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ABSTRACT
This study aimed to evaluate the combined association of diet and advanced periodontitis with serum high-sensitivity C-
reactive protein (hs-CRP) levels at baseline and after 11 years. Study participants (n = 3058 at baseline and n = 3007 at fol-
low-up) were drawn from the Finnish population-based Health 2000 and 2011 surveys. Baltic Sea Diet Score (BSDS), Dietary 
Inflammatory Index, and periodontal status were used as exposure variables, with hs-CRP serum levels as the outcome. 
Baseline CRP levels in participants, categorized into four groups according to exposure variables, were compared with the 
Kruskal–Wallis test. The association of dietary indices and advanced periodontitis with serum CRP levels after 11 years of 
follow-up was analyzed with linear regression. Participants with advanced periodontitis (at least one tooth with ≥ 6 mm 
pocket depth) had higher hs-CRP levels in serum at baseline, in comparison to controls. The concurrent exposure to low 
BSDS or proinflammatory diet and advanced periodontitis was not associated with further increase in serum CRP levels. At 
an 11-year follow-up, unadjusted regression models demonstrated associations between elevated CRP levels and advanced 
periodontitis (β = 0.19; 95% CI 0.08–0.31 and β = 0.20; 95% CI 0.09–0.31) or advanced periodontitis combined with low BSDS 
(β = 0.23; 95% CI 0.09–0.37) or proinflammatory diet (β = 0.18; 95% CI 0.02–0.34). The statistically significant differences 
disappeared after controlling for confounding factors. In conclusion, combined exposure to low BSDS or a proinflammatory 
diet and advanced periodontitis was not significantly associated with elevated hs-CRP levels compared to single risk factor 
exposure.

1   |   Introduction

C-reactive protein (CRP), an acute-phase protein, is produced 
by hepatocytes in response to inflammatory stimulus (Black 
et al. 2004). Throughout their lifespan, individuals are exposed 
to various modifiable lifestyle risk factors, such as smoking, 
physical inactivity, stress, obesity, and inadequate sleep, which 
are related to increased circulating CRP in serum. Driven by 
chronic systemic inflammation, they are causally linked to the 

development of many chronic diseases, among them type 2 dia-
betes and cardiovascular diseases (Furman et al. 2019).

Periodontitis is a chronic disease affecting tooth-supporting 
tissues (connective tissue, periodontal ligament, and alveolar 
bone) and, if left untreated, it can cause substantial tissue de-
struction and tooth loss (Könönen et al. 2019). It is initiated by 
the interplay between dysbiotic biofilm at the gingival margin 
and host response where uncontrolled inflammatory reaction is 
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accompanied by excessive production of inflammatory media-
tors (Jaedicke et  al. 2015). Further, these mediators can enter 
the bloodstream, causing a systemic inflammatory response 
(Zhu et al. 2025). The relationship between immune response 
and periodontitis is bidirectional, and the complexity of the re-
lation to systemic diseases arises from the possibility that many 
systemic conditions increase the risk of developing periodontitis 
(Hajishengallis 2022; Hasan et al. 2025).

Unfavorable nutrition, commonly described as high intake 
of saturated fatty acids and/or low intake of fruits and veg-
etables, polyphenols, and other antioxidants, is another sig-
nificant risk factor for low-grade inflammation (Calder 
et al. 2009; Minihane et al. 2015). Diet quality has been shown 
to strongly affect the risk for immune-mediated systemic dis-
eases (Billingsley et al. 2024; Forouhi 2023; Seth et al. 2025). 
Thus, diet could affect the risk for periodontitis progression as 
well. The overall diet quality can be assessed using culture-
specific indices, such as the Baltic Sea Diet Score (BSDS) in 
Nordic countries (Kanerva, Kaartinen, et  al.  2014). Another 
approach is to assess the diet's inflammatory potential by 
the Dietary Inflammatory Index (DII), which identifies the 
anti- and proinflammatory components of the diet (Shivappa 
et al. 2014). In a Finnish study of 4579 adults, elevated CRP 
levels were observed in participants who were not adher-
ent to the Baltic Sea diet assessed by BSDS (Kanerva, Loo, 
et al. 2014). Likewise, several large-scale studies have shown 
DII to be associated with increased inflammatory markers in 
serum, including CRP, interleukin (IL)-6, and tumor necro-
sis factor (TNF)-α (Doustmohammadian et al. 2024; Lécuyer 
et al. 2023; Millar et al. 2022). The association between over-
all diet quality (here: adherence to the Mediterranean diet or 
anti-inflammatory diet) and inflammatory biomarkers was re-
ported in a systematic review of 69 observational studies (Hart 
et al. 2021a). Furthermore, studies with both cross-sectional 
and long-term follow-up designs indicated that periodonti-
tis, and especially its aggressive forms (Salzberg et al. 2006), 
is strongly associated with elevated serum CRP levels (Haro 
et al. 2012; Machado et al. 2021; Molinsky et al. 2022).

