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Aims: Inflammation plays an important role in the pathogenesis of cardiovascular dis-

eases. Diet, as a modifiable risk factor, may in turn impact systemic inflammation. We

therefore assessed whether adherence to the dietary recommendations is associated with

high-sensitivity C-reactive protein (hs-CRP) concentrations in type 1 diabetes.

Methods: Cross-sectional data from 677 FinnDiane study participants (48% men, mean

± standard deviation age 46 ± 13 years) were included. Dietary intake was assessed with a

self-administered questionnaire. A diet score, with higher values denoting better adher-

ence to the recommendations, was calculated. Serum hs-CRP concentration wasmeasured,

and individuals with hs-CRP <1.0 mg/l, and hs-CRP >3.0 but �10.0 mg/l were compared.

Results: Men and women with high hs-CRP had higher BMI, waist circumference, and

triglyceride concentration, but lower HDL-cholesterol concentration. Adjusted for BMI,

mean diet score was higher in the low hs-CRP group, both in men (10.8 ± 3.6 vs. 9.9 ± 3.8,

p = 0.023) and women (12.7 ± 3.4 vs. 11.6 ± 3.5, p = 0.021). After further adjustments with

potential confounding factors, the difference remained significant only in men.

Conclusions: A diet that more closely adheres to the dietary recommendations is associated

with lower hs-CRP in men. A prudent diet may help reduce systemic inflammation in type 1

diabetes.
� 2017 Elsevier B.V. All rights reserved.
1. Introduction

Individuals with diabetes have an increased risk of developing

various micro- and macrovascular complications [1]. Impor-
tantly, the long-term complications account for the majority

of the increased morbidity and mortality related to diabetes

[2]. To reduce human suffering and the burden the treatment

of these complications pose on the health care system, any
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Par�cipants who had returned the Diet 
ques�onnaire n = 1842 
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Final popula�on n = 677 
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Fig. 1 – Flow chart of the study population.
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actions to prevent the development of diabetic complications

should be considered.

Inflammatory processes play an important role in the

pathogenesis of cardiovascular diseases. Indeed, elevation of

inflammatory biomarkers, such as C-reactive protein (CRP),

in individuals with acute myocardial infarction is well

described [3,4]. Moreover, in a meta-analysis, every 1-

standard deviation increase in the CRP concentration was

associatedwith a 37% and 27% increase in the risk of coronary

heart disease and ischaemic stroke, respectively [5]. It is of

note that inflammatory mechanisms can produce atheroscle-

rotic changes even in the absence of traditional risk factors

[6]. Moreover, we have previously shown in the FinnDiane

Study, that low-grade inflammatory markers are associated

with diabetic nephropathy in type 1 diabetes [7].

Diet is a modifiable risk factor that has been related to sys-

temic inflammation. In the NHANES study, conducted in the

general population, the highest scores in the Healthy Eating

Index, as opposed to the lowest scores, were independently

associated with lower CRP concentrations in men but not in

women [8]. In a randomised controlled trial, in individuals

at high risk of cardiovascular disease, consumption of a

Mediterranean diet led to beneficial effects on blood pressure,

lipid profile, measures of carotid atherosclerosis, and inflam-

mation [9]. Finally, during a 7-year follow-up, consumption of

fresh fruits had favourable, whereas consumption of total and

high-fat dairy products had unfavourable impact on low-

grade inflammation amongst individuals with type 2 diabetes

and/or cardiovascular disease [10].

Not many studies have been conducted in patients with

type 1 diabetes. Importantly, rather than exploring the overall

quality of the diet, these studies have focused on a few

selected nutrients. Two cross-sectional studies evaluated the

associations of dietary fibre with systemic inflammation

and showed mixed results [11,12]. In a large sample of youth

with type 1 diabetes, dietary fibre intake was not associated

with systemic inflammation [11], while a high fibre diet was

associated with lower hs-CRP in a small sample of adult par-

ticipants [12]. In the EURODIAB study, lower consumption of

fibre and polyunsaturated fats, but higher consumption of

cholesterol were, over an 8 year study period, associated with

higher levels of low-grade inflammation [13]. Finally, in a

group of patients with type 1 diabetes, Strychar et al. com-

pared the effects of two isocaloric diets on a number of vari-

ables including inflammatory markers over 6 months [14].

