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(EUV): lagged 1.5 months, r = –0.32, p = 0.046; (2) URT infec-
tion rate: no lag, r = 0.39, p = 0.014; (3) 25(OH)D: no lag, r = 
–0.31, p = 0.057. The association between URT infections and 
relapses was reduced after adjustment for monthly EUV. 
 Conclusions:  Relapse rates were inversely associated with 
EUV and serum 25(OH)D levels and positively associated 
with URT infections. The demonstrated lag between EUV but 
not 25(OH)D and relapse rates is consistent with a role for 
EUV-generated 25(OH)D in the alteration of relapse rates. Fu-
ture work on the association between URT infections and 
relapses should be considered in the context of ultraviolet 
radiation and vitamin D.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Multiple sclerosis (MS) is a chronic neurological dis-
ease, and the most common cause of non-trauma-related 
disability in young adults  [1] . The majority of patients 
(80–90%) present with a relapsing-remitting (RR) disease 
course. MS relapses are presently unpredictable and un-
preventable, although their occurrence can be reduced by 
immunomodulatory drug treatment and is reduced dur-
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 Abstract 

  Background:  Monthly variation in multiple sclerosis (MS) re-
lapses has been found. The relationship between seasonal 
environmental factors, infections, serum vitamin D [25(OH)D] 
and MS relapses is undetermined.  Methods:  We prospec-
tively followed a population-based cohort of relapsing-re-
mitting (RR) MS patients in Southern Tasmania for a mean 2.3 
years (January 2002–April 2005). Associations between 
monthly ambient environmental factors, estimated serum 
25(OH)D, upper respiratory tract (URT) infections and re-
lapse rates were examined using weighted Pearson’s corre-
lation and linear regression.  Results:  Of 199 definite MS pa-
tients, 142 had RRMS. The lowest relapse rate of 0.5 per 1,000 
days (95% CI: 0.2–1.3) occurred in February (mid-late sum-
mer) versus the March–January RR of 1.1 per 1,000 days (95% 
CI: 0.9–1.3; p = 0.018, weighted regression). Monthly relapse 
rates correlated with: (1) prior erythemal ultraviolet radiation 
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ing pregnancy  [2] . Relapses have been shown to vary by 
season in some  [3–12] , but not all  [13–17] , studies. Sev-
eral factors vary according to the season, any of which 
might provide putative mechanism(s) for the preferential 
triggering of relapses at specific times of the year. Factors 
could include: ambient environmental factors (such as 
sunlight, rainfall, ozone or particulate matter  [18] ); a cy-
clic fluctuation in the incidence of infections  [6]  and re-
lated physiological changes (including epidermal vita-
min D synthesis, release of melatonin and interferon- �  
production  [19] ). MS relapses have been linked with an 
array of infectious micro-organisms, including viral, 
bacterial and parasitic  [6, 10, 11, 20–27] . However, it is 
possible that infections are also influenced by monthly 
vitamin D, as higher levels boost innate immunity  [28] . 
Biomarkers of MS disease activity, such as magnetic reso-
nance imaging (MRI) and immunological aspects, also 
display seasonal changes  [16, 19, 29–31] , with monthly 
MRI lesions being related inversely to monthly serum 25-
hydroxyvitamin D [25(OH)D] levels, when lagged 2 
months  [31] .

  The majority of 25(OH)D is produced endogenously 
through exposure of bare skin to ultraviolet radiation 
(particularly UVB) which results in the conversion of 7-
dehydrocholesterol to vitamin D 3  (via pre-vitamin D 3 ). 
Subsequent hydroxylation in the liver produces 25(OH)D, 
the preferred marker of vitamin D status  [32] . In Tasma-
nia, the lag time between the maximum ambient ultra-
violet radiation and the maximum serum 25(OH)D levels 
in a healthy adult population is 1.5 months  [33, 34] .

  The seasonal relationships between MS relapses, in-
fection, ambient environmental factors and serum vita-
min D from MS patients have yet to be determined. We 
set out to examine these ecological links in a Southern 
Hemisphere (Tasmania) population-based longitudinal 
study.

