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VERSION 1 - REVIEW 

REVIEWER W Joseph McCune MD 
Division of Rheumatology  
University of Michigan  
Ann Arbor MI USA 

REVIEW RETURNED 12-Dec-2014 

 

GENERAL COMMENTS This manuscript, which presents the novel hypothesis that solar 
cycles influence the incidence of both giant cell arteritis and 
Rheumatoid arthritis, correlates the incidence of these diseases in a 
single geographic location, diagnosed in a major rheumatology 
referral center, with cycles of two measurements of solar activity, the 
F10.7 index, a proxy for extreme ultraviolet radiation, and the AL 
index, a measure of geomagnetic activity. There are thus three 
components of the paper, long term fluctuations of disease 
incidence, which this reviewer will postulate was carefully and 
accurately assessed; the selection of proxies for solar activity and 
interpretation of the possible significance of a relationship of these 
phenomena to emergence of rheumatic disease from predisposed 
individuals; and the validity of the statistical analysis. This reviewer 
cannot fully assess the accuracy of the statistical analysis and will 
leave that for other reviewers  
I am indebted to Robert Kirshner, Professor of Science in the 
Harvard-Smithsonian Center for Astrophysics at Harvard University, 
for reviewing the discussion of solar phenomena and will paraphrase 
his comments:  
“The F10.7 index used here as a proxy for the solar cycle is a 
reasonable one. It is relatively easy to measure and is correlated 
with the sunspot number. But I think it would be helpful to medical 
doctors reading this manuscript for the authors to explain why a 
measurement of the 10.7 cm radio flux from the Sun is related to the 
extreme UV emission. If you are going to explain that a free radicals 
are "reactive chemical species with unpaired electrons in their outer 
orbitals (line 326 on p.15)" then you ought to say why something at 
10 cm measures something at a wavelength that is 100 000 times 
shorter!  
I was surprised by the statistical analysis. Why were the data 
smoothed with a 3-year bin and then a Fourier analysis performed? 
It might be better to analyze the data at the full time resolution and 
omit the high frequency noise. If this were an analysis of a star with 
a periodic phenomenon, we would find the period and the phase, 
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and then fold the data at that period to show the shape of the 
variation. Short and noisy samples sometimes produce quirky 
results-- here they only have 40 years to look at an 11 year cycle. I 
wouldn't know how much to trust the significance levels without 
understanding the noise in the data. One way to see how the sample 
size and density affect the outcome would be to synthesize strings of 
data with the same noise properties and see how often you get a 
"significant" result. (I think it would be asking too much of the 
authors to dive that deeply into the statistics).  
For cause and effect, which they think might have something to do 
with the UV, vitamin D or melatonin the really relevant thing would 
be to know what the conditions were at the place where the medical 
data were collected. I don't know if they are just assuming the 
weather averages out, but I would not be astonished if there is a 
correlation between cloud cover and the solar cycle perhaps related 
to cosmic rays and ionization in the atmosphere. More local 
information might be informative.”  
From this reviewer’s standpoint it appears that the periodicity of 
solar measures and the incidence of GCA and RF do appear to 
correlate. Inspection of the graphs does not provide this reviewer 
reassurance that the there is a strong correlation and it is the validity 
of the statistical analysis that is critical.  
 
( 1) It is suggested that the number of cycles analyzed is small and 
therefore the likelihood of “noise” higher that when the same solar-
related data are analyzed over a longer period of time – do the 
authors think this is a major concern?  
(2) Given the limitations of the data does attention to “minor” as well 
as “major” peaks in solar activity add information?  
(3) Since the length of time that would be expected to elapse 
between an environmental stimulus and the emergence of either RA 
or GCA may be different it is arguably impossible in dealing with a 
cyclical stimulus which phase of the cycle is responsible for 
increasing or decreasing incidence( page 10 paragraph 2) eg 
whether an clinical event late in the solar cycle is an immediate 
response to a late phase of the cycle or a late response to an early 
phase of the cycle  
(4) The authors discuss a possible relation of sun exposure and 
vitamin D levels to onset of autoimmune disease. This is framed in 
terms of the small amount of change of UV irradiation from the sun 
during solar cycles (reference 21) which is felt to be negligible rather 
than fluctuations the amount reaching the ground through the 
atmosphere in Rochester Minnesota which may be considerable. As 
suggested by Prof. Kirshner, changes in cloud cover resulting from 
solar activity should be considered. Since weather records are 
readily accessible this is a testable hypothesis  
 