In a cohort study of 1014 patients with coronary artery dis-
ease, a significant increase in serum CRP levels was observed 
in those having at least two modifiable risk factors of systemic 
inflammation (smoking, lack of physical activity, overweight, 
or poor adherence to the Mediterranean diet) in compari-
son to those having only one risk factor (Blaum et al. 2021). 
Moreover, no difference in serum CRP concentration was rec-
ognized between patients without modifiable risk factors and 
those with only one risk factor. Given that low-grade systemic 
inflammation may result from diverse etiological factors, a 
multifaceted approach accounting for various lifestyle expo-
sures is essential to reveal the real association of exposure 
with elevated CRP levels and the subsequent systemic disease 
burden.

In the present study, we hypothesized that inflammatory bur-
den from advanced periodontitis, combined with non-adherence 
to the Baltic Sea diet or adherence to the proinflammatory diet 
increases their risk for elevated high-sensitivity (hs) CRP in 
serum. Our objective was to examine whether concurrent expo-
sure to two independent risk factors of systemic inflammation, 

namely the lower BSDS or higher DII and advanced periodonti-
tis, is associated with elevated serum hs-CRP levels at baseline 
and after 11 years of follow-up.

2   |   Materials and Methods

2.1   |   Study Sample

This cohort study is based on the Finnish population-based 
Health 2000 (H2000) and Health 2011 (H2011) surveys 
(Heistaro  2008; Lundqvist and Mäki-Opas  2016). Participants 
were selected using a two-stage stratified sampling from the 
Finnish Population Registry in 2000–2001, resulting in a sam-
ple size of 8028 aged 30 years or over. From the whole sample, 
6986 (87%) took part in the interview and 6770 (84%) in the 
health examination either at the study site or home. All those 
attending the main H2000 survey, who were alive, were living 
in Finland on 6 July 2011, had available contact details, and had 
not refused further participation, were invited to join the H2011 
follow-up during 2011 and 2012 (n = 8135). Of them, 5903 (74%) 
accepted the invitation. The current study includes participants 
who were 30 years or older at baseline, as they form the main 
cohort of H2000. Due to the integral role of periodontitis in 
the present study, we included only those who had periodontal 
status measured at the baseline. In addition, we included only 
participants who had both baseline and follow-up hs-CRP lev-
els measured (Figure 1). Furthermore, we excluded those with 
hs-CRP > 10 mg/L reflecting an acute infection (Ridker  2016), 
resulting in 3058 participants for baseline analyses and 3007 
participants for follow-up analyses.

FIGURE 1    |    Flowchart for the selection of study participants.
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Both H2000 and H2011 surveys included health examinations 
in the field, where the health measurements were made, and 
fasting blood samples were collected. In H2000, home-visit in-
terviews were made, whereas questionnaires were filled during 
health examinations in H2011 (Heistaro  2008; Lundqvist and 
Mäki-Opas 2016).

Both surveys were approved by the Ethical Committee of 
the Hospital District of Helsinki and Uusimaa (Health 2000, 
15.7.2004 reference 407/E3/2000; and Health 2011, 22.3.2011 
reference 45/13/03/00/11), and a written informed consent was 
obtained from each participant. This study has been reported in 
accordance with the STROBE guidelines.

2.2   |   Baltic Sea Diet Score and Dietary 
Inflammatory Index

The participants completed a validated semi-quantitative 
food frequency questionnaire (FFQ) at home to assess their 
usual food consumption over the last 12 months (Kaartinen 
et al. 2012; Männistö et al. 1996). The FFQ covered 131 food 
items or mixed dishes with nine frequency categories ranging 
from “never or seldom” to “at least six times a day”. The por-
tion size was fixed for each food item or mixed dish (e.g., slice 
and glass). The dietary data were converted into average daily 
food consumption and nutrient intake using the National 
Food Composition Database, Fineli, and the Finessi software 
of the Finnish Institute for Health and Welfare (Reinivuo 
et al. 2010).

Two indices were used to assess the overall diet quality. The 
BSDS, evaluating the adherence to the Baltic Sea diet, included 
nine dietary components typically grown or eaten in Nordic 
countries (Kanerva, Kaartinen, et al. 2014). In the present study, 
we used the modified BSDS, which corresponds more closely 
to Nordic dietary recommendations (Männistö et al.  2021). In 
the modified BSDS, the total fat intake was excluded from the 
index as the quality of fat is more important from the health per-
spective. The fat quality is included in the index as a ratio of 
polyunsaturated fatty acids to saturated fatty acids and trans-
fatty acids. Intake of each component, except alcohol, was 
scored according to sex-specific consumption quartiles: the low-
est quartile was coded as 0, the second one as 1, the third one 
as 2, and the highest one as 3. For meat products, the scoring 
was reversed. Alcohol consumption was assigned based on the 
Finnish nutrition recommendations published in 2014 (National 
Nutrition Council  2021), where men consuming ≤ 20 g and 
women consuming ≤ 10 g of ethanol per day received 1 point, 
while others received 0 points. The final BSDS ranged from 0 to 
22, with higher scores representing a greater adherence to the 
Baltic Sea diet.

