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Abstract
Background  Gastric cancer is the fourth most common cancer and highly prevalent in South Korea. As one of the 
predictors of gastric cancer, we focused on health utilization patterns and expenditures, as the surrogate variables 
of health conditions. This nested case-control study aimed to identify the association between health expenditure 
trajectory and incidence of gastric cancer.

Methods  Data from the National Health Insurance Service Senior Cohort of South Korea were used. Individuals 
diagnosed with gastric cancer (N = 14,873) were matched to a non-diagnosed group (N = 44,619) in a 1:3 ratio using 
a nested case-control design. A latent class trajectory analysis was performed to identify the patterns of health 
expenditure among the matched participants. Furthermore, conditional logistic regression analysis was conducted to 
examine the relationship between healthcare expenditure trajectories and gastric cancer incidence.

Results  Seven distinct health expenditure trajectories for five years were identified; consistently lowest (13.8%), 
rapidly increasing (5.9%), gradually increasing (13.8%), consistently second-highest (21.4%), middle-low (18.8%), 
gradually decreasing (13.1%), and consistently highest (13.2%). Compared to the middle-low group, individuals in the 
rapidly increasing [odds ratio (OR) = 2.11, 95% confidence interval (CI); 1.94–2.30], consistently lowest (OR = 1.40, 95% 
CI; 1.30–1.51), and gradually increasing (OR = 1.26, 95% CI; 1.17–1.35) groups exhibited a higher risk of developing 
gastric cancer.

Conclusions  Our findings suggest that health expenditure trajectories are predictors of gastric cancer. Potential risk 
groups can be identified by monitoring health expenditures.
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Background
Gastric cancer is highly prevalent worldwide [1], with 
South Korea reporting the highest number of incidences 
[2, 3]. In 2020, gastric cancer was ranked as the fourth 
most common cancer in South Korea, after thyroid, lung, 
and colorectal cancers [2]. Data from the Korean Statis-
tical Information Service (KOSIS) revealed that gastric 
cancer accounted for approximately 10.8% of all can-
cers in South Korea, ranking second in incidence among 
men, with an age-standardized incidence rate of 76.2 per 
100,000 individuals [2]. This rate was twice as high in 
men than in women (31.6%). Despite a gradual decline 
in the incidence rate of gastric cancer between 2010 and 
2020, South Korea still has the highest incidence rate of 
gastric cancer among mens compared to 185 other coun-
tries [2, 3].

The increasing prevalence of cancer imposes a sub-
stantial economic burden on patients, families, health 
systems, and society as a whole [4–6]. A previous study 
conducted in 2014 on the economic burden of gastric 
cancer in patients reported a total cost of US $557,571 
considering both direct and indirect expenses [7]. Other 
studies on cancer treatments have shown that the cost of 
cancer treatment is higher owing to repeated hospitaliza-
tions, numerous outpatient visits, laboratory services, 
advanced diagnostic tests, chemotherapy, expensive 
medications, surgeries, and radiotherapy, among other 
essential services [8, 9]. Consequently, there is a grow-
ing demand for more proactive approaches to effectively 
treat cancer with fewer side effects, highlighting the sig-
nificance of accurate and rapid gastric cancer screening 
[10, 11].

Gastric cancer is a multifactorial disease influenced 
by various demographic characteristics, diet, lifestyle, 
genetic predisposition, family history, medical condi-
tions, and infections [12, 13]. Age, sex, socioeconomic 
status, smoking status, diet, obesity, physical activity, 
and Helicobacter pylori infection have been associated 
with gastric cancer. Smoking status, high salt intake, 
and H. pylori infection are considered modifiable fac-
tors [12–19]. Although upper gastrointestinal endos-
copy is necessary to assess the risk of gastric cancer, it 
has potential risks and entails high screening costs [11, 
20]. For example, one study found that individuals who 
underwent gastrointestinal endoscopy reported a 0.13% 
adverse complication rate and a 0.004% mortality rate 
[21]. Therefore, gastrointestinal endoscopy has been pro-
posed for high-risk subgroups [22].

In 1999, South Korea implemented a national screen-
ing program for gastric cancer, which recommends bien-
nial upper endoscopy or upper gastrointestinal series for 
individuals aged ≥ 40 years [23]. The “high-risk group” is 
defined based on age (≥ 40 years), family history of gastric 
cancer, a previous diagnosis of precancerous conditions, 

such as atrophic gastritis and intestinal metaplasia, Heli-
cobacter pylori (H. pylori) infection, and chronic condi-
tions, such as pernicious anemia and gastric ulcers.

