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Abstract. 

 

Objective 

Several anti-oxidant nutrients have been reported to be inversely associated with asthma. The 

objective of this study was to assess the independent associations of these nutrients with asthma in 

adults. 

 

Design. 

A nested case control study in 515 adults with physician-diagnosed asthma and 515 matched 

controls with dietary data obtained from seven-day food diaries.     

 

Main outcome measures. 

Physician diagnosed asthma and current symptomatic asthma (diagnosed asthma and self-reported 

wheeze within the previous 12 months). 

 

Results. 

Cases were similar to controls in age, sex, social class and daily energy intake, but had a lower 

median intake of fruit (132.1 g/day Vs 149.1 g/day, p≤0.05). 51.5% of the population reported zero 

consumption of citrus fruit, relative to these individuals, people who consumed >46.3 g/day had a 

reduced risk of diagnosed and symptomatic asthma (OR adjusted for potential confounders 0.59, CI
 

0.43-0.82, and 0.51, 0.33-0.79, respectively). In nutrient analysis, dietary vitamin C and manganese 

were inversely and independently associated with symptomatic asthma (adjusted OR per quintile 

increase 0.88, 0.77–1.00, vitamin C and 0.85, 0.74–0.98, manganese) but only manganese was 

independently associated with diagnosed asthma (0.86, 0.77-0.95). Adjusted plasma vitamin C 

levels were significantly lower in symptomatic cases ( 54.3 µmol/L) than in controls ( 58.2 µmol/L, 

p=0.003). .   

 

Conclusions 

Symptomatic asthma in adults is associated with a low dietary intake of fruit, the anti-oxidant 

nutrients vitamin C and manganese, and low plasma vitamin C levels.  These findings suggest that 

diet may be a potentially modifiable risk factor for the development of asthma. 
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Introduction 

 The increase in asthma prevalence in developed countries (1-5) and the remarkable differences in 

asthma prevalence between countries suggests that environmental exposures are important in the 

development of this disease (6;7). It has been hypothesised that dietary changes associated with a 

westernised life-style may have contributed to the increase in asthma in the developed world (8;9). 

Epidemiological evidence of an inverse association of dietary fruit intake with pulmonary function 

(10;11) and respiratory symptoms (12;13), suggests that dietary anti-oxidants may modify the 

development of respiratory disease in susceptible individuals. This is supported by reports of an 

inverse association between specific anti-oxidant nutrients including vitamin C (14;15), vitamin E 

(15-17), β Carotene (16;18), zinc (14;19), manganese (19), copper (14), selenium (20-22) and 

asthma. However, similar associations have been reported for nutrients not known to have anti-

oxidant activity, such as magnesium (19;23), calcium (17), niacin (14;19) and fatty acids (15;24).  

 It seems unlikely that each of these nutrients is independently associated with the risk of asthma. 

The identification of so many associations could be related to a failure of some studies to 

adequately adjust for the effects of nutrients that are correlated with the nutrient of interest, making 

it unclear whether the reported associations are independent (25). An alternative explanation is that 

rather than any specific nutrient being protective, asthma may be associated with a generally less 

healthy diet that is part of a less healthy life-style. For example, Hijazi et al identified a significant 

inverse association between dietary calcium and asthma in Saudi Children, however, this was not 

significant after adjustment for lifestyle exposures including place of residence and maternal 

education (17).  

 We have conducted a nested case control study of the association between diet and asthma in the 

Norfolk arm of the European Prospective Investigation of Cancer (EPIC-Norfolk). Using 

comprehensive dietary data we have assessed the association between specific foods and nutrients 

and the presence of asthma in adults. Our objective was to assess whether the apparent association 

between dietary anti-oxidants and asthma can be attributed to a ‘healthy diet’ and lifestyle, or to  the 

protective effect of specific foods or nutrients. 
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Methods  

 

 The EPIC-Norfolk cohort is a population-based cohort of men and women aged 45-75 years 

recruited from 35 general practices in and around the city of Norwich, UK, the primary objective of 

which is to prospectively assess the association between diet and the development of chronic 

disease. Detailed descriptions of the operation and characteristics of the EPIC-Norfolk cohort (26) 

and the collection of dietary data (27;28) are available elsewhere. In brief, between 1993 and 1998, 

volunteers completed a health and lifestyle questionnaire (HLQ) and attended for a health check at 

which anthropometric measurements were made, spirometry performed and non-fasting plasma 

vitamin C levels measured (28). The HLQ provided information on smoking history, education, 

occupation and usual level of physical activity. 

