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Background: This study was conducted to identify the risk factors of geriatric syndromes including
fall-related fractures, delirium, incontinence, and pressure ulcers using the Korean nationwide
claims data. Methods: The claims data of the Korean National Health Insurance Service between
2006 and 2015 were used. We included older people, 65 years of age and older, who underwent
a national health check-up in 2007 or 2008. Geriatric syndromes were limited to 4 types (fall-related
fractures, delirium, incontinence, and pressure ulcers), which can be identified via diagnostic
codes. Results: The risks of fall-related fractures, delirium, incontinence, and pressure ulcers
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all increased with increasing age, and the risks of delirium and incontinence increased more
Fax: +82-2-958-8699
E-mail: chunwon62@naver.com in women than in men. Exercise decreased the risks of all 4 types of geriatric syndrome, and
increase in body mass index decreased the risks of fall-related fractures, delirium, and pressure
ulcers while increasing the risk of incontinence. The adjusted hazard ratios of smoking and
alcohol intake three times or more a week in relation to fall-related fractures, delirium, incontinence, and pressure ulcers were 1.46, 1.16, 0.99, and 1.33, respectively, and 1.04, 1.12, 0.93,
0.98, respectively. Conclusion: This study showed that increasing age, major surgery within 6
months, and polypharmacy increase the risk of 4 types of geriatric syndrome in Korea. Comorbidity
(especially dementia) was identified as a very important risk factor. Exercise had protective
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effects against the 4 types of geriatric syndrome studied. However, contradictory results were
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found for smoking and alcohol intake, which require further study.
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INTRODUCTION
The global population is aging at a fast rate due to increased
average life expectancy, and Korea is one of the fastest
aging countries1,2). However, the increased lifetime also increases the vulnerability to geriatric conditions leading to
prolonged morbid conditions, and the social burden of increased medical cost and length of hospital stay is increasing
as well. Exposure to the risk of geriatric syndrome increases
in older people with chronic diseases, which in turn increases
the frequency of inpatient treatment3).
Geriatric syndrome refers to clinical conditions of older
people that do not fulfill the criteria of a single individual
disease category. Geriatric syndrome is especially prevalent
in older people who are frail, has considerable effects on
the quality of life and disabilities, and may be manifested
by various risk factors affecting multiple organs. Geriatric
syndrome includes visual and auditory decline, incontinence,

pressure ulcers, falls, delirium, frailty, and dementia and
is usually manifested by a single symptom due to the interaction of pathophysiologies of multiple causes unlike other
syndromes4,5). Geriatric syndrome incurs disabling features
in everyday life, thereby decreasing the quality of life in
old age and increasing mortality in older people6).
There is a growing interest in geriatric syndrome in the
medical, governmental, and public fields, raising the necessity
for understanding, systematic management of, and preventive measures for geriatric syndrome. Therefore, it is important to identify the current situation and relevant risk factors
in order to build the foundation for management. In Korea,
most of the population is enrolled in the National Health
Insurance Service (NHIS), which provides the sole national
claims database and the requisites for studying various diseases and their burdens7).
Consequently, we aimed to identify the essential information required for systematic management of geriatric syndromes, including falls, delirium, incontinence, and frailty, by
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analyzing relevant risk factors using the health insurance data.

MATERIALS AND METHODS
1. Data Sources
South Korea has a universal health coverage system, the
NHIS, which covers approximately 98% of the Korean population. The NHIS is responsible for the payment of medical
expenses to providers such as medical, check-up, and longterm care institutions that manage the qualifications and
insurance premiums of the subscribers and provide medical
care, examinations, and nursing services. As a result, the
NHIS has been providing medical services including diagnosis,
treatment, procedures, surgical history, and prescription
drugs; qualification and insurance premiums; cancer registration information; medical benefit data; and health checkup results for 14 years and has accumulated more than one
trillion data during this period. Therefore, these data contain
the representative and comprehensive characteristics of the
medical services of the whole nation7).
We used the medical claims data of the NHIS from January
2002 to December 2015. In 2007, there were 4,851,643 individuals aged 65 and older who were covered by the NHIS.
Further, of 1,678,458 of these patients who underwent a

national health check-up from 2007 to 2008, 1,350,961 never
had any of the 4 diagnostic codes for geriatric syndromes
between 2002 and 2006 and were screened for the diagnosis
of geriatric syndrome from 2007 to 2015 (Figs. 1, 2). The main
and subsidiary diagnostic codes of inpatients and outpatients
of primary, secondary, and tertiary medical institutions other
than dental and oriental hospitals were evaluated for fall-related fractures, delirium, incontinence, pressure ulcers, and
frailty among other geriatric syndromes.

