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Abstract

Aim: The metabolite 3-carboxy-4-methyl-5-propyl-2-furanpropionic acid (CMPF) is a

fatty fish–intake biomarker. We investigated the association between plasma levels

of CMPF in relation to gingival inflammation and periodontitis case definition, as well

as the extent and severity variables.

Materials and Methods: The Malmö Offspring Study is a population-based study, and

the Malmö Offspring Dental Study (MODS) is its dental arm, including periodontal char-

ting. Plasma CMPF was measured using liquid chromatography–mass spectrometry and

studied in relation to periodontal diagnosis and parameters using multivariable linear or

logistic regression modelling adjusting for age, sex, education, body mass index, fasting

glucose, and smoking.

Results: Metabolite data were available for 922 MODS participants. Higher CMPF

levels were associated with less gingival inflammation (β = �2.12, p = .002) and

lower odds of severe periodontitis (odds ratio [OR] = 0.74, 95% confidence interval

[CI]: 0.56 to 0.98). Higher CMPF levels were also associated with more teeth

(β = 0.19, p = .001), lower number of periodontal pockets (≥4 mm) (β = �1.07,

p = .007), and lower odds of having two or more periodontal pockets of ≥6 mm

(OR= 0.80, 95% CI: 0.65 to 0.98) in fully adjusted models.

Conclusions: CMPF, a validated biomarker of fatty fish consumption, is associated

with less periodontal inflammation and periodontitis. Residual confounding cannot

be ruled out, and future studies are warranted.
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Clinical Relevance

Scientific rationale for study: The impact of nutrition on periodontitis is of emerging

interest. We aimed to investigate the association between fish consumption via the bio-

marker 3-carboxy-4-methyl-5-propyl-2-furanpropionic acid (CMPF) and periodontal

parameters.

Principal findings: A person with a 1 SD higher level of CMPF (a fish consumption biomarker) is

less likely to have severe periodontitis and gingival inflammation after adjusting for age, sex,

education, fasting plasma glucose, and smoking habits.

Practical implications: This study suggests that fish consumption is associated with less gingival

inflammation and periodontal pockets.

1 | INTRODUCTION

Periodontitis is an inflammatory disease with infectious aetiology

causing loss of periodontal attachment and, if left untreated, tooth

loss. Periodontitis is initiated through a dysbiosis of the commensal

oral microbiota and its interaction with the host immune response

(Kinane et al., 2017). About 30% of the population is affected by mod-

erate periodontitis and about 8% by severe periodontitis according to

the US National Health and Nutrition Examination Survey study (Eke

et al., 2012).

Risk factors and risk indicators are, when considered together

with clinical variables, important tools in preventing and treating peri-

odontitis. Several risk factors of periodontitis have been established,

including smoking, type 2 diabetes mellitus, and genetic predisposition

(Genco & Borgnakke, 2013; Kinane et al., 2017). Micronutrients,

including the metabolite vitamin D, have been associated with both

periodontitis and gingival inflammation (Dietrich et al., 2004, 2005;

Jönsson et al., 2013; Dommisch et al., 2018). The omega-3 fatty acid

docosahexaenoic acid was reported to be associated with lower inci-

dence of periodontitis (Iwasaki et al., 2010) as well as more successful

periodontal treatment outcome (Deore et al., 2014). Omega-3 fatty

acids in combination with aspirin have also been associated with

improved periodontal healing when added to scaling and root planing

compared to placebo (El-Sharkawy et al., 2010). There are no reports

on the relationship between fish intake and periodontitis in the gen-

eral population.

3-Carboxy-4-methyl-5-propyl-2-furanpropionic acid (CMPF)

is a metabolite that exists mainly in marine bacteria, plankton,

and algae, and therefore, it accumulates in fish, particularly in

oil-rich fish. In humans, CMPF can be measured in blood plasma

and urine. The levels of CMPF will increase with a diet including

fish and fish oil (Hanhineva et al., 2015; Pallister et al., 2016;

Wang et al., 2018; Shi et al., 2019). The current study hypothe-

sizes that, given the periodontal health-promoting effects

of omega-3 fatty acids, CMPF may be associated with periodon-

titis and gingival inflammation. The aim of the current study

was therefore to investigate whether CMPF, as a biomarker of

fatty fish intake, is associated with gingival inflammation and

periodontitis.