 Potential cases were first identified by a positive response to the question “Has your doctor ever 

told you that you have asthma?” in the HLQ. Current smokers were excluded. Ex-smokers were 

included only if they had stopped smoking before age 50 and at least 20 years before the study.  

People with a history of diabetes, myocardial infarction or cancer were excluded as they may have 

altered their diet. Controls were identified by a negative response to the question “Has your doctor 

ever told you that you have asthma?” and the absence of airflow obstruction (FEV1/FVC >0.75) on 

spirometry. The same smoking and co-morbidity exclusion criteria were used for cases and controls. 

Each case was matched to a control by sex, age (±3 years), date of health check (± 3 months) and 

general practitioner. All potential cases and controls were sent an additional questionnaire, the 

Norfolk respiratory health survey (NRHS) (29), in which they recorded respiratory symptoms 

experienced in the previous 12 months. Since asthma may develop at any stage in life and regress in 

later life, we used this questionnaire to identify cases with current symptomatic asthma (self-

reported wheeze within the previous 12 months).  Therefore in the analysis we used two case 

definitions, physician diagnosed asthma and current symptomatic asthma (physician diagnosed 

asthma with self-reported wheeze in the previous 12 months). 

 Dietary data for this analysis was obtained from seven-day food diaries. At the health check a 

trained interviewer instructed participants on how to complete the diary. A 24-hr recall formed the 

first day, the remaining six days were completed prospectively at home. Intake of individual foods 

and nutrients, excluding dietary supplements, was calculated using the DINER programme (27). 

This instrument has been validated against biomarkers of nutrient intake (30;31). The mean interval 

between completion of the food diary and posting of the NRHS was 3.4 (SD±1.2) yrs. A sample 

size of 550 cases and 550 controls was derived based on 90% power and 95% confidence to detect a 

50% (i.e OR of 1.5) difference in risk between high and low levels of nutrient consumption. 

Approval for the study was given by the local ethics committee.  

Statistical analysis 

 The association between diet and asthma was assessed using specific foods, individual nutrients 

and plasma vitamin C levels. Analyses were first performed between all cases and controls and then 

between symptomatic cases (self-reported wheeze within the previous 12 months) and their 

matched controls. Nutrients included in the analysis were selected on the basis of previous studies 

reporting an association with asthma and the availability of complete data from the DINER 

programme. The nutrients assessed were vitamins C and E, niacin, riboflavin, carotene, calcium, 

copper, selenium, magnesium, manganese and zinc. Fruit and vegetables are an important source of 

many of these nutrients and also an important source of folate. We made the a priori decision to 

include folate in the analysis, although there have been no previous reports of an association with 

asthma. Continuous variables were compared between matched cases and controls using paired 

Student’s t-test or Wilcoxon rank sum for paired data and t-test or Kruskal Wallace test for unpaired  
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 4 

 

data. Proportions were compared using a chi-square or Mcnemar test as appropriate. Conditional 

logistic regression models were used to test for a linear trend across quintiles of increasing intake of 

each food or nutrient and the risk of diagnosed asthma and of symptomatic asthma.  More than 20% 

of the population reported zero consumption of citrus fruit, soft summer fruit, apples and salad 

vegetables, therefore, it was not practical to use quintiles of consumption for these foods. For these 

foods individuals who reported zero intake were  classified as “non-consumers” and formed the 

reference group,  while the remainder of the population were divided by the median intake into 

moderate consumers (consumption below the median level of intake) and high consumers  

(consumption above the median level of intake). Lifestyle exposures including social class, pack 

years smoked, body mass index (BMI), usual level of physical activity (inactive, moderately 

inactive, moderately active, and active) (32) and education level (below GCE, GCE level, Advanced 

level and degree level), that may confound the association between diet and asthma were adjusted 

for by inclusion as covariates in the regression model. Foods or nutrients that were significant in 

these analyses (p≤0.05) were included in multiple regression analysis to determine whether they 

made an independent contribution after mutual adjustment. All analysis were performed using 

