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PURPOSE This study investigated the impact of underweight and hand grip strength
(HGS) levels on the risk of all-cause mortality in older adults. METHODS Data from
the 2006 baseline and 2020 follow-up assessments of the Korean Longitudinal Study
of Aging (KLoSA), involving 3,009 older Koreans (=65 years) were used in the study.
Participants were categorized based on body mass index (BMI) as underweight,
normal, overweight, or obese and grouped according to the Asian Working Group
Sarcopenia criteria into high or low HGS. Cox proportional hazard models were
used to estimate the hazard ratio (HR) and 95% confidence interval (Cl) of all-cause
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All-cause mortality, Older adults HGS level was analyzed. The results showed that the risk of death in the overweight
and high HGS group (HR=0.773, p=.016) was significantly lower than that in the
normal weight & high HGS group (HR=1). In comparison, the risk of death in the
underweight & low HGS group (HR=1.930, p<.001) and the normal weight & high
HGS group (HR=1.225, p=.014) were significantly higher than normal weight & high
HGS. However, the risk of death in the underweight and high HGS group showed
no significant difference compared to the normal weight and high HGS group.
CONCLUSIONS The current findings suggest that improving muscle strength through
regular exercise may be important in preventing the risk of all-cause mortality due to
being underweight.
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Table 1. Characteristics of study participants

Variables (nE; ,tg (1) 9) (n:l\;[grgg) (r\lz(irz;ti) P value
Age (years) 72.145.8 71.7+£5.4 72.6+6.0 <.001
BMI (kg/m?) 22.842.9 22.742.7 23.043.1 .002
HGS (kg) 22.0+7.8 28.1+6.2 16.8+4.6 <.001
Socio-economic status

Household income (10,000won/month) 98.8+£157.6 101.8+171.2 96.2+144.9 330

Education, n (%) <.001
Lower than elementary 2,080 (69.1) 707 (50.9) 1,373 (84.7)

Middle/high 749 (24.9) 523 (37.7) 226 (13.9)
Over than college 180 (6.0) 158 (11.4) 22(1.4)

Marital status, n (%) <.001
Married 2,032 (67.5) 1,258 (90.6) 774 (47.7)
Widowed/divorced/unmarried 977 (32.5) 130 (9.4) 847 (52.3)

Employment status, n (%) <.001
Yes 608 (20.2) 444 (32.0) 164 (10.1)

No 2,401 (79.8) 944 (68.0) 1,457 (89.9)

Region, n (%) 191
Urban 2,093 (69.6) 949 (68.4) 1,144 (70.6)

Rural 916 (30.4) 439 (31.6) 477 (29.4)
Health related parameters

Smoking, n (%) 873 (29.0) 794 (57.2) 79 (4.9) <.001

Heavy alcohol, n (%) 519 (17.2) 464 (33.4) 553.4) <.001

Inactivity, n (%) 2,247 (74.7) 957 (68.9) 1,290 (79.6) <.001

Irregular eating habits, n (%) 280 (9.3) 105 (7.6) 175 (10.8) .002

ADL impaired, n (%) 147 (4.9) 58 (4.2) 89 (5.5) .096

Weight loss, n (%) 313 (10.4) 133 (9.6) 180 (11.1) 173

Depressive symptoms, n (%) 823 (27.4) 295 (21.3) 528 (32.6) <.001

Fall experience, n (%) 159 (5.3) 40 (2.9) 119 (7.3) <.001

Co-morbidity, n (%) <.001
0 1,072 (35.6) 580 (41.8) 492 (30.4)

1 1,090 (36.2) 501 (36.1) 589 (36.3)
2< 847 (28.2) 307 (22.1) 540 (33.3)

BMI: body mass index, HGS: handgrip strength, ADL: activities daily of living
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Table 2. Description measured parameters according to body mass index

Underweight

Normal weight

Overweight

Obesity

Variables (n=196) (n=1,402) (n=809) (n=602) p value
Women, n (%) 118 (60.2) 711 (50.7) 423 (52.3) 369 (61.3) <.001
Age (years) 75.5+7.2b% 72.7+5.8% 71.1£5.2 71.1£5.3 <.001
HGS (kg) 18.3+7.6 21.8+7.6a 23.0+£7.6™ 22.5+8.1° <.001
Socio-economic status