In summary this novel and interesting study raises important 
questions. The manuscript, intended for physicians rather than 
astrophysicists requires further refinement to clearlu convey the 
significance and limitations of the findings 

 

REVIEWER Professor Christopher M. Triggs 
Department of Statistics  
University of Auckland  
New Zealand 

REVIEW RETURNED 28-Jan-2015 
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GENERAL COMMENTS Th authors demonstrate an ASSOCIATION between disease 
incidence and geophysical phenomena. Their data of its nature 
cannot suggest any causal mechanism. This is not of itself a 
criticism of the paper but the authors should make clear that they are 
presenting (some) evidence for an association. The statistical 
evidence is relatively weak, but this is an almost inevitable 
consequence of the shortness of the data record.  
 
The evidence for the possible explanation for latitudinal variation is 
disease incidence is novel and fascinating.  
 
I have three specific statistical points:  
1. lines 115-117. This sentence is just wrong. The authors state 
state they are using the conventional significance levels (P <0.05 
and P <0.001) - fine. The linkage to a value of a correlation 
coefficient <0.01 cannot be true in general and should be omitted - 
even if it is correct it will depend on an assumed (and untested) 
model and even if a correlation coefficient of 0.01 was massively 
significant, statistically, it cannot be of any scientific value or 
predictive utility.  
2. The three-step moving average should be omitted from the 
figures. It hardly smooths the data at all, and the correlations and 
spectra are (correctly) computed from the smoothed data. [The 
Hanning smoother (y_(t-1) + 2y_t + y_(t+1))/4 has been known since 
the 1940s to have better smoothing properties than the 3-pt moving 
average.]  
3. In Figures 1 & 2 panels B and D since we are comparing 
correlation coefficients with the vale of 0.0 it would be good to have 
superimposed dotted horizontal lines at r = 0.00 (as well as the 
confidence limits)  

 