  Methods 

 Patients 
 A prospective, longitudinal study design was used to follow a 

cohort of patients from residents of Southern Tasmania (tele-
phone code 62, source population = 226,559 on 30 June 2000) 
contacted via multiple resources such as medical records, MS 
clinics, the Tasmanian MS Society and the media. Definite RRMS 
patients (fulfilling both Poser  [35] , and McDonald criteria  [36] ) 
were included.

  Procedures 
 Questionnaires covering basic demographics, relapse and in-

fection data were administered at baseline and every 6 months for 

up to 3 years (January 2002–April 2005) by trained individuals, 
independent of the patients’ medical care. In addition, weekly di-
ary and telephone reporting of relapses (to the study physician) 
and infections (to the study nurse) were encouraged.

  Relapses were verified by the same study doctor and were de-
fined as the acute or subacute appearance or reappearance of a 
neurological abnormality (lasting at least 24 h), immediately pre-
ceded by a stable, improving or slowly progressive neurological 
state for 30 days, in the absence of fever, known infection or con-
current steroid withdrawal.

   Ambient Environmental Measurements.  These were collected 
from Hobart, Tasmania, and included: (1) erythemal ultraviolet 
radiation (EUV, milliwatts/square meters, sum of the surface UV 
irradiance modulated by human skin); (2) ambient temperature 
(°   C): (i) 24-hour daily minimum (before 9 a.m.), (ii) 24-hour dai-
ly maximum (after 9 a.m.) and (iii) average (mean of minimum 
and maximum); (3) relative humidity (percentage average at
9 a.m. and 3 p.m.); (4) ozone (Dobson units), obtained from the 
Earth Probe spacecraft of NASA; (5) sea level pressure (hPa, mean 
of 3-hourly measurements between 12:   00 a.m. and 9:   00 p.m.);
(6) rainfall (millimetres, monthly mean and monthly total);
(7) particulate matter PM10 (air particles with an aerodynamic 
diameter  ̂  10  � g/m 3 ).

  Calendar monthly means were calculated from the daily in-
formation. Serum vitamin D 25(OH)D levels (nmol/l) were taken 
from a previous case-control study of Tasmanian MS patients 
 [34] .

   Blinding and Patient/Examiner Awareness.  Relapse/infection 
information was embedded alongside other questions, masking 
the specific hypothesis being addressed; relapses and infections 
were verified by independent examiners, each being blinded to 
the other factor being collected.

  Statistical Analyses 
 For each calendar month, a relapse rate per 1,000 days of fol-

low-up was calculated as: 

number of relapses that month
1,000.

days of follow-up that month

 Relapse rates were also grouped by season: spring (September to 
November), summer (December to February), autumn (March to 
May) and winter (June to August). The monthly infection rate was 
similarly expressed. Correlations between the monthly relapse 
rates, monthly infection rates (all infections and only upper respi-
ratory tract [URT] infections  [3, 6, 10, 11, 15, 20–22] ) were calcu-
lated using weighted Pearson’s correlation coefficients (p values 
were derived from F test results) and weighted linear regression 
analysis (weighted least-squares model) to account for the differ-
ing number of patients contributing to the study over time. Data 
was lagged in half-month increments, up to 2 months prior. To 
account for the declining infection reporting rates over time, we 
replaced each monthly infection rate by the overall infection rate 
mean plus the regression residual. EUV, serum 25(OH)D, infec-
tions and relapses were examined using weighted linear regres-
sion (as described earlier), with results expressed as the regression 
coefficient ( � ), 95% confidence intervals and R 2  (the coefficient 
of determination) to indicate variation accounted for by the 
 model. 
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 Consideration was given to other factors that could cause re-
lapse rates to alter during the study.

  The above analyses were repeated, excluding each patient’s 
data from: pregnancy through to 6 months post-partum and also 
initiation of a new immunomodulatory drug (IMD) through to 
the study end. Patients taking an IMD for at least 1 month prior 
to the study start were deemed to be stabilized on that drug, and 
their data was not excluded. Ethical approval was obtained from 
the ethics committee of the Royal Hobart Hospital, and written 
consent was obtained from each patient.