The calculation of DII was conducted according to Shivappa 
et al. (2014) with a few modifications we have described pre-
viously (Syrjäläinen et al. 2024). In the present study, the DII 
calculation was based on 29 of the original 45 food compo-
nents included in the index. These food components were al-
cohol, beta-carotene, carbohydrate, cholesterol, energy, fiber, 
folic acid, green/black tea, iron, isoflavones, magnesium, 
monounsaturated fatty acids, niacin, n-3 fatty acids, n-6 fatty 

acids, protein, polyunsaturated fatty acids, riboflavin, sat-
urated fatty acids, selenium, thiamin, trans fats, vitamin A, 
vitamin B6, vitamin B12, vitamin C, vitamin D, vitamin E, 
and zinc. The missing food components were mainly spices 
(e.g., garlic, ginger, or saffron) or some classes of flavonoids 
(e.g., flavones or flavonols) as their amount were not able to be 
measured by FFQ.

2.3   |   Periodontal Status

Periodontal status was assessed as a part of the oral health exam-
ination of H2000 by five field teams, each including one dentist 
who performed the clinical examinations (Syrjäläinen et al. 2024). 
The clinical procedure has been described elsewhere (Syrjäläinen 
et  al.  2024). Briefly, probing pocket depth (PPD) was measured 
from four sites of each tooth, and the deepest PPD of any tooth was 
recorded to diagnose periodontitis as follows: non-periodontitis 
(PPD ≤ 3 mm at all teeth), mild to moderate periodontitis (PPD 
of 4–5 mm at any tooth), or advanced periodontitis (PPD ≥ 6 mm 
at any tooth). The quality assurance was ensured by a reference 
dentist, who took parallel measurements of pocket depths during 
several visits to each field team, the agreement being 77% (κappa-
value 0.41) between the reference dentist and the field dentist. 
Furthermore, the repeated measurements for randomly selected 
participants showed a κappa-value of 0.83.

2.4   |   Categorization of Study Participants

To classify participants according to their risk factors for ele-
vated serum CRP, participants were categorized into four groups 
according to the non-adherence to BSDS or adherence to proin-
flammatory diet and advanced periodontitis. Before categori-
zation, the participants were divided into tertiles according to 
their BSDS or DII scores, where BSDS tertile 1 represents those 
with the least adherence to the Baltic Sea diet. In contrast, DII 
tertile 3 represents those with the most proinflammatory diet. In 
the analyses evaluating the association of the Baltic Sea diet in 
combination with advanced periodontitis, the participants were 
grouped as follows:

•	 The reference group (R1): participants who adhered to the 
Baltic Sea diet (BSDS tertiles 2 or 3) and were not diagnosed 
with advanced periodontitis (non-periodontitis or moderate 
periodontitis).

•	 Non-adherence to the Baltic Sea diet group (BSDS 1): partic-
ipants who were at BSDS tertile 1 and not diagnosed with 
advanced periodontitis.

•	 Advanced periodontitis groups (AP1): participants who were 
diagnosed with advanced periodontitis and adhered to the 
Baltic Sea diet (BSDS tertile 2 or 3).

•	 Non-adherence to the Baltic Sea diet and advanced peri-
odontitis group (BSDS 1 and AP1): participants who 
were at BSDS tertile 1 and diagnosed with advanced 
periodontitis.

In the analyses evaluating the association of proinflammatory 
diet combined with advanced periodontitis, the participants 
were grouped as follows:
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•	 The reference group (R2): participants who adhered to an 
anti-inflammatory diet (DII tertiles 1 or 2) and were not di-
agnosed with advanced periodontitis (non-periodontitis or 
moderate periodontitis).

•	 Proinflammatory diet group (DII3): participants who ad-
hered to a proinflammatory diet (DII tertile 3) and were not 
diagnosed with advanced periodontitis.

•	 Advanced periodontitis group (AP2): participants who were 
diagnosed with advanced periodontitis and adhered to an 
anti-inflammatory diet (DII tertile 1 or 2).

•	 Proinflammatory diet and advanced periodontitis group 
(DII3 and AP2): participants who adhered to a proinflam-
matory diet (DII tertile 3) and had advanced periodontitis.

