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Summary

Age-related structural and neurochemical changes occurring
in the central nervous system have been related to changes in
some rhythmometric parameters. In spite of their clinical im-
portance, only a few studies ha

ve investigated the modifications over time of serum elec-
trolytes in senescence.
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Introduction

Prevention and treatnent of osteoporosis wth vitamn D and
cal ciumhave recently been chal l enged after publication in the
New Ehgl and Journal of Mdicine on the large scale tria inthe
Vgnen s Headlth Inititative (1). Wile this paper was negative,
other new positive data on vitamn D have becone avail abl e.
Inthis aticle, newdata on vitanin D deficiency and its conse-
quences wll be discussed, anong others the relationship be-
tween vitamin D deficiency and nuscl e weakness. |n addition,
the effects of treatnent wth vitanmin D and cal ciumon the inci -
dence of osteoporatic fractures wll al so be di scussed. Mtamn
Dand caciumas additional treatnent in patients wth osteo-
porosisisthelast suject of thisreview

Mtamn D deficiency causes a |ower degree of nineraization
of the bone and in the long termosteonal acia in case of |ong-
standing vitamin D deficiency. The earlier stage is character -
i zed by secondary hyper parathyroi di sm associ ated wth bone
| ass vhich nay lead to osteoporatic fractures (2). Mtamn Dal -
so has effects outside the skel eton special ly on nuscl e tissue.
Mtamn D deficiency causes nuscl e weakness whi ch nay | ead
to fals (3). Mtamn D deficiency has aso been related to a
higher sensitivity for auto-i nmune disease such as mitiple
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sclerosis or dabetes nallitus type 1, higher semsitivity for sone
infectious diseases such as tubercul osis and occurrence of
certain types of cacer (4). In this reviewthe enphasis is on
the effects of vitanin D on bone and nuscl e ti ssue.

Longitudinal Aging Study Amsterdam

The Longitudinal Aging Sudy Ansterdam (LASA) is an epi -
dennol ogi cal cohort study in the ol der Dutch popul ationin Ans-
terdam Zwolle and s and the surrounding rural conmuni -
ties. This representative sanple of the Dutch population ca -
lects data on aging wth respect to cognition, enation, socia

life and physica function since 1992. The consequences of vit -
amn D deficiency for the skeleton and for physical function
have been investigated i n LASA

In 1996, serum concentration of serum 25-hydroxyvitamin D
(25()D was assessed in participants of LASA who were
65 years or older. Serum25(CHD was |ower than 25 nnol /|

in 13%and between 25 and 50 nnol/ in 35% Qurrently it is
assuned that serum 25(CH D shoul d be higher than 50
nnol /1 and this was the case in LASA in 52%c0of the partici -
parts (5).

The rel ationship between serum 25(CH D and the serum
concentration of parathyroid hornone (PTH was negative as
can be expected and serum PTH was naxi nal | y suppressed
vwhen serum25(QH D was higher than 80 nnol /1. It shoul d be
questioned whether the increase of serumPTH with a de-
creasing 25((H D concentration should be considered as a
physi ol ogi cal conpensat ory nechani smor as a pathol ogi cal

phenonenon. Wen the 25(QH) D decreases bel ow 50 nnol /1,

the increase of serum PTH becones steeper. A negative re-
| ati onship was observed between serum 25(CH D and the
urinary excretion of deoxypyridinoin, a neasure of bone re-
sorption, but the excretion of deoxypyridindin only increased
significantly when serum 25(QH D was below 25 nnol /1. A
posi tive rel ationship between serum 25(Q) D and the speed
of sound through the heel was found, and the speed of sound
increased significantly until serum 259D was higher than
50 mal/l (6).

Vitamin D status in Europe

The vitamin D status in the BEuropean popul ation varies be-
tween poor to adequate. Mbst surveys show that serum
25(M)D level s are higher in Scandinavian countries fol | oned
by Wéstern Biurope and lower in the Mditerranean countries
(7.8.

This was confirned in the MORE study by neasurenent of
serum 25(HD in a central laboratory facility in post -
nenopausal wonen frommnany countries. The serum 25(CH D
levels in Norway and Saeden were 86-89 nnol /I on average.
Serum 25(GH D was 64-67 nmol /1 in Veéstern Europe and 55
ma/l inltdy (9.

M Italian popul ation survey shoved that vitamin D defici ency
(serum25(YD < 25 nnol /1) occurred in nore than 60%o0of the
vonen between 60 and 80 years (10). Oh the other side a
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study in Norway on latitude 70 showed that the nini num
serum25(Q) D was higher than 37.5 nnol /1 (11).

A explanation was that the nean vitamin D intake was high,
around 10 g or 400 U per day, caused by the consunption of
ood liver al adfish

Vitamin D status in immigrants

In Véstern Erope, vitamn D deficiency occurs in inmgrants
fromnon-western countries. Sudies in general practices in
Anersfoort and The Hague showed vitamin D deficiency in
82% of the wonen. Fatigue and nuscl e weakness were com
non conpl ai nts (12, 13).