2. Study Design
The NHIS database was used to identify the prevalence
of geriatric syndrome. The main and subsidiary diagnostic
codes of fracture of the femur (S72.0), fracture of the lower
end of the radius (S52.5), and fractures of the spine (S22-32)
that often result from falls were defined as fall-related
fractures. The codes of delirium not induced by alcohol and
other psychoactive substances (F05), delirium not superimposed on dementia (F05.0, F05.1), other delirium (F05.8), and
delirium unspecified (F05.9) were used to define delirium.
The codes of N39.3, N39.4, F98.1, F98.5, R15, and R32 were
used to define incontinence, and the code of L89 was used
to define pressure ulcers.

Fig. 1. Patient flow chart. NHIS, National Health Insurance Service.

Fig. 2. Study design. NHIS, National Health Insurance Service.
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3. Covariate Data
Medical prescriptions (number of drugs and number of
days per prescription), major surgery within the last 6 months,
and comorbidities were evaluated using the claims data.
Comorbidities were evaluated using the most widely used
assessment tool, the Charlson comorbidity index. Specific
weighted scores ranging from 0 to 6 were assigned to the
main or subsidiary diagnoses, and the sum of the weighted
scores was used for adjustment8). Diagnostic codes in the
main and subsidiary diagnoses were used for each condition.
Major surgeries including cataract surgery, percutaneous
coronary interventions (percutaneous transluminal coronary
angioplasty and stenting), coronary bypass, ligation/stripping
of varicose veins, and appendectomy9) were included if the
surgical codes were entered within 6 months of the diagnostic
codes of geriatric syndrome. Polypharmacy was defined as
five or more of drugs prescribed for at least 80% of the
year, using the main components of the prescribed drugs
as the standards for comparison.
Health check-up data were also used to identify the risk
factors of geriatric syndrome. Variables of interest included
age, body mass index (BMI, for low weight and obesity),
history of chronic diseases (diabetes mellitus, hypertension,
and dyslipidemia), lifestyle (smoking, drinking, and exercise),
and blood tests for hemoglobin and total cholesterol levels.

4. Ethics Statement
This study was approved by the Kyung Hee University
Hospital Research Ethics Committee, and did not require
written informed consent form since the NHIS provided coded
data without any confidential information of patients (approval
number: KMC IRB 1522-08).

5. Statistical Analysis
Baseline characteristics are presented as a mean with standard error of the mean or numbers and percentages. Cox
hazard regression analysis was used to evaluate the association between risk factors including the health-related behaviors (smoking and physical activity) and geriatric syndromes.
Statistical analyses were performed using SAS ver. 9.2 (SAS
Institute Inc., Cary, NC, USA). A p-value <0.05 was considered
statistically significant.

RESULTS
1. Geriatric Syndrome and Associated Factors
The mean ages of patients with incident geriatric syndromes were 73.5, 72.4, 71.8, and 73.8 years for fall-related
fractures, delirium, incontinence, and pressure ulcers, respec-

tively. These patients were older than those in the noninflicted
groups. The proportion of men was higher in patients with
fall-related fractures (57.16%) and pressure ulcers (58.38%).
The incidence rate of all four geriatric syndromes was higher
in non-urban areas than in urban areas. The rate of obesity
was higher only in the incontinence group as compared with
the noninflicted group. The proportion of current smokers
and patients with alcohol intake 3 or more times a week
was higher in the fall-related fracture and pressure ulcer
groups than in the other groups. The proportion of people
engaging in regular exercise was lower, and that of people
in the lower 20% income group was higher, in the groups
of fall-related fractures, delirium, incontinence, and pressure
ulcers. All geriatric syndrome groups had higher rates of
comorbidities, major surgery within the last 6 months, and
polypharmacy. The hemoglobin level was lower in all geriatric
syndrome groups (Table 1).