  Results 

 Patient Characteristics 
 Two-hundred and three patients participated in the 

longitudinal study, 199 of whom fulfilled criteria for def-
inite MS. An estimated 78% of the eligible MS population 
participated (prevalence of definite MS in Southern Tas-
mania was 256 in August 2001, unpublished data).

  Of the 199 with definite MS, 149 (74.9%) had RRMS, 
of which 7 were excluded for completing baseline assess-
ments only. Patient characteristics of the RR cohort (n = 
142) are shown in  table 1 . The mean follow-up time was 
2.3 years (SD = 0.55; range: 6 months to 3 years) and 
17/142 (12.0%) developed a secondary progressive MS 
course. At study start, 111/142 (78.2%) were taking an 
IMD, an additional 6 patients started on IMD during the 
study. Ten women became pregnant. Seven patients left 
the study early (no patient died): 2 for unspecified reasons 
and 5 moved away after 6–30 months of follow-up.

  Relapses 
 One hundred and thirty relapses were experienced by 

72/142 (50.7%) of patients; 41 experienced 1 relapse only 
and 31 experienced 2 or more, averaging 0.92 relapses per 
patient over the whole study (range 0–5), equivalent to an 
annualized relapse rate of 0.40. Telephone-reported re-
lapses totalled 73 of all recorded relapses, the remainder 
being captured by the study physician at the 6-monthly 
reviews. Half of all relapses (65/130) were mono-symp-
tomatic, the remainder poly-symptomatic. Sensory symp-
toms were found in 46.1% (60/130) of relapses, motor 
symptoms in 35.4% (46), brainstem or cerebellar symp-
toms in 30.8% (40), fatigue in 28.5% (37), optic neuropa-
thy in 13.8% (18) and ‘other’ symptoms in 15.4% (20).

  The relapse rate exhibited modest seasonal variation, 
with a peak in winter [relapse rate = 1.3 (95% CI: 1.0–1.8) 
per 1,000 days of follow-up] and a nadir in summer [re-
lapse rate = 0.9 (95% CI: 0.7–1.4)].  Figure 1  shows that 
there were fluctuations in the monthly relapse rate. Over-

all, the lowest relapse rate occurred in the summer month 
of February. This month had a lower relapse rate com-
pared to March–January inclusive (p = 0.018).

  Infections 
 In total, 647 infections were recorded, averaging 4.6 

infections per person over the study (SD = 4.75, range 
0–32) or 1.9 infections per patient per year. Overall, 21/142 
(14.8%) of patients did not report any infections. Tele-
phone-reported infections comprised 122 of all infec-
tions, the remainder being captured by the diaries. Infec-
tions exhibited a similar seasonal pattern as relapses, 
with a peak in winter (2.5; 95% CI: 2.2–2.9) and nadir in 
summer (1.5; 95% CI: 1.2–1.7). The majority of infections 
involved the respiratory tract, with 453 (70.1%) affecting 
the URT and 68 (10.5%) the lower respiratory tract.

  Ambient Environmental Data and Relapses 
 Of all the ambient environmental variables, EUV was 

the only one to exhibit a significant (inverse) correlation 
with the monthly relapse rate ( table 2 ), peaking when 
EUV was lagged 1.5 months prior to the relapse rate (r = 
–0.32, p = 0.046;  table 2 ). Henceforth, we will restrict at-
tention to this climatic variable only, and have termed it 
prior monthly EUV. Monthly EUV and relapse rates ex-
hibited a strikingly similar, but inverse, seasonal pattern 
(see  fig. 2 a).

Table 1. Baseline characteristics of the RRMS patients in southern 
Tasmania

Total, n 142
Women, n 106 (74.6)
Age, years 45.8810.31 (21–76)
Disease duration, years 11.489.23 (0.1–57.6)
EDSS score (median) 2.5 (0–8.5)
IMD at baseline, n 111 (78.2)
Time on IMD drug at baseline, months

(n = 111) 25.5819.10 (0–84)
IMD type at baseline: glatiramer acetate

(s.c., 20 mg daily) 14
IFNB-1b (s.c., 250 �g, alternate days) 73
IFNB-1a (s.c., 44 �g, thrice weekly) 20
IFNB-1a (i.m., 30 �g, weekly) 3
Mitoxantrone (i.v., variable dose) 1 5

Figures in parentheses are percentages or ranges. Where indi-
cated, values are means 8 SD.

