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Abstract 38 

Background: Assessing fatty acid (FA) composition in relation to 39 

inflammatory markers can shed light on the role of different FA and 40 

their metabolism in low-grade inflammation. Existing exploratory 41 

studies in children are scarce, and findings inconsistent. We hence 42 

aim to analyse associations of FA with common inflammatory 43 

markers, high-sensitivity C-reactive protein (hs-CRP) and 44 

interleukin-6 (IL-6), in 10-year-old children.  45 

Methods: Complete data were available for 958 participants from the 46 

10-year follow-up of the LISAplus birth cohort study. FA 47 

composition was assessed in serum glycerophospholipids. Hs-CRP 48 

and IL-6 were categorized into 3 levels. Associations of FA with 49 

inflammatory markers were assessed using multinomial logistic 50 

regression, adjusting for potential confounders. Additionally, sex-51 

stratified analyses were carried out. 52 

Results: FA exposures associated with significantly higher low-grade 53 

inflammation, as indicated by higher hs-CRP or IL-6 levels, 54 

included: palmitic acid (PA) (IL-6: p<0.001, 95% confidence 55 

interval: 1.30;2.43), arachidonic acid (AA) (hs-CRP: p=0.002, 56 

1.07;1.31), n-6 highly-unsaturated FA (HUFA) (hs-CRP: p=0.002, 57 

1.06;1.27), ratio of AA to linoleic acid (AA/LA) (hs-CRP: p<0.001, 58 

1.16;1.62), and total saturated FA (SFA) (IL-6: p<0.001, 1.77;3.15). 59 

FA exposures associated with reduced levels of inflammatory 60 

markers included: linoleic acid (LA) (hs.CRP: p=0.001, 0.84;0.96, 61 

IL-6: p<0.001, 0.69;0.90) and total polyunsaturated FA (PUFA) 62 

(p<0.001, 0.57;0.78). 63 
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Conclusions: These findings suggest that higher SFA and minor n-6 64 

HUFA, namely PA and AA, are associated with increased low-grade 65 

inflammation in children; whereas the major dietary n-6 PUFA and 66 

total PUFA are associated with reduced inflammation. Elevated 67 

desaturase activity, estimated by the ratio AA/LA, may be associated 68 

with higher inflammation, particularly in boys. 69 

 70 

71 
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Introduction 72 

A state of chronic low-grade inflammation, characterised by raised 73 

concentrations of circulating inflammatory markers, is known to 74 

underlie metabolic conditions such as atherosclerosis (1, 2) and 75 

obesity (3, 4). C-reactive protein (CRP) is an acute phase protein 76 

synthesised primarily in response to circulating proinflammatory 77 

cytokine interleukin-6 (IL-6) (5). Elevated concentrations of both 78 

these inflammatory markers have been observed in association with 79 

arterial changes in children (6, 7), suggesting a possible role of low-80 

grade inflammation in the pathogenesis of early atherosclerosis. 81 

Some dietary components have the capacity to influence 82 

inflammatory processes (8), thereby signifying potential modifiable 83 

targets for the prevention of low-grade inflammation and associated 84 

diseases. It is now recognised that lipid-derived mediators, produced 85 

from long-chain fatty acids (FA), are greatly involved in the 86 

metabolic mechanisms of inflammation (9). Long-chain n-3 87 

polyunsaturated FA (PUFA), have been shown to have anti-88 

inflammatory properties, partly by reducing levels of arachidonic 89 

acid (AA), a known source of pro-inflammatory eicosanoids in 90 

immune cell membranes (10). FA composition, often measured in 91 

plasma or serum lipids (11, 12), reflects both dietary FA intake and 92 

endogenous FA metabolism (13). Especially the major dietary n-6 93 

PUFA, linoleic acid (LA), and the long-chain n-3 PUFA, 94 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), are 95 

well reflected in serum phospholipids. A number of studies analysing 96 

FA composition in relation to inflammatory markers in adults, have 97 

shed light on the possible involvement of different FA and their 98 
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metabolism in low-grade inflammation (14-17). Evidence on the 99 

relationship between FA composition and low-grade inflammation in 100 

children is however limited to few studies with inconsistent findings 101 

(18, 19). Despite their valuable contributions, there is still 102 

insufficient evidence to draw definitive conclusions regarding FA in 103 

the modulation of inflammatory processes in children.  104 

Therefore, the aim of this exploratory study was to analyse the 105 

associations between different FA measured in serum 106 

glycerophospholipids assumed to play relevant roles in inflammatory 107 

processes, with common markers of inflammation in 10-year-old 108 

children, namely high-sensitivity CRP (hs-CRP) and IL-6.   109 

 110 

Methods 111 

Data was obtained from the 10-year follow-up assessment of the 112 

ongoing LISAplus (Influence of Lifestyle-Related Factors on the 113 

Immune System and the Development of Allergies in Childhood plus 114 

the Influence of Traffic Emissions and Genetics) birth cohort study 115 

(20). The study design, recruitment and exclusion criteria have been 116 

described previously (20). In brief, between the end of 1997 and 117 

beginning of 1999, healthy full-term new-borns were recruited from 118 

obstetric clinics within four German cities. Information was collected 119 

using identical questionnaires and at physical examinations. During 120 

the 10-year follow-up physical examination, venous blood samples 121 

were collected in serum separator tubes and centrifuged at 122 

3000U/min for 10 minutes at 4°C. Serum was aliquoted and stored at 123 

-80°C for later analysis of fatty acids and inflammatory markers. 124 



 