STATA. 
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Results  

 By 1998 20,076 people had completed the baseline HLQ, 1,614 responded positively to the 

question on doctor-diagnosed asthma, 974 of who met the smoking and other inclusion criteria for 

the study. Five hundred and seventy two of these individuals completed the NRHS and were 

successfully matched to controls. Complete dietary data from food diaries were available for 515 

matched case-control pairs (Table 1). A higher proportion of controls reported smoking more than 

one pack year than cases. Cases were more likely to report taking vitamin C containing supplements 

but the difference was not statistically significant. Although there was no difference in energy 

intake between cases and controls, controls had a greater daily intake of fruit (Table 1), with a 

significant trend for decreased risk of diagnosed asthma with increasing fruit intake (adjusted OR 

per quintile increase in intake 0.86, 95% CI 0.78 to 0.95, p = 0.002). A comparison of high (upper 

quintile) Vs low (bottom quintile) intake showed a protective effect for high consumption of fruit 

(adjusted OR 0.46, 0.30 to 0.70, p<0.001) and vegetables (adjusted OR 0.64, 0.42 to 0.97, p=0.04). 

However, after mutual adjustment only dietary fruit (adjusted OR 0.87, 0.77 to 0.98, p=0.003) was 

significantly associated with a reduced risk of diagnosed asthma. 
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Table 1. Characteristics and consumption of food groups by cases and controls. 

 

 

 Cases 

(515) 

 Controls 

(515) 

Men % (n) 32.6 (168) 32.6 (168) 

Age, yrs 58.5 ± 8.7 58.4 ± 8.6 

BMI  26.2 ± 3.8 25.9 ± 3.7  

Ex-smokers % (n) 24.1
‡
 (124)  29.1

‡
 (150)  

Pack years* 7.0 (11.0) 9.0 (15.4) 

FEV1, Litres 2.12
‡
 ± 0. 69 2.62

‡
 ± 0.61 

Social Class % (n) I 8.9 (45) 6.9 (35) 

 II 41 (208) 37.9 (191) 

 III 34.5 (175) 41.1 (207) 

 IV 11.1 (56) 10.9 (55) 

 V 4.5 (23) 3.2 (16) 

Vitamin C supplements % (n) 14.0 (72) 10.9 (56) 

Fruit, g/day (IQR) 132.1
†
 (145.2) 149.1

†
 (138.5) 

Vegetables, g/day (IQR) 96.9 (81.7)  96.6 (81.8) 

Cereals, g/day (IQR) 30.0 (45.0) 28.1 (46.6) 

Fish, g/day (IQR) 30.4 (38.3)  28.6 (30.5)  

Dairy products, g/day (IQR) 249.8 (196.4)  265.9 (207.7) 

Meat, g/day (IQR) 115.8 (88.1) 107.2 (72.4)  

Pulses/ beans /lentils, g/day (IQR) 22.4 (33.4)  21.8 (36.8)  

Total energy, Kj  7,895 ± 2158 7,904 (1987) 

 

Footnote Table 1. 

 

Figures are Mean ± S.D., and median (IQR) or percent (number) as indicated. 

Definition of abbreviations. BMI = body mass index, Ex-smokers = people who reported ever 

smoking greater than 1 pack year of cigarettes. Vit C supplements = self-reported taking of vitamin 

supplements know to contain vitamin C in the food diary.  

 * Total pack years smoked by ex-smokers. 
†
 p<0.05 and 

‡
p≤0.001 for difference between cases and controls. 
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Data from the NRHS identified 187 (36.3%) cases that had not experienced wheeze in the preceding 

12 months. These asymptomatic cases were not significantly different in respect of age, sex, age at 

diagnosis, or smoking exposure from the symptomatic cases (Table 2). However, far fewer of the 

asymptomatic individuals reported current use of asthma medication, and they had significantly 

better pulmonary function than symptomatic cases, suggesting that the absence of symptoms was 

more likely explained by a remission in their asthma than by better treatment. Restriction of the 

analysis to the 328 pairs in which the case was symptomatic showed a trend for reduced risk of 

symptomatic asthma with increasing fruit consumption (adjusted OR per quintile increase in intake 

0.86, 0.76 to 0.96, p=0.009), but not vegetables.   