IFNB = �-interferon; EDSS = Expanded Disability Status 
Scale. 

1 Also taking IFNB (n = 5).
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Table 2. Time-lagged associations between ambient environmental factors and serum 25(OH)D and the on-
study monthly relapse rate

No lag
r

0.5-month
lag, r

1-month
lag, r

1.5-month
lag, r

2-month
lag, r

Monthly ambient environmental factor
EUV (mW/m2) –0.05 –0.13 –0.23 –0.32 –0.31
Temperature (° C)

Average (° C) –0.24 –0.26 –0.25 –0.24 –0.16
Minimum (° C) –0.20 –0.25 –0.24 –0.22 –0.13
Maximum (° C) –0.27 –0.27 –0.25 –0.25 –0.18

Sea pressure (hPa) 0.02 –0.02 –0.04 0.20 0.19
Relative humidity (%) 0.23 0.19 0.15 0.25 0.23
Particulate matter (PM 10 �g/m3) –0.05 0.10 0.10 0.22 0.06
Ozone (Dobson units) 0.07 –0.03 0.14 0.16 –0.01
Mean rainfall (mm) 0.09 n.a. 0.09 n.a. 0.22
Total rainfall (mm) 0.09 n.a. 0.09 n.a. 0.21
Estimated mean serum 25(OH)D –0.31 –0.28 –0.16 –0.17 0.11

Application of a lag indicates that the environmental factor of interest [or 25(OH)D] was lagged 0.5, 1, 1.5 
or 2 months prior to the relapse rate. r = Weighted Pearson’s correlation coefficient; correlations larger than 
0.31 in absolute size are statistically significant (p < 0.05) in this sample size. n.a. = mid-monthly levels not avail-
able.

February nadir, p = 0.018
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  Fig. 1.  Monthly variation in the crude relapse rates (per 1,000 days of follow-up). A nadir was observed in Feb-
ruary, being lower than all other months combined (p = 0.018, weighted regression analysis). 
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  Fig. 2.   a  Monthly EUV and relapse rates.
 b  Monthly serum 25(OH)D and relapse 
rates.  c  Monthly URT infections and re-
lapse rates. Smoothed relapse rates, infec-
tions (per 1,000 days of follow-up) and es-
timated serum 25(OH)D are shown (using 
a centred 3-month average). EUV was 
lagged 1.5 months prior to the relapse rate 
and data was inverted. Serum 25(OH)D 
was inverted but not lagged, and were ob-
tained from a previous study of MS pa-
tients in southern Tasmania  [34] . URT in-
fection rates were de-trended and not 
lagged. 
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  Serum 25(OH)D and Relapses 
 A negative association was found between relapses 

and estimated serum 25(OH)D, being strongest when no 
lag was applied (r = –0.31, p = 0.057, see  table 2  and 
 fig. 2 b).

  Infections and Relapses 
 The infection and relapse rates exhibited some posi-

tive correlation (r = 0.23, p = 0.163, weighted). Lagging 
the infection rates up to 2 months prior to the relapse 
rates did not strengthen this correlation. A similar rela-
tionship was found when only respiratory infections were 
considered (upper and lower, r = 0.23, p = 0.166, weight-
ed), this strengthened further when URT infections alone 
were considered (r = 0.39, p = 0.014). Henceforth, we re-
strict attention to URT infections. Both relapses and URT 
infection rates exhibited a similar seasonal variation (see 
 fig. 2 c).

  Associations between EUV, Serum 25(OH)D and 
URT Infection 
 Prior monthly EUV was positively related to the esti-

mated mean monthly serum 25(OH)D, peaking when 
EUV was lagged 1.5 months before serum 25(OH)D level 
measurements (r = 0.79, p  !  0.0005). Prior monthly EUV 
was negatively associated with URT infection rate, with 
a 1.5-month (r = –0.44, p = 0.002) lag. An inverse asso-
ciation between monthly estimated serum 25(OH)D and 
URT infection rate was evident (r = –0.40, p = 0.006, no 
lag).