One diet was higher in carbohydrate and lower in fat content,

and the other was lower in carbohydrates and higher in

monounsaturated fats. While there was no difference in

inflammation, between the two groups, the diet lower in

carbohydrates and higher in monounsaturated fats resulted

in lower triglyceride and lower postprandial glucose

concentrations.

This study was conducted to further explore the potential

role of diet on inflammation in type 1 diabetes. We studied

the association between adherence to the dietary recommen-

dations and low-grade inflammation. We hypothesised that

closer adherence to the dietary recommendations would be

associated with a lower level of low-grade inflammation,

measured as hs-CRP concentration.
2. Methods

2.1. Study subjects

Study subjects were participants in the Finnish Diabetic

Nephropathy (FinnDiane) Study. The FinnDiane Study was

established with the aim to reveal factors associated with

the emergence of diabetic complications, especially diabetic

nephropathy, in patients with type 1 diabetes. The study

was launched in 1997 with ongoing recruitment. The diet

sub-study was inaugurated in 2007. Included in the current

cross-sectional analyses were all participants (n = 677) in the

FinnDiane Study who had filled in the diet questionnaire

within two years from their study visit and had hs-CRP con-

centration either below 1.0 mg/l (low hs-CRP level) or between

>3.0 and �10.0 mg/l (high hs-CRP level). These cut off values

were selected as they are considered to represent those at

low and high risk of future cardiovascular events, respectively

[15]. However, individuals with hs-CRP values >10 mg/l were

excluded as they were likely to have had an infection. Partic-

ipant selection is shown in Fig. 1. The study protocol was

approved by the Ethics Committee of the Helsinki University

Central Hospital. Study subjects provided written informed

consent prior to participation.

2.2. Dietary intake

Participants’ habitual dietary intake was assessed with a self-

administered diet questionnaire [16]. In short, the question-

naire was designed to capture the consumption pattern of
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the most typical food items consumed in Finland. Amongst

others, included were questions about coffee, milk, bread,

spread, and cooking fat consumption. Included was also a

section with a food frequency questionnaire where the con-

sumption frequencies of various food items, such as fish,

meat, poultry, vegetables, fruits and berries, and soft drinks,

were queried. The validity of the diet questionnaire has been

investigated, and it was observed to show reasonable relative

validity against a 6-day food record (unpublished data).

Entries in the diet questionnaires were compared against

the dietary recommendations for patients with diabetes [17]

and a diet score was calculated [18]. The principals for calcu-

lating the score are presented in Supplemental Table 1. Briefly,

the consumption patterns of 11 dietary components were

included in the calculation of the score: fish, fresh vegetables,

cooked vegetables, fruits and berries, soft drinks, sweet pas-

try, candy, low-fat liquid milk products, vegetable based

spreads, vegetable oil based cooking fats, and salt. Those

more closely adhering to the individual dietary recommenda-

tion, related to these above-mentioned food items, scored 2

points, while those whose adherence was the worst, scored

0 points. The potential diet scores range between 0 and 22,

the highest scores represent individuals most closely comply-

ing with the dietary recommendations.

Upon returning the diet questionnaire, participants were

sent an exercise and diet record, as previously described

[16]. In this record, all foods and drinks consumed over the

allocated three days were reported. Moreover, in the same

form, participants reported their leisure-time physical activi-

ties, measured blood glucose values and insulin administra-

tion. The record-keeping was repeated in 10 weeks. Up to 2

reminders were sent to the non-responders. Daily energy

intake, reported in the record, was calculated using Diet 3.2

software (version 1.4.6.2, AIVO, Turku, Finland) and, from

August 2014 onwards, AivoDiet software (version 2.0.2.3,

AIVO, Turku, Finland). Both of these programs are based on

the Finnish National Food Composition Database, Fineli.

2.3. Physical activity

The level of leisure time physical activity (LTPA) was assessed

with a questionnaire, as previously described [19]. In this

form, mean frequency, single session duration, and intensity

of 21 most common forms of physical activity were reported

for the preceding 12 months. The total amount of LTPA per

week was calculated by multiplying the duration of the activ-

ity by the activity- and intensity-specific metabolic equivalent

(MET). The weekly MET hour (MET h) value was treated as a

continuous variable in the analyses.