The observed decrease in the incidence of gastric can-
cer in South Korea between 2010 and 2020 can be attrib-
uted to several factors. For instance, the widespread 
implementation of a national endoscopic screening pro-
gram [23], which has led to the early detection and treat-
ment of precancerous lesions. Additionally, efforts to 
eradicate H. pylori [24], a known risk factor for gastric 
cancer, have contributed to this decline. Widespread H. 
pylori screening and eradication programs have been in 
place in South Korea since the early 2000s. Studies have 
shown that H. pylori eradication can reduce the risk of 
gastric cancer by approximately 50%. Other factors that 
may have influenced this trend include improvements in 
lifestyle and dietary habits [25], and enhanced sanitation 
and living conditions [26].

Several studies have primarily focused on health expen-
ditures related to end-of-life care and those incurred 
after a cancer diagnosis [27–29]. However, these studies 
have mainly focused on the financial burden on patients, 
families, health systems, and society following cancer 
occurrence. Given the availability of accurate and rapid 
screening methods for gastric cancer, such as gastroin-
testinal endoscopy [30], the most effective strategy is to 
develop a prediction model that can identify high-risk 
subgroups by analyzing the patterns prior to the onset of 
gastric cancer.

This study focused on health expenditure patterns. 
Using Andersen’s behavioral model of health services 
utilization, health utilization, and expenditures were 
determined based on predisposing, enabling, and need 
factors [31]. Although personal preferences and other 
predisposing and enabling factors may over- or underes-
timate health expenditure, previous research has shown 
that health expenditure is associated with health condi-
tions [32–34]. Previous research has also examined the 
association between health expenditures and cancer 
incidence and found that higher health expenditures are 
associated with increased cancer incidence [35]. How-
ever, this approach may overlook the patterns of longi-
tudinal health expenditure changes before the onset of 
gastric cancer. Because the gastrointestinal carcinogenic 
process typically spans 5–15 years [36], it is imperative 
to examine the potential impact of longitudinal health 
expenditure patterns. Whereas a single event can lead to 
a sudden surge in health expenditures in a particular year, 
it may not be indicative of the patterns associated with 
gastric cancer incidence. This underscores the impor-
tance of examining health expenditure patterns over 
time before gastric cancer occurrence. This study utilized 
data from the National Health Insurance Service (NHIS) 
Senior Cohort in South Korea and identified specific 
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health expenditure trajectories preceding the onset of 
gastric cancer, and examined the associations of these 
trajectories with gastric cancer incidence using a nested 
case-control study design to address this gap.

Methods
Data and study population
This study used data from the NHIS Senior Cohort of 
South Korea. The NHIS covers approximately 97% of 
all Korean citizens and the remaining 3% are covered 
by Medical Aid [37]. Consequently, the NHIS collects 
data on the use of medical services by all citizens and 
stores them anonymously. The NHIS senior cohort data 
comprised a randomly selected sample stratified based 
on various criteria, such as sex, age, and insurance pre-
mium quantile, representing approximately 8% of South 
Korean individuals aged ≥ 60 years in 2008 (approxi-
mately 510,000 individuals). Moreover, since 2009, the 
NHIS senior cohort has added 8% older adults who turn 
60 each year, resulting in approximately 540,000 older 
adults between 2009 and 2019. Overall, approximately 
1,057,784 older adults participated in the cohort study 
between 2002 and 2019 [38]. The dataset included infor-
mation on each individual’s health status, healthcare uti-
lization, and sociodemographic characteristics such as 
sex, age, and region of residence [38].

This study used data from 2008 to 2019 and included 
761,917 individuals aged 60 years or older at baseline 
between 2008 and 2014. Study participants with a history 

of cancer (N = 94,260), those on Medical Aid (N = 33,697), 
and those who died from non-incident gastric cancer 
during the study period (N = 132,342) were excluded. 
After excluding 442,126 participants who did not meet 
the inclusion criteria, 59,492 were included in the analy-
sis (Fig. 1).

Variables
Outcome measure
The primary outcome measure in this study was gastric 
cancer incidence. Gastric cancer was classified based on 
the principal diagnosis between 2008 and 2019, using the 
International Statistical Classification of Diseases, 10th 
revision (ICD-10; code C16).

Independent variables
The independent variable used in this study was health 
expenditure. Health expenditures included all expenses 
related to medical services incurred before the diagnosis 
of gastric cancer. This included outpatient and inpatient 
medical services, except for oriental medicine, dental 
services, and out-of-hospital prescriptions To account 
for the annually increasing inflation, health expendi-
tures were calculated using a conversion index applied 
to health expense calculations [39]. In South Korea, the 
annual rate of increase is determined by negotiations 
between the NHIS and provider associations [39]. All 
health expenditures at different timepoints were cal-
culated using an annual conversion index based on the 

Fig. 1  Selection process of the study participants

 