7 

 

Approval by the local ethics committee (Bavarian Board of 125 

Physicians, University of Leipzig, Board of Physicians of North-126 

Rhine-Westphalia) and written consent from participants’ families 127 

were obtained. 128 

 129 

Inflammatory markers: hs-CRP and IL-6  130 

Serum concentrations of hs-CRP were measured using the Roche 131 

(Mannheim, Germany) Tina-quant CRP (latex) high-sensitive assay; 132 

and concentrations of IL-6 by flow cytometry using a cytometric 133 

bead array (BD CBA Human Soluble Flex Set system; Becton 134 

Dickinson, Heidelberg, Germany), according to manufacturer 135 

instructions. Measured hs-CRP and IL-6 concentrations were highly 136 

skewed, with many observations below the detection limit. Given this 137 

non-normal distribution, data categorisation was required for 138 

analyses. Both inflammatory markers were hence categorized into 3 139 

levels separately for girls and boys, considering all children with 140 

available measurements (n=1083, see Figure 1). Categories of hs-141 

CRP were defined similarly to those published in the recent study on 142 

fatty acids and hs-CRP in European children (19) to ease 143 

comparison: (I) hs-CRP < 0.02mg/dl; (II) hs-CRP ≥ 0.02mg/dl and < 144 

75th sex-specific percentile of those with hs-CRP ≥ 0.02 mg/dl (< 145 

0.11mg/dl in girls; < 0.09mg/dl in boys); and (III) hs-CRP ≥ 75th 146 

sex-specific percentile of those with hs-CRP ≥ 0.02 mg/dl (≥ 147 

0.11mg/dl in girls; ≥ 0.09mg/dl in boys). IL-6 was categorized with 148 

reference to the minimal detectable concentration (1.5pg/ml): (I) IL-6 149 

≤ 1.5pg/ml; (II) IL-6 > 1.5pg/ml and < 75th sex-specific percentile of 150 

those with IL-6 > 1.5pg/ml (< 4.26pg/ml in girls; < 3.93pg/ml in 151 
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boys); and (III) IL-6 ≥ 75th sex-specific percentile of those with IL-6 152 

> 1.5pg/ml (≥ 4.26pg/ml in girls; ≥ 3.93pg/ml in boys). 153 

 154 

Fatty acid status 155 

Serum glycerophospholipid FA concentrations were measured by a 156 

high-throughput method developed with plasma samples, and 157 

successfully applied previously for analyses of FA in serum from 158 

cord blood and blood samples collected at ages 2, 6 and 10 years in 159 

the LISAplus study (21-23). Full details on sample preparation and 160 

analysis have been described elsewhere (24). The following FA were 161 

analysed in the present study: palmitic acid (PA), oleic acid (OA), 162 

LA, γ-linoleic acid (GLA), dihomo-γ-linoleic acid (DHGLA), AA, α-163 

linoleic acid (ALA), eicosapentaenoic acid (EPA), docosapentaenoic 164 

acid (DPA), docosahexaenoic acid (DHA), total SFA, total 165 

monounsaturated FA (MUFA) and total PUFA. Additionally, we 166 

included FA groups and ratios which have previously been proposed 167 

to play a role in inflammation. Highly unsaturated n-6 and n-3 FA 168 

(HUFA: ≥20 carbons and ≥3 double bonds) are known precursors of 169 

chemical messengers involved in inflammation (25). Since n-6 and n-170 

3 PUFA compete for the same desaturase enzymes (∆5 and ∆6 171 

desaturase) for long-chain PUFA synthesis, it has been discussed that 172 

a low ratio of n-6 to n-3 PUFA (n6/n3) could reduce inflammation by 173 

favouring conversion of dietary n-3 PUFA to EPA, and limiting AA 174 

availability (26). On the other hand, this has not been confirmed, and 175 

accumulating evidence indicates no role for n6/n3 in modulating 176 

inflammation (27, 28). EPA and DHA have been reported to inhibit 177 

AA metabolism and to form potent anti-inflammatory lipid mediators 178 
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(9, 10); their respective ratios (EPA/AA and DHA/AA) have also 179 