2.4. Clinical measurements

Height and weight were measured in light clothing, and body

mass index (BMI) was calculated (kg/m2). Following at least a

10-min rest, blood pressure was measured in the sitting posi-

tion. The measurement was repeated after 2 min. The mean

of these measurements was used in the analyses. Serum hs-

CRP concentration was measured by immunoassay (Modular

analyzer, Roche). HbA1c was determined locally using stan-

dardized assays. Serum lipid and lipoprotein concentrations
were measured as previously described [20]. Renal status was

assessed based on the urinary albumin excretion rate (AER)

in at least two out of three timed 24-h or overnight urine collec-

tions. Patientswere classifiedashavingnormal albumin excre-

tion rate (AER <20 lg/min or <30 mg/24 h), microalbuminuria

(AER �20 and <200 lg/min or �30 and <300 mg/24 h), macroal-

buminuria (AER �200 lg/min or �300 mg/24 h), or end-stage

renal disease (ESRD) (undergoing dialysis or having had a

kidney transplant). Diabetic nephropathy was defined as

macroalbuminuria or ESRD. Smoking was self-reported.

2.5. Statistical analyses

Descriptive statistics are reported as median (interquartile

range) for continuous non-normally distributed data, mean

± standard deviation for continuous normally distributed

data, and percentages for categorical data. The respective

between-group comparisons were conducted with Mann–

Whitney U-test, independent samples t-test, and Chi-

squared test (two-sided tests). The Spearman correlation

coefficient was calculated to study the correlations between

the hs-CRP concentration and the diet score. Analysis of

covariance was used to study the association between the

hs-CRP status and the diet score. Significant basic character-

istics (from Table 1) were considered as cofactors for the mul-

tivariable analyses when studying the independent

associations between the diet score and the hs-CRP status.

Prior to inclusion, their inter-correlation was first studied

with Pearson correlation coefficient, and following the initial

variable selection, a linear regression analysis was conducted

(collinearity diagnostics) to ensure that no multicollinearity

was present. All data were analysed using IBM SPSS Statistics

for Windows, Version 22.0 (IBM Corp, Armonk, NY, USA). A p

value <0.05 was considered statistically significant.
3. Results

Data from a total of 677 individuals (48% men, mean ± stan-

dard deviation age 46 ± 13 years) were available for the analy-

ses. The median (IQR) hs-CRP concentration was higher in

women than in men [0.79 (0.42–4.07) vs. 0.60 (0.36–0.95),

respectively, p < 0.001]. A total of 47% and 65% of the individ-

uals in the low hs-CRP and the high hs-CRP group, respec-

tively, were women (p < 0.001). The median diet score in

men and women differed significantly [11 (8–13) vs. 12 (10–

15), respectively, p < 0.001]. Finally, the association between

hs-CRP and diet score differed significantly between the sexes

(p-value for the interaction <0.001). Due to these differences,

data from men and women were analysed separately.

In men and women, the high hs-CRP group had higher

mean BMI, waist circumference, and triglyceride concentra-

tion, but lower HDL-cholesterol concentration and physical

activity level (Table 1). Men in the high hs-CRP group reported

lower energy intake, while women in the high hs-CRP group

were younger, had worse glycaemic control, and higher dias-

tolic blood pressure. In women, the hs-CRP concentration cor-

related negatively with the diet score (r = �0.146, p = 0.006),

while in men, no such correlation was observed (r = �0.067,

p = 0.229).



Table 1 – Basic characteristics in men and women divided by the hs-CRP status.