2. Incidence and Hazard Ratio of Geriatric Syndrome
According to Age and Sex
The incidence rates, in 1,000 person-years, of fall-related
fractures, delirium, incontinence, and pressure ulcers were
4.37, 27.67, 13.61, and 9.45, respectively. The risks of fall-related fractures, delirium, incontinence, and pressure ulcers
all increased with increasing age. Age was categorized intro
three groups, 65-69, 70-74, and 85 years and above, and
patients 85 years old and older had 3.2 times higher risk
of fall-related fractures and 3.5 times higher risk of pressure
ulcers than patients 65-69 years old. Women had 2.39 times
higher risk of delirium and 2.37 times higher risk of incontinence than men (Table 2).
Smoking was related to a higher risk of fall-related fractures, delirium, and pressure ulcers. The risks of fall-related
fractures and delirium were higher in people drinking alcohol
three or more times a week than in those who do not. Physical
activity had preventive effects on fall-related fractures, delirium, incontinence, and pressure ulcers. Low body weight
increased the risks of fall-related fractures, delirium, and
pressure ulcers by 1.2, 1.3, and 1.4 times, respectively, compared with the normal BMI group, and only the risk of incontinence increased with higher BMI. Hypertension decreased
the risk of delirium, but all other acute and chronic diseases
investigated increased the risks of fall-related fractures, delirium, incontinence, and pressure ulcers. Polypharmacy and
major surgery in past 6 months were related to higher risks
of all four types of geriatric syndrome (Table 3).

3. Adjusted Hazard Ratio of Risk Factors of Geriatric
Syndrome
Stepwise scoring of the major risk factors of geriatric
syndrome identified in Table 2 revealed that old age, low
AGMR 21(3) September 2017 125
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treating one geriatric syndrome diagnosed in an inpatient
or an outpatient may serve to manage other geriatric syndromes as well, since they commonly share fundamental risk
factors. Inoue et al. reported that general geriatric syndromes
such as pressure ulcers, incontinence, delirium, falls, and
functional decline all share the risk factors of old age, cognitive disorder, functional disorder, and mobility disorder4).
The most important finding of this study is that fall-related
fractures, delirium, incontinence, and pressure ulcers all have
the common risk factors of old age, history of major surgery
within the past 6 months, and polypharmacy. Regarding sex

BMI, history of major surgery within the past 6 months, comorbidities, and polypharmacy all increased the risks of fallrelated fractures, delirium, incontinence, and pressure ulcers
(Supplementary Table 1).

DISCUSSION
Geriatric syndrome induces commonly serious conditions
in older people that gravely affect their function and quality
of life. Geriatric syndromes are caused by various risk factors
and require integrated care10). It has been suggested that

Table 1. Baseline characteristics of people with each geriatric syndrome
Fall-related fracture
No
Yes

Characteristic
Total number

1,307,568

Age (yr)

71.5±4.5

43,393
73.5±5

Delirium

Incontinence

No

Yes

No

Yes

1,098,760

252,201

1,221,099

129,862

71.3±4.4

72.4±4.8

71.5±4.5

71.8±4.4

Pressure ulcer
No
Yes
1,257,199
71.4±4.4

93,762
73.8±5.3

Male sex

639,184 (48.88) 24,803 (57.16)

590,765 (53.77) 73,222 (29.03)

627,099 (51.36) 36,888 (28.41)

Place, rural

801,824 (61.33) 27,035 (62.31)

666,008 (60.62) 162,851 (64.58)

745,318 (61.04) 83,541 (64.34)

768,425 (61.13) 60,434 (64.46)

Smoking

162,009 (12.73) 7,585 (17.94)

145,466 (13.6)

159,536 (13.42) 10,058 (7.98)

154,045 (12.59) 15,549 (17.05)
916,122 (74.44) 68,257 (74.5)

24,128 (9.85)

609,253 (48.46) 54,734 (58.38)

Alcohol intake
Nondrinker

953,189 (74.48) 31,190 (73.47)