proven relevant in the reduction of inflammatory cytokine release 180 

(29, 30). Finally, greater desaturase activity has been suggested to 181 

promote inflammation by increasing availability of eicosanoid 182 

precursors (31). Since practical reasons prevent the measurement of 183 

desaturase activity directly, product-to-precursor ratios, such as 184 

AA/LA or AA/DHGLA, can be used as surrogate measures to 185 

estimate overall and ∆5 desaturase activity, respectively (32). Full 186 

names of abbreviations of exposure variables and the FAs 187 

encompassed under umbrella terms (HUFA, n-6/n-3, SFA, MUFA 188 

and PUFA), are listed in supplementary Table S1. For use in our 189 

main analyses, proportions of each FA relative to total FA (%FA) 190 

were calculated. In an additional sensitivity analysis we analysed FA 191 

concentrations. 192 

 193 

Adjustment variables 194 

Variables used for adjusting statistical models included sex, 195 

recruitment region (Munich; Wesel; Bad Honnef; Leipzig), exact age 196 

at physical examination (years), maternal education level (highest 197 

level achieved: low: <10thgrade; medium: 10thgrade; high: 198 

>10thgrade), BMI (in kg/m2, calculated from height and weight 199 

measurements obtained at the physical examination), screen time 200 

(low: ≤1h in winter and ≤2h in summer; medium: >1h in winter or 201 

>2h in summer; high: >1h in winter and >2h in summer),  onset of 202 

puberty (yes: estradiol >18.4pmol/L in females; testosterone 203 

>0.09nmol/L in males), and whether the child was ever breastfed 204 

(yes: ≥1 month).  205 
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 206 

Statistical analysis 207 

Differences in characteristics between girls and boys were tested by 208 

Student’s t-test (means) or by Wilcoxon rank sum test (medians) for 209 

continues variables, and by Pearson's Chi-squared test for categorical 210 

variables. A two-sided α-level of 5% was considered significant. 211 

Associations of %FA with hs-CRP and IL-6 were assessed using 212 

multinomial logistic regression, given that the outcome variables hs-213 

CRP and IL-6 were both categorised into 3 levels (ordinal logistic 214 

regression could not be applied, as the assumption of proportional 215 

odds was not satisfied). Results were presented as odds ratios with 216 

corresponding 95% confidence intervals [OR (95% CI)], with the 217 

lowest level (I) as the reference category. A basic model (M1) and a 218 

fully adjusted model (M2) were used, adjusting for: (M1) sex, region, 219 

age and maternal education level; and (M2) further adjusting for 220 

BMI, screen time, onset of puberty and whether the child was ever 221 

breastfed. Sensitivity analyses were run stratified by sex. In order to 222 

avoid chance findings resulting from the large number of regression 223 

models, we corrected for multiple testing using Bonferroni 224 

correction: the alpha level was divided by twenty (the number of tests 225 

performed). This yielded a corrected two-sided α-level of 0.0025 226 

(0.05/20 = 0.0025). For sex-stratified analyses, the p-value was 227 

further divided by two, accounting for the analysis at two levels 228 

(0.0025/2=0.00125). Finally, we reran our analyses using FA 229 

concentrations, including adjustment for total FA. To avoid problems 230 

of multicollinearity, we used FA residuals calculated by regressing 231 

individual FA concentrations on total FA. All analyses were 232 
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conducted using R, version 3.3.0 (https://www.R-project.org/) (33), 233 

with code available upon request. Multinomial logistic regression 234 

was calculated using the multinom() function in package “nnet” (34).  235 

 236 

Results 237 

Complete information on FA, hs-CRP, IL-6 and adjustment variables 238 

was available for 958 participants (Figure 1). Subjects with hs-CRP 239 

values > 1mg/dl (35) or IL-6 values > 20pg/ml (36) were considered 240 

as outliers and excluded from the analysis (7 subjects with hs-CRP 241 

levels from 1.03-4.37mg/dl and 6 subjects with IL-6 levels from 242 

32.9-4384.0pg/ml). Only participants with complete data for both 243 

exposure and outcome measurements were included (n=1054). 244 

Participants were further excluded who were lacking data for 245 

adjustment variables (78 subjects), who reported an illness affecting 246 

diet (4 subjects), or presented outlying values in exposure 247 

measurements (14 subjects). The resulting sample size (n=958) was 248 

considered adequate for multinomial logistic regression analyses, 249 

based on reports from simulation studies (37, 38). 250 

Basic characteristics of the study population are displayed in Table 1.  251 

About half of the study participants were from Munich with a high 252 

maternal education level. Almost all children were breastfed and 253 

most reported low screen-time. Girls had significantly lower screen-254 

time than boys and about two thirds of them had entered onset of 255 

puberty, compared to just 27% of boys. Girls also had higher hs-CRP 256 

and IL-6 levels than boys.  257 

Results from the multinomial logistic regression models (M1: basic 258 

model and M2: fully adjusted model) are presented in Table 2. 259 
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Associations observed in the fully adjusted model (M2) are displayed 260 

