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BACKGROUNDS: The association between weight change in patients with diabetes, and the development of infective endocarditis
(IE) has never been studied. Therefore, we evaluated the associations of weight changes in patients with diabetes with the
development of IE.
METHODS: In this Korean population-based cohort study, we included patients with diabetes aged ≥20 years who underwent
health screenings twice in a 2-year interval between 2009 and 2012. Patients were categorized into five groups according to the
degree of weight change between the two health screenings and were followed up until December 2018. A patient with a weight
change of ≤-10% was designated to the severe weight loss group, −10 to ≤−5% to the moderate weight loss group, −5 to ≤5% to
the stable weight group, 5 to ≤10% to the moderate weight gain group, and ≥10% to the severe weight gain group. The primary
outcome was the incidence of IE.
RESULTS: A total of 1,762,108 patients with diabetes were included. There were 67,580 (3.9%) individuals with severe weight loss,
247,969 (14.1%) with moderate weight loss, 1,267,849 (72.0%) with stable weight, 135,774 (7.7%) with moderate weight gain,
42,936 (2.4%) with severe weight gain. During the follow-up (median, 5.21 years), 828 cases of IE occurred. After adjusting for
covariates, both weight loss (HR: 2.41, 95% CI: 1.87–3.12 for the severe weight loss group; HR: 1.28, 95% CI: 1.05–1.55 for the
moderate weight loss group) and weight gain (HR: 1.17, 95% CI: 0.91–1.50 for the moderate weight gain group; HR: 1.59, 95% CI:
1.11–2.28 for the severe weight gain group) were associated with an increased risk of IE compared to those for the stable
weight group.
CONCLUSION: Both weight gain and weight loss are associated with an increased incidence of IE, and the greater the degree of
weight change, the greater the risk.
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INTRODUCTION
Infective endocarditis (IE) is an infection of the endocardial surface
of the heart that may involve one or more heart valves [1]. Despite
advances in therapeutics, IE remains associated with high
morbidity and mortality, resulting in a considerable disease
burden [2, 3]. Previous studies have revealed the risk factors for
developing IE, including chronic rheumatic heart disease, pros-
thetic valves, cardiac implantable electronic devices, and hemo-
dialysis [4, 5]. However, studies focusing on risk factors for the
development of IE in the general population are lacking.
Diabetes is a known risk factor for the development of IE,

independent of renal failure and valve abnormalities [6]. In
addition, diabetes could adversely affect mortality and recurrence
in patients with IE [7]. In general, weight loss in patients with
diabetes is known to improve their metabolic profiles [8, 9].
However, a recent study conducted in a large population showed
a U-shaped association between weight change and major
cardiovascular events and all-cause mortality [10]. This shows that
weight change could have a negative impact on a patient’s health,
including the cardiovascular system, and it could be applied to
both weight loss and gain.
The association between weight and infectious diseases has

been reported [11]. Several studies suggest an increased infection
rate in adults with both underweight and obesity [12, 13]. This
association between weight and infectious disease was also found
in the elderly [14]. Although the association between weight and
infectious diseases has been reported, there are very few studies
on the relationship between longitudinally observed weight
changes and the development of infectious diseases. To the best
of our knowledge, the impact of weight change on the incidence
of IE is yet to be studied.
Therefore, we aimed to identify the association between weight

change in patients with diabetes and the incidence of IE, which has a
high disease burden. Through this, we aimed to expand our knowledge
on the potential effects of weight change in patients with diabetes.

METHODS
Data sources
This study was conducted using data from the National Health Insurance
Service - National Health Information Database (NHIS-NHID) of Korea. The data

resource profiles of the NHIS-NHID have been published previously [15]. Briefly,
the NHIS, which is the single insurer that covers the entire Korean population, is
mandatory in Korea and pays costs based on the billing records of healthcare
providers. To carry out these processes, the NHIS built a database (NHID) to
collect the required information, such as participants’ identifiers, birth date, sex,
residence, income levels, and history of diagnoses. Detailed diagnoses were
coded using the International Classification of Diseases, Tenth Revision (ICD-
10). The NHIS-NHID could be accessed and analyzed for research purposes
after receiving approval from the institutional review board (IRB).
This study also used the National Health Insurance Service-Health

