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Special Article

The current multimorbidity correction method in the Global Burden of Disease studies assumes the independent occurrence of dis-

eases. Those studies use Monte-Carlo simulations to adjust for the presence of multiple disease conditions for all diseases. The present 

study investigated whether the above-mentioned assumption is reasonable based on the prevalence confirmed from actual data. This 

study compared multimorbidity-adjusted years of lived with disability (YLD) obtained by Monte-Carlo simulations and multimorbidi-

ty-adjusted YLD using multimorbidity prevalence derived from National Health Insurance Service data. The 5 most common diseases 

by sex and age groups were selected as diseases of interest. No significant differences were found between YLD estimations made us-

ing actual data and Monte-Carlo simulations, even though assumptions about the independent occurrence of diseases should be care-

fully applied. The prevalence was not well reflected according to disease characteristics in those under the age of 30, among whom 

there was a difference in YLD between the 2 methods. Therefore, when calculating the burden of diseases for Koreans over the age of 

30, it is possible to calculate the YLD with correction for multimorbidity through Monte-Carlo simulation, but care should be taken 

with under-30s. It is useful to apply the efficiency and suitability of calibration for multiplicative methods using Monte-Carlo simula-

tions in research on the domestic disease burden, especially in adults in their 30s and older. Further research should be carried out on 

multimorbidity correction methodology according to the characteristics of multiple diseases by sex and age.
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INTRODUCTION

Due to population aging, the increased prevalence of chron-
ic diseases, and extended life expectancy, the prevalence of 

pISSN 1975-8375  eISSN 2233-4521 

multimorbidity, which refers to the co-occurrence of 2 or more 
diseases in an individual, is growing [1-3]. As multimorbidity 
increases, the population’s use of medical expenses and re-
source consumption will increase, negatively affecting the 
burden of disease (BoD) [4,5]. Therefore, to accurately measure 
the health level of the population, there is a growing need to 
account for multimorbidity. The World Health Organization 
(WHO) calculates BoD in the Global Burden of Disease (GBD) 
studies using a single health level measurement indicator ac-
cording to risk factors [6].

The disability-adjusted life-year (DALY) is the measure of 
overall disease burden used in the GBD, which is mainly con-
ducted by the Institute for Health Metrics and Evaluation. DALYs 
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are expressed by combining years of life lost due to early 
death and years of lived with disability (YLD) [7,8]. In the early 
GBD studies conducted by WHO, the BoD was calculated 
based on incidence rate without accounting for multimorbidi-
ty [9]. However, since calculating incidence-based BoD could 
not correctly reflect the prevalence, from 2010, multimorbidity 
started to be considered in estimating the BoD, assuming that 
the occurrence of one health condition would have no effect 
on the occurrence of another health condition [10,11]. In re-
cent years, the BoD has been estimated using Monte-Carlo 
simulations after adjusting for multimorbidity and with the 
assumption that health conditions occur independently [7].

BoD research conducted in the early years in Korea also failed 
to take multimorbidity into account, measuring the total dis-
ease burden by simply summing the disease burden by indi-
vidual disease [12]. Recently, however, by applying the research 
methodology of GBD, attempts have been made to calculate 
the BoD while correcting for multimorbidity [13-15]. When the 
multimorbidity-adjusted BoD is calculated, measuring preva-
lence and disability weights (DWs) for all combinations of mul-
timorbidity is difficult from a practical standpoint. For this rea-
son, multimorbidity is simulated hypothetically using a Mon-
te-Carlo simulation, after which the DWs for individual diseas-
es are estimated before calculating YLD. Previous research that 
assessed the validity of methods for calculating the DWs of 
multimorbidity established that calculating DWs with a multi-
plicative function is the most appropriate approach [14]. None-
theless, there is insufficient evidence to evaluate the validity of 
the assumption of independent occurrence of diseases in the 
case of multimorbidity and to assess how to adjust for multi-
morbidity.