2.5   |   Serum C-Reactive Protein

In the H2000 and H2011 surveys, serum samples were collected 
after 4 h of fasting. The samples were centrifuged at examination 
sites, frozen to −20°C, and transferred within 2 weeks to their 
final storage location where they were stored at −70°C until anal-
yses. In H2000, hs-CRP was determined using an ultrasensitive 
immunoturbidometric test (Orion Diagnostica, Espoo, Finland) 
with Optima analyzer (Thermo Electron Corporation, Vantaa, 
Finland), and in Health 2011 with an immunoturbidometric test 
(CRP Vario) with Abbott c8000 analyzer (Abbott Laboratories, 
Abbott Park, IL, USA). The lowest limit of detection (LLOD) 
was 0.2 mg/L, and all values below LLOD were substituted with 
0.1 mg/L. The cut-off of 2 mg/L was used to represent systemic 
inflammation, as this threshold has been found to be associ-
ated with a wide variety of chronic diseases and deaths (Drozd 
et al. 2022).

2.6   |   Covariates

Age, smoking, physical activity, education, and medica-
tion of lipid-modifying agents were recorded in interviews. 
Smoking was categorized as either current smokers or non-
smokers. Leisure time physical activity was categorized into 
two groups: those with no physical activity or light activity 
(e.g., walking or cycling) for at least 4 h per week, and those 
with moderate physical activity for at least 3 h per week or 
vigorous exercise (e.g., competitive sport). Education was cat-
egorized into two groups: basic education and vocational or 
higher education. For body mass index (BMI) calculations, 
height and weight were measured in the health examination. 
If these measurements were unavailable, self-reported height 
and weight were used. Hemoglobin A1C (HbA1c) concentra-
tion was determined with an immunoturbidimetric method 
(Hemoglobin A1c assay; Abbott Laboratories). Energy intake 
was added to analyses as a confounding factor to adjust the 
models with energy intake.

2.7   |   Statistical Analyses

All statistical analyses were performed with IBM SPSS 
Statistic 28.0 (https://​www.​ibm.​com/​produ​cts/​spss-​stati​stics​, 

RRID:SCR_019096). Normality for continuous variables was as-
sessed visually using histograms. Kruskal–Wallis test and Chi 
square test were used in descriptive statistics to analyze the 
basic characteristics of participants across BSDS or DII tertiles. 
Bonferroni correction was applied to post hoc analysis in Chi 
square test. To examine the cumulative effect of the diet and 
periodontitis on hs-CRP in serum, the serum hs-CRP levels be-
tween groups were compared using Kruskal–Wallis test. Linear 
regression model was conducted to analyze the change in hs-
CRP levels during 11 years by DII, BSDS, and periodontitis. In 
addition, linear regression analysis was used to determine the 
association between the dietary pattern, advanced periodonti-
tis, or combination of these two and hs-CRP levels. For linear 
regression, hs-CRP levels were log transformed due to its right 
skewed distribution. To examine whether categorizing diet into 
tertiles affects the results, a linear regression analysis was also 
conducted to assess the association between DII and BSDS and 
hs-CRP within different periodontitis severity groups, using 
diet as a continuous variable. These results are presented in 
Tables S1 and S2.

3   |   Results

3.1   |   Baseline Analysis

Of the study participants, 1184 (38%) were non-periodontitis, 
1329 (44%) had moderate periodontitis, and 545 (18%) had 
advanced periodontitis. The characteristics of participants 
by BSDS or DII tertiles are presented in Tables 1a and 1b. In 
relation to participants with BSDS tertile 3 or DII tertile 1 
(representing the adherence to Baltic Sea diet or the most anti-
inflammatory diet), a higher proportion of those with BSDS 
tertile 1 or DII tertile 3 were older or less likely to be current 
smokers. BMI was slightly higher among participants in the 
BSDS tertile 3 than tertile 1. Those having a proinflammatory 
diet were more often men and more likely to have basic edu-
cation than those with an anti-inflammatory diet. No differ-
ences were observed in hs-CRP levels or in the prevalence of 
AP across BSDS or DII tertiles.

The AP1 and AP2 groups had statistically significantly higher 
hs-CRP levels compared to R1 and R2 groups in both dietary 
analyses (p = 0.002 and p = 0.001 respectively, Figures  2 and 
3). They also had higher CRP levels than the BSDS 1 group 
(p = 0.002) or DII3 group (p = 0.014). When participants had two 
risk factors (BSDS1 and AP1 group, and DII3 and AP2 group), 
their CRP levels were significantly higher than in R1 and R2 
groups (p = 0.035 and p = 0.025). BSDS1 and AP1 group, or DII3 
and AP2 group, did not differ from those having only one risk 
factor (BSDS1, DII 3, AP1, and AP2 groups).

3.2   |   Eleven Years of Follow-Up

In the 11-year follow-up analysis, 2477 (82%) participants had 
non- or mild to moderate periodontitis at baseline, while 530 
(18%) had advanced periodontitis. The mean change in hs-CRP 
levels during the follow-up was 1.14 mg/L (SD 6.08); the levels 
being increased in 73.5% (mean 2.08 mg/L, SD 6.77) and de-
creased in 26.5% (mean −1.46 mg/L, SD 1.80) of the participants. 
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Baseline DII, BSDS, or periodontal status did not affect the CRP 
change during the follow-up (β = −0.180, p-value = 0.38 for DII; 
β = −0.003, p-value = 0.91 for BSDS; and β = 0.002, p-value = 0.98 
for periodontitis; Adjusted R2 = −0.001, p-value = 0.674).