Men Women

Low hs-CRP High hs-CRP p Low hs-CRP High hs-CRP p
N = 250 N = 73 N = 219 N = 135

hs-CRP, mg/l 0.49 (0.30–0.71) 4.56 (3.68–5.95) <0.001 0.51 (0.32–0.73) 4.62 (3.50–6.33) <0.001
Diet score 11 (8–13) 10 (7–12) 0.062 13 (10–15) 12 (9–14) 0.003
Energy intake, kcal 2149 ± 569 1904 ± 586 0.006 1759 ± 444 1721 ± 387 0.467
Age, years 45.4 ± 13.0 47.6 ± 12.1 0.198 47.5 ± 12.7 42.1 ± 13.2 <0.001
Duration, years 26.9 ± 14.0 29.9 ± 13.4 0.100 29.6 ± 13.1 27.9 ± 13.6 0.238
Current smoking, % 14.8 13.0 0.846 11.9 17.6 0.153
Weekly MET h 13 (0–30) 7 (0–20) 0.040 16 (0–31) 7 (0–16) <0.001
HbA1c, mmol/mol 63 (55–72) 65 (57–73) 0.240 62 (56–71) 71 (61–80) <0.001
HbA1c, % 7.9 (7.2–8.7) 8.1 (7.4–8.8) 0.240 7.8 (7.3–8.6) 8.6 (7.7–9.5) <0.001
BMI, kg/m2 24.8 ± 3.0 28.2 ± 4.6 <0.001 24.0 ± 2.9 28.0 ± 4.8 <0.001
Waist circumference, cm 88 (83–95) 103 (94–111) <0.001 78 (73–84) 89 (82–97) <0.001
SBP, mmHg 138 (128–152) 141 (130–154) 0.718 132 (121–144) 134 (120–144) 0.663
DBP, mmHg 77 ± 10 79 ± 11 0.121 74 ± 8 78 ± 10 <0.001
Hypertension, % 84.3 88.7 0.448 67.4 80.3 0.010
Triglycerides, mmol/l 0.90 (0.71–1.27) 1.22 (0.90–1.85) <0.001 0.72 (0.57–0.92) 1.10 (0.86–1.56) <0.001
Total cholesterol, mmol/l 4.31 ± 0.87 4.46 ± 1.00 0.254 4.59 ± 0.84 4.64 ± 0.98 0.668
HDL cholesterol, mmol/l 1.52 ± 0.43 1.37 ± 0.39 0.017 1.85 ± 0.46 1.64 ± 0.45 <0.001
Lipid-lowering medication, % 34 56 0.001 27 36 0.091
Diabetic nephropathy, % 22 34 0.051 12 17 0.314
Any hard CV event, % 14 22 0.096 8 13 0.199

Data are presented as median (interquartile range) for continuous non-normally distributed variables, mean ± SD for continuous normally

distributed variables, and frequency (%) for categorical variables. Low hs-CRP, high-sensitive C-reactive protein concentration <1.0 mg/l; High

hs-CRP, high-sensitive C-reactive protein concentration between >3.0 and �10.0 mg/l; MET h, metabolic equivalent of task hours; BMI, body

mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Hypertension, SBP � 130 mmHg or DBP � 85 mmHg or antihypertensive

medication; Any hard CV event, acute myocardial infarction, coronary bypass, stroke, amputation, or peripheral vascular disease.

Table 2 – Diet scores in men and women divided by hs-CRP status.

Men Women

Low hs-CRP High hs-CRP F value P value Low hs-CRP High hs-CRP F value P value

Unadjusted 10.8 (10.3–11.3) 9.9 (9.1–10.8) 3.19 0.075 12.7 (12.2–13.1) 11.6 (11.0–12.2) 8.33 0.004
Model 1 10.9 (10.4–11.3) 9.6 (8.7–10.6) 5.18 0.023 12.6 (12.2–13.1) 11.6 (11.0–12.3) 5.38 0.021
Model 2 10.8 (10.3–11.3) 9.4 (8.4–10.4) 5.71 0.018 12.4 (11.9–13.0) 12.0 (11.2–12.7) 1.02 0.313
Model 3 11.2 (10.5–11.8) 9.3 (8.1–10.6) 6.11 0.014 12.3 (11.7–12.9) 11.8 (10.9–12.6) 0.89 0.346
BMI 1.54 0.217 0.24 0.627
Triglycerides 0.12 0.725 0.10 0.753
Age 3.79 0.053 17.34 <0.001
HbA1c 1.94 0.165 5.24 0.023
DBP 0.01 0.926 0.13 0.723
MET h <0.01 0.992 6.03 0.015
Energy intake 1.91 0.168 0.22 0.637

Diet scores are presented as mean (95% confidence interval). The confounding factors are only shown for the full models. Low hs-CRP, high-

sensitive C-reactive protein concentration <1.0 mg/l; High hs-CRP, high-sensitive C-reactive protein concentration between >3.0 and �10.0 mg/l;

BMI, body mass index; DBP, diastolic blood pressure; MET h, metabolic equivalent of task hours. Analysis of covariance.

Model 1 adjusted for BMI.

Model 2 additionally adjusted for triglyceride concentration, age, HbA1c, DBP.