782,056 (72.69) 202,323 (82.14)

879,078 (73.53) 105,301 (83.12)

≤2/wk

196,623 (15.36) 6,026 (14.2)

176,416 (16.4)

188,717 (15.79) 13,932 (11)

190,167 (15.45) 12,482 (13.62)

≥3/wk

129,957 (10.15) 5,235 (12.33)

117,432 (10.91) 17,760 (7.21)

127,745 (10.69)

124,317 (10.1) 10,875 (11.87)

26,233 (10.65)

7,447 (5.88)

Exercise

502,852 (39.35) 14,246 (33.66)

438,186 (40.79) 78,912 (32.08)

472,790 (39.61) 44,308 (34.98)

487,707 (39.69) 29,391 (32.2)

Income, low

210,369 (16.31) 6,382 (14.92)

177,247 (16.35) 39,504 (15.89)

196,738 (16.33) 20,013 (15.64)

202,364 (16.32) 14,387 (15.56)

BMI (kg/m2)
CCI

23.7±3.2

23.3±3.2

23.8±3.1

23.5±3.3

23.7±3.1

24.3±3.3

23.8±3.1

23.2±3.3

1.7±1.8

2.3±2.1

1.7±1.8

1.8±1.8

1.7±1.8

2.1±1.9

1.7±1.7

2.3±2.2

Comorbidities
Hypertension

773,677 (59.17) 27,538 (63.46)

653,082 (59.44) 148,133 (58.74)

720,128 (58.97) 81,087 (62.44)

Dyslipidemia

314,505 (24.05) 10,586 (24.4)

261,980 (23.84) 63,111 (25.02)

288,466 (23.62) 36,625 (28.2)

303,450 (24.14) 21,641 (23.08)

Diabetes mellitus

319,590 (24.44) 13,899 (32.03)

270,955 (24.66) 62,534 (24.8)

295,671 (24.21) 37,818 (29.12)

301,938 (24.02) 31,551 (33.65)

Stroke

175,113 (13.39) 8,807 (20.3)

145,171 (13.21) 38,749 (15.36)

161,598 (13.23) 22,322 (17.19)

163,928 (13.04) 19,992 (21.32)

Dementia

28,205 (2.16)

2,470 (5.69)

23,321 (2.12)

7,354 (2.92)

26,589 (2.18)

Heart disease

92,421 (7.07)

4,755 (10.96)

76,360 (6.95)

20,816 (8.25)

85,750 (7.02)

Pulmonary disease

288,264 (22.05) 12,211 (28.14)

239,129 (21.76) 61,346 (24.32)

4,086 (3.15)
11,426 (8.8)

266,794 (21.85) 33,681 (25.94)

740,980 (58.94) 60,235 (64.24)

24,889 (1.98)

5,786 (6.17)

86,649 (6.89) 10,527 (11.23)
274,826 (21.86) 25,649 (27.36)

Liver disease

48,002 (3.67)

2,155 (4.97)

40,452 (3.68)

9,705 (3.85)

44,821 (3.67)

5,336 (4.11)

45,356 (3.61)

4,801 (5.12)

Kidney disease

12,441 (0.95)

1,000 (2.3)

10,955 (1)

2,486 (0.99)

12,282 (1.01)

1,159 (0.89)

11,543 (0.92)

1,898 (2.02)

74,188 (6.08)

8,132 (6.26)

73,792 (5.87)

8,528 (9.1)

Cancer
Osteoporosis

78,726 (6.02)

3,594 (8.28)

68,346 (6.22)

13,974 (5.54)

218,305 (16.7)

7,483 (17.24)

162,578 (14.8)

63,210 (25.06)

191,562 (15.69) 34,226 (26.36)

210,130 (16.71) 15,658 (16.7)
119,212 (9.48) 10,481 (11.18)

Urinary tract infection 124,916 (9.55)

4,777 (11.01)

99,919 (9.09)

29,774 (11.81)

104,769 (8.58)

24,924 (19.19)

Pneumonia

61,871 (4.73)

3,080 (7.1)

51,209 (4.66)

13,742 (5.45)

58,079 (4.76)

6,872 (5.29)

57,863 (4.6)