Page 4 of 13Lee et al. BMC Health Services Research         (2024) 24:1076 

last data point of the study (2019). The annual conver-
sion index rates used to calculate health expenditures are 
presented in Supplementary Table 1. Individual health 
expenditures from 1 to 5 years prior to the diagnosis of 
gastric cancer were aggregated in units of six months 
and divided into 20 groups according to the percentiles 
(Supplementary Table 2). For participants with no inci-
dence of gastric cancer, health expenditures were cal-
culated based on the date of diagnosis of the matched 
patient with gastric cancer. Seven health expenditure tra-
jectories were identified based on the health expenditure 
patterns of the segmented health expenditure groups 1–5 
years gastric cancer diagnosis. The seven types of health 
expenditure trajectories over 5 years were categorized 
based on the following patterns: “consistently lowest,” 
“rapidly increasing,” “gradually increasing,” “consistently 
second-highest,” “middle-low,” “gradually decreasing,” 
and “consistently highest’’ (Fig. 2).

Covariates
The covariates included sociodemographic factors, 
underlying health conditions, health behaviors, and pre-
existing conditions. Sociodemographic factors included 
sex (men, women), age (60–64, 65–69, 70–74, 75–79, 
and > 80 years), income (quartile), and region of resi-
dence (Seoul, Gyeonggi, metropolitan, rural). Underlying 
health conditions included disability and the Charlson 
comorbidity index (CCI). Disability was categorized as 
non-disabled and registered under Korea’s Disability Reg-
istration system [40]. The CCI was calculated according 

to Quan’s updated criteria and categorized as 0, 1, 2, > 3 
[41]. Sociodemographic factors and underlying health 
conditions were assessed at baseline. Health behaviors 
included smoking status (no answer (N/A), never, former, 
current) and alcohol consumption status (N/A, no, yes). 
Preexisting conditions included eight symptoms associ-
ated with gastric cancer, which were identified based on 
the Korean Standard Classification of Symptoms (KCD). 
These symptoms included abnormal weight loss (R10.49), 
dysphagia (R13), dyspepsia/gastro-esophageal reflux dis-
ease (K21, K30), hematemesis/melaena (K92.1), H. pylori 
infection (B98,0), diabetes mellitus (E10-E14), and pneu-
monia (J12-J18) [42–48]. The presence of these symp-
toms was confirmed from baseline until cancer diagnosis.

Statistical analysis
The study was conducted in four steps. First, the gas-
tric cancer diagnosed (cases) and non-diagnosed (con-
trols) groups were matched in a 1:3 ratio according to 
the nested case-control (NCC) method, which involved 
the selection of participants (controls) with similar char-
acteristics upon the event incidence [49]. Matching was 
performed according to sex, age, and income level upon 
gastric cancer diagnosis. The study design is shown 
in Supplementary Fig.  1. Second, a latent class trajec-
tory model (LCTM) analysis was conducted to identify 
health expenditure patterns among the matched partici-
pants. LCTM is an analytical method that clusters latent 
classes based on changes in the dependent variable over 
time and is suitable for categorical variables [50, 51]. The 

Fig. 2  Types of health expenditure trajectories
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number of clusters in the latent class was determined by 
the goodness of fit and pattern proportion of the model. 
For model fit, we considered the lowest value based on 
the Akaike information criterion (AIC) and Bayesian 
information criterion (BIC). At the same time, we exam-
ined whether any cluster group had a proportion of < 5%. 
Third, conditional logistic regression was performed 
for matched data analysis to investigate the relationship 
between healthcare expenditure trajectories and gastric 
cancer incidence. Fourth, a sensitivity analysis was con-
ducted to enhance the robustness of the study’s results. 
The sensitivity analysis comprised two parts: (a) inter-
esting variable change and (b) subgroup analysis. For 
the interesting variable change, the data was analyzed 
by dividing the health expenditures one year before gas-
tric cancer diagnosis, five years before diagnosis, and the 
average health expenditures from one to five years into 
quintiles. In the subgroup analysis, participants were cat-
egorized into below-median and above-median income 
groups. The statistical significance of the regression 
analysis was determined using a 95% confidence inter-
val (CI) of the odds ratio (OR), where a lower bound > 1 
was considered significant. All analyses were performed 
in 2023 using SAS (version 9.4, SAS Institute, Cary, NC, 
USA) and R (version 3.3.1, R Foundation for Statistical 
Computing).

Results
LCTM analysis was performed to identify the health 
expenditure trajectory before the incidence of gastric 
cancer. The LCTM analysis confirmed the model fit and 
proportion of each pattern (Table  1). Although class 
8 showed the best model fit, its proportion was < 5%. 
Therefore, class 7, which satisfied both the model fit and 
proportion criteria, was determined as the final model.