Alesson of the nonth inthe British Mdica Journal in 2004 re-
ported severe vitamn D deficiency in 11 fenal e asyl um seek-
ers wo had nany aspecific conplaints (14). Rckets and os-
teonal acia often occur in inmgrants from non-western coun-
tries. Soecia risk groups are the pregnant non-western wonen
as energed froma recent study in mdwves practices in The
Fegue (15).

Determinants of vitamin D status

Determnants of vitamin D status are sunshine exposure and
the negative factors skin pignentati on, sunscreen use, clathing
and advanced age as this is associated wth decreased syn-
thesis of vitamin Dinthe skin (2). (esity is usud |y associ ated
wth [ower serum25(HD levels but the explanation is not
conpletely certain (5. Ubanisation vas a clear risk factor in
LASAwth lovner serum25(Q)Din Atsterdamthan in the oth-
e cities and rura conmnities inthe Ntherlands. Ar pdlution
can be a cause and this has a so been reported fromindia A -
tificial utravidet light as froma tanning bed can increase
serum25(@D Nitrition, i.e cosunption of faty fish, fishal
and foods to which vitamin D has been added such as nar -
garine are inportant. Gl ciumrich nutrition can nask vitanin D
deficiency and it can al so decrease the vitamin D requi renent
(2). Qonsunption of vitamn D containing nedication or nul tivi -
tamns can increase serum25(QH D

New data on vitamin D deficiency and the consequences
for the locomotor system

Last years, new data have becone available on the inpor -
tance of vitanmin D for bone mineral density and nuscle func-
tin

Inalarge Anerican survey, NINES |11, a positive relation ex-
isted between serum 25((H D and bone nineral density, and
BMD increased wth increasing serum 25D to nore than
80 nnol /1 (16). Based on this, a serum25( Q9D higher than 80
nnol /1 is advised in the WBA by sone groups. In the sane
study a relationship was observed between physical function
and serum25(Q D The tine period in which a wa king test
and 5 chair stands were done decreased with increasing
serum 25()D (17). In this study, the nest inportant effect
was seen when serum 25(CH D increased to 40-50 nnol /1,
thereafter the tine gain vas narginal. In LASA asimlar rea-
tionship was found between serum 25(CH D and the physi cal
perfornance score consisting of walking test, 5 chair stands
and a tandemstand. Ater correction for age and sex and other
confoundi ng variabl es physical perfornance increased signifi -
catly till aserum25(@)Ddf 50 mal /1 (18).

Mtamn D and cal ciumnay decrease the nunber of falls as
seen in a neta-anal ysis in which regul ar vitamn B was com
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pared to active vitamn Dnetabd ites either wth or wthout cd -
cium

Effects of vitamin D with or without calcium on fracture
incidence

Aclinicd trid in Fench nursing hones in 1992 led to the con-
clusion that vitamin B8 800 |Uday and cal ¢ci um1200 ng/day in
conparison to placebo decreased fracture incidence wth
about 25%regarding hip fractures as well as other non-verte-
brd fractues (19. Adincd trid in Asterdamin 1996 wthvit -
anin 8 400 |Uday in conparison to placebo did not lead to a
decrease of fracture inci dence (20).

Dfferences between the studies in Lyon and Ansterdamwere
nean age, in Lyon 84 years and in Ansterdam 80 years, the
residence, nursing hone in Lyon, nixed residence in Anster -
dam cal ciumintake 514 ng/ day in Lyon and nore than 1000
ny day in Ansterdam and also the intervention, vitamn D and
cal ciumin Lyon, and vitamin D al one in Ansterdam

In Ansterdamthe amount of calciumin nutrition was nuch
hi gher, the reason wy a cal ci um suppl enent was not incl ud-
ed. The effect of supplenentation wth vitamn D and cal cium
resuted in Lyon in a decrease of serum PTH of 50%and in
Asterdam a decrease of 15% The bone nineral density in-
creased 6%in Lyon in conparison to 2.2%in Ansterdam (2).
In order to conpare the baseline serum25(YDin both stud-
ies, a cross-caibration was done. This led to the concl usion
that the baseline serum25( (D was nuch lower in Lyon, i.e.
vitamn D deficiency vas nore severe in Lyon than in Aster -
dam (21). The differences in caciumintake and in vitanin D
status and the difference in suppl enentati on caused hi gher
contrasts between treated and non-treated group in Lyon than
in Ansterdam Probably conpliance was nuch better in Lyon
because nedi cation in a nursing hone was supplied under
tight supervision, while in Ansterdam nost participants vere
i ndependent and there vas less contrd on the intake of the vit -
amin D suppl enent .