Therefore, this study aimed to empirically compare multimor-
bidity-adjusted YLD based on its prevalence from actual data 
with the multimorbidity-adjusted YLD estimated through a 
simulation assuming the independent prevalence of individu-
al diseases for the sex-specific and age-specific top 5 diseases 
with the highest prevalence. 

METHODS

Data Sources
This study used the customized research database of the 

National Health Insurance Service (NHIS) as the data source. In 
total, 9 456 637 individuals were selected by random sampling, 
which translates to 25% of the 2016 NHIS database for all quali-

fied citizens (Supplemental Material 1). The top 5 diseases with 
the highest prevalence were selected by 5-year age and sex 
groups. Diagnostic codes were used from the International 
Classification of Diseases, 10th revision (ICD-10), and the defi-
nitions of the prevalence criteria and the diseases included in 
this study followed Yoon et al. [13]’s study. Thus, the ICD codes 
for the sex-specific and age-specific top 5 diseases with the 
highest prevalence were used, and based on the main diagno-
sis and sub-diagnosis, those who were hospitalized at least 
once in 2016 or those who satisfied the minimum number of 
outpatient visits were defined as patients. Cancer and injury, 
however, were not included in the prevalent disease groups. 
This is because in Yoon et al. [13]’s 2018 study, the same defini-
tion of a patient could not be applied to these 2 diseases as 
the data were obtained from another source. In Yoon et al. 
[13]’s study, the statistical data from the National Cancer Reg-
istration and Statistics data of National Cancer Center were 
used to calculate the BoD of cancer, and the Korean National 
Hospital Discharge In-depth Injury Survey data were used to 
calculate the BoD of injury.

Statistical Analysis
Assessment of the assumption of the independent  
occurrence of diseases

The actual prevalence of multimorbidity for the sex-specific  
and age-specific top 5 diseases with the highest prevalence 
was identified. The observed prevalence and the expected 
prevalence were calculated and compared for each multimor-
bidity combination. A standardized difference of less than 0.1 
between the 2 groups according to balance diagnostics based 
on a 95% confidence interval (CI) was considered negligible 
[16,17].

 : Observed prevalence
 : Expected prevalence

Validity assessment of the correction method for  
multimorbidity 

As aspects of multimorbidity tend to vary depending on sex 
and age, and YLD estimation varies depending on prevalence 
[18], this study analyzed sex-specific and age-specific preva-
lent diseases to calculate YLD reflecting the actual prevalence 



Yoonhee Shin, et al.

30

of multimorbidity.
The prevalence-based YLD was calculated using the preva-

lence and DWs of individual sequelae to estimate YLD due to 
those sequelae. Here, prevalence reflects duration of disease 
with a focus on cause–sequelae–health state, and not just 
cause, with an emphasis on a person’s overall health experi-
ence [15]. 

YLD before adjusting for multimorbidity based on actual data
The sex-specific and age-specific 5 most prevalent diseases 

were selected from actual data, and the distribution ratios of 
cause–sequelae–health state collected from Korean subjects 
[12] were applied to calculate the prevalence of disease se-
quelae. Afterwards, DWs for individual sequelae were estimat-
ed by applying a multiplicative function to DWs per state of 
health calculated with paired comparisons in Koreans [19].

YLD after adjusting for multimorbidity based on actual data
YLD was calculated by multiplying the DWs of multimorbid-

ity by the prevalence of the combination of the sex-specific 
and age-specific 5 diseases obtained from the actual data. 
However, in the age group of 20 years old and younger, acute 
infectious diseases were included in the top diseases with the 
highest prevalence, but the actual duration of these diseases 
could not be specified. For this reason, the prevalence rate un-
adjusted for duration of disease was used. DWs were calculat-
ed by estimating the DWs of individual sequelae with a multi-
plicative function to calculate the DWs of an individual dis-
ease, then re-applying the multiplicative function for the DWs 
of the disease.