Table  2 shows the general characteristics of the study 
sample. A total of 59,492 older Korean individuals 
(14,873 cases and 44,619 controls) were included in this 
study. The study sample displayed the following gen-
eral characteristics; most had high health expenditure 
(54.3%), were men (68.4%), were under 65 years of age 
(42.2%), belonged to the highest income group (31.8%), 

resided in rural areas (36.9%), were non-disabled (88.3%), 
had a CCI score of 0 (63.1%), had never smoked (51.2%), 
and did not drink alcohol (55.6%). Additionally, 49.9% of 
the older adults had diabetes mellitus, 18.7% had pneu-
monia, and 83.3% experienced dyspepsia/gastro-esoph-
ageal reflux disease. Other pre-existing conditions were 
reported by < 5% of the study participants.

The frequency of gastric cancer incidence for each vari-
able is presented in Table 2. Based on the type of health 
expenditure trajectory, the incidence of gastric can-
cer was noted in the following order: rapidly increasing 
(N = 1,251; 35.5%), consistently highest (N = 2,341; 29.8%), 
gradually increasing (N = 2,264; 27.6%), and consistently 
second-highest (N = 3,339; 26.2%). The incidence of gas-
tric cancer was higher in groups with consistently higher 
or increasing health expenditure before the incidence 
of gastric cancer than in other groups (p < 0.001). With 
regard to sex, age, and income, the diagnosed and non-
diagnosed gastric cancer groups were matched at a ratio 
of 1:3 using the NCC method. In addition, the incidence 
of gastric cancer was higher in rural areas (p < 0.001), 
among those with disabilities (p < 0.001), those with a 
higher CCI score (p < 0.001), and those who currently 
smoked (p < 0.001). Furthermore, individuals with pre-
existing conditions had a higher incidence of gastric can-
cer than those without (p < 0.001).

We performed a conditional logistic regression analysis 
to investigate the association between health expenditure 
trajectory type and gastric cancer incidence (Table  3). 
The results indicated that compared to the middle-low 
group, individuals in the consistently lowest group had an 
increased OR of 1.40 (95% CI; 1.30–1.51), whereas those 
in the rapidly increasing and gradually increasing groups 
had ORs of 2.11 (95% CI; 1.94–2.30) and 1.26 (95% CI; 
1.17–1.35), respectively. However, the consistently sec-
ond highest, gradually decreasing, and consistently high-
est groups showed no significant difference. Furthermore, 
we found that certain regions had higher ORs for gas-
tric cancer incidence, with metropolitan and rural areas 
showing ORs of 1.09 (95% CI; 1.03–1.16) and 1.24 (95% 
CI; 1.18–1.31), respectively, compared to Seoul. Addi-
tionally, the presence of a disability, higher CCI score, 

Table 1  Number of classes of latent class trajectory models based on health expenditure before gastric cancer incidence
Number of class AIC BIC Proportion

Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5 Pattern 6 Pattern 7 Pattern 8
2 3,639,292 3,639,364 49.1 50.9
3 3,582,946 3,583,054 28.0 41.9 30.1
4 3,567,979 3,568,123 18.0 30.4 31.4 20.2
5 3,557,864 3,558,044 19.6 11.4 29.8 20.3 18.9
6 3,552,773 3,552,989 17.3 18.9 12.8 21.9 8.4 20.8
7 3,548,494 3,548,745 13.8 5.9 13.8 21.4 18.8 13.1 13.2
8 3,545,678 3,545,965 13.3 7.4 14.8 6.9 18.2 4.2 13.8 21.4
* AIC: Akaike information criterion; BIC: Bayes information criterion
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Variable Gastric cancer incidence

Total Yes No Chi-square

N (%) N (%) N (%)
Total 59,492 (100.0) 14,873 (25.0) 44,619 (75.0)
Types of trajectory about health expenditure
  Consistently lowest 8,233 (13.8) 1,711 (20.8) 6,522 (79.2) < 0.001***

  Rapidly increase 3,528 (5.9) 1,251 (35.5) 2,277 (64.5)
  Gradually increase 8,190 (13.8) 2,264 (27.6) 5,926 (72.4)
  Consistently second-highest 12,741 (21.4) 3,339 (26.2) 9,402 (73.8)
  Middle-low 11,156 (18.8) 2,243 (20.1) 8,913 (79.9)
  Gradually decrease 7,783 (13.1) 1,724 (22.2) 6,059 (77.8)
  Consistently highest 7,861 (13.2) 2,341 (29.8) 5,520 (70.2)
Sex
  Men 40,684 (68.4) 10,171 (25.0) 30,513 (75.0) 1.00
  Women 18,808 (31.6) 4,702 (25.0) 14,106 (75.0)
Age
  60 to 64 25,108 (42.2) 6,277 (25.0) 18,831 (75.0) 1.00
  65 to 69 15,384 (25.9) 3,846 (25.0) 11,538 (75.0)
  70 to 74 11,772 (19.8) 2,943 (25.0) 8,829 (75.0)
  75 to 79 6,460 (10.9) 1,615 (25.0) 4,845 (75.0)
  ≥ 80 768 (1.3) 192 (25.0) 576 (75.0)
Income
  Q1 (lowest) 8,516 (14.3) 2,129 (25.0) 6,387 (75.0) 1.00
  Q2 7,636 (12.8) 1,909 (25.0) 5,727 (75.0)
  Q3 10,460 (17.6) 2,615 (25.0) 7,845 (75.0)
  Q4 13,936 (23.4) 3,484 (25.0) 10,452 (75.0)
  Q5 (highest) 18,944 (31.8) 4,736 (25.0) 14,208 (75.0)
Region
  Seoul 12,326 (20.7) 2,804 (22.7) 9,522 (77.3) < 0.001***