VERSION 1 – AUTHOR RESPONSE 

Response to Reviewer 1 (Prof. Joseph McCune). 
We thank Prof. McCune and Prof. Kirshner for their insightful comments and we have modified 
the manuscript accordingly. Our point-by-point response to the review is given below. 
“The F10.7 index used here as a proxy for the solar cycle is a reasonable one. It is relatively 
easy to measure and is correlated with the sunspot number. But I think it would be helpful to 
medical doctors reading this manuscript for the authors to explain why a measurement of the 
10.7 cm radio flux from the Sun is related to the extreme UV emission. If you are going to 
explain that a free radicals are "reactive chemical species with unpaired electrons in their outer 
orbitals (line 326 on p.15)" then you ought to say why something at 10 cm measures something 
at a wavelength that is 100 000 times shorter! 
F10.7 and solar EUV have been found to be highly correlated empirically [e.g., Feng et al., J. 
Geophys. Res., 1989]. This is not to say that the two parameters are the same or they are 
perfectly correlated. In fact, in recent years, 2007-2009, Chen et al. (2011), J. Geophys. Res.) 
found that the correlation weakens a bit (but the period covered in their study overlaps only a 
little with our study, which covers the period 1950 – 2007). This difference may come about 
because the bulk of emission of the solar EUV emission lines between 122 to 17 nm originates 
from the solar chromosphere and the chromosphere-corona transition region, whereas the 10.7 
cm emission originates from the corona. However, continuous solar EUV coverage is only 
available recently, approximately since 1995 [Floyd et al. (2005), J. Atmos. Solar-Terres. Phys.]. 
Therefore, for studies that need the trend of solar EUV going further back than 1995, F10.7 has 
been widely used as a proxy (http://www.swpc.noaa.gov/phenomena/solar-euv-irradiance). Note 
that the present study does not need the value of solar EUV, only its trend or variation and hence 
the use of F10.7 is justified. We have modified the text to state that F10.7 is empirically highly 
correlated with solar EUV, but it is not perfect. 
I was surprised by the statistical analysis. Why were the data smoothed with a 3-year bin and 
then a Fourier analysis performed? It might be better to analyze the data at the full time 
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resolution and omit the high frequency noise. If this were an analysis of a star with a periodic 
phenomenon, we would find the period and the phase, and then fold the data at that period to 
show the shape of the variation. Short and noisy samples sometimes produce quirky results-- 
here they only have 40 years to look at an 11 year cycle. 
The use of 3 years bins was selected to provide improved statistics without interfering with solar 
cycle time scales (the 11 year solar cycle is much larger than the bin size). We also performed 
the Fourier analysis without the 3 year smoothing and found the peaks remain at the same places 
(after removing the high frequency noise), although their absolute powers change some. 
However, this does not change the overall conclusion in any way because the peaks remain 
statistically significant. On a related point, Reviewer 2 did not object to using a 3 year bin, but 
instead, suggested to use a different smoothing algorithm with a 3 year window. We tried his 
suggestion of using Hanning smoothing and again found that the results are not significantly 
different. We believe that the features that we emphasize in the manuscript are fairly robust with 
respect to various smoothing algorithms and various bin widths (1 to 3 years). Bin width that is 
too small would suffer from lack of statistics. For example, bin width of 1 day would show wild 
fluctuations and would not serve our purpose well. We have modified the manuscript to make 
this point about using Hanning algorithm. 
I wouldn't know how much to trust the significance levels without understanding the noise in the 
data. One way to see how the sample size and density affect the outcome would be to synthesize 
strings of data with the same noise properties and see how often you get a "significant" result. (I 
think it would be asking too much of the authors to dive that deeply into the statistics). 
The short time span of the data record may contribute to the weak statistics, as Reviewer 2 also 
pointed out. Unfortunately, the only way to remedy this is to wait one or two more decades to 
get more data points to cover one or two more cycles. Perhaps, in the future, this can be revisited 
as more data become available. We like the suggestion of synthesizing the data but we agree 
with Prof. Kirshner that this analysis is beyond the intent of the present paper. We may use this 
approach in a follow up study, but we believe that the results would not change the conclusion of 
the present study. The purpose of the present study is to motivate and inspire such studies in the 
future. We have modified the manuscript to state the consequence of the short time span of the 
data. 
For cause and effect, which they think might have something to do with the UV, vitamin D or 
melatonin the really relevant thing would be to know what the conditions were at the place 
where the medical data were collected. I don't know if they are just assuming the weather 
averages out, but I would not be astonished if there is a correlation between cloud cover and the 
solar cycle perhaps related to cosmic rays and ionization in the atmosphere. More local 
information might be informative.” 
This is an excellent point. As stated in the manuscript, UVA and UVB exhibit little solar cycle 
variation that has been measured at < 2% [Rottman et al., Adv. Space Res, 2001]. However, the 
amount of UV light that reaches the ground can be modulated by the cloud cover, as Reviewer 1 
suggests. Unfortunately, studies on the cloud cover dependence on solar cycle has been 
inconclusive. Some earlier studies suggested that global cloud cover varies out of phase with the 
sun spot number (cloud coverage reaches maximum around solar minimum), attributing it to the 
ionization effect of the cosmic rays [e.g., Carslaw et al., Science, 2002; Svensmark and Friis- 
Christensen, J. Atmos. Solar-Terres., 1997]. However, more recent studies discounted such 
cosmic ray effect on the cloud formation and found that there is no long term trend in the cloud 
coverage [Laken et al., J. Space Weather Space Clim., 2012; Kulmala et al., Atmos. Chem. 
Phys., 2010; Amato et al. (2007), Geophys. Res. Lett.,; Wylie et al. (2005), J. Clim.]. Kulmala et 
al. [2010] also examined the effect of geomagnetic activity on cloud cover and concluded that 
there is little correlation. Some other studies suggested that there may be a solar cycle variation 
of the cloud cover at regional level [e.g., Voiculescu and Usoskin, Environ. Res. Lett., (2012); 
Laken et al., 2012]. 
We were not able to obtain cloud data specifically for Rochester or Olmsted County, Minnesota. 
However, we managed to obtain the historical (1994-2014) UV index (UVI) catalogued for the 
Minneapolis airport (MSP), which is about 80+ miles away from Rochester. This dataset also 
provides a measure of cloud cover. The data are shown in the Figure below. 
The top panel shows the UVI for clear days (UVI clear; blue) and UVI for cloudy days (UVI 
cloud; green). As expected, the UVI for cloudy day is smaller than UVI for clear day. We can 
see the strong annual variation with a maximum in the summer and a minimum in the winter, but 
there is evidence for a weak solar cycle variation. The second panel from the top shows the UVI 
clear – UVI cloudy (UVdiff), which may give a measure of the cloud cover. UVdiff shows a 
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weak solar cycle variation as well. The strongest variation is the annual variation like in UVI 
clear and UVI cloudy. The third panel plots the percent of overcast sky, which also shows weak 
solar cycle variation. The fourth panel shows the sunspot number (SSN), which should be highly 
correlated with F10.7 in our study. The fifth panel (bottom panel) shows the correlation of UVI 
with SSN (blue) and the surrogate UVI data (randomly permutated UVI data; Prof. Kirshner may 
call this “synthesized data”) correlation with SSN. The fifth panel shows that there is a weak 
solar cycle variation in the UVI data with the UVI peaks 3 years after solar maximum. The 
green line shows what the correlation would be like if the UVI data were just random. So, the 
fifth panel shows that the correlation is significant because it is higher than the surrogate data 
(our null hypothesis). The correlation coefficient is low because the UVI solar cycle variation is 
small (< 2%). 
As shown in the figure, it appears that the UVI has a strong seasonal dependence, consistent with 
previous study [Rottman et al., 2001]. It appears that overcast skies typically reduce UVI by 
around 20%. This index does exhibit a weak solar cycle dependence as well; however, the UVI 
clear skies index (which does not include the effect of cloud cover) also has a similar weak solar 
cycle dependence. The UVI has a strong seasonal variation with a maximum in the summer and 
a minimum in the winter. So, if solar UV or cloud cover were the primary causal agent in GCA 
and RA incidence, then we would expect to see one peak per year, not two peaks as found in 
Petursdottier et al. [1999] and Feldman et al. [1996] studies. We have modified the text to 
discuss the possibility of the UVA and cloud cover on the GCA and RA incidence rates. 
From this reviewer’s standpoint it appears that the periodicity of solar measures and the 
incidence of GCA and RF do appear to correlate. Inspection of the graphs does not provide this 
reviewer reassurance that the there is a strong correlation and it is the validity of the statistical 
analysis that is critical. 
We agree with the comment. It is difficult to determine the correlation by eyes alone. Therefore, 
it is necessary to perform statistical analysis. Our statistical analysis shows that the RA and 
GCA are significantly correlated with F10.7 and AL with some lags. The low (Pearson 
correlation coefficient) r suggests that the scatter is large, but the low P suggests that the 
correlation is significant. This result is further corroborated in the Fourier analysis. To improve 
the correlation, we would need to have a larger dataset and a larger set of control variables for 
the analysis to limit the scatter. 
( 1) It is suggested that the number of cycles analyzed is small and therefore the likelihood of 
“noise” higher that when the same solar-related data are analyzed over a longer period of time 
– do the authors think this is a major concern? 

