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Predictors of Nutritional Decline in Well-nourished Community-living Elderly People
Shu Kumagai*®. Hiroshi Shibata*? and Harumi Yukawa *?

*! Community Health Research Group, Tokyo Metropolitan Institute of Gerontology -
*2 Obirin University Graduate School ; *3 Kokugakuin Tochigi Junior College

The predictive factors of nutritional decline in well-nourished functionally competent community-living elderly
people were investigated, based on a two-year longitudinal study {1994-1996) . The subjects were well-nourished,
with a mean serum albumin level >4.0g/d/ (men. 417g/d! ; women, 425g/d/) , and functicnally competent elderly peo-
ple (61 men and 194 women) aged 67 years and over (mean age, 72.3 years) living in a rural area (Nangai village,
northern Japan). Potental confounding factors were simultaneously investigated at the baseline, and predictive fac-
tors for serum albumin decline (=0.2g/dl) over the 2-year study were subjected to a multiple logistic regression
analysis.

The respective average levels of serum albumin decline for the men and women were 008 and 0.10g/d/ over
the 2-year period. The decline of serum albumin was positively and independently associated with hospitalization
within one vear (3.16 relative risk (RR). 95% confidence interval (CI); 1.13-8.81, a fall within one year (221 RR. 95%
Cl; 0.89-545) . a low level of leisure—time activity (never or sometimes, 2.17 RR, 95% CI ; 0.98-4.82), and limitation (o
high—-level functional capacity (instrumental self—-maintenance score < 5 : subscale of Tokyo Metropolitan Institute of
Gerontology Index of Competence, 268 RR, 95% CI ; 0.95-7.77). These four factors had a synergistic effect on the
serum albumin decline ; relative to the reference group with no one applicable factor. RR of the groups with at least
one and two applicable factors were respectively 1.83 (95% Cl; 076-4.42) and 7.12 (95% CI ; 2.41-21.01). after
adjusting for potential confounders.

The results suggest that physical inactivity accelerated the decline of nutritional status with advancing age in
well-nourished functionally competent community-living elderly people.

Jpu. J. Nutr. Diet, 63 (2) 83~88 (2005)
Key words : longitudinal study, albumin, nutritional decline, functionally competent elderly person
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EFFECT OF EXERCISE ADHERENCE ON LONGITUDINAL CHANGES IN
HEART RATE AMONG COMMUNITY-DWELLING ELDERLY

YUKO YOSHIDA, SHU KUMAGAI MIHO SUGIURA. TAKETO FURUNA.
HIDEYO YOSHIDA, HUNKYUNG KIM. SHOJI SHINKAL
SHUICHIRO WATANAEA and TAKAO SUZUKI

Abstract

Background: High heart rate (HR) has been associated with an increased risk of cardiovascu-
lar disease and mortality due to all causes, The present study was conducted to examine the
elfect of exercise adherence on longitudinal changes in resting heart rate among a population of
community-dwelling elderly.

Methods: The subjects were 133 men and 209 women aged 65 and older who participated in a
baseline survey in Auvgust 1992 and were subsequently followed annually for 8 vears. Resting HR
was measured in the sitting position. The indepeadent variable was the longitudinal change in dif-
ferences of HR(A ) from 1996 to 2000. Dependent variables were age. heart rate, smoking habit,
TMIG index of competence score, and states of exercise adherence during the period 1992-1996.

Results: Multiple regression analysis showed that heart rate in 1996 and smoking in men, and
heart rate, TMIG index of competence score, and exercise adherence during the period 1992-1996

in women were significant]ly associated with longitudinal change in HR.
Conclusion: Exercise adherence reduced the increase in HR of elderly women. These resulis
suggest the importance of exercise adherence in elderly women,

(Ipn. .. Phys. Fitness Sports Med. 2005, 54 : 295~304)

key word ! leart rate, longitudinal change. community-dwelling elderly. exercise adherence
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Table 1. Number of participants during the follow~up period.
Men (%) Women (%) Total (%)
Baseline survey in 1992 Subjects 375 559 934
Respondents 300 (80.0) 448 (80.1) 748 (80.1)
Follow~up survey in 1996%
Respondents 230 (76.7) 372 (83.0) 602 (80.5)
Rejects 1 (0.3) 0 (0.0} 1 (0.1)
Institutionalized 10 (3.3) 15 (3.3) 25 (3.3)
Long—term absent 1 (0.3) 4 (0.9) 5 (0.7)
Death (cumulative) 41 (13.7) 38 (8.7) 80 (10.7)
Other, home visit 17 (5.7) 18 (4.0 35 (4.7}
Short-term absent 0 (0.0) 0 (0.0) 0 (0.0
Follow—up survey in 2000%
Respondents 190 (63.3) 314 (70.1) 504 (67.4)
Rejects 0 (0.0) 1 (0.2) 1 (0.
Institutionalized 3 (3.0} 18 (4.0) 27 (3.6)
Long-term absent 3 (1.0) 20 (45) 23 (3.1)
Death (cumulative) 98 (32.7) 90 (20.1) 188 (25.1)
Other 0 (0.0) 1 (0.2) 1 (0.1)
Short—term absent 0 (0.0) 2 (0.4) 2 (0.3)
Unknown 0 (0.0) 2 (0.4) 2 (0.3)
Subjects of this analysis 133 (44.3) 209 (46.8) 342 (45.7}