After 11 years of follow-up, advanced periodontitis at baseline 
either alone or in combination with BSDS 1 or DII 3 was slightly 
associated with serum CRP (AP1: β = 0.19, p-value < 0.001; 
AP1 + BSDS1: β = 0.23, p-value = 0.001; AP2: β = 0.20, p-value 
< 0.001; AP2 + DII3 β = 0.18, p-value = 0.024; Tables  2 and 3). 
Neither BSDS 1 nor DII 3 at baseline were associated with CRP 
after 11 years. Covariates-adjusted linear regression analysis 
models (Models 2, adjusted for baseline age, BMI, smoking sta-
tus, physical activity, education level, CRP, HbA1c, medication 

of lipid-modifying agents, and energy intake) indicated non-
significant associations. In the Models 2, the main determinants 
of elevated hs-CRP levels after 11 years were baseline BMI and 
CRP levels (data not shown). When linear regression analysis 
was performed using DII and BSDS as continuous variables, 
neither DII nor BSDS was associated with hs-CRP within the 
different periodontitis severity categories (Supporting material 
Tables S1 and S2).

When the linear regression analysis was performed separately 
for men and women, the combination of BSDS 1 and AP 1 
was statistically significantly associated with serum CRP in 
men (β = 0.23, p-value = 0.011), but not in women (β = −0.01, 
p-value = 0.994). The similar difference between genders was 

TABLE 1a    |    Baseline characteristic of the study population according to BSDS tertiles.

BSDS

Least adherent to the Baltic Sea diet
Most adherent to the 

Baltic Sea diet

Tertile 1 Tertile 2 Tertile 3

N 1232 921 905

BSDS scores 1–10 11–13 14–22

Age (years), mean (SD)† 44.7 (10.2)a 47.4 (10.8)b 51.4 (11.3)c

Men, n (%)‡ 542 (44.0) 423 (45.9) 423 (46.7)

Basic education, n (%)‡ 307 (25.0) 231 (25.1) 246 (27.3)

Current smokers, n (%)‡ 402 (32.8)a 218 (23.7)b 147 (16.3)c

BMI (kg/m2), mean (SD)† 26.2 (4.5)a 26.4 (4.1)a,b 26.7 (4.3)b

Advanced periodontitis, n (%)‡ 226 (18.3) 161 (17.5) 158 (17.5)

Serum CRP (mg/L), mean (SD)† 1.3 (1.8) 1.3 (1.8) 1.2 (1.6)

Note: † = Kruskal–Wallis test, ‡ = Chi square test. Statistically significant differences (p-value < 0.05) between the tertiles are indicated with a, b, c. Advanced 
periodontitis = at least one pocket depth ≥ 6 mm.
Abbreviations: BMI = body mass index, BSDS = Baltic Sea Diet Score, CRP = C-reactive protein, SD = standard deviation.

TABLE 1b    |    Basic characteristics of the study population according to DII tertiles.

DII

Most anti-inflammatory diet Most proinflammatory diet

Tertile 1 Tertile 2 Tertile 3

N 1030 1068 960

DII range −6.4 to −3.8 −3.8 to −1.7 −1.7 to 4.4

Age (years), mean (SD)† 48.9 (10.0)a 47.0 (10.9)b 46.5 (11.2)b

Men, n (%)‡ 435 (42.2)a 494 (46.3)a,b 459 (47.8)b

Basic education, n (%)‡ 243 (23.8)a 264 (24.8)a,b 277 (28.9)b

Current smokers, n (%)‡ 212 (20.7)a 245 (23.0)a 310 (32.3)b

BMI (kg/m2), mean (SD)† 26.5 (4.2) 26.5 (4.4) 26.3 (4.3)

Advanced periodontitis, n (%)‡ 184 (17.9) 176 (16.5) 185 (19.3)

Serum CRP (mg/L), mean (SD)† 1.2 (1.7) 1.2 (1.7) 1.3 (1.8)

Note: † = Kruskal–Wallis test, ‡ = Chi square test. Statistically significant differences (p-value < 0.05) between the tertiles are indicated with a, b, c. Advanced 
periodontitis = at least one pocket depth ≥ 6 mm.
Abbreviations: BMI = body mass index, CRP = C-reactive protein, DII = Dietary Inflammatory Index, SD = standard deviation.
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FIGURE 2    |    Serum CRP levels (mg/L) at baseline in participants categorized into R1, BSDS1, AP1, or BSDS 1 and AP1 groups. R1 = reference 
group (BSDS tertiles 2 or 3 and not diagnosed with advanced periodontitis). BSDS 1 = Non-adherence to the Baltic Sea diet group (BSDS tertile 1). AP 
1 = advanced periodontitis group (at least one pocket depth ≥ 6 mm). BSDS = Baltic Sea Diet Score. p-Values from Kruskal–Wallis test. Unadjusted 
models. Other p-values than those depicted in the figure were non-significant (p > 0.05).

