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Abstract : An effect of aging factor was investingated on correlations between electrolyte
concentrations of the human resting saliva and radial bone mineral density (BMD). The following
results were obtained. Subjects, who consented to these measurements, were 164 nontreated plus
control patients and 148 osteoporotic patients treated with the drug for improving bone
metabolism. The BMD was measured by dual-energy X-ray absorptiometry at the distal % of the
radius. Salivary electrolyte and the related indices were measured by means of thin layer sampling.

1. A significant negative correlation between the radial BMD and age was confirmed in both
female groups of the medicated- and nonmedicated-ones even after removal of the salivary
electrolyte factors.

2. Nonsignificant correlations were found between the age vs. salivary pH, and ApH, in both
female groups of the medicated- and nonmedicated-groups.

3. Although nonsignificant in the medicated female group, positive correlations between the
radial BMD vs. the salivary pH, and ApH,; were significant in the nonmedicated female group.
Significance for these coefficients remained even after removal of the aging factor.

4. In the nonmedicated female group, there was a significant negative correlation between the
radial BMD and the salivary [K*] even after removal of the aging factor.

5. In male groups, a significant negative correlation was found between the radial BMD and the
salivary [K*] only in the medicated one, and this remained even after removal of aging component.

Key words : bone mineral density, osteoporosis, resting saliva, pH, electrolyte
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Table 1. Partial correlation coefficients (r) among the three parameters of salivary electrolytes, x, the
radial BMD, y, and the age, w, in both nontreated- and treated-groups of females and males.

Parameters

Partial Correlations

X Y w Fxy.w Fyw- x Twx vy n v
Females
Nontreated
PH, BMD age 0.352*"* ~-0.519*** 0.028 68 65
H4opH,; BMD age 0.575¢*+ -0.599¢** 0.214 22 19
LAPH, BMD age 0.016 -0.666*** ~-0.119 47 44
APH, BMD age -0.068 -0.542*** -0.252 47 44
[K*] BMD age -0.348"** -0.478*** 0.088 57 54
Treated
PH, BMD age 0.046 -0.368*" 0.022 75 72
APH, BMD age -0.095 ~0.366*"* -0.005 66 63
[K*) BMD age 0.250 -0.402"*"* 0.222 50 47
Males
Nontreated
PH, BMD age 0.145 0.008 0.115 43 40
[K*}] BMD age -0.036 0.033 0.235 45 42
Treated
PH, BMD age 0.184 0.011 ~-0.382 15 12
[K*] BMD age -0.702*"* 0.234 0.394 14 11

n : the minimum number from the data in each line, which was accepted from a method of the
critical region. v : degree of freedom, pH, : pH of the saliva measured at 1 min, ApH, : difference
in pH during 4 min ( =pHs-pH,), HApH: and LApH, : subgroups of high ApH: and low ApH,,

[K*]: K* concentration of the saliva.
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Fig.1. Correlation diagram between the radial
BMD and ApH: of the resting-saliva in
high ApH, group of the nonmedicated
females (A) and medicated females (B).
Suitable regression lines (solid lines in
the panel A) and a less suitable bisector
(dotted lines in the panel A) were
obtained only for the nonmedicated
females. CTL: control, NT : nontreated, T
: treated.
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Table 2. Correlation coefficients (ry, ) between the salivary electrolytes (x) and the radial BMD (y) in the

three generations of age (w).

Generations Range
age (w) 46 - 60 61 - 75 76 - 90 46 - 90
Parameters Correlation Coefficients (Partial)
(x) (y) ra, Ty Ty Lxy . w
Females
Nontreated
PH ., BMD 0.142 0.324°* 0.044 0.352*"
n 14 44 21 68
HAopH, BMD 0.331 0.470 0.784 0.575¢*"*
n 7 13 4 22
[K*] BMD -0.057 -0.235 -0.315 -0.348*
n 14 34 18 57
Treated
PH, BMD -0.287 0.064 0.025 0.046
n 8 45 30 75
ApH BMD 0.035 -0.085 -0.161 -0.095
n 8 45 30 66
[K*] BMD -0.487 0.234 -0.012 0.250
n 6 31 21 50
Males
Nontreated
PH, BMD 0.778 0.145 0.282 0.145
n 6 36 20 43
[K*] BMD -0.379 -0.152 ~-0.417 ~-0.036
n 5 34 14 45
Treated
pH, BMD 0.476 -0.197 0.184
n 12 10 158
[K*] BMD -0.406 -0.128 -0.702"*"*
n 8 7 14
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Fig.2. Correlation diagram between the radial
BMD and age in the data of the high
ApH,; group in the nonmedicated females
(A) and in group of the medicated
females (B).
Each solid line expresses suitable bisector
or regression lines and the dotted line
expresses a less suitable one.

igsicfE - T, B TFIRB X O TARmiaob
14y iz B84 3 adenylate cyclase JEEDE T
THILENTy b THESATVEY®, kb
TREODWMORR TERED LAWESN 3 A
FYEBPMEBICHE - TERT T2 EBmES N
TWwW3Y, LHL, ThicRL TEREBO IgA
BERTES CRINEcE-TERTEH, £
N BRIERSEDE RSBV EbEsH
-( L 3 5 1!3)O