% % = (number followed up/respondents in 1592) X 100
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19964 D FEF % table 3-a. table 3-b (IR L 72,
FUTREROATHEE Ao, BF)%k LEC
EREGHPEHHETE D 272 (p<0.05). LHETIE,
I7., BEHTEE, BLU, BERRTEEICEE
EVRON, EEIL L. EEPRNC R GER D
‘ol (FhFR p<0.05).
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Table 2. Characteristics for participants in 1996.
Men(n=133) Women(n=209)
Age (years;meanSD) 73.8+4.2 74.3+45
Body mass index (ke/m”; mean = SD) 224+238 231%=34
Systolic blood pressure (mmHg; mean=SD) 14254219 14454229
Diastolic blood pressure (mmHg;mean=xSD) 7754103 76.5+10.5
Total cholestero! {mg/di; mean=+SD) 171.9+313 199.9:+32.2
HDL cholesterol (mg/dl;mean==SD) 501127 52.3%13.2
Serum albumin(g/dl; mean=SD) 4.02%0.21 4.14+0.20
HbA1c (% ; mean=+SD) 5.7x0.6 58+%0.7
Hand grip (kg; mean=SD) 33.3£6.2 21.2+4.6
Normal walking speed{m/s;mean=®SD) 1.20£0.22 1.06+0.25
Maximum walking speed{(m/s;mean=S0D) 1.91+£0.37 1.57+0.36
TMIG-Index of Competence score (score;meanzSD) 12113 11.3422.0
Current drinking(%6)
current 61.7 18.6
past 1.3 4.8
never 271 75.6
Current smoking (%)
current 35.3 1.9
past 28.6 1.0
never 36.1 97.1
Regular physical activity (9%%)
sedentary 78.2 83.3
regularly 21.8 16.7
Hypotensive drug use (%)
use 40.6 416
non-use 59.4 58.4
Electrocardiography (%)
normal 36.1 349
need for follow-up 458 459

need for detailed examination 18.0 19.1
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(p<<0.05) (table 4).
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Table 3-a.

Comparison of characteristics for men between the groups in 1996,

State of exercise

sedentary jﬁ::g; ar';: regularly
(n=94) (n=22) (n=17)

Age (years;mean=+SD) 732438  755%+60 74932 =%
Body mass index (kg/m’; meanz:SD) 222428 22.1£28 24028
Systolic blood pressure (mmHg; mean SD) 140.5:£21.7 150.2%249 1439+173
Diastolic blood pressure (mmHg:mean=SD) 76.4+98 804123 79594
Total cholesterol (mg/dl; meanSD) 17204305 172,9436.1 170.1230.7
HDL cholesterol (mg/di; mean3 SD) 5074129 4801130 498.3+11.7
Serum albumin(g/d!; mean=+SD) 4024021 400x025 4.02:x0.15
HbA1c (%6 :mean==S8D) 5.74+058 561+050 5.66=0.51
Hand grip (kg: mean==SD) 33562 31.7k65 34.1%54
Normal walking speed(m/s:mean==5D) 1224022 1103021 1.21%£0.19
Maximum walking speed(m/s;mean=SD) 1.83+038 1.78+034 1.97+0.32
TMIG-Index of Competence score (score;mean®SD) 12.1£1.2 11.9+17 123408
Current drinking (96)

current 58.5 63.6 76.5

past 9.6 22.7 58
never 319 13.6 176

Current smoking (96)

current 36.2 273 41.2

past 28.7 22.7 35.3
never 35.1 50.0 23.5
Hypotensive drug use (%)
use 35.1 54.5 529
non—use 64.9 455 47.1

Electrocardiography (96)

normal 37.2 40.9 23.5

need for follow—-up 45.7 36.4 58.8
need for detailed examination 17.0 22.7 17.6
% p<C0.05 sedentary/regularly > sedentary
BILBbEN S o T:
..~_.(~/Lﬂ:ig7)} A3 7. V. % g
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Table 3-b.
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Comparison of characteristies for women betwcen the groups in 1996,

State of exercise

sedentary iﬁgzl?lt:rz regularly
(n=158) (n=30) (n=21)
Age (years;mean=*+SD) 741444 75.0%5.2 746+40
Body mass index (kg/m’;mean=SD) 232434 233+35 22533
Systolic blood pressure (mmHg: mean=+SD) 1435221 150.8=£23.7 14331274
Diastolic blood pressure (mmHg;mean+SD) 7594103 8014117 753%95
Total cholesterol (mg/dl; mean+SD) 200.7+33.6 201.1£285 1921265
HDL cholesterol (mg/di; mean=SD) 526135 4844121 5424126
Serum albumin(g/dl;mean+SD) 414021 414017 4.13%0.18
HbA1c (% ;mean=£SD) 577+£0.72 575061 592+0.81
Hand grip (kg:mean+SD) 20846 22053 23.1%29
Narmat watking speed(m/s;mean=SD) 1.04£0.24 108029 1.22:+0.20 *
Maximum walking speed(m/s;mean=SD) 1544035 157%037 1.83+032 *
TMIG-Index of Competence score (score;mean®SD) 11.3+20 11.2+25 118*11
Current drinking (%)
current 19.6 233 143
past 3.8 133 0.0
never 76.6 63.3 85.7
Current smoking (%)
current 19 0.0 438
past 0.0 3.3 48
never 98.1 96.7 50.5
Hypotensive drug use (96)
use 39.9 46.7 47.6
non-use 60.1 53.3 524
Electrocardiography (%)
normal 3713 20.0 38.1
need for follow—up 43.7 63.3 38.1
need for detailed examination 19.0 16.7 238

