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Feedback submitted by Harri Hemila, 24 March 2009

Summary

“The Cochrane review vitamin C for asthma (2009 version) has errors in the extraction of data and in the analysis.

Schachter 1982 carried out a trial with participants who had exercise-induced bronchoconstriction (EIB) so that each of the 12

participants was administered placebo and vitamin C at different times. Thus, each participant served as his or her own control (cross-

over). In Table III Schachter reported pre-post-exercise change of FEV1, so that the later FEV1 was measured 5 minutes after the

exercise. Because two observations are measured from the same participant, the placebo period and vitamin C period difference in

FEV1 change should be analysed using the paired t-test. The FEV1 data in Schachter’s Table III gives the mean difference between the

vitamin C and placebo periods as 0.20 (SD 0.33) litres/s. Schachter 1982 calculated t = 2.13 in their paper, corresponding to P[1-tail]

= 0.028.

The review presents Schachter’s FEV1 changes in Analysis 1.2. However, data in Analysis 1.2 were extracted from Schachter’s Table II,

which presents post-exercise FEV1 value measured immediately after the exercise. In EIB the fall in FEV1 occurs 5 to 20 minutes after

the end of exercise (Rundell 2009), and even Schachter reported that, on the screening day, there was no fall in FEV1 immediately

after exercise, but a significant fall 5 minutes after the exercise (Schachter 1982 Fig. 2). Therefore, extracting the FEV1 changes from

Schachter’s Table II (FEV1 immediately after the exercise) is not reasonable if the purpose is to examine the effect of vitamin C on EIB.

Cohen 1997 carried out an EIB trial with 20 participants who were administered placebo and vitamin C at different times (cross-

over). Post-exercise FEV1 was measured 8 minutes after the end of the exercise. The observations are paired also in this case and the

results should be analysed using a paired test. 9 participants had FEV1 decrease >15% on both vitamin C and placebo treatments.

11 participants had >15% FEV1 decrease on placebo but <15% FEV1 decrease on vitamin C (Cohen 1997 Fig. 2). None of the

participants had the opposite effect: <15% FEV1 decrease on placebo and >15% FEV1 decrease on vitamin C. In the paired 2x2 table

analysis, the question is whether the difference between the corners (here 11 and 0) is statistically significant. This difference gives z =

(11-0)/sqrt(11+0) = 3.31, corresponding to P[1-tail] = 0.0005.

A basic principle in controlled trial analysis requires that all randomized participants should be included in the analysis (the ITT

principle). However, the review does not give the results for all of Cohen’s 20 participants (Cohen 1997 Fig. 2); Analysis 1.2 gives the

results for only the 11 participants who had benefit of vitamin C (Cohen 1997 Table 2).

Furthermore, the review presents the average of post-exercise FEV1 values and not the pre-post-exercise difference in FEV1 in analysis

1.2. The post-exercise averages for Cohen’s Table 2 are 1.66 (SD 0.80) litres/s in the placebo period and 1.93 (SD 0.78) litres/s in the

vitamin C period (P = 0.42). However, given that the EIB is defined by the pre-post change in FEV1, the measurement of the effect on

EIB should be based on the pre-post-exercise difference in FEV1 (Rundell 2009). Furthermore, the relative effect calculated by Cohen

(Table 2; in %units) is a better measure than the absolute value (in litres/s) because the relative effect adjusts for the great variation

in baseline FEV1; the relative decrease in FEV1 is also used in guidelines (Rundell 2009). Cohen reports that the average relative fall

in FEV1 is 25% in the placebo period and 5% in the vitamin C period (Cohen 1997 table 2). Because the observations are paired,

the paired t-test should be used. The average of the differences is 20% (SD 12%, SE 3.7%), which gives t = 5.57, corresponding to

P[1-tail] = 0.00012. Thus, although the review presented only the 11 participants in which vitamin C was beneficial, the calculation

suggests that even in this subgroup vitamin C was without effect (P = 0.42), whereas a correct calculation gives a much smaller P-value.

