:0.652±0.257 mL/min; p=0.880). There is a negative correlation of 

salivary flow rate (r=-0.651, p<0.001) and salivary pH (r=-0.450, p<0.001) with S-ALP among smokers; in non-smokers, 

only salivary flow rate (r=-0.560, p<0.001) showed a negative correlation with S-ALP. Among smokers, salivary pH showed 

a significant association with elevated S-ALP levels (p-value < 0.001), and among those with acidic salivary pH, 77.4% had 

elevated S-ALP levels compared with 22.6% with normal levels. 

Conclusion: Smokers with periodontitis show significantly lower salivary pH and higher S-ALP than non-smokers. Since 

salivary pH is associated with elevated S-ALP among smokers, pH can serve as a useful marker for monitoring smoking-

related periodontal biochemical changes.  
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INTRODUCTION 

Periodontitis is a chronic inflammatory disease 

associated with dental plaque and dental biofilm, 

usually starting as gingivitis. It is characterized by 

periodontal ligament and alveolar bone loss, leading to 

tooth loss and disability.1 In addition to poor oral 

outcomes and inflammation, periodontitis can play a 

part in systemic conditions through various pathways 

involving low-grade inflammation and microbial 

translocation. Global Burden of Disease (GBD) has 

emphasized that oral diseases are highly prevalent all 

around the world, with severe periodontitis 

contributing to disability and long-term health issues.2 

Smoking promotes periodontal disruption through 

multiple mechanisms, such as vasoconstriction and 

reduced gingival blood supply, impaired neutrophil 

and macrophage function, impaired cytokine 
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functioning, oxidative stress, and delayed wound 

healing, leading to periodontal destruction and poor 

therapeutic response in smokers.3 Previous studies 

have reported that there is a higher risk of periodontal 

disease and worse outcomes among smokers 

compared to non-smokers.4-6  

The basic salivary properties, such as secretion rate 

and pH, play protective roles against microbes and 

chemical changes, including buffering action and oral 

homeostasis. Disruption of this balance may cause 

dysbiosis and inflammation, and these changes are 

significantly associated with smoking, which can alter 

salivary composition, pH, and the oral microbiome.7 

Studies comparing conventional cigarette smokers, e-

cigarette users, and non-users have reported altered 

salivary characteristics, oral biofilm changes, and 

increased inflammatory activity in tobacco- or 

nicotine-exposed groups.8,9 

Biochemical indicators can help us understand and 

diagnose active tissue turnover and inflammation, 

including S-ALP, which is involved in phosphate 

metabolism and is linked to bone turnover and 

remodeling. Clinical studies have reported higher S-

ALP and crevicular-ALP levels in periodontitis and 

reductions following periodontal disease treatment, 

supporting their role as important biomarkers.10-12  

Smoking is a well-established risk factor for 

periodontitis and alters the oral inflammatory response 

and salivary characteristics, which may influence the 

severity of periodontitis; however, there is limited data 

on its effects on salivary flow rate, pH, and S-ALP.7 

Most previous studies have evaluated these parameters 

independently, and compared healthy individuals with 

diseased patients, or assessed smokers and non-

smokers without controlling for periodontal status. 

Previous studies have compared salivary and serum 

alkaline phosphatase levels among healthy individuals 

and patients with gingivitis or periodontitis, while 

others have assessed salivary pH, buffering capacity, 

and alkaline phosphatase levels in smokers and 

healthy non-smokers.10,13 The present study addresses 

this research gap by combining assessments of 

salivary flow rate, pH, and S-ALP activity within a 

single clinical framework and analyzing the 

correlation between smoking status and periodontitis. 

Assessing and comparing these salivary parameters in 

smokers and non-smokers with periodontitis may help 

understand their relationship with smoking-related 

periodontitis and their diagnostic relevance. 

The primary objective of this study was to determine 

the association of salivary flow rate and salivary pH 

with S-ALP levels among smokers and non-smokers 

with periodontitis. The secondary objective was to 

compare salivary flow rate, salivary pH, and S-ALP 

levels between smokers and non-smokers with 

periodontitis. 