Tuberculosis

34,850 (2.67)

1,699 (3.92)

29,109 (2.65)

7,440 (2.95)

32,569 (2.67)

3,980 (3.06)

32,765 (2.61)

3,784 (4.04)

Major surgery

42,609 (3.26)

1,718 (3.96)

34,636 (3.15)

9,691 (3.84)

38,897 (3.19)

5,430 (4.18)

40,688 (3.24)

3,639 (3.88)

1.4±2.1

1.4±2.1

1.4±2.1

1.4±2.1

1.9±2.5

110,396 (10.05) 25,719 (10.2)

120,997 (9.91)

Medication
Polypharmacy

1.4±2.1
129,557 (9.91)

Hemoglobin (g/dL)
Total cholesterol (mg/dL)

13.4±1.4
196.6±38.3

1.8±2.5
6,558 (15.11)
13.3±1.5
193.6±40

13.5±1.4
196±38.2

1.6±2.2
15,118 (11.64)

7,088 (7.56)

121,536 (9.67) 14,579 (15.55)

13±1.4

13.4±1.5

13.1±1.4

13.4±1.4

13.3±1.6

198.8±39.1

196.1±38.3

200.3±39.1

196.8±38.3

192.6±39.9

Values are presented as mean±standard deviation or number (%).
BMI, body mass index; CCI, Charlson comorbidity index; TB, tuberculosis.
All p-values <0.001. p-values obtained by t-test and chi-square test.
Major surgery refers to people who underwent a major surgery within the past 6 months; medication refers to the mean number of prescription drugs;
polypharmacy was defined as ≥5 medications/day; and income (low) refers to the lowest quartile of income.
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Table 2. Incidence rates of geriatric syndromes and hazard ratios by age and sex
Fall-related fracture
IR (per
Event
HR(95% CI)
1,000)

Variable

Total number 43,393 4.372

Event

Delirium
IR (per
HR (95% CI)
1,000)

252,201 27.669

Incontinence
IR (per
Event
HR (95% CI)
1,000)
129,862 13.617

Pressure ulcer
IR (per
Event
HR (95% CI)
1,000)
93,762 9.485

Age (yr)
65–69

11,961 2.644

1
(reference)

90,854 21.553

1
(reference)

52,309 12.011

1
(reference)

24,761 5.488

1
(reference)

70–74

14,284 4.42

1.714
(1.673–1.756)

83,714 28.29

1.296
(1.284–1.308)

44,346 14.322

1.173
(1.158–1.188)

29,601 9.197

1.717
(1.688–1.746)

≥75

17,148 7.903

3.207
(3.133–3.283)

77,633 40.008

1.814
(1.797–1.832)

33,207 15.924

1.283
(1.265–1.3)

39,400 18.282

3.562
(3.506–3.619)

Male

24,803 5.245

1
(reference)

73,222 16.109

1
(reference)

36,888 7.926

1
(reference)

54,734 11.622

1
(reference)

Female

18,590 3.577

0.638
(0.626–0.651)

2.392
(2.371–2.412)

92,974 19.04

2.374
(2.347–2.404)

39,028 7.54

0.607
(0.599–0.615)

Sex

178,979 39.17

Results are presented as IR per 1,000 person-years for the follow-up period as analyzed by Cox hazard regression analysis adjusted for age and
sex.
IR, incidence rate; HR, hazard ratio; CI, confidence interval.

Table 3. Incidence rates of geriatric syndromes and adjusted hazard ratios of each variable
Fall-related fracture
IR (per
HR (95% CI)
1000)

IR (per
1000)

Rural

4.43087 0.999 (0.98–1.019)

29.2327 1.113 (1.104–1.122)

Smoking

6.40744 1.47 (1.432–1.508)

21.5354 1.234 (1.216–1.251)

Variable

Delirium
HR (95% CI)

Incontinence
IR (per
1000)

HR (95% CI)

14.2791 1.102 (1.09–1.115)
8.6353 0.943 (0.923–0.963)

Pressure ulcer
IR (per
HR (95% CI)
1000)
9.94849 1.095 (1.08–1.11)
13.1797 1.354 (1.33–1.379)