T i fE S LR B & O BN O 5 i
BEICOWTI}, HEORERERR D5 &R
EFEE ORI IAEOHEBN S B T LPVEE
B IR LER B X ORISR ER O 2SR »E
BEETLTVWAZ EMHEGEsNTVWEDY, L

E
A 1.0’—
E
(4]
N CTL + NT
o .70} t.rt.
. MALE
o :
2 -
[11]
[4 0. 03
.34+ n =66
Sls 7‘2 a‘a
AGE n
. 1
2 4
01 & 5 Qo
B : (
E
[4]
N 1
0.55’> ... .
L. MALE
a ..
=
m
r -0, 07
n 26
19 L
5‘7 7‘4 lll
AGE

Fig.3. Correlation diagram between the radial
BMD and age in the nonmedicated males
(A) and the medicated males (B).

DL, £0O—H TLRHNFERS L CRHNERD
AR TRO LBV EoHEL &
521)0
AREOFHEHNRICBNT, BE BMD bpi—
EDHE I IR EBMRE Y5 A — 5 DpH;, A
pH:, BXUF[K I BBLKICERE ORICE
EUSMHEBEZRE S b t, 2O &R, BEEK
ATIIIMERICAE S B OBREE T AR TR
W E DIELBDATET IR TH - 2,
3. BBOBERE LWMEOBMBE/ N5 A—%
& DR

TTIREZRZVL, S>DODOERBRE /5 A —
7 LEEE BMD L ORIcEBRBIED 2 VIRAD
HESED SN LI E2H|EL 89, o
FEBERALR I E B S —E DA O FE—IR BB
BTHLEBETHA L EBEPHETHP EL -
foo TDOT &, MERICHES BMD oD & i
B L T, BEEERS MBS ITTHRD I VA I



BEEIEEE & @K pH OHEB & ik o f 8 203

& BMD {EHICEER T EERRLTVS,
COEE BMD EEREBRE S A -5 L0
FEIOKRBAR IS, B & BRI & OB
B XU CaRIicBId 2 BROBEITHAF X
N5 EERWMYTXENEERERALNS
RUD, AHEICBV TS Zh & [ER I
T& 5, 74bb5, BRRWHSRNE LI
WICEVWBAERV TERO pH & B# O pH
Eofficid, MIXBERMSH B EPBLUEY
R CaRINHHE S W TEEEDIE T 345
BEOEEEIEL00 RN BESIBBOESE
REBRYWBOEZED L U Ca RINEROSE
EOMEICBVT RIER BMD 0FE L
HET3EEZON B,

T i, FHL—EOHE I IIHEOHRKER
B5 2 — 4 LEEF BMD & OHBIMNERTI
H -1, ThiT>VWTIRERINCER ZH45
L CHEBIR % R TREF L7 (Table 2), %
OFER, MBOMBESERRTF L ELIHLT
HBLERIEALVE, FOMEBOES T &IdHE
FTEL, LL, ThoDFREE—RIFEH
BABALR I, BRBMUEH OFERIEAHR L3R
BHECRED O, LBl L TZORIE
BAIRic FEMED S i, TOFFED,
estrogen K O BB 5L TTEY P BRE O
BEEZEHPE UCHER L 7 3BH R icst
TEREP LU TOAFETH BV LEFETH
HTE200ES»I3BEKLSCHETEEZL
B, BKOREINBEETH B,

# =

b FEREROEMERE SETOBEEE
(BMD) & OfBIRARIc B X ITTEMRTOR
B oWTHABLUTOREERE
1. BEOBRE 5 » — 7 OERFERVEIE
BTH, KHEOBRHUBR IR LK
HTHEE BMD LFRE OoFELADHE
RS ER S Lt,

2. B D pH BLUApH: SEEE O IRL
HOBRMUER OIERFRE B L UHRIEEHtic
BT H - 1o,

3. BRENEAOBRFELHETIIREETH
B0 LT, FEHFRLUFTIIHEE BMD &
EE# pH: B X2 0FHIZE LR (ApH) &0
MOEOHBIBGRRERTH -1t 72, Fi
RAF2RVHBEScBVTHIhoOEER %
hWEhERETH -

4. BRAUEBAOFERELHTCED SN
BE BMD LEH (K] L OFOBFERELGADH
BABEMR I3, FEMEATERVBELBVLTHE
BTHh-1o

5. B0 F — st BERARENBRERD
EE# [K*] L5 BMD & DRk DA EBLEA
OAEBERER SRS S, T OHBBIRIE, F
BRT & IERRICRIT 326D TH » 7,

L | *

BAERZZcdlcn, FERBICKBEETAEIC
BHBRAEHO I FELEBRORRBIE &
B - TEROBREBEOHE L EE
BMD 7 — % Offfic CEEE O - RIAER
BEROMFEMEECECREBLE T, &
fo, MEHENTIC O W TR A CTHIBETEVICAE
HBERO—PELHIZIOL D BRHB LTS,

X L

1) Wallach, S., and Honneman, P. H.: Prolonged
estrogen therapy in postmenopausal women. J.
A M A. 171 :1637-1642, 1959.