*p<0.05 regutarly >sedentary, sedentary/regularly
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Table 4.  Longitudinal changes cf heart rate between 1996 and 2000.
State of exercise
sedentary
Total saedentary Jregularly regularly
{(n=133) {n=94) (n=22) (n=17)
1996 705115 70.0+10.6 7354116 69.54154
Men 2000 7214120 71.5+12.2 771117 69.5+105
A 1.6+120 144123 3.5+104 0.06+128
State of exercise
Total sedernt sedentary egularl
° any /regularly reguiarly
(n=209) (n=158) {n=30) (n=21)
1996 73.1%+10.5 :I - 72.8+10.1 ] - 17.1£120 69.94+98 =
Women 2000 76.2+12.9 77.14£13.2 76.8:+13.1 68781 ek
A 3.1+106 43+10.4 -0.3+109 -1.2%+98 ¥k

(mean £SD, unit : beat/min)}

T11p<0.001 Comparison of longitudinal change in heart rate.
% p<0.05 sedentary/regularly > sedentary, regularly

%% p<0.05 sedentary, sedentary.‘regularly >regularly

* %% p<0.05 sedentary > sedentary/regularly, regularly

Table 5. Multile regression analysis for differences in heart rate from 1996 to 2000.
Men Women
B

Age 0.060 -0.102
Heart rate -0.440 xx ~0.226 #oxx
TMIG~index score -0.020 -0.224 *x
Hypotensive drug use 0.053 0.092
Electrocardiography -0.030 0.119
Current smoking 0.185 * 0.061
State of exercise 0.005 =0.171 #x
r? 0.270 0.165

Relationship of exercise from 1992 to 1996 and the longitudinal change in differences
of heart rate (3 ) from 1996 1o 2000, adjusted {or age, heart rate, TMIG-index score,
hypotensive drug use, electrocardiography, and current smoking in 1996.

*p<<0.05, k*xp<0.0], *%%kp<0.001

BEOEMBEOERD, TOHEDLIPBROMBETE
fLiZfERLTWwAZ ERRLL.

AR T2 19964F > & 20004E THEWAI 2 (BB D
AR SN, LR L DI S Bk 2w T
BV OAEEIN LR SNTWES, 1 ~T4E* &8I
L7-dEHiIFge2®, B LU 18~70 % 4f Iz L7

BT F7e T, IoEsiofE o CIRRoE(kiE w2 &
PHREXNTVE® . F7, 10~99FHRIL
7oHEEEFZE T, sV LIRRIETT A 2k
PHESNTWAEM ) T4 IREEHBYI, 61
B B % A8 L oM ER AR T ks R e 0E
T A I EARESATWEP 2RI —



302 FHH, BE. &, b% F8, & FR, 8L, &K

LA, ZHUL. BIEOFERLHROENIE L
LABH, ZOHIIOWTIESHEES ML TV
VENHD.

FATHRZEIZ L 2 EFAN BT O%HRICL D, L
HEAFETTAIENEESATLER™Y, i
EEAR B B ERAEET SRR L. BIZCEA
ZEGIIZBILIIEETD. INSETHEOS
(i, EFHECHE, WMETmMEICHEEL, —%
EEEELL OB TEM S LS laboratory-based
(L BEENE V. T BCEHEOEHOZE
ZDoWTHRESKh TWAREEE# iR E LTS
ROM —= 2 FOEMKICL BB TIE, PEED
EENT G LAEEIISE L. RHSO.CHRIZET
TAIEDPHEEIATVEE . CoLsiz L
BOBRTIZEEANLZEHOATIZR S, BOEH
B TH OIS EEE RIIT I LRSS R
Tvb,

A RYHEMETH Y, FEOFHF L 2 (3
AT L B b, T, EBOMEECHME, L
ZEL—ETIERZY, LA-L. X"—=AF1>2D1992
70 5 1996 4F 3 T o L) B R 0 HEFEIRIT F 121996
£, BIU2000ED L HENETRETL L, X%
ZBWTODA, EEL LETIILEROENEAL
fohs, ERPETE. EEIRHETIEININIED S
Ny, BEA LAROEEN L EICEELTVS
ZEMTRENT, 51 FEHRLIHRICEET S
FEF2RAELALETHIEToThH, EHTEBOMK
FIMMEFZOCARCEETRIZLTE Y, @)
DHREHEMER I LI VEHTAIENRSNR
7o SHUIEEBDIIBT 2 BHMROEERE TR T
HATHY, SSLIHETILEND S,

¥ LHAFIIAT A EBOREII LD A TH
Banio, T BHEUIESTEOEILANLH
I X DR EE) O BB A LG
BOMIMOMEIER LA A ELORL. K
FECI, EDOFERIKNRIENEBEICI>VT LI
ExiTo7:. TOHER, THIIBTHHETHERL.
Efe LB, SERMBE IR CESRERETEY
BETRLIY BETRIOEEIED O 7.
DFh, FERETHVWEHEE IS TOmEIC
HEIRHETZIFACTELENEETHD Lo T,
ZHTRONI L) BB R BETELDHIC
., S5 LEERPREOSVERSOE/RISLETDH

HIENEZLOND, ZOREOVWTIESHIRFT
NEETH5.