Alcohol intake
Nondrinker

4.3041 1 (reference)

30.7318 1 (reference)

≤2/wk

4.0377 0.864 (0.84–0.889)

18.5573 0.925 (0.913–0.938)

15.2202 1 (reference)
9.5696 0.914 (0.897–0.931)

9.4609 1 (reference)

≥3/wk

5.4013 1.05 (1.018–1.083)

19.3029 1.13 (1.112–1.149)

7.798

3.71191 0.802 (0.786–0.819)

<18.5
18.5–23

8.386

0.805 (0.789–0.821)

0.876 (0.854–0.898)

11.2578 0.967 (0.946–0.988)

21.9786 0.827 (0.82–0.834)

11.9597 0.934 (0.923–0.945)

7.6806 0.754 (0.743v0.764)

6.61419 1.201 (1.151–1.251)

41.4845 1.3 (1.277–1.323)

11.5816 0.95 (0.92–0.98)

17.8456 1.452 (1.414–1.489)

4.94884 1 (reference)

29.9695 1 (reference)

11.8732 1 (reference)

10.798

23–25

4.02681 0.881 (0.86–0.903)

25.5081 0.857 (0.848–0.866)

13.2322 1.106 (1.09–1.123)

≥25

Physical activity
2

BMI (kg/m )
1 (reference)

8.4494 0.859 (0.844–0.873)

3.74862 0.883 (0.863–0.904)

25.3063 0.793 (0.786–0.801)

16.0911 1.258 (1.241–1.274)

7.8843 0.872 (0.858–0.886)

Diabetes mellitus

5.81724 1.556 (1.525–1.587)

28.4285 1.035 (1.025–1.044)

16.6059 1.305 (1.289–1.321)

13.2983 1.691 (1.668–1.714)
10.3327 1.198 (1.182–1.214)

Hypertension

4.70143 1.163 (1.14–1.186)

27.4896 0.922 (0.915–0.93)

14.4449 1.117 (1.105–1.13)

Dyslipidemia

4.38582 1.126 (1.101–1.151)

28.5867 0.928 (0.92–0.937)

15.9371 1.095 (1.082–1.108)

Stroke

6.79938 1.624 (1.587–1.663)

32.9003 1.175 (1.162–1.188)

18.1288 1.374 (1.354–1.394)

15.5513 1.72 (1.694–1.747)

Dementia

42.2003 1.321 (1.29–1.352)

22.1593 1.506 (1.46–1.554)

30.2611 2.914 (2.832–2.988)

Heart disease

7.11197 1.624 (1.576–1.674)

34.3726 1.14 (1.124–1.157)

17.9685 1.263 (1.238–1.287)

15.8643 1.655 (1.621–1.689)

Pulmonary disease

5.71706 1.369 (1.34–1.398)

31.5559 1.199 (1.188–1.21)

16.5451 1.32 (1.303–1.336)

12.0687 1.305 (1.286–1.324)

Liver disease

6.16519 1.505 (1.441–1.572)

30.3325 1.192 (1.168–1.217)

15.9556 1.258 (1.224–1.293)

13.816

31.0511 1.212 (1.164–1.26)

13.8096 1.106 (1.043–1.171)

22.1746 2.23 (2.13–2.333)
15.9736 1.65 (1.613–1.687)

Kidney disease

12.8166 2.74 (2.628–2.852)

9.00347 1.063 (1.047–1.079)

11.6004 2.585 (2.426–2.75)

1.566 (1.521–1.612)

Cancer

6.68994 1.501 (1.451–1.554)

28.0938 1.182 (1.162–1.203)

15.832 1.364 (1.333–1.395)

Osteoporosis

4.4398 1.237 (1.204–1.27)

43.4631 1.326 (1.314–1.339)

21.8231 1.374 (1.357–1.392)

9.34199 1.219 (1.197–1.241)

Urinary tract infection

5.03939 1.292 (1.253–1.332)

35.0633 1.12 (1.106–1.133)

29.3354 2.122 (2.092–2.151)

11.1301 1.336 (1.309–1.364)

Pneumonia

7.05029 1.571 (1.514–1.629)

34.6964 1.274 (1.252–1.296)