As discussed above, to make sure that the correlation is meaningful, we calculated the P-value, 
which measures the probability that the r value could be obtained by uncorrelated variables. A 
value of P less than 0.05 is considered significant. We also performed Fourier analysis, which 
corroborated the regression analysis. We hope that this study would inspire and motivate followup 
studies in the future when more data will be available. 
(2) Given the limitations of the data does attention to “minor” as well as “major” peaks in 
solar activity add information? 
We believe this question pertains to the minor peaks in the Fourier analysis. We believe there 
are enough data to perform Fourier analysis. The minor peak is at the periodicity of 4-5 years, 
but the data coverage is about 50 years for GCA and 52 years for RA. So, the data covers more 
than 10 cycles of the minor peak. 
(3) Since the length of time that would be expected to elapse between an environmental stimulus 
and the emergence of either RA or GCA may be different it is arguably impossible in dealing 
with a cyclical stimulus which phase of the cycle is responsible for increasing or decreasing 
incidence( page 10 paragraph 2) eg whether an clinical event late in the solar cycle is an 
immediate response to a late phase of the cycle or a late response to an early phase of the cycle 
Here, we use the principle of Occam’s razor. For example, take the correlation between AL and 
GCA. GCA incidence peaks 0-1 year after AL reaches a minimum (electrojet reaches a 
maximum). This may suggest that (1) GCA incidence peak responds to electrojet maximum 
with a delay of 0-1 year or (2) the GCA incidence peak responds to electroject minimum with a 
6-7 year delay. The simpler interpretation is (1), which has a shorter delay. Of course, we could 
not eliminate (2), but this would require an explanation for why the delay is so long and why the 
simpler explanation (1) would not work. 
(4) The authors discuss a possible relation of sun exposure and vitamin D levels to onset of 
autoimmune disease. This is framed in terms of the small amount of change of UV irradiation 
from the sun during solar cycles (reference 21) which is felt to be negligible rather than 
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fluctuations the amount reaching the ground through the atmosphere in Rochester Minnesota 
which may be considerable. As suggested by Prof. Kirshner, changes in cloud cover resulting 
from solar activity should be considered. Since weather records are readily accessible this is a 
testable hypothesis 
We have responded above to the cloud cover hypothesis. We have modified the text to include a 
brief discussion on this hypothesis. In order to keep the manuscript concise, we removed a few 
sentences in Section 4.1.1 on the effect of solar UV. Then, we have added a paragraph in 
Section 5 on cloud and solar UV. 
In summary this novel and interesting study raises important questions. The manuscript, 
intended for physicians rather than astrophysicists requires further refinement to clearlu convey 
the significance and limitations of the findings 
In response to the reviewers’ comments, we have modified the manuscript, which hopefully 