  Linear Regression: EUV, Serum 25(OH)D, URT 
Infections and Relapses 
 Prior EUV (lagged 1.5 months prior to the relapse rate) 

and the estimated serum 25(OH)D (no lag applied) ex-
hibited a similar effect on the relapse rate; either prior 
EUV [ �  = –6.6 (95% CI: –13.1 to –0.13)  !  10 –3 , p = 0.046] 
or serum 25(OH)D [ �  = –12.6 (95% CI: –25.7 to 0.4)  !  
10 –3 , p = 0.057] individually accounted for around one 
tenth of the variation in relapses [R 2  = 10.3% for EUV and 
9.5% for 25(OH)D].

  URT infections also exhibited a strong association 
with relapses [ �  = 124.3 (95% CI: 27.2–221.3)  !  10 –3 , p = 
0.014], accounting for 15.4% of the variation in relapses. 
However, the association between URT infection and re-
lapses and between prior EUV (lagged 1.5 months) and 
relapses were reduced after further adjustment for each 
other, suggesting that the URT infection-relapse associa-
tion was not independent of prior EUV. The model con-
taining both prior EUV and URT explained 18.1% of the 

relapse rate (p = 0.028), results being as follows: for URT, 
 �  = 98.4 (95% CI: –9.8 to 206.6)  !  10 –3 , p = 0.073; EUV, 
 �  = –3.8 (95% CI: –10.8 to 3.3)  !  10 –3 , p = 0.28.

  Similarly, the associations between URT infection and 
relapses and between estimated 25(OH)D and relapses 
were reduced after adjustment for each other (URT,  �  = 
101.5 [95% CI: –4.2 to 207.2]  !  10 –3 , p = 0.059; 25(OH)D, 
 �  = –7.4 [95% CI: –21.2 to 6.3]  !  10 –3 , p = 0.28). The 
model containing both estimated serum 25(OH)D and 
URT explained 18.1% of the relapse rate (p = 0.027). This 
data might suggest that URT infections and EUV (1.5-
month lag) or 25(OH)D (no lag) might be partly on the 
same pathway.

  The magnitude of findings did not substantially 
change when data collected during new IMD use or preg-
nancy were excluded. The proportion of cohort members 
on IMD did not differ by month of survey.

  Discussion 

 Monthly relapse rates were inversely associated with 
ambient ultraviolet radiation and estimated vitamin D 
levels, and positively associated with upper respiratory 
tract infections.

  We observed a modest seasonal variation in relapse 
rates with a peak in winter and a nadir in summer – the 
lowest relapse rate being observed in February (mid-late 
summer) in our southern hemisphere MS cohort. This 
variation echoes findings from MS cohorts residing in 
the northern hemisphere, although subtle differences can 
be seen in the timing of the relapse peaks and troughs 
across different studies  [3–12] . The interesting monthly 
relapse pattern, with a reduction particularly in Febru-
ary, suggests that thresholds for EUV exposure may be 
involved, and this should be considered in further work.

  Methodological Issues 
 To capture the seasonal patterns of ambient measures 

and vitamin D levels, we used ambient data from Hobart, 
the largest city in southern Tasmania, and monthly mean 
vitamin D levels from MS patients from a previous Tas-
manian study  [34] . One might assume that the high use of 
IMD could mask associations or variations in the relapse 
rates. However, despite the high use of IMD, we were still 
able to observe a seasonal trend and monthly effect and 
our relapse rate was similar to other studies  [37–39] . Fur-
ther, IMD use did not vary by month. In addition, others 
have shown that the use of IMD does not alter the rela-
tionship between relapses and infection  [11] .
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  One third of infections are likely subclinical  [40] , in 
the absence of serological testing, we were neither able to 
detect subclinical infections, nor confirm the presence/
source of infection. Neither did we attempt to measure 
the duration or severity of infections; both are highly sub-
jective outcomes difficult to quantify meaningfully. 
However, by capturing clinically apparent infections, we 
may have considered more severe infections.