5. BETIE, N—2F 1 > OBFERIEA.CH
HOELIHBLTEY. RENS A0
OEIMEIF LCTuFz, —RZACBEIZ L hLdaE
IR 20, DR B IERRE S & b v
TEGIZIT) 1S KPR OSER L IR RE
A, BHEZHE LRI oWTIE, K
37 1) » OHNR 3-adrenoceptor DIET, %
M EBOMMRPRAZCRAEEE OB T 2 & B2E
(2D LS T 2 Z S IORAT S L
EXINTHE, £/ BELCLIARCY R 208N
BFoOLEMOT N5 ALEDEIEREIENS
00 MRS HRE IR RS A RITT D LS
HEEINTWES, BESIEREBEL IS POEE
ERIBLTVBILNEZLONLD, KTEOHR
DBFIIDOVWTERTAILIEE LV,

EFEDORFIUOVWTTH S, £F. (A
BIRERLEELZEICIVEELZOLD, £hb
Ny —A%PBRLTEAZERTLIILFEE Ly
DoLhL. miEIRERER R ARG £y —
ADFEFIZE L. AFETIE. REFSHE, £
WRELR RIS, DI S o THRAERT & L
THEAMER R, 2512, BZIiB35L8H
MRFHZALALLTEN LT,

FIZ. X RBILTIEI996E D HEFIZBT LA
HEFEBL. AL D IROFEREILEL
Twh, ZOZk 5325 LGRITHOELIZE
BENLANAOELLELLNDA, FADOARID
—HOBEECEFTEC R EEELD. KR
BT AMNMTEITOEEILTITHELEELD
5.

37, BEBAEICOWTTHAD. FHETHV
TEEPBUIE. FEAECBVTEIEERAD Tl
By FHETALO LSRR FEHLA. R
Tk, Bk MRIRIZ D WT S TaZfARRRE Y
BBEELTVETH, LPHBTHERILTYS
A, FEFgED DEEHEE, JREIThTVLY, [
WEERHRICERS A RFHEN L2 B
Bh@EE»S 50k - 68, 8. "AH-v 8 TE
WAL, WEoEL, SHEHENT A POFKRE
SELEHSABATREBELTVD, FOHKE.
AR~y , BCEOBEREIEL. TEMHE L,



BIBETHEE B 2 MM ROBER LOBROEH £

B THUE - B BT FEHESALSKE
WIZEPHEEINTWwA, ZALO¥ENIS, K
FAIBITA TR - REEE BANCEELEY
MR L HMF L, BERETOBEr—EL VL
TA7:0 LEHYIE, (J3E€3 TR T 7.

/. MHORETHHH, 1992EDEHOHAE
1387% N — P E-NTH), FEHIFBEII2~4H
ORHBIETHL LHESRLTVEY, T
2, KWEoESE, . WE HEL L%
Tixhuv, EHOZHRHIFEDL S, R ES
DHENTOFZOLIAFOBEMETIH L7 2 L H%E
ZoHhb,

V. #& B

KFFEN#ER. THEOATERM L ES0REIL
ZOROLHBRIIFEL. EHODRII LEYEN
b FHmT A 2R LT, HURIZEET
L EEE v g Lo AR S o REN . B
HERPEBLVCHYHLED—2TH A, RIFFEDHE
Bz LAREEEL LCERToREOERRCE
EIAHEETHAI L2 BHRL. AHoREDM
FILLGEMHEHENIIRI ARTOWC I L 0EEN
FRTLOTHo7/. $~FT. LHTFEDHHN
B OREVBETEALNL VW L2, B
SEHEICBOTIE—EMEN LOENERHYLET
BHHIEBELLNL, EFETELSNLEEE
B L LB BEORBII>WTIE. 4B AN
TIZELIHEL TS ELEYH B,

E

HEFEEETREAREGHEFR SO 22 b ThiEs
L OELTHREHENEBIGE, O—RE L TiTbh
7 BEEIREOERIC S D IKBREINOSH, /2,

jﬁ’.ﬁf’%ﬁﬁ}hﬂﬂ 5 — 7;0)-)'3',(,, @M{%zﬁ{i{l’@;ﬁfﬁ L
¥z 5.
(Z8BB FMITES BleO)

E E X #®
1) BEFE BM O, RELA RIESZ, MES
WEOETTED ~ 4 EHOHBEIL -, EHESE,
(1998). 47, 443-452.
2) Takao Suzuki, Hideyo Yoshida, Hunkyung Kim. Walk-
ing speed as a good predictor for maintenance of
{-ADIL among the rural community elderly in Japan :

3)

6)

7

)

8)

9)

10)

13)

14

303

A 5-year follow~up study from TMIG-LISA. Geriut-
rics and Gerontology International, (2003), 3, S1-S82.
Strath §J, Swartz AM, Bassett DR Jr, O'Brien WL,
King GA, Ainsworth BE. Evaluation of heart rate as a
method for assessing moderate intensity phvsical
activity. Med Sci Sports Exerc.{(2000), 32, S465-70.
American Coliege of Sports Medicine Position Stand.
The recommended quantity and quality of exercise for
developing and maintaining cardiorespiratory and
muscular fitness, and flexibility in healthy adults.
Med Sci Sports Exerc.(1998), 30, 975-91.

