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0-
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I Article abstract-We estimated survival probability and excess death rates for patients with MS on the basis of data 
ni- from the Danish Multiple Sclerosis Registry, which includes virtually all patients diagnosed with MS in Denmark I-

of (population, five million) since 1948. We reviewed and reclassified all case records according to standardized diagnostic 
1'1 criteria. By linkage to the Danish Central Population Registry, we lost to follow-up only 25 patients who had emi- 

grated. The median survival time from onset of the disease was 28 years in men (compared with 40 years in the 
iol- matched general male population) and 33 years in women (versus 46 years). The median survival time from diagnosis 
, In was 22 years in men (versus 37 years) and 28 years in women (versus 42 years). The excess death rate between onset 

and follow-up (observed deaths per 1,000 person-years minus the expected number of deaths in a matched general pop- 
ulation) was 14.3 in men, which was significantly higher than in women (12.0). Excess mortality increased with age at  
onset of MS in people of each sex. The 10-year excess death rate has decreased significantly in recent decades. Excess 
mortality was highest in cases with cerebellar symptoms at  onset. 
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:on- Since multiple sclerosis is a relatively infrequent 
line ) disease and most patients survive for several 
1. N 

decades, a large population must be followed for 
,up. many years in order to determine survival after 
and onset, especially excess mortality and differential 

survival probability in subgroups of patients. In 
e in 
ulti- most of the prospective studies published to date, 
Im- the numbers of patients have been restricted. Use 

1 of the Danish Multiple Sclerosis Registry provides 
pes- -! (1)the largest patient series studied so far, (2) in-In: a . 

clusion of all cases diagnosed within one country 
zette ; over 39 years, and (3) long-term follow-up. Access 
1 lm- other registers also provided complete registra- 
, lab- :: tion of deaths and age-, sex-, and time-matched 

an R, SuFval data for the general population for calcu- 
lahng excess mortality. 

)-64. 	 Methods. Sources of  data. A nationwide epidemiologic 
S u m e ~of MS in Denmark (current population, 5.2 mil- 
lion) has  been conducted since 1948, following 
H~llested'sl original re valence study and subsequent rom a 

,ernae 
' 

establishment of the Danish Multiple Sclerosis Registry 
nster- "which virtually all people diagnosed with MS in Den- 

fnark have been registered. The completeness and valid- 
lature f y  of the registrv were estimated to be about The 

annual incidence rate of MS in Denmark is 4.7 per 
:~t~on. 10%oOO population.3 

! 7my of 
15 lhe Danish Central Population Registry provides in- 

formation on vital s ta tus  for all Danish citizens. A 
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unique personal identification code (a 10-digit code in- 
cluding the date of birth) makes it  possible to trace any 
Danish citizen, irrespective of residence; we thus  
achieved complete follow-up of all MS patients, deceased 
or alive. A cross-check with the National Registry of 
Causes of Death, which includes all deaths that have oc- 
curred since January 1, 1943, provided information on 
deaths before the establishment of the Central Popula- 
tion Registry on April 1, 1968. As all deaths after that 
date were traced in  by both registers, information on 
deaths was considered to be valid. 

Case ascertainment. All 22 neurologic departments in 
Denmark and the two rehabilitation centers of the Da- 
nish Multiple Sclerosis Society currently send hospital 
discharge notices to the Danish Multiple Sclerosis Reg- 
istry concerning all patients suspected or known to have 
MS. Additional sources of notification included (1)the 
National Patient Registry, in which all hospital admis- 
sions since 1977 are registered by personal identification 
code, date, and diagnosis a t  discharge (ICD8) and a code 
for hospital and department; (2) the National Registry of 
Causes of Death, in which all deaths in Denmark since 
1943 are registered by direct and underlying cause of 
death according to the death certificate, name, date of 
birth, and date of death; (3) up to 1977, the National Dis- 
ablement Insurance Court; and (4) practicing specialists. 