in Figure 2. FA exposures associated with significantly higher low-261 

grade inflammation, as indicated by higher hs-CRP or IL-6 levels, 262 

included: PA [IL-6 III vs. I: OR=1.78 (95% CI=1.30;2.43)], AA [hs-263 

CRP II vs. I: 1.18 (1.07;1.31)], n-6 HUFA [hs-CRP II vs. I: 1.16 264 

(1.06;1.27)], ratio AA/LA [hs-CRP II vs. I: 1.38 (1.16;1.62)], and 265 

total SFA [IL-6 III vs. I: 2.36 (1.77;3.15)]. FA exposures associated 266 

with reduced levels of inflammatory markers included: LA [hs-CRP 267 

II vs. I: 0.90 (0.84;0.96); IL-6 III vs. I: 0.79 (0.69;0.90)], and total 268 

PUFA [IL-6 III vs. I: 0.67 (0.57;0.78)]. Sex-stratified sensitivity 269 

analyses results are displayed in Supplementary Tables S2a and S2b, 270 

for males and females respectively. As in the total population, both 271 

sexes presented a positive association of SFA, and an inverse 272 

association of total PUFA with IL-6. Males additionally presented a 273 

significant direct association between AA/LA and hs-CRP. Results 274 

from the sensitivity analysis using FA concentrations did not differ 275 

from those obtained using %FA (data not shown). 276 

 277 

Discussion 278 

This exploratory study assessed the associations between FA 279 

measured in serum glycerophospholipids and common markers of 280 

inflammation (hs-CRP and IL-6) in 10-year-old children. Amongst 281 

our main findings, PA, total SFA, AA, n-6 HUFA, and AA/LA were 282 

associated with increased low-grade inflammation, as indicated by at 283 

least one inflammatory marker. On the other hand, LA and total 284 

PUFA were inversely associated with low-grade inflammation.  285 
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Few studies exist which describe fatty acid status and markers of 286 

inflammation in children, and these differ in terms of study design, 287 

methods, location, and age of subjects. In order to aid comparison, an 288 

overview of existing studies in both adults and children is presented 289 

in supplementary Table S3. In line with the present findings, 290 

González-Gil et al. reported increased hs-CRP concentrations with 291 

higher AA, n-6 HUFA, and AA/LA in a large sample of European 292 

children (19). Given that n-6 HUFA, particularly AA, are known 293 

sources of pro-inflammatory eicosanoids, and that these may increase 294 

with greater desaturase activity (estimated by product-to-precursor 295 

ratio AA/LA) (31, 32), the observed associations with increased 296 

levels of inflammation makers are not unexpected. Interestingly, in 297 

our study none of the above-mentioned FA exposures presented an 298 

association with IL-6, which is the primary CRP regulator (39, 40). 299 

This might indicate the involvement of other circulating cytokines. 300 

Indeed, interleukin-1β is known to strongly up-regulate IL-6-induced 301 

CRP production (41, 42). On the other hand, it is possible that 302 

differences in hs-CRP were more readily detected given the high 303 

sensitivity and stability of this marker, often deeming it first choice 304 

for the assessment of low-grade inflammation (2, 5). Although the 305 

associations observed with hs-CRP did not indicate a dose-response 306 

relationship in the fully adjusted model, the basic model indicated 307 

significant associations for n-6 HUFA and AA/LA with both hs-CRP 308 

levels II and III relative to level I. By including adjustment variables 309 

one-by-one in the model, it was evident that BMI was the strongest 310 

determinant of hs-CRP, as has been observed previously (19, 43). 311 
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Following our sex-stratified analysis the association between AA/LA 312 

and hs-CRP remained significant only in males. This is in contrast to 313 

findings by González-Gil et al., who reported this association only in 314 

females (19). Previous authors (17) have attributed sex differences to 315 

the presence of oestrogen, which enhances the elongation of fatty 316 

acids to longer-chain derivatives, such as EPA and DHA (44, 45), 317 

which can be anti-inflammatory (46). Children in the European study 318 

were aged 2-9 years (19), whereas our study was carried out in 10-319 

year-olds, among which about two thirds of the females had entered 320 

onset of puberty. The discrepancy between findings could hence be 321 

related to age and in turn hormonal differences.  322 

An association between SFA and low-grade inflammation, as 323 

indicated by the present study results, has been previously observed 324 

in adults (16, 47). In particular, PA has been shown to induce the 325 

expression of IL-6 through activation of nuclear factor-kB (48, 49), a 326 

protein complex involved in cytokine production. Klein Platat et al. 327 

reported a positive association between SFA in plasma phospholipids 328 

and IL-6 in overweight adolescents (18). Like us, the authors 329 

observed no association with hs-CRP.  Additionally, neither palmitic 330 

acid nor total SFA showed significant associations with hs-CRP in 331 

the recent European study population (19). To our knowledge, the 332 

present findings are the first to indicate a role of SFA, namely PA, in 333 

triggering pro-inflammatory responses in otherwise healthy children, 334 

irrespective of BMI.  335 

We observed inverse associations with low-grade inflammation for 336 

LA, the main dietary n-6 PUFA, and for total PUFA. Although the 337 

anti-inflammatory role of n-3 PUFA has been more extensively 338 
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investigated, a number of studies in both adults and children have 339 