Seccareccia F, Pannozzo F, Dima I, Minoprio A, Men-
ditto A, Lo Noce C, Giampaoli S. Heart rate as a pre-
dictor of mortality : the MATISS project. Am J Public
Health.(2001), 81, 258-63.

Fujiura Y, Adachi H, Tsuruta M, Jacobs DR jr, Hirai
Y, Imaizumi T. Heart rate and mortality in a Japanese
general population : an 18-year follow-up study. ]
Clin Epidemiol, (2001}, 54, 495-500.

Kado DM, Lui LY, Cummings SR : Study Of
Osteoporotic Fractures Research Group. Rapid resting
heart rate : a simple and powerful predictor of
osteoporotic fractures and mortality in older women. )
Am Geriatr Soc.(2002), 50, 455-60.

Benetos A, Thomas F, Bean K, Albaladejo P, Palatini
P, Guize L. Resting heart rate in older people : a pre-
dictor of survival to age 85. ] Am Geriatr Soe.{2003),
51, 284-5,

Chang M, Havlik R], Corti MC, Chaves PH, Fried LD,
Guralnik JM. Relation of heart rate at rest and mor-
tality in the Women's Health and Aging Study. Am ]
Cardiol. {2003}, 1, 1294-9

Perk G, Stessman J. Ginsberg G. Bursztyn M. Sex dif-
ferences in the effect of heart rate on mortality in the
elderly. ] Am Geriatr Soc.{2003), 51, 1260-4.

Benetos A, Rudnichi A, Thomas F, Safar M, Guize L.
Influence of heart rate on mortality ina Freach
population : role of age. gender, and blood pressure.
Hypertension.(1999), 33, 44-52.

Reunanen A, Karjalainen |, Ristola P, Heliovaara M,
Knekt P, Aromaa A. Heart rate and mortality. ] Intern
Med. (2000), 247, 231-9.

Yamamoto K, Mivachi M, Saitoh T, Yoshioka A,
Onodera S. Effects of endurance training on resting
and post-exercise cardiac autonomic control. Med Sci
Sports Exerc.(2001), 33, 1496-502,

Wilmore JH, Stanforth PR, Gagnon |, Rice T, Mandel
S. Leon AS, Rao DC. Skinner JS. Bouchard C. Heart
rate and blood pressure changes with endurance
training : the HERITAGE Family Study. Med Sci
Sports Exerc.(2001), 33, 107-16.

A Levy WC, Cerqueira MD, Harp GD, Johannessen
KA, Abrass [B, Schwartz RS, Stratton JR. Effect of en-
durance exercise training on heart rate variability at
rest in healthy young and older men. Am J Cardiol.



304

17)

HW, REE, K,

(1998}, 15, 1236-41.

itk HiEHEE £8 B NEFF H BEH
T, BABF - Vil BRIk AR
2B & DB, BFE. (2001), 50, 613-624
Leicht AS, Allen GD, Hoey AJ. Influence of intensive
cycling training on heart rate variability during rest
and exercise. Can ] Appl Physiol.(2003), 28, 898-909.

18) Gregoire J, Tuck S, Yamamoto Y, Hughson RL. Heart

19)

20)

21)

rate variability at rest and exercise : influence of age,
gender, and physical training. Can ] Appl Physiol.
{1996}, 21, 455-70.

$H 8, HAREHE, THEBETF, PEILOELT
70y s P (TMIG-LISA)DRE. hELFLDE
{EF5 - REHRNLBEIIZ (TMIG-LISA) . HHUE
EANEEBER, (1997). 9-21.

HELA, B % PFE T BT R RE KB,

AIZE, #HH B L UBRHERIIB A HEE DK
@EEH, EHEZFE. (1995), 44, 347-356.

HEH H, £H M REWE, FE OHE AN
WA, WIREAIBT LA EHENOME—ZHNE
Bt IR ORR—, SRNRETERRE. (1987), 3,

109-114.

Gillum RF. Epidemiology of resting pulse rate of per-
sons ages 25-74—data from NHANES 1971-74, Public
Health Rep.(1892), 107, 193-201.

Monahan KD, Dinenno FA, Tanaka H, Clevenger CM,
DeSouza CA, Seals DR. Regular aerobic exercise mod-
ulates age-associated declines in cardiovagal
baroreflex sensitivity in healthy men. J Physiol.
(2000), 1, 263-71.