Two of us (N.K-H. and K.H.) reviewed the discharge 
notices and available clinical information on all patients 
notified to the Danish Multiple Sclerosis Registry; sup- 
plementary clinical information, death certificates, and 
autopsy reports were requested when necessary, and all 
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cases were reclassified according to diagnostic criteria 
based on those of Allison and mil la^-,^ as  reported by 
McAlpine et al,5 further modified to include laboratory 
and paraclinical data (see reference 2, page 371). In cases 
with a doubtful diagnosis and no hospital contact for sev- 
eral years, we asked general practitioners about the pa- 
tients' disability and symptoms and signs of MS. Calen- 
dar year of onset was assessed retrospectively on the 
basis of case reports and clinical information. 

Inclusion criteria. Patients included in the survival 
study had to have (1)been notified to the Danish Multi- 
ple Sclerosis Registry before January 1,1987; (2) had ini- 
tial symptoms within the period January 1, 1948 to De- 
cember 31, 1986 (time of follow-up); and (3) been classi- 
fied as clinically definite, probable, or possible MS ac- 
cording to the diagnostic criteria. 

Patients. A total of 8,721 patients with suspected or 
established MS were ascertained from the Multiple Scle- 
rosis Registry. Of those, 6,727 patients (3,846 women 
and 2,881 men; female-to-male ratio, 1.33:l) complied 
with the diagnostic criteria and were included; 5,594 
were classified as  clinically definite or probable MS 
(83.2%) and 1,133 as possible MS (16.8%). Twenty-five of 
the patients who had emigrated before follow-up were 
counted as alive and at risk from onset until the date of 
emigration, which was provided by the national registers 
or the Central Population Registry. Most of the patients 
had been included in a previous incidence survey.3 

Nine patients, known to have died from the Central 
Population Registry, could not be retrieved in the Reg- 
istry of Causes of Death, probably owing to an inaccurate 
birth date on the death certificate. One patient who died 
in September 1968 could not be found in the Central Pop- 
ulation Registry, which was not fully operational in the 
first few months after its establishment in April 1968. 

Statistical analysis. We constructed life tables, with 
onset of MS as zero time and death as the end-point, in 
which patients were classified according to the year in 
which follow-up, emigration, or death was last reported, 
resulting in counts of "withdrawn" at time of follow-up or 
emigration and "death" at the time of death. 

The survival rates of the Danish population of the same 
age in the calendar year of onset of MS cases were calcu- 
lated from public population vital statistics (Danmarks 
Statistik) for people of each sex and used to estimate ex- 
pected number of deaths and to calculate the standardized 
mortality ratio and excess death rates (observed minus ex- 
pected number of deaths per 1,000 person-years of observa- 
tion). The standardized mortality ratio is unsuitable for 
comparing groups with very different baseline death rates; 
the excess death rate is a measure of the increase in the 
number of deaths due to the disease over that expected and 
is suitable for comparisons between groups of patients. 
Exact 95% confidence limits of excess death rates and stan- 
dardized mortality ratios were calculated assuming deaths 
to be Poisson variables6 The effect of the initial symptom 
on survival was estimated using proportional hazards re- 
gression models7 that included age at onset, initial symp- 
toms, and period of onset for men and women separately. 

We used the  statistical program packages SAS,$ 
BMDP,g and EGRETl0 for the analysis. To include 
matched population mortality statistics in the actuarial 
analyses, we also employed a computer program devel- 
oped at the Danish Institute for Clinical Epidemiology. 

Results. A total of 2,300 of the  6,727 MS patients 
h a d  d ied  before t h e  e n d  of follow-up i n  1986 ,  
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whereas  t h e  expected number  of dea ths  i n  t h  
matched general  ~ o ~ u l a t i o n  was  only 709. 
total standardized mortality ratio from onset 
therefore 3.25 (95% confidence interval ,  3 .1  
3.38), and  t h e  excess dea th  ra te  from onset 
13.0 per 1,000 person-years of observation (tab1 
The median survival t ime from onset for MS 
tients was 30 years. 

Sex. Both female MS patients and women in t 
population had better survival rates t han  men ( 
ure 1). The median survival time was 28 years 
men (matched male population, 40  years) and 
years  i n  women (matched female population, 
years), and  the excess death ra te  was significan 
lower in  women (12.0/1,000 person-gears; 95% co 
fidence interval, 11.1to 13:0) t han  i n  men (14.3; g-1ao-a! 
13.1 to 15.6). . -.:E 

Excess mortality was low in  people of each se  
the first 5 years after onset and  was even lower 
men than for women; however, i n  subsequent 
ods after onset, it rose markedly, and after 10 
of onset it was significantly higher in men than 
women (table 2). A Poisson regression model sho 
that the  effects of sex and  period after onset a 
their interaction are  highly significant. 