reported reduced concentrations of inflammatory markers with higher 340 

total n-6 PUFA levels (14, 16, 17), and specifically with LA (15, 19, 341 

50). There is some evidence suggesting that the presence of double 342 

bonds, regardless of the position of the bond (n-3 or n-6), may play a 343 

relevant role in reducing inflammation (51). In contrast to these 344 

findings, it has been argued that high LA consumption could induce 345 

inflammation through its endogenous conversion to AA, which can 346 

act as substrate for synthesis of proinflammatory molecules (26, 52). 347 

However, little evidence currently supports a proinflammatory role of 348 

LA in humans (28, 53). It has been shown that AA production from 349 

LA is tightly regulated (54), and tissue AA content is barely altered 350 

by LA intake (55), even in the context of a high n6/n3 ratio (56). 351 

Furthermore, LA and AA are known to produce both 352 

proinflammatory and resolving metabolites and could therefore 353 

contribute to anti-inflammatory responses as well (9). Our results do 354 

not support the theoretical role of n6/n3 in modulating inflammation, 355 

proposed on the basis that LA can diminish the conversion of ALA to 356 

EPA (26). Although true to some extent (57), the conversion of 357 

dietary n-3 PUFA to long chain derivatives in humans is low (58), 358 

and small changes are likely not highly relevant in terms of the 359 

overall inflammatory process. Furthermore, achieving a lower n6/n3 360 

ratio by limiting intakes of n-6 PUFA has not consistently resulted in 361 

improved CVD risk (59). In this context, and in line with existing 362 

literature, our findings suggest that elevated LA in serum 363 

phospholipids, within the ranges observed in the current study, is not 364 

detrimental in terms of inflammatory processes in children; rather, 365 
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both LA and total PUFA seem to promote an anti-inflammatory 366 

response (60).  367 

 368 

Strengths and limitations 369 

The present study adds to the limited literature on associations of FA 370 

composition with markers of inflammation in children, and benefits 371 

from a large, homogenous study population. A main strength in our 372 

study is the analysis of FA status, reflecting individual dietary FA 373 

intake and endogenous metabolism. FA measured in serum 374 

phospholipids have been shown to reflect FA intake over a period of 375 

weeks to months (60), making them acceptable markers of habitual 376 

FA intake.  Among the different lipid fractions, phospholipids 377 

contain the highest percentages of DHA and AA, hence allowing a 378 

more precise analysis of FA composition (61). Although sample 379 

alterations during handling and storage cannot be completely 380 

excluded, serum samples obtained in our study were frozen directly 381 

after sampling and stored at –80°C until analysis. Furthermore, time 382 

until centrifugation was short and haemolysis was minimal, thereby 383 

limiting the probability of exchange of phospholipids between cells 384 

and serum.  385 

Our findings are based on the analysis of percentage of FA relative to 386 

total FA (%FA). Despite its use in most studies, this method is 387 

limited by the inability to account for actual FA concentrations (62). 388 

However, additional analyses in our study sample indicated similar 389 

results for both methods. Given the exploratory nature of the current 390 

study, a large number of FA exposures were assessed. The multiple 391 

tests and possible correlation between FA exposures, increases the 392 
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probability of occurrence of chance findings. We therefore applied a 393 

rather conservative approach to correct for multiple testing. Observed 394 

significant associations were in line with existing literature and the 395 

directions of associations for both inflammatory outcomes were 396 

generally consistent, suggesting our findings are unlikely to have 397 

arisen by chance. Furthermore, we are aware that the AA/LA ratio 398 

assessed in our study represents an indirect measurement of 399 

desaturase activity. However, it has been shown that single-400 

nucleotide polymorphisms and haplotypes of the genes coding for 401 

desaturase enzymes are associated with relative proportions of serum 402 

phospholipid FA (63), and the use of the AA/LA ratio as a marker of 403 

overall desaturase activity is widespread (31, 32, 64). 404 

As often occurring in cohort studies, children of lower social classes 405 

were underrepresented in the present analyses. Although we adjusted 406 

for parental education in our analysis, our findings may not be 407 

representative of the study area. Additional assessment of other 408 

cytokine measurements, which unfortunately were not available from 409 

the LISAplus cohort, would have been useful to strengthen our 410 

conclusions and better understand the possible inflammatory 411 

pathways involved. Finally, it must be kept in mind that our findings 412 

are based on cross-sectional analyses, and hence the observed 413 

associations between serum FA and inflammatory markers do not 414 

necessarily infer causality. 415 

 416 

Conclusion 417 

The results of this exploratory study suggest that higher SFA and n-6 418 

HUFA, namely PA and AA, are associated with increased levels of 419 
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low-grade inflammation in children, as indicated by the inflammatory 420 

markers IL-6 and hs-CRP. In contrast, the major dietary n-6 PUFA 421 

and total PUFA are associated with reduced levels of low-grade 422 

inflammation. Elevated desaturase activity, estimated by the ratio 423 

AA/LA, may be associated with increased inflammation, particularly 424 

in boys. Sex might play a relevant role in the underlying 425 

inflammatory mechanisms in children, and should be kept in mind 426 

for future studies.  427 

 428 
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Figure Legends 702 

Fig. 1 Study participants 703 

ahs-CRP > 1mg/dl or IL-6 > 20pg/ml. bAdjustment variables: sex, 704 

region, age, maternal education level, BMI, screen time, onset of 705 

puberty and whether the child was ever breastfed. cIllness affecting 706 

diet: e.g. diabetes, anorexia, coeliac disease, cancer.   707 

 708 

Fig. 2 Odds ratio (OR) and 95% confidence interval (95% CI) of the 709 

associations between fatty acids and categories of hs-CRP and IL-6 710 

(reference: category I). Multinomial logistic regression model (M2) 711 

adjusted for sex, region, age, maternal education level, BMI, 712 

sedentary behaviour and whether the child was ever breastfed. 713 

Significant associations are marked with *. 714 

 715 

 716 



 

 

  