Umetani K. Singer DH, MeCraty R, Atkinson M.
Twenty-four hour time domain heart rate variability

26)

=~
~3
~—

28)

29)

30)

3

w4, FH. & W L HE

and hear{ rate : relations to age and gender over nine
decades. ] Am Coll Cardiol.(1998), 1, 593-601,
Tasaki H, Serita T, Irita A, Hano O, ltiev I, Ueyama
C, Kitano K, Seto S, Hayano M, Yano K. A I5-year
longitudinal follow-up study of heart rate and heart
rate variability in healthy elderly persons. J Gerontal
A Biol Sci Med Sci.(2000), 55, 744-9,

Marshall P, Al-Timman J, Riley R, Wright J, Williams
S, Hainsworth R, Tan LB. Randomized controlled trial
of home-based exercise training to evaluate cardiac
functional gains. Clin Sci.(2001), 107, 477-83,
Gerhardt U. Hans U, Hohage H. Influence of smoking
on baroreceptor function: 24 h measurements.]
Hvpertens.(1999), 17, 941-6.

McVeigh GE, Morgan D], Finkelstein SM, Lemay LA,
Cohn JN. Vascular abnormalities associated with
long-term cigarette smoking identified by arterial
waveform analysis. Am ) Med.(1997), 102, 227-31.
Laustiola KE, Kotamaki M, Lassila R, Kallioniemi OP,
Manninen V. Cigarette smoking alters sympathoadren-
al regulation by decreasing the density of beta
2-adrenoceptors. A study of monitored smoking
cessation, ] Cardiovasc Pharmacol.(1991), 17, 923-8.
Srivastava R, Blackstone EH, Lauer MS, Association
of smoking with abnormal exercise heart rate respon-
ses and long-term prognosis in.a healthy, population-
based cohort. Am J Med.(2000}, 109, 20-6.

Ry K, R & HEERETOABEEEHE
EERERUBENKE L OBE. hE)SDEIL
FHi - AMENEEEHHR(TMIG-LISA). HHTHE
NEEWFERT. (1997), 59-72.



BRIEF REPORTS

Glycated Hemoglobin Levels and Intellectual Activity in

an Aged Population

Hidenori Amano. MHSc,* Shuichiro Watanabe, MD, PhD,” Shu Kumagai, BAgr™ Harumi Yukawa.
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OBJECTIVES: To examine the association between gly-
cated hemoglobin (GHb) and aspects of daily acrivities in
an elderly population.

DESIGN: Cross-sectional population-based survey.
SETTING: Nangai village, an agricultural communiry
with a population of about 5,000 locared in Akita prefec-
ture in the north of Japan.

PARTICIPANTS: Nine hundred thirty-five people aged 65
and older.

MEASUREMENTS: GHb  percentages, self-reported
measures of acrivities of daily living (ADLs) and instru-
mental activities of daily living (IADLs), intellectual activity
(IA), and social role (SR).

RESULTS: An exploratory analysis indicated that nondi-
abetic subjects in the lowest tertile of GHb tend to have
lower [A than those in the middle tertile, if they were aged
70 and older. No consistent assaciation appeared hetween
GHb and ADLs, IADLs, or SR. Linear and logistic regres-
sion analyses, controlling for other risk factors, indicated
significantly lower [A scores in the low and high GHb rer-
tiles (P <.001 and P =.04, respectively) than in the middle
in nondiaberic subjects aged 70 and older and without
stroke history or IADL impairments. The value of GHb
related to the maximal [A score was 5.0% 10 5.2% as the
middle rertile; or 3.2%, assuming a logistic regression
model including a squared rerm with GHb as a continuous
variable. A similar relationship was observed in the whole
nondiabetic sample aged 70 and older but not in the young-
er counterpart.
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CONCLUSION: There is an inverted U-shaped relation-
ship berween GHb and intellecrual activity in older
people without diabetes mellitus. One possible interpreta-
tion is that suboprimal blood glucose could contribute to
incellectual inactivity in older people. ] Am Geriatr Soc
53:2128-2134, 2005.

Key words: glycated hemoglobin; activities of daily living:
memory; clderly: epidemiology

lucose is the primary nutrient for the brain. Fluctua-

tions of blood glucose, even within the normal range,
can alter cognitive function, and glucose ingestion rtran-
siently enhances certain aspects of cognitive functon.! Ep-
isodic memory seems parricularly sensitive o blood
glucose.2~S The relationship has an inverted U-shape, and
in healthy people function is optimal at a blood glucose
concentration around 9 mmol/L.% The effect of blood glu-
cose is more obvious in older individuals” and is also seen in
patients with dementia.®1® Compared with the accumu-
lated knowledge abour the effect of intraindividual flucru-
ation in blood glucose level, lintle is known about possible
effects of interindividual difference in blood glucose level
within the normal range. Extrapolating from the former
knowledge, one would expect that some individuals with
relatively low as well as high levels of daily blood glucose
might experience some disadvantage in performing cogni-
tively demanding activities in daily living siruatons.

The everyday functioning of older people is tradition-
ally assessed for two domains: activities of daily living
(ADLs) and instrumental activities of daily living (IADLs).
The latrer acrivities are more complex and seem more sen-
sitive to subtle cagnitive deficits; [ADL measures provide
beter discrimination between individuals with and without
dementia.!! Thus, {ADLs can offer a better indication of
effects, if any, of inadequate blood glucose levels. Further
complex and discretional acrivities, such as hobbies and
social interactions, should be sensitive to early functional
decline,'? and some of them might be particularly respon-
sive to glucose levels.

The present popularion-based cross-sectional survey
explored relarionships berween blood glycated hemoglobin
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(GHb) levels and functional abilities ranging from ADLs
through IADLs to more-advanced activities labeled intel-
lectual activity ([A) and social role (SR}.!?