  Gyeonggi 11,046 (18.6) 2,653 (24.0) 8,393 (76.0)
  Metropolitan 14,174 (23.8) 3,453 (24.4) 10,721 (75.6)
  Rural 21,946 (36.9) 5,963 (27.2) 15,983 (72.8)
Disability
  Non-disabled 52,553 (88.3) 13,000 (24.7) 39,553 (75.3) < 0.001***

  Disabled 6,939 (11.7) 1,873 (27.0) 5,066 (73.0)
CCI
  0 37,558 (63.1) 9,113 (24.3) 28,445 (75.7) < 0.001***

  1 10,837 (18.2) 2,642 (24.4) 8,195 (75.6)
  2 6,684 (11.2) 1,801 (26.9) 4,883 (73.1)
  ≥ 3 4,413 (7.4) 1,317 (29.8) 3,096 (70.2)
Smoking
  N/A 7,660 (12.9) 1,611 (21.0) 6,049 (79.0) < 0.001***

  Never 30,485 (51.2) 7,340 (24.1) 23,145 (75.9)
  Former 12,761 (21.4) 3,478 (27.3) 9,283 (72.7)
  Current 8,586 (14.4) 2,444 (28.5) 6,142 (71.5)
Alcohol drinking
  N/A 7,679 (12.9) 1,629 (21.2) 6,050 (78.8) < 0.001***

  No 33,107 (55.6) 8,518 (25.7) 24,589 (74.3)
  Yes 18,706 (31.4) 4,726 (25.3) 13,980 (74.7)
Abnormal weight loss
  No 58,816 (98.9) 14,624 (24.9) 44,192 (75.1) < 0.001***

  Yes 676 (1.1) 249 (36.8) 427 (63.2)
Dysphagia

Table 2  General characteristics of the study population
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former or current smoker status, and pre-existing condi-
tions were associated with a higher OR for gastric can-
cer incidence. Particularly, pre-existing conditions had 
higher ORs for gastric cancer incidence; abnormal weight 
loss (OR = 1.42, 95% CI; 1.21–1.68), dysphagia (OR = 2.04, 
95% CI; 1.76–2.36), dyspepsia/gastro-esophageal reflux 
disease (OR = 2.53, 95% CI; 2.36–2.70), hematemesis 
(OR = 5.16, 95% CI; 3.91–6.80), melena (OR = 5.13, 95% 
CI; 4.66–5.65), H. pylori infection (OR = 3.28, 95% CI; 
2.90–3.71), diabetes mellitus (OR = 1.38, 95% CI; 1.33–
1.44), and pneumonia (OR = 1.30, 95% CI; 1.24–1.37), 
compared to that in individuals without pre-existing 
conditions.

The results of the sensitivity analysis are presented in 
Table  4. In the analysis of interesting variable change, 
participants were divided into groups based on their 
health expenditure one year and five years before gastric 
cancer diagnosis. For the one-year health expenditure 
group analysis, compared to the middle group, individu-
als in the lowest group had increased ORs of 1.42 (95% 
CI; 1.33–1.51), while those in the middle-low groups 
had ORs of 1.11 (95% CI; 1.04–1.18). In the analysis of 
the five-year health expenditure group, compared to 
the middle group, individuals in the lowest group had 
increased ORs of 1.10 (95% CI; 1.04–1.17), whereas those 
in the highest groups had ORs of 1.44 (95% CI; 1.35–
1.53). In the analysis of the one–five-year average health 