DWk : Disability weight for disease k
n : Total number of diseases

Multimorbidity-adjusted YLD using Monte-Carlo simulations
Applying the method used in the 2016 GBD study [6], as-

suming that hypothetical subjects were exposed to each of 
the 5 diseases at an independent rate, Monte-Carlo simula-
tions were run based on the prevalence of individual sequelae 
of each disease, so that a single morbidity or a multimorbidity 
state was created for each of the 40 000 hypothetical subjects. 
The DWs of each hypothetical subject were assigned to his or 
her relevant disease. 

 : Attributable DW of phase sequelae k belonging to 
simulant l

 : DW for the combination of sequelae experienced 
by simulant I 

The sum of the DWs of the 40 000 hypothetical subjects was 
divided by the total number of diseases in order to calculate 
the multimorbidity-adjusted YLD.

The process was repeated 1000 times in order to obtain a 
95% CI and to enable a comparison of the 95% CIs of YLD esti-
mates in order to confirm any differences. The validity of the 
application of Monte-Carlo simulations was reviewed accord-
ing to age and sex. This study used SAS version 9.4 (SAS Insti-
tute Inc., Cary, NC, USA) to estimate the prevalence of multi-
morbidity, and the Monte-Carlo simulations were run in R ver-
sion 4.0.2 (R Foundation, Vienna, Austria).

Ethics Statement
The study was conducted after receiving an exemption from 

the Research Ethics Review Committee (SEUMC 2021-01-004) 
of Ewha Womans University Seoul Hospital.

RESULTS

Assessment of the Assumption of Independent 
Prevalence Between Diseases

The prevalence of multimorbidity for the top 5 diseases with 
the highest prevalence is shown in Table 1. Subjects included 
for each of the 5 diseases were patients with that specific prin-
cipal condition and not the other 4. The prevalence of multi-
morbidity was high in individuals aged 10 years old and young-
er or 60 years old and older. For male, the prevalence of multi-
morbidity per 1000 population for the 5 most prevalent dis-
eases was highest for individuals aged 0-4 years, at 219.65. 
This estimate dropped to 3.77 in individuals aged 30-34 years, 
and then increased again to 170.28/1000 in individuals aged 
80 years and older. For female, this estimate started at 187.00 
in individuals aged 0-4 years, increased to 228.18 in individu-
als aged 5-9 years, then decreased to 9.23 in individuals aged 
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25-29 years, 9.21 in individuals aged 30-34 years, 3.49 in indi-
viduals aged 35-39 years, after which it continued to increase 
to 190.57/1000 in individuals aged 80 years and older. 

Figure 1 shows the difference between the observed and 
expected prevalence of the sex-specific and age-specific top 5 
diseases with the highest prevalence. In all age groups, the 
95% CIs for observed prevalence and expected prevalence did 

not overlap. Table 2 illustrates the difference between the ob-
served and expected prevalence, which decreased with age to 
the point that the difference was the smallest in individuals 
aged 50-54 years for male and in individuals aged 35-39 years 
for female. After this point, the difference increased again, and 
in individuals aged 80 years and older, the observed prevalence 
was 0.170 (95% CI, 0.160 to 0.180) and the expected prevalence 
was 0.068 (95% CI, 0.063 to 0.074) in males, whereas the ob-
served prevalence was 0.191 (95% CI, 0.184 to 0.198) and the 
expected prevalence was 0.084 (95% CI, 0.079 to 0.088) in fe-
males. The standardized difference between the observed and 
expected prevalence was greater than 0.1 in individuals aged 
0-24 years and over 60 in males, and in individuals aged 0-29 
years and over 60 in females. 