Household income (10,000won/month) 101.1£131.6 94.2+166.5 108.4+166.9 95.8+128.2 212

Education, n (%) <.001
Lower than elementary 165 (84.2)™ 995 (71.0)° 508 (62.8) 412 (68.4)

Middle/high 23 (11.7) 331 (23.6)" 241 (29.8)" 154 (25.6)"
Over than college 8(4.1) 76 (5.4) 60 (7.4) 36 (6.0)

Marital status, n (%) <.001
Married 109 (55.6) 968 (69.0)" 572 (70.7)" 383 (63.6)
Widowed/divorced/unmarried 87 (44.4) 434 (31.0) 237 (29.3) 219 (36.4)°

Employment status, n (%) .060
Yes 32 (16.3) 302 (21.5) 171 (21.1) 103 (17.1)

No 164 (83.7) 1,100 (78.5) 638 (78.9) 499 (82.9)

Region, n (%) <.001
Urban 122 (62.2) 921 (65.7) 578 (71.4) 472 (78.4)™
Rural 74 (37.8)¢ 481 (34.3) 231 (28.6)° 130 (21.6)

Health related parameters

Smoking, n (%) 77 (39.3) 445 (31.7)° 221(27.3) 130 (21.6) <.001

Heavy alcohol, n (%) 22 (11.2) 249 (17.8) 148 (18.3) 100 (16.6) 110

Inactivity, n (%) 161 (82.1) 1,077 (76.8)° 575 (71.1) 434 (72.1) <.001

Irregular eating habits, n (%) 25(12.8) 124 (8.8) 66 (8.2) 65 (10.8) 113

ADL impaired, n (%) 20 (10.2)™ 73 (5.2) 34 (4.2) 20 (3.3) .001

Weight loss, n (%) 34 (17.3)" 182 (13.0)* 63 (7.8) 34 (5.6) <.001

Depressive symptoms, n (%) 67 (34.2) 404 (28.8) 197 (24.4) 155 (25.7) .014

Fall experience, n (%) 11 (5.6) 69 (4.9) 40 (4.9) 39 (6.5) 510

Co-morbidity, n (%) <.001
0 82 (41.8) 602 (42.9) 250 (30.9)° 138 (22.9)

1 78 (39.8) 487 (34.7) 317 (39.2) 208 (34.6)
2< 36 (18.4) 313 (22.3) 242 (29.9)" 256 (42.5)"
Death, n (%) 136 (69.4)™* 667 (47.6) 508 (37.2) 372 (38.2) <.001

HGS: hand grip strength, ADL: activities daily of living
* significant difference from underweight at p<.05

* significant difference from normal weight at p<.05

¢ significant difference from overweight at p<.05

% significant difference from obesity at p<.05

&= o

A7 S AT EA ] Foldt 654] ol4ke] el 3,009
oz ALDAS 9@ ofd 423 RE Ao AT Ao
B4e BAstel AAFT A4 9139 AeAo] ol oo o

R o iz
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AEoHe AS F8 FHO=Z 519k 2 AFoA A=)

71ZR& 11.31£4.09d0191 09, AMYE2 44.3%(n=1,334)
o}, AA AAFA o] 2 AP A9 vl A, A
4 A At vlaste] A1S 2 vnk Jae] A 9 3-2J5HA
22 20 R Yehd 9, AAS AT A 982 5t =
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Table 3. Description measured parameters according to hand grip strength level

Variables ?IE}; ;Ig? t?z“; ;IzC‘iS P value
Women, n (%) 707 (47.6) 914 (60.0) <.001
Age (years) 70.4+4.7 73.9+6.1 <.001
BMI (kg/m®) 23.3+2.8 22.443.0 <.001
Socio-economic status

Household income (10,000won/month) 107.0+175.8 90.8+137.2 .005

Education, n (%) <.001
Lower than elementary 916 (61.7) 1,164 (76.4)

Middle/high 450 (30.3) 299 (19.6)
Over than college 119 (8.0) 61 (4.0)