expenditure group, compared to the middle group, indi-
viduals in the lowest group had increased ORs of 1.15 
(95% CI; 1.07–1.23), while those in the highest groups 
had ORs of 1.22 (95% CI; 1.15–1.30). For each subgroup, 
health expenditure trajectory groups were determined 
based on health expenditures from one to five years 
before gastric cancer diagnosis. The classification of 
health expenditure trajectory groups was based on crite-
ria such as AIC, BIC, and ensuring that no cluster group 
had a proportion of less than 5% (Supplementary Tables 
3 and Supplementary Fig.  2). In the conditional logistic 
analysis of the below-median income group, compared 
to the middle-low group, individuals in the consistently 
lowest group had increased ORs of 1.38 (95% CI; 1.23–
1.53), while those in the rapidly and gradually increas-
ing groups had ORs of 2.06 (95% CI; 1.82–2.34) and 1.18 
(95% CI, 1.06–1.31), respectively. For the conditional 
logistic analysis of the above-median income group, the 
results showed that individuals in the consistently lowest 
income group had increased ORs of 1.30 (95% CI; 1.16–
1.45) compared to the middle-low group. Additionally, 
those in the rapidly and gradually increasing groups had 
ORs of 2.18 (95% CI; 1.92–2.47) and 1.31 (95% CI, 1.19–
1.45), respectively. The gradually increasing group had an 
OR of 1.15 (95% CI; 1.03–1.28).

Variable Gastric cancer incidence

Total Yes No Chi-square

N (%) N (%) N (%)
  No 58,682 (98.6) 14,486 (24.7) 44,196 (75.3) < 0.001***

  Yes 810 (1.4) 387 (47.8) 423 (52.2)
Dyspepsia/Gastro-oesophageal reflux disease
  No 9,961 (16.7) 1,180 (11.8) 8,781 (88.2) < 0.001***

  Yes 49,531 (83.3) 13,693 (27.6) 35,838 (72.4)
Hematemesis (0.0)
  No 59,204 (99.5) 14,662 (24.8) 44,542 (75.2) < 0.001***

  Yes 288 (0.5) 211 (73.3) 77 (26.7)
Melaena
  No 57,469 (96.6) 13,547 (23.6) 43,922 (76.4) < 0.001***

  Yes 2,023 (3.4) 1,326 (65.5) 697 (34.5)
Infection with Helicobacter pylori
  No 58,360 (98.1) 14,246 (24.4) 44,114 (75.6) < 0.001***

  Yes 1,132 (1.9) 627 (55.4) 505 (44.6)
Diabetes mellitus
  No 29,776 (50.1) 6,154 (20.7) 23,622 (79.3) < 0.001***

  Yes 29,716 (49.9) 8,719 (29.3) 20,997 (70.7)
Pneumonia
  No 48,379 (81.3) 11,296 (23.3) 37,083 (76.7) < 0.001***

  Yes 11,113 (18.7) 3,577 (32.2) 7,536 (67.8)
* p < 0.001***, p < 0.01**, p < 0.05*

** CCI: Charlson comorbidity index; N/A: No answer

Table 2  (continued) 
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Variable Incidence of gastric cancer
OR 95% CI

Types of health expenditure trajectory
  Consistently lowest 1.40 (1.30–1.51)
  Rapidly increase 2.11 (1.94–2.30)
  Gradually increase 1.26 (1.17–1.35)
  Consistently second-highest 1.05 (0.98–1.12)
  Middle-low 1.00
  Gradually decrease 0.97 (0.90–1.04)
  Consistently highest 1.08 (1.01–1.16)
Region
  Seoul 1.00
  Gyeonggi 1.04 (0.98–1.11)
  Metropolitan 1.09 (1.03–1.16)
  Rural 1.24 (1.18–1.31)
Disability
  No 1.00
  Yes 1.07 (1.01–1.11)
CCI
  0 1.00
  1 0.91 (0.86–0.96)
  2 1.03 (0.97–1.10)
  ≥ 3 1.10 (1.02–1.18)
Smoking
  N/A 0.69 (0.46–1.03)
  Never 1.00
  Former 1.25 (1.19–1.33)
  Current 1.40 (1.31–1.49)
Alcohol drinking
  N/A 1.49 (1.00–2.23)
  No 1.00
  Yes 0.98 (0.94–1.03)
Pre-existing conditions
Abnormal weight loss
  No 1.00
  Yes 1.42 (1.21–1.68)
Dysphagia
  No 1.00
  Yes 2.04 (1.76–2.36)
Dyspepsia/Gastro-oesophageal reflux disease
  No 1.00
  Yes 2.53 (2.36–2.70)
Hematemesis
  No 1.00
  Yes 5.16 (3.91–6.80)
Melaena
  No 1.00
  Yes 5.13 (4.66–5.65)
Infection with Helicobacter pylori
  No 1.00
  Yes 3.28 (2.90–3.71)
Diabetes mellitus
  No 1.00

Table 3  Results of the conditional logistic regression analysis on the association between types of trajectory about health expenditure 
and gastric cancer incidence
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Discussion
To the best of our knowledge, this is the first study to pre-
dict an association between health expenditure trajecto-
ries and the incidence of gastric cancer. In South Korea, 
there is only one mandatory social health insurance 
[52], so it is a good environment to conduct research on 
health expenditure and health utilization. The primary 
objectives of this study were to identify specific health 
expenditure trajectories preceding the onset of gastric 
cancer and to examine the associations between these 
trajectories and gastric cancer incidence using an NCC 
study design. The findings revealed that individuals in the 
rapidly increasing (OR = 2.11, 95% CI; 1.94–2.30), con-
sistently lowest (OR = 1.40, 95% CI; 1.30–1.51), and grad-
ually increasing (OR = 1.26, 95% CI; 1.17–1.35) groups 
had a higher risk of developing gastric cancer.