Assessment of the Validity of the Adjustment 
Method for Multimorbidity

The multimorbidity-adjusted YLD values based on actual 
data and the multimorbidity-adjusted YLD values using Mon-
te-Carlo simulations were compared. As shown in Table 3 and 
Supplemental Material 1, both YLD values had no significant 

Table 1. Prevalence of multimorbidity for the 5 most preva-
lent diseases

Sex Age (y)

Prevalence (per 1000 population)

No. of multiple conditions Multimorbidity 
(2+)2 3 4 5

Male 0-4 203.97 15.28 0.39 0.00 219.65

5-9 133.42 8.86 0.26 0.01 142.55

10-14 53.11 5.30 0.26 0.02 58.69

15-19 6.26 0.42 0.01 0.00 6.69

20-24 11.72 1.59 0.14 0.00 13.45

25-29 5.49 0.41 0.03 0.00 5.92

30-34 3.53 0.22 0.02 0.00 3.77

35-39 4.91 0.22 0.01 0.00 5.14

40-44 8.24 0.45 0.03 0.00 8.71

45-49 12.41 0.65 0.04 0.00 13.10

50-54 21.44 1.39 0.05 0.00 22.89

55-59 32.51 2.56 0.15 0.00 35.22

60-64 50.94 5.49 0.35 0.02 56.80

65-69 77.74 11.26 1.21 0.10 90.31

70-74 104.60 19.26 2.54 0.21 126.60

75-79 120.65 22.48 2.51 0.11 145.75

≥80 140.35 26.93 2.82 0.19 170.28

Female 0-4 174.88 11.89 0.21 0.01 187.00

5-9 207.60 20.46 0.12 0.00 228.18

10-14 38.06 2.07 0.04 0.00 40.17

15-19 16.88 1.35 0.08 0.00 18.32

20-24 6.17 0.75 0.03 0.00 6.95

25-29 8.11 1.10 0.02 0.00 9.23

30-34 8.85 0.35 0.01 0.00 9.21

35-39 3.37 0.12 0.00 0.00 3.49

40-44 6.17 0.37 0.01 0.00 6.56

45-49 8.38 0.52 0.04 0.00 8.94

50-54 15.38 1.32 0.07 0.01 16.78

55-59 28.95 2.56 0.21 0.00 31.72

60-64 45.86 4.92 0.40 0.02 51.20

65-69 88.27 12.48 1.05 0.05 101.85

70-74 121.14 20.65 1.98 0.10 143.87

75-79 148.27 28.67 3.30 0.17 180.41

≥80 159.47 27.97 3.02 0.10 190.57

Figure 1. Comparison of observed and expected prevalence 
of multimorbidity for the five most prevalent diseases (A: 
male, B: female). 
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differences, as shown by non-overlapping 95% CIs, for both 
males and females aged 30 years and older. There was a differ-
ence between the 2 multimorbidity-adjusted YLD values de-
pending on the adjustment method and age, but this differ-
ence fell within the 95% CIs. However, since with individuals 

aged 20 years and younger, the prevalence of acute infectious 
diseases used in YLD calculation was not adjusted for duration 
of disease, the YLD in this case was substantially different from 
the YLD calculated using Monte-Carlo simulations. 

Table 4 shows the comparison of YLD values before and af-

Table 2. Observed and expected prevalence for multimor-
bidity with SDs

Sex Age 
(y)

Prevalence

SD
Obs.

95% CI
Exp.