Table1. Descriptive characteristics of study participants 
  All  Males  Females  P-valueg

 N=958 N=520 N=438
  n (%) n (%) n (%)  
Region  
   Munich 487  ( 50.8 ) 269  ( 51.7 ) 218  ( 49.8 ) 0.944
   Leipzig 245  ( 25.6 ) 130  ( 25.0 ) 115  ( 26.3 )
   Bad Honnef 135  ( 14.1 ) 72  ( 13.8 ) 63  ( 14.4 )
   Wesel 91  ( 9.5 ) 49  ( 9.4 ) 42  ( 9.6 )
Mother's education levela 
   Low 68  ( 7.1 ) 39  ( 7.5 ) 29  ( 6.6 ) 0.455
   Medium 339  ( 35.4 ) 175  ( 33.7 ) 164  ( 37.4 )
   High 551  ( 57.5 ) 306  ( 58.8 ) 245  ( 55.9 )
Breast feeding (yes)b 927  ( 96.8 ) 502  ( 96.5 ) 425  ( 97.0 ) 0.805
Screen-timcc 
   Low 642  ( 67.0 ) 327  ( 62.9 ) 315  ( 71.9 ) 0.011
   Medium 213  ( 22.2 ) 128  ( 24.6 ) 85  ( 19.4 )
   High 103  ( 10.8 ) 65  ( 12.5 ) 38  ( 8.7 )
Onset of Puberty (yes)d 429  ( 44.8 ) 139  ( 26.7 ) 290  ( 66.2 ) <0.001
hs-CRP groupse 
   CRP I 416  ( 43.4 ) 265  ( 51.0 ) 151  ( 34.5 ) <0.001
   CRP II 412  ( 43.0 ) 198  ( 38.1 ) 214  ( 48.9 )
   CRP III 130  ( 13.6 ) 57  ( 11.0 ) 73  ( 16.7 )
IL-6 groupsf 
   IL-6 I 751  ( 78.4 ) 425  ( 81.7 ) 326  ( 74.4 ) 0.019
   IL-6 II 161  ( 16.8 ) 72  ( 13.8 ) 89  ( 20.3 )
   IL-6 III 46  ( 4.8 ) 23  ( 4.4 ) 23  ( 5.3 )

mean (sd) or 
median (25th;75th perc.)

mean (sd) or 
median (25th;75th perc.)

mean (sd) or 
median (25th;75th perc.)

Age (years) 10.2 (10.1; 10.3) 10.2 (10.1; 10.3) 10.2 (10.1; 10.3) 0.900
BMI (kg/m2) 16.6 (15.5; 18.3) 16.6 (15.6; 18.3) 16.6 (15.4; 18.3) 0.756
hs-CRP (mg/dl) 0.02 (0.01; 0.05) 0.02 (0.01; 0.04) 0.03 (0.02; 0.07) <0.001
IL-6 (pg/ml) 1.5 (1.5; 1.5) 1.5 (1.5; 1.5) 1.5 (1.5; 1.52) 0.006
PA (% of total FA) 26.8 (1.1) 26.7 (1.1) 26.9 (1.1) 0.004
OA (% of total FA) 12.1 (11.3; 13.1) 12.1 (11.3; 13.1) 12.2 (11.3; 13.1) 0.530
LA (% of total FA) 23.3 (2.3) 23.1 (2.4) 23.4 (2.2) 0.080
GLA (% of total FA) 0.12 (0.09; 0.16) 0.12 (0.1; 0.16) 0.12 (0.09; 0.15) 0.020
DHGLA (% of total FA) 3.24 (0.59) 3.29 (0.59) 3.19 (0.6) 0.007
AA (% of total FA) 10 (1.6) 10.2 (1.6) 9.83 (1.53) 0.002
ALA (% of total FA) 0.24 (0.2; 0.31) 0.25 (0.2; 0.32) 0.24 (0.19; 0.3) 0.044
EPA (% of total FA) 0.6 (0.49; 0.75) 0.62 (0.51; 0.77) 0.59 (0.47; 0.72) 0.008
DPA (% of total FA) 0.93 (0.8; 1.05) 0.95 (0.81; 1.08) 0.89 (0.78; 1.01) <0.001
DHA (% of total FA) 2.78 (2.29; 3.33) 2.78 (2.33; 3.31) 2.77 (2.28; 3.35) 0.804
n-3 HUFA (% of total FA) 4.37 (3.83; 5.1) 4.42 (3.86; 5.08) 4.32 (3.78; 5.1) 0.162
n-6 HUFA (% of total FA) 14.1 (1.9) 14.3 (1.9) 13.8 (1.8) <0.001
DHA/AA 0.27 (0.24; 0.32) 0.27 (0.24; 0.32) 0.28 (0.24; 0.33) 0.120
EPA/AA 0.06 (0.05; 0.08) 0.06 (0.05; 0.08) 0.06 (0.05; 0.08) 0.359
AA/LA 0.42 (0.37; 0.5) 0.43 (0.37; 0.51) 0.42 (0.37; 0.48) 0.012
AA/DHGLA 3.11 (2.65; 3.63) 3.12 (2.68; 3.63) 3.11 (2.63; 3.61) 0.754
n6/n3 8.2 (1.76) 8.13 (1.72) 8.29 (1.8) 0.171
SFA (% of total FA) 42.2 (1.2) 42.1 (1.3) 42.4 (1.1) 0.003
MUFA (% of total FA) 14.4 (13.5; 15.3) 14.3 (13.5; 15.3) 14.5 (13.6; 15.4) 0.183
PUFA (% of total FA) 42.8 (2.2) 43 (2.2) 42.6 (2.1) 0.017
Values are presented as counts (%) for categorical variables, mean (standard deviation) for normally distributed continuous variables, and median 
(25th;75th percentile) for non-normally distributed continuous variables. aHighest level achieved (low: <10th grade; medium: 10th grade; high: >10th 