 

 

Table 2. Characteristics of symptomatic and asymptomatic cases.   

 

  Cases   

 

  Symptomatic Asymptomatic  

Number  328  187  

Men % (n )  34.8 (112) 28.9 (54)  

Age, years  58.4 ± 8.9 58.5 ± 8.3    

BMI, Kg/m
2
  26.3 ± 3.9 25.9 ± 3.6  

Ex-smokers %  (n)  25.0 (82) 22.6 (42)  

Age diagnosed, years   32.9 ± 20.8 29.4 ± 21.7  

Asthma treatment % (n)  84.2
‡
 (276) 44.4

‡
 (83)  

FEV1, Litres   2.06
†
 ± 0.72  2.21

†
 ± 0.63  

 

 

 

Footnote table 2. 

 

Figures are mean ± SD or percentage (number) as stated. 

Symptomatic cases are cases that reported wheeze within the previous 12 months. 

Definition of abbreviations. BMI = body mass index, Ex-smokers = individuals who reported 

previously smoking > 1 pack year, age diagnosed = reported age at which asthma started, asthma 

treatment = self-reported current use of medication for asthma.  
†
 p≤0.02 and  

‡ 
p≤0.001for difference between symptomatic and asymptomatic cases. 
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The association between dietary fruit and vegetables was assessed in more detail using sub-groups 

of fruit and vegetables: citrus fruits (e.g. oranges, grapefruits, lemons etc), summer fruits (e.g. 

berries), apples and “other fruit” (all remaining fruits), leafy vegetables (e.g. cabbage) and salad 

vegetables. Of these foods only “other fruit” and leafy vegetables could reliably be categorised into 

quintiles of consumption (≤ 20% reported zero intake). There was a significant trend for a reduced 

risk of diagnosed asthma with increasing consumption of “other fruit” (adjusted OR per quintile 

increase in intake 0.90, 0.82 to 0.98, p=0.02). Zero consumption of citrus fruit, soft summer fruit, 

apples, and salad vegetables was reported by 51.5%, 77.9%, 30.6%, and 25.5% of the population 

respectively. The association between dietary intake of these foods with diagnosed asthma and 

symptomatic asthma is shown in Table 3. Relative to non-consumption, a high consumption of 

apples and citrus fruit was associated with a reduced risk of diagnosed asthma. After mutual 

adjustment, a high intake of citrus fruit remained significantly associated with a reduced risk of 

diagnosed asthma (adjusted OR 0.64, 0.46 to 0.89, p=0.008), a high intake of apples and other fruit 

were no longer significant (adjusted OR 0.75, 0.53 to 1.07, and 0.66, 0.44 to 1.00, respectively). 

Moreover, when the analysis was restricted to symptomatic cases, only citrus fruit was associated 

with a reduced risk of asthma, with consumption of ≥45.8 g/day being associated with a 50% 

reduction in risk (Table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2004.024935 on 7 F

ebruary 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


 9 

Table 3. Odds ratio for the presence of symptomatic asthma associated with moderate and high consumption of specific types of fruit and vegetables.  

 All Cases  Symptomatic Cases  

 Adjusted* OR (95% CI)  Adjusted* OR (CI)  

Type of fruit or 

vegetable. 

Moderate 

consumption 

High 

consumption 

p 

(trend) 

Moderate 

consumption 

High 

consumption 

p (trend) 

Citrus Fruit 0.88 (0.65 to 1.20) 0.59
‡
 (0.43 to 0.82) 0.002 0.75 (0.51 to 1.11)  0.51

‡
 (0.33 to 0.79) 0.002 

Summer fruit 1.15 (0 .77 to 1.70) 1.12 (0.73 to 1.72) 0.50 1.03 (0.63 to 1.69) 1.48 (0.83 to 2.63) 0.24 

Apples 0.78 (0.58 to 1.05) 0.68
†
 (0.49 to 0.96) 0.03 0.77 (0.52 to1.12) 0.71 (0.46 to 1.09) 0.11 

Salad vegetables 0.85 (0.61 to 1.18) 0.88 (0.62 to 1.24) 0.52 0.73 (0.48 to1.09) 0.73   (0.48 to 1.11) 0.16 

 

 

 

Footnote Table 3. 