The sensitivity analysis results confirmed the short 
and long-term association between gastric cancer diag-
nosis and average health expenditures before diagnosis. 
The result of the lowest group was the same as that of the 
consistently lowest trajectory group. The highest group 
in five-year average health expenditure was significant 
because some increasing trajectory groups were included 
in the highest group. This indicates that the increasing 
trajectories were not able to be captured in the sensitivity 
analysis from the traditional perspective. It demonstrated 
the importance of considering the trajectory context. 
Furthermore, subgroup analyses based on median 
income levels also demonstrated that consistently low 
or increasing health expenditures before gastric cancer 
diagnosis were significantly associated with the diagno-
sis of gastric cancer. In the health equity and accessibil-
ity perspectives, the health expenditures can differ from 
the income group, but the sensitivity results showed the 
robustness of our hypothesis. These results provide valu-
able information for identifying high-risk patients most 
likely to benefit from gastrointestinal endoscopy.

Health expenditure represents the utilization of health-
care services to meet health demands, categorized as 
need-based, unnecessary, avoidable, or supplier-induced 
demands [53]. This study’s results demonstrated various 
combinations of demand aspects. The consistently high-
est group may reflect need-based utilization or overuse 
(such as unnecessary or supplier-induced demands) 

[54]. The consistently lowest group represents health 
conditions or the underused and unmet needs that may 
be attributed to awareness, choice, or access [55]. Both 
overuse and underuse can be detrimental to patients 
[54, 56], but underuse can lead to serious health prob-
lems, including increased cancer incidence. Thus, the 
consistently lowest group presents a higher risk than the 
consistently highest group. The rapidly and gradually 
increasing groups also showed a high risk of developing 
gastric cancer. These increasing trends indicate a change 
that can be attributed to needs-based utilization. Initially, 
it may involve unnecessary or supplier-induced demands; 
however, owing to its association with cancer incidence, 
it ultimately becomes need-based and avoidable.

Gastric cancer prediction models are understud-
ied regarding their ability to identify high-risk popula-
tions that can benefit from gastrointestinal endoscopy. 
Although a few studies have been conducted to predict 
cancer incidence using claims data, most have over-
looked health expenditure patterns. For example, Yeh et 
al. utilized epidemiological factors, clinical history, and 
the results of clinical examinations (blood tests, genetic 
analysis, and imaging results) to predict lung cancer 
incidence [57]. Similarly, Taninaga et al. used longitudi-
nal medical check-up data (biological characteristics, H. 
pylori infection status, endoscopic findings, and blood 
test results) to predict gastric cancer incidence [11]. Our 
findings suggest that monitoring health expenditure can 
serve as an indicator for identifying specific risk groups 
that can be targeted with interventions. However, further 
research is required to thoroughly explore and validate 
the predictive potential of health expenditure patterns for 
gastric cancer.

The incidence of gastric cancer was higher in rural 
areas and among individuals with disabilities than in 
other areas and among those without disabilities, which 
is consistent with the results of previous studies [58, 
59]. Song et al. reported that rural areas have a relatively 
higher incidence of gastric cancer compared with urban 
areas [58]. They also found a high incidence of gastric 
cancer in coastal cities and southern provinces, possi-
bly because of higher consumption of highly salted sea-
food. Evidence suggests that high salt intake may directly 
stimulate the gastric mucosa or have a synergistic effect 

Variable Incidence of gastric cancer
OR 95% CI

  Yes 1.38 (1.33–1.44)
Pneumonia
  No 1.00
  Yes 1.30 (1.24–1.37)
* OR: odds ratio; CI: confidence interval; CCI: Charlson comorbidity index; N/A: No answwer

**Adjusted for matching factor (age, sex, income)

Table 3  (continued) 
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with H. pylori infection, leading to gastric cancer. Similar 
to our findings, Kim et al. (2020) reported that individu-
als with disabilities tend to be diagnosed at a later stage, 
particularly those with severe disabilities [60]. Individu-
als with disabilities are diagnosed with gastric cancer at 
a later stage, receive inadequate treatment, and have a 
higher risk of mortality than those without disabilities 

[59, 60]. Previous research has shown that individu-
als with disabilities fall within the national free cancer-
screening service policy in South Korea [61]. Although 
this study focused on the incidence of gastric cancer, dis-
ability status appeared to be related to the entire cancer 
control continuum.