Marital status, n (%) <.001
Married 1,108 (74.6) 924 (60.6)
Widowed/divorced/unmarried 377 (25.4) 600 (39.4)

Employment status, n (%) <.001
Yes 390 (26.3) 218 (14.3)

No 1,095 (73.7) 1,306 (85.7)

Region, n (%) .631
Urban 1,039 (70.0) 1,054 (69.2)

Rural 446 (30.0) 470 (30.8)
Health related parameters

Smoking, n (%) 482 (32.5) 391 (25.7) <.001

Heavy alcohol, n (%) 319 (21.5) 200 (13.1) <.001

Inactivity, n (%) 1,023 (68.9) 1,224 (80.3) <.001

Irregular eating habits, n (%) 121 (8.1) 159 (10.4) .031

ADL impaired, n (%) 33(2.2) 114 (7.5) <.001

Weight loss, n (%) 129 (8.7) 184 (12.1) .002

Depressive symptoms, n (%) 287 (19.3) 536 (35.2) <.001

Fall experience, n (%) 73 (4.9) 86 (5.6) 373

Co-morbidity, n (%) <.001
0 566 (38.1) 506 (33.2)

1 553 (37.2) 537(35.2)
2< 366 (24.7) 481 (31.6)
Death, n (%) 532 (35.8) 802 (52.6) <.001

BMI: body mass index, HGS: hand grip strength, ADL: activities daily of living
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Table 4. Hazard ratio of all-cause mortality according to body mass index and hand grip strength level

Variables Model 1 Model 2 Model 3
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Body mass index

Underweight 1.892 (1.573-2.276) <.001 1.592 (1.320-1.920) <.001 1.501 (1.243-1.813) <.001

Normal 1 (reference) 1 (reference) 1 (reference)

Overweight 0.715 (0.624-0.820) <.001 0.820 (0.715-0.940) .004 0.830 (0.722-0.955) .009

Obesity 0.730 (0.629-0.848) <.001 0.846 (0.728-0.984) .030 0.843 (0.722-0.986) .032
HGS level

High 1 (reference) 1 (reference) 1 (reference)

Low 1.726 (1.546-1.926) <.001 1.354 (1.207-1.520) <.001 1.238 (1.100-1.392) <.001

HR: hazard ratio, CI: confidence interval, HGS: handgrip strength, ADL: activities daily of living

Model 1: unadjusted

Model 2: adjusted for age and sex
Model 3: Model 2 + income, education, marital status, employment status, region, smoking, heavy alcohol, inactivity, irregular eating
habits, ADL impaired, weight loss, depressive symptoms, fall experience, co-morbidity, body mass index(for HGS level), hand grip

strength(for body mass index)

Table 5. Hazard ratio of all-cause mortality according to combined body mass index and hand grip strength level

. Model 1 Model 2 Model 3
Variables
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

High HGS

Underweight 1.376 (0.924-2.047) 116 1.361 (0.914-2.025) 129 1.322 (0.887-1.972) .170

Normal 1 (reference) 1 (reference) 1 (reference)

Overweight 0.721 (0.585-0.888) .002 0.784 (0.636-0.966) .022 0.773 (0.627-0.954) 016

Obesity 0.859 (0.691-1.068) 172 0.933 (0.750-1.519) .530 0.918 (0.735-1.145) 446
Low HGS

Underweight 3.129 (2.496-3.923) <.001 2.109 (1.666-2.670) <.001 1.930 (1.523-2.446) <.001

Normal 1.617 (1.382-1.893) <.001 1.293 (1.101-1.519) .002 1.225 (1.042-1.440) .014

Overweight 1.272 (1.044-1.551) .017 1.146 (0.939-1.398) .180 1.067 (0.873-1.306) .526

Obesity 1.107 (0.884-1.387) 377 1.043 (0.830-1.310) 721 0.931 (0.737-1.175) 547

HR: hazard ratio, CI: confidence interval, RHGS: relative handgrip strength, activities daily of living

Model 1: unadjusted
Model 2: adjusted for age and sex
Model 3: Model 2 + income, education, marital status, employment status, region, smoking, heavy alcohol, inactivity, irregular eating

habits, ADL impaired, weight loss, depressive symptoms, fall experience, co-morbidity.
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