Age at  onset. Generally, the  excess death rate 
creased with increasing age a t  onset, from 8.6 
age a t  onset c20 years to 19.1 for age a t  onse 
years (table 1). Use of the  standard mortality 
showed a decreasing ratio with increasing age, 
ply because population mortal i ty increases 
age. 

Interaction between sex and age at onset. Th 
ference in prognosis for men and women was 
evident for low age at onset. Thus, the  excess 
ra te  among patients i n  whom MS began befor 
age of 20 years was 7.4 in  women and 10.8 in 
for onset at 250 years, t he  excess death rate 
21.4 in women and only 15.8 in men (table 11, 
phasizing tha t  t he  increase in  excess death 
with increasing age a t  onset is clearest for wo 
The  interaction between age a t  onset a n d  se  
highly significant ( p < 0.001). 

Calendar-year effect. It might be expected 
survival improved during the  study period owi 
better care and nursing of MS patients. To 
pa t ien ts  with recent  a n d  earl ier  onset ,  
mated 10-year survival for cohorts of patien 
onset 1948 to 1952, 1953 to  1958, 1959 to 
1965 to 1970, and 1971 to 1976, to give a tot 
5,547 patients. Patients for whom there was a 
than 10-year delay between onset and  diag 
were omitted from the analysis, leaving 4,72 
tients,  of whom 534 had  died within 10  year 
onset. 

Ten-year  survival  appea r s  to  have  impr 
since 1948 (figure 21, and more clearly for 
than for women. The difference in  'survival bet 
t he  sexes thus  disappears for patients with 
within the period 1971 to 1976. This improv 
in  the  survival of MS patients with time is 
only to  lower mortality in the  general popu 



95%Confidence 

All ages, M e n  

708.6 122,373 

Surv~val(%)  Males Surv~va l(%) Females 

Years after onset Years after onset 

Actuarial survival probability of Danish MS patients and of the general population. 

rate per 1,000 per year (table 3). 
Initial symptom. The prognostic value of the ini- 

tial symptom for survival was evaluated by a pro- 
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Table 2. Variation i n  excess death ra te  with period after onset of MS 	 .~k+ 
, 

--," 
death Confidence death Confidence death Confiden$ 

Sex rate interval rate interval rate interval; 

Men 2.8 1.6-4.2 12 2 10.0-14.6 21.7 19 5-24.09 
Women 4.8 3.6-6.0 10 1 8 4-11.9 16.6 15.1-18.33 

Both sexes 3.9 3 1-4.8 11.0 9 6-12.4 18.7 17 4-20;li 
:E 

' 0 2 4 6 8 10 0 2 4 6 8 1 
Years after onset 	 Years after onset 

Fzgure 2. Ten-year survival in  five cohorts of Danish patients with M S  ascertained within 10 years of onset. s 

Table 3. Time trends of 10-year standardized mortality ratios and  excess dea th  rates  from MS per 1,00 
per  year 

Period No. of No. of Standardized 95% Excess 
of observed expected Person- mortality Confidence death Confider 

Sex onset deaths deaths years ratio interval rate inteNa 
1 

Men 	 1948-1952 69 15.0 4,304.2 4.60 3.58-5.82 12.5 9.0-16:! 
1953-1958 58 15.2 4,419.0 3.81 2.90-4.93 9.7 6.5-13:; 
1959-1964 44 14.9 4,018.7 2.94 2.14-3.95 7.2 4.2-11.0@ 
1965-1970 44 12.5 3,353.4 3.52 2.56-4.73 9.4 5.8-13.1, 
1971-1976 34 16.0 4,039.0 2.13 1.47-2.98 4.5 1.9-7.8,,$!!, .:<. 
1948-1976 249 73.6 20,134.5 3.38 2.98-3.83 8.7 7.2-10;32# 

l .Jg 
Women 	 1948-1952 65 11.8 4,925.6 5.51 4.25-7.02 10.8 7.8-14:$$$ 

1953-1958 79 12.7 5,778.7 6.22 4.93-7.75 11.5 8.6-14.8& 
1959-1964 55 12.0 4,982.4 4.59 3.46-5.97 8.6 5.9-12;r 
1965-1970 42 10.5 4,297.1 3.98 2.87-5.39 7.3 46-10;! 
1971-1976 44 13.6 5,128.4 3.24 2.36-4.35 5.9 3,6-8:9,$# 