FIGURE 3    |    Serum CRP levels (mg/L) at baseline in participants categorized into R1, DII3, AP2, or DII3 and AP2 groups. R2 = reference group 
(DII tertiles 1 or 2 and not diagnosed with advanced periodontitis). DII 3 = proinflammatory diet group (DII tertile 3). AP 2 = advanced periodontitis 
group (at least one pocket depth ≥ 6 mm). DII = dietary Inflammatory index. p-Values from Kruskal–Wallis test. Unadjusted models. Other p-values 
than those depicted in the figure were non-significant (p > 0.05).

TABLE 2    |    Associations of BSDS 1, advanced periodontitis, or combination of both with serum CRP levels after 11 years of follow up.

Independent variable

Model 1 Model 2

Adjusted β (95% CI) p Adjusted β (95% CI) p

BSDS 1 0.05 (−0.03 to 0.13) 0.245 0.07 (−0.04 to 0.17) 0.223

AP 1 0.19 (0.08 to 0.31) 0.001* −0.05 (−0.19 to 0.10) 0.541

BSDS1 + AP1 0.23 (0.09 to 0.37) 0.001* 0.10 (−0.06 to 0.26) 0.216

Note: BSDS 1 = Non-adherence to the Baltic Sea diet group (BSDS tertile 1). AP 1 = Advanced periodontitis group (at least one pocket depth ≥ 6 mm). Model 1: adjusted 
for energy intake. Adjusted R2 = 0.005, p-value < 0.001. Model 2: adjusted for baseline age, BMI, smoking status, physical activity, education level, CRP, HbA1c, 
medication of lipid-modifying agents, and energy intake. Adjusted R2 = 0.218, p-value < 0.001.
Abbreviation: BSDS = Baltic Sea Diet Score.
*p-value < 0.05.
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not observed when the combination of DII 3 and AP 2 and their 
association with serum CRP was analyzed in linear regres-
sion as the results remained statistically non-significant both 
in men and women (β = 0.13, p-value = 0.189 and β = −0.03, p-
value = 0.800, respectively).

4   |   Discussion

To our knowledge, the present study is the first to evaluate 
the cumulative effect of overall diet quality and periodonti-
tis on serum CRP levels. The main finding was that advanced 
periodontitis, also when combined with non-adherence to the 
Baltic Sea diet (assessed as BSDS 1) or proinflammatory diet 
(assessed as DII 3), was related to higher hs-CRP levels at base-
line. However, belonging to either the BSDS 1 or DII 3 group did 
not magnify the existing risk of developing elevated CRP levels 
in advanced periodontitis patients. Furthermore, when we an-
alyzed the results from the 11-year follow-up after controlling 
for covariates, we failed to confirm significant associations be-
tween serum CRP levels and advanced periodontitis combined 
with indices of diet quality.

Studies evaluating associations of elevated inflammatory con-
dition with concurrent exposure to overall diet quality and peri-
odontitis are sparse. In a cross-sectional study of 3238 adults 
from the NHANES 2009–2010 datasets, DII correlated with 
serum CRP concentrations, mean probing pocket depth, and 
mean clinical attachment loss (Machado et  al.  2021). The au-
thors also found that DII mediated the association between peri-
odontal measurements and systemic inflammation levels. In the 
present study, however, the serum CRP levels were not higher 
in participants who were non-adherent to the Baltic Sea diet or 
consumed the proinflammatory diet in comparison to the refer-
ence. Oxidative stress appears to play a contributing role in the 
pathogenesis of periodontal disease, causing damage in lipid-, 
protein-, and DNA-components inside the cell and leading to 
compromised function of periodontal tissue (Shang, Liu, Zheng, 
and Zhang 2023). As diet quality may also increase or decrease 
the reactive oxygen species in tissues (Ilari et al. 2025), it was 
reasonable to assume that diet and periodontitis together would 
be associated with the marker of low-grade systemic inflamma-
tion, reflected by CRP concentration.

The focus of BSDS is to evaluate the adherence to the Baltic 
Sea diet, while DII aims to determine the overall inflammatory 