grade). bWhether the child was ever breastfed (yes: ≥1 month). cSelf-reported h/day spent on screen activities (Low: ≤1h in winter and ≤2h in summer; 
Medium: >1h in winter or >2h in summer; High: >1h in winter and >2h in summer). dFemales: estradiol >18.4pmol/L; Males: testosterone 
>0.09nmol/L. e(I) hs-CRP < 0.02mg/dl; (II) hs-CRP ≥ 0.02mg/dl and < 75th sex-specific percentile of those with hs-CRP ≥ 0.02 mg/dl (< 0.11mg/dl 
in girls; < 0.09mg/dl in boys); and (III) hs-CRP ≥ 75th sex-specific percentile of those with hs-CRP ≥ 0.02 mg/dl (≥ 0.11mg/dl in girls; ≥ 0.09mg/dl in 
boys).  f(I) IL-6 ≤ 1.5pg/ml; (II) IL-6 > 1.5pg/ml and < 75th sex-specific percentile of those with IL-6 > 1.5pg/ml (< 4.26pg/ml in girls; < 3.93pg/ml in 
boys); and (III) IL-6 ≥ 75th sex-specific percentile of those with IL-6 > 1.5pg/ml (≥ 4.26pg/ml in girls; ≥ 3.93pg/ml in boys). gComparison between 
males and females: tested by Student’s t-test (means) or by Wilcoxon rank sum test (medians) for continues variables, and by Pearson's Chi-squared 
Test for categorical variables. Significant p-values are marked in bold (p<0.05)  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 1 

Data for exposure:  
Fatty acid status  
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Study population 
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categorisation 

Outliersa within categories 
excluded (13)



 

 