METHODS
Study Population

A health survey of older people was conducted in Nangai
village, Japan, a rural community located in Akita prefec-
ture in the north of the country, with a population of about
5,000. Irs major indusrries are rice farming and forestry. In
1996, all residents aged 63 and older were invired to artend
a mass health examination. Pickup buses facilitated parric-
ipation of the frail elderly. A similar home examinartion was
arranged for homebound individuals previously identified
by public health nurses. Measurements comprised a seruc-
tured interview, physical examination, and blood sampling.
An institutional ethics commirtee reviewed and approved
the project.

Measures

Trained interviewers asked the participants about disease
history. visual and audirory impairments, depressive mood,
education, occupation, and daily activity. When a subject
could not respond because of sequelae of stroke. dementia,
debility, or clouding of consciousness, a relative or other
close informant answered questions, except those relating
to moad. If a physician had ever rold participants thar they
had diaberes mellitus, chen current use of antidiabetic med-
icarions were noted. Any history of stroke was also record-
ed. Visual function was dichotomized according to whether
subjects could read newspapers with any glasses normally
worn: auditory function was likewise dichotomized ac-
cording to whether they could hear daily conversation using
any hearing aid when speakers did not speak loudly. De-
pressive mood was evaluated using a Japanese translation!"
of the 15-item short form!® of the Geriatric Depression
Scale (GDS).'* Scores were dichotomized as depressive
(GDS >6) or normal: this cutoff has been reported to yield
a sensitiviry of 0.973 and a specificity of 0.959 in a Japanese
popularion.’ Education was stratified as high {secondary
school graduates or higher education), intermediate (pri-
mary school graduates), or low. Former accupations were
stratified, based on the Standard Occupational Classifica-
rion for Japan, distinguishing intellectual {professional and
technical workers. managers and officials, clerical and re-
lated workers, sales workers, and protective service work-
ers such as policemen), intermediate {agriculrural, forestry
and fishery workers and workers not classifiable by occu-
pation), and physical {service workers, workers in transport
and communication, production process workers, and la-
borers). Persons withour past occupation, such as house-
wives, fell into the intermediate class. The home
examinarion omitted questons about educarion, occupa-
tion. and depressive mood to lessen the burden of the ex-
aminees; they were arbitrarily placed in the intermediare
categories of education and occupation and were excluded
from analyses involving GDS score.

Four domains of daily activity (ADL, IADL, A, and
SR} were measured. Scoring of the ADL scale (0-3) was
based on the reported performance of walking, feeding,

maintaining continence, bathing, and dressing. The other
three domains were measured using the subscales consti-
tuting the Tokyo Metropoliran [nstitute of Gerontology In-
dex of Competence.'? This 13-item scale was developed so
that functional capacity of elderly people with intact ADLs
can be graded according to their abilities on more-complex
activities than ADLs.!” In the process of developing the
scale, items were carefully selected to allow a proxy re-
sponse by a person knowing the subject’s everyday life.'
On the empirical hasis of factor structure, three subscales
were defined and named as instrumental self-maintenance,
TA. and SR, which were interpreted to represent three com-
ponents of the conceprual model of behavioral compe-
tence!® by Lawron: instrumental self-maintenance,
effectance, and social role. respectively.'”+¥ Later, its fac-
tor structure, reliability, and validity were confirmed in a
larger sample,'? and its score dismribution in a national,
representative sample was provided.?® The instrumental
self-mainrenance subscale (scores 0-3) is based on items the
subject can complete independently: using public transpor-
ration, shopping, cooking, paying bills, and banking. The
IA subscale {scores 0-4) is based on ability to fill our pen-
sion forms, being in the habit of reading newspapers, being
in the habit of reading books or magazines, and showing
interest in news stories or programs addressimg healch. The
SR subscale reflects visits to the homes of friends, occasional
provision of advice, ability to visit sick friends, and occa-
sional initiation of conversations with young people. Be-
cause the notion of instrumental self-maintenance appears
to parallel that of the more generally accepted term IADL,
the present report refers to the subscale by the latter name.
With aging, [A and SR decline earlier than IADLs, and the
{A and SR scales predicr future decline in IADLs.!

The mass examination measured height and body
mass; reported height was used for homebound individuals.
Body mass index (BMI} was calculated in kg/m?.

Venous blood samples for measurements of blood GHb
and serum albumin were collected using vacuum tubes with
and without ethylenediamineretraacetic acid-2K, respec-
tively. The former was kept cool (<47C); the latrer was
frozen after centrifugation. GHb was measured within 48
hours as the stable HbA,. component, using a high-per-
formance liquid chromarograph and auto analyzer {HA-
8131, ARKRAY, Inc., Kyoto, Japan). The normal range of
GHb for the Japanese population is 4.3% to 5.8%,% and
GHb concentrations of 6.5% and higher are considered
suggestive of diaberes mellitus.®? Serum albumin was meas-
ured using a Hitachi 736 auto analyzer (Hitachi High-
Technologies Corporation, Tokyo, Japan).