In their EIB trial, Tecklenburg 2007 studied 8 participants who were administered vitamin C and placebo at different times. They

measured post-exercise FEV1 at 1, 5, 10, 15, 20, and 30 min after the exercise. Tecklenburg 2007 reported that the decrease in FEV1

in the vitamin C period was 6.4% (SE 2.4%) and decrease in the placebo period was 12.9% (SE 2.4%). Tecklenburg did not publish

the paired comparison, nor original data so that the paired t-test could be calculated. Nevertheless, these averages give unpaired t =

1.91, corresponding to P[1-tail] = 0.038, which is conservative, the paired test P-value would be smaller.

Thus, three trials included in the review found benefit of vitamin C supplementation against EIB at 5 and 8 minutes after the exercise

(Cohen 1997; Schachter 1982), or at the time of maximum fall in FEV1 (Tecklenburg 2007). The three P-values calculated above

(0.028, 0.0005, 0.038) can be combined by using the Fisher method (Fisher 1948). The combined P[1-tail] = 0.00007 provides

evidence that the effects of vitamin C on EIB in these three trials are not explained by random fluctuations.

Analyses 1.1, 1.3 and 1.5 present baseline data of two EIB trials discussed above (Cohen 1997; Schachter 1982). However, when a trial

specifically examines the effect of vitamin C on EIB, the relevant outcome is the difference between the baseline and the 5-10 minutes

post-exercise FEV1 values (the pre-post change), and not the baseline FEV1 value alone.

Finally, diagnosis of EIB by the change in FEV1 is well established (Rundell 2009) and the authors should have considered whether

there is any benefit for readers from making additional analyses of the FVC and PEFR values of the oldest trial by Schachter 1982. The

more recent trials by Cohen 1997and Tecklenburg 2007 did not report changes in FVC and PEFR.”
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1.3 6 months 1 16 Mean Difference (IV, Fixed, 95% CI) -143.0 [-425.38,

139.38]

2 FEV1 mL 4 months 1 Mean Difference (Fixed, 95% CI) Totals not selected

3 Peak Flow (L/min) 4 months 1 Mean difference (Fixed, 95% CI) Totals not selected

3.1 Morning 1 Mean difference (Fixed, 95% CI) Not estimable

3.2 Evening 1 Mean difference (Fixed, 95% CI) Not estimable

4 Geometric mean decrease in

inhaled corticosteroid use (µg)

1 61 Mean Difference (IV, Fixed, 95% CI) 38.0 [-20.46, 96.46]

Analysis 1.1. Comparison 1 Oral vitamin C vs placebo (single-dose studies), Outcome 1 FEV1 (L) - pre-

exercise challenge.

Review: Vitamin C supplementation for asthma

Comparison: 1 Oral vitamin C vs placebo (single-dose studies)

Outcome: 1 FEV1 (L) - pre-exercise challenge

Study or subgroup Vitamin C group Placebo group Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Absolute values

Cohen 1997 11 2.7 (0.94) 11 2.2 (0.96) 80.5 % 0.50 [ -0.29, 1.29 ]

Schachter 1982 12 2.6 (2.32) 12 2.8 (1.66) 19.5 % -0.20 [ -1.81, 1.41 ]

-10 -5 0 5 10

Favours Placebo Favours Vitamin C
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Analysis 1.2. Comparison 1 Oral vitamin C vs placebo (single-dose studies), Outcome 2 FEV1 (L) - post-

exercise challenge.