Abbreviations.  OR (CI) = Odds ratio and 95% CI for the presence of diagnosed asthma or symptomatic asthma relative to non-consumers of each food. 

Definition of consumption categories.  Moderate consumption was defined as consumption below the median level of consumption in consumers and 

high consumption as above the median level in consumers.  Range of intake; citrus fruits 0.7 - 46.2 g/day (moderate) and ≥46.3 g/day (high), summer 

fruit 0.4 - 18.5 g/day (moderate) and ≥18.6 g/day (high), apples 2.0 - 48.0 g/day (moderate) and ≥48.1 g/day (high), salad vegetable 0.3 -20.5 g/day 

(moderate) and ≥20.6 g/day (high).  

* Matched analysis adjusted for pack years smoked, social class, BMI, increasing level of physical activity and level of education. 
†
p≤0.05 and 

‡
p≤0.002Nutrients 
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There was no difference in total calorie intake between cases and controls (Table 1), or total fat 

(71.7 ± 25.6 g/day cases and 71.1 ± 22.4 g/day controls), saturated fat (23.8 ± 10.5 g/day Vs 23.7 ± 

9.0 g/day) or polyunsaturated fat (11.0 ± 4.8 g/day Vs 11.1 ± 4.47 g/day ). Table 4 shows the 

association of dietary nutrients with diagnosed and symptomatic asthma. Increasing intake of 

vitamin C, folate, calcium and manganese were individually associated with a reduced risk of 

diagnosed asthma. However, after mutual adjustment only the association with dietary manganese 

remained significant (adjusted OR per quintile increase 0.86, 0.77 to 0.95, p=0.002). Restriction of 

the analysis to symptomatic cases identified an inverse association between increasing dietary 

intake of vitamin C, folate, riboflavin, calcium, copper and manganese. After mutual adjustment 

only the association between vitamin C and manganese with symptomatic asthma remained 

significant (adjusted OR per quintile increase 0.88, 0.77 to 1.00, p≤0.05 for vitamin C and 0.85, 

0.74 to 0.98, p = 0.003 for manganese).
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Table 4. Daily intake of nutrients in cases and controls and odds ratio for symptomatic asthma per quintiles increase in consumption.   

 

Median Daily intake (Inter-quartile range ) Adjusted*OR (CI) per quintile increase in intake Nutrient 

 Cases  Controls 

 

All cases p  Symptomatic cases p  

Vitamin C, mg  78.4 (56.0) 85.0 (56.4)  0.89 (0.81 - 0.97) 0.007   0.84 (0.75 to 0.94) 0.003 

Vitamin E, mg 6.7 (3.9) 6.7 (3.3)  0.96  (0.87 to 1.05) 0.39 0.89 (0.79 to 1.00) 0.51 

Folate, µg 250.0
†
 (102.7) 263.3

†
 (100.1)  0.89   (0 .81 to 0.98) 0.01 0.84 (0.74 to 0.94) 0.004 

Niacin, mg 1.8 (1.6) 1.8 (1.6)  1.07 (0.97 to 1.18) 0.17 1.06 (0.94 to 1.20) 0.35 

Riboflavin, mg 1.7 (0.7) 1.7 (0.8)  0.93 (0.84 to 1.01) 0.10 0.87 (0.77 to 0.98) 0.03 

Carotene, mg 1.8 (1.6) 1.8 (1.6)  0.95 (0.87 to 1.04) 0.26 0.89 (0.79 to 1.00) 0.05 

Calcium, mg 776.0 (326.8) 825.4 (333.0)  0.88 (0.80 to 0.97) 0.01 0.84 (0.74 to 0.95) 0.006 

Copper, mg 1.0 (0.4) 1.1 (0.4)  0.93 (0.84 to 1.02) 0.12 0.88 (0.77 to 0.99) 0.04 