  Relapses, UV and Vitamin D 
 We found that the variation in monthly relapse rates 

was inversely related to the variation of monthly ambient 
erythemal ultraviolet radiation, with low EUV levels as-
sociated with a subsequent higher risk of relapses some 
one and a half months later. This lag time is compatible 
with a role for UV-generated vitamin D. Firstly, EUV was 
most strongly associated with monthly vitamin D if the 
estimated vitamin D was lagged by 1.5 months – this 
same lag has been previously found in a healthy Tas-
manian adult population  [33] . Secondly, relapse rates 
were most strongly associated with estimated monthly 
25(OH)D levels when no lag was applied. Sun exposure is 
the main source of 25(OH)D for humans  [32] ; this is also 
true in Tasmania, where we have confirmed that the con-
tribution of dietary vitamin D to serum 25(OH)D is small 
 [34] . Vitamin D has a biologically plausible role in MS as 
an immunomomodulatory agent capable of down regu-
lating T lymphocytes (which express vitamin D recep-
tors)  [41] . This modulation of the immune system could 
conceivably have a direct impact on relapses. UV radia-
tion could also produce similar immunomodulatory ef-
fects via mechanisms not involving vitamin D, including 
direct suppression of Th1 cytokines or suppression of 
melatonin  [41] .

  Relapses, Infections, UV and Vitamin D 
 We also found that relapses were positively associated 

with infections, with upper respiratory tract infections 
showing the strongest associations. Others examining 
different infection types in relation to MS relapses also 
found the strongest association with upper respiratory 
tract infections  [10, 11] . Interestingly, we found both pri-
or EUV levels (1.5 month lag) and estimated serum vita-
min D levels (no lag) to be inversely associated with upper 
respiratory tract infection rates. Further, the associations 
between upper respiratory tract infection and relapses 
and between 25(OH)D (or prior EUV, lagged 1.5 months) 
were both substantially reduced after adjustment for each 
other, suggesting they might be acting partly on the same 
pathway. While this study is unable to prove causality, 

recent evidence shows that vitamin D affects the innate 
immune system  [28, 42] , and could therefore influence 
infection rates. It appears biologically plausible that vita-
min D could modify the infection rate in people with MS, 
which in turn influences the relapse rate. The interplay 
between UV exposure, vitamin D, upper respiratory tract 
infections and relapse rate would best be explored in a 
prospective individual-level analysis, with repeated mea-
sures of vitamin D and infection, on MS individuals.

  None of the other ambient environmental factors ex-
amined were significantly associated with relapses. An 
association between environmental pollutants such as 
particulate matter (PM10) and relapses was found in a 
Finnish study  [18] . We found no association in Tasmania; 
neither did we find an association with another pollutant, 
ozone.

  Contextualizing Findings 
 Greater sunlight exposure, higher vitamin D supple-

ment intake and/or higher serum 25(OH)D levels appear 
protective against the development of MS or autoimmune 
encephalomyelitis  [43] .   Our study indicates that low am-
bient sunlight and low serum 25(OH)D are also associ-
ated with clinical disease activity (relapses) in MS. Given 
that low sunlight exposure and serum 25(OH)D deficien-
cy occurs in a high proportion of MS and healthy popula-
tions in Tasmania  [34]  and worldwide  [32] , our findings 
point to putative modifiable factors in the quest to mod-
ify MS relapses.

  Even in this predominantly IMD-treated MS popula-
tion, a further reduction in relapses might be possible. If 
the cross-sectional effect is causal, raising the UV from 
the yearly average (Jan 2003–Dec 2004) of 34 mW/m 2  to 
the summer average of 67.4 mW/m 2  could translate into 
a decline in the relapse rate by 0.08, which in this popula-
tion with an annual relapse rate of 0.4 could mean a 20% 
reduction in relapse rates (based on  �  estimates derived 
from the weighted linear regression). Equally, raising the 
serum 25(OH)D from the yearly average of 51.9 nmol/l to 
the maximum levels reached (74.8 nmol/l in February) 
could translate into a decline in the relapse rate by 0.05, 
which in this population with an annual relapse rate of 
0.4 could mean a 14% reduction in relapse rates. These 
estimates are based on a possible causal interpretation of 
higher EUV and lower subsequent relapse rates. The cau-
sality of the observed associations and the complex inter-
relationship between UV, vitamin D, infections and re-
lapse rates requires further investigation.
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