METHODS 

This comparative cross-sectional study was conducted 

from February 2025 to December 2025 at the dental 

clinics of Azra Naheed Medical and Dental College, 

Lahore, Pakistan.  

The sample size was calculated with a 95% confidence 

interval, 90% power of the test, and by taking the 

expected mean values of salivary pH in smokers and 

nonsmokers (healthy individuals) as 6.47±0.23 and 

7.16±0.31. The calculated sample size was 8 (4 in each 

group). To improve precision and address possible 

dropouts, the final sample size was increased to 200 

participants, with 100 smokers and 100 non-

smokers.13,14 

Both male and female adults aged 18 to 40 years were 

considered eligible for screening and were recruited 

through consecutive sampling. Patients were included 

if they had periodontitis diagnosed during clinical 

examination and fulfilled the smoking or non-smoking 

criteria of the study. Participants with diabetes 

mellitus, autoimmune salivary gland disorders, hepatic 

or renal disease, pregnancy or lactation, use of 

medications affecting salivary flow or inflammatory 

response, periodontal therapy or antibiotic use within 

the previous three months, and those unwilling to 

continue participation were excluded. 

After obtaining written informed consent, patients 

presenting to the dental outpatient department during 

the study period were examined by a trained dental 

surgeon for periodontitis. Periodontitis was diagnosed 

when ≥4 teeth were involved, with at least one site 

showing probing depth ≥4 mm, clinical attachment 

loss ≥1 mm at the same site, and bleeding on probing 

at ≥2 sites.10 Probing depth was measured at six sites 

per tooth, clinical attachment loss was recorded from 

the cemento-enamel junction to the base of the 

periodontal pocket, and bleeding on probing was 

recorded after probing. Patients fulfilling the 

diagnostic criteria for periodontitis were then assessed 

for smoking history. Smoking status was assessed 

using WHO Global Adult Tobacco Survey-based 
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questions.15 Current cigarette smokers with cumulative 

exposure of ≥5 pack-years were enrolled in the smoker 

group, while participants who had never smoked 

tobacco were enrolled in the non-smoker group. Pack-

years were calculated by multiplying the number of 

cigarette packs smoked per day by the number of years 

of smoking. No separate minimum smoking duration 

was applied beyond the cumulative pack-year 

criterion. Eligible participants were then enrolled in 

the respective smoker or non-smoker group. Patients 

diagnosed with periodontitis and found eligible 

according to the smoking criteria were instructed to 

report to the Physiology Department the next day at 

8:00 am for saliva sample collection. Before sample 

collection, participants were advised to avoid food, 

drinks except water, alcohol, caffeine, smoking, and 

oral hygiene products for at least 2 hours. 

Unstimulated whole saliva was collected between 9:00 

am and 12:00 pm using the passive drool method to 

minimize circadian variation. Participants were seated 

comfortably, allowed saliva to pool in the mouth for 

approximately 5 minutes, then allowed it to drip into a 

sterile container and later into a graduated cylinder. 

The saliva volume collected over 5 minutes was 

measured and expressed as mL/min. Salivary pH was 

measured immediately after collection using a 

calibrated digital pH meter (Hanna HI-8424), and the 

meter was calibrated to ensure accuracy. For S-ALP 

analysis, samples were centrifuged at approximately 

3000 rpm for 5–15 minutes to obtain the supernatant. 

S-ALP levels were then measured by 

spectrophotometry using Shimadzu UV-1800. Quality 

control was maintained through instrument calibration 

and periodic duplicate checks. For categorical 

analysis, salivary parameters were categorized using 

predefined operational cut-off values. Unstimulated 

salivary flow rate was categorized as normal (≥0.30 

mL/min), low/reduced (0.10–<0.30 mL/min), and 

very low (<0.10 mL/min) 15,16; values <0.05 mL/min 

were considered to fall within the severe xerostomia 

range. Salivary pH was categorized as normal/near 

neutral (≥6.5), acidic (5.5–<6.5), and critically 

acidic/cariogenic (<5.5).   S-ALP was categorized 

operationally as normal (≤25 U/L) and elevated (>25 

U/L).17 These categories were used only for 

categorical comparison between smokers and non-

smokers. 