Screening (NHIS-HEALS) database [16]. In Korea, the NHIS recommends
that all insured citizens participate biennially in the health screening
program, and the health screening rate was approximately 78.5% in 2017.
The NHIS-HEALS database contains data on height, weight, body mass
index (BMI), waist circumference (WC), alcohol consumption, smoking
habits, blood pressure, fasting blood glucose (FBG), and lipid profiles. Many
previous studies have been published using the NHIS-NHID and NHIS-
HEALS databases [17–19]. The NHIS-NHID and NHIS-HEALS databases were
merged in this study. This study was approved by the IRB of Soongsil
University (approval no. SSU-202003-HR-201–01). The requirement for
informed consent was waived owing to the retrospective nature of
the study.

Study population
The flow chart of the study population is shown in Fig. 1. First, we
identified patients diagnosed with type 2 diabetes during health screening
between January 1, 2009 and December 31, 2012. Patients with type 2
diabetes were defined as those who were newly or previously diagnosed
with type 2 diabetes during health screening. For information on weight
changes, we included adult patients (age ≥20 years) who underwent both
the first and second health screening at 2-year intervals before December
31, 2012. We excluded patients with a history of IE before the second
health screening. Patients diagnosed with IE or died within 1-year after
their second health screening and those with missing data during the
health screenings were also excluded. The index date was defined as the
date of the second health screening, and baseline characteristics were
collected from the index date.

Definitions of variables
Patients with type 2 diabetes were defined as follows: (1) having an ICD-10
code for type 2 diabetes (E11-14) with at least one claim per year for a
prescription of anti-diabetic medication or (2) having an FBG ≥ 126mg/dL
in the health screenings without a prescription of oral hypoglycemic
agents or insulin [10]. Anti-diabetes medications included metformin,

Fig. 1 Flow chart of the study population.

J.H. Kim et al.

659

International Journal of Obesity (2025) 49:658 – 664



dipeptidyl peptidase 4 inhibitors, sulfonylureas, thiazolidinediones, α-
glucosidase inhibitors, meglitinides, and insulin. Anti-diabetes medications
were identified in the index year, and the duration of type 2 diabetes was
assessed from the date of the first diagnosis of type 2 diabetes to the index
date.
Body weight change was defined as the difference in body weight

between the first and second health screening. During health screening, a
certified examiner recorded anthropometric measurements, including
weight (kg). The patients were then categorized into five groups according
to the amount of weight change. A patient with a weight change of ≤-10%
was designated to the severe weight loss group, −10 to ≤-5% to the
moderate weight loss group, −5 to ≤5% to the stable weight group, 5 to
≤10% to the moderate weight gain group, and ≥10% to the severe weight
gain group.
Patients with IE were defined as those who were admitted to hospitals

with ICD-10 codes (I33.x, I38.x, and I39.8). According to the guidelines, IE
requires hospitalization for at least 2 weeks [20, 21], therefore we included
those who were hospitalized for more than 14 days or died within 14 days
in the analyses; however, those who were hospitalized for ≤14 days and
did not die were excluded.

Statistical analysis
Continuous variables are presented as means and standard deviations
or medians with interquartile ranges and were compared using the
student’s t-test. Categorical variables are presented as frequencies (%)
and were compared using the χ2 test. The incidence rate of IE was
calculated as the total number of IE cases during the follow-up period

divided by 100,000 person-years at risk. The cumulative incidences of IE
according to weight changes were plotted, and the differences in the
cumulative incidences were compared using the log-rank test. Cox
proportional hazard models were used to calculate adjusted hazard
ratios (aHRs) and 95% confidence intervals (CIs) after adjusting for
covariates to identify independent associations between weight
changes and IE. Patients with weight changes of −5 to ≤5% were
included in the reference group in the multivariable analyses.
Subgroup analyses were stratified according to BMI, WC, age, and
sex. A two-tailed P < 0.05 was considered statistically significant. All
statistical analyses were performed using the SAS software (version 9.4;
SAS Institute, Cary, NC, USA).