2 | MATERIALS AND METHODS

2.1 | Study population

The Malmö Offspring Study (MOS) (Brunkwall et al., 2021) is a popu-

lation-based cohort study that recruited between 2013 and 2021,

inviting adult children and grandchildren (age > 18 years) of index

subjects (participants) from the Malmö Diet Cancer Study-

Cardiovascular Cohort (Berglund et al., 1993). Participants were rec-

ruited through letters inviting them for a visit at the Clinical

Research Unit, Skåne University Hospital, Malmö, Sweden. At the

visit, venous blood was drawn after overnight fasting and anthropo-

metrics were measured during physical examination. Details of the

study design and methods can be found in Brunkwall et al. (2021)

and Ottosson et al. (2018).

The MOS participants were also informed about the dental arm

of MOS, the Malmö Offspring Dental Study (MODS), and the partici-

pants were subsequently recruited to the dental arm via phone calls.

In MODS, saliva as well as dental, tongue, and mucosal biofilms were

sampled. In addition, the participants underwent a thorough dental

examination including full-mouth clinical examination by a dentist and

panoramic and bitewing radiography. MOS and MODS were both

approved by the ethical review board of Lund University (MOS: Dnr.

2012/594 and MODS: Dnr. 2013/761).

2.2 | Periodontal examination

Periodontitis was assessed using a periodontal probe with 1-mm grad-

ing (Hu-Friedy PCPUNC157), and periodontal pockets >2 mm at six

surfaces per tooth were registered, as 2-mm sulcus can be considered

to constitute a healthy periodontium. In addition, the distances from

the cementum–enamel junction to the depth of the pocket were reg-

istered using the same probe, that is, clinical attachment level. Peri-

odontitis was classified according to the American Academy of

Periodontology and Centers for Disease Control's classification at the

time of the study (Page & Eke, 2007). Five trained and experienced

dentists examined the participants between 2014 and 2018. Inter-

examiner agreement was set at ≥90% within ±1-mm probing depth.
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The two-way mixed inter-class correlation coefficient with absolute

agreement for inter-examiner probing depth was >0.75 (0.753–0.791).

2.3 | Questionnaire and biochemical
measurements

In MODS, all participants were asked to fill out a comprehensive ques-

tionnaire, including questions on smoking habits (never, former, or

current smoker) and education [(i) up to 9 years or completed 9 years

of education, (ii) completed 12 years education, or (iii) completed uni-

versity education]. In MOS, 84% filled out a questionnaire including

questions on whether they had a job and how often they drank alco-

hol. Drinking habits were sorted into the following categories:

(i) never, (ii) up to four times per month, or (iii) more often than twice

per week.

Concentrations of fasting plasma glucose were measured using

routine standard methods at the Department of Clinical Chemistry,

Malmö University Hospital.

2.4 | Metabolite profiling

Plasma metabolites were examined in 3430 MOS participants. Out of

those, 927 participants had also undergone a full dental examination

in MODS. The study size was not based on power analysis for CMPF

and periodontitis, as the current study is the first study investigating

the potential association.

Measurements of CMPF were performed using a liquid

chromatography–quadrupole time-of-flight mass spectrometry system

(Agilent 1290 LC, 6550 MS; Agilent Technologies, Santa Clara, CA).

Plasma samples stored at �80�C were thawed and extracted by the addi-

tion of six volumes of the extraction solution consisting of 80:20 metha-

nol/water. The samples were separated on an ACE C18 column (1.7 μm;

2.1 � 100 mm; Advanced Chromatography Technologies Ltd., Aberdeen,

UK) using gradient elution (mobile phase A, water with 0.1% formic acid;

mobile phase B, acetonitrile with 0.1% formic acid). Mass spectra were

acquired in the negative ion mode. The flow rate, gradient elution sched-

ule, column temperature, and ion-source settings were set as previously

described (Ottosson et al., 2018). Samples were analysed in batches of

180 samples, where the quality control samples were run at the start of

each batch and after every 10 analytical samples. Fragmentation mass

spectra for CMPF were collected by isolating the ion of m/z 239.092 and

subjecting it to 20 eV of collision energy. The isolation width was 1.3m/z.

2.5 | Metabolite identification and data processing

CMPF was identified using a synthetically produced CMPF standard

(Toronto Research Chemicals, Toronto, Canada). The identity of

CMPF was confirmed by matching the plasma measurements of the

m/z ratio, retention time, and fragmentation spectra (Figure S1) with

data acquired from the synthetic standard. A correct match

corresponds to the highest level of annotation confidence according

to the Metabolite Standards Initiative (Sumner et al., 2007). CMPF

peak areas were integrated using the Agilent Profinder B.06.00

(Agilent Technologies) and were normalized to measurements in the

quality control samples (Supporting Material S1). CMPF values were

ln-transformed to better represent a normal distribution and were

subsequently mean-centred and univariance-scaled to get interpret-

able coefficients from the regression models. The normalization was

performed in R software (version 3.6.1; R Foundation for Statistical

Computing, Vienna, Austria). The variability of measured CMPF in the

quality control samples is presented in Figure S2.