1948-1976 285 60.6 25,112.2 4.70 4.17-5.28 8.9 7.7-10.: 

Only patients ascertained within 10 years of oilset were included in the analysis. 



able4. Prognostic value of initial symptom 

Men Women 
95% 95% 

Hazards Confidence Hazards Confidence 
ratio interval ratio interval 

optic ne~~rit is  0.79 0.64-0.97 0.58 0.47-0.71 
0.74 0.57-0.96 0.72 0.55-0.96 
0.77 0.64-0.93 0.65 0.54-0.78 
0.65 0.54-0.78 0.71 0.60-0.85 

~ ~ t i ~ a t e dhazards ratios adjusted to the hazard of cerebellar onset. 
Model adjusted for age and year of onset. 

ortional hazard regression model,7 with separate 
nalyses for men and women. The effects of age 

and period of onset were included. 
Only 4,833 of the 5,547 patients with onset in 

948 to 1976 were included in the analysis, because 
me categories of first symptoms used i n  the  

atabase up to 1964 could not be recoded according 

is as the  presenting symptom, 379 (8%) had  
opia, 1,183 (24%) had upper motor neuron 
ptoms, 769 (16%) had cerebellar symptoms, 
1,537 (32%) had sensory symptoms. 

The shortest survival time was for patients with 
bellar symptoms a t  onset, and any other onset 
ptom had statistically significantly lower haz- 
ratios (table 4). In men, sensory symptoms 

ptic neuritis, diplopia, or upper motor neu- 
Wptoms. In women, there was a tendency for 

etter prognosis following optic neuritis as  the 
ial symptom. Extension of the model indicated 

the effects of presenting symptom and age at  
t do not interact statistically significantly 

n,p = 0.37; women, p = 0.49). 
fler diagnosis. Table 1(bottom) shows 
numbers, the standardized mortality 
e excess death rates from time of diag- 

median survival time after diag- 
years in men (versus 37 years in the 

Y due partly to the  fact tha t  men had a 
interval between onset and diagnosis. 

ion. Studies on the survival of MS pa- 
ave differed widely with regard to study de- 
tient type (prevalent, incident, or mixed), 

methods of ascertainment, and sample size. Few 
studies have involved prospective analyses of inci- 
dent cases"-14; others are based on cases identified 
through prevalence surveys.15J6 The study of Poser 
et all7 involved a small, population-based, preva- 
lent patient sample and a larger, probably some- 
what selected, incident patient sample. The only 
prospective analyses of survival in population- 
based cohorts of MS cases are that  from the Mayo 
Clinic,'2 which covered eight decades but included 
only 206 incident cases, and that  from Norway,14 
which comprised 542 incident cases. 

Our prospective study involved follow-up of the 
largest unselected cohort of MS patients published 
to date, with complete follow-up of virtually all pa- 
tients with a diagnosis of MS in one country over 
t he  course of four decades.  Thus,  only minor 
sources of bias are present, which would affect the 
results to a modest and estimable degree. The 
starting point of the survival analyses is the time 
of onset, but the Danish Multiple Sclerosis Registry 
ascertains patients after diagnosis, which may be 
separated from the onset by several years. The 
summary probability of being ascertained by the 

a t  follow-up would be alive; the exceptions would 
be a small but unknown number of latent MS cases 
who died from competing causes, eg, cancer or acci- 
dents, before a diagnosis of MS was established. 
We did not distinguish between death from natural 
causes and death from suicide, as there were only 
50 to 60 suicides in the  cohort.18 To evaluate the 
bias due to delayed diagnosis, we calculated and 

known to be alive a t  that time. We estimated that 
1,578 patients, representing 9,619 person-years of 
observation, had not yet received a diagnosis or 
been ascertained a t  the time of follow-up (the total 
number of person-years observed in the survey was 
122,373). Using this correction, the overall excess 
death rate was only slightly reduced, from 13.0 to 
11.9per 1,000. 