2) Ettinger, B, Genant, H. K., and Cann, C. E.
Long-term estrogen replacement therapy pre-
vents bone loss and fractures. Ann. Int. Med.
102 : 319-324, 1985.

3) Laine, M., and Leimola-Virtanen, R.: Effect of
hormone replacement therapy on salivary flow
rate, buffer effect and pH in perimenopausal
and postmenopausal women. Archs oral Biol. 41 :
91-96, 1996.

) BEEZ, BAEREK  BYEFY v SORTBE,
FIE v EEER, 43 :747-754, 1995,

5) hEFIER, FWEE  HEAFCBY 2 EHEE
DR - TBF —EBEE, AEREL Y-, B
B A, 21 :1827-1833, 1991.

6) 2l H, ®REREK HHEL, ANFE LERAZ
T BUIRRBHRAE, 2Mr i A, 78 : 2133-2138,
1990.

N EL ' RERER EESFR FRE LERZ
EeREEBHC B A EEZORELER, B



204 1k

ALk, 89:1410-1413, 1988

8) ik E, 8K B, MHEM  &EBKRpH 4 —
Y TBONERD pH, FO¥PE(LREEEE
HEE oBE, SFKE 44:692 1993

9) ik E BEEEFELc FVEEERORES
4 VK & OBSE, HEAHE, 21:41-50, 199.

10) Aloia, J. F., Vaswani, A., Ross, P., and Cohn, S.
H. Aging bone loss from the femur, spine,
radius, and total skelton. Metabolism 39 : 1144~
1150, 1990.

11) Nieves, J. W., Cosman, F., Mars, C, and Lin-
dsay, R.: Comparative assessment of bone min-
eral density of the forearm using single photone
and dual X-ray absorptiometry. Calcif. Tissue
Int. 51 : 352-355, 1992.

12) Ship, J. A., Nolan, N. E,, and Puckett, S. A
Longitudinal analysis of parotid and sub-
mandibular salivary flow rates in healthy, dif-
ferent-aged adults. J. Gerontol. Med. Sci. 50A : M
285-289, 1995,

13) WA, R E . BHREERE CEFHRE
BEDAF B sBRBEEEREOX/LLEE
BREBER DR, SFES, 47:597-603, 1995.

14) ABE = BEBKR pH x — %, AHEX, 128
12 H% : 139, 1990.

15) Riggs, B. L., Wahner, W., Seeman, E., Offord, K.
P., Dunn, W. L., Mazess, R. B,, Johnson, K. A, and
Melton 10, L. J.: Changes in bone mineral density
of the proximal femur and spine with aging. J.
Clin. Invest. 70 : 716-723, 1982.

16) Rajakumar, G., and Scarpace, P. J. 8-
Adrenergic signal transduction in aging parotid
and submandibular salivary glands. J. Gerontol.

E

Biol. Sci. 46 : B249-251, 1991.

17) Denny, P.C., Denny, P. A, Klauser, D. K., Hong,
S. H., Navazesh, M. and Tabak, L. A.: Age-
related changes in mucins from human whole
saliva. J. Dent. Res. 70 : 1320-1327, 1991.

18) Kugler, J., Hess, M,, and Haake, D. : Secretion
of salivary immunoglobulin A in relation to age,
saliva flow, mood states, secretion of albumin,
cortisol, and catecholamines in saliva. J. Clin.
Immunol. 12 : 45-49, 1992.

19) Heintze, U, Birkhed, D., and Bj6érn, H.: Secre-
tion rate and buffer effect of resting and stimu-
lated whole saliva as a function of age and sex.
Swed. Dent. J. 7 :227-238, 1983.

20) Pedersen, W., Schubert, M., Izutsu, K., Mersai,
T., and Truelove, E.: Age-dependent decreases in
human submandibular gland flow rates as mea-
sured under resting and post-stimulation condi-
tions. J. Dent. Res. 64 : 822-825, 1985.

21) Tylenda,C. A, Ship, J. A.,Fox, P.C,, and Baum,
B. J.: Evaluation of submandibular salivary flow
rate in different age groups. J. Dent. Res. 67 : 1225
-1228, 1988.

22) HILAFK, KiRFIkE, AHGER 0 BRRE & B
pH & 0BAfR, SFEE, 4:163-165, 1953.

23) Sarasin, C.. Osteomalacie und hypochrome
Anaemie nach Magenresektion. Gas-
troenterologia 66 : 182-197, 1941.

24) Tovey, F. 1, Hall, M. L,, Ell, P. ], and Hobsley,
M.:. Cyclical etidronate therapy and post-
gastrectomy osteoporosis. Brit. J. Surg. 81 : 1168
-1169, 1994.