2.6 | Statistical analysis

Descriptive data are expressed as means and SD, or number (propor-

tions [%]). A series of multivariable regressions were used to assess

the associations between periodontal parameters and CMPF. Multi-

nominal regression, with the effect estimate odds ratio (OR), 95%

TABLE 1 Characteristics of participants in the Malmö Offspring
Dental Study in all subjects

Variables All

n 922

Age (years) 44.8 ± 14.2

Sex (women) 460 (49.9)

Fasting plasma glucose (mmol/L) 5.5 ± 1.0

BMI (kg/m2) 26.3 ± 4.7

Education

Education ≤12 years 50 (5.4)

Education 12 years 513 (55.6)

Education at university level 359 (38.9)

Smoking habit

Never smoked 550 (59.7)

Current smoker 99 (10.7)

Former smoker 273 (29.6)

Mean years since stopped smoking 15.7 ± 10.8

CDC/AAP case definition

No or mild periodontitis 592 (64.2)

Moderate periodontitis 266 (28.9)

Severe periodontitis 64 (6.9)

Bleeding on probing 27.1 ± 18.4

Sites with PPD ≥4 mm 8.2 ± 11.5

Percentage of teeth with PPD ≥4 mm 18.6 ± 17.3

Prevalence of ≥2 sites with PPD ≥6 mm 97 (10.5)

Prevalence of ≥2 sites with CAL ≥6 mm 65 (7)

Note: Continuous variables are expressed as mean ± SD and categorical

variables as number (percentage).

Abbreviations: AAP, American Academy of Periodontology; BMI, body

mass index; CAL, clinical attachment loss; CDC, Centers for Disease

Control; PPD, probing pocket depth.
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confidence intervals (CI), and p values, was used to regress no or mild

(reference), moderate, or severe periodontitis. Logistic regression was

performed for having more than two sites with pockets of ≥6 mm

with the effect estimates OR with 95% CIs and p values. Linear

regression with the effect estimates β, 95% CIs, and p values was used

to regress the number of periodontal pockets of ≥4 mm and the per-

centage of sites bleeding on probing (%BoP). In all models with contin-

uous CMPF, coefficients were expressed per SD increment of CMPF.

All regression models were adjusted for confounders as follows:

Model 1 was adjusted for age and sex; Model 2 was additionally

adjusted for education, fasting plasma glucose, and body mass index

(BMI); and in Model 3, smoking status was added. Quartile 1 refers to

subjects from lowest level of CMPF to the first quartile, quartile 2 from

first to the median, quartile 3 from median to third quartile, and quar-

tile 4 from the third quartile to the highest value of CMPF. Model

assumptions for linear and logistic regressions were met.

Sensitivity analysis was conducted in non-smokers, including sub-

jects that never smoked and previous smokers.

The statistics were computed in IBM SPSS version 27. p-Values

<.05 were regarded as statistically significant.

3 | RESULTS

3.1 | Cohort characteristics

The attendance rate in MOS was 47%, and 3428 of the participants

had their plasma metabolites analysed. In total, 922 participants with

analysed plasma metabolites had undergone a full periodontal exami-

nation in MODS. In one study participant, the periodontal charting

was interrupted because of discomfort; however, the diagnosis of

severe periodontitis could be made based on clinical appearance and

radiographs. Therefore, the analyses of pockets and BoP and peri-

odontal pockets are based on 921 participants. Table 1 presents

details of the cohort that underwent periodontal examination.

3.2 | Periodontitis

Higher CMPF levels were associated with a statistically significant

lower risk of severe periodontitis (no or mild periodontitis as refer-

ence group) when adjusting for age, sex, education, plasma glucose

levels, BMI, and smoking status (OR = 0.74, 95% CI: 0.56 to 0.98).

Being in the highest versus lowest quartile of CMPF levels (quartile

4 vs. 1) was significantly associated with lower odds of having severe

periodontitis, when adjusting for age, sex, fasting blood glucose, edu-

cation, and BMI (OR = 0.40, 95% CI: 0.17 to 0.93). However, this

association was weak and not significant when performing additional

adjustments for smoking status (OR = 0.55, 95% CI: 0.23to 1.32)

(Table 2).