Selenium, µg 51.7 (26.5) 51.3 (25.4)  0.99 (0.89 to 1.09) 0.72 1.02 (0.90 to 1.15) 0.76 

Magnesium, mg 275.1 (93.4) 281.4 (97.4)  0.94 (0.85 to 1.04) 0.22 0.89 (0.78 to 1.01) 0.07 

Manganese, mg 3.4
‡
 (1.6) 3.6

‡
 (1.4)  0.83 (0.76 to 0.91) ≤0.001   0.83 (0.73 to 0.93) 0.002     

Zinc, mg 7.8 (3.0) 7.8 (2.7)  1.00 (0.91 to 1.11) 0.94 0.98 (0.86 to 1.12) 0.78 

 

Footnote table 4.                                          

Definition of abbreviations. OR (CI) = OR and 95% CI for diagnosed and symptomatic asthma per quartile increase in consumption of each nutrient 

(linear model) 

* Matched analysis adjusted for pack years smoked, social class, BMI, increasing level of physical activity and level of education. 
†
p≤0.05 and 

‡
p<0.001 for difference in daily intake between cases and controls. 
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To avoid recruiting cases with smoking related chronic obstructive pulmonary disease (COPD), we 

excluded individuals who had smoked within 20 years of the study. However, a significant 

proportion of the cases and controls were ex-smokers, exclusion of these individuals left 335 case-

control pairs in who the adjusted odds ratio for diagnosed asthma were 0.40 (0.23 to 0.70, p≤0.001) 

for top Vs bottom quintile of fruit intake, and 0.61 (0.41 to 0.90, p=0.01) for high Vs zero intake of 

citrus fruit, with a significant trend for reduced risk with increasing intake of vitamin C and 

manganese (OR per quintile increase in intake 0.90, 0.81 to 1.00, p≤0.05 and 0.84, 0.76 to 0.94, 

p=0.003 respectively). COPD is more prevalent in an elderly population. We therefore repeated the 

analysis after the exclusion of all individual age 55 years or older. In the remaining 195 matched 

pairs a high intake of fruit and citrus fruit remained significantly associated with a reduced risk of 

diagnosed asthma  (OR 0.41, 0.19 to 0.88, p=0.02 top Vs bottom quintile of fruit and 0.53, 0.31 to 

0.92, p=0.02, high Vs zero intake of citrus fruit). The association between vitamin C and manganese 

did not reach statistical significance (OR per quintile increase in intake 0.91, 0.77 to 1.06, and 0.90, 

0.77 to 1.05 respectively) possibly because of the small sample size.     

 

Plasma vitamin C 

 Plasma levels of vitamin C were available for 461 cases and 454 controls. Mean vitamin C levels 

were not significantly different between all cases (56.0 ± 19.00 µmol/L) and controls (58.1 ± 18.2 

µmol/L). However, levels were significantly lower in symptomatic cases than either asymptomatic 

cases or controls, even after adjustment for potential confounding exposures (Figure 1), with a 

1µmol/L increase in plasma vitamin C associated with a reduced risk of symptomatic asthma 

(adjusted OR 0.99, 0.98 to 1.00, p=0.04). 
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Discussion 

 

 In this population based study we found asthma in adults to be associated with a low dietary intake 

of fruit. We considered whether the apparent association between diet and asthma could be 

explained by a generally less healthy diet that in turn may be part of a less healthy life-style. 

However, we found no difference in total energy or fat intake between cases and controls. Moreover 

the cases and controls were well matched for key demographic variables and the observed 

associations were independent of previous smoking history, BMI, social class, education level and 

usual level of physical activity. The protective effect of fruit appeared be related to the anti-oxidant 

nutrient vitamin C, and was independent of the other nutrients investigated.   We also found an 

inverse association between manganese and asthma. Manganese is found in a variety of foods, 

particularly grains and cereals (33), a high intake of which has been associated with a reduced risk 

of wheeze in childhood (34) and of COPD in adults (35). Moreover, dietary manganese has been 

reported to be inversely associated with bronchial hyper-reactivity (19) and asthma in adults (22), 

although the association was asthma was lost after adjustment for other nutrients. In our study the 

higher intake of manganese in controls was not explained by differences in dietary cereal and grain. 