95% CI

LL UL LL UL

Male 0-4 0.220 0.215 0.224 0.017 0.016 0.019 0.660

5-9 0.143 0.139 0.146 0.008 0.007 0.009 0.527

10-14 0.059 0.056 0.062 0.012 0.011 0.013 0.254

15-19 0.007 0.006 0.008 0.001 0.000 0.001 0.101

20-24 0.013 0.012 0.015 0.001 0.000 0.001 0.156

25-29 0.006 0.005 0.007 0.001 0.000 0.001 0.091

30-34 0.004 0.003 0.005 0.001 0.001 0.002 0.052

35-39 0.005 0.004 0.006 0.002 0.002 0.003 0.045

40-44 0.009 0.008 0.010 0.004 0.004 0.005 0.054

45-49 0.013 0.012 0.014 0.007 0.006 0.008 0.058

50-54 0.023 0.021 0.025 0.014 0.013 0.015 0.067

55-59 0.035 0.033 0.037 0.021 0.020 0.023 0.083

60-64 0.057 0.054 0.060 0.032 0.030 0.035 0.119

65-69 0.090 0.085 0.095 0.046 0.042 0.049 0.178

70-74 0.127 0.119 0.134 0.054 0.050 0.059 0.254

75-79 0.146 0.137 0.154 0.063 0.058 0.068 0.274

≥80 0.170 0.160 0.180 0.068 0.063 0.074 0.319

Female 0-4 0.187 0.182 0.192 0.018 0.016 0.019 0.582

5-9 0.137 0.134 0.140 0.011 0.011 0.012 0.494

10-14 0.040 0.038 0.042 0.008 0.007 0.009 0.208

15-19 0.018 0.017 0.020 0.009 0.008 0.010 0.181

20-24 0.007 0.006 0.008 0.001 0.000 0.001 0.104

25-29 0.009 0.008 0.010 0.001 0.000 0.001 0.118

30-34 0.009 0.008 0.010 0.002 0.002 0.003 0.089

35-39 0.003 0.003 0.004 0.003 0.002 0.004 0.009

40-44 0.007 0.006 0.008 0.003 0.003 0.004 0.045

45-49 0.009 0.008 0.010 0.006 0.005 0.007 0.036

50-54 0.017 0.015 0.018 0.009 0.008 0.010 0.065

55-59 0.032 0.030 0.034 0.017 0.016 0.018 0.096

60-64 0.051 0.048 0.054 0.026 0.024 0.028 0.130

65-69 0.102 0.097 0.107 0.044 0.042 0.047 0.222

70-74 0.144 0.137 0.150 0.057 0.053 0.060 0.294

75-79 0.180 0.173 0.188 0.067 0.063 0.072 0.348

≥80 0.191 0.184 0.198 0.084 0.079 0.088 0.315

Obs., observed prevalence; Exp., expected prevalence; CI, confidence inter-
val; LL, lower limit; UL, upper limit; SD, standardized difference.

Table 3. Observed and predicted YLD adjusting for multimor-
bidity (per 1000 population)

Sex Age 
(y)

Unadjusted 
YLD for 

multimorbidity

Multimorbidity-adjusted YLD

Calculated by 
actual data 

(NHIS)

Calculated by MC 
(95% CI)

Male 0-4 438.87 409.62 84.88 (81.22, 88.61)

5-9 400.39 380.42 50.35 (48.01, 52.70)

10-14 273.27 265.23 30.21 (28.13, 32.34)

15-19 18.96 17.64 18.83 (17.00, 20.73)

20-24 35.70 30.04 35.23 (32.16, 38.30)

25-29 30.89 27.77 30.51 (27.34, 33.74)

30-34 29.52 28.22 29.11 (25.68, 32.60)

35-39 42.11 40.60 41.37 (37.34, 45.63)

40-44 59.59 57.09 58.07 (52.97, 63.18)

45-49 72.91 70.29 70.69 (65.44, 76.10)

50-54 95.72 92.12 91.91 (86.11, 97.80)

55-59 122.13 116.71 116.01 (109.50, 122.66)

60-64 144.64 137.48 136.19 (129.82, 142.61)

65-69 181.87 170.02 168.33 (161.55, 175.25)

70-74 213.40 196.16 194.67 (187.27, 202.10)

75-79 232.46 212.84 210.30 (202.77, 218.08)

≥80 278.13 250.22 247.74 (240.16, 255.68)

Female 0-4 422.47 397.82 74.93 (71.32, 78.24)