There was no significant association between CMPF levels and

moderate periodontitis, with no or mild periodontitis as reference

group, as shown in Table 2.

To further elucidate the impact of smoking on the association

between periodontitis and CMPF, a separate analysis on non-smokers

(never smokers and previous smokers) was conducted (Table S1).

TABLE 2 Multi-variable multi-nominal regression with no or mild periodontitis/moderate periodontitis/severe periodontitis as dependent
variables

Model 1 Model 2 Model 3

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

CMPF

Moderate 0.93 (0.79 to 1.09) .38 .94 (0.80 to 1.11) .48 0.95 (0.80 to 1.12) .51

Severe 0.64 (0.49 to 0.83) .001 .68 (0.52to 0.89) .005 0.74 (0.56 to 0.98) .03

CMPF Q4 versus Q1

Moderate 0.96 (0.61 to 1.54) .86 1.05 (0.64 to 1.75) .84 1.11 (0.66 to 1.85) .70

Severe 0.31 (0.14 to 0.67) .003 0.40 (0.17 to 0.93) .03 0.55 (0.23 to 1.32) .18

CMPF Q3 versus Q1

Moderate 1.32 (0.84 to 2.07) .23 1.34 (0.85 to 2.11) .22 1.33 (0.84 to 2.10) .23

Severe 0.41 (0.19 to 0.88) .02 0.48 (0.22 to 1.07) .07 0.55 (0.24 to 1.25) .15

CMPF Q2 versus Q1

Moderate 1.15 (0.74 to 1.79) .54 1.19 (0.76 to 1.86) .45 1.23 (0.79 to 1.92) .35

Severe 0.38 (0.17 to 0.87) .02 0.52 (0.22 to 1.25) .14 0.57 (0.24 to 1.37) .22

N 922 922 922

Note: No or mild periodontitis is the reference category. Z- and ln-transformed CMPF as well as comparing the fourth, third, and second quartile of CMPF

levels with the first quartile. Model 1 (M1) adjusted for age and sex; Model 2 (M2) adjusted for M1 + level of education, fasting plasma glucose level, and

body mass index; and Model 3 (M3) adjusted for M2 + smoking status. CMPF 4 versus 1 is the fourth versus first quartile of CMPF; CMPF 3 versus 1 is

the third versus first quartile of CMPF; and CMPF 2 versus 1 is the second versus first quartile of CMPF. Significant values are indicated with bold font.

Abbreviations: CI, confidence interval; CMPF, 3-carboxy-4-methyl-5-propyl-2-furanpropionic acid; OR, odds ratio.
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Here, in a reduced cohort, CMPF levels had a slightly weakened asso-

ciation with severe periodontitis (OR = 0.74, 95% CI: 0.54 to 1.01).

Because previous smokers had not smoked for a mean of 15.7 years,

they were here merged with non-smokers rather than with current

smokers.

Out of the subjects included, 84.7% (781 of 922) answered ques-

tions on socio-economic status (SES) and alcohol consumption in the

MOS questionnaire. A question on whether the participants have a

job and another on how often they drink alcohol were included in

Model 2 in Tables S3 and S4. A total of 65.9% had a job. In relation to

alcohol consumption, 6.1% never drank, 52.6% drank up to four times

per month, and 29.7% drank alcohol on several occasions per week.

Adding these confounders resulted in a slightly weaker association

with no significant association between CMPF levels and severe peri-

odontitis in the fully adjusted model (OR = 0.74, 95% CI: 0.54 to

1.01) (Table S3).

3.3 | Gingival inflammation

Higher CMPF levels were associated with less gingival inflammation,

measured as %BoP and adjusting for all confounders, as shown in

Table 3. The fully adjusted β values were �2.12 (95% CI: �3.38 to –

0.86) for CMPF levels, �5.73 (95% CI: �9.60 to –1.86) comparing

CMPF quartile 4 to 1, �4.32 (95% CI: �8.00 to –0.64) quartile 3 ver-

sus 1, and �0.96 (95% CI: �4.53 to 2.61) quartile 2 versus

1 (Table 3a).

Separate analysis in non-smokers had no major impact on the

models (CMPF levels β = �2.28, 95% CI: �3.62 to –0.94), nor had the

addition of SES and alcohol consumption covariates (CMPF levels

β = �2.22, 95% CI: �3.62 to –0.82), as shown in Tables S2 and S4,

respectively.