This study found that participants with pre-existing 
conditions and higher CCI scores had a greater inci-
dence of gastric cancer, which is consistent with previous 
studies indicating that participants with comorbidities 
or pre-existing conditions have a greater risk of can-
cer incidence [62, 63]. Hoang et al. (2020) examined the 
association between comorbidity risk score strata and 
cancer incidence and observed a dose-dependent rela-
tionship between them [63]. In a large population-based 
prospective study of 405,878 Taiwanese participants, Tu 
et al. (2018) found a significantly increased risk of inci-
dent cancer for eight diseases and markers individually, 
with adjusted hazard ratios ranging from 1.07 to 1.44 
[62]. Although many studies have investigated the effect 
of comorbidity scores on overall cancer incidence, to the 
best of our knowledge, this study is the first to examine 
the association between CCI scores and gastric cancer 
incidence in South Korea.

Despite its significance, this study had several limita-
tions that should be acknowledged when interpreting 
the findings. First, although LCTM offers the advan-
tage of grouping by patterns of change in health expen-
diture over time, a major limitation is the inability to 
account for factors that influence these patterns. There-
fore, future studies should consider a methodology that 
accounts for the factors affecting the change patterns. 
Second, there is a possibility of a mismatch between the 
recorded diagnostic codes and the actual hospital diag-
noses. However, it is important to note that a policy has 
been implemented since September 2005 in South Korea 
to reduce the copayment for cancer patients, resulting in 
a 5% decrease in out-of-pocket expenditure [60]. There-
fore, all cancer patients are assigned special incidence 
codes when they receive healthcare services, minimiz-
ing the likelihood of code mismatches. Hence, we believe 
that the code mismatch rate is low. Third, we could not 
include information related to health status or screening 
history owing to the characteristics of the claims data. 
We incorporated the CCI score as a variable reflecting 
the patient’s underlying health status to compensate for 
this limitation. Although this design was useful for inves-
tigating the associations in a population sample, it has 
limitations regarding its broader applicability. Since the 
categorization of health expenditure is data-driven, it is 
important to recognize that our classifications may not 
fully capture the health expenditure patterns of the gen-
eral population. To address concerns regarding generaliz-
ability, we conducted sensitivity analyses comparing the 

Table 4  Results of the sensitivity analysis
Variable Incidence of 

gastric cancer
OR 95% CI

Interesting variable change
Health expenditure one year before cancer 
diagnosis
  Lowest 1.42 (1.33–1.51)
  Middle-low 1.11 (1.04–1.18)
  Middle 1.00
  Middle-high 0.99 (0.93–1.06)
  Highest 1.01 (0.95–1.07)
Health expenditure five years before cancer 
diagnosis
  Lowest 0.90 (0.84–0.97)
  Middle-low 0.91 (0.85–0.97)
  Middle 1.00
  Middle-high 1.10 (1.04–1.17)
  Highest 1.44 (1.35–1.53)
One to five years health expenditure before cancer 
diagnosis
  Lowest 1.15 (1.07–1.23)
  Middle-low 1.01 (0.95–1.08)
  Middle 1.00
  Middle-high 1.02 (0.96–1.08)
  Highest 1.22 (1.15–1.30)
Subgroup analysis
Below-median income group’s health expendi-
ture trajectory
  Consistently lowest 1.38 (1.24–1.54)
  Rapidly increasing 2.07 (1.83–2.35)
  Gradually increasing 1.16 (1.05–1.29)
  Consistently second-highest 0.98 (0.89–1.08)
  Middle-low 1.00
  Gradually decreasing 0.91 (0.82–1.02)
  Consistently highest 1.02 (0.91–1.15)
Above-median income group’s health expendi-
ture trajectory
  Consistently lowest 1.30 (1.16–1.45)
  Rapidly increasing 2.18 (1.92–2.47)
  Secondly, gradually increasing 1.31 (1.19–1.45)
  Gradually increasing 1.15 (1.03–1.28)
  Middle-high 0.95 (0.86–1.04)
  Middle 0.90 (0.82–0.99)
  Middle-low 1.00
  Consistently highest 1.05 (0.95–1.16)
* OR: odds ratio; CI: confidence interval

**Adjusted for matching factor (age, sex, income) and other covariates
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characteristics of our nested case-control sample with 
the overall cohort and general population data.

Conclusion
This study suggests that individuals in the rapidly 
increasing, consistently lowest, and gradually increas-
ing groups had a higher risk of developing gastric cancer. 
Health expenditure patterns can help identify high-risk 
populations; therefore, monitoring these trajectories is 
important.

This results can be used to guide the high-risk popula-
tions to take cancer screenings based on the analysis of 
health utilization records by NHIS. Alternatively, indi-
viduals can assess their cancer risk and take secondary 
preventive action by using the My Data platform, which 
allows them to download their health utilization records, 
including health expenditures in Korea [64].
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