5-9 465.60 421.58 33.35 (31.61, 35.07)

10-14 264.88 260.13 19.70 (18.09, 21.33)

15-19 177.28 173.15 20.76 (18.76, 22.87)

20-24 22.99 20.59 22.80 (20.68, 24.96)

25-29 31.49 28.28 31.13 (28.45, 33.82)

30-34 40.35 37.76 39.72 (36.86, 42.61)

35-39 34.74 34.25 34.27 (31.64, 37.02)

40-44 37.81 36.83 37.22 (33.87, 40.68)

45-49 46.58 45.41 45.67 (42.19, 49.28)

50-54 73.57 70.55 71.28 (66.25, 76.43)

55-59 104.27 98.86 99.66 (93.85, 105.64)

60-64 135.22 127.17 127.67 (121.57, 133.94)

65-69 181.40 168.59 167.84 (161.18, 174.64)

70-74 225.56 206.69 204.72 (197.29, 212.28)

75-79 282.91 253.95 250.66 (242.68, 258.76)

≥80 325.93 293.42 286.53 (278.18, 295.07)

YLD, years of lived with disability; NHIS, National Health Insurance Service; 
MC, Monte-Carlo simulation; CI, confidence interval. 
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ter adjusting for multimorbidity. A multiplicative function was 
applied to both methods, and the YLD estimates were lower 
after adjusting for multimorbidity. After adjustment using 
Monte-Carlo simulations, YLDs decreased by between 0-15% 
except in males aged 0-14 years and in females aged 0-19 
years. In all other age groups, the change in multimorbidity-
adjusted YLD estimates increased with age. Since the duration 

of disease was not accounted for in males 0-14 years old and 
in females 0-19 years old due to the inclusion of acute infec-
tious diseases, the difference between YLD values before and 
after adjusting for multimorbidity with Monte-Carlo simula-
tions was significantly larger in these age groups. In individu-
als aged 30 years and older, the change in YLD after adjusting 
for multimorbidity using actual data and the change in YLD 
after adjusting for multimorbidity with Monte-Carlo simula-
tions did not show a significant difference, as demonstrated 
by non-overlapping 95% CIs. 

DISCUSSION

Assessment of the Assumption of Independent 
Prevalence Between Groups	

This study used and analyzed the exact list of diseases, dis-
ease codes, and standards for disease prevalence as used in 
the BoD studies of Koreans, thereby promoting straightfor-
ward application and use in future BoD studies. However, since 
cancer and injury were excluded for the purpose of this study, 
the sex-specific and age-specific top diseases with the highest 
prevalence may be different from the diseases generally con-
sidered as being highly prevalent. 

The findings of this study revealed that, when calculating 
the prevalence of multimorbidity, assuming the independent 
occurrence of individual diseases should be done with caution 
in individuals aged 30 years and younger and in individuals 
aged 60 years and older. However, some diseases showed un-
usual differences in multimorbidity prevalence in relation to 
sex and age, which might lead to an overestimation of the 
BoD [20]. Therefore, for a more accurate estimation of YLD, one 
must identify any sex-specific or age-specific patterns of mul-
timorbidity and any diseases for which assuming independent 
occurrence according to sex and age would be inappropriate. 

Assessment of the Validity of the Method of  
Adjustment for Multimorbidity

The source for this study was the 2016 customized research 
database of the NHIS, through which the actual prevalence of 
multimorbidity was calculated for use in the analysis. Al-
though previous studies have used the dependence correc-
tion factor in order to adjust for the prevalence of multimor-
bidity [20] and examined methods to identify the prevalence 
patterns of multimorbidity based on actual data [21], insuffi-
cient research has examined the validity of adjustment meth-

Table 4. Comparison of YLD before and after adjusting for 
multimorbidity 

Sex Age (y)
Reduction of YLD (%)

Change by 
actual data

Change by Monte-Carlo 
simulation (95% CI)