3.4 | Periodontal pockets

Higher CMPF levels were significantly associated with lower numbers

of periodontal pockets (≥4 mm) when adjusting for age, sex, educa-

tion, BMI, plasma glucose levels, and smoking (β = �1.07, 95% CI:

�1.85 to –0.29). Comparing the quartiles of CMPF levels was not sig-

nificantly associated with periodontal pockets >4 mm, as shown in

Table 3.

Because of the skewed distribution, deep periodontal pockets

(≥6 mm) were analysed using logistic regression (0 or 1 deep pocket

vs. ≥2 pockets). Each SD increase in the CMPF level was associated

with an OR of 0.80 (95% CI: 0.65 to 0.98) for having ≥2 deep peri-

odontal pockets, adjusting for age, sex, fasting blood glucose, educa-

tion, BMI, and smoking status. Comparing quartiles of CMPF was not

significantly associated with deep periodontal pockets, as shown in

Table 3b.

Separate analysis of non-smokers had no major impact on the

association between CMPF levels and ≥4 mm pockets (β = �1.08,

95% CI: �1.84 to –0.31). Odds of having ≥2 pockets of ≥6 mm based

on higher CMPF levels was weakened in non-smokers (OR = 0.81,

95% CI: 0.64 to 1.02), as shown in Figure S2A,B.

Adding alcohol consumption and having a job to the covariates

had no major impact on the association between CMPF levels and

≥4 mm pockets (β = �1.07, 95% CI: �1.84 to –0.30) (Table S4A). The

impact of the additional covariates on OR of having ≥2 pockets of

≥6 mm based on higher CMPF levels was more substantial

(OR = 0.86, 95% CI: 0.67 to 1.10), as shown in Table S4B.

3.5 | Number of teeth

A 1 SD higher CMPF level was associated with 0.19 (95% CI: 0.08 to

0.29) more teeth. Comparing the fourth to the first quartile of CMPF

levels was associated with 0.58 (95% CI: 0.22 to 0.93) more teeth,

third to first quartile with 0.40 (95% CI: 0.07 to 0.73), and second to

first quartile with 0.33 (95% CI: 0.03 to 0.63) in fully adjusted models

(Table 3a).

Separate analysis of non-smokers had no major impact on the

models (CMPF levels β = 0.13, 95% CI: 0.03 to 0.23), nor had the

addition of SES and alcohol consumption covariates (CMPF levels

β = 0.22, 95% CI: 0.10 to 0.34).

4 | DISCUSSION

To the best of our knowledge, this is the first study to report an asso-

ciation between CMPF levels and severe periodontitis and gingival

inflammation. This is particularly interesting because CMPF is a vali-

dated marker for oil-rich fish and fish oil consumption (Hanhineva

et al., 2015; Pallister et al., 2016; Wang et al., 2018; Shi et al., 2019).

Considering all confounding factors (age, sex, education level, plasma

glucose levels, BMI, and smoking status), a 1 SD higher plasma CMPF

level was associated with a 26% reduction in the odds of severe peri-

odontitis, 2.2% less BoP, one fewer periodontal pocket of ≥4 mm, 0.2

more teeth, and a 20% reduction in the odds of having ≥2 pockets

with ≥6 mm. It should, however, be noted that the association

between CMPF levels and severe periodontitis as well as ≥6 mm

pockets was less robust than the association between CMPF levels

and BoP, ≥4 mm pockets, and number of teeth. This was illustrated by

the fully adjusted models of CMPF levels and severe periodontitis as

well as ≥6 mm pockets losing statistical significance only when

analysed in non-smoking subjects or when adding the covariates of

having a job and alcohol consumption in a reduced subset of the

cohort.

The clinical relevance of 0.2 teeth is unclear. However, one more

periodontal pocket ≥4 mm and a 2.2% reduction in BoP are clinically

relevant. The current findings can help to better understand the

potential benefits of fish-rich food on gingival inflammation and peri-

odontitis, laying the foundation for future intervention trials designed

to test causality.