Ethical Approval 

Ethical approval was obtained from the Ethical  

Review Board (IRB#SU91-MBMSW-F22-031) of 

Azra Naheed Medical College, Lahore, Pakistan, on 1-

12-2025. Written informed consent was obtained from 

all participants before recruitment, and confidentiality 

of participant data was maintained throughout the 

study 

Statistical Analysis 

Data were analyzed using SPSS version 25. 

Continuous variables, i.e., salivary flow rate, salivary 

pH, and S-ALP, were presented as mean±SD. 

Qualitative data, such as smoking status, were 

presented as frequencies and percentages. The 

Shapiro-Wilk test was performed to assess normality 

(p>0.05). An independent-samples t-test was applied 

to compare parameters between smokers and non-

smokers. The correlation of salivary flow rate and 

salivary pH with S-ALP levels was assessed using the 

Pearson correlation test in smokers and non-smokers. 

Association of salivary flow rate and pH with S-ALP 

was determined by applying a chi-square test. A p-

value < 0.05 was considered statistically significant. 

RESULTS 

A total of 200 participants with periodontitis were 

analyzed (smokers =100 and non-smokers =100). The 

baseline characteristics of the study participants are 

shown in Table 1. 

Unstimulated salivary flow rate was similar in 

smokers and non-smokers with no statistically 

significant difference (p=0.880). The salivary pH was 

significantly (p<0.001) lower (acidic) in smokers 

compared to non-smokers. Moreover, the S-ALP level 

was significantly (p<0.001) higher in smokers 

compared to non-smokers (Table 2). 

Salivary parameters were categorized according to 

predefined operational cut-off values. Elevated S-ALP 

was observed in 85% of smokers compared with 56% 

of non-smokers, a statistically significant difference 

(p<0.001).  Low salivary flow rate was more frequent 

among smokers than non-smokers (14.0% vs. 2.0%; 

p=0.002), although no participant in either group had 

a very low salivary flow rate.  Salivary pH distribution 

also differed significantly between the two groups 

(p<0.001). Most smokers had acidic salivary pH, with 

62% in the acidic range and 37% in the critical 

acidic/cariogenic range, whereas all non-smokers 

were in the normal/near neutral pH category (Table 3).  
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Table 1: Baseline characteristics of study 

participants 

Variable 

Non-

smokers 

(n=100) 

Smokers 

(n=100) 

Total 

(n=200) 

Age 

(mean±SD) 38.26±7.49 35.35±9.80 36.81±8.82 

Male n (%) 52(52.0%) 65(65.0%) 117(58.5%) 

Female n(%) 48(48.0%) 35(35.0%) 83(41.5%) 

 

Table 2: Comparison of salivary flow rate, salivary pH, 

and S-ALP between smokers and non-smokers with 

periodontitis 

Variable Group mean±SD p-value 

SFR 

(mL/min) 

Smokers 0.65±0.26 0.880  

Non-Smokers 0.65±0.14 

Salivary 

pH 

Smokers 5.65±0.51 <0.001* 

Non-Smokers 7.03±0.12 

S-ALP 

U/L) 

Smokers 59.67±34.82 <0.001* 

Non-Smokers 31.73±18.86 

SFR = Salivary flow rate. Independent-samples t-test applied. 

*p<0.05 considered statistically significant. 