Statistical Mcthods

Subjects were classed as diaberic if they reporred a diaberic
history or had a GHb percentage of 6.5% or higher. Non-
diabertic subjects were stratified according to GHb percent-
age into three equally sized categories, to form four GHb
groups.in all (Table 1). ADLs. [ADLs, [A, and SR were
compared across the four groups.

Multiple linear regression independent effects of GHb
category after controlling for potential confounding fac-
tors: sex, age. history of stroke, visual and audirory im-
pairments, depressive mood, educarional and occuparional
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Table 1. Charactecistics of the 935 Subjects Classified by Glycated Hemoglobin Level (GHb)

Nondiabetic
Low GHb Middle GHb High GHb
(4.1-4.9%) (5.0-5.2%) (5.3-6.4%) Diabstic
Characteristic (n=299) (n = 275) (n = 280) (n=281)
Female, % 61.5 58.6 61.4 65.4
Age, mean + SD 732+ 6.8 72.6 £ 6.3 721 +59 718 £53
History of stroke, % 11.0 6.9 7.1 3.7
Visual impairment, % 11.7* 5.8 6.1 7.4
Auditory impairment, % 16.8 13.9 104 18.5
Depressive mood (15-item Geriatric 30.3 26.7 23.3 30.4
Depression Scale score >6), %
Educational class, high/ 7.0/88.0/5.0* 10.6/85.4/4.0 12.1/82.9/5.0 8.6/87.7/13.7
intermediate/low, %
Past occupational class, inteflectual/ 5.7/77.6/16.7 11.6/75.7112.7 11.8/68.2/20.0 12.4/65.4/22.2
intermediate/physical, %
Albumin, g/L., mean % SD 405+ 28 408 £ 2.4 40.8 £ 25 405+ 28
Body mass index, kg/m?, mean + SD 223 +2.9 225+ 34 23.1 £ 3.4° 238 + 3.8*
Activity of daily living score, mean + SD 47 1.0 47 +0.9 4.8+ 0.8 48 +£0.9
(range 0-5)'
Instrumental activity of daily living 41 +1.7% 44=14 4.5+ 1.3 4.5 £ 1.2
score, mean + SD (range 0-5)"
Intellectual activity, mean + SD 2714 31x1.2 3.0+1.2 3.0+ 1.2
(range 0-4)"
Social rote, mean + SD (range 0-4)' 32+1.2* 3.4+ 1.0 35110 33+ 11

* Stacistically significant diffecences (P <.05) comparced with the middle glycated hemozlobin (GHD) group as reference.

YHigher score indicates better performance.
$D = standard deviation.

class, serum albumin, and BMI (although some analyses
omitted depressive mood and BMI); analyses were per-
formed on three subgroups: younger individuals (<70),
older individuals (>70), and selected older individuals
{ >70) with intact IADLs and no stroke history. Because the
analyses of the first two subgroups were intended ro assess
the effect size of GHb categories using the whole sample 1o
represent the population, depressive mood and BMI were
not introduced into the models, because the subjects who
received home examinations lacked GDS scores and partly
lacked heights or weights. Because the analysis of the last
subgroup was intended to avoid confounding by reducing
the heterogeneity of the subjects, all the potental con-
founders entered into the models. In addition, all the pro-
cedures were repeated with logistic regression (proportonal
odds model), considering the discrerionary nature of [A as a
dependent variable.

To test a U-shape relationship within group of subjects
aged 70 and older who were nondiabetic. stroke-free, and
[ADL inract, another multiple logistic regression model was
applied using a square term with GHb as a continuous var-
iable instead of GHb caregories.

Statistical procedures included f tests, chi-square tests,
and Mantel-extension tests for intergroup comparisons be-
tween continuous, dichotomous, and ordered variables
{including ADL, IADL, 1A, and SR}, respectively. P-values
<.05 were considered statistically significant. Analyses
were performed using SAS version 8.2 {SAS Institute. Inc.,
Cary, NC).

RESULTS

Of 1,133 registered residents, 948 (82%) responded to the
health checkup through mass examination (n =863) or a
home visit {(n = 85). The respondents to the home interview
were 20 proxies, 62 principals helped by their families, and
three principals alone. In the mass examination, accompa-
nying persons helped three respondents. The subjects were
classified into four GHb groups (Table 1), leaving 13 sub-
jects unclassified because of missing dara. The low GHb
group included two individuals with GHb below the ref-
erence range (4.3-5.8%); the high GHb group had 33 sub-
jects above the range. In the diabetic group. diabetes
mellitus was ascertained according to current use of anti-
diabetic medication {n=23), GHb of 6.5% or higher
{n=16), both {n = 13), or history alone (n = 29). Of 862
subjects for whom past occupation were ascertained, 582
(67.3%) had had agricultural, forestry, or fishery occupa-
tions. BMI ranged from 15.0 to 35.9 kg/m?, although it was
not calculated for a major part of home examinees (n = 69).
Serum albumin ranged from 28 to 48 g/l.. Most subjects
achieved the maximum possible score on the ADL and
[ADL scales (88.2% and 77.0%, respectively); a smaller
porrion of subjects scored the maximum on [A and SR
{45.6% and 65.7%, respectively).

Crude means of ADLs, IADLs, [A, and SR are shown in
Figure 1 for the four GHb groups by sex and age. Broadly,
every aspect of daily activity appeared to decline with age.
Within each stratum of sex and age, the low GHb, high