The crude survival estimates in this study are of 
the same magnitude as those in a number of other 

sampling methods in some of those studies. The 80- 
year Mayo Clinic survey of Wynn et all2 indicated 

ble cases. In a recent study from Sahlgren's Hospi- 
tal, Gothenburg, SwedeqZ2 life-table analysis indi- 
cated a 25-year survival of about 81%, but the au- 
thors did not specify whether patients who died 
from other causes were withdrawn a t  death. In the 
cohort study of US army veterans by Kurtzke et 
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Publication Geographic Sample Cases1 Survival 
Deaths parameter Findings 

Leibowitz et all9 Prevalent 266152 Mean 17.4yr 17.3yr Bias due to 
survival time 

Kurtzke et  all3 68.8%* 5.3% 68.4%* 3.8% Men with 

Prevalent 1,0551216 	 Mean 24.5 yr 17.3yr Bias by 
survival time 

Population- 5981136 Median 
based survival time 
incident after 

diagnosis 

Poser et a1 (ill7 	 Population- 224128 Median 
based mixed survival time 
prevalent-
incident 

Poser et  a1 (ii)17 1.4291170 	 Median 
survival time 

Minnesota 	 Population- 206143 25-year 76%+ 4.5% 6290+ 1.4% 
based survival 
incident probability 

Sadovnick et allG 2,3481115 	 Standardized 
mortality 
ratio 

New Zealand Prevalent 107136 	 25-year 
survival 
probability 

al,13 the 20-year survival rate was 76% and the 25- 10-year excess death rate declined signific 
year survival rate 69%. The corresponding figures throughout the study period. 
for men in our survey were 68% and 56%; however, 
when the analysis is restricted to men with onset 
at age 20 to 29, which would be a better compari- Acknowledgments 
son with the army cases, our results are similar to 

ple Sclerosis Registry for keeping the  case files, 
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Morning reduction of cerebral 

vasomotor reactivity 


I Sebastian F. Arneriso, MD; John  G. Mohler, MD; Manuel Suarez; and  Mark Fisher, MD 

Article a b s t r a c t w e  measured cerebral vasomotor reactivity during normoventilation, hyperventilation (hypocap- 
nia), and breathing of 6% CO, (hypercapnia)in 20 normal subjects during the hours of 6 to 8 AM, 1to 3 PM, and 7 to 9 
PM.Cerebral vasomotor reactivity was calculated, using transcranial Doppler, as percent change in the mean blood 
flow velocity of the middle cerebral artery per mm Hg change in end-tidal CO, during hypocapnia and hypercapnia. 
Vasomotor reactivity during hypercapnia was lower in the morning (1.72 * 0.66 %/mm Hg) than in the afternoon (2.34 

0.74 %/mm Hg, p < 0.01) and evening (2.31 + 0.56 %/mm Hg, p < 0.001). Vasomotor reactivity during hypocapnia did 
not vary significantly during the three periods (2.34 0.59 %/mm Hg in the morning, 2.43 i 0.51 %/mm Hg in the af- 
ternoon, and 2.26 + 0.52 %/mm Hg in the evening). This reduced morning response to hypercapnia suggests diminished 
vasodilator reserve during this period, and may be related to the increased stroke risk during the morning hours. 
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There is an increased frequency of ischemic stroke i t y  [MCA-BFV] fol lowing c h a n g e s  i n  P c o , )  a t  
duringthe morning,' a t t r ibuted in par t  to reduced three  different t ime intervals in 24 hours,  and re-
fibfinolytic activity,2 increased platelet aggrega- p o r t  h e r e i n  a r educ t ion  in t h e  vasodi la tor  re -
bill t~,3and increased vascular  tone4 du r ing  this  sponse in t h e  morning. 
Period of the day. We evaluated potential circa- 
dlan variation in the  vasoconstrictor and  vasodila- Methods. We studied 20 normal subjects (10 men and tor responses of cerebral vessels i n  normal  sub- 10 women). None of the participants had a history. of 
lects by measuring cerebral vasomotor reactivity stroke, TIA, or other cerebrovascular o r  cardiovascular 

middle cerebral a r te ry  mean  blood flow veloe- disorder. None of the subjects had hypertension or dia- 
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