 

Table 3: Stratified analysis of salivary flow rate, salivary 

pH, and S-ALP in smokers and non-smokers with 

periodontitis 

Variable Category 
Smokers 

 n (%) 

Non-

smokers 

 n (%) 

P value 

S-ALP  

(u/L) 

Normal (≤ 25) 15(15) 44(44) 
<0.00* 

Elevated (> 25) 85(85) 56(56) 

SFR  

(mL/min) 

Normal (≥ 0.30) 86(86) 98(98) 
0.002* 

Low (0.10–<0.30) 14(14) 2(2) 

Salivary 

pH 

Normal/ neutral 

 (≥ 6.5) 
1(1) 100(100) 

<0.00* Acidic (5.5–<6.5) 62(62) 0(0) 

Critical acidic 

/carcinogenic (<5.5) 
37(37) 0(0) 

SFR= Salivary flow rate, S-ALP= Salivary Alkaline Phosphatase.  

*p<0.05 was considered statistically significant. Chi-square test was 

applied 

Among smokers, salivary flow rate (p < 0.001) and pH 

(p < 0.001) showed significant negative correlations 

with S-ALP. Among non-smokers, salivary flow rate 

showed a significant negative correlation with S-ALP 

(p<0.001), whereas pH showed no significant 

correlation with the flow rate (p=0.99) or S-ALP 

(p=0.34) (Table 4). Among smokers, salivary pH 

showed a significant association with elevated S-ALP, 

and it was elevated in 77.4% of participants with acidic 

pH p<0.001), while salivary flow rates showed no 

significant association with S-ALP. (Table-5) 

Table 4: Correlation of salivary flow rate and 

salivary pH with S-ALP levels among smokers and 

non-smokers with periodontitis 

Category Variable Pair r p-value 

Smokers 
SFR - S-ALP -0.651 <0.001* 

pH - S-ALP -0.450 <0.001* 

Non-

Smokers 

SFR - S-ALP -0.560 <0.001* 

pH - S-ALP -0.096 0.343 

SFR=Salivary flow rate, S-ALP=Salivary Alkaline Phosphatase. 

Pearson Correlation test applied. *p<0.05 considered statistically 

significant 

 
 

Table 5: Association of salivary flow rate and salivary 

pH with S-ALP in smokers with periodontitis 

Variabl

e 
Category 

S-ALP (u/L) p-value  

≤25 

 n (%) 

>25 

 n (%) 

 

SFR 

(mL/ 

min) 

Normal ≥ 0.30  15(17.4) 71(82.6) 

0.09 Low 0.10<0.30  0(0.0) 14(100) 

Salivary 

pH 

Normal/ neutral 

≥6.5 

1(100) 0(0) 

<0.001

* 
Acidic 5.5–<6.5 14(22.6) 48(77.4) 
Critically acidic 

/cariogenic <5.5 

0 (0.0) 37(100) 

SFR=Salivary flow rate. S-ALP= Salivary Alkaline Phosphatase. 
Chi-square test was applied. *p<0.05 was considered statistically 

significant 

 

DISCUSSION   

This comparative cross-sectional study assessed the 

association of salivary flow rate and salivary pH with 

S-ALP levels among smokers and non-smokers with 

periodontitis. Unstimulated whole saliva was collected 

from 200 participants with periodontitis, including 100 

smokers and 100 non-smokers, and salivary 

parameters were analyzed and compared.  

In this study, the unstimulated salivary flow rate was 

similar between smokers and non-smokers with 

periodontitis. Recent literature has mixed findings, as 

several studies report an association between chronic 

tobacco smoking and reduced salivary flow and 

xerostomia, while some clinical studies report little 

difference.18,19 Studies on nicotine intake, including 

conventional and e-cigarettes, reported that salivary 

flow can vary by product type, duration, and intensity 

of use, and sometimes report no significant reduction 

in baseline flow.20,21 A possible reason could be that 

salivary flow may be less sensitive than biochemical 

markers for smoking-associated periodontitis, 

especially among participants in this study. In the 

current study, smokers showed significantly lower 

salivary pH than non-smokers, reflecting increased 
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salivary acidity (p<0.001). The previous literature 