RESULTS
Baseline characteristics
A total of 1,762,108 individuals with type 2 diabetes were
included. The median follow-up duration was 5.21 years
(interquartile range, 4.06–6.10 years). There were 67,580 (3.9%)
individuals with a weight change of ≤−10%, 247,969 (14.1%) with
a weight change of −10 to ≤−5%, 1,267,849 (72.0%) with a
weight change of −5% to ≤5%, 135,774 (7.7%) with a weight
change of 5 to ≤10%, and 42,936 (2.4%) with a weight change of
≥10%. The weight loss groups tended to be older and had low
BMI and WC. The details of the baseline characteristics of each
group are shown in Table 1.

Table 1. Clinical characteristics according to weight changes in patients with diabetes.

Weight Change

≤−10% −10< to ≤−5% −5< to ≤ 5% 5< to ≤ 10% ≥10% p-value

Number 67,580 247,969 1,267,849 135,774 42,936

Age, years 61.31 ± 13.33 59.8 ± 11.92 58.82 ± 11.43 58.26 ± 12.48 58.61 ± 13.67 <0.0001

Sex <0.0001

Male 31,802 (47.06) 138,026 (55.66) 799,665 (63.07) 80,307 (59.15) 24,056 (56.03)

Female 35,778 (52.94) 109,943 (44.34) 468,184 (36.93) 55,467 (40.85) 18,880 (43.97)

BMI, kg/m2 22.71 ± 3.33 24 ± 3.15 25.08 ± 3.19 25.63 ± 3.47 26.09 ± 3.88 <0.0001

WC, cm 80.9 ± 9.02 83.04 ± 8.4 85.45 ± 8.38 86.37 ± 8.92 87.01 ± 9.43 <0.0001

Income, Lowest Q1 14,437 (21.36) 50,435 (20.34) 242,273 (19.11) 28,295 (20.84) 9634 (22.44) <0.0001

Smoking <0.0001

Non 43,931 (65.01) 146,320 (59.01) 689,805 (54.41) 76,406 (56.27) 24,828 (57.83)

Ex-smoker 10,229 (15.14) 43,946 (17.72) 27,6604 (21.82) 28,888 (21.28) 8587 (20)

Current 13,420 (19.86) 57,703 (23.27) 301,440 (23.78) 30,480 (22.45) 9521 (22.17)

Drinking <0.0001

Non 48,235 (71.37) 155,686 (62.78) 705,943 (55.68) 79,742 (58.73) 27,304 (63.59)

Mild 15,515 (22.96) 73,389 (29.6) 445,673 (35.15) 44,663 (32.9) 12,499 (29.11)

Heavy 3830 (5.67) 18,894 (7.62) 116,233 (9.17) 11,369 (8.37) 3133 (7.3)

Regular exercise 14,226 (21.05) 57,235 (23.08) 29,8706 (23.56) 28,208 (20.78) 7864 (18.32) <0.0001

Hypertension 38,756 (57.35) 140,120 (56.51) 737,320 (58.16) 80,105 (59) 25,713 (59.89) <0.0001

Dyslipidemia 29,554 (43.73) 111,419 (44.93) 580,327 (45.77) 64,149 (47.25) 20,429 (47.58) <0.0001

Chronic kidney disease 9328 (13.8) 26,346 (10.62) 123,362 (9.73) 16,031 (11.81) 6202 (14.44) <0.0001

DM Duration, ≥ 5 years 27,695 (40.98) 100,435 (40.5) 516,699 (40.75) 55,356 (40.77) 17,731 (41.3) 0.011

Insulin use 8068 (11.94) 21,397 (8.63) 95,531 (7.53) 15,080 (11.11) 6520 (15.19) <0.0001

OHA, ≥ 3 12,071 (17.86) 42,609 (17.18) 218,064 (17.2) 26,898 (19.81) 8826 (20.56) <0.0001

FBG, mg/dL 135.95 ± 63.59 135.14 ± 51.66 132.89 ± 42.94 129.81 ± 42.08 130.74 ± 45.83 <0.0001

Cholesterol, mg/dL 184.4 ± 42.72 187.5 ± 41.83 189.03 ± 40.49 188.93 ± 40.86 189.23 ± 41.97 <0.0001

HDL-C, mg/dL 52.85 ± 16.56 51.65 ± 15.54 50.68 ± 15.02 50.92 ± 14.84 50.66 ± 15.44 <0.0001