potential of the diet. As the development of DII was based on 
the literature by evaluating each food component and their as-
sociation with serum IL-1β, IL-4, IL-6, IL-10, TNF-α, and CRP 
concentrations (Shivappa et al. 2014), it was expected that high 
DII scores would associate with higher serum CRP levels as 
well. Moreover, a cross-sectional study using two independent 
cohorts of Finnish adults (n = 4579 and n = 1911) demonstrated 
an inverse association between BSDS and hs-CRP concentra-
tions (Kanerva, Loo, et  al.  2014). However, the present study 
was unable to demonstrate an association between BSDS or DII 
and serum hs-CRP. One possible explanation for the lack of as-
sociation between diet quality and serum hs-CRP levels could 
be the use of dietary tertiles. The first tertile of BSDS was used 
to indicate non-adherence to BSDS while the third tertile of DII 
indicated a proinflammatory diet. The BSDS values in the first 
tertile ranged from 1 to 10 (out of 22), and therefore those partic-
ipants may not be homogenous enough to accurately represent 
those with the unhealthiest diet. In addition, the DII scores in 
the third DII tertile ranged from −1.7 to 4.4. This means that 
some participants with the anti-inflammatory diet (DII scores 
below zero) were also included in the third tertile. The use of 
tertiles, however, was chosen to facilitate interpretation and en-
able group comparisons. In addition, when the analyses were 
conducted by using the DII and BSDS as a continuous variables, 
the results remained similar.

Another possible explanation for the absence of a clear associa-
tion between diet and CRP may be attributable to CRP's role as 
a nonspecific marker of inflammation. The CRP concentration 
increases in many chronic conditions, including autoimmune 
diseases, cardiovascular diseases, and inflammation (Rizo-
Téllez et  al.  2023). In addition, psychosocial conditions other 
than diseases, including prolonged stress or frailty, affect serum 
CRP concentration (Johnson et  al.  2013; Luo et  al.  2024). Yet, 
serum CRP is widely used as an inflammatory biomarker in nu-
trition studies, elevated levels being associated with unhealthy 
dietary patterns (Hart et al. 2021a). However, including multi-
ple inflammatory markers could have provided deeper insight 
into the association between diet and systemic inflammation, 
potentially revealing associations that were not detectable in 
the present study. A recent study analyzing 195 participants 
from the United Kingdom found no association between peri-
odontitis and serum hs-CRP, whereas a link was observed be-
tween periodontal status and systemic IL-6 (Mainas et al. 2025). 
Similarly, no association was found between the adherence to 
the Mediterranean diet and assessed biomarkers in the same 

TABLE 3    |    Associations of DII 3, advanced periodontitis, or combination of these both with serum CRP levels after 11 years of follow up.

Independent variable

Model 1 Model 2

Adjusted β (95% CI) p Adjusted β (95% CI) p

DII 3 0.02 (−0.08 to 0.11) 0.762 −0.03 (−0.15 to 0.09) 0.629

AP 2 0.20 (0.09 to 0.31) < 0.001* −0.03 (−0.17 to 0.11) 0.655

DII3 + AP2 0.18 (0.02 to 0.34) 0.024* 0.01 (−0.17 to 0.19) 0.916

Note: DII 3 = Proinflammatory diet group (DII tertile 3). AP 2 = Advanced periodontitis group (at least one pocket depth ≥ 6 mm). Model 1: adjusted for energy intake. 
Adjusted R2 = 0.004, p-value = 0.002. Model 2: adjusted for baseline age, BMI, smoking status, physical activity, education level, CRP, HbA1c, medication of lipid-
modifying agents, and energy intake. Adjusted R2 = 0.216, p-value < 0.001.
Abbreviation: DII = Dietary Inflammatory index.
*p-value < 0.05.
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study, and these findings were consistent with those of the cur-
rent research.

Even though DII has been associated with serum CRP in several 
large-scale studies (Doustmohammadian et  al.  2024; Lécuyer 
et al. 2023; Millar et al. 2022), there are controversial results as 
well. In a population-based study of 2558 Australian adults, no 
association between DII and serum CRP levels was found (Hart 
et al. 2021b). The authors speculated that these results may be 
due to the complex nature of inflammation as well as that the 
overall effect of diet on CRP is small, and suggested account-
ing for various lifestyle factors being more crucial than focusing 
solely on diet when assessing inflammation. This perspective 
was addressed in the present study, but based on the results, we 
were not able to observe the increased serum CRP in those hav-
ing two risk factors of inflammation when compared to only one 
risk factor.

According to our study, periodontitis at baseline was not associ-
ated with CRP after 11 years of follow-up. This result was con-
tractionary to a recent study of 3979 adults, showing baseline 
periodontitis to associate with higher CRP and a lesser decrease 
in CRP concentrations after 13 years of follow-up (Molinsky 
et al. 2022). Moreover, substantial evidence supports an associa-
tion between periodontitis and various systemic diseases, part of 
this relationship being mediated by inflammatory markers, in-
cluding CRP (Hasan et al. 2025). Also, a recent follow-up study 
of 4833 participants suggested serum CRP to be a potential bio-
marker to predict periodontitis development (Ghanem  2025). 
Finally, clinical designs of H2000 and H2011 surveys create a 
limitation. In both surveys, while periodontal pocket depths 
were measured at each tooth site, gingival inflammation was re-
corded per sextant, and clinical attachment levels, on the other 
hand, were not recorded (Suominen-Taipale et  al.  2008). The 
periodontal data available for the current analyses may hamper 
the interpretation of our results as well as their comparison with 
recent studies using other diagnostic criteria for periodontal 
disease.