similarly reports lower salivary pH and altered 

buffering capacity among smokers, and studies show 

that in tobacco-exposed groups, the oral microbiome 

changes, potentially promoting the selection of acid-

tolerant pathogenic microbial communities that also 

promote inflammation.22,23 Smoking-related 

reductions in buffering, increased oxidative stress, and 

shifts in the microbial environment, including altered 

microbial metabolism, can contribute to a sustained 

acidic environment in periodontitis, which may 

increase protease activity and tissue injury, thereby 

accelerating periodontal disease progression.24,25  

In the present study, smokers had significantly higher 

S-ALP levels than non-smokers (p<0.001), indicating 

increased tissue turnover and inflammation. Previous 

studies support S-ALP as a biomarker in periodontitis, 

with higher S-ALP levels in active disease and 

reductions after periodontal therapy, indicating 

sensitivity to disease activity.10,11,26 Smoking increases 

the inflammatory response and tissue breakdown 

during periodontitis, thereby increasing the secretion 

or leakage of S-ALP into saliva and crevicular 

fluid.12,27 Tobacco-related oxidative stress and 

immune responses may intensify tissue degradation 

and alveolar bone remodeling, resulting in higher S-

ALP levels despite similar saliva flow.25 

Among smokers with periodontitis, salivary pH 

showed a significant negative association with S-ALP 

levels, whereas this association was not significant 

among non-smokers. This suggests that smoking may 

strengthen the relationship between acidic salivary 

changes and periodontal biochemical activity. Recent 

studies have concluded that combining parameters 

such as pH with biomarkers improves the 

discrimination between active periodontal diseases 

and inflammatory activity.14,26 A more acidic oral 

environment indicates higher levels of acidic 

microbial activity, which may co-occur with 

periodontal inflammation, thereby elevating S-ALP.26 

The lack of correlation in non-smokers may be due to 

less pH variability and unrestricted blood supply for 

repair.4,5 Salivary biochemical activity is linked to 

both smoking and pH, and indicates multi-parameter 

salivary profiling in the future.14, 27 Acidic saliva is a 

proximal indicator of periodontal inflammation, while 

smoking has an additional destructive role through 

immune and oxidative mechanisms.7,8  

The differential correlation pattern between smokers 

and non-smokers may be explained by the additional 

effect of tobacco exposure on the oral and periodontal 

environment. In smokers, reduced salivary pH may be 

due to smoking-related impairment of buffering 

capability, microbial dysbiosis, oxidative stress, and 

microvascular dysfunction, which can increase 

periodontal breakdown and S-ALP release into 

saliva.25,27 This may also explain why salivary pH 

reported a significant inverse correlation with S-ALP 

in smokers. In contrast, non-smokers showed no 

significant correlation between pH and S-ALP, 

possibly because their salivary pH remained relatively 

stable, making pH less effective at modulating S-ALP 

activity. In this group, S-ALP may have been more 

closely related to periodontal tissue turnover and the 

dilutional effect of salivary flow rather than to 

acidity.11,27 Therefore, smoking strengthens the link 

between acidic salivary changes and periodontal 

breakdown, whereas in non-smokers, S-ALP activity 

may be driven mainly by local periodontal 

inflammation independent of salivary pH. 

CONCLUSION 

In patients with periodontitis, salivary flow rate and 

salivary pH were significantly associated with S-ALP 

levels in smokers. Smokers showed significantly 

lower salivary pH and higher S-ALP levels than non-

smokers, indicating greater smoking-related salivary 

acidity and periodontal biochemical activity. 

Assessment of salivary flow rate, pH, and S-ALP can 

help support clinical diagnosis and monitoring of 

smokers with periodontitis by indicating salivary 

acidity, reduced salivary protective function, and 

increased periodontal tissue breakdown.  

Limitations and future recommendations 

This single-center study with a modest sample size 

measured salivary parameters at a single time point, 

potentially influenced by hydration, diet, and recent 

oral activity. Additionally, detailed periodontal 

parameters and radiographic bone loss were not 

assessed. Future multicenter longitudinal studies with 

larger samples, objective smoking verification, and 

comprehensive periodontal evaluation are 

recommended to validate these findings. 
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