Male 0-4 -6.67 -80.66 (-81.49, -79.81)

5-9 -4.99 -87.42 (-88.01, -86.84)

10-14 -2.94 -88.94 (-89.71, -88.17)

15-19 -6.97 -0.71 (-10.36, 9.31)

20-24 -15.85 -1.33 (-9.92, 7.27)

25-29 -10.09 -1.24 (-11.50, 9.22)

30-34 -4.38 -1.38 (-13.00, 10.44)

35-39 -3.60 -1.77 (-11.34, 8.35)

40-44 -4.19 -2.55 (-11.11, 5.68)

45-49 -3.58 -3.04 (-10.24, 4.20)

50-54 -3.76 -3.98 (-10.04, 2.13)

55-59 -4.44 -5.01 (-10.34, 0.43)

60-64 -4.95 -5.84 (-10.25, -1.42)

65-69 -6.51 -7.44 (-11.17, -3.78)

70-74 -8.08 -8.78 (-12.25, -5.59)

75-79 -8.44 -9.53 (-12.77, -6.59)

≥80 -10.03 -10.93 (-13.65, -8.78)

Female 0-4 -5.83 -82.26 (-83.12, -81.48)

5-9 -9.45 -92.84 (-93.21, -92.47)

10-14 -1.79 -92.56 (-93.17, -91.95)

15-19 -2.33 -88.29 (-89.42, -87.10)

20-24 -10.44 -0.85 (-10.07, 8.55)

25-29 -10.19 -1.16 (-9.67, 7.38)

30-34 -6.42 -1.56 (-8.64, 5.61)

35-39 -1.41 -1.34 (-8.92, 6.57)

40-44 -2.59 -1.55 (-10.41, 7.60)

45-49 -2.53 -1.96 (-9.43, 5.79)

50-54 -4.11 -3.12 (-9.95, 3.88)

55-59 -5.19 -4.43 (-10.00, 1.31)

60-64 -5.96 -5.59 (-10.10, -0.95)

65-69 -7.06 -7.48 (-11.15, -3.73)

70-74 -8.36 -9.24 (-12.53, -5.89)

75-79 -10.24 -11.40 (-14.22, -8.53)

≥80 -9.97 -12.09 (-14.65, -9.47)

YLD, years of lived with disability; CI, confidence interval. 
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ods for multimorbidity using prevalence from actual data. 
Therefore, this study is significant in that it sought to assess 
the validity of the adjustment methods for multimorbidity 
when calculating the BoD using prevalence from actual data.

In individuals aged 30 years and older, the estimation of 
age-specific multimorbidity-adjusted BoD based on actual 
NHIS data showed no significant difference from that estimat-
ed with Monte-Carlo simulations assuming independent oc-
currence within the 95% CI. This implies that it is possible to 
calculate multimorbidity-adjusted YLD with Monte-Carlo sim-
ulations to estimate the BoD in Koreans aged 30 years and 
older.

The GBD studies also use Monte-Carlo simulations to ac-
count for multimorbidity when calculating the BoD, and they 
have performed analyses for all age groups as done in this 
study [7,22]. Moreover, an assessment study using the United 
States Medical Expenditure Panel Survey data on the validity 
of the adjustment method used in GBD studies reported that 
the correlation between the actual data-based YLD and the 
simulation-corrected YLD was high [23]. Furthermore, studies 
that have calculated the BoD of children specified the use of 
Monte-Carlo simulations to adjust for multimorbidity in an 
identical manner as in adults and included infectious diseases 
as key diseases [24]. It has been mentioned in GBD studies 
that in order to reduce the inaccuracy of estimates from ad-
justing for multimorbidity using simulations, 1000 simulations 
were run for each age-sex-country-year group and that 40 000 
hypothetical subjects were created. They clarified that mea-
sures such as these yield relatively accurate estimates even in 
younger age groups with low prevalence rates. This study also 
utilized the same measures to avoid inaccuracy of adjusted es-
timates. However, since it is difficult to specify the duration of 
disease for diseases with a short duration when adjusting for 
multimorbidity with actual data, assessing the validity in such 
cases has limitations. 