LDL-C, mg/dL 104.88 ± 37.49 106.79 ± 37.17 106.75 ± 37.01 106.08 ± 37.2 106.62 ± 37.76 <0.0001

Data are presented as mean ± SD or n (%). BMI body mass index, WC waist circumference, DM diabetes mellitus, OHA oral hypoglycemic agents, FBG fasting
blood glucose, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol.
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associations between weight changes and infective
endocarditis
During follow-up, 828 cases of IE occurred. The incidence rates of
IE were 0.218, 0.106, 0.082, 0.102, and 0.152 for the severe weight
loss, moderate weight loss, stable weight, moderate weight gain,
and severe weight gain groups, respectively. After adjusting for
covariates, both weight loss (HR: 2.41, 95% CI: 1.87–3.12 for the
severe weight loss group; HR: 1.28, 95% CI: 1.05–1.55 for the
moderate weight loss group) and weight gain (HR: 1.17, 95% CI:
0.91–1.50 for the moderate weight gain group; HR: 1.59, 95% CI:
1.11–2.28 for the severe weight gain group) were associated with
an increased risk of IE compared to those for the stable weight
group (Table 2). The aHRs of IE incidence according to weight
changes showed a U-shaped association, as shown in Fig. 2. The
cumulative incidence probabilities for IE between the weight
change groups were plotted and showed that both weight loss
and weight gain were associated with an increased risk of IE (log-
rank P-value < 0.001) (Fig. 3).

Effects of BMI, WC, and other subgroups on the U-shaped
associations
To determine whether the effect of weight change on the
incidence of IE was modified by baseline BMI status and WC, we
stratified the subjects according to BMI and WC. The BMI criterion
for classifying the participants into two groups was 25 kg/m2, and
the WC criterion was 90 cm for men and 85 cm for women.
U-shaped associations between weight changes and the incidence
of IE were also identified regardless of the baseline BMI status.
Compared with the stable weight group, the severe weight gain
group was associated with an increased incidence of IE (HR, 1.85;
95% CI, 1.10–3.11) even when the baseline BMI was <25 kg/m2,
and the severe weight loss group was also associated with an
increased incidence of IE (HR, 1.89; 95% CI 1.03–3.46) when the
baseline BMI was ≥25 kg/m2. This U-shaped association trend was
also observed in the WC subgroup; in particular, even in the high
WC group, the severe weight loss group was associated with an
increased risk of IE (HR, 2.47; 95% CI, 1.57–3.89). In addition to BMI
and WC, we performed subgroup analyses by stratifying the
participants according to their age and sex. A U-shaped

Table 2. The adjusted hazard ratios of incidence of infective endocarditis according to weight changes.

Weight Change N Event Duration (PY) IR HR (95% C.I)

Model 1 Model 2 Model 3 Model 4

≤−10% 67580 71 325662 0.218 2.69 (2.10, 3.45) 2.47 (1.93, 3.17) 2.45 (1.90, 3.16) 2.41 (1.87, 3.12)

−10< to ≤−5% 247969 132 1241060 0.106 1.31 (1.08, 1.58) 1.27 (1.05, 1.54) 1.28 (1.06, 1.55) 1.28 (1.05, 1.55)

−5< to ≤ 5% 1267849 524 6426003 0.082 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.)

5< to ≤ 10% 135774 69 679349 0.102 1.25 (0.97, 1.60) 1.27 (0.99, 1.64) 1.21 (0.94, 1.56) 1.17 (0.91, 1.50)

≥10% 42936 32 210236 0.152 1.88 (1.31, 2.68) 1.87 (1.31, 2.67) 1.70 (1.19, 2.44) 1.59 (1.11, 2.28)

IR incidence rate by 100,000 person−years at risk, HR hazard ratio, CI confidence interval.
Weight changes of −5 to ≤5% were adopted as the reference group.
Model 1: Non-adjusted.
Model 2: Age and sex adjusted.
Model 3: Age, sex, body mass index, income, smoking, drinking, regular exercise, hypertension, dyslipidemia, and chronic kidney disease adjusted.
Model 4: Age, sex, body mass index, income, smoking, drinking, regular exercise, hypertension, dyslipidemia, chronic kidney disease, fasting blood glucose,
insulin use, diabetes mellitus duration, and use of oral hypoglycemic agents adjusted.