Review: Vitamin C supplementation for asthma

Comparison: 1 Oral vitamin C vs placebo (single-dose studies)

Outcome: 2 FEV1 (L) - post-exercise challenge

Study or subgroup Vitamin C group Placebo group Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Absolute values

Cohen 1997 11 1.93 (0.78) 11 1.66 (0.8) 100.0 % 0.27 [ -0.39, 0.93 ]

Subtotal (95% CI) 11 11 100.0 % 0.27 [ -0.39, 0.93 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.80 (P = 0.42)

2 Absolute change

Schachter 1982 12 0.21 (0.19) 12 0.08 (0.26) 100.0 % 0.13 [ -0.05, 0.31 ]

Subtotal (95% CI) 12 12 100.0 % 0.13 [ -0.05, 0.31 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.40 (P = 0.16)

Test for subgroup differences: Chi2 = 0.16, df = 1 (P = 0.69), I2 =0.0%

-1 -0.5 0 0.5 1

Favours Placebo Favours Vitamin C

Analysis 1.3. Comparison 1 Oral vitamin C vs placebo (single-dose studies), Outcome 3 FVC (L) - pre-

exercise challenge.

Review: Vitamin C supplementation for asthma

Comparison: 1 Oral vitamin C vs placebo (single-dose studies)

Outcome: 3 FVC (L) - pre-exercise challenge

Study or subgroup Vitamin C group Placebo group Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Absolute values

Schachter 1982 12 3.9 (2.98) 12 4 (3.32) 100.0 % -0.10 [ -2.62, 2.42 ]

-10 -5 0 5 10

Favours Placebo Favours Vitamin C
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Analysis 1.4. Comparison 1 Oral vitamin C vs placebo (single-dose studies), Outcome 4 FVC (L) - post-

exercise challenge.

Review: Vitamin C supplementation for asthma

Comparison: 1 Oral vitamin C vs placebo (single-dose studies)

Outcome: 4 FVC (L) - post-exercise challenge

Study or subgroup Vitamin C group Placebo group Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Absolute change

Schachter 1982 12 0.1 (0.23) 12 -0.03 (0.17) 100.0 % 0.13 [ -0.03, 0.29 ]

-1 -0.5 0 0.5 1

Favours Placebo Favours Vitamin C

Analysis 1.5. Comparison 1 Oral vitamin C vs placebo (single-dose studies), Outcome 5 PEFR (L/min) - pre-

exercise challenge.

Review: Vitamin C supplementation for asthma

Comparison: 1 Oral vitamin C vs placebo (single-dose studies)

Outcome: 5 PEFR (L/min) - pre-exercise challenge

Study or subgroup Vitamin C group Placebo group Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Absolute values

Schachter 1982 12 5.6 (4.97) 12 6 (3.98) 100.0 % -0.40 [ -4.00, 3.20 ]

-10 -5 0 5 10

Favours Placebo Favours Vitamin C
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Analysis 1.6. Comparison 1 Oral vitamin C vs placebo (single-dose studies), Outcome 6 PEFR (L/min) -

post-exercise challenge.

Review: Vitamin C supplementation for asthma

Comparison: 1 Oral vitamin C vs placebo (single-dose studies)

Outcome: 6 PEFR (L/min) - post-exercise challenge

Study or subgroup Vitamin C group Placebo group Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Absolute change

Schachter 1982 12 0.59 (0.53) 12 0.1 (0.83) 100.0 % 0.49 [ -0.07, 1.05 ]

-4 -2 0 2 4

Favours Placebo Favours Vitamin C

Analysis 2.1. Comparison 2 Oral vitamin C vs placebo (short term studies), Outcome 1 FEV1 (% drop) post-

exercise.

Review: Vitamin C supplementation for asthma

Comparison: 2 Oral vitamin C vs placebo (short term studies)

Outcome: 1 FEV1 (% drop) post-exercise

Study or subgroup Experimental Control Mean Difference (SE) Mean Difference Weight Mean Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

Tecklenburg 2007 0 0 6.5 (3.29) 100.0 % 6.50 [ 0.05, 12.95 ]

Total (95% CI) 100.0 % 6.50 [ 0.05, 12.95 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.98 (P = 0.048)

-100 -50 0 50 100

Favours placebo Favours vitamin C
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Feedback submitted by Harri Hemila, 24 March 2009

Summary

“The Cochrane review vitamin C for asthma (2009 version) has errors in the extraction of data and in the analysis.