16.4339 1.244 (1.214–1.274)

16.3654 1.664 (1.624–1.705)

Tuberculosis

6.8133 1.546 (1.472–1.622)

32.7637 1.235 (1.207–1.264)

16.7265 1.289 (1.249–1.33)

15.2872 1.588 (1.537–1.64)

Polypharmacy

6.84658 1.638 (1.595–1.681)

29.0699 1.062 (1.048–1.076)

16.5026 1.261 (1.239–1.282)

15.3419 1.692 (1.662–1.722)

Major surgery within 6 mo 5.32153 1.179 (1.123–1.237)

33.2910 1.142 (1.119–1.165)

17.7605 1.264 (1.229–1.298)

11.3334 1.151 (1.113–1.190)

IR, incidence rate; HR, hazard ratio; CI, confidence interval; BMI, body mass index.
All p-values were <0.001. Analyses were adjusted for age and sex.
Polypharmacy was defined as ≥5 medications/day.
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differences, previous studies reported that women are more
frail, functionally disabled, and vulnerable to geriatric syndromes than men, and while this study adds higher risk of
delirium and incontinence in women, our results regarding
fall-related fractures and pressure ulcers differ from those
in the literature11-13).
It has been reported that women are more vulnerable
to falls and fall-related injuries owing to relatively smaller
muscle mass compared with men, decline of physiological
functions such as visual function and balance, and medication
effects11,14). However, most common fall-related injuries in
women are mild bruises and contusions, and only approximately 5% require hospitalized treatment as most injuries do
not result in severe damage15,16). Considering the nature of
this study, i.e., the use of the claims data, it is likely that
only people who experienced falls leading to fractures would
have sought medical care, and it is possible that men, who
engage relatively more in outdoor activities17), presented a
high risk of serious fracture from walking. Therefore, consideration of where older people spend most of their time and
daily life will be necessary in future studies. Different results
have been reported for different sexes regarding pressure
ulcers. While some studies report female sex to be a risk
factor of pressure ulcers, some report that older men have
higher risk of pressure ulcers than older women4,18,19).
Among comorbidities, dementia especially was associated
with a higher risk of fall-related fractures, delirium, incontinence, and pressure ulcers than other diseases. Therefore,
dementia must be considered as an important risk factor
of geriatric syndromes and managed with more caution.
Furthermore, chronic kidney diseases were associated with
a higher risk of fractures and pressure ulcers. Lifestyle also
affects the incidence of geriatric syndrome. Smoking and
alcohol intake are common risk factors of many diseases,
with differences in the risks for different geriatric syndromes.
Exercise reduced the risk of fall-related fractures, delirium,
incontinence, and pressure ulcers, whereas smoking increased the risks of fall-related fractures, delirium, and pressure
ulcers while decreasing the risk of incontinence. It has been
reported that smoking increases the risk of incontinence in
women through an antiestrogenic effect and interference
with collagen synthesis, but some report the correlation to
be statistically not significant20-22). A study involving Japanese
men reported a lower risk of incontinence in past smokers
and a higher risk in current smokers compared with those
who never smoked, but the results were not statistically
significant23). Parity has a considerable effect on incontinence
in women24), but it was not analyzed in this study. It is possible
that female smokers have a decreased possibility of conception and delivery, which may lead to a decreased rate
of urinary incontinence.
Intake of alcohol twice a week was associated with a lower
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risk of fall-related fractures, delirium, incontinence, and pressure ulcers, while alcohol intake three times a week was associated with a higher risk of fall-related fractures and delirium
and a lower risk of incontinence and pressure ulcers compared
with those who do not drink at all. Drinking alcohol is often
related to socializing activities, which may have a negative
association with incontinence and pressure ulcers25,26).
There have been a number of studies on the correlation
between drinking and incontinence. A large prospective cohort study in the United Kingdom reported a lower incidence
of incontinence in men who drink beer than in those who
do not or barely drink alcohol23). A study of Japanese men
over middle age inclusive of older people reported a lower
risk of incontinence in the groups who drank 0.1-32 g per
day and even more than 32 g per day than in the groups
who do not or barely drink alcohol27). These studies argued
that alcohol has protective effects against incontinence in
relation to the urethra and contractile property of the detrusor muscle23). Other studies argued that alcohol induces
transient changes in circulating testosterone and estrogen
levels, which may decrease the contractile power of detrusor
muscle by inhibiting calcium influx through the calcium chan28,29)
. However,
nels in the membranes of smooth muscles
excessive drinking nullifies such effects owing to diuretic
effects. The correlation between drinking and incontinence
in the literature has been inconsistent in women as opposed
to men. Some studies report a high risk of incontinence in
women who drink alcohol, while a longitudinal study in the
United Kingdom reported no effects of alcohol on incontinence regardless of the incontinence type. Other cross-sectional studies reported no significant association between
alcohol and incontinence20,22,30).
The effects of alcohol on pressure ulcers have also been
studied. Clinical evidence and previous animal studies suggest
that alcohol disrupts the wound healing process31), inhibits
wound closure and collagen production, and increases the
frequency of infection32). Therefore, it affects not only the
risk of pressure ulcers but also the recovery. However, the
effects of alcohol differ with regard to acute or chronic
conditions and the amount and duration of exposure33), which
may explain results showing no correlation between alcohol
and pressure ulcers in previous studies25,26). The results of
our study present a negative correlation between alcohol
and pressure ulcers. However, it is difficult to conclude that
there is an association with risk because there is not enough
information on duration, amount, and type of exposure. Further, as already mentioned, alcohol intake is often associated
with socializing activities, which may have a negative correlation with the incidence of pressure ulcers.
The group with lower BMI than the normal weight group
presented an increased risk of fall-related fractures, delirium,
and pressure ulcers. The risk of incontinence was lower in