In the present study, after controlling for potential confound-
ing factors during the follow-up period, the observed asso-
ciation between periodontitis and hs-CRP was no longer 
statistically significant. In adjusted models, the main deter-
minants of serum hs-CRP were baseline BMI and hs-CRP 
concentration. As the regression models included multiple co-
variates, there is a possibility of overadjustment (Schisterman 
et al. 2009). This can occur if the variable being adjusted for 
is actually part of the causal pathway. In such cases, the true 
association may be attenuated, as controlling for an interme-
diate variable can block part of the causal effect, potentially 
leading to a biased—or even null—estimate of the total ef-
fect. It is well known that a high BMI is strongly related to 
low-grade systemic inflammation (Soták et al. 2024). It is also 
likely that BMI is related to diet and may act as one component 
in the causal pathway between diet and hs-CRP. However, to 
examine this possibility more closely, the analyses were con-
ducted also without adjusting with baseline BMI and the non-
significant results remained similar.

The diet quality was assessed by FFQ, which is prone to recall 
bias (Männistö et al. 1996). Also, as the study data were collected 

considerable time ago, it is possible that subsequent changes 
related to diet and lifestyle patterns have occurred, potentially 
limiting the generalizability of the findings to present-day con-
ditions. For example, dietary habits in Finland have improved 
over the past two decades, marked by a higher consumption 
of fruits and vegetables (Kaartinen et  al.  2021 [In Finnish]). 
Nevertheless, current intakes do not meet the dietary guidelines, 
suggesting that many individuals still follow diets that may be 
inadequate—and potentially proinflammatory. Nonetheless, it 
cannot be ruled out that changes in diet over the 11-year fol-
low-up period may have diluted the study results, particularly if 
participants' overall diet quality has improved. However, there is 
evidence that dietary habits are generally persistent and difficult 
to change (Stuber et al. 2023). Also, periodontitis remains a com-
mon oral disease (Suominen et al. 2025). Despite the extended 
period between the data collection and the present time, these 
findings offer insight into how the co-occurrence of selected di-
etary indices and periodontitis is associated with serum hs-CRP 
concentration. In addition, this study suggests some differences 
in the association between BSDS, periodontitis, and serum hs-
CRP in men and women, thereby offering some perspectives for 
future research.

The observational study design does not allow us to make 
any conclusions about causality. Even though the sampling 
of Health 2000 was carefully designed, and the sample was 
seen to represent well the target population (Aromaa  2004), 
the final sample included in the present study comprised only 
3007 individuals. Gender distribution was similar in partici-
pants and those who were excluded, but the participants were 
younger (mean age 49 years compared to 58 years, p < 0.001), 
and they were more often having higher education (p < 0.001). 
This inevitably weakens the generalizability of the results, 
especially given that aging and lower education is associated 
with higher morbidity (Fonseca et al. 2020; Straka et al. 2024). 
Therefore, this study may underestimate the association be-
tween diet, periodontitis, and serum hs-CRP, as those who 
are more likely to suffer chronic diseases or are at the highest 
risk to develop one, are missing. Despite these limitations, the 
strengths of our study include a large sample of the Finnish 
population, adjustment for relevant confounding factors, and 
an 11-year follow-up period, which gave us a longitudinal per-
spective as well.

It is well acknowledged that a healthy diet is beneficial for cardio-
vascular health and relates to a decreased risk of various chronic 
diseases (Shang, Liu, Zhu, et al. 2023; Tsao et al. 2023). Elevated 
plasma CRP levels have been linked to an increased prevalence 
of dyslipidemia, diabetes, and metabolic syndrome in Korean 
adults (Jeong et al. 2019), as well as to increased all-cause mor-
tality in the Danish population (Zacho et al. 2010). Within the 
limitations of the study, the baseline findings support the view 
that periodontitis should be considered as a systemic risk fac-
tor for chronic diseases, highlighting the importance of its early 
diagnosis and treatment. Nevertheless, the long-term associa-
tion between periodontitis, diet, and serum hs-CRP could not 
be established, which might be due to limitations related to the 
definition of periodontitis or dietary categorization. The present 
study evaluated the serum hs-CRP related to the diet and peri-
odontitis. This is, however, only one perspective on the health 
effects of the diet. In future studies, the analysis of other “risk” 
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components of the diet (e.g., high intake of saturated fats, low 
fiber intake, high sodium intake) concurrent with periodontitis 
could reveal synergistic effects of the diet and periodontitis on 
systemic health.

5   |   Conclusions

Concurrent exposure to two lifestyle-related risk factors, namely 
non-adherence to the Baltic Sea diet or adherence to a proin-
flammatory diet, and advanced periodontitis, was not clearly 
associated with increased serum hs-CRP levels compared to the 
presence of only one risk factor. It is possible that their combined 
effect is too subtle to detect given the methodological limitations 
of the study.
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