Attempts have been made to calculate prevalence-based 
BoD in BoD studies for Koreans [13], but incidence-based BoD 
calculations are still more widely used [12], where YLD equals 
the product of the number of incident cases, the morbidity 
period, and DWs. If adjustment for the duration of disease is 
needed for morbidity period calculation, the duration of dis-
ease is calculated with NHIS data for infectious diseases and 
with the DISMOD-II program [25] based on number of preva-
lent cases, incident cases, and deaths for all other diseases. 
Duration-adjusted prevalence varies substantially depending 

on how duration is calculated. As acute infectious diseases 
have a morbidity period shorter than 1 year, unlike chronic 
diseases, it is necessary to consider the duration of disease. In 
a study that calculated the prevalence-based BoD of Koreans, 
duration-adjusted prevalence was used for acute infectious 
diseases [13]. In this study, acute infectious diseases were among 
the top 5 prevalent diseases in individuals aged 20 years and 
younger. For acute infectious diseases, although duration-ad-
justed prevalence is used with Monte-Carlo simulations in the 
BoD calculation, estimating the duration-adjusted multimor-
bidity prevalence is difficult when using actual data. In other 
words, for curable diseases like acute infectious diseases with 
a short duration, considering cases with less than 1 year of du-
ration of disease in the calculation of prevalence-based BoD 
could yield an overestimated result. Therefore, defining the 
diseases to be included in such calculation to estimate preva-
lence should be done with caution. 

CONCLUSION

Changing the number of diseases to be included in calcula-
tions of multimorbidity changes the analysis results of a study 
[26]. Despite findings that associate a higher number of condi-
tions included in multimorbidity calculations with a higher 
prevalence [27], this study calculated the prevalence of multi-
morbidity using actual data with only the 5 most prevalent 
diseases by sex and age. Furthermore, the sex-specific and 
age-specific top 5 diseases with the highest prevalence were 
different from those generally considered most prevalent be-
cause cancer and injury were excluded. However, as the objec-
tive of this study was to assess the validity of the assumption 
of independent occurrence as a method of multimorbidity-
adjusted BoD calculation, rather than to calculate accurate 
BoD statistics, it aimed to minimize bias by selecting and ana-
lyzing diseases with high prevalence according to sex and age.

Both GBD studies and studies on BoD in Koreans use DWs of 
disease sequelae to calculate YLD. This study also used DWs of 
disease sequelae in both YLD calculation before multimorbidi-
ty adjustment based on actual data and YLD calculation after 
multimorbidity adjustment with Monte-Carlo simulations. In 
the multimorbidity-adjusted YLD calculation based on actual 
data, however, the DWs were applied using a multiplicative 
function. This study limited the number of most prevalent dis-
eases to 5, which in turn limited the impact of the difference 
in the application method for DWs on estimation. Therefore, 
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applying DWs with a higher number of diseases should be 
done with caution.

This study sought to verify the currently used multimorbidi-
ty adjustment method using Monte-Carlo simulations for the 
most prevalent diseases based on actual data. The findings re-
vealed that there was no significant difference in estimates in 
individuals aged 30 years and older. However, in individuals 
aged 29 years and younger, adjusting for multimorbidity based 
on actual data was either not possible, or the values estimated 
using simulations were inaccurate depending on the diseases 
included as the most prevalent. As such, the assumption of in-
dependent occurrence may not be appropriate depending on 
the characteristics of certain diseases, which calls for design-
ing a multimorbidity adjustment method that accounts for 
disease-specific characteristics. The findings of this study may 
be used as a basis for the current multimorbidity adjustment 
method using Monte-Carlo simulations.
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