However, subsequent analysis has shown that daily intake of tea, another important dietary source 

of manganese, was significantly greater in controls (median intake of infusion 749.4g IQR 602) 

than cases (638.9g, 270.3, p<0.001). Manganese has anti-oxidant properties (36) and dietary intake 

of manganese may modify the activity of manganese-dependent superoxide dismutase (37). The 

role of this enzyme in protecting the lung from oxidative damage has been recently reviewed (38) 

and reduced  levels of superoxide dismutase activity have been reported in both the lung (39) and 

blood monocytes of people with asthma (40). 

 Approximately one third of individuals with diagnosed asthma reported no wheeze within the 

previous 12 months, less than 50% of who reported taking regular medication for asthma. Some of 

these individuals may have been misdiagnosed with asthma or their asthma may be in remission. 

The inclusion of these individuals as cases may have weakened the association between diet and 

asthma. Restriction of the analysis to symptomatic cases reduced the number of case control pairs 

by more than one third (from 515 to 328), however the associations of citrus fruit, dietary vitamin C 

and manganese with asthma were maintained with a trend towards a greater protective effect (i.e. 

the odds ratios became more extreme, see Table 3 and 4). Three controls reported taking 

medications used in the treatment of asthma (without a diagnosis of asthma) and 58 reported 

wheeze in the NRHS. These 61 individuals may have undiagnosed asthma and their inclusion as 

controls may have attenuated the association between diet and asthma. However, we repeated the 

analysis after the exclusion of these individuals and the key associations remained unchanged. 

 A suggested weakness of previous studies is that they have focused on foods and nutrients in 

isolation (22).  A particular strength of our study is the comprehensive nature of the dietary data. 

This enabled us to show that the association between vitamin C and manganese with asthma was 

independent of other nutrients . A potential limitation of food diary data is that the results may not 

be readily translated into accessible public health recommendations. We found that individuals in 

the highest quintile of fruit consumption had a reduced risk of asthma. Using data from a semi-

quantitative food frequency questionnaire, which formed part of the HLQ, we found that all 

individuals in the top quintile reported eating fresh fruit at least 2-4 times with 90% eating fresh 

fruit every day. Therefore, consuming at least one portion of a fresh fruit a day would appear to be a 

reasonable public health recommendation.  

 Our observations are consistent with previous reports of an inverse association between dietary 

fruit (10;12) and dietary vitamin C (14;19) with respiratory symptoms. However, a recent 

population based study found no association between dietary vitamin C, as assessed by a food 

frequency questionnaire (FFQ), and asthma (22). Although the population in that study was younger 

and had a higher proportion of smokers than our study, the negative findings of this and other  
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studies (10;16;41) may relate to methodological differences in recording dietary intake. Semi-

quantitative FFQs, which are widely used, may give less precise estimates for some foods and 

nutrients than the diary method used in our study. For example, Shaheen et al reported a significant 

inverse association between apple consumption and asthma, but no association with citrus fruit (22). 

The authors used a seven day weighted food diary in a small proportion of their study population to 

calibrate the FFQ data used for the main analysis. They found that although apple consumption 

showed reasonable agreement, citrus fruit consumption showed poor agreement between the FFQ 

and the more detailed seven day diary [(22) on line supplementary data]. There was also similarly 

poor correlation for intake of vitamin C and manganese. That FFQ’s may give imprecise estimates 

of vitamin C intake is further supported by studies that have reported an association between plasma 

vitamin C and wheeze, but not dietary vitamin C assessed by FFQ (14;15). Although it could be 

argued that low plasma levels in asthma reflect an increased utilisation of vitamin C, our results 

suggest this is unlikely to be the sole explanation as symptomatic asthma was associated with a 

significant reduction in dietary intake.  