Model 3 additionally adjusted for physical activity and energy intake.
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Adjusted for BMI, the diet score was significantly higher in

the low hs-CRP groups, both in men and women (Table 2),

suggesting that individuals with lower hs-CRP levels more

closely adhered to the dietary recommendations. After fur-
ther adjustments for age, triglyceride concentration, HbA1c,

diastolic blood pressure, physical activity and energy intake,

the difference in the diet scores, between the two hs-CRP

groups remained significant only in men.
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4. Discussion

In the current analyses amongst a population of well-defined

individuals with type 1 diabetes, men, but not women, with

lower hs-CRP concentrations were observed to more closely

adhere to the dietary guidelines. The reason for the observed

sex difference in the association between diet score and

inflammation is not known. However women, on average,

had higher diet scores than men. Of the individual compo-

nents of the diet score, compared to men, women reported

higher median intakes of fresh vegetables, cooked vegetables,

and fruits and berries. Potentially higher intake of antioxi-

dants, amongst women, may mask the association between

diet score and hs-CRP that was observed in men. Interest-

ingly, the observed gender difference remained also in a

sub-analysis, where all individuals with hs-CRP concentra-

tion �10 mg/l (n = 975) were included (data not shown).

Our results are in concordance with the results from the

National Health and Nutrition Examination Survey (NHANES),

where the poorest diet quality was associated with elevated

CRP concentrations in men but not in women [8]. Similarly

to our study, a diet score based on the level of adherence to

the dietary guidelines, to describe the overall quality of the

diet, was also used in the NHANES. Common to both scores,

fruits, vegetables, milk products, vegetable oil based fats, sug-

ary items, and salt were taken into account. Some differences

in the included food items existed, however. Our score, for

example, also included the consumption of fish, while we

did not include the use of grains. Despite their differences,

both scores were positively associated with a lower level of

low-grade inflammation.

A prudent diet, characterized by higher intake of fruits,

vegetables, legumes, fish, poultry, and whole grains was, in

the Nurses’ Health Study, inversely associated with the CRP

concentrations [21]. Also a Mediterranean-style diet pattern,

characterized by ample intake of whole grains, fruits, vegeta-

bles, nuts, and olive oil, has been associated with lower levels

of low-grade inflammation [9].

Similarly to the current study, association between diet

and low-grade inflammation in patients with type 1 diabetes

was also studied in the EURODIAB study [13]. In their study, a

three-day food record was completed at baseline and after an

8-year follow-up period to assess the dietary intake of the

subjects across 16 European countries. According to the

results, a number of dietary factors, generally regarded as

‘‘healthy”, were associated with a lower level of systemic

inflammation. Indeed, those consuming more total fibre,

more soluble fibre, more polyunsaturated fats, but less

cholesterol over the 8-year study period, had lower levels of

low-grade inflammation.

There may be several components in a prudent diet that

favourably affect the inflammatory status. As low-grade

inflammation is related to the markers of oxidative stress

[22], some of the components of a healthy diet could function

as antioxidants and thereby reduce inflammation. Related to

this, Wood et al. observed that a high serum carotenoid con-

centration, a biomarker for fruit and vegetable consumption,

was associated with lower systemic inflammation [23]. Vege-

table oils, whole grains, and nuts are rich sources of vitamin
E, the intake of which increases the serum a-tocopherol con-

centration. Increasing quintiles of serum a-tocopherol con-

centration has been associated with decreasing levels of

inflammation [23]. Consumption of fish oil, rich in omega-3

fatty acids, has also been shown to decrease the serum CRP

concentrations [24]. A prudent diet is typically low in trans

fatty acids, which have been shown to have pro-

inflammatory effects and promote endothelial dysfunction

[25]. Finally, dietary fibre may mediate inflammatory pro-

cesses via intestinal production of short-chain fatty acids.

Butyrate, for example, has been shown to inhibit the TNFa-

induced activation of nuclear factor-kappa B, a key transcrip-

tion factor in the regulation of genes related to inflammatory

responses [26].

In the current study, larger waist circumference, and

higher BMI were observed in the high hs-CRP groups, both

in men and women. Importantly, obesity and overweight

are associated with insulin resistance, which has previously

been shown to be associated with increased plasma hs-CRP

concentrations [27]. Moreover, increased adiposity is also

associated with less advantageous inflammatory profile

[23,28]. Due to strong correlation between BMI and waist cir-

cumference, we chose to include only BMI in the multivari-

able model. We did, however, run the analysis with waist

circumference, and the results remained unchanged. In the

final models, neither BMI nor waist circumference was inde-

pendently associated with the inflammation status.