Fig. 2 Risks for incidence of infective endocarditis according to
weight change. Adjusted hazard ratios with 95% confidence
intervals are presented after adjusting for covariates (adjusted for
age, sex, body mass index, income, smoking, drinking, regular
exercise, hypertension, dyslipidemia, chronic kidney disease, fasting
blood glucose, insulin use, diabetes mellitus duration, and use of
oral hypoglycemic agents). Weight changes of −5 to ≤5% were
adopted as the reference group.

Fig. 3 Cumulative incidence curves for the incidence of infective
endocarditis according to weight change. Log-rank tests were
performed to compare the groups. IE infective endocarditis.
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association between weight change and IE incidence was again
observed in the subgroup analyses (Fig. 4).

DISCUSSION
This is the first study to analyze the association between weight
changes and the incidence of IE using a nationwide, population-
based longitudinal follow-up study. As a result, a U-shaped
association between weight change and IE was observed in
patients with diabetes, regardless of baseline BMI. Compared with
the stable weight group, the aHR of IE incidence was the highest
in the severe weight loss group.
The reasons for the U-shaped association between weight

change and IE could be multifactorial. The incidence of IE
increased both in severe weight loss in the high BMI subgroup
and severe weight gain in the low BMI subgroup. This indicates
that it is not just an effect of losing weight in the underweight
group or of gaining weight in the overweight group. A previous
study reported U-shaped associations between weight changes
and major cardiovascular events, such as heart failure as well as
all-cause death in patients with diabetes [10]. Other studies also
reported that weight variabilities in patients with diabetes were
associated with increased risks of various cardiovascular events
[22, 23]. In animal studies, weight variability increased multiple T-
helper-1–associated cytokine levels and the number of CD4+ and
CD8+ T-cells in adipose tissues [24]. Abdelhafiz et al. reported
that weight loss could induce incident hypoglycemic events and
frailty in patients with diabetes [25]. Considering all these results,
weight changes could affect intimal calcification and contribute to
the infection susceptibility of heart valves. Further studies are
required to identify the mechanisms underlying this association.
Among the weight change groups, the risk of IE was the highest

in the severe weight loss group. Generally, weight loss in patients
with diabetes is regarded as beneficial in improving metabolic
profiles, especially in patients with obesity [8, 9]. However, some
studies have shown that weight loss may increase cardiovascular
disease or mortality even in individuals with obesity [10, 26–28].

There are several possible explanations for these findings.
Previous studies have reported that greater weight loss does
not result solely from a reduction in visceral fat, which is critical in
metabolic syndrome, but is also associated with decreases in both
fat mass and lean mass [29]. The loss of lean mass associated with
weight loss can lead to the development of sarcopenia [30], which
adversely affects health [31]. Although it is unknown whether the
weight change observed in this study was intentional, uninten-
tional weight loss has been documented to negatively affect
patient prognosis [32, 33]. In the present study, the proportion of
participants who regularly exercised was lower in the weight loss
group than in the stable weight group (Table 1). This suggests that
the weight loss observed in the weight loss group was more likely
to be unintentional than intentional weight reduction through
exercise. This suggests that weight loss may have been
accompanied by a reduction in lean mass. Therefore, the findings
of this study are consistent with those of previous research,
suggesting that weight loss may have negative effects on health.
The incidence of IE also increased in the weight gain group, which
may have been influenced by the higher prevalence of hyperten-
sion and chronic kidney disease in this group (Table 1). Previous
studies have shown that hypertension is associated with incident
IE [34], and chronic kidney disease has been identified as a major
risk factor for valvular heart disease [35, 36], which is a risk factor
of IE [37]. These factors may have contributed to the higher
incidence of IE in the weight gain group than in the stable
weight group.
Studies on weight change and the incidence of infectious

diseases are limited. Anderin et al. investigated the effects of
weight loss before bariatric surgery on the risk of postoperative
complications [38]. The participants were prescribed weight-
reducing regimens preoperatively. They reported that when
patients had a preoperative mean weight loss of −9.5%, the risks
of postoperative deep infections or abscesses were significantly
reduced (37%) compared to those with stable weight (+ 0.5 kg).
However, as the study population was subjected to bariatric
surgery and weight loss was achieved by taking a weight-reducing