Risk Factors of Geriatric Syndromes

the lower BMI group than in the higher BMI group and increased with increasing weight. This is in agreement with previous reports that obesity is related to an increased risk of
incontinence, especially stress incontinence, in women34,35).
Low body weight in older people reflects their nutritional
state and subsequent risk of various geriatric syndromes.
In particular, pressure ulcers often result from a bedridden
state due to various diseases, and decreased sensation, poor
nutritional health, and weight loss are reported to be risk
factors36).
Geriatric syndromes were identified using diagnostic codes
in this study, and therefore, the actual incidence may be
underestimated or overestimated. After reviewing other studies that have used claims data, it was confirmed that analyses
were based on the International Classification of Diseases
(ICD) in common. We studied only four types of geriatric
syndrome due to the limitation of only being able to use
diagnostic codes to extract insurance claims data. For instance, the ‘E’ code (for accidental fall) or ‘W’ code (for trauma) for falls are rarely entered by clinicians, which raises
the limitation of not being able to accurately confirm the
incidence of falls37). Another issue in using claims data is
that the analysis includes only patients who were treated
for fall-related fracture, incontinence, and pressure ulcers.
As patients with more severe symptoms may be more likely
to seek treatment and receive a diagnosis of geriatric syndrome, this data limitation could lead to an underestimation38,39). Regarding delirium, the definition varies (Diagnostic
and Statistical Manual or ICD) according to the criteria used,
and the hypoactive form has been underdiagnosed40). These
limitations include the possibility of inaccurate diagnoses,
coding inaccuracies, and missing data. Furthermore, as the
results of health check-ups offered by the NHIS are limited,
there may be more potential confounding factors not addressed in this study.
Results for known risk factors such as alcohol intake and
smoking were contradictory, probably due to lack of information on other confounding variables.
Despite the shortcomings, this study analyzed data of a
large cohort of older people in the NHIS database and identified the risk factors of geriatric syndromes.
In conclusion, this study verified that old age, history
of major surgery within the past 6 months, and polypharmacy
increase the risk of fall-related fractures, delirium, incontinence, and pressure ulcers. Low body weight was also associated with a high risk of fall-related fractures, delirium,
and pressure ulcers. On the other hand, the risk of incontinence decreased with decreasing body weight and viceversa. Exercise was a preventive factor for all four types of
geriatric syndromes studied. Acute and chronic comorbidities, especially dementia, increased the incidence of geriatric
syndromes. Contradictory results were found with respect

to alcohol intake and smoking, which require further study.
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