Schachter 1982 carried out a trial with participants who had exercise-induced bronchoconstriction (EIB) so that each of the 12

participants was administered placebo and vitamin C at different times. Thus, each participant served as his or her own control (cross-

over). In Table III Schachter reported pre-post-exercise change of FEV1, so that the later FEV1 was measured 5 minutes after the

exercise. Because two observations are measured from the same participant, the placebo period and vitamin C period difference in

FEV1 change should be analysed using the paired t-test. The FEV1 data in Schachter’s Table III gives the mean difference between the

vitamin C and placebo periods as 0.20 (SD 0.33) litres/s. Schachter 1982 calculated t = 2.13 in their paper, corresponding to P[1-tail]

= 0.028.

The review presents Schachter’s FEV1 changes in Analysis 1.2. However, data in Analysis 1.2 were extracted from Schachter’s Table II,

which presents post-exercise FEV1 value measured immediately after the exercise. In EIB the fall in FEV1 occurs 5 to 20 minutes after

the end of exercise (Rundell 2009), and even Schachter reported that, on the screening day, there was no fall in FEV1 immediately

after exercise, but a significant fall 5 minutes after the exercise (Schachter 1982 Fig. 2). Therefore, extracting the FEV1 changes from

Schachter’s Table II (FEV1 immediately after the exercise) is not reasonable if the purpose is to examine the effect of vitamin C on EIB.

Cohen 1997 carried out an EIB trial with 20 participants who were administered placebo and vitamin C at different times (cross-

over). Post-exercise FEV1 was measured 8 minutes after the end of the exercise. The observations are paired also in this case and the

results should be analysed using a paired test. 9 participants had FEV1 decrease >15% on both vitamin C and placebo treatments.

11 participants had >15% FEV1 decrease on placebo but <15% FEV1 decrease on vitamin C (Cohen 1997 Fig. 2). None of the

participants had the opposite effect: <15% FEV1 decrease on placebo and >15% FEV1 decrease on vitamin C. In the paired 2x2 table

analysis, the question is whether the difference between the corners (here 11 and 0) is statistically significant. This difference gives z =

(11-0)/sqrt(11+0) = 3.31, corresponding to P[1-tail] = 0.0005.

A basic principle in controlled trial analysis requires that all randomized participants should be included in the analysis (the ITT

principle). However, the review does not give the results for all of Cohen’s 20 participants (Cohen 1997 Fig. 2); Analysis 1.2 gives the

results for only the 11 participants who had benefit of vitamin C (Cohen 1997 Table 2).

Furthermore, the review presents the average of post-exercise FEV1 values and not the pre-post-exercise difference in FEV1 in analysis

1.2. The post-exercise averages for Cohen’s Table 2 are 1.66 (SD 0.80) litres/s in the placebo period and 1.93 (SD 0.78) litres/s in the

vitamin C period (P = 0.42). However, given that the EIB is defined by the pre-post change in FEV1, the measurement of the effect on

EIB should be based on the pre-post-exercise difference in FEV1 (Rundell 2009). Furthermore, the relative effect calculated by Cohen

(Table 2; in %units) is a better measure than the absolute value (in litres/s) because the relative effect adjusts for the great variation

in baseline FEV1; the relative decrease in FEV1 is also used in guidelines (Rundell 2009). Cohen reports that the average relative fall

in FEV1 is 25% in the placebo period and 5% in the vitamin C period (Cohen 1997 table 2). Because the observations are paired,

the paired t-test should be used. The average of the differences is 20% (SD 12%, SE 3.7%), which gives t = 5.57, corresponding to

P[1-tail] = 0.00012. Thus, although the review presented only the 11 participants in which vitamin C was beneficial, the calculation

suggests that even in this subgroup vitamin C was without effect (P = 0.42), whereas a correct calculation gives a much smaller P-value.