Fig. 4 Association of risk for infective endocarditis in the subgroups according to weight change. Adjusted hazard ratios with 95%
confidence intervals are presented. Weight changes of −5 to ≤5% were adopted as the reference group. Low and high BMIs refer to BMIs
<25 kg/m2 and ≥25 kg/m2, respectively. Low WC refers to WC < 90 cm and <85 cm in male and female individuals, respectively. High WC refers
to WC ≥ 90 cm and ≥85 cm in male and female individuals, respectively. BMI body mass index, WC waist circumference.
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regimen, the results could not explain the general effects of
weight change over time on the incidence of infectious disease.
Another prospective study was conducted in the US [39]. The
study investigated the effects of weight change on community-
acquired pneumonia. They reported that the risk of community-
acquired pneumonia was nearly two-fold higher among men and
women who gained more than 18 kg than among those who
maintained their weight during adulthood. Weight loss was not
significantly associated with an increased incidence of
community-acquired pneumonia. However, the study population
was relatively small and information regarding weight was
obtained using questionnaires rather than actual measurements.
Therefore, to the best of our knowledge, this is the first study to
delineate the effect of objectively measured weight change on the
incidence of IE in a large study population.

Strengths and limitations
This study had several limitations. First, this was a retrospective
observational study, therefore the outcome of IE was defined
based on the ICD-10 code, and there might be a risk of
inaccuracies. To minimize this, in addition to the ICD-10 code,
we defined the length of hospital stay based on the guidelines,
and this definition of IE has been validated in previous studies
[40, 41]. Second, several variables could not be evaluated because
of the inherent limitation of the database; thus, we could not
exclude the effects of unmeasured confounders on the results. We
could not evaluate the participants’ nutritional habits or the
reasons for and intentionality of their weight changes. Addition-
ally, body weight might have changed after the second health
screening, but this information was not available. Furthermore, we
could not evaluate the etiology of IE and variables that could
affect the incidence of IE, such as congenital heart disease or
previous valve surgery. Third, participants who did not undergo
health screening were not included in this study. Since biennial
health screening is required, but not mandatory, it is plausible that
patients with relatively good healthcare adherence were mainly
included in the study. Nevertheless, considering the relatively high
compliance of health screening (78.5%) and the inclusion of more
than 1.7 million study participants, we believe that the data is
representative of the entire population. Fourth, this study was
conducted in South Korea; thus, the results cannot be uniformly
applied to other races and countries. Fifth, the study population
included patients with diabetes; therefore, the results of this study
cannot be generalized to other populations. As weight changes
have been associated with increased mortality in both patients
with diabetes and the general population [10, 26–28], it can be
assumed that a similar pattern would be observed in the general
population; however, this could not be confirmed in this study.
Further studies are warranted to identify whether this association
is exclusive to patients with diabetes or is observed in the general
population.
Despite these limitations, the main advantage of this study is

that long-term follow-up was conducted in a large population. IE is
a rare disease, and it is difficult to identify its risk factors in the
general population. We were able to identify, for the first time,
how general weight changes affect the incidence of IE through
the validated definition of IE and long-term follow-up results in a
large population. In addition, by performing various subgroup
analyses, including subgroups divided according to BMI, it was
possible to show that the results were not simply due to the
aggravation of cachexia or obesity. This shows that weight change
can affect not only metabolic or cardiac outcomes but also the
incidence of IE, and has implications for the potential effects of
weight change on infectious diseases, which is an area that has
not been studied so far. Considering the current disease burden of
diabetes and high-risk invasive procedures performed on patients
with diabetes, the results of this study are clinically significant.

CONCLUSIONS
A U-shaped association was observed between weight change
and the incidence of IE. This association was present regardless of
the baseline BMI and was most strongly identified in the severe
weight loss group. It is worth noting that weight change in
patients with diabetes could be a potential risk factor for rare
infectious diseases involving the heart.

DATA AVAILABILITY
The data that support the findings of this study are available on request from the
corresponding author.
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