Another positive study was perforned in BEhgland where the
participants recei ved 100 000 | U vitamin B once per 4 nonths
by nail (22). The intake of the suppl enents was to be con-
firned by neans of arepy card. In this study the incidence of
osteoporotic fractures decreased wth about 25%

In Dennark, a pragnatic study conpared vitamin D8 400 11U
and cal cium 1000 ng per day wth inprovenents in the hone
and around (23). Inthis study, there were 15%l ess fractures in
the treated group than in the contrd group. On the other side,
there are nany negative trids.

In genera, vitanmin Dand cal ciumtogether leads to a larger de-
crease of serum PTH than vitamn D al one. Suppl enentation
wth vitamin D 800 |Uday appears to be sonevwhat nore effec-
tive than 400 IUday. These factors are inportant wth regard
tothe effects on fractures.

The RECORD S udy, published in 2005 reported suppl enent a-
tion of vitamin 8 800 |1Uday and cal ci um1000 ng/ day for the
secondary prevention of fractures in o der people (24). There
vere four groups in this study: placebo, caciuma one, vitamn
D al one and the conti nation of calciumand vitamin D There
vas no difference in fracture incidence considering al fractures
as well as hip fractures a one between the four groups. The
basel i ne serum 25(CH) D was not so low in this study, 38
nnol /1, and the conpliance was 50%after the first year and
A%after the second year.

Recently, a randonized trial was done in the franework of the
Vénen s Health Initiative in nore than 36000 wonen between
50 and 79 years (1). The treatnent was cal ci um 1000 ng/ day
and vitanin B 400 IUday in conparison to placebo and the
folowup vas 7 years. The bone mineral density in the hip in-
creased 1%and the intentionto-treat anaysis did not show a

185



P. Lips

sigificat dffeeenceintheinddence o hipfractues o dl frac-
tures between the treated group and the placebo group. Howw
ever, the per-protocd amdysis in petients wo in fact used the
nedi cation (high conpliance) showed a significant reduction in
the nunter of hip fractures (68 vs 99, hazard ratio 0.71).

The nest inportant side effect vas a slight increase intheinc -
dence of renal stones. As a consegquence of this tria, one nay
ask the question wat is the sense of the prescription of cadi -
umand vitamn Dfor the prevention of fractures, and as an ad-
dtional trestnent in patients wth osteoporosis wo are treated
wth bi sphosphonates or other nedication. The fact that ran-
domzed trials wth vitaman Dwth or wthout cal ciumwth frac-
tures as an endpoint are sonetines positive and at other tines
negati ve neans that the effect of ca ciumand vitanin Dis rel a-
tively weak in conparison wth bi sphosphonates for exanpl e.
Factors influencing the outcone are anong others the baseline
serum25(@)Dlevel, the lover the greater the effect, the vita-
mn D dose, calciumintake and the use of cal ci um suppl e-
nents, and conpl i ance being higher in nursing hones than in
i ndependertly living € derly.
Aprddemis apossibe ineractioninfral ederly. they are usu-
aly vitanin Ddeficient or insufficient and they have a | ow com
pliance

Vitamin D3 and calcium as additional treatment in patients
with osteoporosis

The addition of vitamin DB and cal ciumto the treatnent in pa-
tients wth osteoporasis nay lead to the fdlowng remarks: in
al negatrias wth bisphosphonates, ra oxifene, teriparatide
and strontium vitamn OB and cal ci umwere added to the treat -
nent to guarantee sufficient intake. There are no data on trest -
nent wth these conpounds wthout addition of vitamn D and
cadcium O the ather side, the caciumintake wth nutrition is
nuch | over in nost countries than in the Netherlands. In prac-
tice, this neans that cal ci umshoul d be added up to the recom
nended dai |y al | owance of 1000- 1200 ngy/ day.

Suppl enents should be prescribed to al patients wo use |ess
than 4 dairy consunptions per day. In the MRE trial it vas
stud ed wether vitanin DinsUfficiency a the stat o the trid in-
fluenced the increase of BMD It appeared that the increase was
sonevhat hi gher when serum25(QH D was | ower at the onset,
bu the dfference vas nat sigificat (2. Orthe aher side a
Japanese study in 24 post nenopausal wonen who were treated
wth al endronate 5 ny/ day had a different outcone. Suppressi on
of bone resorption wth a endronate was insufficient when serum
25D vas low and there was a significant relationship be-
tween the increase of BWMD and baseline serum 25(CH D | ead-
ing to the conclusion that vitann D deficiency was a reason for
non-response to bi sphosphonat es (26).

In practice, one should prescribe vitamin D1 dd 400 U to pa-
tients viho do not go outside in the sunshine. The latter applies
to nost petients dder than 65 years of age.

Conclusion

Trestnent of vitamn Ddeficiency or insufficiency in patients wth
serum 25(QY D lover than 50 nnol /I is inportant for optinal
bone nineral density and nuscl e function, and the prevention of
falls and fractures. Rsk groups such as inmgrants and preg-
nant wonen should get nore attention. Ratients wth osteoporo-
sis shou d take sufficient vitamhin Dand cdcium Giddines for
Gsteoporosi s shou d not be nodified in this respect.
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