 We have considered to what extent the results reported here could have resulted from chance 

variation, bias or confounding exposures. The associations between fresh fruit, dietary vitamin C, 

dietary manganese, and plasma vitamin C with asthma were highly statistically significant and 

therefore unlikely to be explained by chance variation. However, as we looked at a number of 

dietary variables and performed multiple analyses, the possibility of a type I statistical error has to 

be considered. It is unlikely that our results are explained by reporting bias as the primary objective 

of the EPIC cohort is to assess the association between diet and cancer. Thus at the time of 

recording their diet neither cases or controls would have been aware that the data would be used to 

assess the association between diet and asthma. Although our study was not prospective in design, 

we assessed the association between current symptomatic asthma and diet as recorded some 3 years 

prior to the study, making recall bias unlikely. Moreover the association with dietary vitamin C was 

confirmed by plasma vitamin C.   

 It has been suggested that dietary anti-oxidants could modify the manifestation of symptoms in 

adults susceptible to asthma (19). The results of our study are consistent with this hypothesis. We 

found that adults previously diagnosed with asthma, who reported no wheeze, had significantly 

higher plasma vitamin C levels than symptomatic individuals. This was associated with a higher 

dietary intake of vitamin C in asymptomatic (median 89.2 mg/day IQR 54.4) than in symptomatic 

case (76.8 mg/day, 56.3), although this did not reach statistical significance the study was not 

powered to detect differences between symptomatic and asymptomatic cases. Contrary to this 

hypothesis the Nurses Health Study found no association between dietary vitamin C and incident 

asthma. However, an effect of low vitamin C in this study may have been obscured by the generally 

high intake of vitamin C in these health professionals (16). A meta-analysis of trials of vitamin C 

supplementation in the treatment of asthma did not find conclusive evidence of a benefit (42). Trials 

have been criticised for using pharmacological doses of vitamin C for short periods as a treatment 

for asthma (43), however, a recent trial of 16 weeks vitamin C supplementation showed no benefit 

(44). That these studies have been inconclusive does not exclude the possibility that a habitual diet 

with an adequate amount of vitamin C may protect against the development of symptomatic asthma.  

 There are some limitations of our study. As this is an observational study we cannot exclude the 

possibility that cases may have changed their diet because of their asthma. However, in the HLQ 

only 22 (4.3%) cases reported a change in diet because of allergy within the past 12 months. This 

does not exclude the possibility that some cases may have made longer-term changes to their diet as 

a result of asthma. The EPIC cohort is middle aged and we cannot exclude the possibility that some 

of the cases may have had smoking related COPD. We think this is unlikely as only 25% of cases 

had ever smoked and the exclusion of these individuals did not affect the key associations with 

dietary citrus fruit, vitamin C and manganese remained. Cases and controls in this study were 

selected from the same cohort, were similar in respect of key demographic variables and we  
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adjusted for additional potential confounding lifestyle exposures. However, we cannot completely 

exclude the possibility that the observed relationship is the result of residual confounding or the 

result of some unmeasured confounding exposure. As with previous studies we did not include 

nutrient intake from supplements (22). Although we found no difference in the use of vitamin C 

containing supplements between cases and controls, taking supplements may in itself be a marker of 

a healthy life-style. However, subsequent analysis after the exclusion of supplement takers did not 

affect the association with citrus fruit, vitamin C and manganese (data not shown). We excluded 

some nutrients because of incomplete food composition data e.g. n-3 polyunsaturated fatty acids. 

We were unable to look prospectively at the association between diet and incident asthma. This 

would have required the NRHS to be posted serially to the EPIC-Norfolk cohort, which would have 

been beyond the scope of this study. Moreover, incident cases of asthma are uncommon in this age 

group. In the nurses health study for example the incidence of asthma was only 1.17 cases per 1000 

person years follow up (16). 

 In summary we have found symptomatic asthma in adults to be associated with a low intake of the 

dietary anti-oxidants vitamin C and manganese. The low intake of vitamin C appears to be primarily 

associated with a diet deficient in fruit. Further work is required to determine the dietary differences 

resulting in a low intake of manganese. These findings may be of public health importance in 

understanding the apparent increase in asthma prevalence.  
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Legend Figure 1 

Mean plasma vitamin C levels in Mean plasma vitamin C levels in 454 controls, 167   

asymptomatic cases with diagnosed asthma and 294 symptomatic cases with diagnosed asthma 

adjusted for age, sex, pack years smoked, social class, BMI, increasing level of physical activity and 

level of education  
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