reflects more accurately the significance and limitations of the findings. 

respond to Reviewer 2 (Prof. Christopher Triggs). 
We thank Prof. Triggs for his insightful comments and we have modified the manuscript 
accordingly. Our point-by-point response to the review is given below. 
The authors demonstrate an ASSOCIATION between disease incidence and geophysical 
phenomena. Their data of its nature cannot suggest any causal mechanism. This is not of itself a 
criticism of the paper but the authors should make clear that they are presenting (some) evidence 
for an association. The statistical evidence is relatively weak, but this is an almost inevitable 
consequence of the shortness of the data record. 
We agree that our analysis only demonstrates an association. However, we do present a possible 
causal hypothesis for the association based on inductive reasoning that could be the basis for 
additional follow up studies. We have modified the manuscript to reflect this point more clearly. 
We agree that the short time span of the data contributes to the weak statistic, but presently this 
is all the data that are available to us. In order to obtain more data to cover one or two more 
cycles, it would be necessary to wait for one or two more decades. We certainly hope that this 
issue would be revisited as more data become available in the future. The purpose of the present 
study is to motivate and inspire such studies in the future. We have modified the manuscript to 
state the consequence of the shortness of the data. 
I have three specific statistical points: 
1. lines 115-117. This sentence is just wrong. The authors state state they are using the 
conventional significance levels (P <0.05 and P <0.001) - fine. The linkage to a value of a 
correlation coefficient <0.01 cannot be true in general and should be omitted - even if it is 
correct it will depend on an assumed (and untested) model and even if a correlation coefficient 
of 0.01 was massively significant, statistically, it cannot be of any scientific value or predictive 
utility. 
Thank you for noticing it. This error was due to missing parentheses and missing words. In 
explaining the meaning of P < 00.1, we meant to state (The probability of two random variables 
giving a correlation coefficient as large as r) < 0.01. We have clarified this point. 
2. The three-step moving average should be omitted from the figures. It hardly smooths the data 
at all, and the correlations and spectra are (correctly) computed from the smoothed data. [The 
Hanning smoother (y_(t-1) + 2y_t + y_(t+1))/4 has been known since the 1940s to have better 
smoothing properties than the 3-pt moving average.] 
We performed similar analysis using Hanning smoothing and found that the results are not 
significantly better than the window averaging that we use. The results are shown below. The 
three figures shown below can be compared with Figures 1A, 1B, and 1D. We have also used 
Hanning smoothing for RA correlations in Figure 2 and found similar results (not shown). 
Similar to Figure 1a with Hanning smoothing. 
Similar to Figure 1b, but with Hanning smoothing. 
Similar to Figure 1D, but with Hanning smoothing. 
We have modified the manuscript to indicate that we have performed Hanning smoothing, but 
the results are not significantly different than the window smoothing used in the study. 
3. In Figures 1 & 2 panels B and D since we are comparing correlation coefficients with the 
vale of 0.0 it would be good to have superimposed dotted horizontal lines at r = 0.00 (as well as 
the confidence limits) 

We have a dashed dotted horizontal lines at r = 0.00, as suggested. 
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VERSION 2 – REVIEW 

REVIEWER W Joseph McCune 
Michigan Ann Arbor MI USA 

REVIEW RETURNED 13-Mar-2015 

 

GENERAL COMMENTS The authors present a highly novel hypothesis. The revised 
discussion highlights the complexity of the issue appropriately  
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