Beyond diet, other life style factors may also mediate

inflammation. In a recent meta-analysis of 43 trials Ham-

monds et al. for example, demonstrated the inflammation-

reducing effects of exercise interventions [29].The mecha-

nisms by which physical activity reduces inflammation is

not clear, however. Proposed mechanisms include decreased

body weight and fatness, and improved insulin sensitivity

[30]. Based on the inflammation-reducing effects of physical

activity and healthy diet, it may be speculated that individu-

als in high risk of cardiovascular disease could benefit from

intensified health-care management programs, as the one

reported by Ciccone et al. [31].

Hyperglycaemia is also known to induce inflammation

[32]. In concordance with the observations made by Jarvandi

et al. [8], worse glycaemic control in women was, in the cur-

rent analyses, independently associated with being in the

high hs-CRP group. Why this was not seen in men is not

known, but could have partly been due to a low number of

men in the high hs-CRP group.

Interestingly younger age, in women, was independently

associated with being in the high hs-CRP group. The reason

for this is not known. If something, we would have expected

to see older age to be associated with higher level of inflam-

mation. Indeed, aging is associated with a number of alter-

ations in the immune system that are accompanied by the

increased production of inflammatory cytokines [33]. While

the age difference between the two groups, in the current

study, was statistically significant, the difference may not be

clinically significant to show any age-related changes in the

immune system.

Our study has several limitations that need to be

addressed. First, the data are cross-sectional, which forbids
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us to draw any conclusions about the causal relationships

between the variables. While it is biologically plausible that

adhering to a healthy diet may reduce low-grade inflamma-

tion, it is also possible that conditions associated with low-

grade inflammation have brought about changes in dietary

practices. However, low-grade inflammation per se is not typ-

ically associated with marked symptoms that could be related

to an obvious need to make alterations to one’s diet. Similarly,

it cannot be excluded that some unmeasured factors, unre-

lated to the diet, may be responsible for the observed hs-

CRP concentrations. Second, individuals volunteering in stud-

ies may not be representative of the general population.

Indeed, those participating in studies may be more health

conscious, with healthier dietary habits and a tendency to

more actively seek help for various health conditions, includ-

ing those related to inflammation. If such a selection bias has

taken place in our study, this could have diluted the current

observations. Third, as is often the case in epidemiological

studies, dietary data were collected using a self-reported

method. These methods are prone to bias, as participants

may have a tendency to over-report food stuffs that are con-

sidered healthy, and underreport those considered unhealthy.

While it could be speculated that such bias may have taken

place in both hs-CRP groups alike, it has to be acknowledged

that there were a number of other differences between the

two groups that could contribute to an uneven reporting of

dietary intake. For example, the distribution of obese individ-

uals was not even between the groups. Related to this, the

problem of underreporting of energy intake amongst obese

individuals is a well acknowledged phenomenon [34]. How-

ever, if such bias has taken place it has, again, most likely

diluted our results. Fourth, calculation of the diet score was

based on the current dietary recommendations for individu-

als with diabetes. Although our results showed that the more

closely the participants followed the dietary recommenda-

tions the lower the low-grade inflammation, this does not

exclude the possibility that another diet pattern could exist

that would be associated with even lower level of low-grade

inflammation. Thus, our results do not suggest that a diet

that adheres to the current recommendations is the single

best dietary approach to tackle low-grade inflammation. To

study the effect of a particular diet on inflammation, a

double-blinded randomized interventional trial would be

required.

In conclusion, a diet that more closely adheres to the cur-

rent dietary recommendations for patients with diabetes was,

in men, associated with a lower level of low-grade inflamma-

tion. Thus, our results suggest that consumption of fish, veg-

etables, fruits and berries, low-fat liquid milk products, and

vegetable oil-based fats for spreads and for cooking, and lim-

ited intake of sweet pastry, candy, soft drinks, and salt may

help to reduce systemic inflammation in type 1 diabetes.

Given the importance of systemic low-grade inflammation

on the cardiovascular health, our results also suggest that

dietary approaches may be used as a means to reduce the

risks of long term complications. In order to confirm the cau-

sal effect of diet on low-grade inflammation, however, ran-

domised controlled trials are needed.
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