In their EIB trial, Tecklenburg 2007 studied 8 participants who were administered vitamin C and placebo at different times. They

measured post-exercise FEV1 at 1, 5, 10, 15, 20, and 30 min after the exercise. Tecklenburg 2007 reported that the decrease in FEV1

in the vitamin C period was 6.4% (SE 2.4%) and decrease in the placebo period was 12.9% (SE 2.4%). Tecklenburg did not publish

the paired comparison, nor original data so that the paired t-test could be calculated. Nevertheless, these averages give unpaired t =

1.91, corresponding to P[1-tail] = 0.038, which is conservative, the paired test P-value would be smaller.

Thus, three trials included in the review found benefit of vitamin C supplementation against EIB at 5 and 8 minutes after the exercise

(Cohen 1997; Schachter 1982), or at the time of maximum fall in FEV1 (Tecklenburg 2007). The three P-values calculated above

(0.028, 0.0005, 0.038) can be combined by using the Fisher method (Fisher 1948). The combined P[1-tail] = 0.00007 provides

evidence that the effects of vitamin C on EIB in these three trials are not explained by random fluctuations.

Analyses 1.1, 1.3 and 1.5 present baseline data of two EIB trials discussed above (Cohen 1997; Schachter 1982). However, when a trial

specifically examines the effect of vitamin C on EIB, the relevant outcome is the difference between the baseline and the 5-10 minutes

post-exercise FEV1 values (the pre-post change), and not the baseline FEV1 value alone.

Finally, diagnosis of EIB by the change in FEV1 is well established (Rundell 2009) and the authors should have considered whether

there is any benefit for readers from making additional analyses of the FVC and PEFR values of the oldest trial by Schachter 1982. The

more recent trials by Cohen 1997and Tecklenburg 2007 did not report changes in FVC and PEFR.”
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Reply

This comment was originally submitted in March 2009 at which point the author of the feedback agreed to join the review team to

update the review in light of his concerns. Due to the unexpected duration of the review updating process, Dr Hemila requested that

his feedback be added to the review in November 2010. This comment represents an edited version of the original.

A new protocol has been written and approved by the editorial base and the review team are in the process of developing the review.

Posted by Emma Welsh, Mangaging Editor of the Cochrane Airways Group, on behalf of the author team.

Contributors

Harri Hemilä, Department of Public Health, University of Helsinki, Helsinki, Finland

W H A T ’ S N E W

Last assessed as up-to-date: 28 October 2008.

Date Event Description

5 November 2010 Amended Feedback has been published alongside the original text of the review.

H I S T O R Y

Protocol first published: Issue 3, 1996

Review first published: Issue 1, 1999

Date Event Description

1 December 2008 Amended Contact details of B Kaur altered

29 October 2008 New citation required but conclusions have not

changed

One new included study, one extension to a previously

included study (Fogarty 2003) and five excluded stud-

ies were identified. Conclusions remain unchanged.

Change in authorship.

29 August 2008 New search has been performed New search.

14 August 2008 Amended Converted to new review format.

1 April 2004 New citation required and conclusions have changed Substantive amendment
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A B S T R A C T

Background

Vitamin C is one of the key antioxidant vitamins which is abundant in the extracellular fluid lining the lung and low vitamin C intake

has been associated with pulmonary dysfunction.

Objectives

To evaluate the evidence for the efficacy of vitamin C in the treatment of asthma.

Search strategy

The Cochrane Airways Review Group asthma register was searched and bibliographies of studies identified were also checked for further

trials. This review has been updated by searches to August 2008.

Selection criteria

Only randomised controlled trials were eligible for inclusion. Studies were considered for inclusion if they dealt with the treatment of

asthma using vitamin C supplementation. Two independent reviewers identified potentially relevant studies using pre-defined criteria

and selected studies for inclusion.

Data collection and analysis

Data were abstracted independently by two reviewers. Information on patients, methods, interventions, outcomes and results was

extracted using standard forms.

Main results

Nine studies met the review entry criteria, randomising a total of 330 participants. Study design varied and the reporting was generally

poor. Five trials contributed numerical data to the review. They provided outcome data on lung function, symptom scores, IgE levels

and inhaled steroid use. One small study showed a significant difference in % drop in FEV1 post-exercise.
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