Table 2. Odds ratio and 95% confidence interval assessing the association of fatty acid exposures with hs-CRP and IL-6 categories. Multinomial logistic 
regression models adjusting for: (M1) sex, region, age and maternal education level; and (M2) further adjusting for BMI, screen-time, onset of puberty and 
whether the child was ever breastfed. 
Fatty acids  hs-CRP category  II vs. I hs-CRP category  III vs. I  IL-6 category  II vs. I IL-6 category  III vs. I 
 OR 95% CI p-value OR 95% CI p-value  OR 95% CI p-value OR 95% CI p-value 
PA (%FA)              
M1 1.04 0.91;1.20 0.560 1.33 1.09;1.62 0.006 1.07 0.90;1.27 0.460 1.74 1.28;2.36 <0.001
M2 0.99 0.86;1.15 0.935 1.24 1.00;1.53 0.051 1.03 0.86;1.23 0.728 1.78 1.30;2.43 <0.001
OA (%FA)      
M1 0.92 0.83;1.03 0.148 0.91 0.78;1.07 0.257 1.05 0.92;1.21 0.481 1.38 1.10;1.73 0.006
M2 0.97 0.86;1.09 0.599 0.98 0.83;1.16 0.837 1.08 0.94;1.24 0.293 1.35 1.08;1.71 0.010
LA (%FA)      
M1 0.85 0.80;0.91 <0.001 0.82 0.75;0.90 <0.001 0.95 0.88;1.03 0.207 0.82 0.72;0.94 0.003
M2 0.90 0.84;0.96 0.001 0.90 0.82;0.99 0.030 0.99 0.91;1.07 0.709 0.79 0.69;0.90 <0.001
GLAa (%FA)      
M1 1.22 0.96;1.55 0.102 1.22 0.87;1.73 0.254 1.11 0.82;1.49 0.506 0.98 0.58;1.66 0.947
M2 1.06 0.82;1.37 0.642 0.97 0.67;1.41 0.875 1.04 0.77;1.41 0.811 1.04 0.61;1.76 0.899
DHGLA (%FA)      
M1 1.35 1.06;1.73 0.016 1.47 1.04;2.09 0.029 1.16 0.87;1.56 0.322 1.16 0.69;1.93 0.577
M2 1.12 0.87;1.45 0.386 1.07 0.73;1.55 0.731 1.05 0.78;1.43 0.747 1.27 0.75;2.13 0.376
AA (%FA)      
M1 1.24 1.12;1.37 <0.001 1.22 1.05;1.40 0.008 0.96 0.85;1.09 0.558 0.92 0.75;1.14 0.460
M2 1.18 1.07;1.31 0.002 1.13 0.97;1.32 0.111 0.93 0.83;1.06 0.281 0.94 0.76;1.17 0.605
ALAa (%FA)      
M1 0.95 0.82;1.10 0.488 0.83 0.66;1.05 0.121 1.02 0.85;1.23 0.834 1.12 0.83;1.52 0.447
M2 0.92 0.79;1.08 0.291 0.80 0.63;1.02 0.068 1.01 0.84;1.23 0.909 1.12 0.83;1.52 0.455
EPA (%FA)      
M1 2.12 1.23;3.65 0.007 1.77 0.81;3.88 0.151 1.80 0.99;3.29 0.055 0.45 0.11;1.78 0.253
M2 1.40 0.80;2.47 0.239 0.90 0.38;2.13 0.816 1.53 0.82;2.87 0.182 0.53 0.13;2.12 0.368
DPA (%FA)      
M1 1.53 0.65;3.62 0.333 0.51 0.14;1.84 0.302 0.60 0.20;1.78 0.354 0.19 0.03;1.32 0.093
M2 1.33 0.53;3.29 0.545 0.34 0.09;1.31 0.116 0.53 0.17;1.62 0.264 0.20 0.03;1.41 0.106
DHA (%FA)      
M1 1.15 0.95;1.38 0.154 1.11 0.85;1.46 0.437 0.93 0.73;1.18 0.536 0.62 0.39;0.98 0.039
M2 1.13 0.92;1.37 0.240 1.05 0.79;1.41 0.733 0.90 0.70;1.14 0.375 0.63 0.40;1.01 0.054
n-3 HUFA (%FA)      
M1 1.16 1.00;1.34 0.044 1.09 0.883;1.344 0.422 0.99 0.83;1.18 0.918 0.67 0.47;0.96 0.031
M2 1.11 0.95;1.29 0.180 0.99 0.79;1.241 0.930 0.95 0.79;1.15 0.609 0.69 0.48;1.00 0.047
n-6 HUFA (%FA)      
M1 1.23 1.13;1.35 <0.001 1.23 1.08;1.39 0.002 0.99 0.88;1.10 0.799 0.97 0.80;1.17 0.735
M2 1.16 1.06;1.27 0.002 1.11 0.97;1.27 0.134 0.95 0.85;1.06 0.344 1.00 0.82;1.21 0.978
DHA/AAa      
M1 0.90 0.74;1.09 0.281 0.89 0.67;1.18 0.430 0.95 0.75;1.21 0.688 0.63 0.39;1.03 0.067
M2 0.93 0.76;1.14 0.458 0.91 0.67;1.22 0.528 0.95 0.74;1.22 0.684 0.63 0.39;1.04 0.069
EPA/AAa      
M1 1.37 0.82;2.29 0.232 1.34 0.64;2.80 0.440 1.75 0.98;3.13 0.061 0.54 0.15;2.01 0.359
M2 1.01 0.59;1.73 0.973 0.83 0.37;1.84 0.638 1.56 0.85;2.84 0.149 0.61 0.16;2.25 0.455
AA/LAa      
M1 1.54 1.31;1.80 <0.001 1.58 1.27;1.98 <0.001 1.00 0.83;1.21 0.998 1.19 0.88;1.62 0.263
M2 1.38 1.16;1.62 <0.001 1.31 1.04;1.67 0.023 0.92 0.76;1.12 0.426 1.28 0.93;1.76 0.129
AA/DHGLAa      
M1 1.01 0.99;1.03 0.483 1.01 0.98;1.03 0.588 0.99 0.97;1.01 0.283 0.98 0.94;1.03 0.461
M2 1.01 0.99;1.03 0.204 1.02 0.99;1.05 0.195 0.99 0.97;1.01 0.391 0.98 0.94;1.03 0.404
n-6/n-3a      
M1 0.99 0.98;1.00 0.005 0.99 0.98;1.00 0.167 1.00 0.99;1.01 0.883 1.01 0.99;1.02 0.493
M2 0.99 0.98;1.00 0.039 1.00 0.99;1.01 0.710 1.00 0.99;1.01 0.722 1.00 0.99;1.02 0.639
SFA (% of total FA)      
M1 1.20 1.04;1.38 0.012 1.53 1.26;1.85 <0.001 1.19 1.00;1.42 0.046 2.17 1.65;2.86 <0.001
M2 1.08 0.93;1.25 0.312 1.32 1.08;1.63 0.008 1.13 0.94;1.35 0.187 2.36 1.77;3.15 <0.001
MUFA (% of total FA)      
M1 0.97 0.87;1.07 0.516 0.97 0.84;1.13 0.711 1.06 0.93;1.21 0.362 1.32 1.07;1.63 0.010
M2 0.99 0.89;1.10 0.875 1.01 0.86;1.18 0.931 1.07 0.94;1.22 0.291 1.31 1.05;1.62 0.015
PUFA (% of total FA)      
M1 0.97 0.90;1.04 0.369 0.90 0.81;1.00 0.040 0.92 0.83;1.01 0.067 0.68 0.58;0.79 <0.001
M2 0.98 0.91;1.06 0.657 0.92 0.82;1.03 0.146 0.93 0.84;1.02 0.118 0.67 0.57;0.78 <0.001
aOR for these variables refer to changes of 0.1 units. Significant associations are marked in bold (Bonferroni corrected p-value <0.0025) 
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