High fish consumption is connected to high intake of omega-3

fatty acids. Omega-3 fatty acids can have a protective effect against
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periodontitis and inhibit the progression of the disease (El-Sharkawy

et al., 2010; Iwasaki et al., 2010; Deore et al., 2014), plausibly via the

antioxidant effect of omega-3 fatty acids (Heshmati et al., 2019) and

resolvins (Calder, 2015). Neutrophils are considered important con-

tributors to oxidative stress and inflammation in periodontitis. Sub-

jects with periodontitis have higher levels of peroxidases in their

saliva (Grant et al., 2018) due to the oxidative stress in the periodontal

lesions, which is considered a major contributor to tissue destruction

in periodontitis (Chapple & Matthews, 2007). Although no studies

have shown increased action of resolvins in association with increased

CMPF levels, the omega-3 fatty acid derivatives resolvins constitute

one of the anti-oxidative pathways. Indeed, resolvin E1 has been

shown to stop the progression of periodontitis in animal models

(Hasturk et al., 2007). This could constitute a possible mechanism

responsible for the periodontal-protective effect of fish consumption.

The current study has some limitations that need to be discussed.

Because of the cross-sectional nature of this study, we are unable to

provide any evidence for a causal relationship between CMPF and

improved periodontal health. An alternative study design would be a

longitudinal follow-up comparing development or incidence of peri-

odontitis in subjects with low and high fish consumption and CMPF

measurements at baseline. Moreover, the quantification of CMPF

levels was based on the relative abundance, making the data less

generic than absolute levels. Confounding bias can never be excluded,

even though we used regression models adjusting for known con-

founders. However, there is a risk for residual confounders, as fish

consumption may be a part of a healthy lifestyle, which is difficult to

recognize as a confounding variable. Although adding several more

SES covariates may have improved that aspect, it would also have

caused an overfitting of the models. Therefore, information on

whether the individual had a job was added in the models presented

in Tables S3 and S4 besides education, which is included in the origi-

nal models. The reason for adding only smoking in Model 3 is to illus-

trate the substantial impact of smoking in all the regression models.

To further elucidate the impact of smoking on the models, all regres-

sion models were re-run on non-smokers only, with similar results as

in Model 2 in the entire population, minimizing the risk of residual

confounding (Tables S1 and S2). As several years had passed since the

majority of former smokers quit the habit (mean 15.7 years), former

smokers were included as non-smokers. Unfortunately, pack-years

were not available in this dataset, adding a further limitation to the

study.

Adding the covariates of having a job and alcohol consumption

had only a minor weakening effect on the linear regression models,

indicating that the models are robust. The fully adjusted models for

CMPF levels and severe periodontitis and CMPF levels and having ≥2

pockets of ≥6 mm were less robust, causing the models to lose statis-

tical significance when adding the covariates and also reducing the

size of the cohort.

An additional weakness was that only periodontal pockets of

>2 mm were recorded in this study, thus limiting the derivation of cer-

tain periodontitis variables, such as the use of mean pocket depth as a

dependent variable.

Fasting plasma glucose was included in the analysis rather than

HbA1c, as HbA1c was measured only in a subset of the MOS cohort.

However, fasting plasma glucose was assessed in all participants.

MOS recruited 47% of the eligible offspring from the Malmö Diet

Cancer Study (Figure 1), and only about 30% of the MOS participants

were also included in MODS. The most common reason for not partic-

ipating in MODS was having recently visited the dentist. When com-

paring the descriptive from MOS (Brunkwall et al., 2021) and MODS,

the data are similar. While the relatively low recruitment rate may

cause a healthy selection bias, that may have a limited impact on the

association between CMPF and gingival inflammation/periodontitis.

Finally, our finding needs to be confirmed in other cohorts before

any general conclusions about fish consumption, CMPF, and peri-

odontal status can be drawn.

5 | CONCLUSION

In the MODS cohort, high levels of a validated biomarker for oil-rich

fish intake, namely CMPF, were found to be associated with lower

odds of severe periodontitis and having ≥2 pockets of ≥6 mm, as well

as with less gingival inflammation, higher number of teeth, and fewer

periodontal pockets in regression models adjusting for age, sex, edu-

cation level, plasma glucose levels, BMI, and smoking status. The

models on gingival inflammation, >4 mm pockets, and the number of

teeth were more robust than severe periodontitis and having >2

pockets of >6 mm. Although fish consumption may be a part of a

healthy lifestyle and is difficult to fully adjust for, the results suggest

F IGURE 1 Malmö Offspring Study (MOS) invites the children and
grandchildren of the participants from the Malmö Diet Cancer Study.
Malmö Offspring Dental Study (MODS) is a sub-study of MOS.
Plasma metabolites were assessed in 3430 MOS participants, and out
of these, data were available for 922 on 3-carboxy-4-methyl-
5-propyl-2-furanpropionic acid and clinical dental data in MODS
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that fish consumption may constitute an overlooked protective factor

for gingival inflammation and periodontitis.
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